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Background: UWB for High-Precision RTLS B@@

Background & Challenges:

» Based on IEEE 802.15.4z Standard, Ultra Wideband (UWB) Technology Provides Decimeter-Level Precision Positioning
Capabilities, both Indoor and Outdoor, Enabling Key Applications such as Real Time Location Services (RTLS)

» UWB Operates in Several 500MHz/1GHz Channels in the 3~¥7GHz Frequencies Bands, Providing Four Data Rates from 110
kbps to 27 Mbps

» Both Antennas and RF Front-Ends (PA/LNA/Switch) Capable of Wideband Operation over 500MHz~1GHz Bandwidth are
Critical for Successful Deployment of UWB Systems

UWB Frequency Channels

Centre Frequenc Band Bandwidth

UWB Channel Number (MHZC; - (MHz2) (MHz2)

1 3494 4 3244.8 - 3744 499.2

2 3993.6 3744-4243.2 499.2

3 4492.8 4243.2-4742.4 499.2

4 3993.6 3328 —4659.2 1331.2*

5 6489.6 6240 - 6739.2 499.2

7 6489.6 5980.3 — 6998.9 1081.6*

Source: Decawave DW1000.

This AppNote Introduces a Complete UWB RF Front-End Solution Based on BHWA350 PA and
BHWM552 Rx Front-End IC, which Delivers up to ~17dBm Tx Power and 1.6dB NF in the UWB
B2 Band. Support to Other UWB Bands is Available Upon Request.
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BHWA350 & M552 Combo Breadboard B!!Qg

Application Schematic
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Recommended BOM for UWB B2 (3744-4243.2MHz):
» C1=C2=10pF, C3=1uF, C4=C5=100pF, C5=1uF
»L1=L2=8.2nH

»R1=68 Ohm, R2=3 Ohm

s
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»BHWAS350 cascade provides ~18dBm maximum power and ~20dB gain at 5.8GHz at Vcc=5V
»BHWM552 provides ~0.8dB insert loss in Tx mode, resulting in ~17dBm Tx power at antenna
»BHWM552 provides ~1.6dB noise figure at antenna, with ~10dB Rx gain in the 5-6GHz band
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BHWA350 & M552 Combo: Tx S-Parameters ﬁﬂﬁ,

Tr 1 Fef 0.00 dB S11 Tr 2 Ref 0.00 dB =21
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-20F---- TRRREE SAREEED REREEE ERREE 1----- 4------ oo be--e- [RRLERE |1 EEETCEELECEE R EEE TECEY PEPTETEICETE SCELOE TRETEI CEPRRTEREREY
i OO IO HORRE SORNRS MO ORORL DN S MO i i S S S
Data ... e b Data gy 1 5p0n000 GHe 26,01 dB
- M1:3,5000000 GHz -8.662 dB | | M2: 4,5000000 GHz 22,17 dB
Cal "‘ME 4.2000000 GHz -8.238 dB \cal | M3: 5.5000000 GHz 20,00 dE
O L f'-'13 5.5000000 GHz 2,726 dB oMU
Tr 3 Ref 0,00 de S1z2 Tr 4 Ref 0.00 dB S22

;"'Ml. 2.2000000 &EHz

M2 4,5000000 GHz -43.25 dB P M2 4,5000000 GHz
Zal : M3 55000000 GHz -42.12 dB HiCal M3 5.5000000 GHz
L 0 1! 1 S
Start 3,000 GHz IF B\ 10 kHz
Foints 201 Avg 1 Output Power -30.0 dBm

Notes:

-BHWA350 DC Bias: Vcc=5V, lcq~76mA

-BHWM552 DC Bias: Vdd=CTX=3.3V, CRX=0

-Measured data includes SMA connector/adapter and PCB feedline losses (estimated total ~0.4dB at 5.8GHz)
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BHWA350 & M552 Combo: Rx S-Parameters ﬁ“ﬂﬁ,

AW Refo.00de Si1 Tz Refooode 521
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10.0 ' L ¥ IR I A e e 10.0 S S S A SR SR O
B rtes TETTSI TISRY ERRSE SRS SURTN SR LR R T T e R
dEI B OO SO O SOOI O SO SO SO0 SO dEI S i e i W s st e e
e ot it Dala ey 35000000 GHz 12.69 dB
: M1 3.2000000 GHz -9.803 dB E - M2 4,5000000 GHz 10,69 dB
cal | #M2: 45000000 GH: 9014 dB /Cal | M3: 5.5000000 GHz 8.714 dB
oMU || M3: 5.5000000 GHz -8,095 dB oNu
"G RefoOOdB S T4 RefOoode S22
—
Log
10.0
B
Data Data  m1: 3,5000000 GHz 814 B
 1M2: 45000000 GHz -18.43 B g | M2: 4,5000000 GHz -12,43 B
Cal s M3 2.0000000 GHz -18.82 dB HiCal : M3 5.5000000 GHz -30.83 dB ;
Start 3,000 GHz IF B 10 kHz Stop 6.000 GHz
Foints 201 Avg 1 Cutput Power -30.0 dBm w227 ms
Notes:

-BHWM552 DC Bias: Vdd=CRX=3.3V, CTX=0, ldg~14mA
-Measured data includes SMA connector and PCB feedline losses (estimated total ~0.4dB at 5.8GHz)
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BHWA350 & M552 Tx Power Sweep at 3.5GHz
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Notes:

-BHWA350 DC Bias: Vcc=5V, lcq~77mA
-BHWM552 DC Bias: Vdd=CTX=3.3V, CRX=0

-Maximal Output Power at Antenna Port is ~19dBm at 3500MHz, including Insertion Loss of the Switch inside BHWM552
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BHWA350 & M552 Tx Power Sweep at 4.5GHz
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Notes:

-BHWA350 DC Bias: Vcc=5V, lcq~77mA
-BHWM552 DC Bias: Vdd=CTX=3.3V, CRX=0
-Maximal Output Power at Antenna Port is ~18dBm at 4500MHz, including Insertion Loss of the Switch inside BHWM552
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BHWA350 & M552 Tx Power Sweep at 5.5GHz
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Notes:
-BHWA350 DC Bias: Vcc=5V, lcq~77mA
-BHWM552 DC Bias: Vdd=CTX=3.3V, CRX=0

-Maximal Output Power at Antenna Port is ~17.5dBm at 55600MHz, including Insertion Loss of the Switch inside BHWM552
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Appendix 1:

BHWA350 Standalone EVB Test Data
5V Cascade for 1-6GHz
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Application Schematic for 5V Cascade Implementation BHW
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Recommended BOM for Vcc=5V Single Supply Application:

DC Block: C1=C2=C3=10pF
DC Feed: L1=L2=8.2nH
Vcc Bypass: C4=100pF, C5=1uF

\ | RF
O
/| Output

R1=68 Ohm, R2=3 Ohm: R1/R2 can be increased to lower current, if Gain & Pout meet target specs
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BHWA350 EVB for 5V Cascade Implementation B!!q_ﬂl@jl

\\\\\\\

A350

DC Block: C1=C2=C3=10pF Orientation
DC Feed: L1=L2=8.2nH

Vcc Bypass: C4=C5=100pF, C6=1uF

R1=68 Ohm, R2=3 Ohm: R1/R2 can be increased to lower current, if Gain & Pout meet target specs
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BHWA350 5V Cascade EVB: S-Parameters BHW
NER

Typical Small-Signal S-Parameters: 2-5GHz

W | F=f0.00 B S11 "2 RefOO0cB  S21
= gg:::::::5::::::5::::::5::::::5:::::::5::::::5::::::5::::::5:::::::5:::::: =
log | A0y g Lo
wo | UG O .,
=20 ----- domonadennans R DT RELDEESEEELD RRLELE SELECT LI

N B OO OO O SOt ANt O SO SO SO O o i o
Data | oo eers e DAt gy 2 5000000 GHz 31.94 dB

ML 2,3750000 Gz -11.74 dB E | MZ: 3,5000000 GHz 27.01 dB
cal | M2 31250000 GHz -9.93z dB ‘cal M3 4.5000000 GHz 23.02 dB
N L 4‘['-'13 4.5000000 5Hz -3.438 dB fomMo* -
Tr 3 REFEI oo de =12 Tr 4 Ref 0.00 dB 522

Data Data  ep1: 2,5000000 GHz 14.86 o

| M2 2,5000000 GHz 46,27 dE g | M2: 3.5000000 GHz -15.37 dB
Cal M3 45000000 GHz 50,00 dE ical | M3 4,5000000 GHz -10.10 dB ;
Start 2,000 GHz IF B 10 kHz Stop 5.000 GHz
Foints 201 Avg 1 Cutput Power -30.0 dBm Swh 227 ms

-Bias Setting: Vcc=5V, lcq~77mA
-Measured data includes EVB and SMA connector losses; Actual S21 is 0.2~0.4dB higher
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Typical Small-Signal S-Parameters: 5-6GHz
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Data iData  lap1: 5.1500000 GHz 11,02 d '
| M2: 5.5000000 GHz 46,67 dB g | M2: 5,5000000 GHz 112,58 dB

Ca M3 5.8500000 GHz 45,20 dB ‘Cal i M3 5.8500000 GHz -16.42 dB |

Start 5.000 GHz IF BW 10 kHz Stop 6,000 GHz

Foints 201 Avg 1 Output Power -20.0 dBm Swp 191 ms

-Bias Setting: Vcc=5V, lcq~77mA
-Measured data includes EVB and SMA connector losses; Actual S21 is 0.4~0.5dB higher
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BHWA350 Cascade 5V CW Power Sweep Data B!!IE?I

BHWA350 5V Cascade CW Power Sweep at 2.45GHz
Frequency=2450MHz, Vcc=5V
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Notes:

-Bias Setting: Vcc=5V, lcq~77mA
-PCB trace and SMA connector losses not de-embedded.

BHW Technologies Confidential 14



B,
BHWA350 Cascade 5V CW Power Sweep Data 8!51!

BHWAS350 5V Cascade CW Sweep at 3500MHz, Raw Data
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Notes:

-Bias Setting: Vcc=5V, lcq~76mA
-PCB trace and SMA connector losses not de-embedded.
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BHWA350 Cascade 5V CW Power Sweep Data B!!Ig?l

BHWA350 5V Cascade CW Sweep at 5800MHz, Raw Data
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Notes:

-Bias Setting: Vcc=5V, lcq~76mA
-PCB trace and SMA connector losses not de-embedded.
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BHWA350 PCB Layout Recommendations ﬁ"ﬁ\ﬁ
SEEEEE

Example of BHWA350 EVB Layout (5V Cascade)

BHWA350 V5.0

Notes:
-To achieve best RF performance please use 4-layer PCB stack, with 8~10mil RF layer thickness (Top Trace & Layer2 GND)

-To minimize loss please select FR4 substrate with low DF(0.01 or lower), e.g, 4751000, £ ¥ETU-872
-Pay attention to 50 Ohm line impedance control for the PCB materials used for your project
-Use sufficient (3~6) vias underneath & neat the device GND pad, as shown. Via diameter ~ 12mil, Via pitch ~ 20mil
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Appendix 2

BHWM552 Standalone EVB Test Data
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BHWM552 5GHz LNA+SW Rx FE IC @@

Functional Block Diagram

Product Overview:

1o e i 6 » Advanced GaAs E/D-pHMET Process

o » 4-6GHz Operation
SPDT » Low Tx Insertion Loss: ~0.8dB
5 . > Low Rx Noise Figure: ~1.6dB
1 LNA » Low LNA Current: ~14mA

» Rx Gain: ~10dB at 5GHz

; ;Q‘ . »Input P1dB: ~+3dBm at 5.5GHz
» Fully Matched Input & Output Ports (for 5GHz)

» Integrated DC Block Capacitors on all RF Ports
Package Pin-Out - » Minimal External Components
(Top “See-Through” View) > ESD Protection on All 1/0O Pins: 500V HBM

» Ultra-Small 1.5x1.5mm DFN Package

ANT | 1 6 | TXIN
Applications:
> Wi-Fi IEEE 802.11 5.15-5.85GHz Products
RXOUT | 2 GND PAD 5 | CTX > UWB B2/B3/B5/B7 Products

» 5G Band N79 4.4-5GHz Driver

» Remote Control for Drones/UAVs/Toys
vob | 3 4 | CRX > Wireless Audio/Video in 5-6GHz

» Generic Amplifier for 4-6GHz Radios

DFN-6L 1.5x1.5x0.55mm
BHW Technologies Confidential 19



BHWM552 EVB with Prelim BOM

VDD
CRX
GND

Application Schematic

TXIN

ANT

L1

L=L1
§ R= C I
ci DFN_1p5x1p5
M552

c e
c2 C3
C=C2(Optional)—__ C=C3(Optional)

V. DC V. DC V. DC
+| vDD +] CRX +] ¢TX
— Vdc=VDD — Vde=CRX  — Vdc=CTX

RXOUT

Notes:
-L1=5.6nH (Murata LQW15A Recommended; Optional for slight improvement in Return Loss), C1=1uF
-Place C1 close to Pin3 for best decoupling
-Decoupling cap for CRX/CTX can be omitted for small-size PCB design with short control lines. Otherwise use 1nF each pin.
20
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BHWM552 EVB: Tx Path S-Parameters

A Ve
BHW
A

RAW Data at VDD=3.3V, CTX=3.3V, CRX=0V

W |Fef 0.00 08 511 Trz  Ref0.00de 521
| gl s T SO SO JOUR AUOL SO NS SO
] R frosrdseensdren s et e ] % [SOR SO S DU SO S SIS SO
og | 20 P - i S als) DR SR NS S SRR . R S

Dlg;-ﬂ ----- E} """ S N j'i'r """ 1 0, Clpe ; 'i ; ; ﬁ -
10,0 | it iR S I W 10,0 AT
dB/ T ey :é b

B Rt '.-----.:------i------r ----- .' ----------------------------- o B e o e e e e
Data | -o.- e e e batE e 4, 5000000 GHe 0.9822 dB

: M1: 45000000 G -15.54 dB | | M2: 5.0000000 GHz -0.9547 dB

cal | M2i 5.0000000 GHz -16.70 cB 'Cal | M3; 5.5000000 GHz -1.018 dB
aN 1 ~M3 5.5000000 GHz -17.20 de oMy LT
7 Ref0.00de 512 Tr4  RefD.00 de 522
Gl S O U U S R R RO U St S O A S A A RO SO
] % :::::::::::::::1':::::::::::::%::343::::::z:_ﬂ:::::::::::::::L % S O S SO0 B S SO BOORE O
L OOV A S-S S . R . WO S | L1 U A S-S P Sy NI P S

N a— i&"} ___________ = 0, e S
10.0 O T A SO IO B S S 10.0 I S S R R SR s S s
dB/ :é O T St S SN SO MO SO SO I - :é 0000 S Bt S A e s s
Data Data  ep11: 4.5000000 GHz 12.07 ok

P M2: 5.0000000 GHz -0.9576 dB : | M2: 5.0000000 GHz -12.47 de
Cal ! M3 55000000 GHz -0.0842 dB ical M3 55000000 GHz -13.58 de
L o ! [ S
Start 4,000 GHz IF B\ 10 kHz Stop £.000 GHz
Foints 201 Ay 1 Cutput Power -10.0 dBm =wp 227 ms
Notes:

-Measured data includes SMA connector and EVB feedline losses. See page 8 for EVB THRU insertion loss at various frequencies.
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Raw Data AT VDD=3.3V, CRX=3.3V, CTX=0V, ldg~14mA

TSN F=f 0.00 dB 511 Trz2  Ref0.00 dB 521
P
Log
10.0
dEyf
Data | ... T Data '*r'-'11 4.5000000 GHz 10,66 db
i M1 4. 3000000 GHz -11.18 dB 5 M2 5.0000000 GHz 10.11 de
cal 0 M2 5.0000000 GHz -12.26 dB 'cal | M3 5.5000000 GHz 0,379 B
Al L7 #MS 5.5000000 GHz -14,10 dB oy L T mmmr e
Tr 3 REFD 0o de 512 Tr4  Ref0.00 db S22

Data :Data  len1: 4,5000000 GHz 9077 B

| M2 5.0000000 GHz -16.90 dE E | M2: 5.0000000 GHz -15.19 dB
Cal | M3: 55000000 GHz -16.56 dE 'Cal 1 M3 5.5000000 GHz -15.57 df |
Start 4.000 GHz IF B 10 kHz Stop 6,000 GHz
Foints 201 Avg 1 Output Power -20.0 dBm Swp 227 ms

Notes:
-Measured data includes SMA connector and EVB feedline losses. See page 8 for EVB THRU insertion loss at various frequencies.
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BHWM552 EVB: Rx NF

Stop 5.85000 GHz|
Loss Off Corr

Notes:

-DC Bias: Vdd=CRX=3.3V, CTX=0

-Test data included half of the SMA+PCB loss.
-De-embedded NF~1.6dB. See page 8 for details.
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BHWM552 EVB: CW Power Sweep Data @ﬁ
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Input Power (dBm)

—&#—Pout (dBm) ——Gain(dB) - Current(mA)

Notes:
-Vdd=CRX=3.3V, ldg~14mA, Frequency=5.5GHz
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BHWM552 PCB Layout Recommendations ﬁ"ﬁ\ﬁ,
SEEEEE

Example of BHWM552 EVB Layout

Notes:
-To achieve best RF performance please use 4-layer PCB stack, with 8~10mil RF layer thickness (Top Trace & Layer2 GND)

-To minimize loss please select FR4 substrate with low DF(0.01 or lower), e.g, 4751000, £ ¥ETU-872
-Pay attention to 50 Ohm line impedance control for the PCB materials used for your project
-Use sufficient (4~6) vias underneath the device GND pad, as shown. Via diameter ~ 12mil, Via pitch ~ 20mil
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Estimated Offset for De-Embedding
(After Considering Return Loss)

4
)
5.15
9.5
5.85

0.15
0.25
0.3
0.35
0.4

Notes:
-For S21, offset the above loss
-For NF, offset half the above loss

Ref 0.00 dB 521
i R S T T S AR
lq """"""""""""""""" |'5""'"""""'"""'"""""""I """"" ]'_ """'2'""'3 """""
a. 4 3 0 0 . O
_10 ------------------------------------------------------------------------------------------------------------------------------------
_2D ------------------------------------------------------------------------------------------------------------------------------------
S SRS USSR NSRS MO AN NS N MU A N
% SRRSO NSRS SN SN NSO U S S N
M1: 5.1500000 GHz -0.2641 dB M4 4,.0000000 GHz -0.1244 dB
M2 5.5000000 GHz -0.4574 dB MS: 4.5000000 GHz -0.2272 de
M3 5.8500000 GHz -0,5065 dB *ME: 5,.0000000 GHz -0.2162 de
Start 4,000 SHz IF By 10 kHz Stop 6,000 GHz
Faints 201 QOutput Poveer -15.0 dBm Swp 227 ms
us’ 511 Tz Ref 0,00 de S21

Ref0.00 db

M1: 4.0000000 GHz -23.64 dB
Cal M2: 5.0000000 GHz -18.52 dB iCaI
QL §¢M3: 6.0000000 GHz -13.10 dB =R

Ref 0.00 dB Tr4
= [-
Log %

1]

10.0 - 110,
db/ Z3nk- ]
Crata
Cal ECaI
Start 4.000 GHz IF B\ 10 kHz
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et S

..............................................................

;‘I'-"Il: 4,0000000 GHz -0.2223 dB
¢ M2: 50000000 GHz -0.2974 dB
(M3 6.0000000 GHz -0.5693 di

Bl S

;‘I'-"Il: 4,0000000 GHz -15.59dB
{ M2: 50000000 GHz -31.25de
i M3 6.0000000 GHz -10.85dB

Stop 6.000 GHz
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BHW RF Front-End AppNote Library BHW

In addition to standard datasheets and EVB/BOM info, BHW publishes an AppNote series
that address various topics on RF front-end design and performance over a wide frequency
range from 300MHz to 6GHz, as an effort to assist customers in developing cutting-edge,
cost-competitive products:

» BHW AppNote #001 - Cross-Over Cascade of BHWM253 to Boost Tx Power and Rx Sensitivity of BLE and 2.4GHz loT

» BHW AppNote #002 - Accurate Benchmark of GNSS CNO Using the Power-Splitter Method

» BHW AppNote #003 - Boosting Wi-Fi Tx Power and Rx Sensitivity with BHWA251 and BHWM252

» BHW AppNote #004 - UHF 900MHz RF Front-End Solution Using BHWA251 Half-Watt PA and BHWL160 Sub-1dB-NF LNA

» BHW AppNote #005 - Sub-1GHz Applications of BHWA350 2-in-1 Wideband Fully Matched Amplifier

» BHW AppNote #006 - Low-Noise High-1IP3 LNB Architecture for Dual-Band High-Precision GNSS Using Cascade of BHWL160

» BHW AppNote #007 - UWB RF Front-End Solution Using BHWA350 and BHWM552

» BHW AppNote #008 - High-Power 5.8GHz RF Front-End Solution Using BHWA555 and BHWM552 for ETC, V2X and Wireless Video
» BHW AppNote #009 - 5.8GHz RF Front-End Using BHWA350 and BHWM552 for Wireless Audio

» BHW AppNote #010 - Multi-Constellation GNSS Active Antenna Using BHWL161 Cascade and Single-Fed Dual-Band Antenna

» BHW AppNote #011 - BHWL161 Super-Compact Low-Power Low Noise Amplifier for Range Extension of 2.4GHz BLE, RC and loT
» BHW AppNote #012 - Enabling Cost-Effective High-Precision GNSS Using BHWL160 and Linear-Polarization PCB Antenna

» BHW AppNote #013 - Enabling Long-Range BLE AoA&AoD for High-Precision Indoor Positioning with BHW GaAs RF Front-End ICs
» BHW AppNote #014 - Designing Ultra Low-Power High-Performance GNSS Products Using BHWL160 GaAs PHEMT LNA

» BHW AppNote #015 - BHWL161 GNSS Full-Band High-Performance LNA in Super-Compact 1x1Imm DFN with Relaxed Pin Pitch

» BHW AppNote #016 - Improving GNSS NF Measurement Accuracy Using Broadband LNA BHWL161 as Pre-Amp

» BHW AppNote #017 - High-Efficiency, Low-NF 2.4GHz Front-End Solution for BLE & loT Using BHWA251 and BHWM252

» BHW AppNote #018 - Optimizing BHWA555 Wideband One-Watt PA for Long-Range 5.8GHz Transmitter Applications

» BHW AppNote #019 - Miniature 2.4GHz RF Front-End with Integrated Chip Antenna and BHWM253 for TWS and loT

> BHW AppNote #020 - Doubling the Range for BLE Music Streaming with BHWR250L Active Integrated Antenna (AIA)

Contact support@bhwtechnologies.com or BHW distributor/representative for your copy
of the above and new up-coming documents.
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