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* PCle

Peripheral Component Interconnect - Express

Preceded by PCl and PCI-X
* But completely different physically

Logical configuration separate from the physical
configuration
 Logical configuration is backward compatible = SW reuse

On-chip or on-board

Packet based — point to point architecture

EE 4980 — MES 2
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* PCle

* Point to point
* Fixed — hardwired direct connection (LINK)

PCI-XP PCI-XP

Device Link (x1, x2, x4, x8, x12 x16 or x32) Device
A B

Packet

EE 4980 — MES 3
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* PCle

* Why point to point?

* Reduces the RC delay on the signals
* Allows for very fast transfer speeds

e 2.5GT/s, 5GT/s, 8GT/s, 16GT/s, 32GT/s with 64GT/s in 2021
* GT/s — Giga-Transfers per second
* Assumes simultaneous Rx/Tx

EE 4980 — MES 4
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* PCle

* Networked - uses switches to route messages

Switch

CPU
PCl Express | PCl Express
Endpoint
Root
Complex Memory
PCI Express to PCI Express
PCI/PCI-X Bridge
PCI Express
PCI/PCI-X fSwnch\
PCI v PCI
Express PCI PCI Express
Express Express
Legacy Legacy PCI Express PCI Express
Endpoint Endpoint Endpoint Endpoint
EE 4980 — MES
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* PCle

* Lane
e 1 transmit path and 1 receive path
* Differential signaling = 4 wires/Lane

e Link
e Collection of Lanes
* 1x, 2%, 4x, 8x, 12x, 16X, 32X
 Symmetric — same both directions

e No Clock !

EE 4980 — MES 6
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* PCle

e Lanes and Links

Throughputlil
PClI Express Line Transfer .
. Introduced : I

version code rateU X1 X2 x4 X8 x16 But Wa It .
1.0 2003 8b/10b 2.5GT/s 250 MB/s 0.500GB/s | 1.00GB/s 2.0GB/s 4.0 GB/s 5 GT/S X 8 | | n kS — 4OGT/S
2.0 2007 8b/10b 5.0GT/s 500 MB/s 1.000GB/s | 2.00GB/s < 4.0 GB/s > 8.0 GB/s

u 4 j -
40GT/s / 8 bits = 5GB/s
3.0 2010 128b/130b | 8.0GT/s 984.6MB/s | 1.969GB/s | 3.94GB/s 7.88GB/s 15.75 GB/s
4.0 2017 128b/130b | 16.0GT/s 1969 MB/s | 3.938GB/s | 7.88GB/s 15.75GB/s | 31.51GB/s W hy th e d Iffe rence ?
5.0 2019 128b/130b | 32.0GT/sil | 3938 MB/s | 7.877GB/s | 15.75GB/s | 31.51GB/s | 63.02GB/s
Z‘)?anne 4 2021 128b/130b | 64.0GT/s 7877 MB/s | 15.754GB/s | 31.51GB/s | 63.02GB/s | 126.03GB/s
EE 4980 — MES 7 © tj


https://en.wikipedia.org/wiki/PCI_Express#cite_note-both-directions-40
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https://en.wikipedia.org/wiki/Gigatransfers
https://en.wikipedia.org/wiki/Megabyte
https://en.wikipedia.org/wiki/Gigabyte
https://en.wikipedia.org/wiki/128b/130b
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* PCle

* Encoding

PCle 1.x and 2.x use 8b/10b encoding
PCle 3.x - 6.x use 128b/130b encoding

* 8b/10b Encoding

EE 4980 — MES

Maps 8 bit symbols to 10 bit symbols

Coding ensures # of 1s and # of Os differ by < 2 for any string of 20
bits

Coding ensures no more than 5, Os or 1sin a row

Provides enough transitions to do clock recovery
Provides for DC balance

© tj



* PCle signaling

EE 4980 — MES

Clock Recovery

Both Rx and Tx generate a common clock frequency
e 2.5Ghz, 5GHz, 8GHz, 16GHz
* Only at the Rx/Tx interfaces

Phase between Rx and Tx is uncorrelated

Rx side uses a PLL to phase align the receiver clock to the
incoming differential signal

* This is where encoding helps — ensures sufficient transitions to keep
PLL locked



* PCle signaling
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* PCl Layering

EE 4980 — MES

Transachon Transachon
e L o
= o !
CataiLink Diata Lnk
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e PCl Packets

EE 4980 — MES

Framing

Sequence
Number

Header

Transaction Layer

LCRC

Framing

Data Link Layer

Physical Layer

12
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EE 4980 — MES

* Primary Functional Blocks

Root Complex
Endpoint
Switch

Bridge

CPU

PCI Express
Endpoint

PCl Express to
PCI/PCI-X Bridge

Root
Complex

Memory

Express

PCI Express

PCI

Legacy
Endpoint

PCI Express

PCI Express
Endpoint

Upstream Port (only 1) - points toward the root complex

Downstream Port(s) — point away from root complex

Ingress Port —incoming port (receiver)

Egress Port — outgoing port (transmitter)

Express




PCI Express to
PCI/PCI-X Bridge

* Root Complex

PCI
Express

Legacy Legacy PCI Express PCI Express
i Endpoint Endpoint Endpoint

Connects CPU(s) and Memory to the PCl fabric

Multiple PCle ports
e Generates transactions based on commands from the CPU

* Can act as power controller, interrupt controller, error
detection response

EE 4980 — MES 14 © tj



* Endpoint

* Peripheral or bridge to another protocol

* An endpoint can support multiple different functions

CPU
PCI Express PCI Express
Endpoint
Root
Complex Memory
PCI Express to PCI Express
PCI/PCI-X Bridge

PCI Express

PCI/PCI-X %
PCI

Express

PCI
Express

PCI PCI

Express Express
Legacy Legacy PCI Express PCI Express
Endpoint Endpoint Endpoint Endpoint

EE 4980 — MES 15 © tj



e Switch

Hierarchy of bridges allowed

Configuration includes information on
* Downstream devices
 Downstream buses

Forwards based on
* Address routing
* ID routing
* Implicit routing
* Up one level, root device, ...

EE 4980 — MES

Acts like multiple virtual bridges — PCle to PCle

/ Switch

Virhsl
PCHRC
Sndpe




e Switch — cont’d

 Perform Virtual Channel arbitration

EE 4980 — MES

Perform port arbitration

* Multiple transactions to the same port

* Priority decisions

17

L
h
/ Switch
Wirtual
PCHC
Bridge
Wirtus Wirtueal Wirtual
| PCHCI PCHRCH
Biridge Sridge Sridpe
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e Elements

* Each element has a device ID
* Bus#
* Device #
* Function #

e Root: 0,0,0 (b,d,f)
* Endpoint: x,0,x
* Each endpoint is defined as Device # O
e Multifunction endpoints must have a Function # 0

EE 4980 — MES 18
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* Transactions

* Transaction

* 1 or more packet transmissions

* Each transaction has a Tag associated with it
* Allows split transactions

Address Space Transaction Types Basic Usage

Memory Read Transfer data to/from a memory-mapped
Write location

/O Read Transfer data to/from an I/O-mapped location
Write

Configuration Read Device Function configuration/setup
Write

Message Baseline From event signaling mechanism to general
(including Vendor— purpose messaging
defined)

EE 4980 — MES 19

© tj



* Transactions

* Non-posted transaction
* Aresponse is expected at some future time
 E.g. memory read

e Posted transaction
* No response is required or expected

e E.g. non-posted memory write

* Requesters and Completers instead of Master/slave

EE 4980 — MES 20
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* Multi-Layer Protocol

* Transaction Layer

EE 4980 — MES

Data Layer

Physical Layer

TLP

* Transaction Layer Packet

-

-

.

Logical Sub-block

[Electrical Su b-blo::k]

RX

y

Transaction Transaction
M A h. vy
' ™y ' ™
Data' Link DataiLink
S iy M vy
( Physical Physical b

.

Logical Sub-block

[Electrical Sub-block]

RX ™ )

* Originates/terminates at the Transaction Layer

DLLP

e Data Link Layer Packet
* Originates/terminates at the Data Link Layer

X
]

Tﬁ N/

\L A

4}
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* Multi-Layer Protoco

EE 4980 — MES

Logical Sub-block

[Electrical Su b-blo::k]

Logical Sub-block

[Electrical Sub-block]

e ™ e Y
Transaction Transaction
M A h. vy
' ™y ' ™
Data' Link DataiLink
S iy M vy
( Physical N[ Physical b

Framing

Sequence
Number

L RX | X J L RX | X
o J
\L .z'/_.
=== N |
Header E Data :E ECRC | [ LCRC || Framing
I T _I

Transaction Layer

22

Data Link Layer

Physical Layer
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* Transaction Layer

Creates TLPs

Interfaces to the peripheral to make requests or provide
results
 Read — address, device, ...
* Write — address, device, data
* Flow control
* Buffer overflow, underflow

* Each packet has a unique identifier

 Where the Memory, |10, Config and Messages are created
and consumed

EE 4980 — MES 23
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e Data Link Layer

* Takes packet info from the Transaction Layer, adds to it,
and transmits to the Physical Layer — and reverse

* Provides Link Management

e Supports data integrity
* Error detection & correction

* Requests re-transmits

e Creates and uses packets for link management separate
from transferring Transaction Layer information (DLLPs)

EE 4980 — MES 24 © tj



* Physical Layer

e Separated into two sections

* Logical
* Formats data
e Adds framing information

 Electrical
e RX/TX circuitry

EE 4980 — MES 25
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* Transaction Layer Packets

e Left most bit transferred first

o pa
TLP Prefixes TLP 2 Data Payload £ |  TLP Digest
{optional) Header E{_l; (included when applicable) Cg (optional)
I ©
a o
byte] 0| 1| 2 || H|He|Re2| oo | U ae1]|us2] - K |Kk+1|Kk+2|K+3
QT : - N
Framing Sﬁﬁum%nechC Header E Data :E ECRC 1)| LCRC Framing
[ | T
A

EE 4980 — MES

)

A

Transaction Layer J

Data Link Layer

A

Physical Layer
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* Transaction Layer Packets

e Left most bit transferred first

Byte 0

Byte H-4

Byte H

Byte J

Byte K4

Byte K

EE 4980 — MES

?‘6‘5‘4‘3‘2‘1‘0

+0

?‘6‘5‘4‘3‘2‘1‘0

+1

7|6

5‘4

+2

+3

2J2]1]o

?‘6‘5‘4‘3‘2‘1‘0

TLP Prefix Byte 0

LR

TLP Prefixes
(Optional)

AR

TLP Prefix Byte H-1

Header Byte 0

Header

Data Byte 0

AN

AN

Data

{included when applicable)

AN
ALY

Data Byte N-1

124123 ]

TLP Digest (optional)
| 1 1 116115] 1 1

L1817 1 1 1 1 1

27
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* Transaction Layer Packets

* Header portion

Byte O (

EE 4980 — MES

N\ +0 +1 +2 +3
?‘6 5\1 3 2‘1|D 7 6‘5‘4 312(1(0|7|6 5‘4 3|2 'I‘U 706 5‘4‘3|2‘1‘0
| Fmt / Type |R| TC |[RpwR|LITIE|Atr| AT Length
LA
Fmt[2:0] Corresponding TLP Format

000b 3 DW header, no data

001b 4 DW header, no data

010b 3 DW header, with data

011b 4 DW header, with data

100b TLP Prefix

28
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* Transaction Layer Packets
* Header portion

/{_\ +1 +2 +3
7‘6 5{432‘1‘0 6‘5‘43 0?65‘4321‘0? 5‘4‘3‘2‘1‘0
Fmt \ Tye R| TC |R L B E Attr | AT Length
T (
TLP Type Fmt Type Description
[2:0]2 [4:0]
(b) (b)
MRd 000 0 0000 Memory Read Request
001
MRdLk 000 0 0001 Memory Read Request-Locked
001
MWr 010 0 0000 Memory Write Request
011
IORd 000 0 0010 I/O Read Request
[OWr 010 0 0010 I/O Write Request
CfgRdO 000 00100 Configuration Read Type 0
CfgWr0 010 00100 Configuration Write Type 0
CfgRd1 000 00101 Configuration Read Type 1
CfgWr1 010 00101 Configuration Write Type 1

EE 4980 — MES




* Transaction Layer Packets

* Header portion

+0 +1 +2 +
7‘6‘5 4‘3‘2‘1‘0 6‘5‘4 J|2(1|0|7|6 5‘4 3‘2{1‘[] T\|6 5‘4‘3‘2‘1‘0
. T|T|E \
Byte 0 Fmt Type TC |R R HlDlp Attr | AT \ Length A
e

Length[9:0]

Corresponding TLP Data Payload Size

00 0000 0001b 1 DW
00 0000 0010b 2 DW
111111 1111b 1023 DW
00 0000 0000b 1024 DW

EE 4980 — MES
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* Transaction Layer Packets

* Address Based Routing
* 4 DW header
* 64 bit addressing

+0 +1 +2 +3
?‘6‘5 4‘3|2"I‘ﬂ 716 5‘4 3|12|1|0|7|6|5|4 3‘2 1|D ?‘6‘5‘4‘3‘2‘1‘[!
Byte 0 |oFML | Type |R| TC [RjmR L g E Attr | AT Length
Byte 4 = {Fields in bytes 4 through 7 depend on type of Request}
Byte 8 = Address[63:32]
Byte 12 = Address[31:2] PH

EE 4980 — MES 31 © tj



* Transaction Layer Packets

* Address Based Routing
3 DW header
* 32 bit addressing

+0 +1 +2 +3
T‘B 9413 2‘1‘0 [ 6‘5‘4 3(2(1(0]7|6 5‘4 3‘2 'I‘U 716|543 2‘1‘0
Byte 0~ | ,FM | Type |R| TC |RpwRILITIE | attr | AT Length
Byte 4 = {Fields in bytes 4 through 7 depend on type of Request}
Byte 8 = Address[31:2] PH

EE 4980 — MES 32 © tj



* Transaction Layer Packets

* |D Based Routing

Byte 0 =

Byte 4 =

Byte 8 =

+0

+1 +2 +3
?‘6 ] 4‘3‘2‘1‘{} 7(6(5(4|3[2(1|0|7|6|5|4 3‘2 1‘0 ?‘6 ] 4‘3‘2‘1‘{}
oMt Type [R| TC [RpaR|L|D|S|Atr| AT Length
{Fields in bytes 4 through 7 depend on type of TLP}
Device Function
Bus Number __Number___[Number | {Fields in bytes 10 and 11 depend on TLP type}
Function Number (with ARI)

Byte 12 =

{Fields in bytes 12 through 15 depend on type of TLP}

Byte 0 =

Byte 4 =

Byte 8 =

EE 4980 — MES

+0

+1 +2 +3
?‘6 5(4)3 2‘1‘0 7 6‘5‘4 3(2|11(0|7|6 5‘4 32 'I‘U 7|6 5‘4‘3‘2‘1‘0
Fmt T|T|E
0 x 0 Type R| TC |RjatrR HIDlP Aftr | AT Length
{Fields in bytes 4 through 7 depend on type of TLP}
Device Function
Bus Number ___Number __[Number | {Fields in bytes 10 and 11 depend on TLP type}
Function Number (with ARI)

33




* Transaction Layer Packets

e Data Word Byte Enable

Provides Byte level enabling of the first and last data words

All intermediate words (assuming >2 for length) must match both
the first and last DW enable

32 bit words = 4 bytes

15t DWenable = 0110, last DWenable = 1100

* Enable byte 1 and 2 of the 1%t word, no intermediate words, bytes 2 and
3 of the last DW

+0 +1 +2 +3
?|6‘5 413 2"1‘0 7 6|5‘4 3(211(0(7|6 5‘4 3‘2 'I‘G 76 5‘4 3 2‘1‘[]
- | Fmt T|T|E
Byte O 0 x x Type R| TC (R R HiDlP Attr | AT Length
Byte 4 > {Fields in bytes 4 through 6 depend on type of Request} L‘J%E W 151EEW

EE 4980 — MES 34 © tj



* Transaction Layer Packets

150 7.0 20 20
 Transaction ID Requester ID Tag Atibutes  Trafic
* Requester ID
* Tag

Attributes — no-snoop?
Transaction class — best effort, round robin, ...

+0 +1 +2 +3
?‘6‘5 4‘3‘2‘1‘[! 7|6|5(4(3(2|1|0|7|6]|5|4 3‘2 1‘[] ?|6‘5‘4 3‘2‘1‘[!
Byte 0 = DFQ‘I1 Type R| TC |[R|aR L E E Attr | AT Length
Byte 4 = Requester D Tag LE%’EEW 1StBEW
Byte 8 = Address[63:32]
Byte 12 = Address[31:2] PH

EE 4980 — MES 35 © tj



* Transaction Layer Packets

* |0 Transaction Request Example

+0 +1 +2 +3
?’|55432‘1‘D?6|5‘4321 DT65‘432'|‘UT15 5‘4 3‘2‘1‘[]

- | Fmt TC atrl o | T | T |E | Attr | AT Length
Byte0= 15"y gl TPe |Rig o o|R[R|R|H|D|P|lO0j00lo00DODO0OO0DODOO 1
Byte 4 > Requester ID Tag Easbmﬁ E‘g 'IStBEW
Byte 8 = Address[31:2] R
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* Transaction Layer Packets

* Configuration Transaction Request Example

+0 +1 +2 +3
T‘B 50413 2"1‘0 7 6‘5‘4 3(2(1(0]7|6 5‘4 3‘2 'I|l] 7(6(5(4|3 2"1‘[]
. | Fmt TC atel o | T | T |E | Attr | AT Length
Byte0= 19"y 0| T™Pe |Rlg 0 o|R[r|R|H|D|Plo00O|l0 0lo0o0O000O0O0O 1
Byte 4 > Requester ID Tag 'E'E'S’:]D”g 565 .IStB[E]W
. Device Function Ext. Reg. Reqgister
Byte 8 Bus Number Mumber | Number Reserved Number Number R
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* Transaction Layer Packets

 Completion header

* Header for any completion packets
* E.g. results of a read

Byte 0 =
Byte 4 =

Byte 8 =

EE 4980 — MES

+0 +1 +2 +3
T‘E 5(4]3 2‘1‘0 [ 6‘5‘4 3|2 0|76 5|4 3|2 'I‘ﬂ 7|6 5‘4|3‘2|’1‘D
Fmit {rIT|TI|E AT
0 x 0 Type Rl TC |R |at "NE Aftr 00 Length
Compl. | B -
Completer ID Status ﬁ Byte Count
Requester ID Tag F| Lower Address

Completion Status[2:0] Field Value (b)

Completion Status

000

Successful Completion (SC)

001 Unsupported Request (UR)

010 Configuration Request Retry Status (CRS)
100 Completer Abort (CA)

all others Reserved
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* Transaction Layer Packets

e Optional Digest Field
e Can be used for additional data checking at the Transaction Layer

e Use a CRC — Cyclical Redundancy Check on the bits of the
Transaction Layer Packet

EE 4980 — MES 39 © tj



e Data Link Layer Packets - TLP

* Prepends a sequence #
e Used to detect entirely missing transmissions

+0 +1 +3
7|6s|4]3|2|1]o|7|e|5|4|3|2|1]0|7]e|5]|4 \ 2|1]o]7 ‘I\
0000 TLP Sequence Number [TLP Header] /’
+(N-3) (N 2) +(N-1)
...‘\7\0 s|4a]2]1]o]7
/ LCRC

EE 4980 — MES 40 © tj



e Data Link Layer Packets - DLLP

* General format

+3
7|6|5 6|5 ?‘6‘5‘4‘3‘2‘1‘[!

+0 +1 +2
4‘3‘2‘1‘[!? 4‘3‘2‘1‘1] ?‘6‘5‘4‘3‘2|1‘D

Byte 0 = DLLP Type

Byte 4 = 16-bit CRC

EE 4980 — MES 41 © tj



e Data Link Layer Packets - DLLP

* General format

+0 +1 +2 +3
Tﬁﬁa’-lﬂ.?"]‘ﬂ? 35432‘1‘{] ?‘6‘5‘4‘3‘2|’]‘D ?‘6‘5‘4‘3‘2"]‘{}
Byte 0 = DLLP Type
Byte 4 = 16-bit CRC
* Ack/Nak format
+0 +1 +2 +3
T‘5‘5‘43?_‘1|DT 35432"]‘{] ?‘6‘5‘4 3‘2"||ﬂ T|6‘5‘4‘3‘2"|‘U
Byte 0 > Hgﬂﬂ,]ﬂ gﬂ%ﬂg - ﬁgt Reserved AckNak_Seq_Num
Byte 4 = 16-bit CRC

EE 4980 — MES
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* Physical Layer — Logical

* Framing
Symbol 0 Symbol 1 | Symbol 2
S5TP Reserved Packet Sequence Number

hY

| Symbol (N-3) | Symbol (N-2) Symbol (N-1)

Y
|

« | LCRC Value

END

/

EE 4980 — MES
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* Physical Layer — Logical

* Framing Token — Start of TLP

+0 +1 +2 +3
Tﬁ‘5‘4 3‘2"|‘D?ﬁ|5‘4 3‘2‘1‘[!?1.3543‘2‘1‘[] ?‘5 5‘432‘1‘{]
Lenginz:0p| 1111 |G| TLPLengthrio:4] [ FCcRe TLP Sequence Number
STF’/Token
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* Physical Layer — Logical

* Striping

EE 4980 — MES

Symbol for: Symbol for:
Byte 0 Byte 4
—— A

Lane 0 e |a|b

C

die|i|f|g|h|j|alb|c|d|e|i|f|g|h|]]| eee

Lane 1 eee |a|b

Lane 2 eee |a|b

Lane 3 e |a|b

time =0

time =_ time =__
1x Symbol Time 2x Symbol Time

45
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* Packet example

Sync Hdr
Symbol O
Symbal 1
Symbol 2
Symbol 3
Symbol 4
Symbol 5
Symboal 6

Symbol 15
Sync Hdr
Symbol 0
Symbol 1

EE 4980 — MES

LANE O LANE * LAME 2 LAMNE 3 LAMNE 4 LAMNE & LAME & LANE 7
Q a 0 0] 0 0 0 ]
1 1 1 1 1 1 1 1
- 3TRP |- TLF Header (DW 0) -
- TLP Headsr (W 1 and 2} - TLE—TOW
- TLF Header (DW 3) - |- Data {1 DW) o
R 3 LCRC - |t SDP e CLLP Payload ——m=| OLLE
-af—— DLLFP Payload F g 3 CRC e 101 [l n] 11
1oL 1oL 10L DL IDL 0L 1oL 0L
- STP - |- TLP Header (DWW 0) I:r_
TLF {23 DV
- Data (DW 14} - Data (OW 15) »=| — Straddies
twio Blocks)
Q 1] 1] 0] 0 0 0 1]
1 1 1 1 1 1 1 1
- Data [IIZJW 16) = Data (DW 17) ="
- LCRC - IDL DL DL DL
TimeY
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* Physical Layer - Logical

* Encoding

e PCle 1.x and 2.x use 8b/10b encoding
e PCle 3.x and 4.x use 128b/130b encoding

* 8b/10b Encoding

EE 4980 — MES

Maps 8 bit symbols to 10 bit symbols
Coding ensures # of 1s and # of Os differ by < 2 for any string of 20

bits

Coding ensures no more than 5, Os or 1sin a row

Provides enough transitions to do clock recovery

Provides for DC balance

47
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* Physical Layer - Logical

5b/6b code
° 8b/10b Encoding Input RD=-1 RD=+1 Input RD=-1 RD=+1
EDCBA abcdei EDCBA abcdei
* Bottom 5 bits 2 6 bit code 4, 0000 | 100111 | 012000 D.16 | 10000 | 011011 100100
D01 00001 | 011101 100010 D.17 | 10001 | 100011
D02 00010 | 101101 | 010010 D.18 | 10010 | 010011
D.03 | 00011 | 110001 D.19 | 10011 | 110010
D.04 | 00100 | 110101 | 001010 D20 | 10100 | 001011
D.0O5 00101 | 101001 D21 | 10101 | 101010
D06 | 00110 | 011001 D22 | 10110 011010
D07 00111 | 111000 | 000111 D23+ 10111 | 111010 | 000101
D.08 | 01000 | 111001 000110 D24 | 11000 | 110011 | 001100
D09 | 01001 | 100101 D.25 11001 | 100110
D.I0 | 01010 | 010101 D26 | 11010 | 010110
D.11 01011 | 110100 D27+ 11011 | 110110 | 001001
D.12 | 01100 | 001101 D28 | 11100 | 001110
D.13 01101 | 101100 D29+ | 11101 | 101110 | 010001
D.14 01110 011100 D30+ 11110 | 011110 | 100001
D.15 01111 010111 | 101000 D31 | 11111 | 101011 | 010100

K.28 11100 | 001111 | 110000
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* Physical Layer - Logical

* 8b/10b Encoding

* Top 3 bits > 4 bit code 2=

Input Rl)l=
HGF

Dx.0 | 000 1011
Dx1 | 001 1001
Dx.2 | 010 0101
Dx3 | 011 1100
Dx.4 | 100 1101
Dx5 | 101 1010
Dx.6 | 110 0110
E'X'W 111 1110
E‘X'M 111 0111

EE 4980 — MES 49

RD =
+1

fghj

0100

0011
0010

0001

1000

Input

K.x.0

Kx.1#
Kx.2 ¥
Kx.3 ¥
K.x.4

Kx.5 ¥
K.x.6 ¥

Kx.7 T

HGF

000
001
010
011
100
101
110

111

RD =

1011
0110
1010
1100
1101
0101
1001

0111

RD =
+1

fghj

0100
1001
0101
0011
0010
1010
0110

1000



* Physical Layer — Logical

* Symbol Encoding

Symbol for Symbol for Symbol for Symbol for Symbol for
Byte 0 Byte 1 Byte 2 Byte 3 Byte 4

wee (A|D|C|d|e|i|T|g|h|]|alb|c|d|e|i|f|g|h|]|a|b|c|d|e|i|f|g|h|]j|a|b|c|d|e|i|f|alh|]|alblc|d|e|i|f|{g|h|]]| ses

time =0 time = time = time = time = time =
1x Symbol Time 2x Symbol Time 3x Symbol Time 4x Symbol Time % Symbol Time
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* Physical Layer

From Data Link Layer

Transmit

DG

G108
Encoder

10

Parallel-to-Serial

Lane 0

To Data Link Layer
Control
Receive

Contral

START/ENDY
IDLE/PAD
Code

8

Byte Un-StripindLane N (N=0,1,3,7.11,15.31

Lane 1, . N1

De-Scrambler

a8 Ve
Error 8bi10b
Detect | Decoder
10

Serial-to-Paralle|
and Elastic Buffer

/~\

Encoder
- PLL

Parallel-to-Serial

P PrTrTTE—r
Lane 1, ..,N-1

- P————

Lane 1, . MN-1

LaneN Lane0

51

] D
Error 8bi10b
Detect | Decoder
ca

/~\

Lane N

B DVE#

De-Scrambler

10
Serial-to-Parallel
and Elastic Buffer

Fix Clk

©tj
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* PCle signaling

e 2 wires for each transmission

» Differential signals

EE 4980 — MES

e Differential receivers and transmitters
* AC coupled = different levels at each end

e How do we do this ?

» Differential Pk-Pk voltages from 800mv to 1.2v

* +Vpp 21

e Common mode range from O to 3.6v

-Vpp 2 0

D+

/’“
v Diffp
L 4

52
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* PCle signaling

* LVDS - Low Voltage Differential Signalling

Detect

Clock

Zrx
Lane in
one
direction
Zrx

No Spec

Source

Ziy = Zgy = 50 Ohms
Cpy = 75— 200 nF

EE 4980 — MES
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RX

<

Receiver

Clock

Source
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e Electrical

SAMPLING POINT

HorizdAcq  Trig Display Cursors Measure Masks Math  App  Utilities

LEFT CROSSING POINT RIGHT CROSSING POINT

o

(ONE UNIT INTERWVAL}

3
JITTER _)_il

T76.0mV i 789.61353m mo6E0.0m M 584 0m
S16.8mY p: 937.6682m m:B0B.0m M:1.056

Wz 180.01715p m:1153p M:945.8p
e 204.55036p mo117 9p M:943.6p

o 66.72m
o 40.689m
o 110.6p
o 103.4p
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