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Understanding L1 LTSSM Hushﬁlm

Initial State

« From Section 4.2.6.8 of Y
the PCle 6.0 Spec it says:

L1
“L1is intended as a power Entry - ~
savingsstate. i Disabled )
The L1 state allows an L1 Entry
additional power savingsov er
LOs at the cost of additional
resume latency. !
L1.Idle
The entry to L1 occurs after
being directed by the Data i
Link Layer and receiving an -
Elos.” y g Rgégy}:ry’\/l C __LDs . .\Recovery/
- % —

L1
L1 only has 2 substates, Figure 4-54 L1 Substate Machine T _"v

L1.Entry and L1.Idle, it does —
n oi- h qave L '| .O / L '| . '| / L 'l . 2 Figure 4-48 Main State Diagram for Link Training and Status State Machine
substates
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Understanding L1 LTSSM- Entry

M...

1. Device
sends

PM DLLP
Requesting L1

2. Host responds
with PM DLLP
Acknowledging
the request

#Events x  +

All Channels

Timestamp®
005.543.414.878.500

005.640.793.652.000
005.642.394.131.125
005.642.394.250.375
005.642.409.966.625
005.642.409.972.750
005.642.409.978.875
005.642.409.984.875

005.642.410.003.250
005.642.410.009.250
005.642.410.015.375
005.642.410.021.500
005.642.410.027.625
005.642.410.033.625
005.642.410.039.750
005.642.410.045.875
005.642.410.052.000
005.642.410.058.000
005.642.410.064.125
005.642.410.070.250
005.642.410.076.375
005.642.410.082.375
005.642.410.088.500
005.642.410.094.625

Speed

Gend

m Down LTSSM O

DLLP Ack

[=4
=3
=

DLLP PM_Request_Ack
DLLP PM_Reguest_Ack

ih YT 2 @ w
m UpLTSSMO
DLLP Ack (0xc67

TLP Msg_Local

DLLP PM_Active_State_Request_L1
DLLP PM_Active_State_Request_L1
DLLP PM_Active_State_Request_L1
DLLP PM_Active_State_Request_L1
DLLP PM_Active_State_Request_L1
DLLP PM_Active_State_Request_L1
DLLP PM_Active_State_Request_L1
DLLP PM _Active_State_Request L1
DLLP PM_Active_State_Request_L1
DLLP PM_Active_State_Request_L1
DLLP PM_Active_State_Request_L1
DLLP PM_Active_State_Request_L1
DLLP PM_Active_State_Request_L1
DLLP PM_Active_State_Request_L1
DLLP PM _Active_State_Request_L1
DLLP PM_Active_State_Request_L1
DLLP PM_Active_State_Request_L1
DLLP PM_Active_State_Request_L1
DLLP PM_Active_State_Request_L1
DLLP PM _Active_State_Request L1
DLLP PM_Active_State_Request_L1
DLLP PM_Active_State_Request_L1

© &

- wc il

Flash Memory Summit

3. EIOS Ordered
Set to transition
into L1 sent by
the device

4, Deviceis now
sending Electrical
Idle aspartofll

SerialTek
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M...

# Events x -+

AllChannels  +

Timestamp®
005.642.410.201.250

005.642.410.204.250
005.642.410.210.375
005.642.410.210.375
005.642.410.211.375
005.642.410.212.375
005.642.410.213.375
005.642.410.214.500
005.642.410.215.500
005.642.410.216.500

005.642.410.226.625
005.642.410.227.625
005.642.410.228.625
005.642.410.229.625

Speed
Gen4

Gen4
Gen4
Gen4
Gen4
Gen4
Gen4
Gen4
Gen4

Gen4

Gen4
Gen4
Gen4

Gen4

=
=2

i A (g

m Down LTSSMO m UpLTSSMO

DLLP PM_Request_Ack

DLLP PM_Active_State_Request_L1
DLLP PM_Request_Ack
DLLP PM_Active_State_Request_L1
DLLP PM_Request_Ack
DLLP PM_Request_Ack
DLLP PM_Request_Ack
DLLP PM_Request_Ack
DLLP PM_Request_Ack
DLLP PM_Request_Ack

1xEIOS
DLLP PM_Requedt_Ack
DLLP PM_Request_Ack
DLLP PM_Request_Ack
DLLP PM_Request_Ack

Electrical Idle Start
LTSSM L1.Entry from LO

005.642.410.230.000 --- --- LTSSM L1.0 from PowerManagementlnitialState
005.642.410.230.750 | Gen4 m DLLP PM_Request_Ack
005.642.410.231.750 | Gen4 u DLLP PM_Request_Ack
005.642.410.232.750 | Gen4 m DLLP PM_Request_Ack
005.642.410.233.750 | Gen4 m DLLP PM_Request_Ack
005.642.410.242.875 | Gen4 m DLLP PM_Request_Ack
005.642.410.243.875 | Gen4 n DLLP PM_Request_Ack
005.642.410.244.875 | Gen4 n DLLP PM_Request_Ack
005.642.410.245.875 | Gen4 n DLLP PM_Request_Ack
005.642.410.247.000 | Gen4 m DLLP PM_Request_Ack
st Dalts: N Artiva G N \Alran Ganveh

X}
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Understanding L1 LTSSM- Exit

Device leaves
Electrical Idle
and starts
Sending TS1
Ordered Sets.

SerialTek

an ellisys company

#F Events x

All Channels -
M...  TimestampE

06099 245.0746.125
06.099. 245077 250
6,099 245.073.250
06,099 245.079.250
046.099.245.030.250
6099245174750
¥056.099.245.1533.000
6.099.245.183.000
6.099.245.183.000
046099245 203.000

006.103.669.966.125
006.103.690.031.000
006.103.695.365.000
006.103.711.749.500
006.103.726.139.500
006.103.744.531.625

T W I e e B W T T B T

Transactions

Speed

Gand

Gand

Gand
Gand

Gand

Gand
Gand

Gand

MW Me Transactions x

(=
=
=0

[bown0 | ownrssmio

DLLP PM_Reguest_Ack
DLLP PM_Reguest_Ack
DLLP PM_Reguest_Ack
DLLP PM_Reguest_Ack
DLLP PM_Reguest_Ack
1xEIO5

Electrical Idle Start
LTS5M L1 Entry from LO
LTS5M L1.0 from Power

LTSSM Li.Idle from L1 Entr

MWMe Statistics = +

hn Y e @

m UpLTSSM 0

Electrical Idle End
LT55M Recovery.RovrLock from Recove
544 xT51

1950xT51
1751xT51
1951xT51
1549xT51

ARSI A

Completion Status

Flash Memory Summit



Understanding L1 LTSSM-Nak s Momory S

# Events x Transactions x MVie Transactions MWMe Statistics x + 8

AllChannels = ha T 7 @ LU g

M... | Timestamp® Channel Speed Width | Type & Message Code (TLP) Address Completion Status
000.000.006.352.625 Gnd [J DLLPPM Active State Request L1

PM DLLP
Requesting L1

DLLP PM_Active_State_Request_L1
DLLP PM_Active_State_Request_L1

000.000.006.364.750 Gan4 DLLP PM_Active_State Request L1

TLP Msg Local (0x3c2 (PM_Active_State_Nak)
000.000.006.368.573 DLLP PM_Active_State_Request_L1

000.000.006.372.875 DLLP PM_Active_State_Request_L1

[ upo |

[ o |
000.000.006.365.575 m Gen4

[ o |

[ o

000.000.006.377.000 DLLP PM_Active_State Request L1

000.000.006.381.000 DLLP PM_Active_State_Request_L1
DLLP PM_Active_State_Request_L1

DLLP PM_Active_State_Request_L1

DLLF PM_Active_State Request L1

g
00000

Message TLP Nak
to reject the
request

Mo Active Search Wrap Search

SerialTek .
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Understanding L1.1/L1.2 PM States Rl

. . Flash Memory Summit
« Section 5.1 explains about Power Management (PM) states.

« D states are associatedwith a particular Function
« L states are associated with a particular Link

L states contain the following states
« LOisthe operational state
« LOpis areduced power sub-state of LO
e LOs, L1, L1.0, L1.1 and L1.2 are variouslow power states

Timeline x Statistics x #LISSM x + =]

\ L 1
025750.000000000 © ° 7"

0 pa%ssoo0000d000 Y T 0 B

730 735 740

690 02.2300.0(‘)0.00({%00 710 715 720 725

590 02?56100.0('10.00(.)5%00 610 615 620 625 630 635

SerialTek
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M
Understanding L1.1/L1.2 PM States ™™

* L1.0substate

* The L1.0 substate corresponds to the conventional L1 Link state.
This substate is entered whenever the Link enters L1. The L1 PM
Substate mechanism defines transitions from this substate to
and from the L1.1 and L1.2 substates. '.

* The Upstream and Downstream Ports must be enabled to L1.0
detect Electrical Idle exit as required in § Section 4.2.7.7.2. - [~
* L1.1substate
* Link common mode voltages are maintained. .
* Uses a bidirectional open-drain clock request (CLKREQ#) signal STe
for entry to and exit from this state. L . N
* The Upstream and Downstream Ports are not required to be i ™ 7 yd “\\
enabled to detect Electrical Idle exit. / N
e L1.2substate i" I" ﬁ'|
L1.1 | L1.2 |

* Link common mode voltages are not required to be maintained. \ / , J

* Uses a bidirectional open-drain clock request (CLKREQ#) signal
for entry to and exit from this state.

e The Upstream and Downstream Ports are not required to be — —
enabled to detect Electrical Idle exit. Figure 5:9 State Diagram for L1 PM Substates

e - — =
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Understanding L1 PM Register

Example

Flash Memory Summit

Details x # ConfigSpace x

23.000 - 4

Display ~

Hex 7
0

L1 PM Substate :
Extended :
Capabilityregister | | ¢
isused when ?
enablingthe PM ;
substate. ;

10

11

12

13

15

16

19

FindAll x  +

= L1PM Substates v1 (I1D: 30) @ 0x0110

Next Capability Offset

Capability ID
20le

Capability Version
1

128
L1.1/L1.2 Capabillities
Reserved Link Activation Supported L1 PM Substates Suppor ASPM L1.1 Supported ASPM L1.2 Supported PCI-PM L1.1 Supported PCI-PM L1.2 Supported
a a 1 1 1 1 1
Port Common_Mode_Restore_Time
0a
Port T_POWER_QON Value Reserved Port T_POWER_ON Scale
03 -] 2(100us)
Reserved
= L1.1/L1.2 Control
Reserved Link Activation Control Link Activation Interrupt Enable ASPM L1.1 Enable ASPM L1.2 Enable PCI-PM L1.1Enable PCI-PM L1.2 Enable
a a ] @ 9 @ @

LTR_L1.2_ THRESHOLD Scale
3

T_POWER_ON Value
ez

Common_Mode_Restore_Time
ea

LTR_L1.2_THRESHOLD Value

ea1
Reserved
@
Reserved T_POWER_ON Scale
) 2(100 us)
Reserved
220000

Link Activation Status

SerialTek
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Case Study | - Mms

PCle 3.0 M.2SSD

Quarch PAM Module Quarch M.2 PAM
Fixture

« Godl

 Understand the Power savings in a
laptop environment

* Tools Used
« PCle 3.0 Laptop
« PCle 3.0 M.2SSD

« Quarch Power Analysis Module with Ser'mTe%%?;,%rPC'e >0

PCle4.0 M.2 PAM Fixture

« SerialTek Kodiak PCle Analyzer

« Software

* Ispci & setpci =l
« Quarch Power Studio 2Cle 30 Lanion

« SerialTek BusXpert

SerialTek "

an ellisys company



Case Study |

Capture a bootup of the

laptop until the OS fullyloads.

M

Flash Memory Summit

Let’s look closer at the following:
When 3.3V is first applied
Speed change

At some of the current spikes

L1 Transitions

# Timeline x

Sideband O

[ Down LTS5M 0
» UpLTSSMOD

oo [
T Events
I Throughput

Peak/Average

m Throughput

FPeak/Average

(G Link
" Upo [T

)Quarch Power
v/l 33V

vl vioavev

Scale: Local «

k A Q

ol | 33VA L

v B wvioavea [

Statistics x ITSSM = +

Start: 007.190.436.495.496), End: 037 771.070.360.63Q, &

DEVSLP

S BCls Referanca Clack | ncked I

Data Elements: +

914,100 uA Speeds: Gen 1

r Widths:x1
700,000 uA

—500.000 uA

[—300.000 uA

[-02,841 wA

1.500

a7

SerialTek

an ellisys company
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Case Study 1- Power On

PERST# goes high and the PCle Link is established

Flash Memory Summit

vl 3IVA
vl vioasy

Scale: Local =

[oomo L0
(D) Events
-

Detact
~ Folling
Active
Configuration
* Configuration
¥ Recovery
Lo
» L
» e
~ UpLTSSMO
Detact
~ Polling
Active
Configuration
* Configuration
» Recovery
Lo
»L
» e

SerialTek

an ellisys company

v/l vioivea |

# Timeline x Statistics x LTSSM x 4
3 L] Q Start: 014.079.263.400.750, End: 015.416.165.409.471 #taggment - n I = @
+3V3 | +

DEVSLP)
US PCle Reference Clock Lockedl [
CLKREQ# I
PERST#
[ Down o0 JES
@D i
Quarch Power
vl 33vv

3.3V powersupply is turned on using
between 250 mA and 300 mA

S
014.500.000.000.0(
..

00

| u | u | u | u | u | u 1 u |
550 600 650 700 750 800 850

S A
015.000.000.000.000
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Case Study 1- Speed Change to Gend

Flash Memory Summit

# Timeline x

Sideband O

[ Down 0 [
[upo JEITS

Quarch Power
vB z3vv
ol | Z3AVA
vl vioavsvy

vl viovsa
Scale: Local =

Dt
() Events
-

Detect
* Polling
Active
Configuration
» Configuration
¥ Recovery
Lo
L&}
L
« UplTSSMO
Detect
* Polling
Active
Configurstion
» Configuration
» Recovery
Lo
L&}
L

& L] a

Statistics x

LTSSM x

Start: 017.626.300.337.6.

+

#3V3
DEVSLP

Change Speeds to Gen3

[}

US PCle Reference Clock Locked

CLKREG#
PERST#

[254.141 uA

017.939.392.000.000

Wasvv: 3,304 mV
Wa.3vA: 229,151uA

WVIO_1vaV: 1,303 mV
WVIO_1VB A: -4uA

[=23.136 uA

3.508 MV

2.500 m'

1.750 mv-

1,103 mv]

Current draw increased 1o ~229 mA from ~170 mA

SerialTek

an ellisys company
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Case Study 1- Analyzing Spike

Flash Memory Summit

SerialTek
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Events x Transactions x # NVMe Transactions x NVMe Statistics = + ] # Details x Config Space x Memory Space x Bookmarks x Find All x + [}
D v
I n (+4 . = ] M g) Pl Display » 4 Controller Configuration @ 019.174.142.717.000 @ %
w
n 0
M... Timestamp@ Channel Speed  Width  Type & Message Code (TLP) & No-Snocp DID N... ° — &= TLP MWr32 @019.174.142.717.000
019.174137.728250 (CEET) ED E @ @ Controller Status 03:00.0 Hex 7 & 5 4 3 2 1 o
s . . 0 MemoryPa... 1/0 Command Set Selected Reserved Enable
019.174.142.111.750 x4 [ & Admin Queue Attributes 03:00.0
m m . Q a (4KB) 2 (NVM Command Set) a 1 (Enabled)
019.174.142.162.500 m m @ & Admin Submission Queue 03:00.0
019174142, 308.750 @ & Admin Submissi 03:000 1 Shutdown Notification Arbitration Mechanism Selected
e m m B # Admin Submission Queue (uppe o - @ [No Notification; no eff... @ (Round Rohin)
D19.174.142240.750 m [ # Admin Comgletion Queus 03000 2 1/0 Completion Queue Entry Size 1/0 Submission Queue Entry §
019.174.142.572.750 m @ # Admin Completion Queue {uppe 03:00.0 " .
019.174.142717.000 () @ # Controller Configuration 03:00.0 3 Reserved
019.175.145845.500 (EEET) @ Q, Controller Status :00.0 )
019.175.151.628250 ([Z2E) [ Gens | & Submission Doorbell
019.175.152165250 () = @ # Identify [0x01 - Controller] 03:00.0 Bl O S E bl _I_h D .
019.175.885.276500 (CEEL) [ Gen3 | A Completion Doorbell 03:00.0 n O e S e rl v e
PR 1 A S — P P P ~mmm
X->0:--- Delta;:-— No Active Search  +*| Wrap Search
# Timeline x Statistics x LTSSM x + B
[ 3 R Q Start- 017.526.833.439.744) End: 021499.666473.87E, + Datz Elements: = n I fs @
18! m 11Nl I | 0 | | B | I +
= 1l [l I ntr 1 | 1l |
Throughput Jf'—\
Peak/Average - OO
07T Throughput
Peak/Average
[ Down o JIIT:
) Link
[Quarch Power [T7e.753 uA 3.515m7]
v/l s [—600,000 uA
el | 33VA
vl vio1vev [ on 0000
v/l wvioaivea [
Scale: Local = = e 4 = e e —
ot
[-78.851 uA
e,
017.500 ‘ 013.100 018200 018300 (012400 013500 013600 018700 018800 Q12300 ‘ 015100 019200 019300 01400 019500 015600 015700 019800 Q1%.500 020100 020200 020.300 (020400 020500 020400 020700 020.800 (020.500 | 021100 021200 021300 021400 OZ1
018.000.000.000.000 019.000.000.000.000 020.000.000.000.000 021.000.000.000.000
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Case Study 1

Flash Memory Summit

SerialTek
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0 n (-] =] Absolute (Formatted] = Postprocess = 3 & = Layout: default +
Events x Transactions x # NVMe Transactions x NVMe Statistics = + = # Details x Config Space x Memory Space x Bookmarks x FindAll x + (=]
i T (ad @ o “ w SEE o - Flush » Queue ID: 1@ 019.577.048.127.000 ® ¥
6] w o
H
M... Timestamp@ Channel Speed | (Width | Type Address 5 — & Command Fetch @ 019.577.048.127.000
019.576795.18%.000 (L) [ Gens | = Flush » Queue ID: 1 ©x00000000_552<9000 i Hex 7 é 5 4 3 2 1 0
019.576.804.750.750 m m E & Completion Doorbell 2x00200000_a130100C | 0 Opcode
20 (Flush)
019.576813.046250 ([ERY [ Gen | B & Submission Doorbell 2x00000008_a1301005 |
1 PRP or SGL for Data Transfer Reserved Fused Operation
019.576.813.583.500 [ &= Read ID:1 0x000000GE_55acI040
m m ® ead » Queue * —5ree I - o (PRP) ] @ {Normal operation)
019.577.031.561.750 a A Completion Doorbell @x00200080_al30180c [ I
m m o —H— 2 Command ldentifier
019.577.047.589.750 m m E & Submission Doorbell 2x00000000_s1301005 A oole
019577.048.127.000 ([ [ Gens | Flush » Queue ID: 1 50000088_E5aC0000 | P
019.577.056.257.000 m m [ & Completion Doorbell 2000088_a138100C |
019.577.057.195.500 m m B & Submission Doorbell 0000_a1301088 | 4 Name Space Identifier
019.577.057738750 ([EE)) [ Gens | Flush » Queue ID: 1 i 00006081
019577.072518500 [EEY [ Gens | [ & Completion Doorbell i 7
019.994.993.912500 ([T [ Gen | [ = TLP CfzRd0 i |
] 8 Reserved
K-> Or-— Delta:— Wrap Search [elelelellebe e e e T )
# Timeline x Statistics = ITS5M =x + =]
13 & @ Start: 019.534.870.3992.075, End: 019.707.251.892 466, £ Data Elements: = n @
DEVSLP +
U5 PCle Reference Clock Locked
PCle Reference Clock Locked
CLKREG#
PERST#
e R Read and Flush Commands that lasts for 560 us
) Events
’
» UplLTSsMO
Quarch Power [T78.835 uA . .
vl sw [ The drive has a higher draw on current for 58 ms,
vl zava |
IR . - == | MUCHh longer than when the commands have
v/l wvioivsa |
R P PRV OPIE—- - 0€Een sent across the PCle bus
=
[ -70.854 ua 1,102 mV
[
535 540 545 555 5¢ 5685 570 575 580 585 590 575 05 10 615 620 625 630 635 &40 645 655 660 665 670 675 680 685 &30 575 705
019.550.000.000.000 019.600.000.000.000 019.650.000.000.000 019.700.000.000.000
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Case Study 1- OS Configures the Device

Flash Memory Summit

Events x Transactions x # NVMe Transactions x

M

M... Timestamp® Channel Speed  Width
S s S wa
025579479525250 (g [ = |
025.579.479.531.250 m
025.581.485.982.250 m
025.581.488.764.000 m
025.581488772000 (EEENY) [ Gens |
025.581.488.825.000 m @ ﬂ
025.581.488.892.000 m m ﬂ
025.5814868.965.000 (EEEEY) [~ |
025.581.489.028.000 m
025.581.490.265.000 m
025.581491463.500 (EEETD)
025.581.491.469.500 ol

X-»0:-—- Delta:—

# Timeline x Statistics x LTSSM = +

13 R @ Start: 024.724.001.093.8810,

WL Events

(EZ00) Throughput

Peak/Average

m Thraughput

FPealc/Average

End: 026.402.303.041.96) &

NVMe Statistics = -+

- .-

Type

#" Controller Configuration

Q, Controller Status

Q, Controller Status

# Admin Queue Attributes

# Admin Submission Queue

# Admin Submission Queue (uppe
& Admin Completion Queue

# Admin Completion Queue (uppe
Q, Controller Capabilities

Q, Controller Capabilities (upper)
# Controller Configuration

Q. Controller Status

1

Data Elements: =

# Details x

Display -

o =clill

—

OS disables the

de:

Config Space x

vice

Memory Space x

1 Shutdown Notification
2 (No Notification; no eff...

OS modifiesthe device

OS enables the de

vice

No Active Search  |w#| Wrap Search I I

0
Enable
@ (Mot Enab.
Arbitration Mechanism Selected
@ (Round Robin)
e Entry Size 1/0 Submission Queue Entry Size
@
Reserved
ae
=]
@

Bookmarks x

# Controller Configuration @ 025.579.479.525.250

Let's take a closerlook here

Find All

| Dowm o [
(T Link

[Quarch Power
v/l 33w
ol | 33VA
v/l vic_ivav
v/l vioivsa
Scale: Local =

3512mv]

SerialTek
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9%[:' ‘ 1)
025.000.000.000.0

' | ' | ' | '
150 100 150

|
200

|
300

45“]
025.5

3,000 mv"

2,500 mv:

1.750 mV*

| 5%0
00.000.000.000

|
800 850

|
F00

%
026

' | ' Déﬂ' ‘
000.000.000.000

1.103 mV/
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Case Study 1- Closer Look

M

Flash Memory Summit

Entered L1
LTSSM and L1.0
PM states

Link is in LO
LTSSM State

CLKREQ# is still asserted

& Timeline x Statistics x ITS5M x -+ =
3 & Q Start 029.166.906.533.30%, End: 029.521.606.075.028, &+ Datz Elements: = n Il @
13V3 1

DEVSLP

US PCle Reference Clock Locked
PCle Reference Clock Locked

3.3V is drawing ~338
mA during LO

SerialTek

an ellisys company

CLKREQ#
PERST#
(=T Events
(I Events
»
» UpLTSSMO
Quarch Power [550.673 uA 3515 mv]
vl 3svv 029.404.224.000.000 T
vE aava 000 uA | XAV 3,309 mV
v|ll VIO1VBV 300,000 uA W33V A: 107,648 uA 2.500 m
/Bl vio1vaa —_— 029.330.880.000.000 HWVIO_1vB V: 1,303 mV
scale: Loal = : W33V 3,303 mV W VIO_1V3 A: -4uA
Waava: 338,032 uA 1,780 mv-
. WVIO_1V8 V: 1,303 mV ul uro g
lu|.|.|.|u‘.|u‘u|.‘.|u|u|u‘.l.‘.|lVIO_1V8A: SuA.|.‘.|.‘.| T B T B B I A R IO
170 180 190 210 20 230 240 250 260 270 280 290 310 320 330 330 410 420 430 450 450 470 480 490 510 520
029.200.000.000.000 029.300.000.000.000 029.400.000.000.000 029.500.000.000.000

3.3V is drawing ~107 mA
during L1 LTSSM and L1.0
PM states

17
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Case Study 1- Understanding LTR Flash Memory Summi

 Why is CLKREQ# still assertede
« From section “5.5.1 Entry Conditionsfor L1 PM Substates and L1.0 Requirements”

* “When in ASPM L1.0 and the ASPM L1.2 Enable bit is Set, the L1.2 substate must be entered when
CLKREQ# is deasserted and all of the following conditions are frue:”

“The reported snooped LTR v aluelast sent or receiv ed by this Port is greater than or equal to the value set
by the LTR_L1.2_THRESHOLD V alue and Scale fields, or there is no snoop servicelatency requirement.”

« “Thereported non-snooped LTR last sent or receiv ed by this Port valueis greater than or equal to the value
set by the LTR_L1.2_THRESHOLD V alue and Scale fields, or there is no non-snoop service latency
requirement.”

SerialTek 8

an ellisys company



Case Study 1- LTR Message TLPs Decodead m

Flash Memory Summit

Used fo determine how
the rest of the data is

1 Message Code _ decoded. In this case it
1@ (Latency Tolerance Reporting (LTR)) .
Is a LTR message as
12 L =TT h b |
20000300 SNOwN pelow.

15
146 Mo-Snoop Requi... Reserved Mo-Snoop Latency Scale MNo-Snoop Latency Value

1 a 2 {1.024 ns) 248
17

Comparedto the LTR_L1.2_THRESHOLD_Scalefor L1.2

18 Snoop Require... Reserved Snoop Latency Scale Snoop Latency Value

1 @ 2 (1,024 ns) 246
19

SerialTek o
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Case Study 1- L1 PM Substates Extended Capabilities

Details =

Display «

# ConfigSpace x Memory Space x Bookmarks x Find All x +

23000 - 4 3 061.034.856.814.000

— L1PM Substates v1 {ID: 30) @ 0x0110

Flash Memory Summit

Hex 7 & 5 4 3 2 1 0
4] Capability ID
2ole
1
2 Next Capability Offset Capability Version
128 1
3
4 LTR_L ] .2_TH RESHOLD SCOIe Ond VOlue STOred In The ASPM L1.2 Supported PCI-PM L1.1 Supported PCI-PM L1.2 Supported
o . 1 1 1
: extended capability registers.
6 _POWER_ON VWalue Reserved Port T_POWER_ON Scale
23 ] 2 {100 us)
7 Reserved
oa
8 Reserved Activation Control Link Activation Interrupt Enable ASPM L1.1Enable ASPM L1.2 Enable PCI-PML1.1Enable PCI-PM L1.2 Enable
[} a 2 [} 2 a ]
[+] ol Ao o Db T
0a
10 LTR_L1.2_THRESHOLD Value
981
11 LTR_L1.2_THRESHOLD Scale Reserved
3 [}
12 T POWER ON Value Resery T_POWER_ON Scale
e3 ] 2 {100 us)
13 Reserved
@R0aee
15
14 Reserved Link Activation Status
19

SerialTek

an ellisys company
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Case Study 1- LTR and L1.2

LTR Message TLP

Flash Memory Summit

Events x nsactions x NVMe Transactions x NWMe Statistics = + B # Details x Config Space x Memory Space x Bookmarks x Find All x + =
i T (a4 . ] » g E g Display ~ = TLP Msg_Local @ 025.583.563.162.500 @ 4
n 0 T
M... Timestamp® Chani Type & No-Snoop | & No-Snoop  Address @ 11 Message Code
R_025583.563.162500 (X)) E= TLPMsg local 2 045 1@ {Latency Tolerance Reporting (LTR))
X5 553.563.195.000 @ = TLP MRd64 Scale and Latency values are less Reserved
aBRe8680
ez @ @R TMws than the LTR_L1.2_THRESHOLD in
) @ 2 TLP MWré4 ) . . .
e Tie MW the capabilities register. This will
i " . ... Reserved No-Snoop Latency Scale No-Snoop Latency Value
@ = TLPMWr64 prevent entering L1.2 PM 0 2(1,024ns) pas
@ = TLP MWr64 substate
2 TLP MWré4
2 TLP MWré4 axeee0000l1_1136T300 18 [ Snoop Reguire... Reserved Snoop Latency Scale Snoop Latency Value
2x00000001 11367380 B e 2(1,024ns) a6
Mo Active Search  |w*| Wrap Search 19
# Timeline = Statistics = x +
Y & Q Start: 025356428 End: 025.989.601.054.548) & Data Elements: v n Il 5 @

0

DEVSLP

US PCle Reference Clock Locked L] -O PM | L] .2 PM

| Bookmark to help '- state l State
| |

CTm v coordinate the views I | |

(CD) Events

'
Quarch Power |—-'Pﬁ.232 uA —
vE e [ Bookmarked LTR Message
:: VIOVEY | e e ThOT ChCIngeSThe VOIUGS TO
o= A the Threshold.
(i <A - - 7_7 7777 — f
3.’15 4‘53 ¢|25 4IJ kl?%]zs.;oootlfro‘mll)oogéj I 5_1'3 513 "I 6%5 c; ﬁLS 7‘2525%500&0{‘“‘]0“{‘5 8[|: :l‘_ 8;8 c,l 9[‘:{: 925 I

SerialTek 21
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Case Study 1- Closer Look atf L1.2 n[.shmg,,]summ

L1 with
CLKREQ# de- Reference Clockshuts off

asserted

# Timeline = Statistics = LTSSM  x -+ =]
3 & Q Start: 029.361.882.784.77 0, n I 54 @
DEVSLP +
US PCle Reference Clock Locked |
CLKREG# |
PERST#
CEZT) Events .
— Link enters L1 LTSSM and L1.2 States
g
»  UpLTSSMO
Quarch Power [54.885 uA 3.515mv]
v/l 33vv
vl zwva  [H00000uA 029.441.344.000.000 sl
v/l vioivev  |-300,000 A W33vV. 3.308mv 2,500 m
vE WaavA: 4,351uA
iy ‘:'D-“'“ WVIO_1V8 \V: 1,303 mV
e Local « .
W VIO_1V8 A: 5uA o
1,000 mv/]

029.441.344.000.000
L R T R B L T T B ' ' ' ' [ oo L ey By B B B T T T T S S By B Y B
410 415 420 425 430 435 440 0 460 485 470 475 420 485 A9 510 515 520 525 530 535 540 0 60 565 570 575 580 585 590 585

Eé':l ‘ 35‘5 I | I 4{!5 ! 4—'|!5 I | ‘ 4;5 0 I 49'5 I | I 5(']5 I 5!15 I | ‘ 55‘5 I 5
025400.000.000.500 29.450.000.000.0 029.500.000.000.000 29.550.000.000.000

3.3V current draw drops to ~4dmA

SerialTek 22

an ellisys company



M

COS@ STUdy ] - POWGF ObS@WOTIOﬂS Flash Memory Summit
LTSSM and PM State Average 3.3V Current draw

LO LTSSM 380 mA

L1 LTSSM and L1.0 PM State 107 mA

L1 LTSSM and L1.2 PM State 4 mA

« Observation1: By turning on ASPM L1, the drive can reduce
its current draw by 71.8%.

« Observation2: goinginto L1.2 PM substate the drive can
reduce its current draw by almost 98.9% versus when
operating at the LO state

SerialTek 23
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COS@ STUdy ]_ POWGF ObS@WOTiOﬂS Flash Memory Summit

« Observation: The host used the Set Features commandto tell the device to
enable Autonomous Power State Transition. Once the devicereturned to L1.2
the power draw was lower and more consistent.

Events x Transactions x # NVMe Transactions x +

=
i te1D v
Search... M T [+ . @ - B ® s :
mn
M... Timestamp® Channel Speed  Width  Type DID M.. Q.. CID | Address Duration Summary o
025.585.681.168.250 m n /# Set Features 03000 0 0 4106 exeeeeseel_1087ce08 31.772.250 us SQE:2,CQE: 2
025.585.712.590.250 m sGTs n §2 MSI-X Vector Px02008000_Tee002d 90.750 ns ||
025.585.716.244.250 m 2GTs n A Completion Doorbell 03:00.0 0 2x80000008_a13010€ 402.750 ns Head Ptr: 3, Num Entries: 1 =
025.585.723.857.250 ([22) [ s | A Submission Doorbell 03:00.0 0 Bx60080000_a13010¢ 406,750 ns Tail Ptr: 4, Num Entries: 1
P 1 A — o = P o 4 e o e PP
X->0:-—-  Delta: - No Active Search Wrap Search
Histogram x LTS5M x Statistics = # Timeling = + = # Details = + =
Y & @ Start: 025.418.853.325.318, End: 025.807.576.497.468), & Data Elements: + n Il 5 @ Display A Set Features @ 025.585.681.168.250 I
() Events Il I | ‘ * 40 Feature ldentifier
FUpo I Il I | | ac (Autonomous Power State Transition)
41 Reserved
@ Down LTSSMO | 200200
» UpLTSSMO
Quarch Power FT13.287 uA B s 3.51‘“'\"."_\?: 43 Save
v/l 33vv 900000 uA LTSSM LLIdle from L1.Entry . e
vl zwva T 025.700.668.190.000(242.294.472 ms) a4 Reserved Auton...
v . VIO _1VEV 400,000 uA LTS5M L1.2 from L1.GC /= GaoEeERE 1
v B vioisa 025.700.670.340.000 {241.455.140 ms) T 47
Scale: Local » =200.000 uA h
1,750 miv=—
] 43 Command Dword12
[-85.753 uA tiesmIl | 1 amnaann
L1.2 with inconsistent power draw L1.2 with lower consistent power draw
®
SerialTek 5
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M
Case Study 1- Other Observations e emerySums

« When changing speeds that the link operates, the device uses
more current.

« By enabling features, this also creates temporary demands on the
amount of power the drive consumes.

 Different types of drive operations (i.e. flush command) can also
Impact the power the drive consumes even when the link activity of
the PCle bus is inactive (sending idle dataq, flow control DLLPs and

skip OS)

« Latency Tolerance Reporting can impact if the device can enter
L1.2 PM state which can reduce the power savings of the device.

SerialTek



Case Study 2

* Goal
* Test a design to verify that they
properly enter lower power states
* Tools Used

» SerialTek Kodiak PCle 5.0 Analyzer
+ POD interposer configured for M.2

* SANBlaze SBExpress-DT5
* PCle4.0M.2SSD

e Software
 SerialTek BusXpert
* SANBlaze

SerialTek

an ellisys company

M

Flash Memory Summit

PCle 4.0 M.2 SSD

|

POD M.2 Interposer

SerialTek Kodiak PCle 5.0
Analyzer

SANBlaze SBExpress-
DT5

— .3
1 S €o»
—— SANBIaZe Lind




Case Study 2- Test Scripts M

Flash Memory Summit

The following scripts are availablein the SANBlaze V10.5 software package.

e PM_L1 Substate Verify.sh
e PM_LO Enable.sh

e PM_L1.1 Enable.sh

e PM_L1.2 Enable.sh

e PM_L1 Enable.sh

All scripts are variationsof the first script PM_L1_Substate_Verify.sh, which walks the DUT from LO.Active to
L1.ldle to L1.1 and L1.2. The variationsare as follows:

e PM_PM_LO_Enable.sh - Restores the device to LO.Active state
e L1.1 Enable.sh - Leaves the devicein L1.1 state

e PM_L1.2 Enable.sh - Leavesthe devicein L1.2 state

e PM_L1 Enable.sh-Leavesthe devicein L1 (L1.0) state

SerialTek 27
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Case Study 2- Test Setup

Flash Memory Summit

Certified by SANBlaze ShowTestManager
TestMgr Selected Certification Tests

IOL  OCP  SANBlaze | User

== v . Py — — — —

ExampleScripts/PCle_Commaon_Clock_With_SSC.sh ExampleScripts

ExampleScripts/PM_CLKREQ_L_Toggle.sh o ExampleScripts/PM_L1_Substate_Verify.sh
ExampleScripts/PM_L0_Enable.sh
ExampleScripts/PM_L1.1_Enable.sh
ExampleScripts/PM_L1.1_Verify.sh
ExampleScripts/PM_L1.2_Enable.sh
ExampleScripts/PM_L1.2_Verify.sh

ExampleScripts/PM_L1_Enable.sh

3 B 0 By
5 &8 8 8 8 8 8 68 8

ExampleScripts/PM_L1_Substate_Verify.sh -
System Index NVMe Initiator Controller Namespace # of Passes Pass Time Action Restore Suite ]

®1 Cal @0 Oal @101 Oal ®1 Oan 1 0 BLeveli Olevel2 CLevel3 AddSBCert SBExpress Suites

Select the PM_L1 Substate_Verify.sh Add the test to the SBCert
test.

SerialTek 28
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Case Study 2- Test Setup M

Flash Memory Summit

Start the test run | Stop a test run Reset a test run

100:1 101:1 102:0 103:1 104:0 200:0 201:0 202:0 03:0
SANBIlaze[1][0][101][1] Vendor=NVMe Produ |
System Index NVMe Initiator Controller Namespace Stop on First Error, stAction  Stop Ylbps On Error [ Loops Report t4Pass MFai Wam B skip O1 @A =
| _ | | _ Include plots in new report <
Start 717 13 K87 45.10f1-T101

@1 Oal @0 OAl @101 OAN ®1 Oanl Stop Clear Delete 1 s S s L L New
Stop On Error Stop On Error Stop On Error Stop On Error Save Suite As Pagination , . View
01 O Al ®None 00 OAl ®None 0101 OAIl ®None O1 OAll ®@None SaveSuite H Auto 23.07-13 10f1-T100 Delete
Show 5 v entries Search:
| AN # < Seq A Name ¢ State < Err/ Allowed < Pass/ Passes $ Sec/ Pass ¢ Start ¢ End ¢ Read Bytes -+ Write Bytes < Readl/Os ¢ Writel/Os ¢ % Done ¢
f | 1| 251028 | (@PM_L1_Substate Verifysh e | 0/ 0 o 1 : y \ ' 0 0 0 0 ;

{Showing 1 to 1 of 1 entries

: t The PM_L1 Substate_Verify.sh test the DUT for the expected
List of tests to run power state transition by inspecting the PCle bus link state
and the current state of the CLKREQ# signal.

SerialTek 2
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Case Study 2- Examining the Test M

Flash Memory Summit

2 Timeline x Test Setup Test L1.1 Test L1.2
3 ¥

Downd Events
Up0 | Events

Sideband 0 PE RST18/CLKREG#
+ DownLTSSM O
P Recovery
LD
kL1
* PM
L10
[
L1z
.
P Recovery
LO
kL1
* PM
L10
L11
L1z

Zoom Bar

SerialTek
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Case Study 2- Enabling Lowest Power State

Get the number of power states supported from the Identify command
* cat/iport0/target100 |grep "NPSS
NPSS=4
Issue Set Features command
* io/iport0/targetl03 SetFeatures -fid2-d4 -w

Events x Transactions # MVMe Transactions X +

Search._ q [ ] T ©

Flash Memory Summit

M__ | Timestamp(@ Channel d |Width | Type & MNumber of Power States Support | | & Feature Identifier (Comm & Power State | Summary

006.231.068.630.250 B - Identify [0x00 - Mamespace [Ac

006231101 328125 B & Completion Doorbell
B & submission Doorbell

B identify [0x01 - Controller]

Completion Doorbell

006 276814 495000
D06.276.814.738.750
006 276853 993500
006276862 593250 Submission Doorbell
006 276862 839 500 Identify [0x00 - Mamespace (Ac

006 276.890.345.625

Completion Doorbell

006 276897 275750 Submission Doorbell

006 276897 524.000

Identify [0x03 - MSID List]
006 276925836 500 Completion Doorbell
D06.561.796.642 250 Submission Doorbell
006.561.997_378.750 Set Features (Power Management)

006.562.044 238 000 Completion Doorbell

"
o

S-S SIS TR S SR S SN S S S S S

BHEHBEBEBEEBEBEBBEBEBE B H

252250 Submission Doorbell

X-» O - | Dehta- ---

SerialTek

an ellisys company

SQE: 233, CQE
Head Ptr: 234, Mum Entrie:

Tail Pr- , Mum Entries:

SQE: 234, CQE- 234
Head Ptr- 235, Mum Entrie:

Mum Entries:

Head Ptr: 236, Mum Entrie:
Tail Ptr: 237, Mum Entries:
SOE: 236,C0OE:2

Head Ptr- 237, Mum Entrie:

. -
Num Entries:

Mo Active Search | |w*| Wrap Search

31



Case Study 2- Turn on ASPM

Enable ASPM L1 on the DT5 with the following command
* sbecho ASPMControl=2 > /iport0/target100

Events x Transactions x # NVMe Transactions x +

Flash Memory Summit

Search... 4 » M Y (s4

. | Timestamp@® Channel Speed (Width | Type Address DID M... | Q... |CID | Duration Summary
017.712.550.370.750 16GT/s [RZE HSTLPCfgWr0 07:00.0]0x090 (PCle) (L1 Entry Enabled) 1.886us PCle

017.712.552.779.875 16GT/s B B 2 TLP CfgRdO 07:00.0|0xe0e (Device ID/Vendor ID) 2.113.500 us Device ID/Vendor ID
017.712.555.672.375 16GT/s L) = TLP CfgRdO 07:00.0|0xe0e (Device ID/Vendor ID) 1.940.750 us Device ID/Vendor ID
017.712.558.394.250 16GT/s [} = TLP CfgRdO 087:00.0]|ex090 (PCle) I (L1 Entry Enabled) I 1.940.750 us PCle

MAT7 T04 TOLC A0 ANC - - m Do M ARDAANGA 77 AGMALT AT.An N ANAL TN e

X->0:-—- | Delta: - Mo Active Search Wrap Search
# Timeline x  + # Details x  +

k L Q Start: 017.712.548.322.27F- End: 017.712.595.760.982 % Data Elements: « Display ~ = TLP CfgWr0 @ 017.712.550.370.750

Down0 | Events

Up0 Events

X |l - 16
‘ I I [ I ‘ ‘ ‘ 2 (L1 Entry Enabled) o (64 byte)

TLP CfgWr0Q (0x7dé
% sideband0 G 017.712.550.370.750 (3 ns)
v DownlLTSSMO |

17

18

L T
Lo
b1 19
¥ PM
L10

o L1 LTSSM =

| —— fffcoabe
-
L T 23
L0
kL1

* PM
L10 — DLLP Ack (0x7dé) @ 017.712.550.466.250

L11 7 6 5
112

SerialTek
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| Enabling L1 @ 017.712.550.370.750




Case Study 2- Turnon L1.1

Command to enable L1.1 in the LP Control register

+ sbecho L1PMControl=4 > /iport0/targetl00 Ll]-EnabkﬂjBWS

Events x Transactions x # NVMe Transactions x == # Details x bkmarks x

Search... < > M h ¢ (a4 L [ g Display ~ | = 1 CfeWr0@023.43[f77.724.875

& ASPM Control { g 14
| 046 (L1 PM Substates)

M... | Timestamp® Channel Speed |Width | Type Address
M 023.438577.724.875 | Downo 16GT/s T S TIPCfgWr0 ©7:00.8|8x118 (L1 PM Substates) ol
023.438.578.391.125 16GT/s RS B S TLPCfgRd0  07:00.0|ex0ee (Device ID/Vendor ID)
023.438.587.882.250 16GT/s B 2 TLPCfgRd0 @7:00.0|exoee (Device ID/Vendor ID)
023.438.588.799.250 16GTs [ = TLPCfgRd0 ©7:00.0|exl1ee (Latency Tolerance Rep:

N2 A0 CoO0 709 270 [l ==+ T N FaeDAMN AT.on Al oennn IMecsdes IR eAae TR

15

16

17

X->0:— | Delta: — No Active Search Wrap Search

# Timeline x | + ! 18

k ] Q End: 023.800.505.050.131 Data Elements: + 5

| 19

Start: 023.178.360.702.774

Down0 | Events

* Up0) Events 20

= 8373d2c2
Sideband 0 PERST1#/CLKREQ#

w Down LTSSM 0 23
P Recovery
Lo

P L1

¥ PM
L10
L11
L1z

v

¥ Recovery
Lo

P L1

¥ PM
L10
L11
L12

— DLLP Ack (0x80f) @ 023.438.577.817.750
Hex 7 6 5 <
0

f@ac (SDP Token)
LTSSM L1.1 from L1.0

023.572.332.512.000 (5.339.724.008 5)

88 (Acknowledge)

SerialTek
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De-assert CLKREQ# by running the following command
e sb_12x2-d0-f CLKREQ_L-w 1

Events x Transactions x # NVMe Transactions x == | # Details x Bookmarks x 4=

Search... 4 > M h ¢ (s ] B g Display ~ 2 TLP CfeWr0 @ 023.438.577.724.875

M... | Timestamp® Channel Speed | Width |Type Address & ASPM Control ( ° 14
| 846 (L1 PM Substates)

M 023.438577.724.875 16GT/s ] ES TIPCigWr0 07:00.08|ex118 (L1 PM Substates) 2l
023.438578.391.125 16GT/s 71 B & TLP CfgRd0O 87:00.0|8x000 (Device ID/Vendor ID)
023.438.587.889.250 16GT/s el = TLP CfgRdO 87:00.0|8x000 (Device ID/Vendor ID)
023.438.588.799.250 16GT/s [ S TLPCfgRd0 ©7:00.0|ex1ee (Latency Tolerance Rep:

N2 A0 CoO0 709 270 2 - [l ==+ T N FaeDAMN AT.on Al oennn IMecsdes IR eAae TR

15

16

17

X->0:— | Delta: — No Active Search Wrap Search
# Timeline x  + ! 18

] Ly Q Start: 023.178.360.702.774 End: 023.800.505.050.13%1 & Data Elements: = (5

19
Down0 ) Events |

* [B@) Events 20
= 8373d2c2
Sideband 0 PERST1#/CLKREQ# |
+ Down LTS5M 0 23
¥ Recovery
Lo

4 :\.1 — DLLP Ack (0x80f) @ 023.438.577.817.750

T Hex 7 6 5 4

(LiLsl 0
112 f@ac (SDP Token)
adl UpLTSSMO ] LTSSM L1.1 from L1.0

7 e, 023.572.332.512.000(5.339.724.008 5)
LD
P L1
v PM
L1.0 0e (Acknowledge)
111
112

SerialTek
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Case Study 2- Verity CLKREQ

We can now verify that CLKREQ# has been asserted and de-asserted various
times as it transitions back and forth from L1 -> LO -> L1 along with the timings

Flash Memory Summit

# Timeline x  +

3 & C ] Start: (020.903.200.909.06% End: 044.060.313.701.245 & Data Elements: v

Down0 | Events ‘ ‘

Up0 Events ‘ H
PERST1#/CLKREG i

l

I

SerialTek 35
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Case Study 2- Setup Test for L1.2 M

Flash Memory Summit

For L1.2 we change the config spaceto use L1.2 and then repeat the steps
for L1.1 and de-assert CLKREQ# to transitionto L1.2.

# Timeline x  +

k i ] Start: 039.285.678.316.461 End: 062.442.791.108.63F 3 Data Elements: +

Down0 | Events

* Wg8) Events / CLKREQ# De-asserted / CLKREQ# Asserted

| PERSTI®CLKREN= NS

SerialTek 36
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Ca Se StUdy 2 SU m ma ry Flash Memory Summit

* SANBIlaze software allows for easy way to test your devices for support of L1 LTSSM substate and

L1 PM substates

* Paired with a SerialTek Kodiak Analyzer, the Sanblaze tool allows you verify that link is properly

entering/exiting L1.

* Manually testing L1 LTSSM substates can be difficult, but using a tool such as the SANBlaze
SBExpress-DT5 can simplify this testing.

SerialTek 37
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F

S u m m a ry Flash Memory Summit

* There appears a contradiction in L1.Idle/L1.Entryvs L1.0/L1.1/L1.2
substates due to the misunderstanding of the specification

e 11.0/L1.1/L1.2 or Power Management Substates, not LTSSM L1 substates.

* When combined with L1.1 and L1.2 Power management states, devices
can achieve significant power savings.

* Using the Quarch PAM and SerialTek Kodiak Analysis system, users can
help validate power management changes.

* Using the SANBIlaze SBExpress-DT5 and SerialTek Kodiak Analysis system,
users can test their devices to verify that the device conforms to the
specifications when performing Power Management Substates.

SerialTek
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