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Introduction

Start from the User Experience



Vision

One connector design Keyboard
for all system I/O

fllppable USBT e-C™
reversible 7 »

source/sync power
support multiple standards =



USB Type-C Key Aspects

Thin & small 8.3mm x 2.5mm receptacle

Easytouse Reversible plug orientation &
cable direction

Scalable >10 year lifespan

Provides Scalable power charging w/
power source/sync negotiation
Smooth Legacy adapter cables defined

Transition & backward compatible with
USB 2.0




USB Type-C™ Port Behaviors

Data roles
@ Downstream Facing Port (DFP): similar to Standard-A host or hub ports
@ Upstream Facing Port (UFP): similar to Standard-B or Micro-B device ports

Type-C™ Ports can be host only, device only or dual-role.

Power roles
@ Source: typical of standard-A host or hub ports
@ Sink: typical of standard-B or micro-B device ports

Roles can be dynamically swapped using USB PD (data & power).



Challenges

@ Flippability

@ Automatic wire selection
@ Symmetry

@ UFP/DFP negotiation

@ Power Delivery

@ Source/sync & voltage/current
negotiation

@ 10G USB Signaling
@ 5@G, USB 2.0 compatibility
@ Legacy connectors

@ Alternate Mode Signaling
@ Automatic selection .

Simplified user experience
drives implementation
complexity.



Challenges & Directions



Flippability



USB Type-C™ Pin out

k. - h d | Signal Group Slgnal Description
LO O I n g I nto t e p rO u Ct re Ce ptaC e " ::::::1 :2;::: Supch_pr:r:_d USl.B serial data inl_crfd(_:u: one
UsB 3.1 transmit diff pair and one receive diff pair
AL A2 A3 A4 A5 A6 A7 A8 A9 A0 ALl  AIL2 SSTX62. SSTX2 | 11y pimset to enable plu fipping
e, GND | ™1+ | Tx1- - cct [ b+ | p- [seur - RX2- | RX2+ | GND e oehOmi | US8 2.0 serat dots mtertace
e ~ L ' Dp2, Dn2 Twao pin sets to enable plug flipping
(e s
N~ €C1, CC2 receptac) +lin the . onnecti
<~ GND | RX1+ | RX1- - SBU2 | D- | D+ | cc2 - TX2- | TX2+ | GND Configuration - :M]“" e o
B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 Bl Auxiliary signals SBUL, SBU2 sideband Use
Veus USE cable bus power
. . Power Voonw (plug) USE plug power
Looking into the cable or product plug:

Al12 All Al0 A9 A8 A7 A6 A5 A4 A3 A2 Al

< [ onp | rx2+ | R¥2- - seut | D- | b+ | cc - ™1~ | ™x1+ | GND
g GND | Tx2+ | Tx2- -VCONNl | | sBu2 - RX1- | Rx1+ | GND

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

@ The CC pin in the plug establishes signal orientation.
@ SS Tx, SS Rx and SBU can be re-purposed for alternate protocol extensions.

@ Type C can support up 2 USB ports, a DPx4 port, or a USB port and a DPx2 port.
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Functional Model

Implementation without Full-Featured Cable Implementation with Switch
Switch A ~
s [3 s| s s
———— ssTx1 — |§| | BB |B _SSTX1—MUX:
SSRX1 — [&| |# #l B |B]= sSRX1 /] — .
l l l I | Device
B = o H
cc1 || B #|®|8 |3]—cca 1| USB
Host :E 7| |® ¥ & E: I I
USB D+/—- T[] |5 1[4 2|2+ USB D+/- i
USB /=7 |7 7| o] [2] Al B
CC Logic & IRE g HINE |
I —cc2 — |8 |5 = i |8—cc2 |
. v(\:l?t'::: . . . @ . l CC Logic | |
—IR |? § g [B|— —————
SSTX2 — 1 e 4 BB SSTX2 MUX
SSrRx2 — |&| | 5| |8 |[B|— ssRx2
g |8 g g |8

CC wire determines orientation through the cable
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Functional Model

Implementation without Full-Featured Cable Implementation with Switch
Switch A ~
8] [g] 8] 8] [s
————— ssTx1 —|§| |§| 2|5 B 8| = sstxa = yux
SSRx1 — (2| |# & 8= ssrx1 — .
l l l I | Device
B = o H
cc1 |5 |8 #|@|8| |3] = cca 1| USB
Host :E 7| |= ¥ &l |a \ I
USB D+/— —t_[_| || " ——}USBD+—
USB /=7 |7 7| e [2 )
CC Logic & IRE g HINE |
v —cc2 — |8 |5 = i |8—cc2 ic
svcv?tpi: . . .@. l CC Logic | |
= g gl |&|—
SSTX2 — I e = B E SSTX2 MUX
SSsrRx2 — |&| |§ 5| |8 |[B|— ssRx2
g |8 g 2| |2

= Un-flipped straight through — Position @ & Position ®
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Functional Model

Implementation without

Host
USB

Switch

SSTX1 —
SSRX1 —

CC1 [—

USB D+/- =Lt

CClogic | _
& VCONN CC2

Switch
SSTX2 —/—
SSRX2 —

oa|mu|-m- m [« |:nas-m|+m|m

mlm'-m-mss| - | « |m -I:u.|mu.|m

Full-Featured Cable

N N
an|m;|m- « [ o | o- |snu1-m-|m|ao
- - +

TH1- | TH1+ | GND

m|uzo|m-sau1] o- [ o [

m|mc|m- (a] D+ ] D- |snu1

Implementation with Switch

— SSTX1
— SSRX1

— Cci

} USB D+/-

MUX

| cCLogic

Device
USB

— SSTX2
— SSRX2

MUX

= Un-flipped twisted through — Position ® < Position @




Functional Model

Implementation without Full-Featured Cable Implementation with Switch
Switch s A S
2| 8] gl |8 18] g |2
ssTx1 —|&| | 3| 5l —— SEIRE 2 |8|=— ssTx1 MUx
ssrx1 — |8 7| |B] B¢ * 38 £| |8|=— ssrx1 — .
l l l I | Device
8 8 5 o [ |
CcCc1l —|& 3@ B SEl 8| [8|— cca | | USB
Host :E IRE l ? & sl |a } ‘ I
USB USB D+/ - o l v P NERN USB D+/- I; I
CClogic | __lal [l P > | =] (o] __ |
— & Vconn cC2 Bl |2 ® c e o 8 (8 cc2 CC Logic —} I
ssTx2 —|#| B |B| %¢ 3|B | 18— sstx2 MUX
— I8 [& E 2¢ SEIRE RE | —
SSRX2 8| 7] e ’ 2 2| |[E|— ssrx2
8| (8| |2 |8 3 8 |2

= Flipped straight through — Position @ < Position @
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Functional Model

Implementation without

FuII—FeatLired Cable

Switch I ~
8] [s] [3][s 5| s
sstxa —|&| 2| [3] Bl JNEBRE
ssrx1 — |8 |7 [#] |B& #oO|E
TR O
cc1—[E 2| @I & BlolE
Host :E? v l ? 2 &
USB USB D+/- | [ l B o] s
CC Logic | (2] mN | 5]
zveonn [ 1 CC2 (B E@ A E®§
| switch il RN HRNH
ssTx2 =3 (8| |3] 2 B g
ssrx2 — 8| 8] (g |2 HEmH
8| (8| |2 |8 8| |

Implementation with Switch

— SSTX1
— SSRX1

MUX

|
— CcCi |

} USB D+/-

— CC2 7] ccClLogic

—— SSTX2
— SSRX2

MUX

m|mc|m- (a] D+ ] D- |snu1

= Flipped twisted through — Position

Device
USB

@ < Position @
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Direct Connect Functional Model

Implementation without “Thumb Drive” Implementation

Switch

SSTX1 —
SSRX1 —

Device
USB

|

H CC1i

ost

USB — usg D+/- =E
CC Logic

& VCONN ccz2
Switch
SSTX2 —
SSRX2 —

oa|;m|-m-m| FE |:nas-m|+m|m
mlm'-m-mss| - | W« |m -I:u.|mu.|m

= Un-flipped — Position @
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Direct Connect Functional Model

Implementation without “Thumb Drive” Implementation

Switch
{6 EE
—— sSTX1 — |&| & 8
SSRX1 :i i 8
cca |E (2] H
Host :E ¢ | %
USB D+/-— — —
UsB [ B PHETlsl o] | | el = usB D4/~ =
ogic 2 ]
& VCONN CCZ B = 2 CC Device
Switch l l I USB
ssTx2 — & |§] #|=— ssrx ——
ssrx2 — |&| [§ 8| —"8§8TX
8 8 3]

= Flipped — Position @
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Symmetry



USB Type-C™ Port Data Roles

@ Type-C™ ports can be host only, device only or dual-

role.
@ Downstream Facing Port (DFP)

@ Upstream Facing Port (UFP)

@ Dual-role port (DRP) toggles between DFP and UFP states
until resolved to the appropriate state based on what is
attached to it.

@ Roles can be dynamically swapped.
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USB Type-C Pull-Up/Pull-Down CC Model

Typical USB
connections

Powered
Cables

{

cc1 ccz State Position
Open Open Nothing connected N/A
Rd Open UFP connected Q)
Open Rd UFP connected ®
Open Ra Powered Cable/No UFP connected @
Ra Open Powered Cable/No UFP connected ®
Rd Ra Powered Cable/UFP connected Q)
Ra Rd Powered Cable/UFP connected ®
Debug Accessory Mode connected
Rd Rd . N/A
(Appendix B)
Audio Adapter Accessory Mode connected
Ra Ra . N/A
(Appendix A)
peeee---Lable_______
[
P CC
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Basic DFP meets Basic UF

DEP

Mux
CNTL

PD

-

UFP

VBus VBus i
VBUs Source _‘LFL O » \/BUS Sink
Connection
and Marked 5V VCONN Mux
3 3
Cable Connection CNTL
Detection, ;
Detection
Cold-Socket, Rp - cc1 cc1 AAA
& Vconn A A A -o—O O |=—» PD
Control o Rd
(cca) (cc1)
(cc2) — (Cc2)
[
USB Type-C
Rp [ | €2 cc2 Current
—o o————— AN .
A YAYAY, o 1 Rd ' Detection
GND GND
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Dual Role Port

VBUS Source _‘LrLi
VBUs
. Vaus Sink ———0
Connection
and Marked
M Cable
ClerT_ -«— Detection, s‘lll \rcolom
Cold-Socket, |
8&""?“"" ] Rp I
-— ontro N — lol—o
o Present as A A A Lo oo |
Device or Host Rd

{cc1)
(cc2)

USB Type-C Ftp
Current L -
Detection 0
Rd

DRP = DFP + UFP; selects role
based on what is attached

For discovery, DRP toggles
between DFP & UFP

UFP role

Directed from any

state

DFP role

any state

|
|
|
|
: Directed from
|
|
|
|
|

DRP Toggle
Unattached. Unattached. }
UFP Dep
DRP Toggle or VBU.J, UFP
detected : etected
| Attach.DFP. ™\
OFP Removed DFP Detected tDRPLock

VBUS
Detected

\ Attached.UFP

tDRPHold

| I
Attached.DF }

. [

—UFP Removed _
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DRP Behavior

@ DRP meets DFP: DRP resolves to UFP
@ DRP meets UFP: DRP resolves to DFP

@ DRP meets DRP: final result depends on...
@ Randomness within toggle protocol
@ Product configuration
@ User preference ., o.c..or

:))' tDRPTransition
as \ / -
Expose as UFP — — 4/L_)
.
tDRP




DRP meets DRP

DRP #1 as a DFP DRP #2 as a UFP
VBUS Source __‘_'_Li —_LI_L_ VBUS Source
i VBUS VBUS i
Connection Veus Sink -._JTL J_I_L_b Veus Sink Connection
and Marked and Marked
M Cable o Cable M
CNK'JT):_ --—— Detection, 5‘: VC‘ONN vcﬁ"” 5:’ Detection, —» CNUTXL
Cold-Socket, | Cold-Socket,
& VcoNN Rp o ca cc1 — Rp & Vconn
PD —=—s=| Control oresentas 1 -q‘“-o——oJ' | resenton Control -— PD
| Device or Host Rd = i Rd | Device or Host
(cc1) (cc1)
(cc2) Vconn VCONN (cc2)
b 3
USB Type-C R | | USB Type-C
P Rp
Current T cc2 cc2 H Current
_ e A A e N o Rt ST o AAtH
Detection — l, 7o T 'O‘“b——o-?_} A Detection
Rd | Rd
GND GND

One DRP resolves to the DFP (host) role and the other resolves to the
UFP (device) role.
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What if DRP #2 wants to be DFP?

The USB Type-C Connection State Machine allows a DRP that randomly
detects a DFP to attempt to sway the connection to the opposite result

Directed from Directed from

any state any state
DRP Toggle

Unattached.UFP Unattached.DFP

DRP Toggle or VBUS detected

UFP
gFtP ted Detected
\( e Try.DFP il Attach.DFP
/ Y- Detected DRPWait '
RemoI\D/chF; {DRPTrY tDRPLock tDRPH
old
UFP
Removed

Attached.DFP

VBUS
Detected
Attached.UFP ot
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Power Delivery
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USB Type-C Power Options

All solutions required to support Default USB Power appropriate to product — as defined

by USB 2.0 and USB 3.1

Precedence Mode of Operation Nominal Voltage Maximum Current
Highest USB PD Configurable 5A
USB Type-C Current @ 3.0 A 5V 3.0A
\l/ USB Type-C Current @ 1.5 A 5V 1.5A
USB BC 1.2 5V Uptol5A
USB 3.1 5V 900 mA
Default USB Power
Lowest USB 2.0 5V 500 mA

USB Type-C™ Current @ 1.5 A and 3.0 A — preferred alternative to using BC 1.2 for

mobile devices
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Port PD Behaviors

@ DFP: Normally presents Rp

@ |f the DFP requires power to operate (e.g. dead
battery case), present Rd and subsequently use
USB PD to swap data roles.

@ UFP: normally presents Rd

@ |If the UFP is able to charge with dead battery, it
periodically presents Rp.



Power Delivery Configuration

USB PD 2.0 specifies DC-
coupled Biphase Mark
Coding (BMC) signal
encoding for use over CC

1.8V

1.55Vv
(vOPEN)

1.9V

0.6V
0.2v

ov

-0.25V

Host VBUS Device
VBUs VBUS
Source Sink
5V
CccC
Host l—’\/\f\, AVAVAY Device
Rp Rd |
BMC PD BMC PD
Controll Control ller
End TX UFPTX End TX Disconnec t

red at the DFP

Voltage on CC measu
Voltage on CC measured at the UFP

T
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10G Signaling



USB3.1: SuperSpeed Plus

@ Motivation: Enhanced USB experience thru higher BW
@ Genl speed = 5G with 8b10b encoding
@ Gen2 speed = 10G with 128/132 block coding
@ Incremental Change over USB3.0
@ 10G with 128/132b line code (20% BW over 8b10b)
@ 1M passive cable
@ Configuration via LFPS based pulse modulation (LBPM)
@ Compatible w/ legacy connectors
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10G Challenges

@ Limited PCB route length Lo, Cable .
. A bl
@ 23dB max channel w/ symmetric 8508  Coin’  85dB

loss budget

@ Muxing for flippability
& alternate modes

Internal
AC Cap Connector Port

Mitigation directions -

Host PCB Internal
Cable

@ Mux integration

Host Cable Assembly Device

@ Pad cap reduction (e.g. Tcoils) = =
. . Host. e L ;Repe!\ter -Repem — ‘
@ Low loss configurations S fm <

@ Repeaters 2




Legacy Support



Legacy Cable Assemblies and Adapters

The most common cables:

. Current
Plug 1 Plug 2 USB Version Cable Length Rating
A C USB 2.0 <4m 15A
A C USB 3.1 Gen2 <1m 15A
C B USB 2.0 <4m 15A
C B USB 3.1 Gen2 <1m 15A
C Micro-B USB 2.0 <2m 15A
C Micro-B USB 3.1 Gen2 <1lm 15A
The only defined adapters:
. Current
Plug Receptacle USB Version Cable Length Rating
C Micro-B USB 2.0 <0.15m 15A
C A USB 3.1 Genl <£0.15m 15A

5G Loss Budgets

<
10dB 3.5dB 6.5dB

New devices with
legacy host

. 6.50B[8 4dB [El6.5dB
Legacy peripherals

with
new host

6.5dB 4dB

Legacy Micro-B chargers
with new devices

Legacy “thumb drives”
with new hosts
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Alternate Modes



Challenges

Expect products to support multiple standards.®

@ Automatic detection and configuration
@ Use USB PD protocol

@ Expect discrete solutions thru ~2016, eventual
migration to integrated solution

@ Multi-protocol repeaters

@ VESA® Brings DisplayPort™ to New USB Type-C Connector, 09/22/2014, www.vesa.org. 36



@ USB Type-C™ promises a great user experience:
Plug it in and it works.
@ Whatever: mouse, keyboard, SSD, display...
@ However: upside down/rightside up, either plug

@ To realize that promise the industry must
incorporate significant complexity into product
designs while addressing multiple technical
challenges.
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Additional Details



DFP meets DRP

DFP DRP
—_LI_L_ VBUS Source

Veus Veus i
VBUS Source _‘LrL J_I_L_. VBuUs Sink Connection
and Marked
Mux Connection Ny v - Cable "
] and Marked 5V Voonn CONN . ux
CNTL Cable b r n \ CDIe;e;tlir;,t " CNTL
Detection, old-soc ’
Cold-Socket, Rp —my cc1 ce1 — Rp &c:::::::r
PO ~— gé:::.:r A \/_E—o H Present as ~— PD
f Device or Host
Rd
(cc1) (cc1)
(cc2) VCONN Vconn (cc2)
b b
Rp USB Type-C
Rp ] cc2 cC2 [ 1o . | Current
; Detection
| Rd
GND GND

DRP resolves to the UFP (device) role
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DRP meets UFP

DRP UFP

VBUS Source _-L'-Li
- Veus VBUS i
Connection Veus Sink -_JTL > VBUs Sink
and Marked
M Cable
CNL':',:_ ~— Detection, 5‘: vegnn (':\':'“‘«fr"L
Cold-Socket, | Connection
& VConNN Rp Detection
H cCcl ccl1
- Control 1 2 o
Po Present as _;_.“"'C'—"—d’{,i_’ NAYAYAny «—= PD
Device or Host Rd
Rd
(cc1) (CC1)
(cc2) Voconn (cc2)
4
USB Type-C Rp USB Type-C
Current H ccz2 cCc2 Current
- ] e VAVAVAS .
Detection T O Rd Detection
Rd |
GND GND

DRP resolves to the DFP (host) role
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DFP Supporting USB PD Provider/Consumer

VBUS Source

1t . @ Supports USB PD
Connection veussink = © data and power
R = role swaps
| Tevem | oo b« @ NormallyRpis
oo AN T presented
= @ If the DFP requires
power to operate
Rp oo (e.g. dead batter
A i e case), present Rd and
Rd subsequently use
USB PD to swap data
ong roles
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UFP Supporting USB PD Consumer/Provider

- Spports USB PD
data and power
role swaps

@ Normally Rd is
presented

@ If the UFP is able to
charge with dead
battery, it
periodically presents
Rp

] | VB
VB
o JTL—- VBUS Sink
Connection
and Marked
Cable M
ch:N ‘r;:’ Detection, CN':II'L
Cold-Sock
cc1 g Rp Eé\fc:) |
Ot —\/\/\/“—ﬂ on o
o Ar~_ | | | Presentas PD
ink or Sour
Rd
(cc1)
ve (cc2)
e rRe || || | UsBTypecC
o—tois —A\AN ©
o A A AL Detection
Rd
GND
O
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