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USB signal impedance

USB specification requirements:
« USB 2.0 differential impedance: 90 ohms +/- 15%
« USB 3.2 differential impedance: 72 ohms (min) / 120 ohms (max)
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Impedance calculation
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Impedance impact on USB 2.0 signal quality

Matched Mismatched
90 N0<->900<->900 90 N0<->1000<->90Q

tirﬁe. ns - ’ time, ns
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USB signal trace length

4 )

Microstrip propagation delay in ps/in

tpp = 85 % ,/0.475 x &, + 0.67

\- /
Internal RKM wire length mismatch for TUSB8040
Bond wire Difference
Signal name Pin # length (mil) (mil)
USB_SSTXM_UP A42 125 28
USB_SSTXP_UP B39 97
USB_SSRXM_UP B40 89 20
USB_SSRXP _UP Ad4 109
USB_DM_UP B42 81 22
USB DP_UP A46 103

USB SuperSpeed trace length matching with
serpentine routing
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Trace length impact on USB 2.0 signal quality

Short trace length (2”) Long trace length (10”)

differential signal, W
differential signal, W/
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Matched length impact on USB 2.0 signal quality

Matched length differential pair Mismatched differential pair — 1.5 inches
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Matched length impact on USB 2.0 signal quality

Matched length differential pair Mismatched differential pair — 7 inches
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Printed circuit board stack-up for USB signals:

Sample motherboard stack-up
Ideal 4-layer stack-up :

Surface

Dielectric

1 TOP Conductor
Dielectric
02_GND1 Plane

FRIMAERY

Dielectric
3 03_SIG1l Conducto:
Dielectric
4 04 GNDZ Plane
Dielectric
5 05_SIG2 Conducto:
Surface Dielectric
€ 0&_GND3 Plane
1 TOP Conductor semissmm
7 07_SIG3 Conducto:
. . Dielectric
Dielectric 2 08 GuDS Plane
Dielectric
5 05_PWR1 Plane
2 LZ GND Plane Sierecirie

10 1l0_PWR2 Plane
= = Dielectric
Dielectric
11 11 _GNDS Plane
Dielectric
12 12_SIG4 Conducto:

3 LB_VCC Flane

Dielectric
' ' 13 13_GNDE Plane
Dielectric A
14 lnl_S IGS Conducto:
Dielectric

4 BOTTOM Conductor

15 15_GND7 Plane

Dielectric

Surface 1€  BOTTOM Conductor

Dielectric

Surface
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PCB stack-up impact on USB 2.0 signal quality

Solid ground plane reference No ground plane reference — 2 layer boards
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Short quiz

1.

True or False: The spacing between the two signals of a differential pair impacts the
differential characteristic impedance. ‘\\\‘;

t\‘\

True or False: As long as the traces of a differential pair are matched in length, the
total length has no impact on signal quality. ‘ﬁ\‘*
AP

True or False: The traces of a differential pair must be perfectl(g,\‘x,
matched in length. \1\\ o

True or False: High-speed differential pairs should be routed over a solid ground
plane when possible.

‘\‘\‘f\\\‘)
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Thank you

e Tl.com/e2e
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E2 E ™ su p po r't fo rums > Forums Technical articles Tl training Getting started

Welcome to the TI E2E™ support forums

Find expert answers to your technical questions
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