THERMAL IVIANAGEMENT

Des /:9/7 (720ide

1st Edition

August 2009

Maxim has the industry’s broadest

thermal-mangement porifolio

Temp sensors, fan controllers, and temp switches for all your

thermal needs

What’s inside?

Multichannel Sensors. . . . .. ... ... ittt e
High-accuracy SBNSOIS. . . . . ... .ttt
Low-voltage SensSOorS . . . ... ..ot
Fan controllers . . . .. ..o e
LM75-compatible products. . . . . ... ... ... e
Single-wire temperature SENSOrS. . . . . . ... .. i e i
Temperature switches . . . ... ... ... .. . e
Selection guide. . . . ... ... e e

Maxim is a registered trademark of Maxim Integrated Products, Inc. © 2009 Maxim Integrated Products, Inc. All rights reserved.

AXIW



C Desicn NoTE )

Using multichannel temperature sensors
to save space and cost

When a circuit board includes multiple hot spots, standard practice is to monitor the temperatures of those
locations to avoid performance degradation and even catastrophic failure.

A conventional approach is shown in Figure 1, where a sensor is placed near each hot spot. Monitoring
board hot spots can be done with standard local sensors (TS5-TS8). If a thermally sensitive component has a
temperature-sensing transistor (also called a “thermal diode”) integrated on the die of a high-temperature IC, a
remote-temperature sensor can use the IC’s thermal diode to accurately measure its die temperature (TS1-TS4).

Figure 2 shows the same board, but in this case a single multichannel sensor IC monitors all of the
hot spots. The circuit uses the MAX6581* (also see Figure 3), which can measure up to seven external
temperatures as well as its own temperature. The device can monitor temperatures on ASICs, CPUs, and FPGAs
using thermal diodes, or it can measure board hot spots using discrete diode-connected transistors and the
internal local sensor.

Using a single IC to monitor several locations reduces sensor cost. It also simplifies the design by allowing
several channels of temperature data to be read from a single 12C slave address.

Useful features in multichannel temperature sensors
e Overtemperature alarm outputs. These outputs are useful if you need a signal to indicate that one of the
thermal channels has exceeded its temperature limit.

® Bus timeout. Useful on 12C and SMBus™ sensors, this timeout resets the bus if the IC holds the data line low
for more than a preset limit (usually around 35ms), thus preventing the IC from locking up the bus.

® Resistance cancellation. Excess resistance (more than a few ohms) in the remote-diode path will cause
measurement errors. These errors are predictable if you know the resistance value. If you do not, resistance

cancellation is helpful to eliminate series-resistance errors.

* Beta compensation. Measurement errors can result when a target IC's thermal diode has very low beta (e.g.,
less than one). If your thermal diode’s beta is very low, a sensor with beta compensation will improve accuracy.

® Thermistor inputs. A thermistor can be useful for measuring temperature. For example, you can use a

thermistor with long leads to monitor air temperature above the surface of a board. The MAX6698 (page 4)
has inputs for three external thermal diodes and three thermistors.

Maintaining good measurement accuracy

® |f discrete diode-connected transistors are used, either PNPs or NPNs will work. Use small-signal
transistors with consistent beta greater than 50.

® Separate the thermal diode’s signal traces from high-speed and high-current traces to avoid noise pickup.

® Use a filter capacitor at the thermal-diode inputs (DXP and DXN). See the sensor data sheet for the
optimum value.

® Most multichannel sensors bias the thermal diode’s cathode about 0.6V. If you want to measure the temperature
of an IC with the thermal diode’s cathode grounded, use one of Maxim’s many multichannel sensors that
specifies accuracy with a grounded cathode.

SMBus is a trademark of Intel Corp.
*Future product—contact the factory for availability.
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Using multichannel temperature sensors (continved)

Conventional approach using multiple sensors Improved approach using one multichannel sensor
AsIC CPU AsIC udl CPU
LOCAL HOT SPOT
HOT SPOT
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TS7 MAXIMN
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TS6 Ii
FPGA HOT SPOT FPGA
HOT SPOT
Figure 1. The conventional way to monitor multiple hot spots is to Figure 2. The MAX6581* can monitor up to seven external
mount one femperature sensor at each location. temperatures as well as its own die temperature. This approach saves

space and cost by eliminating multiple discrete sensors.
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Figure 3. The MAX6581 monitors a total of eight temperature locations with +1°C accuracy.

MAX6581 key features

e Seven remote-sensing channels monitor ASICs, FPGAs, CPUs, and board hot spots
e One local temperature sensor

¢ +1°C remote-temperature accuracy (+60°C to +100°C)

® All remote channels have series-resistance cancellation

* All remote channels can accurately monitor low-beta sense transistors

*Future product—contact the factory for availability.
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Indusiry’s only multichannel temp sensor
that monitors three thermistor inputs

Also monitors three remote diodes and its internal temperature
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e Monitor air temperatures with leaded thermistors

® Monitor board hot spots with board-mounted thermistors
® Three thermal-diode inputs

© Monitor ICs with on-die sense transistors (thermal diodes)

e Monitor hoard hot spots with discrete PNP or NPN diode-connected transistors

® Local temperature sensor
® Monitors board hot spot

e +1°C remote-temperature accuracy (+60°C to +100°C)

Remote-Diode
Channels

Remote-
Temperature

Accuracy (°C)

Internal
Sensor

Standby
Pin (mm x mm)

Rex1 %

Package

w|alo|slo|~

24-TQFN (4 x 4)
20-QSOP (6 x 8.7), 20-TSSOP (6.4 X 6.5)
16-TSSOP (6.4 x 5)

20-QSO0P (6 x 8.7), 20-TSSOP (6.4 x 6.5)
16-QSOP (6 x 5), 16-TSSOP (6.4 x 5)
16-QSOP (6 x 5), 16-TSSOP (6.4 x 5)

*Future product—contact the factory for availability.
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Industry’s highest accuracy temp sensors

We offer a broad range of temperature devices with an accuracy of +0.5°C (max) over wide temperature
and voltage ranges. Several popular digital-communication interfaces, including analog output, support a

wide range of applications.

+0.5°C accuracy over
temperature and voltage
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* +0.5°C accuracy over a wide
temperature range

® 1-Wire®, 2-wire, 3-wire, and analog

output options
* -55°C to +125°C operating range

® 2.7V to 5.5V or 1.7V to 3.7V
(DS620) supply range

‘ Temperature

Recorders

Network Switches/Routers

* No external components required to
measure temperature

® Thermostat/alarm functionality with

user-defined nonvolatile thresholds

e Stand-alone thermostat capability
(DS620, DS1631A, and DS1626)

e Multiple packaging options

o User-selectable 9- to 12-hit resolution

Highest accuracy temperature sensors

Part | Interface | Accuracy (°C) Package
DS18B20 1-Wire +0.5 (-10 to +85) 3-T0-92, 8-uSOP (UMAX®), 8-SO
DS1631/DS1631A 2-wire +0.5 (0 to +70) 8-uSOP (UMAX), 8-SO
DS1626 3-wire +0.5 (0 to +70) 8-uSOP (UMAX), 8-SO
DS620 2-wire +0.5 (0 to +70) 8-pSOP (UMAX), exposed pad
DS600 Analog +0.5 (-20 to +100) 8-pSOP (UMAX), exposed pad

1-Wire and yMAX are registered trademarks of Maxim Integrated Products, Inc.
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Most complete portfolio of low-voltage
temp sensor ICs

Maxim offers a wide variety of temperature devices with supply voltages as low as 1.7V. Our portfolio
includes both digital and analog sensors with several accuracy grades to choose among. The low operating
voltages simplify design in systems operating from popular low-voltage rails, as well as power-sensitive systems.

High accuracy (x0.5°C) Tiny SC70 package
- DS7505 - MAX6607

- DS620 - MAX6613

00011010

-
digital outputs
‘v
T

1.8V
Vee

Thermostat function Industry-standard compatibility
- D87505 (NV thresholds) - DS75LV/LX (LM75)

- DS620 (NV thresholds) - DS7505 (LM75)
- DST5LV/LX — MAX6613 (LM20)

* Low supply voltage * No external components required
e 1.7V for digital temperature sensors to measure temperature
* 1.8V for analog temperature sensors e User-selectable 9- to 12-bit

e 2-wire and analog output options resolution

* -55°C to +125°C operating range * Multiple packaging options

(up to +130°C for the MAX6613)

Low-voltage temperature sensors
Supply Voltage | Accuracy |

Package

Part | Interface |

(V) (°C)

2-wire 1.7t037 +0.5 (0 to +70) 8-uSOP (UMAX), 8-SO
DS620 2-wire 171035 +0.5 (0 to +70) 8-uSOP (UMAX) with exposed pad
DS75LV 2-wire 1.7t037 +2.0 (-25 to +100) 8-uSOP (UMAX), 8-SO
DS75LX 2-wire 1.7t037 +2.0 (-25 to +100) 8-uSOP (UMAX), 8-SO
MAX6607 Analog 181036 +3.5 (0 to +70) 5-SC70
MAX6608 Analog 181036 +3.5 (0 to +70) 5-S0T23
MAX6613 Analog 181055 +4.0 (0 to +50) 5-SC70
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Choosing the right fan controller

Maxim offers over 20 products with fan-control functions. This design note describes how to narrow the
choice in two simple steps.

Step 1: Start with the fan

What type are you using? Fans are usually described by the number of wires, as shown in Figure 1. A
2-wire fan has just two power-supply leads. A 3-wire fan adds an output, usually a “tachometer” output that
produces a square wave consisting of a fixed number of pulses per fan revolution. The tachometer signal
can be used to monitor fan speed and can serve as a feedback signal when closed-loop control of speed is
necessary. A 4-wire fan also includes a speed-control input that accepts a PWM signal (usually in the 20kHz
to 40kHz range) whose duty cycle controls the fan’s speed.

Step 2: Pick the speed-adjustment method

Typically, fan control is used to reduce the audibility of fan noise, so the preferred approach is to
gradually adjust fan speed in response to temperature changes.

If a 4-wire fan is used, it is easy to adjust the fan’s speed: just drive the speed-control input with a PWM
signal in the 20kHz to 40kHz range as shown in Figure 2. In the figure, the MAX6639 fan controller
regulates the speed of two fans by adjusting the PWM waveforms’ duty cycles to produce the desired speed as
indicated by the fans’ tachometer outputs.

In contrast, 2- and 3-wire fans require a more complex control scheme. PWM drive works, but instead of
driving the fan’s speed-control input, the PWM signal drives a power-supply pass transistor. (An example can
be found in the MAX6639’s data sheet.) The optimum frequency is in the 30Hz range. Note that this approach
can be noisy—each edge of the PWM waveform can cause an audible transient due to motion of the fan
motor assembly. Also, some fan manufacturers recommend against PWM on the fan’s power supply due to reli-
ability concerns. Be sure to check with your fan vendor before proceeding with this approach.

Another way to control the speed of a 2- or 3-wire fan is to linearly vary the fan’s power-supply voltage.
You lose a bit of efficiency, but the approach is both quiet and reliable. A few fan controllers, such as the
MAX6620 (Figure 4), can produce a variable fan supply voltage controlled over a bus such as I2C. You can
also generate an adjustable linear fan supply by using a PWM-output fan controller and adding a lowpass
filtler and power amplifier, as shown in Maxim application notes 3149 and 3530.

If the fan will be used infrequently or if it will be located far from users, the acoustic noise may not be
important. In this case, you can implement very simple, low-cost fan control using a temperature switch to turn
a fan on and off. In the Figure 3 example, the temperature switch’s output directly drives the control input of a
4-wire fan. For 2- or 3-wire fans, the temperature switch in Figure 5 drives the gate of a power transistor that
enables or disables the fan’s power supply. Note that switching the fan on and off suddenly is very audible
and, therefore, is rarely appropriate for consumer or office equipment that will be located close to users.

Linear fan controller MAX6620 (Figure 4)
Linear Control PWM fan controller + LP filter + MA),(vfliézl(??rse?’erNtl?;(SSI}Sétion N/A
pass device notes 3149 and 3530)
PWM Control Low—freqijepr;csysZ\é\(/l\i/égontroller MAX6639, MAX6615 High—fcrg?#r%rllltg PWM MAXGSi?(éFGi%ure 2),
/ot E\r::i;z‘aggn:t;\:rnesr)-supplv Temp;;g;“ézvsivcvémh ' MAX6510 (Figure 5) Temperature switch MAX6510 (Figure 3)

*See page 15 for a full list of Maxim’s fan controllers.
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Choosing the right fan controller (continved)

What kind of fan will you use?

i 4-WIRE FAN :
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| I
! 1
Y !
i TACH OR ,
i LOCKED ROTOR 1
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Figure 1.

Simple on/off

control when
acoustic noise is
not a concern

2.7VT0 55V
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Figure 3. On/off control of a 4-wire fan with a temperature switch.
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Three common fan types.

Variable speed control for

Variable linear drive for minimal

audible noise (see page 9) |

Simple on/off control when
acoustic noise is not a concern

minimal audible noise (see page 9)
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Figure 2. PWM control of 4-wire fans.
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Choosing the right fan controller (continved)
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Figure 4. Fan-speed control of a 2- or 3-wire fan by varying the fan’s power-supply voltages.
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Figure 5. On/off control of a 2- or 3-wire fan using a temperature switch and pass transistor.
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LM75-compatible temp sensors—from
industry standard to best in the industry

Maxim offers more than a dozen “LM75-compatible” temperature sensors that give you options ranging
from industry-standard configurations to sensors with dramatically improved performance. Whether you need
an alternate source for the standard LM75 or a temperature sensor that offers best-in-class performance, you
will find what you are looking for at Maxim.

+0.5°C accuracy and NV memory

If you need better accuracy than the LM75 can achieve, select the DS7505, a pin- and register-compatible
upgrade with superior accuracy. The DS7505 features a maximum temperature-measurement error of +0.5°C
from 0°C to +70°C across its full power-supply range. The device operates from a 1.7V to 3.6V supply-voltage
range, making it ideal for low-voltage systems.

The DS7505's conversion resolution is programmable from 0.5°C to 0.0625°C (9 to 12 bits). For systems
that require the OS trip threshold to be the correct value at power-up, the DS7505's threshold is stored in
nonvolatile memory. This is an especially powerful feature when using OS for system protection—for example,
to disable the system’s power supply when the measured temperature is too high.

Other improvements

Maxim offers other LM75-compatible digital temperature sensors with a variety of improved features.
Because temperature accuracy is guaranteed across the full supply-voltage range instead of just at 3.3V or
5.0V, all of these products have better accuracy than the LM75 in real systems.

An example is the DS75LX, which operates from power-supply voltages as low as 1.7V. This device is
ideal for designs that require more than eight sensors on a single bus; its three address-selection inputs use
three-state logic, resulting in 27 available slave addresses.

Products such as the MAX7501-MAX7504 offer another useful feature: an input that resets the 12C
interface. Pulling this input low returns the internal registers to their default values and resets the 12C inteface,
thus allowing the 12C master to reset any slaves on the board when a communications fault is detected.

Lastly, if you need a smaller footprint, choose the MAX6625, MAX6626, or DS1775. These devices are all
register compatible with the LM75 and are available in space-saving, 3mm x 3mm SOT23 or TDFN packages.

Maxim’s industry-standard, LM75-compatible temp sensors

Maxim Sensor | Features | Benefits
LM75 Fully compatible Ideal for designs requiring multisourced temp sensors
DS7505 +0.5°C accuracy, NV memory, 1.7V to 3.6V supply range Better accuracy, fail-safe overtemperature detection
DS75LV 1.7V to 3.6V supply range Compatible with low-voltage, low-power designs
DS75LX 1.7V to 3.6V supply range, 27 12C addresses Up to 27 sensors can be on a single bus
DS75 Fully compatible Accuracy guaranteed across full supply voltage
MAX7500 Fully compatible Accuracy guaranteed across full supply voltage
MAX7501-MAX7504 12C reset input Allows controller to reset 12C interface
MAX6625/MAX6626 3mm x 3mm, 6-pin TDFN package Ideal for space-limited designs
DS1775 3mm x 3mm, 5-pin SOT23 package Ideal for space-limited designs

www.maxim-ic.com/TempSensors
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Highly accurate LM75-compatible sensor
offers custom thermostat trip points

The DS7505 is +0.5°C (max) accurate over a wide 0°C to +70°C temperature range. It has nonvolatile
thermostat thresholds that allow customized trip points at power-up, an industry first for an LM75-compatible
device. Also unique, its nonvolatile configuration registers enable it to power up and operate in any user-
defined mode.

Low-voltage operation is
ideal for low-power and

Bus tim reven
us timeout prevents TVT037V

lockup of I2C bus

* ¢ battery-operated systems
% NAXI/V
DATA o s D57505 Voo Measures temp over
Ke / a -55°C to +125°C range
CLK SoL Ay
THERMOSTAT — 0.5. A
§C communication optional if 2
operating as a stand-alone

thermostat

|||—0

e +0.5°C accuracy over a 0°C to +70°C range

e 1.7V to 3.7V operating range

e Optional bus timeout feature prevents lockup problems on 2-wire interface

o User-definable, nonvolatile thermostatic settings

e Thermometer resolution is configurable from 9 to 12 bits (0.5°C to 0.0625°C resolution)
e Available in 8-pin SO and pMAX packages

Migrate to a lower-voltage or higher-precision design

The DS7505 operates from a low, 1.7V to 3.7V supply
voltage and can, therefore, be connected directly to low-volt-
age rails. Because the DS7505 is function, pin, and software
compatible with the popular LM75 and DS75, it allows you
to seamlessly migrate to a lower-voltage or higher-precision
design.

Learn more at: www.maxim-ic.com/DS7505
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Addressable 1-Wire temp sensor
simplifies multisensor applications

The DS1825 greatly reduces the complexity of applications that require multipoint temperature sensing.
It features four dedicated address pins, each of which can be set to GND or DQ to determine the DS1825's
location. Just a simple read of the configuration register easily pinpoints the location of each DS1825.

30VT03.7V Powers directly from data
% line (DQ) or dedicated Vpp source
ue ® [ X X ]
LOCATION 0 LOCATION 1 LOCATION 15
MAXIMN MAXIMN oo MAXIMN
DS1825 DS1825 DS1825
GND DO — GND DQ—e GND DA |—e
AD3 AD2 AD1  ADO AD3 AD2 AD1  ADO AD3 AD2 AD1  ADO
0—1—1—1—, o—l—l—, I— I_l_l_l_
e +0.5°C accuracy over -10°C to +85°C ® Thermal alarm function with EEPROM
temperature range e User-programmable trip points
® User-selectable 9- to 12-bit resolution o Tiny 8-pin pSOP package

Tiny temp sensors use only one pP pin

Simple, direct digital interface with period, frequency, or timed outputs

The MAX6575/MAX6576/MAX6577 family of temperature sensors communicates the temperature to
a pP through a single control line. These devices feature +0.8°C accuracy (+3°C max) at room temperature
(+25°C). They operate from a 2.7V to 5.5V supply and are available in tiny 6-SOT23 packages.

° Multidrop cupubilily B Accuracy vs. temperature Three flexible output functions
(MAX6575L/H) ' FREQUENCY
20 MAXIN
¢ +0.8°C (typ) accuracy e L L
. 10 |<—>|
® User-selectable period/ =N o
frequency options 2 —
2 .0 —— PERIOD
* Small SOT23 package - maximl | — o
0 MAX6576
-3.0 tao. TEMP
40 25 10 5 20 35 50 65 8 95 110 125
TEMPERATURE (°C) TIMED
7 ? 1
1# 8#
MAXIM|®® | MmAaXKIM
MAX6575 MAX6575

IDELAY o TEMP
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Industry’s most comprehensive portfolio
of temp switches

Temperature switches provide simple protection from potentially damaging thermal conditions by
generating an over- or undertemperature signal when the temperature is outside the safe operating range.
Whatever kind of temperature switch you need—factory preset, resistor adjustable, pin strapped, or remote-
diode sensing—Maxim has you covered. Are you looking for the industry’s most accurate temperature
switches? We have those too!
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Resistor-adjustable trip thresholds
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Yes, we make that...

Maxim has one of the broadest and deepest analog and mixed-signal portfolios, with over 6000 ICs
in 28 categories. We average more than one product introduction per day! For over 25 years, we
have delivered innovative engineering solutions that add value to our customers’ products.

Over 6000 ICs in 28 Product Categories

1-Wire® and iButton® Devices
Amplifiers and Sensors

Analog Switches and Multiplexers
Analog-to-Digital Converters
Audio

Automotive

Clock Generation and Distribution
Digital Potentiometers
Digital-to-Analog Converters
Filters (Analog)

Hot-Swap and Power Switching
Interface and Interconnect

LED Lighting and LCD Display ICs
Memories: Volatile, NV, Multifunction
Microcontrollers
Military/Aerospace
Optoelectronics

Power and Battery Management
Protection and Isolation
Real-Time Clocks

Storage Products

Supervisors, Monitors, Sequencers
T/E Carrier and Packetized Comms
Temperature Sensors

Video

Voltage References

Wireless, RF, and Cable
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Maxim Integrated Products, Inc.
120 San Gabriel Drive
Sunnyvale, CA 94086

Innovation Delivered is a trademark and 1-Wire and iButton are registered trademarks of Maxim Integrated Products, Inc.



