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Cable Electricals

Yun Ling,
Sr. Principal Engineer, Intel
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Looking into the product receptacle:

i Al A2 A3 A4 A5 A6 A7 A8 A9 Al10
—F GND | TX1+| ¢ - M- cci| b+ | s5b SBUl- w- HIbRX2+] GND

)~ GND | RX1+| w- M- sBu2] 5t | D+ | cc2 - ¢ - H|bTX2+| GND

B12 B11l B10 B9 B8 B7 B6 B5 B4 B3 B2 Bl

TX1. RX2

AFocus on @o-C cable high speed ele
ANo change to mechanical spec
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AUSB4 Gen2 cable electrical spec is
identical to USB3.2!

Alt uses the same integrated-S
parameters, avoiding the S
parameter mask as much as
nossible.

AKey spec items include:
Alnsertion Loss Fit at Nyquist
Alntegrated MultiReflection
Alntegrated Return Loss
Alntegrated Crosstalk

02 04 0.6 08 1 12 14 16 18
Frequency, Hz 10'°

Sparameter maskased spec creates
too many false failure cases!
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A Insertion loss, IL(f), represents the remaining signal after it travels thru the cable.

A IL(f) may be decomposed into Insertion loss fit, fit(f) and multireflection, MR(f).
A IL_fit: uses a smooth function to fit the IL, representing the signal.
A MR = IILIL_fit, representing the multireflection noise.

A IL fit at Nyquist frequency #_fit (Nyquist frequency):

Insertion Loss
USB4 Gen2 or USB 3.2 Gen2: ILfitatNQ 10~ A "Attenuation” ||
0 @ ozyQ @ya e
§ 30~
USB4 Gena3: g ol
Added a A2 term to make the fitting more robust 60, : : -

Frequency, Hz X 109
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System loss budget

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

AUSB4 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.

AHost/device loss budgets are informative only.

I N 0 N

USB3.2 Gen2 (XBbp3g 8.5 dB 6 dB 8.5 dB 23 dB
USB4 Gen2 (10 Gbps) 5.5dB 12 dB 5.5 dB 23 dB
USB4 Gen3 (20 Gbps) 7.5dB 7.5 dB 7.5 dB 23 dB
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A USB 3.2 Gen2 A USB4 Gen3 2f

1.8

Al Ev < OL ek V Kbh&aFESO < 9L Oy
Al EV < 9L V %&H Evke < 9L ¢

S o 12F

Al E®® < 9L oy Me&rEY < 9L VI,

-
-

A USB4 Gen2 (2m) Al Eox vV < 9 Lin
Al Boxwy < 9L exA} ogg&R YV < 9L ]
AE E®e < 9L V #drEGO® < 9L €

0

I 1 1 I 1
-7.5 -7 -6.5 -6 -5.5
IL fit at 10 GHz, dB

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

A Consideration to HVM variation is a must!

A Specis meantfortheworst 9 K=K FGL L@= E=9F NO9DHO®WB/$GJ =
IL_fit_at 10GHz spec, the mean has to be significanty SygBVfo account for HVM variation
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Integrated Multi -Reflection Spec

Multi-reflection / Input signal pulse frequency spectrum

| ’Q i ﬂ sin(fT,) sin(mfTp)
‘00 'Y Q| [f = i o -

-
D e &
T

e | - Vin (N =
V |(A) QQ' Q°Q T,=Unit interval=50 ps L Eh
T,=0to 100% rise time=0.4T,
Normalization factor -
fmax=12.5 for USB4 Gen 2 and 20 GHz for USB4 Gen3 2 oty |
| | |

Tb=Unit Interval, 100 ps for USB4 Gen2 and 50 ps for USB4 Gend
-33

34 -

A IMR is normative for USB4 Gen2 |
A IMR isnformativefor USB4 Gen3 ) >l
A A larger IMR is allowed if cable loss is smaller |

_40 1 1 1 1 1 1 1 1
-7.5 -7 -6.5 -6 -5.5 -5 -4.5 -4 -3.5 -3

ILfit at 10 GHz, dB
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Integrated Return Loss

|0 @] YOO P ('YOOLP ['YOOCQ )Q”
0T Q7Q

OYDQO

\

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

-15

16 + |

AIRL is a normative requirement.
AMore IRL is allowed if cable loss is smaller

10

17 1

-18 1

IRL, dB

-19 -

| X:-7.5
) Y:-19.5

21 1 1 1 1 1 1 1 1
-7.5 -7 -6.5 -6 -5.5 -5 -4.5 -4 -3.5 -3

ILfit at 10 GHz, dB
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Integrated Crosstalk =victim; j=aggressor

IXT_DP IXT_USB
T KN I
P ; 1 p) 1 4 ] 8 1 3 7 ]
)8 4$EO| Q 8‘55" 2 3 5 7 2 4 B 5
3 Rx1 4 3 2 ] 8 3 1 5 B
, ” v |d) 'Q,K)l B |“Y’O ’q "@’ 4 1 5 7 4 2 & 7
A\ eweee ) g |
V 2 Rx2
8 7 2 4 & 7 1 5 4
A USB4 Gen3 specifies the combined total crosstalk in USB
mode and DP almode. g ==
A USB mode: 2 NEXT +1 FEXT S ) ey
A DP mOde: 3 FEXT §~10 /
A It is a better way to control crosstalk as compared to e |
specify crosstalk between each pairs. B |xas
A Easier to meet the spec for the same effect =

ILft at 10 Gk;z. dB
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Mode Conversion

A Mode conversion is relaxed fror20 dB to-17 dB (to 10 GHz) for USB4 Gen3 due to

12

iIndustry capability reality

LOT1_SCD12/SCD21, dB
o B

cPu og7o | 19
Cpk 0070

A
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COMIILhannel Operation Margin

A COM is a figure of merit to measure channel electrical quality defined by IEEE 802.3. Itis a
Signalto-Noise Ratio developed in a similar way to Statistical Analysis
A Collaterals needed to calculate COM:
A Measured cable $arameters
A Reference hosts/devices
A Reference Tx/Rx termination
A COM configuration file

COM>3dB.

Spec Tx jitter A
4 COM =20 log P Spec Rx Equalizer
‘4.\'a:¢ﬁ.-z:r

Spec Tx Equalizer

A oo L
NoiseXtalk Ref Rx Termination

Ref Tx Termination

_________________________________________

Cable assembly
DUT

Channel
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A Topology of the Reference Host/device

Die model is used for collection of Components of Reference Host Model
Insertion Loss and Return LoBsit
it is not in the reference host /

MS TL MS TL
ﬁ- ’ (Only Tx2, (Bottom ReléiB;;:cle
Rx1) ‘ Layer) P

\
\
\

1

! Return Loss |
USB-C
W < measured

A Variables permutations from which two here
reference hosts are selected Two reference hosts/devices are defined:
A Impedance of traces long host/device and short host/device.
A Attenuation of traces Long host/device has aboti.5 dB loss

at 10 GHz (with ddpading)
Short host/device has the minimum loss
possible

14 USB Implementers Forum © 2019
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A" FK=JLAGF DGKK MH LG J=:=HL9: D=zaK
tongue include die load A Return loss at TP2 (w/ die load
attached)

-10 |

1N e A
20 H B Mol 8GN I

-30

-40

Short ref. host
Long ref. host \ 0

Short ref. host
Long ref. host

40 t

-45 ' ' ' ' ' ' ' 50 . . . . . .
0 05 1 15 2 25 3 35 4 e G

x10'° 1010
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COMConfig$ A D =

A All equalization settings are
based on the USB4 C d
Specification.

ATx FFE
ffe_preset

ARX CTLE and DFE

A Tx random jitter and
deterministic jitter are
derived from the USB4

g_DC

specification.

A The input voltage swing A
(A_v,A_fe andA_ng is b max(D)
assumed to be the typical Sigma_RJ
range of 0.8t0 1.2V A_DD
(differential peakto-peak) DER O

eta O
SNR_TX
COM
16 Threshold

i e
o o
ola|T(< V||~

> GJ

20

[0 0]

[42.5 42.5]
Table 34 of
USB4
Specification
[-9:1:0]

5
10
3.55
0.4
0.4
0.6
1
0.7
0.01
0.085
le-12
3.3e-8
40

3

GBd
nk
Ohm

dB
GHz
GHz
GHz

Ul
Ul

VA2/GHz
dB

dB

31 v3i W=

USB4 Gen 3 data rate

Tx and Rx capacitive loading. It is set to zeros ¢
the die-loading is treated as part of the channel
Tx and Rx termination resistance

Tx equalization presets

CTLE DC gain

CTLE pole 1

CTLE pole 2

CTLE zero

Signal swing
FEXTaggressoswing

NEXT aggressor swing

Number of DFE tap

DFE bound, ratio to cursor

Tx ramdom jitter, rms.

Tx deterministic jitter, meatto-peak
Target raw biterror-rate

One sided noise spectral density
Tx signal to noise ratio

Pass/fail criterion



AlH=;
A The spec cables marginally pass/fail COM

9

B =9KKk= ¢C Q @J: KDL= K

L

@9 L

@ALfit @LO@Hz. K H = ;

A Measured cables: measured TBT3 cables from different vendors
A Almost all known TBT3 cables pass the integrated parameter and COM spec.

Host# Device# |Cable# Victim ILfitatNq |Signal_mV\ISI_mV |Crosstalk {COM COM Limi{Pass/Fail |Integrated Parameter
1 1|Spec long cable Tx2 -22.9182| 47.53322 20.7 7.86| 2.925708 3| Fail Border Line
2 2|Spec short cable Tx2 -11.0043| 142.7662 72.44 17.72| 2.936699 3| Fail Border Line
1 1|Measured Cable25 |Tx2 -21.2287| 53.99262 21.53 6.62| 3.862656 3|Pass Pass
1 2|Measured Cable26 |Rx1 -17.7044| 76.09064 28.88 21.9| 2.681497 3| Fail Fail IXT
1 1| Measured Cable27 |Tx2 -22.2626| 50.48604 21.25 6.17| 3.528888 3| Pass Pass
1 1|Measured Cable29 |Rxl -22.7136| 49.78228 21.08 5.83| 3.45617 3| Pass Pass
1 1|Measured Cable30 |Tx2 -21.4544| 54.79757 22.36 7.8| 3.683021 3| Pass Pass
1 1|Measured Cable31 |Rx1 -21.2108| 53.77911 23.54 6.63| 3.375939 3| Pass Pass
1 1|Measured Cable33 |Tx2 -22.299| 49.82818 22.82 5.46| 3.150423 3| Pass Pass
1 1|Measured Cable32 |Tx2 -19.5524| 66.52476 33.3 12.65| 2.522059 3| Fail Fail IRL
1 1{Measured Cable22 |Tx1 -19.9512| 64.03106 28.25 10.45( 3.248895 3|Pass Marginal on IRL

17
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Solder Tails

Mated Connector Spec D oo

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

ABut for USB4 Gen3, the this is Normative.
A, ==< LG <=>AF= L@= -~

Parameter Requirements HH R —

IL fit X bndc R.
X Laoy R
X bmoda R. IDDXTCorsstalk S Mum A"
X bMOHp R. between Tx/Rx and
X bmdp R. D+/D)
IMR S EIOITR IRL X bmp R.
INEXT S MT e A SCD12/SCD21 (Mode S Mg m A" j
IFEXT S Mtao A Conversion) 10 GHz)
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Cable Shielding Effectiveness

Common mode
R 35 frmmemmmmmmm e
VNA —
w 40
°
& ! Differential mode
& 50 femmmmmmemmmeee- . S
o
g -55
Metal tube
[ Cableundertest | 08 1600 1000 5000 6000
L ) L Frequency, MHz
RF absorber_a
SMA (a) For USB Type-C to USB Type-C Cable Assemblies

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

A USB4 Gen3 has tighter electrical requirements for cables and connectors.

A Everything along the signal path should be optimized.

20

A Loss, reflection, crosstalk

Wire termination
/

Plug contact

Middle

ground plane

\

Receptacle
contact (top)

/

YPaddle card

|

Ni

Receptacle contact

spring
: ‘\"“‘“M?Q\ [. \\_ i!/'_'
):" : P~ — \w it
f ] ﬁ e = o l\i,
N i :.J@ |
_l—“%' N =
> L] ot & @ 1] 1] 1] 1]
_—’/‘/’f

(bottom)
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Design for Signal Integrity

z
;

|

i

A Raw cabléCLimanaging loss and skew
A Loss per inch
A Skew

A Impedance

i 3

PRERRR

LAAs

3

| 3

A ConnectorTiminimizing discontinuities
A Footprints
A Contact geometries
A Middle GND plates Middle GND Plate

A Paddle cardTLlsolating coupling
A Pin/wire-out
A Footprints
A Layer count

i

oammn— R
———
——
o
——

Gr—— i I3

T e

e

=2 DN
2

A Wire termination
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A The USB4 Gen3 cable compliance spec is still under development.
A The goal is to have a robust cable/connector esgstem without prohibitive cost adders.

A Key challenges:
A How to ensure the worstase cable (within HVM limits) passes the spec?
A How to check if a certified cable will continue to meet the spec?

N
T

- - -
S o] oo
T T T

N
N
T

Distribution
Distributio

0.6 [
04
—‘ 02l
il n o
- -i7

) -JIS X I‘~ -1 -8 -E -2z i I | I ! |
. 75 -7 -6.5 -6 5.5
Mode Conversion, dB IL it at 10 Gz, dB
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AThe main spec items for USB4 Geng3 cables are:
A Insertion fit (normative)
A IMR (informative)
A IRL (normative)
A IXT_USB/IXT_DP (normative)
A COM (normative)
A Mode conversion
A Shielding effectiveness

A USBIF will provide necessary supporting collaterals to extract/calculate the spec parameters
A Tools and models

A The USB4 Cable/Connector Compliance Spec is still under development.
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AElectrical Design Considerations

APhysical Design Considerations
ATrace geometry

ARouting practicesyias, and component
placement

ALayout design
AComponent selection
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Host and Device Interconnects

Figure 3-2. Compliance Points Definition

TP1 TP2 TP3' TP3 TP4

| T
v v
E T ﬁ- ==

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

1. Electrical
2. Physical/Layout
3. Component selection and specifications
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A Various topologies of the router

Postretimer
interconnect

assembly is shown

Router assembly topologies

A$G)] L@AK HIJ=K=FL9LAGFK D=LaK K9r@rmeig =

have two categories of
interconnects. These have

differences and demand

potentially different design

priorities. This presentation covers

Router IC —|:I—OJSBC Connector
Preretimer interconnect interconnect
Router IC H H Retimer—|:|—OUSBC Connector
Prere-timer Postretimer
Preretimer interconnect interconnect interconnect
Router IC H I Retimer— o Retimer—|:|—o
USBC

both

Connector

Pre-Retimer Interconnect

PostRetimer Interconnect

A No explicit electrical/compliancerget. Dependent offx

and Rx PHYs at either ends.

A Likely long => insertion loss becomes a design priority :K
PCB stack up selection, trace geometry optimization, efc.

A Has fewer discrete components: A&p

the spec

A Explicitelectrical/compliance design targets defined per

A Likely short => return loss becomes a design priority
Has more discrete components: A&p, ESD, bleed

resistor, etc. => component selection, placement and
routing are important
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A Insertion Loss: The informative differential Insertion loss of

Route Assembly

the router assembly from the receptacle’s tongue to the U$Bdpport

Informative
Insertion Loss Limit

transceiver is limited to: >

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

AL, GL= L@9L L@= 31 v %=Fealx

USB4Gen 3 <7.5 dBat 10GHz

USB45Gen 2 <5.5 dilBat 5GHz
KLC . WIS, 7 — K

N?—l‘ﬁy AE > |85 dBR 56929 -

31 VkeaeKk 2@AK AK >GJ KM

A Txand Rx Compliance TestsThe router assembly must medtxand Rx compliance. Even
though performance of the silicon affects most of the compliance metrics, performance of the

Interconnect will impact the following
A Tx and Rx return loss
A Total 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)

A Rx stressed eye test (a.k.a. BER tolerance test)

A Secondary effect on a few other compliance metrics, il§AC Common mode voltage, etc.

USB Implementers Forum © 2019
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TP1 TP2 TP3'  TP3 TP4

<
A The Return loss spec defined &P2 for Tx and ! — l 1
2. Ve >GJ OFP S [I >
A The necessary VNA measurements are _m _’ T .
collected with a compliance plug test boarc packose P pacicge
(See 3.3.6.1)

A The measurement shall be referenced to
single-ended impedance of 42.6

A The differential return los$or both Txand A The common mode return los$or both Tx
Rxshall not exceed and Rxshall not exceed
o -85 ' 0.05< fry, <3 ) — (-6 005< fams < 25
SBRzZ2(f= {—3.5 +83 - log 10(":'2’2) 32 fips 212 See220 . {—3 2.5 < feur < 12
30 0 2 ¥ 5 § 0 2 & . , ] & m > fum © 2019

Frequency [GHz)] Frequency [GHz]
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O -

-10 t
15

-20 | ’ l

-25

A Choose a trace geometry (width and spacing) that
yields nominal differential impedance cf0-85
Ohms

A For short interconnects, the exact value in that
range may be of importance. Recommend cor ¢
or return loss simulations to find the optimized
value

A For long channels, the exact impedance in the

4]

-30 f

Diff. Return Loss at TP2 (dB)

range is not that important. Trace 36 | TargetZdiff
loss/attenuation should become the primary 40 | TargetZdiff + 10%
design concern 45 R
0 0.5 1 15 2 25 3 3.5 4
A Consider the variation of impedance when assessing Frequency (Hz) <107
your design. This is important for short interconnects COM
A Example: notice the impact of impedance :
variation on return loss and on COM Baseline 0.4dB
TargetZdiff Baseline
TargetZdiff + 10% Baseline 1dB
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A If your objective is long reach, reduce the attenuation o
traces by optimizing the trace geometry

A2 @= . | N=F<GJaK J=: GEE=I|

width/spacing likely have not optimized loss

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

A#P9EHD=k >GJ o¢ G> EA; JGlI
can be cut from 16dB @ 10GHz to ~14dB by optimizin(
the trace width/spacing from 3.5/3 mils to 5/6 mils

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

A Note that aside from manufacturing variations,
temperature and humidity can impact attenuation

Graph Builder

16.5

16.0

155

15.0

Insertion Loss (dB, for 8 inches of PCB)

145

14.0
=

Insertion Loss vs. One_Pair_Space_Consumption

, 5]

D1=2.8 mils
84 5=ZDIFF=85.5
W and SP [3 6mils] with 0.25mil Step

o [4250n425]

o [ ]

[4750m535]®  [5ong7)

9 10 11 12 13

L]
—>" 5015

14 15 16 17 18 19

One_Pair_Space_Consumption (mils, 2xTrace Width + Intera-Pair Spacing)

Loss at

10GHz/Length

H &

né| célyé

of traces

Minimum Loss | 3.4dB

6.6 | 91 [11.7

Typical

Loss 4 dB

/7.6 | 10.9 |13.9

33

Maximum Loss | 4.8dB

8.9 | 12.2 |16.4

Simulations data based on \'Yé?

TatoR due To manaTactinng a

environmental conditions not measturement

Td
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Microstrip

A Pair-to-pair spacing (P2PS)
modulates the cross talk contribution
from the traces.

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

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

Microstrip

Stripline

Pait to Pair Spacing Pait to Pair Spacing
Solder Mask H2 Dielectric2
H Dielectric H1 Dielectricl

< T
© - —

o :

n £ : 0
N 3 : 20 =
OF 5 5 OB
= - ‘ S c
S_) 2 : H H ! H H = i)
G 2 4 6 8 10 12 14 16 8
LL P2PSXH) Z

Spacing where&Crosstalk reduces
significantly
Microstrip, far-end cross talk > ~1XH
Microstrip, nearend cross talk > ~7xH
stripline, nearend cross talk >~4xH
T
|_
W SR S R— -
7xH 0 R S oo ) S
B S22 N\
P W] " o : : . .
2 4 6 8 10 12 14 16 8 1.25 2.5 3.75 5 6.25
R2RSAh) Z - RGRENL])y —



35

AElectrical Design Considerations

APhysical Design Considerations
ATrace geometry

ARouting practices, vias, and component
placement

ALayout design
AComponent selection

USB Implementers Forum © 2019



A Routing on microstrip presents a challenge from fand cross talk (FEXT) between two
adjacentTxor Rx pairs which increases as routing length increases

A#P9EHD=%k 9F o¢ G> JGMLAF? ;9F @9N= MH LG v
A Mitigation options:

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

A Use large spacing as shown in previous slide

Microstrip, far-end cross talk Spacing ~1%H

A Consider interleaved routing, where you can increase the effective distance between two
Txor Rx without spending more board area. The trad#f is some additional neaend
cross talk (NEXT)

Norinterleaved Routing Interleaved Routing
TX ™ TX ~ FEXT,0.3%
7xH f FEXT, 4% 7xH
/xH NEXT, 0.2% /xH NEXT,0.2%
RX | ! TX

7xH NEXT, 0.1% /xH NEXT.0.2%

]
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A Avoid 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)

o YATA P/ A W “\ NoS i
= | 0 Stub Baseline
[ N I
ol 5 \' Baseline 0.2dB
= 3 | S Baseline 0.8dB
n = aseline 0.
No Stub :
o :% (g g Long Stub (840 um) Failed COM
3 ('D L 1 ] Z & -
gI = Long Stub (840 um) - =5 A |ong via stub will likely cause
v 3 05t 1 compliance and/or margin failure.

A As mitigation options, consider the following

Frequency (Hz) Must avoid it!

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

2. Other via technologies: Bae#rilled via oruVia(Type4 PCB)
3. Routing only on surface layers

4. If avia stub is inevitable, assess your design w/ return loss or COM simulations.
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A Each device/components presents an impedance discontinuity because of its internal structure
as well as its parasitic (e.g. its SMT pads)

A Placing as many discontinuities (devices, SMT componenias, 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)

A Design Tip:Avoid placing the ESD, amp, and bleed resistors halfway between the IC
package and the USE connector. Try to place them closer to either the IC package or the
USBC connector.

p- | = " COM
i - E ol
anUSBCIConnectol o Close to Baseline
[ﬂ ., s USBC
= s ©
B :
9 Baseline+ 1dB
g <01 ESD, Cap, Res. close to the USB
©
T % ESD, ca
: , Cap, Res. halfway between IC Halfway :
'E package and USB between Baseline 0.9dB
-60
0 0.5 1 15 2 25 3 3.5 4
Frequency (Hz) =
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Layout Design Guidelines-

1/7

A With signalvias, there needs to be proper
stitching/return vias. For instance, a l-14

transition requires stitching via from L2 to L3 as

L1 ZZZ
L2 %

L4

well as L5 (L3 and L5 are reference planes for race| cpves e

when it is routed on L4Pay special attention to

this on Type4 PCBs

A Symmetric placement of stitchingiasis desired to

minimize mode conversion

40

Incomplete
L6 stitching via

L1 %

L2

L3

LA Signal T V7 I
]

LS Complete
L6 stitching via
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A Adjacent via pairs must be isolated with GNRsto minimize cross talk
A Staggering the via pair left and right should provide room for placing GND via

B 9
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Layout Design Considerations/Examples- 3/7

A USB4 traces should not be routed over voids or reference plane splits

A" F >9; =K ALeK : =KL LG E9AFL9AF 9 VP& €&k C
minimize impedance discontinuity and mode conversion
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A Entrance to and exit fronviasshould be symmetric

b
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Layout Design Considerations/Examples- 5/7

A Void under SMT pads for better SI. The larger tReSingle-ended voids are wo SingléEnded Void
pad size, the more important this is recommended for most
cases/components

ector Padshy 4

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

A These voids can over
compensate (increase
iImpedance too much).
So analysis/3D modeling
may be needed

.':me ';:VT P —
Surface and Surfaek Layers shown here

A Ensure that layer under the void (surfa€ is not a
KGMJ; = G> FGAK=K =k?k HGO=J HD9F=«k
ground on surface2 under the void
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A P/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:

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

A Serpentinesawtooth routing is a way to reduce P/N length mismatch, but shape of
serpentine/sawtooth should be optimized
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