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Cable Electricals
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Sr. Principal Engineer, Intel
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USB Type-C® Cables and Connectors 

ÅFocus on C-to-C cable high speed electricals

ÅNo change to mechanical spec

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12

GND TX1+ ¢·мҍVbus CC1 D+ 5ҍ SBU1 Vbus w·нҍRX2+ GND

GND RX1+ w·мҍVbus SBU2 5ҍ D+ CC2 Vbus ¢·нҍTX2+ GND

B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1

Looking into the product receptacle:

RX2

TX2

TX1

RX1
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31 ѵӡ %=Fѳ !9:D= 1H=;

ÅUSB4 Gen2 cable electrical spec is 
identical to USB3.2!

ÅIt uses the same integrated S-
parameters, avoiding the S-
parameter mask as much as 
possible.

ÅKey spec items include:
ÅInsertion Loss Fit at Nyquist

ÅIntegrated Multi-Reflection

ÅIntegrated Return Loss 

ÅIntegrated Crosstalk

Mask

S-parameter mask-based spec creates 
too many false failure cases! 
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Insertion Loss Fit and Multi-Reflection
ÅInsertion loss, IL(f), represents the remaining signal after it travels thru the cable.

ÅIL(f) may be decomposed into Insertion loss fit, IL_fit(f) and multi-reflection, MR(f).

ÅIL_fit: uses a smooth function to fit the IL, representing the signal.

ÅMR = IL ҴIL_fit, representing the multi-reflection noise.

ÅIL fit at Nyquist frequency = IL_fit (Nyquist frequency):  
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USB4 Gen2 or USB 3.2 Gen2: 

USB4 Gen3: 

Added a f^2 term to make the fitting more robust

ILfitatNq
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System loss budget

ÅHost/device loss includes everything in the signal path from die to connector 
tongue.

ÅUSB4 Gen2 supports a 12 dB (2m) cable while USB3.2 Gen2 support only a 6 dB 
(1m) cable due to the difference in system loss budget. 

ÅHost/device loss budgets are informative only. 

Host Cable Device Total

USB3.2 Gen2 (10 Gbps) 8.5 dB 6 dB 8.5 dB 23 dB

USB4 Gen2 (10 Gbps) 5.5 dB 12 dB 5.5 dB 23 dB

USB4 Gen3 (20 Gbps) 7.5 dB 7.5 dB 7.5 dB 23 dB
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Insertion Loss Fit Spec
ÅUSB4 Gen3

ÅỈ ỀѲ < 9L Ѳѱѱ +&R

ÅỈ Ềѵҝѳ < 9L ѳҝѶ %&R

ÅỈ Ềѷ < 9L Ѷ %&R

ÅỈ ỀѸҝѶ < 9L Ѳѱ %&R

ÅỈ ỀѺҝѴ < 9L ѲѳҝѶ %&R

ÅỈ ỀѲѲ < 9L ѲѶ %&R

ÅUSB 3.2 Gen2

ÅỈ Ềѵ < 9L ѳҝѶ %&R

ÅỈ Ềѷ < 9L Ѷ %&R

ÅỈ ỀѲѲ < 9L Ѳѱ %&R

ÅUSB4 Gen2 (2m)

ÅỈ ỀѸҝѱ < 9L ѳҝѶ %&R

ÅỆ ỀѲѳ < 9L Ѷ %&R

ÅCable length mentioned in the spec is for reference only. Performance spec dictates cable length.

ÅConsideration to HVM variation is a must!

ÅSpec is meant for the worst-;9K=Ҟ FGL L@= E=9F N9DM=ҝ $GJ =P9EHD=Ҟ LG E==L L@= ỈỀѸҝѶdB 
IL_fit_at_10GHz spec, the mean has to be significantly > ỀѸҝѶdB to account for HVM variation
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Integrated Multi -Reflection Spec

ÅIMR is normative for USB4 Gen2

ÅIMR is informativefor USB4 Gen3

ÅA larger IMR is allowed if cable loss is smaller 

ὍὓὙὨὄ
᷿ ὓὙὪ ὠὭὲὪ ὨὪ

᷿ ὠὭὲὪ ὨὪ

Normalization factor

Input signal pulse frequency spectrumMulti-reflection

fmax=12.5 for USB4 Gen 2 and 20 GHz for USB4 Gen3
Tb=Unit Interval, 100 ps for USB4 Gen2 and 50 ps for USB4 Gen3



USB Implementers Forum © 201910

Integrated Return Loss

Integrated Return Loss measures the undesired interaction/reflection between the cable and 
host/device. 

ὍὙὒὨὄ
᷿ ὠὭὲὪ ὛὈὈςρὪ ὛὈὈρρὪ ὛὈὈςςὪ ὨὪ

᷿ ὠὭὲὪ ὨὪ

ÅIRL is a normative requirement.

ÅMore IRL is allowed if cable loss is smaller 

Host Cable Device
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Integrated Crosstalk

ÅUSB4 Gen3 specifies the combined total crosstalk in USB 
mode and DP alt-mode.
ÅUSB mode: 2 NEXT +1 FEXT

ÅDP mode: 3 FEXT

ÅIt is a better way to control crosstalk as compared to 
specify crosstalk between each pairs.

ÅEasier to meet the spec for the same effect 

)84Éͅ$0ÏÒ)84É5ͅ3"

Ὠὄ
᷿ ὠὭὲὪ В ὛὈὈὭὮὨὪ

᷿ ὠὭὲὪ ὨὪ

i=victim; j=aggressor
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Mode Conversion
ÅMode conversion is relaxed from -20 dB to -17 dB (to 10 GHz) for USB4 Gen3 due to 

industry capability reality
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COM ҴChannel Operation Margin
ÅCOM is a figure of merit to measure channel electrical quality defined by IEEE 802.3. It is a 

Signal-to-Noise Ratio developed in a similar way to Statistical Analysis

ÅCollaterals needed to calculate COM:

ÅMeasured cable S-parameters

ÅReference hosts/devices

ÅReference Tx/Rx termination

ÅCOM configuration file 



USB Implementers Forum © 201914

Reference Host Ҵ1/2
ÅTopology of the Reference Host/device

Si Tx
Drv

MS TL
Top 

Layer

ג 2.2
(0201
+idea
l 2.2)

MS TL
Top 

Layer
ESD

MS TL
(Only Tx2, 

Rx1)

Via#1
(Only 
Tx2, 
Rx1)

MS TL
(Bottom 
Layer)

USB-C 
Receptacle

220K 
ג

AC-
Cap

PKG

USB-C 
Mated

Components of Reference Host Model

Return Loss is 
measured 
here

Die model is used for collection of 
Insertion Loss and Return Loss. But 
it is not in the reference host

MS TL 
Top

Layer

ÅVariables permutations from which two 
reference hosts are selected

ÅImpedance of traces

ÅAttenuation of traces

ÅTrace length

ÅLocation of the ESD

Two reference hosts/devices are defined: 
long host/device and short host/device.

Long host/device has about -7.5 dB loss 
at 10 GHz (with die-loading)
Short host/device has the minimum loss 
possible 
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Reference Host Ҵ2/2
Å'FK=JLAGF DGKK MH LG J=;=HL9;D=ҩK

tongue  include die load ÅReturn loss at TP2 (w/ die load 
attached)

Short ref. host
Long ref. host Short ref. host

Long ref. host
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COM Config$AD= >GJ 31 ѵӡ %=FѴ
ÅAll equalization settings are 

based on the USB4 
Specification.

ÅTx FFE

ÅRX CTLE and DFE

ÅTx random jitter and 
deterministic jitter are 
derived from the USB4 
specification.

ÅThe input voltage swing 
(A_v, A_fe, and A_ne) is 
assumed to be the typical 
range of 0.8 to 1.2 V 
(differential peak-to-peak)

Parameter Setting Unit Information

f_b 20 GBd USB4 Gen 3 data rate

C_d [0 0] nF
Tx and Rx capacitive loading. It is set to zeros as 
the die-loading is treated as part of the channel

R_d [42.5 42.5] Ohm Tx and Rx termination resistance

ffe_preset
Table 3-4 of 

USB4 
Specification

Tx equalization presets

g_DC [-9:1:0] dB CTLE DC gain

f_p1 5 GHz CTLE pole 1

f_p2 10 GHz CTLE pole 2

f_z 3.55 GHz CTLE zero

A_v 0.4 V Signal swing

A_fe 0.4 V FEXTaggressorswing

A_ne 0.6 V NEXT aggressor swing

N_b 1 Number of DFE tap

b_max(1) 0.7 DFE bound, ratio to cursor

Sigma_RJ 0.01 UI Tx ramdom jitter, rms. 

A_DD 0.085 UI Tx deterministic jitter, mean-to-peak

DER_0 1e-12 Target raw bit-error-rate

eta_0 3.3e-8 V^2/GHz One sided noise spectral density

SNR_TX 40 dB Tx signal to noise ratio

COM 
Threshold

3 dB Pass/fail criterion
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Spec Validation
Å1H=; ;9:D=Kҟ ҪOGJKL-;9K=ҫ ;9:D=K L@9L @AL L@= KH=; DAEALK 9L N9JAGMKILfit @10 GHz.

ÅThe spec cables marginally pass/fail COM 

ÅMeasured cables: measured TBT3 cables from different vendors

ÅAlmost all known TBT3 cables pass the integrated parameter and COM spec.
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Mated Connector Spec

ÅUSB 3.2 and USB4 Gen 2 have only the informative 
receptacle/mated connector electrical spec.

ÅBut for USB4 Gen3, the this is Normative.

Å,==< LG <=>AF= L@= Ҫ %GD<=F .DM?ҫҝ

Parameter Requirements

IL fit җ ҍлΦс Ř. Ϫ нΦр DIȊ
җ ҍлΦу Ř. ŀǘ рΦл DIȊ
җ ҍмΦл Ř. Ϫ мл DIȊ
җ ҍмΦнр Ř. Ϫ мнΦр DIȊ
җ ҍмΦр Ř. Ϫ мр DIȊр

IMR Җ ҍоф Ř.

INEXT Ѕ Ϻτσ Ä"

IFEXT Ѕ Ϻτσ Ä"

Parameter Requirements

IDDXT (Corsstalk
between Tx/Rx and 
D+/D-)

Ѕ Ϻυπ Ä"

IRL Җ ҍмр Ř.

SCD12/SCD21 (Mode 
Conversion)

Ѕ Ϻςπ Ä" ɉρππ -(Ú ÔÏ 
10 GHz)
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Cable Shielding Effectiveness

ÅThe same shielding effectiveness requirement for USB 3.2 Type-C-to-Type-C 
cables is applicable for the USB4 cables.
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Design Challenges

ÅUSB4 Gen3 has tighter electrical requirements for cables and connectors. 

ÅEverything along the signal path should be optimized.

ÅLoss, reflection, crosstalk

Receptacle 
contact (top)

Receptacle contact 
(bottom)

Plug contact 
spring 

Middle 
ground planeWire termination

Paddle card
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Design for Signal Integrity

ÅRaw cable Ҵmanaging loss and skew

ÅLoss per inch

ÅSkew

ÅImpedance

ÅConnector Ҵminimizing discontinuities

ÅFootprints

ÅContact geometries

ÅMiddle GND plates

ÅPaddle card Ҵisolating coupling

ÅPin/wire-out

ÅFootprints

ÅLayer count

ÅWire termination

Middle GND Plate
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Compliance Test
ÅThe USB4 Gen3 cable compliance spec is still under development.

ÅThe goal is to have a robust cable/connector eco-system without prohibitive cost adders.

ÅKey challenges:

ÅHow to ensure the worst-case cable (within HVM limits) passes the spec?

ÅHow to check if a certified cable will continue to meet the spec? 

Mode Conversion, dB

D
is

tr
ib

u
tio

n
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31 ѵӡ ;9:D= 1H=; 1MEE9JQ

ÅThe main spec items for USB4 Gen3 cables are:
ÅInsertion fit (normative)

ÅIMR (informative)

ÅIRL (normative)

ÅIXT_USB/IXT_DP (normative)

ÅCOM (normative)

ÅMode conversion

ÅShielding effectiveness

ÅUSB-IF will provide necessary supporting collaterals to extract/calculate the spec parameters

ÅTools and models

ÅThe USB4 Cable/Connector Compliance Spec is still under development.  
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31 Ȓɦ 1QKL=E "=KA?F %MA<=DAF=K
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Reza ZamaniςIntel
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31 ѵӡ
System Design 

Guidelines

ÅElectrical Design Considerations

ÅPhysical Design Considerations
ÅTrace geometry

ÅRouting practices, vias, and component 
placement

ÅLayout design 

ÅComponent selection
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Host and Device Interconnects

ÅThis presentation covers three categories of design considerations for the host and device 
interconnects/channels:

1. Electrical

2. Physical/Layout

3. Component selection and specifications

Host DeviceCable
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Router IC 

Router IC Retimer 

Router IC Retimer Retimer 

27

Pre-Retimer and Post-Retimer Interconnects
ÅVarious topologies of the router 

assembly is shown

Å$GJ L@AK HJ=K=FL9LAGFҞ D=LҩK K9Q O=
have two categories of 
interconnects. These have 
differences and demand 
potentially  different design 
priorities. This presentation covers 
both

USB-C Connector

USB-C Connector

USB-C 
Connector

Pre-retimer interconnect

Pre-retimer interconnect
Pre-re-timer 
interconnect

Post-retimer 
interconnect

Post-retimer 
interconnect

Post-retimer 
interconnect

Router assembly topologies 

Pre-Retimer Interconnect Post-Retimer Interconnect

Å No explicit electrical/compliancetarget. Dependent on Tx
and Rx PHYs at either ends. 

Å Likely long => insertion loss becomes a design priority => 
PCB stack up selection, trace geometry optimization, etc.

Å Has fewer discrete components: AC-cap

Å Explicitelectrical/compliance design targets defined per 
the spec

Å Likely short => return loss becomes a design priority 
Å Has more discrete components: AC-cap, ESD, bleed 

resistor, etc. => component selection, placement and 
routing are important
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31 ѵӡ
System Design 

Guidelines

ÅElectrical Design Considerations

ÅPhysical Design Considerations
ÅTrace geometry

ÅRouting practices, vias, and component 
placement

ÅLayout design 

ÅComponent selection
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Electrical Design Considerations
ÅInsertion Loss: The informative differential Insertion loss of 

the router assembly from the receptacle's tongue to the USB4 
transceiver is limited to:

ÅThis includes the die load, IC package, PCB routing, 
discrete components, and receptacle's tongue

Å,GL= L@9L L@= 31 ѵ %=FѳҩK @GKL :M<?=L AK KE9DD=J L@9F
31 ѴҝѳҩKҝ 2@AK AK >GJ KMHHGJLAF? 9 ѳE ;9:D=

Router Assembly 
Support

Informative
InsertionLoss Limit

USB4Gen 3 < 7.5 dBat 10GHz

USB4Gen 2 < 5.5 dB at 5GHz

USB3.2 < 8.5 dBat 5GHz

ÅTx and Rx Compliance Tests: The router assembly must meet Txand Rx compliance. Even 
though performance of the silicon affects most of the compliance metrics, performance of the 
interconnect will impact the following 

ÅTx and Rx return loss

ÅTotal Jitter (TJ) is impacted by the way of: 
1. Tx data dependent jitter (DDJ), which is impacted primarily by the insertion loss

2. Cross talk in the interconnect contributes to  Uncorrelated Deterministic Jitter (UDJ)

ÅRx stressed eye test (a.k.a. BER tolerance test)

ÅSecondary effect on a few other compliance metrics, e.g. TxAC Common mode voltage, etc.
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Return Loss Spec
ÅThe Return loss spec defined at TP2 for Tx and 
2.Ѵҩ >GJ 0P

ÅThe necessary VNA measurements are 
collected with a compliance plug test board 
(See 3.3.6.1)

ÅThe measurement shall be referenced to 
single-ended impedance of 42.5 ổ

ÅThe differential return loss for both Tx and 
Rx shall not exceed

ÅThe common mode return loss  for both Tx
and Rx shall not exceed
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31 ѵӡ
System Design 

Guidelines

ÅElectrical Design Considerations

ÅPhysical Design Considerations
ÅTrace geometry

ÅRouting practices, vias, and component 
placement

ÅLayout design 

ÅComponent selection
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Trace Geometry and Impedance
ÅChoose a trace geometry (width and spacing) that 

yields nominal differential impedance of 80-85 
Ohms

ÅFor short interconnects, the exact value in that 
range may be of importance. Recommend COM 
or return loss simulations to find the optimized 
value

ÅFor long channels, the exact impedance in the 
range is not that important. Trace 
loss/attenuation should become the primary 
design concern

ÅConsider the variation of impedance when assessing 
your design. This is important for short interconnects

ÅExample: notice the impact of impedance 
variation on return loss and on COM

COM

TargetZdiffς10% Baseline - 0.4dB

Target Zdiff Baseline

TargetZdiff + 10% Baseline- 1dB

Target Zdiffς10%
Target Zdiff
Target Zdiff + 10%

D
iff

. 
R

e
tu

rn
 L

o
ss

 a
t 
T

P
2

 (
d

B
)

Frequency (Hz)
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Trace Geometry and Loss/Attenuation
ÅIf your objective is long reach, reduce the attenuation of 

traces by optimizing the trace geometry

Å2@= .! N=F<GJҩK J=;GEE=F<=< EAFAEME LJ9;=
width/spacing likely have not optimized loss

ÅDesign Tip:you can spend more area (i.e. larger 
trace width and/or spacing) to reduce loss.

Å#P9EHD=ҟ >GJ ѹҫ G> EA;JGKLJAH LJ9;=Ҟ L@= <A>>=J=FLA9D DGKK
can be cut from 16dB @ 10GHz to ~14dB by optimizing 
the trace width/spacing from 3.5/3 mils to 5/6 mils

ÅConsider the variation of loss when assessing your 
design. See the table for an example

ÅNote that aside from manufacturing variations, 
temperature and humidity can impact attenuation 
of traces

Loss at 
10GHz/Length

нέ пέ сέ уέ

Minimum Loss 3.4dB 6.6 9.1 11.7

Typical Loss 4 dB 7.6 10.9 13.9

Maximum Loss 4.8dB 8.9 12.2 16.4
Simulations data based on variation due to manufacturing and 

environmental conditions, not measurement
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34

Trace Geometry and Cross Talk
ÅPair-to-pair spacing (P2PS) 

modulates the cross talk contribution 
from the traces. 

ÅLet us define pair-to-pair spacing 
as a multiple of dielectric height. 
Example, P2PS=20xH (for 
stripline, H = min (H1, H2))

Solder Mask

Dielectric

Ground

H

Pait to Pair Spacing
Dielectric 2

Dielectric 1

Ground

H1

Pait to Pair Spacing

Ground

H2

ÅTo minimize the trace cross talk to a 
small level, consider the following 
rough guidelines

Microstrip Stripline
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5 6.25

Spacing whereCross-talk reduces 
significantly 

Microstrip, far-endcross talk > ~13xH

Microstrip, near-endcross talk > ~7xH

stripline, near-endcross talk > ~4xH

13xH

7xH 4xH
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System Design 

Guidelines

ÅElectrical Design Considerations

ÅPhysical Design Considerations
ÅTrace geometry

ÅRouting practices, vias, and component 
placement

ÅLayout design 

ÅComponent selection
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Routing on Microstrip Layer
ÅRouting on microstrip presents a challenge from far-end cross talk (FEXT) between two 

adjacent Txor Rx pairs which increases as routing length increases

Å#P9EHD=ҟ 9F ѹҫ G> JGMLAF? ;9F @9N= MH LG ѵẪ $#62 O@=F KH9;AF? AK ѸP&

ÅMitigation options:

ÅUse more than one layer to avoid placing two Tx or Rx pairs adjacent to each other

ÅUse large spacing as shown in previous slide

ÅConsider interleaved routing, where you can increase the effective distance between two 
Txor Rx without spending more board area. The trade-off is some additional near-end 
cross talk (NEXT)

Microstrip, far-endcross talk Spacing> ~13xH

Tx

Tx

Rx

Rx

Tx

Tx

Rx

Rx

7xH

7xH

7xH

7xH

7xH

7xH

FEXT, 4%

NEXT, 0.2% NEXT,0.2%

NEXT,0.2%NEXT, 0.1%

FEXT,0.3%

Interleaved RoutingNon-interleaved Routing



USB Implementers Forum © 201937

Vertical Transitions
ÅAvoid via stubs or minimize the length of the stub. Long stubs will negatively impact return loss, 

insertion loss, (hence ISI, hence DDJ), and ultimately end to end margins (e.g. COM)
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Short Stub(250um) Baseline - 0.2dB
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Failed COM
No Stub
Short Stub (250um)
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ÅAs mitigation options, consider the following

1. Optimize impedance discontinuity by adjusting via pitch, diameter, pad/anti-pad size

2. Other via technologies: Back-drilled via or uVia(Type-4 PCB) 

3. Routing only on surface layers

4. If a via stub is inevitable, assess your design w/ return loss or COM simulations. 

=> A long via stub will likely cause 
compliance and/or margin failure. 
Must avoid it!
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Component Placement
ÅEach device/components presents an impedance discontinuity because of its internal structure 

as well as its parasitic (e.g. its SMT pads)

ÅPlacing as many discontinuities (devices, SMT components, vias, etc) as you can close to each 
other can help improve return loss (hence ISI, hence DDJ) and/or end to end margins  (e.g. 
COM)

ÅDesign Tip: Avoid placing the ESD, ac-cap, and bleed resistors halfway between the IC 
package and the USB-C connector. Try to place them closer to either the IC package or the 
USB-C connector. 

AC-Cap, 
ESD, 

Resistor

USB-C Connector

AC-Cap, 
ESD, 

ResistorAC-Cap, 
ESD, 

Resistor

AC-Cap, 
ESD, 

Resistor

COM

Close to 
USB-C

Baseline 

Close to the 
ICPKG

Baseline + 1dB

Halfway 
between

Baseline- 0.9dB

ESD, Cap, Res. close to the USB-C
ESD, Cap, Res. close to the IC Package
ESD, Cap, Res. halfway between IC 
package and USB-C
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D
iff

. 
R

e
tu

rn
 L

o
ss

 a
t 
T

P
2
 (

d
B

)



USB Implementers Forum © 201939

31 ѵӡ
System Design 

Guidelines

ÅElectrical Design Considerations

ÅPhysical Design Considerations
ÅTrace geometry

ÅRouting practices, vias, and component 
placement

ÅLayout design 

ÅComponent selection
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Layout Design Guidelines -
1/7
ÅWith signal vias, there needs to be proper 

stitching/return vias. For instance, a L1-L4 
transition requires stitching via from L2 to L3 as 
well as L5 (L3 and L5 are reference planes for trace 
when it is routed on L4). Pay special attention to 
this on Type4 PCBs

ÅSymmetric placement of stitching viasis desired to 
minimize mode conversion

L1

L2

L4

L5

L6

L3

L1

L2

L4

L5

L6

L3

Signal

VSS

VSS

VSS

VSS

VSS

VSS

VSS

VSS

Signal

Signal

SignalVSS

VSS

VSS

VSS

VSS

Incomplete 
stitching via

Complete 
stitching via
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Layout Design Considerations/Examples - 2/7

ÅAdjacent via pairs must be isolated with GND viasto minimize cross talk

ÅStaggering the via pair left and right should provide room for placing GND via

Two adjacent high speed 
via pair without GND 
isolation

Two adjacent high speed 
via pair w/ GND isolation 
via and staggered
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Layout Design Considerations/Examples - 3/7

ÅUSB4 traces should not be routed over voids or reference plane splits

Å'F >9;=Ҟ ALҩK :=KL LG E9AFL9AF 9 ѴP& ҿ&ҟ @=A?@L G> <A=D=;LJA;Ӏ :=LO==F LJ9;= =<?= 9F< NGA< LG
minimize impedance discontinuity and mode conversion

High speed traces routed 
over plane split

High speed traces have a 
solid reference 

High speed traces have a 
solid reference 

High speed traces routed 
over plane split
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ÅEntrance to and exit from viasshould be symmetric

Entrance(exit) to(from) via 
is NOT symmetric 

Entrance(Exit)  to(from) 
via is symmetric
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ÅVoid under SMT pads for better SI. The larger the 

pad size, the more important this is
ÅSingle-ended voids are 

recommended for most 
cases/components

ÅDifferential voids for larger 
pads and/or thin dielectric 
height (<~60um)

ÅThese voids can over-
compensate (increase 
impedance too much). 
So analysis/3D modeling 
may be needed

Connector Pads

Surface and Surface-1 Layers shown here

One Differential Void

Two Single-Ended Voids

ÅEnsure that layer under the void (surface-2) is not a 
KGMJ;= G> FGAK=Ҟ =ҝ?ҝ HGO=J HD9F=ҝ 'LҩK :=KL LG @9N=
ground on surface-2 under the void
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ÅP/N length mismatch may be inevitable (due to pin out for example). Adequate P/N length 

matching should be considered. Any technique to achieve matching should consider the 
following:

ÅP/N length matching should occur as close as possible to where the mismatch happens

ÅSerpentine/sawtooth routing is a way to reduce P/N length mismatch, but shape of 
serpentine/sawtoothshould be optimized

P/N length mismatch due to pin 
placement is not compensated

P/N length mismatch is 
compensated

Poorly shaped serpentine Properly shaped 
serpentine/sawteeth


