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UCle™ Protoco

Protocol Layer

¢ Flit aware

Die-to-Die Adapter

Physical Layer
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_______ D2D interface (FD1)

ARB/MUX (when applicable)
CRC/Retry (when applicable)
Link State Management
Parameter Negotiation

——————— Raw D2D interface (RDI)

Link Training

Lane Repair (when applicable)
Lane Reversal (when applicable)
Scrambling/De-scrambling
Sideband Training and transfers
Analog Front End

Clock forwarding

M

Flash Memory Summit

* Protocols supported
* PCle®
* CXL™
* Streaming: Vendor defined protocol

* Multiple Flit formats are permitted
as a transport mechanism

* Raw formats are supported where
Adapter CRC/Retry is bypassed —
supported for all protocols
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Adapter Functionality

* For CXL™, ARB/MUX functionality is
absorbed in the Adapter Protocol Layer
¢ Flit aware (FDI)
* Lightweight CRC computation D2Dinterface
ARB/MUX (when applicable)
. . CRC/Retry (when applicable)
Die-to-Die Adapter )
H H ® Link State Management
* Flit Retry mechanism leveraged from PCle paramoter Nesouation
Flit Mode
————————— == % ————————————————— Raw D2D interface (RDI)
* Link State Management for Link Training
Reset/Active/PM/Error flows Lane Repair (when applicable)
Lane Reversal (when applicable)
Physical Layer Scrambling/De-scrambling
Sideband Training and transfers
. pe . p- Analog Front End
* D2D specific or Protocol specific parameters Clotk forwarding
negotiated with remote Link partner I
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Example Configurations

Protocol Layer
(PCle orStreaming)

(a) Single Protocol

Protocol Layer Protocol Layer
(CXL.io) (CXL.cache mem)

=

. Arb/Mux _~

Die-to-Die Adapter

(b) Single CXL Stack

Protoco| Layer Protocol layer
(CXL.io) (C¥L.cachemem)

Protocol Layer Protocol Layer
(CHL.io) (CHL.cachemem)

___t_____t___

N S

~. Arb/Mux .~

~ Arb/Mux ~

\ StackMux /

Die-to-Die Adapter

(c) Two CXL stacks multiplexed inside the adapter
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Raw Format (Format 1)

Byte

M
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0

64B (from Protocol Layer)

* All examples show 64B data width on FDI

* For Raw format, all bgtes are populated by the Protocol Layer, and

Adapter data path is bypassed

* Adapter simply forwards all the bytes to RDI without any

modifications or additions

* Raw format is permitted for all Protocols
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68B Flit Format (Format 2)

Byte
Flit Hdr | Flit Hdr ,
0 62B of Flit 1 (from Protocol Layer)
(Byte 0) | (Byte 1)
64 28 of Flit1 , CRE CRE Flit Hdr | Flit Hdr 58B of Flit 2 (from Protocol Layer)
[from Protocol Layer) tmE ﬂ] tB\ftE 1] IBYI;E ﬂ] [BYtE 1}

128

6B of Flit 2 (from Protocol Layer)

CRC
(Byte 0)

CRC
(Byte 1)

bytes from next flit

Used for PCle non-Flit Mode and CXL.io 68B Flit Mode protocols

Protocol Layer presents 64B of the Flit on FDI
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Adapter adds 2B Flit Header, 2B CRC and performs the required barrel shifting before transmitting over RDI
* CRC covers the 2B Flit header as well as the 64B of Protocol information

Flit header carries protocol identifier, stack identifier, sequence number, Ack/Nak completion, pause of data
stream indication
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Standard 256B End Header Flit Format (Format 3)

Byte

0 Flit Chunk 0 64B {from Protocol Layer)

64 Flit Chunk 1 648 (from Protocol Layer)

128 Flit Chunk 2 64B {from Protocol Layer)

152 Flit Chunk 3 44B (from Protocol Layer) gf:t:z; :,:I;:t:{i; Byt[:al_EPE:S 10B Reserved [EEEE’ [E::E?’ [EEE;’ [EEE}:

* Used for PCle® Flit Mode protocol

* Protocol Layer sends the Flit over FDI, drives Ob on the bits filled in by the
Adapter (Flit Marker populated by Protocol Layer in DLP Bytes 2:5)

* DLLPs sent/received over separate signals on FDI

* Adapter fills in DLLP if Flit Marker is not present in DLP Bytes 2:5
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Standard 256B Start Header Flit Format (Format 4)

CXL.cachemem « Used for CXL™ 2568 Flit Mode

Byte
0 FiitHdr (R 628 of Flit Chunk 0 {from Protocol Layer) p rOtOCOI
(Byte 0) | (Byte 1)

64 Flit Chunk 1 64B (from Protocol Layer)

128 Flit Chunk 2 648 (from Protocol Layer) .

192 508 of Flit Chunk 3 (from Protocol Layer) 10B Reserved :n::fgz :ngg :;::::] EEEE:J ° PrOtOCO| Layer Sen,ds t,he Fllt Over FDI’
drives Ob on the bits filled in by the
Adapter

_ * For CXL.io, Flit Marker populated by
CXL.io Protocol Layer in DLP Bytes 2:5. DLLPs

Brte | _ sent/recelved over separate 5|gnals on

0 {'::t:';; IFB';:{:; Flit Chunk 0 628 {from Protocol Layer) FDI

64 Flit Chunk 1 64B (from Protocol Layer)

128 Flit Chunk 2 64B (from Protocol Layer)

192 Flit Chunk 3 468 (from Protocol Layer) By::spz'ﬁ 10B Reserved IE:ECS: IE':;!O:IJ f.:f;] :‘B::Eh ° FO”OWS the Framlng rUIES for the

Standard Flit in CXL™ Specification
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Latency Optimized 256B without Optional Bytes
(Format 5)

CXL.cachemem * Used for CXL™ 256B Flit Mode protocol

Byte

O e :;:‘:; Flit Chunk 0 628 {from Protocol Layer)
B4 Flit Chunk 1 588 (from Pratocol Layer) 4B Reserved Im ;T: .
128 Flit Chunk 2 648 (from Protocol Layer) o PrOtOCOI Layer Sends the Fllt Over FDI,
T drives Ob on the bits filled in by the
Adapter
* For CXL.io, Flit Marker populated by Protocol
CXL.io Layer in DLP Bytes 2:5. DLLPs sent/received

[ B over separate signals on FDI

(Byte ) | (Byted) yer
64 Flit Chunk 1 588 (from Protocol Layer) [ Bw::pz:s |£:fm
128 Flit Chunk 2 648 (from Protocol Layer)
192 Flit Chunk 3 528 (from Protocol Layer) 6B Reserved ‘ F”‘-:"E’ rker ‘lg:f:llf':f}'

* Follows the Framing rules for Latency
Optimized Flit in CXL™ Specification
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Latency Optimized 256B with Optional Bytes
(Format 6)

CXL.cachemem * Used for CXL™ 256B Flit Mode protocol

0 :;\::::; [FEI,::H:'I ety ) )

» T p—— el * Protocol Layer sends the Flit over FDI, drives Ob

128 Flit Chunk 2 648 (from Protocol Layer) On the blts IIIed In by the Adapter

192 FUt Chunk 3528 {from Protocol Laer) RN - * For CXL.io, Flit Marker populated by Protocol Layer
in DLP Bytes 2:5. DLLPs sent/received over separate
signals on FDI

CXL.io

Byte

o | e [Nt - * Follows the Framing rules for Latency Optimized

“ A1t Crune 568 (rom Prtocel oy oo el Flit in CXL™ Specification with additional bytes

P Chunk 268 (rom pratcel ayer from Protocol Layer for added efficiency

152 Pt churi3 568 fom prtocol Laye ] Il o ot * CXL.io gets an extra DWord of TLP information

* CXL.cachemem gets an extra H-slot (14 Bytes)
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Protocol and Flit Format Matrix (UCle™ 1.0)

PCle Non-Flit CXL 68B Flit CXL 2568 Flit

Format Number Flit Format Name Mode PCle Flit Mode Mode Mode Streaming

Raw Optional Optional Optional Optional Mandatory
68B Mandatory N/A Mandatory N/A N/A
Standard 256B End Header N/A Mandatory N/A N/A N/A
StandaHrgaZdSeGrB Start N/A N/A N/A Mandator N/A
Latency Optimized 256B N/A N/A N/A Obtional N/A

without optional bytes

Latency Optimized 256B
iR @serEl s N/A N/A N/A Strongly Recommended N/A

*Streaming column is for Adapter. Protocol Layer interop is vendor specific
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State Machine Hierarchy

_ For CXL™, vLSM is exposed on FDI
CXL PCle/Streaming

For PCle®/Streaming, Adapter LSM is

a

=10

=
(]

C} C} C} exposed on FDI

&

5 vLSM handshakes with remote Link
partner use ALMPs and follow CXL™ 256B
Flit Mode rules and format

Adapter LSM handshakes with remote
Link partner use sideband Link
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Link Initialization Flow

Protocol Layer CXi Adapter Physical layer D2D Physical layer CXi Adapter Protocol Layer
Die 0 Die 0 Die 0 CHANNEL Die 1 Die 1 Die 1

Reset/flow for Die 0
(independent of Die 1)

Stage0 Reset flow for Die 1

(independent of Die 0)
StageQ

Sideband detection and initialization
Stage 1|

Training parameter|exchanges on sideband
Mainband (Lane|Repair and) Training
Stage 2|

Protocol parameter exchanges on sideband
Stage

Stage 3 Complete. Flit transfer can begin— -
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Logical PHY Functions

Byte to Lane mapping for data transmission over Lanes
* Separate Valid Lane for indicating data transfer

* Interconnect redundancy remapping for Advanced Package configurations

* Width degradation support for Standard Package Configurations

* Scrambling and training pattern generation

* Lane reversal

 Link initialization, training and power management states

Transmitting and receiving sideband messages
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Multi-Module Support

Die-to-Die Adapter

Multi-Module PHY Logic
PHY Logic PHY Logic

Sideband Hectrical/ AFE Sideband Electrical/ AFE

Valid Valid
Sideband |FW-CLK | x16 | 1,k | Sideband |FW-CLK [ x16 | 1. .

Die-to-Die Adapter

Multi-Module PHY Logic
PHY Logic PHY Logic PHY Logic PHY Logic

Sideband Blectrical/ AFE Bectrical/ AFE Sideband Bectrical/ AFE Sideband Hectrical/ AFE

valid Valid Valid Valid
Sideband |FW-CLK [ x16 Track | Sideband FW-CLK | x16 Track | Sideband FW-CLK | x16 Track | Sideband FW-CLK | x16 Track

* One, two or four module per Adapter are allowed
* Both Advanced and Standard Package

 Standard package example configurations shown here
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