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Interfacing a MCP9700 Analog Output Temperature Sensor 

to a PICmicro® Microcontroller
INTRODUCTION

Analog output silicon temperature sensors offer an
easy-to-use alternative to traditional temperature
sensors, such as thermistors. The MCP9700 offers
many system-level advantages, including the integra-
tion of the temperature sensor and signal-conditioning
circuitry on a single chip. Analog output sensors are
especially suited for embedded systems due to their
linear output. This application note will discuss system
integration, firmware implementation and PCB layout
techniques for using the MCP9700 in an embedded
system.

The firmware required to interface the MCP9700 to a
microcontroller will be demonstrated using the
PICkit™ 1 Flash Starter Kit. The PICkit 1 Flash Starter
Kit is a low-cost development kit with an easy-to-use
interface for programming Microchip’s 8-pin and 14-pin
Flash family of microcontrollers.

The MCP9700 demonstration is designed to measure
and display temperature in Binary-Coded Decimal
(BCD) with the PICkit 1 Flash Starter Kit’s LEDs.
Temperature data is converted from the internal ther-
mal sensing element and made available as an analog
output voltage. Gerber files for the PCB, source code
and hex file (to program a PIC16F676) are included in
the companion zip file, 00059R1.zip.

FIGURE 1: Block Diagram of the MCP9700 Thermal Sensor Demonstration.
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MCP9700 APPLICATION GUIDELINES 

Interfacing the MCP9700 to an Analog-to-
Digital Converter (ADC)

A simplified schematic of a typical ADC system is
shown in Figure 2. The temperature sensor’s output
pin is driven by an op amp that has an output
impedance (ROUT). The input of the ADC consists of a
simple sample-and-hold circuit. A switch is used to
connect the signal source with a sampling capacitor,
while the ADC measures the CSAMPLE capacitor's
voltage in order to determine the temperature. The
ROUT and RSWITCH resistances, as well as the
CSAMPLE capacitor, form a time constant that must be
less than the sampling rate (TSAMPLE) of the ADC as
shown.

An external capacitor in the range of 1 nF to 100 nF can
be added to the output pin to provide additional filtering
and to form an anti-aliasing filter for the ADC. This
capacitor may impact the time response of the sensor,
so the designer must allow time for the capacitor to
charge sufficiently between ADC conversions. Also,
the sensor amplifier may oscillate if the filter capacitor

is too large. A small resistor of approximately 10 to
100Ω can be added between the output pin of the
sensor and CFILTER to isolate the sensor’s amplifier
from the capacitive load. The output impedance of the
sensor (ROUT) varies as a function of frequency. Thus,
a series resistor should be added to the effective ROUT
resistance if CFILTER is intended to serve as the ADC’s
anti-aliasing filter.

The output impedance of the MCP9700 is less than 1Ω
because the sensor-gain operational amplifier (op
amp) functions as a voltage buffer. The negative
feedback results in an output impedance that is equal
to the impedance of the op amp, divided by the open-
loop gain of the amplifier. The open-loop gain of the op
amp is relatively large which, in turn, forces the output
impedance to be small.

The MCP9700 is built with a CMOS process. The
relatively small size and current consumption of the
transistors allow the design to incorporate a buffered
output. In contrast, bipolar analog output sensors
typically do not incorporate an op amp buffer. The
resulting output impedance of these devices ranges
from 200 to 2000Ω.

FIGURE 2: Interfacing an Analog Output Temperature Sensor to an ADC.

PCB Layout Recommendations

The MCP9700 provides an accurate temperature
measurement for a steady-state temperature by
monitoring the voltage of a diode located on the IC die.
Since silicon sensors provide a “non-contact” tempera-
ture measurement, the location of the sensor is
important. The substrate of the die is grounded and
connected to the PCB’s ground plane via a bonding
wire and the lead of the package. 

Silicon sensors provide a measurement of the
temperature of the PCB’s ground plane. The ground
pin of the IC provides a low-impedance thermal path
between the die and the PCB, allowing the sensor to
effectively monitor the temperature of the PCB. The
thermal path between the top of the package to the

ambient air, and between the bottom of the package
and the PCB, is not as efficient because the plastic IC
housing package functions as a thermal insulator.
Therefore, the ambient air temperature has only a
small effect on the measurement.

It is recommended that a decoupling capacitor of
0.1 µF to 1 µF be provided between the power supply
and ground pins to provide effective noise protection to
the sensor. In high-noise applications, connect the
power supply voltage to the VDD pin using a 200Ω
resistor with a 1 µF decoupling capacitor. A ceramic
capacitor is recommended, with the capacitor being
located as close as possible to the MCP9700’s VDD
and ground pins.
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MCP9700 PICtail™ Daughter board

The MCP9700 PICtail™ daughter board is plugged into
the PICkit 1 Flash Starter kit via expansion header J3.
Figure 3 shows a picture of the MCP9700 PICtail
daughter board plugged into the PICkit 1 Flash Starter
Kit. For more information on the PICkit 1 Flash Starter
Kit, refer to the “PICkit™ 1 Flash Starter Kit User’s
Guide” (DS40051).

The MCP9700 PICtail daughter board consists of a
MCP9700 temperature sensor and a bypass capacitor.
The bypass capacitor C1 is used to provide noise
immunity on the +5 VDC power supply. Figure 4 shows
a schematic of the board, while Figure 5 provides a
layout drawing of the PCB. 

FIGURE 3: MCP9700 PICtail™ Daughter Board and PICkit™ 1 Flash Starter Kit.

FIGURE 4: MCP9700 PICtail™ Daughter Board Schematic.
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STAND-ALONE OPERATION

The MCP9700 PICtail daughter board can be used as
a stand-alone evaluation board. Power can be applied
to the VDD and ground test points. The analog output
voltage of the sensor can be monitored by connecting
an oscilloscope or voltage meter to the VOUT test point.
The MCP9700 requires an operating voltage of 2.5V to
5.5V.

FIGURE 5: MCP9700 PICtail™ Daughter Board PCB Layout.
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MCP9700 Interface Software
A flow diagram for the PICtail firmware is given in
Figure 6A. The analog output voltage of the MCP9700
sensor is read by the PICmicro® MCU’s ADC. The ADC
value is converted to degrees Celsius via a voltage-to-
temperature conversion routine. 

The MCP9700 provides a temperature measurement
in Celsius. A provision in the software is provided to
display the temperature in either Fahrenheit or Celsius
by testing the status of the PICkit 1 SW1 push button
switch. If SW1 is not pressed, the temperature value is
converted to Celsius. Otherwise, if the push button is
pressed, the data is displayed in Fahrenheit. Finally,
the temperature value is loaded into the LEDREG
variable to be displayed on the LEDs by the DISPLAY
subroutine.

Fully documented source code, as well as a hex file
ready to program into a PIC16F676, is available in the
companion zip file, 00059R1.zip.
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FIGURE 6A: MCP9700 PICtail™ Daughter Board Program Flow Diagram.
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FIGURE 6B: MCP9700 PICtail™ Daughter Board Program Flow Diagram (Con’t.)
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APPENDIX A: FUNCTIONAL 
DESCRIPTION

Creating a Temperature-Sensing Diode 

IC sensors measure temperature by monitoring the
voltage across a diode. The MCP9700 uses a bipolar
temperature-sensing diode that is built from the
substrate of a CMOS IC process. The bipolar diode is
created from a PNP transistor which is formed by

combining the appropriate P and N junctions, as shown
in Figure A-1. A bipolar diode is used for the tempera-
ture measurement because its electrical characteristics
are better than a MOSFET diode. The current and
voltage relationship of a MOSFET diode is dependant
on the threshold voltage, which is process-dependant.

FIGURE A-1: Temperature-Sensing Substrate Diode.
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Fundamental Diode Equations

The voltage and current equations for a diode are listed
in Figure A-2. These equations show that a diode has
a voltage that is proportional to temperature and the
constants k and q. However, the process-dependant
constants of η and IS are also in the equation. IC
temperature sensors solve the process-dependant
issue with a voltage proportional to the temperature
(VPTAT) voltage generator circuit, which is similar to a
band gap voltage reference.

The non-ideality constant (η) for a silicon diode varies
from 0.95 to 1.05. However, η will be assumed to be
equal to 1. The assumption of η not being equal to 1
produces a temperature gain and offset error. This
error is minimized in the sensor’s calibration
procedure.

The IS variable must be eliminated because IS varies
with temperature and also from wafer to wafer. The IS
variable in the diode’s voltage equation can be
eliminated by two different methods. The first method
eliminates IS by using two different current sources and
a single diode, while the second method uses a single
current source and two different diodes.

FIGURE A-2: Fundamental Diode Equations.
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where: 
If = Forward Current

IS = Saturation Current
k = Boltzmann's Constant

= 1.38 x 10-23 joules/°K

η = Diode Non-Ideality Constant
= Emission Coefficient in SPICE

q = Electron Charge

= 1.6 x 10-19 Coulombs
T = Absolute Temperature (Kelvin)
Vf = Forward Voltage

VT = Thermal Voltage
= kT/q
≅ 26 mV @ 25°C

Assumption:
η = 1
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Creating a Voltage Proportional to 
Temperature

One method is to use two current sources with a single
diode to eliminate IS. Figure A-3 provides a simplified
schematic of the circuit that measures the voltage
resulting from multiplexing two current sources across
a diode. The equations show that the IS variable is
cancelled by subtracting the voltages or, equivalently,
by calculating the ratio of the logarithmic equations.

The two-current, one diode method to eliminate IS is
used because it is relatively easy to build current
sources that are a ratio of each other. In practice, the
two currents are chosen to have a ratio of 10, which
produces a voltage with a temperature coefficient of
approximately 200 µV/°C. The ΔVEB equation is impor-
tant because it contains three constants (k, q and N)
and the temperature variable T. This equation
establishes a voltage which is proportional to a
constant multiplied by temperature, while eliminating
the process dependent variable, IS.

Voltage ΔVEB is also referred to as VPTAT, or the voltage
that is proportional to absolute temperature. Figure A-4
shows a graphical representation of the VPTAT voltage,
which is linear. The absolute value of the current
source is not in the temperature equation and it is only
important that the ratio (N) of the two current sources
track each other over temperature. Note that it has
been assumed that ΔVEB is only a function of the
current and thermal voltage VT (VT = kT/q). The
complete equation for ΔVEB is more complex; however,
this complication can be neglected as a second-order
effect.

The alternative method to eliminate the IS term in the
diode’s voltage equation is accomplished by measuring
the voltage of two different diodes created from a single
current source, as shown in Figure A-5. This method to
eliminate the process variable IS is used because the
magnitude of the currents can be controlled by the
dimensions of a transistor. The current ratio circuit can
be created by using a parallel circuit of N number of
transistors identical to the first, as shown in Figure A-5.
The total current is shared equally between the
transistors and the voltage VEB(N) is established.

FIGURE A-3: Creating a Voltage Proportional to Temperature.

VEB

+

–

where:
N = Integer number

VEB= Emitter-to-base junction voltage

I1 I2 = N x I1 

ΔVEB VEB I2( ) VEB I1( )–=

kT
q

------In
N I1×

IS
--------------⎝ ⎠

⎛ ⎞ kT
q

------In
I1

IS
----⎝ ⎠

⎛ ⎞–=

kT
q

------In

N I1×
IS

--------------⎝ ⎠
⎛ ⎞

I1

IS
----⎝ ⎠

⎛ ⎞
--------------------

⎝ ⎠
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎛ ⎞

=

k
q
---In N( ) T×=

CONSTANT T×=
DS00981A-page 10 © 2005 Microchip Technology Inc.



AN981
FIGURE A-4: Graphical Representation of the VPTAT Voltage Created with Two Current Sources and 
One Diode.

FIGURE A-5: Creating a Voltage Proportional to Temperature with One Current Source and Two 
Diodes.
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MCP9700 Internal Diode Temperature 
Sensor 

BAND GAP VOLTAGE REFERENCE

A band gap voltage reference circuit is used to create a
reference voltage that is stable over temperature. The
term band gap refers to the theoretical voltage of a
silicon junction at 0°K. Band gap circuits achieve
temperature independence by canceling the negative
temperature coefficient of a PNP transistor’s emitter-to-
base diode voltage (VEB) with the positive temperature

coefficient of the voltage created from a VPTAT circuit,
as shown in Figure A-6. The voltage VEB has a temper-
ature coefficient of -2.2 mV/°C, while the VPTAT voltage
has a temperature coefficient of +0.085 mV/°C. Next,
VPTAT is amplified by K so that the temperature
coefficient is scaled to +2.2 mV/°C. When VEB is added
to the scaled VPTAT signal, the two temperature
coefficients cancel and an output voltage results which
is independent of temperature.

FIGURE A-6: Band Gap Voltage Reference Concept.

A simplified schematic of a band gap circuit is shown in
Figure A-7. This circuit is based on the principle that
the magnitude of currents I1 and I2 are proportional to
the size of the emitter area (AE) of the transistors. A

1.250V reference voltage (VREF) will be produced if the
emitter area ratio is equal to eight (n = 8) and the
resistor ratio is set to ten (p = 10). 

FIGURE A-7: Band Gap Voltage Reference Building Block.
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CONCLUSION

The MCP9700 temperature sensor PICtail daughter
board demonstrates the ease of integrating an analog
output IC temperature sensor to a PICmicro microcon-
troller unit (MCU). The MCP9700 is a CMOS silicon
digital temperature sensor that provides a linear output
voltage measurement to solve thermal management
problems. The MCP9700 sensor offers many system-
level advantages, including the integration of the
sensor and the signal-conditioning circuitry in a small
IC package. This provides for easy system integration
and minimizes the required PCB space, component
count and design time.
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Note the following details of the code protection feature on Microchip devices:

• Microchip products meet the specification contained in their particular Microchip Data Sheet.
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applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE,
RELATED TO THE INFORMATION, INCLUDING BUT NOT
LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE,
MERCHANTABILITY OR FITNESS FOR PURPOSE.
Microchip disclaims all liability arising from this information and
its use. Use of Microchip’s products as critical components in
life support systems is not authorized except with express
written approval by Microchip. No licenses are conveyed,
implicitly or otherwise, under any Microchip intellectual property
rights.
© 2005 Microchip Technology Inc.
Trademarks

The Microchip name and logo, the Microchip logo, Accuron, 
dsPIC, KEELOQ, microID, MPLAB, PIC, PICmicro, PICSTART, 
PRO MATE, PowerSmart, rfPIC, and SmartShunt are 
registered trademarks of Microchip Technology Incorporated 
in the U.S.A. and other countries.

AmpLab, FilterLab, Migratable Memory, MXDEV, MXLAB, 
PICMASTER, SEEVAL, SmartSensor and The Embedded 
Control Solutions Company are registered trademarks of 
Microchip Technology Incorporated in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, dsPICDEM, 
dsPICDEM.net, dsPICworks, ECAN, ECONOMONITOR, 
FanSense, FlexROM, fuzzyLAB, In-Circuit Serial 
Programming, ICSP, ICEPIC, MPASM, MPLIB, MPLINK, 
MPSIM, PICkit, PICDEM, PICDEM.net, PICLAB, PICtail, 
PowerCal, PowerInfo, PowerMate, PowerTool, rfLAB, 
rfPICDEM, Select Mode, Smart Serial, SmartTel, Total 
Endurance and WiperLock are trademarks of Microchip 
Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated 
in the U.S.A.

All other trademarks mentioned herein are property of their 
respective companies.

© 2005, Microchip Technology Incorporated, Printed in the 
U.S.A., All Rights Reserved.

 Printed on recycled paper.
DS00981A-page 15

Microchip received ISO/TS-16949:2002 quality system certification for 
its worldwide headquarters, design and wafer fabrication facilities in 
Chandler and Tempe, Arizona and Mountain View, California in 
October 2003. The Company’s quality system processes and 
procedures are for its PICmicro® 8-bit MCUs, KEELOQ® code hopping 
devices, Serial EEPROMs, microperipherals, nonvolatile memory and 
analog products. In addition, Microchip’s quality system for the design 
and manufacture of development systems is ISO 9001:2000 certified.



DS00981A-page 16 © 2005 Microchip Technology Inc.

AMERICAS
Corporate Office
2355 West Chandler Blvd.
Chandler, AZ  85224-6199
Tel:  480-792-7200  
Fax:  480-792-7277
Technical Support: 
http://support.microchip.com
Web Address: 
www.microchip.com

Atlanta
Alpharetta, GA 
Tel: 770-640-0034  
Fax: 770-640-0307

Boston
Westborough, MA  
Tel: 774-760-0087 
Fax: 774-760-0088

Chicago
Itasca, IL  
Tel: 630-285-0071 
Fax: 630-285-0075

Dallas
Addison, TX 
Tel: 972-818-7423  
Fax: 972-818-2924

Detroit
Farmington Hills, MI 
Tel: 248-538-2250
Fax: 248-538-2260

Kokomo
Kokomo, IN 
Tel: 765-864-8360
Fax: 765-864-8387

Los Angeles
Mission Viejo, CA 
Tel: 949-462-9523  
Fax: 949-462-9608

San Jose
Mountain View, CA 
Tel: 650-215-1444
Fax: 650-961-0286

Toronto
Mississauga, Ontario, 
Canada
Tel: 905-673-0699  
Fax:  905-673-6509

ASIA/PACIFIC
Australia - Sydney
Tel: 61-2-9868-6733 
Fax: 61-2-9868-6755

China - Beijing
Tel: 86-10-8528-2100 
Fax: 86-10-8528-2104

China - Chengdu
Tel: 86-28-8676-6200  
Fax: 86-28-8676-6599

China - Fuzhou
Tel: 86-591-8750-3506  
Fax: 86-591-8750-3521

China - Hong Kong SAR
Tel: 852-2401-1200  
Fax: 852-2401-3431

China - Shanghai
Tel: 86-21-5407-5533  
Fax: 86-21-5407-5066
China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8203-2660 
Fax: 86-755-8203-1760

China - Shunde
Tel: 86-757-2839-5507 
Fax: 86-757-2839-5571

China - Qingdao
Tel: 86-532-502-7355  
Fax: 86-532-502-7205

ASIA/PACIFIC
India - Bangalore
Tel: 91-80-2229-0061 
Fax: 91-80-2229-0062

India - New Delhi
Tel: 91-11-5160-8631
Fax: 91-11-5160-8632

Japan - Kanagawa
Tel: 81-45-471- 6166  
Fax: 81-45-471-6122

Korea - Seoul
Tel: 82-2-554-7200  
Fax: 82-2-558-5932 or 
82-2-558-5934

Singapore
Tel:  65-6334-8870  
Fax: 65-6334-8850

Taiwan - Kaohsiung
Tel: 886-7-536-4818
Fax: 886-7-536-4803

Taiwan - Taipei
Tel: 886-2-2500-6610  
Fax: 886-2-2508-0102

Taiwan - Hsinchu
Tel: 886-3-572-9526
Fax: 886-3-572-6459

EUROPE
Austria - Weis
Tel: 43-7242-2244-399
Fax: 43-7242-2244-393
Denmark - Ballerup
Tel: 45-4450-2828 
Fax: 45-4485-2829

France - Massy
Tel: 33-1-69-53-63-20  
Fax: 33-1-69-30-90-79

Germany - Ismaning
Tel: 49-89-627-144-0 
Fax: 49-89-627-144-44

Italy - Milan 
Tel: 39-0331-742611  
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399 
Fax: 31-416-690340

England - Berkshire
Tel: 44-118-921-5869
Fax: 44-118-921-5820

WORLDWIDE SALES AND SERVICE

03/01/05


