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WiFi — Networking: V(3-in-1 & 2-in-1) V
Router/Gateway/STB/ (D|plexer+SW)
GPON&EPON

WiFi- Mobile phone V (2-in-1 & 3-in-1) V Vv

WiFi- Consumer: Vv Vv Vv Vv
Speaker/OTT/Game/

Diversity Antenna

Main Antenna Vv V (F.Cell)

SOC

FM Tuner

AMFM Tuner
DAV/AAV Transceivers
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EIKkWirelessiZE 1% 262 (connected devices)iE N

s  WiFi Device¥54& Bl £ with ~6Yee/Yr to 8Yee/Yr new points/devices
from 2018 to 2021

s WiFI RF-Front-End numbers further multiply by MIMO-number

Number of connected devices/things by technology worldwide from
2015 to 2021 (in millions)*
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Wi-Fi 802.1111.ac /11ax Speed & Capacity = E{ &

s Fastest data transmission among all standards.
s Last-mile, free-of—mmWave allow robust, complementary with LTE and

future 5G.
= The Evolution of Wi-Fi =AX
== MU-MIMO
?AC =5 Ghpa
?N 1.3 Gohns
_— B0 b
=B = G ASD Mbps =
S4 Mibps
»
2003 2009 2012 2015 2018

802.11g 802.11n 802.11ac 802.11ax
2.4GHz 2.4GHzHI5GHz 5GHz 2.4/5 Ghz

20MHz 20MHz 80MHz 20MHZ 80MHZ
20MHz 40MHz 40MHz 160MHz  LOL L rAR] Y| 7
1x1 SISO 4x4 MIMO 8x8 MIMO(MU-MIMO) [ 2'6 PAYITY (o]

RS 2 S00Nps 267 Mbps 5607, ks
(B 450Mbps 1300 Mbps
($AH40MHz) ($1EBOMHz)
REEE (ERE) 54Mbps 600Mbps 6.93Gbps
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Segment JE FH SE 3k Global WLAN Market Forecast Pravtaastn (1) 1Y el vidsg empanus s iia o 201080
8o

i% SBillions CAGR
AP Router-Retail - 2K Are’2le ———
B s =& s5.8—115% 0 —
7.8 $0.60 11.0% :
Gateway - Carrier 8- BE(ERE i —
I P Ca m %?E%% = o l-
’ $6.50 ‘——— i e T 21
STB/ OTT e
W North America Il Asia Pacific Western Eurcpe Il Latin America Bl Eastern Eurcpe B MENA
W Sub-Sahara Africa
Gaming it 2017 2018 2019 2020 2021 — p—
M Enterprise M Service Provider . M
Smart Speaker %{%iﬁz%ﬁ Source: Dell’Oro and |HS Ethernet §) witch Market (40 2016
. TV set-top boxes shipments worldwide by region from 2012 to 2019
Amazon and Google Dominate Smart Speaker Sales (in million units)
5@1:[55 SEo Warldwide unit shipments of smart speaker 25
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WiFi RF Front-end i -

s Our growth come from:
s Segment TAM growth
WiFi attachment increase

All

a8
. MIMO increase
@ 1lac and Dual-band increase TAM of 2017 (f) | 2020 (f) m
. . o,
a  RichWave market share increase EEEES (%)
AP Router 14% M units
Growth Dual band WiFi Key Driver (DSL, Cable)
Factors (2GHz+5GHz) Attach-rate STB/OTT 380 460 21% M units,
All 11acin 2x2 => 3x3=> MIMO- 200
ROUter/ DB 4x4=> Increase & Smart 1,517 1,697 11.91% M units
Gateway 8x8&higher WW share Phone
PON <50% DB 2x2 Partial WiFi Attach Game 135.2 184 36% M units
STB/OTT  High-end DB 2x2 => 3x3 Partial WiFi Smart 8.3 94 1075% M units,
Others SB attach& Speaker 2016
MIMO
loT 20,000 30,000 50% M units
Smart DB 1x1 and 2x2 All Architecture
Speaker B e et Automotive 1,062 7,914 645% ussm,
RF & MIMO 2016

Source: IDC, IHS, Accelerating Biz analysis, frost & Sullivan, Ovum, Statista, IDATE, Gartner, Voicebot.ai, Edison Research, Digital Market Outlook, ABI Research
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WiFi MIMO (£ &&= RRFcEF SIS EBEBE

s The Front-End enhances coverage-range (PA/LNA) and receiving sensitivity
(LNA) — FE performance is Key.
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WiFiJT /5% {&-15 FARF Front-End E4&
PerformanceBYZ=£1{E. WiFi RFFEEE R HEZ 7T

S22 E fn 4% M technical-performance
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WiFi LTE-WiFi RF-FEZ= n-

s Wide Power@EVM range (mid.~high)
s Full-FEM (3-in-1) and Rx-FEM (2-in-1)
s  PA/LNA/SW provide flexibility in system-design
s Winning performance for Full-FEM and Rx-FEM

Networking: Router/Gateway/STB/OTT

Parameter
Gand | sogment S DEVM
5x3mm? 1.8%
H 3x3mm? 1.8%
2.5x2.5mm*  1.8%
5GHz

3x3mm? 1.8%
M 2.5x2.5mm’>  1.8%
2x2mm? 1.8%

2GHz Pout @ 3% DEVM

Richwave

Power Level

22~22.5dBm

20dBm
20dBm
20dBm

27dBm

Frequency

Band

5GHz
RX FEM

2GHz
RX FEM

RichWave

HEZIT/ X

High Power PA

Frequency DEVM

Parameter

Band
5GHz 1.8%
2GHz 3%

Parameter
Power Transmisson/
Sagment Receive
. TX IP1dB
RX Gain/NF
TX IP1dB
M
RX Gain/NF
. TXIP1dB
RX Gain/NF
TX IP1dB
M
RX Gain/NF

Richwave
Power Level

23dBm
27dBm

Richwave
Power Level

37dBm
14dB/2.6dB
32dBm
13.5dB/2.2dB
36dBm
16dB/1.7dB

32dBm

15dB/1.6dB



WiFi LTE-WiFi RF-FEZ= n-

s Wide Power@EVM range (mid.~high)
s Full-FEM (3-in-1) and Rx-FEM (2-in-1)

s PA/LNA/SW provide flexibility in system-design
s  Winning performance for Full-FEM and Rx-FEM

Mobile Phone: WiFi in LTE-phone

270/ T

3inl
5GHz
FEM
2inl
3inl
2GHz
RX FEM
2inl

TXEVM@1.8%

RX Gain/NF

RX Gain/NF

TXEVM@1.8%

RX Gain/NF

RX Gain/NF

17dBm

16.5dB/2.0dB

13.5dB/2.2dB

18.2dBm

16.5dB/1.5dB

15dB/1.6dB

RichWave
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WiFi FEM Fa i 4514 B8 sh

s EVM 2.4GHz 802.11b/g/n FEM
5GHz 802.11ac FEM

s NF

s Gain 4

s Package Size

N

QFN Size

[ 5050
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s WIiFi 802.11AC FEM has reached ~8% worldwide share at 2017/E,
from ~2% at 2016/E

s Penetrated into leading Global Brands with 802.11AC 3-in-1 FEM,
such as Netgear (US), TPLink (China), Technicolor (Europe); and
Telecom Operators such as DT, BT (Europe), China Mobile and
China Teleom (China), and LGU+ and SKT(Korea)

s Continue wining all Amazon TV-dongle and Smart speaker new
models, and penetrated into MIl’s smart speaker

s Winning LTE LNA on Huawei mobile phone and Nokia phone
models

s  Winning NBIOT models with Switch for China Mobile on Smart
meters

s Winning FMAM Tuner in Clock Radio and High-end Radio

s FM Tuner continue win on new Mobile models and High-end
Boom boxes.
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Wi-FitE B = #8i830%

s 2017Q3 FEM =12 E#83855% » IR/ E 5 E =18 N0802.11ac
s 2017Q3 WiFiZIER14% - FIERE30% L
s llacTEEIKERE) | - BEFHEREA - IZBIIMIMO 2x2F3x3E KA E
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WiFi FEM$F5 & EI 2K %
Router/Cable/PON/STB / OTT
o PEIRETS  2EHE

s QABWEDEQBERHH BN

M Units/ NTS Million

140

120

100

80

60

40

20

0

+64%

133

2016Q3 201604 2017Q1 2017Q2 2017Q3

s NN\

B Quantity m Sales

RichWave

O €

hE#BHIBE ﬁ] f43

CHINA MOBILE cHina TELECOM

Deutsche
rl(‘l(‘*kom

ZTEEI!B-é
10 tp-link

Roku

15



RichWave

ol )\ KA S 18

I
amazon ecno + A TF SO 40 i R &0 &b T4
~> REX BT EEFB AL BRESH

“.8

Always ready, connected

and fast. Just ask.
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LTE LNA/SW 2 A 3

® Focus on Winning LTE LNA

s LTE switch focus on leading Brands

Unit: NTS Million

+21% ’
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BB ML FHFM, JHEHE FMIZF] AFMAM
s FM TEEERUEME F1#Note 8 BISEBEL

s AM is penetrating into Clock Radio and Boon box
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SAMSUNG Galaxy Note8
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+26%

Unit: NTS Million °

2400 | |

+24% 2,161
2000 +24% | | 1,91
’_°\ 1,716
1600 +29.4%
] 1,382
1200 1,113
823
800 656 702
564 —
420
0 - a | > a _.______.
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®m Revenue ® Shipment Unit: Million pcs

7
/ 7 19
A4
s

S
Richwave confidential 3




i
RichWave

EmAT NN RX &=
EmAS WiFi FEMIIZER &
Unit: NTS Million Product Portfolio Unit: NT$ Million Wi-Fi B vmdH S LA
200 <00 +14.32%
+10.5% 4.9%
700 500 | | 47%
0,
600 3.7%
400
500
400 300
300
200
200 30.4% 30.9%
100 — — - -
100
0 0
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B WiFi ELTE ®mFM ™ Wireless Video SW B FEM @ PA H LNA
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2015
M Gross Margin

25% 25%
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99 10.22%
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Operating Expenses B Operating Margin
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