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1 Version
These documents may be updated over their lifetime. To ensure you design with the correct version, please check The Source page 
on source.sierrawireless.com for the latest version.

2 Introduction
This document is provided to Semtech distributors and clients to aid more rapid development of embedded applications using the 
Sierra Wireless portfolio of cellular solutions. To request a new application/technical note, contact your regional Semtech Product 
Marketing Manager.

Note: In this document, RC71xx refers to RC7110 and RC7120.

3 Glossary

4 Thermal Model
The RC71xx module has multiple inner heat sources. Thermal power (heat) from these sources is dissipated through the module’s 
top shielding case and bottom PCB surface:

· Directly into the ambient environment, or

Term Definition

CFD Computational Fluid Dynamics

CTM Compact Thermal Model

IC Integrated Circuit

PA Power Amplifier

PCB Printed Circuit Board

P Delta Power
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· Through parts in contact with these surfaces, such as the host platform application board, housing, and heatsink.

Figure 1: RC71xx Top (Shield Case) and Bottom (PCB) Surfaces

A compact thermal model (CTM) is a simplified model that satisfies the technical requirements of accuracy and software 
compatibility in thermal design and simulation. The RC71xx CTM model described below in Figure 2 and Table 1 is defined based on 
the following assumptions: 

· The module is mounted horizontally with the shield case facing upward (i.e., in the opposite direction of gravity)
· The module is exposed in 25°C still air (i.e., ambient temperature = 25°C)
· The module is bare (i.e., no host connection)
· Thermal resistance values in Table 1 are for the module only. The values do not include any external parts in contact with 

the module.

Figure 2: RC71xx CTM Description

Table 1: RC71xx CTM

Path Thermal Resistance (°C/W)

JC (Junction-to-Case thermal resistance) 6.5

CA (Case-to-Ambient thermal resistance) 6.7

JB (Junction-to-Board thermal resistance) 9.8

Top Bottom
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Note that with respect to the thermal resistance values in Table 1:
· CA and BA will be affected by the module's mounting orientation
· Values may vary between use cases:

• The use case's effect on the module's various internal heat source locations may cause slight differences.
• Different operating bands may cause slight differences.

Nevertheless, the thermal resistances provided in Table 1 should be a good reference for any application's evaluation. 

5 Thermal Power Use Cases
The RC71xx module has challenging use cases for thermal power dissipation.

Table 2 describes the theoretical worst-case scenario with maximum thermal power under extreme conditions, which can be 
used for system thermal design and solution evaluation in your device. However, the realistic worst-case thermal power for 
your device may differ from this value.

Semtech recommends that you identify the realistic worst-case condition for your device and perform appropriate thermal 
evaluation. (For example, your use case could consider different combinations of data throughput rate, Tx output power, and 
test duration.)  

6 Operating Temperature Specification
The RC71xx module’s thermal (operating temperature) evaluation is based, in part, on the following temperature parameters:

· TJ—Module junction temperature.
Important: This specification must be strictly followed.

· TC, TB—Module surface temperatures. (TC—Top, TB—Bottom). These are reference specifications that should be used 
only when TJ is not available.

BA (Board-to-Ambient thermal resistance) 3.4

JA (Junction-to-Ambient thermal resistance) 13.2

Table 1: RC71xx CTM (Continued)

Path Thermal Resistance (°C/W)

JA
JC CA+  JB BA+ 
JC CA JB BA+ + +

----------------------------------------------------------------=

Table 2: Thermal Power — Theoretical Worst Case

Module Condition
Thermal Power
@ TJ=65°C (W) Notes

RC7110
• Cat1bis, B7, 20 MHz
• DL 10.296 Mbps, UL 632 Kbps
• Tx power max 23 dBm

2.793

Actual thermal power measured will vary depending 
on the actual TJ value on the customer’s device.

RC7120
• Cat1bis, B2, 20 MHz
• DL 10.296 Mbps, UL 632 Kbps
• Tx power max 23 dBm

2.608
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· TA—Ambient temperature around the module. This is a general operating temperature range that can be stated with 
proper thermal designs.

6.1 TJ—Module Junction Temperature
There are multiple heat sources inside the RC71xx module, such as the QCX216 baseband semiconductor chip and QPA8675 PA 
(power amplifier).

For the RC71xx thermal evaluation, TJ represents the overall module’s temperature and is based on the QCX216 die temperature, 
since the QCX216 contributes the most to the module’s temperature rise. However, the QCX216 may not have the hottest junction 
temperature in all use cases (e.g., the QPA8675 PA may be hotter in some use cases).

Note: TJ (i.e., the QCX216 die temperature) can be reported using the AT command AT!MADC=1

The operating temperature range for TJ is specified in Table 3.

Note:
· Class A is defined as the operating temperature range that the device:

i. Shall exhibit normal function during and after environmental exposure.
ii. Shall meet the minimum requirements of 3GPP or appropriate wireless standards. 

· Class B is defined as the operating temperature range that the device:
i. Shall remain fully functional during and after environmental exposure.
ii. Shall exhibit the ability to establish any of the device’s supported call modes (SMS, Data) even when one or more 

environmental constraints exceed the specified tolerance.
iii. Unless otherwise stated, full performance should return to normal after the excessive constraint(s) have been 

removed. 

Important: TJ can be used as the top priority to evaluate system-level thermal design and solutions for applications with integrated RC71xx modules, and 
enough margin should be kept for system thermal design to make sure that TJ will not exceed 92°C (its maximum temperature limit). 

Sierra Wireless does not recommend operating the module at high TJ for a long period. If the module’s operational temperature rises 
too high, the module automatically attempts to reduce the temperature—for details, refer to [3] RC71xx Series Thermal Mitigation 
Guide (Doc# 2174356).

TJ can be evaluated using the following equation: 

where:
· JA = Thermal resistance from junction to ambient (°C/W) 

Table 3: Operating Temperature Range — TJ

Parameter Operating Class Temperature Range

TJ

Class A -30°C < TJ < 92°C

Class B
-40°C < TJ < -30°C
92°C < TJ < 93°C

TJ JA P TA+=
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· TA = Ambient temperature (°C) 
· P = Power dissipation of RC71xx module (W) 

6.2 TC and TB—Module Surface Temperatures
TC and TB are recommended to be used for evaluating RC71xx thermal risk only when TJ is not available. Measurement locations for 
TC and TB are shown in Figure 3.

To measure these values, attach a thermocouple to the center of the surface being measured (i.e., the bottom PCB surface or top 
shield case surface).

The operating ranges of TC and TB are shown in Table 4.

Figure 3: TC/TB Measurement Locations

6.3 TA—Ambient Temperature
TA (the ambient temperature) is measured at 25 mm from the module's bottom surface, per the JESD51 standard.

The operating temperature range of TA is shown in Table 5.

Table 4: Operating Temperature Range — TC, TB

Parameter Operating Class Temperature Range

TC

Class A -30°C < TC < 75°C

Class B
-40°C < TC < -30°C
75°C < TC < 80°C

TB

Class A -30°C < TB < 75°C

Class B
-40°C < TB < -30°C

75°C < TB < 80°C

TC location TB location
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TA is a useful value to use for first-level (initial) thermal measurement or design evaluation. It should not be used to indicate 
whether the module will function properly under real operating conditions, since system-level thermal dissipation design methods 
such as heatsinks and flowing air could have significant impacts on the module’s TJ while TA remains unchanged.

Integrators must implement a solid system-level thermal design to ensure TJ does not exceed its specification (Table 5), otherwise 
the RC71xx may not work normally in the defined TA range.

7 Operating Temperature Evaluation

7.1 Operating Temperature Evaluation by Thermal Model 
During the customer’s application development stage, the RC71xx operating temperature can be evaluated using the thermal model 
described in Table 1 on page 2. However, because thermal resistances CA and BA may differ in the application (due to parts 
contacting the shield case or the bottom of the module’s PCB, ambient temperature and air flow, module mounting orientation, etc.), 
the application’s actual CA and BA should be evaluated.

This section describes some typical thermal design solutions, for reference.

7.1.1 Heatsink on Shield Case
When a heatsink is used on the shield case, HS (thermal resistance of heatsink-to-air) replaces CA 
(from the RC71xx CTM in Table 1) in the JA calculation.

For example,Table 6 describes the thermal model for the RC71xx with a heatsink on the shield case, 
using HS instead of CA.

Using this thermal model with TA=25°C in still air and P=2.793 W (theoretical worst-case thermal 
power use case from Table 2), the module’s TJ value is evaluated as 59.1°C:

Table 5: Operating Temperature Range — TA

Parameter Operating Class Temperature Range

TA

Class A -30°C < TA < 70°C

Class B
-40°C < TA < -30°C

70°C < TA < 85°C

Table 6: Thermal Modela — RC71xx with Heatsink on Shield Case

Thermal Resistance
RC71xx LTE Use Case 

(°C/W) Notes

JC (Junction-to-Case thermal resistance 3.0

HS (Heatsink-to-Air thermal resistance 9.2 HS replaces CA from the RC71xx CTM (Table 1)

Heatsink on Shield

TJ JA P TA+=

TJ 12.2C/W 2.793W 25C+=
TJ 59.1C=
Rev. 1  May 2024 6 2174327
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Note—In a realistic application, other values in Table 6 would also likely be changed. For example:
· BA will vary depending on the mounting orientation (e.g., not mounted horizontally) or if TA is measured in flowing air 

instead of still air.
· P will vary if the module is not operated at maximum (worst-case) thermal power.
· HS will be based on a realistic top heatsink. (e.g., HS will be affected by the actual heatsink type, housing, plate, and other 

mechanical parts designed in the system)
The value used in Table 6 is a generalized (theoretical) definition.

8 Operating Temperature Evaluation by Simulation
During the customer’s application development stage, the RC71xx module’s operating temperature can also be evaluated by 
thermal simulation:
• Use FloTHERM to create the compact 3D model with appropriate thermal resistance values:

· JC and JB—Use the values in Table 1, RC71xx CTM, on page 2.
· CA and BA—These values are simulated automatically in the CFD tool.

• Upon request, Sierra Wireless can provide a FloTHERM simulation model package (.pdml format) for your simulation.

8.1 Operating Temperature Evaluation by Measurement
When the RC71xx module has been integrated into your device, you can evaluate system-level thermal risk by comparing measured 
TJ, TC and TB values to their operating temperature ranges. (The QCX216 TJ is obtained using AT commands under any operating 
mode, and TC /TB are obtained using thermocouples.)

To perform thermal measurement of the module:
1. Attach thermocouples at the TC and TB locations specified in Figure 3.

If a heatsink is mounted on the PCB bottom surface or the shield case surface, attach the thermocouples at the points on the 
heatsink closest to the TC and TB locations to obtain values that are close to TC and TB.
Note: This may require adding a blind hole or concave geometry on the heatsink for thermocouple attachment.

2. Mount the module at the designated location on the platform. Set the ambient airflow to match the application’s typical realistic 
usage environment.

3. Set up a call with the worst-case thermal power use case for your platform (throughput, output power, duty cycle, etc.). 
4. Monitor the TJ via AT commands (see [2] RC71xx AT Command Reference (Doc# 41114675), and TC and TB via a thermal recorder 

machine. Record the temperature values when they reach thermal stabilization. 

JB (Junction-to-Board thermal resistance 6.6

BA (Board-to-Ambient thermal resistance 5.5

JA (Junction-to-Ambient thermal resistance

12.2

a. Based on Table 1, RC71xx CTM, on page 2, including assumptions described in 4 Thermal Model.

Table 6: Thermal Modela — RC71xx with Heatsink on Shield Case (Continued)

Thermal Resistance
RC71xx LTE Use Case 

(°C/W) Notes

JA
JC HS+  JB BA+ 
JC HS JB BA+ + +

----------------------------------------------------------------=
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5. Increase the environment’s ambient temperature, then:
a. Measure TJ, TC and TB.
b. Confirm the values meet the applicable specifications/limits—Table 3 (TJ) and Table 4 (TC and TB). %%[add any safe margin 

wording?]

9 References
Sierra Wireless
[1] RC71xx Product Technical Specification (Doc# 41114675)

[2] RC71xx AT Command Reference (Doc# 41114675)

[3] RC71xx Series Thermal Mitigation Guide (Doc# 2174356)

10 Support
For direct clients: contact your Semtech FAE

For distributor clients: contact your distributor FAE

For distributors: contact your Semtech FAE

11 Document History

12 Legal Notice
Important Notice
Information relating to this product and the application or design described herein is believed to be reliable, however such information is provided as a guide only and Semtech assumes no liability for any errors in this 
document, or for the application or design described herein.
Semtech reserves the right to make changes to the product or this document at any time without notice. Buyers should obtain the latest relevant information before placing orders and should verify that such information 
is current and complete. Semtech warrants performance of its products to the specifications applicable at the time of sale, and all sales are made in accordance with Semtech's standard terms and conditions of sale.
SEMTECH PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED OR WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS, OR IN NUCLEAR APPLICATIONS IN WHICH THE 
FAILURE COULD BE REASONABLY EXPECTED TO RESULT IN PERSONAL INJURY, LOSS OF LIFE OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE. INCLUSION OF SEMTECH PRODUCTS IN SUCH APPLICATIONS IS 
UNDERSTOOD TO BE UNDERTAKEN SOLELY AT THE CUSTOMER'S OWN RISK. Should a customer purchase or use Semtech products for any such unauthorized application, the customer shall indemnify and hold Semtech 
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs damages and attorney fees which could arise.
The Semtech name and logo are registered trademarks of the Semtech Corporation. All other trademarks and trade names mentioned may be marks and names of Semtech or their respective companies. Semtech 
reserves the right to make changes to, or discontinue any products described in this document without further notice. Semtech makes no warranty, representation or guarantee, express or implied, regarding the suitability 
of its products for any particular purpose. All rights reserved.
Wireless Communications
Due to the nature of wireless communications, transmission and reception of data can never be guaranteed. Data may be delayed, corrupted (i.e., have errors) or be totally lost. The Semtech product should not be used in 
situations where failure to transmit or receive data could result in damage of any kind to the user or any other party, including but not limited to personal injury, death, or loss of property. Semtech accepts no responsibility 
for damages of any kind resulting from delays or errors in data transmitted or received using the Semtech product, or for failure of the Semtech product to transmit or receive such data.
Safety
Do not operate the Semtech product in areas where blasting is in progress, where explosive atmospheres may be present, near medical equipment, near life support equipment, or near any equipment which may be 
susceptible to any form of radio interference. In such areas, the Semtech product should be powered off.
Qualcomm licenses
Semtech's cellular modules are sold subject to certain notices and restrictions regarding patent licenses from Qualcomm Incorporated. These notices and restrictions are available at www.sierrawireless.com/qualcomm-
notices.
Sierra Wireless
Semtech Corporation acquired Sierra Wireless in January 2023. The Sierra Wireless brand is gradually being phased out. During the phase-out period, references to both "Semtech" and "Sierra Wireless" may appear in 
product documentation.

Revision 
number

Release date Changes

1 May 2024 Creation
Rev. 1  May 2024 8 2174327




