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USB Type-C™ datalines and
‘Alternate Mode’
Advanced protection solutions

( e— Fundamentals




Is this presentation suited for you?

Where do you stand with USB Type-C™ datalines?

Intermediate?

I am not familiar with this | have a basic | am very familiar with this
subject. | am in the understanding of this subject. | would like to
discovery phase and would subject. | would like to go deepen my knowledge and
like an overview and a deeper in details and tackle become an expert.
basic understanding of the more aspects of this
technology. subject.
Click here to continue Click here to continue Click here to continue
to next slide to next slide to next slide

Overview In_depth

7

Slelowgmented



USB Type-C™ ‘One connector to rule them all’

’)I,\ M H .— | Alternate Mode ﬁ

*With DP to HDMI converter

II’ DisplayPort HQE. | Alternate Mode ﬁ

SUPERSPEED + .

= USB P N Merging
e "@3 I 4l UsB Type-C™ protocols

]
‘) THUNDERBOLT. | Alternate Mode Type-C

Before, there were 7 connectors for 7 protocols.
Now with USB Type-C™: 1 single connector for 7 protocols.
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Alternate Mode

through USB Type-C™ connector -

- Alternate Mode dedicates
physical wires in the USB Type-C
cable for direct device-to-host
transmission of alternate data
protocols:

* Four high-speed lanes (RX/TX)
« Two sideband pins (SBU)

« Two USB 2.0 pins for dock,
detachable device and permanent
cable applications only (D+/D-)

* One configuration pin can be used for
Alternate Mode transmission (CC1 or
CQC)
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Plug

[

High Speed Data Path (RX for USB,
or TX for DP Alt Mode)

A7 A6 A5 A4 A3 A2 Al

GND

SBU2 RX1- | RX1 [§€]\[p)
B10 B11 B12

Al2 A1l A10 A9 A8
[C1\[D RX2+ | RX2- SBU1

GND Ve
Bl B2 B3 B4 B5 B6 B7 B8 B9

Plug Configuration Detection Veonn
* One becomes Vconnm power
* CCis used for USB — PD Communication

Receptacle

[

High Speed Data Path (RX for USB,
or TX for DP Alt Mode)

Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 All A12

GND GND

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

* One becomes Vg, cable power

Plug Configuration Detection
e CCis used for USB — PD Communication




Alternate Mode

- Alternate Mode partner specifications
The USB-IF is working with its Alternate Mode partners to make sure that ports are properly labeled:

+ DisplayPort Alternate Mode on USB Type-C Connector Standard published in September 2014,
supporting DisplayPort 1.3

|l> DisplayPort

o
* MHL Alternate Mode (“Alt Mode”) announced November 2014 supporting MHL 3.0 » M H L

* Thunderbolt Alternate Mode supporting Thunderbolt 3 ‘) THUNDERBOLT.

+ Other serial protocols such as PCI Express and Base-T Ethernet are possible.
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https://en.wikipedia.org/wiki/DisplayPort#1.3
https://en.wikipedia.org/wiki/MHL_3.0
https://en.wikipedia.org/wiki/Thunderbolt_3
https://en.wikipedia.org/wiki/PCI_Express
https://en.wikipedia.org/wiki/Ethernet_over_twisted_pair

Data on USB 2.0 and 3.1 Gen 1 & Gen 2 mm

USB 2.0 SuperSpeed link USB 3.1
Parameters

Datarate Up to 1.5 Mbit/s Up to 12 Mbit/s Up to 480 Mbit/s 5 Gbit/s 10 Ghit/s
Termination Not terminated 90 Q differential 72 Q) to 120 Q differential
45 Q to ground 18 Q to 30 Q to ground
Signaling _ Vo =-10to + 10
output low level Ver S0 BN mV
Signaling _ Voy = +360 to
output high level Ve =280 DY +440 mV
Signaling 1 Ve, typ.
Differential voltage swing 6.6 Ve.p typ. 800 mVe.p typ. 0.4Vp_p min, 1.2V, max
5V typ.

Veus voltage 4.4V min, 5.5 V max for standard A downstream port

Vgys Max. current 900 mA for standard A downstream port

Lys

Sdelowgmented



2 challenges to overcome

Need for common-mode filtering solution Need for ESD protection solution
USB 3.1 ]

/ Signal transmission : @ 5 Gbhit/s Gen 1 \ /

@ 10 Gbit/s Gen 2

=

External connector

Generation of parasitic harmonics @ 2.4 GHz
Vulnerable to ESD

Wi-Fi and Bluetooth antenna desense*
(Wi-Fi and Bluetooth frequency carrier = 2.4 GHz)

Connector controller internal ESD HBM

. . protection are not enough
Increase Bit Error Rate and/or increase the

power consumption of the RF chain

External ESD protection solution needed

/ \ (IEC 61000-4-2) /

Best solution ECMF™

Common Mode filter needed

\
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*More on antenna desense and ECMF™ here


http://www.st.com/web/en/resource/sales_and_marketing/presentation/product_presentation/ecmf_series_productpres_web_stcom.pdf

Embedded ESD protection mmm

ESD protection CMF

(Common-mode filter)

Low-dispersion semiconductor
process

Advanced technology for
optimized performances

Very small size
High and deep rejection

Low-clamping voltage




ECMF™ for USB Type C Alternate Mode __
Compatible with USB-PD*
Pin P/N

VBUS
cemdd ECMF04-4HSWM10 2
SSRx
CcC1l/cc2
Vs ESDA13P70-1U1M 1 g

<< DP AUX/Audio SBU1/SBU2
- MUX

SBU1 ESDALC5-1BF4 4

SBU2

Dp/Dn ECMF02-2HSMX6 1 -

Audio Compatible ﬂﬁ@

USB Up to USB3.1 Gen 1 g

USB-PD* Yes, 12V USB3.x/DP 4 pairs SSTX/SSRXx :: “W ‘ B11 | BI10

Display Port Upto DP.1.3 MUX L%““Eq A0 | ALl
Thunderbolt Up to TBT Gen 1 .x L{Jr{“?q B3

*GND not represented

Best integrated solution to avoid antenna desense

"l *USB-PD: USB Power Delivery. : .
¥y More here Click to know more about ECMF



http://www.st.com/web/en/resource/sales_and_marketing/presentation/product_presentation/ecmf_series_productpres_web_stcom.pdf

Zoom on ECMF04-4HSWM10

HDMI 2.0 4K/2K Eye Dlagram S21dd Measurement

™

No impact on the signal N
integrity of USB 3.1, a N,
Display Port and more —_—— N feor @ sas = 4.2 GHz

| | LTI | I |

1 Large bandwidth

T

Improve antenna : \

sensibility Je——— \\\\/ { Wide rejection from
-28 dB @ 2.4 GHz 1to 6 GHz
16 dB @ 5 GHz I A )

-15 dB from 1 to 6 GHz

Protect transceivers

against overvoltages
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EMI filtering & ESD protection
for USB datalines

D?éi/rsa;te System-level ESD protection (IEC 61000-4-2 Level 4 )
+ Common-mode filter (ECMF) n_!_m_hn
10G - oo

surneneeD ESDARF02-1BU2CK
@ 1-line ESD
= ST0201

USB 3.1 (0.6 x 0.3 x 0.3 mm)
Gen 2

5G  frovooosoieemeeeeees

USBULC6-2N4

SUFEASPRID
p=> 2-line ESD
QFN (1.0 x 0.8 x 0.5 mm)
USB 3.1 0
Gen 1

HSP051-4N10
4-line ESD
QFN (1.85x 0.95x 0.32 mm)

TMHL
SOON ECMF4-20A42N10
4 X ESD + 2 x CMF B ‘j

% QFN (2.20 x 1.35 x 0.4 5mm)

HSP051-4M10 MHL oo aewmzo T
4-line ESD 4 X ESD + 2 x CMF B ‘.‘
QFN (2.50 x 1.00 x 0.47 mm) Hom HIm

A80M - mm T T T T T T oo oo oo e oo oo——————-------
USBLC6-2P6 ECMF02-2AMX6 ECMF02-4CMX8
-@ 2-line ESD + VBUS 6 V 3 X ESD + 2 x CMF 3 xXESD + CMF + Vg s TVS 16 V
SOT-666 (1.6 x 1.6 x 0.53 mm)
USB 2.0 ! QFN (1.70 x 1.50 x 0.5 mm) g QFN (2.60 x 1.35 x 0.5 mm) i
1or2lines 4 lines 2 lines 4 lines
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ECMF = Common-mode filter with integrated ESD protection

Click here to know more about ECMF™



http://www.st.com/web/catalog/sense_power/FM139/CL1432/SC1758/PF260321#tab-3
http://www.st.com/web/catalog/sense_power/FM114/CL1137/SC1489/PF250708#tab-3
http://www.st.com/web/catalog/sense_power/FM114/CL1137/SC1489/PF93353#tab-3
http://www.st.com/web/catalog/sense_power/FM139/CL1432/SC1434/PF252271#tab-3
http://www.st.com/web/catalog/sense_power/FM114/CL1137/SC1490/PF259169#tab-3
http://www.st.com/web/en/catalog/sense_power/FM139/CL1432/SC1434/PF251011#tab-3
http://www.st.com/web/catalog/sense_power/FM139/CL1432/SC1758/PF251011#tab-3
http://www.st.com/web/catalog/sense_power/FM114/CL1137/SC1490/PF260279#tab-3
http://www.st.com/web/catalog/sense_power/FM114/CL1137/SC1490/PF258989#tab-3
http://www.st.com/web/en/resource/sales_and_marketing/presentation/product_presentation/ecmf_series_productpres_web_stcom.pdf

Let’'s go further

A\

USB type-C™ advanced protection quick start guide
USB 2.0 protection and IPAD™ solutions presentation

Y

A\

USB type-C™ power delivery advanced protection presentation
IEC 61000-4-5 standard overview Application note #AN4275

Fundamentals

A\

» ESD - IEC 61000-4-2 standard testing Application note #AN3353
» TVS short pulse dynamic resistance measurement ... Application note #AN4022

. > Protection devices & integrated EMI filtering selection guide
Selection & .
i » USB port protection web product selector
Selltpiline » USB IPAD™ (including ECMF™) web product selector

Lys

Slvlowgmented


http://www.st.com/web/en/resource/sales_and_marketing/presentation/product_presentation/usb_type-c_power_delivery_advanced_protection_fundamentals_pres_web.pdf
http://www.st.com/web/en/resource/technical/document/application_note/DM00080038.pdf
http://www.st.com/web/en/resource/sales_and_marketing/presentation/product_presentation/usb_type-c_advanced_protection_overview_quick_start_guide_pres_web.pdf
http://www.st.com/web/en/resource/sales_and_marketing/presentation/product_presentation/usb_protection_ipad_solutions_web.pdf
http://www.st.com/web/en/resource/sales_and_marketing/promotional_material/selection_guide/sgprotipad.pdf
http://www.st.com/web/en/catalog/sense_power/FM114/CL1137/SC1489?icmp=tt3102_gl_lnkon_nov2015
http://www.st.com/web/en/catalog/sense_power/FM139/CL1432/SC1434?icmp=tt3104_gl_lnkon_nov2015
http://www.st.com/web/en/resource/technical/document/application_note/DM00023467.pdf
http://www.st.com/st-web-ui/static/active/en/resource/technical/document/application_note/DM00044090.pdf

Thank you
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