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1 Version

This document may be updated over its lifetime. To ensure you design with the correct version, contact your Semtech

representative.

2 Introduction

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

Marketing Manager.

3 Glossary
Term Definition

5G 5G New Radio

CC Carrier Components

DL Downlink

FR1 5G NR Sub-6 GHz

FR2 5G NR mmW

LPM Low Power Mode

MMW 5G NR millimeter Wave

MTPL Maximum Transmit Power Limit

NSA Non-Standalone

PA Power Amplifier

PCell Primary Cell

QTM Qualcomm mmWave transceiver module
RAT Radio Access Technology

SA Standalone

SCell Secondary Cell
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Term Definition
T Junction temperature (internal temperature of SDX55 chip)
TMD Thermal Mitigation Device
TS Thermal Sensor
Tx Transmit
uL Uplink
VRLF Virtual Radio Link Feature
4 Scope

Note: In this document EM91 refers to the EM919x / EM7690 module series (EM9190, EM9191 and EM7690).
Note that RAT support varies by module variants:
= EM9190 modules support 5G NR mmW (FR2), 5G NR Sub-6 GHz (FR1), LTE and WCDMA.
= EM9191 modules support 5G NR Sub-6 GHz (FR1) LTE and WCDMA.
= EM7690 modules support LTE and WCDMA.

This document describes preconfigured thermal mitigation techniques that EM91 modules use to reduce their operating
temperature when active and passive thermal dissipation methods (such as heatsinks, airflow over the module, etc.) are insufficient.
(For cooling method details, refer to [7] EM9190 Thermal Application Note (Doc# 2174257))

Note: EM91 thermal mitigation techniques are not user-configurable.
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When a host platform’s passive and active cooling methods cannot keep the EM91 module’s operating temperature within Class A
range (-30°C to +70°C), the module automatically uses thermal mitigation techniques to reduce the temperature.

The module's operating temperature is monitored via thermal sensors (TS) that are attached to specific thermal mitigation devices
(TMD) as listed in Table 1. Each TMD initiates specific actions to mitigate overheating (see 6 Supported Thermal Mitigation Actions)
based on preconfigured thermal policies in the TMD.

Table 1: Thermal Mitigation Summary

Thermal Mitigations

TMDs Monitored TS? | Level®? Temperature Threshold (°C) to Enter Temperature Threshold (°C) to Exit
1 100 85
. PAC
. PA FR1¢ PA + PA1 2 105 90
3 115 85
1 99 96
MODEM _TSENS
" MODEM® + 2 101 98
MODEM _TSENS1
3 105 100
; QTM5278 QTM525" QTM5278 QTM525"
= MMWO QFE_MMWO
= MMwAaf QFE_MMWA1 1 95 75 93 73
f
- MMW2 OIFE il 2 100 80 98 78
= MMW3 QFE_MMW3
3 105 85 93 73

o

For document example purposes. Actual configured TSs can be identified through ITMCONFIG responses.
No thermal mitigation for level O.

c.  The 'PA’ TMD monitors both sensors (PA, PA1) for WCDMA/LTE thermal mitigation actions. The highest sensor value is used compare with the Enter/Exit
temperature thresholds.
d. The'PA_FR1' TMD monitors both sensors (PA, PA1) for 5G Sub6 thermal mitigation actions. The highest sensor value is used compare with the Enter/Exit
temperature thresholds.

> @™o

perature.

The 'MODEM' TMD monitors to both sensors (VIODEM _TSENS, MODEM _TSENS1).
Each 'MMWx' TMD monitors its corresponding sensor (QFE _MMWHx).
Because the high-power mmW antennas (QTM527) are collocated, the modem reports only mmWO, using the value of the sensor with the maximum tem-

Low-power mmW antenna (QTM525) reports all four sensors (MMWO-MMW 3).
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Higher-level mitigations Lower-level mitigations re-
applied as temperature rises applied as temperature
above ‘Enter’ thresholds falls below ‘Exit’ thresholds
(115°C) T Level 3 mitigations in effect
Level 3
Threshold Enter
(85°C)
Level 3
(105°C) ©  Level 2 mitigations in effect g Threshold Exit
Level 2 % =
Threshold Enter g 8_ (9500)
IS € Level 2
9 Y Threshold Exit
a0 Level 1 mitigations in effect [
(100°C) £ £
Level 1 =2 ©
Threshold Enter
(85°C)
Level 1 and Level 3
Level 0 Threshold Exit

No mitigations in effect

Figure 1: Thermal Mitigation Levels example (PA/PA1 sensors)

Important: Thermal mitigation components (TSs, TMDs) are subject to change. This document describes the thermal mitigation process using a represen-
tative sample of TSs and TMDs. For the specific mitigation configuration on your module, use the AT command :TMCONFIG.
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This section summarizes the thermal mitigation actions supported by EM91 modules:

6.1 2Rx Fallback
6.2 Drop SCells
6.3 UL Throttling

6.4 MTPL Backoff Duty-cycling
6.5 QTM Element Reduction
6.6 WCDMA Data Throttling
6.7 Limited Service Mode

Table 2: Supported Thermal Mitigations by RAT and Mitigation Level
Mitigations
RAT: WCDMA RAT: LTE RAT: 5G NR FR1 RAT: 5G NR FR2
Level Modem PA Modem PA Modem PA
= 6.12Rx = 6.5QTM Element
6.6 WCDMA . Fallback ) 6.2 Drop Reduction
1 Data Throttling — 6.3 UL Throttling - 6.2Drop 6.3 UL Throttling SCells - 6.3 UL Throttling
SCells
= 6.12Rx = 6.4 MTPL
6.4 MTPL Fallback 6.4 MTPL Backoff
2 | Backoff « 62Drop | Backoff LTE Fallback (NSA) Duty-cycling (ﬂg:)a”b“k gmcmgd“'e
Duty-cycling SCells Duty-cycling «  LTE Fallback &
(NSA)
= LTE Fallback
3 6.7 Limited 6.7 Limited 6.7 Limited 6.7 Limited Service | 6.7 Limited Service 6.7 Limited (NSA)
Service Mode Service Mode Service Mode Mode Mode Service Mode |« 6.7 Limited

Service Mode (SA)

Note: The working frequency of the EM91 module’s Cortex-A7 application processor may also downgrade as the temperature increases.

6.1 2Rx Fallback

The 2Rx fallback mitigation reduces any 4Rx-capable CC to 2Rx, to reduce power on the RF transceiver and modem baseband. The
mitigation triggers one CC at a time starting with SCells and ending with the PCell.

6.2 Drop SCells

The Drop SCells mitigation reduces the carrier aggregation envelope when applied to an activated SCell. The mitigation drops the
least-used SCell to start data throttling and save baseband and RF power.

6.3 UL Throttling

The uplink throttling mitigation action reduces PA power consumption by automatically stepping down (decreasing) the RAT's UL
throughput in 10% steps, to a minimum rate of 1 Mbps, as shown in Table 3.
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Table 3: UL Data Throttling Example

UL Data Throttling Sublevels? | Reduction (%) | Target UL Throughput (Mbps)

No throttling 0 150
Sublevel 1 10 135
Sublevel 2 20 120
Sublevel 3 30 105
Sublevel 4 40 90
Sublevel 5 50 75
Sublevel 6 60 60
Sublevel 7 70 45
Sublevel 8 80 30
Sublevel 9 90 15
Sublevel 10 Maximum 1

a. The current throttling sublevel is not available through software interfaces (AT Commands or API).
If logs are accessible, read 0xB89C—current throttle.

6.4 MTPL Backoff Duty-cycling

The Maximum Transmit Power Level (MTPL) backoff duty-cycling mitigation action applies a periodic ‘backoff' amount to reduce PA
Tx power consumption. The backoff magnitude depends on the MTPL backoff stage — stage 1 or stage 2. The stage 2 backoff
amount is double the stage 1 backoff amount.

Figure 2 and Table 4 illustrate the behavior of the MTPL backoff action.

PA Power A
e TMD initiates MTPL Backoff Stage 1 o TMD initiates MTPL Backoff stage 2
 Duty cycle begins with PA power reduction = P_backoff « Duty cycle begins with PA power reduction = 2 x P_backoff
i T_nobackoff :
P_max v > v
- —— - ———— | EE—] Fo=======-=
(MTPL) 4 i i T . .
] ! ] ]
P_backoff ] ] ] ]
| | 1 1
+ } ! 2x } }
- = bomoo- . P_backoff ! !
- el H ] ]
T_backoff | 1
- > > H H
MTPL Backoff stage 1 : Stage 1 duty cycle repeats 1 1
duty cycle until mitigation is canceled [, r
(backoff / nobackoff) or stage 2 is initiated - - >
-t : MTPL Backoff stage 2 i Stage 2 duty cycle repeats
Stage_timer i duty cycle until mitigation is reduced
(backoff / nobackoff) to stage 1oris canceled
P_min

Time
Figure 2: MTPL Backoff Behavior
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Table 4: MTPL Backoff Parameters?

Parameter Description Notes

Initial MTPL backoff value, in dB

At MTPL backoff stage n, the power backoff amount is (n * P_backoff). Actual MTPL backoff amount is
minimum{P_backoff, P_backoff _max}

P _backoff

P_backoff_max Maximum MTPL backoff value, in dB

T_backoff Length of time that the MTPL backoff is applied
T_nobackoff Length of time that no MTPL backoff is applied
Stage_timer Time spentin stage 1

a. Backoff parameter values are not configurable.

6.5 QTM Element Reduction

The QTM element reduction mitigation reduces the allowed number of antenna elements in one or more steps.

For example, if the number of antenna elements is 4 and the module reaches the Level 1 entry thermal threshold, the first stage is to
reduce the number of elements to 2. If the module temperature does not drop to the Level 1 exit threshold before the stage_timer
expires, the second stage is to reduce the number of elements to 1.

6.6 WCDMA Data Throttling

The WCDMA data throttling mitigation reduces the PDU size to throttle the UL data and reduce the DL flow by sending WIN _SIZE
SUFI to the network.

6.7 Limited Service Mode

When the module enters limited service mode:
= The module drops the current call if one is in progress. Only emergency calls will be allowed.
= The module remains connected with the network but only provides limited service.

Note: To ensure level 3 mitigations are removed when the operating temperature drops to the exit threshold, the module periodically checks the thermal
sensors.

Rev. 3 May 2025 7 2174267
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7 Low Power Mode

As shown in Figure 3, the module automatically enters low power mode when the SDX55 chip’s internal temperature (JT) exceeds a
critical temperature threshold (i.e., the temperature rises to High Critical or drops to Low Critical). When the temperature re-enters
the normal zone (i.e., the temperature drops below High Warning or rises above Low Warning), the module re-enters normal power

mode.

Note: If the internal temperature reaches 120 °C, the module automatically resets — see 8 Automatic Module Reset for details.

To display the module’s defined internal temperature limits, use the AT command 'PCTEMPLIMITS?.

For example:
at!pctemplimits?
!PCTEMPLIMITS: 118,100,70,-30,-45
<« format: <high_ critical>,<high_warning>,<normal>,<low_warning>,<low_ critical>

Automatic Module
Reset
(120°C)
e
=1
High Critical 2%
o = O
(118°C) o © g_
28 °
5 g
& e
2
High Warning
(100°C)
Low Warning
(-30°C)
[}
o3
EC
=0
£E
- 2 2w
Low Critical G 5
(-45°C) 4 g-
Q

Figure 3: Low Power Mode Protection
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8 Automatic Module Reset

If the module’s internal temperature (T)) reaches 120°C (TJ,ay), the module automatically resets.

However, the module’s chipset protection feature may cause the module to crash or fail to enumerate until T) and/or the ambient
temperature decrease sufficiently (Note: This is not a fixed recovery threshold.) If this occurs, the host should wait until the
combination of TJ and ambient temperatures decreases, then power cycle the module to attempt to boot and enumerate.

Note also that the module may boot into LPM if the temperature is low enough to enable the module to boot, but still too high to
attach.

A Appendix—Thermal Mitigation Software Interfaces

Semtech provides the following thermal mitigation-related software interfaces:
A.1 Appendix — Thermal Mitigation AT Commands
A.2 Appendix— Thermal Mitigation API Functions

A.1 Appendix— Thermal Mitigation AT Commands

The proprietary Semtech AT commands listed below are used to manage thermal mitigation. For command details, refer to [2] EM9
Series AT Command Reference (Doc# 41113480).

Table 5: Thermal Mitigation-related AT Commands

AT Command
Name Return current temperature information
IPCTEMP Description Return the module’s internal temperature and its temperature state.
Syntax IPCTEMP?
Name Report temperature state limit values

Report temperature state limit values.

'PCTEMPLIMITS | Description Note — Certain modem functionality is affected by the module’s internal temperature state. The possible
temperature states are high critical, high warning, normal, low warning, and low critical.

Syntax IPCTEMPLIMITS?

Name Configure EM92 thermal mitigation thresholds

This command can be used to display the preconfigured thermal mitigation thresholds for sensors that

'TMCONFIG Description are monitored by specific thermal mitigation devices.
Syntax ITMCONFIG?
Name Report EM92 thermal mitigation status

ITMSTATUS Description Report the thermal mitigation status of all available thermal mitigation devices in the module.
Syntax ITMSTATUS?

Rev. 3 May 2025 9 2174267
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Table 5: Thermal Mitigation-related AT Commands (Continued)

AT Command
Name Enable / disable thermal mitigation indications (URC)
ITMURC Description Enable/disable thermal mitigation indications (URC).
Syntax ITMURC=<status>

A.2 Appendix—Thermal Mitigation APl Functions

The API functions listed below are used to manage thermal mitigation. For details, refer to [3] Sierra Wireless Linux SDK API Reference
Guide (Included in the MBPL package).

Table 6: Thermal Mitigation-related API Functions

API Functions Related QMI Object

Get thermal mitigation status for specific colling device

pack_tmd_SLQSTmdGetMitigationLvl(pCtx, pRegBuf, pLen, reqArg) QMI_TMD_GET_MITIGATION _LEVEL (0x22)

unpack_tmd_SLQSTmdGetMitigationLvl(pResp, respLen, pOutput)

Get module’s temperature value and status

unpack_dms_SwiEventReportCallBack_ind(pResp, respLen, pOutput) | QMI_DMS_SWI_EVENT_IND (0x5557)

B References

The following documents are available at source.sierrawireless.com:

[11 EM9190 Thermal Application Note (Doc# 2174257)

[2] EMS9 Series AT Command Reference (Doc# 41113480)

[3] Sierra Wireless Linux SDK API Reference Guide (Included in the MBPL package)

C Support

For direct clients: contact your Semtech FAE.
For distributor clients: contact your distributor FAE.

For distributors: contact your Semtech FAE.

D Document History

Rev # | Release date Description
1.0 March 9, 2020 Creation
1.1 June 12, 2020 Updated thermal mitigation actions

1.2 August 25,2020 | Added SDK APl information
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Rev # | Release date Description
2 October 29,2021 | Updated Table 1 threshold values
3 May 23, 2025 General Update

5 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.
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