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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. I ntel products are not  intended for use in m edical,  life saving, or 
life sustaining applicat ions. 

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 responsibility whatsoever for conflicts or incom pat ibilit ies ar ising from  future 
changes to them .

The I ntel®  Xeon®  Processor 5600 Series 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 . 

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 ht tp: / / www.intel.com / products/ processor_num ber for details. Over t im e processor 
num bers will increm ent  based on changes in clock, speed, cache, FSB, or other features, and increm ents are not  intended to 
represent  proport ional or quant itat ive increases in any part icular feature. Current  roadm ap processor num ber progression is not  
necessarily representat ive of future roadm aps. See www.intel.com / products/ processor_num ber for details.

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 / products/ ht / hyperthreading_m ore.htm .

Enabling Execute Disable Bit  funct ionalit y requires a PC with a processor with Execute Disable Bit  capability and a support ing 
operat ing system . Check with your PC m anufacturer on whether your system  delivers Execute Disable Bit  funct ionality.

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®  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®  Turbo Boost  Technology requires a PC with a processor with I ntel Turbo Boost  Technology capability. 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 www.intel.com . 

Enhanced I ntel SpeedStep®  Technology. See the ht tp: / / processorfinder. intel.com  or contact  your I ntel representat ive for m ore 
inform at ion.

I ntel, Xeon, I ntel 64, Enhanced I ntel SpeedStep Technology, and the I ntel logo are t radem arks of I ntel Corporat ion in the U.S. and 
other count r ies.

* Other brands and nam es are the property of their  respect ive owners.

Copyright  ©  2008-2010, I ntel Corporat ion.
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I nt roduct ion

1 I nt roduct ion

The I ntel®  Xeon®  processor 5600 series is a server/ workstat ion mult i-core processor 

based on 32 nm process technology. The processors feature two I ntel®  QuickPath 

I nterconnect  point- to-point  links capable of up to 6.4 GT/ s, up to 12 MB of shared 

cache, and an I ntegrated Mem ory Cont roller. The processors are opt im ized for 

perform ance with the power efficiencies of a low-power m icroarchitecture to enable 

smaller, quieter system s.

This datasheet  provides DC and AC elect r ical specificat ions, signal integrity, different ial 

signaling specificat ions, pinout  and signal definit ions, package m echanical 

specificat ions and therm al requirements, and addit ional features pert inent  to 

im plementat ion and operat ion of the processor. 

The I ntel Xeon processor 5600 series features a range of Thermal Design Power (TDP)  

envelopes from  40W TDP up to 130W TDP, and is segmented into mult iple plat forms:

• 2-Socket  Frequency Opt im ized Server/ Workstat ion Plat form s support  a 130 W 

Therm al Design Power (TDP)  SKU and up to 6 core support . These plat form s 

provide opt im al overall perform ance and reliability, in addit ion to high-end graphics 

support .

• 2-Socket  Advanced Server/ Workstat ion Plat form s support  a 95 W Therm al Design 

Power (TDP)  SKU. These plat form s provide opt im al overall perform ance featuring 

up to 6 core support .

• 2-Socket  Standard Server/ Workstat ion Plat form s support  80 W TDP processor 

SKUs support ing up to 6 cores. These plat forms provide opt imal performance per 

wat t  for rack-opt im ized plat forms.

• Low Power Plat forms implement  60 W TDP (up to 6 cores)  and 40 W TDP (up to 4 

cores)  processor SKU’s. These processors are intended for dual-processor server 

blades and embedded servers.

• 1-Socket  Workstat ion Plat forms support  I ntel®  Xeon®  Processor W3680. These 

plat forms enable a wide range of opt ions for either the performance, power, or cost  

sensit ive customer.

• Plat form s support ing Higher Case Tem perature Low-Voltage Processors with 60 W 

TDP (up to 6 cores)  and 40 W TDP (up to 4 cores) . The higher case temperatures 

are intended to m eet  the short- term  thermal profile requirements of NEBS Level 3. 

These 2-socket  processors are ideal for thermally-const rained form  factors in 

embedded servers, communicat ions and storage markets. Specifications denoted as 
LV-60W apply to the Intel®  Xeon®  Processor L5638. Specifications denoted as LV-40W 
apply to the Intel®  Xeon®  Processor L5618.

Note: All references to “chipset ”  in this document  pertain to the I ntel®  5520 chipset  and the 
I ntel®  5500 chipset .

I ntel is com m it ted to delivering processors for both server and workstat ion plat forms 

that  maxim ize performance while meet ing all I ntel Quality and Reliability goals. The 

product ’s reliability assessm ent  is based on a datasheet  com pliant  system  and 

reference use condit ion. I ntel ut ilizes a broad set  of use condit ion assum pt ions ( i.e. 

percentage of t im e in act ive vs. inact ive operat ion, non-operat ing condit ions, and the 

number of power cycles per year)  to ensure proper operat ion over the life of the 
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product . The reference use condit ion differs between workstat ion and server processor 

SKU’s. I m plem ent ing processors outside of reference use condit ions may affect  

reliability perform ance. 

1 .1 Processor Features

Table 1-1 provides an overview the I ntel Xeon processor 5600 series feature set .
.

The I ntel Xeon processor 5600 series support  all the exist ing St ream ing SI MD 

Extensions 2 (SSE2) , St ream ing SI MD Extensions 3 (SSE3)  and St ream ing SI MD 

Extensions 4 (SSE4)  inst ruct ions. Addit ionally, I ntel Xeon processor 5600 series 

support  Advanced Encrypt ion Standard-New I nst ruct ions (AES-NI ) . 

The I ntel Xeon processor 5600 series support  Direct  Cache Access (DCA) . DCA enables 

supported I / O adapter to pre- fetch data from  m em ory to the processor cache, thereby 

avoiding cache m isses and im proving applicat ion response t im es. 

These processors support  a m axim um  physical address size of 40 bits. Also supported 

is I A-32e paging which adds support  for 1 GB (230)  page size in addit ion to 2 MB and 4 

kB page size support  for linear to physical address t ranslat ion.

Finally, these processors support  several advanced technologies including Execute 

Disable Bit , I ntel®  64 Technology, Enhanced I ntel SpeedStep®  Technology, I ntel®  

Vir tualizat ion Technology ( I ntel®  VT) , I ntel®  Hyper-Threading Technology, and I ntel®  

Turbo Boost  Technology.

1 .2 Plat form  Features

Various new com ponent  and plat form  capabilit ies are available with the implem entat ion 

of I ntel Xeon processor 5600 series.

New memory subsystem capabilit ies include Low Voltage DDR3 (DDR3L)  DI MM support  

for power opt im izat ion. The I ntel Xeon processor 5600 series also add features to 

provide im proved m anageability of m em ory channels. The DDR_THERM2#  signal has 

been added to support  high- tem perature DI MMs and their 2X refresh requirements.

Table 1 - 1 . I ntel®  Xeon®  Processor 5 6 0 0  Series Feature Set  Overview

Feature I ntel®  Xeon®  Processor 5 6 0 0  Series 

Cache Sizes I nst ruct ion Cache:  32 kB
Data Cache:  32 kB

256 kB Mid-Level Cache per core

12 MB Last-Level Cache shared am ong all cores 

Data Transfer Rate (GT/ s) Two full-width I ntel®  QuickPath I nterconnect  links;
Up to 6.40 GT/ s in each direct ion

Mem ory Support I ntegrated Mem ory Cont roller supports up to 3 channels of 
DDR3 or DDR3L m em ory, with up to 3 DI MMs per channel

DDR3 Mem ory Speed (MHz) 800, 1066, 1333

Mult i-Core Support Up to 6 cores per processor (package)

I ntel®  Hyper-Threading Technology 2 threads per core

Dual Processor Support Up to 2 processor sockets per plat form

Package 1366- land FC-LGA
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I ntel Xeon processor 5600 series are based on a low-power m icro-architecture that  

supports operat ion within various C-states. Addit ionally, six execut ion cores and power 

management  coordinat ion logic are opt im ized to m anage C-state support  at  both the 

execut ion core and package levels. An I ntel Turbo Boost  Technology opt im izat ion 

feature is supported on these processors for improved energy efficiency.

I ntel®  Trusted Execut ion Technology ( I ntel®  TXT)  is also supported and represents a 

set  of enhanced hardware com ponents designed to help protect  sensit ive inform at ion 

from  software-based at tacks. Features include capabilit ies in the m icroprocessor, 

chipset , I / O subsystem s, and other plat form com ponents. When coupled with suitably 

enabled operat ing system s and applicat ions, I ntel®  TXT helps protect  the 

confident iality and integrity of data in the face of increasingly host ile security 

environment .

1 .3 Term inology

A ‘# ’ sym bol after a signal nam e refers to an act ive low signal, indicat ing a signal is in 

the act ive state when driven to a low voltage level. For example, when RESET#  is low, 

a reset  has been requested.

A ‘_N’ and ‘_P’ after a signal name refers to a different ial pair.

Com m only used term s are explained here for clar ificat ion:

• 1 3 6 6 - land FC- LGA package — The I ntel Xeon processor 5600 series is available 

in a Flip-Chip Land Grid Array (FC-LGA)  package, consist ing of processor m ounted 

on a land grid array subst rate with an integrated heat  spreader ( I HS) .

• DDR3  — Double Data Rate 3 synchronous dynam ic random  access m em ory 

(SDRAM) is the DDR m em ory standard, developed as the successor to DDR2 

SDRAM.

• Enhanced I ntel SpeedStep®  Technology — Enhanced I ntel SpeedStep®  

Technology allows the operat ing system  to reduce power consum pt ion when 

performance is not  needed.

• Execute Disable Bit  — Execute Disable allows memory to be marked as 

executable or non-executable, when combined with a support ing operat ing system. 

I f code at tempts 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 viruses or worm s 

that  exploit  buffer over run vulnerabilit ies and can thus help im prove the overall 

security of the system. See the I ntel®  64 and I A-32 Architecture Software 

Developer's Manuals for m ore detailed inform at ion.

• Funct ional Operat ion  — Refers to the norm al operat ing condit ions in which all 

processor specificat ions, including DC, AC, signal quality, mechanical, and therm al, 

are sat isfied.

• I ntegrated Mem ory Controller  ( I MC)  — This is a m em ory cont roller that  is 

integrated in the processor die. I ntel Xeon processor 5600 series can support  up to 

3 channels of DDR3, DDR3L memory, with up to 3 DI MMs per channel. Please refer 

to I ntel Plan of Record for supported DI MM types, densit ies and configurat ions.

• I ntel®  Turbo Boost  Technology  -  A way to automat ically run the processor core 

faster than the marked frequency if the part  is operat ing under power, 

tem perature, and current  specificat ion lim its of the Thermal Design Power (TDP) . 

This results in increased perform ance of both single and m ult i- threaded 

applicat ions.
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• I ntel®  Trusted Execut ion Technology  -  A highly versat ile set  of hardware 

extensions to I ntel processors and chipsets that , with appropriate software, 

enhance the plat form  security capabilit ies.

• I ntel®  QuickPath I nterconnect  ( I ntel®  QPI )  — A cache-coherent , links-based 

interconnect  specificat ion for I ntel processors, chipsets, and I / O bridge 

com ponents.

• I ntel®  6 4  Architecture — An enhancement  to I ntel's I A-32 architecture, allowing 

the processor to execute operat ing systems and applicat ions writ ten to take 

advantage of I ntel® 64.

• I ntel®  Virtualizat ion Technology ( I ntel®  VT)  — A set  of hardware 

enhancem ents to I ntel server and client  plat form s that  can im prove vir tualizat ion 

solut ions. VT provides a foundat ion for widely-deployed vir tualizat ion solut ions and 

enables m ore robust  hardware assisted vir tualizat ion solut ion.

• I ntegrated Heat  Spreader ( I HS)  — A component  of the processor package used 

to enhance the thermal perform ance of the package. Com ponent  therm al solut ions 

interface with the processor at  the I HS surface.

• Jit ter  — Any t im ing variat ion of a t ransit ion edge or edges from  the defined Unit  

I nterval (UI ) .

• LGA1 3 6 6  Socket  — The 1366- land FC-LGA package mates with the system board 

through this surface mount , 1366-contact  socket .

• Netw ork Equipm ent  Building System  ( NEBS)  — The m ost  com m on set  of 

environmental design guidelines applied to telecomm unicat ions equipm ent  in the 

United States.

• Server SKU  — A processor Stock Keeping Unit  (SKU)  to be installed in either 

server or workstat ion plat forms. Elect r ical, power and thermal specificat ions for 

these SKU’s are based on specific use condit ion assum pt ions. Server processors 

m ay be further categorized as Frequency Opt im ized, Advanced, Standard and Low 

Power SKUs. For further details on use condit ion assum pt ions, please refer to the 

latest  Product  Release Qualificat ion (PRQ)  Report  available via your Customer 

Quality Engineer (CQE)  contact .

• Storage Condit ions — Refers to a non-operat ional state. The processor may be 

installed in a plat form , in a t ray, or loose. Processors may be sealed in packaging or 

exposed to free air.  Under these condit ions, processor lands should not  be 

connected to any supply voltages, have any I / Os biased, or receive any clocks.

• Unit  I nterval ( UI )  — Signaling convent ion that  is binary and unidirect ional. I n 

this binary signaling, one bit  is sent  for every edge of the forwarded clock, whether 

it  be a r ising edge or a falling edge. I f a number of edges are collected at  instances 

t1,  t2, tn,. . ..,  tk then the UI  at  instance “n”  is defined as:

UI  n =  t  n -  t  n -  1

• W orkstat ion SKU — A processor SKU to be installed in workstat ion plat form s 

only. Elect r ical, power and therm al specificat ions for these processors have been 

developed based on I ntel’s reliability goals at  a reference use condit ion. I n addit ion, 

the processor validat ion and product ion test  condit ions have been opt im ized based 

on these condit ions. Operat ing “Workstat ion”  processors in a server environm ent  or 

other applicat ion, could impact  reliability performance, which means I ntel’s 

reliability goals may not  be met . For further details on use condit ion assumpt ions or 

reliability performance, please refer to the latest  Product  Release Qualificat ion 

(PRQ)  Report  available via your Customer Quality Engineer (CQE)  contact .
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1 .4 References

Plat form  designers are st rongly encouraged to maintain fam iliar ity with the most  up- to-

date revisions of processor and plat form  collateral.

Notes:
1. Docum ent  is available publicly at  ht tp: / / www.intel.com .

Table 1 - 2 . References

Docum ent Locat ion /  Docum ent# 1 Notes

Advanced Configurat ion and Power I nterface Specificat ion www.acpi. info.

Com pact  Elect ronics Bay Specificat ion:  A Server System  
I nfrast ructure (SSI )  Specificat ion for Value Servers and Workstat ions

www.ssiforum .org

Elect ronics Bay Specificat ion for 2008 Servers and Workstat ion

Entry-Level Elect ronics-Bay Specificat ions:  A Server System  
I nfrast ructure (SSI )  Specificat ion for Ent ry Pedestal Servers and 
Workstat ions

Thin Elect ronics Bay Specificat ion:  A Server System  I nfrast ructure 
(SSI )  Specificat ion for Rack-Opt im ized Servers

I ntel®  64 and I A-32 Architecture Software Developer 's Manual 

• Volum e 1:  Basic Architecture

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

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

• Volum e 3A:  System  Program m ing Guide, Part  1

• Volum e 3B:  System s Program m ing Guide, Part  2

253665

253666

253667

253668

253669

1

I ntel®  64 and I A-32 Architectures Opt im izat ion Reference Manual 248966 1

I ntel®  Xeon®  Processor 5600 Series Datasheet , Volum e 2 323370 1

I ntel®  Xeon®  Processor 5500/ 5600 Series Therm al/ Mechanical 
Design Guidelines 

323371 1
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2 Elect r ical Specificat ions

2 .1 Processor Signaling

The I ntel Xeon processor 5600 series include 1366 lands, which ut ilize various signaling 

technologies. Signals are grouped by elect r ical characterist ics and buffer type into 

various signal groups. These include I ntel QuickPath I nterconnect , DDR3 (Reference 

Clock, Com mand, Cont rol, and Data) , Plat form  Environm ental Cont rol I nterface (PECI ) , 

Processor Sideband, System  Reference Clock, Test  Access Port  (TAP) , and Power/ Other 

signals. Refer to Table 2-5 for details.

2 .1 .1 I ntel®  QuickPath I nterconnect

The I ntel Xeon processor 5600 series provide two I ntel®  QuickPath I nterconnect  ports 

for high speed serial t ransfer between other enabled com ponents. Each port  consists of 

two uni-direct ional links ( for t ransm it  and receive) . A different ial signaling scheme is 

ut ilized, which consists of opposite-polar ity (D_P, D_N)  signal pairs.

On-die term inat ion (ODT)  is included on the processor silicon and term inated to VSS. 

I ntel chipsets also provide ODT, thus elim inat ing the need to term inate on the system 

board. Figure 2-1 illust rates the act ive ODT.

2 .1 .2 DDR3  Signal Groups

The memory interface ut ilizes DDR3 technology, which consists of num erous signal 

groups. These include:  Reference Clocks, Command Signals, Cont rol Signals, and Data 

Signals. Each group consists of numerous signals, which m ay ut ilize various signaling 

technologies. Please refer to Table 2-5 for further details.

2 .1 .3 Plat form  Environm ental Control I nterface ( PECI )

PECI  is an I ntel proprietary interface that  provides a com m unicat ion channel between 

I ntel processors and chipset  com ponents 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 Thermal 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 processor tem perature, perform  processor m anageability funct ions, and m anage 

processor interface tuning and diagnost ics. Please refer to Sect ion 7.3 for processor 

specific im plem entat ion details for PECI .

Figure 2 - 1 . Act ive ODT for a Different ia l Link Exam ple

TX RX

R
TT R

TT
RTT RTT

Signal

Signal
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The PECI  interface operates at  a nom inal voltage set  by VTTD.  The set  of DC elect r ical 

specificat ions shown in Table 2-13 is used with devices normally operat ing from  a VTTD 

interface supply.

2 .1 .3 .1 I nput  Device Hysteresis

The PECI  client  and host  input  buffers must  use a Schm it t- t r iggered input  design for 

im proved noise im m unity. Please refer to Figure 2-2 and Table 2-13.

2 .1 .4 Processor Sideband Signals

I ntel Xeon processor 5600 series include sideband signals that  provide a variety of 

funct ions. Details can be found in Table 2-5.

All Asynchronous Processor Sideband signals are required to be asserted/ deasserted 

for at  least  eight  BCLKs in order for the processor to recognize the proper signal state. 

See Table 2-18 and Table 2-26 for DC and AC specificat ions, respect ively. Refer to 

Sect ion 3 for applicable signal integrity specificat ions.

2 .1 .5 System  Reference Clock

The processor core, processor uncore, I ntel QuickPath I nterconnect  link, and DDR3 

memory interface frequencies are generated from BCLK_DP and BCLK_DN signals. 

There is no direct  link between core frequency and I ntel QuickPath I nterconnect  link 

frequency (e.g., no core frequency to I ntel QuickPath I nterconnect  m ult iplier) . The 

processor m axim um  core frequency, I ntel QuickPath I nterconnect  link frequency and 

DDR m em ory frequency are set  during m anufacturing. I t  is possible to overr ide the 

processor core frequency set t ing using software. This perm its operat ion at  lower core 

frequencies than the factory set  m axim um  core frequency.

The processor core frequency is configured during reset  by using values stored within 

the device during manufacturing. The stored value sets the lowest  core mult iplier at  

which the part icular processor can operate. I f higher speeds are desired, the 

appropriate rat io can be configured via the I A32_PERF_CTL MSR (MSR 199h) ;  Bits 

[ 15: 0] .

Figure 2 - 2 . I nput  Device Hysteresis

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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Clock m ult iplying within the processor is provided by the internal phase locked loop 

(PLL) , which requires a constant  frequency BCLK_DP, BCLK_DN input , with except ions 

for spread spect rum  clocking. DC specificat ions for the BCLK_DP, BCLK_DN inputs are 

provided in Table 2-14 and AC specificat ions in Table 2-22. These specificat ions must  

be m et  while also m eet ing the associated signal quality specificat ions out lined in 

Sect ion 3.

2 .1 .6 Test  Access Port  ( TAP)  Signals

Due to the voltage levels supported by other com ponents in the Test  Access Port  (TAP)  

logic, it  is recom m ended that  the processor(s)  be first  in the TAP chain and followed by 

any other com ponents 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. Sim ilar considerat ions m ust  be m ade for 

TCK, TDO, TMS, and TRST# . Two copies of each signal m ay be required with each 

driving a different  voltage level.

Processor TAP signal DC specificat ions can be found in Table 2-18. AC specificat ions are 

located in Table 2-27.

Note: While TDI , TMS and TRST#  do not  include On-Die Term inat ion (ODT) , these signals are 
weakly pulled-up via a 1-5 k resistor to VTT.

Note: While TCK does not  include ODT, this signal is weakly pulled-down via a
1-5 k resistor to VSS.
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2 .1 .7 Pow er /  Other Signals

Processors also include various other signals including power/ ground, sense points, and 

analog inputs. Details can be found in Table 2-5.

Table 2-1 out lines the required voltage supplies necessary to support  I ntel Xeon 

processor 5600 series.

Note:
1. Refer to Table 2-8 for voltage and current  specificat ions.

2 .1 .7 .1 Pow er and Ground Lands

For clean on-chip power dist r ibut ion, processors include lands for all required voltage 

supplies. These include:

• 210 each VCC (271 ea. VSS)  lands must  be supplied with the voltage determ ined by 

the VI D[ 7: 0]  signals. Table 2-2 defines the voltage level associated with each core 

VI D pat tern. Table 2-9 and Figure 2-3 represent  VCC stat ic and t ransient  lim its.

• 3 each VCCPLL lands, connected to a 1.8 V supply, power the Phase Lock Loop (PLL)  

clock generat ion circuit ry. An on-die PLL filter solut ion is im plemented within the 

processor.

• 45 each VDDQ (17 ea. VSS)  lands, connected to a 1.50 /  1.35 V supply, provide 

power to the processor DDR3 interface. This supply also powers the DDR3 memory 

subsystem .

• 7 each VTTA (5 ea. VSS)  and 26 ea. VTTD (17 ea. VSS)  lands m ust  be supplied with 

the voltage determ ined by the VTT_VI D[ 4: 2]  signals. Coupled with a 20 mV offset , 

this corresponds to a VTT_VI D pat tern of ‘010xxx10’. Table 2-4 specifies the 

voltage levels associated with each VTT_VI D pat tern. Table 2-11 and Figure 2-10 

represent  VTT stat ic and t ransient  lim its.

All VCC,  VCCPLL, VDDQ, VTTA,  and VTTD 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. 

2 .1 .7 .2 Decoupling Guidelines

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 m ay 

cause voltages on power planes to sag below their m inim um  values if bulk decoupling is 

not  adequate. Larger bulk storage (CBULK) , such as elect rolyt ic capacitors, supply 

Table 2 - 1 . Processor Pow er Supply Voltages1

Pow er Rail Nom inal Voltage Notes

VCC
See Table 2-9;  

Figure 2-3
Each processor includes a dedicated VR11.1 regulator.

VCCPLL 1.80 V Each processor includes dedicated VCCPLL and PLL circuits.

VDDQ
1.50 V
1.35 V

Each processor and DDR3 /  DDR3L stack shares a dedicated 

voltage regulator. I t  is expected that  regulators will support  

both 1.50 and 1.35 V.

VTTA, VTTD
See Table 2-11;  

Figure 2-10

Each processor includes a dedicated VR11.0 regulator.

VTT =  VTTA +  VTTD;  P1V1_Vt t  is VI D[ 4: 2]  cont rolled, 

VI D range is 1.025-1.2000V;  20 mV offset  (see Table 2-4) ;  

VTT represents a typical voltage. VTT_MI N and VTT_MAX 

loadlines represent  a 31.5 m V offset  from  VTT ( typ) .
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current  during longer last ing changes in current  dem and, for example com ing out  of an 

idle condit ion. Sim ilarly, they act  as a storage well for current  when entering an idle 

condit ion from  a running condit ion. Care m ust  be taken in the baseboard design to 

ensure that  the voltages provided to the processor remain within the specificat ions 

listed in Table 2-8. Failure to do so can result  in t im ing violat ions or reduced lifet ime of 

the processor. 

2 .1 .7 .3 Processor VCC Voltage I dent ificat ion ( VI D)  Signals

The voltage set  by the VI D signals is the maximum reference voltage regulator (VR)  

output  to be delivered to the processor VCC lands. VI D signals are CMOS push/ pull 

outputs. Please refer to Table 2-18 for the DC specificat ions for these signals.

I ndividual processor VI D values m ay be calibrated during m anufacturing such that  two 

devices at  the sam e core frequency may have different  default  VI D set t ings.

The processor uses eight  voltage ident ificat ion signals, VI D[ 7: 0] , to support  autom at ic 

select ion of power supply voltages. Table 2-2 specifies the voltage level corresponding 

to the state of VI D[ 7: 0] . A ‘1’ in this table refers to a high voltage level and a ‘0’ refers 

to a low voltage level. I f the processor socket  is empty (SKTOCC#  pulled high) , or the 

voltage regulat ion circuit  cannot  supply the voltage that  is requested, the voltage 

regulator m ust  disable itself. 

The processor provides the ability to operate while t ransit ioning to an adjacent  VI D and 

its associated processor core voltage (VCC) . This is represented by a DC shift  in the 

loadline. I t  should be noted that  a low- to-high or high- to- low voltage state change may 

result  in as m any VI D t ransit ions as necessary to reach the target  core voltage. 

Transit ions above the m axim um  specified VI D are not  perm it ted. Table 2-8 includes VI D 

step sizes and DC shift  ranges. Minim um and m aximum  voltages m ust  be m aintained 

as shown in Table 2-9.

The VRM or EVRD ut ilized m ust  be capable of regulat ing its output  to the value defined 

by the new VI D. DC specificat ions for dynam ic VI D t ransit ions are included in 

Table 2-18, while AC specificat ions are included in Table 2-28.

Power source characterist ics m ust  be guaranteed to be stable whenever the supply to 

the voltage regulator is stable.

Table 2 - 2 . Voltage I dent ificat ion Definit ion ( Sheet  1  of 6 )

VI D7 VI D6 VI D5 VI D4 VI D3 VI D2 VI D1 VI D0 VCC_ MAX

0 0 0 0 0 0 0 0 OFF

0 0 0 0 0 0 0 1 OFF

0 0 0 0 0 0 1 0 1.60000

0 0 0 0 0 0 1 1 1.59375

0 0 0 0 0 1 0 0 1.58750

0 0 0 0 0 1 0 1 1.58125

0 0 0 0 0 1 1 0 1.57500

0 0 0 0 0 1 1 1 1.56875

0 0 0 0 1 0 0 0 1.56250

0 0 0 0 1 0 0 1 1.55625

0 0 0 0 1 0 1 0 1.55000

0 0 0 0 1 0 1 1 1.54375
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0 0 0 0 1 1 0 0 1.53750

0 0 0 0 1 1 0 1 1.53125

0 0 0 0 1 1 1 0 1.52500

0 0 0 0 1 1 1 1 1.51875

0 0 0 1 0 0 0 0 1.51250

0 0 0 1 0 0 0 1 1.50625

0 0 0 1 0 0 1 0 1.50000

0 0 0 1 0 0 1 1 1.49375

0 0 0 1 0 1 0 0 1.48750

0 0 0 1 0 1 0 1 1.48125

0 0 0 1 0 1 1 0 1.47500

0 0 0 1 0 1 1 1 1.46875

0 0 0 1 1 0 0 0 1.46250

0 0 0 1 1 0 0 1 1.45625

0 0 0 1 1 0 1 0 1.45000

0 0 0 1 1 0 1 1 1.44375

0 0 0 1 1 1 0 0 1.43750

0 0 0 1 1 1 0 1 1.43125

0 0 0 1 1 1 1 0 1.42500

0 0 0 1 1 1 1 1 1.41875

0 0 1 0 0 0 0 0 1.41250

0 0 1 0 0 0 0 1 1.40625

0 0 1 0 0 0 1 0 1.40000

0 0 1 0 0 0 1 1 1.39375

0 0 1 0 0 1 0 0 1.38750

0 0 1 0 0 1 0 1 1.38125

0 0 1 0 0 1 1 0 1.37500

0 0 1 0 0 1 1 1 1.36875

0 0 1 0 1 0 0 0 1.36250

0 0 1 0 1 0 0 1 1.35625

0 0 1 0 1 0 1 0 1.35000

0 0 1 0 1 0 1 1 1.34375

0 0 1 0 1 1 0 0 1.33750

0 0 1 0 1 1 0 1 1.33125

0 0 1 0 1 1 1 0 1.32500

0 0 1 0 1 1 1 1 1.31875

0 0 1 1 0 0 0 0 1.31250

0 0 1 1 0 0 0 1 1.30625

0 0 1 1 0 0 1 0 1.30000

0 0 1 1 0 0 1 1 1.29375

0 0 1 1 0 1 0 0 1.28750

0 0 1 1 0 1 0 1 1.28125

Table 2 - 2 . Voltage I dent ificat ion Definit ion ( Sheet  2  of 6 )

VI D7 VI D6 VI D5 VI D4 VI D3 VI D2 VI D1 VI D0 VCC_ MAX
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0 0 1 1 0 1 1 0 1.27500

0 0 1 1 0 1 1 1 1.26875

0 0 1 1 1 0 0 0 1.26250

0 0 1 1 1 0 0 1 1.25625

0 0 1 1 1 0 1 0 1.25000

0 0 1 1 1 0 1 1 1.24375

0 0 1 1 1 1 0 0 1.23750

0 0 1 1 1 1 0 1 1.23125

0 0 1 1 1 1 1 0 1.22500

0 0 1 1 1 1 1 1 1.21875

0 1 0 0 0 0 0 0 1.21250

0 1 0 0 0 0 0 1 1.20625

0 1 0 0 0 0 1 0 1.20000

0 1 0 0 0 0 1 1 1.19375

0 1 0 0 0 1 0 0 1.18750

0 1 0 0 0 1 0 1 1.18125

0 1 0 0 0 1 1 0 1.17500

0 1 0 0 0 1 1 1 1.16875

0 1 0 0 1 0 0 0 1.16250

0 1 0 0 1 0 0 1 1.15625

0 1 0 0 1 0 1 0 1.15000

0 1 0 0 1 0 1 1 1.14375

0 1 0 0 1 1 0 0 1.13750

0 1 0 0 1 1 0 1 1.13125

0 1 0 0 1 1 1 0 1.12500

0 1 0 0 1 1 1 1 1.11875

0 1 0 1 0 0 0 0 1.11250

0 1 0 1 0 0 0 1 1.10625

0 1 0 1 0 0 1 0 1.10000

0 1 0 1 0 0 1 1 1.09375

0 1 0 1 0 1 0 0 1.08750

0 1 0 1 0 1 0 1 1.08125

0 1 0 1 0 1 1 0 1.07500

0 1 0 1 0 1 1 1 1.06875

0 1 0 1 1 0 0 0 1.06250

0 1 0 1 1 0 0 1 1.05625

0 1 0 1 1 0 1 0 1.05000

0 1 0 1 1 0 1 1 1.04375

0 1 0 1 1 1 0 0 1.03750

0 1 0 1 1 1 0 1 1.03125

0 1 0 1 1 1 1 0 1.02500

0 1 0 1 1 1 1 1 1.01875

Table 2 - 2 . Voltage I dent ificat ion Definit ion ( Sheet  3  of 6 )

VI D7 VI D6 VI D5 VI D4 VI D3 VI D2 VI D1 VI D0 VCC_ MAX
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0 1 1 0 0 0 0 0 1.01250

0 1 1 0 0 0 0 1 1.00625

0 1 1 0 0 0 1 0 1.00000

0 1 1 0 0 0 1 1 0.99375

0 1 1 0 0 1 0 0 0.98750

0 1 1 0 0 1 0 1 0.98125

0 1 1 0 0 1 1 0 0.97500

0 1 1 0 0 1 1 1 0.96875

0 1 1 0 1 0 0 0 0.96250

0 1 1 0 1 0 0 1 0.95625

0 1 1 0 1 0 1 0 0.95000

0 1 1 0 1 0 1 1 0.94375

0 1 1 0 1 1 0 0 0.93750

0 1 1 0 1 1 0 1 0.93125

0 1 1 0 1 1 1 0 0.92500

0 1 1 0 1 1 1 1 0.91875

0 1 1 1 0 0 0 0 0.91250

0 1 1 1 0 0 0 1 0.90625

0 1 1 1 0 0 1 0 0.90000

0 1 1 1 0 0 1 1 0.89375

0 1 1 1 0 1 0 0 0.88750

0 1 1 1 0 1 0 1 0.88125

0 1 1 1 0 1 1 0 0.87500

0 1 1 1 0 1 1 1 0.86875

0 1 1 1 1 0 0 0 0.86250

0 1 1 1 1 0 0 1 0.85625

0 1 1 1 1 0 1 0 0.85000

0 1 1 1 1 0 1 1 0.84375

0 1 1 1 1 1 0 0 0.83750

0 1 1 1 1 1 0 1 0.83125

0 1 1 1 1 1 1 0 0.82500

0 1 1 1 1 1 1 1 0.81875

1 0 0 0 0 0 0 0 0.81250

1 0 0 0 0 0 0 1 0.80625

1 0 0 0 0 0 1 0 0.80000

1 0 0 0 0 0 1 1 0.79375

1 0 0 0 0 1 0 0 0.78750

1 0 0 0 0 1 0 1 0.78125

1 0 0 0 0 1 1 0 0.77500

1 0 0 0 0 1 1 1 0.76875

1 0 0 0 1 0 0 0 0.76250

1 0 0 0 1 0 0 1 0.75625

Table 2 - 2 . Voltage I dent ificat ion Definit ion ( Sheet  4  of 6 )

VI D7 VI D6 VI D5 VI D4 VI D3 VI D2 VI D1 VI D0 VCC_ MAX
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1 0 0 0 1 0 1 0 0.75000

1 0 0 0 1 0 1 1 0.74375

1 0 0 0 1 1 0 0 0.73750

1 0 0 0 1 1 0 1 0.73125

1 0 0 0 1 1 1 0 0.72500

1 0 0 0 1 1 1 1 0.71875

1 0 0 1 0 0 0 0 0.71250

1 0 0 1 0 0 0 1 0.70625

1 0 0 1 0 0 1 0 0.70000

1 0 0 1 0 0 1 1 0.69375

1 0 0 1 0 1 0 0 0.68750

1 0 0 1 0 1 0 1 0.68125

1 0 0 1 0 1 1 0 0.67500

1 0 0 1 0 1 1 1 0.66875

1 0 0 1 1 0 0 0 0.66250

1 0 0 1 1 0 0 1 0.65625

1 0 0 1 1 0 1 0 0.65000

1 0 0 1 1 0 1 1 0.64375

1 0 0 1 1 1 0 0 0.63750

1 0 0 1 1 1 0 1 0.63125

1 0 0 1 1 1 1 0 0.62500

1 0 0 1 1 1 1 1 0.61875

1 0 1 0 0 0 0 0 0.61250

1 0 1 0 0 0 0 1 0.60625

1 0 1 0 0 0 1 0 0.60000

1 0 1 0 0 0 1 1 0.59375

1 0 1 0 0 1 0 0 0.58750

1 0 1 0 0 1 0 1 0.58125

1 0 1 0 0 1 1 0 0.57500

1 0 1 0 0 1 1 1 0.56875

1 0 1 0 1 0 0 0 0.56250

1 0 1 0 1 0 0 1 0.55625

1 0 1 0 1 0 1 0 0.55000

1 0 1 0 1 0 1 1 0.54375

1 0 1 0 1 1 0 0 0.53750

1 0 1 0 1 1 0 1 0.53125

1 0 1 0 1 1 1 0 0.52500

1 0 1 0 1 1 1 1 0.51875

1 0 1 1 0 0 0 0 0.51250

1 0 1 1 0 0 0 1 0.50625

Table 2 - 2 . Voltage I dent ificat ion Definit ion ( Sheet  5  of 6 )

VI D7 VI D6 VI D5 VI D4 VI D3 VI D2 VI D1 VI D0 VCC_ MAX
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