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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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ÁL1 substate motivation 
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Performance goals (PCIe 2.0 x1) 

ÁLow pin-count, SoC “beach-front” 

ÁCheapest package 

ÁLow leakage, 28-nm or 20-nm 

Lowering Power: Tablets 
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Lowering Power: Cloud 
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Performance goals (PCIe 3.0 x16): 

ÁChannel loss (EQU) & power trade-off 

ÁThe Green lobby, load balancing 

ÁHigh performance, 40-nm or 28-nm 
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PCIe SerDes Power  
1 Lane, Data Rate 5.0 Gbps, 65/40/28-nm 
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PCIe SerDes Power 
28-nm, 1 Lane, Data Rate 2.5/5.0/8.0Gbps 
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PCIe SerDes Power 
28-nm, Data Rate 5.0Gbps, 1/2/4 Lanes 
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PCIe SerDes Leakage Power 
1 Lane, Data Rate 5.0Gbps 
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Power can be expressed 

in different configurations  
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PCIe SerDes Architecture 
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PCIe 2.0 SerDes (x4 Lanes) 
Bifurcation & Aggregation Support for Optimized Power 
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Channel Loss, EQ / Power 
Trade-Off 

Source: PCI-SIG Developerôs Conference, Frankfurt 2009,  

ñDesigning High Speed Transceiversò 

Á Depending on channel loss, 
TX and RX equalization 
schemes can be applied 

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

     Ą more power     

Á Goal is to maintain adequate 
equalization in order to 
maintain BER but not at the 
expense of power              
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Low Power Design Methods 

Source: 2011 Synopsys Global User Survey. May only be used with authorization from Synopsys. 
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ÁStatic Voltage Scaling: 
Configure PHY in low power 
state & lower core supply to 
intermediate level 

 

 

ÁRetention: same as SVS 
above except supply can be 
lowered even further i.e. to ~ 
50% of normal value 
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ÁDesign with voltage versus 
current mode drivers 

VLimitation: o/p amplitude is 
limited to core supply voltage 

VWorkaround:  

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

ïOver drive core devices; but 
models are not available & 
impacts aging/reliability 

ÁSolution:   

    Hybrid mode drivers 

Transmitter Design 

Copyright © 2012, PCI-SIG, All Rights Reserved 

100W 

Off-chip 

5mA 

TXM TXP 

16 



PCI-SIG Developers Conference 

Reference Clock Distribution 
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ÁBased on PCI Power Management (PM)  

ÁPCIe Base specification ĄThree levels of PM 
VSystem – Sleeping states (S0 – S5) 

VDevice – Device power states (D0 – D3)  

VLink – Link power states (L0 – L3) 

ÁPIPE (PHY Interface for PCIe) specification 
VPower States (P0 – P2) 

ÁInitiated by hardware or software 

ÁFunctions managed by the MAC/Controller 
VTransition into a specific power state 

VNotification of the current power state 

VGeneration of a request to wakeup  

VSequencing device power-up 

PCIe ï Power Management 
Minimize Power During Different States 
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PCIe ï Power Management 
State 

System Device Link PHY Comments 

S0 D0 L0 P0 • Fully working 

• Power is on 

• Clock running 

L0s 

(ASPM) 

P0s • ASPM without software interaction 

• Electrical Idle / Standby state  

• Low power saving and low exit latency 

• Clock running 

L1 (ASPM) P1 • 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) 

S1-Desktop D1, D2, 

D3Hot 

L1 

(software) 

P1 • Similar to L1 ASPM 

• Device application logic may be in sleep 

S2- Mobile D1, D2, 

D3Hot 

L2 P2 • Starts by putting device in D3hot 

• All clocks and main power off 

S3 – suspend to memory 

S4 – suspend to disk 

D3Cold L2 P2 • Many components are powered down 

• Auxiliary power is available 

• Can wake up through WAKE# or BEACON 

L3 P3 

 

• Auxiliary power is not available 

• No wake up possible 

S5 D3Cold L3 P3 • System completely off 

ASPM ï Active State Power Management 
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ÁDriven by either software or hardware: 

VDevice state transitions – software controlled  

VActive State Power Management activities (ASPM) – 
hardware based 

ïPower saving even in D0 state 

ïMay be disabled by software 

ÁPower saving increases as Link transitions, L0 to L3 

VL0 – Fully active Link (ready) 

VL0s – Electrical Idle / Standby state (partial) 

VL1 – Lower power standby/slumber (all supplies, all RefClk components 

are active & ON except CLKREQ#, optional internal PLL OFF) 

VL2 – Low power sleep state (all clocks & main power OFF) 

VL3 – Off (zero power) 

 

PCIe ï Link Power States 
L0 ï L3 
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PCIe ï Link Power States 
Link Training and Status State Machine (LTSSM) 

Source: PCIe Base Specification, Rev 3.0 ï pg. 249) 
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ÁPower management signals 

VPCIe 1.1 and PCIe 2.1 Ą PowerDown[1:0]  

ÁPower saving increases from P0 to P2 

V00: P0 (L0: Normal operational state of the PHY) 

V01: P0s (L0s: Low recovery time latency, power saving) 
 

V10: P1 (L1: Longer recovery time latency,         
additional power saving) 
             * PCLK output must stay operational, both Tx and Rx idle 
 

V11: P2 (L2: Lowest power state) 

PCIe ï PIPE Power States 
P0 ï P2 
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ÁL1 Power does not meet stand-by power 
requirements of its market 

ÁRegulatory requirements are driving down idle 
power across multiple market segments 

ÁNear zero idle power requirement 

VReduction of L1 power is a must-have 

Á Need for backward compatibility 

ÁMinimum added cost 

PCIe ï Link Power States 
Motivations for L1 Substates (ECR) 
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ÁAll main power supplies must remain active 

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

ÁInternal PLL may be shut off (increased exit 
latency) 

ÁTLP and DLLP transmission is disabled in the Link 

ÁCommon mode keeper is ON 

ÁTx and Rx may be OFF or Idle 

PCIe ï Link Power States 
Current Definition of L1 State 
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PCIe ï Link Power States 
L1 Substate ECR Proposal (Out of Band) 

Substate PLL Rx/Tx 

Common 

Mode 

Keepers 

Target 

Power/port 

Target 

Exit 

Latency 

L1  

(current unchanged) 

ON OFF/Idle ON 25 mW 2 µs 

(retrain) 

L1+CLKREQ# 

(current unchanged) 

OFF OFF/Idle ON 10 mW 20 µs 

L1.1 (new ECR)* OFF OFF ON 300 µW 20 µs 

L1.2 (new ECR)* OFF OFF OFF 10 µW 70 µs  

* CLKREQ# - repurposed and used bi-directionally to enable L1 substates per port 
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PCIe ï Power Management  
Link Power Management with L1 Substates 
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ÁPCI-SIG Protocol WG reviewing feedback 
from WGs (Electrical, CEM, and others) 

ÁSubstate definition is not final yet 

VOut-of-Band vs. In-Band implementation 
supporters 

ïSynopsys is in support of the Out-of-Band 
implementation for both the PHY and the MAC/controller 

ïSpeculation: may complete by summer 2012 

VECR (Engineering Change Request)  

ïMany changes may justify Base spec. to PCIe 3.1 

ïSpeculation: may complete by early 2013 

PCIe ï L1 Substate ECR Status 
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ÁThere are multiple levels of power reduction but 
performance must not be impacted 

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

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

ÁFor tablet (mobile) link and power states with 
new ECR’s for L1 substates are driving low 
power use models 

 

 

Summary 
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 Thank you for attending the  
PCI-SIG Developers Conference 

Europe 2012 

 

 

 For more information please go to 
www.pcisig.com 


