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Synaptics Wireless Products Enable Connection
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Sample Wi-Fi/BT Combo Chip Block Diagram

* Tri-band (2.4G, 5G, and 6G) Wi-Fi with integrated Bluetooth (BT), various communication
protocol support and power supplies
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Typical ATE Tester Configuration for Wi-Fi/BT

= Ex: Teradyne UltraFLEX RF w/ 1024 Digital Channels, UltraWave24 with MX8

= Specifically, the RF instruments support:
24 ports to support frequency below 6GHz
8 independent ports support frequency range up to 7.5GHz for Wi-Fi 6E or Wi-Fi 7 testing

RF Specs

Frequency Subcarrier Max. CC*
Bands spacing

<3.5GHz 15 kHz

2-6 GHz 30 kHz 50 MHz

3.5-6 GHz 60 kHz

" 55-7.5GHz
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Key Challenge: How to Test RF Performance at Low Cost
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Ex: Quad-Site Probe Head for Direct-Dock ATE Test
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Multi-site testing to reduce tests cost

Ensuring RF performance with minimal site

interaction and signal loss
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First: Power Up the Device

= Resources/Instruments with different voltage and current specifications
= Narrow down the number of test sites based on how many individual power supplies need to
be used during test

Ex: 80 DCVI channels
RF Front End
® '2 to +7 V JTAGISWD (_LN»I;-‘?snam!_I.|
. Switches)
* +1 A continuous ) PCI Express eEE EEE TrkBand

(Gen1) ” . o .
210,:\(':1 ;f‘i Sp?.ﬂ'(1 1 A HT80 (5G/5G)
e e HT40 (2.4G)

«——LED
External Blustooth

*+—Coexistence

Ex: 256 DCVS supplies
* 2to 18V (dependingonl..)
* 0to800 MA e
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Next: Communicate with the Device

= |nterfaces need to be assigned with digital channels
= Further narrow down the number of test sites depending on how many digital pins we need
to source/receive from each site

* Ex: UltraPin1600 TAGIEWD RF Front End
. . . ! (LNAs and
e Digital instrument that Switches)
q g 0 Tri-Band
drives/receives signals ¢ el Sxpress e Jeee Radio
to/from DUT up to 2 [l vac 22 Prv2<2 BT O
1600 Mbps 5

+——LED
oTP
Exter_nal (16 Kb) Bluetooth
WF
PMU
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Finally: Test the RF

= The number of independent RF ports ultimately determines how many test sites can be tested

in parallel

JTAG/SWD
PCIl Express
(Gen1)

+——LED

External
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IEEE
802.11ax
MAC 2x2

oTP
(16 Kb)
PMU

IEEE
802.11ax
PHY 2x2

Tri-Band
Radio
HT80 (5G/6G)
HT40 (2.4G)

Bluetooth

Confidential

RF Front End
(LNAs and
Switches)

Ex: MX8
 8independent ports,
with up to 7.5GHz
Ex: UltraWave24
* 24 RF ports per
board, 6GHz source
and measure
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ATE HW Schematics

= Start to build a schematic version of our ATE load board or probe card solution

SYNAPTIC
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ATE HW Schematics: Critical Components Placement for RF

= For RF traces, short and simple to reduce impedance mismatch
= Typical connection:

als att t
6G Tx \ SMP

connector cable

RF instrument

6G Rx sl

RF switch
2G Tx e e ttenuato

PACH

JL
T

= Note for RF switch:
* low insertion loss ensures minimal signal loss
* high isolation avoids interference from switching
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ATE HW Schematics: Critical Components Placement for non-RF
XTAL clock

Crystal Filter

—
olz oz

«o Xtal for DUT PLLs

>0 2
=1° viro =P

J8S4UPAC-SRC1_N _2\’%\/‘:’_"_\ i
Ex: UltraFLEX DUT_CLK =3
6 3

72

—“——_J1554.HSD3
®
J24S3UDB_75

Power supply

Scale: 0.5mm
(https://global.kyocera.com/newsroom/news/2023/000715.html)

Decoupling caps

1 - pe | sense at P6
13120V5256.CHB9-F-S *> WRF_AFE_VDD_V1P12_core0

| 11C7_0 . J1C15_0 P4
1o LN (RS

WRF -PMU_TX_VDD. V1P12_core0
| [l {5 WRF_AFE_VDD_V1P12_corel
WRF_-PMU__TX_VDD: V1P12

~ DUT power
v = May affect RF performance

J12UVS256.CHI5-F-S

J12UVS256.CH29-F-S *»

» Xtal: Crystal
DUT: Device Under Test
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General Guidelines for ATE HW BOM Selection / Layout

Selecting proper components
* Know target test conditions

Size selection is a key
* Place components as close to DUT as possible

Prioritize placement
* Space is limited

Aligning components in the same direction
* Help routing and reduces soldering errors

© 2024 Synaptics Incorporated Confidential O SvnOpthS 13



PCB HW Routing and Grounding Recommendations

= Prevent long trace ITOD layer: 6GHz traces

* the bigger the resistance, capacitance and
inductance

* greater the chance of crosstalk

] ]

RF switch & .. 2

= Keep trace width consistent so impedance is

even

Ground
) stitching

= Take turns with trace angle of > 90 degrees

* avoid sharp angles to prevent signal reflection Attenuator

Cap

= Parasitics

* Natural characteristic of the PCB, in the level of nH
and pF No sharp-bending

* How to reduce parasitic: f )
v Use ground shielding for sensitive traces “DUT DUT
v Increase space between traces
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Suggestions for ATE HW Stack-Up

= ATE load boards are complex PCB designs
composed of many, many layers!

I B  TOP METAL € 6G Traces
I B D B B S(G & 2G Traces
= Recommendations: I N B B SG
I B B BN PR
. N
* Insert ground layers Sle
* Separate RF trace to different layers when
possible
—  Reduces interference
— Top layer is a cooling path with less thermal I DN PWR
I M E—
I . S|G
I . S(G
BTM METAL
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Impedance Simulation to Ensure Success

= PCB impedance calculator

Eile

© 2024 Synapitics Incorporated

15t [ayer 6G RF trace impedance is
estimated 50.13Q

il Untitled - CITS23 Differential Controlled Impedance Calculator

Structure  Help

Surface Coplanar Line

-

Worid Leaders in PCE
Faulifinding and Conirolled
Tmpedance Measurement

e 3 ayer 2.4G RF trace impedance is
estimated 50.1Q

ak Untitled - CIT525 Differential Controlled Impedance Calculator
File Structure Help

 F - O O % O i i G

Offset Coplanar Stripline

World Leaders in PCE
Faunlifinding and Controlled
Inpedance Moasurement
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S-Parameter Simulation: What To Look For

= S,;andS,; simulation are for signal integrity and power loss evaluation

* S,; — Input Reflection Coefficient
v S;;= Reflection power / Incident power (<0db)
v The smaller the better

e S,, —Forward Transmission Coefficient
v S,,=Transmit power/ Incident power (<0db)
v Measures insertion loss

Incident wave _Transmission :
) S, Transmit wave

S,; Reflected wave i Line
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S-Parameter Simulation Example

= Taking RF trace from SP4T switch (SK1_0) to SMP connector (RF1_0) for simulation:

e §,,=-32dB :0.063% power is reflected
* S,,=-0.2dB : 95% power are transmitted

ya o)
C+3 3V .
C96_0 RF switch (SP4T)
SKI_O 2.2uF I t RF C X t
B : c ) ‘onnector
DO_WRF_RFIN_5G_COREO > 18 RT1 VDD 27 27201
DO_WRF_PAOUT_2G_COREO & 7 \RF2
. e . 23 \E; 5 QO)rrio
DO_WRF_PAOUT_5G_COREO > 3 RE: o -
~ 2 |[RF4 &e————_J24S3UDB_109
)=
DO_WRF_RFIN_2G_COREQ » ———2 \RE¢ V(30 ¢ 12493UDB_96
VSS_EXT| 31

((1'2)s)ap

IC_SWITCH_PE42540E-Z =

=
.l
[Z]
@

Q) synaptics 18

© 2024 Synaptics Incorporated Confidential



General Guidelines for Routing and Simulation

= Apply proper dimension
* To ensure required trace impedance :

. . . Y v e i =hn 5
= Maximize spacing for critical traces . 1 £
= Use proper grounding / shielding SIS S N 5 B B e P ’
*  Ground stitching between traces B | e e e o T TR - o
. . , i '._};‘;-,;"3}\.-."“:‘:"'J.-#;'I’;:. T M e e "
* Ground layers for isolation A _
'r ’ e" :_'f'
* Use RF cables for long distance transmission .. B . Sk, Sk, 3
AT F B R AT T A i3 Jigi- (T Ry
=  Perform simulation
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Multi-Site Production Test Results and RF Performance

= System level EVM measured on multi-site ATE HW
exceeds datasheet rating
* Ex: EVM =-32 ~ -35dB across ALL sites
v TX power = 10dBm at 7115MHz

v BW20MHz OFDM
v 256 QAM

= Constellation plot recreation on ATE also exceeds
requirement

* 1Qgain
* Phase mismatch

© 2024 Synaptics Incorporated Confidential
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Conclusion

= Best practices applied throughout HW design ensure optimal RF performance and
measurement across all test sites

= Test cost reduced by enabling multi-site RF testing and increasing test efficiency

= Effectiveness of the guidelines shown via EVM measurement, 1Q gain and phase mismatch,
no yield loss differential between single-site and multi-site test results

= Everyone can design and utilize a highly multi-site ATE solution with high performance and
low cost
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