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AaghMemory PC| Express : Layered Protocol

Application Software application: Storage (SATA, NVMe)

Transaction Device Configuration and Control:
Memory Mapped I/O (MMIO)

Data Link Link Control
Flow Control and Error detection/correction

Physical

Logical Sub Block Link training

Electrical Sub Block Electrical Signaling
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Unlocking Measurement Insights for 75 Years

HashMemory Communication of commands

SUMMIT
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FlashMemory Interposer Connection
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Why PCle Transport?

PCle-101-Down Bus Stahshes-Bandwadith (GBils/s)
PCle-101-Up Bu= Statisicz-Bandwadth (GBilzls)
PCle-101:Down Bus Stabstics Data Throughput (MByies/s)
PCle-101:Up Bus Statishcs-Data Throughput (MBylesis)
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« PCle is high performance
 Lowest latency (no HBA overhead)
e Full duplex, multiple outstanding requests
« Scalable port width (x1 to x16)
« Scalable link speed (2.5 /5.0 /8.0 Gb/s/per lane)

« PCleis low cost
 High volume/commodity.
 Eliminates Host Bus Adaptor (HBA) cost

« PCle power management capabilities

» Direct attach to CPU eliminates HBA power

* Various low power levels (LOs, L1, L2) --- New™* L1 substates
« Maturity

« PCle has been shipping for years and is a mature technology.
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Queue 1
Command

Ring Submission
Doorbell Queue

New tail

NVMe Queue Interface for
Command Processing

Process
Completion

Host Memory
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Completion Ring
Queue Doorbell

New head
8

Submission Queue
Tail Doorbell Command Command

Command Submission

1. Host writes command to
submission queue

2. Host writes updated submission
gueue tail pointer to doorbell
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Process Queue
Completion

Controller

Command Processing
3. Controller fetches command
4. Controller processes command

Generate Completion Queue
Interrupt Head Doorbell

Command Completion

5. Controller writes completion to
completion queue

6. Controller generates MSI-X

interrupt

. Host processes completion

8. Host writes updated completion
gueue head pointer to doorbell
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Example of a NVMe Read operation

=aaen <

PCI-Express Packets | Nested (Time Crdered) '] Show Completions Acks

Address Type # PCI-Express TLP: Size
= NVMe Read MY Me 1 512
0x000000007F101008 SQDE 1
0x0000000078F70000 5Q 1
0000000007 SEDAZAD FRP 1 4 512
0:000000007EFELO00 cQ 1
0:000000007FL0100C CQDE 1

Complete Paylcad | DWord vl [4 Columns v] [Little Endian -

00000200 :
PaPA0R1a:
PaPEER28:
PaPEEe3a:
PAPEERLD:
0aPB0e5a:
00980263 :
PaRERRTE:
PAPEResa:
Il eapoeeca:
PaPEERAR:
0aPE0eEa:

DBBECE@33
2288E%86
GRAVEEED
18CDF1EZ
AABB41E4
@eal1ClF7
BBEEEGE2E
28a21687C
18C4539F
BADLTEEA
BCT3114E
BAE43255

BETCEBBC
SRA4F3FC
7CBaea’E
55825688
5D13CD55
46FE@3T4
6EE2E028
EB4Balacs
BEB14EBSE
GEBABZ4E
GEBa7ESR
13CDeass

BEDSBECE
CE@G1CES8
BEB>AFEE
@51146Cs
FEB1AF72
G06a6618
GB@E8TEFF
@a568A42
@aBEa2a1
2613C0E3
@IBABLEF
819EEGSD

BBEFTCEA
BBA4B9FE
lec58301
aeledeCe
@975AAS5
T488187E
2BeEE208
13CDF43E
2B558ATC
FE1C7361
B4EBE0EZ
357DFESE

ID Packet Timestamp Delta Time
| SQDE  Memory Write 32b (Genl,2) Os 0=
5Q  Memory Read 32b (Genl,2) 256 ns 256 ns
50  Completion with Data (Genl,2) 405 ns 149 ns
PRP 11 Memory Write 32b (Genl,2) 64025 us 63.620 us
PRP 1.2 Memory Write 32b (Genl,2) 64.061 us 36 ns
PRP 1.3 Memory Write 32b (Genl,2) 64.099 us 38 ns
PRP 14 Memory Write 32b (Genl,2) 64.135us 36ns
CQ  Memory Write 32b (Genl,2) 65455 us 1320 us
CQDE  Memory Write 32b (Genl 2} 68.763 us 3308 us
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Example of a NVMe Read operation

| B

Address Type # PCI-Express TLP:
=l MVMe Read M e
0x000000007F101008 SQDE
0x0000000078F70000 5Q
0000000007 8EDAZAD FRP 1
0x0000000078FED000 cQ
0x000000007F10100C CQDE

Complete Paylecad | DWord vl [4 Columns v] [Little Endian v]

PCI-Express Packets | Mested (Time Ordered) V] Show Completions Acks

20000009
©0288018:;
20000020
0a088030:
0A000040:
0A088050:
0a080060:
20000079
@0000050 :
Il | eoeeaasa:
0AAEAAAD:
eAARARES:

DBBEC@33 SE7C@QBC
@2886%86 38A4F3FC
BEa7EEED 7CB2@avE
18CDF1EZ 55885688
AABB41E4 SD13CD55
2021C1FY 46FE@3T74
@Bede026 bEBDEDDE
@ealedyC BE4B21068
18C4839F ES14EBSE
84217684 GEBABZ4E
BCY5114E G2Ba7ESE
BAE43255 13CDea5a

BEDBEECE @@EF7CBa
CE@61CG68 @@a4B9FE
BEES@F2E 1eC53381
2511468 28led4eCo
FEB1aF72 29754455
3008661 -
GEBET6FF
BE508A42
BEBED23

261308

@IBAELEF BECE
B13EEBSD 557DFE3E

1D Packet Timestamp Delta Time
| SQ0E  Memory Write 32b (Genl,Z) Os Os
5Q  Memory Read 32b (Genl,2) 256 ns
50  Completion with Data (Genl,2) 405
PRP 11 Memory Write 32b (Genl,2) 5 X
PRP 1.2 Memory Write 32b (Genl,2) ¢
PRP 1.3 Memory Write 32b (Genl,2 & ns
PRP 1.4 Memory Write 32b (Genl,2) 64.135us 36 ns
CQ  Memory Write 32b (Genl,2) 65455 us 1320 us
CQDE  Memory Write 32b (Genl,2) 68.763 us 3308 us
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Memory Key PCle tests

SUNMMIT

 Equalization testing: Signal quality is critical for success
operation at Gen3 8GT/s

« LTSSM analysis: State transitions to handle link up, recovery,
and power management

 Packet capture and decode: PCle packets, responses,
configuration and device enumeration

 Performance Analysis: Response times and process
delays can greatly impact data throughput

 Flow Control analysis: Included in the performance
analysis, clearly identify and track credit starvation issues.
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FlashMemory Protocol Analysis of NVMe
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Capture TLPs to decode NVMe Commands,

Application — Review Queue
configuration, operation and performance

Device Configuration, memory mapping,
Data transfer

Link Control
Flow Control and Error detection/correction

Physical
Logical Sub Block LTSSM, Power management

Electrical Sub Block Electrical Slgna“ng
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