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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.

http://www.intel.com/products/processor_number
http://www.intel.com/products/ht/hyperthreading_more.htm
www.intel.com
http://processorfinder.intel.com
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I n t r od u ct io n

1 I n t r od u ct 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 systems.

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 thermal requirements, and addit ional features pert inent  to 

implementat 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.

Not e: 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 Pr ocesso r  Feat u r es

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 f o r m  Feat u r es

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.

Tab le 1 - 1 . I n t e l®  Xeon ®  Pr ocesso r  5 6 0 0  Ser ies Feat u r e Set  Ov er v iew

Feat u r e I n t e l®  Xeon ®  Pr ocesso r  5 6 0 0  Ser ies 

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 Ter m in o log y

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 - lan d  FC- LGA p ack ag e — 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.

• En h an ced  I n t e l  Sp eed St ep ®  Tech n o log y  — Enhanced I ntel SpeedStep®  

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

performance is not  needed.

• Ex ecu t e Disab le Bi t  — 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.

• Fu n ct ion al  Op er at 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 n t eg r at ed  Mem or y  Con t r o l ler  ( 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 n t e l®  Tu r b o  Boost  Tech n o logy  -  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 n t e l®  Tr u st ed  Ex ecu t ion  Tech n o log y  -  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 n t e l®  Qu ick Pat h  I n t er con n ect  ( I n t e l®  QPI )  — A cache-coherent , links-based 

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

com ponents.

• I n t e l®  6 4  Ar ch i t ect u r e — 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 n t e l®  Vi r t u a l izat ion  Tech n o log y  ( I n t e l®  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 n t eg r at ed  Heat  Sp r ead er  ( 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.

• Ji t t er  — 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  Sock et  — The 1366- land FC-LGA package mates with the system board 

through this surface mount , 1366-contact  socket .

• Net w or k  Eq u ip m en t  Bu i ld in g  Sy st em  ( NEBS)  — The m ost  com m on set  of 

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

United States.

• Ser v er  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 .

• St o r ag e Con d i t ion s  — 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.

• Un i t  I n t er v a l  ( 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 or k st at 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 Ref er en ces

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.

Not es:
1. Docum ent  is available publicly at  ht tp: / / www.intel.com .

Tab le 1 - 2 . Ref er en ces

Do cu m en t Locat ion  /  Docu m en t # 1 Not es

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 i ca l  Sp eci f i ca t ion s

2 .1 Pr ocesso r  Sig n al in g

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 n t e l®  Qu ick Pat h  I n t er con n ect

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  Sig n al  Gr ou p s

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 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 )

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 .

Fig u r e 2 - 1 . Act iv e ODT f o r  a  Di f f er en t ia l  Lin k  Ex am p le

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 n p u t  Dev ice Hy st er esis

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

improved noise immunity. Please refer to Figure 2-2 and Table 2-13.

2 .1 .4 Pr ocesso r  Sid eb an d  Sig n als

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 Sy st em  Ref er en ce 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] .

Fig u r e 2 - 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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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 met  while also meet ing the associated signal quality specificat ions out lined in 

Sect ion 3.

2 .1 .6 Test  Access Por t  ( TAP)  Sig n als

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

logic, it  is recommended 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.

Not e: 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.

Not e: 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  /  Ot h er  Sig n als

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.

Not e:
1. Refer to Table 2-8 for voltage and current  specificat ions.

2 .1 .7 .1 Pow er  an d  Gr ou n d  Lan d s

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 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 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 

Tab le 2 - 1 . Pr ocessor  Pow er  Su pp ly  Vo l t ag es1

Pow er  Rai l Nom in a l  Vo l t ag e No t es

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 t y p ica l  voltage. VTT_MI N and VTT_MAX 

loadlines represent  a 31.5 m V offset  from  VTT ( typ) .



I ntel®  Xeon®  Processor 5600 Series Datasheet  Volum e 1 21

Elect r i ca l  Sp eci f i ca t ion s

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 Pr ocesso r  VCC Vo l t ag e I d en t i f i ca t ion  ( VI D)  Sig n a ls

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 same 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.

Tab le 2 - 2 . Vo l t ag e I den t i f i ca t ion  Def in i t ion  ( Sh eet  1  o f  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

Tab le 2 - 2 . Vo l t ag e I d en t i f i cat ion  Def in i t ion  ( Sh eet  2  o f  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

Tab le 2 - 2 . Vo l t ag e I den t i f i ca t ion  Def in i t ion  ( Sh eet  3  o f  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

Tab le 2 - 2 . Vo l t ag e I d en t i f i cat ion  Def in i t ion  ( Sh eet  4  o f  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

Tab le 2 - 2 . Vo l t ag e I den t i f i ca t ion  Def in i t ion  ( Sh eet  5  o f  6 )

VI D7 VI D6 VI D5 VI D4 VI D3 VI D2 VI D1 VI D0 VCC_ MAX
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Not es:
1. When the “11111111”  VI D pat tern is observed, or when the SKTOCC#  pin is pulled high, the voltage 

regulator output  should be disabled.
2. The VI D range includes VI D t ransit ions that  m ay be init iated by therm al events, Extended HALT state 

t ransit ions (see Sect ion 8.2) , higher C-States (see Sect ion 8.2)  or Enhanced I ntel SpeedStep®  Technology 
t ransit ions (see Sect ion 8.5) . Th e Ex t en d ed  HALT st a t e  m u st  b e en ab led  f o r  t h e p r ocesso r  t o  
r em ain  w i t h in  i t s sp eci f i ca t ion s

3. Once the VRM/ EVRD is operat ing after power-up, if either the Output  Enable signal is de-asserted or a 
specific VI D off code is received, the VRM/ EVRD m ust  turn off it s output  ( the output  should go to high 
im pedance)  within 500 m s and latch off unt il power is cycled.

2 .1 .7 .3 .1 Pow er - On  Con f ig u r at ion  ( POC)  Log ic

VI D[ 7: 0]  signals also serve a second funct ion. During power-up, Power-On 

Configurat ion POC[ 7: 0]  logic levels are MUX’ed onto these signals via 1-5 k pull-up or 

pull down resistors located on the baseboard. These values provide voltage regulator 

keying (VI D[ 7] ) , inform  the processor of the plat forms power delivery capabilit ies 

(MSI D[ 2: 0] ) , and program the gain applied to the I SENSE input  (CSC[ 2: 0] ) . Table 2-3 

m aps VI D signals to the corresponding POC funct ionality.

Not e:
1. This set t ing is defined for future use;  no I ntel Xeon processor 5600 series SKU is defined with I CC_MAX= 40 

A.
2. I n general, set  PWM I MON slope to 900 m V =  I MAX, where I MAX =  I CCMAX. For the 130 W SKU, set  I MON 

slope to 900 m V=  180 A. All other SKUs m ust  m atch the values shown above. Please consult  the PWM 
datasheet  for the I MON slope set t ing.

Some POC signals include specific t im ing requirements. Please refer to Sect ion 8.1 for 

further details.

1 0 1 1 0 0 1 0 0.50000

1 1 1 1 1 1 1 0 OFF

1 1 1 1 1 1 1 1 OFF

Tab le 2 - 2 . Vo l t ag e I d en t i f i cat ion  Def in i t ion  ( Sh eet  6  o f  6 )

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

Tab le 2 - 3 . Pow er - On  Con f ig u r at ion  ( POC[ 7 :0 ] )  Decod e

Fu n ct ion Bi t s POC Set t in g s Descr ip t ion

VR_Key VI D[ 7] 0b for VR11.1 Elect ronic safety key 
dist inguishing VR11.1

Spare VI D[ 6] 0b (default ) Reserved for future use

CSC[ 2: 0] VI D[ 5: 3] -000b

-001b

-010b

-011b

-100b

-101b

-111b

Feature Disabled

I CC_MAX 40 A1

40 W TDP /  I CC_MAX  50 A

60 W TDP /  I CC_MAX =  80 A

80W TDP /  I CC_MAX =  100 A

95W TDP /  I CC_MAX =  120 A

130W TDP /  I CC_MAX =  
150A2

Current  Sensor Configurat ion 
(CSC)  program s the gain 
applied to the I SENSE A/ D 
output . I SENSE data is then 
used to dynam ically calculate 
current  and power.

MSI D[ 2: 0] VI D[ 2: 0] -001b

-011b

-100b

-101b

-110b

40 W TDP /  50 A I CC_MAX

60 W TDP /  80 A I CC_MAX

80 W TDP /  100 A I CC_MAX

95 W TDP /  120 A I CC_MAX

130 W TDP /  150 A I CC_MAX

MSI D[ 2: 0]  signals are provided 
to indicate the Market  Segm ent  
for the processor and m ay be 
used for future processor 
com pat ibilit y or keying. See 
Sect ion 8.1 for plat form  t im ing 
requirem ents of the MSI D[ 2: 0]  
signals.
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2 .1 .7 .4 Pr ocesso r  VTT Vo l t ag e I d en t i f i ca t ion  ( VTT_ VI D)  Sig n a ls

The voltage set  by the VTT_VI D signals is the typical reference voltage regulator (VR)  

output  to be delivered to the processor VTTA and VTTD lands. I t  is expected that  one 

regulator will supply all VTTA and VTTD lands. VTT_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 VTT_VI D values m ay be calibrated during m anufactur ing such that  

two devices at  the same core frequency may have different  default  VTT_VI D set t ings.

The processor ut ilizes three voltage ident ificat ion signals to support  automat ic select ion 

of power supply voltages. These correspond to VTT_VI D[ 4: 2] . The VTT voltage level 

delivered to the processor lands must  also encompass a 20 mV offset  (See Table 2-4;  

VTT_TYP)  above the voltage level corresponding to the state of the VTT_VI D[ 7: 0]  signals 

(See Table 2-4;  VR 11.0 Voltage) . Table 2-11 and Figure 2-10 provide the result ing 

stat ic and t ransient  tolerances. Please note that  the m axim um  and m inimum  elect r ical 

loadlines are defined by a 31.5 mV tolerance band above and below VTT_TYP values.

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

the voltage regulator is stable.

2 .1 .8 Reser v ed  o r  Un u sed  Sign als

All Reserved (RSVD)  signals m ust  rem ain unconnected. Connect ion of these signals to 

VCC,  VTTA,  VTTD,  VDDQ, VSS,  or any other signal ( including each other)  can result  in 

component  malfunct ion or incompat ibilit y with future processors. See Sect ion 5 for the 

land list ing and the locat ion of all Reserved signals.

For reliable operat ion, connect  unused inputs or bidirect ional signals to an appropriate 

signal level. Unused I ntel QuickPath I nterconnect  input  and output  pins can be left  

float ing. Unused act ive high inputs should be connected through a resistor to ground 

(VSS) . Unused outputs can be left  unconnected;  however, this may interfere with some 

TAP funct ions, com plicate debug probing, and prevent  boundary scan test ing. A resistor 

must  be used when tying bidirect ional signals to power or ground. When tying any 

signal to power or ground, including a resistor will also allow for system testability. 

Resistor values should be within ±  20%  of the impedance of the baseboard t race, 

unless otherwise noted in the appropriate plat form  design guidelines.

TAP signals do not  include on-die term inat ion, however they m ay include resistors on 

package ( refer to Sect ion 2.1.6 for details) . I nputs and ut ilized outputs must  be 

term inated on the baseboard. Unused outputs may be term inated on the baseboard or 

left  unconnected. Note that  leaving unused outputs unterm inated may interfere with 

some TAP funct ions, complicate debug probing, and prevent  boundary scan test ing.

Tab le 2 - 4 . VTT Vo l t age I d en t i f i cat ion  Def in i t i on

VI D7 VI D6 VI D5 VI D4 VI D3 VI D2 VI D1 VI D0
 VR 1 1 .0  
Vo l t ag e

VTT_ TYP
( Vo l t ag e +  Of f set )

0 1 0 0 0 0 1 0 1.200V 1.220V

0 1 0 0 0 1 1 0 1.175V 1.195V

0 1 0 0 1 0 1 0 1.150V 1.170V

0 1 0 0 1 1 1 0 1.125V 1.145V

0 1 0 1 0 0 1 0 1.100V 1.120V

0 1 0 1 0 1 1 0 1.075V 1.095V

0 1 0 1 1 0 1 0 1.050V 1.070V

0 1 0 1 1 1 1 0 1.025V 1.045V
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2 .2 Sig n al  Gr ou p  Su m m ar y

Signals are aligned in Table 2-5 by buffer type and character ist ics. “Buffer Type”  

denotes the applicable signaling technology and specificat ions. 

Tab le 2 - 5 . Sig n al  Gr ou p s ( Sh eet  1  o f  2 )

Sig n a l  Gr ou p Bu f f er  Ty p e Sig n a ls1

I n t e l®  Qu ick Pat h  I n t er con n ect  Sig n a ls

Different ial I ntel®  QuickPath I nterconnect  I nput QPI [ 0/ 1] _DRX_D[ N/ P] [ 19: 0] , 
QPI [ 0/ 1] _CLKRX_DP, QPI [ 0/ 1] _CLKRX_DN

Different ial I ntel®  QuickPath I nterconnect  Output QPI [ 0/ 1] _DTX_D[ N/ P] [ 19: 0] , 
QPI [ 0/ 1] _CLKTX_DP, QPI [ 0/ 1] _CLKTX_DN

Single ended Analog I nput QPI [ 0/ 1] _COMP

DDR3  Ref er en ce Clock s2

Different ial Output DDR{ 0/ 1/ 2} _CLK_[ P/ N] [ 3: 0]

DDR3  Com m an d  Sig n als2

Single ended CMOS Output DDR{ 0/ 1/ 2} _RAS# , DDR{ 0/ 1/ 2} _CAS# , 
DDR{ 0/ 1/ 2} _WE# , DDR{ 0/ 1/ 2} _MA[ 15: 0] , 
DDR{ 0/ 1/ 2} _BA[ 2: 0] , DDR{ 0/ 1/ 2} _MA_PAR

Asynchronous Output DDR{ 0/ 1/ 2} _RESET#

DDR3  Con t r o l  Sig n a ls2

Single ended CMOS Output DDR{ 0/ 1/ 2} _CS# [ 7: 0] , DDR{ 0/ 1/ 2} _ODT[ 5: 0] , 
DDR{ 0/ 1/ 2} _CKE[ 3: 0]

Single ended Analog I nput DDR_VREF, DDR_COMP[ 2: 0]

DDR3  Dat a Sig n a ls2

Single ended CMOS I nput / Output DDR{ 0/ 1/ 2} _DQ[ 63: 0] , DDR{ 0/ 1/ 2} _ECC[ 7: 0]

Different ial CMOS I nput / Output DDR{ 0/ 1/ 2} _DQS_[ N/ P] [ 17: 0]

Single ended Asynchronous I nput DDR{ 0/ 1/ 2} _PAR_ERR# [ 2: 0] , 
DDR_THERM# , DDR_THERM2#

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 )

Single ended Asynchronous I nput / Output PECI

Pr ocesso r  Sid eb an d  Sig n a ls

Single ended GTL I nput / Output BPM# [ 7: 0] , CAT_ERR#

Single ended Asynchronous I nput PECI _I D#

Single ended Asynchronous GTL Output PRDY# , THERMTRI P#

Single ended Asynchronous GTL I nput PREQ#

Single ended Asynchronous GTL I nput / Output PROCHOT#

Single ended Asynchronous CMOS Output PSI # , TAPPWRGOOD

Single ended CMOS Output VI D[ 7: 6] ,

VI D[ 5: 3] / CSC[ 2: 0] ,

VI D[ 2: 0] / MSI D[ 2: 0] ,

VTT_VI D[ 4: 2]

PW RGOOD Sig n al

Single ended Asynchronous I nput VCCPWRGOOD, VDDPWRGOOD, VTTPWRGOOD

Reset  Sig n al

Single ended Reset  I nput RESET#
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Signals that  include on-die term inat ion (ODT)  are listed in Table 2-6.

Not es:
1. Unless otherwise specified, signals have ODT in the package with a 50  pull-down to VSS.
2. Unless otherwise specified, all DDR3 signals are term inated to VDDQ/ 2.
3. DDR{ 0/ 1/ 2} _PAR_ERR# [ 2: 0]  are term inated to VDDQ.
4. TCK does not  include ODT, this signal is weakly pulled-down via a 1-5 k resistor to VSS.
5. TDI , TMS, TRST#  do not  include ODT, these signals are weakly pulled-up via 1-5k resistor to VTT.
6. BPM[ 7: 0] #  and PREQ#  signals have ODT in package with 35 pull-ups to VTT.
7. PECI _I D#  has ODT in package with a 1-5 kpull-up to VTT.
8. TAPPWRGOOD has ODT in package with a 1-2.5 kpull-up to VTT.
9. VCCPWRGOOD, VDDPWRGOOD, and VTTPWRGOOD have ODT in package with a 5-20 kpull-down to VSS.

2 .3 Mix in g  Pr ocesso r s

I ntel supports dual-processor (DP)  configurat ions consist ing of processors:

• from  the same power opt im izat ion segm ent .

• that  support  the same maxim um  I ntel®  QuickPath I nterconnect  and DDR3 memory 

speeds.

Sy st em  Ref er en ce Clock

Different ial I nput BCLK_DP, BCLK_DN

Test  Access Po r t  ( TAP)  Sig n a ls

Different ial CMOS Output BCLK_I TP_DP, BCLK_I TP_DN

Single ended I nput TCK, TDI , TMS, TRST#

Single ended GTL Output TDO

Pow er / Ot h er  Sig n a ls

Power /  Ground VCC,  VCCPLL,  VDDQ,  VTTA,  VTTD,  VSS

Analog I nput COMP0, I SENSE

Sense Points VCCSENSE, VSSSENSE, VSS_SENSE_VTTD, 
VTTD_SENSE

Other SKTOCC# , DBR#

Not es:

1. Refer to Sect ion 5 for land assignm ents and Sect ion 6 for signal definit ions.
2. DDR{ 0/ 1/ 2}  refers to DDR3 channel 0, DDR3 channel 1, and DDR3 Channel 2

Tab le 2 - 5 . Sig n al  Gr ou p s ( Sh eet  2  o f  2 )

Sig n a l  Gr ou p Bu f f er  Ty p e Sig n a ls1

Tab le 2 - 6 . Sig n a ls W i t h  On - Die Ter m in at ion  ( ODT)

I n t e l Qu ick Pat h  I n t er f ace Sig n a l  Gr ou p 1

QPI [ 1: 0] _DRX_DP[ 19: 0] , QPI [ 1: 0] _DRX_DN[ 19: 0] , QPI [ 1: 0] _TRX_DP[ 19: 0] , QPI [ 1: 0] _TRX_DN[ 19: 0] , 
QPI [ 0/ 1] _CLKRX_D[ N/ P] , QPI [ 0/ 1] _CLKTX_D[ N/ P]

DDR3  Sig n al  Gr ou p 1 ,2

DDR{ 0/ 1/ 2} _DQ[ 63: 0] ,  DDR{ 0/ 1/ 2} _DQS_[ N/ P] [ 17: 0] , DDR{ 0/ 1/ 2} _ECC[ 7: 0] , 
DDR{ 0/ 1/ 2} _PAR_ERR# [ 2: 0] 3

Pr ocesso r  Sid eb an d  Sig n a l  Gr ou p 1

BPM# [ 7: 0] 6,  PECI _I D# 7,  PREQ# 6, TAPPWRGOOD8

Test  Access Po r t  ( TAP)  Sig n a l  Gr ou p

TCK4,  TDI 5,  TMS5,  TRST# 5

Pow er / Ot h er  Sig n a l  Gr ou p 9

TAPPWRGOOD8,  VCCPWRGOOD, VDDPWRGOOD, VTTPWRGOOD
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• that  share sym m etry across physical packages with respect  to the num ber of 

logical processor per package, num ber of cores per package, num ber of I ntel®  

QuickPath interfaces, and cache topology.

• that  have ident ical Extended Fam ily, Extended Model, Processor Type, Fam ily Code 

and Model Number as indicated by the Funct ion 1 of the CPUI D inst ruct ion.

Not e: Processors m ust  operate with the sam e I ntel®  QuickPath I nterconnect , DDR3 m em ory 
and core frequency.

While I ntel does nothing to prevent  processors from  operat ing together, some 

com binat ions may not  be supported due to lim ited validat ion, which m ay result  in 

uncharacter ized errata. Coupling this fact  with the large num ber of I ntel®  Xeon®  5600 

series processor at t r ibutes, the following populat ion rules and stepping m at r ix have 

been developed to clearly define supported configurat ions.

• Processors m ust  be of the sam e power-opt im izat ion segment . This insures 

processors include the sam e m axim um  I ntel®  QuickPath I nterconnect  and DDR3 

operat ing speeds and cache sizes.

• Processors m ust  operate at  the sam e core frequency. Note, processors within the 

sam e power-opt im izat ion segm ent  support ing different  maxim um core frequencies 

can be operated within a system. However, both must  operate at  the highest  

frequency rat ing com m only supported. Mixing com ponents operat ing at  different  

internal clock frequencies is not  supported and will not  be validated by I ntel.

• Processors m ust  share sym m etry across physical packages with respect  to the 

num ber of logical processors per package, number of cores per package (but  not  

necessarily the sam e subset  of cores within the packages) , num ber of I ntel®  

QuickPath interfaces and cache topology.

• Mixing steppings is only supported with processors that  have ident ical Extended 

Fam ily, Extended Model, Processor Type, Fam ily Code and Model Num ber as 

indicated by the Funct ion 1 of the CPUI D inst ruct ion. Mixing processors of different  

steppings, but  the same mode (as per CPUI D inst ruct ion)  is supported. Details 

regarding the CPUI D inst ruct ion are provide in the I ntel®  64 and I A-32 

Architectures Software Developer’s Manual, Volume 2A.

• After AND’ing the feature flag and extended feature flags from  the installed 

processors, any processor whose set  of feature flags exact ly m atches the AND’ed 

feature flags can be selected by the BI OS as the BSP. I f no processor exact ly 

matches the AND’ed feature flag values, then the processor with the numerically 

lower CPUI D should be selected as the BSP.

• I ntel requires that  the proper m icrocode update be loaded on each processor 

operat ing within the system. Any processor that  does not  have the proper 

m icrocode update loaded is considered by I ntel to be operat ing out-of-specificat ion.

• Customers are fully responsible for the validat ion of their system  configurat ions

Not e: Processors within a system must  operate at  the same frequency per bits [ 15: 8]  of the 
FLEX_RATI O MSR (Address:  194h) ;  however this does not  apply to frequency 
t ransit ions init iated due to therm al events, Extended HALT, Enhanced I ntel SpeedStep 
Technology t ransit ions signal (See Sect ion 8) .

2 .4 Flex ib le Mo t h er b oar d  Gu id el in es ( FMB)

The Flexible Motherboard (FMB)  guidelines are est imates of the maximum values the 

processor will have over certain t ime periods. The values are only est imates and actual 

specificat ions for future processors m ay differ. Processors m ay or m ay not  have 
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specificat ions equal to the FMB value in the foreseeable future. System designers 

should meet  the FMB values to ensure their systems will be compat ible with future 

processors.

2 .5 Ab so lu t e Max im u m  an d  Min im u m  Rat in g s

Table 2-7 specifies absolute m axim um  and m inim um rat ings only, which lie outside the 

funct ional lim its of the processor. Only within specified operat ion lim its, can 

funct ionality and long- term  reliability be expected.

At  condit ions outside funct ional operat ion condit ion lim its, but  within absolute 

maxim um and m inimum  rat ings, 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 

maxim um and m inimum  rat ings, the device may be funct ional, but  with its lifet ime 

degraded depending on exposure to condit ions exceeding the funct ional operat ion 

condit ion lim its.

At  condit ions exceeding absolute m axim um  and m inim um  rat ings, neither funct ionality 

nor long- term  reliability can be expected. Moreover, if a device is subjected to these 

condit ions for any length of t im e then, when returned to condit ions within the 

funct ional operat ing condit ion lim its, it  will either not  funct ion or its reliabilit y will be 

severely degraded.

Although the processor contains protect ive circuit ry to resist  dam age from  stat ic 

elect r ic discharge, precaut ions should always be taken to avoid high stat ic voltages or 

elect r ic fields.

Not es:
1. For funct ional operat ion, all processor elect r ical, signal qualit y, m echanical and therm al specificat ions m ust  

be sat isfied.
2. Overshoot  and undershoot  voltage guidelines for input , output , and I / O signals are out lined in Sect ion 3. 

Excessive overshoot  or undershoot  on any signal will likely result  in perm anent  dam age to the processor.
3. VTTA and VTTD should be der ived from  the sam e voltage regulator (VR) .
4. 5%  tolerance
5. Storage tem perature is applicable to storage condit ions only. I n this scenario, the processor m ust  not  

receive a clock, and no lands can be connected to a voltage bias. Storage within these lim its will not  affect  
the long- term  reliability of the device. For funct ional operat ion, please refer to the processor case 
tem perature specificat ion.

6. This rat ing applies to the processor and does not  include any t ray or packaging.
7. Failure to adhere to this specificat ion can affect  the long- term  reliability of the processor

Tab le 2 - 7 . Pr ocesso r  Abso lu t e Min im u m  an d  Max im u m  Rat in g s

Sy m b o l Par am et er Min Max Un i t No t es1 ,2

VCC Processor core voltage with respect  to VSS -0.3 1.4 V

VCCPLL Processor PLL voltage with respect  to VSS -0.3 2.0 V 4

VDDQ Processor I / O supply voltage for DDR3 
with respect  to VSS

-0.3 1.8 V 4

VTTA Processor uncore analog voltage with 
respect  to VSS

-0.3 1.4 V 3

VTTD Processor uncore digital voltage with 
respect  to VSS

-0.3 1.4 V 3

TCASE Processor case tem perature See 
Sect ion 7

See 
Sect ion 7

C

TSTORAGE Storage tem perature See 
Sect ion 7.4

See 
Sect ion 7.4

C 5,6,7

VI SENSE Analog input  voltage with respect  to VSS 
for sensing core current  consum pt ion

-0.3 1.15 V
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2 .6 Pr ocesso r  DC Sp eci f i cat ion s

DC sp eci f i cat ion s ar e d ef in ed  at  t h e p r ocesso r  p ad s, u n less o t h er w ise n o t ed . 

DC specificat ions are only valid while meet ing specificat ions for case temperature 

(TCASE specified in Sect ion 7 , “ Th er m al  Sp eci f i cat ion s” ) , clock frequency, and input  

voltages. Care should be taken to read all notes associated with each specificat ion.

Tab le 2 - 8 . 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
Vo l t ag e 

Plan e
Min Ty p Max Un i t No t es1

VI D VCC VI D Range - 0.750 1.350 V 2,3

VCC Core Voltage

(Launch -  FMB)

VCC VCCMAX= VI D- ( I CC *  0.8 m)

VCCMI N= (VI D-VRTOL) - ( I CC* 0.8 m)

See Table 2-9 and Figure 2-3

V 3,4,6,7,11

VVI D_STEP VI D step size during a 
t ransit ion

- 6.250 m V 9

VCCPLL PLL Voltage
(DC +  AC specificat ion)

VCCPLL 0.95* VCCPLL 
(Typ)

1.800 1.05* VCCPLL 
(Typ)

V 10

VDDQ I / O Voltage for DDR3 
(DC +  AC specificat ion)

VDDQ 0.95* VDDQ 
(Typ)

1.500 1.05* VDDQ 
(Typ)

V 10

VDDQ I / O Voltage for DDR3L 
(DC +  AC specificat ion)

VDDQ 0.95* VDDQ 
(Typ)

1.350 1.075* VDDQ 
(Typ)

V 10

VTT_VI D VTT VI D Range - 1.045 1.220 V 2,3

VTT Uncore Voltage

(Launch -  FMB)

VTT VTT_TYP= VTT_VI D- ( I TT* 6 m)

VTT_MAX= VTTTYP +  31.5 m V

VTT_MI N= VTTTYP -  31.5 m V

See Table 2-11 and Figure 2-10

V 3,5,8,11

I CC_MAX
I CCPLL_MAX
I DDQ_MAX
I TT_MAX

Max. Processor Current :  
Frequency Opt im ized 
Server/ Workstat ion
(TDP =  130 W)

(Launch -  FMB)

VCC

VCCPLL

VDDQ

VTTA

VTTD

150

1.1

9

6

22

A

A

A

A

A

11

Max. Processor Current :  
Advanced 
Server/ Workstat ion
(TDP =  95 W)

(Launch -  FMB)

VCC

VCCPLL

VDDQ

VTTA

VTTD

120

1.1

9

6

22

A

A

A

A

A

11

Max. Processor Current :  
Standard 
Server/ Workstat ion
(TDP =  80 W)

(Launch -  FMB)

VCC

VCCPLL

VDDQ

VTTA

VTTD

100

1.1

9

6

22

A

A

A

A

A

11

Max. Processor Current :  
Low Power & LV-60W
(TDP =  60 W)

(Launch -  FMB)

VCC

VCCPLL

VDDQ

VTTA

VTTD

80

1.1

9

6

20

A

A

A

A

A

11

Max. Processor Current :  
Low Power & LV-40W
(TDP =  40 W)

(Launch -  FMB)

VCC

VCCPLL

VDDQ

VTTA

VTTD

50

1.1

9

6

20

A

A

A

A

A

11
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Not es:
1. Unless otherwise noted, all specificat ions in this table apply to all processors.
2. I ndividual processor VI D and/ or VTT_VI D values m ay be calibrated dur ing m anufactur ing such that  two 

devices at  the sam e speed m ay have different  set t ings.
3. These voltages are targets only. A var iable voltage source should exist  on system s in the event  that  a 

different  voltage is required.
4. The VCC voltage specificat ion requirem ents are m easured across vias on the plat form  for the VCCSENSE and 

VSSSENSE pins close to the socket  with a 100 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 in the scope probe.

5. The VTT voltage specificat ion requirem ents are m easured across vias on the plat form  for the VTTD_SENSE 
and VSS_SENSE_VTTD lands close to the socket  with a 100 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 in the scope probe.

6. Refer to Table 2-9 and corresponding Figure 2-3. The processor should not  be subjected to any stat ic VCC 
level that  exceeds the VCC_MAX associated with any part icular current .  Failure to adhere to this specificat ion 
can shorten processor lifet im e.

7. Minim um  VCC and m axim um  I CC are specified at  the m axim um  processor case tem perature (TCASE)  shown in 
Table 7-1. I CC_MAX is specified at  the relat ive VCC_MAX point  on the VCC load line. The processor is capable of 
drawing I CC_MAX for up to 10 m s. Refer to Figure 2-5 through Figure 2-8 for further details on the average 
processor current  draw over var ious t im e durat ions.

8. Refer to Table 2-11 and corresponding Figure 2-10. The processor should not  be subjected to any stat ic VTT 
level that  exceeds the VTT_MAX associated with any part icular current . Failure to adhere to this specificat ion 
can shorten processor lifet im e.

9. This specificat ion represents the VCC reduct ion due to each VI D t ransit ion. See Sect ion 2.1.7.3. AC t im ing 
requirem ents for VI D t ransit ions are included in Figure 2-29.

10.Baseboard bandwidth is lim ited to 20 MHz.
11.FMB is the flexible m otherboard guidelines. See Sect ion 2.4 for FMB details.
12. I CC_TDC (Therm al Design Current )  is the sustained (DC equivalent )  current  that  the processor is capable of 

drawing indefinitely and should be used for the voltage regulator tem perature assessm ent . The voltage 
regulator is responsible for m onitor ing it s tem perature and assert ing the necessary signal to inform  the 
processor of a therm al excursion.

I CC_TDC
I CCPLL_TDC
I DDQ_TDC
I TT_TDC

Therm al Design 
Current :

Frequency Opt im ized 
Server/ Workstat ion

(TDP =  130 W)

(Launch -  FMB)

VCC

VCCPLL

VDDQ

VTTA

VTTD

110

1.1

9

6

22

A

A

A

A

A

11,12

Therm al Design 
Current :  
Advanced 
Server/ Workstat ion
(TDP =  95 W)

(Launch -  FMB)

VCC

VCCPLL

VDDQ

VTTA

VTTD

101

1.1

9

6

22

A

A

A

A

A

11,12

Therm al Design 
Current :  
Standard 
Server/ Workstat ion
(TDP =  80 W)

(Launch -  FMB)

VCC

VCCPLL

VDDQ

VTTA

VTTD

70

1.1

9

6

22

A

A

A

A

A

11,12

Therm al Design 
Current :  
Low Power & LV-60W
(TDP =  60 W)

(Launch -  FMB)

VCC

VCCPLL

VDDQ

VTTA

VTTD

60

1.1

9

6

20

A

A

A

A

A

11,12

Therm al Design 
Current :  
Low Power & LV-40W
(TDP =  40 W)

(Launch -  FMB)

VCC

VCCPLL

VDDQ

VTTA

VTTD

40

1.1

9

6

20

A

A

A

A

A

11,12

I DDQ_S3 DDR3 System  Mem ory 
I nterface Supply 
Current  in Standby 
State

VDDQ 1 A 13,14

Tab le 2 - 8 . Vo l t ag e an d  Cu r r en t  Speci f i cat ion s  ( Sh eet  2  o f  2 )

Sy m b o l Par am et er
Vo l t ag e 

Plan e
Min Ty p Max Un i t No t es1
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13.Specificat ion is at  TCASE =  50 C.
14.Character ized by design (not  tested)

Not es:
1. The VCC_MI N and VCC_MAX loadlines represent  stat ic and t ransient  lim its. Please see Sect ion 2.6.1 for VCC 

overshoot  specificat ions.
2. This table is intended to aid in reading discrete points on Figure 2-3.
3. 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. 

4. Processor core current  ( I CC)  ranges are valid up to I CC_MAX of the processor SKU as defined in Table 2-8.

Tab le 2 - 9 .  VCC St at ic an d  Tr an sien t  To ler an ce

I CC ( A) VCC_ MAX ( V) VCC_ TYP ( V) VCC_ MI N ( V) No t es1 ,2 ,3 ,4

0 VI D -  0.000 VI D -  0.015 VI D -  0.030

5 VI D -  0.004 VI D -  0.019 VI D -  0.034

10 VI D -  0.008 VI D -  0.023 VI D -  0.038

15 VI D -  0.012 VI D -  0.027 VI D -  0.042

20 VI D -  0.016 VI D -  0.031 VI D -  0.046

25 VI D -  0.020 VI D -  0.035 VI D -  0.050

30 VI D -  0.024 VI D -  0.039 VI D -  0.054

35 VI D -  0.028 VI D -  0.043 VI D -  0.058

40 VI D -  0.032 VI D -  0.047 VI D -  0.062

45 VI D -  0.036 VI D -  0.051 VI D -  0.066

50 VI D -  0.040 VI D -  0.055 VI D -  0.070

55 VI D -  0.044 VI D -  0.059 VI D -  0.074

60 VI D -  0.048 VI D -  0.063 VI D -  0.078

65 VI D -  0.052 VI D -  0.067 VI D -  0.082

70 VI D -  0.056 VI D -  0.071 VI D -  0.086

75 VI D -  0.060 VI D -  0.075 VI D -  0.090

80 VI D -  0.064 VI D -  0.079 VI D -  0.094

85 VI D -  0.068 VI D -  0.083 VI D -  0.098

90 VI D -  0.072 VI D -  0.087 VI D -  0.102

95 VI D -  0.076 VI D -  0.091 VI D -  0.106

100 VI D -  0.080 VI D -  0.095 VI D -  0.110

105 VI D -  0.084 VI D -  0.099 VI D -  0.114

110 VI D -  0.088 VI D -  0.103 VI D -  0.118

115 VI D -  0.092 VI D -  0.107 VI D -  0.122

120 VI D -  0.096 VI D -  0.111 VI D -  0.126

125 VI D -  0.100 VI D -  0.115 VI D -  0.130

130 VI D -  0.104 VI D -  0.119 VI D -  0.134

135 VI D -  0.108 VI D -  0.123 VI D -  0.138

140 VI D -  0.112 VI D -  0.127 VI D -  0.142

145 VI D -  0.116 VI D -  0.131 VI D -  0.146

150 VI D -  0.120 VI D -  0.135 VI D -  0.150



I ntel®  Xeon®  Processor 5600 Series Datasheet  Volum e 1 35

Elect r i ca l  Sp eci f i ca t ion s

Not es:
1. The VCC_MI N and VCC_MAX loadlines represent  stat ic and t ransient  lim its. Please see Sect ion 2.6.1 for VCC 

overshoot  specificat ions.
2. Refer to Table 2-9 for VCC Stat ic and Transient  Tolerance.
3. 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.

4. Processor core current  ( I CC)  ranges are valid up to I CC_MAX of the processor SKU as defined in Table 2-8.

2 .6 .1 VCC Ov er sh oo t  Sp eci f i cat ion s

The processor can tolerate short  t ransient  overshoot  events where VCC exceeds the VI D 

voltage when t ransit ioning from  a high- to- low current  load condit ion. This overshoot  

cannot  exceed VI D +  VOS_MAX (VOS_MAX is the m axim um  allowable overshoot  above 

VI D) . These specificat ions apply to the processor die voltage as measured across the 

VCC_SENSE and VSS_SENSE lands.

Figu r e 2 - 3 . VCC St at ic an d  Tr an sien t  To ler an ce Load l in es1 ,2 ,3 ,4

VID - 0.000

VID - 0.020

VID - 0.040

VID - 0.060

VID - 0.080
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VID - 0.160

VID - 0.180

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
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V
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c
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V
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Tab le 2 - 1 0 . VCC Ov er sh oo t  Sp eci f i ca t ion s

Sy m b o l Par am et er Min Max Un i t s Fig u r e No t es

VOS_MAX Magnitude of VCC overshoot  above VI D - 50 mV 2-4

TOS_MAX Tim e durat ion of VCC overshoot  above VI D - 25 µs 2-4



Elect r i ca l  Sp eci f i ca t ion s

36 I ntel®  Xeon®  Processor 5600 Series Datasheet  Volum e 1

Not es:
1. VOS is the m easured overshoot  voltage.
2. TOS is the m easured t im e durat ion above VI D.

2 .6 .2 Die Vo l t ag e Val id at ion

Core voltage (VCC)  overshoot  events at  the processor m ust  m eet  the specificat ions in 

Table 2-10 when measured across the VCC_SENSE and VSS_SENSE lands. Overshoot  

events that  are <  10 ns in durat ion may be ignored. These m easurements of processor 

die level overshoot  should be taken with a 100 MHz bandwidth lim ited oscilloscope.

Fig u r e 2 - 4 . VCC Ov er sh oo t  Ex am p le W av ef o r m

Example Overshoot Waveform
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VOS: Overshoot above VID
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Figu r e 2 - 5 . Load  Cu r r en t  Ver su s Tim e ( Fr eq u en cy  Op t im ized  Ser v er / W or k st at ion ) 1 ,2

Not es:

1. Processor or voltage regulator therm al protect ion circuit ry should not  t r ip for load currents greater than 
I CC_TDC.

2. Not  100%  tested. Specified by design characterizat ion.
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Fig u r e 2 - 6 . Load  Cu r r en t  Ver su s Tim e ( Ad v an ced  Ser v er / W or k st at ion ) 1 ,2

Not es:

1. Processor or voltage regulator therm al protect ion circuit ry should not  t r ip for load currents greater than 
I CC_TDC.

2. Not  100%  tested. Specified by design character izat ion.
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Figu r e 2 - 7 . Load  Cu r r en t  Ver su s Tim e ( St an dar d  Ser v er / W or k st a t ion ) 1 ,2

Not es:

1. Processor or voltage regulator therm al protect ion circuit ry should not  t r ip for load currents greater than 
I CC_TDC.

2. Not  100%  tested. Specified by design characterizat ion.
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Fig u r e 2 - 8 . Load  Cu r r en t  Ver su s Tim e ( Low  Pow er  &  LV- 6 0 W ) 1 ,2

Not es:

1. Processor or voltage regulator therm al protect ion circuit ry should not  t r ip for load currents greater than 
I CC_TDC.

2. Not  100%  tested. Specified by design character izat ion.
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Figu r e 2 - 9 . Load  Cu r r en t  Ver su s Tim e ( Low  Pow er  &  LV- 4 0 W ) 1 ,2

Not es:

1. Processor or voltage regulator therm al protect ion circuit ry should not  t r ip for load currents greater than 
I CC_TDC.

2. Not  100%  tested. Specified by design characterizat ion.

Tab le 2 - 1 1 .  VTT St a t ic an d  Tr an sien t  To ler an ce ( Sh eet  1  o f  2 )

I TT ( A) VTT_ Max  ( V) VTT_ Ty p  ( V) VTT_ Min  ( V) No t es1 ,2 ,3 ,4

0 VTT_VI D +  0.0315 VTT_VI D -  0.0000 VTT_VI D -  0.0315

1 VTT_VI D +  0.0255 VTT_VI D -  0.0060 VTT_VI D -  0.0375

2 VTT_VI D +  0.0195 VTT_VI D -  0.0120 VTT_VI D -  0.0435

3 VTT_VI D +  0.0135 VTT_VI D -  0.0180 VTT_VI D -  0.0495

4 VTT_VI D +  0.0075 VTT_VI D -  0.0240 VTT_VI D -  0.0555

5 VTT_VI D +  0.0015 VTT_VI D -  0.0300 VTT_VI D -  0.0615

6 VTT_VI D -  0.0045 VTT_VI D -  0.0360 VTT_VI D -  0.0675

7 VTT_VI D -  0.0105 VTT_VI D -  0.0420 VTT_VI D -  0.0735

8 VTT_VI D -  0.0165 VTT_VI D -  0.0480 VTT_VI D -  0.0795

9 VTT_VI D -  0.0225 VTT_VI D -  0.0540 VTT_VI D -  0.0855

10 VTT_VI D -  0.0285 VTT_VI D -  0.0600 VTT_VI D -  0.0915

11 VTT_VI D -  0.0345 VTT_VI D -  0.0660 VTT_VI D -  0.0975

12 VTT_VI D -  0.0405 VTT_VI D -  0.0720 VTT_VI D -  0.1035

13 VTT_VI D -  0.0465 VTT_VI D -  0.0780 VTT_VI D -  0.1095

14 VTT_VI D -  0.0525 VTT_VI D -  0.0840 VTT_VI D -  0.1155

15 VTT_VI D -  0.0585 VTT_VI D -  0.0900 VTT_VI D -  0.1215

16 VTT_VI D -  0.0645 VTT_VI D -  0.0960 VTT_VI D -  0.1275

17 VTT_VI D -  0.0705 VTT_VI D -  0.1020 VTT_VI D -  0.1335

18 VTT_VI D -  0.0765 VTT_VI D -  0.1080 VTT_VI D -  0.1395
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Not e:
1. I TT listed in this table is the sum  of I TTA and I TTD.
2. This table is intended to aid in reading discrete points on Figure 2-10.
3. The VTT_MI N and VTT_MAX loadlines represent  stat ic and t ransient  lim its. Each is character ized by a 31.5 m V 

offset  from  VTT_TYP.
4. The loadlines specify voltage lim its at  the die m easured at  the VTTD_SENSE and VSS_SENSE_VTTD lands. 

Voltage regulat ion feedback for regulator circuits m ust  also be taken from  VTTD_SENSE and 
VSS_SENSE_VTTD lands.

Not es:
1. The VTT_MI N and VTT_MAX loadlines represent  stat ic and t ransient  lim its. Each is character ized by a 31.5 m V 

offset  from  VTT_TYP.
2. Refer to Table 2-4 for processor VTT_VI D inform at ion.
3. Refer to Table 2-11 for VTT Stat ic and Transient  Tolerance.

19 VTT_VI D -  0.0825 VTT_VI D -  0.1140 VTT_VI D -  0.1455

20 VTT_VI D -  0.0885 VTT_VI D -  0.1200 VTT_VI D -  0.1515

21 VTT_VI D -  0.0945 VTT_VI D -  0.1260 VTT_VI D -  0.1575

22 VTT_VI D -  0.1005 VTT_VI D -  0.1320 VTT_VI D -  0.1635

23 VTT_VI D -  0.1065 VTT_VI D -  0.1380 VTT_VI D -  0.1695

24 VTT_VI D -  0.1125 VTT_VI D -  0.1440 VTT_VI D -  0.1755

25 VTT_VI D -  0.1185 VTT_VI D -  0.1500 VTT_VI D -  0.1815

26 VTT_VI D -  0.1245 VTT_VI D -  0.1560 VTT_VI D -  0.1875

27 VTT_VI D -  0.1305 VTT_VI D -  0.1620 VTT_VI D -  0.1935

28 VTT_VI D -  0.1365 VTT_VI D -  0.1680 VTT_VI D -  0.1995

Tab le 2 - 1 1 .  VTT St at ic an d  Tr an sien t  To ler an ce ( Sh eet  2  o f  2 )

I TT ( A) VTT_ Max  ( V) VTT_ Ty p  ( V) VTT_ Min  ( V) No t es1 ,2 ,3 ,4

Fig u r e 2 - 1 0 . VTT St at i c an d  Tr an sien t  To ler an ce Load l in es
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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 the m axim um  voltage level at  a receiving agent  that  will be interpreted as a logical low value.
3. VI H is 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 experience excursions above VDDQ.  However, input  signal dr ivers m ust  com ply with the 

signal qualit y specificat ions. Refer to Sect ion 3.
5. This is the pull down dr iver resistance. 
6. RVTT_TERM is the term inat ion on the DI MM and not  cont rolled by the processor. Please refer to the applicable 

DI MM datasheet .
7. The m inim um  and m axim um  values for these signals are program m able by BI OS to one of the pairs.
8. COMP resistance m ust  be provided on the system  board with 1%  resistors.

Tab le 2 - 1 2 . DDR3  an d  DDR3 L Sig n al  Gr ou p  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

VI L I nput  Low Voltage 0.43* VDDQ V 2,

VI H I nput  High Voltage 0.57* VDDQ V 3, 4

VOL
Output  Low Voltage (VDDQ /  2) *  (RON 

/ (RON+ RVTT_TERM) )
V 6

VOH
Output  High Voltage VDDQ -  ( (VDDQ /  2) *  

(RON/ (RON+ RVTT_TERM) )
V 4,6

RON
Clock Buffer On 
Resistance

21 31  5

RON
Com m and Buffer On 
Resistance

16 24  5

RON
Cont rol Buffer On 
Resistance

21 31  5

RON
Data Buffer On 
Resistance

21 33  5

RON
RESET Buffer On 
Resistance

5 53  5

Data ODT
On-Die Term inat ion for 
Data Signals

45

90

55

110

 7

ParErr ODT
On-Die Term inat ion for 
Parity Error bits

90 110 

I LI I nput  Leakage Current N/ A N/ A ±  500 m A

DDR_COMP0 COMP Resistance 99 100 101  8

DDR_COMP1 COMP Resistance 24.65 24.9 25.15  8

DDR_COMP2 COMP Resistance 128.7 130 131.3  8

Tab le 2 - 1 3 . PECI  Sign al  DC Elect r i ca l  Lim i t s ( Sh eet  1  o f  2 )

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

VI n I nput  Voltage Range -0.150 VTTD +  0.150 V

VHysteresis Hysteresis 0.100 *  VTTD V

VN Negat ive-edge threshold voltage 0.275 *  VTTD 0.500 *  VTTD V 2,6

VP Posit ive-edge threshold voltage 0.550 *  VTTD 0.725 *  VTTD V 2,6

RPullup Pullup Resistance

(VOH =  0.75 *  VTTD)
N/ A 50 

I Leak+ High im pedance state leakage to 
VTTD (Vleak =  VOL)  

N/ A 50 µA 3
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Not e:
1. VTTD supplies the PECI  interface. PECI  behavior does not  affect  VTTD m in/ m ax specificat ions.
2. I t  is expected that  the PECI  dr iver will take into account , the variance in the receiver input  thresholds and 

consequent ly, be able to dr ive its output  within safe lim its ( -0.150 V to 0.275* VTTD for the low level and 
0.725* VTTD to VTTD+ 0.150 for the high level) .

3. The leakage specificat ion applies to powered devices on the PECI  bus.
4. One node is counted for each client  and one node for the system  host . Extended t race lengths m ight  appear 

as addit ional nodes.
5. Excessive capacit ive loading on the PECI  line m ay slow down the signal r ise/ fall t im es and consequent ly 

lim it  the m axim um  bit  rate at  which the interface can operate.
6. Please refer to Figure 2-2 for further inform at ion.

Not es:
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies.
2. Crossing Voltage is defined as the instantaneous voltage value when the r ising edge of BCLK_DN is equal to 

the falling edge of BCLK_DP.
3. VHavg is the stat ist ical average of the VH m easured by the oscilloscope.
4. The crossing point  m ust  m eet  the absolute and relat ive crossing point  specificat ions sim ultaneously.
5. VHavg can be m easured direct ly using “Vtop”  on Agilent*  and “High”  on Tekt ronix*  oscilloscopes.
6. VCROSS is defined as the total var iat ion of all crossing voltages as defined in Note 2.

Not es:
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies.
2. The VTTA referred to in these specificat ions refers to instantaneous VTTA.
3. For VI N between 0 V and VTTA.  Measured when the dr iver is t r i- stated.
4. VI H m ay experience excursions above VTT.  However, input  signal dr ivers m ust  com ply with the signal quality 

specificat ions in Sect ion 3.

I Leak- High im pedance leakage to GND 

(Vleak =  VOH)
N/ A 25 µA 3

CBus Bus capacitance per node N/ A 10 pF 4,5

VNoise Signal noise im m unity above 
300 MHz

0.100 *  VTTD N/ A Vp-p

Tab le 2 - 1 3 . PECI  Sig n al  DC Elect r ica l  Lim i t s ( Sh eet  2  o f  2 )

Sy m b o l Def in i t i on  an d  Con d i t ion s Min Max Un i t s No t es1

Tab le 2 - 1 4 . Sy st em  Ref er en ce Clock  DC Sp eci f i cat ion s

Sy m b o l Par am et er Min Max Unit Figure Notes1

VBCLK_diff_ih
Different ial I nput  High 
Voltage

0.150 N/ A V

VBCLK_diff_il
Different ial I nput  Low 
Voltage

N/ A -0.150 V

Vcross (abs)
Absolute
Crossing Point

0.250 0.550 V
2-16
2-19

2, 4

Vcross( rel)  
Relat ive
Crossing Point

0.250 +
0.5* (VHavg -  0.700)

0.550 +
0.5* (VHavg -  0.700)

V 2-16 3,4,5

Vcross
Range of
Crossing Points

N/ A 0.140 V 2-20 6

Tab le 2 - 1 5 . RESET#  Sig n al  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

VI L I nput  Low Voltage 0.6 * VTTA V 2

VI H I nput  High Voltage 0.7 * VTTA V 2,4

RON Buffer On Resistance 10 18 

I LI I nput  Leakage Current ±  200 A 3
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Not es:
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies.
2. The VTTA referred to in these specificat ions refers to instantaneous VTTA.
3. For VI N between 0 V and VTTA.  Measured when the driver is t r i- stated.
4. VI H and VOH m ay experience excursions above VTT.  However, input  signal dr ivers m ust  com ply with the 

signal qualit y specificat ions in Sect ion 3.

Not es:
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies.
2. The VTTA referred to in these specificat ions refers to instantaneous VTTA.
3. For VI N between 0 V and VTTA.  Measured when the driver is t r i- stated.
4. VI H m ay experience excursions above VTT.  However, input  signal drivers m ust  com ply with the signal quality 

specificat ions in Sect ion 3.
5. This specificat ion applies to the VCCPWRGOOD and VTTPWRGOOD signals.
6. This specificat ion applies to the VDDPWRGOOD signal.

Table 2-16. TAP Signal Group DC Specifications

Sy m b o l Par am et er Min Ty p Max Un i t s No t es1

VI L I nput  Low Voltage 0.40 * VTTA V 2

VI H I nput  High Voltage 0.60 * VTTA V 2,4

VOL I nput  Low Voltage
VTTA * RON / (RON 

+ Rsys_term)
V 2

VOH I nput  High Voltage VTTA V 2,4

RON Buffer On Resistance 10 18 

I LI I nput  Leakage Current ±  200 A 3

Table 2-17. xxxPWRGOOD Signal Group DC Specifications

Sy m b o l Par am et er Min Ty p Max Un i t s No t es1

VI L

I nput  Low Voltage for 
VCCPWRGOOD and 

VTTPWRGOOD signals
0.25 * VTTA V 2,5

VI L
I nput  Low Voltage for 
VDDPWRGOOD signal

0.29 V 6

VI H

I nput  High Voltage for 
VCCPWRGOOD and 

VTTPWRGOOD signals
0.75 * VTTA V 2,4,5

VI H
I nput  High Voltage for 
VDDPWRGOOD signal

0.87 V 4,6

RON Buffer On Resistance 10 18 

I LI I nput  Leakage Current ±  200 A 3

Tab le 2 - 1 8 . Pr ocesso r  Sid eb an d  Sig n 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

VI L I nput  Low Voltage 0.64  *  VTTA V 2

VI L I nput  Low Voltage for 
PROCHOT#  Signal

0.61*  VTTA V 2

VI L I nput  Low Voltage for
PECI  I D Signal

0.15  *  VTTA V

VI H I nput  High Voltage 0.76  *  VTTA V 2

VI H I nput  High Voltage for
PECI  I D Signal

085  *  VTTA V



Elect r i ca l  Sp eci f i ca t ion s

46 I ntel®  Xeon®  Processor 5600 Series Datasheet  Volum e 1

Not es:
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies.
2. The VTTA referred to in these specificat ions refers to instantaneous VTTA.
3. RSYS_TERM is the term inat ion on the system  and is not  cont rolled by the processor.
4. Applies to all Processor Sideband signals, unless otherwise m ent ioned in Table 2-6.
5. This specificat ion only applies to DDR_THERM#  and DDR_THERM2# signals.
6. COMP resistance m ust  be provided on the system  board with 1%  resistors. COMP0 resistors are t ied to VSS.

VOL Output  Low Voltage VTTA *  RON /  
(RON +  RSYS_TERM)

V 2,3

VOH Output  High Voltage VTTA V 2

ODT On-Die Term inat ion 45 55 4

RON Buffer On Resistance for 
Processor Sideband Signals

10 18 

RON Buffer On Resistance for 
VI D[ 7: 0]  Signals

100 

I LI I nput  Leakage Current  for 
Processor Sideband Signals

±  200 A

I LI I nput  Leakage Current  for 
DDR_THERM#  and 
DDR_THERM2#  Signals

±  50 A 5

COMP0 COMP Resistance 49.4 49.9 50.4  6

Tab le 2 - 1 8 . Pr ocessor  Sideb an d  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
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2 .7 I n t e l®  Qu ick Pat h  I n t er con n ect  Sp eci f i cat ion s

I n t e l Qu ick Pat h  I n t er con n ect  sp eci f i cat ion s ar e d ef in ed  at  t h e p r ocesso r  

p in s. I n most  cases, term inat ion resistors are not  required as these are integrated into 

the processor silicon (Refer to Table 2-6) .

Tab le 2 - 1 9 . Com m on  I n t e l®  Qu ick Pat h  I n t er con n ect  Sp eci f i cat ion s

Sy m b o l Par am et er Min Nom Max Un i t No t es

UI avg Avg UI  size at  “ f ”  GT/ s 
( f =  4.8, 5.86, or 6.4)

0.999 *  
Nom

1000/ f 1.001 *  
Nom

psec

Tslew-r ise- fall-pin Defined as the slope of the r ising or 
falling waveform  as m easured between 
+ / -  100 m V of the different ial t ransm it ter 
output ,  for any data or clock.

10 25 V /  nsec

ZTX_LOW_CM_DC DC resistance of Tx term inat ions at  half 
the single ended swing (usually 
0.25* VTx-diff-pp-pin)  bias point

38 52 

ZTX_LOW_CM_DC Defined as:  (m ax(ZTX_LOW_CM_DC)  -  
m in(ZTX_LOW_CM_DC) )  /  ZTX_LOW_CM_DC 
expressed in % , over full range of Tx 
single ended voltage

-6 0 6 %  of 
ZTX_LOW_CM_DC

ZRX_LOW_CM_DC DC resistance of Rx term inat ions at  half 
the single ended swing (usually 
0.25* VTx-diff-pp-pin)  bias point

38 52 

ZRX_LOW_CM_DC Defined as:  (m ax(ZRX_LOW_CM_DC)  -  
m in(ZRX_LOW_CM_DC) )  /  ZRX_LOW_CM_DC 
expressed in % , over full range of Rx 
single ended voltage

-6 0 6 %  of 
ZRX_LOW_CM_DC

NMI N-UI -Validat ion #  of UI  over which the eye m ask voltage 
and t im ing spec needs to be validated

1,000,000 UI

ZTX_HI GH_CM_DC Single ended DC im pedance to GND for 
either D+  or D-  of any data bit  at  Tx

10k  1

ZRX_HI GH_CM_DC Single ended DC im pedance to GND for 
either D+  or D-  of any data bit  at  Rx

10k  2

ZTX_LI NK_DETECT Link Detect ion Resistor 500 2000 

VTX_LI NK_DETECT Link Detect ion Resistor Pull-up Voltage 1.6 V

TDATA_TERM_SKEW Skew between first  to last  data 
term inat ion m eet ing ZRX_LOW_CM_DC

128 UI

TI NBAND_RESET_SENSE Tim e taken by inband reset  detector to 
sense I nband Reset

1.5 µs

TCLK_DET Tim e taken by clock detector to observe 
clock stability

20k UI

TCLK_FREQ_DET Tim e taken by clock frequency detector 
to decide slow vs. operat ional clock after 
stable clock

32 Reference 
Clock Cycles

TRefclk-Tx-Variability Phase var iabilit y between Reference Clk 
(at  Tx input )  and Tx output

500 psec

TRefclk- j it ter- rm s-onepll Accum ulated rm s j it ter over n UI  of a 
given PLL m odel output  in response to 
the j it tery reference clock input . The PLL 
output  is generated by convolving the 
m easured reference clock phase j it ter  
with a given PLL t ransfer funct ion. Here 
n= 12.

0.5 psec

BERLane Bit  Error Rate per lane valid for 4.8, 5.86 
and 6.4 GT/ s

1.0E-14 Events

QPI [ 1,0] _COMP COMP Resistance 21.0-1% 21.0 21.0+ 1% 
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Not es:
1. Used during init ializat ion. I t  is the state of “OFF”  condit ion for the t ransm it ter. That  is, when the output  

driver is disconnected and only the m inim um  term inat ion is connected. The link detect ion resistor is 
assum ed not  connected when specify ing this param eter.

2. Used during init ializat ion. I t  is the state of “OFF”  condit ion for the receiver when only the m inim um  
term inat ion is connected.

Not es:
1. Refers to rout ing lengths of 10 -  15 inches (25.4 -  38.1 cm ) .
2. Refers to rout ing lengths of 0 -  10 inches (0 -  25.4 cm ) .

Tab le 2 - 2 0 . Par am et er  Valu es f o r  I n t e l®  Qu ick Pat h  I n t er con n ect  Ch an n els a t  4 .8  GT/ s

Sy m b o l Par am et er Min Max Un i t No t es

VTx-diff-pp-pin Transm it ter different ial swing 800 1400 m V

VTx-cm -dc-pin Transm it ter output  DC com m on m ode, defined as 
average of VD+  and VD-  Use setup of Figure 2-11.

0.23 0.27 Fract ion of 
VTX-diff-pp-pin

VTx-cm -ac-pin Transm it ter output  AC com m on m ode, defined as 
( (VD+  +  VD-) / 2 -  VTx-cm -ac-pin) .  Use setup of 
Figure 2-11 and Figure 2-13 for illust rat ion of AC 
com m on m ode dist r ibut ion and spec lim its.

-0.0375 0.0375 Fract ion of 
VTX-diff-pp-pin

TXduty-pin Average of UI -UI  j it ter,  using setup of Figure 2-11. 
This appears as bim odal peaks in UI -UI  j it ter 
dist r ibut ion Figure 2-14.

-0.078 0.078 UI

TXj itUI -UI -1E-7pin UI -UI  j it ter  measured at  Tx output  pins with 1E-7 
probabilit y, using setup of Figure 2-11. Refer to 
Figure 2-14 for illust rat ion of UI -UI  j it ter dist r ibut ion 
and spec lim its

-0.085 0.085 UI

TXj itUI -UI -1E-9pin UI -UI  j it ter  measured at  Tx output  pins with 1E-9 
probabilit y, using setup of Figure 2-11. Refer to 
Figure 2-14 for illust rat ion of UI -UI  j it ter dist r ibut ion 
and spec lim its

-0.09 0.09 UI

TXclk-acc- j it-N_UI -1E-7 P-P accum ulated j it ter out  of any Tx data or clock 
over 0 < =  n < =  N UI  where N= 12, m easured with 
1E-7 probability.  Refer to Figure 2-14 for illust rat ion

0 0.15 UI

TXclk-acc- j it-N_UI -1E-9 P-P accum ulated j it ter out  of any Tx data or clock 
over 0 < =  n < =  N UI  where N= 12, m easured with 
1E-9 probability.  Refer to Figure 2-14 for illust rat ion

0 0.17 UI

TTx-data-clk-skew-pin Delay of any data lane relat ive to the clock lane, as 
m easured at  Tx output

-0.4 0.4 UI

TRx-data-clk-skew-pin Delay of any data lane relat ive to the clock lane, as 
m easured at  Tx+  channel.  This param eter is a 
collect ive sum  of effects of data clock m ism atches in 
Tx and on the m edium  connect ing Tx and Rx.

0 2 UI 1

-1 1 2

VRx-cm -dc-pin DC com m on m ode ranges at  the Rx input  for any data 
or clock channel, defined as average of VD+  and VD- .

145 350 m V

VRx-cm -ac-pin AC com m on m ode ranges at  the Rx input  for any data 
or clock channel, defined as( (VD+  +  VD-) / 2 -  VRX-cm -

dc-pin) .  Refer to Figure 2-13 for illust rat ion.

-50 50 m V

TRx-m argin Measured t im ing m argin dur ing receiver m argining 
with any receiver equalizer off or for Tx EQ only based 
system s

0.1 UI
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Not es:
1. Refers to rout ing lengths of 10 -  15 inches (25.4 -  38.1 cm ) .
2. Refers to rout ing lengths of 0 -  10 inches (0 -  25.4 cm ) .

2 .8 AC Sp eci f i ca t ion s

AC sp eci f i cat ion s ar e def in ed  at  t h e p r ocesso r  pad s, u n less o t h er w ise n o t ed .  

Therefore, proper simulat ion is the only m eans to verify proper t im ing and signal 

quality. Care should be taken to read all notes associated with each param eter.

Tab le 2 - 2 1 . Par am et er  Valu es f o r  I n t e l®  Qu ick Pat h  I n t er con n ect  Ch an n el  a t  5 .8 6  o r  
6 .4  GT/ s

Sy m b o l Par am et er Min Max Un i t No t e

VTx-diff-pp-pin Transm it ter different ial swing 800 1400 m V

VTx-cm -dc-pin Transm it ter output  DC com m on m ode, defined as 
average of VD+  and VD–.  Use setup of Figure 2-11.

0.23 0.27 Fract ion of 
VTX-diff-pp-pin

VTx-cm -ac-pin Transm it ter output  AC com m on m ode, defined as 
( (VD+  +  VD–) / 2 -  VTX-cm -dc-pin) .  Use setup of 
Figure 2-11 and Figure 2-13 for illust rat ion of AC 
com m on m ode dist r ibut ion and spec lim its.

–0.0375 0.0375 Fract ion of 
VTX-diff-pp-pin

TXduty-pin Average of UI -UI  j it ter, using setup of Figure 2-11. 
This appears as bim odal peaks in UI -UI  j it ter 
dist r ibut ion Figure 2-14

-0.078 0.078 UI

TXj itUI -UI -1E-7pin UI -UI  j it ter m easured at  Tx output  pins with 1E-7 
probability,  using setup of Figure 2-11. Refer to 
Figure 2-14 for illust rat ion of UI -UI  j it ter dist r ibut ion 
and spec lim its

-0.088 0.088 UI

TXj itUI -UI -1E-9pin UI -UI  j it ter m easured at  Tx output  pins with 1E-9 
probability,  using setup of Figure 2-11. Refer to 
Figure 2-14 for illust rat ion of UI -UI  j it ter dist r ibut ion 
and spec lim its.

-0.095 0.095 UI

TXclk-acc- j it -N_UI -1E-7 P-P accum ulated j it ter out  of any Tx data or clock 
over 0 < =  n < =  N UI  where N= 12, m easured with 
1E-7 probability. Refer to Figure 2-14 for illust rat ion

0 0.15 UI

TXclk-acc- j it -N_UI -1E-9 P-P accum ulated j it ter out  of any Tx data or clock 
over 0 < =  n < =  N UI  where N= 12, m easured with 
1E-9 probability. Refer to Figure 2-14 for illust rat ion

0 0.17 UI

TTx-data-clk-skew-pin Delay of any data lane relat ive to clock lane, as 
m easured at  Tx output

-0.4 0.4 UI

TRx-data-clk-skew-pin Delay of any data lane relat ive to the clock lane, as 
measured at  the end of Tx+ Channel.  This parameter 
is a collect ive sum  of effects of data clock m ism atches 
in Tx and on the m edium  connect ing Tx and Rx.

0 2 UI 1

-1 1 2

VRx-cm-dc-pin DC com m on m ode ranges at  the Rx input  for any data 
or clock channel, defined as average of VD+  and VD- .

145 350 m V

VRx-cm-ac-pin AC com m on m ode ranges at  the Rx input  for any data 
or clock channel, defined as ( (VD+  +  VD- ) / 2 -  VRX-cm-

dc-pin) .  Refer to Figure 2-13 for illust rat ion.

–50 50 m V

TRx-m argin Measured t im ing m argin during receiver m argining 
with any receiver equalizer off or forTx EQ only based 
system s

0.1 UI

VRx-m argin Measured voltage m argin dur ing receiver m argining 
with receiver equalizer off

40 m V

Tab le 2 - 2 2 . Sy st em  Ref er en ce Clock  AC Sp eci f i cat ion s ( Sh eet  1  o f  2 )

Par am et er Min Nom Max Un i t Fig u r e No t es1

BCLK Frequency (SSC-off ) 133.29 133.33 133.37 MHz 2-17 2

BCLK Frequency (SSC-on) 132.62 133.33 133.37 MHz 2-17 2
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Not es:
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies.
2. SSC is Spread Spect rum  Clocking. The processor core clock frequency is derived from  BCLK. The system  

reference clock to processor core clock rat io is determ ined during init ializat ion as descr ibed in 
Sect ion 2.1.5.

3. Rise and fall t im e slopes (V/ ns)  are m easured between + 150 m V and -150 m V of the different ial output  of 
reference clock.

4. Phase dr ift  between reference clocks at  two connected ports.

ERBCLK-diffRise,  ERBCLK-diffFall 1.0 4.0 V/ ns 2-18 3

TBCLK-Dutycycle 40 50 60 % 2-17

TBCLK-diff- j it 500 ps 4

Tab le 2 - 2 2 . Sy st em  Ref er en ce Clock  AC Sp eci f i cat ion s ( Sh eet  2  o f  2 )

Par am et er Min Nom Max Un i t Fig u r e No t es1

Tab le 2 - 2 3 . DDR3 / DDR3 L Elect r i ca l  Ch ar act er i st i cs an d  AC Sp eci f i cat ion s at  8 0 0 MT/ s 
( Sh eet  1  o f  2 )

Sy m b o l Par am et er

Ch an n el  0
Ch an n el  1
Ch an n el  2 Un i t Fig u r e No t e

Max Min

Lat en cy  Tim in g s

tCL – tRCD – tRP CAS Latency – RAS to CAS Delay – 
Pre-charge Com m and Period

6 – 6 – 6 tCK

Elect r i ca l  Ch ar act er i st i cs

TSLR_D DQ[ 63: 0] , DQS_N[ 17: 0] , 
DQS_P[ 17: 0] , ECC[ 7: 0]

I nput  Slew Rate

4.0 1.0 V/ ns 2

Clock  Tim in g s

TCK CLK Period 3 2.50 ns

TCH CLK High Tim e 1.50 1.25 ns

TCL CLK Low Tim e 1.50 1.25 ns

TSKEW Skew Between Any System  
Mem ory Different ial Clock Pair  
(CLK_P/ CLK_N)

+ 155 ps

Com m an d  Sig n a l  Tim in g s

TCMD_CO RAS# , CAS# , WE# , MA[ 15: 0] , 
BA[ 2: 0]  Edge placem ent  accuracy

+ 375 -375 ps 2-22 3,4,6

Con t r o l  Sig n a l  Tim in g s

TCTRL_CS CS# [ 7: 0] , CKE[ 3: 0] , ODT[ 3: 0]  
Edge placem ent  accuracy

+ 375 -375 ps 2-22 3,6

Dat a an d  St r ob e Sig n al  Tim in g s

TDVA +  TDVB DQ[ 63: 0]  Valid before and after 
DQS[ 17: 0]  Rising or Falling Edge

0.67 *  UI UI 7

TSU +  THD DQ I nput  Setup plus Hold Tim e to 
DQS Rising or Falling Edge

0.25 *  UI ns 2-23 1,2,7

TDQS_CO DQS Edge Placem ent  Accuracy to 
CK Rising Edge BEFORE write 
leveling

+ 375 -375 ns 3,6,7
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Not es:
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies. Tim ing 

specificat ions only depend on the operat ing frequency of the m em ory channel and not  the m axim um  rated 
frequency.

2. When the single ended slew rate of the input  Data or St robe signals, within a byte group, are below 1.0 
V/ ns, the tSU and tHD specificat ions m ust  be increased by a derat ing factor. The input  single ended slew 
rate is m easured DC to AC levels;  VI L_DC to VI H_AC for r ising edges, and VI H_DC to VI L_AC for falling 
edges. Use the worse case m inim um  slew rate m easured between Data and St robe, within a byte group, to 
determ ine the required derat ing value. No derat ing is required for single ended slew rates equal to or 
greater than 1.0 V/ ns.

3. Edge Placem ent  Accuracy (EPA) :  The silicon contains digital logic that  autom at ically adjusts the t im ing 
relat ionship between the DDR reference clocks and DDR signals. The BI OS init iates a t raining procedure 
that  will place a given signal appropr iately within the clock per iod. The difference in delay between the 
signal and clock is accurate to within + / -  EPA. This EPA includes j it ter, skew, within die var iat ion and several 
other effects.

4. Data to St robe read setup and Data from  St robe read hold m inim um  requirem ents specified at  the 
processor pad are determ ined with the m inim um  Read DQS/ DQS#  delay.

5. CWL (CAS Write Latency)  is the delay, in clock cycles, between the r ising edge of CK where a write 
com m and is referenced and the first  r ising st robe edge where the first  byte of wr ite data is present . The 
CWL value is determ ined by the value of the CL (CAS Latency)  set t ing.

6. The system  m em ory clock outputs are different ial (CLK and CLK# ) , the CLK r ising edge is referenced at  the 
crossing point  where CLK is r ising and CLK#  is falling.

7. The system  m em ory st robe outputs are different ial (DQS and DQS# ) , the DQS rising edge is referenced at  
the crossing point  where DQS is r ising and DQS#  is falling, and the DQS falling edge is referenced at  the 
crossing point  where DQS is falling and DQS#  is r ising.

8. This values specifies the param eter after write leveling, represent ing the residual error in the cont roller  
after t raining, and does not  include any effects from  the DRAM itself.

TDQS_CO DQS Edge Placem ent  Accuracy to 
CK Rising Edge AFTER write 
leveling

+ 275 -275 ns 3,6,7,8

TWPRE DQS/ DQS#  Write Preamble 
Durat ion 

2.379 ns

TWPST DQS/ DQS#  Write Postam ble 
Durat ion

1.371 1.129 ns

TDQSS CK Rising Edge Output  Access 
Tim e, Where a Write Com m and I s 
Referenced, to the First  DQS Rising 
Edge

CWL x (TCK 
+  4)

ns 5,6

Tab le 2 - 2 3 . DDR3 / DDR3 L Elect r i ca l  Ch ar act er ist i cs an d  AC Sp eci f i cat ion s at  8 0 0 MT/ s 
( Sh eet  2  o f  2 )

Sy m b o l Par am et er

Ch an n el  0
Ch an n el  1
Ch an n el  2 Un i t Fig u r e No t e

Max Min

Tab le 2 - 2 4 . DDR3  Elect r i ca l  Ch ar act er ist i cs an d  AC Sp eci f i cat ion s at  1 0 6 6 MT/ s ( Sh eet  1  
o f  2 )

Sy m b o l Par am et er

Ch an n el  0
Ch an n el  1
Ch an n el  2 Un i t Fig u r e No t e

Max Min

Lat en cy  Tim in g s

tCL – tRCD – tRP CAS Latency – RAS to CAS Delay – 
Pre-charge Com m and Period

7 – 7 – 7

8 -  8 -  8

tCK

Elect r ical Character ist ics

TSLR_D DQ[ 63: 0] , DQS_P[ 17: 0] , 
DQS_N[ 17: 0] , ECC[ 7: 0]

I nput  Slew Rate

4.0 1.0 V/ ns 2
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Not es:
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies.
2. When the single ended slew rate of the input  Data or St robe signals, within a byte group, are below 1.0 

V/ ns, the tSU and tHD specificat ions m ust  be increased by a derat ing factor. The input  single ended slew 
rate is m easured DC to AC levels;  VI L_DC to VI H_AC for r ising edges, and VI H_DC to VI L_AC for falling 
edges. Use the worse case m inim um  slew rate m easured between Data and St robe, within a byte group, to 
determ ine the required derat ing value. No derat ing is required for single ended slew rates equal to or 
greater than 1.0 V/ ns.

3. Edge Placem ent  Accuracy (EPA) :  The silicon contains digital logic that  autom at ically adjusts the t im ing 
relat ionship between the DDR reference clocks and DDR signals. The BI OS init iates a t raining procedure 
that  will place a given signal appropr iately within the clock per iod. The difference in delay between the 
signal and clock is accurate to within + / -  EPA. This EPA includes j it ter,  skew, within die var iat ion and several 
other effects.

4. Data to St robe read setup and Data from  St robe read hold m inim um  requirem ents specified at  the 
processor pad are determ ined with the m inim um  Read DQS/ DQS#  delay.

5. CWL (CAS Write Latency)  is the delay, in clock cycles, between the r ising edge of CK where a write 
com m and is referenced and the first  r ising st robe edge where the first  byte of write data is present . The 
CWL value is determ ined by the value of the CL (CAS Latency)  set t ing.

Clock  Tim in g s

TCK CLK Period < 2.50 1.875 ns

TCH CLK High Tim e 1.25 0.94 ns

TCL CLK Low Tim e 1.25 0.94 ns

TSKEW Skew Between Any System  
Mem ory Different ial Clock Pair  
(CLK_P/ CLK_N)

+ 155 ps

Com m an d  Sig n a l  Tim in g s

TCMD_CO RAS# , CAS# , WE# , MA[ 15: 0] , 
BA[ 2: 0]  Edge placem ent  accuracy

+ 300 -300 ps 2-22 3,4,6

Con t r o l  Sig n a l  Tim in g s

TCTRL_CS CS# [ 7: 0] , CKE[ 3: 0] , ODT[ 3: 0]  
Edge placem ent  accuracy

+ 300 -300 ps 2-22 3,6

Dat a an d  St r ob e Sig n al  Tim in g s

TDVA +  TDVB DQ[ 63: 0]  Valid before and after 
DQS[ 17: 0]  Rising or Falling Edge

0.67 *  UI UI 7

TSU +  THD DQ I nput  Setup plus Hold Tim e to 
DQS Rising or Falling Edge

0.25 *  UI ns 2-23 1,2,7

TDQS_CO DQS Edge Placem ent  Accuracy to 
CK Rising Edge BEFORE write 
leveling

+ 300 -300 ns 3,6,7

TDQS_CO DQS Edge Placem ent  Accuracy to 
CK Rising Edge AFTER write 
leveling

+ 206 -206 ns 3,6,7,8

TWPRE DQS/ DQS#  Write Pream ble 
Durat ion 

1.781 ns

TWPST DQS/ DQS#  Write Postam ble 
Durat ion

1.031 0.844 ns

TDQSS CK Rising Edge Output  Access 
Tim e, Where a Write Com m and I s 
Referenced, to the First  DQS Rising 
Edge

CWL x (TCK 
+  4)

ns 5,6

Tab le 2 - 2 4 . DDR3  Elect r i ca l  Ch ar act er i st i cs an d  AC Sp eci f i cat ion s at  1 0 6 6 MT/ s ( Sh eet  2  
o f  2 )

Sy m b o l Par am et er

Ch an n el  0
Ch an n el  1
Ch an n el  2 Un i t Fig u r e No t e

Max Min
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6. The system  m em ory clock outputs are different ial (CLK and CLK# ) , the CLK r ising edge is referenced at  the 
crossing point  where CLK is r ising and CLK#  is falling.

7. The system  m em ory st robe outputs are different ial (DQS and DQS# ) , the DQS rising edge is referenced at  
the crossing point  where DQS is r ising and DQS#  is falling, and the DQS falling edge is referenced at  the 
crossing point  where DQS is falling and DQS#  is r ising.

8. This values specifies the param eter after write leveling, represent ing the residual error in the cont roller  
afrter t raining, and does not  include any effects from  the DRAM itself.

Tab le 2 - 2 5 . DDR3 / DDR3 L Elect r i ca l  Ch ar act er ist i cs an d  AC Sp eci f i cat ion s at  1 3 3 3 MT/ s 
( Sh eet  1  o f  2 )

Sy m b o l Par am et er

Ch an n el  0
Ch an n el  1
Ch an n el  2 Un i t Fig u r e No t e

Max Min

Sy st em  Mem or y  Lat en cy  Tim in g s

tCL – tRCD – tRP CAS Latency – RAS to CAS Delay – 
Pre-charge Com m and Period

8 -  8 -  8

9 -  9 -  9

tCK

Elect r ical Character ist ics

TSLR_D DQ[ 63: 0] , DQS_N[ 17: 0] , 
DQS_P[ 17: 0] , ECC[ 7: 0] , MA[ 15: 0]  
I nput  Slew Rate

4.0 1.0 V/ ns 2

Sy st em  Mem or y  Clock  Tim in g s

TCK CLK Period < 1.875 1.50 ns

TCH CLK High Tim e 0.94 0.75 ns

TCL CLK Low Tim e 0.94 0.75 ns

TSKEW Skew Between Any System  
Mem ory Different ial Clock Pair 
(CLK_P/ CLK_N)

+ 155 ps

Sy st em  Mem or y  Co m m an d  Sig n a l  Tim in g s

TCMD_CO RAS# , CAS# , WE# , MA[ 15: 0] , 
BA[ 2: 0]  Edge placem ent  accuracy

+ 250 -250 ps 2-22 3,4,6

Sy st em  Mem or y  Co n t r o l  Sig n a l  Tim in g s

TCTRL_CS CS# [ 7: 0] , CKE[ 3: 0] , ODT[ 3: 0]  
Edge placem ent  accuracy

+ 250 -250 ps 2-22 3,6

Sy st em  Mem or y  Dat a  an d  St r ob e Sig n al  Tim in g s

TDVA +  TDVB DQ[ 63: 0]  Valid before and after 
DQS[ 17: 0]  Rising or Falling Edge

0.67 *  UI UI 7

TSU +  THD DQ I nput  Setup plus Hold Tim e to 
DQS Rising or Falling Edge

0.25 *  UI ns 1,2,7

TDQS_CO DQS Edge Placem ent  Accuracy to 
CK Rising Edge BEFORE write 
leveling

+ 250 -250 ns 2-24 3,6,7

TDQS_CO DQS Edge Placem ent  Accuracy to 
CK Rising Edge AFTER write 
leveling

+ 165 -165 ns 2-24 3,6,7,8
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Not es:
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies.
2. When the single ended slew rate of the input  Data or St robe signals, within a byte group, are below 1.0 

V/ ns, the tSU and tHD specificat ions m ust  be increased by a derat ing factor. The input  single ended slew 
rate is m easured DC to AC levels;  VI L_DC to VI H_AC for r ising edges, and VI H_DC to VI L_AC for falling 
edges. Use the worse case m inim um  slew rate m easured between Data and St robe, within a byte group, to 
determ ine the required derat ing value. No derat ing is required for single ended slew rates equal to or 
greater than 1.0 V/ ns.

3. Edge Placem ent  Accuracy (EPA) :  The silicon contains digital logic that  autom at ically adjusts the t im ing 
relat ionship between the DDR reference clocks and DDR signals. The BI OS init iates a t raining procedure 
that  will place a given signal appropr iately within the clock per iod. The difference in delay between the 
signal and clock is accurate to within + / -  EPA. This EPA includes j it ter,  skew, within die var iat ion and several 
other effects.

4. Data to St robe read setup and Data from  St robe read hold m inim um  requirem ents specified at  the 
processor pad are determ ined with the m inim um  Read DQS/ DQS#  delay.

5. CWL (CAS Write Latency)  is the delay, in clock cycles, between the r ising edge of CK where a write 
com m and is referenced and the first  r ising st robe edge where the first  byte of write data is present . The 
CWL value is determ ined by the value of the CL (CAS Latency)  set t ing.

6. The system  m em ory clock outputs are different ial (CLK and CLK# ) , the CLK r ising edge is referenced at  the 
crossing point  where CLK is r ising and CLK#  is falling.

7. The system  m em ory st robe outputs are different ial (DQS and DQS# ) , the DQS r ising edge is referenced at  
the crossing point  where DQS is r ising and DQS#  is falling, and the DQS falling edge is referenced at  the 
crossing point  where DQS is falling and DQS#  is r ising.

8. This values specifies the param eter after write leveling, represent ing the residual error in the controller 
afr ter t raining, and does not  include any effects from  the DRAM itself.

TWPRE DQS/ DQS#  Write Pream ble 
Durat ion 

1.425 ns

TWPST DQS/ DQS#  Write Postam ble 
Durat ion

0.825 0.674 ns

TDQSS CK Rising Edge Output  Access 
Tim e, Where a Write Com m and I s 
Referenced, to the First  DQS Rising 
Edge

CWL x (TCK 
+  4)

ns 5,6

Tab le 2 - 2 5 . DDR3 / DDR3 L Elect r i ca l  Ch ar act er i st i cs an d  AC Sp eci f i cat ion s at  1 3 3 3 MT/ s 
( Sh eet  2  o f  2 )

Sy m b o l Par am et er

Ch an n el  0
Ch an n el  1
Ch an n el  2 Un i t Fig u r e No t e

Max Min
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Not es:
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies.
2. All AC t im ings for the Asynchronous GTL signals are referenced to the BCLK_P r ising edge at  Crossing 

Voltage (VCROSS) .  VCCPWRGOOD, VTTPWRGOOD and VDDPWRGOOD are referenced to BCLK_P r ising edge 
at  0.5 *  VTT.

3. These signals m ay be dr iven asynchronously.
4. Refer to Sect ion 8 for addit ional t im ing requirem ents for entering and leaving low power states.
5. xxPWRGOOD signal has no edge rate requirem ent , but  edge m ust  be m onotonic.
6. VDDPWRGOOD m ust  be asserted no later then VCCPWRGOOD. There is no releat ionship between 

VDDPWRGOOD and VCC ram p.
7. There is no dependency between VDDPWRGOOD and VTTPWRGOOD assert ion.
8. VTTPWRGOOD m ust  accurately reflect  the state of VTT and m ust  not  glit ch whenever VTT or VDD is 

applied.
9. VTT m ust  read VTTFI NAL before VCCPWRGOOD assert ion.
10. I t  m ay be required to add delay on the board to m eet  the 1 m s m inim um  processor requirem ent .
11. Based on a test  load of 50 to VTT.
12. Specified for synchronous signals.
13. Applies to PROCHOT#  signal only. Please see Sect ion 2.1.7.3.1 and Sect ion 8.1 for inform at ion regarding 

Power-On Configurat ion opt ions.
14. Rise t im e is m easured from  10%  to 90%  of the final voltage.

Tab le 2 - 2 6 . Pr ocesso r  Sid eb an d  Sig n al  Gr ou p  AC Speci f i cat ion s

T#  Par am et er Min Max Un i t Fig u r e
No t es

1 ,2 ,3 ,4

Asynchronous GTL input  pulse width 8 BCLKs

Tb:  VTT stable to VTTPWRGOOD assert ion 1 500 m s 2-28 5,7,8,10

Td:  VTTPWRGOOD assert ion to Dynam ic VTT VI D from  
Processor

10 µs 2-28 9

Te:  VDDQ stable to VDDPWRGOOD assert ion 100 ns 2-28 5,6,7

Tf:  VTTPWRGOOD to valid VI D 0 10 µs 2-28

Th:  VCC stable to VCCPWRGOOD assert ion 0.05 650 m s 2-28

Ti:  VCCPLL stable to VCCPWRGOOD assert ion 1 m s 2-28

Tj :  BCLK stable to VCCPWRGOOD assert ion 10 BCLKs 2-28

Tk:  VCCPWRGOOD assert ion to RESET#  de-assert ion 1 10 m s 2-28

Tm :  VTTPWRGOOD assert ion to VCCPWRGOOD 
assert ion

1 m s 2-28

Tn:  VCCPLL r ise t im e 1.5 m s 2-28 14

Tq:  PROCHOT#  pulse width 500 µs 2-26

Tr: THERMTRI P#  assert ion unt il VCC /  VTT rem oved 500 m s 2-27

VTTPWRGOOD de-assert ion to VTT below specificat ion 100 ns

TCO:  Tim e from  BCLK land unt il signal valid at  output 0.5 2.275 ns 11

TSU:  Processor Sideband I nput  signals with respect  to 
BCLK

600 ps 12

TH:  Processor Sideband I nput  signals with respect  to 
BCLK

600 ps

TH:  Power-On Configurat ion Hold Tim e (PROCHOT# ) 106 BCLK 8-1 13
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Not es:  
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies.
2. Not  100%  tested. Specified by design character izat ion.
3. I t  is recom m ended that  TMS be asserted while TRST#  is being deasserted.

Not es:
1. Plat form  support  for VI D t ransit ions is required for the processor to operate within specificat ions.

2 .9 Pr ocesso r  AC Tim in g  W av ef o r m s

The following figures are to be used in conjunct ion with the AC specificat ions included 

in Table 2-19 through Table 2-28.

Not e: For Figure 2-11 through Figure 2-29, the following apply:

1. All System Reference Clock signal AC specificat ions are referenced to the Crossing 
Voltage (VCROSS)  of the BCLK_DP and BCLK_DN at  r ising edge of BCLK_DP.

2. All TAP signal group AC specificat ions are referenced to the TCK at  0.5 *  VTT at  the 

processor lands. All TAP signal group t im ings (TMS, TDI , and so forth)  are 

referenced at  0.5 *  VTT at  the processor die (pads) .

3. All CMOS signal AC specificat ions are referenced at  0.5 *  VTT at  the processor 

lands.

The I ntel QuickPath I nterconnect  elect r ical test  setup are shown in Figure 2-11 and 

Figure 2-12.

Tab le 2 - 2 7 . TAP Sig n al  Gr ou p  AC Sp eci f i cat ion s

T#  Par am et er Min Max Un i t Fig u r e
No t es
1 ,2 ,3

TCK Period 31.25 ns

Ts:  TDI , TMS Setup Tim e 1 ns 2-25

Th:  TDI , TMS Hold Tim e 1 ns 2-25

Tx:  TDO Clock to Output  Delay 0.5 4 ns 2-25

Tq:  TRST#  Assert  Tim e 2 TTCK 2-26

Tab le 2 - 2 8 . VI D Sig n al  Gr ou p  AC Sp eci f i cat ion s

T#  Par am et er Min Max Un i t Fig u r e No t es1

Ta:  VI D Step Tim e 1.25 µs  2-29

Tb:  VI D Down Transit ion to Valid VCC (m in) 0 µs 2-29

Tc:  VI D Up Transit ion to Valid VCC (m in) 15 µs 2-29

Td:  VI D Down Transit ion to Valid VCC (m ax) 15 µs 2-29

Te:  VI D Up Transit ion to Valid VCC (m ax) 0 µs 2-29
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Figu r e 2 - 1 1 . I n t e l®  Qu ick Pat h  I n t er con n ect  Elect r i ca l  Test  Set u p  f o r  Val id at in g  
St an d alon e TX Vo l t ag e an d  Tim in g  Par am et er s

Figu r e 2 - 1 2 . I n t e l®  Qu ick Pat h  I n t er con n ect  Elect r i ca l  Test  Set u p  f o r  Val id at in g
TX +  W or st - Case I n t er con n ect  Sp eci f i cat ion s

Tx Package

Silicon TX

Ideal Loads

SI Tx pin terminations are set to optimum values 
(targeted around 42.5 ohms single-ended)

 

S ilic o n  
T x   b it  
(D a ta )  

W o rs t-C a s e  In te rc o n n e c t Id e a l 
L o a d s  

T x  
P a c k a g e

S ilic o n  
T x   b it  
(C lo c k )  

Id e a l 
L o a d s  

L o s s le s s  In te rc o n n e c t P h a s e  
M a tc h e d  to  D a ta  B it  In te rc o n n e c t 
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Fig u r e 2 - 1 3 . Dist r ibu t ion  Pr o f i le  o f  Com m on  Mod e No ise f o r  Ei t h er  Tx  o r  Rx

Fig u r e 2 - 1 4 . Dist r ibu t ion  Pr o f i le  o f  UI - UI  Ji t t er  an d  Accu m u lat ed  Ji t t er

0.5* (V
D+

 - V
D-

) - X_cm_dc_pin
 

P-P n UI ac jitter

with Prob = 1E-7

P-P n UI ac jitter

with Prob = 1E-9
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Fig u r e 2 - 1 5 . Ey e Mask  at  t h e En d  o f  Tx  +  Ch an n el

Fig u r e 2 - 1 6 . Di f f er en t ia l  Clock  Cr ossp o in t  Sp eci f i cat ion
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Fig u r e 2 - 1 7 . Di f f er en t ia l  Clock  Measu r em en t  Po in t s f o r  Du t y  Cy cle an d  Per iod

Fig u r e 2 - 1 8 . Di f f er en t ia l  Clock  Measu r em en t  Po in t s f o r  Rise an d  Fa l l  t im e

Fig u r e 2 - 1 9 . Sin g le- En ded  Clock  Measu r em en t  Po in t s f o r  Ab so lu t e Cr oss Po in t  an d  Sw in g
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Figu r e 2 - 2 0 . Sin g le- En d ed  Clock  Measu r em en t  Po in t s f o r  Del t a  Cr oss Po in t

Fig u r e 2 - 2 1 . Di f f er en t ia l  Clock  Measu r em en t  Po in t  f o r  Rin g b ack

Figu r e 2 - 2 2 . DDR3  Com m an d  /  Con t r o l  an d  Clock  Tim in g  W av ef o r m

CK# (IMC)

MA, BS, 

RAS#, 
CAS#, WE# 

(IMC)

CK (IMC)

Control Signals

 (IMC)

Tcmd_co Tcmd_co

BIOS 

Programmable 

Delay

Tcmd_csTcmd_cs
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Fig u r e 2 - 2 3 . DDR3  Clock  t o  Ou t p u t  Tim in g  W av ef o r m

Fig u r e 2 - 2 4 . DDR3  Clock  t o  DQS Sk ew  Tim in g  W av ef o r m
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Not e: Please refer to Table 2-18 for TAP Signal Group DC specificat ions and Table 2-27 for TAP Signal Group 
AC specificat ions.

Fig u r e 2 - 2 5 . TAP Val id  Delay  Tim in g  W av ef o r m

 

Figu r e 2 - 2 6 . Test  Reset  ( TRST# ) , Asy n ch  GTL I n pu t , an d  PROCHOT#  Tim in g  W av ef o r m

Figu r e 2 - 2 7 . THERMTRI P#  Pow er  Dow n  Sequ en ce

TRST# Assert Time, V = 0.5  * VTTA

V

T
q

PROCHOT# Pulse Width, V = VTTA=

Tq

THERMTRIP#

VCC

VTT

Tr

Tr: THERMTRIP# assertion until VCC, VTT removal
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Fig u r e 2 - 2 8 . Vo l t ag e Seq u en ce Tim in g  Req u i r em en t s
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Not e: I n order I n order to ensure Tim estam p Counter (TSC)  synchronizat ion across sockets in m ult i- socket  
system s, the RESET#  deassert ion edge should arr ive at  the sam e BCLK r ising edge at  both sockets and 
should m eet  the Tsu and Th requirem ent  of 600ps relat ive to BCLK, as out lined in Table 2-26.

Not e: This waveform  illust rates an exam ple of an I ntel Adapt ive Therm al Monitor t ransit ion or an I ntel 
Enhanced SpeedStep Technology t ransit ion that  is six VI D step down from  the current  state and six 
steps back up. Any arbit rary up or down t ransit ion can be generalized from  this waveform .

§

Figu r e 2 - 2 9 . VI D St ep  Tim es an d  Vcc W av ef o r m s
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3 Sig n al  Qu al i t y  Sp eci f i ca t ion s

Data t ransfer requires the clean recept ion of data and clock signals. Ringing below 

receiver thresholds, non-monotonic signal edges, and excessive voltage swings will 

adversely affect  system  t im ings. Ringback and signal non-m onotonicity cannot  be 

tolerated since these phenomena m ay inadvertent ly advance receiver state machines. 

Excessive signal swings (overshoot  and undershoot )  are det r im ental to silicon gate 

oxide integrity, and can cause device failure if absolute voltage lim its are exceeded. 

Overshoot  and undershoot  can also cause t im ing degradat ion due to the build up of 

inter-sym bol interference ( I SI )  effects. 

For these reasons, it  is crucial that  the designer work towards a solut ion that  provides 

acceptable signal quality across all system at ic variat ions encountered in volum e 

manufactur ing.

This sect ion docum ents signal quality m et r ics used to derive topology and rout ing 

guidelines through simulat ion. All specificat ions are specified at  the processor die (pad 

measurements) .

Specificat ions for signal quality are for m easurem ents at  the processor core only and 

are only observable through simulat ion. Therefore, proper signal simulat ion is the only 

means of properly verifying t im ing and signal quality requirem ents.

3 .1 Ov er sh oo t / Un d er sh oo t  To ler an ce

Overshoot  (or undershoot )  is the absolute value of the m axim um voltage above or 

below VSS.  The overshoot / undershoot  specificat ions lim it  t ransit ions beyond VCCI O or 

VSS due to the fast  signal edge rates. The processor can be damaged by single and/ or 

repeated overshoot  or undershoot  events on any input , output , or I / O buffer if the 

charge is large enough ( that  is, if the over/ undershoot  is great  enough) . Baseboard 

designs which m eet  signal integrity and t im ing requirements and which do not  exceed 

the m axim um  overshoot  or undershoot  lim its will insure reliable I O perform ance for the 

lifet ime of the processor.

The pulse magnitude, durat ion, and act ivity factor must  all be used to determ ine if the 

overshoot / undershoot  pulse is within specificat ions.

Not e: Oscillat ions below the reference voltage cannot  be subt racted from  the total 
overshoot / undershoot  pulse durat ion.

Not es:
1. These specificat ions are m easured at  the processor pin.
2. Refer to Figure 3-1 for descr ipt ion of Overshoot / Undershoot  m agnitude and durat ion.

Tab le 3 - 1 . Ov er sh oo t / Un d er sh oo t  To ler an ce

Sig n a l  Gr ou p Min  Un d er sh oo t Max  Ov er sh oo t Du r at ion

I ntel QuickPath I nterconnect -0.1 *  VTT 1.2 *  VTT 500 ps

DDR3 -0.1 *  VDDQ 1.2 *  VDDQ 0.5 *  TCH

Processor Sideband Signals -0.1 *  VTT 1.2 *  VTT 50 ns

System  Reference Clock -0.3 1.15 NA
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§

Fig u r e 3 - 1 . Max im u m  Accep t ab le  Ov er sh oo t / Un d er sh oo t  W av ef o r m

Vss

Overshoot 
Duration

Undershoot 
Duration

Overshoot

Undershoot
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4 Pack ag e Mech an ica l  
Sp eci f i ca t ion s

4 .1 Pack ag e Mech an ica l  Sp eci f i ca t ion s

The processor is packaged in a Flip-Chip Land Grid Array (FC-LGA)  package that  

interfaces with the baseboard via an LGA1366 socket . The package consists of a 

processor m ounted on a subst rate land-carr ier. An integrated heat  spreader ( I HS)  is 

at tached to the package subst rate and core and serves as the m at ing surface for 

processor com ponent  therm al solut ions, such as a heatsink. Figure 4-1 shows a sketch 

of the processor package com ponents and how they are assem bled together. Refer to 

the I ntel®  Xeon®  Processor 5500/ 5600 Series Thermal/ Mechanical Design Guidelines )  

for complete details on the LGA1366 socket .

The package components shown in Figure 4-1 include the following:

1. I ntegrated Heat  Spreader ( I HS)

2. Thermal I nterface Material (TI M)

3. Processor core (die)

4. Package subst rate

5. Capacitors

Not e:
1. Socket  and baseboard are included for reference and are not  part  of processor package.

Figu r e 4 - 1 . Pr ocesso r  Pack ag e Assem b ly  Sk et ch

IHS

Substrate 

LGA1366 Socket

System Board 

Capacitors 

 TIM
IHS

Substrate 

LGA 

System Board 

Capacitors 

Die TIM
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4 .1 .1 Pack ag e Mech an ica l  Dr aw in g

The package mechanical drawings are shown in Figure 4-2 and Figure 4-3. The 

drawings include dim ensions necessary to design a therm al solut ion and reflect  the 

processor as received by I ntel. These dim ensions include:

1. Package reference with tolerances ( total height , length, width, and so forth)

2. I HS parallelism  and t ilt

3. Land dim ensions

4. Top-side and back-side component  keep-out  dimensions

5. Reference datum s

6. All drawing dim ensions are in m m . 

7. Guidelines on potent ial I HS flatness variat ion with socket  load plate actuat ion and 

installat ion of the cooling solut ion is available in the I ntel®  Xeon®  Processor 

5500/ 5600 Series Thermal/ Mechanical Design Guidelines.
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Figu r e 4 - 2 . Pr ocesso r  Pack ag e Dr aw in g  ( Sh eet  1  o f  2 )
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Fig u r e 4 - 3 . Pr ocessor  Pack age Dr aw in g  ( Sh eet  2  o f  2 )
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4 .1 .2 Pr ocesso r  Com p on en t  Keep - Ou t  Zon es

The processor m ay contain com ponents on the subst rate that  define com ponent  

keep-out  zone requirem ents. A therm al and m echanical solut ion design m ust  not  

int rude into the required keep-out  zones. Do not  contact  the Test  Pad Area with 

conduct ive m aterial. Decoupling capacitors are typically m ounted to either the topside 

or land-side of the package subst rate. See Figure 4-2 and Figure 4-3 for keep-out  

zones. The locat ion and quant ity of package capacitors m ay change due to 

m anufacturing efficiencies but  will rem ain within the com ponent  keep- in. 

4 .1 .3 Pack ag e Load in g  Sp eci f i cat ion s

Table 4-1 provides load specificat ions for the processor package. These m axim um  

lim its should not  be exceeded during heatsink assem bly, shipping condit ions, or 

standard use condit ion. Exceeding these lim its during test  m ay result  in com ponent  

failure. The processor subst rate should not  be used as a m echanical reference or load-

bearing surface for thermal solut ions.
.

Not es:
1. These specificat ions apply to uniform  com pressive loading in a direct ion norm al to the processor I HS.
2. This is the m axim um  stat ic force that  can be applied by the heatsink and I ndependent  Loading Mechanism  

( I LM) . 
3. These specificat ions are based on lim ited test ing for design characterizat ion. Loading lim its are for the 

package const rained by the lim its of the processor socket . 
4. Dynam ic loading is defined as an 11 m s durat ion average load superim posed on the stat ic load 

requirem ent .
5. See I ntel®  Xeon®  Processor 5500/ 5600 Series Therm al/ Mechanical Design Guidelines for m inim um  socket  

load to engage processor within socket .

4 .1 .4 Pack ag e Han d l in g  Gu id el in es

Table 4-2 includes a list  of guidelines on package handling in terms of recommended 

m axim um  loading on the processor I HS relat ive to a fixed subst rate. These package 

handling loads may be experienced during heatsink removal.

4 .1 .5 Pack ag e I n ser t ion  Sp eci f i cat ion s

The processor can be inserted into and removed from  an LGA1366 socket  15 t imes. The 

socket  should meet  the LGA1366 requirements detailed in the I ntel®  Xeon®  Processor 

5500/ 5600 Series Thermal/ Mechanical Design Guidelines.

Tab le 4 - 1 . Pr ocesso r  Load in g  Speci f i cat ion s

Par am et er Max im u m Not es

Stat ic Com pressive Load 890 N [ 200 lbf ] 1, 2, 3

Dynam ic Com pressive Load 1779 N [ 400 lbf ]  [ m ax stat ic com pressive +  dynam ic load] 1, 3, 4

Tab le 4 - 2 . Pack ag e Han d l in g  Gu idel in es

Par am et er Max im u m  Recom m en d ed No t es

Shear 70 lbs

Tensile 25 lbs

Torque 35 in. lbs
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4 .1 .6 Pr ocesso r  Mass Sp eci f i cat ion

The typical m ass of the processor is 35 gram s. This m ass [ weight ]  includes all the 

com ponents that  are included in the package.

4 .1 .7 Pr ocesso r  Mat er ia ls

Table 4-3 lists som e of the package com ponents and associated m aterials.
 

4 .1 .8 Pr ocesso r  Mar k in g s

Figure 4-4 shows the topside m arkings on the processor. This diagram is to aid in the 

ident ificat ion of the processor.

§

Tab le 4 - 3 . Pr ocessor  Mat er ia ls

Com p on en t Mat er ia l

I ntegrated Heat  Spreader ( I HS) Nickel Plated Copper

Substrate Fiber Reinforced Resin

Substrate Lands Gold Plated Copper

Fig u r e 4 - 4 . Pr ocessor  Top - Sid e Mar k in gs
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5 .1 List in g  b y  Lan d  Nam e

Tab le 5 - 1 . By  Lan d  Nam e  ( Sh eet  1  o f  3 6 )

Lan d  Nam e
Lan d  
No .

Bu f f er  
Ty p e

Di r ect ion

BCLK_DN AH35 CMOS I

BCLK_DP AJ35 CMOS I

BCLK_I TP_DN AA4 CMOS O

BCLK_I TP_DP AA5 CMOS O

BPM# [ 0] B3 GTL I / O

BPM# [ 1] A5 GTL I / O

BPM# [ 2] C2 GTL I / O

BPM# [ 3] B4 GTL I / O

BPM# [ 4] D1 GTL I / O

BPM# [ 5] C3 GTL I / O

BPM# [ 6] D2 GTL I / O

BPM# [ 7] E2 GTL I / O

CAT_ERR# AC37 GTL I / O

COMP0 AB41 Analog

QPI 0_CLKRX_DN AR42 QPI I

QPI 0_CLKRX_DP AR41 QPI I

QPI 0_CLKTX_DN AF42 QPI O

QPI 0_CLKTX_DP AG42 QPI O

QPI 0_COMP AL43 Analog

QPI 0_DRX_DN[ 0] AU37 QPI I

QPI 0_DRX_DN[ 1] AV38 QPI I

QPI 0_DRX_DN[ 10] AT42 QPI I

QPI 0_DRX_DN[ 11] AR43 QPI I

QPI 0_DRX_DN[ 12] AR40 QPI I

QPI 0_DRX_DN[ 13] AN42 QPI I

QPI 0_DRX_DN[ 14] AM43 QPI I

QPI 0_DRX_DN[ 15] AM40 QPI I

QPI 0_DRX_DN[ 16] AM41 QPI I

QPI 0_DRX_DN[ 17] AP40 QPI I

QPI 0_DRX_DN[ 18] AP39 QPI I

QPI 0_DRX_DN[ 19] AR38 QPI I

QPI 0_DRX_DN[ 2] AV37 QPI I

QPI 0_DRX_DN[ 3] AY36 QPI I

QPI 0_DRX_DN[ 4] BA37 QPI I

QPI 0_DRX_DN[ 5] AW38 QPI I

QPI 0_DRX_DN[ 6] AY38 QPI I

QPI 0_DRX_DN[ 7] AT39 QPI I

QPI 0_DRX_DN[ 8] AV40 QPI I

QPI 0_DRX_DN[ 9] AU41 QPI I

QPI 0_DRX_DP[ 0] AT37 QPI I

QPI 0_DRX_DP[ 1] AU38 QPI I

QPI 0_DRX_DP[ 10] AU42 QPI I

QPI 0_DRX_DP[ 11] AT43 QPI I

QPI 0_DRX_DP[ 12] AT40 QPI I

QPI 0_DRX_DP[ 13] AP42 QPI I

QPI 0_DRX_DP[ 14] AN43 QPI I

QPI 0_DRX_DP[ 15] AN40 QPI I

QPI 0_DRX_DP[ 16] AM42 QPI I

QPI 0_DRX_DP[ 17] AP41 QPI I

QPI 0_DRX_DP[ 18] AN39 QPI I

QPI 0_DRX_DP[ 19] AP38 QPI I

QPI 0_DRX_DP[ 2] AV36 QPI I

QPI 0_DRX_DP[ 3] AW36 QPI I

QPI 0_DRX_DP[ 4] BA36 QPI I

QPI 0_DRX_DP[ 5] AW37 QPI I

QPI 0_DRX_DP[ 6] BA38 QPI I

QPI 0_DRX_DP[ 7] AU39 QPI I

QPI 0_DRX_DP[ 8] AW40 QPI I

QPI 0_DRX_DP[ 9] AU40 QPI I

QPI 0_DTX_DN[ 0] AH38 QPI O

QPI 0_DTX_DN[ 1] AG39 QPI O

QPI 0_DTX_DN[ 10] AE43 QPI O

QPI 0_DTX_DN[ 11] AE41 QPI O

QPI 0_DTX_DN[ 12] AC42 QPI O

QPI 0_DTX_DN[ 13] AB43 QPI O

QPI 0_DTX_DN[ 14] AD39 QPI O

QPI 0_DTX_DN[ 15] AC40 QPI O

QPI 0_DTX_DN[ 16] AC38 QPI O

QPI 0_DTX_DN[ 17] AB38 QPI O

QPI 0_DTX_DN[ 18] AE38 QPI O

QPI 0_DTX_DN[ 19] AF40 QPI O

Tab le 5 - 1 . By  Lan d  Nam e  ( Sh eet  2  o f  3 6 )

Lan d  Nam e
Lan d  
No .

Bu f f er  
Ty p e

Di r ect ion
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QPI 0_DTX_DN[ 2] AK38 QPI O

QPI 0_DTX_DN[ 3] AJ39 QPI O

QPI 0_DTX_DN[ 4] AJ40 QPI O

QPI 0_DTX_DN[ 5] AK41 QPI O

QPI 0_DTX_DN[ 6] AH42 QPI O

QPI 0_DTX_DN[ 7] AJ42 QPI O

QPI 0_DTX_DN[ 8] AH43 QPI O

QPI 0_DTX_DN[ 9] AG41 QPI O

QPI 0_DTX_DP[ 0] AG38 QPI O

QPI 0_DTX_DP[ 1] AF39 QPI O

QPI 0_DTX_DP[ 10] AF43 QPI O

QPI 0_DTX_DP[ 11] AE42 QPI O

QPI 0_DTX_DP[ 12] AD42 QPI O

QPI 0_DTX_DP[ 13] AC43 QPI O

QPI 0_DTX_DP[ 14] AD40 QPI O

QPI 0_DTX_DP[ 15] AC41 QPI O

QPI 0_DTX_DP[ 16] AC39 QPI O

QPI 0_DTX_DP[ 17] AB39 QPI O

QPI 0_DTX_DP[ 18] AD38 QPI O

QPI 0_DTX_DP[ 19] AE40 QPI O

QPI 0_DTX_DP[ 2] AK37 QPI O

QPI 0_DTX_DP[ 3] AJ38 QPI O

QPI 0_DTX_DP[ 4] AH40 QPI O

QPI 0_DTX_DP[ 5] AK40 QPI O

QPI 0_DTX_DP[ 6] AH41 QPI O

QPI 0_DTX_DP[ 7] AK42 QPI O

QPI 0_DTX_DP[ 8] AJ43 QPI O

QPI 0_DTX_DP[ 9] AG40 QPI O

QPI 1_CLKRX_DN AR6 QPI I

QPI 1_CLKRX_DP AT6 QPI I

QPI 1_CLKTX_DN AE6 QPI O

QPI 1_CLKTX_DP AF6 QPI O

QPI 1_COMP AL6 Analog

QPI 1_DRX_DN[ 0] AV8 QPI I

QPI 1_DRX_DN[ 1] AW7 QPI I

QPI 1_DRX_DN[ 10] AR1 QPI I

QPI 1_DRX_DN[ 11] AR5 QPI I

QPI 1_DRX_DN[ 12] AN2 QPI I

QPI 1_DRX_DN[ 13] AM1 QPI I

QPI 1_DRX_DN[ 14] AM3 QPI I

QPI 1_DRX_DN[ 15] AP4 QPI I

Tab le 5 - 1 . By  Lan d  Nam e  ( Sh eet  3  o f  3 6 )

Lan d  Nam e
Lan d  
No .

Bu f f er  
Ty p e

Di r ect ion

QPI 1_DRX_DN[ 16] AN4 QPI I

QPI 1_DRX_DN[ 17] AN6 QPI I

QPI 1_DRX_DN[ 18] AM7 QPI I

QPI 1_DRX_DN[ 19] AL8 QPI I

QPI 1_DRX_DN[ 2] BA8 QPI I

QPI 1_DRX_DN[ 3] AW5 QPI I

QPI 1_DRX_DN[ 4] BA6 QPI I

QPI 1_DRX_DN[ 5] AY5 QPI I

QPI 1_DRX_DN[ 6] AU6 QPI I

QPI 1_DRX_DN[ 7] AW3 QPI I

QPI 1_DRX_DN[ 8] AU3 QPI I

QPI 1_DRX_DN[ 9] AT2 QPI I

QPI 1_DRX_DP[ 0] AU8 QPI I

QPI 1_DRX_DP[ 1] AV7 QPI I

QPI 1_DRX_DP[ 10] AT1 QPI I

QPI 1_DRX_DP[ 11] AR4 QPI I

QPI 1_DRX_DP[ 12] AP2 QPI I

QPI 1_DRX_DP[ 13] AN1 QPI I

QPI 1_DRX_DP[ 14] AM2 QPI I

QPI 1_DRX_DP[ 15] AP3 QPI I

QPI 1_DRX_DP[ 16] AM4 QPI I

QPI 1_DRX_DP[ 17] AN5 QPI I

QPI 1_DRX_DP[ 18] AM6 QPI I

QPI 1_DRX_DP[ 19] AM8 QPI I

QPI 1_DRX_DP[ 2] AY8 QPI I

QPI 1_DRX_DP[ 3] AV5 QPI I

QPI 1_DRX_DP[ 4] BA7 QPI I

QPI 1_DRX_DP[ 5] AY6 QPI I

QPI 1_DRX_DP[ 6] AU7 QPI I

QPI 1_DRX_DP[ 7] AW4 QPI I

QPI 1_DRX_DP[ 8] AU4 QPI I

QPI 1_DRX_DP[ 9] AT3 QPI I

QPI 1_DTX_DN[ 0] AH8 QPI O

QPI 1_DTX_DN[ 1] AJ7 QPI O

QPI 1_DTX_DN[ 10] AF3 QPI O

QPI 1_DTX_DN[ 11] AD1 QPI O

QPI 1_DTX_DN[ 12] AD3 QPI O

QPI 1_DTX_DN[ 13] AB3 QPI O

QPI 1_DTX_DN[ 14] AE4 QPI O

QPI 1_DTX_DN[ 15] AD4 QPI O

QPI 1_DTX_DN[ 16] AC6 QPI O

Tab le 5 - 1 . By  Lan d  Nam e  ( Sh eet  4  o f  3 6 )

Lan d  Nam e
Lan d  
No .

Bu f f er  
Ty p e

Di r ect ion
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QPI 1_DTX_DN[ 17] AD7 QPI O

QPI 1_DTX_DN[ 18] AE5 QPI O

QPI 1_DTX_DN[ 19] AD8 QPI O

QPI 1_DTX_DN[ 2] AJ6 QPI O

QPI 1_DTX_DN[ 3] AK5 QPI O

QPI 1_DTX_DN[ 4] AK4 QPI O

QPI 1_DTX_DN[ 5] AG6 QPI O

QPI 1_DTX_DN[ 6] AJ2 QPI O

QPI 1_DTX_DN[ 7] AJ1 QPI O

QPI 1_DTX_DN[ 8] AH4 QPI O

QPI 1_DTX_DN[ 9] AG2 QPI O

QPI 1_DTX_DP[ 0] AG8 QPI O

QPI 1_DTX_DP[ 1] AJ8 QPI O

QPI 1_DTX_DP[ 10] AF2 QPI O

QPI 1_DTX_DP[ 11] AE1 QPI O

QPI 1_DTX_DP[ 12] AD2 QPI O

QPI 1_DTX_DP[ 13] AC3 QPI O

QPI 1_DTX_DP[ 14] AE3 QPI O

QPI 1_DTX_DP[ 15] AC4 QPI O

QPI 1_DTX_DP[ 16] AB6 QPI O

QPI 1_DTX_DP[ 17] AD6 QPI O

QPI 1_DTX_DP[ 18] AD5 QPI O

QPI 1_DTX_DP[ 19] AC8 QPI O

QPI 1_DTX_DP[ 2] AH6 QPI O

QPI 1_DTX_DP[ 3] AK6 QPI O

QPI 1_DTX_DP[ 4] AJ4 QPI O

QPI 1_DTX_DP[ 5] AG7 QPI O

QPI 1_DTX_DP[ 6] AJ3 QPI O

QPI 1_DTX_DP[ 7] AK1 QPI O

QPI 1_DTX_DP[ 8] AH3 QPI O

QPI 1_DTX_DP[ 9] AH2 QPI O

DBR# AF10 Asynch I

DDR_COMP[ 0] AA8 Analog

DDR_COMP[ 1] Y7 Analog

DDR_COMP[ 2] AC1 Analog

DDR_THERM# AB5 CMOS I

DDR_THERM2# AF4 CMOS I

DDR_VREF L23 Analog I

DDR0_BA[ 0] B16 CMOS O

DDR0_BA[ 1] A16 CMOS O

DDR0_BA[ 2] C28 CMOS O
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DDR0_CAS# C12 CMOS O

DDR0_CKE[ 0] C29 CMOS O

DDR0_CKE[ 1] A30 CMOS O

DDR0_CKE[ 2] B30 CMOS O

DDR0_CKE[ 3] B31 CMOS O

DDR0_CLK_N[ 0] K19 CLOCK O

DDR0_CLK_N[ 1] C19 CLOCK O

DDR0_CLK_N[ 2] E18 CLOCK O

DDR0_CLK_N[ 3] E19 CLOCK O

DDR0_CLK_P[ 0] J19 CLOCK O

DDR0_CLK_P[ 1] D19 CLOCK O

DDR0_CLK_P[ 2] F18 CLOCK O

DDR0_CLK_P[ 3] E20 CLOCK O

DDR0_CS# [ 0] G15 CMOS O

DDR0_CS# [ 1] B10 CMOS O

DDR0_CS# [ 2] C13 CMOS O

DDR0_CS# [ 3] B9 CMOS O

DDR0_CS# [ 4] B15 CMOS O

DDR0_CS# [ 5] A7 CMOS O

DDR0_CS# [ 6] /
DDR0_ODT[ 4]

C11 CMOS O

DDR0_CS# [ 7] /
DDR0_ODT[ 5]

B8 CMOS O

DDR0_DQ[ 0] W41 CMOS I / O

DDR0_DQ[ 1] V41 CMOS I / O

DDR0_DQ[ 10] K42 CMOS I / O

DDR0_DQ[ 11] K43 CMOS I / O

DDR0_DQ[ 12] P42 CMOS I / O

DDR0_DQ[ 13] P41 CMOS I / O

DDR0_DQ[ 14] L43 CMOS I / O

DDR0_DQ[ 15] L42 CMOS I / O

DDR0_DQ[ 16] H41 CMOS I / O

DDR0_DQ[ 17] H43 CMOS I / O

DDR0_DQ[ 18] E42 CMOS I / O

DDR0_DQ[ 19] E43 CMOS I / O

DDR0_DQ[ 2] R43 CMOS I / O

DDR0_DQ[ 20] J42 CMOS I / O

DDR0_DQ[ 21] J41 CMOS I / O

DDR0_DQ[ 22] F43 CMOS I / O

DDR0_DQ[ 23] F42 CMOS I / O

DDR0_DQ[ 24] D40 CMOS I / O

DDR0_DQ[ 25] C41 CMOS I / O
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DDR0_DQ[ 26] A38 CMOS I / O

DDR0_DQ[ 27] D37 CMOS I / O

DDR0_DQ[ 28] D41 CMOS I / O

DDR0_DQ[ 29] D42 CMOS I / O

DDR0_DQ[ 3] R42 CMOS I / O

DDR0_DQ[ 30] C38 CMOS I / O

DDR0_DQ[ 31] B38 CMOS I / O

DDR0_DQ[ 32] B5 CMOS I / O

DDR0_DQ[ 33] C4 CMOS I / O

DDR0_DQ[ 34] F1 CMOS I / O

DDR0_DQ[ 35] G3 CMOS I / O

DDR0_DQ[ 36] B6 CMOS I / O

DDR0_DQ[ 37] C6 CMOS I / O

DDR0_DQ[ 38] F3 CMOS I / O

DDR0_DQ[ 39] F2 CMOS I / O

DDR0_DQ[ 4] W40 CMOS I / O

DDR0_DQ[ 40] H2 CMOS I / O

DDR0_DQ[ 41] H1 CMOS I / O

DDR0_DQ[ 42] L1 CMOS I / O

DDR0_DQ[ 43] M1 CMOS I / O

DDR0_DQ[ 44] G1 CMOS I / O

DDR0_DQ[ 45] H3 CMOS I / O

DDR0_DQ[ 46] L3 CMOS I / O

DDR0_DQ[ 47] L2 CMOS I / O

DDR0_DQ[ 48] N1 CMOS I / O

DDR0_DQ[ 49] N2 CMOS I / O

DDR0_DQ[ 5] W42 CMOS I / O

DDR0_DQ[ 50] T1 CMOS I / O

DDR0_DQ[ 51] T2 CMOS I / O

DDR0_DQ[ 52] M3 CMOS I / O

DDR0_DQ[ 53] N3 CMOS I / O

DDR0_DQ[ 54] R4 CMOS I / O

DDR0_DQ[ 55] T3 CMOS I / O

DDR0_DQ[ 56] U4 CMOS I / O

DDR0_DQ[ 57] V1 CMOS I / O

DDR0_DQ[ 58] Y2 CMOS I / O

DDR0_DQ[ 59] Y3 CMOS I / O

DDR0_DQ[ 6] U41 CMOS I / O

DDR0_DQ[ 60] U1 CMOS I / O

DDR0_DQ[ 61] U3 CMOS I / O

DDR0_DQ[ 62] V4 CMOS I / O
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DDR0_DQ[ 63] W4 CMOS I / O

DDR0_DQ[ 7] T42 CMOS I / O

DDR0_DQ[ 8] N41 CMOS I / O

DDR0_DQ[ 9] N43 CMOS I / O

DDR0_DQS_N[ 0] U43 CMOS I / O

DDR0_DQS_N[ 1] M41 CMOS I / O

DDR0_DQS_N[ 10] M43 CMOS I / O

DDR0_DQS_N[ 11] G43 CMOS I / O

DDR0_DQS_N[ 12] C39 CMOS I / O

DDR0_DQS_N[ 13] D4 CMOS I / O

DDR0_DQS_N[ 14] J1 CMOS I / O

DDR0_DQS_N[ 15] P1 CMOS I / O

DDR0_DQS_N[ 16] V3 CMOS I / O

DDR0_DQS_N[ 17] B35 CMOS I / O

DDR0_DQS_N[ 2] G41 CMOS I / O

DDR0_DQS_N[ 3] B40 CMOS I / O

DDR0_DQS_N[ 4] E4 CMOS I / O

DDR0_DQS_N[ 5] K3 CMOS I / O

DDR0_DQS_N[ 6] R3 CMOS I / O

DDR0_DQS_N[ 7] W1 CMOS I / O

DDR0_DQS_N[ 8] D35 CMOS I / O

DDR0_DQS_N[ 9] V42 CMOS I / O

DDR0_DQS_P[ 0] T43 CMOS I / O

DDR0_DQS_P[ 1] L41 CMOS I / O

DDR0_DQS_P[ 10] N42 CMOS I / O

DDR0_DQS_P[ 11] H42 CMOS I / O

DDR0_DQS_P[ 12] D39 CMOS I / O

DDR0_DQS_P[ 13] D5 CMOS I / O

DDR0_DQS_P[ 14] J2 CMOS I / O

DDR0_DQS_P[ 15] P2 CMOS I / O

DDR0_DQS_P[ 16] V2 CMOS I / O

DDR0_DQS_P[ 17] B36 CMOS I / O

DDR0_DQS_P[ 2] F41 CMOS I / O

DDR0_DQS_P[ 3] B39 CMOS I / O

DDR0_DQS_P[ 4] E3 CMOS I / O

DDR0_DQS_P[ 5] K2 CMOS I / O

DDR0_DQS_P[ 6] R2 CMOS I / O

DDR0_DQS_P[ 7] W2 CMOS I / O

DDR0_DQS_P[ 8] D34 CMOS I / O

DDR0_DQS_P[ 9] V43 CMOS I / O

DDR0_ECC[ 0] C36 CMOS I / O
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DDR0_ECC[ 1] A36 CMOS I / O

DDR0_ECC[ 2] F32 CMOS I / O

DDR0_ECC[ 3] C33 CMOS I / O

DDR0_ECC[ 4] C37 CMOS I / O

DDR0_ECC[ 5] A37 CMOS I / O

DDR0_ECC[ 6] B34 CMOS I / O

DDR0_ECC[ 7] C34 CMOS I / O

DDR0_MA[ 0] A20 CMOS O

DDR0_MA[ 1] B21 CMOS O

DDR0_MA[ 10] B19 CMOS O

DDR0_MA[ 11] A26 CMOS O

DDR0_MA[ 12] B26 CMOS O

DDR0_MA[ 13] A10 CMOS O

DDR0_MA[ 14] A28 CMOS O

DDR0_MA[ 15] B29 CMOS O

DDR0_MA[ 2] C23 CMOS O

DDR0_MA[ 3] D24 CMOS O

DDR0_MA[ 4] B23 CMOS O

DDR0_MA[ 5] B24 CMOS O

DDR0_MA[ 6] C24 CMOS O

DDR0_MA[ 7] A25 CMOS O

DDR0_MA[ 8] B25 CMOS O

DDR0_MA[ 9] C26 CMOS O

DDR0_MA_PAR B20 CMOS O

DDR0_ODT[ 0] F12 CMOS O

DDR0_ODT[ 1] C9 CMOS O

DDR0_ODT[ 2] B11 CMOS O

DDR0_ODT[ 3] C7 CMOS O

DDR0_PAR_ERR# [ 0] D25 Asynch I

DDR0_PAR_ERR# [ 1] B28 Asynch I

DDR0_PAR_ERR# [ 2] A27 Asynch I

DDR0_RAS# A15 CMOS O

DDR0_RESET# D32 CMOS O

DDR0_WE# B13 CMOS O

DDR1_BA[ 0] C18 CMOS O

DDR1_BA[ 1] K13 CMOS O

DDR1_BA[ 2] H27 CMOS O

DDR1_CAS# E14 CMOS O

DDR1_CKE[ 0] H28 CMOS O

DDR1_CKE[ 1] E27 CMOS O

DDR1_CKE[ 2] D27 CMOS O
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DDR1_CKE[ 3] C27 CMOS O

DDR1_CLK_N[ 0] D21 CLOCK O

DDR1_CLK_N[ 1] G20 CLOCK O

DDR1_CLK_N[ 2] L18 CLOCK O

DDR1_CLK_N[ 3] H19 CLOCK O

DDR1_CLK_P[ 0] C21 CLOCK O

DDR1_CLK_P[ 1] G19 CLOCK O

DDR1_CLK_P[ 2] K18 CLOCK O

DDR1_CLK_P[ 3] H18 CLOCK O

DDR1_CS# [ 0] D12 CMOS O

DDR1_CS# [ 1] A8 CMOS O

DDR1_CS# [ 2] E15 CMOS O

DDR1_CS# [ 3] E13 CMOS O

DDR1_CS# [ 4] C17 CMOS O

DDR1_CS# [ 5] E10 CMOS O

DDR1_CS# [ 6] /
DDR1_ODT[ 4]

C14 CMOS O

DDR1_CS# [ 7] /
DDR1_ODT[ 5]

E12 CMOS O

DDR1_DQ[ 0] AA37 CMOS I / O

DDR1_DQ[ 1] AA36 CMOS I / O

DDR1_DQ[ 10] P39 CMOS I / O

DDR1_DQ[ 11] N39 CMOS I / O

DDR1_DQ[ 12] R34 CMOS I / O

DDR1_DQ[ 13] R35 CMOS I / O

DDR1_DQ[ 14] N37 CMOS I / O

DDR1_DQ[ 15] N38 CMOS I / O

DDR1_DQ[ 16] M35 CMOS I / O

DDR1_DQ[ 17] M34 CMOS I / O

DDR1_DQ[ 18] K35 CMOS I / O

DDR1_DQ[ 19] J35 CMOS I / O

DDR1_DQ[ 2] Y35 CMOS I / O

DDR1_DQ[ 20] N34 CMOS I / O

DDR1_DQ[ 21] M36 CMOS I / O

DDR1_DQ[ 22] J36 CMOS I / O

DDR1_DQ[ 23] H36 CMOS I / O

DDR1_DQ[ 24] H33 CMOS I / O

DDR1_DQ[ 25] L33 CMOS I / O

DDR1_DQ[ 26] K32 CMOS I / O

DDR1_DQ[ 27] J32 CMOS I / O

DDR1_DQ[ 28] J34 CMOS I / O

DDR1_DQ[ 29] H34 CMOS I / O
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DDR1_DQ[ 3] Y34 CMOS I / O

DDR1_DQ[ 30] L32 CMOS I / O

DDR1_DQ[ 31] K30 CMOS I / O

DDR1_DQ[ 32] E9 CMOS I / O

DDR1_DQ[ 33] E8 CMOS I / O

DDR1_DQ[ 34] E5 CMOS I / O

DDR1_DQ[ 35] F5 CMOS I / O

DDR1_DQ[ 36] F10 CMOS I / O

DDR1_DQ[ 37] G8 CMOS I / O

DDR1_DQ[ 38] D6 CMOS I / O

DDR1_DQ[ 39] F6 CMOS I / O

DDR1_DQ[ 4] AA35 CMOS I / O

DDR1_DQ[ 40] H8 CMOS I / O

DDR1_DQ[ 41] J6 CMOS I / O

DDR1_DQ[ 42] G4 CMOS I / O

DDR1_DQ[ 43] H4 CMOS I / O

DDR1_DQ[ 44] G9 CMOS I / O

DDR1_DQ[ 45] H9 CMOS I / O

DDR1_DQ[ 46] G5 CMOS I / O

DDR1_DQ[ 47] J5 CMOS I / O

DDR1_DQ[ 48] K4 CMOS I / O

DDR1_DQ[ 49] K5 CMOS I / O

DDR1_DQ[ 5] AB36 CMOS I / O

DDR1_DQ[ 50] R5 CMOS I / O

DDR1_DQ[ 51] T5 CMOS I / O

DDR1_DQ[ 52] J4 CMOS I / O

DDR1_DQ[ 53] M6 CMOS I / O

DDR1_DQ[ 54] R8 CMOS I / O

DDR1_DQ[ 55] R7 CMOS I / O

DDR1_DQ[ 56] W6 CMOS I / O

DDR1_DQ[ 57] W7 CMOS I / O

DDR1_DQ[ 58] Y10 CMOS I / O

DDR1_DQ[ 59] W10 CMOS I / O

DDR1_DQ[ 6] Y40 CMOS I / O

DDR1_DQ[ 60] V9 CMOS I / O

DDR1_DQ[ 61] W5 CMOS I / O

DDR1_DQ[ 62] AA7 CMOS I / O

DDR1_DQ[ 63] W9 CMOS I / O

DDR1_DQ[ 7] Y39 CMOS I / O

DDR1_DQ[ 8] P34 CMOS I / O

DDR1_DQ[ 9] P35 CMOS I / O
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DDR1_DQS_N[ 0] Y37 CMOS I / O

DDR1_DQS_N[ 1] R37 CMOS I / O

DDR1_DQS_N[ 10] P37 CMOS I / O

DDR1_DQS_N[ 11] K37 CMOS I / O

DDR1_DQS_N[ 12] K33 CMOS I / O

DDR1_DQS_N[ 13] F7 CMOS I / O

DDR1_DQS_N[ 14] J7 CMOS I / O

DDR1_DQS_N[ 15] M4 CMOS I / O

DDR1_DQS_N[ 16] Y5 CMOS I / O

DDR1_DQS_N[ 17] E35 CMOS I / O

DDR1_DQS_N[ 2] L36 CMOS I / O

DDR1_DQS_N[ 3] L31 CMOS I / O

DDR1_DQS_N[ 4] D7 CMOS I / O

DDR1_DQS_N[ 5] G6 CMOS I / O

DDR1_DQS_N[ 6] L5 CMOS I / O

DDR1_DQS_N[ 7] Y9 CMOS I / O

DDR1_DQS_N[ 8] G34 CMOS I / O

DDR1_DQS_N[ 9] AA41 CMOS I / O

DDR1_DQS_P[ 0] Y38 CMOS I / O

DDR1_DQS_P[ 1] R38 CMOS I / O

DDR1_DQS_P[ 10] P36 CMOS I / O

DDR1_DQS_P[ 11] L37 CMOS I / O

DDR1_DQS_P[ 12] K34 CMOS I / O

DDR1_DQS_P[ 13] F8 CMOS I / O

DDR1_DQS_P[ 14] H7 CMOS I / O

DDR1_DQS_P[ 15] M5 CMOS I / O

DDR1_DQS_P[ 16] Y4 CMOS I / O

DDR1_DQS_P[ 17] F35 CMOS I / O

DDR1_DQS_P[ 2] L35 CMOS I / O

DDR1_DQS_P[ 3] L30 CMOS I / O

DDR1_DQS_P[ 4] E7 CMOS I / O

DDR1_DQS_P[ 5] H6 CMOS I / O

DDR1_DQS_P[ 6] L6 CMOS I / O

DDR1_DQS_P[ 7] Y8 CMOS I / O

DDR1_DQS_P[ 8] G33 CMOS I / O

DDR1_DQS_P[ 9] AA40 CMOS I / O

DDR1_ECC[ 0] D36 CMOS I / O

DDR1_ECC[ 1] F36 CMOS I / O

DDR1_ECC[ 2] E33 CMOS I / O

DDR1_ECC[ 3] G36 CMOS I / O

DDR1_ECC[ 4] E37 CMOS I / O
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DDR1_ECC[ 5] F37 CMOS I / O

DDR1_ECC[ 6] E34 CMOS I / O

DDR1_ECC[ 7] G35 CMOS I / O

DDR1_MA[ 0] J14 CMOS O

DDR1_MA[ 1] J16 CMOS O

DDR1_MA[ 10] H14 CMOS O

DDR1_MA[ 11] E23 CMOS O

DDR1_MA[ 12] E24 CMOS O

DDR1_MA[ 13] B14 CMOS O

DDR1_MA[ 14] H26 CMOS O

DDR1_MA[ 15] F26 CMOS O

DDR1_MA[ 2] J17 CMOS O

DDR1_MA[ 3] L28 CMOS O

DDR1_MA[ 4] K28 CMOS O

DDR1_MA[ 5] F22 CMOS O

DDR1_MA[ 6] J27 CMOS O

DDR1_MA[ 7] D22 CMOS O

DDR1_MA[ 8] E22 CMOS O

DDR1_MA[ 9] G24 CMOS O

DDR1_MA_PAR D20 CMOS O

DDR1_ODT[ 0] D11 CMOS O

DDR1_ODT[ 1] C8 CMOS O

DDR1_ODT[ 2] D14 CMOS O

DDR1_ODT[ 3] F11 CMOS O

DDR1_PAR_ERR# [ 0] C22 Asynch I

DDR1_PAR_ERR# [ 1] E25 Asynch I

DDR1_PAR_ERR# [ 2] F25 Asynch I

DDR1_RAS# G14 CMOS O

DDR1_RESET# D29 CMOS O

DDR1_WE# G13 CMOS O

DDR2_BA[ 0] A17 CMOS O

DDR2_BA[ 1] F17 CMOS O

DDR2_BA[ 2] L26 CMOS O

DDR2_CAS# F16 CMOS O

DDR2_CKE[ 0] J26 CMOS O

DDR2_CKE[ 1] G26 CMOS O

DDR2_CKE[ 2] D26 CMOS O

DDR2_CKE[ 3] L27 CMOS O

DDR2_CLK_N[ 0] J21 CLOCK O

DDR2_CLK_N[ 1] K20 CLOCK O

DDR2_CLK_N[ 2] G21 CLOCK O
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DDR2_CLK_N[ 3] L21 CLOCK O

DDR2_CLK_P[ 0] J22 CLOCK O

DDR2_CLK_P[ 1] L20 CLOCK O

DDR2_CLK_P[ 2] H21 CLOCK O

DDR2_CLK_P[ 3] L22 CLOCK O

DDR2_CS# [ 0] G16 CMOS O

DDR2_CS# [ 1] K14 CMOS O

DDR2_CS# [ 2] D16 CMOS O

DDR2_CS# [ 3] H16 CMOS O

DDR2_CS# [ 4] E17 CMOS O

DDR2_CS# [ 5] D9 CMOS O

DDR2_CS# [ 6] /
DDR2_ODT[ 4]

L17 CMOS O

DDR2_CS# [ 7] /
DDR2_ODT[ 5]

J15 CMOS O

DDR2_DQ[ 0] W34 CMOS I / O

DDR2_DQ[ 1] W35 CMOS I / O

DDR2_DQ[ 10] R39 CMOS I / O

DDR2_DQ[ 11] T36 CMOS I / O

DDR2_DQ[ 12] W39 CMOS I / O

DDR2_DQ[ 13] V39 CMOS I / O

DDR2_DQ[ 14] T41 CMOS I / O

DDR2_DQ[ 15] R40 CMOS I / O

DDR2_DQ[ 16] M39 CMOS I / O

DDR2_DQ[ 17] M40 CMOS I / O

DDR2_DQ[ 18] J40 CMOS I / O

DDR2_DQ[ 19] J39 CMOS I / O

DDR2_DQ[ 2] V36 CMOS I / O

DDR2_DQ[ 20] P40 CMOS I / O

DDR2_DQ[ 21] N36 CMOS I / O

DDR2_DQ[ 22] L40 CMOS I / O

DDR2_DQ[ 23] K38 CMOS I / O

DDR2_DQ[ 24] G40 CMOS I / O

DDR2_DQ[ 25] F40 CMOS I / O

DDR2_DQ[ 26] J37 CMOS I / O

DDR2_DQ[ 27] H37 CMOS I / O

DDR2_DQ[ 28] H39 CMOS I / O

DDR2_DQ[ 29] G39 CMOS I / O

DDR2_DQ[ 3] U36 CMOS I / O

DDR2_DQ[ 30] F38 CMOS I / O

DDR2_DQ[ 31] E38 CMOS I / O

DDR2_DQ[ 32] K12 CMOS I / O
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DDR2_DQ[ 33] J12 CMOS I / O

DDR2_DQ[ 34] H13 CMOS I / O

DDR2_DQ[ 35] L13 CMOS I / O

DDR2_DQ[ 36] G11 CMOS I / O

DDR2_DQ[ 37] G10 CMOS I / O

DDR2_DQ[ 38] H12 CMOS I / O

DDR2_DQ[ 39] L12 CMOS I / O

DDR2_DQ[ 4] U34 CMOS I / O

DDR2_DQ[ 40] L10 CMOS I / O

DDR2_DQ[ 41] K10 CMOS I / O

DDR2_DQ[ 42] M9 CMOS I / O

DDR2_DQ[ 43] N9 CMOS I / O

DDR2_DQ[ 44] L11 CMOS I / O

DDR2_DQ[ 45] M10 CMOS I / O

DDR2_DQ[ 46] L8 CMOS I / O

DDR2_DQ[ 47] M8 CMOS I / O

DDR2_DQ[ 48] P7 CMOS I / O

DDR2_DQ[ 49] N6 CMOS I / O

DDR2_DQ[ 5] V34 CMOS I / O

DDR2_DQ[ 50] P9 CMOS I / O

DDR2_DQ[ 51] P10 CMOS I / O

DDR2_DQ[ 52] N8 CMOS I / O

DDR2_DQ[ 53] N7 CMOS I / O

DDR2_DQ[ 54] R10 CMOS I / O

DDR2_DQ[ 55] R9 CMOS I / O

DDR2_DQ[ 56] U5 CMOS I / O

DDR2_DQ[ 57] U6 CMOS I / O

DDR2_DQ[ 58] T10 CMOS I / O

DDR2_DQ[ 59] U10 CMOS I / O

DDR2_DQ[ 6] V37 CMOS I / O

DDR2_DQ[ 60] T6 CMOS I / O

DDR2_DQ[ 61] T7 CMOS I / O

DDR2_DQ[ 62] V8 CMOS I / O

DDR2_DQ[ 63] U9 CMOS I / O

DDR2_DQ[ 7] V38 CMOS I / O

DDR2_DQ[ 8] U38 CMOS I / O

DDR2_DQ[ 9] U39 CMOS I / O

DDR2_DQS_N[ 0] W36 CMOS I / O

DDR2_DQS_N[ 1] T38 CMOS I / O

DDR2_DQS_N[ 10] T40 CMOS I / O

DDR2_DQS_N[ 11] L38 CMOS I / O
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DDR2_DQS_N[ 12] G38 CMOS I / O

DDR2_DQS_N[ 13] J11 CMOS I / O

DDR2_DQS_N[ 14] K8 CMOS I / O

DDR2_DQS_N[ 15] P4 CMOS I / O

DDR2_DQS_N[ 16] V7 CMOS I / O

DDR2_DQS_N[ 17] G31 CMOS I / O

DDR2_DQS_N[ 2] K39 CMOS I / O

DDR2_DQS_N[ 3] E40 CMOS I / O

DDR2_DQS_N[ 4] J9 CMOS I / O

DDR2_DQS_N[ 5] K7 CMOS I / O

DDR2_DQS_N[ 6] P5 CMOS I / O

DDR2_DQS_N[ 7] T8 CMOS I / O

DDR2_DQS_N[ 8] G30 CMOS I / O

DDR2_DQS_N[ 9] T35 CMOS I / O

DDR2_DQS_P[ 0] W37 CMOS I / O

DDR2_DQS_P[ 1] T37 CMOS I / O

DDR2_DQS_P[ 10] U40 CMOS I / O

DDR2_DQS_P[ 11] M38 CMOS I / O

DDR2_DQS_P[ 12] H38 CMOS I / O

DDR2_DQS_P[ 13] H11 CMOS I / O

DDR2_DQS_P[ 14] K9 CMOS I / O

DDR2_DQS_P[ 15] N4 CMOS I / O

DDR2_DQS_P[ 16] V6 CMOS I / O

DDR2_DQS_P[ 17] H31 CMOS I / O

DDR2_DQS_P[ 2] K40 CMOS I / O

DDR2_DQS_P[ 3] E39 CMOS I / O

DDR2_DQS_P[ 4] J10 CMOS I / O

DDR2_DQS_P[ 5] L7 CMOS I / O

DDR2_DQS_P[ 6] P6 CMOS I / O

DDR2_DQS_P[ 7] U8 CMOS I / O

DDR2_DQS_P[ 8] G29 CMOS I / O

DDR2_DQS_P[ 9] U35 CMOS I / O

DDR2_ECC[ 0] H32 CMOS I / O

DDR2_ECC[ 1] F33 CMOS I / O

DDR2_ECC[ 2] E29 CMOS I / O

DDR2_ECC[ 3] E30 CMOS I / O

DDR2_ECC[ 4] J31 CMOS I / O

DDR2_ECC[ 5] J30 CMOS I / O

DDR2_ECC[ 6] F31 CMOS I / O

DDR2_ECC[ 7] F30 CMOS I / O

DDR2_MA[ 0] A18 CMOS O
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DDR2_MA[ 1] K17 CMOS O

DDR2_MA[ 10] H17 CMOS O

DDR2_MA[ 11] H23 CMOS O

DDR2_MA[ 12] G23 CMOS O

DDR2_MA[ 13] F15 CMOS O

DDR2_MA[ 14] H24 CMOS O

DDR2_MA[ 15] G25 CMOS O

DDR2_MA[ 2] G18 CMOS O

DDR2_MA[ 3] J20 CMOS O

DDR2_MA[ 4] F20 CMOS O

DDR2_MA[ 5] K23 CMOS O

DDR2_MA[ 6] K22 CMOS O

DDR2_MA[ 7] J24 CMOS O

DDR2_MA[ 8] L25 CMOS O

DDR2_MA[ 9] H22 CMOS O

DDR2_MA_PAR B18 CMOS O

DDR2_ODT[ 0] L16 CMOS O

DDR2_ODT[ 1] F13 CMOS O

DDR2_ODT[ 2] D15 CMOS O

DDR2_ODT[ 3] D10 CMOS O

DDR2_PAR_ERR# [ 0] F21 Asynch I

DDR2_PAR_ERR# [ 1] J25 Asynch I

DDR2_PAR_ERR# [ 2] F23 Asynch I

DDR2_RAS# D17 CMOS O

DDR2_RESET# E32 CMOS O

DDR2_WE# C16 CMOS O

GTLREF AJ37 Analog I

I SENSE AK8 Analog I

PECI AH36 Asynch I / O

PECI _I D# AK35 Asynch I

PRDY# B41 GTL O

PREQ# C42 GTL I

PROCHOT# AG35 GTL I / O

PSI # AP7 CMOS O

RESET# AL39 Asynch I

RSVD A31

RSVD A40

RSVD AF1

RSVD AG1

RSVD AG4

RSVD AG5

Tab le 5 - 1 . By  Lan d  Nam e  ( Sh eet  1 7  o f  3 6 )
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RSVD AK2

RSVD AK7

RSVD AK36

RSVD AL3

RSVD AL38

RSVD AL4

RSVD AL40

RSVD AL41

RSVD AL5

RSVD AM36

RSVD AM38

RSVD AN36

RSVD AN38

RSVD AR36

RSVD AR37

RSVD AT36

RSVD AT4

RSVD AT5

RSVD AU2

RSVD AV1

RSVD AV2

RSVD AV35

RSVD AV42

RSVD AV43

RSVD AW2

RSVD AW39

RSVD AW41

RSVD AW42

RSVD AY3

RSVD AY35

RSVD AY39

RSVD AY4

RSVD AY40

RSVD AY41

RSVD B33

RSVD BA4

RSVD BA40

RSVD C31

RSVD C32

RSVD D30

RSVD D31
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RSVD E28

RSVD F27

RSVD F28

RSVD G28

RSVD H29

RSVD J29

RSVD K15

RSVD K24

RSVD K25

RSVD K27

RSVD K29

RSVD L15

RSVD U11

RSVD V11

SKTOCC# AG36 O

TAPPWRGOOD AH5 CMOS O

TCK AH10 TAP I

TDI AJ9 TAP I

TDO AJ10 TAP O

THERMTRI P# AG37 GTL O

TMS AG10 TAP I

TRST# AH9 TAP I

VCC AH11 PWR

VCC AH33 PWR

VCC AJ11 PWR

VCC AJ33 PWR

VCC AK11 PWR

VCC AK12 PWR

VCC AK13 PWR

VCC AK15 PWR

VCC AK16 PWR

VCC AK18 PWR

VCC AK19 PWR

VCC AK21 PWR

VCC AK24 PWR

VCC AK25 PWR

VCC AK27 PWR

VCC AK28 PWR

VCC AK30 PWR

VCC AK31 PWR

VCC AK33 PWR

Tab le 5 - 1 . By  Lan d  Nam e  ( Sh eet  1 9  o f  3 6 )
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No .

Bu f f er  
Ty p e
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VCC AL12 PWR

VCC AL13 PWR

VCC AL15 PWR

VCC AL16 PWR

VCC AL18 PWR

VCC AL19 PWR

VCC AL21 PWR

VCC AL24 PWR

VCC AL25 PWR

VCC AL27 PWR

VCC AL28 PWR

VCC AL30 PWR

VCC AL31 PWR

VCC AL33 PWR

VCC AL34 PWR

VCC AM12 PWR

VCC AM13 PWR

VCC AM15 PWR

VCC AM16 PWR

VCC AM18 PWR

VCC AM19 PWR

VCC AM21 PWR

VCC AM24 PWR

VCC AM25 PWR

VCC AM27 PWR

VCC AM28 PWR

VCC AM30 PWR

VCC AM31 PWR

VCC AM33 PWR

VCC AM34 PWR

VCC AN12 PWR

VCC AN13 PWR

VCC AN15 PWR

VCC AN16 PWR

VCC AN18 PWR

VCC AN19 PWR

VCC AN21 PWR

VCC AN24 PWR

VCC AN25 PWR

VCC AN27 PWR

VCC AN28 PWR
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VCC AN30 PWR

VCC AN31 PWR

VCC AN33 PWR

VCC AN34 PWR

VCC AP12 PWR

VCC AP13 PWR

VCC AP15 PWR

VCC AP16 PWR

VCC AP18 PWR

VCC AP19 PWR

VCC AP21 PWR

VCC AP24 PWR

VCC AP25 PWR

VCC AP27 PWR

VCC AP28 PWR

VCC AP30 PWR

VCC AP31 PWR

VCC AP33 PWR

VCC AP34 PWR

VCC AR10 PWR

VCC AR12 PWR

VCC AR13 PWR

VCC AR15 PWR

VCC AR16 PWR

VCC AR18 PWR

VCC AR19 PWR

VCC AR21 PWR

VCC AR24 PWR

VCC AR25 PWR

VCC AR27 PWR

VCC AR28 PWR

VCC AR30 PWR

VCC AR31 PWR

VCC AR33 PWR

VCC AR34 PWR

VCC AT10 PWR

VCC AT12 PWR

VCC AT13 PWR

VCC AT15 PWR

VCC AT16 PWR

VCC AT18 PWR

Tab le 5 - 1 . By  Lan d  Nam e  ( Sh eet  2 1  o f  3 6 )

Lan d  Nam e
Lan d  
No .

Bu f f er  
Ty p e
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VCC AT19 PWR

VCC AT21 PWR

VCC AT24 PWR

VCC AT25 PWR

VCC AT27 PWR

VCC AT28 PWR

VCC AT30 PWR

VCC AT31 PWR

VCC AT33 PWR

VCC AT34 PWR

VCC AT9 PWR

VCC AU10 PWR

VCC AU12 PWR

VCC AU13 PWR

VCC AU15 PWR

VCC AU16 PWR

VCC AU18 PWR

VCC AU19 PWR

VCC AU21 PWR

VCC AU24 PWR

VCC AU25 PWR

VCC AU27 PWR

VCC AU28 PWR

VCC AU30 PWR

VCC AU31 PWR

VCC AU33 PWR

VCC AU34 PWR

VCC AU9 PWR

VCC AV10 PWR

VCC AV12 PWR

VCC AV13 PWR

VCC AV15 PWR

VCC AV16 PWR

VCC AV18 PWR

VCC AV19 PWR

VCC AV21 PWR

VCC AV24 PWR

VCC AV25 PWR

VCC AV27 PWR

VCC AV28 PWR

VCC AV30 PWR
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VCC AV31 PWR

VCC AV33 PWR

VCC AV34 PWR

VCC AV9 PWR

VCC AW10 PWR

VCC AW12 PWR

VCC AW13 PWR

VCC AW15 PWR

VCC AW16 PWR

VCC AW18 PWR

VCC AW19 PWR

VCC AW21 PWR

VCC AW24 PWR

VCC AW25 PWR

VCC AW27 PWR

VCC AW28 PWR

VCC AW30 PWR

VCC AW31 PWR

VCC AW33 PWR

VCC AW34 PWR

VCC AW9 PWR

VCC AY10 PWR

VCC AY12 PWR

VCC AY13 PWR

VCC AY15 PWR

VCC AY16 PWR

VCC AY18 PWR

VCC AY19 PWR

VCC AY21 PWR

VCC AY24 PWR

VCC AY25 PWR

VCC AY27 PWR

VCC AY28 PWR

VCC AY30 PWR

VCC AY31 PWR

VCC AY33 PWR

VCC AY34 PWR

VCC AY9 PWR

VCC BA10 PWR

VCC BA12 PWR

VCC BA13 PWR

Tab le 5 - 1 . By  Lan d  Nam e  ( Sh eet  2 3  o f  3 6 )
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VCC BA15 PWR

VCC BA16 PWR

VCC BA18 PWR

VCC BA19 PWR

VCC BA24 PWR

VCC BA25 PWR

VCC BA27 PWR

VCC BA28 PWR

VCC BA30 PWR

VCC BA9 PWR

VCC M11 PWR

VCC M13 PWR

VCC M15 PWR

VCC M19 PWR

VCC M21 PWR

VCC M23 PWR

VCC M25 PWR

VCC M29 PWR

VCC M31 PWR

VCC M33 PWR

VCC N11 PWR

VCC N33 PWR

VCC R11 PWR

VCC R33 PWR

VCC T11 PWR

VCC T33 PWR

VCC W11 PWR

VCC_SENSE AR9 Analog

VCCPLL U33 PWR

VCCPLL V33 PWR

VCCPLL W33 PWR

VCCPWRGOOD AR7 Asynch I

VDDPWRGOOD AA6 Asynch I

VDDQ A14 PWR

VDDQ A19 PWR

VDDQ A24 PWR

VDDQ A29 PWR

VDDQ A9 PWR

VDDQ B12 PWR

VDDQ B17 PWR

VDDQ B22 PWR
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VDDQ B27 PWR

VDDQ B32 PWR

VDDQ B7 PWR

VDDQ C10 PWR

VDDQ C15 PWR

VDDQ C20 PWR

VDDQ C25 PWR

VDDQ C30 PWR

VDDQ D13 PWR

VDDQ D18 PWR

VDDQ D23 PWR

VDDQ D28 PWR

VDDQ E11 PWR

VDDQ E16 PWR

VDDQ E21 PWR

VDDQ E26 PWR

VDDQ E31 PWR

VDDQ F14 PWR

VDDQ F19 PWR

VDDQ F24 PWR

VDDQ G17 PWR

VDDQ G22 PWR

VDDQ G27 PWR

VDDQ H15 PWR

VDDQ H20 PWR

VDDQ H25 PWR

VDDQ J18 PWR

VDDQ J23 PWR

VDDQ J28 PWR

VDDQ K16 PWR

VDDQ K21 PWR

VDDQ K26 PWR

VDDQ L14 PWR

VDDQ L19 PWR

VDDQ L24 PWR

VDDQ M17 PWR

VDDQ M27 PWR

VI D[ 0] / MSI D[ 0] AL10 CMOS O

VI D[ 1] / MSI D[ 1] AL9 CMOS O

VI D[ 2] / MSI D[ 2] AN9 CMOS O

VI D[ 3] / CSC[ 0] AM10 CMOS O

Tab le 5 - 1 . By  Lan d  Nam e  ( Sh eet  2 5  o f  3 6 )

Lan d  Nam e
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VI D[ 4] / CSC[ 1] AN10 CMOS O

VI D[ 5] / CSC[ 2] AP9 CSMO O

VI D[ 6] AP8 CMOS O

VI D[ 7] AN8 CMOS O

VSS A35 GND

VSS A39 GND

VSS A4 GND

VSS A41 GND

VSS A6 GND

VSS AA3 GND

VSS AA34 GND

VSS AA38 GND

VSS AA39 GND

VSS AA9 GND

VSS AB37 GND

VSS AB4 GND

VSS AB40 GND

VSS AB42 GND

VSS AB7 GND

VSS AC2 GND

VSS AC36 GND

VSS AC5 GND

VSS AC7 GND

VSS AC9 GND

VSS AD11 GND

VSS AD33 GND

VSS AD37 GND

VSS AD41 GND

VSS AD43 GND

VSS AE2 GND

VSS AE39 GND

VSS AE7 GND

VSS AF35 GND

VSS AF38 GND

VSS AF41 GND

VSS AF5 GND

VSS AG11 GND

VSS AG3 GND

VSS AG33 GND

VSS AG43 GND

VSS AG9 GND
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Lan d  Nam e
Lan d  
No .

Bu f f er  
Ty p e

Di r ect ion



Lan d  List in g

88 I ntel®  Xeon®  Processor 5600 Series Datasheet  Volum e 1

VSS AH1 GND

VSS AH34 GND

VSS AH37 GND

VSS AH39 GND

VSS AH7 GND

VSS AJ34 GND

VSS AJ36 GND

VSS AJ41 GND

VSS AJ5 GND

VSS AK10 GND

VSS AK14 GND

VSS AK17 GND

VSS AK20 GND

VSS AK22 GND

VSS AK23 GND

VSS AK26 GND

VSS AK29 GND

VSS AK3 GND

VSS AK32 GND

VSS AK34 GND

VSS AK39 GND

VSS AK43 GND

VSS AK9 GND

VSS AL1 GND

VSS AL11 GND

VSS AL14 GND

VSS AL17 GND

VSS AL2 GND

VSS AL20 GND

VSS AL22 GND

VSS AL23 GND

VSS AL26 GND

VSS AL29 GND

VSS AL32 GND

VSS AL35 GND

VSS AL36 GND

VSS AL37 GND

VSS AL42 GND

VSS AL7 GND

VSS AM11 GND

VSS AM14 GND

Tab le 5 - 1 . By  Lan d  Nam e  ( Sh eet  2 7  o f  3 6 )
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VSS AM17 GND

VSS AM20 GND

VSS AM22 GND

VSS AM23 GND

VSS AM26 GND

VSS AM29 GND

VSS AM32 GND

VSS AM35 GND

VSS AM37 GND

VSS AM39 GND

VSS AM5 GND

VSS AM9 GND

VSS AN11 GND

VSS AN14 GND

VSS AN17 GND

VSS AN20 GND

VSS AN22 GND

VSS AN23 GND

VSS AN26 GND

VSS AN29 GND

VSS AN3 GND

VSS AN32 GND

VSS AN35 GND

VSS AN37 GND

VSS AN41 GND

VSS AN7 GND

VSS AP1 GND

VSS AP10 GND

VSS AP11 GND

VSS AP14 GND

VSS AP17 GND

VSS AP20 GND

VSS AP22 GND

VSS AP23 GND

VSS AP26 GND

VSS AP29 GND

VSS AP32 GND

VSS AP35 GND

VSS AP36 GND

VSS AP37 GND

VSS AP43 GND
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VSS AP5 GND

VSS AP6 GND

VSS AR11 GND

VSS AR14 GND

VSS AR17 GND

VSS AR2 GND

VSS AR20 GND

VSS AR22 GND

VSS AR23 GND

VSS AR26 GND

VSS AR29 GND

VSS AR3 GND

VSS AR32 GND

VSS AR35 GND

VSS AR39 GND

VSS AT11 GND

VSS AT14 GND

VSS AT17 GND

VSS AT20 GND

VSS AT22 GND

VSS AT23 GND

VSS AT26 GND

VSS AT29 GND

VSS AT32 GND

VSS AT35 GND

VSS AT38 GND

VSS AT41 GND

VSS AT7 GND

VSS AT8 GND

VSS AU1 GND

VSS AU11 GND

VSS AU14 GND

VSS AU17 GND

VSS AU20 GND

VSS AU22 GND

VSS AU23 GND

VSS AU26 GND

VSS AU29 GND

VSS AU32 GND

VSS AU35 GND

VSS AU36 GND
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VSS AU43 GND

VSS AU5 GND

VSS AV11 GND

VSS AV14 GND

VSS AV17 GND

VSS AV20 GND

VSS AV22 GND

VSS AV23 GND

VSS AV26 GND

VSS AV29 GND

VSS AV32 GND

VSS AV39 GND

VSS AV4 GND

VSS AV41 GND

VSS AW1 GND

VSS AW11 GND

VSS AW14 GND

VSS AW17 GND

VSS AW20 GND

VSS AW22 GND

VSS AW23 GND

VSS AW26 GND

VSS AW29 GND

VSS AW32 GND

VSS AW35 GND

VSS AW6 GND

VSS AW8 GND

VSS AY11 GND

VSS AY14 GND

VSS AY17 GND

VSS AY2 GND

VSS AY20 GND

VSS AY22 GND

VSS AY23 GND

VSS AY26 GND

VSS AY29 GND

VSS AY32 GND

VSS AY37 GND

VSS AY42 GND

VSS AY7 GND

VSS B2 GND
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VSS B37 GND

VSS B42 GND

VSS BA11 GND

VSS BA14 GND

VSS BA17 GND

VSS BA20 GND

VSS BA26 GND

VSS BA29 GND

VSS BA3 GND

VSS BA35 GND

VSS BA39 GND

VSS BA5 GND

VSS C35 GND

VSS C40 GND

VSS C43 GND

VSS C5 GND

VSS D3 GND

VSS D33 GND

VSS D38 GND

VSS D43 GND

VSS D8 GND

VSS E1 GND

VSS E36 GND

VSS E41 GND

VSS E6 GND

VSS F29 GND

VSS F34 GND

VSS F39 GND

VSS F4 GND

VSS F9 GND

VSS G12 GND

VSS G2 GND

VSS G32 GND

VSS G37 GND

VSS G42 GND

VSS G7 GND

VSS H10 GND

VSS H30 GND

VSS H35 GND

VSS H40 GND

VSS H5 GND
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VSS J13 GND

VSS J3 GND

VSS J33 GND

VSS J38 GND

VSS J43 GND

VSS J8 GND

VSS K1 GND

VSS K11 GND

VSS K31 GND

VSS K36 GND

VSS K41 GND

VSS K6 GND

VSS L29 GND

VSS L34 GND

VSS L39 GND

VSS L4 GND

VSS L9 GND

VSS M12 GND

VSS M14 GND

VSS M16 GND

VSS M18 GND

VSS M2 GND

VSS M20 GND

VSS M22 GND

VSS M24 GND

VSS M26 GND

VSS M28 GND

VSS M30 GND

VSS M32 GND

VSS M37 GND

VSS M42 GND

VSS M7 GND

VSS N10 GND

VSS N35 GND

VSS N40 GND

VSS N5 GND

VSS P11 GND

VSS P3 GND

VSS P33 GND

VSS P38 GND

VSS P43 GND
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VSS P8 GND

VSS R1 GND

VSS R36 GND

VSS R41 GND

VSS R6 GND

VSS T34 GND

VSS T39 GND

VSS T4 GND

VSS T9 GND

VSS U2 GND

VSS U37 GND

VSS U42 GND

VSS U7 GND

VSS V10 GND

VSS V35 GND

VSS V40 GND

VSS V5 GND

VSS W3 GND

VSS W38 GND

VSS W43 GND

VSS W8 GND

VSS Y1 GND

VSS Y11 GND

VSS Y33 GND

VSS Y36 GND

VSS Y41 GND

VSS Y6 GND

VSS_SENSE AR8 Analog

VSS_SENSE_VTTD AE37 Analog

VTT_VI D2 AV3 CMOS O

VTT_VI D3 AF7 CMOS O

VTT_VI D4 AV6 CMOS O

VTTA AD10 PWR

VTTA AE10 PWR

VTTA AE11 PWR

VTTA AE33 PWR

VTTA AF11 PWR

VTTA AF33 PWR

VTTA AF34 PWR

VTTA AG34 PWR

VTTD AA10 PWR

Tab le 5 - 1 . By  Lan d  Nam e  ( Sh eet  3 3  o f  3 6 )
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Bu f f er  
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VTTD AA11 PWR

VTTD AA33 PWR

VTTD AB10 PWR

VTTD AB11 PWR

VTTD AB33 PWR

VTTD AB34 PWR

VTTD AB8 PWR

VTTD AB9 PWR

VTTD AC10 PWR

VTTD AC11 PWR

VTTD AC33 PWR

VTTD AC34 PWR

VTTD AC35 PWR

Tab le 5 - 1 . By  Lan d  Nam e  ( Sh eet  3 4  o f  3 6 )
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5 .2 List in g  b y  Lan d  Nu m b er

VTTD AD34 PWR

VTTD AD35 PWR

VTTD AD36 PWR

VTTD AD9 PWR

VTTD AE34 PWR

VTTD AE35 PWR

VTTD AE8 PWR

Tab le 5 - 1 . By  Lan d  Nam e  ( Sh eet  3 5  o f  3 6 )

Lan d  Nam e
Lan d  
No .

Bu f f er  
Ty p e

Di r ect ion

VTTD AE9 PWR

VTTD AF36 PWR

VTTD AF37 PWR

VTTD AF8 PWR

VTTD AF9 PWR

VTTD_SENSE AE36 Analog

VTTPWRGOOD AB35 Asynch I

Tab le 5 - 1 . By  Lan d  Nam e  ( Sh eet  3 6  o f  3 6 )

Lan d  Nam e
Lan d  
No .

Bu f f er  
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Tab le 5 - 2 . By  Lan d  Nu m ber   ( Sh eet  1  o f  3 5 )

Lan d  Nam e
Lan d  
No .

Bu f f er  
Ty p e
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DDR0_MA[ 13] A10 CMOS O

VDDQ A14 PWR

DDR0_RAS# A15 CMOS O

DDR0_BA[ 1] A16 CMOS O

DDR2_BA[ 0] A17 CMOS O

DDR2_MA[ 0] A18 CMOS O

VDDQ A19 PWR

DDR0_MA[ 0] A20 CMOS O

VDDQ A24 PWR

DDR0_MA[ 7] A25 CMOS O

DDR0_MA[ 11] A26 CMOS O

DDR0_PAR_ERR# [ 2] A27 Asynch I

DDR0_MA[ 14] A28 CMOS O

VDDQ A29 PWR

DDR0_CKE[ 1] A30 CMOS O

RSVD A31

VSS A35 GND

DDR0_ECC[ 1] A36 CMOS I / O

DDR0_ECC[ 5] A37 CMOS I / O

DDR0_DQ[ 26] A38 CMOS I / O

VSS A39 GND

VSS A4 GND

RSVD A40

VSS A41 GND

BPM# [ 1] A5 GTL I / O

VSS A6 GND

DDR0_CS# [ 5] A7 CMOS O

DDR1_CS# [ 1] A8 CMOS O

VDDQ A9 PWR

VTTD AA10 PWR

VTTD AA11 PWR

VSS AA3 GND

VTTD AA33 PWR

VSS AA34 GND

DDR1_DQ[ 4] AA35 CMOS I / O

DDR1_DQ[ 1] AA36 CMOS I / O

DDR1_DQ[ 0] AA37 CMOS I / O

VSS AA38 GND

VSS AA39 GND

BCLK_I TP_DN AA4 CMOS O

DDR1_DQS_P[ 9] AA40 CMOS I / O

DDR1_DQS_N[ 9] AA41 CMOS I / O

BCLK_I TP_DP AA5 CMOS O

VDDPWRGOOD AA6 Asynch I

DDR1_DQ[ 62] AA7 CMOS I / O

DDR_COMP[ 0] AA8 Analog

VSS AA9 GND

VTTD AB10 PWR

VTTD AB11 PWR

QPI 1_DTX_DN[ 13] AB3 QPI O

VTTD AB33 PWR

VTTD AB34 PWR

VTTPWRGOOD AB35 Asynch I

DDR1_DQ[ 5] AB36 CMOS I / O

VSS AB37 GND

QPI 0_DTX_DN[ 17] AB38 QPI O

Tab le 5 - 2 . By  Lan d  Nu m b er   ( Sh eet  2  o f  3 5 )
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QPI 0_DTX_DP[ 17] AB39 QPI O

VSS AB4 GND

VSS AB40 GND

COMP0 AB41 Analog

VSS AB42 GND

QPI 0_DTX_DN[ 13] AB43 QPI O

DDR_THERM# AB5 CMOS I

QPI 1_DTX_DP[ 16] AB6 QPI O

VSS AB7 GND

VTTD AB8 PWR

VTTD AB9 PWR

DDR_COMP[ 2] AC1 Analog

VTTD AC10 PWR

VTTD AC11 PWR

VSS AC2 GND

QPI 1_DTX_DP[ 13] AC3 QPI O

VTTD AC33 PWR

VTTD AC34 PWR

VTTD AC35 PWR

VSS AC36 GND

CAT_ERR# AC37 GTL I / O

QPI 0_DTX_DN[ 16] AC38 QPI O

QPI 0_DTX_DP[ 16] AC39 QPI O

QPI 1_DTX_DP[ 15] AC4 QPI O

QPI 0_DTX_DN[ 15] AC40 QPI O

QPI 0_DTX_DP[ 15] AC41 QPI O

QPI 0_DTX_DN[ 12] AC42 QPI O

QPI 0_DTX_DP[ 13] AC43 QPI O

VSS AC5 GND

QPI 1_DTX_DN[ 16] AC6 QPI O

VSS AC7 GND

QPI 1_DTX_DP[ 19] AC8 QPI O

VSS AC9 GND

QPI 1_DTX_DN[ 11] AD1 QPI O

VTTA AD10 PWR

VSS AD11 GND

QPI 1_DTX_DP[ 12] AD2 QPI O

QPI 1_DTX_DN[ 12] AD3 QPI O

VSS AD33 GND

VTTD AD34 PWR

VTTD AD35 PWR

Tab le 5 - 2 . By  Lan d  Nu m b er   ( Sh eet  3  o f  3 5 )

Lan d  Nam e
Lan d  
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VTTD AD36 PWR

VSS AD37 GND

QPI 0_DTX_DP[ 18] AD38 QPI O

QPI 0_DTX_DN[ 14] AD39 QPI O

QPI 1_DTX_DN[ 15] AD4 QPI O

QPI 0_DTX_DP[ 14] AD40 QPI O

VSS AD41 GND

QPI 0_DTX_DP[ 12] AD42 QPI O

VSS AD43 GND

QPI 1_DTX_DP[ 18] AD5 QPI O

QPI 1_DTX_DP[ 17] AD6 QPI O

QPI 1_DTX_DN[ 17] AD7 QPI O

QPI 1_DTX_DN[ 19] AD8 QPI O

VTTD AD9 PWR

QPI 1_DTX_DP[ 11] AE1 QPI O

VTTA AE10 PWR

VTTA AE11 PWR

VSS AE2 GND

QPI 1_DTX_DP[ 14] AE3 QPI O

VTTA AE33 PWR

VTTD AE34 PWR

VTTD AE35 PWR

VTTD_SENSE AE36 Analog

VSS_SENSE_VTTD AE37 Analog

QPI 0_DTX_DN[ 18] AE38 QPI O

VSS AE39 GND

QPI 1_DTX_DN[ 14] AE4 QPI O

QPI 0_DTX_DP[ 19] AE40 QPI O

QPI 0_DTX_DN[ 11] AE41 QPI O

QPI 0_DTX_DP[ 11] AE42 QPI O

QPI 0_DTX_DN[ 10] AE43 QPI O

QPI 1_DTX_DN[ 18] AE5 QPI O

QPI 1_CLKTX_DN AE6 QPI O

VSS AE7 GND

VTTD AE8 PWR

VTTD AE9 PWR

RSVD AF1

DBR# AF10 Asynch I

VTTA AF11 PWR

QPI 1_DTX_DP[ 10] AF2 QPI O

QPI 1_DTX_DN[ 10] AF3 QPI O

Tab le 5 - 2 . By  Lan d  Nu m b er   ( Sh eet  4  o f  3 5 )
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VTTA AF33 PWR

VTTA AF34 PWR

VSS AF35 GND

VTTD AF36 PWR

VTTD AF37

VSS AF38 GND

QPI 0_DTX_DP[ 1] AF39 QPI O

DDR_THERM2# AF4

QPI 0_DTX_DN[ 19] AF40 QPI O

VSS AF41 GND

QPI 0_CLKTX_DN AF42 QPI O

QPI 0_DTX_DP[ 10] AF43 QPI O

VSS AF5 GND

QPI 1_CLKTX_DP AF6 QPI O

VTT_VI D3 AF7 CMOS O

VTTD AF8 PWR

VTTD AF9 PWR

RSVD AG1

TMS AG10 TAP I

VSS AG11 GND

QPI 1_DTX_DN[ 9] AG2 QPI O

VSS AG3 GND

VSS AG33 GND

VTTA AG34 PWR

PROCHOT# AG35 GTL I / O

SKTOCC# AG36 O

THERMTRI P# AG37 GTL O

QPI 0_DTX_DP[ 0] AG38 QPI O

QPI 0_DTX_DN[ 1] AG39 QPI O

RSVD AG4

QPI 0_DTX_DP[ 9] AG40 QPI O

QPI 0_DTX_DN[ 9] AG41 QPI O

QPI 0_CLKTX_DP AG42 QPI O

VSS AG43 GND

RSVD AG5

QPI 1_DTX_DN[ 5] AG6 QPI O

QPI 1_DTX_DP[ 5] AG7 QPI O

QPI 1_DTX_DP[ 0] AG8 QPI O

VSS AG9 GND

VSS AH1 GND

TCK AH10 TAP I

Tab le 5 - 2 . By  Lan d  Nu m ber   ( Sh eet  5  o f  3 5 )

Lan d  Nam e
Lan d  
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VCC AH11 PWR

QPI 1_DTX_DP[ 9] AH2 QPI O

QPI 1_DTX_DP[ 8] AH3 QPI O

VCC AH33 PWR

VSS AH34 GND

BCLK_DN AH35 CMOS I

PECI AH36 Asynch I / O

VSS AH37 GND

QPI 0_DTX_DN[ 0] AH38 QPI O

VSS AH39 GND

QPI 1_DTX_DN[ 8] AH4 QPI O

QPI 0_DTX_DP[ 4] AH40 QPI O

QPI 0_DTX_DP[ 6] AH41 QPI O

QPI 0_DTX_DN[ 6] AH42 QPI O

QPI 0_DTX_DN[ 8] AH43 QPI O

TAPPWRGOOD AH5

QPI 1_DTX_DP[ 2] AH6 QPI O

VSS AH7 GND

QPI 1_DTX_DN[ 0] AH8 QPI O

TRST# AH9 TAP I

QPI 1_DTX_DN[ 7] AJ1 QPI O

TDO AJ10 TAP O

VCC AJ11 PWR

QPI 1_DTX_DN[ 6] AJ2 QPI O

QPI 1_DTX_DP[ 6] AJ3 QPI O

VCC AJ33 PWR

VSS AJ34 GND

BCLK_DP AJ35 CMOS I

VSS AJ36 GND

GTLREF AJ37 Analog I

QPI 0_DTX_DP[ 3] AJ38 QPI O

QPI 0_DTX_DN[ 3] AJ39 QPI O

QPI 1_DTX_DP[ 4] AJ4 QPI O

QPI 0_DTX_DN[ 4] AJ40 QPI O

VSS AJ41 GND

QPI 0_DTX_DN[ 7] AJ42 QPI O

QPI 0_DTX_DP[ 8] AJ43 QPI O

VSS AJ5 GND

QPI 1_DTX_DN[ 2] AJ6 QPI O

QPI 1_DTX_DN[ 1] AJ7 QPI O

QPI 1_DTX_DP[ 1] AJ8 QPI O
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TDI AJ9 TAP I

QPI 1_DTX_DP[ 7] AK1 QPI O

VSS AK10 GND

VCC AK11 PWR

VCC AK12 PWR

VCC AK13 PWR

VSS AK14 GND

VCC AK15 PWR

VCC AK16 PWR

VSS AK17 GND

VCC AK18 PWR

VCC AK19 PWR

RSVD AK2

VSS AK20 GND

VCC AK21 PWR

VSS AK22 GND

VSS AK23 GND

VCC AK24 PWR

VCC AK25 PWR

VSS AK26 GND

VCC AK27 PWR

VCC AK28 PWR

VSS AK29 GND

VSS AK3 GND

VCC AK30 PWR

VCC AK31 PWR

VSS AK32 GND

VCC AK33 PWR

VSS AK34 GND

PECI _I D# AK35 Asynch I

RSVD AK36

QPI 0_DTX_DP[ 2] AK37 QPI O

QPI 0_DTX_DN[ 2] AK38 QPI O

VSS AK39 GND

QPI 1_DTX_DN[ 4] AK4 QPI O

QPI 0_DTX_DP[ 5] AK40 QPI O

QPI 0_DTX_DN[ 5] AK41 QPI O

QPI 0_DTX_DP[ 7] AK42 QPI O

VSS AK43 GND

QPI 1_DTX_DN[ 3] AK5 QPI O

QPI 1_DTX_DP[ 3] AK6 QPI O

Tab le 5 - 2 . By  Lan d  Nu m b er   ( Sh eet  7  o f  3 5 )
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RSVD AK7

I SENSE AK8 Analog I

VSS AK9 GND

VSS AL1 GND

VI D[ 0] / MSI D[ 0] AL10 CMOS O

VSS AL11 GND

VCC AL12 PWR

VCC AL13 PWR

VSS AL14 GND

VCC AL15 PWR

VCC AL16 PWR

VSS AL17 GND

VCC AL18 PWR

VCC AL19 PWR

VSS AL2 GND

VSS AL20 GND

VCC AL21 PWR

VSS AL22 GND

VSS AL23 GND

VCC AL24 PWR

VCC AL25 PWR

VSS AL26 GND

VCC AL27 PWR

VCC AL28 PWR

VSS AL29 GND

RSVD AL3

VCC AL30 PWR

VCC AL31 PWR

VSS AL32 GND

VCC AL33 PWR

VCC AL34 PWR

VSS AL35 GND

VSS AL36 GND

VSS AL37 GND

RSVD AL38

RESET# AL39 Asynch I

RSVD AL4

RSVD AL40

RSVD AL41

VSS AL42 GND

QPI 0_COMP AL43 Analog

Tab le 5 - 2 . By  Lan d  Nu m b er   ( Sh eet  8  o f  3 5 )
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RSVD AL5

QPI 1_COMP AL6 Analog

VSS AL7 GND

QPI 1_DRX_DN[ 19] AL8 QPI I

VI D[ 1] / MSI D[ 1] AL9 CMOS O

QPI 1_DRX_DN[ 13] AM1 QPI I

VI D[ 3] / CSC[ 0] AM10 CMOS O

VSS AM11 GND

VCC AM12 PWR

VCC AM13 PWR

VSS AM14 GND

VCC AM15 PWR

VCC AM16 PWR

VSS AM17 GND

VCC AM18 PWR

VCC AM19 PWR

QPI 1_DRX_DP[ 14] AM2 QPI I

VSS AM20 GND

VCC AM21 PWR

VSS AM22 GND

VSS AM23 GND

VCC AM24 PWR

VCC AM25 PWR

VSS AM26 GND

VCC AM27 PWR

VCC AM28 PWR

VSS AM29 GND

QPI 1_DRX_DN[ 14] AM3 QPI I

VCC AM30 PWR

VCC AM31 PWR

VSS AM32 GND

VCC AM33 PWR

VCC AM34 PWR

VSS AM35 GND

RSVD AM36

VSS AM37 GND

RSVD AM38

VSS AM39 GND

QPI 1_DRX_DP[ 16] AM4 QPI I

QPI 0_DRX_DN[ 15] AM40 QPI I

QPI 0_DRX_DN[ 16] AM41 QPI I

Tab le 5 - 2 . By  Lan d  Nu m ber   ( Sh eet  9  o f  3 5 )
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QPI 0_DRX_DP[ 16] AM42 QPI I

QPI 0_DRX_DN[ 14] AM43 QPI I

VSS AM5 GND

QPI 1_DRX_DP[ 18] AM6 QPI I

QPI 1_DRX_DN[ 18] AM7 QPI I

QPI 1_DRX_DP[ 19] AM8 QPI I

VSS AM9 GND

QPI 1_DRX_DP[ 13] AN1 QPI I

VI D[ 4] / CSC[ 1] AN10 CMOS O

VSS AN11 GND

VCC AN12 PWR

VCC AN13 PWR

VSS AN14 GND

VCC AN15 PWR

VCC AN16 PWR

VSS AN17 GND

VCC AN18 PWR

VCC AN19 PWR

QPI 1_DRX_DN[ 12] AN2 QPI I

VSS AN20 GND

VCC AN21 PWR

VSS AN22 GND

VSS AN23 GND

VCC AN24 PWR

VCC AN25 PWR

VSS AN26 GND

VCC AN27 PWR

VCC AN28 PWR

VSS AN29 GND

VSS AN3 GND

VCC AN30 PWR

VCC AN31 PWR

VSS AN32 GND

VCC AN33 PWR

VCC AN34 PWR

VSS AN35 GND

RSVD AN36

VSS AN37 GND

RSVD AN38

QPI 0_DRX_DP[ 18] AN39 QPI I

QPI 1_DRX_DN[ 16] AN4 QPI I
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QPI 0_DRX_DP[ 15] AN40 QPI I

VSS AN41 GND

QPI 0_DRX_DN[ 13] AN42 QPI I

QPI 0_DRX_DP[ 14] AN43 QPI I

QPI 1_DRX_DP[ 17] AN5 QPI I

QPI 1_DRX_DN[ 17] AN6 QPI I

VSS AN7 GND

VI D[ 7] AN8 CMOS O

VI D[ 2] / MSI D[ 2] AN9 CMOS O

VSS AP1 GND

VSS AP10 GND

VSS AP11 GND

VCC AP12 PWR

VCC AP13 PWR

VSS AP14 GND

VCC AP15 PWR

VCC AP16 PWR

VSS AP17 GND

VCC AP18 PWR

VCC AP19 PWR

QPI 1_DRX_DP[ 12] AP2 QPI I

VSS AP20 GND

VCC AP21 PWR

VSS AP22 GND

VSS AP23 GND

VCC AP24 PWR

VCC AP25 PWR

VSS AP26 GND

VCC AP27 PWR

VCC AP28 PWR

VSS AP29 GND

QPI 1_DRX_DP[ 15] AP3 QPI I

VCC AP30 PWR

VCC AP31 PWR

VSS AP32 GND

VCC AP33 PWR

VCC AP34 PWR

VSS AP35 GND

VSS AP36 GND

VSS AP37 GND

QPI 0_DRX_DP[ 19] AP38 QPI I

Tab le 5 - 2 . By  Lan d  Nu m ber   ( Sh eet  1 1  o f  
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QPI 0_DRX_DN[ 18] AP39 QPI I

QPI 1_DRX_DN[ 15] AP4 QPI I

QPI 0_DRX_DN[ 17] AP40 QPI I

QPI 0_DRX_DP[ 17] AP41 QPI I

QPI 0_DRX_DP[ 13] AP42 QPI I

VSS AP43 GND

VSS AP5 GND

VSS AP6 GND

PSI # AP7 CMOS O

VI D[ 6] AP8 CMOS O

VI D[ 5] / CSC[ 2] AP9 CMOS O

QPI 1_DRX_DN[ 10] AR1 QPI I

VCC AR10 PWR

VSS AR11 GND

VCC AR12 PWR

VCC AR13 PWR

VSS AR14 GND

VCC AR15 PWR

VCC AR16 PWR

VSS AR17 GND

VCC AR18 PWR

VCC AR19 PWR

VSS AR2 GND

VSS AR20 GND

VCC AR21 PWR

VSS AR22 GND

VSS AR23 GND

VCC AR24 PWR

VCC AR25 PWR

VSS AR26 GND

VCC AR27 PWR

VCC AR28 PWR

VSS AR29 GND

VSS AR3 GND

VCC AR30 PWR

VCC AR31 PWR

VSS AR32 GND

VCC AR33 PWR

VCC AR34 PWR

VSS AR35 GND

RSVD AR36
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RSVD AR37

QPI 0_DRX_DN[ 19] AR38 QPI I

VSS AR39 GND

QPI 1_DRX_DP[ 11] AR4 QPI I

QPI 0_DRX_DN[ 12] AR40 QPI I

QPI 0_CLKRX_DP AR41 QPI I

QPI 0_CLKRX_DN AR42 QPI I

QPI 0_DRX_DN[ 11] AR43 QPI I

QPI 1_DRX_DN[ 11] AR5 QPI I

QPI 1_CLKRX_DN AR6 QPI I

VCCPWRGOOD AR7 Asynch I

VSS_SENSE AR8 Analog

VCC_SENSE AR9 Analog

QPI 1_DRX_DP[ 10] AT1 QPI I

VCC AT10 PWR

VSS AT11 GND

VCC AT12 PWR

VCC AT13 PWR

VSS AT14 GND

VCC AT15 PWR

VCC AT16 PWR

VSS AT17 GND

VCC AT18 PWR

VCC AT19 PWR

QPI 1_DRX_DN[ 9] AT2 QPI I

VSS AT20 GND

VCC AT21 PWR

VSS AT22 GND

VSS AT23 GND

VCC AT24 PWR

VCC AT25 PWR

VSS AT26 GND

VCC AT27 PWR

VCC AT28 PWR

VSS AT29 GND

QPI 1_DRX_DP[ 9] AT3 QPI I

VCC AT30 PWR

VCC AT31 PWR

VSS AT32 GND

VCC AT33 PWR

VCC AT34 PWR
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VSS AT35 GND

RSVD AT36

QPI 0_DRX_DP[ 0] AT37 QPI I

VSS AT38 GND

QPI 0_DRX_DN[ 7] AT39 QPI I

RSVD AT4

QPI 0_DRX_DP[ 12] AT40 QPI I

VSS AT41 GND

QPI 0_DRX_DN[ 10] AT42 QPI I

QPI 0_DRX_DP[ 11] AT43 QPI I

RSVD AT5

QPI 1_CLKRX_DP AT6 QPI I

VSS AT7 GND

VSS AT8 GND

VCC AT9 PWR

VSS AU1 GND

VCC AU10 PWR

VSS AU11 GND

VCC AU12 PWR

VCC AU13 PWR

VSS AU14 GND

VCC AU15 PWR

VCC AU16 PWR

VSS AU17 GND

VCC AU18 PWR

VCC AU19 PWR

RSVD AU2

VSS AU20 GND

VCC AU21 PWR

VSS AU22 GND

VSS AU23 GND

VCC AU24 PWR

VCC AU25 PWR

VSS AU26 GND

VCC AU27 PWR

VCC AU28 PWR

VSS AU29 GND

QPI 1_DRX_DN[ 8] AU3 QPI I

VCC AU30 PWR

VCC AU31 PWR

VSS AU32 GND
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VCC AU33 PWR

VCC AU34 PWR

VSS AU35 GND

VSS AU36 GND

QPI 0_DRX_DN[ 0] AU37 QPI I

QPI 0_DRX_DP[ 1] AU38 QPI I

QPI 0_DRX_DP[ 7] AU39 QPI I

QPI 1_DRX_DP[ 8] AU4 QPI I

QPI 0_DRX_DP[ 9] AU40 QPI I

QPI 0_DRX_DN[ 9] AU41 QPI I

QPI 0_DRX_DP[ 10] AU42 QPI I

VSS AU43 GND

VSS AU5 GND

QPI 1_DRX_DN[ 6] AU6 QPI I

QPI 1_DRX_DP[ 6] AU7 QPI I

QPI 1_DRX_DP[ 0] AU8 QPI I

VCC AU9 PWR

RSVD AV1

VCC AV10 PWR

VSS AV11 GND

VCC AV12 PWR

VCC AV13 PWR

VSS AV14 GND

VCC AV15 PWR

VCC AV16 PWR

VSS AV17 GND

VCC AV18 PWR

VCC AV19 PWR

RSVD AV2

VSS AV20 GND

VCC AV21 PWR

VSS AV22 GND

VSS AV23 GND

VCC AV24 PWR

VCC AV25 PWR

VSS AV26 GND

VCC AV27 PWR

VCC AV28 PWR

VSS AV29 GND

VTT_VI D2 AV3 CMOS O

VCC AV30 PWR
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VCC AV31 PWR

VSS AV32 GND

VCC AV33 PWR

VCC AV34 PWR

RSVD AV35

QPI 0_DRX_DP[ 2] AV36 QPI I

QPI 0_DRX_DN[ 2] AV37 QPI I

QPI 0_DRX_DN[ 1] AV38 QPI I

VSS AV39 GND

VSS AV4 GND

QPI 0_DRX_DN[ 8] AV40 QPI I

VSS AV41 GND

RSVD AV42

RSVD AV43

QPI 1_DRX_DP[ 3] AV5 QPI I

VTT_VI D4 AV6 CMOS O

QPI 1_DRX_DP[ 1] AV7 QPI I

QPI 1_DRX_DN[ 0] AV8 QPI I

VCC AV9 PWR

VSS AW1 GND

VCC AW10 PWR

VSS AW11 GND

VCC AW12 PWR

VCC AW13 PWR

VSS AW14 GND

VCC AW15 PWR

VCC AW16 PWR

VSS AW17 GND

VCC AW18 PWR

VCC AW19 PWR

RSVD AW2

VSS AW20 GND

VCC AW21 PWR

VSS AW22 GND

VSS AW23 GND

VCC AW24 PWR

VCC AW25 PWR

VSS AW26 GND

VCC AW27 PWR

VCC AW28 PWR

VSS AW29 GND
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QPI 1_DRX_DN[ 7] AW3 QPI I

VCC AW30 PWR

VCC AW31 PWR

VSS AW32 GND

VCC AW33 PWR

VCC AW34 PWR

VSS AW35 GND

QPI 0_DRX_DP[ 3] AW36 QPI I

QPI 0_DRX_DP[ 5] AW37 QPI I

QPI 0_DRX_DN[ 5] AW38 QPI I

RSVD AW39

QPI 1_DRX_DP[ 7] AW4 QPI I

QPI 0_DRX_DP[ 8] AW40 QPI I

RSVD AW41

RSVD AW42

QPI 1_DRX_DN[ 3] AW5 QPI I

VSS AW6 GND

QPI 1_DRX_DN[ 1] AW7 QPI I

VSS AW8 GND

VCC AW9 PWR

VCC AY10 PWR

VSS AY11 GND

VCC AY12 PWR

VCC AY13 PWR

VSS AY14 GND

VCC AY15 PWR

VCC AY16 PWR

VSS AY17 GND

VCC AY18 PWR

VCC AY19 PWR

VSS AY2 GND

VSS AY20 GND

VCC AY21 PWR

VSS AY22 GND

VSS AY23 GND

VCC AY24 PWR

VCC AY25 PWR

VSS AY26 GND

VCC AY27 PWR

VCC AY28 PWR

VSS AY29 GND
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RSVD AY3

VCC AY30 PWR

VCC AY31 PWR

VSS AY32 GND

VCC AY33 PWR

VCC AY34 PWR

RSVD AY35

QPI 0_DRX_DN[ 3] AY36 QPI I

VSS AY37 GND

QPI 0_DRX_DN[ 6] AY38 QPI I

RSVD AY39

RSVD AY4

RSVD AY40

RSVD AY41

VSS AY42 GND

QPI 1_DRX_DN[ 5] AY5 QPI I

QPI 1_DRX_DP[ 5] AY6 QPI I

VSS AY7 GND

QPI 1_DRX_DP[ 2] AY8 QPI I

VCC AY9 PWR

DDR0_CS# [ 1] B10 CMOS O

DDR0_ODT[ 2] B11 CMOS O

VDDQ B12 PWR

DDR0_WE# B13 CMOS O

DDR1_MA[ 13] B14 CMOS O

DDR0_CS# [ 4] B15 CMOS O

DDR0_BA[ 0] B16 CMOS O

VDDQ B17 PWR

DDR2_MA_PAR B18 CMOS O

DDR0_MA[ 10] B19 CMOS O

VSS B2 GND

DDR0_MA_PAR B20 CMOS O

DDR0_MA[ 1] B21 CMOS O

VDDQ B22 PWR

DDR0_MA[ 4] B23 CMOS O

DDR0_MA[ 5] B24 CMOS O

DDR0_MA[ 8] B25 CMOS O

DDR0_MA[ 12] B26 CMOS O

VDDQ B27 PWR

DDR0_PAR_ERR# [ 1] B28 Asynch I

DDR0_MA[ 15] B29 CMOS O
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BPM# [ 0] B3 GTL I / O

DDR0_CKE[ 2] B30 CMOS O

DDR0_CKE[ 3] B31 CMOS O

VDDQ B32 PWR

RSVD B33

DDR0_ECC[ 6] B34 CMOS I / O

DDR0_DQS_N[ 17] B35 CMOS I / O

DDR0_DQS_P[ 17] B36 CMOS I / O

VSS B37 GND

DDR0_DQ[ 31] B38 CMOS I / O

DDR0_DQS_P[ 3] B39 CMOS I / O

BPM# [ 3] B4 GTL I / O

DDR0_DQS_N[ 3] B40 CMOS I / O

PRDY# B41 GTL O

VSS B42 GND

DDR0_DQ[ 32] B5 CMOS I / O

DDR0_DQ[ 36] B6 CMOS I / O

VDDQ B7 PWR

DDR0_CS# [ 7] /
DDR0_ODT[ 5]

B8 CMOS O

DDR0_CS# [ 3] B9 CMOS O

VCC BA10 PWR

VSS BA11 GND

VCC BA12 PWR

VCC BA13 PWR

VSS BA14 GND

VCC BA15 PWR

VCC BA16 PWR

VSS BA17 GND

VCC BA18 PWR

VCC BA19 PWR

VSS BA20 GND

VCC BA24 PWR

VCC BA25 PWR

VSS BA26 GND

VCC BA27 PWR

VCC BA28 PWR

VSS BA29 GND

VSS BA3 GND

VCC BA30 PWR

VSS BA35 GND

QPI 0_DRX_DP[ 4] BA36 QPI I
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QPI 0_DRX_DN[ 4] BA37 QPI I

QPI 0_DRX_DP[ 6] BA38 QPI I

VSS BA39 GND

RSVD BA4

RSVD BA40

VSS BA5 GND

QPI 1_DRX_DN[ 4] BA6 QPI I

QPI 1_DRX_DP[ 4] BA7 QPI I

QPI 1_DRX_DN[ 2] BA8 QPI I

VCC BA9 PWR

VDDQ C10 PWR

DDR0_CS# [ 6] /
DDR0_ODT[ 4]

C11 CMOS O

DDR0_CAS# C12 CMOS O

DDR0_CS# [ 2] C13 CMOS O

DDR1_CS# [ 6] /
DDR1_ODT[ 4]

C14 CMOS O

VDDQ C15 PWR

DDR2_WE# C16 CMOS O

DDR1_CS# [ 4] C17 CMOS O

DDR1_BA[ 0] C18 CMOS O

DDR0_CLK_N[ 1] C19 CLOCK O

BPM# [ 2] C2 GTL I / O

VDDQ C20 PWR

DDR1_CLK_P[ 0] C21 CLOCK O

DDR1_PAR_ERR# [ 0] C22 Asynch I

DDR0_MA[ 2] C23 CMOS O

DDR0_MA[ 6] C24 CMOS O

VDDQ C25 PWR

DDR0_MA[ 9] C26 CMOS O

DDR1_CKE[ 3] C27 CMOS O

DDR0_BA[ 2] C28 CMOS O

DDR0_CKE[ 0] C29 CMOS O

BPM# [ 5] C3 GTL I / O

VDDQ C30 PWR

RSVD C31

RSVD C32

DDR0_ECC[ 3] C33 CMOS I / O

DDR0_ECC[ 7] C34 CMOS I / O

VSS C35 GND

DDR0_ECC[ 0] C36 CMOS I / O

DDR0_ECC[ 4] C37 CMOS I / O
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DDR0_DQ[ 30] C38 CMOS I / O

DDR0_DQS_N[ 12] C39 CMOS I / O

DDR0_DQ[ 33] C4 CMOS I / O

VSS C40 GND

DDR0_DQ[ 25] C41 CMOS I / O

PREQ# C42 GTL I

VSS C43 GND

VSS C5 GND

DDR0_DQ[ 37] C6 CMOS I / O

DDR0_ODT[ 3] C7 CMOS O

DDR1_ODT[ 1] C8 CMOS O

DDR0_ODT[ 1] C9 CMOS O

BPM# [ 4] D1 GTL I / O

DDR2_ODT[ 3] D10 CMOS O

DDR1_ODT[ 0] D11 CMOS O

DDR1_CS# [ 0] D12 CMOS O

VDDQ D13 PWR

DDR1_ODT[ 2] D14 CMOS O

DDR2_ODT[ 2] D15 CMOS O

DDR2_CS# [ 2] D16 CMOS O

DDR2_RAS# D17 CMOS O

VDDQ D18 PWR

DDR0_CLK_P[ 1] D19 CLOCK O

BPM# [ 6] D2 GTL I / O

DDR1_MA_PAR D20 CMOS O

DDR1_CLK_N[ 0] D21 CLOCK O

DDR1_MA[ 7] D22 CMOS O

VDDQ D23 PWR

DDR0_MA[ 3] D24 CMOS O

DDR0_PAR_ERR# [ 0] D25 Asynch I

DDR2_CKE[ 2] D26 CMOS O

DDR1_CKE[ 2] D27 CMOS O

VDDQ D28 PWR

DDR1_RESET# D29 CMOS O

VSS D3 GND

RSVD D30

RSVD D31

DDR0_RESET# D32 CMOS O

VSS D33 GND

DDR0_DQS_P[ 8] D34 CMOS I / O

DDR0_DQS_N[ 8] D35 CMOS I / O
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DDR1_ECC[ 0] D36 CMOS I / O

DDR0_DQ[ 27] D37 CMOS I / O

VSS D38 GND

DDR0_DQS_P[ 12] D39 CMOS I / O

DDR0_DQS_N[ 13] D4 CMOS I / O

DDR0_DQ[ 24] D40 CMOS I / O

DDR0_DQ[ 28] D41 CMOS I / O

DDR0_DQ[ 29] D42 CMOS I / O

VSS D43 GND

DDR0_DQS_P[ 13] D5 CMOS I / O

DDR1_DQ[ 38] D6 CMOS I / O

DDR1_DQS_N[ 4] D7 CMOS I / O

VSS D8 GND

DDR2_CS# [ 5] D9 CMOS O

VSS E1 GND

DDR1_CS# [ 5] E10 CMOS O

VDDQ E11 PWR

DDR1_CS# [ 7] /
DDR1_ODT[ 5]

E12 CMOS O

DDR1_CS# [ 3] E13 CMOS O

DDR1_CAS# E14 CMOS O

DDR1_CS# [ 2] E15 CMOS O

VDDQ E16 PWR

DDR2_CS# [ 4] E17 CMOS O

DDR0_CLK_N[ 2] E18 CLOCK O

DDR0_CLK_N[ 3] E19 CLOCK O

BPM# [ 7] E2 GTL I / O

DDR0_CLK_P[ 3] E20 CLOCK O

VDDQ E21 PWR

DDR1_MA[ 8] E22 CMOS O

DDR1_MA[ 11] E23 CMOS O

DDR1_MA[ 12] E24 CMOS O

DDR1_PAR_ERR# [ 1] E25 Asynch I

VDDQ E26 PWR

DDR1_CKE[ 1] E27 CMOS O

RSVD E28

DDR2_ECC[ 2] E29 CMOS I / O

DDR0_DQS_P[ 4] E3 CMOS I / O

DDR2_ECC[ 3] E30 CMOS I / O

VDDQ E31 PWR

DDR2_RESET# E32 CMOS O

DDR1_ECC[ 2] E33 CMOS I / O
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DDR1_ECC[ 6] E34 CMOS I / O

DDR1_DQS_N[ 17] E35 CMOS I / O

VSS E36 GND

DDR1_ECC[ 4] E37 CMOS I / O

DDR2_DQ[ 31] E38 CMOS I / O

DDR2_DQS_P[ 3] E39 CMOS I / O

DDR0_DQS_N[ 4] E4 CMOS I / O

DDR2_DQS_N[ 3] E40 CMOS I / O

VSS E41 GND

DDR0_DQ[ 18] E42 CMOS I / O

DDR0_DQ[ 19] E43 CMOS I / O

DDR1_DQ[ 34] E5 CMOS I / O

VSS E6 GND

DDR1_DQS_P[ 4] E7 CMOS I / O

DDR1_DQ[ 33] E8 CMOS I / O

DDR1_DQ[ 32] E9 CMOS I / O

DDR0_DQ[ 34] F1 CMOS I / O

DDR1_DQ[ 36] F10 CMOS I / O

DDR1_ODT[ 3] F11 CMOS O

DDR0_ODT[ 0] F12 CMOS O

DDR2_ODT[ 1] F13 CMOS O

VDDQ F14 PWR

DDR2_MA[ 13] F15 CMOS O

DDR2_CAS# F16 CMOS O

DDR2_BA[ 1] F17 CMOS O

DDR0_CLK_P[ 2] F18 CLOCK O

VDDQ F19 PWR

DDR0_DQ[ 39] F2 CMOS I / O

DDR2_MA[ 4] F20 CMOS O

DDR2_PAR_ERR# [ 0] F21 Asynch I

DDR1_MA[ 5] F22 CMOS O

DDR2_PAR_ERR# [ 2] F23 Asynch I

VDDQ F24 PWR

DDR1_PAR_ERR# [ 2] F25 Asynch I

DDR1_MA[ 15] F26 CMOS O

RSVD F27

RSVD F28

VSS F29 GND

DDR0_DQ[ 38] F3 CMOS I / O

DDR2_ECC[ 7] F30 CMOS I / O

DDR2_ECC[ 6] F31 CMOS I / O
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DDR0_ECC[ 2] F32 CMOS I / O

DDR2_ECC[ 1] F33 CMOS I / O

VSS F34 GND

DDR1_DQS_P[ 17] F35 CMOS I / O

DDR1_ECC[ 1] F36 CMOS I / O

DDR1_ECC[ 5] F37 CMOS I / O

DDR2_DQ[ 30] F38 CMOS I / O

VSS F39 GND

VSS F4 GND

DDR2_DQ[ 25] F40 CMOS I / O

DDR0_DQS_P[ 2] F41 CMOS I / O

DDR0_DQ[ 23] F42 CMOS I / O

DDR0_DQ[ 22] F43 CMOS I / O

DDR1_DQ[ 35] F5 CMOS I / O

DDR1_DQ[ 39] F6 CMOS I / O

DDR1_DQS_N[ 13] F7 CMOS I / O

DDR1_DQS_P[ 13] F8 CMOS I / O

VSS F9 GND

DDR0_DQ[ 44] G1 CMOS I / O

DDR2_DQ[ 37] G10 CMOS I / O

DDR2_DQ[ 36] G11 CMOS I / O

VSS G12 GND

DDR1_WE# G13 CMOS O

DDR1_RAS# G14 CMOS O

DDR0_CS# [ 0] G15 CMOS O

DDR2_CS# [ 0] G16 CMOS O

VDDQ G17 PWR

DDR2_MA[ 2] G18 CMOS O

DDR1_CLK_P[ 1] G19 CLOCK O

VSS G2 GND

DDR1_CLK_N[ 1] G20 CLOCK O

DDR2_CLK_N[ 2] G21 CLOCK O

VDDQ G22 PWR

DDR2_MA[ 12] G23 CMOS O

DDR1_MA[ 9] G24 CMOS O

DDR2_MA[ 15] G25 CMOS O

DDR2_CKE[ 1] G26 CMOS O

VDDQ G27 PWR

RSVD G28

DDR2_DQS_P[ 8] G29 CMOS I / O

DDR0_DQ[ 35] G3 CMOS I / O
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DDR2_DQS_N[ 8] G30 CMOS I / O

DDR2_DQS_N[ 17] G31 CMOS I / O

VSS G32 GND

DDR1_DQS_P[ 8] G33 CMOS I / O

DDR1_DQS_N[ 8] G34 CMOS I / O

DDR1_ECC[ 7] G35 CMOS I / O

DDR1_ECC[ 3] G36 CMOS I / O

VSS G37 GND

DDR2_DQS_N[ 12] G38 CMOS I / O

DDR2_DQ[ 29] G39 CMOS I / O

DDR1_DQ[ 42] G4 CMOS I / O

DDR2_DQ[ 24] G40 CMOS I / O

DDR0_DQS_N[ 2] G41 CMOS I / O

VSS G42 GND

DDR0_DQS_N[ 11] G43 CMOS I / O

DDR1_DQ[ 46] G5 CMOS I / O

DDR1_DQS_N[ 5] G6 CMOS I / O

VSS G7 GND

DDR1_DQ[ 37] G8 CMOS I / O

DDR1_DQ[ 44] G9 CMOS I / O

DDR0_DQ[ 41] H1 CMOS I / O

VSS H10 GND

DDR2_DQS_P[ 13] H11 CMOS I / O

DDR2_DQ[ 38] H12 CMOS I / O

DDR2_DQ[ 34] H13 CMOS I / O

DDR1_MA[ 10] H14 CMOS O

VDDQ H15 PWR

DDR2_CS# [ 3] H16 CMOS O

DDR2_MA[ 10] H17 CMOS O

DDR1_CLK_P[ 3] H18 CLOCK O

DDR1_CLK_N[ 3] H19 CLOCK O

DDR0_DQ[ 40] H2 CMOS I / O

VDDQ H20 PWR

DDR2_CLK_P[ 2] H21 CLOCK O

DDR2_MA[ 9] H22 CMOS O

DDR2_MA[ 11] H23 CMOS O

DDR2_MA[ 14] H24 CMOS O

VDDQ H25 PWR

DDR1_MA[ 14] H26 CMOS O

DDR1_BA[ 2] H27 CMOS O

DDR1_CKE[ 0] H28 CMOS O
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RSVD H29

DDR0_DQ[ 45] H3 CMOS I / O

VSS H30 GND

DDR2_DQS_P[ 17] H31 CMOS I / O

DDR2_ECC[ 0] H32 CMOS I / O

DDR1_DQ[ 24] H33 CMOS I / O

DDR1_DQ[ 29] H34 CMOS I / O

VSS H35 GND

DDR1_DQ[ 23] H36 CMOS I / O

DDR2_DQ[ 27] H37 CMOS I / O

DDR2_DQS_P[ 12] H38 CMOS I / O

DDR2_DQ[ 28] H39 CMOS I / O

DDR1_DQ[ 43] H4 CMOS I / O

VSS H40 GND

DDR0_DQ[ 16] H41 CMOS I / O

DDR0_DQS_P[ 11] H42 CMOS I / O

DDR0_DQ[ 17] H43 CMOS I / O

VSS H5 GND

DDR1_DQS_P[ 5] H6 CMOS I / O

DDR1_DQS_P[ 14] H7 CMOS I / O

DDR1_DQ[ 40] H8 CMOS I / O

DDR1_DQ[ 45] H9 CMOS I / O

DDR0_DQS_N[ 14] J1 CMOS I / O

DDR2_DQS_P[ 4] J10 CMOS I / O

DDR2_DQS_N[ 13] J11 CMOS I / O

DDR2_DQ[ 33] J12 CMOS I / O

VSS J13 GND

DDR1_MA[ 0] J14 CMOS O

DDR2_CS# [ 7] /
DDR2_ODT[ 5]

J15 CMOS O

DDR1_MA[ 1] J16 CMOS O

DDR1_MA[ 2] J17 CMOS O

VDDQ J18 PWR

DDR0_CLK_P[ 0] J19 CLOCK O

DDR0_DQS_P[ 14] J2 CMOS I / O

DDR2_MA[ 3] J20 CMOS O

DDR2_CLK_N[ 0] J21 CLOCK O

DDR2_CLK_P[ 0] J22 CLOCK O

VDDQ J23 PWR

DDR2_MA[ 7] J24 CMOS O

DDR2_PAR_ERR# [ 1] J25 Asynch I

DDR2_CKE[ 0] J26 CMOS O
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DDR1_MA[ 6] J27 CMOS O

VDDQ J28 PWR

RSVD J29

VSS J3 GND

DDR2_ECC[ 5] J30 CMOS I / O

DDR2_ECC[ 4] J31 CMOS I / O

DDR1_DQ[ 27] J32 CMOS I / O

VSS J33 GND

DDR1_DQ[ 28] J34 CMOS I / O

DDR1_DQ[ 19] J35 CMOS I / O

DDR1_DQ[ 22] J36 CMOS I / O

DDR2_DQ[ 26] J37 CMOS I / O

VSS J38 GND

DDR2_DQ[ 19] J39 CMOS I / O

DDR1_DQ[ 52] J4 CMOS I / O

DDR2_DQ[ 18] J40 CMOS I / O

DDR0_DQ[ 21] J41 CMOS I / O

DDR0_DQ[ 20] J42 CMOS I / O

VSS J43 GND

DDR1_DQ[ 47] J5 CMOS I / O

DDR1_DQ[ 41] J6 CMOS I / O

DDR1_DQS_N[ 14] J7 CMOS I / O

VSS J8 GND

DDR2_DQS_N[ 4] J9 CMOS I / O

VSS K1 GND

DDR2_DQ[ 41] K10 CMOS I / O

VSS K11 GND

DDR2_DQ[ 32] K12 CMOS I / O

DDR1_BA[ 1] K13 CMOS O

DDR2_CS# [ 1] K14 CMOS O

RSVD K15

VDDQ K16 PWR

DDR2_MA[ 1] K17 CMOS O

DDR1_CLK_P[ 2] K18 CLOCK O

DDR0_CLK_N[ 0] K19 CLOCK O

DDR0_DQS_P[ 5] K2 CMOS I / O

DDR2_CLK_N[ 1] K20 CLOCK O

VDDQ K21 PWR

DDR2_MA[ 6] K22 CMOS O

DDR2_MA[ 5] K23 CMOS O

RSVD K24
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RSVD K25

VDDQ K26 PWR

RSVD K27

DDR1_MA[ 4] K28 CMOS O

RSVD K29

DDR0_DQS_N[ 5] K3 CMOS I / O

DDR1_DQ[ 31] K30 CMOS I / O

VSS K31 GND

DDR1_DQ[ 26] K32 CMOS I / O

DDR1_DQS_N[ 12] K33 CMOS I / O

DDR1_DQS_P[ 12] K34 CMOS I / O

DDR1_DQ[ 18] K35 CMOS I / O

VSS K36 GND

DDR1_DQS_N[ 11] K37 CMOS I / O

DDR2_DQ[ 23] K38 CMOS I / O

DDR2_DQS_N[ 2] K39 CMOS I / O

DDR1_DQ[ 48] K4 CMOS I / O

DDR2_DQS_P[ 2] K40 CMOS I / O

VSS K41 GND

DDR0_DQ[ 10] K42 CMOS I / O

DDR0_DQ[ 11] K43 CMOS I / O

DDR1_DQ[ 49] K5 CMOS I / O

VSS K6 GND

DDR2_DQS_N[ 5] K7 CMOS I / O

DDR2_DQS_N[ 14] K8 CMOS I / O

DDR2_DQS_P[ 14] K9 CMOS I / O

DDR0_DQ[ 42] L1 CMOS I / O

DDR2_DQ[ 40] L10 CMOS I / O

DDR2_DQ[ 44] L11 CMOS I / O

DDR2_DQ[ 39] L12 CMOS I / O

DDR2_DQ[ 35] L13 CMOS I / O

VDDQ L14 PWR

RSVD L15

DDR2_ODT[ 0] L16 CMOS O

DDR2_CS# [ 6] /
DDR2_ODT[ 4]

L17 CMOS O

DDR1_CLK_N[ 2] L18 CLOCK O

VDDQ L19 PWR

DDR0_DQ[ 47] L2 CMOS I / O

DDR2_CLK_P[ 1] L20 CLOCK O

DDR2_CLK_N[ 3] L21 CLOCK O

DDR2_CLK_P[ 3] L22 CLOCK O
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DDR_VREF L23 Analog I

VDDQ L24 PWR

DDR2_MA[ 8] L25 CMOS O

DDR2_BA[ 2] L26 CMOS O

DDR2_CKE[ 3] L27 CMOS O

DDR1_MA[ 3] L28 CMOS O

VSS L29 GND

DDR0_DQ[ 46] L3 CMOS I / O

DDR1_DQS_P[ 3] L30 CMOS I / O

DDR1_DQS_N[ 3] L31 CMOS I / O

DDR1_DQ[ 30] L32 CMOS I / O

DDR1_DQ[ 25] L33 CMOS I / O

VSS L34 GND

DDR1_DQS_P[ 2] L35 CMOS I / O

DDR1_DQS_N[ 2] L36 CMOS I / O

DDR1_DQS_P[ 11] L37 CMOS I / O

DDR2_DQS_N[ 11] L38 CMOS I / O

VSS L39 GND

VSS L4 GND

DDR2_DQ[ 22] L40 CMOS I / O

DDR0_DQS_P[ 1] L41 CMOS I / O

DDR0_DQ[ 15] L42 CMOS I / O

DDR0_DQ[ 14] L43 CMOS I / O

DDR1_DQS_N[ 6] L5 CMOS I / O

DDR1_DQS_P[ 6] L6 CMOS I / O

DDR2_DQS_P[ 5] L7 CMOS I / O

DDR2_DQ[ 46] L8 CMOS I / O

VSS L9 GND

DDR0_DQ[ 43] M1 CMOS I / O

DDR2_DQ[ 45] M10 CMOS I / O

VCC M11 PWR

VSS M12 GND

VCC M13 PWR

VSS M14 GND

VCC M15 PWR

VSS M16 GND

VDDQ M17 PWR

VSS M18 GND

VCC M19 PWR

VSS M2 GND

VSS M20 GND
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VCC M21 PWR

VSS M22 GND

VCC M23 PWR

VSS M24 GND

VCC M25 PWR

VSS M26 GND

VDDQ M27 PWR

VSS M28 GND

VCC M29 PWR

DDR0_DQ[ 52] M3 CMOS I / O

VSS M30 GND

VCC M31 PWR

VSS M32 GND

VCC M33 PWR

DDR1_DQ[ 17] M34 CMOS I / O

DDR1_DQ[ 16] M35 CMOS I / O

DDR1_DQ[ 21] M36 CMOS I / O

VSS M37 GND

DDR2_DQS_P[ 11] M38 CMOS I / O

DDR2_DQ[ 16] M39 CMOS I / O

DDR1_DQS_N[ 15] M4 CMOS I / O

DDR2_DQ[ 17] M40 CMOS I / O

DDR0_DQS_N[ 1] M41 CMOS I / O

VSS M42 GND

DDR0_DQS_N[ 10] M43 CMOS I / O

DDR1_DQS_P[ 15] M5 CMOS I / O

DDR1_DQ[ 53] M6 CMOS I / O

VSS M7 GND

DDR2_DQ[ 47] M8 CMOS I / O

DDR2_DQ[ 42] M9 CMOS I / O

DDR0_DQ[ 48] N1 CMOS I / O

VSS N10 GND

VCC N11 PWR

DDR0_DQ[ 49] N2 CMOS I / O

DDR0_DQ[ 53] N3 CMOS I / O

VCC N33 PWR

DDR1_DQ[ 20] N34 CMOS I / O

VSS N35 GND

DDR2_DQ[ 21] N36 CMOS I / O

DDR1_DQ[ 14] N37 CMOS I / O

DDR1_DQ[ 15] N38 CMOS I / O
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DDR1_DQ[ 11] N39 CMOS I / O

DDR2_DQS_P[ 15] N4 CMOS I / O

VSS N40 GND

DDR0_DQ[ 8] N41 CMOS I / O

DDR0_DQS_P[ 10] N42 CMOS I / O

DDR0_DQ[ 9] N43 CMOS I / O

VSS N5 GND

DDR2_DQ[ 49] N6 CMOS I / O

DDR2_DQ[ 53] N7 CMOS I / O

DDR2_DQ[ 52] N8 CMOS I / O

DDR2_DQ[ 43] N9 CMOS I / O

DDR0_DQS_N[ 15] P1 CMOS I / O

DDR2_DQ[ 51] P10 CMOS I / O

VSS P11 GND

DDR0_DQS_P[ 15] P2 CMOS I / O

VSS P3 GND

VSS P33 GND

DDR1_DQ[ 8] P34 CMOS I / O

DDR1_DQ[ 9] P35 CMOS I / O

DDR1_DQS_P[ 10] P36 CMOS I / O

DDR1_DQS_N[ 10] P37 CMOS I / O

VSS P38 GND

DDR1_DQ[ 10] P39 CMOS I / O

DDR2_DQS_N[ 15] P4 CMOS I / O

DDR2_DQ[ 20] P40 CMOS I / O

DDR0_DQ[ 13] P41 CMOS I / O

DDR0_DQ[ 12] P42 CMOS I / O

VSS P43 GND

DDR2_DQS_N[ 6] P5 CMOS I / O

DDR2_DQS_P[ 6] P6 CMOS I / O

DDR2_DQ[ 48] P7 CMOS I / O

VSS P8 GND

DDR2_DQ[ 50] P9 CMOS I / O

VSS R1 GND

DDR2_DQ[ 54] R10 CMOS I / O

VCC R11 PWR

DDR0_DQS_P[ 6] R2 CMOS I / O

DDR0_DQS_N[ 6] R3 CMOS I / O

VCC R33 PWR

DDR1_DQ[ 12] R34 CMOS I / O

DDR1_DQ[ 13] R35 CMOS I / O
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VSS R36 GND

DDR1_DQS_N[ 1] R37 CMOS I / O

DDR1_DQS_P[ 1] R38 CMOS I / O

DDR2_DQ[ 10] R39 CMOS I / O

DDR0_DQ[ 54] R4 CMOS I / O

DDR2_DQ[ 15] R40 CMOS I / O

VSS R41 GND

DDR0_DQ[ 3] R42 CMOS I / O

DDR0_DQ[ 2] R43 CMOS I / O

DDR1_DQ[ 50] R5 CMOS I / O

VSS R6 GND

DDR1_DQ[ 55] R7 CMOS I / O

DDR1_DQ[ 54] R8 CMOS I / O

DDR2_DQ[ 55] R9 CMOS I / O

DDR0_DQ[ 50] T1 CMOS I / O

DDR2_DQ[ 58] T10 CMOS I / O

VCC T11 PWR

DDR0_DQ[ 51] T2 CMOS I / O

DDR0_DQ[ 55] T3 CMOS I / O

VCC T33 PWR

VSS T34 GND

DDR2_DQS_N[ 9] T35 CMOS I / O

DDR2_DQ[ 11] T36 CMOS I / O

DDR2_DQS_P[ 1] T37 CMOS I / O

DDR2_DQS_N[ 1] T38 CMOS I / O

VSS T39 GND

VSS T4 GND

DDR2_DQS_N[ 10] T40 CMOS I / O

DDR2_DQ[ 14] T41 CMOS I / O

DDR0_DQ[ 7] T42 CMOS I / O

DDR0_DQS_P[ 0] T43 CMOS I / O

DDR1_DQ[ 51] T5 CMOS I / O

DDR2_DQ[ 60] T6 CMOS I / O

DDR2_DQ[ 61] T7 CMOS I / O

DDR2_DQS_N[ 7] T8 CMOS I / O

VSS T9 GND

DDR0_DQ[ 60] U1 CMOS I / O

DDR2_DQ[ 59] U10 CMOS I / O

RSVD U11

VSS U2 GND

DDR0_DQ[ 61] U3 CMOS I / O
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VCCPLL U33 PWR

DDR2_DQ[ 4] U34 CMOS I / O

DDR2_DQS_P[ 9] U35 CMOS I / O

DDR2_DQ[ 3] U36 CMOS I / O

VSS U37 GND

DDR2_DQ[ 8] U38 CMOS I / O

DDR2_DQ[ 9] U39 CMOS I / O

DDR0_DQ[ 56] U4 CMOS I / O

DDR2_DQS_P[ 10] U40 CMOS I / O

DDR0_DQ[ 6] U41 CMOS I / O

VSS U42 GND

DDR0_DQS_N[ 0] U43 CMOS I / O

DDR2_DQ[ 56] U5 CMOS I / O

DDR2_DQ[ 57] U6 CMOS I / O

VSS U7 GND

DDR2_DQS_P[ 7] U8 CMOS I / O

DDR2_DQ[ 63] U9 CMOS I / O

DDR0_DQ[ 57] V1 CMOS I / O

VSS V10 GND

RSVD V11

DDR0_DQS_P[ 16] V2 CMOS I / O

DDR0_DQS_N[ 16] V3 CMOS I / O

VCCPLL V33 PWR

DDR2_DQ[ 5] V34 CMOS I / O

VSS V35 GND

DDR2_DQ[ 2] V36 CMOS I / O

DDR2_DQ[ 6] V37 CMOS I / O

DDR2_DQ[ 7] V38 CMOS I / O

DDR2_DQ[ 13] V39 CMOS I / O

DDR0_DQ[ 62] V4 CMOS I / O

VSS V40 GND

DDR0_DQ[ 1] V41 CMOS I / O

DDR0_DQS_N[ 9] V42 CMOS I / O

DDR0_DQS_P[ 9] V43 CMOS I / O

VSS V5 GND

DDR2_DQS_P[ 16] V6 CMOS I / O

DDR2_DQS_N[ 16] V7 CMOS I / O

DDR2_DQ[ 62] V8 CMOS I / O

DDR1_DQ[ 60] V9 CMOS I / O

DDR0_DQS_N[ 7] W1 CMOS I / O

DDR1_DQ[ 59] W10 CMOS I / O

Tab le 5 - 2 . By  Lan d  Nu m b er   ( Sh eet  3 3  o f  

Lan d  Nam e
Lan d  
No .

Bu f f er  
Ty p e

Di r ect ion

VCC W11 PWR

DDR0_DQS_P[ 7] W2 CMOS I / O

VSS W3 GND

VCCPLL W33 PWR

DDR2_DQ[ 0] W34 CMOS I / O

DDR2_DQ[ 1] W35 CMOS I / O

DDR2_DQS_N[ 0] W36 CMOS I / O

DDR2_DQS_P[ 0] W37 CMOS I / O

VSS W38 GND

DDR2_DQ[ 12] W39 CMOS I / O

DDR0_DQ[ 63] W4 CMOS I / O

DDR0_DQ[ 4] W40 CMOS I / O

DDR0_DQ[ 0] W41 CMOS I / O

DDR0_DQ[ 5] W42 CMOS I / O

VSS W43 GND

DDR1_DQ[ 61] W5 CMOS I / O

DDR1_DQ[ 56] W6 CMOS I / O

DDR1_DQ[ 57] W7 CMOS I / O

VSS W8 GND

DDR1_DQ[ 63] W9 CMOS I / O

VSS Y1 GND

DDR1_DQ[ 58] Y10 CMOS I / O

VSS Y11 GND

DDR0_DQ[ 58] Y2 CMOS I / O

DDR0_DQ[ 59] Y3 CMOS I / O

VSS Y33 GND

DDR1_DQ[ 3] Y34 CMOS I / O

DDR1_DQ[ 2] Y35 CMOS I / O

VSS Y36 GND

DDR1_DQS_N[ 0] Y37 CMOS I / O

DDR1_DQS_P[ 0] Y38 CMOS I / O

DDR1_DQ[ 7] Y39 CMOS I / O

DDR1_DQS_P[ 16] Y4 CMOS I / O

DDR1_DQ[ 6] Y40 CMOS I / O

VSS Y41 GND

DDR1_DQS_N[ 16] Y5 CMOS I / O
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VSS Y6 GND

DDR_COMP[ 1] Y7 Analog

DDR1_DQS_P[ 7] Y8 CMOS I / O

DDR1_DQS_N[ 7] Y9 CMOS I / O
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6 Sig n al  Def in i t ion s

6 .1 Sig n al  Def in i t ion s

Tab le 6 - 1 . Sig n al  Def in i t ion s ( Sh eet  1  o f  4 )
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BCLK_DN

BCLK_DP

I Different ial bus clock input  to the processor.

BCLK_I TP_DN

BCLK_I TP_DP

O Buffered different ial bus clock pair  to I TP.

BPM# [ 7: 0] I / O BPM# [ 7: 0]  are breakpoint  and perform ance m onitor signals. They are outputs 
from  the processor which indicate the status of breakpoints and program m able 
counters used for m onitor ing processor perform ance. BPM# [ 7: 0]  should be 
connected in a wired OR topology between all packages on a plat form . 

BPM# [ 5]  and BPM# [ 7]  signals between the two processors m ust  rem ain 
connected on product ion units.

CAT_ERR# I / O I ndicates 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 and other internal unrecoverable error. I t  is expected that  every 
processor in the system  will have this hooked up in a wired-OR configurat ion. 
Since this is an I / O pin, external agents are allowed to assert  this pin which will 
cause the processor to take a m achine check except ion.

On I ntel Xeon processor 5600 series, CAT_ERR#  is used for signalling the 
following types of errors:

• Legacy MCERR’s, CAT_ERR#  is pulsed for 16 BCLKs.

• Legacy I ERR’s, CAT_ERR rem ains asserted unt il warm  or cold reset .

COMP0 I I m pedance Com pensat ion m ust  be term inated on the system  board using 
precision resistor.

QPI 0_CLKRX_DN

QPI 0_CLKRX_DP

I

I

I ntel QuickPath I nterconnect  received clock is the input  clock that  corresponds 
to I ntel QuickPath I nterconnect  port0 received data.

QPI 0_CLKTX_DN

QPI 0_CLKTX_DP

O

O

I ntel QuickPath I nterconnect  forwarded clock sent  with I ntel QuickPath 
I nterconnect  0 port  outbound data.

QPI 0_COMP I Must  be term inated on the system  board using precision resistor.

QPI 0_DRX_DN[ 19: 0]

QPI 0_DRX_DP[ 19: 0]

I

I

QPI 0_DRX_DN[ 19: 0]  and QPI 0_DRX_DP[ 19: 0]  com prise the different ial 
receive data for I ntel QuickPath I nterconnect  port0. The inbound 20 lanes are 
connected to another com ponent ’s outbound lanes.

QPI 0_DTX_DN[ 19: 0]

QPI 0_DTX_DP[ 19: 0]

O

O

QPI 0_DTX_DN[ 19: 0]  and QPI 0_DTX_DP[ 19: 0]  com prise the different ial 
t ransm it  data for I ntel QuickPath I nterconnect  port0. The outbound 20 lanes 
are connected to another com ponent ’s inbound lanes.

QPI 1_CLKRX_DN

QPI 1_CLKRX_DP

I

I

I ntel QuickPath I nterconnect  received clock is the input  clock that  corresponds 
to I ntel QuickPath I nterconnect  1 port  received data.

QPI 1_CLKTX_DN

QPI 1_CLKTX_DP

O

O

I ntel QuickPath I nterconnect  forwarded clock sent  with I ntel QuickPath 
I nterconnect  port1 outbound data.

QPI 1_COMP I Must  be term inated on the system  board using precision resistor.

QPI 1_DRX_DN[ 19: 0]

QPI 1_DRX_DP[ 19: 0]

I

I

QPI 1_DRX_DN[ 19: 0]  and QPI 1_DRX_DP[ 19: 0]  com prise the different ial 
receive data for I ntel QuickPath I nterconnect  port1. The inbound 20 lanes are 
connected to another com ponent ’s outbound lanes.

QPI 1_DTX_DN[ 19: 0]

QPI 1_DTX_DP[ 19: 0]

O

O

QPI 1_DTX_DN[ 19: 0]  and QPI 1_DTX_DP[ 19: 0]  com prise the different ial 
t ransm it  data for I ntel QuickPath I nterconnect  port1. The outbound 20 lanes 
are connected to another com ponent ’s inbound lanes.
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DBR# I 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 . 

DDR_COMP[ 2: 0] I Must  be term inated on the system  board using precision resistors.

DDR_THERM# I DDR_THERM#  is used for im posing duty cycle throt t ling on all m em ory 
channels. The plat form  should ensure that  DDR_THERM#  is asserted when any 
DI MM is over T64.

DDR_THERM2# I DDR_THERM2#  is used for im posing duty cycle throt t ling on all m em ory 
channels or im plem ent ing 2X Refresh.

DDR{ 0/ 1/ 2} _BA[ 2: 0] O Defines the bank which is the dest inat ion for the current  Act ivate, Read, Write, 
or Precharge com m and.

1

DDR{ 0/ 1/ 2} _CAS# O Colum n Address St robe. 

DDR{ 0/ 1/ 2} _CKE[ 3: 0] O Clock Enable.

DDR{ 0/ 1/ 2} _CLK_N[ 3: 0]

DDR{ 0/ 1/ 2} _CLK_P[ 3: 0]

O Different ial clocks to the DI MM. All com m and and cont rol signals are valid on 
the r ising edge of clock.

DDR{ 0/ 1/ 2} _CS[ 7: 0] # O Each signal selects one rank as the target  of the com m and and address.

DDR{ 0/ 1/ 2} _DQ[ 63: 0] I / O DDR3 Data bits.

DDR{ 0/ 1/ 2} _DQS_N[ 17: 0]

DDR{ 0/ 1/ 2} _DQS_P[ 17: 0]

I / O Different ial pair, Data/ ECC St robe. Different ial st robes latch data/ ECC for each 
DRAM. Different  num bers of st robes are used depending on whether the 
connected DRAMs are x4,x8. Dr iven with edges in center of data, receive edges 
are aligned with data edges. 

DDR{ 0/ 1/ 2} _ECC[ 7: 0] I / O Check Bits -  An Error Correct ion Code is dr iven along with data on these lines 
for DI MMs that  support  that  capability.  

DDR{ 0/ 1/ 2} _MA[ 15: 0] O Selects the Row address for Reads and writes, and the colum n address for 
act ivates. Also used to set  values for DRAM configurat ion registers.

DDR{ 0/ 1/ 2} _MA_PAR O Odd parity across Address and Com m and.

DDR{ 0/ 1/ 2} _ODT[ 3: 0] O Enables various com binat ions of term inat ion resistance in the target  and non-
target  DI MMs when data is read or writ ten

DDR{ 0/ 1/ 2} _PAR_ERR# [ 2:
0]

I Parity Error detected by Registered DI MM (one for each DI MM) .

DDR{ 0/ 1/ 2} _RAS# O Row Address St robe.

DDR{ 0/ 1/ 2} _RESET# O Resets DRAMs. Held low on power up, held high dur ing self refresh, otherwise 
cont rolled by configurat ion register.

DDR_VREF I Voltage reference for DDR3.

DDR{ 0/ 1/ 2} _WE# O Write Enable.

GTLREF I Voltage reference for GTL signals.

I SENSE I Analog input  voltage with respect  to VSS for sensing core current  consum pt ion, 
com es from  VR11.1.

PECI I / O PECI  (Plat form  Environm ent  Cont rol I nterface)  is the ser ial sideband interface 
to the processor and is used prim arily for therm al, power and error 
m anagem ent . 

PECI _I D# I PECI _I D#  is the PECI  client  address ident ifier. This pin is act ive low and 
asserted when t ied to VSS. Assert ion of this pin results in a PECI  client  address 
of 0x31 (versus the default  0x30 client  address) . This pin is prim arily useful for 
PECI  client  address different iat ion in DP plat form s and m ust  be pulled up to 
VTT on one socket  and down to VSS on the other. 

PRDY# O PRDY#  is a processor output  used by debug tools to determ ine processor 
debug readiness.

PREQ# I / O PREQ#  is used by debug tools to request  debug operat ion of the processor.
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PROCHOT# I / O PROCHOT#  will go act ive when the processor tem perature m onitoring sensor 
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  has 
been act ivated, if enabled. This signal can also be dr iven to the processor to 
act ivate the Therm al Cont rol Circuit .  

I f PROCHOT#  is asserted at  the deassert ion of RESET#  on DP enabled 
products, the processor will t r i- state it s outputs. This signal does not  have on-
die term inat ion and m ust  be term inated on the system  board.

PSI # O Processor Power Status I ndicator signal. This signal is asserted when m axim um  
possible processor core current  consum pt ion is less than 20A, Assert ion of this 
signal is an indicat ion that  the VR cont roller  does not  current ly need to be able 
to provide I CC above 20A, and the VR cont roller can use this inform at ion to 
m ove to m ore efficient  operat ion point . 

RESET# I Assert ing the RESET#  signal resets the processor to a known state and 
invalidates it s internal caches without  writ ing back any of their contents. Note 
som e PLL, I ntel QuickPath I nterconnect  and error states are not  affected by 
reset  and only VCCPWRGOOD forces them  to a known state. For a power-on 
Reset , RESET#  m ust  stay act ive for at  least  one m illisecond after VCC and 
BCLK have reached their  proper specificat ions. RESET#  m ust  not  be kept  
asserted for m ore than 10 m s while VCCPWRGOOD is asserted. RESET#  m ust  
be held deasserted for at  least  one m illisecond before it  is asserted again. 
RESET#  m ust  be held asserted before VCCPWRGOOD is asserted. This signal 
does not  have on-die term inat ion and m ust  be term inated on the system  
board. RESET#  is a com m on clock signal.

SKTOCC# O Socket  occupied. The plat form  designer can use this signal to enable power 
supplies when there is a CPU occupying the socket .  

Requires external pull-up. 

TAPPWRGOOD O Processor output  signal, which when deasserted indicates the processor is in a 
low power state and TAP funct ionalit y is unavailable.

TCK I TCK (Test  Clock)  provides the clock input  for the processor Test  Bus (also 
known as the Test  Access Port ) .

TDI I TDI  (Test  Data I n)  t ransfers ser ial test  data into the processor. TDI  provides the 
serial input  needed for JTAG specificat ion support .

TDO O TDO (Test  Data Out )  t ransfers serial test  data out  of the processor. TDO 
provides the ser ial output  needed for JTAG specificat ion support .

THERMTRI P# O Assert ion of THERMTRI P#  (Therm al Tr ip)  indicates the processor junct ion 
tem perature has reached a level beyond which perm anent  silicon dam age m ay 
occur. Measurem ent  of the tem perature is accom plished through an internal 
therm al sensor. Once act ivated, the processor will stop all execut ion and shut  
down all PLLs. To further protect  the processor, its core voltage (VCC) , VTTA VTTD 
and VDDQ m ust  be rem oved following the assert ion of THERMTRI P# . See 
Figure 2-27 and Figure 2-27 for the appropr iate power down sequence and 
t im ing requirem ents. Once act ivated, THERMTRI P#  rem ains latched unt il 
RESET#  is asserted. While the assert ion of the RESET#  signal m ay de-assert  
THERMTRI P# , if the processor 's j unct ion tem perature rem ains at  or above the 
t r ip level,  THERMTRI P#  will again be asserted after RESET#  is de-asserted.

TMS I TMS (Test  Mode Select )  is a JTAG specificat ion support  signal used by debug 
tools.

TRST# I TRST#  (Test  Reset )  resets the Test  Access Port  (TAP)  logic. TRST#  m ust  be 
dr iven low during power on Reset .

VCC_SENSE

VSS_SENSE

O

O

VCC_SENSE and VSS_SENSE provide an isolated, low im pedance connect ion to 
the processor core voltage and ground. They can used to sense or m easure 
power near the silicon with lit t le noise.

VCC I Power for processor core.

Tab le 6 - 1 . Sig n al  Def in i t ion s ( Sh eet  3  o f  4 )

Nam e Ty p e Descr ip t ion No t es
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§

VCCPWRGOOD I VCCPWRGOOD (Power Good)  is a processor input .  The processor requires this 
signal to be a clean indicat ion that  BCLK, VCC,  VCCPLL,  VTTA and VTTD supplies 
are stable and within their specificat ions. 'Clean' im plies that  the signal will 
rem ain low (capable of sinking leakage current ) , without  glitches, 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. VCCPWRGOOD 
can be dr iven inact ive at  any t im e, but  BCLK and power m ust  again be stable 
before a subsequent  r ising edge of VCCPWRGOOD. I n addit ion at  the t im e 
VCCPWRGOOD is asserted RESET#  m ust  be act ive. The VCCPWRGOOD signal 
m ust  be supplied to the processor;  it  is used to protect  internal circuits against  
voltage sequencing issues. I t  should be dr iven high throughout  boundary scan 
operat ion.

VCCPLL I Analog Power for Clocks.

VDDQ I Power supply for the DDR3 interface.

VTT_VI D[ 4: 2] O VTT_VI D[ 4: 2]  is used to support  autom at ic select ion of power supply voltages 
(VTT) . The voltage supply for this signal m ust  be valid before the VR can supply 
VTT to the processor. Conversely, the VR output  m ust  be disabled unt il the 
voltage supply for the VI D signal becom e valid. The VI D signal is needed to 
support  the processor voltage specificat ion var iat ions. The VR m ust  supply the 
voltage that  is requested by the signal.

VTTA I Power for the analog port ion of the I ntel QuickPath and Shared Cache.

VTTD I Power for the digital port ion of the I ntel QuickPath and Shared Cache.

VDDPWRGOOD I VDDPWRGOOD is an input  that  indicates the VDDQ power supply is good. The 
processor requires this signal to be a clean indicat ion that  the Vddq power 
supply is stable and within their  specificat ions.  "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 VDDQ supply is turned on unt il it  com es within specificat ion. The 
signals m ust  then t ransit ion m onotonically to a high state. 

The VDDPWRGOOD signal m ust  be supplied to the processor. This signal is 
used to protect  internal circuits against  voltage sequencing issues.

VI D[ 7: 0] I / O VI D[ 7: 0]  (Voltage I D)  are output  signals that  are used to support  autom at ic 
select ion of power supply voltages (VCC) .  The voltage supply for these signals 
m ust  be valid before the VR can supply VCC to the processor. Conversely, the 
VR output  m ust  be disabled unt il the voltage supply for the VI D signals becom e 
valid. The VI D signals are needed to support  the processor voltage specificat ion 
var iat ions. The VR m ust  supply the voltage that  is requested by the signals, or 
disable it self.

MSI D[ 2: 0]  -  Market  Segm ent  I D, or MSI D are provided to indicate the Market  
Segm ent  for the processor and m ay be used for future processor com pat ibility 
or for keying. I n addit ion, MSI D protects the plat form  by prevent ing a higher 
power processor from  boot ing in a plat form  designed for lower power 
processors. This value is latched from  the plat form  in to the CPU, on the r ising 
edge of VTTPWRGOOD, during the cold boot  power up sequence.

CSC[ 2: 0]  -  Current  Sense Configurat ion bits are output  signals for I SENSE gain 
set t ing.This value is latched on the r ising edge of VTTPWRGOOD.

2

VTTD_SENSE

VSS_SENSE_VTT

O

O

VTTD_SENSE and VSS_SENSE_VTT provide an isolated, low impedance connect ion 
to the processor core power and ground. They can used to sense or m easure 
power near the silicon.

VTTPWRGOOD I The processor requires this input  signal to be a clean indicat ion that  the VTT 
power supply is stable and within their  specificat ions. '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. to 
determ ine that  the VTT voltage is stable and within specificat ion. Note it  is not  
valid for VTTPWRGOOD to be deasserted while VCCPWRGOOD is asserted.

Not es:

1. DDR{ 0/ 1/ 2}  refers to DDR3 Channel 0, DDR3 Channel 1, and DDR3 Channel 2.
2. VI D[ 7: 0]  is an I nput  only dur ing Power On Configurat ion. I t  is an Output  signal dur ing norm al operat ion.

Tab le 6 - 1 . Sign al  Def in i t ion s ( Sh eet  4  o f  4 )

Nam e Ty p e Descr ip t ion No t es
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7 Th er m al  Sp eci f i ca t ion s

7 .1 Pack ag e Th er m al  Sp eci f i cat ion s

The processor requires a thermal solut ion to maintain temperatures within operat ing 

lim its. Any at tem pt  to operate the processor outside these lim its may result  in 

perm anent  dam age to the processor and potent ially other com ponents within the 

system. Maintaining the proper therm al environm ent  is key to reliable, long- term  

system operat ion.

A complete solut ion includes both component  and system  level therm al m anagem ent  

features. Component  level thermal solut ions can include act ive or passive heatsinks 

at tached to the processor integrated heat  spreader ( I HS) . Typical system  level therm al 

solut ions m ay consist  of system  fans com bined with duct ing and vent ing.

This sect ion provides data necessary for developing a complete thermal solut ion. For 

more inform at ion on designing a component  level therm al solut ion, refer to the I ntel®  

Xeon®  Processor 5500/ 5600 Series Thermal/ Mechanical Design Guidelines.

Not e: The boxed processor will ship with a component  thermal solut ion. Refer to Sect ion 9 for 
details on the boxed processor.

7 .1 .1 Th er m al  Sp eci f i cat ion s

To allow opt im al operat ion and long- term  reliability of I ntel processor-based system s, 

the processor must  rem ain within the m inim um and m aximum  case tem perature 

(TCASE)  specificat ions as defined by the applicable therm al profile. Therm al solut ions 

not  designed to provide sufficient  therm al capability m ay affect  the long- term  reliability 

of the processor and system. For more details on thermal solut ion design, please refer 

to the I ntel®  Xeon®  Processor 5500/ 5600 Series Thermal/ Mechanical Design 

Guidelines.

The processors im plement  a m ethodology for managing processor tem peratures which 

is intended to support  acoust ic noise reduct ion through fan speed cont rol and to assure 

processor reliability. Select ion of the appropriate fan speed is based on the relat ive 

tem perature data reported by the processor ’s Plat form  Environm ent  Cont rol I nterface 

(PECI )  as described in Sect ion 7.3. I f PECI  is less than TCONTROL, then the case 

tem perature is perm it ted to exceed the Therm al Profile, but  PECI  m ust  rem ain at  or 

below TCONTROL. I f PECI  > =  TCONTROL, then the case temperature must  meet  the 

Thermal Profile. The temperature reported over PECI  is always a negat ive value and 

represents a delta below the onset  of therm al cont rol circuit  (TCC)  act ivat ion, as 

indicated by PROCHOT#  (see Sect ion 7.2, Processor Therm al Features) . Systems that  

implement  fan speed cont rol must  be designed to use this data. Systems that  do not  

alter the fan speed only need to guarantee the case tem perature m eets the therm al 

profile specificat ions.

Thermal Profiles are broken out  separately for the I ntel®  Xeon®  processor 5600 series 

6-core and 4-core SKUs. This reflects different  Therm al Test  Vehicle (TTV)  Correct ion 

Factors (CFs) , result ing from  different  power density characterist ics associated with the 

different  num ber of cores. There is no difference in plat form  therm al solut ion 

assum pt ions or boundary condit ions between the 6-core and 4-core SKUs for a given 

FMB (e.g., 130W). For the latest  TTV CFs, please refer to the I ntel®  Xeon®  Processor 

5500/ 5600 Series Thermal/ Mechanical Design Guidelines.
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The processor Advanced Server/ Workstat ion Plat form  supports dual therm al profiles, 

either of which can be im plem ented. Both ensure adherence to I ntel reliability 

requirem ents. Therm al Profile A is representat ive of a volum etr ically unconst rained 

therm al solut ion ( that  is, indust ry enabled 2U heatsink) . I n this scenario, it  is expected 

that  the Therm al Cont rol Circuit  (TCC)  would only be act ivated for very br ief periods of 

t im e when running the m ost  power intensive applicat ions. Therm al Profile B is 

indicat ive of a const rained therm al environm ent  ( that  is, 1U form  factor) . Because of 

the reduced cooling capability represented by this thermal solut ion, the probability of 

TCC act ivat ion and perform ance loss is increased. Addit ionally, ut ilizat ion of a therm al 

solut ion that  does not  m eet  Therm al Profile B will violate the therm al specificat ions and 

m ay result  in perm anent  dam age to the processor. Refer to the I ntel®  Xeon®  

Processor 5500/ 5600 Series Thermal/ Mechanical Design Guidelines for details on 

system  therm al solut ion design, therm al profiles and environm ental considerat ions.

The upper point  of the thermal profile consists of the Therm al Design Power (TDP)  and 

the associated TCASE value. I t  should be noted that  the upper point  associated with 

Thermal Profile B (x =  TDP and y = TCASE_MAX_B @ TDP)  represents a therm al solut ion 

design point . I n actuality the processor case tem perature will not  reach this value due 

to TCC act ivat ion.

I ntel recom m ends that  complete therm al solut ion designs target  the Therm al Design 

Power (TDP) . The Adapt ive Thermal Monitor feature is intended to help protect  the 

processor in the event  that  an applicat ion exceeds the TDP recommendat ion for a 

sustained t im e period. To ensure m axim um  flexibility for future requirem ents, system s 

should be designed to the Flexible Motherboard (FMB)  guidelines, even if a processor 

with lower power dissipat ion is current ly planned. Th e Ad ap t iv e Th er m al  Mon i t o r  

f eat u r e m u st  be en ab led  f o r  t h e p r ocesso r  t o  r em ain  w i t h in  i t s sp eci f i cat ion s.

Not es:
1. These values are specified at  VCC_MAX for all processor frequencies. System s m ust  be designed to ensure 

the processor is not  to be subjected to any stat ic VCC and I CC com binat ion wherein VCC exceeds VCC_MAX at  
specified I CC. Please refer to the elect r ical loadline specificat ions in Sect ion 2.

2. Therm al Design Power (TDP)  should be used for processor therm al solut ion design targets. TDP is not  the 
m axim um  power that  the processor can dissipate. TDP is m easured at  m axim um  TCASE.

3. Power specificat ions are defined at  all VI Ds found in Table 2-2. The processor m ay be delivered under 
m ult iple VI Ds for each frequency.

4. FMB, or Flexible Motherboard, guidelines provide a design target  for m eet ing all planned processor 
frequency requirem ents. 

Tab le 7 - 1 . Fr eq u en cy  Op t im ized  Ser v er / W or k st at ion  Plat f o r m  Th er m al  Sp eci f i cat ion s

Co r e
Fr eq u en cy

Th er m al  Desig n  
Pow er  ( W )

Min im u m
TCASE ( ° C)

Max im u m
TCASE ( ° C)

No t es

Launch to FMB 130 5 See Figure 7-1;  Table 7-2;

Figure 7-2;  Table 7-3

1, 2, 3, 4
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Not es:
1. The Frequency Opt im ized Server/ Workstat ion Therm al Profile is representat ive of a volum et rically 

unconst rained plat form . Please refer to Table 7-2 for discrete points that  const itute the therm al profile.
2. I m plem entat ion of the Frequency Opt im ized Server/ Workstat ion Processor Therm al Profile should result  in 

vir tually no TCC act ivat ion. Furtherm ore, ut ilizat ion of therm al solut ions that  do not  m eet  the therm al 
profile will result  in increased probability of TCC act ivat ion and m ay incur m easurable perform ance loss.

3. Refer to the I ntel®  Xeon®  Processor 5500/ 5600 Series Therm al/ Mechanical Design Guidelines for system  
and environm ental im plem entat ion details.

Fig u r e 7 - 1 . Fr eq u en cy  Op t im ized  Ser v er / W or k st at ion  Plat f o r m  Th er m al  Pr o f i l e  ( 6  Cor e)
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Tab le 7 - 2 . Fr eq u en cy  Op t im ized  Ser v er / W or k st at ion  Plat f o r m  Th er m al  Pr o f i l e  ( 6  Cor e)

Pow er  ( W ) Max im u m  TCASE ( C)

0 55.6

10 57.4

20 59.1

30 60.9

40 62.7

50 64.4

60 66.2

70 67.9

80 69.7

90 71.5

100 73.2

110 75.0

120 76.8

130 78.5
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Not es:
1. The Frequency Opt im ized Server/ Workstat ion Therm al Profile is representat ive of a volum et r ically 

unconst rained plat form . Please refer to Table 7-3 for discrete points that  const itute the therm al profile.
2. I m plem entat ion of the Frequency Opt im ized Server/ Workstat ion Processor Therm al Profile should result  in 

vir tually no TCC act ivat ion. Furtherm ore, ut ilizat ion of therm al solut ions that  do not  m eet  the therm al 
profile will result  in increased probability of TCC act ivat ion and m ay incur m easurable perform ance loss.

3. Refer to the I ntel®  Xeon®  Processor 5500/ 5600 Series Therm al/ Mechanical Design Guidelines for system  
and environm ental im plem entat ion details.

Fig u r e 7 - 2 . Fr eq u en cy  Op t im ized  Ser v er / W or k st at ion  Plat f o r m  Th er m al  Pr o f i le  ( 4  Cor e)

40

45

50

55

60

65

70

75

80

85

0 10 20 30 40 50 60 70 80 90 100 110 120 130
Power [W]

T
e
m

p
e
ra

tu
re

 [
C

]

Y = 0.190 *x + 55.7

40

45

50

55

60

65

70

75

80

85

0 10 20 30 40 50 60 70 80 90 100 110 120 130
Power [W]

T
e
m

p
e
ra

tu
re

 [
C

]

Y = 0.190 *x + 55.7

Tab le 7 - 3 . Fr eq u en cy  Op t im ized  Ser v er / W or k st at ion  Plat f o r m  Th er m al  Pr o f i le  ( 4  Cor e)

Pow er  ( W ) Max im u m  TCASE ( C)

0 55.7

10 57.6

20 59.5

30 61.4

40 63.3

50 65.2

60 67.1

70 69.0

80 70.9

90 72.8

100 74.7

110 76.6

120 78.5

130 80.4
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Not es:
1. These values are specified at  VCC_MAX for all processor frequencies. System s m ust  be designed to ensure 

the processor is not  to be subjected to any stat ic VCC and I CC com binat ion wherein VCC exceeds VCC_MAX at  
specified I CC. Please refer to the elect r ical loadline specificat ions in Sect ion 2.

2. Therm al Design Power (TDP)  should be used for processor therm al solut ion design targets. TDP is not  the 
m axim um  power that  the processor can dissipate. TDP is m easured at  m axim um  TCASE.

3. Power specificat ions are defined at  all VI Ds found in Table 2-2. Processors m ay be delivered under m ult iple 
VI Ds for each frequency.

4. FMB, or Flexible Motherboard, guidelines provide a design target  for m eet ing all planned processor 
frequency requirem ents.

Not es:
1. Therm al Profile A ( refer to Table 7-5)  is representat ive of a volum et rically unconst rained plat form . Therm al 

Profile B ( refer to Table 7-6)  is representat ive of a volum et r ically const rained plat form .
2. I m plem entat ion of Therm al Profile A should result  in vir tually no TCC act ivat ion. Ut ilizat ion of therm al 

solut ions that  do not  m eet  Therm al Profile A will result  in increased probabilit y of TCC act ivat ion and m ay 
incur m easurable perform ance loss.

3. Refer to the I ntel®  Xeon®  Processor 5500/ 5600 Series Therm al/ Mechanical Design Guidelines for system  
and environm ental im plem entat ion details.

Tab le 7 - 4 . Adv an ced  Ser v er / W or k st a t ion  Plat f o r m  Th er m al  Sp eci f i cat ion s

Cor e
Fr eq u en cy

Th er m al  Desig n  
Pow er  ( W )

Min im u m
TCASE ( ° C)

Max im u m
TCASE ( ° C)

No t es

Launch to FMB 95 5 See Figure 7-3, Figure 7-4, Table 7-5, 
Table 7-6, Table 7-7, Table 7-8

1, 2, 3, 4

Figu r e 7 - 3 . Adv an ced  Ser v er / W or k st a t ion  Plat f o r m  Th er m al  Pr o f i le  A an d  B ( 6  Cor e)
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TCASE_MAX is a thermal solution design point. 

In actuality, units will not significantly exceed 

TCASE_MAX_A due to TCC activation.
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TCASE_MAX is a thermal solution design point. 

In actuality, units will not significantly exceed 

TCASE_MAX_A due to TCC activation.
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Tab le 7 - 5 . Ad v an ced  Ser v er / W or k st a t ion  Th er m al  Pr o f i le  A ( 6  Cor e)

Pow er  ( W ) Max im u m  TCASE ( C)

0 56.9

10 58.7

20 60.5

30 62.3

40 64.1

50 65.9

60 67.7

70 69.5

80 71.3

90 73.1

95 74.0

Tab le 7 - 6 .  Adv an ced  Ser v er / W or k st at ion  Th er m al  Pr o f i l e  B ( 6  Cor e)

Pow er  ( W ) Max im u m  TCASE ( C)

0 56.9

10 59.5

20 62.0

30 64.6

40 67.2

50 69.8

60 72.3

70 74.9

80 77.5

90 80.0

95 81.3
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Not es:
1. Therm al Profile A ( refer to Table 7-7)  is representat ive of a volum et rically unconst rained plat form . Therm al 

Profile B ( refer to Table 7-8)  is representat ive of a volum et r ically const rained plat form .
2. I m plem entat ion of Therm al Profile A should result  in vir tually no TCC act ivat ion. Ut ilizat ion of therm al 

solut ions that  do not  m eet  Therm al Profile A will result  in increased probabilit y of TCC act ivat ion and m ay 
incur m easurable perform ance loss.

3. Refer to the I ntel®  Xeon®  Processor 5500/ 5600 Series Therm al/ Mechanical Design Guidelines for system  
and environm ental im plem entat ion details.

Figu r e 7 - 4 . Adv an ced  Ser v er / W or k st a t ion  Plat f o r m  Th er m al  Pr o f i le  A an d  B ( 4  Cor e)
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TCASE_MAX is a thermal solution design point. 

In actuality, units will not significantly exceed 

TCASE_MAX_A due to TCC activation.
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TCASE_MAX is a thermal solution design point. 

In actuality, units will not significantly exceed 

TCASE_MAX_A due to TCC activation.

Tab le 7 - 7 . Ad v an ced  Ser v er / W or k st at ion  Th er m al  Pr o f i le  A ( 4  Cor e)

Pow er  ( W ) Max im u m  TCASE ( C)

0 57.1

10 59.1

20 61.0

30 63.0

40 64.9

50 66.9

60 68.8

70 70.8

80 72.7

90 74.7

95 75.7
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Not es:
1. These values are specified at  VCC_MAX for all processor frequencies. System s m ust  be designed to ensure 

the processor is not  to be subjected to any stat ic VCC and I CC com binat ion wherein VCC exceeds VCC_MAX at  
specified I CC.  Please refer to the loadline specificat ions in Sect ion 2.

2. Therm al Design Power (TDP)  should be used for processor therm al solut ion design targets. TDP is not  the 
m axim um  power that  the processor can dissipate. TDP is m easured at  m axim um  TCASE.

3. Power specificat ions are defined at  all VI Ds found in Table 2-2. The processor m ay be delivered under 
m ult iple VI Ds for each frequency.

4. FMB, or Flexible Motherboard, guidelines provide a design target  for m eet ing all planned processor 
frequency requirem ents.

Tab le 7 - 8 .  Adv an ced  Ser v er / W or k st at ion  Th er m al  Pr o f i l e  B ( 4  Cor e)

Pow er  ( W ) Max im u m  TCASE ( C)

0 57.1

10 59.8

20 62.5

30 65.3

40 68.0

50 70.7

60 73.4

70 76.1

80 78.8

90 81.6

95 82.9

Tab le 7 - 9 . St an dar d  Ser v er / W or k st a t ion  Pla t f o r m  Th er m al  Speci f i ca t ion s

Co r e
Fr eq u en cy

Th er m al  Desig n  
Pow er  ( W )

Min im u m
TCASE ( ° C)

Max im u m
TCASE ( ° C)

No t es

Launch to FMB 80 5 See Figure 7-5;  Table 7-10,

Figure 7-6, Table 7-11

1, 2, 3, 4
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Not es:
1. The Therm al Profile is representat ive of a volum et r ically const rained plat form . Please refer to Table 7-10 for 

discrete points that  const itute the therm al profile.
2. I m plem entat ion of the Therm al Profile should result  in vir tually no TCC act ivat ion. Ut ilizat ion of therm al 

solut ions that  do not  m eet  the Therm al Profile will result  in increased probability of TCC act ivat ion and m ay 
incur m easurable perform ance loss.

3. Refer to the I ntel®  Xeon®  Processor 5500/ 5600 Series Therm al/ Mechanical Design Guidelines for system  
and environm ental im plem entat ion details.

Figu r e 7 - 5 . St an d ar d  Ser v er / W or k st a t ion  Plat f o r m  Th er m al  Pr o f i le  ( 6  Cor e)
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Tab le 7 - 1 0 . St an d ar d  Ser v er / W or k st a t ion  Plat f o r m  Th er m al  Pr o f i le  ( 6  Cor e)

Pow er  ( W ) TCASE_ MAX ( C)

0 51.7

10 54.8

20 57.8

30 60.9

40 63.9

50 67.0

60 70.1

70 73.1

80 76.2
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Not es:
1. The Therm al Profile is representat ive of a volum etr ically const rained plat form . Please refer to Table 7-11 for 

discrete points that  const itute the therm al profile.
2. I m plem entat ion of the Therm al Profile should result  in vir tually no TCC act ivat ion. Ut ilizat ion of therm al 

solut ions that  do not  m eet  the Therm al Profile will result  in increased probabilit y of TCC act ivat ion and m ay 
incur m easurable perform ance loss.

3. Refer to the I ntel®  Xeon®  Processor 5500/ 5600 Series Therm al/ Mechanical Design Guidelines for system  
and environm ental im plem entat ion details.

Fig u r e 7 - 6 . St an d ar d  Ser v er / W or k st a t ion  Plat f o r m  Th er m al  Pr o f i le  ( 4  Cor e)
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Tab le 7 - 1 1 . St an d ar d  Ser v er / W or k st a t ion  Plat f o r m  Th er m al  Pr o f i le  ( 4  Cor e)

Pow er  ( W ) TCASE_ MAX ( C)

0 51.9

10 55.1

20 58.3

30 61.5

40 64.8

50 68.0

60 71.2

70 74.4

80 77.6



I ntel®  Xeon®  Processor 5600 Series Datasheet  Volum e 1 125

Th er m al  Sp eci f i ca t io n s

Not es:
1. These values are specified at  VCC_MAX for all processor frequencies. System s m ust  be designed to ensure 

the processor is not  to be subjected to any stat ic VCC and I CC com binat ion wherein VCC exceeds VCC_MAX at  
specified I CC.  Please refer to the loadline specificat ions in Sect ion 2.

2. Therm al Design Power (TDP)  should be used for processor therm al solut ion design targets. TDP is not  the 
m axim um  power that  the processor can dissipate. TDP is m easured at  m axim um  TCASE.

3. Power specificat ions are defined at  all VI Ds found in Table 2-2. The processor m ay be shipped under 
m ult iple VI Ds for each frequency.

4. FMB, or Flexible Motherboard, guidelines provide a design target  for m eet ing all planned processor 
frequency requirem ents.

Not es:
1. The Therm al Profile is representat ive of a volum et r ically const rained plat form . Please refer to Table 7-13 for 

discrete points that  const itute the therm al profile.
2. I m plem entat ion of the Therm al Profile should result  in vir tually no TCC act ivat ion. Ut ilizat ion of therm al 

solut ions that  do not  m eet  the Therm al Profile will result  in increased probability of TCC act ivat ion and m ay 
incur m easurable perform ance loss.

3. Refer to the I ntel®  Xeon®  Processor 5500/ 5600 Series Therm al/ Mechanical Design Guidelines for system  
and environm ental im plem entat ion details.

Tab le 7 - 1 2 . Low  Pow er  Pla t f o r m  6 0 W  Th er m al  Sp eci f i ca t ion s

Cor e
Fr eq u en cy

Th er m al  Desig n  
Pow er  ( W )

Min im u m
TCASE ( ° C)

Max im u m
TCASE ( ° C)

No t es

Launch to FMB 60 5 See Figure 7-7;  Table 7-13 1, 2, 3, 4

Figu r e 7 - 7 . Low  Pow er  Pla t f o r m  6 0 W  Th er m al  Pr o f i l e  ( 6  Cor e)
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Tab le 7 - 1 3 . Low  Pow er  Pla t f o r m  6 0 W  Th er m al  Pr o f i l e  ( 6  Cor e)  ( Sh eet  1  o f  2 )

Pow er  ( W ) Max im u m  TCASE ( C)

0 51.0

10 54.0

20 57.1
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Not es:
1. These values are specified at  VCC_MAX for all processor frequencies. System s m ust  be designed to ensure 

the processor is not  to be subjected to any stat ic VCC and I CC com binat ion wherein VCC exceeds VCC_MAX at  
specified I CC.  Please refer to the loadline specificat ions in Sect ion 2.

2. Therm al Design Power (TDP)  should be used for processor therm al solut ion design targets. TDP is not  the 
m axim um  power that  the processor can dissipate. TDP is m easured at  m axim um  TCASE.

3. Power specificat ions are defined at  all VI Ds found in Table 2-2. The processor m ay be shipped under 
m ult iple VI Ds for each frequency.

4. FMB, or Flexible Motherboard, guidelines provide a design target  for m eet ing all planned processor 
frequency requirem ents.

Not es:
1. The Therm al Profile is representat ive of a volum etr ically const rained plat form . Please refer to Table 7-15 for 

discrete points that  const itute the therm al profile.
2. I m plem entat ion of the Therm al Profile should result  in vir tually no TCC act ivat ion. Ut ilizat ion of therm al 

solut ions that  do not  m eet  the Therm al Profile will result  in increased probabilit y of TCC act ivat ion and m ay 
incur m easurable perform ance loss.

30 60.2

40 63.2

50 66.3

60 69.4

Tab le 7 - 1 4 . Low  Pow er  Plat f o r m  4 0 W  Th er m al  Sp eci f i cat ion s

Cor e
Fr eq u en cy

Th er m al  Desig n  
Pow er  ( W )

Min im u m
TCASE ( ° C)

Max im u m
TCASE ( ° C)

No t es

Launch to FMB 40 5 See Figure 7-8;  Table 7-15 1, 2, 3, 4

Tab le 7 - 1 3 . Low  Pow er  Pla t f o r m  6 0 W  Th er m al  Pr o f i le  ( 6  Cor e)  ( Sh eet  2  o f  2 )

Pow er  ( W ) Max im u m  TCASE ( C)

Fig u r e 7 - 8 . Low  Pow er  Plat f o r m  4 0 W  Th er m al  Pr o f i le  ( 4  Cor e)
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3. Refer to the I ntel®  Xeon®  Processor 5500/ 5600 Series Therm al/ Mechanical Design Guidelines for system  
and environm ental im plem entat ion details.

Not es:
1. These values are specified at  VCC_MAX for all processor frequencies. System s m ust  be designed to ensure 

the processor is not  to be subjected to any stat ic VCC and I CC com binat ion wherein VCC exceeds VCC_MAX at  
specified I CC.  Please refer to the loadline specificat ions in Sect ion 2.

2. Therm al Design Power (TDP)  should be used for processor therm al solut ion design targets. TDP is not  the 
m axim um  power that  the processor can dissipate. TDP is m easured at  m axim um  TCASE.

3. Power specificat ions are defined at  all VI Ds found in Table 2-2. The processor m ay be shipped under 
m ult iple VI Ds for each frequency.

4. FMB, or Flexible Motherboard, guidelines provide a design target  for m eet ing all planned processor 
frequency requirem ents.

Not es:
1. The Therm al Profile is representat ive of a volum et r ically const rained plat form . Please refer to Table 7-17 for 

discrete points that  const itute the therm al profile.

Tab le 7 - 1 5 . Low  Pow er  Pla t f o r m  4 0 W  Th er m al  Pr o f i l e  ( 4  Cor e)

Pow er  ( W ) Max im u m  TCASE ( C)

0 50.4

10 53.6

20 56.8

30 59.9

40 63.1

Tab le 7 - 1 6 . LV- 6 0 W  Pr ocesso r  Th er m al  Speci f i cat ion s

Cor e
Fr eq u en cy

Th er m al  Desig n  
Pow er  ( W )

Min im u m
TCASE ( ° C)

Max im u m
TCASE ( ° C)

No t es

Launch to FMB 60 5 See Figure 7-9;  Table 7-17 1, 2, 3, 4

Figu r e 7 - 9 . LV- 6 0 W  Pr ocesso r  Du al  Th er m al  Pr o f i le
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2. I m plem entat ion of the nom inal and short- term  Therm al Profiles should result  in vir tually no TCC act ivat ion. 
Ut ilizat ion of therm al solut ions that  do not  m eet  the Therm al Profile will result  in increased probabilit y of 
TCC act ivat ion and m ay incur m easurable perform ance loss.

3. The Nom inal Therm al Profile m ust  be used for all norm al operat ing condit ions, or for products that  do not  
require NEBS Level 3 com pliance.

4. The Short-Term  Therm al Profile m ay only be used for short- term  excursions to higher am bient  operat ing 
tem peratures, not  to exceed 96 hours per instance, 360 hours per year, and a m axim um  of 15 instances 
per year, as com pliant  with NEBS Level 3. Operat ion at  the Short-Term  Therm al Profile for durat ions 
exceeding 360 hours per year violate the processor therm al specificat ions and m ay result  in perm anent  
dam age to the processor.

5. Refer to the I ntel®  Xeon®  Processor 5500/ 5600 Series Therm al/ Mechanical Design Guidelines for system  
and environm ental im plem entat ion details.

Not es:
1. These values are specified at  VCC_MAX for all processor frequencies. System s m ust  be designed to ensure 

the processor is not  to be subjected to any stat ic VCC and I CC com binat ion wherein VCC exceeds VCC_MAX at  
specified I CC.  Please refer to the loadline specificat ions in Sect ion 2.

2. Therm al Design Power (TDP)  should be used for processor therm al solut ion design targets. TDP is not  the 
m axim um  power that  the processor can dissipate. TDP is m easured at  m axim um  TCASE.

3. Power specificat ions are defined at  all VI Ds found in Table 2-2. The processor m ay be shipped under 
m ult iple VI Ds for each frequency.

4. FMB, or Flexible Motherboard, guidelines provide a design target  for m eet ing all planned processor 
frequency requirem ents.

Tab le 7 - 1 7 . LV- 6 0 W  Pr ocessor  Du al  Th er m al  Pr o f i le

Pow er  ( W ) Nom in a l  TCASE_ MAX ( C) Max im u m  TCASE_ MAX ( C)

0 52 67

10 55 70

20 58 73

30 61 76

40 64 79

50 67 82

60 70 85

Tab le 7 - 1 8 . LV- 4 0 W  Pr ocesso r  Th er m al  Sp eci f i cat ion s

Cor e
Fr eq u en cy

Th er m al  Desig n  
Pow er  ( W )

Min im u m
TCASE ( ° C)

Max im u m
TCASE ( ° C)

No t es

Launch to FMB 40 5 See Figure 7-10;  Table 7-19 1, 2, 3, 4
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Not es:
1. The Therm al Profile is representat ive of a volum et r ically const rained plat form . Please refer to Table 7-19 for 

discrete points that  const itute the therm al profile.
2. I m plem entat ion of the nom inal and short- term  Therm al Profiles should result  in virtually no TCC act ivat ion. 

Ut ilizat ion of therm al solut ions that  do not  m eet  the Therm al Profile will result  in increased probability of 
TCC act ivat ion and m ay incur m easurable perform ance loss.

3. The Nom inal Therm al Profile m ust  be used for all norm al operat ing condit ions, or for products that  do not  
require NEBS Level 3 com pliance.

4. The Short-Term  Therm al Profile m ay only be used for short- term  excursions to higher am bient  operat ing 
tem peratures, not  to exceed 96 hours per instance, 360 hours per year, and a m axim um  of 15 instances 
per year, as com pliant  with NEBS Level 3. Operat ion at  the Short-Term  Therm al Profile for durat ions 
exceeding 360 hours per year violate the processor therm al specificat ions and m ay result  in perm anent  
dam age to the processor.

5. Refer to the I ntel®  Xeon®  Processor 5500/ 5600 Series Therm al/ Mechanical Design Guidelines for system  
and environm ental im plem entat ion details.

Figu r e 7 - 1 0 . LV- 4 0 W  Pr ocesso r  Du al  Th er m al  Pr o f i le

Tab le 7 - 1 9 . LV- 4 0 W  Pr ocesso r  Du al  Th er m al  Pr o f i le

Pow er  ( W ) Nom in al  TCASE_ MAX ( C) Sh or t - t er m  TCASE_ MAX ( C)

0 50 65

5 53 68

10 56 71

15 58 73

20 61 76

25 64 79

30 67 82

35 69 84

40 72 87
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7 .1 .2 Th er m al  Met r o log y

The m inim um and m axim um  case tem peratures (TCASE)  are specified in 

Table 7-1,Table 7-4, Table 7-9. Table 7-12, Table 7-14, Table 7-16 and Table 7-18 and 

are measured at  the geometr ic top center of the processor integrated heat  spreader 

( I HS) . Figure 7-11 illust rates the locat ion where TCASE temperature measurements 

should be made. For detailed guidelines on temperature measurement  methodology, 

refer to the I ntel®  Xeon®  Processor 5500/ 5600 Series Thermal/ Mechanical Design 

Guidelines.

Not es:
1. Figure is not  to scale and is for reference only.
2. B1:  Max =  45.07 m m , Min =  44.93 m m .
3. B2:  Max =  42.57 m m , Min =  42.43 m m .
4. C1:  Max =  39.1 m m , Min =  38.9 m m .
5. C2:  Max =  36.6 m m , Min =  36.4 m m .
6. C3:  Max =  2.3 m m , Min =  2.2 m m
7. C4:  Max =  2.3 m m , Min =  2.2 m m .

7 .2 Pr ocesso r  Th er m al  Feat u r es

7 .2 .1 Pr ocesso r  Tem p er at u r e

A new feature in the I ntel Xeon processor 5600 series is a software readable field in the 

I A32_TEMPERATURE_TARGET register that  contains the m inimum temperature at  

which the TCC will be act ivated and PROCHOT#  will be asserted. The TCC act ivat ion 

Fig u r e 7 - 1 1 . Case Tem p er at u r e ( TCASE)  Measu r em en t  Locat ion
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tem perature is calibrated on a part-by-part  basis and norm al factory variat ion m ay 

result  in the actual TCC act ivat ion temperature being higher than the value listed in the 

register. TCC act ivat ion tem peratures m ay change based on processor stepping, 

frequency or manufacturing efficiencies.

NOTE:  There is no specified correlat ion between DTS temperatures and processor case 

tem peratures;  therefore it  is not  possible to use this feature to ensure the processor 

case temperature meets the Thermal Profile specificat ions.

7 .2 .2 Adap t iv e Th er m al  Mon i t o r

The Adapt ive Therm al Monitor feature provides an enhanced m ethod for cont rolling the 

processor temperature when the processor silicon reaches its maximum operat ing 

tem perature. Adapt ive Thermal Monitor uses Therm al Cont rol Circuit  (TCC)  act ivat ion 

to reduce processor power via a com binat ion of m ethods. The first  m ethod 

(Frequency/ VI D cont rol)  involves the processor adjust ing its operat ing frequency (via 

the core rat io m ult iplier)  and input  voltage (via the VI D signals) . This com binat ion of 

reduced frequency and VI D results in a reduct ion to the processor power consum pt ion. 

The second m ethod (clock m odulat ion)  reduces power consum pt ion by m odulat ing 

(start ing and stopping)  the internal processor core clocks. The processor intelligent ly 

selects the appropriate TCC m ethod to use on a dynam ic basis. BI OS is not  required to 

select  a specific m ethod (as with previous-generat ion processors support ing TM1 or 

TM2) . 

Th e Ad ap t iv e Th er m al  Mon i t o r  f eat u r e m u st  b e en ab led  f o r  t h e p r ocesso r  t o  b e 

op er at in g  w i t h in  sp eci f i cat ion s. The temperature at  which Adapt ive Therm al 

Monitor act ivates the Therm al Cont rol Circuit  is not  user configurable and is not  

software visible. Snooping and interrupt  processing are performed in the normal 

manner while the TCC is act ive.

With a properly designed and characterized therm al solut ion, it  is ant icipated that  the 

TCC would only be act ivated for very short  periods of t ime when running the m ost  

power intensive applicat ions. The processor performance impact  due to these brief 

periods of TCC act ivat ion is expected to be so m inor that  it  would be imm easurable. An 

under-designed therm al solut ion that  is not  able to prevent  excessive act ivat ion of the 

TCC in the ant icipated ambient  environment  m ay cause a not iceable perform ance loss, 

and in som e cases m ay result  in a TC that  exceeds the specified m axim um  tem perature 

which m ay affect  the long- term  reliability of the processor. I n addit ion, a therm al 

solut ion that  is significant ly under-designed may not  be capable of cooling the 

processor even when the TCC is act ive cont inuously. Refer to the I ntel®  Xeon®  

Processor 5500/ 5600 Series Thermal/ Mechanical Design Guidelines for inform at ion on 

designing a com pliant  therm al solut ion.

The duty cycle for the TCC, when act ivated by the Therm al Monitor, is factory 

configured and cannot  be modified. The Therm al Monitor does not  require any 

addit ional hardware, software drivers, or interrupt  handling rout ines.

7 .2 .2 .1 Fr eq u en cy / VI D Con t r o l

The processor uses Frequency/ VI D cont rol whereby TCC act ivat ion causes the 

processor to adjust  its operat ing frequency (via the core rat io m ult iplier)  and input  

voltage (via the VI D signals) . This com binat ion of reduced frequency and VI D results in 

a reduct ion to the processor power consum pt ion.

This m ethod includes m ult iple operat ing points, each consist ing of a specific operat ing 

frequency and voltage. The first  operat ing point  represents the normal operat ing 

condit ion for the processor. The rem aining points consist  of both lower operat ing 
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frequencies and voltages. When the TCC is act ivated, the processor autom at ically 

t ransit ions to the new operat ing frequency. This t ransit ion occurs very rapidly (on the 

order of 2 µs) .

Once the new operat ing frequency is engaged, the processor will t ransit ion to the new 

core operat ing voltage by issuing a new VI D code to the voltage regulator. The voltage 

regulator m ust  support  dynam ic VI D steps to support  this m ethod. During the voltage 

change, it  will be necessary to t ransit ion through m ult iple VI D codes to reach the target  

operat ing voltage. Each step will be one VI D table ent ry (see Table 2-2) . The processor 

cont inues to execute inst ruct ions during the voltage t ransit ion. Operat ion at  the lower 

voltages reduces the power consum pt ion of the processor.

A small amount  of hysteresis has been included to prevent  rapid act ive/ inact ive 

t ransit ions of the TCC when the processor tem perature is near its m axim um  operat ing 

tem perature. Once the tem perature has dropped below the m axim um  operat ing 

temperature, and the hysteresis t imer has expired, the operat ing frequency and 

voltage t ransit ion back to the normal system operat ing point  via the intermediate 

VI D/ frequency points. Transit ion of the VI D code will occur first , to insure proper 

operat ion once the processor reaches its norm al operat ing frequency. Refer to 

Figure 7-12 for an illust rat ion of this ordering.

7 .2 .2 .2 Clock  Mod u la t ion

Clock m odulat ion is performed by alternately turning the clocks off and on at  a duty 

cycle specific to the processor ( factory configured to 37.5%  on and 62.5%  off for TM1) . 

The period of the duty cycle is configured to 32 m icroseconds when the TCC is act ive. 

Cycle t im es are independent  of processor frequency. A sm all am ount  of hysteresis has 

been included to prevent  rapid act ive/ inact ive t ransit ions of the TCC when the 

processor temperature is near its maxim um operat ing tem perature. Once the 

temperature has dropped below the maximum operat ing temperature, and the 

hysteresis t imer has expired, the TCC goes inact ive and clock m odulat ion ceases. Clock 

Fig u r e 7 - 1 2 . Fr eq u en cy  an d  Vo l t ag e Or d er in g
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modulat ion is automat ically engaged as part  of the TCC act ivat ion when the 

Frequency/ VI D targets are at  their m inim um  set t ings. I t  m ay also be init iated by 

software at  a configurable duty cycle.

7 .2 .3 On - Dem an d  Mode

The processor provides an auxiliary m echanism  that  allows system software to force 

the processor to reduce its power consum pt ion. This m echanism  is referred to as “On-

Dem and”  m ode and is dist inct  from the Adapt ive Thermal Monitor feature. On-Demand 

mode is intended as a means to reduce system level power consumpt ion. Systems 

must  not  rely on software usage of this m echanism  to lim it  the processor tem perature. 

I f bit  4 of the I A32_CLOCK_MODULATI ON MSR is set  to a ‘1’,  the processor will 

immediately reduce its power consumpt ion via modulat ion (start ing and stopping)  of 

the internal core clock, independent  of the processor temperature. When using On-

Dem and m ode, the duty cycle of the clock m odulat ion is program m able via bits 3: 1 of 

the sam e I A32_CLOCK_MODULATI ON MSR. I n On-Demand mode, the duty cycle can 

be programmed from  12.5%  on/  87.5%  off to 87.5%  on/ 12.5%  off in 12.5%  

increments. On-Demand mode may be used in conjunct ion with the Adapt ive Thermal 

Monitor;  however, if the system  t r ies to enable On-Dem and m ode at  the sam e t im e the 

TCC is engaged, the factory configured duty cycle of the TCC will overr ide the duty 

cycle selected by the On-Dem and m ode.

7 .2 .4 PROCHOT#  Sig n al

An external signal, PROCHOT#  (processor hot ) , is asserted when the processor core 

tem perature has reached its m aximum  operat ing tem perature. I f Adapt ive Therm al 

Monitor is enabled (note it  must  be enabled for the processor to be operat ing within 

specificat ion) , the TCC will be act ive when PROCHOT#  is asserted. The processor can 

be configured to generate an interrupt upon the assert ion or de-assert ion of 

PROCHOT# .

The PROCHOT#  signal is bi-direct ional in that  it  can either signal when the processor 

(any core)  has reached its m aximum  operat ing tem perature or be driven from  an 

external source to act ivate the TCC. The ability to act ivate the TCC via PROCHOT#  can 

provide a m eans for therm al protect ion of system com ponents. 

As an output , PROCHOT#  will go act ive when the processor temperature monitor ing 

sensor detects that  one or m ore cores 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. As an input , assert ion of PROCHOT#  by the system will act ivate 

the TCC, if enabled, for all cores. TCC act ivat ion due to PROCHOT#  assert ion by the 

system will result  in the processor immediately t ransit ioning to the m inimum frequency 

and corresponding voltage (using Freq/ VI D cont rol) . Clock m odulat ion is not  act ivated 

in this case. The TCC will rem ain act ive unt il the system de-asserts PROCHOT# .

PROCHOT#  can allow voltage regulator (VR)  therm al designs to target  m axim um  

sustained current  instead of maximum current . Systems should st ill provide proper 

cooling for the VR, and rely on PROCHOT#  only as a backup in case of system cooling 

failure. The system  therm al design should allow the power delivery circuit ry to operate 

within its temperature specificat ion even while the processor is operat ing at  its Thermal 

Design Power. 
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With a properly designed and characterized thermal solut ion, it  is ant icipated that  

PROCHOT#  will only be asserted for very short  periods of t im e when running the m ost  

power intensive applicat ions. An under-designed therm al solut ion that  is not  able to 

prevent  excessive assert ion of PROCHOT#  in the ant icipated am bient  environm ent  m ay 

cause a not iceable perform ance loss. 

7 .2 .5 THERMTRI P#  Sig n al

Regardless of whether Adapt ive Therm al Monitor is enabled, in the event  of a 

catast rophic cooling failure, the processor will automat ically shut  down when the silicon 

has reached an elevated tem perature ( refer to the THERMTRI P#  definit ion in 

Table 6-1) . At  this point , the THERMTRI P#  signal will go act ive and stay act ive. 

THERMTRI P#  act ivat ion is independent  of processor act ivity and does not  generate any 

I ntel QuickPath I nterconnect  t ransact ions. I f THERMTRI P#  is asserted, processor VCC 

and VTT must  be rem oved within the t im efram e defined in Table 2-26. The temperature 

at  which THERMTRI P#  asserts is not  user configurable and is not  software visible.

7 .3 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 Plat form  Environm ent  Cont rol I nterface (PECI )  uses a single wire for self-clocking 

and data t ransfer. The bus requires no addit ional cont rol lines. The physical layer is a 

self-clocked one-wire bus that  begins each bit  with a dr iven, r ising edge from  an idle 

level near zero volts. The durat ion of the signal dr iven high depends on whether the bit  

value is a logic ‘0’ or logic ‘1’. PECI  also includes variable data t ransfer rate established 

with every m essage. I n this way, it  is highly flexible even though underlying logic is 

simple. 

The interface design was opt im ized for interfacing to I ntel processor and chipset  

com ponents in both single processor and m ult iple processor environm ents.   The single 

wire interface provides low board rout ing overhead for the mult iple load connect ions in 

the congested rout ing area near the processor and chipset  com ponents.   Bus speed, 

error checking, and low protocol overhead provides adequate link bandwidth and 

reliability to t ransfer cr it ical device operat ing condit ions and configurat ion inform at ion. 

The PECI  bus offers:

• A wide speed range from  2 kbps to 2 Mbps

• CRC check byte used to efficient ly and atom ically confirm  accurate data delivery

• Synchronizat ion at  the beginning of every message m inim izes device t im ing 

accuracy requirements

I ntel recommends PECI  host  device speeds of 1.2 Mbps or lower for plat forms using the 

I ntel Xeon processor 5600 series. PECI  host  devices operat ing at  speeds greater than 

1.2 Mbps may get  a CPU “Timeout ”  error response to the PCI -ConfigRd( )  and 

PCI CconfigWr( )  PECI  com m ands. This is expected to happen only during the deepest  

idle states on I ntel Xeon processor 5600 series. I f higher bit  rates are required, 

plat forms must  be tolerant  of “Timeout ”  com plet ion codes during the deepest  processor 

package C-states. Please note that  processors always request  a 2 Mbps bit  rate, and 
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will accept  lower bit  rates from  a host  according to t im ing negot iat ion specificat ions. 

What  follows is a processor-specific PECI  client  definit ion. PECI  com m ands listed in 

Table 7-20 apply to I ntel Xeon processor 5600 series only.

Not e:
1. Refer to Table 7-25 for a sum m ary of m ailbox com m ands supported by the I ntel Xeon processor 5600 

series.

7 .3 .1 PECI  Cl ien t  Cap ab i l i t ies

I ntel Xeon processor 5600 series act ing as PECI  clients support  the following sideband 

funct ions:

• Processor and DRAM thermal management

• Plat form  m anageability funct ions including therm al, power and elect r ical error 

monitor ing

• Processor interface tuning and diagnost ics capabilit ies ( I ntel®  I BI ST) .

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

Processor fan speed cont rol is managed by comparing PECI  thermal readings against  

the processor-specific fan speed cont rol reference point , or TCONTROL.  Both TCONTROL 

and PECI  therm al readings are accessible via the processor PECI  client . These variables 

are referenced to a comm on tem perature, the TCC act ivat ion point , and are both 

defined as negat ive offsets from  that  reference.

PECI -based access to DRAM thermal readings and throt t ling cont rol coefficients provide 

a m eans for Board Managem ent  Cont rollers (BMCs)  or other plat form  m anagem ent  

devices to feed hints into on-die m em ory cont roller throt t ling algorithms. These cont rol 

coefficients are accessible using PCI  configurat ion space writes via PECI . The PECI -

based configurat ion write funct ionality is defined in Sect ion 7.3.2.5, and the DRAM 

throt t ling coefficient  cont rol funct ions are docum ented in the I ntel®  Xeon®  Processor 

5600 Series Datasheet , Volume 2.

7 .3 .1 .2 Pla t f o r m  Man ag eab i l i t y

PECI  allows full read access to error and status m onitor ing registers within the 

processor ’s PCI  configurat ion space. I t  also provides insight  into therm al m onitor ing 

funct ions such as TCC act ivat ion t im ers and therm al error logs.

The exact  list  of RAS-related registers in the PCI  configurat ion space can be found in 

the I ntel®  Xeon®  Processor 5600 Series Datasheet , Volume 2.

Tab le 7 - 2 0 . Su m m ar y  o f  Pr ocesso r - Sp eci f i c PECI  Com m an d s

Co m m an d I n t e l®  Xeon ®  Pr ocesso r  5 6 0 0  Ser ies Su p p o r t

Ping( ) Yes

GetDI B( ) Yes

GetTem p() Yes

PCI ConfigRd( ) Yes

PCI ConfigWr( ) Yes

MbxSend( )  1 Yes

MbxGet ( )  1 Yes
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7 .3 .1 .3 Pr ocesso r  I n t er f ace Tu n in g  an d  Diag n ost i cs

I ntel Xeon processor 5600 series I ntel I BI ST allows for in- field diagnost ic capabilit ies in 

I ntel QuickPath I nterconnect  and m em ory controller interfaces. PECI  provides a port  

to execute these diagnost ics via its PCI  Configurat ion read and write capabilit ies.

7 .3 .2 Cl ien t  Com m an d  Su i t e

7 .3 .2 .1 Pin g ( )  

Ping( )  is a required message for all PECI  devices. This message is used to enumerate 

devices or determ ine if a device has been removed, been powered-off,  etc. A Ping( )  

sent  to a device address always returns a non-zero Write FCS if the device at  the 

targeted address is able to respond. 

7 .3 .2 .1 .1 Com m an d  For m at

The Ping( )  form at  is as follows:

W r i t e Len g t h :  0

Read  Len g t h :  0

An example Ping( )  command to PECI  device address 0x30 is shown below.

7 .3 .2 .2 Get DI B( )

The processor PECI  client  implementat ion of GetDI B( )  includes an 8-byte response and 

provides inform at ion regarding client  revision num ber and the number of supported 

domains. All processor PECI  clients support  the GetDI B( )  comm and.

7 .3 .2 .2 .1 Com m an d  For m at

The GetDI B( )  form at  is as follows:

W r i t e Len g t h :  1

Read  Len g t h :  8

Com m an d :  0xf7

Fig u r e 7 - 1 3 . Pin g ( )

Byte #

Byte 

Definit ion

0

Client  Address

1

Write Length

0x00

2

Read Length

0x00

3

FCS

Fig u r e 7 - 1 4 . Pin g ( )  Ex am p le

Byte #

Byte 

Definit ion

0

0x30

1

0x00

2

0x00

3

0xe1
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7 .3 .2 .2 .2 Dev ice I n f o

The Device I nfo byte gives details regarding the PECI  client  configurat ion. At  a 

m inim um , all clients support ing GetDI B will return the number of domains inside the 

package via this field. With any client , at  least  one domain (Domain 0)  m ust  exist . 

Therefore, the Number of Domains reported is defined as the number of dom ains in 

addit ion to Domain 0. For example, if the number 0b1 is returned, that  would indicate 

that  the PECI  client  supports two dom ains.

7 .3 .2 .2 .3 Rev ision  Nu m ber

All clients that  support  the GetDI B com mand also support  Revision Num ber report ing. 

The revision number may be used by a host  or or iginator to m anage different  com mand 

suites or response codes from  the client . Revision Num ber is always reported in the 

second byte of the GetDI B( )  response. The Revision Num ber always m aps to the 

revision number of this docum ent .

For a client  that  is designed to meet  the PECI  Specificat ion, it  returns ‘0010 0000b’.

Figu r e 7 - 1 5 . Get DI B( )

Byte #

Byte 

Definit ion

0

Client  Address

1

Write Length
0x01

2

Read Length
0x08

4

FCS

3

Cm d Code
0xf7

5

Device I nfo

6

Revision 
Num ber

7

Reserved

8

Reserved

9

Reserved

10

Reserved

11

Reserved

12

Reserved

13

FCS

Figu r e 7 - 1 6 . Dev ice I n f o  Fie ld  Def in i t ion

Reserved

#  of Domains

Reserved

7 6 5 4 3 2 1 0

Figu r e 7 - 1 7 . Rev ision  Nu m ber  Def in i t ion

0347

Major Revision#
Minor Revision#
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7 .3 .2 .3 Get Tem p ( )  

The GetTem p()  com mand is used to ret r ieve the temperature from  a target  PECI  

address. The temperature is used by the external thermal m anagem ent  system  to 

regulate the tem perature on the die. The data is returned as a negat ive value 

represent ing the number of degrees cent igrade below the Thermal Cont rol Circuit  

Act ivat ion tem perature of the PECI  device. Note that  a value of zero represents the 

tem perature at  which the Therm al Cont rol Circuit  act ivates. The actual value that  the 

thermal management  system uses as a cont rol set  point  (Tcont rol)  is also defined as a 

negat ive num ber below the Thermal Cont rol Circuit  Act ivat ion tem perature. TCONTROL 

may be ext racted from  the processor by issuing a PECI  Mailbox MbxGet( )  (see 

Sect ion 7.3.2.8) , or using a RDMSR inst ruct ion.

Please refer to Sect ion 7.3.6 for details regarding tem perature data format t ing.

7 .3 .2 .3 .1 Com m an d  For m at

The GetTem p()  format  is as follows:

W r i t e Len g t h :  1

Read  Len g t h :  2

Com m an d :  0x01

Mu l t i - Dom ain  Su p p o r t :  Yes (see Table 7-32)

Descr ip t ion :  Returns the current  tem perature for addressed processor PECI  client .

Example bus t ransact ion for a thermal sensor device located at  address 0x30 returning 

a value of negat ive 10°  C:

7 .3 .2 .3 .2 Su p p or t ed  Resp on ses

The typical client  response is a passing FCS and good therm al data. Under som e 

condit ions, the client ’s response will indicate a failure.

Fig u r e 7 - 1 8 . Get Tem p( )

Byte #

Byte 

Definit ion

0

Client  Address

1

Write Length
0x01

2

Read Length
0x02

4

FCS

5

Tem p[ 7: 0]

6

Tem p[ 15: 8]

7

FCS

3

Cm d Code
0x01

Fig u r e 7 - 1 9 . Get Tem p( )  Ex am p le

Byte #

Byte 
Definit ion

0

0x30

1

0x01

2

0x02

4

0xef

5

0x80

6

0xfd

7

0x4b

3

0x01
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7 .3 .2 .4 PCI Con f ig Rd ( )

The PCI ConfigRd( )  command gives sideband read access to the ent ire PCI  configurat ion 

space m aintained in the processor. This capability does not  include support  for route-

through to downst ream  devices or sibling processors. The exact  list ing of supported 

devices, funct ions, and registers can be found in the I ntel®  Xeon®  Processor 5600 

Series Datasheet , Volum e 2.  PECI  or iginators m ay conduct  a device/ funct ion/ register 

enumerat ion sweep of this space by issuing reads in the sam e m anner that  BI OS 

would. A response of all 1’s indicates that  the device/ funct ion/ register is 

unim plemented.

PCI  configurat ion addresses are const ructed as shown in the following diagram . Under 

normal in-band procedures, the Bus number ( including any reserved bits)  would be 

used to direct  a read or write to the proper device. Since there is a one- to-one mapping 

between any given client  address and the bus number, any request  made with a non-

zero Bus num ber is ignored and the client  will respond with a ‘pass’ complet ion code 

but  all 0’s in the data. The only legal bus number is 0x00. The client  will return all 1’s in 

the data response and ‘pass’ for the complet ion code for all of the following condit ions:

• Unim plem ented Device

• Unim plem ented Funct ion

• Unim plem ented Register

PCI  configurat ion reads m ay be issued in byte, word, or dword granularit ies.

7 .3 .2 .4 .1 Com m an d  Fo r m at

The PCI ConfigRd( )  form at  is as follows:

W r i t e  Len g t h :  5

Read  Len g t h :  2 (byte data) , 3 (word data) , 5 (dword data)

Com m an d :  0xc1

Mu l t i - Dom ain  Su p p or t :  Yes (see Table 7-32)

Descr ip t ion :  Returns the data maintained in the PCI  configurat ion space at  the PCI  

configurat ion address sent . The Read Length dictates the desired data return size. This 

com m and supports byte, word, and dword responses as well as a com plet ion code. All 

Tab le 7 - 2 1 . Get Tem p ( )  Resp on se Def in i t ion

Resp on se Mean in g

General Sensor Error (GSE) Therm al scan did not  com plete in t im e. Ret ry is appropriate.

0x0000 Processor is running at  it s m axim um  tem perature or is current ly being reset .

All other data Valid tem perature reading, reported as a negat ive offset  from  the TCC 
act ivat ion tem perature.

Figu r e 7 - 2 0 . PCI  Con f ig u r at ion  Add r ess

31

Reserved

2728 20 19 15 1114 12 0

Bus Device Funct ion Register
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command responses are prepended with a complet ion code that  includes addit ional 

pass/ fail status inform at ion. Refer to Sect ion 7.3.4.2 for details regarding com plet ion 

codes.

Note that  the 4-byte PCI  configurat ion address defined above is sent  in standard PECI  

ordering with LSB first  and MSB last .

7 .3 .2 .4 .2 Su p p or t ed  Resp on ses

The typical client  response is a passing FCS, a passing Com plet ion Code (CC)  and valid 

Data. Under some condit ions, the client ’s response will indicate a failure.

7 .3 .2 .5 PCI Con f ig W r ( )

The PCI ConfigWr( )  com m and gives sideband write access to the PCI  configurat ion 

space maintained in the processor. The exact  list ing of supported devices, funct ions is 

defined below in Table 7-23. PECI  or iginators m ay conduct  a device/ funct ion/ register 

enum erat ion sweep of this space by issuing reads in the sam e m anner that  BI OS 

would.

Fig u r e 7 - 2 1 . PCI Con f igRd ( )

Byte #

Byte 
Definit ion

0

Client  Address

1

Write Length
0x05

2

Read Length
{ 0x02,0x03,0x05}

8

FCS

3

Cm d Code
0xc1

9

Com plet ion
Code

10

Data 0 ...

8+ RL

Data N

9+ RL

FCS

4 5 6 7

LSB MSBPCI  Configurat ion Address

Tab le 7 - 2 2 . PCI Con f igRd ( )  Respon se Def in i t ion

Resp on se Mean in g

Abort  FCS I llegal com m and form at t ing (m ism atched RL/ WL/ Com m and Code)

CC:  0x40 Com m and passed, data is valid

CC:  0x80 Error causing a response t im eout . Either due to a rare, internal t im ing condit ion or a 
processor RESET or processor S1 state. Retry is appropr iate outside of the RESET or 
S1 states.

Tab le 7 - 2 3 . PCI Con f igW r ( )  Dev ice/ Fu n ct ion  Su p por t  ( Sh eet  1  o f  2 )

W r i t ab le

Descr ip t ion

Dev ice Fu n ct ion

2 1 I ntel®  QuickPath I nterconnect  Link 0 I ntel I BI ST

2 5 I ntel®  QuickPath I nterconnect  Link 1 I ntel I BI ST

3 4 Mem ory Cont roller I ntel I BI ST1
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Not e:
1. Current ly not  available for access through the PECI  PCI ConfigWr( )  com m and.

PCI  configurat ion addresses are const ructed as shown in Figure 7-20, and this 

com m and is subject  to the sam e address configurat ion rules as defined in 

Sect ion 7.3.2.4. PCI  configurat ion reads m ay be issued in byte, word, or dword 

granularit ies.

Because a PCI ConfigWr( )  results in an update to potent ially cr it ical registers inside the 

processor, it  includes an Assured Write FCS (AW FCS)  byte as part  of the write data 

payload. I n the event  that  the AW FCS m ism atches with the client-calculated FCS, the 

client  will abort  the write and will always respond with a bad Write FCS.

7 .3 .2 .5 .1 Com m an d  Fo r m at

The PCI ConfigWr( )  form at  is as follows:

W r i t e  Len g t h :  7 (byte) , 8 (word) , 10 (dword)

Read  Len g t h :  1

Com m an d :  0xc5

Mu l t i - Dom ain  Su p p or t :  Yes (see Table 7-32)

Descr ip t ion :  Writes the data sent  to the requested register address. Write Length 

dictates the desired write granularity. The com m and always returns a com plet ion code 

indicat ing the pass/ fail status inform at ion. Write commands issued to illegal (non-zero)  

Bus Numbers, or unimplem ented Device /  Funct ion /  Register addresses are ignored 

but  return a passing complet ion code. Refer to Sect ion 7.3.4.2 for details regarding 

com plet ion codes.

4 3 Mem ory Cont roller Channel 0 Therm al Cont rol /  Status

5 3 Mem ory Cont roller Channel 1 Therm al Cont rol /  Status

6 3 Mem ory Cont roller Channel 2 Therm al Cont rol /  Status

Tab le 7 - 2 3 . PCI Con f ig W r ( )  Dev ice/ Fu n ct ion  Su p p or t  ( Sh eet  2  o f  2 )

W r i t ab le

Descr ip t ion

Dev ice Fu n ct ion
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Note that  the 4-byte PCI  configurat ion address and data defined above are sent  in 

standard PECI  ordering with LSB first  and MSB last .

7 .3 .2 .5 .2 Su p p or t ed  Resp on ses

The typical client  response is a passing FCS, a passing Complet ion Code and valid Data. 

Under som e condit ions, the client ’s response will indicate a failure.

7 .3 .2 .6 Mai lb ox

The PECI  m ailbox ( “Mbx” )  is a generic interface to access a wide variety of internal 

processor states. A Mailbox request  consists of sending a 1-byte request  type and 

4-byte data to the processor, followed by a 4-byte read of the response data. The 

following sect ions describe the Mailbox capabilit ies as well as the usage sem ant ics for 

the MbxSend and MbxGet  commands which are used to send and receive data.

Fig u r e 7 - 2 2 . PCI Con f igW r ( )

Byte #

Byte 
Definit ion

0

Client  Address

1

Write Length
{ 0x07,0x08,0x10}

2

Read Length
0x01

WL+ 1

FCS

3

Cm d Code
0xc5

WL+ 2

Com plet ion
Code

WL+ 3

FCS

4 5 6 7

LSB MSBPCI  Configurat ion Address

8 WL-1

LSB MSBData (1, 2 or 4 bytes)

WL

AW FCS

Tab le 7 - 2 4 . PCI Con f igW r ( )  Resp on se Def in i t ion

Resp on se Mean in g

Bad FCS Elect r ical error or AW FCS failure

Abort  FCS I llegal com m and form at t ing (m ism atched RL/ WL/ Com m and Code)  

CC:  0x40 Com m and passed, data is valid

CC:  0x80 Error causing a response t im eout . Either due to a rare, internal t im ing condit ion or a 
processor RESET condit ion or processor S1 state. Ret ry is appropriate outside of the RESET 
or S1 states.
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7 .3 .2 .6 .1 Cap ab i l i t ies

Any MbxSend request  with a request  type not  defined in Table 7-25 will result  in a 

failing com plet ion code.

7 .3 .2 .6 .2 Pin g

The Mailbox interface may be checked by issuing a Mailbox ‘Ping’ com m and. I f the 

com m and returns a passing com plet ion code, it  is funct ional. Under norm al operat ing 

condit ions, the Mailbox Ping com m and should always pass.

7 .3 .2 .6 .3 Th er m al  St at u s Read  /  Clear

The Therm al Status Read provides inform at ion on package level therm al status. Data 

includes:

• The status of TCC act ivat ion

• Bidirect ional PROCHOT#  assert ion

• Crit ical Temperature

Tab le 7 - 2 5 . Mai lb ox  Com m an d  Su m m ar y

Co m m an d
Nam e

Req u est
Ty p e Cod e

( b y t e)

Mb x Sen d
Dat a

( d w or d )

Mb x Get
Dat a

( d w or d )
Descr ip t io n

Ping 0x00 0x00 0x00 Verify the operability /  existence of the Mailbox.

Therm al Status
Read/ Clear

0x01 Log bit  clear 
m ask

Therm al
Status Register

Read the therm al status register and opt ionally clear any 
log bits. The therm al status has status and log bits 
indicat ing the state of processor TCC act ivat ion, external 
PROCHOT#  assert ion, and Crit ical Tem perature threshold 
crossings.

Counter 
Snapshot

0x03 0x00 0x00 Snapshots all PECI -based counters

Counter Clear 0x04 0x00 0x00 Concurrent ly clear and restart  all counters.

Counter Read 0x05 Counter 
Num ber

Counter Data Returns the counter num ber requested.

0:  Total reference t im e

1:  Total TCC Act ivat ion t im e counter

I cc-TDC Read 0x06 0x00 I cc-TDC Returns the specified I cc-TDC of this part ,  in Am ps.

Therm al Config 
Data Read

0x07 0x00 Therm al config 
data

Reads the therm al averaging constant .

Therm al Config 
Data Write

0x08 Therm al 
Config Data

0x00 Writes the therm al averaging constant .

Tcont rol Read 0x09 0x00 Tcont rol Reads the fan speed cont rol reference tem perature, 
Tcont rol, in PECI  tem perature form at .

Machine Check 
Read

0x0A Bank Num ber 
/  I ndex

Register Data Read processor Machine Check Banks.

T-State 
Throt t ling 
Control Read

0x0B 0x00 ACPI  T-state 
Control Word

Reads the PECI  ACPI  T-state throt t ling cont rol word.

T-State 
Throt t ling 
Control Write

0x0C ACPI  T-state 
Control Word

0x00 Writes the PECI  ACPI  T-state throt t ling cont rol word.

Read Energy 
Accum ulator

0x0F 0x00 Energy Data Reads processor energy accum ulator
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These status bits are a subset  of the bits defined in the I A32_THERM_STATUS MSR on 

the processor, and m ore details on the m eaning of these bits m ay be found in the 

I ntel 64 and I A-32 Architectures Software Developer’s Manual,  Vol 3B.

Both status and st icky log bits are m anaged in this status word. All st icky log bits are 

set  upon a r ising edge of the associated status bit ,  and the log bits are cleared only by 

Thermal Status reads or a processor reset . A read of the Therm al Status Word always 

includes a log bit  clear m ask that  allows the host  to clear any or all log bits that  it  is 

interested in t racking.

A bit  set  to 0b0 in the log bit  clear m ask will result  in clearing the associated log bit . I f 

a m ask bit  is set  to 0b0 and that  bit  is not  a legal m ask, a failing com plet ion code will 

be returned. A bit  set  to 0b1 is ignored and results in no change to any st icky log bits. 

For exam ple, to clear the TCC Act ivat ion Log bit  and retain all other log bits, the 

Thermal Status Read should send a mask of 0xFFFFFFFD.

7 .3 .2 .6 .4 Cou n t er  Sn ap sh o t  /  Read  /  Clear

A reference t im e and ‘Therm ally Const rained’ t ime are managed in the processor. These 

two counters are managed via the Mailbox. These counters are valuable for detect ing 

thermal runaway condit ions where the TCC act ivat ion duty cycle reaches excessive 

levels.

The counters m ay be sim ultaneously snapshot , sim ultaneously cleared, or 

independent ly read. Each counter is 32-bits wide.

Fig u r e 7 - 2 3 . Th er m al  St at u s W or d

Crit ical Temperature Log

 Cr i t i ca l  Tem p er at u r e St at u s

Bidirect ional PROCHOT#  Log

Bid i r ect ion a l  PROCHOT#  
St at u s

TCC Act ivat ion Log

TCC Act iv at ion  St at u s 

3
1 6 5 4 3 2 1 0

Reserved

Tab le 7 - 2 6 . Cou n t er  Def in i t ion

Co u n t er  Nam e
Cou n t er
Nu m b er

Def in i t i on

Total Tim e 0x00 Counts the total t im e the processor has been execut ing with a 
resolut ion of approxim ately 1m s. This counter wraps at  32 bits.

Therm ally Const rained Tim e 0x01 Counts the total t im e the processor has been operat ing at  a 
lowered perform ance due to TCC act ivat ion. This t im er includes 
the t im e required to ram p back up to the original P-state target  
after TCC act ivat ion expires. This t im er does not  include TCC 
act ivat ion t im e as a result  of an external assert ion of 
PROCHOT# .
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7 .3 .2 .6 .5 I cc- TDC Read

I cc-TDC is the processor Thermal Design Current  specificat ion. This data may be used 

to confirm  m atching I cc profiles of processors in DP configurat ions. I t  may also be used 

during the processor boot  sequence to verify processor com pat ibility with baseboard 

I cc delivery capabilit ies.

This com m and returns I cc-TDC in units of 1 Am p.

7 .3 .2 .6 .6 TCONTROL Read

TCONTROL is used for fan speed cont rol m anagem ent . The TCONTROL lim it  m ay be 

read over PECI  using this Mailbox funct ion. Unlike the in-band MSR interface, this 

TCONTROL value is already adjusted to be in the nat ive PECI  temperature format  of a 

2-byte, 2’s complement  number.

7 .3 .2 .6 .7 Th er m al  Dat a Con f ig  Read  /  W r i t e

The Therm al Data Configurat ion register allows the PECI  host  to cont rol the window 

over which thermal data is filtered. The default  window is 256 ms. The host  may 

configure this window by writ ing a Therm al Filter ing Constant  as a power of two. 

E.g., sending a value of 9 results in a filter ing window of 29 or 512 ms.

7 .3 .2 .6 .8 Mach in e Ch eck  Read

PECI  offers read access to all processor machine check banks. Bank num bers 2, 3, 4 

and 5 are all associated with cores and therefore the appropriate core select  m ust  be 

sent  along with the Machine Check Read request . For all other Machine Check banks, 

the Core Select  must  be set  to 0x0.

I t  is possible that  a fatal error m ay prevent  access to other m achine check banks. Host  

cont rollers m ay read Power Cont rol Unit  errors direct ly by issuing a PCI ConfigRd( )  

command of address 0x000000B0.

Figu r e 7 - 2 4 . Th er m al  Dat a Con f igu r at ion  Reg ist er

4 3 0

Therm al Filter Const

Reserved

3
1

Figu r e 7 - 2 5 . Mach in e Ch eck  Read  Mb x Sen d ( )  Dat a Fo r m at

Tab le 7 - 2 7 . Mach in e Ch eck  Ban k  Def in i t ion s ( Sh eet  1  o f  3 )

Ban k  Nu m b er Ban k  I n d ex Mean in g

0 0 MC0_CTL[ 31: 0]

0 1 MC0_CTL[ 63: 32]

0 2 MC0_STATUS[ 31: 0]

0 3 MC0_STATUS[ 63: 32]

Byte #

Data

0 1 2 3 4

Request  Type Data[ 31: 0]

0x0A Bank I ndex Bank Number ReservedCore Select
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0 4 MC0_ADDR[ 31: 0]

0 5 MC0_ADDR[ 63: 32]

0 6 MC0_MI SC[ 31: 0]

0 7 MC0_MI SC[ 63: 32]

1 0 MC1_CTL[ 31: 0]

1 1 MC1_CTL[ 63: 32]

1 2 MC1_STATUS[ 31: 0]

1 3 MC1_STATUS[ 63: 32]

1 4 MC1_ADDR[ 31: 0]

1 5 MC1_ADDR[ 63: 32]

1 6 MC1_MI SC[ 31: 0]

1 7 MC1_MI SC[ 63: 32]

2 0 MC2_CTL[ 31: 0]

2 1 MC2_CTL[ 63: 32]

2 2 MC2_STATUS[ 31: 0]

2 3 MC2_STATUS[ 63: 32]

2 4 MC2_ADDR[ 31: 0]

2 5 MC2_ADDR[ 63: 32]

2 6 MC2_MI SC[ 31: 0]

2 7 MC2_MI SC[ 63: 32]

3 0 MC3_CTL[ 31: 0]

3 1 MC3_CTL[ 63: 32]

3 2 MC3_STATUS[ 31: 0]

3 3 MC3_STATUS[ 63: 32]

3 4 MC3_ADDR[ 31: 0]

3 5 MC3_ADDR[ 63: 32]

3 6 MC3_MI SC[ 31: 0]

3 7 MC3_MI SC[ 63: 32]

4 0 MC4_CTL[ 31: 0]

4 1 MC4_CTL[ 63: 32]

4 2 MC4_STATUS[ 31: 0]

4 3 MC4_STATUS[ 63: 32]

4 4 MC4_ADDR[ 31: 0]

4 5 MC4_ADDR[ 63: 32]

4 6 MC4_MI SC[ 31: 0]

4 7 MC4_MI SC[ 63: 32]

5 0 MC5_CTL[ 31: 0]

5 1 MC5_CTL[ 63: 32]

5 2 MC5_STATUS[ 31: 0]

5 3 MC5_STATUS[ 63: 32]

5 4 MC5_ADDR[ 31: 0]

5 5 MC5_ADDR[ 63: 32]

Tab le 7 - 2 7 . Mach in e Ch eck  Ban k  Def in i t ion s ( Sh eet  2  o f  3 )

Ban k  Nu m b er Ban k  I n d ex Mean in g
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0 4 MC0_ADDR[ 31: 0]

0 5 MC0_ADDR[ 63: 32]

0 6 MC0_MI SC[ 31: 0]

0 7 MC0_MI SC[ 63: 32]

1 0 MC1_CTL[ 31: 0]

1 1 MC1_CTL[ 63: 32]

1 2 MC1_STATUS[ 31: 0]

1 3 MC1_STATUS[ 63: 32]

1 4 MC1_ADDR[ 31: 0]

1 5 MC1_ADDR[ 63: 32]

1 6 MC1_MI SC[ 31: 0]

1 7 MC1_MI SC[ 63: 32]

2 0 MC2_CTL[ 31: 0]

2 1 MC2_CTL[ 63: 32]

2 2 MC2_STATUS[ 31: 0]

2 3 MC2_STATUS[ 63: 32]

2 4 MC2_ADDR[ 31: 0]

2 5 MC2_ADDR[ 63: 32]

2 6 MC2_MI SC[ 31: 0]

2 7 MC2_MI SC[ 63: 32]

3 0 MC3_CTL[ 31: 0]

3 1 MC3_CTL[ 63: 32]

3 2 MC3_STATUS[ 31: 0]

3 3 MC3_STATUS[ 63: 32]

3 4 MC3_ADDR[ 31: 0]

3 5 MC3_ADDR[ 63: 32]

3 6 MC3_MI SC[ 31: 0]

3 7 MC3_MI SC[ 63: 32]

4 0 MC4_CTL[ 31: 0]

4 1 MC4_CTL[ 63: 32]

4 2 MC4_STATUS[ 31: 0]

4 3 MC4_STATUS[ 63: 32]

4 4 MC4_ADDR[ 31: 0]

4 5 MC4_ADDR[ 63: 32]

4 6 MC4_MI SC[ 31: 0]

4 7 MC4_MI SC[ 63: 32]

5 0 MC5_CTL[ 31: 0]

5 1 MC5_CTL[ 63: 32]

5 2 MC5_STATUS[ 31: 0]

5 3 MC5_STATUS[ 63: 32]

5 4 MC5_ADDR[ 31: 0]

5 5 MC5_ADDR[ 63: 32]

Tab le 7 - 2 7 . Mach in e Ch eck  Ban k  Def in i t ion s ( Sh eet  2  o f  3 )

Ban k  Nu m b er Ban k  I n d ex Mean in g
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7 .3 .2 .6 .9 T- st at e Th r o t t l i n g  Con t r o l  Read  /  W r i t e

PECI  offers the ability to enable and configure ACPI  T-state (core clock m odulat ion)  

throt t ling. ACPI  T-state throt t ling forces all CPU cores into duty cycle clock m odulat ion 

where the core toggles between C0 (clocks on)  and C1 (clocks off )  states at  the 

specified duty cycle. This throt t ling reduces CPU perform ance to the duty cycle 

specified and, m ore im portant ly, results in processor power reduct ion.

The processor supports software init iated T-state throt t ling and automat ic T-state 

throt t ling as part  of the internal Therm al Monitor response m echanism (upon TCC 

act ivat ion) . The PECI  T-state throt t ling cont rol register read/ write capability is 

managed only in the PECI  domain. I n-band software may not  manipulate or read the 

PECI  T-state cont rol set t ing. I n the event  that  m ult iple agents are request ing T-state 

throt t ling simultaneously, the CPU always gives prior ity to the lowest  power set t ing, or 

the numerically lowest  duty cycle.

The only supported duty cycle is 12.5%  (12.5%  clocks on, 87.5%  clocks off ) . I t  is 

expected that  T-state throt t ling will be engaged only under emergency thermal or 

power condit ions. Future products may support  more duty cycles, as defined in the 

following table:

Tab le 7 - 2 8 . ACPI  T- st a t e Du t y  Cy cle Def in i t i on

5 6 MC5_MI SC[ 31: 0]

5 7 MC3_MI SC[ 63: 32]

6 0 MC6_CTL[ 31: 0]

6 1 MC6_CTL[ 63: 32]

6 2 MC6_STATUS[ 31: 0]

6 3 MC6_STATUS[ 63: 32]

6 4 MC6_ADDR[ 31: 0]

6 5 MC6_ADDR[ 63: 32]

6 6 MC6_MI SC[ 31: 0]

6 7 MC6_MI SC[ 63: 32]

8 0 MC8_CTL[ 31: 0]

8 1 MC8_CTL[ 63: 32]

8 2 MC8_STATUS[ 31: 0]

8 3 MC8_STATUS[ 63: 32]

8 4 MC8_ADDR[ 31: 0]

8 5 MC8_ADDR[ 63: 32]

8 6 MC8_MI SC[ 31: 0]

8 7 MC8_MI SC[ 63: 32]

Tab le 7 - 2 7 . Mach in e Ch eck  Ban k  Def in i t ion s ( Sh eet  3  o f  3 )

Ban k  Nu m b er Ban k  I n d ex Mean in g

Du t y  Cy cle Cod e Def in i t i on

0x0 Undefined

0 x 1 1 2 .5 %  clock s on  /  8 7 .5 %  clock s o f f

0x2 25%  clocks on /  75%  clocks off

0x3 37.5%  clocks on /  62.5%  clocks off
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The T-state cont rol word is defined as follows:

7 .3 .2 .6 .1 0 En er g y  Accu m u lat o r  Read

I ntel Xeon processor 5600 series energy consumpt ion may be monitored with regular 

reads of the free running Energy Accum ulator. The Energy Accumulator reports 

processor energy consumed on the VCC, VTT, VCCPLL and VDD power rails in Joules in 

an unsigned, 32-bit  fixed point  binary format . The least-significant  16 bits report  the 

fract ional data and the most  significant  16 bits report  the integer data. Because the 

Energy Accum ulator is constant ly increm ent ing, the data is only relevant  as a delta 

between two subsequent  reads.

Overflow in the accumulator is infrequent , but  it  will occur constant ly during norm al 

execut ion. Therefore, the PECI  host  cont roller or firmware must  be designed such that  

it  can guarantee a polling rate sufficient  to prevent  aliasing. Recom m ended polling 

rates are between 1Hz and 10Hz. As an example, a processor steadily consum ing 130 

W of power will overflow the accum ulator once every 8.4 m inutes. 

The free running nature of the PECI  Energy Accum ulator register allows for irregular 

t im ing on reads. I t  is expected that  the PECI  host  cont roller or firm ware will m anage its 

own t ime stam ps.

Accuracy of the Energy Accum ulator m ay be processor or plat form  specific, and is a 

funct ion of the Voltage Regulator I MON solut ion.

On processor power-up, the Energy Accum ulator Register is reset  to 0x0. On all 

subsequent  processor resets where power is m aintained to processor, the accum ulator 

cont inues to count  uninterrupted.

The Energy Accumulator register is defined as follows:

0x4 50%  clocks on /  50%  clocks off

0x5 62.5%  clocks on /  37.5%  clocks off

0x6 75%  clocks on /  25%  clocks off

0x7 87.5%  clocks on /  12.5%  clocks off

Du t y  Cy cle  Cod e Def in i t ion

Figu r e 7 - 2 6 . ACPI  T- St at e Th r o t t l in g  Con t r o l  Read  /  W r i t e Def in i t ion
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Ex am p le 7 - 1 .Sam p le En er g y  Accu m u lat o r  Read  an d  Pow er  Calcu la t ion .

Tim e:  1 2 7  m s

TransID = MbxSend(0x0F, 0x0)

EnergyAccumulated[0] = MbxGet(TransID)

EnergyAccumulated[0] = 0xfff737a3

Tim e:  2 2 8  m s

TransID = MbxSend(0x0F, 0x0)

EnergyAccumulated[1] = MbxGet(TransID)

EnergyAccumulated[0] = 0x00176dc

if (EnergyAccumulated[1] < EnergyAccumulated[0]) {

Joules = EnergyAccumulated[1] + 0xffffffff - EnergyAccumulated[0]

Joules = 0x00176dc + 0xffffffff - 0xfff737a3 = 10.2469 J

Watts = 10.2469 / (.228 - .127) = 101.455 W

}

else {

Joules = EnergyAccumulated[1] - EnergyAccumulated[0]

}

Fig u r e 7 - 2 7 . En er g y  Accu m u lat o r  Reg ist er  Def in i t ion
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This capability may not  be available on all products. To enumerate availability, users 

m ay issue an Energy Accum ulator Read com m and. Products that  return a passing 

com plet ion code support  the com m and.

7 .3 .2 .7 Mb x Sen d ( )

The MbxSend( )  com m and is ut ilized for sending requests to the generic Mailbox 

interface. Those requests are in turn serviced by the processor with some nom inal 

latency and the result  is deposited in the m ailbox for reading. MbxGet( )  is used to 

ret r ieve the response and details are documented in Sect ion 7.3.2.8.

The details of processor m ailbox capabilit ies are described in Sect ion 7.3.2.6.1, and 

many of the fundam ental concepts of Mailbox ownership, release, and managem ent  are 

discussed in Sect ion 7.3.2.9.

7 .3 .2 .7 .1 W r i t e  Dat a

Regardless of the funct ion of the m ailbox command, a request  type modifier and 4-byte 

data payload must  be sent . For Mailbox com m ands where the 4-byte data field is not  

applicable (e.g., the com m and is a read) , the data writ ten should be all zeroes.

Because a part icular MbxSend( )  command may specify an update to potent ially cr it ical 

registers inside the processor, it  includes an Assured Write FCS (AW FCS)  byte as part  

of the write data payload. I n the event  that  the AW FCS m ismatches with the client-

calculated FCS, the client  will abort  the write and will always respond with a bad Write 

FCS.

7 .3 .2 .7 .2 Com m an d  Fo r m at

The MbxSend( )  format  is as follows:

W r i t e  Len g t h :  7

Read  Len g t h :  1

Com m an d :  0xd1

Mu l t i - Dom ain  Su p p or t :  Yes (see Table 7-32)

Descr ip t ion :  Deposits the Request  Type and associated 4-byte data in the Mailbox 

interface and returns a complet ion code byte with the details of the execut ion results. 

Refer to Sect ion 7.3.4.2 for complet ion code definit ions.

Figu r e 7 - 2 8 . Mbx Sen d ( )  Com m an d  Dat a Fo r m at

Byte #

Byte 
Definit ion

0

Request  Type

1

Data[ 31: 0]

2 3 4
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Note that  the 4-byte data defined above is sent  in standard PECI  ordering with LSB first  

and MSB last .

I f MbxSend( )  response returns a bad FCS in the data, the complet ion code can't  be 

t rusted and the sem aphore m ay or m ay not  be taken. I n order to clean out  the 

interface, an MbxGet( )  must  be issued and the response data should be discarded.

7 .3 .2 .8 Mb x Get ( )

The MbxGet( )  command is ut ilized for ret r ieving response data from  the generic 

Mailbox interface as well as for unlocking the acquired m ailbox. Please refer to 

Sect ion 7.3.2.7 for details regarding the MbxSend( )  com m and. Many of the 

fundam ental concepts of Mailbox ownership, release, and managem ent  are discussed 

in Sect ion 7.3.2.9.

7 .3 .2 .8 .1 W r i t e  Dat a

The MbxGet( )  com m and is designed to ret r ieve response data from  a previously 

deposited request . I n order to guarantee alignm ent  between the tem porally separated 

request  (MbxSend)  and response (MbxGet)  com m ands, the originally granted 

Transact ion I D (sent  as part  of the passing MbxSend( )  complet ion code)  must  be issued 

as part  of the MbxGet( )  request .

Any m ailbox request  m ade with an illegal or unlocked Transact ion I D will get  a failed 

com plet ion code response. I f the Transact ion I D m atches an outstanding t ransact ion I D 

associated with a locked m ailbox, the com m and will com plete successfully and the 

response data will be returned to the originator.

Fig u r e 7 - 2 9 . Mb x Sen d ( )

Byte #

Byte 
Definit ion

0

Client  Address

1

Write Length
0x07

2

Read Length
0x01

10

FCS

3

Cm d Code
0xd1

11

Com plet ion

Code

12

FCS

5 6 7 8

LSB MSBData[ 31: 0]

10 119

AW FCS

4

Request  Type

Tab le 7 - 2 9 . Mb x Sen d ( )  Respon se Def in i t ion

Resp on se Mean in g

Bad FCS Elect r ical error

 0x4X Sem aphore is granted with a Transact ion I D of ‘X’

0x80 Error causing a response t im eout . Either due to a rare, internal t im ing condit ion or a 
processor RESET condit ion or processor S1 state. Ret ry is appropr iate outside of the 
RESET or S1 states.

 0x86 Mailbox interface is unavailable or busy
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Unlike MbxSend( ) , no Assured Write protocol is necessary for this com m and because 

this is a read-only funct ion.

7 .3 .2 .8 .2 Com m an d  Fo r m at

The MbxGet( )  format  is as follows:

W r i t e  Len g t h :  2

Read  Len g t h :  5

Com m an d :  0xd5

Mu l t i - Dom ain  Su p p or t :  Yes (see Table 7-32)

Descr ip t ion :  Ret r ieves response data from  m ailbox and unlocks /  releases that  

m ailbox resource.

Note that  the 4-byte data response defined above is sent  in standard PECI  ordering 

with LSB first  and MSB last .

Figu r e 7 - 3 0 . Mbx Get ( )

 Response Data[ 31: 0]

Byte #

Byte 

Definit ion

0

Client  Address

1

Write Length

0x02

2

Read Length

0x05

10

FCS

3

Cm d Code

0xd5

11

Com plet ion

Code

5 6

LSB MSB

5 64

Transact ion I D

10 115 68 97 10

FCS

11

Tab le 7 - 3 0 . Mbx Get ( )  Resp on se Def in i t ion  ( Sh eet  1  o f  2 )

Resp on se Mean in g

Aborted Write FCS Response data is not  ready. Com m and ret ry is appropr iate.

 0x40 Com m and passed, data is valid

 0x80 Error causing a response t im eout . Either due to a rare, internal t im ing condit ion or a 
processor RESET condit ion or processor S1 state. Ret ry is appropr iate outside of the 
RESET or S1 states.

 0x81 Therm al configurat ion data was m alform ed or exceeded lim its.

 0x82 Therm al status m ask is illegal

 0x83 I nvalid counter select

 0x84 I nvalid Machine Check Bank or I ndex

0x85 Failure due to lack of Mailbox lock or invalid Transact ion I D

0x86 Mailbox interface is unavailable or busy
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7 .3 .2 .9 Mai lb ox  Usag e Def in i t ion

7 .3 .2 .9 .1 Acq u i r in g  t h e Mai lb ox

The MbxSend( )  com m and is used to acquire cont rol of the PECI  mailbox and issue 

inform at ion regarding the specific request . The com plet ion code response indicates 

whether or not  the originator has acquired a lock on the m ailbox, and that  com plet ion 

code always specifies the Transact ion I D associated with that  lock (see 

Sect ion 7.3.2.9.2) . 

Once a mailbox has been acquired by an originat ing agent , future requests to acquire 

that  m ailbox will be denied with an ‘interface busy’ complet ion code response.

The lock on a m ailbox is not  achieved unt il the last  bit  of the MbxSend( )  Read FCS is 

t ransferred ( in other words, it  is not  com m it ted unt il the com m and completes) . I f the 

host  aborts the comm and at  any t ime prior to that  bit  t ransm ission, the mailbox lock 

will be lost  and it  will rem ain available for any other agent  to take cont rol.

7 .3 .2 .9 .2 Tr an sact ion  I D

For all MbxSend( )  com m ands that  com plete successfully, the passing com plet ion code 

(0x4X)  includes a 4-bit  Transact ion I D ( ‘X’) . That  I D is the key to the m ailbox and m ust  

be sent  when ret r ieving response data and releasing the lock by using the MbxGet( )  

command. 

The Transact ion I D is generated internally by the processor and has no relat ionship to 

the originator of the request . On I ntel®  Xeon®  processor 5600 series, only a single 

outstanding Transact ion I D is supported. Therefore, it  is recommended that  all devices 

request ing act ions or data from  the Mailbox complete their requests and release their 

semaphore in a t imely manner.

I n order to accom m odate future designs, software or hardware ut ilizing the PECI  

m ailbox m ust  be capable of support ing Transact ion I Ds between 0 and 15.

7 .3 .2 .9 .3 Releasin g  t h e Mai lb ox

The mailbox associated with a part icular Transact ion I D is only unlocked /  released 

upon successful t ransm ission of the last  bit  of the Read FCS. I f the originator aborts the 

t ransact ion pr ior to t ransm ission of this bit  (presum ably due to an FCS failure) , the 

sem aphore is m aintained and the MbxGet( )  com m and m ay be ret r ied.

7 .3 .2 .9 .4 Mai lbox  Tim eou t s

The m ailbox is a shared resource that  can result  in art ificial bandwidth conflicts am ong 

m ult iple querying processes that  are sharing the sam e originator interface. The 

interface response t im e is quick, and with rare except ion, back to back MbxSend( )  and 

MbxGet( )  com m ands should result  in successful execut ion of the request  and release of 

the m ailbox. I n order to guarantee t imely ret r ieval of response data and m ailbox 

release, the m ailbox sem aphore has a t im eout  policy. I f the PECI  bus has a cumulat ive 

‘0 t ime of 1m s since the semaphore was acquired, the semaphore is autom at ically 

 0x88 Machine Check Banks is current ly unavailable (selected core is asleep or unavailable)

 0x89 I nvalid Core Select  for Machine Check Bank Read

0xFF Unknown/ I nvalid Mailbox Request

Tab le 7 - 3 0 . Mb x Get ( )  Respon se Def in i t ion  ( Sh eet  2  o f  2 )

Resp on se Mean in g



I ntel®  Xeon®  Processor 5600 Series Datasheet  Volum e 1 155

Th er m al  Sp eci f i ca t io n s

cleared. I n the event  that  this t imeout  occurs, the originat ing agent  will receive a failed 

com plet ion code upon issuing a MbxGet( )  command, or even worse, it  may receive 

corrupt  data if this MbxGet( )  com mand so happens to be inter leaved with an 

MbxSend( )  from  another process. Please refer to Table 7-30 for m ore informat ion 

regarding failed com plet ion codes from  MbxGet ( )  com m ands.

Tim eouts are undesirable, and the best  way to avoid them  and guarantee valid data is 

for the originat ing agent  to always issue MbxGet( )  commands immediately following 

MbxSend( )  com m ands.

I f the t im eout  policy is too rest r ict ive, it  can be disabled. BI OS m ay write 

MSR_MI SC_POWER_MGMT (0x1AA) , bit  11 to 0b1 in order to force a disable of this 

autom at ic t im eout .

7 .3 .2 .9 .5 Resp on se Lat en cy

The PECI  mailbox interface is designed to have response data available within plenty of 

m argin to allow for back- to-back MbxSend( )  and MbxGet( )  requests. However, under 

rare circumstances that  are out  of the scope of this specificat ion, it  is possible that  the 

response data is not  available when the MbxGet( )  com m and is issued. Under these 

circum stances, the MbxGet( )  com m and will respond with an Abort  FCS and the 

or iginator should re- issue the MbxGet( )  request .

7 .3 .3 Mu l t i - Dom ain  Com m an d s

The I ntel Xeon processor 5600 series does not  support  m ult iple dom ains, but  it  is 

possible that  future products will,  and the following tables are included as a reference 

for domain-specific definit ions.

7 .3 .4 Cl ien t  Resp on ses

7 .3 .4 .1 Ab o r t  FCS

The Client  responds with an Abort  FCS under the following condit ions:

• The decoded com mand is not  understood or not  supported on this processor ( this 

includes good com m and codes with bad Read Length or Write Length bytes) .

• Data is not  ready.

Tab le 7 - 3 1 . Dom ain  I D Def in i t ion

Dom ain  I D Dom ain  Nu m b er

0 b 0 1 0

0b10 1

Tab le 7 - 3 2 . Mu l t i - Dom ain  Com m an d  Cod e Ref er en ce

Com m an d  Nam e Dom ain  0  Cod e Dom ain  1  Cod e

GetTem p( ) 0 x 0 1 0x02

PCI ConfigRd( ) 0 x C1 0xC2

PCI ConfigWr( ) 0 x C5 0xC6

MbxSend( ) 0 x D1 0xD2

MbxGet ( ) 0 x D5 0xD6
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• Assured Write FCS (AW FCS)  failure. Note that  under m ost  circum stances, an 

Assured Write failure will appear as a bad FCS. However, when an originator issues 

a poorly form at ted com m and with a m iscalculated AW FCS, the client  will 

intent ionally abort  the FCS in order to guarantee originator not ificat ion.

7 .3 .4 .2 Com p let ion  Cod es

Some PECI  commands respond with a complet ion code byte. These codes are designed 

to com m unicate the pass/ fail status of the com mand and also provide m ore detailed 

inform at ion regarding the class of pass or fail.  For all com m ands listed in Sect ion 7.3.2 

that  support  com plet ion codes, each com m and’s com plet ion codes is listed in its 

respect ive sect ion. What  follows are some generalizat ions regarding com plet ion codes.

An originator that  is decoding these com m ands can apply a sim ple m ask to determ ine 

pass or fail.  Bit  7 is always set  on a failed com m and, and is cleared on a passing 

com m and.

Not e: The codes explicit ly defined in this table m ay be useful in PECI  or iginator response 

algorithm s. All reserved or undefined codes may be generated by a PECI  client  device, 

and the originat ing agent  m ust  be capable of tolerat ing any code. The Pass/ Fail m ask 

defined in Table 7-33 applies to all codes and general response policies m ay be based 

on that  lim ited inform at ion.

Tab le 7 - 3 3 . Com p let ion  Cod e Pass/ Fai l  Mask

0xxx xxxxb Com m and passed

1xxx xxxxb Com m and failed

Tab le 7 - 3 4 . Dev ice Speci f i c Com p let ion  Cod e ( CC)  Def in i t ion

Com p let ion
Cod e

Descr ip t ion

0x00..0x3F Device specific pass code

0x40 Com m and Passed

0x4X Com m and passed with a t ransact ion I D of ‘X’ (0x40 |  Transact ion_I D[ 3: 0] )

0x50..0x7F Device specific pass code

0x80 Error causing a response t im eout . Either due to a rare, internal t im ing condit ion or a 
processor RESET condit ion or processor S1 state. Retry is appropr iate outside of the RESET 
or S1 states.

 0x81 Therm al configurat ion data was m alform ed or exceeded lim its.

 0x82 Therm al status m ask is illegal

 0x83 I nvalid counter select

 0x84 I nvalid Machine Check Bank or I ndex

 0x85 Failure due to lack of Mailbox lock or invalid Transact ion I D

 0x86 Mailbox interface is unavailable or busy

 0x88 Machine Check Banks is current ly unavailable (selected core is asleep or unavailable)

 0x89 I nvalid Core Select  for Machine Check Bank Read

0xFF Unknown/ I nvalid Request
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7 .3 .5 Or ig in at o r  Resp on ses

The sim plest  policy that  an originator m ay employ in response to receipt  of a failing 

com plet ion code is to ret ry the request . However, certain complet ion codes or FCS 

responses are indicat ive of an error in comm and encoding and a ret ry will not  result  in 

a different  response from the client . Furthermore, the message originator must  have a 

response policy in the event  of successive failure responses.

Please refer to the definit ion of each com mand in Sect ion 7.3.2 for a specific definit ion 

of possible com m and codes or FCS responses for a given com m and. The following 

response policy definit ion is generic, and more advanced response policies may be 

employed at  the discret ion of the or iginator developer.

7 .3 .6 Tem p er at u r e Dat a

7 .3 .6 .1 For m at

The temperature is format ted in a 16-bit ,  2’s complement  value represent ing a number 

of 1/ 64 degrees cent igrade. This format  allows temperatures in a range of ± 512° C to 

be reported to approxim ately a 0.016° C resolut ion.

7 .3 .6 .2 I n t er p r et a t ion

The resolut ion of the processor ’s Digital Therm al Sensor (DTS)  is approxim ately 1° C, 

which can be confirm ed by a RDMSR from  I A32_THERM_STATUS MSR (0x19C)  where it  

is architecturally defined. PECI  temperatures are sent  through a configurable low-pass 

filter pr ior to delivery in the GetTem p()  response data. The output  of this filter produces 

tem peratures at  the full 1/ 64° C resolut ion even though the DTS itself is not  this 

accurate.

Tem perature readings from the processor are always negat ive, and im ply an offset  

from  the reference TCC act ivat ion temperature. As an exam ple, assum e that  the TCC 

act ivat ion temperature reference is 100° C. A PECI  thermal reading of -10° C indicates 

that  the processor is running at  10° C below the TCC act ivat ion temperature, or 90° C. 

Tab le 7 - 3 5 . Or ig in at o r  Respon se Gu idel in es

Resp on se Af t er  1  At t em p t Af t er  3  At t em p t s...

Bad FCS Ret ry Fail with PECI  client  device error

Abort  FCS Ret ry Fail with PECI  client  device error. May be due to illegal com m and codes.

Fail Ret ry Either the PECI  client  doesn’t  support  the current  com m and code, or it  has 
failed in it s at tem pts to const ruct  a response.

None (all 0’s) Force bus idle 
(1m s low) , ret ry

Fail with PECI  client  device error. Client  m ay be dead or otherwise non-
responsive ( in RESET or S1, for exam ple) .

Pass Pass NA

Good FCS Pass NA

Figu r e 7 - 3 1 . Tem per at u r e Sen so r  Dat a Fo r m at

MSB

Upper nibble

MSB

Lower nibble

LSB

Upper nibble

LSB

Lower nibble

S x x x x x x x x x x x x x x x

Sign Integer Value (0-511) Fractional Value (~0.016)
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PECI  tem perature readings are not  reliable at  tem peratures above TCC act ivat ion (since 

the processor is operat ing out  of spec at  this temperature) . Therefore, the readings are 

never posit ive. 

7 .3 .6 .3 Tem p er a t u r e Fi l t er in g

The processor digital therm al sensor (DTS)  provides an improved capability to monitor 

device hot  spots, which inherent ly leads to m ore varying tem perature readings over 

short  t ime intervals. Coupled with the fact  that  typical fan speed cont rollers m ay only 

read tem peratures at  4 Hz, it  is necessary for the therm al readings to reflect  therm al 

t rends and not  instantaneous readings. Therefore, PECI  supports a configurable low-

pass temperature filter ing funct ion. By default ,  this filter results in a therm al reading 

that  is a m oving average of 256 samples taken at  approxim ately 1m sec intervals. This 

filter ’s depth, or smoothing factor, may be configured to between 1 sample and 1024 

samples, in powers of 2. See the equat ion below for reference where the configurable 

variable is ‘X’.

TN  =  TN- 1  +  1 / 2 X *  ( TSAMPLE -  TN- 1 )

Please refer to Sect ion 7.3.2.6 for the definit ion of the therm al configurat ion comm and.

7 .3 .6 .4 Reser v ed  Valu es

Several values well out  of the operat ional range are reserved to signal tem perature 

sensor errors. These are summarized in the table below:

7 .3 .7 Cl ien t  Man ag em en t

7 .3 .7 .1 Pow er - Up  Seq u en cin g

The PECI  client  is fully reset  during processor RESET#  assert ion. This m eans that  any 

t ransact ions on the bus will be com pletely ignored, and the host  will read the response 

from  the client  as all zeroes. After processor RESET#  deassert ion, the I ntel Xeon 

processor 5600 series PECI  client  is operat ional enough to part icipate in t im ing 

negot iat ions and respond with reasonable data. However, the client  data is not  

guaranteed to be fully populated unt il approxim ately 500 µs after processor RESET#  is 

deasserted. Unt il that  t im e, the client  responses to each com m and are as follows:

Tab le 7 - 3 6 . Er r o r  Cod es an d  Descr ip t ion s

Er r o r  Cod e Descr ip t ion

0x8000 General Sensor Error (GSE)

Tab le 7 - 3 7 . PECI  Cl ien t  Respon se Du r in g  Pow er - Up  ( Du r in g  ‘Dat a No t  Read y ’ )

Com m an d Resp on se

Ping( ) Fully funct ional

GetDI B( ) Fully funct ional

GetTem p( ) Client  responds with a ‘hot ’ reading, or 0x0000

PCI ConfigRd( ) Fully funct ional

PCI ConfigWr( ) Fully funct ional

MbxSend( ) Fully funct ional

MbxGet ( ) Client  responds with Abort  FCS ( if MbxSend( )  has been previously issued)
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I n the event  that  the processor is t r i- stated using power-on-configurat ion cont rols, the 

PECI  client  will also be t r i-stated.

7 .3 .7 .2 Dev ice Discov er y

The PECI  client  is available on all processors, and posit ive ident ificat ion of the PECI  

revision number can be achieved by issuing the GetDI B( )  comm and. Please refer to 

Sect ion 7.3.2.2 for details on GetDI B response form at t ing.

7 .3 .7 .3 Cl ien t  Ad d r essin g

The PECI  client  assum es a default  address of 0x30. I f nothing special is done to the 

processor, all PECI  clients will boot  with this address. For DP enabled parts, a special 

PECI _I D#  pin is available to st rap each PECI  socket  to a different  node I D. The package 

pin st rap is evaluated at  the assert ion of VCCPWRGOOD (as depicted in Figure 7-32) . 

Since PECI _I D#  is act ive low, tying the pin to ground results in a client  address of 

0x31, and tying it  to VTT results in a client  address of 0x30.

The client  address may not  be changed after VCCPWRGOOD assert ion, unt il the next  

power cycle on the processor. Rem oval of a processor from  its socket  or t r i-stat ing a 

processor in a DP configurat ion will have no impact  to the remaining non- t r i-stated 

PECI  client  address.

7 .3 .7 .4 C- St a t es

The I ntel Xeon processor 5600 series are fully funct ional under all core and package 

C-states. Support  for package C-states is a funct ion of processor SKU and plat form  

capabilit ies. All package C-states (C1E, C3, C6)  are documented here for completeness, 

but  actual processor support  for these C-states m ay vary.

Because the processor takes aggressive power savings act ions under the deepest  

C-states, PECI  requests m ay have an impact  to plat form  power. The im pact  is 

documented below:

Figu r e 7 - 3 2 . PECI  Pow er - Up  Tim el in e

Bclk

Vt t

Vt t Pw r Gd

Su pp ly Vcc

VccPw r Gd

RESET#

Mclk

CSI  p in s

u Op  ex ecu t ion

CSI  t raining idle running

Reset  uCode Boot  BI OS

PECI  Cl ien t  St a t u s I n Reset Data Not  Rdy Fully Operat ional

PECI  Nod e I D x 0b1 or 0b0
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• Ping( ) , GetDI B( ) , GetTem p()  and MbxGet( )  have no impact  on processor power 

under C-states. All other commands (MbxSend( ) , PCI ConfigRd( )  and 

PCI ConfigWr( ) )  result  in the sam e behavior, as follows:

• MbxSend( ) , PCI ConfigRd( )  and PCI ConfigWr( )  usage under package C-states may 

result  in increased power consum pt ion because the processor m ust  tem porarily 

return to a C0 state in order to execute the request . The exact  power impact  of a 

pop-up to C0 varies by product  SKU, the C-state from  which the pop-up is init iated, 

and the negot iated TBI T.

7 .3 .7 .5 S- St at es

The PECI  client  is always guaranteed to be operat ional under S0 and S1 sleep states. 

Under S3 and deeper sleep states, the PECI  client  response is undefined and therefore 

unreliable. 

7 .3 .7 .6 Pr ocesso r  Reset

I ntel Xeon processor 5600 series act ing as PECI  clients are fully reset  on all RESET#  

assert ions. Upon deassert ion of RESET# , where power is maintained to the processor 

(otherwise known as a ‘warm  reset ’) , the following are t rue:

• The PECI  client  assumes a bus I dle state.

• The Thermal Filter ing Constant  is retained.

• PECI  Node I D is retained.

• GetTemp()  reading resets to 0x0000.

• Any t ransact ion in progress is aborted by the client  (as measured by the client  no 

longer part icipat ing in the response) .

• The processor client  is otherwise reset  to a default  configurat ion.

7 .4 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 temperature and relat ive hum idity 

lim its to which the device is exposed to while being stored. The specified storage 

condit ions are for com ponent  level pr ior to board at tached (see following notes on post  

board at tach lim its) .

Table 7-38 specifies absolute m axim um  and m inim um  storage tem perature lim its which 

represent  the maxim um  and m inim um  device condit ion beyond which dam age, latent  

or otherwise, may occur. The table also specifies sustained storage temperature, 

relat ive hum idity, and t im e-durat ion lim its. At  condit ions outside sustained lim its, but  

within absolut ion m axim um  and m inim um  rat ings, quality & reliability m ay be affected.

Table 7-38. Storage Condition Ratings

Symbol Par am et er Min Max Notes

Tabs storage The m inim um / m axim um  device storage 
tem perature beyond which dam age ( latent  or 
otherwise)  m ay occur when subjected to for 
any length of t im e.

-55 C 125 C 1,2,3,4,5

Tsustained storage The m inim um / m axim um  device storage 
tem perature for a sustained period of t im e.

-5 C 40 C 1,2,3,4,5

RHsustained storage The m axim um  device storage relat ive 
hum idity for a sustained per iod of t im e.

60%  @ 24 C 1,2,3,4,5

TI MEsustained storage 0 m onths 6 m onths 1,2,3,4,5
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Not es:
1. Storage condit ions are applicable to storage environm ents only. I n this scenario, the processor m ust  not  

receive a clock, and no lands can be connected to a voltage bias. Storage within these lim its will not  affect  
the long- term  reliability of the device. For funct ional operat ion, please refer to the processor case 
tem perature specificat ions.

2. These rat ings apply to the I ntel com ponent  and do not  include the t ray or packaging.
3. Failure to adhere to this specificat ion can affect  the long- term  reliability of the processor.
4. Non operat ing storage lim its post  board at tache:  Storage condit ions lim its for the com ponent  once at tached 

to the applicat ion board are not  specified.

Device storage tem perature qualificat ion methods follow JESD22-A119 ( low 

temperature)  and JESD22-A103 (high temperature)  standards.

§
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8 Feat u r es

8 .1 Pow er - On  Con f ig u r at ion  ( POC)

Several configurat ion opt ions can be configured by hardware. Power-On configurat ion 

(POC)  funct ionality is either MUx’ed onto VI D signals (see Sect ion 2.1.7.3.1)  or 

sampled on the act ive- to- inact ive t ransit ion of RESET# . For specifics on these opt ions, 

please refer to Table 8-1.

Please note that  requests to execute Built - I n Self Test  (BI ST)  are not  selected by 

hardware, but  rather passed across the I ntel®  QuickPath I nterconnect  link during 

init ializat ion.

Not e:
1. FRB =  Fault-Resilient  Boot

Tab le 8 - 1 . Pow er - On  Con f ig u r at ion  Sig n al  Op t ion s

Con f ig u r at ion  Op t ion Sig n al Fig u r e

Output  t r i- state PROCHOT# 1

Not es:

1. Assert ing the signal dur ing RESET#  de-assert ion will select  the corresponding opt ion. Once selected, this
opt ion cannot  be changed except  v ia another reset . The processor does not  dist inguish between a “warm ”
reset  and a “power-on”  reset . Output  t r i- state via the PROCHOT#  power-on configurat ion opt ion is referred
to as Fault  Resilient  Boot  (FRB) .

8-1

PECI _I D# PECI _I D# 2

2. Latched when VTTPWRGOOD is asserted and all internal power good condit ions are m et .

Assert ion of the PROCHOT#  signal through RESET#  de-assert ion (also referred to as 

Fault  Resilient  Boot  (FRB))  will t r i- state processor outputs. Figure 8-1 out lines t im ing 

requirem ents when ut ilizing PROCHOT#  as a power-on configurat ion opt ion. I n the 

event  an FRB is desired, PROCHOT#  and RESET#  should be asserted sim ultaneously. 

Furtherm ore, once asserted, PROCHOT#  should rem ain low long enough to m eet  the 

TH:  Power-On Configurat ion Hold Tim e (PROCHOT# )  as out lined in Table 2-26. Failure 

to do so m ay result  in false t r i- state.

Market  Segm ent  I dent ificat ion (MSI D) VI D[ 2: 0]  /  MSI D[ 2: 0] 2 8-2

Current  Sensor Configurat ion (CSC) VI D[ 5: 3]  /  CSC[ 2: 0] 2

Figu r e 8 - 1 . PROCHOT#  POC Tim in g  Req u i r em en t s

CPURESET#

Tri-State POC

(xxPROCHOT#)

BCLK

Min Hold (106)

Min Setup (2)

xxPROCHOT# deassertion is not required for FRB

Non-FRB assertion of 

xxPROCHOT# during this window 

can trigger false tri-state
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Power-On Configurat ion (POC)  logic levels are MUX’ed onto the VI D[ 7: 0]  signals with 

1-5 k pull-up and pull-down resistors located on the baseboard. These include:

• VI D[ 2: 0]  /  MSI D[ 2: 0]  =  Market  Segment  I D

• VI D[ 5: 3]  /  CSC [ 2: 0]  =  Current  Sense Configurat ion

• VI D[ 6]  =  Reserved

• VI D[ 7]  =  VR11.1 Select

Pull-up and pull-down resistors on the baseboard elim inate the need for t im ing 

specificat ions. After OUTEN signal is asserted, the VI D[ 7: 0]  CMOS drivers ( typically 50 

 up/ down im pedance)  over- r ide the POC pull-up/ down resistors located on the 

baseboard and drive the necessary VI D pat tern. Please refer to Table 2-3, “Power-On 

Configurat ion (POC[ 7: 0] )  Decode”  for further details.

8 .2 Clock  Con t r o l  an d  Low  Pow er  St at es

The processor supports low power states at  the individual thread, core, and package 

level for opt imal power management . The processor implem ents software interfaces for 

request ing low power states:  MWAI T inst ruct ion extensions with sub-state hints, the 

HLT inst ruct ion ( for C1 and C1E)  and P_LVLx reads to the ACPI  P_BLK register block 

m apped in the processor ’s I / O address space. The P_LVLx I / O reads are converted to 

equivalent  MWAI T C-state requests inside the processor and do not  direct ly result  in 

I / O reads to the system. The P_LVLx I / O Monitor address does not  need to be set  up 

before using the P_LVLx I / O read interface.

Not e: Software may make C-state requests by using a legacy method involving I / O reads 

from  the ACPI -defined processor clock cont rol registers, referred to as P_LVLx. This 

feature is designed to provide legacy support  for operat ing system s that  init iate C-state 

t ransit ions via access to pre-defined I CH registers. The base P_LVLx register is P_LVL2, 

corresponding to a C3 request . P_LVL3 is C6, and all P_LVL4+  are demoted to a C6.

P_LVLx is lim ited to a subset  of C-states (For exam ple, P_LVL8 is not  supported and will 

not  cause an I / O redirect ion to a C8 request . I nstead, it  will fall through like a norm al 

I / O inst ruct ion) . The range of I / O addresses that  m ay be converted into C-state 

requests is also defined in the PMG_I O_CAPTURE MSR, in the ‘C-state Range’ field. This 

field m aybe writ ten by BI OS to rest r ict  the range of I / O addresses that  are t rapped and 

redirected to MWAI T inst ruct ions. Note that  when I / O inst ruct ions are used, no MWAI T 

substates can be defined, as therefore the request  defaults to have a sub-state or zero, 

but  always assum es the ‘Break on EFLAGS.I F= = 0’ cont rol that  can be selected using 

ECX with an MWAI T inst ruct ion.
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8 .2 .1 Th r ead  an d  Cor e Pow er  St at e Descr ip t ion s

I ndividual threads m ay request  low power states as described below. Core power states 

are autom at ically resolved by the processor as shown in Table 8-2.

Not e:
1. I f enabled, state will be C1E.

8 .2 .1 .1 C0  St at e

This is the normal operat ing state in the processor.

8 .2 .1 .2 C1 / C1 E St a t e

C1/ C1E is a low power state entered when all threads within a core execute a HLT or 

MWAI T(C1E)  inst ruct ion. The processor thread will t ransit ion to the C0 state upon 

occurrence of an interrupt  or an access to the m onitored address if the state was 

entered via the MWAI T inst ruct ion. RESET#  will cause the processor to init ialize itself.

Figu r e 8 - 2 . Pow er  St at es

C0

C3

1. No transition to C0 is needed to service a snoop when in C1 or C1E.

.2. Transitions back to C0 occur on an interrupt or on access to monitored address (if state was 
entered via MWAIT). .

2

C1
1

1C E
1

C6

2

2

MWAIT C1, 

HLT

MWAIT C1, 

HLT 
(C1E enabled)

MWAIT C3, 

I/O C3

MWAIT C6, 

I/O C6

2

Tab le 8 - 2 . Coor d in at ion  o f  Th r ead  Pow er  St a t es at  t h e Cor e Lev el

Cor e St at e Th r ead  1  St a t e

Th r ead  0  St at e C0 C1 1 C3 C6

C0 C0 C0 C0 C0

C11
C0 C11 C11 C11

C3 C0 C11 C3 C3

C6 C0 C11 C3 C6
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A System Managem ent  I nterrupt  (SMI )  handler will return execut ion to either Norm al 

state or the C1 state. See the I ntel®  64 and I A-32 Architecture Software Developer's 

Manuals, Volume I I I :  System Program m er's Guide for m ore inform at ion.

While in C1/ C1E state, the processor will process bus snoops and snoops from  the 

other threads. 

To operate within specificat ion, BI OS must  enable the C1E feature for all installed 

processors. 

8 .2 .1 .3 C3  St a t e

I ndividual threads of the processor 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. Before enter ing core C3, that  core 

flushes the contents of its caches. Caches shared am ong cores are not  im pacted. 

Except  for the caches, the processor core m aintains all it s architectural state while in 

the C3 state. All of the clocks in the processor core are stopped in the C3 state.

Because the core’s caches are flushed, the processor keeps the core in the C3 state 

when the processor detects a snoop on the I ntel QuickPath I nterconnect  Link or when 

another logical processor in the same package accesses cacheable memory. The 

processor core will t ransit ion to the C0 state upon occurrence of an interrupt . RESET#  

will cause the processor core to init ialize itself.

8 .2 .1 .4 C6  St a t e

I ndividual threads of the processor can enter the C6 state by init iat ing a P_LVL3 read to 

the P_BLK or an MWAI T(C6)  inst ruct ion. Before entering core C6, that  core flushes the 

contents of its caches. Caches shared among cores are not  im pacted. The processor 

achieves addit ional power savings in the core C6 state.

8 .2 .2 Pack ag e Pow er  St at e Descr ip t ion s

The package supports C0, C1/ C1E, C3 and C6 power states. The package power state 

is autom at ically resolved by the processor depending on the core power states and 

perm ission from  the rest  of the system  as described below.

8 .2 .2 .1 Pack ag e C0  St at e

This is the norm al operat ing state for the processor. The processor rem ains in the 

Norm al state when at  least  one of its cores is in the C0 or C1 state or when another 

com ponent  in the system has not  granted perm ission to the processor to go into a low 

power state. I ndividual components of the processor may be in low power states while 

the package in C0.

8 .2 .2 .2 Pack ag e C1 / C1 E St a t e

The package will enter the C1/ C1E low power state when at  least  one core is in the 

C1/ C1E state and the rest  of the cores are in a C1/ C1E or deeper power state. The 

processor will also enter the C1/ C1E state when all cores are in a power state lower 

than C1/ C1E but  the package low power state is lim ited to C1/ C1E via the 

PMG_CST_CONFI G_CONTROL MSR. I n the C1E state, the processor will autom at ically 

t ransit ion to the lowest  power operat ing point  ( lowest  supported voltage and associated 

frequency) . When entering the C1E state, the processor will first  switch to the lowest  

bus rat io and then t ransit ion to the lower VI D. No not ificat ion to the system occurs 

upon ent ry to C1/ C1E.
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8 .2 .2 .3 Pack ag e C3  St at e

The package will enter the C3 low power state when all cores are in the C3 or lower 

power state and the processor has been granted perm ission by the other com ponent (s)  

in the system to enter the C3 state. The package will also enter the C3 state when all 

cores are in an idle state lower than C3 but  other com ponent (s)  in the system  have 

only granted perm ission to enter C3.

I f I ntel QuickPath I nterconnect  L1 has been granted, the processor will disable some 

clocks and PLLs and for processors with an integrated m em ory cont roller, the DRAM will 

be put  into self- refresh.

8 .2 .2 .4 Pack ag e C6  St at e

The package will enter the C6 low power state when all cores are in the C6 or lower 

power state and the processor has been granted perm ission by the other com ponent (s)  

in the system to enter the C6 state. The package will also enter the C6 state when all 

cores are in an idle state lower than C6 but  the other com ponent (s)  have only granted 

perm ission to enter C6.

I f I ntel QuickPath I nterconnect  L1 has been granted, the processor will disable some 

clocks and PLLs. The shared cache will enter a deep sleep state. Addit ionally, for 

processors with an integrated m em ory cont roller, the DRAM will be put  into self- refresh.

8 .2 .3 I n t e l  Xeon  Pr ocessor  5 6 0 0  Ser ies C- St at e Pow er  
Sp eci f i ca t ion s

Table 8-3 lists C-state power specificat ions for various processor SKU’s.

Not es:
1. Specificat ions are at  TCASE =  50 C with all cores in the specified C-state.
2. Standard/ Basic SKUs.

8 .3 Sleep  St at es

The processor supports the ACPI  sleep states S0, S1, S3, and S4/ S5 as shown in 

Table 8-4. For inform at ion on ACPI  S-states and related term inology, refer to the 

Advanced Configurat ion and Power I nterface Specificat ion.  The S-state t ransit ions are 

coordinated by the processor in response PM Request  (PMReq)  m essages from  the 

chipset . The processor itself will never request  a part icular S-state.

Tab le 8 - 3 . Pr ocesso r  C- St a t e Pow er  Sp eci f i cat ion s

Package
C-State1

Intel® Xeon® Processor 5600 Series 

TDP=130 W TDP=95W TDP=80W2 TDP=60W TDP=40W

C1E 37 W 32 W 37/40 W 25 W 22 W

C3 32 W 28 W 33/33 W 20 W 18 W

C6 12 W 10 W 12/14 W 8 W 8 W
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Not es:
1. I f the chipset  requests an S-state t ransit ion which is not  allowed, a m achine check error will be generated 

by the processor.

8 .4 I n t e l®  Tu r b o  Boost  Tech n o log y

The processor supports ACPI  P-states. A new feature, I ntel Turbo Boost  Technology 

( I ntel TBT) , allows the processor to opportunist ically and autom at ically run faster than 

the marked frequency in ACPI  P0 state if the part  is operat ing below power, 

tem perature and current  lim its. Max Turbo Boost  frequency is dependent  on the 

number of act ive cores and varies by processor line item  configurat ion. I ntel TBT can 

be enabled or disabled via BI OS. I t  is highly recommended that  the Voltage Regulator 

I MON linearity and accuracy be m axim ized for best  possible perform ance while in Turbo 

Boost .

8 .5 En h an ced  I n t e l  Sp eed St ep ®  Tech n o log y

The processor features Enhanced I ntel SpeedStep Technology. Following are the key 

features of Enhanced I ntel SpeedStep Technology:

• Mult iple voltage and frequency operat ing points provide opt im al perform ance at  the 

lowest  power. 

• Voltage and frequency select ion is software cont rolled by writ ing to processor 

MSRs:

— I f the target  frequency is higher than the current  frequency, VCC is ram ped up 
in steps by placing new values on the VI D pins and the PLL then locks to the 
new frequency.

— I f the target  frequency is lower than the current  frequency, the PLL locks to the 
new frequency and the VCC is changed through the VI D pin mechanism .

— Software 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 completes.

• The processor cont rols voltage ram p rates internally to ensure sm ooth t ransit ions.

• Low t ransit ion latency and large num ber of t ransit ions possible per second:

— Processor core ( including shared cache)  is unavailable for less than 2 µs during 
the frequency t ransit ion.

§

Tab le 8 - 4 . Pr ocessor  S- St at es

S- St at e Pow er  Red u ct ion Al low ed  Tr an si t ion s

S0 Norm al Code Execut ion S1 (via PMReq)

S1 Cores in C1E like state, processor responds with 

Cm pD(S1)  m essage.

S0 (via reset  or PMReq)

S3, S4 (via PMReq)

S3 Mem ory put  into self- refresh, processor responds 

with Cm pD(S3)  m essage.
S0 (via reset )

S4/ S5 Processor responds with Cm pD(S4/ S5)  m essage. S0 (via reset )
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9 Box ed  Pr ocesso r  Sp eci f i ca t ion s

9 .1 I n t r od u ct ion

I ntel boxed processors are intended for system  integrators who build system s from  

com ponents available through dist r ibut ion channels. The I ntel®  Xeon®  processor 5600 

series will be offered as an I ntel boxed processor, however the thermal solut ion will be 

sold separately.

I ntel Xeon processor 5600 series boxed processors will not  include a thermal solut ion in 

the box. I ntel will offer boxed therm al solut ions separately through the sam e 

dist r ibut ion channels. Please reference Sect ion 9.1.1 -  Sect ion 9.1.4 for m ore details on 

Boxed Processor Thermal Solut ions.

9 .1 .1 Av ai lab le Box ed  Th er m al  So lu t ion  Con f ig u r at ion s

I ntel will offer three different  Boxed Heat  Sink solut ions to support  Boxed Processors.

• Boxed I ntel


 Thermal Solut ion STS100C (Order Code BXSTS100C) :  A Passive /  

Act ive Com binat ion Heat  Sink Solut ion that  is intended for processors with a TDP 

up to 130W in a pedestal or 2U+  chassis with appropriate duct ing.

• Boxed I ntel


 Thermal Solut ion STS100A (Order Code BXSTS100A) :  An Act ive Heat  

Sink Solut ion that  is intended for processors with a TDP of 80W or lower in pedestal 

chassis.

• Boxed I ntel


 Thermal Solut ion STS100P (Order Code BXSTS100P) :  A 25.5 mm Tall 

Passive Heat  Sink Solut ion that  is intended for processors with a TDP of 95W or 

lower in Blades, 1U, or 2U chassis with appropriate duct ing.

9 .1 .2 I n t e l  Th er m al  So lu t ion  STS1 0 0 C 
( Passiv e/ Act iv e Com b in at ion  Heat  Sin k  So lu t ion )

The STS100C, based on a 2U passive heat  sink with a removable fan, is intended for 

use with processors with TDP’s up to 130W. This heat  pipe-based solut ion is intended to 

be used as either a passive heat  sink in a 2U or larger chassis, or as an act ive heat  sink 

for pedestal chassis. Figure 9-1 and Figure 9-2 are representat ions of the heat  sink 

solut ion. Although the act ive com binat ion solut ion with the rem ovable fan installed 

mechanically fits into a 2U keepout , its use has not  been validated in that  

configurat ion.

The STS100C in the act ive fan configurat ion is pr im arily designed to be used in a 

pedestal chassis where sufficient  air  inlet  space is present . The STS100C with the fan 

rem oved, as with any passive therm al solut ion, will require the use of chassis duct ing 

and are targeted for use in rack mount  or ducted pedestal servers. The retent ion 

solut ion used for these products is called Unified Retent ion System (URS) .
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9 .1 .3 I n t e l  Th er m al  So lu t ion  STS1 0 0 A ( Act iv e Heat  Sin k  
So lu t ion )

The STS100A will be available for purchase for processors with TDP’s of 80W and lower 

and is an alum inum  ext rusion. This heat  sink solut ion is intended to be used as an 

act ive heat  sink only for pedestal chassis. Figure 9-3 is a representat ion of the heat  

sink solut ion.

The STS100C and STS100A ut ilize a fan capable of 4-pin pulse width modulated (PWM) 

cont rol. Use of a 4-pin PWM cont rolled act ive therm al solut ion helps custom ers m eet  

acoust ic targets in pedestal plat form s through the baseboard’s ability to direct ly cont rol 

the RPM of the processor heat  sink fan. See Sect ion 9.3 for m ore details on fan speed 

cont rol. Also see Sect ion 7.3 for more on the PWM and PECI  interface along with Digital 

Thermal Sensors (DTS) .

Fig u r e 9 - 1 . STS1 0 0 C Passiv e /  Act iv e Com b in at ion  Heat  Sin k  ( w i t h  Rem ov ab le Fan )

Fig u r e 9 - 2 . STS1 0 0 C Passiv e /  Act iv e Com b in at ion  Heat  Sin k  ( w i t h  Fan  Rem ov ed )
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9 .1 .4 I n t e l  Th er m al  So lu t ion  STS1 0 0 P 
( Box ed  2 5 .5  m m  Tal l  Passiv e Heat  Sin k  So lu t ion )

The STS100P is available for use with boxed processors that  have TDP’s of 95W and 

lower. The 25.5 mm Tall passive solut ion is designed to be used in SSI  Blades, 1U, and 

2U chassis where duct ing is present . The use of a 25.5 m m  Tall heatsink in a 2U chassis 

is recommended to achieve a lower heatsink TLA and a more opt im ized heatsink design. 

Figure 9-4 is a representat ion of the heat  sink solut ion. The retent ion solut ion used for 

these products is called Unified Retent ion System (URS) .

9 .2 Mech an ica l  Sp eci f i cat ion s

This sect ion docum ents the m echanical specificat ions of the boxed processor solut ion. 

Fig u r e 9 - 3 . STS1 0 0 A Act iv e Heat  Sin k

Fig u r e 9 - 4 . STS1 0 0 P 2 5 .5  m m  Tal l  Passiv e Heat  Sin k
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9 .2 .1 Box ed  Pr ocesso r  Heat  Sin k  Dim en sion s an d  Baseb oar d  
Keepou t  Zon es

The boxed processor and boxed therm al solut ions will be sold separately. Clearance is 

required around the therm al solut ion to ensure unimpeded air flow for proper cooling. 

Baseboard keepout  zones are shown in Figure 9-5 through Figure 9-7. Physical space 

requirem ents and dim ensions for the boxed processor and assem bled heat  sink are 

shown in Figure 9-8 and Figure 9-9. Mechanical drawings for the 4-pin fan header and 

4-pin connector used for the act ive fan heat  sink solut ion are represented in 

Figure 9-11 and Figure 9-12.

None of the heat  sink solut ions exceed a mass of 550 gram s. Note that  this is per 

processor, a dual processor system will have up to 1100 grams total mass in the heat  

sinks.

See Sect ion 4 for details on the processor m ass.
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Figu r e 9 - 5 . Top  Sid e Baseb oar d  Keep - Ou t  Zon es
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Figu r e 9 - 9 . Vo lu m et r i c Heig h t  Keep - I n s
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Fig u r e 9 - 1 0 . Vo lu m et r ic Heig h t  Keep - I n s
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Fig u r e 9 - 1 1 . 4 - Pin  Fan  Cab le Con n ect o r  ( Fo r  Act i v e Heat  Sin k )
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Fig u r e 9 - 1 2 . 4 - Pin  Base Baseb oar d  Fan  Head er  ( Fo r  Act iv e Heat  Sin k )
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9 .2 .2 Box ed  Pr ocesso r  Ret en t ion  Mech an ism  an d  Heat  Sin k
Su p p o r t  ( URS)

Baseboards designed for use by a system integrator should include holes that  are in 

proper alignm ent  with each other to support  the boxed processor. Refer to Figure 9-5 

and Figure 9-5 for mount ing hole dimensions.

Figure 9-13 illust rates the Unified Retent ion System  (URS)  and the Unified Backplate 

Assembly. The URS is designed to extend air-cooling capability through the use of 

larger heat  sinks with m inim al airflow blockage and bypass. URS retent ion t ransfers 

load to the baseboard via the Unified Backplate Assembly. The URS spring, capt ive in 

the heatsink, provides the necessary com pressive load for the therm al interface 

material.

All components of the URS heat  sink solut ion will be capt ive to the heat  sink and will 

only require a Phillips screwdriver to at tach to the Unified Backplate Assem bly. When 

installing the URS the screws should be t ightened unt il they will no longer turn easily. 

This should represent  approximately 8 inch-pounds of torque. More than that  may 

dam age the retent ion mechanism com ponents.
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Not e: Actual boxed therm al solut ion m ay differ from  this im age, but  installat ion is sim ilar.

9 .3 Fan  Pow er  Su p p ly  [ STS1 0 0 C ( Com b o)  an d  
STS1 0 0 A ( Act iv e)  So lu t ion s]

The 4-pin PWM cont rolled therm al solut ion is being offered to help provide bet ter 

cont rol over pedestal chassis acoust ics. This is achieved though m ore accurate 

measurement  of processor die temperature through the processor ’s Digital Thermal 

Sensors. Fan RPM is modulated through the use of an ASI C located on the baseboard 

that  sends out  a PWM cont rol signal to the 4th pin of the connector labeled as Cont rol. 

This therm al solut ion requires a constant  + 12 V supplied to pin 2 of the act ive therm al 

Fig u r e 9 - 1 3 . Th er m al  So lu t ion  I n st a l la t ion
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solut ion and does not  support  variable voltage cont rol or 3-pin PWM cont rol.  See 

Figure 9-14 and Table 9-1 through Table 9-3 for details on the 4-pin act ive heat  sink 

solut ion connectors. 

The fan power header on the baseboard must  be posit ioned to allow the fan heat  sink 

power cable to reach it .  The fan power header ident ificat ion and locat ion must  be 

documented in the suppliers plat form  documentat ion, or on the baseboard itself. The 

baseboard fan power header should be posit ioned within 177.8 mm [ 7 in.]  from  the 

center of the processor socket .

9 .3 .1 Box ed  Pr ocesso r  Coo l in g  Req u i r em en t s

As previously stated the boxed processor will have three cooling solut ions available. 

Each configurat ion will require unique design considerat ions. Meet ing the processor ’s 

tem perature specificat ions is also the funct ion of the therm al design of the ent ire 

system, and ult im ately the responsibility of the system integrator. The processor 

tem perature specificat ions are found in Sect ion 7 of this docum ent .

Tab le 9 - 1 . PW M Fan  Fr eq u en cy  Sp eci f i cat ion s Fo r  4 - Pin  Act iv e Th er m al  So lu t ion

Descr ip t ion Min  Fr eq u en cy Nom in a l  Fr eq u en cy Max  Fr eq u en cy Un i t

PWM Cont rol 
Frequency Range

21,000 25,000 28,000 Hz

Tab le 9 - 2 . Fan  Sp eci f i cat ion s Fo r  4 - Pin  Act i v e Th er m al  So lu t ion

Descr ip t io n Min
Ty p

St ead y
Max  

St ead y
Max

St ar t u p
Un i t

+ 12 V:  12 volt  fan power supply 10.8 12 12 13.2 V

I C:  Fan Current  Draw N/ A 1.25 1.5 2.2 A

SENSE:  SENSE frequency 2 2 2 2
Pulses per fan 

revolut ion

Figu r e 9 - 1 4 . Fan  Cab le Con n ect o r  Pin  Ou t  Fo r  4 - Pin  Act i v e Th er m al  So lu t ion

Tab le 9 - 3 . Fan  Cab le Con n ect o r  Pin  Ou t  f o r  4 - Pin  Act i v e Th er m al  So lu t ion

Pin  Nu m b er Sig n a l Co lo r

1 Ground Black

2 Pow er :  (+ 12 V) Yellow

3 Sen se:  2 pulses per revolut ion Green

4 Con t r o l :  21 kHz-28 kHz Blue
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9 .3 .1 .1 STS1 0 0 C ( Passiv e /  Act i v e Com b in at ion  Heat  Sin k  So lu t ion )

Act iv e Con f igu r at ion :

The act ive configurat ion of the com binat ion solut ion is designed to help pedestal 

chassis users to m eet  the therm al processor requirem ents without  the use of chassis 

duct ing. I t  m ay be st ill be necessary to im plem ent  som e form  of chassis air  guide or air  

duct  to m eet  the TLA temperature of 40 C depending on the pedestal chassis layout . 

Use of the act ive configurat ion in a 2U rackm ount  chassis is not  recom m ended.

I t  is recom m ended that  the am bient  air  tem perature outside of the chassis be kept  at  

or below 35 C. The air  passing direct ly over the processor therm al solut ion should not  

be preheated by other system components. Meet ing the processor ’s temperature 

specificat ion is the responsibility of the system  integrator.

This therm al solut ion is for use with 95 W and 130 W TDP processor SKUs.

Passiv e Con f ig u r at ion :

I n the passive configurat ion it  is assumed that  a chassis duct  will be implemented. 

Processors with a TDP of 130W or 95W m ust  provide a m inim um  airflow of 30 CFM at  

0.205 in. H2O (51 m 3/ hr at  51.1 Pa)  of flow impedance. For processors with a TDP of 

130W it  is assumed that  a 40 ° C TLA is m et . This requires a superior chassis design to 

lim it  the TRI SE at  or below 5° C with an external ambient  temperature of 35° C. For 

processors with a TDP of 95W it  is assumed that  a 55 ° C TLA is m et . 

9 .3 .1 .2 STS1 0 0 A ( Act iv e Heat  Sin k  So lu t ion )  ( Ped est a l  on ly )

This act ive solut ion is designed to help pedestal chassis users to m eet  the therm al 

processor requirements without  the use of chassis duct ing. I t  m ay be st ill be necessary 

to implement  some form  of chassis air guide or air  duct  to meet  the TLA tem perature of 

40C depending on the pedestal chassis layout . Use of this act ive solut ion in a 2U 

rackm ount  chassis has not  been validated.

I t  is recom m ended that  the am bient  air  tem perature outside of the chassis be kept  at  

or below 35 C. The air  passing direct ly over the processor therm al solut ion should not  

be preheated by other system components. Meet ing the processor ’s temperature 

specificat ion is the responsibility of the system  integrator.

This therm al solut ion is for use with processor SKUs no higher than 80 W.

9 .3 .1 .3 STS1 0 0 P ( 2 5 .5 m m  Tal l  Passiv e Heat  Sin k  So lu t ion )  ( Blad e +  1 U +  2 U 
Rack )

This passive solut ion is intended for use in SSI  Blade, 1U or 2U rack configurat ions. I t  is 

assumed that  a chassis duct  will be implemented in all configurat ions. 

Processors with a TDP of 95 W m ust  provide a m inimum airflow of 16 CFM at  0.40 in. 

H2O (27.2 m3/ hr at  99.5 Pa)  of flow impedance.  I t  is assum ed that  a TLA of 49° C is 

m et  for 95 W processor installat ions.  This requires a chassis design to lim it  the TRI SE 

at  or below 14° C with an external ambient  temperature of 35° C.  Under these 

condit ions, only Therm al Profile B will be supported.  I f Therm al Profile A support  is 

desired for processors with a TDP of 95 W a 2U configurat ion with a chassis duct  is 

recom m ended. A TLA of < 40° C is required. This requires a superior chassis design to 

lim it  the TRI SE below 5° C with an external am bient  tem perature of 35° C. 
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Processors with a TDP of 80 W or lower must  provide a m inim um airflow of 9.7 CFM at  

0.20 in. H2O (16.5 m 3/ hr at  49.8 Pa)  of flow im pedance.  I t  is assum ed that  a TLA of 

49° C is m et  for these processor installat ions.  This requires a chassis design to lim it  the 

TRI SE at  or below 14° C with an external ambient  temperature of 35° C. 

Not e: lease refer to the I ntel®  Xeon®  Processor 5500/ 5600 Series Thermal /  Mechanical 
Design Guidelines for detailed m echanical drawings of the STS100P.

9 .4 Box ed  Pr ocesso r  Con t en t s

The Boxed Processor and Boxed Thermal Solut ion contents are out lined below.

Box ed  Pr ocessor

• I ntel®  Xeon®  processor 5600 series processor

• I nstallat ion and warranty m anual

• I ntel I nside Logo

Box ed  Th er m al  So lu t ion

• Heat  sink assem bly solut ion

• Therm al interface m aterial (pre-applied on heat  sink, if included)

• I nstallat ion and warranty m anual

§
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