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I NFORMATI ON I N THI S DOCUMENT I S PROVI DED I N CONNECTI ON WI TH I NTEL PRODUCTS. NO LI CENSE, EXPRESS OR I MPLI ED, 
BY ESTOPPEL OR OTHERWI SE, TO ANY I NTELLECTUAL PROPERTY RI GHTS I S GRANTED BY THI S DOCUMENT. EXCEPT AS 
PROVI DED I N I NTEL'S TERMS AND CONDI TI ONS OF SALE FOR SUCH PRODUCTS, I NTEL ASSUMES NO LI ABI LI TY WHATSOEVER 
AND I NTEL DI SCLAI MS ANY EXPRESS OR I MPLI ED WARRANTY, RELATI NG TO SALE AND/ OR USE OF I NTEL PRODUCTS I NCLUDI NG 
LI ABI LI TY OR WARRANTI ES RELATI NG TO FI TNESS FOR A PARTI CULAR PURPOSE, MERCHANTABI LI TY, OR I NFRI NGEMENT OF ANY 
PATENT, COPYRI GHT OR OTHER I NTELLECTUAL PROPERTY RI GHT.

A "Mission Crit ical Applicat ion"  is any applicat ion in which failure of the I ntel Product  could result , direct ly or indirect ly, in personal 
injury or death. SHOULD YOU PURCHASE OR USE I NTEL'S PRODUCTS FOR ANY SUCH MI SSI ON CRI TI CAL APPLI CATI ON, YOU 
SHALL I NDEMNI FY AND HOLD I NTEL AND I TS SUBSI DI ARI ES, SUBCONTRACTORS AND AFFI LI ATES, AND THE DI RECTORS, 
OFFI CERS, AND EMPLOYEES OF EACH, HARMLESS AGAI NST ALL CLAI MS COSTS, DAMAGES, AND EXPENSES AND REASONABLE 
ATTORNEYS' FEES ARI SI NG OUT OF, DI RECTLY OR I NDI RECTLY, ANY CLAI M OF PRODUCT LI ABI LI TY, PERSONAL I NJURY, OR DEATH 
ARI SI NG I N ANY WAY OUT OF SUCH MI SSI ON CRI TI CAL APPLI CATI ON, WHETHER OR NOT I NTEL OR I TS SUBCONTRACTOR WAS 
NEGLI GENT I N THE DESI GN, MANUFACTURE, OR WARNI NG OF THE I NTEL PRODUCT OR ANY OF I TS PARTS.

I ntel m ay m ake changes to specificat ions and product  descript ions at  any t im e, without  not ice. Designers m ust  not  rely on the 
absence or character ist ics of any features or inst ruct ions m arked " reserved"  or "undefined". I ntel reserves these for future 
definit ion and shall have no responsibilit y whatsoever for conflicts or incom pat ibilit ies arising from  future changes to them . The 
inform at ion here is subject  to change without  not ice. Do not  finalize a design with this inform at ion.

The products described in this docum ent  m ay contain design defects or errors known as errata which m ay cause the product  to 
deviate from  published specificat ions. Current  characterized errata are available on request .

Contact  your local I ntel sales office or your dist r ibutor to obtain the latest  specificat ions and before placing your product  order.

Copies of docum ents which have an order num ber and are referenced in this docum ent , or other I ntel literature, m ay be obtained 
by calling 1-800-548-4725, or go to:  ht tp: / / www.intel.com / design/ literature.htm .

No com puter system  can provide absolute security under all condit ions. I ntel®  Trusted Execut ion Technology ( I ntel®  TXT)  requires 
a com puter system  with I ntel®  Vir tualizat ion Technology, an I ntel TXT-enabled processor, chipset , BI OS, Authent icated Code 
Modules and an I ntel TXT-com pat ible m easured launched environm ent  (MLE) . The MLE could consist  of a vir tual m achine m onitor, 
an OS or an applicat ion. I n addit ion, I ntel TXT requires the system  to contain a TPM v1.2, as defined by the Trusted Com put ing 
Group and specific software for som e uses. For m ore inform at ion, see ht tp: / / www.intel.com / technology/ secur ity/

I ntel®  Vir tualizat ion Technology requires a com puter system  with an enabled I ntel®  processor, BI OS, vir tual m achine m onitor 
(VMM)  and, for som e uses, certain com puter system  software enabled for it .  Funct ionality, perform ance or other benefits will vary 
depending on hardware and software configurat ions and m ay require a BI OS update. Software applicat ions m ay not  be com pat ible 
with all operat ing system s. Please check with your applicat ion vendor.

I ntel®  Act ive Managem ent  Technology requires the com puter system  to have an I ntel(R)  AMT-enabled chipset ,  network hardware 
and software, as well as connect ion with a power source and a corporate network connect ion. Setup requires configurat ion by the 
purchaser and m ay require script ing with the management  console or further integrat ion into exist ing security fram eworks to 
enable certain funct ionalit y. I t  m ay also require m odificat ions of im plem entat ion of new business processes. With regard to 
notebooks, I ntel AMT m ay not  be available or certain capabilit ies m ay be lim ited over a host  OS-based VPN or when connect ing 
wirelessly, on bat tery power, sleeping, hibernat ing or powered off. For m ore inform at ion, see ht tp: / / www.intel.com / technology/
plat form - technology/ intel-am t /

Hyper-Threading Technology requires a com puter system  with a processor support ing HT Technology and an HT Technology-
enabled chipset , BI OS and operat ing system . Perform ance will vary depending on the specific hardware and software you use. For 
m ore inform at ion including details on which processors support  HT Technology, see ht tp: / / www.intel.com / info/ hyperthreading.

“ I ntel®  Turbo Boost  Technology requires a PC with a processor with I ntel Turbo Boost  Technology capabilit y. I ntel Turbo Boost  
Technology perform ance var ies depending on hardware, software and overall system  configurat ion. Check with your PC 
m anufacturer on whether your system  delivers I ntel Turbo Boost  Technology.For m ore inform at ion, see ht tp: / / www.intel.com /
technology/ turboboost .”

Enhanced I ntel SpeedStep®  Technology See the Processor Spec Finder or contact  your I ntel representat ive for m ore inform at ion.

I ntel processor num bers are not  a m easure of perform ance. Processor num bers different iate features within each processor fam ily, 
not  across different  processor fam ilies. See www.intel.com / products/ processor_num ber for details.

64-bit  com put ing on I ntel architecture requires a com puter system  with a processor, chipset , BI OS, operat ing system , device 
dr ivers and applicat ions enabled for I ntel®  64 architecture. Perform ance will vary depending on your hardware and software 
configurat ions. Consult  with your system  vendor for m ore inform at ion.

I ntel, Pent ium , Celeron, I ntel Core, and the I ntel logo are t radem arks of I ntel Corporat ion in the U.S. and other count r ies.

* Other nam es and brands m ay be claim ed as the property of others.

Copyright  ©  2013, I ntel Corporat ion. All r ights reserved.
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I n t r od u ct io n 

1 I n t r od u ct ion

The Desktop 3rd Generat ion I ntel®  Core™ processor fam ily, Desktop I ntel®  Pent ium ®  

processor fam ily, and Desktop I ntel®  Celeron®  processor fam ily are the next  

generat ion of 64-bit , m ult i-core processors built  on 22-nanometer process technology. 

The processors are designed for a two-chip plat form . The two-chip plat form  consists of 

a processor and a Plat form  Cont roller Hub (PCH)  and enables higher perform ance, 

lower cost , easier validat ion, and im proved x-y footprint . The processor includes an 

I ntegrated Display Engine, Processor Graphics, PCI  Express ports, and an I ntegrated 

Memory Cont roller. The processor is designed for desktop plat forms. The processor 

offers either 6 or 16 graphic execut ion units (EUs) . The number of EU engines 

supported m ay vary between processor SKUs. The processor is offered in an 1155- land 

LGA package (H2) . Figure 1-1 shows an example desktop plat form  block diagram. 

The Datasheet  provides DC specificat ions, pinout  and signal definit ions, interface 

funct ional descript ions, and addit ional feature inform at ion pert inent  to the 

im plem entat ion and operat ion of the processor on its respect ive plat form .

Not e: Throughout  this docum ent , the I ntel®  6 /  7 Series Chipset  Plat form  Cont roller Hub m ay 
be referred to as “PCH”.

Not e: Throughout  this docum ent , the Desktop 3rd Generat ion I ntel®  Core™ processor fam ily, 
Desktop I ntel®  Pent ium ®  processor fam ily, and Desktop I ntel®  Celeron®  processor 
fam ily m ay be referred to sim ply as “processor”. 

Not e: Throughout  this docum ent , the Desktop 3rd Generat ion I ntel®  Core™ processor fam ily, 
Desktop I ntel®  Pent ium ®  processor fam ily, and Desktop I ntel®  Celeron®  processor 
fam ily refer to the processor SKUs listed in Table 1-1.

Not e: Som e processor features are not  available on all plat forms. Refer to the processor 
specificat ion update for details.

Not e: The term  “DT”  refers to desktop plat form s. 
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Fig u r e 1 - 1 . Desk t op  Pr ocesso r  Pla t f o r m
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Display Interface
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Gigabit
Network Connection

USB 2.0 / USB 3.0
1
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Note:
1. USB 3.0 is supported on the Intel® 7 Series Chipset family only.
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I n t r od u ct io n 

1 .1 Pr ocesso r  Feat u r e Det a i l s

• Four or two execut ion cores

• A 32-KB inst ruct ion and 32-KB data first- level cache (L1)  for each core

• A 256-KB shared inst ruct ion /  data second- level cache (L2)  for each core

• Up to 8-MB shared inst ruct ion /  data third- level cache (L3) , shared am ong all cores

1 .1 .1 Su p po r t ed  Tech n o log ies

• I ntel®  Vir tualizat ion Technology ( I ntel®  VT)  for Directed I / O ( I ntel®  VT-d)

• I ntel®  Vir tualizat ion Technology ( I ntel®  VT)  for I A-32, I ntel®  64 and I ntel®  

Architecture ( I ntel®  VT-x) 
I ntel®  Act ive Managem ent  Technology ( I ntel®  AMT)  8.0

• I ntel®  Trusted Execut ion Technology ( I ntel®  TXT)

• I ntel®  St ream ing SI MD Extensions 4.1 ( I ntel®  SSE4.1)

• I ntel®  St ream ing SI MD Extensions 4.2 ( I ntel®  SSE4.2)

• I ntel®  Hyper-Threading Technology ( I ntel®  HT Technology)

• I ntel®  64 Architecture

• Execute Disable Bit

• I ntel®  Turbo Boost  Technology

• I ntel®  Advanced Vector Extensions ( I ntel®  AVX)

• I ntel®  Advanced Encrypt ion Standard New I nst ruct ions ( I ntel®  AES-NI )

• PCLMULQDQ I nst ruct ion

• RDRAND inst ruct ion for random  num ber generat ion

• SMEP – Supervisor Mode Execut ion Protect ion

• PAI R – Power Aware I nterrupt  Rout ing

1 .2 I n t er f aces

1 .2 .1 Sy st em  Mem or y  Su p por t

• Two channels of DDR3 Unbuffered Dual I n-Line Memory Modules (UDI MM) or DDR3 

Unbuffered Small Out line Dual I n-Line Memory Modules (SO-DI MM) with a 

maxim um of two DI MMs per channel

• Single-channel and dual-channel m em ory organizat ion m odes

• Data burst  length of eight  for all memory organizat ion m odes

• Memory DDR3 data t ransfer rates of 1333 MT/ s and 1600 MT/ s. The DDR3 data 

t ransfer rates supported by the processor is dependent  on the PCH SKU in the 

target  plat form :

— Desktop PCH plat forms support  1333 MT/ s and 1600 MT/ s for One DI MM and 
Two DI MMs per channel

— All I n One plat forms (AI O)  support  1333 MT/ s and 1600 MT/ s for One DI MM 
and Two DI MMs per channel

• 64-bit  wide channels

• System Memory I nterface I / O Voltage of 1.5 V

• DDR3 and DDR3L DI MMs/ DRAMs running at  1.5 V

• No support  for DDR3L DI MMs/ DRAMS running at  1.35 V
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• Support  m em ory configurat ions that  m ix DDR3 DI MMs/ DRAMs with DDR3L 

DI MMs/ DRAMs running at  1.5 V

• The type of the DI MM modules supported by the processor is dependent  on the PCH 

SKU in the target  plat form :

— Desktop PCH plat form s support  non-ECC UDI MMs only

— All I n One plat form s (AI O)  support  SO-DI MMs

• Theoret ical Maximum  Mem ory Bandwidth:

— 10.6 GB/ s in single-channel mode or 21.3 GB/ s in dual-channel mode assum ing 
DDR3 1333 MT/ s

— 12.8 GB/ s in single-channel mode or 25.6 GB/ s in dual-channel mode assum ing 
DDR3 1600 MT/ s

• Processor on-die Reference Voltage (VREF)  generat ion for both DDR3 Read 

(RDVREF)  and Write (VREFDQ)

• 1Gb, 2Gb, and 4Gb DDR3 DRAM device technologies are supported

— Using 4Gb DRAM device technologies, the largest  m em ory capacity possible is 
32 GB, assum ing Dual Channel Mode with four x8 dual ranked DI MM m em ory 
configurat ion

• Up to 64 sim ultaneous open pages, 32 per channel (assum ing 8 ranks of 8 bank 

devices)

• Comm and launch m odes of 1N/ 2N

• On-Die Term inat ion (ODT)

• Asynchronous ODT

• I ntel®  Fast  Mem ory Access ( I ntel®  FMA) :

— Just- in-Time Command Scheduling

— Comm and Overlap

— Out-of-Order Scheduling

1 .2 .2 PCI  Ex p r ess*

• The PCI  Express*  lanes (PEG[ 15: 0]  TX and RX)  are fully-compliant  to the PCI  

Express Base Specificat ion, Revision 3.0,  including support  for 8.0 GT/ s t ransfer 

speeds. 

• Processor with Desktop PCH Supports (may vary depending on PCH SKUs)

• PCI  Express*  supported configurat ions in desktop products
 

• The port  m ay negot iate down to narrower widths

— Support  for x16/ x8/ x4/ x2/ x1 widths for a single PCI  Express*  mode

• 2.5 GT/ s, 5.0 GT/ s and 8.0 GT/ s PCI  Express*  frequencies are supported

• Gen1 Raw bit- rate on the data pins Gen 2 Raw bit- rate on the data pins of 5.0 GT/ s, 

result ing in a real bandwidth per pair of 500 MB/ s given the 8b/ 10b encoding used 

Con f ig u r a t ion Or g an izat ion Desk t op

1
1x8

Graphics, I / O
2x4

2 2x8 Graphics, I / O

3 1x16 Graphics, I / O
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to t ransm it  data across this interface. This also does not  account  for packet  

overhead and link m aintenance.

• Maxim um  theoret ical bandwidth on the interface of 8 GB/ s in each direct ion 

simultaneously, for an aggregate of 16 GB/ s when x16 Gen 2

• Gen 3 raw bit- rate on the data pins of 8.0 GT/ s, result ing in a real bandwidth per 

pair of 984 MB/ s using 128b/ 130b encoding to t ransm it  data across this interface. 

This also does not  account  for packet  overhead and link m aintenance.

• Maximum  theoret ical bandwidth on the interface of 16 GB/ s in each direct ion 

simultaneously, for an aggregate of 32 GB/ s when x16 Gen 3

• Hierarchical PCI -com pliant  configurat ion m echanism  for downst ream  devices

• Tradit ional PCI  style t raffic (asynchronous snooped, PCI  ordering)

• PCI  Express*  extended configurat ion space. The first  256 bytes of configurat ion 

space aliases direct ly to the PCI  Com pat ibility configurat ion space. The rem aining 

port ion of the fixed 4-KB block of m em ory-mapped space above that  (start ing at  

100h)  is known as extended configurat ion space.

• PCI  Express*  Enhanced Access Mechanism . Accessing the device configurat ion 

space in a flat  m em ory m apped fashion.

• Autom at ic discovery, negot iat ion, and t raining of link out  of reset

• Tradit ional AGP style t raffic (asynchronous non-snooped, PCI -X Relaxed ordering)

• Peer segment  dest inat ion posted write t raffic (no peer- to-peer read t raffic)  in 

Virtual Channel 0:

— DMI  ->  PCI  Express*  Port  0

• 64-bit  downst ream  address form at ;  however, the processor never generates an 

address above 64 GB (Bits 63: 36 will always be zeros)

• 64-bit  upst ream  address form at ;  however, the processor responds to upst ream  

read t ransact ions to addresses above 64 GB (addresses where any of Bits 63: 36 

are nonzero)  with an Unsupported Request  response. Upst ream  write t ransact ions 

to addresses above 64 GB will be dropped.

• Re- issues Configurat ion cycles that  have been previously completed with the 

Configurat ion Ret ry status

• PCI  Express*  reference clock is 100-MHz different ial clock

• Power Managem ent  Event  (PME)  funct ions

• Dynam ic width capability

• Message Signaled I nterrupt  (MSI  and MSI -X)  messages

• Polarity inversion

Not e: The processor does not  support  PCI  Express*  Hot-Plug.
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1 .2 .3 Di r ect  Med ia I n t er f ace ( DMI )

• DMI  2.0 support

• Four lanes in each direct ion

• 5 GT/ s point- to-point  DMI  interface to PCH is supported

• Raw bit- rate on the data pins of 5.0 Gb/ s, result ing in a real bandwidth per pair of 

500 MB/ s given the 8b/ 10b encoding used to t ransm it  data across this interface. 

Does not  account  for packet  overhead and link m aintenance.

• Maxim um  theoret ical bandwidth on interface of 2 GB/ s in each direct ion 

sim ultaneously, for an aggregate of 4 GB/ s when DMI  x4

• Shares 100-MHz PCI  Express*  reference clock

• 64-bit  downst ream address format ;  however, the processor never generates an 

address above 64 GB (Bits 63: 36 will always be zeros)

• 64-bit  upst ream address format , but  the processor responds to upst ream read 

t ransact ions to addresses above 64 GB (addresses where any of Bits 63: 36 are 

nonzero)  with an Unsupported Request  response. Upst ream  write t ransact ions to 

addresses above 64 GB will be dropped.

• Supports the following t raffic types to or from the PCH:

— DMI  ->  DRAM
— DMI  ->  processor core (Virtual Legacy Wires (VLWs) , Resetwarn, or MSI s only)
— Processor core ->  DMI

• API C and MSI  interrupt  messaging support :

— Message Signaled I nterrupt  (MSI  and MSI -X)  messages

• Downst ream SMI , SCI  and SERR error indicat ion

• Legacy support  for I SA regime protocol (PHOLD /  PHOLDA)  required for parallel 

port  DMA, floppy drive, and LPC bus masters

• DC coupling – no capacitors between the processor and the PCH

• Polarity inversion

• PCH end- to-end lane reversal across the link

• Supports Half Swing “ low-power /  low-voltage”

1 .2 .4 Plat f o r m  En v i r on m en t  Con t r o l  I n t er f ace ( PECI )

The PECI  is a one-wire interface that  provides a com municat ion channel between a 

PECI  client  ( the processor)  and a PECI  master. The processor supports the PECI  3.0 

Specificat ion.

1 .2 .5 Pr ocesso r  Gr ap h ics

• The Processor Graphics contains a refresh of the seventh generat ion graphics core 

enabling substant ial gains in performance and lower power consum pt ion. Up to 

16 EU support .

• Next  Generat ion I ntel Clear Video Technology HD Support  is a collect ion of video 

playback and enhancem ent  features that  improve the end user ’s viewing 

experience

— Encode /  t ranscode HD content

— Playback of high definit ion content  including Blu- ray Disc*

— Superior im age quality with sharper, m ore colorful im ages

— Playback of Blu- ray Disc*  S3D content  using HDMI *  (V.1.4 with 3D)
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• DirectX*  Video Accelerat ion (DXVA)  support  for accelerat ing video processing

— Full AVC/ VC1/ MPEG2 HW Decode

• Advanced Scheduler 2.0, 1.0, XPDM support

• Windows*  7, Windows*  XP, OSX, Linux OS Support

• DirectX*  11, DirectX*  10.1, DirectX*  10, DirectX*  9 support

• OpenGL*  3.0 support

• Switchable Graphics support  on Desktop AI O plat form s with MxM solut ions only

1 .2 .6 I n t e l®  Flex ib le Disp lay  I n t er f ace ( I n t e l®  FDI )

• For SKUs with graphics, carr ies display t raffic from  the Processor Graphics in the 

processor to the legacy display connectors in the PCH

• Based on DisplayPort  standard

• The two I ntel FDI  links are capable of being configured to support  three 

independent  channels, one for each display pipeline

• There are two I ntel FDI  channels, each one consists of four unidirect ional 

downst ream  different ial t ransm it ter pairs:

— Scalable down to 3X, 2X, or 1X based on actual display bandwidth 
requirem ents

— Fixed frequency 2.7 GT/ s data rate

• Two sideband signals for display synchronizat ion:

— FDI _FSYNC and FDI _LSYNC (Fram e and Line Synchronizat ion)

• One I nterrupt  signal used for various interrupts from the PCH:

— FDI _I NT signal shared by both I ntel FDI  Links

• PCH supports end- to-end lane reversal across both links

• Common 100-MHz reference clock

1 .3 Pow er  Man ag em en t  Su p p or t

1 .3 .1 Pr ocesso r  Cor e

• Full support  of ACPI  C-states as implemented by the following processor C-states:

— C0, C1, C1E, C3, C6

• Enhanced I ntel SpeedStep Technology

1 .3 .2 Sy st em

• S0, S3, S4, S5

1 .3 .3 Mem or y  Con t r o l ler

• Condit ional self- refresh ( I ntel®  Rapid Mem ory Power Managem ent  ( I ntel®  RMPM))

• Dynam ic power down

1 .3 .4 PCI  Ex p r ess*

• L0s and L1 ASPM power management  capability
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1 .3 .5 Di r ect  Med ia I n t er f ace ( DMI )

• L0s and L1 ASPM power management  capability

1 .3 .6 Pr ocesso r  Gr ap h ics Con t r o l ler  ( GT)

• I ntel®  Rapid Mem ory Power Managem ent  ( I ntel®  RMPM) – CxSR

• I ntel®  Graphics Perform ance Modulat ion Technology ( I ntel®  GPMT)

• I ntel®  Sm art  2D Display Technology ( I ntel®  S2DDT)

• Graphics Render C-State (RC6)

1 .3 .7 Th er m al  Man ag em en t  Su p p or t

• Digital Thermal Sensor

• I ntel Adapt ive Thermal Monitor

• THERMTRI P#  and PROCHOT#  support

• On-Demand Mode

• Memory Therm al Throt t ling

• External Therm al Sensor (TS-on-DI MM and TS-on-Board)

• Render Therm al Throt t ling

• Fan speed cont rol with DTS

1 .4 Pr ocesso r  SKU Def in i t ion s

Tab le 1 - 1 . Desk t op  3 r d  Gen er at ion  I n t e l®  Co r e™ Pr ocesso r  Fam i ly , Desk t op  I n t e l®  
Pen t iu m ®  Pr ocesso r  Fam i ly , an d  Desk t op  I n t e l®  Celer on ®  Pr ocesso r  Fam i ly  
SKUs ( Sh eet  1  o f  2 )

Pr ocesso r  
Nu m b er

TDP
( W )

I A LFM 
Fr eq u en cy

I A Fr eq u en cy  r an g e GT Fr eq u en cy  r an g e
T j MAX
( ° C)

i7-3770T 45 1600 MHz 2.5 GHz up to 3.7 GHz 650 MHz up to 1150 MHz 94

i7-3770S 65 1600 MHz 3.1 GHz up to 3.9 GHz 650 MHz up to 1150 MHz 103

i7-3770K 77 1600 MHz 3.5 GHz up to 3.9 GHz 650 MHz up to 1150 MHz 105

i7-3770 77 1600 MHz 3.4 GHz up to 3.9 GHz 650 MHz up to 1150 MHz 105

i5-3570T 45 1600 MHz 2.3 GHz up to 3.3 GHz 650 MHz up to 1150 MHz 94

i5-3570S 65 1600 MHz 3.1 GHz up to 3.8 GHz 650 MHz up to 1150 MHz 103

i5-3570K 77 1600 MHz 3.4 GHz up to 3.8 GHz 650 MHz up to 1150 MHz 105

i5-3570 77 1600 MHz 3.4 GHz up to 3.8 GHz 650 MHz up to 1150 MHz 105

i5-3550S 65 1600 MHz 3 GHz up to 3.7 GHz 650 MHz up to 1150 MHz 103

i5-3550 77 1600 MHz 3.3 GHz up to 3.7 GHz 650 MHz up to 1150 MHz 105

i5-3475S 65 1600 MHz 2.9 GHz up to 3.6 GHz 650 MHz up to 1100 MHz 103

i5-3470S 65 1600 MHz 2.9 GHz up to 3.6 GHz 650 MHz up to 1100 MHz 103

i5-3470T 35 1600 MHz 2.9 GHz up to 3.6 GHz 650 MHz up to 1100 MHz, 91

i5-3470 77 1600 MHz 3.2 GHz up to 3.6 GHz 650 MHz up to 1100 MHz 105

i5-3450S 65 1600 MHz 2.8 GHz up to 3.5 GHz 650 MHz up to 1100 MHz 103

i5-3450 77 1600 MHz 3.1 GHz up to 3.5 GHz 650 MHz up to 1100 MHz 105

i5-3350P 69 1600 MHz 3.1 GHZ up to 3.3 GHZ N/ A 105

i5-3340 77 1600 MHz 3.1 GHZ up to 3.3 GHZ 650 MHz up to 1050 MHz 105
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1 .5 Pack ag e
The processor socket  type is noted as LGA 1155. The package is a 37.5 x 37.5 mm Flip 

Chip Land Grid Array (FCLGA 1155) . See the Desktop 3rd Generat ion I ntel®  Core™ 

Processor Family, Desktop I ntel®  Pent ium ®  Processor Fam ily, Desktop I ntel®  Celeron®  

Processor Fam ily, and LGA1155 Socket  Thermal /  Mechanical Specificat ions and Design 

Guidelines for com plete details on the package.

i5-3340S 65 1600 MHz 3.0 GHZ up to 3.3 GHZ 650 MHz up to 1050 MHz 103

i5-3335S 65 1600 MHz 2.7 GHz up to 3.2 GHz 650 MHz up to 1050 MHz 103

i5-3330S 65 1600 MHz 2.7 GHz up to 3.2 GHz 650 MHz up to 1050 MHz 103

i3-3250T 35 1600 MHz N/ A 650 MHz up to 1050 MHz 91

i3-3250 55 1600 MHz N/ A 650 MHz up to 1050 MHz 105

i3-3245 55 1600 MHz N/ A 650 MHz up to 1050 MHz 105

i5-3330 77 1600 MHz 3 GHz up to 3.2 GHz 650 MHz up to 1050 MHz 105

i3-3240T 35 1600 MHz Up to 3.0 GHz 650 MHz up to 1050 MHz 91

i3-3240 55 1600 MHz Up to 3.4 GHz 650 MHz up to 1050 MHz 105

i3-3225 55 1600 MHz Up to 3.3 GHz 650 MHz up to 1050 MHz 105

i3-3220T 35 1600 MHz Up to 2.8 GHz 650 MHz up to 1050 MHz 91

i3-3220 55 1600 MHz Up to 3.3 GHz 650 MHz up to 1050 MHz 105

i3-3210 55 1600 MHz Up to 3.2 GHz 650 MHz up to 1050 MHz 105

G2140 55 1600 MHz N/ A 650 MHz up to 1050 MHz 105

G2130 55 1600 MHz Up to 3.2 GHz 650 MHz up to 1050 MHz 105

G2120T 35 1600 MHz N/ A 650 MHz up to 1050 MHz 91

G2120 55 1600 MHz 3.1 GHZ 650 MHZ up to 1.05 GHZ 105

G2100T 35 1600 MHz 2.6 GHZ 650 MHZ up to 1.05 GHZ 91

G2030T 35 1600 MHz N/ A 650 MHz up to 1050 MHz 91

G2030 35 1600 MHz N/ A 650 MHz up to 1050 MHz 105

G2020 55 1600 MHz 2.9 GHZ 650 MHZ up to 1050 MHz 105

G2020T 35 1600 MHz 2.5 GHZ 650 MHZ up to 1050 MHz 91

G2010 55 1600 MHz 2.8 GHZ 650 MHZ up to 1050 MHz 105

G1630 55 1600 MHz 2.8 GHZ 650 MHZ up to 1050 MHz 105

G1620 55 1600 MHz 2.7 GHZ 650 MHZ up to 1050 MHz 105

G1620T 35 1600 MHz 2.4 GHZ 650 MHZ up to 1050 MHz 91

G1610 55 1600 MHz 2.6 GHZ 650 MHZ up to 1050 MHz 105

G1610T 35 1600 MHz 2.3 GHZ 650 MHZ up to 1050 MHz 91

A1018 35 1600 MHz 2.1 GHz 650 MHz up to 1 GHz 105

Tab le 1 - 1 . Desk t op  3 r d  Gen er at ion  I n t e l®  Co r e™ Pr ocesso r  Fam i ly , Desk t op  I n t e l®  
Pen t iu m ®  Pr ocesso r  Fam i ly , an d  Desk t op  I n t e l®  Celer on ®  Pr ocesso r  Fam i ly  
SKUs ( Sh eet  2  o f  2 )

Pr ocesso r  
Nu m b er

TDP
( W )

I A LFM 
Fr eq u en cy

I A Fr eq u en cy  r an g e GT Fr eq u en cy  r an g e
T j MAX
( ° C)
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1 .6 Pr ocesso r  Com p at ib i l i t y  
The Desktop 3rd Generat ion I ntel®  Core™ processor fam ily, Desktop I ntel®  Pent ium ®  

processor fam ily , Desktop I ntel®  Celeron®  processor Fam ily has specific plat form  

requirem ents that  different iate it  from  a 2nd Generat ion I ntel®  Core™ processor fam ily 

Desktop, I ntel®  Pent ium ®  processor fam ily Desktop, I ntel®  Celeron®  processor Fam ily 

Desktop processor. Plat forms intending to support  both processor fam ilies need to 

address the plat form  com pat ibility requirem ents detailed in Figure 1-2. 

Not es:
1 . G2 _ Cor e =  2 n d  Gen er at ion  I n t e l®  Co r e™ p r o cesso r  f am i ly  Desk t op , I n t e l®  Pen t iu m ®  p r ocesso r  

f am i ly  Desk t op , I n t e l®  Celer on ®  p r ocesso r  f am i ly  Desk t op ,  
2. G3 _ Cor e =  Desk t op  3 r d  Gen er at ion  I n t e l®  Co r e™ p r ocesso r  f am i ly , Desk t op  I n t e l®  Pen t iu m ®  

p r o cesso r , Desk t op  I n t e l®  Celer on ®  p r ocesso r  f am i ly  

Fig u r e 1 - 2 . Desk t op  Pr ocesso r  Com p at ib i l i t y  Diag r am

2 x 330 µF

2 x 330 µF + 
1 placeholder

VCCIO
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VDDQ
VR

VCore
VR

VCCSA

VR

VAXG
VR

DDR3
DDR3

G2_Core:  1.5 V
G3_Core:  1.5 V

G2_Core: 1.05 V
G3_Core: 1.05 V

VCCIO_SEL#
G2_Core:  ‘1’

G3_Core:  ‘1’

Processor

PCH

VCCSA_VID
G2_Core: ‘0’

G3_Core: ‘0’

G2_Core:  0.925 V
G3_Core:  0.925 V

PEG AC Decoupling
PEG Gen 1,2 – 100 nF
PEG Gen 1,2,3 – 220 nF

*VAXG: 2 ph required for 
some of the SKUs

S
V

ID

PROC_SELECT#

G2_Core: ‘1’
G3_Core: ‘0’
Controls DMI

And FDI 
termination

DF_TVS
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1 .7 Ter m in o log y

Tab le 1 - 2 . Ter m in o log y   ( Sh eet  1  o f  3 )

Ter m Descr ip t ion

ACPI Advanced Configurat ion and Power I nterface 

ADB Autom at ic Display Br ightness

APD Act ive Power Down 

ASPM Act ive State Power Managem ent

BGA Ball Grid Array

BLT Block Level Transfer

CLTT Closed Loop Therm al Throt t ling

CRT Cathode Ray Tube

cTDP Configurable Therm al Design Power

DDDR3L-RS DDR3L Reduced Standby Power

DDR3 Third-generat ion Double Data Rate SDRAM m em ory technology

DDR3L DDR3 Low Voltage

DMA Direct  Mem ory Access

DMI Direct  Media I nterface

DP DisplayPort *

DPST Display Power Savings Technology

DTS Digital Therm al Sensor

EC Em bedded Cont roller

ECC Error Correct ion Code

eDP* Em bedded DisplayPort *

Enhanced I ntel®  
SpeedStep®  
Technology

Technology that  provides power m anagem ent  capabilit ies to laptops.

EPG Elect r ical Power Gat ing

EU Execut ion Unit

Execute Disable Bit

The Execute Disable bit  allows m em ory to be m arked as executable or non-executable, 
when com bined with a support ing operat ing system . I f code at tem pts to run in non-
executable m em ory the processor raises an error to the operat ing system . This feature 
can prevent  som e classes of v iruses or worm s that  exploit  buffer overrun 
vulnerabilit ies and can thus help im prove the overall secur ity of the system . See the 
I ntel®  64 and I A-32 Architectures Software Developer 's Manuals for m ore detailed 
inform at ion.

HDMI * High Definit ion Mult im edia I nterface

HFM High Frequency Mode

I MC I ntegrated Mem ory Controller

I ntel®  64 Technology 64-bit  m em ory extensions to the I A-32 architecture

I ntel®  DPST I ntel®  Display Power Saving Technology

I ntel®  FDI I ntel®  Flexible Display I nterface

I ntel®  TXT I ntel®  Trusted Execut ion Technology

I ntel®  Vir tualizat ion 
Technology 

Processor vir tualizat ion which when used in conjunct ion with Vir tual Machine Monitor 
software enables m ult iple, robust  independent  software environm ents inside a single 
plat form .
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I ntel®  VT-d

I ntel®  Vir tualizat ion Technology ( I ntel®  VT)  for Directed I / O. I ntel VT-d is a hardware 
assist , under system  software (Virtual Machine Manager or operat ing system )  cont rol,  
for enabling I / O device virtualizat ion. I ntel VT-d also br ings robust  security by 
providing protect ion from  errant  DMAs by using DMA rem apping, a key feature of I ntel 
VT-d.

I OV I / O Vir tualizat ion

I SA
I ndust ry Standard Architecture. This is a legacy com puter bus standard for I BM PC 
com pat ible com puters. 

I TPM I ntegrated Trusted Plat form  Module

LCD Liquid Crystal Display

LFM Low Frequency Mode

LPC Low Pin Count

LPM Low Power Mode

LVDS
Low Voltage Different ial Signaling. A high speed, low power data t ransm ission 
standard used for display connect ions to LCD panels.

MLE Measured Launched Environm ent  

MSI Message Signaled I nterrupt

NCTF
Non-Crit ical to Funct ion. NCTF locat ions are typically redundant  ground or non-crit ical 
reserved, so the loss of the solder joint  cont inuity at  end of life condit ions will not  
affect  the overall product  funct ionality.

ODT On-Die Term inat ion

PAI R Power Aware I nterrupt  Rout ing

PCH
Plat form  Cont roller Hub. The chipset  with cent ralized plat form  capabilit ies including the 
m ain I / O interfaces along with display connect iv ity, audio features, power 
m anagem ent , m anageabilit y, security and storage features.

PECI Plat form  Environm ent  Cont rol I nterface.

PEG
PCI  Express*  Graphics. External Graphics using PCI  Express*  Architecture. A high-
speed ser ial interface whose configurat ion is software com pat ible with the exist ing PCI  
specificat ions.

PGA Pin Grid Array

PLL Phase Lock Loop

PME Power Managem ent  Event

PPD Precharged Power Down

Processor The 64-bit ,  single-core or m ult i-core com ponent  (package) .

Processor Core
The term  “processor core”  refers to Si die it self that  can contain m ult iple execut ion 
cores. Each execut ion core has an inst ruct ion cache, data cache, and 256-KB L2 cache. 
All execut ion cores share the L3 cache.

Processor Graphics I ntel Processor Graphics

Rank
A unit  of DRAM corresponding four to eight  devices in parallel,  ignor ing ECC. These 
devices are usually, but  not  always, m ounted on a single side of a SO-DI MM.

SCI System  Cont rol I nterrupt . Used in ACPI  protocol.

I ntel SDRRS 
Technology

I ntel Seam less Display Refresh Rate Switching Technology

SMEP  Supervisor Mode Execut ion Protect ion

Tab le 1 - 2 . Ter m in o logy   ( Sh eet  2  o f  3 )

Ter m Descr ip t ion
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Storage Condit ions

A non-operat ional state. The processor m ay be installed in a plat form , in a t ray, or 
loose. Processors m ay be sealed in packaging or exposed to free air. Under these 
condit ions, processor landings should not  be connected to any supply voltages, have 
any I / Os biased or receive any clocks. Upon exposure to “ free air ”  ( that  is, unsealed 
packaging or a device rem oved from  packaging m ater ial)  the processor m ust  be 
handled in accordance with m oisture sensit iv ity labeling (MSL)  as indicated on the 
packaging m ater ial.

SVI D Serial Voltage I Dent ificat ion interface

TAC Therm al Averaging Constant

TAP Test  Access Point

TCC Therm al Cont rol Circuit

TDC Therm al Design Current

TDP Therm al Design Power

TLP Transact ion Layer Packet

VAXG Graphics core power supply

VCC Processor core power supply

VCCI O High Frequency I / O logic power supply

VCCPLL PLL power supply

VCCSA
System  Agent  (m em ory cont roller, DMI , PCI e cont rollers, and display engine)  power 
supply

VDDQ DDR3 power supply

VGA Video Graphics Array

VI D Voltage I dent ificat ion

VLD Variable Length Decoding

VLW Virtual Legacy Wire

VR Voltage Regulator

VSS Processor ground

VTS Virtual Tem perature Sensor

x1 Refers to a Link or Port  with one Physical Lane.

x16 Refers to a Link or Port  with sixteen Physical Lanes.

x4 Refers to a Link or Port  with four Physical Lanes.

x8 Refers to a Link or Port  with eight  Physical Lanes.

Tab le 1 - 2 . Ter m in o log y   ( Sh eet  3  o f  3 )

Ter m Descr ip t ion
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1 .8 Relat ed  Docu m en t s

Not e: Contact  your I ntel representat ive for the latest  revision of this item .

§  §

Tab le 1 - 3 . Relat ed  Docu m en t s 

Docu m en t
Docu m en t  Nu m b er  /  

Locat ion

Desktop 3rd Generat ion I ntel®  Core™ Processor Fam ily, Desktop I ntel®  
Pent ium ®  Processor Fam ily, and Desktop I ntel®  Celeron®  Processor Fam ily 
Datasheet , Volum e 2

326765

Desktop 3rd Generat ion I ntel®  Core™ Processor Fam ily, Desktop I ntel®  
Pent ium ®  Processor Fam ily, and Desktop I ntel®  Celeron®  Processor Fam ily 
Specificat ion Update

326766

Desktop 3rd Generat ion I ntel®  Core™ Processor Fam ily, Desktop I ntel®  
Pent ium ®  Processor Fam ily, Desktop I ntel®  Celeron®  Processor Fam ily, and 
LGA1155 Socket  Therm al /  Mechanical Specificat ions and Design Guidelines

326767

Advanced Configurat ion and Power I nterface Specificat ion 3.0 ht tp: / / www.acpi. info/

PCI  Local Bus Specificat ion 3.0 ht tp: / / www.pcisig.com / speci
ficat ions

PCI  Express*  Base Specificat ion 2.0 ht tp: / / www.pcisig.com

DDR3 SDRAM Specificat ion ht tp: / / www.jedec.org

DisplayPort *  Specificat ion ht tp: / / www.vesa.org

I ntel®  64 and I A-32 Architectures Software Developer 's Manuals ht tp: / / www.intel.com / produ
cts/ processor/ m anuals/ inde

x.htm

Volum e 1:  Basic Architecture 253665 

Volum e 2A:  I nst ruct ion Set  Reference, A-M 253666

Volum e 2B:  I nst ruct ion Set  Reference, N-Z 253667

Volum e 3A:  System  Program m ing Guide 253668

Volum e 3B:  System  Program m ing Guide 253669
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2 I n t er f aces

This chapter describes the interfaces supported by the processor. 

2 .1 Sy st em  Mem or y  I n t er f ace

2 .1 .1 Sy st em  Mem or y  Tech n o log y  Su pp or t ed

The I ntegrated Mem ory Cont roller ( I MC)  supports DDR3 /  DDR3L protocols with two 

independent , 64-bit  wide channels, each accessing one or two DI MMs. The type of 

memory supported by the processor is dependant  on the PCH SKU in the target  

plat form . Refer to Chapter 1 for supported memory configurat ion details.

Not e: The processor supports only JEDEC approved memory modules and devices.

Not e: The I MC supports a m aximum  of two DI MMs per channel;  thus, allowing up to four 
device ranks per channel.

Not e: The supported m em ory interface frequencies and num ber of DI MMs per channel are 
SKU dependent .

Not e: There is no support  for DDR3L DI MMs/ DRAMS running at  1.35 V.

• DDR3 /  DDR3L  at  1.5 V Data Transfer Rates

— 1333 MT/ s (PC3-10600) , 1600 MT/ s (PC3-12800)

• DDR3 /  DDR3L at  1.5 V SO-DI MM Modules

— Raw Card A – Dual Ranked x16 unbuffered non-ECC
— Raw Card B – Single Ranked x8 unbuffered non-ECC
— Raw Card C – Single Ranked x16 unbuffered non-ECC
— Raw Card F – Dual Ranked x8 (planar)  unbuffered non-ECC

• Desktop plat form  DDR3/ DDR3L at  1.5 V UDI MM Modules

— Raw Card A – Single Ranked x8 unbuffered non-ECC

— Raw Card B – Dual Ranked x8 unbuffered non-ECC

— Raw Card C – Single Ranked x16 unbuffered non-ECC

Not e: The processor supports m em ory configurat ions that  m ix DDR3 DI MMs /  DRAMs with 
DDR3L DI MMs /  DRAMs running at  1.5 V.

Tab le 2 - 1 . Pr ocesso r  DI MM Su p por t  Su m m ar y  b y  Pr od u ct

Pr ocesso r  
co r es

Pack ag e
DI MM p er  
ch an n el

DI MM t y p e DDR3 DDR3 L at  1 .5  V

Dual Core,

Quad Core
uLGA

1 DPC
SO-DI MM

1333/ 1600 1333/ 1600

2 DPC 1333,1600 1333/ 1600

Dual Core,

Quad Core
uLGA

1 DPC
UDI MM

1333/ 1600 1333/ 1600

2 DPC 1333/ 1600 1333/ 1600
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Not e:
1. DI MM m odule support  is based on availability and is subject  to change.

Not e:
1. System  m em ory configurat ions are based on availability and are subject  to change.

2 .1 .2 Sy st em  Mem or y  Tim in g  Su p p or t

The I MC supports the following Speed Bins, CAS Write Latency (CWL) , and command 

signal m ode t im ings on the m ain memory interface:

• tCL =  CAS Latency

• tRCD =  Act ivate Com m and to READ or WRI TE Com mand delay

• tRP =  PRECHARGE Com m and Period

• CWL =  CAS Write Latency

• Com m and Signal m odes =  1N indicates a new com m and m ay be issued every clock 

and 2N indicates a new command may be issued every 2 clocks. Command launch 

m ode program m ing depends on the t ransfer rate and m em ory configurat ion.

Tab le 2 - 2 . Su p p or t ed  UDI MM Mod u le Con f ig u r at ion s 

Raw  
Car d  

Ver sion

DI MM 
Cap aci t y

DRAM 
Dev ice 

Tech n o log y

DRAM 
Or g an izat ion

#  o f  
DRAM 

Dev ices

#  o f  
Ph y sica l  
Dev ice  
Ran k s

#  o f  
Row / Co l  
Ad d r ess 

Bi t s

#  o f  
Ban k s 
I n sid e 
DRAM

Pag e 
Size

Desk t op   Pla t f o r m s:
Un b u f f er ed / Non - ECC Su p p or t ed  DI MM Mod u le Con f ig u r a t ion s

A

1 GB 1 Gb 128 M X 8 8 1 14/ 10 8 8K

2 GB 2 Gb 128 M X 16 8 1 1510 8 8K

4 GB 4 Gb 512 M X 8 8 1 15/ 10 8 8K

B

2 GB 1 Gb 128 M X 8 16 2 14/ 10 8 8K

4 GB 2 Gb 256 M X 8 16 2 15/ 10 8 8K

8 GB 4 Gb 512 M X 8 16 2 16/ 10 8 8K

C 1 GB 2 Gb 128 M X 16 4 1 14/ 10 8 16K

Tab le 2 - 3 . Su p p or t ed  SO- DI MM Modu le Con f ig u r at ion s ( AI O On ly )  

Raw  
Car d  

Ver sion

DI MM 
Cap aci t y

DRAM 
Dev ice 

Tech n o log y

DRAM 
Or g an izat ion

#  o f  
DRAM 

Dev ices

#  o f  
Ph y sica l  
Dev ice 
Ran k s

#  o f  
Row / Co l  
Ad d r ess 

Bi t s

#  o f  
Ban k s 
I n sid e 
DRAM

Pag e 
Size

A
2 GB 2 Gb 128 M x 16 8 2 14/ 10 8 8K

4 GB 4 Gb 256 M x 16 8 2 15/ 10 8 8K

B

1 GB 1 Gb 128 M x 8 8 1 14/ 10 8 8K

2 GB 2 Gb 256 M x 8 8 1 15/ 10 8 8K

4 GB 4 Gb 512 M x 8 8 1 16/ 10 8 8K

C
1 GB 2 Gb 128 M x 16 4 1 14/ 10 8 8K

2 GB 4 Gb 256 M x 16 4 1 15/ 10 8 8K

F

2 GB 1 Gb 128 M x 8 16 2 14/ 10 8 8K

4 GB 2 Gb 256 M x 8 16 2 15/ 10 8 8K

8 GB 4 Gb 512 M x 8 16 2 16/  10 8 8K
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Not e:
1. System  m em ory t im ing support  is based on availability and is subject  to change.

2 .1 .3 Sy st em  Mem or y  Or g an izat ion  Mod es

The I MC supports two memory organizat ion m odes, single-channel and dual-channel. 

Depending upon how the DI MM Modules are populated in each m em ory channel, a 

num ber of different  configurat ions can exist .

2 .1 .3 .1 Sin g le- Ch an n el  Mod e

I n this mode, all memory cycles are directed to a single-channel. Single-channel mode 

is used when either Channel A or Channel B DI MM connectors are populated in any 

order, but  not  both.

2 .1 .3 .2 Du a l - Ch an n el  Mod e –  I n t e l®  Flex  Mem or y  Tech n o log y  Mod e

The I MC supports I ntel Flex Mem ory Technology Mode. Memory is divided into a 

sym m etr ic and a asym m etr ic zone. The sym m etr ic zone starts at  the lowest  address in 

each channel and is cont iguous unt il the asymmetric zone begins or unt il the top 

address of the channel with the sm aller capacity is reached. I n this m ode, the system 

runs with one zone of dual-channel m ode and one zone of single-channel m ode, 

simultaneously, across the whole memory array.

Not e: Channels A and B can be m apped for physical channel 0 and 1 respect ively or vice 
versa;  however, channel A size must  be greater or equal to channel B size.

Tab le 2 - 4 . Sy st em  Mem or y  Tim in g  Su p p or t

Seg m en t
Tr an sf er  

Rat e 
( MT/ s)

t CL
( t CK)

t RCD
( t CK)

t RP
( t CK)

CW L
( t CK)

DPC
CMD 
Mod e

No t es1

Desktop

1333 9 9 9 7
1 1N/ 2N

2 2N

1600 11 11 11 8
1 1N/ 2N

2 2N

AI O
1333 9 9 9 7

1 1N/ 2N

2 2N

1600 11 11 11 8 1 1N/ 2N
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2 .1 .3 .2 .1 Du al - Ch an n el  Sy m m et r ic Mod e

Dual-Channel Symm etr ic m ode, also known as inter leaved mode, provides maxim um 

performance on real world applicat ions. Addresses are ping-ponged between the 

channels after each cache line (64-byte boundary) . I f there are two requests, and the 

second request  is to an address on the opposite channel from  the first , that  request  can 

be sent  before data from  the first  request  has returned. I f two consecut ive cache lines 

are requested, both may be ret r ieved sim ultaneously, since they are ensured to be on 

opposite channels. Use Dual-Channel Sym m etr ic mode when both Channel A and 

Channel B DI MM connectors are populated in any order, with the total amount  of 

m em ory in each channel being the sam e.

When both channels are populated with the sam e m em ory capacity and the boundary 

between the dual channel zone and the single channel zone is the top of memory, the 

I MC operates completely in Dual-Channel Symmetric mode.

Not e: The DRAM device technology and width may vary from  one channel to the other.

2 .1 .4 Ru les f o r  Pop u lat in g  Mem or y  Slo t s

I n all System  Mem ory Organizat ion Modes, the frequency and latency t im ings of the 

system  m em ory is the lowest  supported frequency and slowest  supported latency 

t im ings of all m em ory DI MM m odules placed in the system , as determ ined through the 

SPD registers.

Not e: I n a Two DI MM Per Channel (2DPC)  daisy chain layout  m em ory configurat ion, the 
furthest  DI MM from  the processor of any given channel must  always be populated first .

Fig u r e 2 - 1 . I n t e l ®  Flex  Mem or y  Tech n o log y  Op er at ion

C H  BC H  A

B B

C

B

B

C N o n  in te rle a v e d  

a c c e s s

D u a l c h a n n e l 

in te rle a v e d  a c c e s s

T O M

C H  A  a n d  C H  B  c a n  b e  c o n fig u re d  to  b e  p h y s ic a l c h a n n e ls  0  o r 1

B  – T h e  la rg e s t p h y s ic a l m e m o ry  a m o u n t o f th e  s m a lle r s iz e  m e m o ry  m o d u le

C  – T h e  re m a in in g  p h y s ic a l m e m o ry  a m o u n t o f th e  la rg e r s iz e  m e m o ry  m o d u le
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2 .1 .5 Tech n o log y  En h an cem en t s o f  I n t e l ®  Fast  Mem or y  Access 
( I n t e l®  FMA)

The following sect ions describe the Just- in-Tim e Scheduling, Com m and Overlap, and 

Out-of-Order Scheduling I ntel FMA technology enhancem ents.

2 .1 .5 .1 Ju st - in - Tim e Com m an d  Sch ed u l in g

The memory cont roller has an advanced command scheduler where all pending 

requests are exam ined simultaneously to determ ine the most  efficient  request  to be 

issued next . The m ost  efficient  request  is picked from  all pending requests and issued 

to system  mem ory Just- in-Tim e to make opt im al use of Com m and Overlapping. Thus, 

instead of having all memory access requests go individually through an arbit rat ion 

mechanism  forcing requests to be executed one at  a t ime, they can be started without  

interfer ing with the current  request  allowing for concurrent  issuing of requests. This 

allows for opt im ized bandwidth and reduced latency while m aintaining appropriate 

com m and spacing to m eet  system  m em ory protocol.

2 .1 .5 .2 Com m an d  Ov er lap

Command Overlap allows the insert ion of the DRAM commands between the Act ivate, 

Precharge, and Read/ Write comm ands norm ally used, as long as the inserted 

com m ands do not  affect  the current ly execut ing com m and. Mult iple com m ands can be 

issued in an overlapping m anner, increasing the efficiency of system m em ory protocol.

2 .1 .5 .3 Ou t - o f - Or d er  Sch ed u l in g

While leveraging the Just- in-Tim e Scheduling and Com m and Overlap enhancem ents, 

the I MC cont inuously monitors pending requests to system  memory for the best  use of 

bandwidth and reduct ion of latency. I f there are mult iple requests to the same open 

page, these requests would be launched in a back to back manner to make opt imum 

use of the open memory page. This ability to reorder requests on the fly allows the I MC 

to further reduce latency and increase bandwidth efficiency.

2 .1 .6 Dat a Scr am b l in g

The memory cont roller incorporates a DDR3 Data Scram bling feature to m inim ize the 

impact  of excessive di/ dt  on the plat form  DDR3 VRs due to successive 1s and 0s on the 

data bus. Past  experience has demonst rated that  t raffic on the data bus is not  random. 

Rather, it  can have energy concent rated at  specific spect ral harm onics creat ing high 

di/ dt  that  is generally lim ited by data pat terns that  excite resonance between the 

package inductance and on die capacitances. As a result  the m em ory cont roller uses a 

data scram bling feature to create pseudo- random  pat terns on the DDR3 data bus to 

reduce the im pact  of any excessive di/ dt .

2 .1 .7 DDR3  Ref er en ce Vo l t ag e Gen er at ion

The processor m em ory cont roller has the capability of generat ing the DDR3 Reference 

Voltage (VREF)  internally for both read (RDVREF)  and write (VREFDQ) operat ions. The 

generated VREF can be changed in sm all steps, and an opt im um  VREF value is 

determ ined for both during a cold boot  through advanced DDR3 t raining procedures in 

order to provide the best  voltage and signal m argins.
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2 .2 PCI  Ex p r ess*  I n t er f ace

This sect ion describes the PCI  Express interface capabilit ies of the processor. See the 

PCI  Express Base Specificat ion for details of PCI  Express.

The number of PCI  Express cont rollers is dependent  on the plat form . Refer to Chapter 1 

for details.

2 .2 .1 PCI  Ex p r ess*  Ar ch i t ect u r e

Compat ibilit y with the PCI  addressing model is m aintained to ensure that  all exist ing 

applicat ions and drivers m ay operate unchanged.

The PCI  Express configurat ion uses standard mechanisms as defined in the PCI  

Plug-and-Play specificat ion. The processor external graphics ports support  Gen 3 speed 

as well. At  8 GT/ s, Gen 3 operat ion results in twice as much bandwidth per lane as 

compared to Gen 2 operat ion. The 16- lane PCI  Express*  graphics port  can operate at  

either 2.5 GT/ s, 5 GT/ s, or 8 GT/ s. 

PCI  Express*  Gen 3 uses a 128/ 130b encoding scheme, elim inat ing nearly all of the 

overhead of the 8b/ 10b encoding scheme used in Gen 1 and Gen 2 operat ion.

The PCI  Express architecture is specified in three layers – Transact ion Layer, Data Link 

Layer, and Physical Layer. The part it ioning in the com ponent  is not  necessarily along 

these sam e boundaries. Refer to Figure 2-2 for the PCI  Express layering diagram.

PCI  Express uses packets to com m unicate inform at ion between com ponents. Packets 

are form ed in the Transact ion and Data Link Layers to carry the informat ion from the 

t ransm it t ing com ponent  to the receiving com ponent . As the t ransm it ted packets flow 

through the other layers, they are extended with addit ional inform at ion necessary to 

handle packets at  those layers. At  the receiving side, the reverse process occurs and 

packets get  t ransform ed from their Physical Layer representat ion to the Data Link 

Layer representat ion and finally ( for Transact ion Layer Packets)  to the form  that  can be 

processed by the Transact ion Layer of the receiving device.

Fig u r e 2 - 2 . PCI  Ex p r ess*  Lay er in g  Diag r am
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Data Link
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Logical Sub-block
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RX TX

Transaction

Data Link

Physical

Logical Sub-block

Electrical Sub-block

RX TX
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2 .2 .1 .1 Tr an sact ion  Lay er

The upper layer of the PCI  Express*  architecture is the Transact ion Layer. The 

Transact ion Layer's pr im ary responsibility is the assem bly and disassem bly of 

Transact ion Layer Packets (TLPs) . TLPs are used to com municate t ransact ions, such as 

read and write, as well as certain types of events. The Transact ion Layer also m anages 

flow cont rol of TLPs.

2 .2 .1 .2 Dat a Lin k  Lay er

The m iddle layer in the PCI  Express stack, the Data Link Layer, serves as an 

intermediate stage between the Transact ion Layer and the Physical Layer. 

Responsibilit ies of Data Link Layer include link management , error detect ion, and error 

correct ion.

The t ransm ission side of the Data Link Layer accepts TLPs assem bled by the 

Transact ion Layer, calculates and applies data protect ion code and TLP sequence 

num ber, and subm its them  to Physical Layer for t ransm ission across the Link. The 

receiving Data Link Layer is responsible for checking the integrity of received TLPs and 

for subm it t ing them  to the Transact ion Layer for further processing. On detect ion of TLP 

error(s) , this layer is responsible for request ing ret ransm ission of TLPs unt il inform at ion 

is correct ly received, or the Link is determ ined to have failed. The Data Link Layer also 

generates and consum es packets which are used for Link m anagem ent  funct ions.

2 .2 .1 .3 Ph y sica l  Lay er

The Physical Layer includes all circuit ry for interface operat ion, including driver and 

input  buffers, parallel- to-serial and serial- to-parallel conversion, PLL(s) , clock recovery 

circuits and im pedance m atching circuit ry. I t  also includes logical funct ions related to 

interface init ializat ion and maintenance. The Physical Layer exchanges data with the 

Data Link Layer in an im plementat ion-specific form at , and is responsible for convert ing 

this to an appropriate serialized form at  and t ransm it t ing it  across the PCI  Express Link 

at  a frequency and width com pat ible with the rem ote device.

Figu r e 2 - 3 . Pack et  Flow  Th r ou g h  t h e Lay er s

Sequence

Number
Framing Header Data ECRC LCRC Framing

Transaction Layer

Data Link Layer

Physical Layer
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2 .2 .2 PCI  Ex p r ess*  Con f ig u r at ion  Mech an ism

The PCI  Express (external graphics)  link is m apped through a PCI - to-PCI  br idge 

st ructure.

PCI  Express extends the configurat ion space to 4096 bytes per-device/ funct ion, as 

compared to 256 bytes allowed by the Convent ional PCI  Specificat ion.  PCI  Express 

configurat ion space is divided into a PCI -com pat ible region ( that  consists of the first  

256 bytes of a logical device's configurat ion space)  and an extended PCI  Express region 

( that  consists of the rem aining configurat ion space) . The PCI -com pat ible region can be 

accessed using either the mechanisms defined in the PCI  specificat ion or using the 

enhanced PCI  Express configurat ion access m echanism  described in the PCI  Express 

Enhanced Configurat ion Mechanism  sect ion.

The PCI  Express Host  Bridge is required to t ranslate the memory-mapped PCI  Express 

configurat ion space accesses from  the host  processor to PCI  Express configurat ion 

cycles. To m aintain com pat ibility with PCI  configurat ion addressing m echanism s, it  is 

recom m ended that  system  software access the enhanced configurat ion space using 

32-bit  operat ions (32-bit  aligned)  only. See the PCI  Express Base Specificat ion for 

details of both the PCI -com pat ible and PCI  Express Enhanced configurat ion 

m echanism s and t ransact ion rules.

Fig u r e 2 - 4 . PCI  Ex p r ess*  Relat ed  Reg ist er  St r u ct u r es in  t h e Pr ocesso r  

PCI -PCI  Br idge 
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root  PCI  
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Device 6)
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Ex p r ess*  
Dev ice

PEG0

DM I
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2 .2 .3 PCI  Ex p r ess*  Po r t

The PCI  Express interface on the processor is a single, 16- lane (x16)  port  that  can also 

be configured at  narrower widths. The PCI  Express port  is being designed to be 

com pliant  with the PCI  Express Base Specificat ion, Revision 3.0. 

2 .2 .3 .1 PCI  Ex p r ess*  Lan es Con n ect ion

Figure 2-5 demonst rates the PCI e lanes mapping.

Figu r e 2 - 5 . PCI  Ex p r ess*  Ty p ica l  Op er at ion  1 6  Lan es Map p in g
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2 .3 Di r ect  Med ia I n t er f ace ( DMI )

Direct  Media I nterface (DMI )  connects the processor and the PCH. Next  generat ion DMI  

2.0 is supported.

Not e: Only DMI  x4 configurat ion is supported.

2 .3 .1 DMI  Er r o r  Flow

DMI  can only generate SERR in response to errors, never SCI , SMI , MSI , PCI  I NT, or 

GPE. Any DMI  related SERR act ivity is associated with Device 0.

2 .3 .2 Pr ocesso r  /  PCH Com p at ib i l i t y  Assu m p t ion s

The processor is com pat ible with the I ntel 7 Series Chipset  PCH products.

2 .3 .3 DMI  Lin k  Dow n

The DMI  link going down is a fatal, unrecoverable error. I f the DMI  data link goes to 

data link down, after the link was up, then the DMI  link hangs the system  by not  

allowing the link to ret rain to prevent  data corrupt ion. This link behavior is cont rolled 

by the PCH.

Downst ream  t ransact ions that  had been successfully t ransm it ted across the link prior 

to the link going down m ay be processed as norm al. No com plet ions from  downst ream , 

non-posted t ransact ions are returned upst ream  over the DMI  link after a link down 

event .
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2 .4 Pr ocesso r  Gr ap h ics Con t r o l ler  ( GT)

New Graphics Engine Architecture includes 3D compute elements, Mult i- format  

hardware assisted decode/ encode pipeline, and Mid-Level Cache (MLC)  for superior 

high definit ion playback, video quality, and improved 3D perform ance and Media.

The Display Engine handles delivering the pixels to the screen, and is the prim ary 

channel interface for display m em ory accesses and “PCI - like”  t raffic in and out .

2 .4 .1 3 D an d  Vid eo  En g in es f o r  Gr ap h ics Pr ocessin g

The 3D graphics pipeline architecture sim ultaneously operates on different  pr im it ives or 

on different  port ions of the sam e prim it ive. All the cores are fully programmable, 

increasing the versat ilit y of the 3D Engine. The Gen 7.0 3D engine provides the 

following perform ance and power-m anagem ent  enhancem ents:

• Up to 16 Execut ion units (EUs)

• Hierarchal-Z

• Video quality enhancem ents

2 .4 .1 .1 3 D En g in e Ex ecu t ion  Un i t s

• Supports up to 16 EUs. The EUs perform  128-bit  wide execut ion per clock 

• Support  SI MD8 inst ruct ions for vertex processing and SI MD16 inst ruct ions for pixel 

processing

Figu r e 2 - 6 . Pr ocesso r  Gr ap h ics Con t r o l ler  Un i t  Block  Diag r am
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2 .4 .1 .2 3 D Pip el in e

2 .4 .1 .2 .1 Ver t ex  Fet ch  ( VF)  St ag e

The VF stage executes 3DPRI MI TI VE commands. Some enhancements have been 

included to bet ter support  legacy D3D API s as well as SGI  OpenGL* .

2 .4 .1 .2 .2 Ver t ex  Sh ad er  ( VS)  St ag e

The VS stage performs shading of vert ices output  by the VF funct ion. The VS unit  

produces an output  vertex reference for every input  vertex reference received from  the 

VF unit , in the order received.

2 .4 .1 .2 .3 Geom et r y  Sh ad er  ( GS)  St ag e

The GS stage receives inputs from  the VS stage. Com piled applicat ion-provided GS 

program s, specifying an algorithm  to convert  the vert ices of an input  object  into some 

output  pr im it ives. For exam ple, a GS shader m ay convert  lines of a line st r ip into 

polygons represent ing a corresponding segm ent  of a blade of grass centered on the 

line. Or it  could use adjacency informat ion to detect  silhouet te edges of t r iangles and 

output  polygons ext ruding out  from  the edges.

2 .4 .1 .2 .4 Cl ip  St ag e

The Clip stage performs general processing on incom ing 3D objects. However, it  also 

includes specialized logic to perform  a Clip Test  funct ion on incoming objects. The Clip 

Test  opt im izes generalized 3D Clipping. The Clip unit  exam ines the posit ion of incom ing 

vert ices, and accepts/ rejects 3D objects based on its Clip algorithm .

2 .4 .1 .2 .5 St r ips an d  Fan s ( SF)  St ag e

The SF stage performs setup operat ions required to rasterize 3D objects. The outputs 

from  the SF stage to the Windower stage contain im plem entat ion-specific inform at ion 

required for the raster izat ion of objects and also supports clipping of pr im it ives to som e 

extent .

2 .4 .1 .2 .6 W in d ow er / I Z ( W I Z)  St ag e

The WI Z unit  perform s an early depth test , which rem oves failing pixels and elim inates 

unnecessary processing overhead.

The Windower uses the parameters provided by the SF unit  in the object-specific 

rasterizat ion algorithm s. The WI Z unit  rasterizes objects into the corresponding set  of 

pixels. The Windower is also capable of perform ing dithering, whereby the illusion of a 

higher resolut ion when using low-bpp channels in color buffers is possible. Color 

dithering diffuses the sharp color bands seen on smooth-shaded objects.

2 .4 .1 .3 Vid eo  En g in e

The video engine is part  of the I ntel Processor Graphics for image processing, play-

back and t ranscode of Video applicat ions. The Processor Graphics video engine has a 

dedicated fixed hardware pipe- line for high quality decode and encode of media 

content . This engine supports Full hardware accelerat ion for decode of AVC/ H.264, 
VC-1 and MPEG -2 contents along with encode of MPEG-2 and AVC/ H.264 apart  from  

various video processing features. The new Processor Graphics Video engine adds 

support  for processing features such as frame rate conversion, image stabilizat ion, and 

gamut  conversion.
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2 .4 .1 .4 2 D En g in e

The Display Engine fetches the raw data from  the m em ory, puts the data into a st ream , 

converts the data into raw pixels, organizes pixels into im ages, blends different  planes 

into a single im age, encodes the data, and sends the data out  to the display device.

The Display Engine executes its funct ions with the help of three m ain funct ional blocks 

– Planes, Pipes, and Ports, except  for eDP. The Planes and Pipes are in the processor 

while the Ports reside in the PCH. I ntel FDI  connects the display engine in the processor 

with the Ports in the PCH. The 2D Engine adds a new display pipe C that  enables 

support  for three sim ultaneous and concurrent  display configurat ions.

2 .4 .1 .4 .1 Pr ocesso r  Gr ap h ics Reg ist er s

The 2D registers consists of or iginal VGA registers and others to support  graphics 

m odes that  have color depths, resolut ions, and hardware accelerat ion features that  go 

beyond the original VGA standard.

2 .4 .1 .4 .2 Log ica l  1 2 8 - Bi t  Fix ed  BLT an d  2 5 6  Fi l l  En g in e

This BLT engine accelerates the GUI  of Microsoft  Windows*  operat ing systems. The 

128-bit  BLT engine provides hardware accelerat ion of block t ransfers of pixel data for 

many com m on Windows operat ions. The BLT engine can be used for the following:

• Move rectangular blocks of data between memory locat ions

• Data alignm ent

• To perform  logical operat ions ( raster ops)

The rectangular block of data does not  change, as it  is t ransferred between m em ory 

locat ions. The allowable memory t ransfers are between cacheable system  m em ory and 

frame buffer m em ory, frame buffer m em ory and fram e buffer m em ory, and within 

system memory. Data to be t ransferred can consist  of regions of m em ory, pat terns, or 

solid color fills. A pat tern is always 8 x 8 pixels wide and m ay be 8, 16, or 32 bits per 

pixel.

The BLT engine expands monochrome data into a color depth of 8, 16, or 32 bits. BLTs 

can be either opaque or t ransparent . Opaque t ransfers m ove the data specified to the 

dest inat ion. Transparent  t ransfers com pare dest inat ion color to source color and write 

according to the mode of t ransparency selected.

Data is horizontally and vert ically aligned at  the dest inat ion. I f the dest inat ion for the 

BLT overlaps with the source memory locat ion, the BLT engine specifies which area in 

memory to begin the BLT t ransfer. Hardware is included for all 256 raster operat ions 

(source, pat tern, and dest inat ion)  defined by Microsoft , including t ransparent  BLT.

The BLT engine has inst ruct ions to invoke BLT and st retch BLT operat ions, perm it t ing 

software to set  up inst ruct ion buffers and use batch processing. The BLT engine can 

perform  hardware clipping during BLTs.



I n t er f aces 

36 Datasheet , Volum e 1

2 .4 .2 Pr ocesso r  Gr ap h ics Disp lay

The Processor Graphics cont roller display pipe can be broken down into three 

com ponents:

• Display Planes

• Display Pipes

• DisplayPort *  and I ntel®  FDI

2 .4 .2 .1 Disp lay  Plan es

A display plane is a single displayed surface in m em ory and contains one im age 

(desktop, cursor, overlay) . I t  is the port ion of the display hardware logic that  defines 

the format  and locat ion of a rectangular region of m em ory that  can be displayed on 

display output  device and delivers that  data to a display pipe. This is clocked by the 

Core Display Clock.

2 .4 .2 .1 .1 Pr im ar y  Plan es A, B, an d  C

Planes A, B, and C are the m ain display planes and are associated with Pipes A, B, and 

C respect ively.

2 .4 .2 .1 .2 Sp r i t e  A, B, an d  C

Sprite A and Sprite B are planes opt im ized for video decode, and are associated with 

Planes A and B respect ively. Sprite A and B are also double-buffered.

2 .4 .2 .1 .3 Cu r so r s A, B, an d  C

Cursors A and B are sm all, fixed-sized planes dedicated for m ouse cursor accelerat ion, 

and are associated with Planes A and B respect ively. These planes support  resolut ions 

up to 256 x 256 each.

2 .4 .2 .1 .4 Vid eo  Gr ap h ics Ar r ay  ( VGA)

VGA is used for boot , safe m ode, legacy gam es, and so on. I t  can be changed by an 

applicat ion without  operat ing system / driver not ificat ion, due to legacy requirem ents.

Fig u r e 2 - 7 . Pr ocessor  Disp lay  Block  Diag r am
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2 .4 .2 .2 Disp lay  Pip es

The display pipe blends and synchronizes pixel data received from  one or m ore display 

planes and adds the t im ing of the display output  device upon which the image is 

displayed.

The display pipes A, B, and C operate independent ly of each other at  the rate of 1 pixel 

per clock. They can at tach to any of the display ports. Each pipe sends display data to 

eDP*  or to the PCH over the I ntel®  Flexible Display I nterface ( I ntel®  FDI ) .

2 .4 .2 .3 Disp lay  Po r t s

The display ports consist  of output  logic and pins that  t ransm it  the display data to the 

associated encoding logic and send the data to the display device ( that  is, LVDS, 

HDMI * , DVI , SDVO, and so on) . All display interfaces connect ing external displays are 

now repart it ioned and driven from  the PCH. Refer to the PCH datasheet  for m ore details 

on display port  support .

2 .4 .3 I n t e l®  Flex ib le Disp lay  I n t er f ace ( I n t e l®  FDI )

I ntel®  Flexible Display I nterface ( I ntel®  FDI )  is a proprietary link for carrying display 

t raffic from  the Processor Graphics cont roller to the PCH display I / Os. I ntel FDI  

supports two or three independent  channels – one for pipe A, one for pipe B, and one 

for Pipe C.

Channels A and B have a maxim um of four t ransm it  (Tx)  different ial pairs used for 

t ransport ing pixel and fram ing data from the display engine in two display 

configurat ions. I n three display configurat ions Channel A has 4 t ransm it  (Tx)  

different ial pairs while Channel B and C have two t ransm it  (Tx)  different ial pairs.

• Each channel has four t ransm it  (Tx)  different ial pairs used for t ransport ing pixel 

and fram ing data from  the display engine

• Each channel has one single-ended LineSync and one Fram eSync input  (1-V CMOS 

signaling)

• One display interrupt  line input  (1-V CMOS signaling)

• I ntel FDI  may dynam ically scale down to 2X or 1X based on actual display 

bandwidth requirem ents

• Common 100-MHz reference clock

• Each channel t ransports at  a rate of 2.7 Gbps

• PCH supports end- to-end lane reversal across both channels (no reversal support  

required in the processor)

2 .4 .4 Mu l t i  Gr ap h ics Con t r o l ler s Mu l t i - Mon i t o r  Su p p or t  

The processor supports sim ultaneous use of the Processor Graphics Cont roller (GT)  and 

a x16 PCI  Express*  Graphics (PEG)  device.

The processor supports a m axim um of 2 displays connected to the PEG card in parallel 

with up to 2 displays connected to the processor and PCH.

Not e: When support ing Mult i Graphics Mult i Monitors, “drag and drop”  between monitors and 
the 2x8 PEG is not  supported.



I n t er f aces 

38 Datasheet , Volum e 1

2 .5 Plat f o r m  En v i r on m en t  Con t r o l  I n t er f ace ( PECI )

The PECI  is a one-wire interface that  provides a com municat ion channel between a 

PECI  client  (processor)  and a PECI  master. The processor implements a PECI  interface 

to:

• Allow com m unicat ion of processor therm al and other inform at ion to the PECI  

master.

• Read averaged Digital Thermal Sensor (DTS)  values for fan speed cont rol.

2 .6 I n t er f ace Clock in g

2 .6 .1 I n t er n a l  Clock in g  Req u i r em en t s

§  §

Tab le 2 - 5 . Ref er en ce Clock

Ref er en ce I n p u t  Clock I n p u t  Fr eq u en cy Associa t ed  PLL

BCLK[ 0] / BCLK# [ 0] 100 MHz Processor/ Mem ory/ Graphics/ PCI e/ DMI / FDI  
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3 Tech n o log ies

This chapter provides a high- level descript ion of I ntel technologies im plem ented in the 

processor.

The implementat ion of the features m ay vary between the processor SKUs.

Details on the different  technologies of I ntel processors and other relevant  external 

notes are located at  the I ntel technology web site:  http://www.intel.com/technology/.

3 .1 I n t e l®  Vi r t u a l i zat ion  Tech n o log y  ( I n t e l®  VT)

I ntel®  Vir tualizat ion Technology ( I ntel®  VT)  m akes a single system  appear as m ult iple 

independent  system s to software. This allows m ult iple, independent  operat ing system s 

to run sim ultaneously on a single system . I ntel VT com prises technology com ponents 

to support  vir tualizat ion of plat form s based on I ntel architecture m icroprocessors and 

chipsets. I ntel®  Vir tualizat ion Technology for I A-32, I ntel®  64 and I ntel®  Architecture 

( I ntel®  VT-x)  added hardware support  in the processor to im prove the vir tualizat ion 

perform ance and robustness. I ntel Virtualizat ion Technology for Directed I / O ( I ntel VT-

d)  adds chipset  hardware implem entat ion to support  and im prove I / O vir tualizat ion 

performance and robustness.

I ntel VT-x specificat ions and funct ional descript ions are included in the I ntel®  64 and 

I A-32 Architectures Software Developer’s Manual, Volume 3B and is available at : 
ht tp: / / www.intel.com / products/ processor/ m anuals/ index.htm

Other I ntel VT docum ents can be referenced at : 
ht tp: / / www.intel.com / technology/ vir tualizat ion/ index.htm

3 .1 .1 I n t e l®  Vi r t u a l i zat ion  Tech n o logy  ( I n t e l®  VT)  f o r 
I A- 3 2 , I n t e l®  6 4  an d  I n t e l®  Ar ch i t ect u r e 
( I n t e l®  VT- x )  Ob j ect iv es

I ntel VT-x provides hardware accelerat ion for vir tualizat ion of I A plat form s. Virtual 

Machine Monitor (VMM) can use I ntel VT-x features to provide im proved reliable 

vir tualized plat form . By using I ntel VT-x, a VMM is:

• Rob u st :  VMMs no longer need to use paravirtualizat ion or binary t ranslat ion. This 

means that  they will be able to run off- the-shelf operat ing system s and applicat ions 

without  any special steps.

• En h an ced :  I ntel VT enables VMMs to run 64-bit  guest  operat ing systems on I A x86 

processors.

• Mor e r e l iab le:  Due to the hardware support , VMMs can now be smaller, less 

com plex, and m ore efficient . This im proves reliability and availabilit y and reduces 

the potent ial for software conflicts.

• Mor e secu r e:  The use of hardware t ransit ions in the VMM st rengthens the isolat ion 

of VMs and further prevents corrupt ion of one VM from  affect ing others on the 

same system.
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3 .1 .2 I n t e l®  Vi r t u a l i zat ion  Tech n o log y  ( I n t e l ®  VT)  f o r 
I A- 3 2 , I n t e l®  6 4  an d  I n t e l®  Ar ch i t ect u r e 
( I n t e l®  VT- x )  Feat u r es

The processor core supports the following I ntel VT-x features:

• Extended Page Tables (EPT)

— EPT is hardware assisted page table vir tualizat ion

— I t  elim inates VM exits from  guest  operat ing system  to the VMM for shadow 
page- table m aintenance

• Virtual Processor I Ds (VPI D)

— Ability to assign a VM I D to tag processor core hardware st ructures (such as 
TLBs)

— This avoids flushes on VM t ransit ions to give a lower-cost  VM t ransit ion t im e 
and an overall reduct ion in vir tualizat ion overhead

• Guest  Preem pt ion Tim er

— Mechanism  for a VMM to preempt  the execut ion of a guest  operat ing system 
after an amount  of t im e specified by the VMM. The VMM sets a t im er value 
before enter ing a guest .

— The feature aids VMM developers in flexibilit y and Quality of Service (QoS)  
guarantees

• Descriptor-Table Exit ing

— Descriptor- table exit ing allows a VMM to protect  a guest  operat ing system  from  
internal (m alicious software based)  at tack by prevent ing relocat ion of key 
system  data st ructures like I DT ( interrupt  descriptor table) , GDT (global 
descriptor table) , LDT ( local descriptor table) , and TSS ( task segment  selector)

— A VMM using this feature can intercept  (by a VM exit )  at tem pts to relocate 
these data st ructures and prevent  them  from  being tam pered by m alicious 
software

3 .1 .3 I n t e l®  Vi r t u a l i zat ion  Tech n o log y  ( I n t e l ®  VT)  f o r  Di r ect ed 
I / O ( I n t e l ®  VT- d )  Ob j ect iv es

The key I ntel VT-d object ives are domain-based isolat ion and hardware-based 

vir tualizat ion. A dom ain can be abst ract ly defined as an isolated environm ent  in a 

plat form  to which a subset  of host  physical memory is allocated. Virtualizat ion allows 

for the creat ion of one or m ore part it ions on a single system. This could be mult iple 

part it ions in the same operat ing system, or there can be mult iple operat ing system 

instances running on the sam e system – offer ing benefits such as system  

consolidat ion, legacy m igrat ion, act ivity part it ioning, or security.
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3 .1 .4 I n t e l®  Vi r t u a l i zat ion  Tech n o logy  ( I n t e l®  VT)  f o r  Di r ect ed 
I / O ( I n t e l®  VT- d )  Feat u r es

The processor supports the following I ntel VT-d features:

• Mem ory cont roller and processor graphics comply with I ntel®  VT-d 1.2 specificat ion

• Two VT-d DMA rem ap engines:

— iGFX DMA rem ap engine

— DMI  /  PEG

• Support  for root  ent ry, context  ent ry, and default  context

• 39-bit  guest  physical address and host  physical address widths

• Support  for 4K page sizes only

• Support  for register-based fault  recording only ( for single ent ry only)  and support  

for MSI  interrupts for faults

• Support  for both leaf and non- leaf caching

• Support  for boot  protect ion of default  page table

• Support  for non-caching of invalid page table ent r ies

• Support  for hardware based flushing of t ranslated but  pending writes and pending 

reads, on I OTLB invalidat ion

• Support  for page-select ive I OTLB invalidat ion

• MSI  cycles (Mem Wr to address FEEx_xxxxh)  not  t ranslated

— Translat ion faults result  in cycle forwarding to VBI OS region (byte enables 
masked for writes) . Returned data may be bogus for internal agents, PEG /  DMI  
interfaces return unsupported request  status.

• I nterrupt  Remapping is supported

• Queued invalidat ion is supported

• VT-d t ranslat ion bypass address range is supported (Pass Through)

Not e: I ntel VT-d Technology m ay not  be available on all SKUs.

3 .1 .5 I n t e l®  Vi r t u a l i zat ion  Tech n o logy  ( I n t e l®  VT)  f o r  Di r ect ed 
I / O ( I n t e l®  VT- d )  Feat u r es No t  Su p p or t ed

The following features are not  supported by the processor with I ntel VT-d:

• No support  for PCI e*  endpoint  caching (ATS)

• No support  for I ntel VT-d read prefetching /  snarfing ( that  is, t ranslat ions within a 

cacheline are not  stored in an internal buffer for reuse for subsequent  t ranslat ions)

• No support  for advance fault  report ing

• No support  for super pages

• No support  for I ntel VT-d t ranslat ion bypass address range (such usage m odels 

need to be resolved with VMM help in set t ing up the page tables correct ly)
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3 .2 I n t e l®  Tr u st ed  Ex ecu t ion  Tech n o log y  ( I n t e l®  TXT)

I ntel Trusted Execut ion Technology ( I ntel TXT)  defines plat form - level enhancements 

that  provide the building blocks for creat ing t rusted plat form s.

The I ntel TXT plat form  helps to provide the authent icity of the cont rolling environment  

such that  those wishing to rely on the plat form  can m ake an appropriate t rust  decision. 

The I ntel TXT plat form  determ ines the ident ity of the cont rolling environment  by 

accurately measuring and verifying the cont rolling software.

Another aspect  of the t rust  decision is the ability of the plat form  to resist  at tem pts to 

change the cont rolling environm ent . The I ntel TXT plat form  will resist  at tem pts by 

software processes to change the cont rolling environment  or bypass the bounds set  by 

the cont rolling environm ent .

I ntel TXT is a set  of extensions designed to provide a measured and cont rolled launch 

of system software that  will then establish a protected environment  for itself and any 

addit ional software that  it  may execute.

These extensions enhance two areas:

• The launching of the Measured Launched Environm ent  (MLE)

• The protect ion of the MLE from  potent ial corrupt ion

The enhanced plat form  provides these launch and cont rol interfaces using Safer Mode 

Extensions (SMX) .

The SMX interface includes the following funct ions:

• Measured /  Verified launch of the MLE

• Mechanisms to ensure the above measurement  is protected and stored in a secure 

locat ion

• Protect ion m echanism s that  allow the MLE to cont rol at tem pts to modify itself

For m ore inform at ion, refer to the I ntel®  TXT Measured Launched Environment  

Developer’s Guide in ht tp: / / www.intel.com / content / www/ us/ en/ software-

developers/ intel- txt-software-development-guide.htm l.

3 .3 I n t e l®  Hy p er - Th r ead in g  Tech n o log y  ( I n t e l®  HT 
Tech n o log y )

The processor supports I ntel®  Hyper-Threading Technology ( I ntel®  HT Technology)  

that  allows an execut ion core to funct ion as two logical processors. While som e 

execut ion resources such as caches, execut ion units, and buses are shared, each 

logical processor has its own architectural state with its own set  of general-purpose 

registers and cont rol registers. This feature m ust  be enabled using the BI OS and 

requires operat ing system  support . 

I ntel recom m ends enabling I ntel®  HT Technology with Microsoft  Windows 7* , Microsoft  

Windows Vista* , Microsoft  Windows*  XP Professional /  Windows*  XP Home, and 

disabling I ntel®  HT Technology using the BI OS for all previous versions of Windows 

operat ing system s. For m ore inform at ion on I ntel®  HT Technology, see 

ht tp: / / www.intel.com/ technology/ plat form- technology/ hyper- threading/ .
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3 .4 I n t e l®  Tu r b o  Boost  Tech n o log y

I ntel®  Turbo Boost  Technology is a feature that  allows the processor core to 

opportunist ically and automat ically run faster than its rated operat ing frequency/ render 

clock if it  is operat ing below power, temperature, and current  lim its. The I ntel Turbo 

Boost  Technology feature is designed to increase perform ance of both m ult i- threaded 

and single- threaded workloads. Maximum frequency is dependant  on the SKU and 

num ber of act ive cores. No special hardware support  is necessary for I ntel Turbo Boost  

Technology. BI OS and the operat ing system  can enable or disable I ntel Turbo Boost  

Technology. I ntel Turbo Boost  Technology will increase the rat io of applicat ion power to 

TDP. Thus, thermal solut ions and plat form  cooling that  are designed to less than 

therm al design guidance m ight  experience therm al and perform ance issues since m ore 

applicat ions will tend to run at  the m axim um  power lim it  for significant  periods of t im e. 

Not e: I ntel Turbo Boost  Technology may not  be available on all SKUs.

3 .4 .1 I n t e l®  Tu r b o  Boost  Tech n o log y  Fr eq u en cy

The processor ’s rated frequency assumes that  all execut ion cores are running an 

applicat ion at  the thermal design power (TDP) . However, under typical operat ion, not  

all cores are act ive. Therefore m ost  applicat ions are consuming less than the TDP at  the 

rated frequency. To take advantage of the available thermal headroom, the act ive cores 

can increase their operat ing frequency.

To determ ine the highest  performance frequency am ongst  act ive cores, the processor 

takes the following into considerat ion:

• The num ber of cores operat ing in the C0 state

• The est im ated current  consum pt ion

• The est im ated power consumpt ion

• The tem perature

Any of these factors can affect  the m axim um  frequency for a given workload. I f the 

power, current , or thermal lim it  is reached, the processor will automat ically reduce the 

frequency to stay with its TDP lim it .

Not e: I ntel Turbo Boost  Technology processor frequencies are only act ive if the operat ing 
system is request ing the P0 state. For more inform at ion on P-states and C-states, refer 
to Chapter 4.

3 .4 .2 I n t e l®  Tu r b o  Boost  Tech n o log y  Gr ap h ics Fr equ en cy

Graphics render frequency is selected by the processor dynam ically based on graphics 

workload dem and. The processor can opt im ize both processor and Processor Graphics 

performance by managing power for the overall package. For the integrated graphics, 

this allows an increase in the render core frequency and increased graphics 

performance for graphics intensive workloads. I n addit ion, during processor intensive 

workloads when the graphics power is low, the processor core can increase its 

frequency higher within the package power lim it . Enabling I ntel Turbo Boost  Technology 

will maxim ize the performance of the processor core and the graphics render frequency 

within the specified package power levels.
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3 .5 I n t e l®  Ad v an ced  Vect o r  Ex t en sion s ( I n t e l®  AVX)

I ntel Advanced Vector Extensions ( I ntel AVX)  is the latest  expansion of the I ntel 

inst ruct ion set . I t  extends the I ntel St reaming SI MD Extensions ( I ntel SSE)  from 128-

bit  vectors to 256-bit  vectors. I ntel AVX addresses the cont inued need for vector 

float ing-point  perform ance in m ainst ream  scient ific and engineering num erical 

applicat ions, visual processing, recognit ion, data-m ining /  synthesis, gam ing, physics, 

cryptography and other applicat ion areas.

The enhancem ent  in I ntel AVX allows for im proved perform ance due to wider vectors, 

new extensible syntax, and rich funct ionality including the ability to bet ter manage, 

rearrange, and sort  data. I n the processor, new inst ruct ions were added to allow 

graphics, m edia and im aging applicat ions to speed up the processing of large am ount  

of data by reducing the m em ory bandwidth and footprint . The new inst ruct ions convert  

operands between single-precision float ing point  values and half-precision (16 bit )  

float ing point  values.

For m ore inform at ion on I ntel AVX, see ht tp: / / www.intel.com/ software/ avx.

3 .6 Secu r i t y  an d  Cr y p t og r ap h y  Tech n o log ies

3 .6 .1 I n t e l®  Adv an ced  En cr y p t ion  St an d ar d  New  I n st r u ct ion s 
( I n t e l®  AES- NI )

The processor supports I ntel Advanced Encrypt ion Standard New I nst ruct ions ( I ntel 

AES-NI )  that  are a set  of Single I nst ruct ion Mult iple Data (SI MD)  inst ruct ions that  

enable fast  and secure data encrypt ion and decrypt ion based on the Advanced 

Encrypt ion Standard (AES) . I ntel AES-NI  are valuable for a wide range of cryptographic 

applicat ions, for exam ple:  applicat ions that  perform  bulk encrypt ion /  decrypt ion, 

authent icat ion, random number generat ion, and authent icated encrypt ion. AES is 

broadly accepted as the standard for both governm ent  and indust ry applicat ions, and is 

widely deployed in various protocols.

AES-NI  consists of six I ntel SSE inst ruct ions. Four inst ruct ions, nam ely AESENC, 

AESENCLAST, AESDEC, and AESDELAST facilitate high perform ance AES encrypt ion and 

decrypt ion. The other two, AESI MC and AESKEYGENASSI ST, support  the AES key 

expansion procedure. Together, these inst ruct ions provide a full hardware for support  

AES, offer ing security, high perform ance, and a great  deal of flexibility.

3 .6 .2 PCLMULQDQ I n st r u ct ion

The processor supports the carry- less m ult iplicat ion inst ruct ion, PCLMULQDQ. 

PCLMULQDQ is a Single I nst ruct ion Mult iple Data (SI MD)  inst ruct ion that  com putes the 

128-bit  carry- less m ult iplicat ion of two, 64-bit  operands without  generat ing and 

propagat ing carr ies. Carry- less m ult iplicat ion is an essent ial processing com ponent  of 

several cryptographic system s and standards. Hence, accelerat ing carry- less 

m ult iplicat ion can significant ly cont r ibute to achieving high speed secure com put ing 

and com m unicat ion.
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3 .6 .3 RDRAND I n st r u ct ion

The processor int roduces a software visible random  num ber generat ion mechanism  

supported by a high quality ent ropy source. This capability will be m ade available to 

program m ers through the new RDRAND instruct ion. The resultant  random  num ber 

generat ion capability is designed to com ply with exist ing indust ry standards in this 

regard (ANSI  X9.82 and NI ST SP 800-90) .

Som e possible usages of the new RDRAND inst ruct ion include cryptographic key 

generat ion as used in a variety of applicat ions including com municat ion, digital 

signatures, secure storage, and so on.

3 .7 I n t e l®  6 4  Ar ch i t ect u r e x 2 API C

The I ntel x2API C architecture extends the xAPI C architecture that  provides key 

m echanism  for interrupt  delivery. This extension is intended prim arily to increase 

processor addressability.

Specifically, x2API C:

• Retains all key elem ents of com pat ibility to the xAPI C architecture:

— delivery modes

— interrupt  and processor pr ior it ies

— interrupt  sources

— interrupt  dest inat ion types

• Provides extensions to scale processor addressability for both the logical and 

physical dest inat ion m odes

• Adds new features to enhance perform ance of interrupt  delivery

• Reduces complexity of logical dest inat ion m ode interrupt  delivery on link based 

architectures

The key enhancements provided by the x2API C architecture over xAPI C are the 

following:

• Support  for two m odes of operat ion to provide backward com pat ibility and 

extensibility for future plat form  innovat ions:

— I n xAPI C compat ibility mode, API C registers are accessed through m em ory 
mapped interface to a 4 KB page, ident ical to the xAPI C architecture.

— I n x2API C mode, API C registers are accessed through Model Specific Register 
(MSR)  interfaces. I n this m ode, the x2API C architecture provides significant ly 
increased processor addressability and som e enhancem ents on interrupt  
delivery.

• I ncreased range of processor addressability in x2API C m ode:

— Physical xAPI C I D field increases from  8 bits to 32 bits, allowing for interrupt  
processor addressability up to 4 GB-1 processors in physical dest inat ion mode. 
A processor im plem entat ion of x2API C architecture can support  fewer than 
32 bits in a software t ransparent  fashion.

— Logical xAPI C I D field increases from  8 bits to 32 bits. The 32-bit  logical x2API C 
I D is part it ioned into two sub- fields – a 16-bit  cluster I D and a 16-bit  logical I D 
within the cluster. Consequent ly, ( (2^ 20)  -16)  processors can be addressed in 
logical dest inat ion m ode. Processor im plem entat ions can support  fewer than 
16 bits in the cluster I D sub- field and logical I D sub- field in a software agnost ic 
fashion.
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• More efficient  MSR interface to access API C registers.

— To enhance inter-processor and self directed interrupt  delivery as well as the 
ability to vir tualize the local API C, the API C register set  can be accessed only 
through MSR based interfaces in the x2API C mode. The Memory Mapped I O 
(MMI O)  interface used by xAPI C is not  supported in the x2API C mode.

• The sem ant ics for accessing API C registers have been revised to sim plify the 

program m ing of frequent ly-used API C registers by system software. Specifically 

the software sem ant ics for using the I nterrupt  Com m and Register ( I CR)  and End Of 

I nterrupt  (EOI )  registers have been modified to allow for m ore efficient  delivery 

and dispatching of interrupts.

The x2API C extensions are m ade available to system  software by enabling the local 

x2API C unit  in the “x2API C”  mode. To benefit  from  x2API C capabilit ies, a new operat ing 

system and a new BI OS are both needed, with special support  for the x2API C mode.

The x2API C architecture provides backward compat ibility to the xAPI C architecture and 

forward extendibility for future I ntel plat form  innovat ions.

Not e: I ntel x2API C technology m ay not  be available on all SKUs.

For m ore inform at ion, refer to the I ntel 64 Architecture x2API C specificat ion at  

ht tp: / / www.intel.com / products/ processor/ m anuals/

3 .8 Su p er v iso r  Mod e Ex ecu t ion  Pr o t ect ion  ( SMEP)

The processor int roduces a new m echanism  that  provides next  level of system 

protect ion by blocking m alicious software at tacks from  user m ode code when the 

system  is running in the highest  pr ivilege level.

This technology helps to protect  from virus at tacks and unwanted code to harm the 

system .

For m ore inform at ion, please refer to the I ntel®  64 and I A-32 Architectures Software 

Developer’s Manual, Volum e 3A (see Sect ion 1.8, “Related Docum ents”  on page 22) .

3 .9 Pow er  Aw ar e I n t er r u p t  Rou t in g  ( PAI R)

The processor added enhanced power-perform ance technology which routes interrupts 

to threads or cores based on their sleep states. For exam ple concerning energy 

savings, it  routes the interrupt  to the act ive cores without  waking the deep idle cores. 

For Perform ance, it  routes the interrupt  to the idle (C1)  cores without  interrupt ing the 

already heavily loaded cores. This enhancement  is m ost ly beneficial for high interrupt  

scenarios like Gigabit  LAN, WLAN peripherals, and so on.

§  §



Datasheet , Volum e 1 47

Pow er  Man ag em en t 

4 Pow er  Man ag em en t

This chapter provides informat ion on the following power m anagement  topics:  

• Advanced Configurat ion and Power I nterface (ACPI )  States

• Processor Core

• I ntegrated Mem ory Cont roller ( I MC)

• PCI  Express*

• Direct  Media I nterface (DMI )

• Processor Graphics Cont roller

Figu r e 4 - 1 . Pr ocesso r  Pow er  St at es

G0 – Working

S0 – CPU Fully powered on

C0 – Active mode

C1 – Auto halt

C1E – Auto halt, low freq, low voltage

C3 – L1/L2 caches flush, clocks off

C6 – save core states before shutdown

G1 – Sleeping

S3 cold – Sleep – Suspend To Ram (STR)

S4 – Hibernate – Suspend To Disk (STD), 

Wakeup on PCH

S5 – Soft Off – no power,
Wakeup on PCH

G3 – Mechanical Off

P0

Pn

Note: Power states availability may vary between the different SKUs.
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4 .1 Ad v an ced  Con f ig u r at ion  an d  Pow er  I n t er f ace 
( ACPI )  St at es Su p p or t ed

The ACPI  states supported by the processor are described in this sect ion.

4 .1 .1 Sy st em  St at es

4 .1 .2 Pr ocesso r  Cor e /  Pack age I d le St at es

4 .1 .3 I n t eg r at ed  Mem or y  Con t r o l ler  St at es

Tab le 4 - 1 . Sy st em  St at es

St at e Descr ip t ion

G0/ S0 Full On

G1/ S3-Cold
Suspend- to-RAM (STR) . Context  saved to m em ory (S3-Hot  is not  supported by the 
processor) .

G1/ S4 Suspend- to-Disk (STD) . All power lost  (except  wakeup on PCH) .

G2/ S5 Soft  off. All power lost  (except  wakeup on PCH) . Total reboot .

G3 Mechanical off. All power rem oved from  system .

Tab le 4 - 2 . Pr ocessor  Cor e /  Pack age St at e Su pp or t

St at e Descr ip t ion

C0 Act ive m ode, processor execut ing code

C1 AutoHALT state

C1E AutoHALT state with lowest  frequency and voltage operat ing point

C3
Execut ion cores in C3 flush their  L1 inst ruct ion cache, L1 data cache, and L2 cache 
to the L3 shared cache. Clocks are shut  off to each core

C6
Execut ion cores in this state save their architectural state before rem oving core 
voltage

Tab le 4 - 3 . I n t eg r at ed  Mem or y  Con t r o l ler  St at es

St at e Descr ip t ion

Power up CKE asserted. Act ive m ode.

Pre-charge Power Down CKE de-asserted (not  self- refresh)  with all banks closed

Act ive Power Down CKE de-asserted (not  self- refresh)  with m inim um  one bank act ive

Self-Refresh CKE de-asserted using device self- refresh
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4 .1 .4 PCI  Ex p r ess*  Lin k  St at es

4 .1 .5 Di r ect  Med ia I n t er f ace ( DMI )  St at es

4 .1 .6 Pr ocessor  Gr ap h ics Con t r o l ler  St a t es

4 .1 .7 I n t er f ace St at e Com b in at ion s

Tab le 4 - 4 . PCI  Ex p r ess*  Lin k  St at es 

St at e Descr ip t ion

L0 Full on – Act ive t ransfer state.

L0s First  Act ive Power Managem ent  low power state – Low exit  latency

L1 Lowest  Act ive Power Managem ent  – Longer exit  latency

L3 Lowest  power state (power-off )  – Longest  exit  latency

Tab le 4 - 5 . Di r ect  Med ia I n t er f ace ( DMI )  St at es

St at e Descr ip t ion

L0 Full on – Act ive t ransfer state

L0s First  Act ive Power Managem ent  low power state – Low exit  latency

L1 Lowest  Act ive Power Managem ent  – Longer exit  latency

L3 Lowest  power state (power-off )  – Longest  exit  latency

Tab le 4 - 6 . Pr ocesso r  Gr ap h ics Con t r o l ler  St at es

St at e Descr ip t ion

D0 Full on, display act ive

D3 Cold Power-off

Tab le 4 - 7 . G, S, an d  C St at e Com b in at ion s 

Glob al  ( G)  
St at e

Sleep  
( S)  St at e

Pr ocesso r  
Pack ag e
( C)  St at e

Pr ocesso r  
St a t e  

Sy st em  Clock s Descr ip t ion

G0 S0 C0 Full On On Full On

G0 S0 C1/ C1E Auto-Halt On Auto-Halt

G0 S0 C3 Deep Sleep On Deep Sleep

G0 S0 C6
Deep Power 

Down
On

Deep Power Down

G1 S3 Power off Off, except  RTC Suspend to RAM

G1 S4 Power off Off, except  RTC Suspend to Disk

G2 S5 Power off Off, except  RTC Soft  Off

G3 NA Power off Power off Hard off
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4 .2 Pr ocesso r  Cor e Pow er  Man ag em en t

While execut ing code, Enhanced I ntel SpeedStep Technology opt im izes the processor ’s 

frequency and core voltage based on workload. Each frequency and voltage operat ing 

point  is defined by ACPI  as a P-state. When the processor is not  execut ing code, it  is 

idle. A low-power idle state is defined by ACPI  as a C-state. I n general, lower power 

C-states have longer ent ry and exit  latencies.

4 .2 .1 En h an ced  I n t e l®  Sp eed St ep ®  Tech n o log y

The following are the key features of Enhanced I ntel SpeedStep Technology:

• Mult iple frequency and voltage points for opt imal perform ance and power 

efficiency. These operat ing points are known as P-states.

• Frequency select ion is software cont rolled by writ ing to processor MSRs. The 

voltage is opt im ized based on the selected frequency and the num ber of act ive 

processor cores.

— I f the target  frequency is higher than the current  frequency, VCC is ram ped up 
in steps to an opt im ized voltage. This voltage is signaled by the SVI D bus to the 
voltage regulator. Once the voltage is established, the PLL locks on to the 
target  frequency.

— I f the target  frequency is lower than the current  frequency, the PLL locks to the 
target  frequency, then t ransit ions to a lower voltage by signaling the target  
voltage on SVI D bus.

— All act ive processor cores share the sam e frequency and voltage. I n a m ult i-
core processor, the highest  frequency P-state requested am ongst  all act ive 
cores is selected.

— Software- requested t ransit ions are accepted at  any t im e. I f a previous 
t ransit ion is in progress, the new t ransit ion is deferred unt il the previous 
t ransit ion is com pleted.

• The processor cont rols voltage ram p rates internally to ensure glitch- free 

t ransit ions.

• Because there is low t ransit ion latency between P-states, a significant  num ber of 

t ransit ions per-second are possible.

4 .2 .2 Low - Pow er  I d le St at es

When the processor is idle, low-power idle states (C-states)  are used to save power. 

More power savings act ions are taken for num erically higher C-states. However, higher 

C-states have longer exit  and ent ry latencies. Resolut ion of C-states occur at  the 

thread, processor core, and processor package level. Thread- level C-states are 

available if I ntel®  HT Technology is enabled.

Cau t ion : Long term  reliability cannot  be assured unless all the Low Power I dle States are 
enabled. 
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Entry and exit  of the C-States at  the thread and core level are shown in Figure 4-3.

While individual threads can request  low power C-states, power saving act ions only 

take place once the core C-state is resolved. Core C-states are automat ically resolved 

by the processor. For thread and core C-states, a t ransit ion to and from  C0 is required 

before entering any other C-state.

Not e: I f enabled, the core C-state will be C1E if all enabled cores have also resolved a core C1 state or higher.

Figu r e 4 - 2 . I d le Pow er  Man ag em en t  Br eak d ow n  o f  t h e Pr ocesso r  Cor es

Processor Package State

Core 1 State

Thread 1Thread 0

Core 0 State

Thread 1Thread 0

Figu r e 4 - 3 . Th r ead  an d  Cor e C- St at e En t r y  an d  Ex i t

C1 C1E C6C3

C0

MWAIT(C1), HLT

C0

MWAIT(C6),

P_LVL3 I/O Read
MWAIT(C3),

P_LV2 I/O Read

MWAIT(C1), HLT 
(C1E Enabled)

Tab le 4 - 8 . Coor d in at ion  o f  Th r ead  Pow er  St a t es at  t h e Cor e Lev el

Pr ocesso r  Co r e 
C- St at e

Th r ead  1

C0 C1 C3 C6

Th r ead  0

C0 C0 C0 C0 C0

C1 C0 C11 C11 C11

C3 C0 C11 C3 C3

C6 C0 C11 C3 C6
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4 .2 .3 Req u est in g  Low - Pow er  I d le St at es

The primary software interfaces for request ing low power idle states are through the 

MWAI T inst ruct ion with sub-state hints and the HLT inst ruct ion ( for C1 and C1E) . 

However, software may make C-state requests using the legacy method of I / O reads 

from  the ACPI -defined processor clock cont rol registers, referred to as P_LVLx. This 

m ethod of request ing C-states provides legacy support  for operat ing system s that  

init iate C-state t ransit ions using I / O reads.

To seam less support  of legacy operat ing system s, P_LVLx I / O reads are converted 

within the processor to the equivalent  MWAI T C-state request . Therefore, P_LVLx reads 

do not  direct ly result  in I / O reads to the system. The feature, known as I / O MWAI T 

redirect ion, must  be enabled in the BI OS. 

Not e: The P_LVLx I / O Monitor address needs to be set  up before using the P_LVLx I / O read 
interface. Each P-LVLx is mapped to the supported MWAI T(Cx)  inst ruct ion as shown in 
Table 4-9.

The BI OS can write to the C-state range field of the PMG_I O_CAPTURE MSR to rest r ict  

the range of I / O addresses that  are t rapped and emulate MWAI T like funct ionality. Any 

P_LVLx reads outside of this range does not  cause an I / O redirect ion to an MWAI T(Cx) -  

like request . They fall through like a norm al I / O inst ruct ion.

Not e: When P_LVLx I / O inst ruct ions are used, MWAI T substates cannot  be defined. The 
MWAI T substate is always zero if I / O MWAI T redirect ion is used. By default , P_LVLx I / O 
redirect ions enable the MWAI T 'break on EFLAGS.I F’ feature that  t r iggers a wakeup on 
an interrupt  even if interrupts are m asked by EFLAGS.I F.

4 .2 .4 Cor e C- st at es

The following are general rules for all core C-states, unless specified otherwise:

• A core C-State is determ ined by the lowest  num erical thread state (such as Thread 

0 requests C1E while Thread 1 requests C3, result ing in a core C1E state) . See 

Table 4-7.

• A core t ransit ions to C0 state when:

— An interrupt  occurs

— There is an access to the m onitored address if the state was entered using an 
MWAI T inst ruct ion

• For core C1/ C1E, core C3, and core C6, an interrupt  directed toward a single thread 

wakes only that  thread. However, since both threads are no longer at  the sam e 

core C-state, the core resolves to C0.

• A system  reset  re- init ializes all processor cores

4 .2 .4 .1 Cor e C0  St at e

The norm al operat ing state of a core where code is being executed.

Tab le 4 - 9 . P_ LVLx  t o  MW AI T Con v er sion

P_ LVLx MW AI T( Cx ) No t es

P_LVL2 MWAI T(C3)

P_LVL3 MWAI T(C6) C6. No sub-states allowed.
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4 .2 .4 .2 Cor e C1  /  C1 E St at e

C1/ C1E is a low power state entered when all threads within a core execute a HLT or 

MWAI T(C1/ C1E)  inst ruct ion.

A System  Managem ent  I nterrupt  (SMI )  handler returns execut ion to either Normal 

state or the C1/ C1E state. See the I ntel®  64 and I A-32 Architecture Software 

Developer’s Manual, Volume 3A/ 3B:  System Programm er’s Guide for m ore inform at ion.

While a core is in C1/ C1E state, it  processes bus snoops and snoops from  other 

threads. For m ore informat ion on C1E, see “Package C1/ C1E” .

4 .2 .4 .3 Co r e C3  St at e

I ndividual threads of a core can enter the C3 state by init iat ing a P_LVL2 I / O read to 

the P_BLK or an MWAI T(C3)  inst ruct ion. A core in C3 state flushes the contents of its 

L1 inst ruct ion cache, L1 data cache, and L2 cache to the shared L3 cache, while 

maintaining its architectural state. All core clocks are stopped at  this point . Because the 

core’s caches are flushed, the processor does not  wake any core that  is in the C3 state 

when either a snoop is detected or when another core accesses cacheable m em ory.

4 .2 .4 .4 Co r e C6  St at e

I ndividual threads of a core can enter the C6 state by init iat ing a P_LVL3 I / O read or an 

MWAI T(C6)  inst ruct ion. Before entering core C6, the core will save its architectural 

state to a dedicated SRAM. Once com plete, a core will have its voltage reduced to zero 

volts. During exit , the core is powered on and its architectural state is restored.

4 .2 .4 .5 C- St at e Au t o - Dem ot ion

I n general, deeper C-states such as C6 have long latencies and have higher energy 

ent ry /  exit  costs. The result ing performance and energy penalt ies becom e significant  

when the ent ry /  exit  frequency of a deeper C-state is high. Therefore, incorrect  or 

inefficient  usage of deeper C-states have a negat ive impact  on idle power. To increase 

residency and im prove idle power in deeper C-states, the processor supports C-state 

auto-dem ot ion.

There are two C-State auto-demot ion opt ions:

• C6 to C3

• C6/ C3 To C1

The decision to dem ote a core from  C6 to C3 or C3/ C6to C1 is based on each core’s 

immediate residency history. Upon each core C6 request , the core C-state is demoted 

to C3 or C1 unt il a sufficient  am ount  of residency has been established. At  that  point , a 

core is allowed to go into C3/ C6. Each opt ion can be run concurrent ly or individually.

This feature is disabled by default . BI OS m ust  enable it  in the 

PMG_CST_CONFI G_CONTROL register. The auto-dem ot ion policy is also configured by 

this register. 
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4 .2 .5 Pack ag e C- St at es

The processor supports C0, C1/ C1E, C3, and C6 power states. The following is a 

summary of the general rules for package C-state ent ry. These apply to all package C-

states unless specified otherwise:

• A package C-state request  is determ ined by the lowest  num erical core C-state 

am ongst  all cores.

• A package C-state is automat ically resolved by the processor depending on the 

core idle power states and the status of the plat form  components.

— Each core can be at  a lower idle power state than the package if the plat form  
does not  grant  the processor perm ission to enter a requested package C-state.

— The plat form  m ay allow addit ional power savings to be realized in the 
processor.

— For package C-states, the processor is not  required to enter C0 before entering 
any other C-state.

The processor exits a package C-state when a break event  is detected. Depending on 

the type of break event , the processor does the following:

• I f a core break event  is received, the target  core is act ivated and the break event  

m essage is forwarded to the target  core.

— I f the break event  is not  m asked, the target  core enters the core C0 state and 
the processor enters package C0.

• I f the break event  was due to a m em ory access or snoop request .

— But  the plat form  did not  request  to keep the processor in a higher package C-
state, the package returns to it s previous C-state.

— And the plat form  requests a higher power C-state, the m em ory access or snoop 
request  is serviced and the package remains in the higher power C-state.

Table 4-10 shows package C-state resolut ion for a dual-core processor. Figure 4-4 

sum m arizes package C-state t ransit ions.

Not e: I f enabled, the package C-state will be C1E if all cores have resolved a core C1 state or higher.

Tab le 4 - 1 0 . Coor d in at ion  o f  Cor e Pow er  St at es at  t h e Pack ag e Lev el

Pack ag e C- St at e

Cor e 1

C0 C1 C3 C6

Cor e 0  

C0 C0 C0 C0 C0

C1 C0 C11 C11 C11

C3 C0 C11 C3 C3

C6 C0 C11 C3 C6
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4 .2 .5 .1 Pack ag e C0

Package C0 is the normal operat ing state for the processor. The processor remains in 

the norm al state when at  least  one of its cores is in the C0 or C1 state or when the 

plat form  has not  granted perm ission to the processor to go into a low power state. 

I ndividual cores m ay be in lower power idle states while the package is in C0.

4 .2 .5 .2 Pack ag e C1 / C1 E

No addit ional power reduct ion act ions are taken in the package C1 state. However, if 

the C1E sub-state is enabled, the processor autom at ically t ransit ions to the lowest  

supported core clock frequency, followed by a reduct ion in voltage.

The package enters the C1 low power state when:

• At  least  one core is in the C1 state

• The other cores are in a C1 or lower power state

The package enters the C1E state when:

• All cores have direct ly requested C1E using MWAI T(C1)  with a C1E sub-state hint

• All cores are in a power state lower that  C1/ C1E but  the package low power state is 

lim ited to C1/ C1E using the PMG_CST_CONFI G_CONTROL MSR

• All cores have requested C1 using HLT or MWAI T(C1)  and C1E auto-promot ion is 

enabled in I A32_MI SC_ENABLES

No not ificat ion to the system  occurs upon ent ry to C1/ C1E.

Figu r e 4 - 4 . Pack ag e C- St at e En t r y  an d  Ex i t

C0

C1 C6

C3
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4 .2 .5 .3 Pack ag e C3  St at e

A processor enters the package C3 low power state when:

• At  least  one core is in the C3 state

• The other cores are in a C3 or lower power state, and the processor has been 

granted perm ission by the plat form

• The plat form  has not  granted a request  to a package C6 state but  has allowed a 

package C6 state

I n package C3-state, the L3 shared cache is valid.

4 .2 .5 .4 Pack ag e C6  St at e

A processor enters the package C6 low power state when:

• At  least  one core is in the C6 state

• The other cores are in a C6 or lower power state and the processor has been 

granted perm ission by the plat form

I n package C6 state, all cores have saved their architectural state and have had their 

core voltages reduced to zero volts. The L3 shared cache is st ill powered and snoopable 

in this state. The processor rem ains in package C6 state as long as any part  of the L3 

cache is act ive.

4 .3 I n t eg r at ed  Mem or y  Con t r o l ler  ( I MC)  Pow er  
Man ag em en t

The main memory is power managed during normal operat ion and in low-power ACPI  

Cx states.

4 .3 .1 Disab l in g  Un u sed  Sy st em  Mem or y  Ou t p u t s

Any System Memory (SM)  interface signal that  goes to a m em ory m odule connector in 

which it  is not  connected to any actual m em ory devices (such as SO-DI MM connector is 

unpopulated, or is single-sided)  is t r i-stated. The benefits of disabling unused SM 

signals are:

• Reduced power consum pt ion

• Reduced possible overshoot / undershoot  signal quality issues seen by the processor 

I / O buffer receivers caused by reflect ions from potent ially un- term inated 

t ransm ission lines

When a given rank is not  populated, the corresponding chip select  and CKE signals are 

not  dr iven.

At  reset , all rows must  be assum ed to be populated, unt il it  can be proven that  they are 

not  populated. This is due to the fact  that  when CKE is t r i- stated with a SO-DI MM 

present , the SO-DI MM is not  ensured to m aintain data integrity.

SCKE t r i-state should be enabled by BI OS where appropriate, since at  reset  all rows 

m ust  be assum ed to be populated.
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4 .3 .2 DRAM Pow er  Man ag em en t  an d  I n i t ia l i zat ion

The processor implements extensive support  for power management  on the SDRAM 

interface. There are four SDRAM operat ions associated with the Clock Enable (CKE)  

signals that  the SDRAM cont roller supports. The processor dr ives four CKE pins to 

perform  these operat ions.

The CKE is one means of power saving. When CKE is off,  the internal DDR clock is 

disabled and the DDR power is reduced. The power-saving differs according to the 

selected mode and the DDR type used. For m ore inform at ion, refer to the I DD table in 

the DDR specificat ion.

The DDR defines 3 levels of power down that  differ in power saving and in wakeup 

t ime:

1. Act ive power down (APD) :  This mode is entered if there are open pages when de-
assert ing CKE. I n this m ode the open pages are retained. Power-saving in this 
m ode is the lowest . Power consum pt ion of DDR is defined by I DD3P. Exit ing this 
mode is defined by tXP – small number of cycles.

2. Precharged power down (PPD) :  This m ode is entered if all banks in DDR are 

precharged when de-assert ing CKE. Power-saving in this m ode is interm ediate – 

bet ter than APD, but  less than DLL-off.  Power consumpt ion is defined by I DD2P1. 

Exit ing this mode is defined by tXP. The difference relat ive to APD mode is that  

when waking-up in PPD mode, all page-buffers are empty.

3. DLL-off:  I n this m ode the data- in DLLs on DDR are off.  Power-saving in this m ode is 

the best  among all power modes. Power consumpt ion is defined by I DD2P1. Exit ing 

this mode is defined by tXP and tXPDLL (10–20 according to the DDR type)  unt il 

first  data t ransfer is allowed.

The processor supports 6 different  types of power down. The different  m odes are the 

power down modes supported by DDR3 and combinat ions of these. The type of CKE 

power down is defined by configurat ion. The opt ions are as follows:

1. No power down

2. APD:  The rank enters power down as soon as the idle- t imer expires, independent  of 

the bank status

3. PPD:  When idle t imer expires, the MC sends PRE-all to rank and then enters power 

down 

4. DLL-off:  Sam e as opt ion 2 but  DDR is configured to DLL-off

5. APD, change to PPD (APD-PPD) :  Begins as opt ion 1, and when all page-close t imers 

of the rank are expired, it  wakes the rank, issues PRE-all,  and returns to PPD.

6. APD, change to DLL-off (APD_DLLoff ) :  Begins as opt ion 1, and when all page-close 

t imers of the rank are expired, it  wakes the rank, issues PRE-all,  and returns to 

DLL-off power down.

The CKE is determ ined per rank, when it  is inact ive. Each rank has an idle counter. The 

idle counter starts count ing as soon as the rank has no accesses, and if it  expires, the 

rank m ay enter power down while no new t ransact ions to the rank arr ive to queues. 

The idle counter begins count ing at  the last  incom ing t ransact ion arrival.
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I t  is im portant  to understand that  since the power down decision is per rank, the MC 

can find a lot  of opportunit ies to power down ranks, even while running memory 

intensive applicat ions;  savings m ay be significant  (up to a few Wat ts, depending on 

DDR configurat ion) . This becomes more significant  when each channel is populated 

with m ore ranks.

Select ion of power m odes should be according to power perform ance or therm al t rade-

offs of a given system :

• When t rying to achieve m aximum  perform ance and power or therm al considerat ion 

is a non- issue, use no power down.

• I n a system that  t r ies to m inim ize power-consum pt ion, t ry to use the deepest  

power down mode possible – DLL-off or APD_DLLoff.

• I n high-perform ance system s with dense packaging ( that  is, t r icky therm al design)  

the power down mode should be considered in order to reduce the heat ing and 

avoid DDR throt t ling caused by the heat ing. 

Cont rol of the power-m ode through CRB-BI OS:  BI OS selects by default  no-power 

down.

Another cont rol is the idle t imer expirat ion count . This is set  through PM_PDWN_config 

bits 7: 0 (MCHBAR + 4CB0) . As this t imer is set  to a shorter t ime, the I MC will have 

more opportunit ies to put  DDR in power down. The m inimum recommended value for 

this register is 15. There is no BI OS hook to set  this register. Custom ers who choose to 

change the value of this register can do it  by changing the BI OS. For experim ents, this 

register can be m odified in real t ime if BI OS did not  lock the MC registers.

Not e: I n APD, APD-PPD, and APD-DLLoff there is no point  in set t ing the idle counter in the 
sam e range of page-close idle t im er.

Another opt ion associated with CKE power down is the S_DLL-off.  When this opt ion is 

enabled, the SBR I / O slave DLLs go off when all channel ranks are in power down. (Do 

n o t  confuse it  with the DLL-off m ode, in which the DDR DLLs are off ) .  This m ode 

requires an I / O slave DLL wakeup t ime be defined.

4 .3 .2 .1 I n i t ia l i za t ion  Ro le o f  CKE

During power-up, CKE is the only input  to the SDRAM that  has its level recognized 

(other than the DDR3 reset  pin)  once power is applied. The signal must  be driven LOW 

by the DDR cont roller to make sure the SDRAM com ponents float  DQ and DQS during 

power-up. CKE signals rem ain LOW (while any reset  is act ive)  unt il the BI OS writes to a 

configurat ion register. Using this m ethod, CKE is ensured to rem ain inact ive for m uch 

longer than the specified 200 s after power and clocks to SDRAM devices are stable.

4 .3 .2 .2 Con d i t ion a l  Sel f - Ref r esh

I ntel®  Rapid Mem ory Power Managem ent  ( I ntel®  RMPM) condit ionally places m em ory 

into self- refresh in the package C3 and C6 low-power states. I ntel RMPM funct ionality 

depends on graphics/ display state ( relevant  only when processor graphics is being 

used) , as well as memory t raffic pat terns generated by other connected I / O devices.

When entering the S3 -  Suspend- to-RAM (STR)  state or S0 condit ional self- refresh, the 

processor core flushes pending cycles and then enters all SDRAM ranks into self 

refresh. the CKE signals rem ain LOW so the SDRAM devices perform  self- refresh.



Datasheet , Volum e 1 59

Pow er  Man ag em en t 

The target  behavior is to enter self- refresh for the package C3 and C6 states as long as 

there are no memory requests to service.

4 .3 .2 .3 Dy n am ic Pow er  Dow n  Op er at ion

Dynamic power down of memory is em ployed during norm al operat ion. Based on idle 

condit ions, a given memory rank may be powered down. The I MC implements 

aggressive CKE cont rol to dynam ically put  the DRAM devices in a power down state. 

The processor core cont roller can be configured to put  the devices in act ive power down 

(CKE de-assert ion with open pages)  or precharge power down (CKE de-assert ion with 

all pages closed) . Precharge power down provides greater power savings but  has a 

bigger performance impact , since all pages will first  be closed before put t ing the 

devices in power down mode.

I f dynam ic power down is enabled, all ranks are powered up before doing a refresh 

cycle and all ranks are powered down at  the end of refresh.

4 .3 .2 .4 DRAM I / O Pow er  Man ag em en t

Unused signals should be disabled to save power and reduce elect rom agnet ic 

interference. This includes all signals associated with an unused m em ory channel. 

Clocks can be cont rolled on a per SO-DI MM basis. Except ions are made for per SO-

DI MM cont rol signals such as CS# , CKE, and ODT for unpopulated SO-DI MM slots.

The I / O buffer for an unused signal should be t r i-stated (output  dr iver disabled) , the 

input  receiver (different ial sense-amp)  should be disabled, and any DLL circuit ry 

related ONLY to unused signals should be disabled. The input  path m ust  be gated to 

prevent  spurious results due to noise on the unused signals ( typically handled 

autom at ically when input  receiver is disabled) .

4 .3 .3 DDR Elect r i ca l  Pow er  Gat in g  ( EPG)

The DDR I / O of the processor supports on-die Elect r ical Power Gat ing (DDR-EPG)  

during norm al operat ion (S0 mode)  while the processor is at  package C3 or deeper 

power state.

During EPG, the VCCIO internal voltage rail will be powered down, while VDDQ and the 

un-gated VCCIO will stay powered on.

The processor will t ransit ion in and out  of DDR EPG m ode on an as needed basis 

without  any external pins or signals.

There is no change to the signals dr iven by the processor to the DI MMs during DDR I O 

EPG m ode.

During EPG m ode, all the DDR I O logic will be powered down, except  for the Physical 

Cont rol registers that  are powered by the un-gated VCCI O power supply.

Unlike S3 exit , at  DDR EPG exit , the DDR will not  go through t raining m ode. Rather, it  

will use the previous t raining inform at ion retained in the physical cont rol registers and 

will im m ediately resum e norm al operat ion.
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4 .4 PCI  Ex p r ess*  Pow er  Man ag em en t

• Act ive power management  support  using L0s and L1 states.

• All inputs and outputs disabled in L2/ L3 Ready state.

Not e: PCI e*  interface does not  support  Hot-Plug.

Not e: An increase in power consum pt ion may be observed when PCI e Act ive State Power 
Managem ent  (ASPM) capabilit ies are disabled.

4 .5 DMI  Pow er  Man ag em en t

• Act ive power m anagem ent  support  using L0s/ L1 state.

4 .6 Gr ap h ics Pow er  Man ag em en t

4 .6 .1 I n t e l®  Rap id  Mem or y  Pow er  Man ag em en t  ( I n t e l®  RMPM)  
( a lso  k n ow n  as Cx SR)

The I ntel Rapid Mem ory Power Managem ent  ( I ntel RMPM) puts rows of m em ory into 

self- refresh mode during C3/ C6 to allow the system to remain in the lower power states 

longer. Processors rout inely save power during runt im e condit ions by entering the C3, 

C6 state. I ntel RMPM is an indirect  method of power saving that  can have a significant  

effect  on the system  as a whole.

4 .6 .2 I n t e l®  Gr ap h ics Per f o r m an ce Mod u lat ion  Tech n o log y  
( I n t e l®  GPMT)

I ntel Graphics Power Modulat ion Technology ( I ntel®  GPMT)  is a method for saving 

power in the graphics adapter while cont inuing to display and process data in the 

adapter. This m ethod will switch the render frequency and/ or render voltage 

dynam ically between higher and lower power states supported on the plat form  based 

on render engine workload.

I n products where I ntel®  Graphics Dynamic Frequency (also known as Turbo Boost  

Technology)  is supported and enabled, the funct ionality of I ntel GPMT will be 

m aintained by I ntel Graphics Dynam ic Frequency (also known as Turbo Boost  

Technology) .

4 .6 .3 Gr ap h ics Ren d er  C- St at e

Render C-State (RC6)  is a technique designed to opt im ize the average power to the 

graphics render engine during t imes of idleness of the render engine. Render C-state is 

entered when the graphics render engine, blit ter engine and the video engine have no 

workload being current ly worked on and no outstanding graphics memory t ransact ions. 

When the idleness condit ion is m et  then the Processor Graphics will program  the VR 

into a low voltage state (~ 0 V)  through the SVI D bus.

Cau t ion : Long term  reliability cannot  be assured unless all the Low Power I dle States are 
enabled. 
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4 .6 .4 I n t e l®  Sm ar t  2 D Disp lay  Tech n o log y  ( I n t e l®  S2 DDT)

I ntel S2DDT reduces display refresh m em ory t raffic by reducing m em ory reads 

required for display refresh. Power consum pt ion is reduced by less accesses to the I MC. 

S2DDT is only enabled in single pipe m ode.

I ntel S2DDT is m ost  effect ive with:

• Display im ages well suited to com pression, such as text  windows, slide shows, and 

so on. Poor examples are 3D games.

• Stat ic screens such as screens with significant  port ions of the background showing 

2D applicat ions, processor benchm arks, and so on, or condit ions when the 

processor is idle. Poor examples are full-screen 3D gam es and benchm arks that  flip 

the display im age at  or near display refresh rates.

4 .6 .5 I n t e l®  Gr ap h ics Dy n am ic Fr eq u en cy

I ntel Graphics Dynam ic Frequency Technology is the ability of the processor and 

graphics cores to opportunist ically increase frequency and/ or voltage above the 

ensured processor and graphics frequency for the given part . I ntel Graphics Dynam ic 

Frequency Technology is a perform ance feature that  m akes use of unused package 

power and thermals to increase applicat ion performance. The increase in frequency is 

determ ined by how much power and thermal budget  is available in the package, and 

the applicat ion dem and for addit ional processor or graphics perform ance. The 

processor core cont rol is maintained by an embedded cont roller. The graphics dr iver 

dynam ically adjusts between P-States to m aintain opt im al perform ance, power, and 

thermals. 

4 .7 Gr ap h ics Th er m al  Pow er  Man ag em en t

See Sect ion 4.6 for all graphics thermal power management- related features.

§  §
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5 Th er m al  Man ag em en t

For therm al specificat ions and design guidelines refer to the Desktop 3rd Generat ion 

I ntel®  Core™ Processor Fam ily, Desktop I ntel®  Pent ium ®  Processor, Desktop I ntel®  

Celeron®  Processor, and LGA1155 Socket  Thermal and Mechanical Specificat ions and 

Design Guidelines.

§  §



Th er m al  Man ag em en t  

64 Datasheet , Volum e 1



Datasheet , Volum e 1 65

Sig n a l  Descr ip t ion 

6 Sig n al  Descr ip t ion

This chapter describes the processor signals. They are arranged in funct ional groups 

according to their associated interface or category. The following notat ions are used to 

describe the signal type. 

The signal descript ion also includes the type of buffer used for the part icular signal 

(see Table 6-1) .

Not e:
1. Qualifier for a buffer type.

Not at ion s Sig n al  Ty p e

I I nput  Signal

O Output  Signal

I / O Bi-direct ional I nput / Output  Signal

Tab le 6 - 1 . Sig n al  Descr ip t ion  Bu f f er  Ty p es

Sig n a l Descr ip t ion

PCI  Express*
PCI  Express*  interface signals. These signals are com pat ible with PCI  Express*  3.0 
Signalling Environm ent  AC Specificat ions and are AC coupled. The buffers are not  
3.3-V tolerant . Refer to the PCI e specificat ion.

DMI
Direct  Media I nterface signals. These signals are com pat ible with PCI  Express*  2.0 
Signaling Environm ent  AC Specificat ions, but  are DC coupled. The buffers are not  
3.3-V tolerant .

CMOS CMOS buffers. 

DDR3 DDR3 buffers:  1.5-V tolerant

A
Analog reference or output . May be used as a threshold voltage or for buffer 
com pensat ion

Ref Voltage reference signal

Asynchronous1 Signal has no t im ing relat ionship with any reference clock.
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6 .1 Sy st em  Mem or y  I n t er f ace Sig n als

Tab le 6 - 2 . Mem or y  Ch an n el  A Sign als 

Sig n a l  Nam e Descr ip t ion  
Di r ect ion /

Bu f f er  Ty p e

SA_BS[ 2: 0]
Ban k  Select :  These signals define which banks are selected within 
each SDRAM rank.

O

DDR3

SA_WE#
W r i t e  En ab le Con t r o l  Sig n a l :  This signal is used with SA_RAS#  and 
SA_CAS#  (along with SA_CS# )  to define the SDRAM Com m ands.

O

DDR3

SA_RAS#
RAS Con t r o l  Sig n a l :  This signal is used with SA_CAS#  and SA_WE#  
(along with SA_CS# )  to define the SRAM Com m ands.

O

DDR3

SA_CAS#
CAS Co n t r o l  Sig n a l :  This signal is used with SA_RAS#  and SA_WE#  
(along with SA_CS# )  to define the SRAM Com m ands.

O

DDR3

SA_DQS[ 8: 0]  
SA_DQS# [ 8: 0]

Dat a St r ob es:  SA_DQS[ 8: 0]  and it s com plem ent  signal group m ake 
up a different ial st robe pair. The data is captured at  the crossing point  
of SA_DQS[ 8: 0]  and its SA_DQS# [ 8: 0]  dur ing read and write 
t ransact ions.

I / O

DDR3 

SA_DQ[ 63: 0]
Dat a Bu s:  Channel A data signal interface to the SDRAM data bus. I / O

DDR3 

SA_MA[ 15: 0]
Mem or y  Ad d r ess:  These signals are used to provide the m ult iplexed 
row and colum n address to the SDRAM.

O

DDR3

SA_CK[ 3: 0]

SA_CK# [ 3: 0]

SDRAM Di f f er en t ia l  Clock :  Channel A SDRAM Different ial clock signal 
pair. The crossing of the posit ive edge of SA_CK and the negat ive edge 
of its com plem ent  SA_CK#  are used to sam ple the com m and and 
cont rol signals on the SDRAM.

O

DDR3

SA_CKE[ 3: 0]

Clock  En ab le:  (1 per rank) . These signals are used to:

• I nit ialize the SDRAMs during power-up.

• Power down SDRAM ranks.

• Place all SDRAM ranks into and out  of self- refresh dur ing STR.

O

DDR3

SA_CS# [ 3: 0]
Ch ip  Select :  (1 per rank) . These signals are used to select  part icular 
SDRAM com ponents dur ing the act ive state. There is one Chip Select  
for each SDRAM rank.

O

DDR3

SA_ODT[ 3: 0]
On  Die  Ter m in at ion :  Act ive Term inat ion Cont rol. O

DDR3
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6 .2 Mem or y  Ref er en ce an d  Com p en sat ion  Sig n als

Tab le 6 - 3 . Mem or y  Ch an n el  B Sig n als 

Sig n a l  Nam e Descr ip t ion  
Di r ect ion /

Bu f f er  Ty p e

SB_BS[ 2: 0]
Ban k  Se lect :  These signals define which banks are selected within 
each SDRAM rank.

O

DDR3

SB_WE#
W r i t e  En ab le  Con t r o l  Sig n a l :  This signal is used with SB_RAS#  and 
SB_CAS#  (along with SB_CS# )  to define the SDRAM Com m ands.

O

DDR3

SB_RAS#
RAS Con t r o l  Sig n a l :  This signal is used with SB_CAS#  and SB_WE#  
(along with SB_CS# )  to define the SRAM Com m ands.

O

DDR3

SB_CAS#
CAS Con t r o l  Sig n a l :  This signal is used with SB_RAS#  and SB_WE#  
(along with SB_CS# )  to define the SRAM Com m ands.

O

DDR3

SB_DQS[ 8: 0]  
SB_DQS# [ 8: 0]

Dat a St r ob es:  SB_DQS[ 8: 0]  and it s com plem ent  signal group m ake 
up a different ial st robe pair.  The data is captured at  the crossing point  
of SB_DQS[ 8: 0]  and it s SB_DQS# [ 8: 0]  during read and write 
t ransact ions.

I / O

DDR3 

SB_DQ[ 63: 0]
Dat a Bu s:  Channel B data signal interface to the SDRAM data bus. I / O

DDR3

SB_MA[ 15: 0]
Mem or y  Ad d r ess:  These signals are used to provide the m ult iplexed 
row and colum n address to the SDRAM.

O

DDR3

SB_CK[ 3: 0]

SB_CK# [ 3: 0]

SDRAM Di f f e r en t ia l  Clock :  Channel B SDRAM Different ial clock 
signal pair. The crossing of the posit ive edge of SB_CK and the 
negat ive edge of it s com plem ent  SB_CK#  are used to sam ple the 
com m and and cont rol signals on the SDRAM.

O

DDR3

SB_CKE[ 3: 0]

Clock  En ab le :  (1 per rank)  These signals are used to:

• I nit ialize the SDRAMs during power-up.

• Power down SDRAM ranks.

• Place all SDRAM ranks into and out  of self- refresh dur ing STR.

O

DDR3

SB_CS# [ 3: 0]
Ch ip  Se lect :  (1 per rank) . These signals are used to select  part icular 
SDRAM com ponents during the act ive state. There is one Chip Select  
for each SDRAM rank.

O

DDR3

SB_ODT[ 3: 0]
On  Die Ter m in at ion :  Act ive Term inat ion Cont rol. O

DDR3

Tab le 6 - 4 . Mem or y  Ref er en ce an d  Com pen sat ion  

Sig n a l  Nam e Descr ip t ion  
Di r ect ion /

Bu f f er  Ty p e

SM_VREF
DDR3  Ref er en ce Vo l t ag e:  This signal is used as a reference 
voltage to the DDR3 cont roller.

I

A

SA_DI MM_VREFDQ

SB_DI MM_VREFDQ

Mem or y  Ch an n el  A/ B DI MM DQ Vo l t ag e Ref er en ce:  These 
output  pins are connected to the DI MMs, and are program m ed to 
have a reference voltage with opt im ized m argin.

The nom inal source im pedance for these pins is 150 
The step size is 7.7 m V for DDR3 (with no load) .

O

A
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6 .3 Reset  an d  Miscel lan eou s Sig n als

Not e:
1. PCI e*  bifurcat ion support  varies with the processor and PCH SKUs used.

Tab le 6 - 5 . Reset  an d  Miscel lan eou s Sign als 

Sig n al  Nam e Descr ip t ion  
Di r ect ion /

Bu f f er  Ty p e

CFG[ 17: 0]

Con f ig u r at ion  Sig n a ls:

The CFG signals have a default  value of '1' if not  term inated on the 
board. 

• CFG[ 1: 0] :  Reserved configurat ion lane. A test  point  m ay be 
placed on the board for this lane.

• CFG[ 2] :  PCI  Express*  Stat ic x16 Lane Num bering Reversal.

— 1 =  Norm al operat ion
— 0 =  Lane numbers reversed

• CFG[ 3] :  PCI  Express*  Stat ic x4 Lane Num bering Reversal.

— 1 =  Norm al operat ion
— 0 =  Lane numbers reversed

• CFG[ 4] :  Reserved configurat ion lane. A test  point  m ay be 
placed on the board for this lane.

• CFG[ 6: 5] :  PCI  Express*  Bifurcat ion:  Note 1

— 00 =  1 x8, 2 x4 PCI  Express*
— 01 =  reserved
— 10 =  2 x8 PCI  Express*
— 11 =  1 x16 PCI  Express*

• CFG[ 17: 7] :  Reserved configurat ion lanes. A test  point  m ay be 
placed on the board for these pins.

I

CMOS

FC_x
FC signals are signals that  are available for com pat ibilit y with other 
processors. A test  point  m ay be placed on the board for these pins.

PM_SYNC
Pow er  Man ag em en t  Sy n c:  A sideband signal to com m unicate 
power m anagem ent  status from  the plat form  to the processor.

I

CMOS

RESET#
Plat form  Reset  pin dr iven by the PCH. I  

CMOS

RSVD

RSVD_NCTF

Reser v ed :  All signals that  are RSVD and RSVD_NCTF m ust  be left  
unconnected on the board.

No Connect

Non-Crit ical to 
Funct ion

SM_DRAMRST#
DDR3  DRAM Reset :  Reset  signal from  processor to DRAM devices. 
One com m on to all channels.

O

CMOS
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6 .4 PCI  Ex p r ess* - b ased  I n t er f ace Sig n als

Not e:
1. PE_TX[ 3: 0] / PE_TX# [ 3: 0]  and PE_RX[ 3: 0] / PE_RX# [ 3: 0]  signals are only used for plat form s that  support  

20 PCI e lanes. These signals are reserved on Desktop 3rd Generat ion I ntel Core™ i7/ i5 processors, 
Desktop I ntel®  Pent ium ®  processors and Desktop I ntel®  Celeron®  processors. 

6 .5 I n t e l®  Flex ib le Disp lay  ( I n t e l®  FDI )  I n t er f ace 
Sig n als

Tab le 6 - 6 . PCI  Ex p r ess*  Gr ap h ics I n t er f ace Sig n als 

Sig n a l  Nam e Descr ip t ion  
Di r ect ion /

Bu f f er  Ty p e

PEG_I COMPI
PCI  Ex p r ess*  I n p u t  Cu r r en t  Com p en sat ion I

A

PEG_I COMPO
PCI  Ex p r ess*  Cu r r en t  Com p en sat ion I

A

PEG_RCOMPO
PCI  Ex p r ess*  Resist an ce Com p en sat ion I

A

PEG_RX[ 15: 0]

PEG_RX# [ 15: 0]

PE_RX[ 3: 0] 1

PE_RX# [ 3: 0] 1

PCI  Ex p r ess*  Receiv e Di f f e r en t ia l  Pa i r

I

PCI  Express*

PEG_TX[ 15: 0]

PEG_TX# [ 15: 0]

PE_TX[ 3: 0] 1

PE_TX# [ 3: 0] 1

PCI  Ex p r ess*  Tr an sm i t  Di f f er en t ia l  Pa i r

O

PCI  Express*

Tab le 6 - 7 . I n t e l®  Flex ib le Disp lay  ( I n t e l®  FDI )  I n t er f ace 

Sig n a l  Nam e Descr ip t ion  
Di r ect ion /

Bu f f er  Ty p e

FDI 0_FSYNC[ 0]
I n t e l®  Flex ib le  Disp lay  I n t er f ace Fr am e Sy n c:  Pipe A I

CMOS

FDI 0_LSYNC[ 0]
I n t e l®  Flex ib le  Disp lay  I n t er f ace Lin e Sy n c:  Pipe A I

CMOS

FDI _TX[ 7: 0]

FDI _TX# [ 7: 0]

I n t e l®  Flex ib le  Disp lay  I n t er f ace Tr an sm i t  Di f f er en t ia l  
Pa i r s

O

FDI

FDI 1_FSYNC[ 1]
I n t e l®  Flex ib le  Disp lay  I n t er f ace Fr am e Sy n c:  Pipe B and C I

CMOS

FDI 1_LSYNC[ 1]
I n t e l®  Flex ib le  Disp lay  I n t er f ace Lin e Sy n c:  Pipe B and C I

CMOS

FDI _I NT
I n t e l®  Flex ib le  Disp lay  I n t er f ace Ho t - Plu g  I n t er r u p t I

Asynchronous 
CMOS
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6 .6 Di r ect  Med ia I n t er f ace ( DMI )  Sig n als

6 .7 Ph ase Lock  Loop  ( PLL)  Sig n als

6 .8 Test  Access Po in t s ( TAP)  Sig n als

Tab le 6 - 8 . Di r ect  Med ia I n t er f ace ( DMI )  Sig n als –  Pr ocesso r  t o  PCH Ser ia l  I n t er f ace 

Sig n a l  Nam e Descr ip t ion  
Di r ect ion /

Bu f f er  Ty p e

DMI _RX[ 3: 0]

DMI _RX# [ 3: 0]

DMI  I n p u t  f r om  PCH:  Direct  Media I nterface receive 
different ial pair.

I

DMI

DMI _TX[ 3: 0]

DMI _TX# [ 3: 0]

DMI  Ou t p u t  t o  PCH:  Direct  Media I nterface t ransm it  
different ial pair.

O

DMI

Tab le 6 - 9 . Ph ase Lock  Loop  ( PLL)  Sign als 

Sig n a l  Nam e Descr ip t ion  
Di r ect ion /

Bu f f er  Ty p e

BCLK

BCLK#

Different ial bus clock input  to the processor I

Diff Clk

Tab le 6 - 1 0 . Test  Access Po in t s ( TAP)  Sign als 

Sig n a l  Nam e Descr ip t ion  
Di r ect ion /

Bu f f er  Ty p e

BPM# [ 7: 0]

Br eak p o in t  an d  Per f o r m an ce Mon i t o r  Sig n a ls:  These signals 
are outputs from  the processor that  indicate the status of 
breakpoints and programmable counters used for monitor ing 
processor performance.

I / O

CMOS

BCLK_I TP 

BCLK_I TP#

These signals are connected in parallel to the top side debug 
probe to enable debug capacit ies. 

I

DBR#

DBR#  is used only in system s where no debug port  is 
im plem ented on the system  board. DBR#  is used by a debug 
port  interposer so that  an in- target  probe can dr ive system  
reset .

O

PRDY#
PRDY#  is a processor output  used by debug tools to determ ine 
processor debug readiness.

O

Asynchronous 
CMOS

PREQ#
PREQ#  is used by debug tools to request  debug operat ion of the 
processor.

I

Asynchronous 
CMOS

TCK
Test  Clock :  This signal provides the clock input  for the 
processor Test  Bus (also known as the Test  Access Port ) . TCK 
m ust  be dr iven low or allowed to float  dur ing power on Reset .

I

CMOS

TDI
Test  Dat a I n :  This signal t ransfers ser ial test  data into the 
processor. TDI  provides the ser ial input  needed for JTAG 
specificat ion support .

I

CMOS

TDO
Test  Dat a Ou t :  This signal t ransfers serial test  data out  of the 
processor. TDO provides the ser ial output  needed for JTAG 
specificat ion support .

O

Open Drain

TMS
Test  Mod e Se lect :  A JTAG specificat ion support  signal used by 
debug tools.

I

CMOS

TRST#
Test  Reset :  This signal resets the Test  Access Port  (TAP)  logic. 
TRST#  m ust  be driven low dur ing power on Reset . 

I

CMOS
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6 .9 Er r o r  an d  Th er m al  Pr o t ect ion  Sig n als

Tab le 6 - 1 1 . Er r o r  an d  Th er m al  Pr o t ect ion  Sign als 

Sig n a l  Nam e Descr ip t ion  
Di r ect ion /

Bu f f er  Ty p e

CATERR#

Cat ast r op h ic Er r o r :  This signal indicates that  the system  has 
experienced a catast rophic error and cannot  cont inue to operate. 
The processor will set  this for non- recoverable m achine check 
errors or other unrecoverable internal errors. 

On the processor, CATERR#  is used for signaling the following 
types of errors:

• Legacy MCERRs – CATERR#  is asserted for 16 BCLKs.

• Legacy I ERRs – CATERR#  rem ains asserted unt il warm  or 
cold reset .

O

CMOS

PECI
PECI  ( Pla t f o r m  En v i r on m en t  Con t r o l  I n t er f ace) :  A ser ial 
sideband interface to the processor, it  is used pr im arily for 
therm al, power, and error m anagem ent . 

I / O

Asynchronous

PROCHOT#

Pr ocesso r  Ho t :  PROCHOT#  goes act ive when the processor 
tem perature m onitor ing sensor(s)  detects that  the processor has 
reached its m axim um  safe operat ing tem perature. This indicates 
that  the processor Therm al Cont rol Circuit  (TCC)  has been 
act ivated, if enabled. This signal can also be dr iven to the 
processor to act ivate the TCC.
Not e: Toggling PROCHOT#  m ore than once in 1.5 m s period 

will result  in constant  Pn state of the processor.

CMOS I nput /

Open-Drain 
Output

THERMTRI P#

Th er m al  Tr ip :  The processor protects it self from  catast rophic 
overheat ing by use of an internal therm al sensor. This sensor is 
set  well above the norm al operat ing tem perature to ensure that  
there are no false t r ips. The processor will stop all execut ion 
when the j unct ion tem perature exceeds approxim ately 130 ° C. 
This is signaled to the system  by the THERMTRI P#  signal. 

O

Asynchronous 
CMOS
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6 .1 0 Pow er  Seq u en cin g  Sig n als

Tab le 6 - 1 2 . Pow er  Seq u en cin g  Sig n als 

Sig n a l  Nam e Descr ip t ion  
Di r ect ion /

Bu f f er  Ty p e

SM_DRAMPWROK

SM_ DRAMPW ROK Pr ocesso r  I n p u t :  Connects to PCH 
DRAMPWROK. 

I

Asynchronous

CMOS

UNCOREPWRGOOD

The processor requires this input  signal to be a clean indicat ion 
that  the VCCSA,  VCCI O,  VAXG,  and VDDQ,  power supplies are 
stable and within specificat ions. This requirem ent  applies 
regardless of the S-state of the processor. 'Clean' im plies that  
the signal will rem ain low (capable of sinking leakage current ) , 
without  glit ches, from  the t im e that  the power supplies are 
turned on unt il they com e within specificat ion. The signal m ust  
then t ransit ion m onotonically to a high state. This is connected 
to the PCH PROCPWRGD signal.

I

Asynchronous 
CMOS

SKTOCC#  

SKTOCC#  ( Sock et  Occu p ied )  :  This signal is pulled down 
direct ly (0 Ohm s)  on the processor package to the ground. 
There is no connect ion to the processor silicon for this signal.  
System  board designers m ay use this signal to determ ine if the 
processor is present .

PROC_SEL

Pr ocesso r  Select :  This signal is an output  that  indicates if the 
processor used is 2nd Generat ion I ntel®  Core™ processor fam ily 
desktop, I ntel®  Pent ium ®  processor fam ily desktop, I ntel®  
Celeron®  processor fam ily desktop or Desktop 3rd Generat ion 
I ntel®  Core™ processor fam ily, Desktop I ntel®  Pent ium ®  
processor fam ily, Desktop I ntel®  Celeron®  processor fam ily  .

For 2nd Generat ion I ntel®  Core™ processor fam ily desktop, 
I ntel®  Pent ium ®  processor fam ily desktop, I ntel®  Celeron®  
processor fam ily desktop, the output  will be high.

For Desktop 3rd Generat ion I ntel®  Core™ processor fam ily, 
Desktop I ntel®  Pent ium ®  processor fam ily, Desktop I ntel®  
Celeron®  processor fam ily, the output  will be low.

 

O

VCCI O_SEL

Vo l t ag e se lect ion  f o r  VCCI O:  This output  signal was init ially 
intended to select  the I / O voltage depending on the processor 
being used. 

 Since the VCCI O voltage is the sam e for 2nd Generat ion I ntel®  
Core™ processor fam ily desktop, I ntel®  Pent ium ®  processor 
fam ily desktop, I ntel®  Celeron®  processor fam ily desktop and 
Desktop 3rd Generat ion I ntel®  Core™ processor fam ily, Desktop 
I ntel®  Pent ium ®  processor fam ily, Desktop I ntel®  Celeron®  
processor fam ily, the usage of this pin was changed as follows:

The pin is configured on the package to be sam e as 2nd 
Generat ion I ntel®  Core™ processor fam ily desktop, I ntel®  
Pent ium ®  processor fam ily desktop, I ntel®  Celeron®  processor 
fam ily desktop .  This pin m ust  be pulled high on the 
m otherboard, when using a dual rail voltage regulator.

O
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6 .1 1 Pr ocesso r  Pow er  Sig n als

Not e:
1. The VCCSA_VI D can toggle at  m ost  once in 500 uS;  The slew rate of VCCSA_VI D is 1 V/ nS.

6 .1 2 Sen se Sig n als

Tab le 6 - 1 3 . Pr ocesso r  Pow er  Sign als 

Sig n a l  Nam e Descr ip t ion
Di r ect ion /

Bu f f er  Ty p e

VCC Processor core power rail. Ref

VCCI O Processor power for I / O. Ref

VDDQ Processor I / O supply voltage for DDR3. Ref

VCCAXG Graphics core power supply. Ref

VCCPLL VCCPLL provides isolated power for internal processor PLLs. Ref

VCCSA System  Agent  power supply. Ref

VI DSOUT

VI DSCLK

VI DALERT#

VI DALERT# , VI DSCLK, and VI DSCLK com prise a three signal 
serial synchronous interface used to t ransfer power 
m anagem ent  inform at ion between the processor and the 
voltage regulator cont rollers. This ser ial VI D interface replaces 
the parallel VI D interface on previous processors.

CMOS I /  OD O

OD O

CMOS I

VCCSA_VI D 1 Vo l t ag e se lect ion  f o r  VCCSA :  O

CMOS

Tab le 6 - 1 4 . Sen se Sig n als  

Sig n a l  Nam e Descr ip t ion  
Di r ect ion /

Bu f f er  Ty p e

VCC_SENSE

VSS_SENSE

VCC_SENSE and VSS_SENSE provide an isolated, low 
im pedance connect ion to the processor core voltage and 
ground. They can be used to sense or m easure voltage near the 
silicon.

O

Analog

VAXG_SENSE

VSSAXG_SENSE

VAXG_SENSE and VSSAXG_SENSE provide an isolated, low 
im pedance connect ion to the VAXG voltage and ground. They 
can be used to sense or m easure voltage near the silicon.

O

Analog

VCCI O_SENSE

VSS_SENSE_VCCI O

VCCI O_SENSE and VSS_SENSE_VCCI O provide an isolated, low 
im pedance connect ion to the processor VCCI O voltage and 
ground. They can be used to sense or m easure voltage near the 
silicon.

O

Analog

VCCSA_SENSE
VCCSA_SENSE provide an isolated, low im pedance connect ion 
to the processor system  agent  voltage. I t  can be used to sense 
or m easure voltage near the silicon.

O

Analog
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6 .1 3 Gr ou n d  an d  Non - Cr i t i ca l  t o  Fu n ct ion  ( NCTF)  
Sig n als

6 .1 4 Pr ocesso r  I n t er n a l  Pu l l - Up  /  Pu l l - Dow n  Resist o r s

§  §

Tab le 6 - 1 5 . Gr ou n d  an d  Non - Cr i t i ca l  t o  Fu n ct ion  ( NCTF)  Sig n als 

Sig n a l  Nam e Descr ip t ion  
Di r ect ion /

Bu f f er  Ty p e

VSS Processor ground node GND

VSS_NCTF (BGA Only)
Non - Cr i t i ca l  t o  Fu n ct ion :  These signals are for package 
m echanical reliability.

Tab le 6 - 1 6 . Pr ocessor  I n t er n a l  Pu l l - Up  /  Pu l l - Dow n  Resist o r s

Sig n a l  Nam e Pu l l - Up  /  Pu l l - Dow n Rai l  Va lu e

BPM[ 7: 0] Pull Up VCCI O 65–165 

PRDY# Pull Up VCCI O 65–165 

PREQ# Pull Up VCCI O 65–165 

TCK Pull Down VSS 5–15 k

TDI Pull Up VCCI O 5–15 k

TMS Pull Up VCCI O 5–15 k

TRST# Pull Up VCCI O 5–15 k

CFG[ 17: 0] Pull Up VCCI O 5–15 k
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7 Elect r i ca l  Sp eci f i ca t ion s

7 .1 Pow er  an d  Gr ou n d  Lan d s

The processor has VCC, VDDQ, VCCPLL, VCCSA, VCCAXG, VCCI O and VSS (ground)  

inputs for on-chip power dist r ibut ion. All power lands m ust  be connected to their 

respect ive processor power planes, while all VSS lands m ust  be connected to the 

system ground plane. Use of m ult iple power and ground planes is recomm ended to 

reduce I * R drop. The VCC and VCCAXG lands m ust  be supplied with the voltage 

determ ined by the processor Serial Voltage I Dent ificat ion (SVI D )  interface. A new 

serial VI D interface is im plemented on the processor. Table 7-1 specifies the voltage 

level for the various VI Ds.

7 .2 Decou p l in g  Gu id el in es

Due to its large num ber of t ransistors and high internal clock speeds, the processor is 

capable of generat ing large current  swings between low-  and full-power states. This 

may cause voltages on power planes to sag below their m inimum values, if bulk 

decoupling is not  adequate. Larger bulk storage (CBULK) , such as elect rolyt ic capacitors, 

supply current  during longer last ing changes in current  dem and ( for exam ple, com ing 

out  of an idle condit ion) . Sim ilar ly, capacitors act  as a storage well for current  when 

entering an idle condit ion from  a running condit ion. To keep voltages within 

specificat ion, output  decoupling m ust  be properly designed.

Cau t ion : Design the board to ensure that  the voltage provided to the processor remains within 
the specificat ions listed in Table 7-4. Failure to do so can result  in t im ing violat ions or 
reduced lifet im e of the processor. 

7 .2 .1 Vo l t ag e Rai l  Decou p l in g

The voltage regulator solut ion needs to provide:

• bulk capacitance with low effect ive series resistance (ESR)

• a low interconnect  resistance from  the regulator to the socket

• bulk decoupling to com pensate for large current  swings generated during poweron, 

or low-power idle state ent ry/ exit

The power delivery solut ion must  ensure that  the voltage and current  specificat ions are 

met , as defined in Table 7-4. 
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7 .3 Pr ocesso r  Clock in g  ( BCLK[ 0 ] , BCLK# [ 0 ] )

The processor uses a different ial clock to generate the processor core operat ing 

frequency, m em ory cont roller frequency, system agent  frequencies, and other internal 

clocks. The processor core frequency is determ ined by mult iplying the processor core 

rat io by the BCLK frequency. Clock m ult iplying within the processor is provided by an 

internal phase locked loop (PLL)  that  requires a constant  frequency input , with 

except ions for Spread Spect rum  Clocking (SSC) .

The processor ’s m axim um  non- turbo core frequency is configured during power-on 

reset  by using its manufacturing default  value. This value is the highest  non- turbo core 

m ult iplier at  which the processor can operate. I f lower maximum speeds are desired, 

the appropriate rat io can be configured using the FLEX_RATI O MSR. 

7 .3 .1 Ph ase Lock  Loop  ( PLL)  Pow er  Su p p ly

An on-die PLL filter solut ion is im plemented on the processor. Refer to Table 7-5 for DC 

specificat ions.

7 .4 VCC Vo l t ag e I d en t i f i ca t ion  ( VI D)

The processor  uses three signals for the serial voltage ident ificat ion interface to support  

autom at ic select ion of voltages. Table 7-1 specifies the voltage level corresponding to 

the eight  bit  VI D value t ransm it ted over serial VI D. A ‘1’ in this table refers to a high 

voltage level and a ‘0’ refers to a low voltage level. I f the voltage regulat ion circuit  

cannot  supply the voltage that  is requested, the voltage regulator m ust  disable itself. 

VI D signals are CMOS push/ pull dr ivers. Refer to Table 7-8 for the DC specificat ions for 

these signals. The VI D codes will change due to temperature and/ or current  load 

changes to m inim ize the power of the part .  A voltage range is provided in Table 7-4. 

The specificat ions are set  so that  one voltage regulator can operate with all supported 

frequencies.

I ndividual processor VI D values may be set  during m anufacturing so that  two devices 

at  the sam e core frequency m ay have different  default  VI D set t ings. This is shown in 

the VI D range values in Table 7-4. The processor  provides the ability to operate while 

t ransit ioning to an adjacent  VI D and its associated voltage. This will represent  a DC 

shift  in the loadline.

Not e: At  condit ion outside funct ional operat ion condit ion lim its, neither funct ionality nor long 
term  reliability can be expected. I f a device is returned to condit ions within funct ional 
operat ion lim its after having been subjected to condit ions outside these lim its, but  
within the absolute m aximum  and m inim um  rat ings, the device may be funct ional, but  
with its lifet ime degraded on exposure to condit ions exceeding the funct ional operat ion 
condit ion lim its.
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Tab le 7 - 1 . VR 1 2 .0  Vo l t ag e I d en t i f i cat ion  Def in i t ion   ( Sh eet  1  o f  3 )

VI D
7

VI D
6

VI D
5

VI D
4

VI D
3

VI D
2

VI D
1

VI D
0

HEX VCC_ MAX
VI D

7
VI D

6
VI D

5
VI D

4
VI D

3
VI D

2
VI D

1
VI D

0
HEX VCC_ MAX

0 0 0 0 0 0 0 0 0 0 0.00000 1 0 0 0 0 0 0 0 8 0 0.88500

0 0 0 0 0 0 0 1 0 1 0.25000 1 0 0 0 0 0 0 1 8 1 0.89000

0 0 0 0 0 0 1 0 0 2 0.25500 1 0 0 0 0 0 1 0 8 2 0.89500

0 0 0 0 0 0 1 1 0 3 0.26000 1 0 0 0 0 0 1 1 8 3 0.90000

0 0 0 0 0 1 0 0 0 4 0.26500 1 0 0 0 0 1 0 0 8 4 0.90500

0 0 0 0 0 1 0 1 0 5 0.27000 1 0 0 0 0 1 0 1 8 5 0.91000

0 0 0 0 0 1 1 0 0 6 0.27500 1 0 0 0 0 1 1 0 8 6 0.91500

0 0 0 0 0 1 1 1 0 7 0.28000 1 0 0 0 0 1 1 1 8 7 0.92000

0 0 0 0 1 0 0 0 0 8 0.28500 1 0 0 0 1 0 0 0 8 8 0.92500

0 0 0 0 1 0 0 1 0 9 0.29000 1 0 0 0 1 0 0 1 8 9 0.93000

0 0 0 0 1 0 1 0 0 A 0.29500 1 0 0 0 1 0 1 0 8 A 0.93500

0 0 0 0 1 0 1 1 0 B 0.30000 1 0 0 0 1 0 1 1 8 B 0.94000

0 0 0 0 1 1 0 0 0 C 0.30500 1 0 0 0 1 1 0 0 8 C 0.94500

0 0 0 0 1 1 0 1 0 D 0.31000 1 0 0 0 1 1 0 1 8 D 0.95000

0 0 0 0 1 1 1 0 0 E 0.31500 1 0 0 0 1 1 1 0 8 E 0.95500

0 0 0 0 1 1 1 1 0 F 0.32000 1 0 0 0 1 1 1 1 8 F 0.96000

0 0 0 1 0 0 0 0 1 0 0.32500 1 0 0 1 0 0 0 0 9 0 0.96500

0 0 0 1 0 0 0 1 1 1 0.33000 1 0 0 1 0 0 0 1 9 1 0.97000

0 0 0 1 0 0 1 0 1 2 0.33500 1 0 0 1 0 0 1 0 9 2 0.97500

0 0 0 1 0 0 1 1 1 3 0.34000 1 0 0 1 0 0 1 1 9 3 0.98000

0 0 0 1 0 1 0 0 1 4 0.34500 1 0 0 1 0 1 0 0 9 4 0.98500

0 0 0 1 0 1 0 1 1 5 0.35000 1 0 0 1 0 1 0 1 9 5 0.99000

0 0 0 1 0 1 1 0 1 6 0.35500 1 0 0 1 0 1 1 0 9 6 0.99500

0 0 0 1 0 1 1 1 1 7 0.36000 1 0 0 1 0 1 1 1 9 7 1.00000

0 0 0 1 1 0 0 0 1 8 0.36500 1 0 0 1 1 0 0 0 9 8 1.00500

0 0 0 1 1 0 0 1 1 9 0.37000 1 0 0 1 1 0 0 1 9 9 1.01000

0 0 0 1 1 0 1 0 1 A 0.37500 1 0 0 1 1 0 1 0 9 A 1.01500

0 0 0 1 1 0 1 1 1 B 0.38000 1 0 0 1 1 0 1 1 9 B 1.02000

0 0 0 1 1 1 0 0 1 C 0.38500 1 0 0 1 1 1 0 0 9 C 1.02500

0 0 0 1 1 1 0 1 1 D 0.39000 1 0 0 1 1 1 0 1 9 D 1.03000

0 0 0 1 1 1 1 0 1 E 0.39500 1 0 0 1 1 1 1 0 9 E 1.03500

0 0 0 1 1 1 1 1 1 F 0.40000 1 0 0 1 1 1 1 1 9 F 1.04000

0 0 1 0 0 0 0 0 2 0 0.40500 1 0 1 0 0 0 0 0 A 0 1.04500

0 0 1 0 0 0 0 1 2 1 0.41000 1 0 1 0 0 0 0 1 A 1 1.05000

0 0 1 0 0 0 1 0 2 2 0.41500 1 0 1 0 0 0 1 0 A 2 1.05500

0 0 1 0 0 0 1 1 2 3 0.42000 1 0 1 0 0 0 1 1 A 3 1.06000

0 0 1 0 0 1 0 0 2 4 0.42500 1 0 1 0 0 1 0 0 A 4 1.06500

0 0 1 0 0 1 0 1 2 5 0.43000 1 0 1 0 0 1 0 1 A 5 1.07000

0 0 1 0 0 1 1 0 2 6 0.43500 1 0 1 0 0 1 1 0 A 6 1.07500

0 0 1 0 0 1 1 1 2 7 0.44000 1 0 1 0 0 1 1 1 A 7 1.08000

0 0 1 0 1 0 0 0 2 8 0.44500 1 0 1 0 1 0 0 0 A 8 1.08500

0 0 1 0 1 0 0 1 2 9 0.45000 1 0 1 0 1 0 0 1 A 9 1.09000

0 0 1 0 1 0 1 0 2 A 0.45500 1 0 1 0 1 0 1 0 A A 1.09500

0 0 1 0 1 0 1 1 2 B 0.46000 1 0 1 0 1 0 1 1 A B 1.10000

0 0 1 0 1 1 0 0 2 C 0.46500 1 0 1 0 1 1 0 0 A C 1.10500

0 0 1 0 1 1 0 1 2 D 0.47000 1 0 1 0 1 1 0 1 A D 1.11000
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0 0 1 0 1 1 1 0 2 E 0.47500 1 0 1 0 1 1 1 0 A E 1.11500

0 0 1 0 1 1 1 1 2 F 0.48000 1 0 1 0 1 1 1 1 A F 1.12000

0 0 1 1 0 0 0 0 3 0 0.48500 1 0 1 1 0 0 0 0 B 0 1.12500

0 0 1 1 0 0 0 1 3 1 0.49000 1 0 1 1 0 0 0 1 B 1 1.13000

0 0 1 1 0 0 1 0 3 2 0.49500 1 0 1 1 0 0 1 0 B 2 1.13500

0 0 1 1 0 0 1 1 3 3 0.50000 1 0 1 1 0 0 1 1 B 3 1.14000

0 0 1 1 0 1 0 0 3 4 0.50500 1 0 1 1 0 1 0 0 B 4 1.14500

0 0 1 1 0 1 0 1 3 5 0.51000 1 0 1 1 0 1 0 1 B 5 1.15000

0 0 1 1 0 1 1 0 3 6 0.51500 1 0 1 1 0 1 1 0 B 6 1.15500

0 0 1 1 0 1 1 1 3 7 0.52000 1 0 1 1 0 1 1 1 B 7 1.16000

0 0 1 1 1 0 0 0 3 8 0.52500 1 0 1 1 1 0 0 0 B 8 1.16500

0 0 1 1 1 0 0 1 3 9 0.53000 1 0 1 1 1 0 0 1 B 9 1.17000

0 0 1 1 1 0 1 0 3 A 0.53500 1 0 1 1 1 0 1 0 B A 1.17500

0 0 1 1 1 0 1 1 3 B 0.54000 1 0 1 1 1 0 1 1 B B 1.18000

0 0 1 1 1 1 0 0 3 C 0.54500 1 0 1 1 1 1 0 0 B C 1.18500

0 0 1 1 1 1 0 1 3 D 0.55000 1 0 1 1 1 1 0 1 B D 1.19000

0 0 1 1 1 1 1 0 3 E 0.55500 1 0 1 1 1 1 1 0 B E 1.19500

0 0 1 1 1 1 1 1 3 F 0.56000 1 0 1 1 1 1 1 1 B F 1.20000

0 1 0 0 0 0 0 0 4 0 0.56500 1 1 0 0 0 0 0 0 C 0 1.20500

0 1 0 0 0 0 0 1 4 1 0.57000 1 1 0 0 0 0 0 1 C 1 1.21000

0 1 0 0 0 0 1 0 4 2 0.57500 1 1 0 0 0 0 1 0 C 2 1.21500

0 1 0 0 0 0 1 1 4 3 0.58000 1 1 0 0 0 0 1 1 C 3 1.22000

0 1 0 0 0 1 0 0 4 4 0.58500 1 1 0 0 0 1 0 0 C 4 1.22500

0 1 0 0 0 1 0 1 4 5 0.59000 1 1 0 0 0 1 0 1 C 5 1.23000

0 1 0 0 0 1 1 0 4 6 0.59500 1 1 0 0 0 1 1 0 C 6 1.23500

0 1 0 0 0 1 1 1 4 7 0.60000 1 1 0 0 0 1 1 1 C 7 1.24000

0 1 0 0 1 0 0 0 4 8 0.60500 1 1 0 0 1 0 0 0 C 8 1.24500

0 1 0 0 1 0 0 1 4 9 0.61000 1 1 0 0 1 0 0 1 C 9 1.25000

0 1 0 0 1 0 1 0 4 A 0.61500 1 1 0 0 1 0 1 0 C A 1.25500

0 1 0 0 1 0 1 1 4 B 0.62000 1 1 0 0 1 0 1 1 C B 1.26000

0 1 0 0 1 1 0 0 4 C 0.62500 1 1 0 0 1 1 0 0 C C 1.26500

0 1 0 0 1 1 0 1 4 D 0.63000 1 1 0 0 1 1 0 1 C D 1.27000

0 1 0 0 1 1 1 0 4 E 0.63500 1 1 0 0 1 1 1 0 C E 1.27500

0 1 0 0 1 1 1 1 4 F 0.64000 1 1 0 0 1 1 1 1 C F 1.28000

0 1 0 1 0 0 0 0 5 0 0.64500 1 1 0 1 0 0 0 0 D 0 1.28500

0 1 0 1 0 0 0 1 5 1 0.65000 1 1 0 1 0 0 0 1 D 1 1.29000

0 1 0 1 0 0 1 0 5 2 0.65500 1 1 0 1 0 0 1 0 D 2 1.29500

0 1 0 1 0 0 1 1 5 3 0.66000 1 1 0 1 0 0 1 1 D 3 1.30000

0 1 0 1 0 1 0 0 5 4 0.66500 1 1 0 1 0 1 0 0 D 4 1.30500

0 1 0 1 0 1 0 1 5 5 0.67000 1 1 0 1 0 1 0 1 D 5 1.31000

0 1 0 1 0 1 1 0 5 6 0.67500 1 1 0 1 0 1 1 0 D 6 1.31500

0 1 0 1 0 1 1 1 5 7 0.68000 1 1 0 1 0 1 1 1 D 7 1.32000

0 1 0 1 1 0 0 0 5 8 0.68500 1 1 0 1 1 0 0 0 D 8 1.32500

0 1 0 1 1 0 0 1 5 9 0.69000 1 1 0 1 1 0 0 1 D 9 1.33000

0 1 0 1 1 0 1 0 5 A 0.69500 1 1 0 1 1 0 1 0 D A 1.33500

0 1 0 1 1 0 1 1 5 B 0.70000 1 1 0 1 1 0 1 1 D B 1.34000

0 1 0 1 1 1 0 0 5 C 0.70500 1 1 0 1 1 1 0 0 D C 1.34500

Tab le 7 - 1 . VR 1 2 .0  Vo l t ag e I d en t i f i cat ion  Def in i t ion   ( Sh eet  2  o f  3 )

VI D
7

VI D
6

VI D
5

VI D
4

VI D
3

VI D
2

VI D
1

VI D
0

HEX VCC_ MAX
VI D

7
VI D

6
VI D

5
VI D

4
VI D

3
VI D

2
VI D

1
VI D

0
HEX VCC_ MAX
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0 1 0 1 1 1 0 1 5 D 0.71000 1 1 0 1 1 1 0 1 D D 1.35000

0 1 0 1 1 1 1 0 5 E 0.71500 1 1 0 1 1 1 1 0 D E 1.35500

0 1 0 1 1 1 1 1 5 F 0.72000 1 1 0 1 1 1 1 1 D F 1.36000

0 1 1 0 0 0 0 0 6 0 0.72500 1 1 1 0 0 0 0 0 E 0 1.36500

0 1 1 0 0 0 0 1 6 1 0.73000 1 1 1 0 0 0 0 1 E 1 1.37000

0 1 1 0 0 0 1 0 6 2 0.73500 1 1 1 0 0 0 1 0 E 2 1.37500

0 1 1 0 0 0 1 1 6 3 0.74000 1 1 1 0 0 0 1 1 E 3 1.38000

0 1 1 0 0 1 0 0 6 4 0.74500 1 1 1 0 0 1 0 0 E 4 1.38500

0 1 1 0 0 1 0 1 6 5 0.75000 1 1 1 0 0 1 0 1 E 5 1.39000

0 1 1 0 0 1 1 0 6 6 0.75500 1 1 1 0 0 1 1 0 E 6 1.39500

0 1 1 0 0 1 1 1 6 7 0.76000 1 1 1 0 0 1 1 1 E 7 1.40000

0 1 1 0 1 0 0 0 6 8 0.76500 1 1 1 0 1 0 0 0 E 8 1.40500

0 1 1 0 1 0 0 1 6 9 0.77000 1 1 1 0 1 0 0 1 E 9 1.41000

0 1 1 0 1 0 1 0 6 A 0.77500 1 1 1 0 1 0 1 0 E A 1.41500

0 1 1 0 1 0 1 1 6 B 0.78000 1 1 1 0 1 0 1 1 E B 1.42000

0 1 1 0 1 1 0 0 6 C 0.78500 1 1 1 0 1 1 0 0 E C 1.42500

0 1 1 0 1 1 0 1 6 D 0.79000 1 1 1 0 1 1 0 1 E D 1.43000

0 1 1 0 1 1 1 0 6 E 0.79500 1 1 1 0 1 1 1 0 E E 1.43500

0 1 1 0 1 1 1 1 6 F 0.80000 1 1 1 0 1 1 1 1 E F 1.44000

0 1 1 1 0 0 0 0 7 0 0.80500 1 1 1 1 0 0 0 0 F 0 1.44500

0 1 1 1 0 0 0 1 7 1 0.81000 1 1 1 1 0 0 0 1 F 1 1.45000

0 1 1 1 0 0 1 0 7 2 0.81500 1 1 1 1 0 0 1 0 F 2 1.45500

0 1 1 1 0 0 1 1 7 3 0.82000 1 1 1 1 0 0 1 1 F 3 1.46000

0 1 1 1 0 1 0 0 7 4 0.82500 1 1 1 1 0 1 0 0 F 4 1.46500

0 1 1 1 0 1 0 1 7 5 0.83000 1 1 1 1 0 1 0 1 F 5 1.47000

0 1 1 1 0 1 1 0 7 6 0.83500 1 1 1 1 0 1 1 0 F 6 1.47500

0 1 1 1 0 1 1 1 7 7 0.84000 1 1 1 1 0 1 1 1 F 7 1.48000

0 1 1 1 1 0 0 0 7 8 0.84500 1 1 1 1 1 0 0 0 F 8 1.48500

0 1 1 1 1 0 0 1 7 9 0.85000 1 1 1 1 1 0 0 1 F 9 1.49000

0 1 1 1 1 0 1 0 7 A 0.85500 1 1 1 1 1 0 1 0 F A 1.49500

0 1 1 1 1 0 1 1 7 B 0.86000 1 1 1 1 1 0 1 1 F B 1.50000

0 1 1 1 1 1 0 0 7 C 0.86500 1 1 1 1 1 1 0 0 F C 1.50500

0 1 1 1 1 1 0 1 7 D 0.87000 1 1 1 1 1 1 0 1 F D 1.51000

0 1 1 1 1 1 1 0 7 E 0.87500 1 1 1 1 1 1 1 0 F E 1.51500

0 1 1 1 1 1 1 1 7 F 0.88000 1 1 1 1 1 1 1 1 F F 1.52000

Tab le 7 - 1 . VR 1 2 .0  Vo l t ag e I d en t i f i cat ion  Def in i t ion   ( Sh eet  3  o f  3 )

VI D
7

VI D
6

VI D
5

VI D
4

VI D
3

VI D
2

VI D
1

VI D
0

HEX VCC_ MAX
VI D

7
VI D

6
VI D

5
VI D

4
VI D

3
VI D

2
VI D

1
VI D

0
HEX VCC_ MAX
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7 .5 Sy st em  Ag en t  ( SA)  VCC VI D

The VCCSA is configured by the processor output  land VCCSA_VI D. VCCSA_VI D output  

default  logic state is low for 2nd generat ion and 3rd generat ion Desktop Core 

processors, and configures VCCSA to 0.925 V.

7 .6 Reser v ed  o r  Un u sed  Sig n als

The following are the general types of reserved (RSVD)  signals and connect ion 

guidelines:

• RSVD – these signals should not  be connected.

• RSVD_TP – these signals must  be routed to a test  point . Failure to route these 

signal to test  points will rest r ict  I ntel’s ability to assist  in plat form  debug.

• RSVD_NCTF – these signals are non-cr it ical to funct ion and m ay be left  un-

connected.

Arbit rary connect ion of these signals to VCC,  VCCIO, VDDQ, VCCPLL, VCCSA, VAXG, VSS,  or 

to any other signal ( including each other)  m ay result  in com ponent  m alfunct ion or 

incom pat ibility with future processors. See Chapter 8 for a land list ing of the processor 

and the locat ion of all reserved signals.

For reliable operat ion, always connect  unused inputs or bi-direct ional signals to an 

appropriate signal level. Unused act ive high inputs should be connected through a 

resistor to ground (VSS) . Unused outputs m aybe left  unconnected;  however, this may 

interfere with some Test  Access Port  (TAP)  funct ions, complicate debug probing, and 

prevent  boundary scan test ing. A resistor m ust  be used when tying bi-direct ional 

signals to power or ground. When tying any signal to power or ground, a resistor will 

also allow for system testability. For details, see Table 7-8.

7 .7 Sig n al  Gr ou p s

Signals are grouped by buffer type and sim ilar characterist ics as listed in Table 7-2. The 

buffer type indicates which signaling technology and specificat ions apply to the signals. 

All the different ial signals and selected DDR3 and Cont rol Sideband signals have On-Die 

Term inat ion (ODT)  resistors. There are som e signals that  do not  have ODT and need to 

be term inated on the board.
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Tab le 7 - 2 . Sig n al  Gr ou p s ( Sh eet  1  o f  2 ) 1

Sig n al  Gr ou p Ty p e Sig n a ls

Sy st em  Ref er en ce Clock

Different ial CMOS I nput BCLK[ 0] , BCLK# [ 0]

DDR3  Ref er en ce Clock s2

Different ial DDR3 Output
SA_CK[ 3: 0] , SA_CK# [ 3: 0]

SB_CK[ 3: 0] , SB_CK# [ 3: 0]

DDR3  Com m an d  Sig n a ls2

Single Ended DDR3 Output

SA_RAS# , SB_RAS# , SA_CAS# , SB_CAS#

SA_WE# , SB_WE#

SA_MA[ 15: 0] , SB_MA[ 15: 0]

SA_BS[ 2: 0] , SB_BS[ 2: 0]

SM_DRAMRST#

SA_CS# [ 3: 0] , SB_CS# [ 3: 0]

SA_ODT[ 3: 0] , SB_ODT[ 3: 0]

SA_CKE[ 3: 0] , SB_CKE[ 3: 0]

DDR3  Dat a  Sig n a ls2

Single ended DDR3 Bi-direct ional SA_DQ[ 63: 0] , SB_DQ[ 63: 0]

Different ial DDR3 Bi-direct ional
SA_DQS[ 8: 0] , SA_DQS# [ 8: 0]

SB_DQS[ 8: 0] , SB_DQS# [ 8: 0]

TAP ( I TP/ XDP)

Single Ended CMOS I nput TCK, TDI , TMS, TRST#

Single Ended CMOS Output TDO

Single Ended Asynchronous CMOS Output TAPPWRGOOD

Con t r o l  Sid eb an d

Single Ended CMOS I nput CFG[ 17: 0]

Single Ended
Asynchronous CMOS/ Open 
Drain Bi-direct ional

PROCHOT#

Single Ended Asynchronous CMOS Output THERMTRI P# , CATERR#

Single Ended Asynchronous CMOS I nput
SM_DRAMPWROK, UNCOREPWRGOOD3,  
PM_SYNC, RESET#  

Single Ended Asynchronous Bi-direct ional PECI

Single Ended

CMOS I nput

Open Drain Output

Bi-direct ional 

VI DALERT#

VI DSCLK

VI DSOUT

Pow er / Gr ou n d / Ot h er

Power VCC, VCC_NCTF, VCCI O, VCCPLL, VDDQ, VCCAXG

Ground VSS

No Connect  and test  point RSVD, RSVD_NCTF, RSVD_TP, FC_x

Sense Points
VCC_SENSE, VSS_SENSE, VCCI O_SENSE, 
VSS_SENSE_VCCI O, VAXG_SENSE, 
VSSAXG_SENSE

Other SKTOCC# , DBR#
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Not es:
1. Refer to Chapter 8 for signal descr ipt ion details.
2. SA and SB refer to DDR3 Channel A and DDR3 Channel B.
3. The m axim um  rise/ fall t im e of UNCOREPWRGOOD is 20 ns.
4. PE_TX[ 3: 0] / PE_TX# [ 3: 0]  and PE_RX[ 3: 0] / PE_RX# [ 3: 0]  signals are only used for plat form s that  support  

20 PCI e*  lanes. These signals are reserved on Desktop 3rd Generat ion I ntel Core™ i7/ i5 processors. 

Not e: All Cont rol Sideband Asynchronous signals are required to be asserted/ de-asserted for 
at  least  1 0  BCLKs  with maxim um Tr ise/ Tfall of 6 ns in order for the processor to 
recognize the proper signal state. See Sect ion 7.10 for the DC specificat ions.

7 .8 Test  Access Po r t  ( TAP)  Con n ect ion

Due to the voltage levels supported by other com ponents in the Test  Access Port  (TAP)  

logic, I ntel recommends the processor be first  in the TAP chain, followed by any other 

components within the system. A t ranslat ion buffer should be used to connect  to the 

rest  of the chain unless one of the other com ponents is capable of accept ing an input  of 

the appropriate voltage. Two copies of each signal may be required with each driving a 

different  voltage level.

The processor supports Boundary Scan (JTAG)  I EEE 1149.1-2001 and I EEE 1149.6-

2003 standards. A small port ion of the I / O lands m ay support  only one of those 

standards.

PCI  Ex p r ess*

Different ial PCI  Express I nput
PEG_RX[ 15: 0] , PEG_RX# [ 15: 0] ,

PE_RX[ 3: 0] 4,  PE_RX# [ 3: 0] 4

Different ial PCI  Express Output
PEG_TX[ 15: 0] , PEG_TX# [ 15: 0] ,

PE_TX[ 3: 0] 4,  PE_TX# [ 3: 0] 4

Single Ended Analog I nput PEG_I COMP0, PEG_COMPI , PEG_RCOMP0

DMI

Different ial DMI  I nput DMI _RX[ 3: 0] , DMI _RX# [ 3: 0]

Different ial DMI  Output DMI _TX[ 3: 0] , DMI _TX# [ 3: 0]

I n t e l®  FDI

Single Ended FDI  I nput FDI _FSYNC[ 1: 0] , FDI _LSYNC[ 1: 0] , FDI _I NT

Different ial FDI  Output FDI _TX[ 7: 0] , FDI _TX# [ 7: 0]

Single Ended Analog I nput FDI _COMPI O, FDI _I COMPO

Tab le 7 - 2 . Sig n al  Gr ou p s ( Sh eet  2  o f  2 ) 1

Sig n a l  Gr ou p Ty p e Sig n a ls
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7 .9 St o r ag e Con d i t ion s Sp eci f i ca t ion s

Environmental storage condit ion lim its define the tem perature and relat ive hum idity to 

which the device is exposed to while being stored in a m oisture barr ier bag. The 

specified storage condit ions are for com ponent  level pr ior to board at tach.

Table 7-3 specifies absolute m axim um  and m inim um  storage tem perature lim its that  

represent  the m aximum  or m inim um device condit ion beyond which dam age, latent  or 

otherwise, m ay occur. The table also specifies sustained storage tem perature, relat ive 

hum idity, and t ime-durat ion lim its. These lim its specify the maximum or m inimum 

device storage condit ions for a sustained period of t ime. Failure to adhere to the 

following specificat ions can affect  long term  reliabilit y of the processors condit ions 

outside sustained lim its, but  within absolute m aximum  and m inim um  rat ings, quality 

and reliabilit y m ay be affected.

Not es:
1. Refers to a com ponent  device that  is not  assem bled in a board or socket  and is not  elect r ically connected to 

a voltage reference or I / O signal.
2. Specified tem peratures are not  to exceed values based on data collected. Except ions for surface m ount  

reflow are specified by the applicable JEDEC standard. Non-adherence m ay affect  processor reliabilit y.
3. Tabsolute storage applies to the unassem bled com ponent  only and does not  apply to the shipping m edia, 

m oisture barr ier bags, or desiccant .
4. Com ponent  product  device storage tem perature qualif icat ion m ethods m ay follow JESD22-A119 ( low tem p)  

and JESD22-A103 (high tem p)  standards when applicable for volat ile m em ory.
5. I ntel branded products are specified and cert if ied to m eet  the following tem perature and hum idity lim its 

that  are given as an exam ple only (Non-Operat ing Tem perature Lim it :  -40 ° C to 70 ° C and Hum idity:  50%  
to 90% , non-condensing with a m axim um  wet  bulb of 28 ° C.)  Post  board at tach storage tem perature lim its 
are not  specified for non- I ntel branded boards.

6. The JEDEC J-JSTD-020 m oisture level rat ing and associated handling pract ices apply to all m oisture 
sensit ive devices rem oved from  the m oisture barrier bag. 

7. Nom inal tem perature and hum idity condit ions and durat ions are given and tested within the const raints 
im posed by Tsustained storage and custom er shelf life in applicable I ntel boxes and bags.

Tab le 7 - 3 . St o r age Con d i t ion  Rat in gs 

Sy m b o l Par am et er Min Max No t es

Tabsolute storage

The non-operat ing device storage tem perature. 
Dam age ( latent  or otherwise)  m ay occur when 
exceeded for any length of t im e.

-25 ° C 125 ° C 1, 2, 3, 4

Tsustained storage
The am bient  storage tem perature ( in shipping 
m edia)  for a sustained per iod of t im e

-5 ° C 40 ° C 5, 6

Tshort  term  storage
The am bient  storage tem perature ( in shipping 
m edia)  for a short  per iod of t im e.

-20 ° C 85 ° C

RHsustained storage
The m axim um  device storage relat ive hum idity 
for a sustained period of t im e.

60%  at  24 ° C 6, 7

Tim esustained storage
A prolonged or extended per iod of t im e;  typically 
associated with custom er shelf life.

0 Months 30 Months 7

Tim eshort  term  storage A short-period of t im e; 0 hours 72 hours
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7 .1 0 DC Sp eci f i ca t ion s

Th e p r ocesso r  DC sp eci f i cat ion s in  t h is sect ion  ar e d ef in ed  at  t h e p r ocesso r  

p ad s, u n less n o t ed  o t h er w ise. See Chapter 8 for the processor land list ings and 

Chapter 6 for signal definit ions. Voltage and current  specificat ions are detailed in 

Table 7-4, Table 7-5, and Table 7-6. 

The DC specificat ions for the DDR3 signals are listed in Table 7-7 Cont rol Sideband and 

Test  Access Port  (TAP)  are listed in Table 7-8.

Table 7-4 through Table 7-6 list  the DC specificat ions for the processor and are valid 

only while m eet ing the therm al specificat ions (as specified in the Thermal /  Mechanical 

Specificat ions and Guidelines) , clock frequency, and input  voltages. Care should be 

taken to read all notes associated with each param eter.

7 .1 0 .1 Vo l t ag e an d  Cu r r en t  Sp eci f i cat ion s

Not e: Noise m easurem ents on SENSE lands for all voltage supplies should be m ade with a 
20-MHz bandwidth oscilloscope.

Tab le 7 - 4 . Pr ocessor  Cor e Act iv e an d  I d le Mode DC Vo l t ag e an d  Cu r r en t  Sp eci f i cat ion s  
( Sh eet  1  o f  2 )

Sy m b o l Par am et er Min Ty p Max Un i t No t e

VI D VI D Range 0.2500 — 1.5200 V 1

LLVCC

VCC Loadline Slope 

2011D, 2011C, 2011B (processors with 
77 W, 65 W, 55 W, 45 W TDP)

1.7 m  2, 4, 5

VCCTOB

VCC Tolerance Band

2011D, 2011C, 2011B (processors with 
77 W, 65 W, 55 W, 45 W TDP)

PS0

PS1

PS2

± 16

± 13

± 11.5

m V
2, 4, 5, 

6

VCCRipple

Ripple:

2011D, 2011C, 2011B (processors with 
77 W, 65 W, 55 W, 45 W TDP)

PS0

PS1

PS2

± 7

± 10

-10/ + 25

m V
2, 4, 5, 

6

LLVCC
VCC Loadline Slope 2011A (processors 
with 35 W TDP)

2.9 m  2, 4, 5, 
7

VCCTOB

VCC Tolerance Band

2011A (processors with 35 W TDP)

PS0

PS1

PS2

± 19

± 19

± 11.5

m V
2, 4, 5, 

6, 7

VCCRipple

Ripple:

2011A (processors with 35 W TDP)

PS0

PS1

PS2

± 10

± 10

-10/ + 25

m V
2, 4, 5, 

6, 7

VCC,BOOT Default  VCC voltage for init ial power up — 0 — V

I CC 2011D I CC (processors with 77 W, TDP) — — 112 A 3

I CC 2011C I CC (processors with 55 W TDP) — — 75 A 3
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Not es:
1. Each processor is program m ed with a m axim um  valid voltage ident ificat ion value (VI D) , which is set  at  

m anufacturing and cannot  be altered. I ndividual m axim um  VI D values are calibrated during m anufactur ing 
such that  two processors at  the sam e frequency m ay have different  set t ings within the VI D range. This 
differs from  the VI D em ployed by the processor dur ing a power m anagem ent  event  (Adapt ive Therm al 
Monitor, Enhanced I ntel SpeedStep Technology, or Low Power States) .

2. The voltage specificat ion requirem ents are m easured across VCC_SENSE and VSS_SENSE lands at  the 
socket  with a 20-MHz bandwidth oscilloscope, 1.5 pF m axim um  probe capacitance, and 1-M m inim um  
im pedance. The m axim um  length of ground wire on the probe should be less than 5 m m . Ensure external 
noise from  the system  is not  coupled into the oscilloscope probe. 

3. I CC_MAX specificat ion is based on the VCC loadline at  worst  case (highest )  tolerance and r ipple.
4. The VCC specificat ions represent  stat ic and t ransient  lim its. 
5. The loadlines specify voltage lim its at  the die m easured at  the VCC_SENSE and VSS_SENSE lands. Voltage 

regulat ion feedback for voltage regulator circuits m ust  also be taken from  processor VCC_SENSE and 
VSS_SENSE lands. 

6. PSx refers to the voltage regulator power state as set  by the SVI D protocol.
7. 2011A (processors with 35 W TDP)  loadline slope, TOB, and r ipple specificat ions allow for a cost  reduced 

voltage regulator for boards support ing only the 2011A (processors with 35 W TDP) . 2011A (processors 
with 35 W TDP) processors m ay also use the loadline slope, TOB, and r ipple specificat ions for 2011D, 
2011C, and 2011B.

I CC 2011B I CC (processors with 45 W TDP) — — 60 A 3

I CC 2011A I CC (processors with 35 W TDP) — — 35 A 3

I CC_TDC
2011D Sustained I CC (processors with 
77 W, TDP)

— — 85 A

I CC_TDC
2011C Sustained I CC (processors with 
55 W TDP)

— — 55 A

I CC_TDC
2011B Sustained I CC (processors with 
45 W TDP)

— — 40 A

I CC_TDC
2011A Sustained I CC (processors with 
35 W TDP)

— — 25 A

Tab le 7 - 4 . Pr ocesso r  Cor e Act iv e an d  I d le Mod e DC Vo l t ag e an d  Cu r r en t  Sp eci f i cat ion s  
( Sh eet  2  o f  2 )

Sy m b o l Par am et er Min Ty p Max Un i t No t e



Elect r i ca l  Sp eci f i ca t ion s 

86 Datasheet , Volum e 1

Not es:
1. VCCSA m ust  be provided using a separate voltage source and not  be connected to VCC.  This specificat ion is 

m easured at  VCCSA_SENSE.
2. ± 5%  total.  Minim um  of ± 2%  DC and 3%  AC at  the sense point . di/ dt  =  50 A/ us with 150 ns step.

Tab le 7 - 5 . Pr ocessor  Sy st em  Agen t  I / O Bu f f er  Su p p ly  DC Vo l t ag e an d  Cu r r en t  
Sp eci f i cat ion s  

Sy m b o l Par am et er Min Ty p Max Un i t No t e 

VCCSA Voltage for the system  agent 0.879 0.925 0.971 V 1

VDDQ
Processor I / O supply voltage for 
DDR3 

— 1.5 — V

TOLDDQ VDDQ Tolerance

DC=  ± 3%

AC=  ± 2%

AC+ DC=  ± 5%

%

VCCPLL
PLL supply voltage (DC +  AC 
specificat ion)

1.71 1.8 1.89 V

VCCI O
Processor I / O supply voltage for 
other than DDR3

-2/ -3% 1.05 + 2/ + 3% V 2

I SA Current  for  the system  agent — — 8.8 A

I SA_TDC
Sustained current  for the system  
agent

— — 8.2 A

I DDQ
Processor I / O supply current  for 
DDR3

— — 4.75 A

I DDQ_TDC
Processor I / O supply sustained 
current  for DDR3

— — 4.75 A

I DDQ_STANDBY
Processor I / O supply standby 
current  for DDR3

— — 1 A

I CC_VCCPLL PLL supply current — — 1.5 A

I CC_VCCPLL_TDC PLL sustained supply current — — 0.93 A

I CC_VCCI O Processor I / O supply current — — 8.5 A

I CC_VCCI O_TDC
Processor I / O supply sustained 
current

— — 8.5 A
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Not es:
1. VAXG is VI D based rail.
2. The VAXG_MI N and VAXG_MAX loadlines represent  stat ic and t ransient  lim its.
3. The loadlines specify voltage lim its at  the die m easured at  the VAXG_SENSE and VSSAXG_SENSE lands. 

Voltage regulat ion feedback for voltage regulator circuits m ust  also be taken from  processor VAXG_SENSE 
and VSSAXG_SENSE lands. 

4. PSx refers to the voltage regulator power state as set  by the SVI D protocol. 
5. Each processor is program m ed with a m axim um  valid voltage ident ificat ion value (VI D)  that  is set  at  

m anufacturing and cannot  be altered. I ndividual m axim um  VI D values are calibrated during m anufactur ing 
such that  two processors at  the sam e frequency m ay have different  set t ings within the VI D range. This 
differs from  the VI D em ployed by the processor dur ing a power m anagem ent  event  (Adapt ive Therm al 
Monitor, Enhanced I ntel SpeedStep Technology, or Low Power States) .

Tab le 7 - 6 . Pr ocesso r  Gr ap h ics VI D b ased  ( VAXG)  Su p p ly  DC Vo l t ag e an d  Cu r r en t  
Sp eci f i cat ion s 

Sy m b o l Par am et er Min Ty p Max Un i t No t e

VAXG GFX_VI D 
Range

GFX_VI D Range for VAXG 0.2500 — 1.5200 V 1

LLAXG VAXG Loadline Slope 4.1 m  2, 3

VAXGTOB

VCC Tolerance Band

PS0, PS1

PS2

19

11.5

m V 2, 3, 4

VAXGRipple

Ripple:

PS0

PS1

PS2

± 10
± 10

-10/ + 15

m V 2, 3, 4

I AXG
Current  for Processor Graphics 
core

— — 35 A

I AXG_TDC
Sustained current  for Processor 
Graphics core

— — 25 A

Tab le 7 - 7 . DDR3  Sign al  Gr ou p  DC Sp eci f i cat ion s ( Sh eet  1  o f  2 )

Sy m b o l Par am et er Min Ty p Max Un i t s No t es1 ,7

VI L
I nput  Low Voltage

— —
SM_VREF 

– 0.1
V 2, 4, 9

VI H
I nput  High Voltage SM_VREF 

+  0.1
— — V 3, 9

VI L
I nput  Low Voltage 
(SM_DRAMPWROK)

— —
VDDQ* 0.55 

– 0.1
V 8

VI H

I nput  High Voltage

(SM_DRAMPWROK)

VDDQ* 0.55 
+  0.1

— — V 8

VOL
Output  Low Voltage

—
(VDDQ /  2) *  (RON 

/ (RON+ RTERM) )
— 6

VOH
Output  High Voltage

—
VDDQ -  ( (VDDQ /  2) *  
(RON/ (RON+ RTERM) )

— V 4, 6

RON_UP(DQ)
DDR3 Data Buffer pull-
up Resistance

20 28.6 40  5

RON_DN(DQ)
DDR3 Data Buffer pull-
down Resistance

20 28.6 40  5

RODT(DQ)

DDR3 On-die 
term inat ion equivalent  
resistance for data 
signals

40 50 60 

VODT(DC)

DDR3 On-die 
term inat ion DC working 
point  (dr iver set  to 
receive m ode)

0.4* VDDQ 0.5* VDDQ 0.6* VDDQ V
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Not es:
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies.
2. VI L is defined as the m axim um  voltage level at  a receiving agent  that  will be interpreted as a logical low 

value.
3. VI H is defined as the m inim um  voltage level at  a receiving agent  that  will be interpreted as a logical high 

value.
4. VI H and VOH m ay exper ience excursions above VDDQ.  However, input  signal dr ivers m ust  com ply with the 

signal quality specificat ions.
5. This is the pull-up/ pull-down dr iver resistance. 
6. RTERM is the term inat ion on the DI MM and in not  cont rolled by the processor.
7. The m inim um  and m axim um  values for these signals are program m able by BI OS to one of the two sets. 
8. SM_DRAMPWROK m ust  have a m axim um  of 15 ns r ise or fall t im e over VDDQ *  0.55 ± 200 m V and the edge 

m ust  be m onotonic.
9. SM_VREF is defined as VDDQ/ 2
10. Ron tolerance is prelim inary and m ight  be subject  to change.

RON_UP(CK)
DDR3 Clock Buffer pull-
up Resistance

20 26 40  5, 10

RON_DN(CK)
DDR3 Clock Buffer pull-
down Resistance

20 26 40  5, 10

RON_UP(CMD)
DDR3 Com m and Buffer 
pull-up Resistance

15 20 25  5, 10

RON_DN(CMD)
DDR3 Com m and Buffer 
pull-down Resistance

15 20 25  5, 10

RON_UP(CTL)
DDR3 Control Buffer 
pull-up Resistance

15 20 25  5, 10

RON_DN(CTL)
DDR3 Control Buffer 
pull-down Resistance

15 20 25  5, 10

I LI

I nput  Leakage Current  
(DQ, CK)

0V

0.2* VDDQ

0.8* VDDQ

VDDQ

— —
±  0.75

±  0.55

±  0.9

±  1.4 

m A

I LI

I nput  Leakage Current  
(CMD, CTL)

0V

0.2* VDDQ

0.8* VDDQ

VDDQ

— —
±  0.85

±  0.65

±  1.10

±  1.65

m A

Tab le 7 - 7 . DDR3  Sig n al  Gr ou p  DC Sp eci f i cat ion s ( Sh eet  2  o f  2 )

Sy m b o l Par am et er Min Ty p Max Un i t s No t es1 ,7
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Not es:
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies.
2. The VCCI O referred to in these specificat ions refers to instantaneous VCCI O.
3. For VI N between “0”  V and VCCI O.  Measured when the driver is t r i- stated.
4. VI H and VOH m ay experience excursions above VCCI O.  However, input  signal dr ivers m ust  com ply with the 

signal qualit y specificat ions.

Not es:
1. Refer to the PCI  Express Base Specificat ion for m ore details.
2. Low im pedance defined dur ing signaling. Param eter is captured for 5.0 GHz by RLTX-DI FF.
3. DC im pedance lim its are needed to ensure Receiver detect .  
4. The Rx DC Com m on Mode I m pedance m ust  be present  when the Receiver term inat ions are first  enabled to 

ensure that  the Receiver Detect  occurs properly. Com pensat ion of this im pedance can start  im m ediately 
and the 15 Rx Com m on Mode I m pedance (const rained by RLRX-CM to 50  ± 20% )  m ust  be within the 
specified range by the t im e Detect  is entered.

5. COMP resistance m ust  be provided on the system  board with 1%  resistors. 
6. PEG_I COMPO, PEG_I COMPI , PEG_RCOMPO are the sam e resistor. I ntel allows using 24.9  1%  resistors.

Tab le 7 - 8 . Con t r o l  Sid eb an d  an d  TAP Sig n al  Gr ou p  DC Sp eci f i cat ion s 

Sy m b o l Par am et er Min Max Un i t s No t es1

VI L I nput  Low Voltage — VCCI O *  0.3 V 2

VI H I nput  High Voltage VCCI O *  0.7 — V 2, 4

VOL Output  Low Voltage — VCCI O *  0.1 V 2

VOH Output  High Voltage VCCI O *  0.9 — V 2, 4

RON Buffer on Resistance 23 73 

I LI I nput  Leakage Current — ± 200 A 3

Tab le 7 - 9 . PCI  Ex p r ess*  DC Sp eci f i cat ion s 

Sy m b o l Par am et er Min Ty p Max Un i t s No t es1

ZTX-DI FF-DC
DC Different ial Tx I m pedance (Gen 1 
Only)

80 — 120  2

ZTX-DI FF-DC
DC Different ial Tx I m pedance (Gen 2 
and Gen 3)

— — 120  2

ZRX-DC DC Com m on Mode Rx I m pedance 40 — 60  3, 4

ZRX-DI FF-DC
DC Different ial Rx I m pedance (Gen 1 
Only)

80 — 120 

PEG_I COMPO Com p Resistance 24.75 25 25.25  5, 6

PEG_I COMPI Com p Resistance 24.75 25 25.25  5, 6

PEG_RCOMPO Com p Resistance 24.75 25 25.25  5, 6
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7 .1 1 Plat f o r m  En v i r on m en t a l  Con t r o l  I n t er f ace ( PECI )  
DC Sp eci f i ca t ion s

PECI  is an I ntel proprietary interface that  provides a comm unicat ion channel between 

I ntel processors and chipset  components to external therm al m onitor ing devices. The 

processor contains a Digital Thermal Sensor (DTS)  that  reports a relat ive die 

tem perature as an offset  from  Therm al Cont rol Circuit  (TCC)  act ivat ion tem perature. 

Temperature sensors located throughout  the die are implemented as analog- to-digital 

converters calibrated at  the factory. PECI  provides an interface for external devices to 

read the DTS tem perature for therm al managem ent  and fan speed cont rol. More 

detailed informat ion may be found in the Plat form  Environm ent  Cont rol I nterface 

(PECI )  Specificat ion.

7 .1 1 .1 PECI  Bu s Ar ch i t ect u r e

The PECI  architecture based on w ir ed  OR b u s  which the clients (as processor PECI )  

can pull up high (with st rong drive) .

The idle state on the bus is near zero.

Figure 7-1 dem onst rates PECI  design and connect ivity, while the host / or iginator can be 

3rd party PECI  host , and one of the PECI  clients is the processor PECI  device.

Fig u r e 7 - 1 . Ex am p le f o r  PECI  Host - Cl ien t s Con n ect ion  

VTT

Q1

nX

Q2
1X

CPECI

<10 pF / Node

VTT

Q3

nX

PECI ClientHost / Originator

Additional PECI 

Clients

PECI
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7 .1 1 .2 DC Ch ar act er ist i cs

The PECI  interface operates at  a nom inal voltage set  by VCCI O.  The DC elect r ical 

specificat ions shown in Table 7-10 are used with devices norm ally operat ing from  a 

VCCI O interface supply. VCCIO nom inal levels will vary between processor fam ilies. All 

PECI  devices will operate at  the VCCIO level determ ined by the processor installed in the 

system. For specific nom inal VCCIO levels, refer to Table 7-5.

Not es:
1. VCCI O supplies the PECI  interface. PECI  behavior does not  affect  VCCI O m in/ m ax specificat ions.
2. The leakage specificat ion applies to powered devices on the PECI  bus.
3. The PECI  buffer internal pull up resistance m easured at  0.75* VCCI O.

7 .1 1 .3 I n p u t  Dev ice Hy st er esis

The input  buffers in both client  and host  m odels m ust  use a Schm it t- t r iggered input  

design for im proved noise im m unity. Use Figure 7-2 as a guide for input  buffer design.

§  §

Tab le 7 - 1 0 . PECI  DC Elect r i ca l  Lim i t s 

Sy m b o l Def in i t ion  an d  Con d i t ion s Min Max Un i t s No t es1

Rup Output  resistance 15 45  3

Vin I nput  Voltage Range -0.15 VCCI O V

Vhysteresis Hysteresis 0.1 *  VCCI O N/ A V

Vn Negat ive-Edge Threshold Voltage 0.275 *  VCCI O 0.500 *  VCCI O V

Vp Posit ive-Edge Threshold Voltage 0.550 *  VCCI O 0.725 *  VCCI O V

Cbus Bus Capacitance per Node N/ A 10 pF

Cpad Pad Capacitance 0.7 1.8 pF

I leak000 leakage current  at  0V — 0.6 m A

I leak025 leakage current  at  0.25* VCCI O — 0.4 m A

I leak050 leakage current  at  0.50* VCCI O — 0.2 m A

I leak075 leakage current  at  0.75* VCCI O — 0.13 m A

I leak100 leakage current  at  VCCI O — 0.10 m A

Figu r e 7 - 2 . I n p u t  Dev ice Hy st er esis

Minimum VP

Maximum VP

Minimum VN

Maximum VN

PECI High Range

PECI Low Range

Valid Input

Signal Range

Minimum

Hysteresis

VTTD

PECI Ground
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8 Pr ocesso r  Lan d  an d  Sig n al  
I n f o r m at ion

8 .1 Pr ocesso r  Lan d  Assig n m en t s

The processor land m ap is shown in Figure 8-1. Table 8-1 provides a list ing of all 

processor lands ordered alphabet ically by land name.

Not e: SA_ECC_CB[ 7: 0]  and SB_ECC_CB[ 7: 0]  Lands are RSVD on Desktop 3rd Generat ion 
I ntel®  Core™ i7/ i5 processors.

Not e: PE_TX[ 3: 0] / PE_TX# [ 3: 0]  and PE_RX[ 3: 0] / PE_RX# [ 3: 0]  Lands are RSVD on Desktop 
3rd Generat ion I ntel®  Core™ i7/ i5 processors, Desktop I ntel Pent ium  processors, and 
Desktop I ntel Celeron processors.
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Figu r e 8 - 1 . LGA Sock et  Lan d  Map
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Tab le 8 - 1 . Pr ocesso r  Lan d  List  b y  
Lan d  Nam e

Lan d  Nam e Lan d  # Bu f f er  Ty p e Di r .

BCLK_I TP C40 Diff Clk I

BCLK_I TP# D40 Diff Clk I

BCLK[ 0] W2 Diff Clk I

BCLK# [ 0] W1 Diff Clk I

BPM# [ 0] H40 GTL I / O

BPM# [ 1] H38 GTL I / O

BPM# [ 2] G38 GTL I / O

BPM# [ 3] G40 GTL I / O

BPM# [ 4] G39 GTL I / O

BPM# [ 5] F38 GTL I / O

BPM# [ 6] E40 GTL I / O

BPM# [ 7] F40 GTL I / O

CATERR# E37 GTL O

CFG[ 0] H36 CMOS I

CFG[ 1] J36 CMOS I

CFG[ 2] J37 CMOS I

CFG[ 3] K36 CMOS I

CFG[ 4] L36 CMOS I

CFG[ 5] N35 CMOS I

CFG[ 6] L37 CMOS I

CFG[ 7] M36 CMOS I

CFG[ 8] J38 CMOS I

CFG[ 9] L35 CMOS I

CFG[ 10] M38 CMOS I

CFG[ 11] N36 CMOS I

CFG[ 12] N38 CMOS I

CFG[ 13] N39 CMOS I

CFG[ 14] N37 CMOS I

CFG[ 15] N40 CMOS I

CFG[ 16] G37 CMOS I

CFG[ 17] G36 CMOS I

DBR# E39 Async CMOS O

DMI _RX[ 0] W5 DMI I

DMI _RX[ 1] V3 DMI I

DMI _RX[ 2] Y3 DMI I

DMI _RX[ 3] AA4 DMI I

DMI _RX# [ 0] W4 DMI I

DMI _RX# [ 1] V4 DMI I

DMI _RX# [ 2] Y4 DMI I

DMI _RX# [ 3] AA5 DMI I

DMI _TX[ 0] V7 DMI O

DMI _TX[ 1] W7 DMI O

DMI _TX[ 2] Y6 DMI O

DMI _TX[ 3] AA7 DMI O

DMI _TX# [ 0] V6 DMI O

DMI _TX# [ 1] W8 DMI O

DMI _TX# [ 2] Y7 DMI O

DMI _TX# [ 3] AA8 DMI O

SB_DI MM_VREFDQ AH1 Analog O

SA_DI MM_VREFDQ AH4 Analog O

FDI _COMPI O AE2 Analog I

FDI _FSYNC[ 0] AC5 CMOS I

FDI _FSYNC[ 1] AE5 CMOS I

FDI _I COMPO AE1 Analog I

FDI _I NT AG3 CMOS I

FDI _LSYNC[ 0] AC4 CMOS I

FDI _LSYNC[ 1] AE4 CMOS I

FDI _TX[ 0] AC8 FDI O

FDI _TX[ 1] AC2 FDI O

FDI _TX[ 2] AD2 FDI O

FDI _TX[ 3] AD4 FDI O

FDI _TX[ 4] AD7 FDI O

FDI _TX[ 5] AE7 FDI O

FDI _TX[ 6] AF3 FDI O

FDI _TX[ 7] AG2 FDI O

FDI _TX# [ 0] AC7 FDI O

FDI _TX# [ 1] AC3 FDI O

FDI _TX# [ 2] AD1 FDI O

FDI _TX# [ 3] AD3 FDI O

FDI _TX# [ 4] AD6 FDI O

FDI _TX# [ 5] AE8 FDI O

FDI _TX# [ 6] AF2 FDI O

FDI _TX# [ 7] AG1 FDI O

NCTF A38

NCTF AU40

NCTF AW38

NCTF C2

NCTF D1

PE_RX[ 0] P3 PCI  Express I

PE_RX[ 1] R2 PCI  Express I

PE_RX[ 2] T4 PCI  Express I

PE_RX[ 3] U2 PCI  Express I

PE_RX# [ 0] P4 PCI  Express I

PE_RX# [ 1] R1 PCI  Express I

PE_RX# [ 2] T3 PCI  Express I

PE_RX# [ 3] U1 PCI  Express I

PE_TX[ 0] P8 PCI  Express O

PE_TX[ 1] T7 PCI  Express O

PE_TX[ 2] R6 PCI  Express O

PE_TX[ 3] U5 PCI  Express O

PE_TX# [ 0] P7 PCI  Express O

PE_TX# [ 1] T8 PCI  Express O

PE_TX# [ 2] R5 PCI  Express O

PE_TX# [ 3] U6 PCI  Express O

Tab le 8 - 1 . Pr ocesso r  Lan d  List  by  
Lan d  Nam e

Lan d  Nam e Lan d  # Bu f f er  Ty p e Di r .
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PECI J35 Async I / O

PEG_COMPI B4 Analog I

PEG_I COMPO B5 Analog I

PEG_RCOMPO C4 Analog I

PEG_RX[ 0] B11 PCI  Express I

PEG_RX[ 1] D12 PCI  Express I

PEG_RX[ 2] C10 PCI  Express I

PEG_RX[ 3] E10 PCI  Express I

PEG_RX[ 4] B8 PCI  Express I

PEG_RX[ 5] C6 PCI  Express I

PEG_RX[ 6] A5 PCI  Express I

PEG_RX[ 7] E2 PCI  Express I

PEG_RX[ 8] F4 PCI  Express I

PEG_RX[ 9] G2 PCI  Express I

PEG_RX[ 10] H3 PCI  Express I

PEG_RX[ 11] J1 PCI  Express I

PEG_RX[ 12] K3 PCI  Express I

PEG_RX[ 13] L1 PCI  Express I

PEG_RX[ 14] M3 PCI  Express I

PEG_RX[ 15] N1 PCI  Express I

PEG_RX# [ 0] B12 PCI  Express I

PEG_RX# [ 1] D11 PCI  Express I

PEG_RX# [ 2] C9 PCI  Express I

PEG_RX# [ 3] E9 PCI  Express I

PEG_RX# [ 4] B7 PCI  Express I

PEG_RX# [ 5] C5 PCI  Express I

PEG_RX# [ 6] A6 PCI  Express I

PEG_RX# [ 7] E1 PCI  Express I

PEG_RX# [ 8] F3 PCI  Express I

PEG_RX# [ 9] G1 PCI  Express I

PEG_RX# [ 10] H4 PCI  Express I

PEG_RX# [ 11] J2 PCI  Express I

PEG_RX# [ 12] K4 PCI  Express I

PEG_RX# [ 13] L2 PCI  Express I

PEG_RX# [ 14] M4 PCI  Express I

PEG_RX# [ 15] N2 PCI  Express I

PEG_TX[ 0] C13 PCI  Express O

PEG_TX[ 1] E14 PCI  Express O

PEG_TX[ 2] G14 PCI  Express O

PEG_TX[ 3] F12 PCI  Express O

PEG_TX[ 4] J14 PCI  Express O

PEG_TX[ 5] D8 PCI  Express O

PEG_TX[ 6] D3 PCI  Express O

PEG_TX[ 7] E6 PCI  Express O

PEG_TX[ 8] F8 PCI  Express O

PEG_TX[ 9] G10 PCI  Express O

PEG_TX[ 10] G5 PCI  Express O

Tab le 8 - 1 . Pr ocesso r  Lan d  List  by  
Lan d  Nam e

Lan d  Nam e Lan d  # Bu f f er  Ty p e Di r .

PEG_TX[ 11] K7 PCI  Express O

PEG_TX[ 12] J5 PCI  Express O

PEG_TX[ 13] M8 PCI  Express O

PEG_TX[ 14] L6 PCI  Express O

PEG_TX[ 15] N5 PCI  Express O

PEG_TX# [ 0] C14 PCI  Express O

PEG_TX# [ 1] E13 PCI  Express O

PEG_TX# [ 2] G13 PCI  Express O

PEG_TX# [ 3] F11 PCI  Express O

PEG_TX# [ 4] J13 PCI  Express O

PEG_TX# [ 5] D7 PCI  Express O

PEG_TX# [ 6] C3 PCI  Express O

PEG_TX# [ 7] E5 PCI  Express O

PEG_TX# [ 8] F7 PCI  Express O

PEG_TX# [ 9] G9 PCI  Express O

PEG_TX# [ 10] G6 PCI  Express O

PEG_TX# [ 11] K8 PCI  Express O

PEG_TX# [ 12] J6 PCI  Express O

PEG_TX# [ 13] M7 PCI  Express O

PEG_TX# [ 14] L5 PCI  Express O

PEG_TX# [ 15] N6 PCI  Express O

PM_SYNC E38 CMOS I

PRDY# K38 Async GTL O

PREQ# K40 Async GTL I

PROC_SEL K32 N/ A O

PROCHOT# H34 Async GTL I / O

RESET# F36 CMOS I

RSVD AB6

RSVD AB7

RSVD AD37

RSVD AE6

RSVD AF4

RSVD AG4

RSVD AJ11

RSVD AJ29

RSVD AJ30

RSVD AJ31

RSVD AN20

RSVD AP20

RSVD AT11

RSVD AT14

RSVD AU10

RSVD AV34

RSVD AW34

RSVD AY10

RSVD C38

RSVD C39
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RSVD D38

RSVD H7

RSVD H8

RSVD J33

RSVD J34

RSVD J9

RSVD K34

RSVD K9

RSVD L31

RSVD L33

RSVD L34

RSVD L9

RSVD M34

RSVD N33

RSVD N34

RSVD P35

RSVD P37

RSVD P39

RSVD R34

RSVD R36

RSVD R38

RSVD R40

RSVD J31

RSVD AD34

RSVD AD35

RSVD K31

RSVD_NCTF AV1

RSVD_NCTF AW2

RSVD_NCTF AY3

RSVD_NCTF B39

SA_BS[ 0] AY29 DDR3 O

SA_BS[ 1] AW28 DDR3 O

SA_BS[ 2] AV20 DDR3 O

SA_CAS# AV30 DDR3 O

SA_CK[ 0] AY25 DDR3 O

SA_CK[ 1] AU24 DDR3 O

SA_CK[ 2] AW27 DDR3 O

SA_CK[ 3] AV26 DDR3 O

SA_CK# [ 0] AW25 DDR3 O

SA_CK# [ 1] AU25 DDR3 O

SA_CK# [ 2] AY27 DDR3 O

SA_CK# [ 3] AW26 DDR3 O

SA_CKE[ 0] AV19 DDR3 O

SA_CKE[ 1] AT19 DDR3 O

SA_CKE[ 2] AU18 DDR3 O

SA_CKE[ 3] AV18 DDR3 O

SA_CS# [ 0] AU29 DDR3 O
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SA_CS# [ 1] AV32 DDR3 O

SA_CS# [ 2] AW30 DDR3 O

SA_CS# [ 3] AU33 DDR3 O

SA_DQ[ 0] AJ3 DDR3 I / O

SA_DQ[ 1] AJ4 DDR3 I / O

SA_DQ[ 2] AL3 DDR3 I / O

SA_DQ[ 3] AL4 DDR3 I / O

SA_DQ[ 4] AJ2 DDR3 I / O

SA_DQ[ 5] AJ1 DDR3 I / O

SA_DQ[ 6] AL2 DDR3 I / O

SA_DQ[ 7] AL1 DDR3 I / O

SA_DQ[ 8] AN1 DDR3 I / O

SA_DQ[ 9] AN4 DDR3 I / O

SA_DQ[ 10] AR3 DDR3 I / O

SA_DQ[ 11] AR4 DDR3 I / O

SA_DQ[ 12] AN2 DDR3 I / O

SA_DQ[ 13] AN3 DDR3 I / O

SA_DQ[ 14] AR2 DDR3 I / O

SA_DQ[ 15] AR1 DDR3 I / O

SA_DQ[ 16] AV2 DDR3 I / O

SA_DQ[ 17] AW3 DDR3 I / O

SA_DQ[ 18] AV5 DDR3 I / O

SA_DQ[ 19] AW5 DDR3 I / O

SA_DQ[ 20] AU2 DDR3 I / O

SA_DQ[ 21] AU3 DDR3 I / O

SA_DQ[ 22] AU5 DDR3 I / O

SA_DQ[ 23] AY5 DDR3 I / O

SA_DQ[ 24] AY7 DDR3 I / O

SA_DQ[ 25] AU7 DDR3 I / O

SA_DQ[ 26] AV9 DDR3 I / O

SA_DQ[ 27] AU9 DDR3 I / O

SA_DQ[ 28] AV7 DDR3 I / O

SA_DQ[ 29] AW7 DDR3 I / O

SA_DQ[ 30] AW9 DDR3 I / O

SA_DQ[ 31] AY9 DDR3 I / O

SA_DQ[ 32] AU35 DDR3 I / O

SA_DQ[ 33] AW37 DDR3 I / O

SA_DQ[ 34] AU39 DDR3 I / O

SA_DQ[ 35] AU36 DDR3 I / O

SA_DQ[ 36] AW35 DDR3 I / O

SA_DQ[ 37] AY36 DDR3 I / O

SA_DQ[ 38] AU38 DDR3 I / O

SA_DQ[ 39] AU37 DDR3 I / O

SA_DQ[ 40] AR40 DDR3 I / O

SA_DQ[ 41] AR37 DDR3 I / O

SA_DQ[ 42] AN38 DDR3 I / O

SA_DQ[ 43] AN37 DDR3 I / O
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SA_DQ[ 44] AR39 DDR3 I / O

SA_DQ[ 45] AR38 DDR3 I / O

SA_DQ[ 46] AN39 DDR3 I / O

SA_DQ[ 47] AN40 DDR3 I / O

SA_DQ[ 48] AL40 DDR3 I / O

SA_DQ[ 49] AL37 DDR3 I / O

SA_DQ[ 50] AJ38 DDR3 I / O

SA_DQ[ 51] AJ37 DDR3 I / O

SA_DQ[ 52] AL39 DDR3 I / O

SA_DQ[ 53] AL38 DDR3 I / O

SA_DQ[ 54] AJ39 DDR3 I / O

SA_DQ[ 55] AJ40 DDR3 I / O

SA_DQ[ 56] AG40 DDR3 I / O

SA_DQ[ 57] AG37 DDR3 I / O

SA_DQ[ 58] AE38 DDR3 I / O

SA_DQ[ 59] AE37 DDR3 I / O

SA_DQ[ 60] AG39 DDR3 I / O

SA_DQ[ 61] AG38 DDR3 I / O

SA_DQ[ 62] AE39 DDR3 I / O

SA_DQ[ 63] AE40 DDR3 I / O

SA_DQS[ 0] AK3 DDR3 I / O

SA_DQS[ 1] AP3 DDR3 I / O

SA_DQS[ 2] AW4 DDR3 I / O

SA_DQS[ 3] AV8 DDR3 I / O

SA_DQS[ 4] AV37 DDR3 I / O

SA_DQS[ 5] AP38 DDR3 I / O

SA_DQS[ 6] AK38 DDR3 I / O

SA_DQS[ 7] AF38 DDR3 I / O

SA_DQS[ 8] AV13 DDR3 I / O

SA_DQS# [ 0] AK2 DDR3 I / O

SA_DQS# [ 1] AP2 DDR3 I / O

SA_DQS# [ 2] AV4 DDR3 I / O

SA_DQS# [ 3] AW8 DDR3 I / O

SA_DQS# [ 4] AV36 DDR3 I / O

SA_DQS# [ 5] AP39 DDR3 I / O

SA_DQS# [ 6] AK39 DDR3 I / O

SA_DQS# [ 7] AF39 DDR3 I / O

SA_DQS# [ 8] AV12 DDR3 I / O

SA_ECC_CB[ 0] AU12 DDR3 I / O

SA_ECC_CB[ 1] AU14 DDR3 I / O

SA_ECC_CB[ 2] AW13 DDR3 I / O

SA_ECC_CB[ 3] AY13 DDR3 I / O

SA_ECC_CB[ 4] AU13 DDR3 I / O

SA_ECC_CB[ 5] AU11 DDR3 I / O

SA_ECC_CB[ 6] AY12 DDR3 I / O

SA_ECC_CB[ 7] AW12 DDR3 I / O

SA_MA[ 0] AV27 DDR3 O
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SA_MA[ 1] AY24 DDR3 O

SA_MA[ 2] AW24 DDR3 O

SA_MA[ 3] AW23 DDR3 O

SA_MA[ 4] AV23 DDR3 O

SA_MA[ 5] AT24 DDR3 O

SA_MA[ 6] AT23 DDR3 O

SA_MA[ 7] AU22 DDR3 O

SA_MA[ 8] AV22 DDR3 O

SA_MA[ 9] AT22 DDR3 O

SA_MA[ 10] AV28 DDR3 O

SA_MA[ 11] AU21 DDR3 O

SA_MA[ 12] AT21 DDR3 O

SA_MA[ 13] AW32 DDR3 O

SA_MA[ 14] AU20 DDR3 O

SA_MA[ 15] AT20 DDR3 O

SA_ODT[ 0] AV31 DDR3 O

SA_ODT[ 1] AU32 DDR3 O

SA_ODT[ 2] AU30 DDR3 O

SA_ODT[ 3] AW33 DDR3 O

SA_RAS# AU28 DDR3 O

SA_WE# AW29 DDR3 O

SB_BS[ 0] AP23 DDR3 O

SB_BS[ 1] AM24 DDR3 O

SB_BS[ 2] AW17 DDR3 O

SB_CAS# AK25 DDR3 O

SB_CK[ 0] AL21 DDR3 O

SB_CK[ 1] AL20 DDR3 O

SB_CK[ 2] AL23 DDR3 O

SB_CK[ 3] AP21 DDR3 O

SB_CK# [ 0] AL22 DDR3 O

SB_CK# [ 1] AK20 DDR3 O

SB_CK# [ 2] AM22 DDR3 O

SB_CK# [ 3] AN21 DDR3 O

SB_CKE[ 0] AU16 DDR3 O

SB_CKE[ 1] AY15 DDR3 O

SB_CKE[ 2] AW15 DDR3 O

SB_CKE[ 3] AV15 DDR3 O

SB_CS# [ 0] AN25 DDR3 O

SB_CS# [ 1] AN26 DDR3 O

SB_CS# [ 2] AL25 DDR3 O

SB_CS# [ 3] AT26 DDR3 O

SB_DQ[ 0] AG7 DDR3 I / O

SB_DQ[ 1] AG8 DDR3 I / O

SB_DQ[ 2] AJ9 DDR3 I / O

SB_DQ[ 3] AJ8 DDR3 I / O

SB_DQ[ 4] AG5 DDR3 I / O

SB_DQ[ 5] AG6 DDR3 I / O
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SB_DQ[ 6] AJ6 DDR3 I / O

SB_DQ[ 7] AJ7 DDR3 I / O

SB_DQ[ 8] AL7 DDR3 I / O

SB_DQ[ 9] AM7 DDR3 I / O

SB_DQ[ 10] AM10 DDR3 I / O

SB_DQ[ 11] AL10 DDR3 I / O

SB_DQ[ 12] AL6 DDR3 I / O

SB_DQ[ 13] AM6 DDR3 I / O

SB_DQ[ 14] AL9 DDR3 I / O

SB_DQ[ 15] AM9 DDR3 I / O

SB_DQ[ 16] AP7 DDR3 I / O

SB_DQ[ 17] AR7 DDR3 I / O

SB_DQ[ 18] AP10 DDR3 I / O

SB_DQ[ 19] AR10 DDR3 I / O

SB_DQ[ 20] AP6 DDR3 I / O

SB_DQ[ 21] AR6 DDR3 I / O

SB_DQ[ 22] AP9 DDR3 I / O

SB_DQ[ 23] AR9 DDR3 I / O

SB_DQ[ 24] AM12 DDR3 I / O

SB_DQ[ 25] AM13 DDR3 I / O

SB_DQ[ 26] AR13 DDR3 I / O

SB_DQ[ 27] AP13 DDR3 I / O

SB_DQ[ 28] AL12 DDR3 I / O

SB_DQ[ 29] AL13 DDR3 I / O

SB_DQ[ 30] AR12 DDR3 I / O

SB_DQ[ 31] AP12 DDR3 I / O

SB_DQ[ 32] AR28 DDR3 I / O

SB_DQ[ 33] AR29 DDR3 I / O

SB_DQ[ 34] AL28 DDR3 I / O

SB_DQ[ 35] AL29 DDR3 I / O

SB_DQ[ 36] AP28 DDR3 I / O

SB_DQ[ 37] AP29 DDR3 I / O

SB_DQ[ 38] AM28 DDR3 I / O

SB_DQ[ 39] AM29 DDR3 I / O

SB_DQ[ 40] AP32 DDR3 I / O

SB_DQ[ 41] AP31 DDR3 I / O

SB_DQ[ 42] AP35 DDR3 I / O

SB_DQ[ 43] AP34 DDR3 I / O

SB_DQ[ 44] AR32 DDR3 I / O

SB_DQ[ 45] AR31 DDR3 I / O

SB_DQ[ 46] AR35 DDR3 I / O

SB_DQ[ 47] AR34 DDR3 I / O

SB_DQ[ 48] AM32 DDR3 I / O

SB_DQ[ 49] AM31 DDR3 I / O

SB_DQ[ 50] AL35 DDR3 I / O

SB_DQ[ 51] AL32 DDR3 I / O

SB_DQ[ 52] AM34 DDR3 I / O
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SB_DQ[ 53] AL31 DDR3 I / O

SB_DQ[ 54] AM35 DDR3 I / O

SB_DQ[ 55] AL34 DDR3 I / O

SB_DQ[ 56] AH35 DDR3 I / O

SB_DQ[ 57] AH34 DDR3 I / O

SB_DQ[ 58] AE34 DDR3 I / O

SB_DQ[ 59] AE35 DDR3 I / O

SB_DQ[ 60] AJ35 DDR3 I / O

SB_DQ[ 61] AJ34 DDR3 I / O

SB_DQ[ 62] AF33 DDR3 I / O

SB_DQ[ 63] AF35 DDR3 I / O

SB_DQS[ 0] AH7 DDR3 I / O

SB_DQS[ 1] AM8 DDR3 I / O

SB_DQS[ 2] AR8 DDR3 I / O

SB_DQS[ 3] AN13 DDR3 I / O

SB_DQS[ 4] AN29 DDR3 I / O

SB_DQS[ 5] AP33 DDR3 I / O

SB_DQS[ 6] AL33 DDR3 I / O

SB_DQS[ 7] AG35 DDR3 I / O

SB_DQS[ 8] AN16 DDR3 I / O

SB_DQS# [ 0] AH6 DDR3 I / O

SB_DQS# [ 1] AL8 DDR3 I / O

SB_DQS# [ 2] AP8 DDR3 I / O

SB_DQS# [ 3] AN12 DDR3 I / O

SB_DQS# [ 4] AN28 DDR3 I / O

SB_DQS# [ 5] AR33 DDR3 I / O

SB_DQS# [ 6] AM33 DDR3 I / O

SB_DQS# [ 7] AG34 DDR3 I / O

SB_DQS# [ 8] AN15 DDR3 I / O

SB_ECC_CB[ 0] AL16 DDR3 I / O

SB_ECC_CB[ 1] AM16 DDR3 I / O

SB_ECC_CB[ 2] AP16 DDR3 I / O

SB_ECC_CB[ 3] AR16 DDR3 I / O

SB_ECC_CB[ 4] AL15 DDR3 I / O

SB_ECC_CB[ 5] AM15 DDR3 I / O

SB_ECC_CB[ 6] AR15 DDR3 I / O

SB_ECC_CB[ 7] AP15 DDR3 I / O

SB_MA[ 0] AK24 DDR3 O

SB_MA[ 1] AM20 DDR3 O

SB_MA[ 2] AM19 DDR3 O

SB_MA[ 3] AK18 DDR3 O

SB_MA[ 4] AP19 DDR3 O

SB_MA[ 5] AP18 DDR3 O

SB_MA[ 6] AM18 DDR3 O

SB_MA[ 7] AL18 DDR3 O

SB_MA[ 8] AN18 DDR3 O

SB_MA[ 9] AY17 DDR3 O
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SB_MA[ 10] AN23 DDR3 O

SB_MA[ 11] AU17 DDR3 O

SB_MA[ 12] AT18 DDR3 O

SB_MA[ 13] AR26 DDR3 O

SB_MA[ 14] AY16 DDR3 O

SB_MA[ 15] AV16 DDR3 O

SB_ODT[ 0] AL26 DDR3 O

SB_ODT[ 1] AP26 DDR3 O

SB_ODT[ 2] AM26 DDR3 O

SB_ODT[ 3] AK26 DDR3 O

SB_RAS# AP24 DDR3 O

SB_WE# AR25 DDR3 O

SKTOCC# AJ33 Analog O

SM_DRAMPWROK AJ19 Async CMOS I

SM_DRAMRST# AW18 DDR3 O

SM_VREF AJ22 Analog I

TCK M40 TAP I

TDI L40 TAP I

TDO L39 TAP O

THERMTRI P# G35 Asynch CMOS O

TMS L38 TAP I

TRST# J39 TAP I

UNCOREPWRGOOD J40 Async CMOS I

VCC A12 PWR

VCC A13 PWR

VCC A14 PWR

VCC A15 PWR

VCC A16 PWR

VCC A18 PWR

VCC A24 PWR

VCC A25 PWR

VCC A27 PWR

VCC A28 PWR

VCC B15 PWR

VCC B16 PWR

VCC B18 PWR

VCC B24 PWR

VCC B25 PWR

VCC B27 PWR

VCC B28 PWR

VCC B30 PWR

VCC B31 PWR

VCC B33 PWR

VCC B34 PWR

VCC C15 PWR

VCC C16 PWR

VCC C18 PWR
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VCC C19 PWR

VCC C21 PWR

VCC C22 PWR

VCC C24 PWR

VCC C25 PWR

VCC C27 PWR

VCC C28 PWR

VCC C30 PWR

VCC C31 PWR

VCC C33 PWR

VCC C34 PWR

VCC C36 PWR

VCC D13 PWR

VCC D14 PWR

VCC D15 PWR

VCC D16 PWR

VCC D18 PWR

VCC D19 PWR

VCC D21 PWR

VCC D22 PWR

VCC D24 PWR

VCC D25 PWR

VCC D27 PWR

VCC D28 PWR

VCC D30 PWR

VCC D31 PWR

VCC D33 PWR

VCC D34 PWR

VCC D35 PWR

VCC D36 PWR

VCC E15 PWR

VCC E16 PWR

VCC E18 PWR

VCC E19 PWR

VCC E21 PWR

VCC E22 PWR

VCC E24 PWR

VCC E25 PWR

VCC E27 PWR

VCC E28 PWR

VCC E30 PWR

VCC E31 PWR

VCC E33 PWR

VCC E34 PWR

VCC E35 PWR

VCC F15 PWR

VCC F16 PWR
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VCC F18 PWR

VCC F19 PWR

VCC F21 PWR

VCC F22 PWR

VCC F24 PWR

VCC F25 PWR

VCC F27 PWR

VCC F28 PWR

VCC F30 PWR

VCC F31 PWR

VCC F32 PWR

VCC F33 PWR

VCC F34 PWR

VCC G15 PWR

VCC G16 PWR

VCC G18 PWR

VCC G19 PWR

VCC G21 PWR

VCC G22 PWR

VCC G24 PWR

VCC G25 PWR

VCC G27 PWR

VCC G28 PWR

VCC G30 PWR

VCC G31 PWR

VCC G32 PWR

VCC G33 PWR

VCC H13 PWR

VCC H14 PWR

VCC H15 PWR

VCC H16 PWR

VCC H18 PWR

VCC H19 PWR

VCC H21 PWR

VCC H22 PWR

VCC H24 PWR

VCC H25 PWR

VCC H27 PWR

VCC H28 PWR

VCC H30 PWR

VCC H31 PWR

VCC H32 PWR

VCC J12 PWR

VCC J15 PWR

VCC J16 PWR

VCC J18 PWR

VCC J19 PWR

Tab le 8 - 1 . Pr ocesso r  Lan d  List  b y  
Lan d  Nam e

Lan d  Nam e Lan d  # Bu f f er  Ty p e Di r .

VCC J21 PWR

VCC J22 PWR

VCC J24 PWR

VCC J25 PWR

VCC J27 PWR

VCC J28 PWR

VCC J30 PWR

VCC K15 PWR

VCC K16 PWR

VCC K18 PWR

VCC K19 PWR

VCC K21 PWR

VCC K22 PWR

VCC K24 PWR

VCC K25 PWR

VCC K27 PWR

VCC K28 PWR

VCC K30 PWR

VCC L13 PWR

VCC L14 PWR

VCC L15 PWR

VCC L16 PWR

VCC L18 PWR

VCC L19 PWR

VCC L21 PWR

VCC L22 PWR

VCC L24 PWR

VCC L25 PWR

VCC L27 PWR

VCC L28 PWR

VCC L30 PWR

VCC M14 PWR

VCC M15 PWR

VCC M16 PWR

VCC M18 PWR

VCC M19 PWR

VCC M21 PWR

VCC M22 PWR

VCC M24 PWR

VCC M25 PWR

VCC M27 PWR

VCC M28 PWR

VCC M30 PWR

VCC_SENSE A36 Analog O

VCCAXG AB33 PWR

VCCAXG AB34 PWR

VCCAXG AB35 PWR
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VCCAXG AB36 PWR

VCCAXG AB37 PWR

VCCAXG AB38 PWR

VCCAXG AB39 PWR

VCCAXG AB40 PWR

VCCAXG AC33 PWR

VCCAXG AC34 PWR

VCCAXG AC35 PWR

VCCAXG AC36 PWR

VCCAXG AC37 PWR

VCCAXG AC38 PWR

VCCAXG AC39 PWR

VCCAXG AC40 PWR

VCCAXG T33 PWR

VCCAXG T34 PWR

VCCAXG T35 PWR

VCCAXG T36 PWR

VCCAXG T37 PWR

VCCAXG T38 PWR

VCCAXG T39 PWR

VCCAXG T40 PWR

VCCAXG U33 PWR

VCCAXG U34 PWR

VCCAXG U35 PWR

VCCAXG U36 PWR

VCCAXG U37 PWR

VCCAXG U38 PWR

VCCAXG U39 PWR

VCCAXG U40 PWR

VCCAXG W33 PWR

VCCAXG W34 PWR

VCCAXG W35 PWR

VCCAXG W36 PWR

VCCAXG W37 PWR

VCCAXG W38 PWR

VCCAXG Y33 PWR

VCCAXG Y34 PWR

VCCAXG Y35 PWR

VCCAXG Y36 PWR

VCCAXG Y37 PWR

VCCAXG Y38 PWR

VCCAXG_SENSE L32 Analog O

VCCI O A11 PWR

VCCI O A7 PWR

VCCI O AA3 PWR

VCCI O AB8 PWR

VCCI O AF8 PWR
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VCCI O AG33 PWR

VCCI O AJ16 PWR

VCCI O AJ17 PWR

VCCI O AJ26 PWR

VCCI O AJ28 PWR

VCCI O AJ32 PWR

VCCI O AK15 PWR

VCCI O AK17 PWR

VCCI O AK19 PWR

VCCI O AK21 PWR

VCCI O AK23 PWR

VCCI O AK27 PWR

VCCI O AK29 PWR

VCCI O AK30 PWR

VCCI O B9 PWR

VCCI O D10 PWR

VCCI O D6 PWR

VCCI O E3 PWR

VCCI O E4 PWR

VCCI O G3 PWR

VCCI O G4 PWR

VCCI O J3 PWR

VCCI O J4 PWR

VCCI O J7 PWR

VCCI O J8 PWR

VCCI O L3 PWR

VCCI O L4 PWR

VCCI O L7 PWR

VCCI O M13 PWR

VCCI O N3 PWR

VCCI O N4 PWR

VCCI O N7 PWR

VCCI O R3 PWR

VCCI O R4 PWR

VCCI O R7 PWR

VCCI O U3 PWR

VCCI O U4 PWR

VCCI O U7 PWR

VCCI O V8 PWR

VCCI O W3 PWR

VCCI O_SEL P33 N/ A O

VCCI O_SENSE AB4 Analog O

VCCPLL AK11 PWR

VCCPLL AK12 PWR

VCCSA H10 PWR

VCCSA H11 PWR

VCCSA H12 PWR
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VCCSA J10 PWR

VCCSA K10 PWR

VCCSA K11 PWR

VCCSA L11 PWR

VCCSA L12 PWR

VCCSA M10 PWR

VCCSA M11 PWR

VCCSA M12 PWR

VCCSA_SENSE T2 Analog O

VCCSA_VI D P34 CMOS O

VDDQ AJ13 PWR

VDDQ AJ14 PWR

VDDQ AJ20 PWR

VDDQ AJ23 PWR

VDDQ AJ24 PWR

VDDQ AR20 PWR

VDDQ AR21 PWR

VDDQ AR22 PWR

VDDQ AR23 PWR

VDDQ AR24 PWR

VDDQ AU19 PWR

VDDQ AU23 PWR

VDDQ AU27 PWR

VDDQ AU31 PWR

VDDQ AV21 PWR

VDDQ AV24 PWR

VDDQ AV25 PWR

VDDQ AV29 PWR

VDDQ AV33 PWR

VDDQ AW31 PWR

VDDQ AY23 PWR

VDDQ AY26 PWR

VDDQ AY28 PWR

VI DALERT# A37 CMOS I

VI DSCLK C37 CMOS O

VI DSOUT B37 CMOS I / O

VSS A17 GND

VSS A23 GND

VSS A26 GND

VSS A29 GND

VSS A35 GND

VSS AA33 GND

VSS AA34 GND

VSS AA35 GND

VSS AA36 GND

VSS AA37 GND

VSS AA38 GND
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VSS AA6 GND

VSS AB5 GND

VSS AC1 GND

VSS AC6 GND

VSS AD33 GND

VSS AD36 GND

VSS AD38 GND

VSS AD39 GND

VSS AD40 GND

VSS AD5 GND

VSS AD8 GND

VSS AE3 GND

VSS AE33 GND

VSS AE36 GND

VSS AF1 GND

VSS AF34 GND

VSS AF36 GND

VSS AF37 GND

VSS AF40 GND

VSS AF5 GND

VSS AF6 GND

VSS AF7 GND

VSS AG36 GND

VSS AH2 GND

VSS AH3 GND

VSS AH33 GND

VSS AH36 GND

VSS AH37 GND

VSS AH38 GND

VSS AH39 GND

VSS AH40 GND

VSS AH5 GND

VSS AH8 GND

VSS AJ12 GND

VSS AJ15 GND

VSS AJ18 GND

VSS AJ21 GND

VSS AJ25 GND

VSS AJ27 GND

VSS AJ36 GND

VSS AJ5 GND

VSS AK1 GND

VSS AK10 GND

VSS AK13 GND

VSS AK14 GND

VSS AK16 GND

VSS AK22 GND
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VSS AK28 GND

VSS AK31 GND

VSS AK32 GND

VSS AK33 GND

VSS AK34 GND

VSS AK35 GND

VSS AK36 GND

VSS AK37 GND

VSS AK4 GND

VSS AK40 GND

VSS AK5 GND

VSS AK6 GND

VSS AK7 GND

VSS AK8 GND

VSS AK9 GND

VSS AL11 GND

VSS AL14 GND

VSS AL17 GND

VSS AL19 GND

VSS AL24 GND

VSS AL27 GND

VSS AL30 GND

VSS AL36 GND

VSS AL5 GND

VSS AM1 GND

VSS AM11 GND

VSS AM14 GND

VSS AM17 GND

VSS AM2 GND

VSS AM21 GND

VSS AM23 GND

VSS AM25 GND

VSS AM27 GND

VSS AM3 GND

VSS AM30 GND

VSS AM36 GND

VSS AM37 GND

VSS AM38 GND

VSS AM39 GND

VSS AM4 GND

VSS AM40 GND

VSS AM5 GND

VSS AN10 GND

VSS AN11 GND

VSS AN14 GND

VSS AN17 GND

VSS AN19 GND
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VSS AN22 GND

VSS AN24 GND

VSS AN27 GND

VSS AN30 GND

VSS AN31 GND

VSS AN32 GND

VSS AN33 GND

VSS AN34 GND

VSS AN35 GND

VSS AN36 GND

VSS AN5 GND

VSS AN6 GND

VSS AN7 GND

VSS AN8 GND

VSS AN9 GND

VSS AP1 GND

VSS AP11 GND

VSS AP14 GND

VSS AP17 GND

VSS AP22 GND

VSS AP25 GND

VSS AP27 GND

VSS AP30 GND

VSS AP36 GND

VSS AP37 GND

VSS AP4 GND

VSS AP40 GND

VSS AP5 GND

VSS AR11 GND

VSS AR14 GND

VSS AR17 GND

VSS AR18 GND

VSS AR19 GND

VSS AR27 GND

VSS AR30 GND

VSS AR36 GND

VSS AR5 GND

VSS AT1 GND

VSS AT10 GND

VSS AT12 GND

VSS AT13 GND

VSS AT15 GND

VSS AT16 GND

VSS AT17 GND

VSS AT2 GND

VSS AT25 GND

VSS AT27 GND
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VSS AT28 GND

VSS AT29 GND

VSS AT3 GND

VSS AT30 GND

VSS AT31 GND

VSS AT32 GND

VSS AT33 GND

VSS AT34 GND

VSS AT35 GND

VSS AT36 GND

VSS AT37 GND

VSS AT38 GND

VSS AT39 GND

VSS AT4 GND

VSS AT40 GND

VSS AT5 GND

VSS AT6 GND

VSS AT7 GND

VSS AT8 GND

VSS AT9 GND

VSS AU1 GND

VSS AU15 GND

VSS AU26 GND

VSS AU34 GND

VSS AU4 GND

VSS AU6 GND

VSS AU8 GND

VSS AV10 GND

VSS AV11 GND

VSS AV14 GND

VSS AV17 GND

VSS AV3 GND

VSS AV35 GND

VSS AV38 GND

VSS AV6 GND

VSS AW10 GND

VSS AW11 GND

VSS AW14 GND

VSS AW16 GND

VSS AW36 GND

VSS AW6 GND

VSS AY11 GND

VSS AY14 GND

VSS AY18 GND

VSS AY35 GND

VSS AY4 GND

VSS AY6 GND
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VSS AY8 GND

VSS B10 GND

VSS B13 GND

VSS B14 GND

VSS B17 GND

VSS B23 GND

VSS B26 GND

VSS B29 GND

VSS B32 GND

VSS B35 GND

VSS B38 GND

VSS B6 GND

VSS C11 GND

VSS C12 GND

VSS C17 GND

VSS C20 GND

VSS C23 GND

VSS C26 GND

VSS C29 GND

VSS C32 GND

VSS C35 GND

VSS C7 GND

VSS C8 GND

VSS D17 GND

VSS D2 GND

VSS D20 GND

VSS D23 GND

VSS D26 GND

VSS D29 GND

VSS D32 GND

VSS D37 GND

VSS D39 GND

VSS D4 GND

VSS D5 GND

VSS D9 GND

VSS E11 GND

VSS E12 GND

VSS E17 GND

VSS E20 GND

VSS E23 GND

VSS E26 GND

VSS E29 GND

VSS E32 GND

VSS E36 GND

VSS E7 GND

VSS E8 GND

VSS F1 GND
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VSS F10 GND

VSS F13 GND

VSS F14 GND

VSS F17 GND

VSS F2 GND

VSS F20 GND

VSS F23 GND

VSS F26 GND

VSS F29 GND

VSS F35 GND

VSS F37 GND

VSS F39 GND

VSS F5 GND

VSS F6 GND

VSS F9 GND

VSS G11 GND

VSS G12 GND

VSS G17 GND

VSS G20 GND

VSS G23 GND

VSS G26 GND

VSS G29 GND

VSS G34 GND

VSS G7 GND

VSS G8 GND

VSS H1 GND

VSS H17 GND

VSS H2 GND

VSS H20 GND

VSS H23 GND

VSS H26 GND

VSS H29 GND

VSS H33 GND

VSS H35 GND

VSS H37 GND

VSS H39 GND

VSS H5 GND

VSS H6 GND

VSS H9 GND

VSS J11 GND

VSS J17 GND

VSS J20 GND

VSS J23 GND

VSS J26 GND

VSS J29 GND

VSS J32 GND

VSS K1 GND
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VSS K12 GND

VSS K13 GND

VSS K14 GND

VSS K17 GND

VSS K2 GND

VSS K20 GND

VSS K23 GND

VSS K26 GND

VSS K29 GND

VSS K33 GND

VSS K35 GND

VSS K37 GND

VSS K39 GND

VSS K5 GND

VSS K6 GND

VSS L10 GND

VSS L17 GND

VSS L20 GND

VSS L23 GND

VSS L26 GND

VSS L29 GND

VSS L8 GND

VSS M1 GND

VSS M17 GND

VSS M2 GND

VSS M20 GND

VSS M23 GND

VSS M26 GND

VSS M29 GND

VSS M33 GND

VSS M35 GND

VSS M37 GND

VSS M39 GND

VSS M5 GND

VSS M6 GND

VSS M9 GND

VSS N8 GND

VSS P1 GND

VSS P2 GND

VSS P36 GND

VSS P38 GND

VSS P40 GND

VSS P5 GND

VSS P6 GND

VSS R33 GND

VSS R35 GND

VSS R37 GND
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VSS R39 GND

VSS R8 GND

VSS T1 GND

VSS T5 GND

VSS T6 GND

VSS U8 GND

VSS V1 GND

VSS V2 GND

VSS V33 GND

VSS V34 GND

VSS V35 GND

VSS V36 GND

VSS V37 GND

VSS V38 GND

VSS V39 GND

VSS V40 GND

VSS V5 GND

VSS W6 GND

VSS Y5 GND

VSS Y8 GND

VSS_NCTF A4 GND

VSS_NCTF AV39 GND

VSS_NCTF AY37 GND

VSS_NCTF B3 GND

VSS_SENSE B36 Analog O

VSSAXG_SENSE M32 Analog O

VSSI O_SENSE AB3 Analog O
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9 DDR Dat a Sw izzl in g

To achieve bet ter memory perform ance and t im ing, I ntel Design performed DDR Data 

pin swizzling that  allows a bet ter use of the product  across different  plat forms. 

Swizzling has no effect  on funct ional operat ion and is invisible to the operat ing 

system/ software.

However, during debug, swizzling needs to be taken into considerat ion. Therefore, 

swizzling informat ion is presented in this chapter. When placing a DI MM logic analyzer, 

the design engineer m ust  pay at tent ion to the swizzling table in order to be able to 

debug m em ory efficient ly.
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Tab le 9 - 1 . DDR Dat a Sw izzl in g  
Tab le –  Ch an n el  A
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SA_DQ[ 0] AJ3 DQ06

SA_DQ[ 1] AJ4 DQ05

SA_DQ[ 2] AL3 DQ01

SA_DQ[ 3] AL4 DQ00

SA_DQ[ 4] AJ2 DQ04

SA_DQ[ 5] AJ1 DQ07

SA_DQ[ 6] AL2 DQ02

SA_DQ[ 7] AL1 DQ03

SA_DQ[ 8] AN1 DQ15

SA_DQ[ 9] AN4 DQ12

SA_DQ[ 10] AR3 DQ08

SA_DQ[ 11] AR4 DQ09

SA_DQ[ 12] AN2 DQ14

SA_DQ[ 13] AN3 DQ13

SA_DQ[ 14] AR2 DQ10

SA_DQ[ 15] AR1 DQ11

SA_DQ[ 16] AV2 DQ21

SA_DQ[ 17] AW3 DQ20

SA_DQ[ 18] AV5 DQ16

SA_DQ[ 19] AW5 DQ19

SA_DQ[ 20] AU2 DQ23

SA_DQ[ 21] AU3 DQ22

SA_DQ[ 22] AU5 DQ18

SA_DQ[ 23] AY5 DQ17

SA_DQ[ 24] AY7 DQ28

SA_DQ[ 25] AU7 DQ30

SA_DQ[ 26] AV9 DQ27

SA_DQ[ 27] AU9 DQ26

SA_DQ[ 28] AV7 DQ31

SA_DQ[ 29] AW7 DQ29

SA_DQ[ 30] AW9 DQ24

SA_DQ[ 31] AY9 DQ25

SA_DQ[ 32] AU35 DQ36

SA_DQ[ 33] AW37 DQ37

SA_DQ[ 34] AU39 DQ32

SA_DQ[ 35] AU36 DQ33

SA_DQ[ 36] AW35 DQ38

SA_DQ[ 37] AY36 DQ39

SA_DQ[ 38] AU38 DQ35

SA_DQ[ 39] AU37 DQ34

SA_DQ[ 40] AR40 DQ44

SA_DQ[ 41] AR37 DQ45

SA_DQ[ 42] AN38 DQ43

SA_DQ[ 43] AN37 DQ42

SA_DQ[ 44] AR39 DQ46

SA_DQ[ 45] AR38 DQ47

SA_DQ[ 46] AN39 DQ40

SA_DQ[ 47] AN40 DQ41

SA_DQ[ 48] AL40 DQ52

SA_DQ[ 49] AL37 DQ55

SA_DQ[ 50] AJ38 DQ51

SA_DQ[ 51] AJ37 DQ50

SA_DQ[ 52] AL39 DQ54

SA_DQ[ 53] AL38 DQ53

SA_DQ[ 54] AJ39 DQ48

SA_DQ[ 55] AJ40 DQ49

SA_DQ[ 56] AG40 DQ61

SA_DQ[ 57] AG37 DQ63

SA_DQ[ 58] AE38 DQ59

SA_DQ[ 59] AE37 DQ58

SA_DQ[ 60] AG39 DQ62

SA_DQ[ 61] AG38 DQ60

SA_DQ[ 62] AE39 DQ57

SA_DQ[ 63] AE40 DQ56

SA_DQ[ 64] AU12 DQ71

SA_DQ[ 65] AU14 DQ66

SA_DQ[ 66] AW13 DQ67

SA_DQ[ 67] AY13 DQ65

SA_DQ[ 68] AU13 DQ70

SA_DQ[ 69] AU11 DQ69

SA_DQ[ 70] AY12 DQ64

SA_DQ[ 71] AW12 DQ68

Tab le 9 - 1 . DDR Dat a Sw izzl in g  
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SB_DQ[ 0] AG7 DQ04

SB_DQ[ 1] AG8 DQ05

SB_DQ[ 2] AJ9 DQ02

SB_DQ[ 3] AJ8 DQ03

SB_DQ[ 4] AG5 DQ07

SB_DQ[ 5] AG6 DQ06

SB_DQ[ 6] AJ6 DQ00

SB_DQ[ 7] AJ7 DQ01

SB_DQ[ 8] AL7 DQ12

SB_DQ[ 9] AM7 DQ13

SB_DQ[ 10] AM10 DQ08

SB_DQ[ 11] AL10 DQ10

SB_DQ[ 12] AL6 DQ15

SB_DQ[ 13] AM6 DQ14

SB_DQ[ 14] AL9 DQ11

SB_DQ[ 15] AM9 DQ09

SB_DQ[ 16] AP7 DQ20

SB_DQ[ 17] AR7 DQ21

SB_DQ[ 18] AP10 DQ18

SB_DQ[ 19] AR10 DQ16

SB_DQ[ 20] AP6 DQ22

SB_DQ[ 21] AR6 DQ23

SB_DQ[ 22] AP9 DQ19

SB_DQ[ 23] AR9 DQ17

SB_DQ[ 24] AM12 DQ30

SB_DQ[ 25] AM13 DQ24

SB_DQ[ 26] AR13 DQ26

SB_DQ[ 27] AP13 DQ27

SB_DQ[ 28] AL12 DQ31

SB_DQ[ 29] AL13 DQ25

SB_DQ[ 30] AR12 DQ28

SB_DQ[ 31] AP12 DQ29

SB_DQ[ 32] AR28 DQ39

SB_DQ[ 33] AR29 DQ37

SB_DQ[ 34] AL28 DQ33

SB_DQ[ 35] AL29 DQ34

SB_DQ[ 36] AP28 DQ38

SB_DQ[ 37] AP29 DQ36

SB_DQ[ 38] AM28 DQ35

SB_DQ[ 39] AM29 DQ32

SB_DQ[ 40] AP32 DQ43

SB_DQ[ 41] AP31 DQ44

SB_DQ[ 42] AP35 DQ42

SB_DQ[ 43] AP34 DQ40

SB_DQ[ 44] AR32 DQ47

SB_DQ[ 45] AR31 DQ45

SB_DQ[ 46] AR35 DQ41

SB_DQ[ 47] AR34 DQ46

SB_DQ[ 48] AM32 DQ52

SB_DQ[ 49] AM31 DQ55

SB_DQ[ 50] AL35 DQ50

SB_DQ[ 51] AL32 DQ53

SB_DQ[ 52] AM34 DQ51

SB_DQ[ 53] AL31 DQ54

SB_DQ[ 54] AM35 DQ48

SB_DQ[ 55] AL34 DQ49

SB_DQ[ 56] AH35 DQ60

SB_DQ[ 57] AH34 DQ61

SB_DQ[ 58] AE34 DQ58

SB_DQ[ 59] AE35 DQ56

SB_DQ[ 60] AJ35 DQ62

SB_DQ[ 61] AJ34 DQ63

SB_DQ[ 62] AF33 DQ57

SB_DQ[ 63] AF35 DQ59

SB_DQ[ 64] AL16 DQ66

SB_DQ[ 65] AM16 DQ64

SB_DQ[ 66] AP16 DQ68

SB_DQ[ 67] AR16 DQ69

SB_DQ[ 68] AL15 DQ67

SB_DQ[ 69] AM15 DQ65

SB_DQ[ 70] AR15 DQ70

SB_DQ[ 71] AP15 DQ71

Tab le 9 - 2 . DDR Dat a  Sw izzl in g  
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