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5G + WiFi ARE COMPLEMENTARY TECH. TO LAST MILES
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n —| TRAFFIC IN 2022*
5G NR WIFI
~ 4Gbps ~ 46.1Gbps
COMBINATIONS MIMO CA MIMO

* Global Mobile Data Traffic Forecast Update 2017-2022 by CISCO RichWave
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RICHWAVE BOOSTs YOUR WIRELESS PRODUCTs
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OUR COMPETITIVE ADVANTAGES ON PRODUCTs

> EXPERTISE IN LEVERAGING MULTI-TECH. PROCESS
GaAs and SiGe Process with our PA Design

SOl and CMOS Process with our LNA/SW Design
COST EFFECTIVE SOLUTIONSs

> DIVERSIFY IN MULTI - SUPPLIERs
Dual sources of each upstream tech. process

With >4 partners for backend assembly and testing
TIME TO THE MARKET

> ALL-IN-HOUSE DESIGN
Provide all combinations of active RF circuits

Self-designed SAW/BAW filters to RF Needs
FLEXIBLE TO CLIENT NEEDS
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RichWave

VALUES ON OUR WIFI PRODUCTs
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SUSTAIN STABLE Tx LINEAR POWER UNDER DIFFERENT SCENARIOs

HIGH THROUGHPUT
OF

al

B 30MHz
[ 160MHz

J-"~

/ (Y
/ 5

MU-MIMO

M=y
I'ﬁ“

m_—
J J

Pout (dBm) VS EVM (dB)

Pout (dBm) VS EVM (dB)

280- 280
200- 20—
=~ 6GHz MCS11 80MHz - = 6GHz MCS11 160MHz
-no
320- 510
30— 330
340
340
350
350 6.0
- 19~21dBm @ -40dB
370~ 0 o m -
= 19.5~20.5dBm @ -40dB e P« [ =] s et
g‘ 400 - | m—— — i — — i — — i — — — — — : 410
& a10- Rty
420 430
x0 440
440 150
450 46.0
470
460 - -48.0
“Arg I ABOM MACSIL SOES SO% LA0V ] [ AX160M MCS11 6025 5051800 ™
N B AE0M MCSIL 6385 S0% 180V o 1 s0.0 ) 1
490~ | I AXIA0M MCSI1 G185 50% 180V [p ™
B AXEOM MCSI1 6625 S0% 130V A 510
-50.0 I AKEONM MCSIL 8083 305180V 520 B AXLGOM MOS1L G505 50% LA0V o™
-510 B AOBOM TSI TOIS SO% 150V -a10 B0 AX160M MCSL1 6985 50% L0V [~
B0 e ob 10 2b 3b ab so =6 70 ab ob 100 mo 120 130 14n 150 180 o 180 190 20 2o 20 Za e 2o 20 %0 ob 1b 20 b b so &0 7o ah ob 100 wo 120 130 140 150 160 170 180 190 200 20 22p 230 240 20 260
Pout (dim) Pout (dBm)
EVM LTF(dB) vs. P_o Average(dBm) EVM LTF(dB) vs. P_o Average(dBm) -
Packet Length = 100uS Packet Length = 4mS$
30 -30
35 -35
~
e 20.5~22.0dBm @ -43dB i 20~21.5dBm @ -43dB
g - L
= - =
= 45 = .45
= s
w o
50 50
=60 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 256 26 27 28 7601 2 3 4 5§ 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
" LiTEPOINT P_o Average(dBm) @0romp 21281 " LiTEPOINT P_o Average(dBm) @i0romp 21281

@ 5.21e+009 £

5.53e+009 A

5.775e+009

@® 5.21e+009 &

5.53e+009 A 5775e+009

RichWave

7 | RichWave Confidential



ENRICH COVERAGE W/ SURPERB Rx SENSITIVITY FOR APs AND STAs

NOISE FIGURE =1.7dB @ 5GHz Band

5.2 GHz

WIDER COVERAGE 9 - S 8z

NOISE FIGURE =<2 dB @ 5GHz + 6GHz Band

Noise Figure Mkr2 2.45 GHz
Scale/Div 0.500 dB Ref Value 1.7 dB 1.629 dB

Yenen o aas® !2

Gain
Scale/Div 1.000 dB Ref Value 16.1 dB

Start 2.390 GHz Freq Mode: Swept Stop 2.510 GHz
BIAL A O MU= T oanld 204 0 K (IDafault) Maica Saurcar Auta (Narmall Bainte 121

Marker Table

Mode Trace X =i Gain

N 1 2.400000000 GHz 1.655 dB 16.722 d
N 1 3.450000000 GHz 1629 dB 16.706 d &
N 1 2.500000000 GHz 1.598 dB 16.624 dB Rlchwave
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ENLARGE BATTERY LIFECYLE W/ GOOD EFFICIENCY COMPONENTs

LINEAR FEM @ 2.4GHz FEM RTC66270 NONLINEAR FEM @ 2.4GHz FEM RTC66254
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ADOPT MULTI-MODE FOR MOBILE/CLIENTs APPLICATIONSs
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OFFER FULL LINE UP RF FEMs FOR 6GHz BAND

RTC66903

RTC66904

OE
NEW 6GHz BAND

OF---9,
5G

6G

2.4G

FEATURES

SUPPORT 5.925-7.125GHz
MCS11 HE160 19.5dBm Pout
MCS0O HT20 25dBm Pout
3.0mm * 3.0mm PACKAGE

FEATURES

O

SUPPORT 5.925-7.125GHz
MCS11 HE160 20.5dBm Pout
MCSO HT20 26dBm Pout
3.0mm * 5.0mm PACKAGE

RichWave
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RichWave

VALUES ON OUR 5G PRODUCTs
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MAXIMIZE ANTENNA EFFICIENCY FOR MULTI-BANDs

> ANTENNA TUNNING SWITCH > ANTENNA SWAPPING SWITCH
OFFER MORE
FREEDOM W/
DIFFERENT SUPPORT MIMO
RESONATE FREQ. UL/DL TO AGGREGATE
OR RAD. SPACIAL MULTI-LINKs SIGNAL
PATTERN TO SIMULTANEOUSLY
REUSE SAME ANT.

RTC8674A / RTC8674B / RTC8674C RTC86524AU / RTC86522BU / RTC86533AU

« 4 PATHs SWITCH W/ INDVIDUAL CTRL. (4*SPST) - DPDT/DP4T/3P3T SWITCH COMBINATIONS

e SUPPORT PEAK VOLTAGAE LEVEL TO 45V/60V/80V * SUPPORT HIGH P0.1dB TO 36dBm

e 1.1mm * 1.5mm PACKAGE e 1.1mm*1.5mm /2.0 mm * 2.0 mm PACKAGE

RichWave
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RTC86102x/ RTC86104x SERIES

SUPPORT VARIOUS NEEDs IN RF DESIGN ARCHITECTURE

> GENERAL SWITCHs

—p

USE SWITCHs TO
CONSOLIDATE THE RF
TOPOLOGY, FLEXIBLE
TO ADAPT DIFFERENT
REGIONs

SPDT/SPAT SWITCH COMBINATIONS

SUPPORT HIGH P0.1dB to 40dBm FOR TX PATH
ALSO PROVIDE TYP. PO.1dB 33dBm FOR DIV. PATH
1.1mm * 0.7mm / 0.95 mm * 0.6 mm PACKAGE

14 | RichWave Confidential

> OTHER ADV. TO OUR SW

v

(f 100nS Switching Time

RichWave RichWave
Parameter |Unit Test condition RTC86102GU | RTC86102HU
(P0.1dB=33dBm)|(P0.1dB=40dBm)
617-960MHz 0.27 0.25
dB 960-2170MHz 0.27 0.35
2170-2700MHz 0.29 0.36
3300-3800MHz 0.30 0.39
Insertion Loss 3800-4200MHz 0.30 0.41
4400-5000MHz 0.32 0.44
5150-5925MHz 0.35 0.48
6000-7000MHz 0.42 0.64
7000-8000MHz 0.60 0.87
8000-8250MHz 0.64 0.96

FAST SWITCHING TIME TO
SUPPORT SOUNDING REF.
SIGNAL(SRS) FEATURE BY 5G
REQUIREMENT

WIDE FREQUENCY
SUPPORT, CAN BE USE
ON 5G SUB-6G AND
Ultra-Wide-Band (UWB)
APPLICATIONS

RichWave




OFFERs Rx COMBINATIONSs FOR 5G SUB-6G BANDs

BAND N77 LNA
FAMILITY RTC86902 RTC86903 RTC86904

MULTI -GAIN LNA W/ LAA
SUPPORT

RTC86006U

COVER 5.150~5925MHz

WITH MIPI COMPLIANCE INTERFACE CONTROL
SUPPORT UP TO 6 STAGE GAIN STEPs

1.5mm * 1.1mm PACKAGE

RFIN RFOUT

Control Interface VDD

VIO

RichWave

SDATA SCLE USID USIDZ
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RichWave

RichWave

WILL BE THE
SOLID BACKUP
FOR YOUR
WIRELESS
PRODUCTs
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RichWave

Thank you

Followuson: ] 3

For more information, visit us at:

www.richwave.com.tw
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https://www.youtube.com/channel/UCbj4-AxD_nbmPLMaKVWBalg/videos�
https://www.linkedin.com/company/richwave-technology-corp-4968-/�

RichWave

Guiding You with Desired Signals ----
Filter Solution

Champion Fu

Dec. 2021
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What is Communication?

e Same Frequency

* V.90 MODEM (0~4K Hz) > DSL MODEM (>30K Hz)
e Signal Interference

* Signal Bandwidth €<—> Sampling Rate (Nyquist Rate)

e Same Protocol

* You could hear what | say, and | could hear what you say
* You could know what I say, and | could know what you say

* Noise
* 98% Engineer Will Lose Job if the Transmission Medium is Noise-Free

RichWave
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Frequency Band Allocations

Licensed Band

Power Un-Licensed Band (ISM-Band)
Spectrum

a

UWB 60GHz
AM FM GPS RADAR

Frequency

RichWave
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Applications for Filter

Application

Filter

RichWave
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What Is Filter

1200MHz

1500MHz ﬂ‘\-.-f

1500MHz

—

N/

1500MHz Filter

f/—\\ . I Classification Frequency range
—> 1Hz

LF Low Frequency 30kHz ~ 300kHz

MF Medium Frequency 300kHz ~ 3MHz

BVAVAVAVAY; ::> SHz HF High Frequency 3MHz ~ 30MHz
L VHF Very High Frequency 30MHz ~ 300MHz )

\UWW th |:> 90MHz / UHF Ultra High Frequency 300MHz ~ 3GHz SAW Filter

SHF Super High Frequency 3GHz ~ 30GHz
EHF Extremely High Frequency 30GHz ~ 300GHz

RichWave
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Categories of Filter [ .

L < I
|____L|__|'_:CE::::::::::I
| -—'uh%-f—r?r t3 |
jAnt Port 1 Ci, | Ly 2 |
: T|: T Cez :

. . Jnput Branches || = _ _ _Middie Band _ |

* Discrete Filter 1 i
: :S 82,3 Cona IC"] ' :

C e TR

= ______ High Band |

LTCC (Low Temperature Ceramic Co-firing)
e Ceramic, Ag/Cu
* Frequency Range : 150M ~ 100G Hz

SAW (Surface Acoustic Wave)

* Frequency Range : 50M ~ 3.5G Hz
BAW (Bulk Acoustic Wave)

* Frequency Range : 400M ~ 10G Hz

Resin

Substrate RichWave

23 | RichWave Confidential



Frequency Response for Different Filters

BAW filter
_S LTCC filter SAW BAW LTCC
S Q A O X
g
< Loss A O X
Att. A O X
Frequency TCF A O A
Size O X O
e Price A X O
=
o Power X O O
SAW e
O: Good; A :average; X: Not so good
300M 3G 6G RichWave
Frequency

24 | RichWave Confidential



Filters in Wireless System

----------------------------------------------------------
""""
. *

Antenna i Filter

@ R“ha”“g*e': % LNA ®_. ADC

‘ Mixer

Rst DPX F LA —

Svnthesi Base

4_,_, ynthesizer Band
‘ Filter \ Mixer
Tx chanr;el é‘_'_® DAC |

* ’0
00000
-----------------------------------------------------------

RichWave

| RichWave Confidential



Key Specification for Filter

1. Fo: Center Frequency. 4. P.ass Band Ba?ndW|dth: |
2. Max Loss: Max Loss in Pass Band. High Freq Po.mt. FH —Low Freq Po!nt L
3. Ripple: Max IL— Min IL in Pass Band. 5. Attenuation: Side Band Attenuation (Reference 0dB)

0 V'S
Bandwidth
-10
~20 Attenuation
— :
=,
on
o -30
=
m -
S \\ Min Loss
-40 -— 3
ot Max Loss
_5 0 . . BPETL L
-60 RS
2100 2225 2350 2475 2600
Frequency

RichWave
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LTE/5G Band Allocations

NR F:](.;Band Uplink Freq (MHz) | Downlink Freq (MHz) | BW (MHz) [:\:Il::llzx
nl 1920 ~1980 2110~2170 60 FDD
n2 1850™~1910 193071990 60 FDD
n3 1710~1785 1805~1880 75 FDD
nS 824~849 869~E804 25 FDD
n7 250072570 262072690 70 FDD
n8 8807915 925960 35 FDD
nl2 699716 729746 30 FDD
n20 8327862 7917821 30 FDD
n25 1850~1915 193071995 65 FDD
n28 703~748 758803 45 FDD
n34 2010~2025 2021~2025 15/4 FDD
n39 1880~1920 1880~1920 40 FDD
n40 2300~2400 23002400 100 TDD
n41 24962690 24962690 194 TDD
n50 1432~1517 1432~1517 85 TDD
n51 142771432 14271432 5 TDD
nbb 1710~1780 2110™~2200 70/90 FDD
n/0 1695~1710 1995~2020 15/25 FDD
n/1 6637698 617652 35 FDD
n/74 14271470 1475~1518 43 FDD
n’/5 X 143271517 85 SDL
n/6 X 14271432 5 SDL
n/7 33004200 33004200 900 TDD
n/8 3300~3800 3300™~3800 500 TDD
n79 4400~5000 4400~5000 600F TDD

Frequency Range

Corresponding Frequency Range

Designation
FR1 450 MHz ~ 6000 MHz
FR2 24250 MHz ~ 52600 MHz
600 MHz GHz Millimeterwave
I @ ]
LTE Re-farming Hsi ]mjs
:;1 :z :;1 = e I 25 T 255 Erll 260 [0
::6 :: ::6 33 I/« 242 27.25
B41 -> n41 Frequency Range 1 (GHz)" Frequency Range 2 (GHz)"!
FDD Paired Spectrum  \__ Sub-6 GHz TDD )/ TDD GHz Bandwidth
RichWave
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RichWave Filter for LTE/5G

5G Mobile focus product

Band 1| 2292 | gand 3 | Band 4 | B3> | gand 7| Band 8 |Band 12|Band 13| Band 20 | Band 34 | Band 39| Band 40| Band 41
Band 25 Band 26
us \Y; \Y; \Y; \Y; \Y; \Y; \Y; \Y; \Y;
EU \Y; \Y; \Y; \Y; \Y; \;
China Y \Y; \Y; Y \Y; \Y; \Y; \Y;
1109 Filter : B1, 2, 3, 5(26), 7, 8, 39, 40, 41
0907 Filter : . n20, n28FB, n39, n40, n66.
1814 DPX : 12, 13, 28
1511 Dual : B1+B3, B25+B66, B39+B41

m Available part
Developing
® Plan RichWave
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SAW Filter Performance Benchmark

-10

-20

-30

-40

-50

LogMag[dB]

-60

-70

-80

-90

-100

#’? \ = 521[dB]- M company

= 521[dB]- Richwave

3

1000 1375 1750 2125
Frequency

2500

s RTC46S2RUHA

@ Key Features
@ Freq. : 155971605 MHz
@ IL:
s 1.8dB @ 1559MHz
s 1.3dB @ 1575MHz
s 1.6dB @ 1605MHz
@ Attenuation:

s 58dB @ B13 Tx
(777~798MHz)

s 57dB @ B5,B8 Tx
(824~915MHz)

s Package: 5L QFN 1.1mm x
0.9mm

RichWave
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SAW/BAW Filter for WiFi Access

Wi-Fi Frequency Bands

RTC46SO0TUHA e
3 60 MHz of Spectrum &
2.4GHz 1 3 Channels Allocated
RTC46S1TUMA 25 [oFs \
12
S5GHZ . 500 MHz of Spectrum &
RTC46S9TUMA 5 25 Channels Allocated
RTC46S9TUMB
, . i i
59 uumnmmumnnunummnuumuunmlnnn
6GHz 2 M.m.m.mlm.m AAESESR :
14 -------- ¥

]
5025 6425 8525 6875 7125
MHz

1,200 MHz of Spectrum &
59 Channels Available

Sourced from Wi-Fi AI!iance
RichWave

30 | RichWave Confidential



WiFi BAW Filter

- Simulation

Pass Band : 2.4~2.483 GHz

Insertion Loss (CH1~CH13)
— 0.9~1.2dB
* Rejection
— 38dB @700~2370 MHz
0 = — 14dB @2496~2500 MHz
g,gédoBsGHz — 38dB @2500~2520 MHz
— 40dB @2520~2690 MHz

— Measured
on wafer

Tested Filter on Wafer:
Measured and Simulated on Wafer

mé:
-10 2.3774 GHz
10 dB

-20

m8:
2 4604 GHz

-30 g- -1.265 dB — 36dB @3300~7200 MHz
-40 — 26dB @7200~10000 MHz
-50

-60 Bossin)

-70 o ES%Z%':;_}M_FTS_RS

-80
2.2 2.25 2.3 2.35 24 2.45 2.5 2.55 2.6
Freguency (GHz)

RichWave
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RichWave Filter Product Roadmap (WIFI/GPS/Mobile)

Available Development |Planning

2022 2023 2024

1109 10T B24 0907 GPS L1, L5 0907 5G n12, n20, n25, n28F
1109 GPS L1 TRx n34, n39, n40, n41F
1109 LTE
B1, 3, 5(26), 8, 20, 39, 40TRx, 41(1 1109 LTEB2,7, 12,13, 28
00/120BW) 0907 5G n51, n66, n70, n71, n74
1109 2.4G 0907 5G
Wifi nl, n2, n3, n5, n7, n8
b < 2520 QPX B1/B3, B25/B66
o 1814 DPX LTEB1], 2,3,5,7, 8
o
S~
(o] 1612 DPX 5G
E nl, n2, n3, nS;;lZI,: n:ézlz, n20, n25, 1814 Triplexer
(7)) ’ B1/B3/B7, B25/B30/B66
1511 Dual
1511 Dual B1+B3, B39+B41 1511 Dual B25+B66 B34+B39
1814 GPS Extractor 1814 Wifi Extractor
1511 GPS L1/L5 DIP
— e 1816 Wifi 6E band 5
3 1109 Wifi 2.4G 5935 — 6425M
[ 1816 Wifi 5G full band
; 5170 — 5835M 1109 n77, n79 band
< -
[a'a) 1816 Wifi 6E full band S
5935 — 7125M RichWave
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RichWave

Make Your Life Be Smarter with
RichWave RF Offerings

Champion Fu

Dec 2021
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AloT

e Al (Artificial Intelligence)
loT (Internet of Things)

* Big Data
* Fuzzy Theory

* Signal Feedback

* Database Analysis

)
2 10T ANALYTICS insights that empower you to understand loT markets

Global Number of Connected loT Devices

Number of glebal active loT Connections (installed base) in Bn

259
21.5
‘Wireless Neighborhood
204 Area Networks
(WNAN)
Mse
15+ Other
Cellular / M2M
B Wired
oA LPWA

I wireless Local
Area Networks
(WLAN)

. Wireless Personal
Area Networks
(WPAN)

0
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Uu;r 1IOT ANALYTICS Insights that empower you to understand loT markets

Total number of active device connections worldwide

Number of global active Connections (installed base) in Bn
35+

304
254
204
151
104

I_\Non-loT

M ioT

0 g
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Sourced by IOT Analytics RichWave
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Smart City, Smart Home, Smart Ecosystems

WASTE TRAFFIC

COLLECTION MGNITOR * Smart City

1 @ PARS * Bus Station, Parking Space
Tasll * Smart Home

* Mobile/Gateway

* Automotive

LIGUID LEVEL
SEMSOR
* TV, Air
' @ Conditioner, Refrigerator, L
m 5 ighting, Plug

* TPMS, ADAS

* Autopilot

RichWave
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loT on System Design Consideration

° Data Rate Product Application
* High Throughput, High Signal Resolution

WiEi
(WiFi) speaker
* Low Data Rate, Access by Request

(Low Power Wireless)

LPWAN —LoRA, NB-loT Home appliances IP Cam
LPLAN - BT/BLE, Zigbee
= @
* Power Consumption A
* AC Power Adaptor -
Doorbell Smart Meter
* Battery Based
\

RichWave
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FEM for Bluetooth/Zigbee

ANT
PA
LNA
Audio DSP
RF
(BT)
Audio
Memory
Interface e Super low standby current ~ 1uA
e Super low power consumption ~ 0.135W (OP)
* Small size package
Part Number Feature Size Support EDR Status
RTC2624 Full FEM 16L QFN 2.4x2.4x0.8 mm NO MP
RTC26203 RX FEM 6L QFN 1.1x0.9x0.55 mm NO Developing \
RichWave
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Ulta-Low Loss loT Switches

Insertion Loss Isolation P0.1dB Package
Feature Part No.
(dB) (dB) (dBm) (mm)
BPOT RTCEE15H 0.70 @ 2.40 GHz 30 @ 2.45 GHz 31 6L QFN
1.00 @ 6.00 GHz 29 @ 6.00 GHz 1.5x1.5x0.55
RTC6603U 0.38@ 2.45 GHz 23@ 2.45 GHz 30 SC70
0.24 @ 2.45 GHz 35 @ 2.45 GHz 6L QFN
RTC66080U 0.35 @ 5.80 GHz 26 @ 5.80 GHz 32 1.0x1.0x0.45
0.65@7.125GHz 22@7.125GHz
SPDT 0.21 @ 2.45 GHz 35 @ 2.45 GHz 6L QFN
RTC7608U 0.35 @ 5.80 GHz 25 @ 5.80 GHz 32 1.0x1.0x0.35
0.53@7.125GHz 23@7.125GHz
RTCE619U 0.33 @ 2.45 GHz 34 @ 2.45 GHz 34 6L QFN
0.43 @ 5.80 GHz 25 @ 5.80 GHz 1.0x1.0x0.35
Sp3T RTCEE17U 0.31 @ 2.45 GHz 22 @ 2.45 GHz 30 8L QFN
0.53 @ 5.90 GHz 19 @ 5.90 GHz 1.5x1.5x0.45
0.2 @ 1.0GHz 49 @ 1.0GHz 14L QFN
SPAT RTC8614U 0.3@ 2.7 GHz 34@ 2.7 GHz 32 2.0x2.0x0.6
0.4@ 3.8 GHz 29@ 3.8 GHz
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Automotive Product Portfolio

5GHz full FEM 5GHz RX FEM 6GHz RX FEM EPA e @
AGH: TX [ i
-- RTC1630 (3mmx3mm) -- RTC1631 and RTC16504 -- RTC16xx = iy > T 4 ?;\ :
- PA+LNA+SW -- SW+ LNA -- SW+LNA _ : e
-- pass AEC -Q100 Level 2 -- pass AEC-Q100 level 2 o L | LA E
EFi - WiFi 0 i
WIEEEIV]) support 802.11p PHY/MAC R DT ";
2.4GHz full FEM 2.4GHz RX FE'Z' R -
. RTC1620 (3mmxamm) -- RTC1621 and RTC16206 | |
-- PA+LNA+SW - SW+LNA 00| |2 24GHz RX
- pass AEC -Q100 Level 2 ~pass AEC-Q100 leve o
- _?"R?Z fg:zs‘(:fm';” WiFi6 SPDT and SP3T for WiFi 6E and UWB
A A ——— ——— -~ RTC16004 (SPDT)
- RTC1603 (SP3T) -- RTC16006 (SP3T)
-- pass AEC-Q100 Level 2
/ SPDT (Up to UWB) SPA4T (Up to UWB) \
-- RTC86102EU/FU (1.1mmx0.7mm) -- RTC86104CU (1.1mmx1.1mm)
-- RTC86102GU/HU (0.95mmx0.6mm) -- RTC86104DU (0.95mmx0.95mm)
--ES:2021/Q2

LTE LNA (L/M/H)

LNA Module GPS LNA
- gon-BijSZ -- LNA+SP5T — --RTC8604 (L1 Band)
-- Bypass Mode --QFN1.1*1.9 -- RTC9601N (L5 Band)

k --QFN1.1*0.7 /

™ Compliant with AEC-Q100

RichWave
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RichWave
Radar Sensor in
Home, Consumers, Industrial and

Car

V1.3

Dec 2021
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Radar Sensor’s applications

Home
- fQ

Smart Lighting  Smart white goods  Smart Speaker  Smart Security  Presence Detection

Industrial

HNOLOGY | l
ITHING

i anntl

-0'..:
.
....

UAV Industrial transport  Level Detection

and Robotics

Car

J. i

STO Blind side/ parking  Child Presence Anti-Theft  Driver Monitoring RichWave
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WW Radar Sensor Market

VERIFIED
MARKET $37.80
RESEARCH BILLION

$11.88
BILLION

Global
Radar Sensor Market

2021-2028

Global RADAR SENSOR Market

OPPORTUNITIES AND FORECAST, 2021-2030

Global Radar Sensor Market is
expected to reach $33.14
Billion by 20320

Growing at a
CAGR of 13.10%% (2021-2030)

Source: Verfied market research, Allied market reserach and Yole developpement website

90
80
70
60
50
40
30

Consumer, Home appliance - 56% growth from
2020 to 2025

In-Cabin sensing - 72% growth from 2020 to
2025

Volume In-Cabin Sensing Market

(Munits)

2018 2019 2020 2021e 2022e 2023e 2024e 2025e
EDMS mOMS mPM2.5
RHichWave
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Product with Richwave sensor

Home Appliance Car Security Smart Lighting
o2k ysichs /
- AN E A
BERRING, AXANERENRFHRRRES,
B R LIRF B E R, BAKRERES-8H,
FaRE120
Energy saving — When it detects an event, such as a
Presence detection with bump, break-in, tow-away or an
distance information attempt to open the door. RichWave
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More projects on-going with partners (Video)

NB Application Level Detection

Rihiave

Demo device

RTC6031 radar
sensor module

Radar, sen ordetects

- user’s presenceland wakes up'system

n 2021-1102

RichWave
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More project on-going with Partners

Presence Detection Vital Sensing

ACCURATE RADAR SENSE
R n e AREE
(EEBER R

‘ RADAR SENSE

R E \REE
EEEHRRER
?;lﬁﬁaﬁ a“S'ZmEE;%g%;JNe% Column: Amazon wants to use radar so Google 1—14 Nest Hub s 2
ermostatiEHECRZ FRE AR A o
AR - PEREEE Alexa can watch as you sleep Res R E
B8 = S SR RichWave

*FCC issued approval
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RichWave Microwave Sensor Roadmap

2020 2021 2022

5.8GHz Sensor UWB Radar Sensor
(RTC6012) (RTC6013/6022/6031)
e QFN2.2x2.2 e QFN 5x5
e Single antenna e 1TXantenna, 1 RX antenna
* Very low operation current (50uA) e DSP with Algorithm GIObaI UWB Radar Sensor

Motion detection * Motion + Range detection (1T2R,AOA) RichWave
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RichWave

2D Dynamic Tracking Demo
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RichWave

Quality and Production

TS Liou

Dec. 2021

Copyright © RichWave All rights reserved.



Quality Assurance

* RichWave Quality Policy p
Continuous Quality Enhancement to < ZeroDefect

Achieve Customer Satisfaction “.Qualified by AEC-Q100

AUTOMOTIVE

oWe _ _
‘. Needs MM Satisfaction
a2 Customers

Checked by DFMEA/ PFMEA

) .O'-‘Design for. Manufacturing
w S  CONSUMER ‘-

New.Product Introduction

1S09001/QC080000
CERTIFICATION

Quality /. Environment. Management System RichWave

Design for Reliability.."

“,3 Party Audit
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PDCA Oriented Quality Management System

L e e LT ~. S AIIIIIIIIIIIIIIIIIIIIIIT -
» Market Share Plan « DFMEA
» Cost Evaluation » TestPlan
eGP Commitment  Reliability : HTOL /HAST /TC /ESD..
« PPAP

Qualification

‘ _______________ N
e CIP/Zero Defect DPPM

Control Action R 1 S —— o
Do -  Partnership Supplier Management
Customer service MP Monitor e GAGE R&R
* PFMEA/SPC
e ORT: HTOL/ESD/ Pre-con / UHAST...

Corrective
B’ Actions

Change Check

* FA/CCN Service

» SOP Standardized I e

* ECN Review Board
e PCN Distribution
» EOL Notice

RichWave
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Good Efficiency and Protection for Quality Guarantee

.................. SecurityProtection

* File Sharing with

Product Life Management platform Joint Party

NPI (Wafer / Material) Design Rule
ENG. Change Knowledge Management

®
ofo

End of Life ¢l :
& ==

Suppliers

0{0
MM

Customers
Datasheet

Marking Spec FCST/ Production
Bonding Shipment

Qualification Report !

., °
.....
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo

e Customer Service

RichWave
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Process / Material / Package Roadmap

2021 2022

< DN DN [N DO
|_
ql_) * GaAs e GaAs e GaAs * GaAs
> e SiGe * SiGe * SiGe * SiGe
‘5 * GaN e GaN
<
3 I B R
0
O] ¢ GaAs * GaAs e CMOS/SOI e CMOS/SOI
E e CMOS/SOI e CMOS/SOI * GaAs * GaAs
@)
<
3 I B
P
% * |IPD e |PD * |PD/wafer & Substrate type
® e SAW * SAW * SAW
o e BAW * BAW

e QFN /DFN (thin) e QFN / DFN (thin) e QFN /DFN (thin) e QFN /DFN (thin)

e LGA +CSP e LGA +CSP * LGA + CSP (thin) * LGA + CSP (thin)

e WLCSP  WLCSP e AiP/AoP e AiP/AoP

e WLCSP e WLCSP

RichWave
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Testing Roadmap
2021 2022
Flexibility & Compliance

nl SoC and Wi-Fi 6E/7 (Low EVM noise
- | floor)
ST o - Radﬁsors
) o Indu . Automotive Certification

Advance Testing Platform

$G9000, GS 12C, NI STS T4, RedDragon
Low/High temperature characterization />-Cohu

O
High Quality & High Efficiency
Cost Competiveness >R<]
Dual/Quad-site production = @

RichWave
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ESG - Supply Chain Management

* During recent years, in addition to Revenue and Profit, RichWave has paid more attention to
sustainability goals and strengthened three sustainable management capabilities, including
environmental sustainability (Environment) * social responsibility (Social) and corporate
governance (Governance). A Sustainable Project Team was established this year, the Quality
Assurance Department of the Supplier Cooperation Unit is responsibility for monitoring the
environmental protection, occupational safety and health, labor and human rights of the
supply chain to ensure compliance with legal requirements and fulfill social responsibilities. In
2021, RichWave conducted a comprehensive audit of 23 major suppliers focusing on three
major supply chains including wafers, packaging, and testing, with an audit coverage rate of
100%, and found the suppliers who has completed our audits are facing the challenge of ESG
positively and aggressively.

RichWave
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RichWave

Thank you

Followuson: ] 3

For more information, visit us at:

www.richwave.com.tw
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https://www.youtube.com/channel/UCbj4-AxD_nbmPLMaKVWBalg/videos�
https://www.linkedin.com/company/richwave-technology-corp-4968-/�

RichWave

2021, 2022 China Carrier Business Brief

Kick Huang

Dec. 2021
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China Gateway Tender Market

Unit: (000s)
Spec 2021 2022
Single-band Wi-Fi GPON 33,000 6,000 -82%
Dual-band WiFi5 GPON 27,000 30,000 11%
Dual-band WiFi6 GPON 9,500 66,000 595%
Dual-band WiFi6 10GPON 3,000 8,000 167%
Total 72,500 110,000 52%

120,000

100,000

80,000

60,000

40,000

20,000

72,500

3,000
9,500

2021

110,000

8,000

66,000

6,000
2022

Dual-band WiFi6 10GPON
Dual-band WiFi6 GPON
® Dual-band WiFi5 GPON

Single-band Wi-Fi GPON

RichWave
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RichWave

Thank you

Followuson: ] 3

For more information, visit us at:

www.richwave.com.tw
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https://www.youtube.com/channel/UCbj4-AxD_nbmPLMaKVWBalg/videos�
https://www.linkedin.com/company/richwave-technology-corp-4968-/�
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