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Front End Modules & RF Components in this report
@Front end Module (ASM-TX Module- PAiD-PAMiD-FEMiD-Multiplexer-Antenna Multiplexer-5G PAMiF -
5G RX Module-AIP-6G PAMiF-6G RX Module) @Power Amplifier Module @Duplexer(SAW/BAW/TF-SAW)
@®Band Pass Filter(SAW/BAW/TF-SAW/NEW Filter -XBAR etc- /LTCC/IPD)

Cellular Terminal Cateqories
Cellu!ar V22X

Devices with display and input/output
functions that differ from conventional
smartphones and mobile devices.
Expected to emerge as a new category that
will drive the adoption of 5G and 6G.

Cellular connectivity in notebook PCs and
tablets is expanding.

This trend will stimulate the PC and tablet
market as a new growth driver.

A major growth segment in the cellular
terminal market.
Future expansion, including 5G RedCap,

will further stimulate component demand.

Smartphones remain the core of the
cellular terminal market, but growth is
slowing.

With the spread of 6G and NTN (satellite
communications), further RFFE
sophistication is expected.

Smart phone -

The penetration rate of Cellular V2X is
currently around 50% but is expected to
reach nearly 100%.

From 2025, the transition to 5G will
accelerate, and the category is classified
under Cellular loT.

Products such as smartwatches equipped
with cellular functionality.

5G adoption is still limited, and a significant
increase in RFFE content is unlikely.

Cellular Terminal Shipment Forecast bv Standard
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RF Devices / Modules Market Forecast
- For FEMs / For COB - 1/2
The previous market sze forecast included double—counting of Duplexers, BPF s, and PAMs intezrated into FEM:
Exchidine these.and corsidering cnly RFFEs directly installed on motherboards (net bass, for hardsets), the market size was USD 17,249 8 million in 2024

It is forecast to expard to0 USD 17,960 millon in 2025, USD 2482 million in 2080, and USD 34233 milien in 2026,
This represents steady erowth with 3 GAGR of 46.7% from 2025 o 2030 and +70% from 2030 o 20G5.
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Meanuhil, the market sizs for FEMs was USD 5,232 millian i 2024,
It is projected to retum to s growth trajectory, expanding to USD 7437 millien in 2030 and USD 10,068 millicn in 2085
The GAGR s expested to be 45.8% from 2025 10 2030 and 462§ from 2030 to 2035, which is somewhat bwer than the growth rats for handssts

While the FEM ratia temporarily insreased due to wider adeption with 5G, it has been gradually declining fram 2284 in 2002, driven by the spread of OOB designs
ard cost considerations.
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@ Itis forecast to shrink further to 224% in 2035, with the proportion of kandsst-installed (COB/Discrete) RFFES expested o incres se
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(mainly US/Japan).
eter wave (cmWave) is expacted to become the

6G - 15GHz
Transmit/Receive

44 MIMO E
6G NTN .
I Transmit & Receive |

cmWave for 6G/NTN

Candidate bands: 7 GHz, 10 GHz, 15 GHz.

Transmit/Receive B 3 i
il o Likely allocation of 10-15 GHz for NTN services.
r
6G -7GHz 1 —
Transmit/Receive Sub 6GHz for 5G-6G/WiFi 7

Axd MIMO

Sub-6 GHz dominated 5G (mainly n77/n78 at 3.5 GHz).

n79 (4.5 GHz) adoption was more limited.
Reallocation/reorganization for 6G is under consideration.
Overlaps with 57 GHz Wi-Fi 7 band, so filters must achieve higher
isolation performance.

Transmit/Receive.
Axd MIMO

Sub 3GHz for 4G/5G/6G & NCW

Already standardized with 4 X 4 MIMO under 5G.
EN-DC added Tx functions to diversity paths, increasing
circuit complexity.

Band overlaps with Wi-Fi 2.4 GHz and GPS, promoting
antenna sharing (A-Multiplexers).

4G Sub 3GHz
Diversity SIDE
4x4 MINO/EN-DC

nin/nininainin

GPS - 1.2-1.5GHz
Receive Only
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5G-6G Frequency Map

4 The 7-15 GHz band expected for G overlaps with Wi—Fi, satellite, and radar services.

9 The 6-7 GHz Wi-Fi 7 band lies directly adiacent to 6G’ s lower allocation, recuiring stringent RF specs to avoid
interfersnce

4 ltis also highly likely that Ku—band (LEQ satelite, currently for fixed wireless) will become mobile—capable

® 6G smartpheones will need to support multile satellite systems, increasing the importance of interference

oountermeasures.
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@ The Phene 16e, released in March 2025, s Apple’ s latest
smartphona featuring its first in—house developed 5G
transcelver and modem

Y7

A-Multiplexers/Diplexers

#  lts preduction volume in 2025 is estimated to be around 30
millien units

4 Compared to the iPhone 18, the number of supported
bands has heen reduced, as it does not support millimeter—
wave used in North America and Japan or Japan's 1.9GHz
bands (Bard 11 &.21)

4 The RF circuit configuration is essentially the same as that
of the iPhone 18, except that the number of Coupler
Wodules has increased from two to four,

4 Due to the reduced number of bands, the number of
Duplexers and BPFs used has decreased from 76 units in
the iPhone 16 (21 Duplexers + 55 BPFs) to 67 units in the
iPhone 16e (17 Duplexers + 50 BPFs), a reduction of §
units.

4 The two MMO Diversity FEME that were replaced from
Shyworks to Qualcomm in the iPhone 16 were replaced by
one from Skywerks ard one from Marata Manufacturing in
the iIPhone 16e.

4 The EN-DG FEM previeusly supplied by Skywerks was
replaced by Broadcom, and the 5G RXM previoushy
supplied by Broadeom was replaced by Skyworks.

@ These are the main changes in the supply chain

@ Slides 183 to 198 summarize the detailed components
used in each model and the results of comparative analysis.
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Phase1. Cellular Terminal Shipment Forecast CY2020-CY2035

l. Cellular Terminal Shipment AND Update
~ Smartphones and Voice Terminals Stagnate, M2M/loT Expands ~
1. Cellular Terminal Variation & Definition
2. Cellular Terminal Annual Shipment History CY2001-CY2025
3. Annual Cellular Terminal Shipment Trend by Product Type
4. Breakdown of IOT etc by Product
5. Annual Cellular Terminal Shipment Trend by Cellular Standard

6. Breakdown of IOT Mdoule by StandardBreakdown of IOT Mdoule by Standard

7. Cellular Standards by loT Use Case Representative
8. Examples of eSIM-Enabled Personal Devices
9. Chinese Cellular Terminal Market

~Growth in 2025 Driven by Subsidies~
10. Annual Cellular Terminal Market Share Trend
11.10T Module Market share

12. Key Terminal Manufacturer Annual Shipment History -Cellular Terminal Total-

13. Key Terminal Manufacturer Annual Shipment History -Smartphone-

14. Cellular Terminal Shipment By Maker & Product Type

15. Cellular Terminal Shipment By Maker & Standard

16. Key Terminal Manufacturer Annual Shipment History CY2020-CY2025
Il. Beyond 5G: Towards 6G

1. Three Mega-Trends Driving the RFFE Industry in the 6G Era

2. Reflections on 5G and Expectations for 6G

3. 4G That Propelled the RFFE Market, and 5G That Underperformed

4. Cellular Terminal Shipment Historical Data

5. Road map of Cellular Standard

6. Cellular Standard Outline & Trend

7. 5G standardization History

8. 6G Specifications Comparison to 4G & 5G

9. Detailed 6G Specifications Comparison to 4G & 5G

10. 6G standardization Schedule

11. Cellular IOT vs Non Cellular IOT

12. 5G NR Light -RedCap- Outiine
lll. Cellular Terminal Shipment Forecast CY2020-CY2035

1. Cellular Terminal Forecast by Product

2. Cellular Terminal Forecast by Standard

3. Cellular Terminal Forecast Data Table

4. 5G-6G Cellular Terminal Forecast by Band Group

5. 6G Cellular Terminal Forecast by Band Group

6. Increasing FDD bands for EN-DC

7. Outline of WiFi Standard

8. WiFi Router Shipment Forecast

9. NTN for Mobile service Outline

10. Mobile NTN Device forecast

11. Satellite Communication Frequency

Phase 2. RFFE LATEST Trend & NEW RF TechnologieS
& RFFE Potential

|. REFE Design Outline
1. How will Sub 6GHz RFFE Change from 4G to 5G?

2. Detailed 5G NR RFFE Estimation for Full Specification
3.5G RFFE ESTIMATION —Main RF & 2nd RF
4.5G RFFE ESTIMATION - 3rd & 4th RF
5. What's Dual Uplink?
6. Main 5G Smartphone supporting mmwW
7.iPhone13 Pro A2483 vs. GALAXY S21 Ultra 5G SC-52B in mmW Part
8.6G RF Front End Circuit Outiine
~Centimeter wave as the symbolic frequency~
II. Cellular RF Platform Forecast —CY2035
1.5G & 6G RF Platform share Trend
2. 3G/4AG/5G Total Platform Forecast 1/2

lll. Latest band plan & Filter Technology Trend
1. 3G/AG/5G Band Plan

—CONT7ENT7S —

2.5G Frequency Band Plan

3. Detailed Sub 6GHz — Sub 7GHz Frequency Band Plan
4.5G Frequency Band Plan

5. 5G-Advanced /6G Frequency Band Plan

~WRC-23 proposes new allocations: 615 GHz and low-band 470-694 MHz~
6.5G-6G Frequency Map

7. Allocation of RF Filter Technologies

8. Overview of RF Filter Technology

9. TF-SAW Outline and Major Suppliers

10. Bonding Methods and Process Flow

11. Major Bonding Makers

12. New Filter Technology for 7GHz-15GHz

13. Structure of XBAR

14. Outine of MURATA XBARs

IV. Consideration of transition from FEM based to COB (Discret) based

1. High-end Smartphones continue to adopt PAMID, while MiddlelL.ow-end sees an
expansion discrete-based RFFE?

2. Filter demand by FEM/COB in Latest 5G Smartphones

3. Filters by Technology in Latest 5G Smartphones

4. Filters in Latest 5G Smartphones

5. Promising fields & Customers Shift to COB from FEM

6. Promising fields & Customers Shift to COB from FEM

7. Detailed Data Table of COB Share Forecast (2023-2035)

V. Noticeable Smartphones Teardown

1.iPhone16e -A3409-JAPAN Model
a. RF Circuit Diagram
b. iPhone16 -A3286- JAPAN Model Main RF Parts list & Duplexer/BPF Count
c. FEM Supplier Adoption Comparison iPhone 15, 16, and 16e
d. Pictures of Circuit board
2. iPhone16 -A3286-JAPAN Model
a. RF Circuit Diagram
b. Main RF Parts list & Duplexer/BPF Count
c. Pictures of Circuit board
3. HUAWEI PURA 70 Pro+
a. RF Circuit Diagram
b. HUAWEI PURA 70 Pro+ Main RF Parts list & Duplexer/BPF Count
c. HUAWEI MATE 60 Pro Main RF Parts list & Duplexer/BPF Count
d. Pictures of Circuit board
4. Pixel9 -G2YBB- USA Model
a. RF Circuit Diagram
b. Main RF Parts list & Duplexer/BPF Count
c. Pictures of Circuit board
5.5.Galaxy A25 5G
a. RF Circuit Diagram
b. Main RF Parts list & Duplexer/BPF Count
c. Pictures of Circuit board
6. itel Power 55 -Transsion-
a. RF Circuit Diagram
b. Main RF Parts list
c. Pictures of Circuit board
7. Tecno Pova 5 Pro -Transsion-
a. RF Circuit Diagram
b. Main RF Parts list & Duplexer/BPF Count
c. FEM Supplier Adoption Comparison iPhone 15, 16, and 16e
d. Pictures of Circuit board
8. QUECTEL RG255C-GL 5G IOT Module
a. RF Circuit Diagram
b. Main RF Parts list & Duplexer/BPF Count
c. Pictures of Circuit board
9. WiFi 7 Modules RF Circuit Diagram & Pictures
a. FENVI MT7925 WiFi 7
b. FENVI BE200

c. FENVIQCNCM865
VI. 6GHz RFFE Examples and Aanalysis
1. Sub 6GHz RFFE of Huawei MATE20X5 EVR-ANOO
2. Sub 6GHz RFFE of Xiaomi Mi Mix 3 5G M1810E5GG
3. Sub 6GHz RFFE of OPPO Reno3 5G
4. Sub 6GHz RFFE of SAMSUNG GALAXY S20+ 5G SC-52A
5. Sub 6GHz RFFE of Apple iPhone12Pro A2406
6. Sub 6GHz RFFE of SAMSUNG GALAXY S21 Ultra SC-52B docomo
7. Sub 6GHz RFFE of Apple iPhone13Pro A2483
8. Sub 6GHz RFFE of iPhone14 Pro MAX USA
9. Sub 6GHz RFFE of Fibocom FM650-CN (5G IOT Module)
10. Xiaomi Redmi Note 12 Pro 5G
11. HUAWEI MATE 60 Pro

Phase3. RF Devices / Modules Market Status & Forecast

1. RF Devices / Modules Total Market Forecast CY2020-CY2035

1. RF Devices / Modules Total Market Forecast Detailed Data

2. RF Devices / Modules in This Report

3. RF Devices / Modules Market Forecast - For FEMs / For COB - 1/2
4. RF Devices / Modules Net Market Forecast - Except overlap -

5. RF Devices / Modules Total Market ForecastDetailed Data - Except overlap -
6. RF Devices / Modules For Cellular Market Share Breakdown CY2020-CY2025
Il. EEM & Sub FEM Market Forecast by Product CY2020-CY2035

1. Front End Module/ Sub Front End Module Variation & Circuit Examples
a. Sub Front End Module Variation & Circuit Examples
b. Outline of PAMID
c. Multiplexer: Quadplexer Example & Outline
d. Antenna Multiplexer Outline
e. 6G RFFE Forecast for Smartphone
f. RFFE for WiFi7 Triple band Router
g. Front End Module & Sub Front End Module
h. Variation & Outiine
i. FEM Trend & Future Estimation
j. Usage of Front-End Module by Customer
FEM Market Forecast
a. FEM Supply-chain
b. Front End Module Market Trend & Forecast by Product Type
¢. Sub Front End Module Market Trend & Forecast by Product Type
d. Sub Front End Module
e. Market Forecast : Detailed Data
f. Front End Module Market Trend & Forecast by For Apple/For Others
g. RFFE For Apple/For Others
h. Front End Module Market For Apple/For Others
i. Detailed Data Sub Front End Module Market For Apple/For Others
3. Antenna Switch Module
a. Antenna Switch Module Market Size Trend & Forecast by Product Type
b. Antenna Switch Module Market Forecast: Detailed Data
c. ASM Market Share Trend
4. TX Module
a. TX Module Market Size Trend & Forecast by Product Type
b. TX Module Market Share Trend
5.FEMID
a. FEMID Module Market Size Trend & Forecast by Product Type
b. FEMID Market Forecast: Detailed Data
¢. FEMID Market Share Trend
d. FEMID Market Share Breakdown per Product Type
6. PAMID
a. PAMID Market Size Trend & Forecast by Product Type
b. PAMID Market Forecast DATA
¢. PAMID Market Share Trend 1/2
d. PAMID Supply chain
e. PAMID Suppliers Outline
f. PAMID Market Share Breakdown per Product Type
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7.5G TXM(PAMIF)
a. Outline of 5G TX Module
b.5G TXM(PAMIF) Market Forecast
¢.5G TXM(PAMIF) Market Share Trend
d.5G TXM(PAMIF) Market Forecast DATA
8.6G PAMIF Market Forecast
9. 6G RXM Market Forecast
10. AIP(Antenna In Package) for Millimeter Wave
a. AIP(Antenna In Package) Market Share Trend
11. Diversity FEM & EN-DC FEM
a. EN-DC FEM Market Size Trend & Forecast
b. Diversity FEM & EN-DC FEM Market Forecast : Detailed Data
c. Diversity FEM will become EN-DC FEM
d. ~EN-DC %5 C Diversity [EIR&I S {EtEaEN M0~
€. Diversity FEM Market Share Trend Diversity FEM Supply chain
f. EN-DC FEM Market Size Trend & Forecast
12. Multiplexer
a. Multiplexer Market Size Trend & Forecast by Band Combination
b. Multiplexer Market Size Trend & Forecast by Product Type
a. Multiplexer Market Size Trend & Forecast by Duplexer Type
b. Multiplexer Market share Trend
c. Market Share Breakdown per Product Type
13. Antenna Multiplexer
a. Antenna Multiplexer Outline
b. Antenna Multiplexer Market Size Trend & Forecast by Product Type
c. Antenna-Multiplexer Market Forecast: Detailed Data
d. Antenna-Multiplexer Market Share Trend
e. Antenna-Multiplexer Market Share Breakdown per Product Type
lll. Power Amplifier Module
1. M/M PAM Type & Outline
2. Multi-band/Mult-mode PAM
3. Market Size Trend & Forecast by Product Type
4. Power Amplifier Module Market Forecast Detailed Data
5. PAM TOTAL Market Share Trend
6. Power Amplifier Module Market Share Breakdown per Product Type
IV. Duplexer
1. Duplexer Market Size Trend & Forecast by Product Type
2. Increasing FDD bands for EN-DC
3. Duplexer Market Size Trend & Forecast for FEMs
4. Duplexer for FEMs
5. Duplexer usage by Band
6. Duplexer Market Size Trend & Forecast by Band
7. Duplexer Market Forecast by Band-Technology
8. Duplexer Market Forecast by Technology-Band
9. Data table Quantity Based
10. Duplexer Market Share Trend
11. Duplexer Market Share Breakdown per Product Type CY2020-CY2025
V. Band Pass Filter
1. Band Pass Filter Application & Classification
2.Band Pass Filter Market Size Trend & Forecast by Application
3. Band Pass Filter Market Size Trend & Forecast for FEMs
4. Band Pass Filter Market Size Forecast Data Table
5. BPF Market Share Trend
6. Chinese SAW Filter Maker
7. Market Share Trend
8. BPF Market Share Table
9. Filter market Analysis - for FEM/for COB (Discrete) -
10. Filter(Duplexe & BPF) Suppliers Outline
11. Filter Market Share Trend
12. Filter Market Share data
13. Low Performance Filter(IPDLTCC) manufacturers
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