nNAlECTeEL

RM530N-GL
_P(545) mmWave Antenna
Design Guide

5G Module Series

Version: 1.1

Date: 2023-04-18

Status: Released




nNlueccred 5G Module Series

At Quectel, our aim is to provide timely and comprehensive services to our customers. If you
require any assistance, please contact our headquarters:

Quectel Wireless Solutions Co., Ltd.

Building 5, Shanghai Business Park Phase Il (Area B), N0.1016 Tianlin Road, Minhang District, Shanghai
200233, China

Tel: +86 21 5108 6236

Email: info@quectel.com

Or our local offices. For more information, please visit:
http://www.quectel.com/support/sales.htm.

For technical support, or to report documentation errors, please visit:
http://www.quectel.com/support/technical.htm.
Or email us at: support@quectel.com.

Legal Notices

We offer information as a service to you. The provided information is based on your requirements and we
make every effort to ensure its quality. You agree that you are responsible for using independent analysis
and evaluation in designing intended products, and we provide reference designs for illustrative purposes
only. Before using any hardware, software or service guided by this document, please read this notice
carefully. Even though we employ commercially reasonable efforts to provide the best possible
experience, you hereby acknowledge and agree that this document and related services hereunder are
provided to you on an “as available” basis. We may revise or restate this document from time to time at
our sole discretion without any prior notice to you.

Use and Disclosure Restrictions

License Agreements

Documents and information provided by us shall be kept confidential, unless specific permission is
granted. They shall not be accessed or used for any purpose except as expressly provided herein.

Copyright

Our and third-party products hereunder may contain copyrighted material. Such copyrighted material
shall not be copied, reproduced, distributed, merged, published, translated, or modified without prior
written consent. We and the third party have exclusive rights over copyrighted material. No license shall
be granted or conveyed under any patents, copyrights, trademarks, or service mark rights. To avoid
ambiguities, purchasing in any form cannot be deemed as granting a license other than the normal
non-exclusive, royalty-free license to use the material. We reserve the right to take legal action for
noncompliance with abovementioned requirements, unauthorized use, or other illegal or malicious use of
the material.
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Trademarks

Except as otherwise set forth herein, nothing in this document shall be construed as conferring any rights
to use any trademark, trade name or name, abbreviation, or counterfeit product thereof owned by Quectel
or any third party in advertising, publicity, or other aspects.

Third-Party Rights

This document may refer to hardware, software and/or documentation owned by one or more third parties
(“third-party materials”). Use of such third-party materials shall be governed by all restrictions and
obligations applicable thereto.

We make no warranty or representation, either express or implied, regarding the third-party materials,
including but not limited to any implied or statutory, warranties of merchantability or fitness for a particular
purpose, quiet enjoyment, system integration, information accuracy, and non-infringement of any
third-party intellectual property rights with regard to the licensed technology or use thereof. Nothing herein
constitutes a representation or warranty by us to either develop, enhance, modify, distribute, market, sell,
offer for sale, or otherwise maintain production of any our products or any other hardware, software,
device, tool, information, or product. We moreover disclaim any and all warranties arising from the course
of dealing or usage of trade.

Privacy Policy

To implement module functionality, certain device data are uploaded to Quectel’s or third-party’s servers,
including carriers, chipset suppliers or customer-designated servers. Quectel, strictly abiding by the
relevant laws and regulations, shall retain, use, disclose or otherwise process relevant data for the
purpose of performing the service only or as permitted by applicable laws. Before data interaction with
third parties, please be informed of their privacy and data security policy.

Disclaimer

a) We acknowledge no liability for any injury or damage arising from the reliance upon the information.

b) We shall bear no liability resulting from any inaccuracies or omissions, or from the use of the
information contained herein.

c) While we have made every effort to ensure that the functions and features under development are
free from errors, it is possible that they could contain errors, inaccuracies, and omissions. Unless
otherwise provided by valid agreement, we make no warranties of any kind, either implied or express,
and exclude all liability for any loss or damage suffered in connection with the use of features and
functions under development, to the maximum extent permitted by law, regardless of whether such
loss or damage may have been foreseeable.

d) We are not responsible for the accessibility, safety, accuracy, availability, legality, or completeness of
information, advertising, commercial offers, products, services, and materials on third-party websites
and third-party resources.

Copyright © Quectel Wireless Solutions Co., Ltd. 2023. All rights reserved.
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Safety Information

The following safety precautions must be observed during all phases of operation, such as usage, service
or repair of any cellular terminal or mobile incorporating the module. Manufacturers of the cellular terminal
should notify users and operating personnel of the following safety information by incorporating these
guidelines into all manuals of the product. Otherwise, Quectel assumes no liability for customers’ failure to
comply with these precautions.

0B B0

e

Full attention must be paid to driving at all times in order to reduce the risk of an
accident. Using a mobile while driving (even with a handsfree kit) causes
distraction and can lead to an accident. Please comply with laws and regulations
restricting the use of wireless devices while driving.

Switch off the cellular terminal or mobile before boarding an aircraft. The operation
of wireless appliances in an aircraft is forbidden to prevent interference with
communication systems. If there is an Airplane Mode, it should be enabled prior to
boarding an aircraft. Please consult the airline staff for more restrictions on the use
of wireless devices on an aircratft.

Wireless devices may cause interference on sensitive medical equipment, so
please be aware of the restrictions on the use of wireless devices when in
hospitals, clinics or other healthcare facilities.

Cellular terminals or mobiles operating over radio signal and cellular network
cannot be guaranteed to connect in certain conditions, such as when the mobile bill
is unpaid or the (U)SIM card is invalid. When emergency help is needed in such
conditions, use emergency call if the device supports it. In order to make or receive
a call, the cellular terminal or mobile must be switched on in a service area with
adequate cellular signal strength. In an emergency, the device with emergency call
function cannot be used as the only contact method considering network
connection cannot be guaranteed under all circumstances.

The cellular terminal or mobile contains a transceiver. When it is ON, it receives
and transmits radio frequency signals. RF interference can occur if it is used close
to TV sets, radios, computers or other electric equipment.

In locations with explosive or potentially explosive atmospheres, obey all posted
signs and turn off wireless devices such as mobile phone or other cellular
terminals. Areas with explosive or potentially explosive atmospheres include
fuelling areas, below decks on boats, fuel or chemical transfer or storage facilities,
and areas where the air contains chemicals or particles such as grain, dust or
metal powders.
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About the Document

Revision History

Version  Date Author Description
- 2022-01-25  Jumping HE Creation of the document

1.0 2023-01-18 Summer SUN First official release

1. Updated the parameter of modulation and carrier
aggregation and deleted information about bandwidth

11 2023-04-18  Summer SUN (Table 2).
2. Updated the antenna module placement reference

(Figure 5).

RM530N-GL_LP(545) mmWave_Antenna_Design_Guide 4124



nNlueccred 5G Module Series

Contents
SaAfetY INTOFMALION ..ottt e e et e e e et e e e e e nb e e e e e nbe e e e e annbeeeeeannees 3
ADOUL the DOCUMEBNT ... .ottt e e e e e e e et e e e e e e e e s e b e e e e eeeeeeeaassaeeeeeaeeeeannsssnneees 4
O NS i 5
JLIE= L1 LS T = PRSPPSO 6
Lo T L= [T 1= R SPUPRPUPRRT 7
N 1 1 o Yo [T 1 oY o S PRESRR 8
O O o To [ = o (=R | O I 1Y o SRRSO 8
2 U [ aTox 1o = U D T= Vo = o o SRS 9
1.3, KBY FRATUIES ...ttt s 10
2 PrOUUCT OVEIVIEW ..oiiiiiiiiiiiiiee ettt e e ettt e e e e e et e e e e e e e e e s e e e eeeeeeeaaaasaeeeeaeeseannnssrneeaaaeaas 11
2.1, PiNASSIONMENTS ...oiiiiiiiiiitiieie et e e e e e e e e e e e e e e e e e e e e e e e e saabaeeeeeeeeeeaaaaarrnnaeeaeeeaannnes 11
2.2.  Electrical SPECIfICALIONS ........eeiiiiiiiiiieeeee e e e e e e e e e e e e e e e e e e e e aaaes 12
3 ANteNNa DESIgN GUIEINES ..covie ittt e e e e e e e e e e e e s e e e e e e e e ennnnrneraeaeeeas 14
3.1, Antenna MOdUIE PlACEMENT........cciiiiiiiiiee et e e e e e e e e e e e e e e e e snsereeeeeeeeeannnes 14
R T e O I 1= o | o SO PRSEPR 15
3.3.  Thermal Design and Power CONSUMPLION ........c.uviiiiieeeeeeiiiiieeeeeeeesssnseeeeeeeeeesssnnnneeeeeeeeesnnnnes 18
3.3.1.  Thermal LIMit VAIUE ..ottt e e e e e e e e e e e e e e e nnnnnneees 18
3.3.2.  ReCcOMMENAEA DESIGN.....uuuuiiiiieeeeiiiiiiiiee e e e e e e et e e e e e e s e saeereeeeeeesnnssaeereeeeeesannnnneeeees 18
G TRC TG TR =0 11V =T g @0 £ W 1 0] [ o RSSO 19
N = Yo Lo T ¢ =T 1= TS] [ | o SRR SUPRR 21
5 APPENTIX REFEIENCES ...ttt e e e e e e e e e e e e e e e s naa e e e eeaeeeeanssnsaeaeaeeeas 23

RM530N-GL_LP(545) mmWave_Antenna_Design_Guide 51724



nNlueccred 5G Module Series

Table Index

Table 1: Comparison Between QTMS525 and QTMS5A5 .......oiiiiiiiiiieeeee e e 8
TADIE 2: KBY FRAMUIES .....uteiiiie e e i ittt ettt e et e e e e e e e e e e e e e e e e e s ab e e eeeeeeesaaaasseeaeeeesaansseenees 10
Table 3: Pin Definition Of QTMSAS ... .coii e e e e e e e e e e e e e e e e e e e e e e nnnrenees 12
Table 4: Operating CONUITIONS .......coii ittt e e e e et e e e e asbe e e e e anbe e e e e anbeeeeaanneeeeaaneeeeeanns 12
Table 5: Digital 1O CRArACIEIISTICS ...uvviiiieeiiiiiiiiiie et e e e e e e e e e e e e e e e e e e e e e e e e e e annssnnees 13
Table 6: Connector Examples on 5G mmWave Frame Using RM530N-GL with QTM545 ...................... 16
Table 7: EXample Of INSEITION LOSS.......uiiiiiiiiiie ittt ettt e e e e et e e e e enae e e e e aneeeeeanns 17
Table 8: Thermal Limit Value of QTMS545 MOUIE ............ovvviiieiiiiieeee e 18
Table 9: Power Consumption for Reference in System (RM530N-GL + QTM545) ......ccceiiiiiiieeiiiiieenne 19
Table 10: System Configuration UNAEr TESt.......uuiiiiii it e e 19
Table 11: Terms and ADDIEVIALIONS .........ccoiiiiiiiiiie e e e e e e e e e e e e e e e e e aaaaneeas 23

RM530N-GL_LP(545) mmWave_Antenna_Design_Guide 6 /24



nNlueccred 5G Module Series

Figure Index

Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

QTMBSA5 PACKAGE DIAWING. ... .eeeieeiiiiee ettt ettt ettt et e e et e e e asbe e e e anbeeeeaanseeeeeanneeaeanns 9
Functional Diagram of QTM545 MOAUIE.........coiiiiiiiaiiee e 9
Pin Assignments on QTM545 Module (TOP VIEW) ...cciiiiiiieiiiiiie e 11
Physical Connector with Pin Assignment on QTM545 Module..........cooiiiiiiiiiiiiiieeeeeeees 12
Antenna Module Placement Reference (RM530N-GL + 2 x QTM545) .....ccoociiiiiiiiieiiieeeene 14
Physical Connector of 818025398 from ECT on RM530N-GL .........ccoiiiiiiiiiiiiii e 15
1.13 MM OD Co@axial CabIe ......cco ittt e e e e e e naeeaeene 16
FPC Stack-up RECOMMENALION ......coiuiiiiiiiiiie ettt e e e eeeeanes 17
Heatsink Mounted with QTM545 Module and Antenna Radome (Unit: mm)..........cccceeeviieneennes 19

RM530N-GL_LP(545) mmWave_Antenna_Design_Guide 7 124



nNlueccred 5G Module Series

1 Introduction

This document mainly provides antenna design guidelines for mmWave design of Quectel RM530N-GL
module using QTM545 mmWave antenna.

It helps you quickly understand QTM545 application scenarios, interface specifications, electrical and
mechanical details, and design-related information. This guide facilitates the use of RM530N-GL with
QTMb545 to set up mmWave handheld high net speed applications such as laptop, tablet, game station,
video monitor, virtual reality device etc.

1.1. Upgrades of QTM545

QTM545 mmWave antenna module, upgraded from QTM525, supports two bands (28 GHz and
39 GHz) with 32 dBm EIRP enhancement to help you simplify the design. QTM545 is now available in
only one variant, supporting n257, n258, n260, n261 and measuring 23.8 mm x 3.5 mm x 2.14 mm.

Table 1: Comparison Between QTM525 and QTM545

Parameters QTM525 QTM545

Size (mm) 23 x4.2x194 23.8x3.5x2.14

QTM525-2: n257/258/261
Bands n257/n258/n260/n261
QTM525-5: n257/n258/n260/n261

IF connector vendor IPEX Panasonic

IF Loss @ highest freq (dB) 6.8 8.8

Antenna element number 4 5

Power consumption (W) Module: 0.2 (PMIC) + 1.28 (RFIC) Module: 0.4 (PMIC) + 1.7 (RFIC)
EIRP (dBm) <30 28; E:igi; 31.8 (n257/n261),
DL Bandwidth (100 MHz) 8CC 8CC (4CC for RM530N-GL)

RM530N-GL_LP(545) mmWave_Antenna_Design_Guide 8 /24
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QTMb545 package drawing is as follows:

Figure 1: QTM545 Package Drawing

1.2. Functional Diagram

The following figure shows a functional diagram of the QTM545 module and illustrates its major functional
components.

MIMO layer 1
antenna feeds IFvV
Antenna [F-to-mmW
MIMO layer 2 up/down
array .
antenna feeds conversion
IFH
Power Support
management circuits VBATT
QTM545 module g ~—
VDD
l——
PMR545 SMR545 RFIC PON
l——

Figure 2: Functional Diagram of QTM545 Module

1. SMR545 RFIC:

® Provides IF-to-mmWave (Tx) and mmWave-to-IF (Rx) frequency conversion (uplink/downlink
converter).

® Provides amplitude weighting and phase shifting to facilitate RF beam forming.
® Provides the combiner/splitter, switch, filter to multiplex the IF signal.

2. PMR545: Provides all other RFIC power supplies.

RM530N-GL_LP(545) mmWave_Antenna_Design_Guide 9 /24



nNlueccred 5G Module Series

3. Antenna array: Provides five pairs of dual-frequency patches to emit the electromagnetic wave.

4. Interfaces:
® The IFV/IFH signals are multiplexed with local oscillator (LO) signals and beam steering signals,
and have a frequency range of 10 MHz to 13 GHz.
® Provides power supplies VBATT (3.7 V nominal) and VDD (1.9 V nominal) for the QTM545
module.
® Provides input signal PON (1.8 V nominal) from RM530N-GL to enable the PMR545 PMIC.

1.3. Key Features

The following table describes detailed features of QTM545.

Table 2: Key Features

Features Details

® Max. power supply:4.75 W (full UL with 4CC 2 x 2 MIMO maximum
Power of modem power)
® Typ. power supply: 2.1 W (full DL with 1CC 2 x 2 MIMO uplink)

3GPP 5G NR Third-generation board supporting 5G NR FR2 in Rel-16
Frequency bands n257, n258, n260 and n261

MIMO Dual-polarization MIMO (horizontal and vertical)
Modulation © DL:G4QAM

® UL: 64QAM
® DL 2 x 2 MIMO: up to 4CC (100 MHz)
[ ]

Carrier aggregation
UL 2 x 2 MIMO: up to 2CC (100 MHz)

IF connector Panasonic MCN AXG4B0612DJ2 (receptacle mounted on QTM545)

® Each transmitter chain provides amplitude weighting, phase shifting, and

Transmitter paths .
I/Q quadrature IF-to-mmWave frequency conversion

Transmit power ® Power detector to sense the forward power of each transmission path
detectors Used for maximum transmit power limit and factory power calibration

® Each receiver chain provides amplitude weighting, phase shifting, and

Receiver paths )
I/Q quadrature mmWave-to-IF frequency conversion

SMR545 beam steering signal provided by IF signal traces

Digital control interfaces . :
PON input signal to enable the PMR545 PMIC

Operating voltages ® Two external supply voltages: VBATT_3.7 V and VDD_1.9 V nominal

RM530N-GL_LP(545) mmWave_Antenna_Design_Guide 10/ 24
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2 Product Overview

2.1. Pin Assignments

Color Netgroup

Figure 3: Pin Assignments on QTM545 Module (Top View)

The shield of connector is grounded and not shown in the figure above.
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= 151

Figure 4: Physical Connector with Pin Assignment on QTM545 Module

The physical connector of QTM545 module is AXG4B0612DJ2 from Panasonic.

Table 3: Pin Definition of QTM545

Pin Name Pin No. Description

IFH 7 IF for horizontal signal with beam steering (10 MHz-13 GHz)

IFV 8 IF for vertical signal with LO signal (10 MHz-13 GHz)

PON 1 Enable the input signal from RM530N-GL module to PMR545 in QTM545
VBATT 3,4 3.7 V nominal power supplied by the motherboard

VDD 2 1.9 V nominal power supplied by the motherboard

DNC 56 Don’t connect it externally

2.2. Electrical Specifications

Table 4: Operating Conditions

Parameter Description Min Typ. Max Unit

Power-supply Voltages

Power for PMR545, 3.7 V nominal
VBATT 2.5 3.7 4.8 \Y

power supply

VDD Power for analog and digital 1.85 1.904 2.04 \%

RM530N-GL_LP(545) mmWave_Antenna_Design_Guide 12 /24
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Thermal Conditions

5G Module Series

T Device operating temperature Ta=-30 Tj=85 °C
” NOTE |
Design requirements from the vendor for possible future upgrade:
1. VBATT: 1900 mA max (950 mA per pin) at VBATT = 2.5 V.
2. VDD: 200 mA max per pin.
Table 5: Digital |0 Characteristics
Parameter  Description Min Typ. Max Unit
ViH High-level input voltage 0.65 x Vipo - Vio + 0.3 V
Vi Low-level input voltage -0.3 - 0.65 x Vo Vv
Vhys Schmitt hysteresis voltage 15 - - mV
he Input leakage current -400 - 400 nA
Cinp Input capacitance, digital input - - 20 pF
“ NOTE |
Vio is 1.8 V (nominal voltage).
RM530N-GL_LP(545) mmWave_Antenna_Design_Guide 13 /24
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3 Antenna Design Guidelines

3.1. Antenna Module Placement

QTM545 is paired with RM530N-GL to provide the 5G mmWave service as the following figure:

FPC cable with 2x Panasonic $onnea0r

L

f—

||
e A B

e

QTMO
QTM1

Figure 5: Antenna Module Placement Reference (RM530N-GL + 2 x QTM545)

The connector type on the RM530N-GL is 818025398 from ECT, and requires an FPC as a connector
adaptor. Coaxial cables are used to extends the IF transmission distance.

” NOTE |

Please note that the connector on the RM530N-GL is coaxial cable connector for reducing IF path loss,
which is different from that of QTM545.

RM530N-GL_LP(545)_ mmWave_Antenna_Design_Guide 14 /24
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818025399 Piug

crimping portion

Coaxial Cable

Figure 6: Physical Connector of 818025398 from ECT on RM530N-GL

3.2. FPC Design

818025398

two shell ta

5G Module Series

QTMb545 cannot be directly connected to RM530N-GL. Therefore, it is necessary to use an FPC

connector adapter for the connection.

RM530N-GL uses the coaxial cable to extend the distance between QTM545 and itself, and the cable is

1.13 mm OD from ECT.

RM530N-GL_LP(545) mmWave_Antenna_Design_Guide
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NOTES:
1. Material and plating

a. RF parameter :

ECT:818025399

specification see Table 1

2. Critical performance parameter

Range: 0~15Ghz

VSEWR: 1.2 Max.®0~1.2Ghz; 1.5 Max.@7~15Ghz
Insertion loss: Coaxial cable; 9dB per meter
Connector;(plug and receptocle) 0.4dB per couple @
Isolation: 45dBMin.@7~15Ghz

Toble 1 b. Electical performance parameter:
© COAXIAL CABLE | 2 21.13 Low Loss Cable LLCR: signal contact 100mQ initial. shell 100mQ initi
All Y Tat Nickel Insulation resistance:100MQ Min. initial
B Motk SR Coneer ey A leeaover Nk | e . Mechanical perormance poramete
. - ECT:818025398 Mating force:40N Max. unmating force:4N Min. in
D HOUSING 2 High Temperature Plastic/UL94 V-0 Durability: 30 cycles
C) |LOWER SHELL| 2 Copper Alloy/ Au plated over Nickel Mated State 3. Packaged in PE bog.
® |UPPER SHELL| 2 [ Copper Alloy/ Au plaoted over Nickel 4. HSF shall conform to the standard QE-Q-19-0001
[O)] CONTACT 4 Copper Alloy/ Au plated over Nickel Environmental Hozardous Substances Management.
ITEM | PART_NAME _|Q'TY MATERIAL/FINISH
GENERAL TOLERANCE [SCALE: DRAWN o DATE  [DWG. NO. TITLE
e ax 02/18°22
ELECTRIC XX. £0.40 . 600-32360-01 CUSTOMER DRAWING
@ CONNECTOR X. £0.25 | x+ z2.00 |WNIT: CHECK DATE -
- TECHNOLOGY [ X #0.13 | x* #1.0° PARTS NO.(INTENDED USE) BTCC HARNESS,2E,32CC,160
X210 e APPROVE DATE \2E,32CC,
XX £0.05 | XX £0.5° = SR

Figure 7: 1.13 mm OD Coaxial Cable

You could use the following connector on the FPC adaptor and motherboard. For more details about the
connection diagram, see Figure 5.

Table 6: Connector Examples on 5G mmWave Frame Using RM530N-GL with QTM545

Vendor

ECT

Panasonic

Cable

Coaxial Connector

Connector type

2 x 818025399 (plug) on Coaxial cable

1 x 818025398 (receptacle) on RM530N-GL
1 x AXG4B0612DJ2 (receptacle) on QTM545

FPC Connector

2 x AXG3B0612DJ2 (plug) on FPC

RM530N-GL_LP(545) mmWave_Antenna_Design_Guide
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The following figure shows the reference stack-up of FPC.

Copper —/
Dielectric [____]
— [ ] [ ] 3 - Via —
IF1 VBATT 185V PON IF2
FPC Stack-up Option 1
Copper [
185V Dielectric T——J
i Via —
| ] |
— [ ] =3 —_
IF1 VBATT PON IF2

FPC Stack-up Option 2

Figure 8: FPC Stack-up Recommendation

® FPC cable manufacturer recommendation: Forwin, Sunway, ECT, Daeduck, Career, Mutual-Tek,
Teracomm, Kinwong, and Mektec.

® [or 7-13 GHz frequency range, the maximum insertion loss on IF path should not exceed 7.0 dB

(The total insertion loss requirement is 8.8 dB, therein 1.8 dB is reserved for the RM530N-GL).
® The formulation is:

IF path insertion loss = coaxial cable loss + connector loss + motherboard PCB trace loss with via +
connector loss + FPC trace loss with via.

Table 7: Example of Insertion Loss

Cable with PCB IL (Insertion Loss)

2.1 (300 mm coaxial cable) + 0.2 (connectors) + 0.6 (15 mm trace on
motherboard) + 2 x 0.15 (via on motherboard) + 0.2 (connectors) + 3.2 (80 6.9 dB
mm trace on FPC) + 2 x 0.15 (via on FPC)

” NOTE |

1. Coaxial Cable IL = 2.1 dB/ 300 mm; Coaxial mated connectors IL = 0.2 dB.
2. Trace loss on PCB = 0.04 dB/mm; Via loss in PCB = 0.15 dB.

3. You can reduce the trace length or coaxial length according to the actual design for better IL
reduction.

RM530N-GL_LP(545) mmWave_Antenna_Design_Guide 17 /124
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3.3. Thermal Design and Power Consumption

It is important to have adequate thermal transfer design to transfer heat from the backside of the QTM545
(opposite the antenna elements) to the device midframe to keep the QTM545 within its thermal operating
limit.

3.3.1. Thermal Limit Value

Table 8: Thermal Limit Value of QTM545 Module

Parameter  Typical Value Unit Description

Tj 85 °C QTM545 semiconductor thermal limit
40 for metal cover °C

Tc QTM545 module case thermal limit
45 for plastic cover °C

The average power dissipation of QTM545 module = 1.76 W: 0.4 W(PMIC) + 1.7 W(RFIC) x 0.8 (peak
power 1.7 W).

” NOTE |

1. Tais the temperature of the surrounding environment (typically air) of the device under test.
2. Tjis the maximum allowable temperature of the silicon in an Integrated Circuit.
3. Tcis the maximum allowable temperature of the antenna module case.

3.3.2. Recommended Design

The recommended designs for QTM 545 module thermal transfer are as follows:

1. Use one external thermistor for each QTM545 module optionally. The thermistor should be placed
close to the corresponding antenna module, so the thermistor reading correlates well with the Tc
hotspot caused by QTM545 module.

2. Use a gel/grease type TIM to fill in the air gap between the module and a heatsink.

3. Recommended gel/grease type TIM vendors:
® Parker Chomerics GEL 30: 3.5 W/(m-K) thermal conductivity, soft, and compliant with low
required compressive force.
® Shin-Etsu-X-23-7868-2D: 6.2 W/(m-K) thermal conductivity, highest thermal conductivity or
X-23-8117-6.0 W/(m-K) thermal conductivity, pump-out resistant due to high viscosity.

RM530N-GL_LP(545) mmWave_Antenna_Design_Guide 18 /24
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4. Metal heatsinks: Aluminum 6063-T5 with surface treatment, such as nano carbon coating, to
enhance thermal radiation under natural convection heat transfer. The dimension drawing of the
heatsink with sufficient cooling capacity is as follows.

Figure 9: Heatsink Mounted with QTM545 Module and Antenna Radome (Unit: mm)

3.3.3. Power Consumption

The antenna module also requires sufficient power, and the thermal design should be implemented when
the antenna module is in a steady state. Otherwise, the performance will be limited.

Table 9: Power Consumption for Reference in System (RM530N-GL + QTM545)

Test Case Power Consumption Unit
Peak DL (ENDC: mmWave DL 4CC + sub-6 DL 1CA) 7.6 W
mmWave Max UL 8.8 W

Table 10: System Configuration Under Test

Test Case Details

DL 4.0 Gbps, peak DL data rate in mmWave + LTE EN-DC mode
mmWave DL 4CC, 100 MHz/CC

Duty cycle: ~97/3, n260, Rx = -88 dBm, 64QAM, 2 x2 MIMO
LTE 4CC DL 20 MHz/CC, 256QAM.

DL 2.4 Gbps/UL 40 Mbps

mmWave: 100 MHz BW/CC, DL/UL duty cycle: ~60/40, n261

Peak DL °
(ENDC: mmWave DL :
4CC + LTE DL 4CA) o
°
°

mmWave DL 4CC +
mmWave UL 22 dBm

RM530N-GL_LP(545)_mmWave_Antenna_Design_Guide 19 /24



nNlueccred 5G Module Series

1CC+LTEUL23dBm @ mmWave DL: Rx =-88 dBm, 64QAM, 5H + 5V, 2 x2 MIMO
® mmWave UL: Tx =22 dBm (TRP), 5H + 5V, SISO, QPSK
® | TE:FDD B3, Tx =23 dBm, 1 UL, QPSK
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4 Radome Design

The radome is a dome-shaped structure which protects QTM545 from harsh environmental conditions,
while allowing QTM545 to transmit or receive electromagnetic signals without any distortion or
attenuation.

Electrical factors for the radome design are dielectric constant and loss tangent:

The dielectric constant of the radome material must be a known parameter before design, as it can
affect the distortion.

The smaller the loss tangent of the radome material is, the better performance of attenuation the
module will have.

Warranty standard for the radome design also includes water intrusion, surface degradation and overall
structure of lifetime. The five radome designs are as follows:

Type One:

If the dielectric constant is more than 2, it is recommended that the thickness of the radome be 0.5
times the effective wavelength (equivalent resistance effector).

® Place the radome as far away from the antenna as possible, with an interval of about 5-10 free
space wavelengths to avoid electromagnetic mutual inductance.

® |[f the spacing between the radome and the antenna array is < 5 x wavelength, a “radome + array”
co-simulation is necessary to avoid unexpected performance degradation.

Type Two:

® |f the dielectric constant is less than 2, especially around 1.00053 like air, there is no need to consider
the thickness of the radome so long as the structural robust to wind load and water intrusion is
ensured.

® No need to consider the spacing between the radome and the antenna.

Type Three:

® |[f the thickness of radome is < 1/10 electrically wavelength, there is no need to consider the dielectric

constant and the placement of radome so long as the structural robust is ensured.
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Type Four:

® Radome with a sandwich multilayered wall as three layers, two high dielectric constant skins and a

low-density core.
® The thickness of skin is < 1/10 electrically wavelength, and the dielectric constant of core is as small

as air.
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5 Appendix References

Table 11: Terms and Abbreviations

Abbreviation

3GPP
5G

BB

BF
BW
cC
DUT
ED (Copper)
EIRP
EMI
ENDC
EVB
FDD

FPC

LO
NR FR2

MIMO

Description

Third Generation Partnership Project
Fifth Generation

Baseband

Beamforming

Bandwidth

Carrier Component

Device Under Test
Electro-Deposited (Copper)
Effective Isotropic Radiated Power
Electromagnetic Interference

New Radio Dual Connectivity
Evaluated Board

Frequency Division Duplexing
Flexible Printed Circuit
Intermediate Frequency

Insertion Loss

Inductive Resistor

Local Oscillator

New Radio Frequency Range 2

Multiple Input Multiple Output
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mmWave
oD

PCB
PMU
PMIC
QPSK
RA (Copper)
RFIC
SISO

Ta

Tc

TDD

TIM

Tj

TRP

UE

Vio

Millimeter Wave

Outside Diameter

Printed Circuit Board

Power Management Unit

Power Management Integrated Circuit
Quadrature Phase Shift Keying
Rolled Annealed (Copper)

Radio Frequency Integrated Circuit
Single Input Single Output
Ambient Temperature

Case Temperature

Time Division Duplex

Thermal Interface Material
Junction Temperature

Total Radiated Power

User Equipment

Input Offset Voltage
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