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Disclaimer

Presentation Disclaimer: All opinions, judgments, recommendations, etc.
that are presented herein are the opinions of the presenter of the material
and do not necessarily reflect the opinions of the PCI-SIG®.
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= Agenda

A Challenge: lowering power while meeting
performance goals

A Different ways to express power

A New multi-level power management approaches
V PCle® SERDES architecture
V Bifurcation and aggregation
V Hybrid mode transmitters
V Reference clock distribution
V Link and pipe power states

A L1 substate motivation
A Summary
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** Lowering Power: Tablets

GPIO LPDRR Flash SD PCle PCle USB SS/HS
Host/Device
UART
L2 Cache Processor  Processor MIPI LLI
12 - .
c 3D Video MIPI CS|
3G/4G Graphics  Accelerator
Modem Processor  Processor Audio
Image Sensor Processor Analog FE
WiFi Link Headset’
Security Audio Speaker,
De-Bug Processor  Processor Amplifier
Clock
Battery 12C/SPK,
Trace Keypad Touch screen HDMI 1.4a MIPI DSI

Performance goals (PCle 2.0 x1)

A Low pin-count, SoC“ beadahont ”
A Cheapest package

A Low leakage, 28-nm or 20-nm
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Performance goals (PCle 3.0 x16):

A Channel loss (EQU) & power trade-off
A The Green lobby, load balancing

A High performance, 40-nm or 28-nm
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" PCle SerDes Power
1 Lane, Data Rate 5.0 Gbps, 65/40/28-nm

0.57

28-nm wins
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65nm 40nm 28nm
1.2/2.5V 1.1/2.5V 0.9/1.8V

Process Node
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*se PCle SerDes Power
28-nm, 1 Lane, Data Rate 2.5/5.0/8.0Gbps

L ol Power
1.60

1.54
1.40 Power/Gb /
1.20 19
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—ysie PCle SerDes Power
28-nm, Data Rate 5.0Gbps, 1/2/4 Lanes
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e PCle SerDes Leakage Power
1 Lane, Data Rate 5.0Gbps

s 28-nm the winner?

e

125C 125C
V-10% V+10%

Normalized Leakage Power
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PCle SerDes Power:

MW/Gb/Lane

[EnY
(ee]

—e— 2.5/1.1/0.9
—=—1.8/1.1/0.9

[Eny
o

N\

1.5/1.1/0.9

[N
B

1.2/1.1/0.9
2.5/1.1/0.9 (ext)

=
N

O\
N

-~ 1.8/1.1/0.9 (ext)
+- 1.5/1.1/0.9 (ext)

N

oo

---1.2/1.1/0.9 (ext)

_________

Power

can be ¢

2 Xpressed

Power (mW/Gb/Lane)

In differ

ent conf

ilgurations

0

PCI-SIG Developers Conference

Copyright © 2012, PCI-SIG, All Rights

Data Rate (Gbps)

1

Reserved

0 12

14



PCl ¢

~® Agenda
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A New multi-level power management approaches

V PCle® SERDES architecture
V Bifurcation and aggregation

V Hybrid mode transmitters

V Reference clock distribution
V Link and pipe power states
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RxClk
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"% PCle 2.0 SerDes (x4 Lanes)

Bifurcation & Aggregation Support for Optimized Power

A A A A
PIREO PIPEl PIE’EZ PIF?E3

Bifurcate PCS

TX RX TX RX TX RX TX RX
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ee¢__ Channel Loss, EQ / Power
Trade-Off

eaif bol
Equalization Summary

= Rx DFE suitable for very lossy backplanes
v Appears likely to be dropped for PCle 3.0
v Not needed for chip-chip applications

A Depend|ng on Channel IOSS, v Higher in power
TX and RX equalization v Willbe needed for 10G backplane requirements
schemes can be applied = Use surface mount connectors and backdrilled
4 vias

A For lossy channels in cloud
type applications more
equalization is needed

A more power

A Goal iS to maintain adequate PCI-SIG Developers Conference Europe Caopyright ©@2009, PCLSIG, All Rights Resernved
equalization in order to Source:PCI-S1 G Devel operdés Conference, Fr
maintain BER bUt nOtatthe ADesigning High Speed Transcei Ve
expense of power

= CTLE appears favored for PCle 3.0
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" Low Power Design Methods

VDD Standby
State Retention

MTCMOS

DVFS

Multi-Vt

CLK Gating

2010

VDD Standby

State Retention

MTCMOS
Lower VDD

DVFS

Multi-Voltage

Multi-Vt

CLK Gating

2011

A Static Voltage Scaling:
Configure PHY In low power
state & lower core supply to
Intermediate level

. Power Drop

A Retention: same as SVS
above except supply can be
lowered even further i.e. to ~
50% of normal value

SVS/ Raise
Retention Supply

Source: 2011 Synopsys Global User Survey. May only be used with authorization from Synopsys.
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= Transmitter Design

A Design with voltage versus
current mode drivers

V Limitation: o/p amplitude is
limited to core supply voltage

V Workaround:

I Use of IO/Core devices but
edge rate, jitter worsens
(translators)

I Over drive core devices; but
models are not available &
Impacts aging/reliability

A Solution:
Hybrid mode drivers

-----------------------

Off-chip i

100W

TXM

% 5mA

TXP
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Reference Clock Distribution
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#2{... PCle T Power Management
Minimize Power During Different States

A Based on PCl Power Management (PM)

A PCle Base specification A Three levels of PM
V System — Sleeping states (SO — S5)
V Device — Device power states (DO — D3)
V Link — Link power states (LO — L3)
A PIPE (PHY Interface for PCle) specification
V Power States (PO — P2)

A Initiated by hardware or software

A Functions managed by the MAC/Controller

V Transition into a specific power state
V Notification of the current power state
V Generation of a request to wakeup

V Sequencing device power-up
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ecg  PCle 1 Power Management

'S¢ State

System Device [Link
SO DO LO
LOs
(ASPM)
L1 (ASPM)
S1-Desktop D1, D2, L1
D3yt (software)
S2- Mobile D1, D2, L2
D3yt
S3 —suspend to memory D34 L2
S4 — suspend to disk
L3
S5 D3coig L3

PHY |Comments

PO

POs

P1

P1

P2

P2

P3

P3

* Fully working
* Power is on
* Clock running

» ASPM without software interaction

» Electrical Idle / Standby state

* Low power saving and low exit latency
* Clock running

» ASPM without software interaction

* Electrical Idle / Standby state

» Medium power saving and medium exit latency

* Clock running without CLKREQ#

* Clock off with CLKREQ# (optional internal PLL off)

e Similar to L1 ASPM
» Device application logic may be in sleep

» Starts by putting device in D3hot
* All clocks and main power off

» Many components are powered down
* Auxiliary power is available
» Can wake up through WAKE# or BEACON

* Auxiliary power is not available
» No wake up possible

» System completely off

ASPM1i Active State Power Management

PCI-SIG Developers Conference
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=% PCle i Link Power States
LOT L3

ADriven by either software or hardware:
V Device state transitions — software controlled

V Active State Power Management activities (ASPM) —
hardware based

I Power saving even in DO state
I May be disabled by software

APower saving increases as Link transitions, LO to L3
V LO — Fully active Link (ready)
V LOs — Electrical Idle / Standby state (partial)

V L1 — Lower power standby/slumber (all supplies, all RefClk components
are active & ON except CLKREQ#, optional internal PLL OFF)

V L2 — Low power sleep state (all clocks & main power OFF)
V L3 — Off (zero power)
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se PClel Link Power States
Link Training and Status State Machine (LTSSM)

Initial State or
Directed by
Data Link Layer _\\

Detect

Source: PCle Base Specification, Rev 3.0 1 pg. 249)
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ey PCle 1 Power Management
Link Power Management

MAC/Controller

Tx Application Rx Application
PM MSG Dependent Dependent
Controller GEN Module Module

Port Logic and Protocol Layer Core (LTSSM)

Source: DesignWareCores PCle Controller, Reference Manual)
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*%s PCle i PIPE Power States
PO1 P2

APower management signals
VPCle 1.1 and PCle 2.1 A PowerDown[1:0]

APower saving increases from PO to P2

V 00: PO (LO: Normal operational state of the PHY)

V 01: POs (LOs: Low recovery time latency, power saving)

V 10: P1 (L1: Longer recovery time latency,
additional power saving)
* PCLK output must stay operational, both Tx and Rx idle

V 11: P2 (L2: Lowest power state)
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V

A L1 substate motivation

A Summary
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e PCle 1 Link Power States
Motivations for L1 Substates (ECR)

AL1 Power does not meet stand-by power
requirements of its market

ARegulatory requirements are driving down idle
power across multiple market segments

ANear zero idle power requirement
V Reduction of L1 power is a must-have

A Need for backward compatibility
AMinimum added cost
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el PCle i1 Link Power States

fSG
) Current Definition of L1 State

AAIl main power supplies must remain active

AAIl platform-provided component reference clocks
must remain active — except as permitted by Clock
Power Management (using CLKREQ#) when
enabled

Alnternal PLL may be shut off (increased exit
latency)

ATLP and DLLP transmission is disabled in the Link
ACommon mode keeper is ON
ATx and Rx may be OFF or Idle
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. PClei Link Power States
L1 Substate ECR Proposal (Out of Band)

Common Target Target
Substate Mode J Exit
Power/port
Keepers Latency
L1 ON OFF/Idle ON 25 mW 2 Us
(current unchanged) (retrain)
L1+CLKREQ# OFF OFF/Idle ON 10 mW 20 us

(current unchanged)

L1.1 (new ECR)* OFF OFF ON 300 pW 20 ps

L1.2 (new ECR)* OFF  OFF OFF 10 pW 70 us

* CLKREQ# - repurposed and used bi-directionally to enable L1 substates per port
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.. PClel Power Management
Link Power Management with L1 Substates

MAC/Controller

PM
Controller

Tx Application
Dependent
Module

Rx Application
Dependent
Module

Port Logic and Protocol Layer Core
(LTSSM)

PowerDown Common Mode
TX PHYstatus Rx/Tx Idle
Enable/Disable/Ack.

PCS

PHY

CLKREQ#
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" PClei L1 Substate ECR Status

A PCI-SIG Protocol WG reviewing feedback
from WGs (Electrical, CEM, and others)

A Substate definition is not final yet
V Out-of-Band vs. In-Band implementation
supporters

I Synopsys is in support of the Out-of-Band
Implementation for both the PHY and the MAC/controller

I Speculation: may complete by summer 2012

V ECR (Engineering Change Request)

I Many changes may justify Base spec. to PCle 3.1
I Speculation: may complete by early 2013
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=% Summary

A There are multiple levels of power reduction but
performance must not be impacted

A Power reduction techniques include SVS,
retention, hybrid mode transmitters, bifurcation
and clock distribution

A For cloud (data center) PCI Express 3.0 channel
loss and level of equalization needs to be
traded-off with power

A For tablet (mobile) link and power states with
new ECR’ subdtates arelddving low
power use models
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Thank you for attending the
PCI-SIG Developers Conference
Europe 2012

For more information please go to
WWW.PCISIg.com
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