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2 Datasheet

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 
I NTENDED FOR USE I N MEDI CAL, LI FE SAVI NG, OR LI FE SUSTAI NI NG APPLI CATI ONS.

I ntel may make changes to specificat ions and product  descript ions at  any t ime, without  not ice.

Designers must  not  rely on the absence or characterist ics of any features or inst ruct ions marked " reserved" or "undefined."  I ntel reserves these for 
future definit ion and shall have no responsibility  whatsoever for conflicts or incompat ibilit ies arising from  future changes to them.

ΔI ntel processor numbers are not  a measure of perform ance. Processor numbers 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 numbers will increment  based on changes in 
clock, speed, cache, FSB, or other features, and increments are not  intended to represent  proport ional or quant itat ive increases in any part icular 
feature. Current  roadmap processor number progression is not  necessarily representat ive of future roadm aps. See www.intel.com/ products/
processor_number for details.

I ntel®  64 requires a computer system with a processor, chipset , BI OS, operat ing system, device drivers, and applicat ions enabled for I ntel 64. Processor 
will not  operate ( including 32-bit  operat ion)  without  an I ntel 64-enabled BI OS. Performance will vary depending on your hardware and software 
configurat ions. See ht tp: / / www.intel.com/ technology/ intel64/ index.htm  for more inform at ion including details on which processors support  I ntel 64, or 
consult  with your system  vendor for m ore informat ion.

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

The I ntel®  Pent ium ®  Dual-Core Desktop processor E2000 series may contain design defects or errors known as errata which may cause the product  to 
deviate from published specificat ions.

Not  all specif ied units of this processor support  Thermal Monitor 2, Enhanced HALT State and Enhanced I ntel SpeedStep®  Technology. See the Processor 
Spec Finder at  ht tp: / / processorfinder.intel.com or contact  your I ntel representat ive for more informat ion.”

Contact  your local I ntel sales off ice or your dist r ibutor to obtain the latest  specif icat ions and before placing your product  order.

I ntel,  Pent ium, I ntel SpeedStep, I ntel Core, and the I ntel logo are t rademarks of I ntel Corporat ion in the U.S. and other countr ies.

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

Copyright  ©  2007–2008 I ntel Corporat ion.
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I n t e l®  Pen t iu m ®  Du al - Cor e Desk t op  

Pr ocesso r  E2 0 0 0Δ Ser ies  

The I ntel Pent ium ®  Dual-Core desktop processor E2000 series deliver I ntel's advanced, powerful 
processors for desktop PCs. The processor is designed to deliver performance across applicat ions and 
usages where end-users can t ruly appreciate and experience the performance. These applicat ions 
include I nternet  audio and st ream ing video, im age processing, video content  creat ion, speech, 3D, 
CAD, gam es, m ult im edia, and m ult itasking user environm ents.

I ntel®  64 architecture enables the processor to execute operat ing system s and applicat ions writ ten to 
take advantage of the I ntel 64 architecture. The processor support ing Enhanced I ntel SpeedStep®  
technology allows t radeoffs to be m ade between performance and power consumpt ion.

The I ntel Pent ium ®  Dual-Core desktop processor E2000 series also includes the Execute Disable Bit  
capability. This feature, com bined with a supported operat ing system , allows m em ory to be m arked 
as executable or non-executable.

§  §

• Available at  2.4 GHz, 2.2 GHz, 2.0 GHz, 
1.80 GHz, and 1.60 GHz

• Enhanced I ntel SpeedStep®  Technology 

• Supports I ntel®  64 architecture

• Supports Execute Disable Bit  capability

• Binary com pat ible with applicat ions running 
on previous m em bers of the I ntel 
m icroprocessor line

• FSB frequency at  800 MHz 

• Advance Dynamic Execut ion 

• Very deep out-of-order execut ion

• Enhanced branch predict ion

• Opt im ized for 32-bit  applicat ions running on 
advanced 32-bit  operat ing system s

• Two 32-KB Level 1 data caches

• 1 MB Advanced Smart  Cache 

• Advanced Digital Media Boost

• Enhanced float ing point  and mult im edia unit  
for enhanced video, audio, encrypt ion, and 3D 
performance

• Power Management  capabilit ies 

• System  Managem ent  mode 

• Mult iple low-power states

• 8-way cache associat ivity provides im proved 
cache hit  rate on load/ store operat ions

• 775- land Package
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Rev ision  H ist o r y

§  §

Rev ision  
Nu m b er

Descr ip t ion Dat e

-001 • I nit ial release June 2007

-002 • Added specificat ions for I ntel®  Pent ium ®  Dual-Core Desktop processor E2180 August  2007

-003
• Added specificat ions for I ntel®  Pent ium ®  Dual-Core Desktop processor E2160 and 

E2140 for a second therm al profile (See Table 26)
Septem ber 2007

-004 • Added specificat ions for I ntel®  Pent ium ®  Dual-Core Desktop processor E2200 Decem ber 2007

-005 • Added specificat ions for I ntel®  Pent ium ®  Dual-Core Desktop processor E2220 March 2008
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I n t r od u ct ion

1 I n t r od u ct ion

The I ntel®  Pent ium ®  Dual-Core Desktop processor E2000 series combines the 
performance of the current  generat ion of desktop products with the power efficiencies 
of a low-power m icroarchitecture to enable smaller, quieter system s. These dual-core 
processors are based on 65 nm  process technology. They are 64-bit  processors that  
maintain compat ibilit y with I A-32 software.

The I ntel®  Pent ium ®  Dual-Core Desktop processor E2000 series uses Flip-Chip Land 
Grid Array (FC-LGA6)  package technology, and plugs into a 775- land surface mount , 
Land Grid Array (LGA)  socket , referred to as the LGA775 socket . 

Not e: I n this docum ent , unless otherwise specified, the I ntel®  Pent ium ®  Dual-Core Desktop 
processor E2000 series refers to I ntel®  Pent ium ®  Dual-Core Desktop processor E2220, 
E2200, E2180, E2160, and E2140. 

Not e: I n this docum ent , unless otherwise specified, the I ntel®  Pent ium ®  Dual-Core Desktop 
processor E2000 series is referred to as “processor.”

The processor supports advanced technologies including Execute Disable Bit , I ntel®  64 
architecture, and Enhanced I ntel SpeedStep®  technology.

The processor's front  side bus (FSB)  uses a split - t ransact ion, deferred reply protocol 
like the I ntel®  Pent ium ®  4 processor. The FSB uses Source-Synchronous Transfer (SST)  
of address and data to improve performance by t ransferr ing data four t im es per bus 
clock (4X data t ransfer rate, as in AGP 4X) . Along with the 4X data bus, the address 
bus can deliver addresses two t im es per bus clock and is referred to as a "double-
clocked" or 2X address bus. Working together, the 4X data bus and 2X address bus 
provide a data bus bandwidth of up to 8.5 GB/ s.

I ntel will enable support  com ponents for the processor including heatsink, heatsink 
retent ion m echanism , and socket . Manufacturability is a high prior ity;  hence, 
mechanical assembly may be completed from  the top of the baseboard and should not  
require any special tooling.

The processor includes an address bus power-down capability which rem oves power 
from  the address and data signals when the FSB is not  in use. This feature is always 
enabled on the processor.

1 .1 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 level. For example, when RESET#  is low, a reset  
has been requested. Conversely, when NMI  is high, a nonmaskable interrupt  has 
occurred. I n the case of signals where the nam e does not  im ply an act ive state but  
describes part  of a binary sequence (such as address or data) , the ‘# ’ symbol implies 
that  the signal is inverted. For example, D[ 3: 0]  =  ‘HLHL’ refers to a hex ‘A’, and 
D[ 3: 0] #  =  ‘LHLH’ also refers to a hex ‘A’ (H=  High logic level, L=  Low logic level) .

Front  Side Bus”  refers to the interface between the processor and system core logic 
(a.k.a. the chipset  com ponents) . The FSB is a m ult iprocessing interface to processors, 
memory, and I / O.
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1 .1 .1 Pr ocesso r  Ter m in o log y

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

• I n t e l®  Pen t iu m ®  Du al - Cor e Desk t op  p r ocesso r  E2 0 0 0  ser ies  — Dual core 
processor in the FC-LGA6 package with a 1 MB L2 cache.

• Pr ocessor  — For this document , the term  processor is the generic form  of the 
I ntel®  Pent ium ®  Dual-Core Desktop processor E2000 series. The processor is a 
single package that  contains one or m ore execut ion units.

• Keep - ou t  zon e — The area on or near the processor that  system  design can not  
use. 

• Pr ocessor  co r e  — Processor core die with integrated L2 cache. 

• LGA7 7 5  sock et  — The processors m ate with the system  board through a surface 
m ount , 775- land, LGA socket .

• I n t eg r at ed  h eat  sp r eader  ( 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.

• Ret en t ion  m ech an ism  ( RM)  — Since the LGA775 socket  does not  include any 
m echanical features for heatsink at tach, a retent ion m echanism  is required. 
Component  therm al solut ions should at tach to the processor via a retent ion 
m echanism  that  is independent  of the socket .

• FSB ( Fr on t  Sid e Bu s)  — The elect r ical interface that  connects the processor to 
the chipset . Also referred to as the processor system  bus or the system  bus. All 
m em ory and I / O t ransact ions as well as interrupt  m essages pass between the 
processor and chipset  over the FSB.

• St o r ag e con d i t ion s  — Refers to a non-operat ional state. The processor m ay 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. 
Upon exposure to “ free air ” ( i.e.,  unsealed packaging or a device rem oved from  
packaging m aterial)  the processor m ust  be handled in accordance with m oisture 
sensit ivity labeling (MSL)  as indicated on the packaging material.

• Fu n ct ion al  op er at ion  — Refers to norm al operat ing condit ions in which all 
processor specificat ions, including DC, AC, system  bus, signal quality, m echanical 
and therm al are sat isfied. 

• Ex ecu t e Disab le Bi t  — The Execute Disable bit  allows memory to be marked as 
executable or non-executable, when com bined with a support ing operat ing system. 
I f code at tempts to run in non-executable memory 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®  Architecture Software Developer's Manual 
for m ore detailed inform at ion.

• I n t e l®  6 4  Ar ch i t ect u r e  — An enhancem ent  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 the I ntel 64 architecture. Further details on I ntel 64 architecture and 
program m ing m odel can be found in the I ntel Extended Memory 64 Technology 
Software Developer Guide at  ht tp: / / developer.intel.com / technology/
64bitextensions/ .

• En h an ced  I n t e l  Sp eedSt ep ®  Tech n o log y  — Enhanced I ntel SpeedStep 
technology allows t rade-offs to be m ade between perform ance and power 
consumpt ions, based on processor ut ilizat ion. This may lower average power 
consum pt ion ( in conjunct ion with OS support ) .
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1 .2 Ref er en ces

Material and concepts available in the following docum ents m ay be beneficial when 
reading this docum ent .

§ §

Tab le 1 . Ref er en ces

Docu m en t Locat ion

I ntel®  Pent ium ®  Dual-Core Desktop Processor E2000 Series 

Specificat ion Update

ht tp: / / www.intel.com / /

design/ processor/

specupdt / 316982.htm

I ntel®  Core™2 Duo Processor and I ntel®  Pent ium ®  Dual Core Therm al 

and Mechanical Design Guidelines

ht tp: / / www.intel.com/

design/ processor/

designex/ 317804.htm

I ntel®  Pent ium ®  D Processor, I ntel®  Pent ium ®  Processor Ext rem e 

Edit ion, I ntel®  Pent ium ®  4 Processor, and I ntel®  Core™2 Duo Ext rem e 

Processor Therm al and Mechanical Design Guidelines.

ht tp: / / www.intel.com/

design/ pent ium XE/

designex/ 306830.htm  

Voltage Regulator-Down (VRD)  11.0 Processor Power Delivery Design 

Guidelines For Desktop LGA775 Socket

ht tp: / / www.intel.com/

design/ processor/

applnots/ 313214.htm

LGA775 Socket  Mechanical Design Guide

ht tp: / / intel.com /

design/ Pent ium 4/

guides/ 302666.htm

I ntel®  64 and I A-32 Architecture Software Developer’s Manuals

ht tp: / / www.intel.com/

products/ processor/

m anuals/

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

Volum e 1:  Basic Architecture

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

Volum e 2A:  I nst ruct ion Set  Reference Manual A–M

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

Volum e 2B:  I nst ruct ion Set  Reference Manual, N–Z

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

Volum e 3A:  System  Program m ing Guide

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

Volum e 3B:  System  Program m ing Guide
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Elect r i ca l  Sp eci f i ca t ion s

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

This chapter describes the elect r ical characterist ics of the processor interfaces and 
signals. DC elect r ical characterist ics are provided.

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

The processor has VCC (power) , VTT and VSS (ground)  inputs for on-chip power 
dist r ibut ion. All power lands m ust  be connected to VCC,  while all VSS lands m ust  be 
connected to a system  ground plane. The processor VCC lands must  be supplied the 
voltage determ ined by the Voltage I Dent ificat ion (VI D)  lands. 

The signals denoted as VTT provide term inat ion for the front  side bus and power to the 
I / O buffers. A separate supply m ust  be im plemented for these lands, that  m eets the 
VTT specificat ions out lined in Table 5.

2 .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. This may cause voltages on power planes 
to sag below their m inim um  specified values if bulk decoupling is not  adequate. Larger 
bulk storage (CBULK) , such as elect rolyt ic or alum inum -polym er capacitors, supply 
current  during longer last ing changes in current  dem and by the com ponent , such as 
com ing out  of an idle condit ion. Sim ilar ly, they act  as a storage well for current  when 
entering an idle condit ion from  a running condit ion. The motherboard must  be designed 
to ensure that  the voltage provided to the processor rem ains within the specificat ions 
listed in Table 5. Failure to do so can result  in t im ing violat ions or reduced lifet im e of 
the com ponent . 

2 .2 .1 VCC Decou p l in g

VCC regulator solut ions need to provide sufficient  decoupling capacitance to sat isfy the 
processor voltage specificat ions. This includes bulk capacitance with low effect ive series 
resistance (ESR)  to keep the voltage rail within specificat ions during large swings in 
load current . I n addit ion, ceram ic decoupling capacitors are required to filter high 
frequency content  generated by the front  side bus and processor act ivity. Consult  the 
Voltage Regulator-Down (VRD)  11.0 Processor Power Delivery Design Guidelines For 
Desktop LGA775 Socket  for further inform at ion.

2 .2 .2 VTT Decou p l in g

Decoupling m ust  be provided on the m otherboard. Decoupling solut ions m ust  be sized 
to meet  the expected load. To ensure compliance with the specificat ions, various 
factors associated with the power delivery solut ion must  be considered including 
regulator type, power plane and t race sizing, and component  placem ent . A 
conservat ive decoupling solut ion would consist  of a com binat ion of low ESR bulk 
capacitors and high frequency ceram ic capacitors. 
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2 .2 .3 FSB Decou p l in g

The processor integrates signal term inat ion on the die. I n addit ion, som e of the high 
frequency capacitance required for the FSB is included on the processor package. 
However, addit ional high frequency capacitance m ust  be added to the m otherboard to 
properly decouple the return currents from  the front  side bus. Bulk decoupling m ust  
also be provided by the motherboard for proper [ A] GTL+  bus operat ion. 

2 .3 Vo l t ag e I d en t i f i ca t ion

The Voltage I dent ificat ion (VI D)  specificat ion for the processor is defined by the Voltage 
Regulator-Down (VRD)  11.0 Processor Power Delivery Design Guidelines For Desktop 
LGA775 Socket .  The voltage set  by the VI D signals is the reference VR output  voltage 
to be delivered to the processor VCC pins (see Sect ion 2.6.3 for VCC overshoot  
specificat ions) . Refer to Table 13 for the DC specificat ions for these signals. Voltages 
for each processor frequency is provided in Table 5.

I ndividual processor VI D values may be calibrated during manufacturing such that  two 
devices at  the same core speed may have different  default  VI D set t ings. This is 
reflected by the VI D Range values provided in Table 5. Refer to the I ntel®  Pent ium ®  
Dual-Core Desktop Processor E2000 Series Specificat ion Update for further details on 
specific valid core frequency and VI D values of the processor. Note this differs from the 
VI D employed by the processor during a power m anagem ent  event  (Therm al Monitor 2, 
Enhanced I ntel SpeedStep®  Technology, or Enhanced HALT State) . 

The processor uses six voltage ident ificat ion signals, VI D[ 6: 1] , to support  automat ic 
select ion of power supply voltages. Table 2 specifies the voltage level corresponding to 
the state of VI D[ 6: 1] . 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 (VI D[ 6: 1]  =  111111) , or the 
voltage regulat ion circuit  cannot  supply the voltage that  is requested, it  must  disable 
itself. The Voltage Regulator-Down (VRD)  11.0 Processor Power Delivery Design 
Guidelines For Desktop LGA775 Socket  defines VI D [ 7: 0] , VI D7 and VI D0 are not  used 
on the processor;  VI D0 and VI D7 are st rapped to VSS on the processor package. VI D0 
and VI D7 m ust  be connected to the VR cont roller for com pat ibility with future 
processors.

The processor provides the ability to operate while t ransit ioning to an adjacent  VI D and 
its associated processor core voltage (VCC) . This will represent  a DC shift  in the load 
line. I t  should be noted that  a low- to-high or high- to- low voltage state change m ay 
result  in as m any VI D t ransit ions as necessary to reach the target  core voltage. 
Transit ions above the specified VI D are not  perm it ted. Table 5 includes VI D step sizes 
and DC shift  ranges. Minimum  and m aximum  voltages m ust  be m aintained as shown in 
Table 6 and Figure 1 as m easured across the VCC_SENSE and VSS_SENSE lands.

The VRM or VRD used must  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 5 and 
Table 6. Refer to the Voltage Regulator-Down (VRD)  11.0 Processor Power Delivery 
Design Guidelines For Desktop LGA775 Socket  for further details.
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Tab le 2 . Vo l t ag e I den t i f i ca t ion  Def in i t ion

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

1 1 1 1 0 1 0.8500 0 1 1 1 1 0 1.2375

1 1 1 1 0 0 0.8625 0 1 1 1 0 1 1.2500

1 1 1 0 1 1 0.8750 0 1 1 1 0 0 1.2625

1 1 1 0 1 0 0.8875 0 1 1 0 1 1 1.2750

1 1 1 0 0 1 0.9000 0 1 1 0 1 0 1.2875

1 1 1 0 0 0 0.9125 0 1 1 0 0 1 1.3000

1 1 0 1 1 1 0.9250 0 1 1 0 0 0 1.3125

1 1 0 1 1 0 0.9375 0 1 0 1 1 1 1.3250

1 1 0 1 0 1 0.9500 0 1 0 1 1 0 1.3375

1 1 0 1 0 0 0.9625 0 1 0 1 0 1 1.3500

1 1 0 0 1 1 0.9750 0 1 0 1 0 0 1.3625

1 1 0 0 1 0 0.9875 0 1 0 0 1 1 1.3750

1 1 0 0 0 1 1.0000 0 1 0 0 1 0 1.3875

1 1 0 0 0 0 1.0125 0 1 0 0 0 1 1.4000

1 0 1 1 1 1 1.0250 0 1 0 0 0 0 1.4125

1 0 1 1 1 0 1.0375 0 0 1 1 1 1 1.4250

1 0 1 1 0 1 1.0500 0 0 1 1 1 0 1.4375

1 0 1 1 0 0 1.0625 0 0 1 1 0 1 1.4500

1 0 1 0 1 1 1.0750 0 0 1 1 0 0 1.4625

1 0 1 0 1 0 1.0875 0 0 1 0 1 1 1.4750

1 0 1 0 0 1 1.1000 0 0 1 0 1 0 1.4875

1 0 1 0 0 0 1.1125 0 0 1 0 0 1 1.5000

1 0 0 1 1 1 1.1250 0 0 1 0 0 0 1.5125

1 0 0 1 1 0 1.1375 0 0 0 1 1 1 1.5250

1 0 0 1 0 1 1.1500 0 0 0 1 1 0 1.5375

1 0 0 1 0 0 1.1625 0 0 0 1 0 1 1.5500

1 0 0 0 1 1 1.1750 0 0 0 1 0 0 1.5625

1 0 0 0 1 0 1.1875 0 0 0 0 1 1 1.5750

1 0 0 0 0 1 1.2000 0 0 0 0 1 0 1.5875

1 0 0 0 0 0 1.2125 0 0 0 0 0 1 1.6000

0 1 1 1 1 1 1.2250 0 0 0 0 0 0 OFF
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2 .4 Mar k et  Seg m en t  I d en t i f i ca t ion  ( MSI D)

The MSI D[ 1: 0]  signals may be used as outputs to determ ine the Market  Segment  of 
the processor. Table 3 provides details regarding the state of MSI D[ 1: 0] . A circuit  can 
be used to prevent  130 W TDP processors from  boot ing on boards opt im ized for 65 W 
TDP. 

2 .5 Reser v ed , Un u sed , an d  TESTHI  Sig n als

All RESERVED lands m ust  rem ain unconnected. Connect ion of these lands to VCC,  VSS, 
VTT,  or to any other signal ( including each other)  can result  in component  m alfunct ion 
or incompat ibilit y with future processors. See Chapter 4 for a land list ing of the 
processor and the locat ion of all RESERVED lands.

I n a system level design, on-die term inat ion has been included by the processor to 
allow signals to be term inated within the processor silicon. Most  unused GTL+  inputs 
should be left  as no connects as GTL+  term inat ion is provided on the processor silicon. 
However, see Table 8 for details on GTL+  signals that  do not  include on-die term inat ion.

Unused act ive high inputs, should be connected through a resistor to ground (VSS) . 
Unused outputs can be left  unconnected, however this m ay interfere with som e TAP 
funct ions, complicate 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, a resistor will also allow for system  testability. Resistor 
values should be within ±  20%  of the impedance of the motherboard t race for front  
side bus signals. For unused GTL+  input  or I / O signals, use pull-up resistors of the 
same value as the on-die term inat ion resistors (RTT) . For details, see Table 14.

TAP and CMOS signals do not  include on-die term inat ion. I nputs and used outputs m ust  
be term inated on the m otherboard. Unused outputs m ay be term inated on the 
m otherboard or left  unconnected. Note that  leaving unused outputs unterm inated m ay 
interfere with som e TAP funct ions, complicate debug probing, and prevent  boundary 
scan test ing. 

All TESTHI [ 13: 0]  lands should be individually connected to VTT via a pull-up resistor 
that  m atches the nom inal t race im pedance. 

Tab le 3 . Mar k et  Seg m en t  Select ion  Tr u t h  Tab le f o r  MSI D[ 1 :0 ] 1 ,  2 ,  3 ,  4

NOTES:

1. The MSI D[ 1: 0]  signals are provided to indicate the Market  Segment  for the processor 

and m ay be used for future processor com pat ibilit y or for keying. Circuit ry on the 

m otherboard m ay use these signals to ident ify the processor installed. 
2. These signals are not  connected to the processor die.
3. A logic 0 is achieved by pulling the signal to ground on the package.
4. A logic 1 is achieved by leaving the signal as a no connect  on the package. 

MSI D1 MSI D0 Descr ip t ion

0 0 I ntel®  Pent ium ®  Dual-Core Desktop processor E2000 series

0 1 Reserved

1 0 Reserved

1 1 Reserved
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The TESTHI  signals may use individual pull-up resistors or be grouped together as 
detailed below. A matched resistor must  be used for each group:

• TESTHI [ 1: 0]

• TESTHI [ 7: 2]

• TESTHI 8/ FC42 – cannot  be grouped with other TESTHI  signals

• TESTHI 9/ FC43 – cannot  be grouped with other TESTHI  signals

• TESTHI 10 – cannot  be grouped with other TESTHI  signals

• TESTHI 11 – cannot  be grouped with other TESTHI  signals

• TESTHI 12/ FC44 – cannot  be grouped with other TESTHI  signals

• TESTHI 13 – cannot  be grouped with other TESTHI  signals

However, use of boundary scan test  will not  be funct ional if these lands are connected 
together. For opt im um  noise m argin, all pull-up resistor values used for TESTHI [ 13: 0]  
lands should have a resistance value within ±  20%  of the impedance of the board 
t ransm ission line t races. For example, if the nom inal t race impedance is 50 Ω,  then a 
value between 40 Ω and 60 Ω should be used.

2 .6 Vo l t ag e an d  Cu r r en t  Sp eci f i ca t ion

2 .6 .1 Abso lu t e Max im u m  an d  Min im u m  Rat in g s

Table 4 specifies absolute m axim um  and m inimum rat ings only and lie outside the 
funct ional lim its of the processor. Within funct ional operat ion lim its, funct ionality and 
long- term  reliability can 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 reliability 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.
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NOTES:

1. For funct ional operat ion, all processor elect r ical, signal quality, m echanical and therm al 

specificat ions must  be sat isfied.

2. Excessive overshoot  or undershoot  on any signal will likely result  in permanent  dam age to 

the processor.

3. 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, refer to the processor case tem perature specificat ions.

4. This rat ing applies to the processor and does not  include any t ray or packaging.

5. Failure to adhere to this specificat ion can affect  the long term  reliability of the processor.

Tab le 4 . Ab so lu t e Max im u m  an d  Min 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 Core voltage with respect  to VSS  –0.3 1.55 V -

VTT
FSB term inat ion voltage with 

respect  to VSS
 –0.3 1.55 V -

TC Processor case temperature
See 

Chapter 5

See 

Chapter 5
° C -

TSTORAGE Processor storage tem perature  –40  85 ° C 3, 4, 5
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2 .6 .2 DC Vo l t age an d  Cu r r en t  Speci f i cat ion

Tab le 5 . Vo l t ag e an d  Cu r r en t  Sp eci f i cat ion s

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

NOTES:
1. Unless otherwise noted, all specificat ions in this table are based on est im ates and sim ulat ions or em pir ical data.

These specificat ions will be updated with characterized data from  silicon m easurem ents at  a later date.
2. Adherence to the voltage specificat ions for the processor are required to ensure reliable processor operat ion.

VI D Range VI D 0.8500 — 1.5 V 3

3. Each processor is program m ed with a m axim um  valid voltage ident ificat ion value (VI D) , which is set  at
m anufacturing and can not  be altered. I ndividual m axim um  VI D values are calibrated during m anufactur ing such
that  two processors at  the sam e frequency may have different  set t ings within the VI D range. Note this differs
from  the VI D em ployed by the processor during a power managem ent  event  (Therm al Monitor 2, Enhanced I ntel
SpeedStep®  technology, or Extended HALT State) . 

VCC

Processor Num ber

E2220

E2200

E2180

E2160

E2140

VCC for 

775_VR_CONFI G_06

2.4 GHz

2.2 GHz

2.0 GHz

1.8 GHz

1.6 GHz

Refer to Table 6 and 

Table 1
V 4, 5, 6

4. These voltages are targets only. A var iable voltage source should exist  on systems in the event  that  a different
voltage is required. See Sect ion 2.3 and Table 2 for m ore inform at ion.

5. The voltage specificat ion requirem ents are measured across VCC_SENSE and VSS_SENSE lands at  the socket
with a 100 MHz bandwidth oscilloscope, 1.5 pF m axim um  probe capacitance, and 1 MΩ m inim um  im pedance. The
m axim um  length of ground wire on the probe should be less than 5 mm . Ensure external noise from  the system
is not  coupled into the oscilloscope probe.

6. Refer to Table 6 and Figure 1 for the m inim um , typical, and m axim um  VCC allowed for a given current . The
processor should not  be subjected to any VCC and I CC com binat ion wherein VCC exceeds VCC_MAX for a given
current .

VCC_BOOT Default  VCC voltage for init ial power up — 1.10 — V

VCCPLL PLL VCC -  5% 1.50 +  5%

I CC

Processor Num ber

E2220

E2200

E2180

E2160

E2140

VCC for 

775_VR_CONFI G_06

2.4 GHz

2.2 GHz

2.0 GHz

1.8 GHz

1.6 GHz

— —

75

75

75

75

75

A 7

7. I CC_MAX specificat ion is based on the VCC_MAX loadline. Refer to Figure 1 for details.

VTT

FSB term inat ion voltage 

(DC +  AC specificat ions)
1.14 1.20 1.26 V 8

8. VTT m ust  be provided via a separate voltage source and not  be connected to VCC.  This specificat ion is m easured
at  the land.

VTT_OUT_LEFT and 

VTT_OUT_RI GHT 

I CC

DC Current  that  m ay be drawn from  

VTT_OUT_LEFT and VTT_OUT_RI GHT per 

pin

— — 580 mA 9

9. Baseboard bandwidth is lim ited to 20 MHz.

I TT

I CC for VTT supply before VCC stable

I CC for VTT supply after VCC stable
— —

4.5

4.6
A 10

10.This is m axim um  total current  drawn from  VTT plane by only the processor. This specificat ion does not  include

the current  com ing from  RTT ( through the signal line) . Refer to the Voltage Regulator-Down (VRD)  11.0 Processor

Power Delivery Design Guidelines For Desktop LGA775 Socket  to determ ine the total I TT drawn by the system .

This param eter is based on design character izat ion and is not  tested.

I CC_VCCPLL I CC for PLL land — — 130 m A

I CC_GTLREF I CC for GTLREF — — 200 μA
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Tab le 6 . VCC St a t i c an d  Tr an sien t  To ler an ce f o r  Pr ocesso r s

I CC ( A)

Vo l t ag e Dev ia t ion  f r om  VI D Set t in g  ( V) 1 , 2 , 3 , 4

NOTES:
1. The loadline specificat ion includes both stat ic and t ransient  lim its except  for overshoot  allowed

as shown in Sect ion 2.6.3.
2. This table is intended to aid in reading discrete points on Figure 1.
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  be taken from  processor
VCC and VSS lands. Refer to the Voltage Regulator-Down (VRD)  11.0 Processor Power Delivery
Design Guidelines For Desktop LGA775 Socket  for socket  loadline guidelines and VR
implem entat ion details.

4. Adherence to this loadline specificat ion is required to ensure reliable processor operat ion.

Max im u m  Vo l t ag e

1 .3 0  m Ω
Ty p ica l  Vo l t ag e

1 .4 2 5  m Ω
Min im u m  Vo l t ag e

1 .5 5  m Ω

0 0.000 -0.019 -0.038

5 -0.007 -0.026 -0.046

10 -0.013 -0.033 -0.054

15 -0.020 -0.040 -0.061

20 -0.026 -0.048 -0.069

25 -0.033 -0.055 -0.077

30 -0.039 -0.062 -0.085

35 -0.046 -0.069 -0.092

40 -0.052 -0.076 -0.100

45 -0.059 -0.083 -0.108

50 -0.065 -0.090 -0.116

55 -0.072 -0.097 -0.123

60 -0.078 -0.105 -0.131

65 -0.085 -0.112 -0.139

70 -0.091 -0.119 -0.147

75 -0.098 -0.126 -0.154
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NOTES:

1. The loadline specificat ion includes both stat ic and t ransient  lim its except  for overshoot  

allowed as shown in Sect ion 2.6.3.

2. This loadline specificat ion shows the deviat ion from  the VI D set  point .

3. The loadlines specify voltage lim its at  the die measured at  the VCC_SENSE and 

VSS_SENSE lands. Voltage regulat ion feedback for voltage regulator circuits m ust  be taken 

from  processor VCC and VSS lands. Refer to the Voltage Regulator-Down (VRD)  11.0 

Processor Power Delivery Design Guidelines For Desktop LGA775 Socket  for socket  loadline 

guidelines and VR implem entat ion details.

2 .6 .3 VCC Ov er sh oo t

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 maximum allowable overshoot  voltage) . 
The t ime durat ion of the overshoot  event  must  not  exceed TOS_MAX (TOS_MAX is the 
maxim um allowable t ime durat ion 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 1 . VCC St at ic an d  Tr an sien t  To ler an ce f o r  Pr ocesso r s

ICC (A)

VCC (V)

VID – 0.000

VID – 0.013

VID – 0.025

VID – 0.038

VID – 0.050

VID – 0.063

VID – 0.075

VID – 0.088

VID – 0.100

VID – 0.113

VID – 0.125

VID – 0.138

VID – 0.150

VID – 0.163

0 10 20 30 40 50 60 70

VCC Maximum

VCC Minimum

VCC Typical

Tab le 7 . 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 Fig u r e No t es

VOS_MAX
Magnitude of VCC overshoot  above 

VI D
— 50 m V 2 1

NOTES:
1. Adherence to these specificat ions is required to ensure reliable processor operat ion.

TOS_MAX
Tim e durat ion of VCC overshoot  above 

VI D
— 25 μs 2 1
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NOTES:

1. VOS is m easured overshoot  voltage.

2. TOS is m easured t ime durat ion above VI D.

2 .6 .4 Die Vo l t ag e Val id at ion

Overshoot  events on processor must  meet  the specificat ions in Table 7 when m easured 
across the VCC_SENSE and VSS_SENSE lands. Overshoot  events that  are <  10 ns in 
durat ion may be ignored. These measurements of processor die level overshoot  m ust  
be taken with a bandwidth lim ited oscilloscope set  to a greater than or equal to 
100 MHz bandwidth lim it .

2 .7 Sig n al in g  Sp eci f i ca t ion s

Most  processor Front  Side Bus signals use Gunning Transceiver Logic (GTL+ )  signaling 
technology. This technology provides improved noise margins and reduced r inging 
through low voltage swings and cont rolled edge rates. Plat form s implem ent  a 
term inat ion voltage level for GTL+  signals defined as VTT.  Because plat forms implement  
separate power planes for each processor (and chipset ) , separate VCC and VTT supplies 
are necessary. This configurat ion allows for im proved noise tolerance as processor 
frequency increases. Speed enhancem ents to data and address busses have caused 
signal integrity considerat ions and plat form  design m ethods to becom e even m ore 
cr it ical than with previous processor families. The GTL+  inputs require a reference 
voltage (GTLREF)  which is used by the receivers to determ ine if a signal is a logical 0 or 
a logical 1. GTLREF must  be generated on the motherboard (see Table 14 for GTLREF 
specificat ions) . Term inat ion resistors (RTT)  for GTL+  signals are provided on the 
processor silicon and are term inated to VTT.  I ntel chipsets will also provide on-die 
term inat ion, thus elim inat ing the need to term inate the bus on the motherboard for 
m ost  GTL+  signals.

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

Example Overshoot Waveform
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VID + 0.050
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TOS: Overshoot time above VID

VOS: Overshoot above VID
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2 .7 .1 FSB Sig n al  Gr ou p s

The front  side bus signals have been combined into groups by buffer type. GTL+  input  
signals have different ial input  buffers, which use GTLREF[ 1: 0]  as a reference level. I n 
this docum ent , the term  “GTL+  I nput ”  refers to the GTL+  input  group as well as the 
GTL+  I / O group when receiving. Sim ilar ly, “GTL+  Output ”  refers to the GTL+  output  
group as well as the GTL+  I / O group when driving. 

With the im plementat ion of a source synchronous data bus com es the need to specify 
two sets of t im ing parameters. One set  is for common clock signals which are 
dependent  upon the r ising edge of BCLK0 (ADS# , HI T# , HI TM# , etc.)  and the second 
set  is for the source synchronous signals which are relat ive to their respect ive st robe 
lines (data and address)  as well as the r ising edge of BCLK0. Asychronous signals are 
st ill present  (A20M# , I GNNE# , etc.)  and can become act ive at  any t ime during the 
clock cycle. Table 8 ident ifies which signals are com m on clock, source synchronous, 
and asynchronous.

NOTES:

1. Refer to Sect ion 4.2 for signal descr ipt ions.

2. I n processor system s where no debug port  is im plem ented on the system  board, these 

signals are used to support  a debug port  interposer. I n systems with the debug port  

im plem ented on the system  board, these signals are no connects.

Tab le 8 . FSB Sig n al  Gr ou ps

Sig n a l  Gr ou p Ty p e Sig n a ls1

GTL+  Com m on 

Clock I nput

Synchronous to 

BCLK[ 1: 0]
BPRI # , DEFER# , RESET# , RS[ 2: 0] # , TRDY#

GTL+  Com m on 

Clock I / O

Synchronous to 

BCLK[ 1: 0]

ADS# , BNR# , BPM[ 5: 0] # , BR0# , DBSY# , DRDY# , HI T# , 

HI TM# , LOCK#

GTL+  Source 

Synchronous I / O

Synchronous to 

assoc. st robe

GTL+  St robes
Synchronous to 

BCLK[ 1: 0]
ADSTB[ 1: 0] # , DSTBP[ 3: 0] # , DSTBN[ 3: 0] #

CMOS

A20M# , I GNNE# , I NI T# , LI NT0/ I NTR, LI NT1/ NMI , SMI # , 

STPCLK# , PWRGOOD, TCK, TDI , TMS, TRST# , 

BSEL[ 2: 0] , VI D[ 6: 1]

Open Drain 

Output
FERR# / PBE# , I ERR# , THERMTRI P# , TDO

Open Drain 

I nput / Output
PROCHOT# 4

FSB Clock Clock BCLK[ 1: 0] , I TP_CLK[ 1: 0] 2

Power/ Other

VCC, VTT, VCCA, VCCI OPLL, VCCPLL, VSS, VSSA, 

GTLREF[ 1: 0] , COMP[ 8,3: 0] ,  RESERVED, TESTHI [ 13: 0] , 

VCC_SENSE, VCC_MB_REGULATI ON, VSS_SENSE, 

VSS_MB_REGULATI ON, DBR# 2,  VTT_OUT_LEFT, 

VTT_OUT_RI GHT, VTT_SEL, FCx, PECI , MSI D[ 1: 0]

Sig n als Associa t ed  St r ob e

REQ[ 4: 0] # , A[ 16: 3] # 3 ADSTB0#

A[ 35: 17] # 3 ADSTB1#

D[ 15: 0] # , DBI 0#  DSTBP0# , DSTBN0#

D[ 31: 16] # , DBI 1#  DSTBP1# , DSTBN1#

D[ 47: 32] # , DBI 2#  DSTBP2# , DSTBN2#

D[ 63: 48] # , DBI 3#  DSTBP3# , DSTBN3#
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3. The value of these signals during the act ive- to- inact ive edge of RESET#  defines the 

processor configurat ion opt ions. See Sect ion 6.1 for details.

4. PROCHOT#  signal type is open drain output  and CMOS input .
.

.  

2 .7 .2 CMOS an d  Op en  Dr a in  Sig n als

Legacy input  signals such as A20M# , I GNNE# , I NI T# , SMI # , and STPCLK#  use CMOS 
input  buffers. All of the CMOS and Open Drain signals are required to be asserted/ de-
asserted for at  least  four BCLKs in order for the processor to recognize the proper 
signal state. See Sect ion 2.7.3 for the DC specificat ions. See Sect ion 6.2 for addit ional 
t im ing requirements for enter ing and leaving the low power states.

Tab le 9 . Sig n al  Ch ar act er ist i cs

Sig n als w i t h RTT Sig n als w i t h No RTT

A[ 35: 3] # , ADS# , ADSTB[ 1: 0] # , BNR# , BPRI # , 

D[ 63: 0] # , DBI [ 3: 0] # , DBSY# , DEFER# , 

DRDY# , DSTBN[ 3: 0] # , DSTBP[ 3: 0] # , HI T# , 

HI TM# , LOCK# , PROCHOT# , REQ[ 4: 0] # , 

RS[ 2: 0] # , TRDY#

A20M# , BCLK[ 1: 0] , BSEL[ 2: 0] , 

COMP[ 8,3: 0] ,  I GNNE# , I NI T# , I TP_CLK[ 1: 0] , 

LI NT0/ I NTR, LI NT1/ NMI , PWRGOOD, 

RESET# , SMI # , STPCLK# , TESTHI [ 13: 0] , 

VI D[ 6: 1] , GTLREF[ 1: 0] , TCK, TDI , TMS, 

TRST# , VTT_SEL, MSI D[ 1: 0]

Op en Dr a in Sig n a ls1

NOTES:
1. Signals that  do not  have RTT, nor are act ively driven to their  high-voltage level.

THERMTRI P# , FERR# / PBE# , I ERR# , BPM[ 5: 0] # , 

BR0# , TDO, FCx

Tab le 1 0 . Sig n al  Ref er en ce Vo l t ag es

GTLREF VTT/ 2

BPM[ 5: 0] # , RESET# , BNR# , HI T# , HI TM# , BR0# , 

A[ 35: 0] # , ADS# , ADSTB[ 1: 0] # , BPRI # , D[ 63: 0] # , 

DBI [ 3: 0] # , DBSY# , DEFER# , DRDY# , DSTBN[ 3: 0] # , 

DSTBP[ 3: 0] # , LOCK# , REQ[ 4: 0] # , RS[ 2: 0] # , 

TRDY#

A20M# , LI NT0/ I NTR, LI NT1/ NMI , 

I GNNE# , I NI T# , PROCHOT# , 

PWRGOOD1,  SMI # , STPCLK# , TCK1,  

TDI 1,  TMS1,  TRST# 1

NOTES:
1. These signals also have hysteresis added to the reference voltage. See Table 12 for m ore

inform at ion. 
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2 .7 .3 Pr ocesso r  DC Sp eci f i cat ion s

The processor DC specificat ions in this sect ion are defined at  the processor core (pads)  
unless otherwise stated. All specificat ions apply to all frequencies and cache sizes 
unless otherwise stated.

.

Tab le 1 1 . GTL+  Sig n al  Gr ou p  DC Sp eci f i cat ion s

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

NOTES:
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies.

VI L I nput  Low Voltage -0.10 GTLREF – 0.10 V 2, 3

2. VI L is defined as the voltage range at  a receiving agent  that  will be interpreted as a logical low
value.

3. The VTT referred to in these specificat ions is the instantaneous VTT.

VI H I nput  High Voltage GTLREF +  0.10 VTT +  0.10 V 4, 5, 3

4. VI H is defined as the voltage range at  a receiving agent  that  will be interpreted as a logical high
value.

5. VI H and VOH m ay experience excursions above VTT. However, input  signal dr ivers m ust  com ply
with the signal quality specificat ions.

VOH Output  High Voltage VTT – 0.10 VTT V 5, 3

I OL Output  Low Current N/ A
VTT_MAX/

[ (RTT_MI N)+ (2* RON_MIN) ]
A -

I LI I nput  Leakage Current N/ A ±  100 µA 6

6. Leakage to VSS with land held at  VTT.

I LO Output  Leakage Current N/ A ±  100 µA 7

7. Leakage to VTT with land held at  300 mV

RON Buffer On Resistance 10 13 Ω

Tab le 1 2 . Op en  Dr a in  an d  TAP Ou t p u t  Sig n al  Gr ou p  DC Sp eci f i cat ion s

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

NOTES:
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies.

VOL Output  Low Voltage 0 0.20 V -

VOH Output  High Voltage VTT – 0.05 VTT +  0.05 V 2

2. VOH is determ ined by the value of the external pull-up resister to VTT.  

I OL Output  Low Current 16 50 m A 3

3. Measured at  VTT *  0.2.

I LO Output  Leakage Current N/ A ±  200 µA 4

4. For Vin between 0 and VOH
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.

2 .7 .3 .1 GTL+  Fr on t  Sid e Bu s Sp eci f i ca t ion s

I n m ost  cases, term inat ion resistors are not  required as these are integrated into the 
processor silicon. See Table 9 for details on which GTL+  signals do not  include on-die 
term inat ion. 

Valid high and low levels are determ ined by the input  buffers by comparing with a 
reference voltage called GTLREF. Table 14 lists the GTLREF specificat ions. The GTL+  
reference voltage (GTLREF)  should be generated on the system board using high 
precision voltage divider circuits.

Tab le 1 3 . CMOS Sig n a l  Gr ou p  DC Sp eci f i cat ion s

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

NOTES:
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies.

VI L I nput  Low Voltage -0.10 VTT *  0.30 V 2, 3

2. VI L is defined as the voltage range at  a receiving agent  that  will be interpreted as a logical low
value.

3. The VTT referred to in these specificat ions refers to instantaneous VTT.

VI H I nput  High Voltage VTT *  0.70 VTT +  0.10 V 4, 5, 3

4. VI H is defined as the voltage range at  a receiving agent  that  will be interpreted as a logical high
value. 

5. VI H and VOH m ay experience excursions above VTT.  However, input  signal dr ivers m ust  com ply
with the signal quality specificat ions.

VOL Output  Low Voltage -0.10 VTT *  0.10 V 3

VOH Output  High Voltage 0.90 *  VTT VTT +  0.10 V 6, 5, 3

6. All outputs are open drain.

I OL Output  Low Current 1.70 4.70 m A 3, 7

7. I OL is m easured at  0.10 *  VTT. I OH is m easured at  0.90 *  VTT.

I OH Output  High Current 1.70 4.70 m A 3, 7

I LI I nput  Leakage Current N/ A ±  100 µA 8

8. Leakage to VSS with land held at  VTT.

I LO Output  Leakage Current N/ A ±  100 µA 9

9. Leakage to VTT with land held at  300 m V.
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Tab le 1 4 . GTL+  Bu s Vo l t age Def in i t i on s

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

NOTES:
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies.

GTLREF_PU

GTLREF pull up resistor on 

I ntel 975X and 96x Express 

Chipset  fam ily boards

124 *  0.99 124 124 *  1.01 Ω 2

2. GTLREF is to be generated from  VTT by a voltage divider of 1%  resistors (one divider for each

GTLEREF land) . 

GTLREF_PD

GTLREF pull down resistor 

on I ntel 975X and 96x 

Express Chipset  fam ily 

boards

210 *  0.99 210 210 *  1.01 Ω 2

GTLREF_PU

GTLREF pull up resistor on 

I ntel Series 3 Express 

Chipset  fam ily boards

100 *  0.99 100 100 *  1.01 Ω 2

GTLREF_PD

GTLREF pull down resistor 

on I ntel Series 3 Express 

Chipset  fam ily boards

200 *  0.99 200 200 *  1.01 Ω 2

RTT Term inat ion Resistance 45 50 55 Ω 3

3. RTT is the on-die term inat ion resistance m easured at  VTT/ 3 of the GTL+  output  dr iver. 

COMP[ 3: 0] COMP Resistance 49.40 49.90 50.40 Ω 4

4. COMP resistance must  be provided on the system board with 1%  resistors. COMP[ 3: 0]  and

COMP8 resistors are to VSS.

COMP8 COMP Resistance 24.65 24.90 25.15 Ω 4



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

28 Datasheet

2 .8 Clock  Sp eci f i cat ion s

2 .8 .1 Fr on t  Sid e Bu s Clock  ( BCLK[ 1 :0 ] )  an d  Pr ocesso r  Clock in g

BCLK[ 1: 0]  direct ly cont rols the FSB interface speed as well as the core frequency of the 
processor. As in previous generat ion processors, the processor ’s core frequency is a 
m ult iple of the BCLK[ 1: 0]  frequency. The processor bus rat io m ult iplier will be set  at  its 
default  rat io during m anufactur ing. Refer to Table 15 for the processor supported 
rat ios.

The processor uses a different ial clocking im plementat ion. For m ore inform at ion on the 
processor clocking, contact  your I ntel field representat ive. Plat form s using a CK505 
Clock Synthesizer/ Driver should comply with the specificat ions in Sect ion 2.8.4. 
Plat forms using a CK410 Clock Synthesizer/ Driver should comply with the specificat ions 
in Sect ion 2.8.5. 

2 .8 .2 FSB Fr eq u en cy  Select  Sig n als ( BSEL[ 2 :0 ] )  

The BSEL[ 2: 0]  signals are used to select  the frequency of the processor input  clock 
(BCLK[ 1: 0] ) . Table 16 defines the possible combinat ions of the signals and the 
frequency associated with each com binat ion. The required frequency is determ ined by 
the processor, chipset , and clock synthesizer. All agents must  operate at  the same 
frequency. 

The I ntel Pent ium  Dual-Core Desktop processor E2000 series operates at  a 800 MHz 
FSB frequency (selected by a 200 MHz BCLK[ 1: 0]  frequency) .

Tab le 1 5 . Cor e Fr eq u en cy  t o  FSB Mu l t ip l ier  Con f ig u r at ion

Mu l t ip l i ca t ion  o f  Sy st em  Co r e 

Fr eq u en cy  t o  FSB Fr eq u en cy

Cor e Fr eq u en cy  

( 2 0 0 MHz BCLK/ 8 0 0 MHz FSB)
Not es1 , 2

NOTES:
1. I ndividual processors operate only at  or below the rated frequency.
2. Listed frequencies are not  necessarily com m it ted product ion frequencies.

1/ 6 1.20 GHz -

1/ 7 1.40 GHz -

1/ 8 1.60 GHz -

1/ 9 1.80 GHz -

1/ 10 2 GHz -

1/ 11 2.2 GHz -

1/ 12 2.4 GHz -
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2 .8 .3 Ph ase Lock  Loop  ( PLL)  an d  Fi l t er

An on-die PLL filter solut ion will be implem ented on the processor. The VCCPLL input  is 
used for the PLL. Refer to Table 5 for DC specificat ions.

2 .8 .4 BCLK[ 1 :0 ]  Sp eci f i cat ion s ( CK5 0 5  b ased  Plat f o r m s)

Tab le 1 6 . BSEL[ 2 :0 ]  Fr eq u en cy  Tab le f o r  BCLK[ 1 :0 ]

BSEL2 BSEL1 BSEL0 FSB Fr eq u en cy

L L L RESERVED

L L H RESERVED

L H H RESERVED

L H L 200 MHz

H H L RESERVED

H H H RESERVED

H L H RESERVED

H L L RESERVED

Tab le 1 7 . Fr on t  Sid e Bu s Di f f er en t ia l  BCLK Sp eci f i ca t ion s

Sy m b o l Par am et er Min Ty p Max Un i t Fig u r e No t es1

NOTES:
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies.

VL I nput  Low Voltage -0.30 N/ A N/ A V 3 2

2. "Steady state"  voltage, not  including overshoot  or undershoot .

VH I nput  High Voltage N/ A N/ A 1.15 V 3 2

VCROSS(abs) Absolute Crossing Point 0.300 N/ A 0.550 V 3, 4 3,4 5

3. Crossing voltage is defined as the instantaneous voltage value when the r ising edge of BCLK0
equals the falling edge of BCLK1. 

4. VHavg is the stat ist ical average of the VH m easured by the oscilloscope.
5. The crossing point  m ust  meet  the absolute and relat ive crossing point  specificat ions

sim ultaneously.

 ΔVCROSS Range of Crossing Points N/ A N/ A 0.140 V 3, 4 4

VOS Overshoot N/ A N/ A 1.4 V 3 6

6. Overshoot  is defined as the absolute value of the maxim um  voltage. Undershoot  is defined as
the absolute value of the m inim um  voltage.

VUS Undershoot -0.300 N/ A N/ A V 3 6

VSWI NG Different ial Output  Swing 0.300 N/ A N/ A V 5 7

7. Measurem ent  taken from  different ial waveform .

I LI I nput  Leakage Current -5 N/ A 5 μA

Cpad Pad Capacitance .95 1.2 1.45 pF 8

8. Cpad includes die capacitance only. No package parasit ics are included.
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Fig u r e 3 . Di f f er en t ia l  Clock  W av ef o r m

Fig u r e 4 . Di f f er en t ia l  Clock  Cr ossp o in t  Sp eci f i cat ion

High Time

Period

VCROSS

CLK 1

CLK 0

Low Time

VCROSS Min
300 mV

VCROSS Max 
550 mV

median

VCROSS
median

VCROSS
Median + 75 mV

Median - 75 mV
VCROSS

660 670 680 690 700 710 720 730 740 750 760 770 780 790 800 810 820 830 840 850

200

250

300

350

400

450

500

550

600

650

VHavg (mV)

C
ro

s
s
in

g
 P

o
in

t 
(m

V
)

550 mV

300 mV

300 + 0.5 (VHavg - 700)

550 + 0.5 (VHavg - 700)

Fig u r e 5 . Di f f er en t ia l  Measu r em en t s

 

+150 mV

-150 mV

0.0V 0.0V

Slew_rise

+150mV

-150mV

V_swing

Slew _fall

Diff



Datasheet 31

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

2 .8 .5 BCLK[ 1 :0 ]  Sp eci f i cat ion s ( CK4 1 0  b ased  Plat f o r m s)

Tab le 1 8 . Fr on t  Sid e Bu s Di f f er en t ia l  BCLK Sp eci f i ca t ion s

Sy m b o l Par am et er Min Ty p Max Un i t Fig u r e No t es1

NOTES:
1. Unless otherwise noted, all specificat ions in this table apply to all processor frequencies.

VL I nput  Low Voltage -0.150
0.00

0
N/ A V 3 -

VH I nput  High Voltage 0.660
0.70

0
0.850 V 3 -

VCROSS(abs)
Absolute Crossing 

Point
0.250 N/ A 0.550 V 3, 4 2, 3

2. Crossing voltage is defined as the instantaneous voltage value when the r ising edge of BCLK0 equals the
falling edge of BCLK1. 

3. The crossing point  m ust  m eet  the absolute and relat ive crossing point  specificat ions sim ultaneously.

VCROSS(rel)
Relat ive Crossing 

Point

0.250 +  

0.5(VHavg – 0.700)
N/ A

0.550 +  

0.5(VHavg – 0.700)
V 3, 4 4, 3, 5

4. VHavg is the stat ist ical average of the VH measured by the oscilloscope.
5. VHavg can be m easured direct ly using “Vtop”  on Agilent *  oscilloscopes and “High”  on Tekt ronix*  oscilloscopes.

 ΔVCROSS
Range of Crossing 

Points
N/ A N/ A 0.140 V 3, 4 -

VOS Overshoot N/ A N/ A VH +  0.3 V 3 6

6. vershoot  is defined as the absolute value of the m axim um  voltage. 

VUS Undershoot -0.300 N/ A N/ A V 3 7

7. Undershoot  is defined as the absolute value of the m inim um  voltage.

VRBM Ringback Margin 0.200 N/ A N/ A V 3 8

8. Ringback Margin is defined as the absolute voltage difference between the m axim um  Rising Edge Ringback
and the m axim um  Falling Edge Ringback.

VTM Threshold Region VCROSS – 0.100 N/ A VCROSS +  0.100 V 3 9

9. Threshold Region is defined as a region entered around the crossing point  voltage in which the different ial
receiver switches. I t  includes input  threshold hysteresis.

Fig u r e 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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2 .9 PECI  DC Sp eci f i ca t ion s 

PECI  is an I ntel proprietary one-wire interface that  provides a comm unicat ion channel 
between I ntel processors (m ay also include chipset  com ponents in the future)  and 
external therm al m onitor ing devices. The processor contains Digital Therm al Sensors 
(DTS)  dist r ibuted throughout  die. These sensors are implemented as analog- to-digital 
converters calibrated at  the factory for reasonable accuracy to provide a digital 
representat ion of relat ive processor tem perature. PECI  provides an interface to relay 
the highest  DTS tem perature within a die to external managem ent  devices for therm al/
fan speed cont rol. More detailed inform at ion is available in the Plat form  Environm ent  
Cont rol I nterface (PECI )  Specificat ion .  

§  §

Tab le 1 9 . PECI  DC Elect r i ca l  Lim i t s

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

NOTES:
1. VTT supplies the PECI  interface. PECI  behavior does not  affect  VTT m in/ m ax specificat ions. Refer

to Table 4 for VTT specificat ions. 

Vin I nput  Voltage Range -0.15 VTT V

Vhysteresis Hysteresis 0.1 * VTT — V 2

2. The input  buffers use a Schm it t- t r iggered input  design for im proved noise im m unity. 

Vn Negat ive-edge threshold voltage 0.275 * VTT 0.500 * VTT V

Vp Posit ive-edge threshold voltage 0.550 * VTT 0.762 * VTT V

I source

High level output  source

(VOH =  0.75 *  VTT)

-6.0 N/A mA

I sink

Low level output  sink

(VOL =  0.25 *  VTT)
0.5 1.0 mA

I leak+ High im pedance state leakage to VTT N/A 50 µA 3

3. The leakage specificat ion applies to powered devices on the PECI  bus.

I leak- High im pedance leakage to GND N/A 10 µA 3

Cbus Bus capacitance per node N/A 10 pF 4

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.

Vnoise Signal noise im munity above 300 MHz 0.1 * VTT — Vp-p
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3 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-LGA6)  package that  
interfaces with the m otherboard via an LGA775 socket . The package consists of a 
processor core 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 mat ing surface for 
processor com ponent  therm al solut ions, such as a heatsink. Figure 7 shows a sketch of 
the processor package com ponents and how they are assem bled together. Refer to the 
LGA775 Socket  Mechanical Design Guide for complete details on the LGA775 socket .

The package components shown in Figure 7 include the following:

• I ntegrated Heat  Spreader ( I HS)

• Therm al I nterface Material (TI M)

• Processor core (die)

• Package subst rate

• Capacitors

NOTE:

1. Socket  and system  board are included for reference and are not  part  of processor package.

3 .1 Pack ag e Mech an ica l  Dr aw in g

The package mechanical drawings are shown in Figure 8 and Figure 9. The drawings 
include dim ensions necessary to design a therm al solut ion for the processor. These 
dim ensions include:

• Package reference with tolerances ( total height , length, width, etc.)

• I HS parallelism  and t ilt

• Land dim ensions

• Top-side and back-side com ponent  keep-out  dim ensions

• Reference datums

• All drawing dimensions are in mm [ in] . 

• 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 processor Therm al and 
Mechanical Design Guidelines (see Sect ion 1.2) .

Figu r e 7 . Pr ocesso r  Pack ag e Assem b ly  Sk et ch

System Board

LGA775 Socket

Capacitors

TIMCore (die)

IHS

Substrate

Processor_Pkg_Assembly_775
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Fig u r e 8 . Pr ocessor  Pack age Dr aw in g  Sh eet  1  o f  3
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Figu r e 9 . Pr ocesso r  Pack ag e Dr aw in g  Sh eet  2  o f  3
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Fig u r e 1 0 . Pr ocessor  Pack ag e Dr aw in g  Sh eet  3  o f  3
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3 .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 requirements. A therm al and m echanical solut ion design m ust  not  int rude into 
the required keep-out  zones. Decoupling capacitors are typically m ounted to either the 
topside or land-side of the package subst rate. See Figure 8 and Figure 9 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.

3 .3 Pack ag e Load in g  Sp eci f i ca t ion s

Table 20 provides dynam ic and stat ic load specificat ions for the processor package. 
These mechanical maximum load lim its should not  be exceeded during heatsink 
assem bly, shipping condit ions, or standard use condit ion. Also, any m echanical system  
or com ponent  test ing should not  exceed the m axim um  lim its. The processor package 
subst rate should not  be used as a m echanical reference or load-bearing surface for 
thermal and m echanical solut ion. The m inim um  loading specificat ion m ust  be 
maintained by any thermal and m echanical solut ions.

.

3 .4 Pack ag e Han d l in g  Gu id el in es

Table 21 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.

Tab le 2 0 . Pr ocesso r  Load in g  Speci f i cat ion s

Par am et er Min im u m Max im u m Not es

Stat ic 80 N [ 17 lbf ] 311 N [ 70 lbf ] 1, 2, 3

NOTES:
1. These specificat ions apply to uniform  com pressive loading in a direct ion normal to the

processor I HS.
2. This is the m axim um  force that  can be applied by a heatsink retent ion clip. The clip must  also

provide the m inim um  specified load on the processor package.
3. These specificat ions are based on lim ited test ing for design character izat ion. Loading lim its are

for the package only and do not  include the lim its of the processor socket . 

Dynam ic — 756 N [ 170 lbf ] 1, 3, 4

4. Dynamic loading is defined as an 11 m s durat ion average load superim posed on the stat ic load
requirem ent .

Tab le 2 1 . 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 311 N [ 70 lbf ] 1, 2

NOTES:
1. A shear load is defined as a load applied to the I HS in a direct ion parallel to the I HS top surface. 
2. These guidelines are based on lim ited test ing for design character izat ion. 

Tensile 111 N [ 25 lbf ] 2, 3

3. A tensile load is defined as a pulling load applied to the I HS in a direct ion normal to the I HS
surface.

Torque 3.95 N-m  [ 35 lbf- in] 2, 4

4. A torque load is defined as a twist ing load applied to the I HS in an axis of rotat ion norm al to the
I HS top surface.
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3 .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  a LGA775 socket  15 t imes. The 
socket  should meet  the LGA775 requirements detailed in the LGA775 Socket  
Mechanical Design Guide.

3 .6 Pr ocesso r  Mass Sp eci f i cat ion

The typical m ass of the processor is 21.5 g [ 0.76 oz] . This m ass [ weight ]  includes all 
the com ponents that  are included in the package.

3 .7 Pr ocesso r  Mat er ia ls

Table 22 lists som e of the package com ponents and associated m aterials.
 

3 .8 Pr ocesso r  Mar k in g s

Figure 11 shows the topside markings on the processors. This diagram aids in the 
ident ificat ion of the processor.

Tab le 2 2 . Pr ocessor  Mat er ia ls

Com p on en t Mat er ia l

I ntegrated Heat  Spreader ( I HS) Nickel Plated Copper

Subst rate Fiber Reinforced Resin

Subst rate Lands Gold Plated Copper

Fig u r e 1 1 . Pr ocessor  Top - Sid e Mar k in g s Ex am p le 

ATPO

S/N

INTEL  ©'05 E2160

PENTIUM® DUAL-CORE

SLxxx [COO]

1.80GHZ/1M/800/06

[FPO]

M

e4
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3 .9 Pr ocesso r  Lan d  Coor d in at es

Figure 12 shows the top view of the processor land coordinates. The coordinates are 
referred to throughout  the docum ent  to ident ify processor lands.

.

§  §

Figu r e 1 2 . Pr ocesso r  Lan d  Coor d in at es an d  Qu ad r an t s, Top  View
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4 Lan d  List in g  an d  Sig n al  
Descr ip t ion s

This chapter provides the processor land assignm ent  and signal descript ions.

4 .1 Pr ocesso r  Lan d  Assig n m en t s

This sect ion contains the land list ings for the processor. The land-out  footprint  is shown 
in Figure 13 and Figure 14. These figures represent  the land-out  arranged by land 
num ber and they show the physical locat ion of each signal on the package land array 
( top view) . Table 23 provides a list  of processor lands ordered alphabet ically by land 
(signal)  nam e. Table 24 provides a list  of processor lands ordered by land num ber.
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Fig u r e 1 3 . lan d - ou t  Diag r am  ( Top  View  –  Lef t  Sid e)

3 0 2 9 2 8 2 7 2 6 2 5 2 4 2 3 2 2 2 1 2 0 1 9 1 8 1 7 1 6 1 5

AN
VCC VCC VSS VSS VCC VCC VSS VSS VCC VCC VSS VCC VCC VSS VSS VCC

AM VCC VCC VSS VSS VCC VCC VSS VSS VCC VCC VSS VCC VCC VSS VSS VCC

AL VCC VCC VSS VSS VCC VCC VSS VSS VCC VCC VSS VCC VCC VSS VSS VCC

AK VSS VSS VSS VSS VCC VCC VSS VSS VCC VCC VSS VCC VCC VSS VSS VCC

AJ VSS VSS VSS VSS VCC VCC VSS VSS VCC VCC VSS VCC VCC VSS VSS VCC

AH VCC VCC VCC VCC VCC VCC VSS VSS VCC VCC VSS VCC VCC VSS VSS VCC

AG VCC VCC VCC VCC VCC VCC VSS VSS VCC VCC VSS VCC VCC VSS VSS VCC

AF VSS VSS VSS VSS VSS VSS VSS VSS VCC VCC VSS VCC VCC VSS VSS VCC

AE VSS VSS VSS VSS VSS VSS VSS VCC VCC VCC VSS VCC VCC VSS VSS VCC

AD VCC VCC VCC VCC VCC VCC VCC VCC

AC VCC VCC VCC VCC VCC VCC VCC VCC

AB VSS VSS VSS VSS VSS VSS VSS VSS

AA VSS VSS VSS VSS VSS VSS VSS VSS

Y VCC VCC VCC VCC VCC VCC VCC VCC

W VCC VCC VCC VCC VCC VCC VCC VCC

V VSS VSS VSS VSS VSS VSS VSS VSS

U VCC VCC VCC VCC VCC VCC VCC VCC

T VCC VCC VCC VCC VCC VCC VCC VCC

R VSS VSS VSS VSS VSS VSS VSS VSS

P VSS VSS VSS VSS VSS VSS VSS VSS

N VCC VCC VCC VCC VCC VCC VCC VCC

M VCC VCC VCC VCC VCC VCC VCC VCC

L VSS VSS VSS VSS VSS VSS VSS VSS

K VCC VCC VCC VCC VCC VCC VCC VCC

J
VCC VCC VCC VCC VCC VCC VCC VCC VCC VCC VCC VCC VCC FC34 FC31 VCC

H
BSEL1 FC15 VSS VSS VSS VSS VSS VSS VSS VSS VSS VSS VSS VSS FC33 FC32

G BSEL2 BSEL0 BCLK1 TESTHI 4 TESTHI 5 TESTHI 3 TESTHI 6 RESET# D47# D44# DSTBN2# DSTBP2# D35# D36# D32# D31#

F RSVD BCLK0 VTT_SEL TESTHI 0 TESTHI 2 TESTHI 7 RSVD VSS D43# D41# VSS D38# D37# VSS D30#

E FC26 VSS VSS VSS VSS FC10 RSVD D45# D42# VSS D40# D39# VSS D34# D33#

D VTT VTT VTT VTT VTT VTT VSS VCCPLL D46# VSS D48# DBI 2# VSS D49# RSVD VSS

C VTT VTT VTT VTT VTT VTT VSS
VCCI O

PLL
VSS D58# DBI 3# VSS D54# DSTBP3# VSS D51#

B VTT VTT VTT VTT VTT VTT VSS VSSA D63# D59# VSS D60# D57# VSS D55# D53#

A VTT VTT VTT VTT VTT VTT FC23 VCCA D62# VSS RSVD D61# VSS D56# DSTBN3# VSS
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Fig u r e 1 4 . lan d - ou t  Diag r am  ( Top  View  –  Rig h t  Sid e)
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A3# L5 Source Synch I nput / Output

A4# P6 Source Synch I nput / Output

A5# M5 Source Synch I nput / Output

A6# L4 Source Synch I nput / Output

A7# M4 Source Synch I nput / Output

A8# R4 Source Synch I nput / Output

A9# T5 Source Synch I nput / Output

A10# U6 Source Synch I nput / Output

A11# T4 Source Synch I nput / Output

A12# U5 Source Synch I nput / Output

A13# U4 Source Synch I nput / Output

A14# V5 Source Synch I nput / Output

A15# V4 Source Synch I nput / Output

A16# W5 Source Synch I nput / Output

A17# AB6 Source Synch I nput / Output

A18# W6 Source Synch I nput / Output

A19# Y6 Source Synch I nput / Output

A20# Y4 Source Synch I nput / Output

A20M# K3 Asynch CMOS I nput

A21# AA4 Source Synch I nput / Output

A22# AD6 Source Synch I nput / Output

A23# AA5 Source Synch I nput / Output

A24# AB5 Source Synch I nput / Output

A25# AC5 Source Synch I nput / Output

A26# AB4 Source Synch I nput / Output

A27# AF5 Source Synch I nput / Output

A28# AF4 Source Synch I nput / Output

A29# AG6 Source Synch I nput / Output

A30# AG4 Source Synch I nput / Output

A31# AG5 Source Synch I nput / Output

A32# AH4 Source Synch I nput / Output

A33# AH5 Source Synch I nput / Output

A34# AJ5 Source Synch I nput / Output

A35# AJ6 Source Synch I nput / Output

ADS# D2 Com m on Clock I nput / Output

ADSTB0# R6 Source Synch I nput / Output

ADSTB1# AD5 Source Synch I nput / Output

BCLK0 F28 Clock I nput

BCLK1 G28 Clock I nput

BNR# C2 Com m on Clock I nput / Output

BPM0# AJ2 Com m on Clock I nput / Output

BPM1# AJ1 Com m on Clock I nput / Output

BPM2# AD2 Com m on Clock I nput / Output

BPM3# AG2 Com m on Clock I nput / Output

BPM4# AF2 Com m on Clock I nput / Output

BPM5# AG3 Com m on Clock I nput / Output

BPRI # G8 Com m on Clock I nput

BR0# F3 Com m on Clock I nput / Output

BSEL0 G29 Power/ Other Output

BSEL1 H30 Power/ Other Output

BSEL2 G30 Power/ Other Output

COMP0 A13 Power/ Other I nput

COMP1 T1 Power/ Other I nput

COMP2 G2 Power/ Other I nput

COMP3 R1 Power/ Other I nput

COMP8 B13  Power/ Other  I nput

D0# B4 Source Synch I nput / Output

D1# C5 Source Synch I nput / Output

D2# A4 Source Synch I nput / Output

D3# C6 Source Synch I nput / Output

D4# A5 Source Synch I nput / Output

D5# B6 Source Synch I nput / Output

D6# B7 Source Synch I nput / Output

D7# A7 Source Synch I nput / Output

D8# A10 Source Synch I nput / Output

D9# A11 Source Synch I nput / Output

D10# B10 Source Synch I nput / Output

D11# C11 Source Synch I nput / Output

D12# D8 Source Synch I nput / Output

D13# B12 Source Synch I nput / Output

D14# C12 Source Synch I nput / Output

D15# D11 Source Synch I nput / Output

D16# G9 Source Synch I nput / Output

D17# F8 Source Synch I nput / Output

D18# F9 Source Synch I nput / Output

D19# E9 Source Synch I nput / Output

D20# D7 Source Synch I nput / Output

D21# E10 Source Synch I nput / Output
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D22# D10 Source Synch I nput / Output

D23# F11 Source Synch I nput / Output

D24# F12 Source Synch I nput / Output

D25# D13 Source Synch I nput / Output

D26# E13 Source Synch I nput / Output

D27# G13 Source Synch I nput / Output

D28# F14 Source Synch I nput / Output

D29# G14 Source Synch I nput / Output

D30# F15 Source Synch I nput / Output

D31# G15 Source Synch I nput / Output

D32# G16 Source Synch I nput / Output

D33# E15 Source Synch I nput / Output

D34# E16 Source Synch I nput / Output

D35# G18 Source Synch I nput / Output

D36# G17 Source Synch I nput / Output

D37# F17 Source Synch I nput / Output

D38# F18 Source Synch I nput / Output

D39# E18 Source Synch I nput / Output

D40# E19 Source Synch I nput / Output

D41# F20 Source Synch I nput / Output

D42# E21 Source Synch I nput / Output

D43# F21 Source Synch I nput / Output

D44# G21 Source Synch I nput / Output

D45# E22 Source Synch I nput / Output

D46# D22 Source Synch I nput / Output

D47# G22 Source Synch I nput / Output

D48# D20 Source Synch I nput / Output

D49# D17 Source Synch I nput / Output

D50# A14 Source Synch I nput / Output

D51# C15 Source Synch I nput / Output

D52# C14 Source Synch I nput / Output

D53# B15 Source Synch I nput / Output

D54# C18 Source Synch I nput / Output

D55# B16 Source Synch I nput / Output

D56# A17 Source Synch I nput / Output

D57# B18 Source Synch I nput / Output

D58# C21 Source Synch I nput / Output

D59# B21 Source Synch I nput / Output

D60# B19 Source Synch I nput / Output
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D61# A19 Source Synch I nput / Output

D62# A22 Source Synch I nput / Output

D63# B22 Source Synch I nput / Output

DBI 0# A8 Source Synch I nput / Output

DBI 1# G11 Source Synch I nput / Output

DBI 2# D19 Source Synch I nput / Output

DBI 3# C20 Source Synch I nput / Output

DBR# AC2 Power/ Other Output

DBSY# B2 Com m on Clock I nput / Output

DEFER# G7 Com m on Clock I nput

DRDY# C1 Com m on Clock I nput / Output

DSTBN0# C8 Source Synch I nput / Output

DSTBN1# G12 Source Synch I nput / Output

DSTBN2# G20 Source Synch I nput / Output

DSTBN3# A16 Source Synch I nput / Output

DSTBP0# B9 Source Synch I nput / Output

DSTBP1# E12 Source Synch I nput / Output

DSTBP2# G19 Source Synch I nput / Output

DSTBP3# C17 Source Synch I nput / Output

FC0 Y1 Power/ Other

FC3 J2 Power/ Other

FC4 T2  Power/ Other

FC5 F2 Power/ Other

FC8 AK6 Power/ Other

FC10 E24 Power/ Other  

FC15 H29 Power/ Other

FC17 Y3 Power/ Other  

FC18 AE3 Power/ Other  

FC20 E5 Power/ Other  

FC21 F6 Power/ Other

FC22 J3 Power/ Other  

FC23 A24 Power/ Other

FC26 E29 Power/ Other

FC27 G1 Power/ Other

FC28 U1 Power/ Other

FC29 U2 Power/ Other

FC30 U3 Power/ Other

FC31 J16 Power/ Other

FC32 H15 Power/ Other
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FC33 H16 Power/ Other

FC34 J17 Power/ Other

FC35 H4 Power/ Other

FC36 AD3 Power/ Other

FC37 AB3 Power/ Other

FC38 G10 Power/ Other  

FC38 C9 Power/ Other  

FC39 AA2 Power/ Other

FC40 AM6 Power/ Other

FERR# / PBE# R3 Asynch CMOS Output

GTLREF0 H1 Power/ Other I nput

GTLREF1 H2 Power/ Other I nput

HI T# D4 Com m on Clock I nput / Output

HI TM# E4 Com m on Clock I nput / Output

I ERR# AB2 Asynch CMOS Output

I GNNE# N2 Asynch CMOS I nput

I NI T# P3 Asynch CMOS I nput

I TP_CLK0 AK3 TAP I nput

I TP_CLK1 AJ3 TAP I nput

LI NT0 K1 Asynch CMOS I nput

LI NT1 L1 Asynch CMOS I nput

LOCK# C3 Com m on Clock I nput / Output

MSI D0 W1 Power/ Other Output

MSI D1 V1 Power/ Other Output

PECI G5 Power/ Other I nput / Output

PROCHOT# AL2 Asynch CMOS I nput / Output

PWRGOOD N1 Power/ Other I nput

REQ0# K4 Source Synch I nput / Output

REQ1# J5 Source Synch I nput / Output

REQ2# M6 Source Synch I nput / Output

REQ3# K6 Source Synch I nput / Output

REQ4# J6 Source Synch I nput / Output

RESERVED A20   

RESERVED AC4   

RESERVED AE4   

RESERVED AE6   

RESERVED AH2   

RESERVED D1   

RESERVED D14   
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RESERVED D16   

RESERVED E23   

RESERVED E6   

RESERVED E7   

RESERVED F23   

RESERVED F29   

RESERVED G6

RESERVED N4   

RESERVED N5   

RESERVED P5   

RESERVED V2

RESET# G23 Com m on Clock I nput

RS0# B3 Com m on Clock I nput

RS1# F5 Com m on Clock I nput

RS2# A3 Com m on Clock I nput

SKTOCC# AE8 Power/ Other Output

SMI # P2 Asynch CMOS I nput

STPCLK# M3 Asynch CMOS I nput

TCK AE1 TAP I nput

TDI AD1 TAP I nput

TDO AF1 TAP Output

TESTHI 0 F26 Power/ Other I nput

TESTHI 1 W3 Power/ Other I nput

TESTHI 10 H5 Power/ Other I nput

TESTHI 11 P1 Power/ Other I nput

TESTHI 12/
FC44

W2 Power/ Other I nput

TESTHI 13 L2 Power/ Other I nput

TESTHI 2 F25 Power/ Other I nput

TESTHI 3 G25 Power/ Other I nput

TESTHI 4 G27 Power/ Other I nput

TESTHI 5 G26 Power/ Other I nput

TESTHI 6 G24 Power/ Other I nput

TESTHI 7 F24 Power/ Other I nput

TESTHI 8/ FC42 G3 Power/ Other I nput

TESTHI 9/ FC43 G4 Power/ Other I nput

THERMDA AL1 Power/ Other

THERMDC AK1 Power/ Other

THERMTRI P# M2 Asynch CMOS Output

TMS AC1 TAP I nput
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TRDY# E3 Com mon Clock I nput

TRST# AG1 TAP I nput

VCC AA8 Power/ Other  

VCC AB8 Power/ Other  

VCC AC23 Power/ Other  

VCC AC24 Power/ Other  

VCC AC25 Power/ Other  

VCC AC26 Power/ Other  

VCC AC27 Power/ Other  

VCC AC28 Power/ Other  

VCC AC29 Power/ Other  

VCC AC30 Power/ Other  

VCC AC8 Power/ Other  

VCC AD23 Power/ Other  

VCC AD24 Power/ Other  

VCC AD25 Power/ Other  

VCC AD26 Power/ Other  

VCC AD27 Power/ Other  

VCC AD28 Power/ Other  

VCC AD29 Power/ Other  

VCC AD30 Power/ Other  

VCC AD8 Power/ Other  

VCC AE11 Power/ Other  

VCC AE12 Power/ Other  

VCC AE14 Power/ Other  

VCC AE15 Power/ Other  

VCC AE18 Power/ Other  

VCC AE19 Power/ Other  

VCC AE21 Power/ Other  

VCC AE22 Power/ Other  

VCC AE23 Power/ Other  

VCC AE9 Power/ Other  

VCC AF11 Power/ Other  

VCC AF12 Power/ Other  

VCC AF14 Power/ Other  

VCC AF15 Power/ Other  

VCC AF18 Power/ Other  

VCC AF19 Power/ Other  

VCC AF21 Power/ Other  
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VCC AF22 Power/ Other  

VCC AF8 Power/ Other  

VCC AF9 Power/ Other  

VCC AG11 Power/ Other  

VCC AG12 Power/ Other  

VCC AG14 Power/ Other  

VCC AG15 Power/ Other  

VCC AG18 Power/ Other  

VCC AG19 Power/ Other  

VCC AG21 Power/ Other  

VCC AG22 Power/ Other  

VCC AG25 Power/ Other  

VCC AG26 Power/ Other  

VCC AG27 Power/ Other  

VCC AG28 Power/ Other  

VCC AG29 Power/ Other  

VCC AG30 Power/ Other  

VCC AG8 Power/ Other  

VCC AG9 Power/ Other  

VCC AH11 Power/ Other  

VCC AH12 Power/ Other  

VCC AH14 Power/ Other  

VCC AH15 Power/ Other  

VCC AH18 Power/ Other  

VCC AH19 Power/ Other  

VCC AH21 Power/ Other  

VCC AH22 Power/ Other  

VCC AH25 Power/ Other  

VCC AH26 Power/ Other  

VCC AH27 Power/ Other  

VCC AH28 Power/ Other  

VCC AH29 Power/ Other  

VCC AH30 Power/ Other  

VCC AH8 Power/ Other  

VCC AH9 Power/ Other  

VCC AJ11 Power/ Other  

VCC AJ12 Power/ Other  

VCC AJ14 Power/ Other  

VCC AJ15 Power/ Other  
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VCC AJ18 Power/ Other  

VCC AJ19 Power/ Other  

VCC AJ21 Power/ Other  

VCC AJ22 Power/ Other  

VCC AJ25 Power/ Other  

VCC AJ26 Power/ Other  

VCC AJ8 Power/ Other  

VCC AJ9 Power/ Other  

VCC AK11 Power/ Other  

VCC AK12 Power/ Other  

VCC AK14 Power/ Other  

VCC AK15 Power/ Other  

VCC AK18 Power/ Other  

VCC AK19 Power/ Other  

VCC AK21 Power/ Other  

VCC AK22 Power/ Other  

VCC AK25 Power/ Other  

VCC AK26 Power/ Other  

VCC AK8 Power/ Other  

VCC AK9 Power/ Other  

VCC AL11 Power/ Other  

VCC AL12 Power/ Other  

VCC AL14 Power/ Other  

VCC AL15 Power/ Other  

VCC AL18 Power/ Other  

VCC AL19 Power/ Other  

VCC AL21 Power/ Other  

VCC AL22 Power/ Other  

VCC AL25 Power/ Other  

VCC AL26 Power/ Other  

VCC AL29 Power/ Other  

VCC AL30 Power/ Other  

VCC AL8 Power/ Other  

VCC AL9 Power/ Other  

VCC AM11 Power/ Other  

VCC AM12 Power/ Other  

VCC AM14 Power/ Other  

VCC AM15 Power/ Other  

VCC AM18 Power/ Other  
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VCC AM19 Power/ Other  

VCC AM21 Power/ Other  

VCC AM22 Power/ Other  

VCC AM25 Power/ Other  

VCC AM26 Power/ Other  

VCC AM29 Power/ Other  

VCC AM30 Power/ Other  

VCC AM8 Power/ Other  

VCC AM9 Power/ Other  

VCC AN11 Power/ Other  

VCC AN12 Power/ Other  

VCC AN14 Power/ Other  

VCC AN15 Power/ Other  

VCC AN18 Power/ Other  

VCC AN19 Power/ Other  

VCC AN21 Power/ Other  

VCC AN22 Power/ Other  

VCC AN25 Power/ Other  

VCC AN26 Power/ Other  

VCC AN29 Power/ Other  

VCC AN30 Power/ Other  

VCC AN8 Power/ Other  

VCC AN9 Power/ Other  

VCC J10 Power/ Other  

VCC J11 Power/ Other  

VCC J12 Power/ Other  

VCC J13 Power/ Other  

VCC J14 Power/ Other  

VCC J15 Power/ Other  

VCC J18 Power/ Other  

VCC J19 Power/ Other  

VCC J20 Power/ Other  

VCC J21 Power/ Other  

VCC J22 Power/ Other  

VCC J23 Power/ Other  

VCC J24 Power/ Other  

VCC J25 Power/ Other  

VCC J26 Power/ Other  

VCC J27 Power/ Other  
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VCC J28 Power/ Other  

VCC J29 Power/ Other  

VCC J30 Power/ Other  

VCC J8 Power/ Other  

VCC J9 Power/ Other  

VCC K23 Power/ Other  

VCC K24 Power/ Other  

VCC K25 Power/ Other  

VCC K26 Power/ Other  

VCC K27 Power/ Other  

VCC K28 Power/ Other  

VCC K29 Power/ Other  

VCC K30 Power/ Other  

VCC K8 Power/ Other  

VCC L8 Power/ Other  

VCC M23 Power/ Other  

VCC M24 Power/ Other  

VCC M25 Power/ Other  

VCC M26 Power/ Other  

VCC M27 Power/ Other  

VCC M28 Power/ Other  

VCC M29 Power/ Other  

VCC M30 Power/ Other  

VCC M8 Power/ Other  

VCC N23 Power/ Other  

VCC N24 Power/ Other  

VCC N25 Power/ Other  

VCC N26 Power/ Other  

VCC N27 Power/ Other  

VCC N28 Power/ Other  

VCC N29 Power/ Other  

VCC N30 Power/ Other  

VCC N8 Power/ Other  

VCC P8 Power/ Other  

VCC R8 Power/ Other  

VCC T23 Power/ Other  

VCC T24 Power/ Other  

VCC T25 Power/ Other  

VCC T26 Power/ Other  
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VCC T27 Power/ Other  

VCC T28 Power/ Other  

VCC T29 Power/ Other  

VCC T30 Power/ Other  

VCC T8 Power/ Other  

VCC U23 Power/ Other  

VCC U24 Power/ Other  

VCC U25 Power/ Other  

VCC U26 Power/ Other  

VCC U27 Power/ Other  

VCC U28 Power/ Other  

VCC U29 Power/ Other  

VCC U30 Power/ Other  

VCC U8 Power/ Other  

VCC V8 Power/ Other  

VCC W23 Power/ Other  

VCC W24 Power/ Other  

VCC W25 Power/ Other  

VCC W26 Power/ Other  

VCC W27 Power/ Other  

VCC W28 Power/ Other  

VCC W29 Power/ Other  

VCC W30 Power/ Other  

VCC W8 Power/ Other  

VCC Y23 Power/ Other  

VCC Y24 Power/ Other  

VCC Y25 Power/ Other  

VCC Y26 Power/ Other  

VCC Y27 Power/ Other  

VCC Y28 Power/ Other  

VCC Y29 Power/ Other  

VCC Y30 Power/ Other  

VCC Y8 Power/ Other  

VCC_MB_
REGULATI ON

AN5 Power/ Other Output

VCC_SENSE AN3 Power/ Other Output

VCCA A23 Power/ Other  

VCCI OPLL C23 Power/ Other  

VCCPLL D23 Power/ Other  

VI D_SELECT AN7 Power/ Other  Output
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VI D0 AM2 Power/ Other Output

VI D1 AL5 Power/ Other Output

VI D2 AM3 Power/ Other Output

VI D3 AL6 Power/ Other Output

VI D4 AK4 Power/ Other Output

VI D5 AL4 Power/ Other Output

VI D6 AM5 Power/ Other Output

VI D7 AM7 Power/ Other  Output

VRDSEL AL3 Power/ Other  

VSS A12 Power/ Other  

VSS A15 Power/ Other  

VSS A18 Power/ Other  

VSS A2 Power/ Other  

VSS A21 Power/ Other  

VSS A6 Power/ Other  

VSS A9 Power/ Other  

VSS AA23 Power/ Other  

VSS AA24 Power/ Other  

VSS AA25 Power/ Other  

VSS AA26 Power/ Other  

VSS AA27 Power/ Other  

VSS AA28 Power/ Other  

VSS AA29 Power/ Other  

VSS AA3 Power/ Other  

VSS AA30 Power/ Other  

VSS AA6 Power/ Other  

VSS AA7 Power/ Other  

VSS AB1 Power/ Other  

VSS AB23 Power/ Other  

VSS AB24 Power/ Other  

VSS AB25 Power/ Other  

VSS AB26 Power/ Other  

VSS AB27 Power/ Other  

VSS AB28 Power/ Other  

VSS AB29 Power/ Other  

VSS AB30 Power/ Other  

VSS AB7 Power/ Other  

VSS AC3 Power/ Other  

VSS AC6 Power/ Other  
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VSS AC7 Power/ Other  

VSS AD4 Power/ Other  

VSS AD7 Power/ Other  

VSS AE10 Power/ Other  

VSS AE13 Power/ Other  

VSS AE16 Power/ Other  

VSS AE17 Power/ Other  

VSS AE2 Power/ Other  

VSS AE20 Power/ Other  

VSS AE24 Power/ Other  

VSS AE25 Power/ Other  

VSS AE26 Power/ Other  

VSS AE27 Power/ Other  

VSS AE28 Power/ Other  

VSS AE29 Power/ Other  

VSS AE30 Power/ Other  

VSS AE5 Power/ Other  

VSS AE7 Power/ Other  

VSS AF10 Power/ Other  

VSS AF13 Power/ Other  

VSS AF16 Power/ Other  

VSS AF17 Power/ Other  

VSS AF20 Power/ Other  

VSS AF23 Power/ Other  

VSS AF24 Power/ Other  

VSS AF25 Power/ Other  

VSS AF26 Power/ Other  

VSS AF27 Power/ Other  

VSS AF28 Power/ Other  

VSS AF29 Power/ Other  

VSS AF3 Power/ Other  

VSS AF30 Power/ Other  

VSS AF6 Power/ Other  

VSS AF7 Power/ Other  

VSS AG10 Power/ Other  

VSS AG13 Power/ Other  

VSS AG16 Power/ Other  

VSS AG17 Power/ Other  

VSS AG20 Power/ Other  
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VSS AG23 Power/ Other  

VSS AG24 Power/ Other  

VSS AG7 Power/ Other  

VSS AH1 Power/ Other  

VSS AH10 Power/ Other  

VSS AH13 Power/ Other  

VSS AH16 Power/ Other  

VSS AH17 Power/ Other  

VSS AH20 Power/ Other  

VSS AH23 Power/ Other  

VSS AH24 Power/ Other  

VSS AH3 Power/ Other  

VSS AH6 Power/ Other  

VSS AH7 Power/ Other  

VSS AJ10 Power/ Other  

VSS AJ13 Power/ Other  

VSS AJ16 Power/ Other  

VSS AJ17 Power/ Other  

VSS AJ20 Power/ Other  

VSS AJ23 Power/ Other  

VSS AJ24 Power/ Other  

VSS AJ27 Power/ Other  

VSS AJ28 Power/ Other  

VSS AJ29 Power/ Other  

VSS AJ30 Power/ Other  

VSS AJ4 Power/ Other  

VSS AJ7 Power/ Other  

VSS AK10 Power/ Other  

VSS AK13 Power/ Other  

VSS AK16 Power/ Other  

VSS AK17 Power/ Other  

VSS AK2 Power/ Other  

VSS AK20 Power/ Other  

VSS AK23 Power/ Other  

VSS AK24 Power/ Other  

VSS AK27 Power/ Other  

VSS AK28 Power/ Other  

VSS AK29 Power/ Other  

VSS AK30 Power/ Other  
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VSS AK5 Power/ Other  

VSS AK7 Power/ Other  

VSS AL10 Power/ Other  

VSS AL13 Power/ Other  

VSS AL16 Power/ Other  

VSS AL17 Power/ Other  

VSS AL20 Power/ Other  

VSS AL23 Power/ Other  

VSS AL24 Power/ Other  

VSS AL27 Power/ Other  

VSS AL28 Power/ Other  

VSS AL7 Power/ Other  

VSS AM1 Power/ Other  

VSS AM10 Power/ Other  

VSS AM13 Power/ Other  

VSS AM16 Power/ Other  

VSS AM17 Power/ Other  

VSS AM20 Power/ Other  

VSS AM23 Power/ Other  

VSS AM24 Power/ Other  

VSS AM27 Power/ Other  

VSS AM28 Power/ Other  

VSS AM4 Power/ Other  

VSS AN1 Power/ Other  

VSS AN10 Power/ Other  

VSS AN13 Power/ Other  

VSS AN16 Power/ Other  

VSS AN17 Power/ Other  

VSS AN2 Power/ Other  

VSS AN20 Power/ Other  

VSS AN23 Power/ Other  

VSS AN24 Power/ Other  

VSS AN27 Power/ Other  

VSS AN28 Power/ Other  

VSS B1 Power/ Other  

VSS B11 Power/ Other  

VSS B14 Power/ Other  

VSS B17 Power/ Other  

VSS B20 Power/ Other  
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VSS B24 Power/ Other  

VSS B5 Power/ Other  

VSS B8 Power/ Other  

VSS C10 Power/ Other  

VSS C13 Power/ Other  

VSS C16 Power/ Other  

VSS C19 Power/ Other  

VSS C22 Power/ Other  

VSS C24 Power/ Other  

VSS C4 Power/ Other  

VSS C7 Power/ Other  

VSS D12 Power/ Other  

VSS D15 Power/ Other  

VSS D18 Power/ Other  

VSS D21 Power/ Other  

VSS D24 Power/ Other  

VSS D3 Power/ Other  

VSS D5 Power/ Other  

VSS D6 Power/ Other  

VSS D9 Power/ Other  

VSS E11 Power/ Other  

VSS E14 Power/ Other  

VSS E17 Power/ Other  

VSS E2 Power/ Other  

VSS E20 Power/ Other  

VSS E25 Power/ Other  

VSS E26 Power/ Other  

VSS E27 Power/ Other  

VSS E28 Power/ Other  

VSS E8 Power/ Other  

VSS F10 Power/ Other  

VSS F13 Power/ Other  

VSS F16 Power/ Other  

VSS F19 Power/ Other  

VSS F22 Power/ Other  

VSS F4 Power/ Other  

VSS F7 Power/ Other  

VSS H10 Power/ Other  

VSS H11 Power/ Other  
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VSS H12 Power/ Other  

VSS H13 Power/ Other  

VSS H14 Power/ Other  

VSS H17 Power/ Other  

VSS H18 Power/ Other  

VSS H19 Power/ Other  

VSS H20 Power/ Other  

VSS H21 Power/ Other  

VSS H22 Power/ Other  

VSS H23 Power/ Other  

VSS H24 Power/ Other  

VSS H25 Power/ Other  

VSS H26 Power/ Other  

VSS H27 Power/ Other  

VSS H28 Power/ Other  

VSS H3 Power/ Other  

VSS H6 Power/ Other  

VSS H7 Power/ Other  

VSS H8 Power/ Other  

VSS H9 Power/ Other  

VSS J4 Power/ Other  

VSS J7 Power/ Other  

VSS K2 Power/ Other  

VSS K5 Power/ Other  

VSS K7 Power/ Other  

VSS L23 Power/ Other  

VSS L24 Power/ Other  

VSS L25 Power/ Other  

VSS L26 Power/ Other  

VSS L27 Power/ Other  

VSS L28 Power/ Other  

VSS L29 Power/ Other  

VSS L3 Power/ Other  

VSS L30 Power/ Other  

VSS L6 Power/ Other  

VSS L7 Power/ Other  

VSS M1 Power/ Other  

VSS M7 Power/ Other  

VSS N3 Power/ Other  
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VSS N6 Power/ Other  

VSS N7 Power/ Other  

VSS P23 Power/ Other  

VSS P24 Power/ Other  

VSS P25 Power/ Other  

VSS P26 Power/ Other  

VSS P27 Power/ Other  

VSS P28 Power/ Other  

VSS P29 Power/ Other  

VSS P30 Power/ Other  

VSS P4 Power/ Other  

VSS P7 Power/ Other  

VSS R2 Power/ Other  

VSS R23 Power/ Other  

VSS R24 Power/ Other  

VSS R25 Power/ Other  

VSS R26 Power/ Other  

VSS R27 Power/ Other  

VSS R28 Power/ Other  

VSS R29 Power/ Other  

VSS R30 Power/ Other  

VSS R5 Power/ Other  

VSS R7 Power/ Other  

VSS T3 Power/ Other  

VSS T6 Power/ Other  

VSS T7 Power/ Other  

VSS U7 Power/ Other  

VSS V23 Power/ Other  

VSS V24 Power/ Other  

VSS V25 Power/ Other  

VSS V26 Power/ Other  

VSS V27 Power/ Other  

VSS V28 Power/ Other  

VSS V29 Power/ Other  

VSS V3 Power/ Other  

VSS V30 Power/ Other  

VSS V6 Power/ Other  

VSS V7 Power/ Other  

VSS W4 Power/ Other  
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VSS W7 Power/ Other  

VSS Y2 Power/ Other  

VSS Y5 Power/ Other  

VSS Y7 Power/ Other  

VSS_MB_
REGULATI ON

AN6 Power/ Other Output

VSS_SENSE AN4 Power/ Other Output

VSSA B23 Power/ Other  

VTT A25 Power/ Other  

VTT A26 Power/ Other  

VTT A27 Power/ Other  

VTT A28 Power/ Other  

VTT A29 Power/ Other  

VTT A30 Power/ Other  

VTT B25 Power/ Other  

VTT B26 Power/ Other  

VTT B27 Power/ Other  

VTT B28 Power/ Other  

VTT B29 Power/ Other  

VTT B30 Power/ Other  

VTT C25 Power/ Other  

VTT C26 Power/ Other  

VTT C27 Power/ Other  

VTT C28 Power/ Other  

VTT C29 Power/ Other  

VTT C30 Power/ Other  

VTT D25 Power/ Other  

VTT D26 Power/ Other  

VTT D27 Power/ Other  

VTT D28 Power/ Other  

VTT D29 Power/ Other  

VTT D30 Power/ Other  

VTT_OUT_LEFT J1 Power/ Other Output

VTT_OUT_RI G
HT

AA1 Power/ Other Output

VTT_SEL F27 Power/ Other Output

Tab le 2 3 . Alp h ab et ica l  Lan d  
Assig n m en t s

Lan d  Nam e
Lan d  

#
Sig n al  Bu f f er  

Ty p e
Di r ect ion



Lan d  List in g  an d  Sig n a l  Descr ip t ion s

54 Datasheet

Tab le 2 4 . Nu m er ica l  Lan d  
Assig n m en t

Lan d  
#

Lan d  Nam e
Sig n a l  Bu f f er  

Ty p e
Di r ect ion

A2 VSS Power/ Other  

A3 RS2# Com m on Clock I nput

A4 D02# Source Synch I nput / Output

A5 D04# Source Synch I nput / Output

A6 VSS Power/ Other  

A7 D07# Source Synch I nput / Output

A8 DBI 0# Source Synch I nput / Output

A9 VSS Power/ Other  

A10 D08# Source Synch I nput / Output

A11 D09# Source Synch I nput / Output

A12 VSS Power/ Other  

A13 COMP0 Power/ Other I nput

A14 D50# Source Synch I nput / Output

A15 VSS Power/ Other  

A16 DSTBN3# Source Synch I nput / Output

A17 D56# Source Synch I nput / Output

A18 VSS Power/ Other  

A19 D61# Source Synch I nput / Output

A20 RESERVED   

A21 VSS Power/ Other  

A22 D62# Source Synch I nput / Output

A23 VCCA Power/ Other  

A24 FC23 Power/ Other  

A25 VTT Power/ Other  

A26 VTT Power/ Other  

A27 VTT Power/ Other  

A28 VTT Power/ Other  

A29 VTT Power/ Other  

A30 VTT Power/ Other  

B1 VSS Power/ Other  

B2 DBSY# Com m on Clock I nput / Output

B3 RS0# Com m on Clock I nput

B4 D00# Source Synch I nput / Output

B5 VSS Power/ Other  

B6 D05# Source Synch I nput / Output

B7 D06# Source Synch I nput / Output

B8 VSS Power/ Other  

B9 DSTBP0# Source Synch I nput / Output

B10 D10# Source Synch I nput / Output

B11 VSS Power/ Other  

B12 D13# Source Synch I nput / Output

B13 COMP8 Power/ Other I nput  

B14 VSS Power/ Other  

B15 D53# Source Synch I nput / Output

B16 D55# Source Synch I nput / Output

B17 VSS Power/ Other  

B18 D57# Source Synch I nput / Output

B19 D60# Source Synch I nput / Output

B20 VSS Power/ Other  

B21 D59# Source Synch I nput / Output

B22 D63# Source Synch I nput / Output

B23 VSSA Power/ Other  

B24 VSS Power/ Other  

B25 VTT Power/ Other  

B26 VTT Power/ Other  

B27 VTT Power/ Other  

B28 VTT Power/ Other  

B29 VTT Power/ Other  

B30 VTT Power/ Other  

C1 DRDY# Com m on Clock I nput / Output

C2 BNR# Com m on Clock I nput / Output

C3 LOCK# Com m on Clock I nput / Output

C4 VSS Power/ Other  

C5 D01# Source Synch I nput / Output

C6 D03# Source Synch I nput / Output

C7 VSS Power/ Other  

C8 DSTBN0# Source Synch I nput / Output

C9 FC38 Power/ Other  

C10 VSS Power/ Other  

C11 D11# Source Synch I nput / Output

C12 D14# Source Synch I nput / Output

C13 VSS Power/ Other  

C14 D52# Source Synch I nput / Output

C15 D51# Source Synch I nput / Output

C16 VSS Power/ Other  

C17 DSTBP3# Source Synch I nput / Output

C18 D54# Source Synch I nput / Output

C19 VSS Power/ Other  
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C20 DBI 3# Source Synch I nput / Output

C21 D58# Source Synch I nput / Output

C22 VSS Power/ Other  

C23 VCCI OPLL Power/ Other  

C24 VSS Power/ Other  

C25 VTT Power/ Other  

C26 VTT Power/ Other  

C27 VTT Power/ Other  

C28 VTT Power/ Other  

C29 VTT Power/ Other  

C30 VTT Power/ Other  

D1 RESERVED   

D2 ADS# Com m on Clock I nput / Output

D3 VSS Power/ Other  

D4 HI T# Com m on Clock I nput / Output

D5 VSS Power/ Other  

D6 VSS Power/ Other  

D7 D20# Source Synch I nput / Output

D8 D12# Source Synch I nput / Output

D9 VSS Power/ Other  

D10 D22# Source Synch I nput / Output

D11 D15# Source Synch I nput / Output

D12 VSS Power/ Other  

D13 D25# Source Synch I nput / Output

D14 RESERVED   

D15 VSS Power/ Other  

D16 RESERVED   

D17 D49# Source Synch I nput / Output

D18 VSS Power/ Other  

D19 DBI 2# Source Synch I nput / Output

D20 D48# Source Synch I nput / Output

D21 VSS Power/ Other  

D22 D46# Source Synch I nput / Output

D23 VCCPLL Power/ Other  

D24 VSS Power/ Other  

D25 VTT Power/ Other  

D26 VTT Power/ Other  

D27 VTT Power/ Other  

D28 VTT Power/ Other  
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D29 VTT Power/ Other  

D30 VTT Power/ Other  

E2 VSS Power/ Other  

E3 TRDY# Com m on Clock I nput

E4 HI TM# Com m on Clock I nput / Output

E5 FC20 Power/ Other  

E6 RESERVED   

E7 RESERVED   

E8 VSS Power/ Other  

E9 D19# Source Synch I nput / Output

E10 D21# Source Synch I nput / Output

E11 VSS Power/ Other  

E12 DSTBP1# Source Synch I nput / Output

E13 D26# Source Synch I nput / Output

E14 VSS Power/ Other  

E15 D33# Source Synch I nput / Output

E16 D34# Source Synch I nput / Output

E17 VSS Power/ Other  

E18 D39# Source Synch I nput / Output

E19 D40# Source Synch I nput / Output

E20 VSS Power/ Other  

E21 D42# Source Synch I nput / Output

E22 D45# Source Synch I nput / Output

E23 RESERVED   

E24 FC10 Power/ Other  

E25 VSS Power/ Other  

E26 VSS Power/ Other  

E27 VSS Power/ Other  

E28 VSS Power/ Other  

E29 FC26 Power/ Other  

F2 FC5 Power/ Other

F3 BR0# Com m on Clock I nput / Output

F4 VSS Power/ Other  

F5 RS1# Com m on Clock I nput

F6 FC21 Power/ Other

F7 VSS Power/ Other  

F8 D17# Source Synch I nput / Output

F9 D18# Source Synch I nput / Output

F10 VSS Power/ Other  
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F11 D23# Source Synch I nput / Output

F12 D24# Source Synch I nput / Output

F13 VSS Power/ Other  

F14 D28# Source Synch I nput / Output

F15 D30# Source Synch I nput / Output

F16 VSS Power/ Other  

F17 D37# Source Synch I nput / Output

F18 D38# Source Synch I nput / Output

F19 VSS Power/ Other  

F20 D41# Source Synch I nput / Output

F21 D43# Source Synch I nput / Output

F22 VSS Power/ Other  

F23 RESERVED   

F24 TESTHI 7 Power/ Other I nput

F25 TESTHI 2 Power/ Other I nput

F26 TESTHI 0 Power/ Other I nput

F27 VTT_SEL Power/ Other Output

F28 BCLK0 Clock I nput

F29 RESERVED   

G1 FC27 Power/ Other  

G2 COMP2 Power/ Other I nput

G3 TESTHI 8/ FC42 Power/ Other I nput

G4 TESTHI 9/ FC43 Power/ Other I nput

G5 PECI Power/ Other I nput / Output

G6 RESERVED

G7 DEFER# Com m on Clock I nput

G8 BPRI # Com mon Clock I nput

G9 D16# Source Synch I nput / Output

G10 FC38 Power/ Other  

G11 DBI 1# Source Synch I nput / Output

G12 DSTBN1# Source Synch I nput / Output

G13 D27# Source Synch I nput / Output

G14 D29# Source Synch I nput / Output

G15 D31# Source Synch I nput / Output

G16 D32# Source Synch I nput / Output

G17 D36# Source Synch I nput / Output

G18 D35# Source Synch I nput / Output

G19 DSTBP2# Source Synch I nput / Output

G20 DSTBN2# Source Synch I nput / Output
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G21 D44# Source Synch I nput / Output

G22 D47# Source Synch I nput / Output

G23 RESET# Com m on Clock I nput

G24 TESTHI 6 Power/ Other I nput

G25 TESTHI 3 Power/ Other I nput

G26 TESTHI 5 Power/ Other I nput

G27 TESTHI 4 Power/ Other I nput

G28 BCLK1 Clock I nput

G29 BSEL0 Power/ Other Output

G30 BSEL2 Power/ Other Output

H1 GTLREF0 Power/ Other I nput

H2 GTLREF1 Power/ Other I nput

H3 VSS Power/ Other  

H4 FC35 Power/ Other

H5 TESTHI 10 Power/ Other I nput

H6 VSS Power/ Other  

H7 VSS Power/ Other  

H8 VSS Power/ Other  

H9 VSS Power/ Other  

H10 VSS Power/ Other  

H11 VSS Power/ Other  

H12 VSS Power/ Other  

H13 VSS Power/ Other  

H14 VSS Power/ Other  

H15 FC32 Power/ Other

H16 FC33 Power/ Other

H17 VSS Power/ Other  

H18 VSS Power/ Other  

H19 VSS Power/ Other  

H20 VSS Power/ Other  

H21 VSS Power/ Other  

H22 VSS Power/ Other  

H23 VSS Power/ Other  

H24 VSS Power/ Other  

H25 VSS Power/ Other  

H26 VSS Power/ Other  

H27 VSS Power/ Other  

H28 VSS Power/ Other  

H29 FC15 Power/ Other
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H30 BSEL1 Power/ Other Output

J1 VTT_OUT_LEFT Power/ Other Output

J2 FC3 Power/ Other

J3 FC22 Power/ Other  

J4 VSS Power/ Other  

J5 REQ1# Source Synch I nput / Output

J6 REQ4# Source Synch I nput / Output

J7 VSS Power/ Other  

J8 VCC Power/ Other  

J9 VCC Power/ Other  

J10 VCC Power/ Other  

J11 VCC Power/ Other  

J12 VCC Power/ Other  

J13 VCC Power/ Other  

J14 VCC Power/ Other  

J15 VCC Power/ Other  

J16 FC31 Power/ Other

J17 FC34 Power/ Other

J18 VCC Power/ Other  

J19 VCC Power/ Other  

J20 VCC Power/ Other  

J21 VCC Power/ Other  

J22 VCC Power/ Other  

J23 VCC Power/ Other  

J24 VCC Power/ Other  

J25 VCC Power/ Other  

J26 VCC Power/ Other  

J27 VCC Power/ Other  

J28 VCC Power/ Other  

J29 VCC Power/ Other  

J30 VCC Power/ Other  

K1 LI NT0 Asynch CMOS I nput

K2 VSS Power/ Other  

K3 A20M# Asynch CMOS I nput

K4 REQ0# Source Synch I nput / Output

K5 VSS Power/ Other  

K6 REQ3# Source Synch I nput / Output

K7 VSS Power/ Other  

K8 VCC Power/ Other  
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K23 VCC Power/ Other  

K24 VCC Power/ Other  

K25 VCC Power/ Other  

K26 VCC Power/ Other  

K27 VCC Power/ Other  

K28 VCC Power/ Other  

K29 VCC Power/ Other  

K30 VCC Power/ Other  

L1 LI NT1 Asynch CMOS I nput

L2 TESTHI 13 Power/ Other I nput

L3 VSS Power/ Other  

L4 A06# Source Synch I nput / Output

L5 A03# Source Synch I nput / Output

L6 VSS Power/ Other  

L7 VSS Power/ Other  

L8 VCC Power/ Other  

L23 VSS Power/ Other  

L24 VSS Power/ Other  

L25 VSS Power/ Other  

L26 VSS Power/ Other  

L27 VSS Power/ Other  

L28 VSS Power/ Other  

L29 VSS Power/ Other  

L30 VSS Power/ Other  

M1 VSS Power/ Other  

M2 THERMTRI P# Asynch CMOS Output

M3 STPCLK# Asynch CMOS I nput

M4 A07# Source Synch I nput / Output

M5 A05# Source Synch I nput / Output

M6 REQ2# Source Synch I nput / Output

M7 VSS Power/ Other  

M8 VCC Power/ Other  

M23 VCC Power/ Other  

M24 VCC Power/ Other  

M25 VCC Power/ Other  

M26 VCC Power/ Other  

M27 VCC Power/ Other  

M28 VCC Power/ Other  

M29 VCC Power/ Other  
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M30 VCC Power/ Other  

N1 PWRGOOD Power/ Other I nput

N2 I GNNE# Asynch CMOS I nput

N3 VSS Power/ Other  

N4 RESERVED   

N5 RESERVED   

N6 VSS Power/ Other  

N7 VSS Power/ Other  

N8 VCC Power/ Other  

N23 VCC Power/ Other  

N24 VCC Power/ Other  

N25 VCC Power/ Other  

N26 VCC Power/ Other  

N27 VCC Power/ Other  

N28 VCC Power/ Other  

N29 VCC Power/ Other  

N30 VCC Power/ Other  

P1 TESTHI 11 Power/ Other I nput

P2 SMI # Asynch CMOS I nput

P3 I NI T# Asynch CMOS I nput

P4 VSS Power/ Other  

P5 RESERVED   

P6 A04# Source Synch I nput / Output

P7 VSS Power/ Other  

P8 VCC Power/ Other  

P23 VSS Power/ Other  

P24 VSS Power/ Other  

P25 VSS Power/ Other  

P26 VSS Power/ Other  

P27 VSS Power/ Other  

P28 VSS Power/ Other  

P29 VSS Power/ Other  

P30 VSS Power/ Other  

R1 COMP3 Power/ Other I nput

R2 VSS Power/ Other  

R3 FERR# / PBE# Asynch CMOS Output

R4 A08# Source Synch I nput / Output

R5 VSS Power/ Other  

R6 ADSTB0# Source Synch I nput / Output

Tab le 2 4 . Nu m er ica l  Lan d  
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Lan d  
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R7 VSS Power/ Other  

R8 VCC Power/ Other  

R23 VSS Power/ Other  

R24 VSS Power/ Other  

R25 VSS Power/ Other  

R26 VSS Power/ Other  

R27 VSS Power/ Other  

R28 VSS Power/ Other  

R29 VSS Power/ Other  

R30 VSS Power/ Other  

T1 COMP1 Power/ Other I nput

T2 FC4  Power/ Other

T3 VSS Power/ Other  

T4 A11# Source Synch I nput / Output

T5 A09# Source Synch I nput / Output

T6 VSS Power/ Other  

T7 VSS Power/ Other  

T8 VCC Power/ Other  

T23 VCC Power/ Other  

T24 VCC Power/ Other  

T25 VCC Power/ Other  

T26 VCC Power/ Other  

T27 VCC Power/ Other  

T28 VCC Power/ Other  

T29 VCC Power/ Other  

T30 VCC Power/ Other  

U1 FC28 Power/ Other  

U2 FC29 Power/ Other

U3 FC30 Power/ Other

U4 A13# Source Synch I nput / Output

U5 A12# Source Synch I nput / Output

U6 A10# Source Synch I nput / Output

U7 VSS Power/ Other  

U8 VCC Power/ Other  

U23 VCC Power/ Other  

U24 VCC Power/ Other  

U25 VCC Power/ Other  

U26 VCC Power/ Other  

U27 VCC Power/ Other  

Tab le 2 4 . Nu m er ica l  Lan d  
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U28 VCC Power/ Other  

U29 VCC Power/ Other

U30 VCC Power/ Other  

V1 MSI D1 Power/ Other Output

V2 RESERVED

V3 VSS Power/ Other  

V4 A15# Source Synch I nput / Output

V5 A14# Source Synch I nput / Output

V6 VSS Power/ Other  

V7 VSS Power/ Other  

V8 VCC Power/ Other  

V23 VSS Power/ Other  

V24 VSS Power/ Other  

V25 VSS Power/ Other  

V26 VSS Power/ Other  

V27 VSS Power/ Other  

V28 VSS Power/ Other  

V29 VSS Power/ Other  

V30 VSS Power/ Other  

W1 MSI D0 Power/ Other Output

W2 TESTHI 12/ FC44 Power/ Other I nput

W3 TESTHI 1 Power/ Other I nput

W4 VSS Power/ Other  

W5 A16# Source Synch I nput / Output

W6 A18# Source Synch I nput / Output

W7 VSS Power/ Other  

W8 VCC Power/ Other  

W23 VCC Power/ Other  

W24 VCC Power/ Other  

W25 VCC Power/ Other  

W26 VCC Power/ Other  

W27 VCC Power/ Other  

W28 VCC Power/ Other  

W29 VCC Power/ Other  

W30 VCC Power/ Other  

Y1 FC0 Power/ Other

Y2 VSS Power/ Other  

Y3 FC17 Power/ Other  

Y4 A20# Source Synch I nput / Output

Tab le 2 4 . Nu m er ica l  Lan d  
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Lan d  
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Y5 VSS Power/ Other  

Y6 A19# Source Synch I nput / Output

Y7 VSS Power/ Other  

Y8 VCC Power/ Other  

Y23 VCC Power/ Other  

Y24 VCC Power/ Other  

Y25 VCC Power/ Other  

Y26 VCC Power/ Other  

Y27 VCC Power/ Other  

Y28 VCC Power/ Other  

Y29 VCC Power/ Other  

Y30 VCC Power/ Other  

AA1 VTT_OUT_RI GHT Power/ Other Output

AA2 FC39 Power/ Other

AA3 VSS Power/ Other  

AA4 A21# Source Synch I nput / Output

AA5 A23# Source Synch I nput / Output

AA6 VSS Power/ Other  

AA7 VSS Power/ Other  

AA8 VCC Power/ Other  

AA23 VSS Power/ Other  

AA24 VSS Power/ Other  

AA25 VSS Power/ Other  

AA26 VSS Power/ Other  

AA27 VSS Power/ Other  

AA28 VSS Power/ Other  

AA29 VSS Power/ Other  

AA30 VSS Power/ Other  

AB1 VSS Power/ Other  

AB2 I ERR# Asynch CMOS Output

AB3 FC37 Power/ Other

AB4 A26# Source Synch I nput / Output

AB5 A24# Source Synch I nput / Output

AB6 A17# Source Synch I nput / Output

AB7 VSS Power/ Other  

AB8 VCC Power/ Other  

AB23 VSS Power/ Other  

AB24 VSS Power/ Other  

AB25 VSS Power/ Other  

Tab le 2 4 . Nu m er ica l  Lan d  
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AB26 VSS Power/ Other  

AB27 VSS Power/ Other  

AB28 VSS Power/ Other  

AB29 VSS Power/ Other  

AB30 VSS Power/ Other  

AC1 TMS TAP I nput

AC2 DBR# Power/ Other Output

AC3 VSS Power/ Other  

AC4 RESERVED   

AC5 A25# Source Synch I nput / Output

AC6 VSS Power/ Other  

AC7 VSS Power/ Other  

AC8 VCC Power/ Other  

AC23 VCC Power/ Other  

AC24 VCC Power/ Other  

AC25 VCC Power/ Other  

AC26 VCC Power/ Other  

AC27 VCC Power/ Other  

AC28 VCC Power/ Other  

AC29 VCC Power/ Other  

AC30 VCC Power/ Other  

AD1 TDI TAP I nput

AD2 BPM2# Com m on Clock I nput / Output

AD3 FC36 Power/ Other

AD4 VSS Power/ Other  

AD5 ADSTB1# Source Synch I nput / Output

AD6 A22# Source Synch I nput / Output

AD7 VSS Power/ Other  

AD8 VCC Power/ Other  

AD23 VCC Power/ Other  

AD24 VCC Power/ Other  

AD25 VCC Power/ Other  

AD26 VCC Power/ Other  

AD27 VCC Power/ Other  

AD28 VCC Power/ Other  

AD29 VCC Power/ Other  

AD30 VCC Power/ Other  

AE1 TCK TAP I nput

AE2 VSS Power/ Other  
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AE3 FC18 Power/ Other  

AE4 RESERVED   

AE5 VSS Power/ Other  

AE6 RESERVED   

AE7 VSS Power/ Other  

AE8 SKTOCC# Power/ Other Output

AE9 VCC Power/ Other  

AE10 VSS Power/ Other  

AE11 VCC Power/ Other  

AE12 VCC Power/ Other  

AE13 VSS Power/ Other  

AE14 VCC Power/ Other  

AE15 VCC Power/ Other  

AE16 VSS Power/ Other  

AE17 VSS Power/ Other  

AE18 VCC Power/ Other  

AE19 VCC Power/ Other  

AE20 VSS Power/ Other  

AE21 VCC Power/ Other  

AE22 VCC Power/ Other  

AE23 VCC Power/ Other  

AE24 VSS Power/ Other  

AE25 VSS Power/ Other  

AE26 VSS Power/ Other  

AE27 VSS Power/ Other  

AE28 VSS Power/ Other  

AE29 VSS Power/ Other  

AE30 VSS Power/ Other  

AF1 TDO TAP Output

AF2 BPM4# Com m on Clock I nput / Output

AF3 VSS Power/ Other  

AF4 A28# Source Synch I nput / Output

AF5 A27# Source Synch I nput / Output

AF6 VSS Power/ Other  

AF7 VSS Power/ Other  

AF8 VCC Power/ Other  

AF9 VCC Power/ Other  

AF10 VSS Power/ Other  

AF11 VCC Power/ Other  

Tab le 2 4 . Nu m er ica l  Lan d  
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AF12 VCC Power/ Other  

AF13 VSS Power/ Other  

AF14 VCC Power/ Other  

AF15 VCC Power/ Other  

AF16 VSS Power/ Other  

AF17 VSS Power/ Other  

AF18 VCC Power/ Other  

AF19 VCC Power/ Other  

AF20 VSS Power/ Other  

AF21 VCC Power/ Other  

AF22 VCC Power/ Other  

AF23 VSS Power/ Other  

AF24 VSS Power/ Other  

AF25 VSS Power/ Other  

AF26 VSS Power/ Other  

AF27 VSS Power/ Other  

AF28 VSS Power/ Other  

AF29 VSS Power/ Other  

AF30 VSS Power/ Other  

AG1 TRST# TAP I nput

AG2 BPM3# Com m on Clock I nput / Output

AG3 BPM5# Com m on Clock I nput / Output

AG4 A30# Source Synch I nput / Output

AG5 A31# Source Synch I nput / Output

AG6 A29# Source Synch I nput / Output

AG7 VSS Power/ Other  

AG8 VCC Power/ Other  

AG9 VCC Power/ Other  

AG10 VSS Power/ Other  

AG11 VCC Power/ Other  

AG12 VCC Power/ Other  

AG13 VSS Power/ Other  

AG14 VCC Power/ Other  

AG15 VCC Power/ Other  

AG16 VSS Power/ Other  

AG17 VSS Power/ Other  

AG18 VCC Power/ Other  

AG19 VCC Power/ Other  

AG20 VSS Power/ Other  

Tab le 2 4 . Nu m er ica l  Lan d  
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AG21 VCC Power/ Other  

AG22 VCC Power/ Other  

AG23 VSS Power/ Other  

AG24 VSS Power/ Other  

AG25 VCC Power/ Other  

AG26 VCC Power/ Other  

AG27 VCC Power/ Other  

AG28 VCC Power/ Other  

AG29 VCC Power/ Other  

AG30 VCC Power/ Other  

AH1 VSS Power/ Other  

AH2 RESERVED   

AH3 VSS Power/ Other  

AH4 A32# Source Synch I nput / Output

AH5 A33# Source Synch I nput / Output

AH6 VSS Power/ Other  

AH7 VSS Power/ Other  

AH8 VCC Power/ Other  

AH9 VCC Power/ Other  

AH10 VSS Power/ Other  

AH11 VCC Power/ Other  

AH12 VCC Power/ Other  

AH13 VSS Power/ Other  

AH14 VCC Power/ Other  

AH15 VCC Power/ Other  

AH16 VSS Power/ Other  

AH17 VSS Power/ Other  

AH18 VCC Power/ Other  

AH19 VCC Power/ Other  

AH20 VSS Power/ Other  

AH21 VCC Power/ Other  

AH22 VCC Power/ Other  

AH23 VSS Power/ Other  

AH24 VSS Power/ Other  

AH25 VCC Power/ Other  

AH26 VCC Power/ Other  

AH27 VCC Power/ Other  

AH28 VCC Power/ Other  

AH29 VCC Power/ Other  
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AH30 VCC Power/ Other  

AJ1 BPM1# Com m on Clock I nput / Output

AJ2 BPM0# Com m on Clock I nput / Output

AJ3 I TP_CLK1 TAP I nput

AJ4 VSS Power/ Other  

AJ5 A34# Source Synch I nput / Output

AJ6 A35# Source Synch I nput / Output

AJ7 VSS Power/ Other  

AJ8 VCC Power/ Other  

AJ9 VCC Power/ Other  

AJ10 VSS Power/ Other  

AJ11 VCC Power/ Other  

AJ12 VCC Power/ Other  

AJ13 VSS Power/ Other  

AJ14 VCC Power/ Other  

AJ15 VCC Power/ Other  

AJ16 VSS Power/ Other  

AJ17 VSS Power/ Other  

AJ18 VCC Power/ Other  

AJ19 VCC Power/ Other  

AJ20 VSS Power/ Other  

AJ21 VCC Power/ Other  

AJ22 VCC Power/ Other  

AJ23 VSS Power/ Other  

AJ24 VSS Power/ Other  

AJ25 VCC Power/ Other  

AJ26 VCC Power/ Other  

AJ27 VSS Power/ Other  

AJ28 VSS Power/ Other  

AJ29 VSS Power/ Other  

AJ30 VSS Power/ Other  

AK1 THERMDC Power/ Other  

AK2 VSS Power/ Other  

AK3 I TP_CLK0 TAP I nput

AK4 VI D4 Power/ Other Output

AK5 VSS Power/ Other  

AK6 FC8 Power/ Other

AK7 VSS Power/ Other  

AK8 VCC Power/ Other  
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AK9 VCC Power/ Other  

AK10 VSS Power/ Other  

AK11 VCC Power/ Other  

AK12 VCC Power/ Other  

AK13 VSS Power/ Other  

AK14 VCC Power/ Other  

AK15 VCC Power/ Other  

AK16 VSS Power/ Other  

AK17 VSS Power/ Other  

AK18 VCC Power/ Other  

AK19 VCC Power/ Other  

AK20 VSS Power/ Other  

AK21 VCC Power/ Other  

AK22 VCC Power/ Other  

AK23 VSS Power/ Other  

AK24 VSS Power/ Other  

AK25 VCC Power/ Other  

AK26 VCC Power/ Other  

AK27 VSS Power/ Other  

AK28 VSS Power/ Other  

AK29 VSS Power/ Other  

AK30 VSS Power/ Other  

AL1 THERMDA Power/ Other  

AL2 PROCHOT# Asynch CMOS I nput / Output

AL3 VRDSEL Power/ Other  

AL4 VI D5 Power/ Other Output

AL5 VI D1 Power/ Other Output

AL6 VI D3 Power/ Other Output

AL7 VSS Power/ Other  

AL8 VCC Power/ Other  

AL9 VCC Power/ Other  

AL10 VSS Power/ Other  

AL11 VCC Power/ Other  

AL12 VCC Power/ Other  

AL13 VSS Power/ Other  

AL14 VCC Power/ Other  

AL15 VCC Power/ Other  

AL16 VSS Power/ Other  

AL17 VSS Power/ Other  
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AL18 VCC Power/ Other  

AL19 VCC Power/ Other  

AL20 VSS Power/ Other  

AL21 VCC Power/ Other  

AL22 VCC Power/ Other  

AL23 VSS Power/ Other  

AL24 VSS Power/ Other  

AL25 VCC Power/ Other  

AL26 VCC Power/ Other  

AL27 VSS Power/ Other  

AL28 VSS Power/ Other  

AL29 VCC Power/ Other  

AL30 VCC Power/ Other  

AM1 VSS Power/ Other  

AM2 VI D0 Power/ Other Output

AM3 VI D2 Power/ Other Output

AM4 VSS Power/ Other  

AM5 VI D6 Power/ Other Output

AM6 FC40 Power/ Other

AM7 VI D7 Power/ Other  Output

AM8 VCC Power/ Other  

AM9 VCC Power/ Other  

AM10 VSS Power/ Other  

AM11 VCC Power/ Other  

AM12 VCC Power/ Other  

AM13 VSS Power/ Other  

AM14 VCC Power/ Other  

AM15 VCC Power/ Other  

AM16 VSS Power/ Other  

AM17 VSS Power/ Other  

AM18 VCC Power/ Other  

AM19 VCC Power/ Other  

AM20 VSS Power/ Other  

AM21 VCC Power/ Other  

AM22 VCC Power/ Other  

AM23 VSS Power/ Other  

AM24 VSS Power/ Other  

AM25 VCC Power/ Other  

AM26 VCC Power/ Other  
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AM27 VSS Power/ Other  

AM28 VSS Power/ Other  

AM29 VCC Power/ Other  

AM30 VCC Power/ Other  

AN1 VSS Power/ Other  

AN2 VSS Power/ Other  

AN3 VCC_SENSE Power/ Other Output

AN4 VSS_SENSE Power/ Other Output

AN5
VCC_MB_

REGULATI ON
Power/ Other Output

AN6
VSS_MB_

REGULATI ON
Power/ Other Output

AN7 VI D_SELECT Power/ Other  Output

AN8 VCC Power/ Other  

AN9 VCC Power/ Other  

AN10 VSS Power/ Other  

AN11 VCC Power/ Other  

AN12 VCC Power/ Other  

AN13 VSS Power/ Other  

AN14 VCC Power/ Other  

AN15 VCC Power/ Other  

AN16 VSS Power/ Other  

AN17 VSS Power/ Other  

AN18 VCC Power/ Other  

AN19 VCC Power/ Other  

AN20 VSS Power/ Other  

AN21 VCC Power/ Other  

AN22 VCC Power/ Other  

AN23 VSS Power/ Other  

AN24 VSS Power/ Other  

AN25 VCC Power/ Other  

AN26 VCC Power/ Other  

AN27 VSS Power/ Other  

AN28 VSS Power/ Other  

AN29 VCC Power/ Other  

AN30 VCC Power/ Other  

Tab le 2 4 . Nu m er ica l  Lan d  
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4 .2 Alp h ab et ica l  Sig n als Ref er en ce

Tab le 2 5 . Sig n al  Descr ip t ion   ( Sh eet  1  o f  9 )

Nam e Ty p e Descr ip t ion

A[ 35: 3] #
I nput /

Output

A[ 35: 3] #  (Address)  define a 236-byte physical m em ory address 

space. I n sub-phase 1 of the address phase, these signals t ransm it  

the address of a t ransact ion. I n sub-phase 2, these signals t ransm it  

t ransact ion type inform at ion. These signals must  connect  the 

appropriate pins/ lands of all agents on the processor FSB. A[ 35: 3] #  

are source synchronous signals and are latched into the receiving 

buffers by ADSTB[ 1: 0] # .

On the act ive- to- inact ive t ransit ion of RESET# , the processor 

sam ples a subset  of the A[ 35: 3] #  signals to determ ine power-on 

configurat ion. See Sect ion 6.1 for m ore details.

A20M# I nput

I f A20M#  (Address-20 Mask)  is asserted, the processor masks 

physical address bit  20 (A20# )  before looking up a line in any 

internal cache and before dr iv ing a read/ write t ransact ion on the 

bus. Assert ing A20M#  em ulates the 8086 processor 's address wrap-

around at  the 1-MB boundary. Assert ion of A20M#  is only supported 

in real m ode.

A20M#  is an asynchronous signal. However, to ensure recognit ion of 

this signal following an I nput / Output  write inst ruct ion, it  m ust  be 

valid along with the TRDY#  assert ion of the corresponding I nput /

Output  Write bus t ransact ion.

ADS#
I nput /

Output

ADS#  (Address St robe)  is asserted to indicate the validity of the 

t ransact ion address on the A[ 35: 3] #  and REQ[ 4: 0] #  signals. All bus 

agents observe the ADS#  act ivat ion to begin protocol checking, 

address decode, internal snoop, or deferred reply I D m atch 

operat ions associated with the new t ransact ion. 

ADSTB[ 1: 0] #
I nput /

Output

Address st robes are used to latch A[ 35: 3] #  and REQ[ 4: 0] #  on their  

r ising and falling edges. St robes are associated with signals as 

shown below.

BCLK[ 1: 0] I nput

The different ial pair  BCLK (Bus Clock)  determ ines the FSB 

frequency. All processor FSB agents m ust  receive these signals to 

dr ive their  outputs and latch their  inputs.

All external t im ing param eters are specified with respect  to the 

r ising edge of BCLK0 crossing VCROSS.

BNR#
I nput /

Output

BNR#  (Block Next  Request )  is used to assert  a bus stall by any bus 

agent  unable to accept  new bus t ransact ions. During a bus stall,  the 

current  bus owner cannot  issue any new t ransact ions.

Sig n als Associa t ed  St r ob e

REQ[ 4: 0] # , A[ 16: 3] #  ADSTB0#

A[ 35: 17] # ADSTB1#
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BPM[ 5: 0] #
I nput /

Output

BPM[ 5: 0] #  (Breakpoint  Monitor)  are breakpoint  and perform ance 

monitor 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[ 5: 0] #  should connect  the 

appropriate pins/ lands of all processor FSB agents.

BPM4#  provides PRDY#  (Probe Ready)  funct ionalit y for the TAP port . 

PRDY#  is a processor output  used by debug tools to determ ine 

processor debug readiness.

BPM5#  provides PREQ#  (Probe Request )  funct ionality for the TAP 

port . PREQ#  is used by debug tools to request  debug operat ion of 

the processor.

These signals do not  have on-die term inat ion. Refer to Sect ion 2.6.2 

for term inat ion requirem ents.

BPRI # I nput

BPRI #  (Bus Prior ity Request )  is used to arbit rate for ownership of 

the processor FSB. I t  m ust  connect  the appropriate pins/ lands of all 

processor FSB agents. Observing BPRI #  act ive (as asserted by the 

prior ity agent )  causes all other agents to stop issuing new requests, 

unless such requests are part  of an ongoing locked operat ion. The 

pr ior ity agent  keeps BPRI #  asserted unt il all of it s requests are 

com pleted, then releases the bus by de-assert ing BPRI # .

BR0#
I nput /

Output

BR0#  dr ives the BREQ0#  signal in the system and is used by the 

processor to request  the bus. During power-on configurat ion this 

signal is sam pled to determ ine the agent  I D =  0. 

This signal does not  have on-die term inat ion and m ust  be 

term inated.

BSEL[ 2: 0] Output

The BCLK[ 1: 0]  frequency select  signals BSEL[ 2: 0]  are used to select  

the processor input  clock frequency. Table 16 defines the possible 

com binat ions of the signals and the frequency associated with each 

com binat ion. The required frequency is determ ined by the processor, 

chipset  and clock synthesizer. All agents m ust  operate at  the sam e 

frequency. For m ore inform at ion about  these signals, including 

term inat ion recom mendat ions refer to Sect ion 2.8.2. 

COMP8

COMP[ 3: 0]
Analog

COMP[ 3: 0]  and COMP8 m ust  be term inated to VSS on the system  

board using precision resistors. 

Tab le 2 5 . Sig n al  Descr ip t ion   ( Sh eet  2  o f  9 )
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D[ 63: 0] #
I nput /

Output

D[ 63: 0] #  (Data)  are the data signals. These signals provide a 64-bit  

data path between the processor FSB agents, and m ust  connect  the 

appropriate pins/ lands on all such agents. The data dr iver asserts 

DRDY#  to indicate a valid data t ransfer.

D[ 63: 0] #  are quad-pum ped signals and will,  thus, be dr iven four 

t im es in a com mon clock period. D[ 63: 0] #  are latched off the falling 

edge of both DSTBP[ 3: 0] #  and DSTBN[ 3: 0] # . Each group of 16 

data signals correspond to a pair of one DSTBP#  and one DSTBN# . 

The following table shows the grouping of data signals to data 

st robes and DBI # .

Furtherm ore, the DBI #  signals determ ine the polar ity of the data 

signals. Each group of 16 data signals corresponds to one DBI #  

signal. When the DBI #  signal is act ive, the corresponding data 

group is inverted and therefore sam pled act ive high. 

DBI [ 3: 0] #
I nput /

Output

DBI [ 3: 0] #  (Data Bus I nversion)  are source synchronous and 

indicate the polarity of the D[ 63: 0] #  signals.The DBI [ 3: 0] #  signals 

are act ivated when the data on the data bus is inverted. I f m ore 

than half the data bits, within a 16-bit  group, would have been 

asserted elect r ically low, the bus agent  m ay invert  the data bus 

signals for that  part icular sub-phase for that  16-bit  group.

DBR# Output

DBR#  (Debug Reset )  is used only in processor 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 . I f a debug port  is im plem ented in the system , DBR#  is a no 

connect  in the system . DBR#  is not  a processor signal.

DBSY#
I nput /

Output

DBSY#  (Data Bus Busy)  is asserted by the agent  responsible for 

dr iving data on the processor FSB to indicate that  the data bus is in 

use. The data bus is released after DBSY#  is de-asserted. This signal 

m ust  connect  the appropriate pins/ lands on all processor FSB 

agents.

Tab le 2 5 . Sig n al  Descr ip t ion   ( Sh eet  3  o f  9 )

Nam e Ty p e Descr ip t ion

Quad-Pum ped Signal Groups

Dat a Gr ou p
DSTBN# /

DSTBP#
DBI #

D[ 15: 0] # 0 0

D[ 31: 16] # 1 1

D[ 47: 32] # 2 2

D[ 63: 48] # 3 3

DBI [ 3: 0]  Assignm ent  To Data Bus 

Bu s Sig n al Dat a Bu s Sig n als

DBI 3# D[ 63: 48] #

DBI 2# D[ 47: 32] #

DBI 1# D[ 31: 16] #

DBI 0# D[ 15: 0] #
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DEFER# I nput

DEFER#  is asserted by an agent  to indicate that  a t ransact ion cannot  

be ensured in-order com plet ion. Assert ion of DEFER#  is norm ally 

the responsibility of the addressed m em ory or input / output  agent . 

This signal m ust  connect  the appropriate pins/ lands of all processor 

FSB agents.

DRDY#
I nput /

Output

DRDY#  (Data Ready)  is asserted by the data dr iver on each data 

t ransfer, indicat ing valid data on the data bus. I n a m ult i-com m on 

clock data t ransfer, DRDY#  m ay be de-asserted to insert  idle clocks. 

This signal m ust  connect  the appropriate pins/ lands of all processor 

FSB agents.

DSTBN[ 3: 0] #
I nput /

Output

DSTBN[ 3: 0] #  are the data st robes used to latch in D[ 63: 0] # . 

DSTBP[ 3: 0] #
I nput /

Output

DSTBP[ 3: 0] #  are the data st robes used to latch in D[ 63: 0] # .

FCx Other
FC signals are signals that  are available for com pat ibility with other 

processors. 

FERR# / PBE# Output

FERR# / PBE#  ( float ing point  error/ pending break event )  is a 

m ult iplexed signal and its m eaning is qualified by STPCLK# . When 

STPCLK#  is not  asserted, FERR# / PBE#  indicates a float ing-point  

error and will be asserted when the processor detects an unm asked 

float ing-point  error. When STPCLK#  is not  asserted, FERR# / PBE#  is 

sim ilar to the ERROR#  signal on the I ntel 387 coprocessor, and is 

included for com pat ibility with system s using MS-DOS* - type 

float ing-point  error report ing. When STPCLK#  is asserted, an 

assert ion of FERR# / PBE#  indicates that  the processor has a pending 

break event  wait ing for service. The assert ion of FERR# / PBE#  

indicates that  the processor should be returned to the Norm al state. 

For addit ional inform at ion on the pending break event  funct ionality, 

including the ident ificat ion of support  of the feature and enable/

disable inform at ion, refer to volum e 3 of the I ntel Architecture 

Software Developer 's Manual and the I ntel Processor I dent ificat ion 

and the CPUI D I nst ruct ion  applicat ion note.

GTLREF[ 1: 0] I nput

GTLREF[ 1: 0]  determ ine the signal reference level for GTL+  input  

signals. GTLREF is used by the GTL+  receivers to determ ine if a 

signal is a logical 0 or logical 1.

Tab le 2 5 . Sig n al  Descr ip t ion   ( Sh eet  4  o f  9 )

Nam e Ty p e Descr ip t ion

Sig n als Associa t ed  St r ob e

D[ 15: 0] # , DBI 0#  DSTBN0#

D[ 31: 16] # , DBI 1#  DSTBN1#

D[ 47: 32] # , DBI 2#  DSTBN2#

D[ 63: 48] # , DBI 3#  DSTBN3#

Sig n als Associa t ed  St r ob e

D[ 15: 0] # , DBI 0#  DSTBP0#

D[ 31: 16] # , DBI 1#  DSTBP1#

D[ 47: 32] # , DBI 2#  DSTBP2#

D[ 63: 48] # , DBI 3#  DSTBP3#
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HI T#

HI TM#

I nput /

Output

I nput /

Output

HI T#  (Snoop Hit )  and HI TM#  (Hit  Modified)  convey t ransact ion 

snoop operat ion results. Any FSB agent  m ay assert  both HI T#  and 

HI TM#  together to indicate that  it  requires a snoop stall,  which can 

be cont inued by reassert ing HI T#  and HI TM#  together.

I ERR# Output

I ERR#  ( I nternal Error)  is asserted by a processor as the result  of an 

internal error. Assert ion of I ERR#  is usually accompanied by a 

SHUTDOWN t ransact ion on the processor FSB. This t ransact ion m ay 

opt ionally be converted to an external error signal (e.g., NMI )  by 

system core logic. The processor will keep I ERR#  asserted unt il the 

assert ion of RESET# . 

This signal does not  have on-die term inat ion. Refer to Sect ion 2.6.2 

for term inat ion requirem ents.

I GNNE# I nput

I GNNE#  ( I gnore Num eric Error)  is asserted to the processor to 

ignore a num eric error and cont inue to execute noncont rol float ing-

point  inst ruct ions. I f I GNNE#  is de-asserted, the processor 

generates an except ion on a noncont rol float ing-point  inst ruct ion if a 

previous float ing-point  inst ruct ion caused an error. I GNNE#  has no 

effect  when the NE bit  in cont rol register 0 (CR0)  is set .

I GNNE#  is an asynchronous signal. However, to ensure recognit ion 

of this signal following an I nput / Output  write inst ruct ion, it  m ust  be 

valid along with the TRDY#  assert ion of the corresponding I nput /

Output  Write bus t ransact ion.

I NI T# I nput

I NI T#  ( I nit ializat ion) , when asserted, resets integer registers inside 

the processor without  affect ing it s internal caches or float ing-point  

registers. The processor then begins execut ion at  the power-on 

Reset  vector configured during power-on configurat ion. The 

processor cont inues to handle snoop requests during I NI T#  

assert ion. I NI T#  is an asynchronous signal and must  connect  the 

appropriate pins/ lands of all processor FSB agents.

I TP_CLK[ 1: 0] I nput

I TP_CLK[ 1: 0]  are copies of BCLK that  are used only in processor 

system s where no debug port  is implemented on the system  board. 

I TP_CLK[ 1: 0]  are used as BCLK[ 1: 0]  references for a debug port  

im plem ented on an interposer. I f a debug port  is im plem ented in the 

system, I TP_CLK[ 1: 0]  are no connects in the system. These are not  

processor signals.

LI NT[ 1: 0] I nput

LI NT[ 1: 0]  (Local API C I nterrupt )  must  connect  the appropriate pins/

lands of all API C Bus agents. When the API C is disabled, the LI NT0 

signal becom es I NTR, a m askable interrupt  request  signal, and 

LI NT1 becom es NMI , a nonm askable interrupt . I NTR and NMI  are 

backward com pat ible with the signals of those nam es on the 

Pent ium  processor. Both signals are asynchronous.

Both of these signals m ust  be software configured via BI OS 

program m ing of the API C register space to be used either as NMI /

I NTR or LI NT[ 1: 0] .  Because the API C is enabled by default  after 

Reset , operat ion of these signals as LI NT[ 1: 0]  is the default  

configurat ion.

Tab le 2 5 . Sig n al  Descr ip t ion   ( Sh eet  5  o f  9 )

Nam e Ty p e Descr ip t ion
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LOCK#
I nput /

Output

LOCK#  indicates to the system  that  a t ransact ion must  occur 

atom ically. This signal m ust  connect  the appropr iate pins/ lands of all 

processor FSB agents. For a locked sequence of t ransact ions, LOCK#  

is asserted from  the beginning of the first  t ransact ion to the end of 

the last  t ransact ion.

When the pr ior ity agent  asserts BPRI #  to arbit rate for ownership of 

the processor FSB, it  will wait  unt il it  observes LOCK#  de-asserted. 

This enables sym metric agents to retain ownership of the processor 

FSB throughout  the bus locked operat ion and ensure the atom icity of 

lock.

MSI D[ 1: 0] Output
These signals indicate the Market  Segm ent  for the processor. Refer 

to Table 3 for addit ional inform at ion. 

PECI
I nput /

Output

PECI  is a proprietary one-wire bus interface. See Sect ion 5.4 for 

details.

PROCHOT#
I nput /

Output

As an output , PROCHOT#  (Processor Hot )  will go act ive when the 

processor tem perature m onitor ing 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  (TCC)  has been act ivated, 

if enabled. As an input , assert ion of PROCHOT#  by the system will 

act ivate the TCC, if enabled. The TCC will rem ain act ive unt il the 

system  de-asserts PROCHOT# . See Sect ion 5.2.4 for m ore details.

PWRGOOD I nput

PWRGOOD (Power Good)  is a processor input . The processor 

requires this signal to be a clean indicat ion that  the clocks and 

power supplies are stable and within their specificat ions. ‘Clean’ 

im plies that  the signal will remain low (capable of sinking leakage 

current ) , without  glit ches, from  the t ime that  the power supplies are 

turned on unt il they come within specificat ion. The signal m ust  then 

t ransit ion m onotonically to a high state. PWRGOOD can be driven 

inact ive at  any t im e, but  clocks and power m ust  again be stable 

before a subsequent  r ising edge of PWRGOOD. 

The PWRGOOD 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.

REQ[ 4: 0] #
I nput /

Output

REQ[ 4: 0] #  (Request  Com m and)  m ust  connect  the appropriate pins/

lands of all processor FSB agents. They are asserted by the current  

bus owner to define the current ly act ive t ransact ion type. These 

signals are source synchronous to ADSTB0# .

RESET# I nput

Assert ing the RESET#  signal resets the processor to a known state 

and invalidates its internal caches without  writ ing back any of their 

contents. 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. On observing act ive RESET# , all FSB agents will de-

assert  their  outputs within two clocks. RESET#  m ust  not  be kept  

asserted for m ore than 10 m s while PWRGOOD is asserted.

A num ber of bus signals are sam pled at  the act ive- to- inact ive 

t ransit ion of RESET#  for power-on configurat ion. These 

configurat ion opt ions are described in the Sect ion 6.1.

This signal does not  have on-die term inat ion and m ust  be 

term inated on the system  board.

RESERVED

All RESERVED lands m ust  rem ain unconnected. Connect ion of these 

lands to VCC,  VSS,  VTT, or to any other signal ( including each other)  

can result  in component  malfunct ion or incom pat ibility with future 

processors.

Tab le 2 5 . Sig n al  Descr ip t ion   ( Sh eet  6  o f  9 )

Nam e Ty p e Descr ip t ion
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RS[ 2: 0] # I nput

RS[ 2: 0] #  (Response Status)  are driven by the response agent  ( the 

agent  responsible for com plet ion of the current  t ransact ion) , and 

m ust  connect  the appropriate pins/ lands of all processor FSB agents.

SKTOCC# Output

SKTOCC#  (Socket  Occupied)  will be pulled to ground by the 

processor. System  board designers m ay use this signal to determ ine 

if the processor is present .

SMI # I nput

SMI #  (System  Managem ent  I nterrupt )  is asserted asynchronously 

by system  logic. On accept ing a System  Management  I nterrupt , the 

processor saves the current  state and enter System  Managem ent  

Mode (SMM). An SMI  Acknowledge t ransact ion is issued, and the 

processor begins program  execut ion from  the SMM handler.

I f SMI #  is asserted during the de-assert ion of RESET# , the 

processor will t r i-state it s outputs.

STPCLK# I nput

STPCLK#  (Stop Clock) , when asserted, causes the processor to 

enter a low power Stop-Grant  state. The processor issues a Stop-

Grant  Acknowledge t ransact ion, and stops providing internal clock 

signals to all processor core units except  the FSB and API C units. 

The processor cont inues to snoop bus t ransact ions and service 

interrupts while in Stop-Grant  state. When STPCLK#  is de-asserted, 

the processor restarts it s internal clock to all units and resum es 

execut ion. The assert ion of STPCLK#  has no effect  on the bus clock;  

STPCLK#  is an asynchronous input .

TCK I nput
TCK (Test  Clock)  provides the clock input  for the processor Test  Bus 

(also known as the Test  Access Port ) .

TDI I nput
TDI  (Test  Data I n)  t ransfers serial test  data into the processor. TDI  

provides the serial input  needed for JTAG specificat ion support .

TDO Output

TDO (Test  Data Out )  t ransfers serial test  data out  of the processor. 

TDO provides the serial output  needed for JTAG specificat ion 

support .

TESTHI [ 13: 0] I nput

TESTHI [ 13: 0]  m ust  be connected to the processor ’s appropriate 

power source ( refer to VTT_OUT_LEFT and VTT_OUT_RI GHT signal 

descript ion)  through a resistor for proper processor operat ion. See 

Sect ion 2.5 for m ore details.

THERMDA Other Thermal Diode Anode. See Sect ion 5.3. 

THERMDC Other Thermal Diode Cathode. See Sect ion 5.3.

Tab le 2 5 . Sig n al  Descr ip t ion   ( Sh eet  7  o f  9 )

Nam e Ty p e Descr ip t ion
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THERMTRI P# Output

I n the event  of a catast rophic cooling failure, the processor will 

autom at ically shut  down when the silicon has reached a tem perature 

approxim ately 20 ° C above the m axim um  TC.  Assert ion of 

THERMTRI P#  (Therm al Tr ip)  indicates the processor junct ion 

tem perature has reached a level beyond where perm anent  silicon 

dam age m ay occur. Upon assert ion of THERMTRI P# , the processor 

will shut  off it s internal clocks ( thus, halt ing program  execut ion)  in 

an at tem pt  to reduce the processor junct ion tem perature. To protect  

the processor, its core voltage (VCC)  m ust  be rem oved following the 

assert ion of THERMTRI P# . Driving of the THERMTRI P#  signal is 

enabled within 10 μs of the assert ion of PWRGOOD (provided VTT 

and VCC are valid)  and is disabled on de-assert ion of PWRGOOD ( if 

VTT or VCC are not  valid, THERMTRI P#  m ay also be disabled) . Once 

act ivated, THERMTRI P#  rem ains latched unt il PWRGOOD, VTT,  or VCC 

is de-asserted. While the de-assert ion of the PWRGOOD, VTT,  or VCC 

will de-assert  THERMTRI P# , if the processor ’s junct ion temperature 

rem ains at  or above the t r ip level, THERMTRI P#  will again be 

asserted within 10 μs of the assert ion of PWRGOOD (provided VTT 

and VCC are valid) .

TMS I nput
TMS (Test  Mode Select )  is a JTAG specificat ion support  signal used 

by debug tools.

TRDY# I nput

TRDY#  (Target  Ready)  is asserted by the target  to indicate that  it  is 

ready to receive a write or im plicit  wr iteback data t ransfer. TRDY#  

m ust  connect  the appropriate pins/ lands of all FSB agents.

TRST# I nput
TRST#  (Test  Reset )  resets the Test  Access Port  (TAP)  logic. TRST#  

m ust  be driven low during power on Reset . 

VCC I nput
VCC are the power pins for the processor. The voltage supplied to 

these pins is determ ined by the VI D[ 7: 0]  pins.

VCCPLL I nput VCCPLL provides isolated power for internal processor FSB PLLs.

VCC_SENSE Output

VCC_SENSE is an isolated low im pedance connect ion to processor 

core power (VCC) . I t  can be used to sense or m easure voltage near 

the silicon with lit t le noise.

VCC_MB_

REGULATI ON
Output

This land is provided as a voltage regulator feedback sense point  for 

VCC.  I t  is connected internally in the processor package to the sense 

point  land U27 as described in the Voltage Regulator-Down (VRD)  

11.0 Processor Power Delivery Design Guidelines For Desktop 

LGA775 Socket .

VI D[ 7: 0] Output

VI D[ 7: 0]  (Voltage I D)  signals are used to support  autom at ic 

select ion of power supply voltages (VCC) . Refer to the Voltage 

Regulator-Down (VRD)  11.0 Processor Power Delivery Design 

Guidelines For Desktop LGA775 Socket  for m ore inform at ion. 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 es valid. 

The VI D signals are needed to support  the processor voltage 

specificat ion variat ions. See Table 2 for definit ions of these signals. 

The VR m ust  supply the voltage that  is requested by the signals, or 

disable itself.

VI D_SELECT Output

This land is t ied high on the processor package and is used by the 

VR to choose the proper VI D table. Refer to the Voltage Regulator-

Down (VRD)  11.0 Processor Power Delivery Design Guidelines For 

Desktop LGA775 Socket  for m ore inform at ion.

Tab le 2 5 . Sig n a l  Descr ip t ion   ( Sh eet  8  o f  9 )
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§  §

VRDSEL I nput

This input  should be left  as a no connect  in order for the processor to 

boot . The processor will not  boot  on legacy plat form s where this 

land is connected to VSS.  

VSS I nput
VSS are the ground pins for the processor and should be connected 

to the system  ground plane. 

VSSA I nput VSSA is the isolated ground for internal PLLs.

VSS_SENSE Output

VSS_SENSE is an isolated low im pedance connect ion to processor 

core VSS.  I t  can be used to sense or m easure ground near the silicon 

with lit t le noise.

VSS_MB_

REGULATI ON
Output

This land is provided as a voltage regulator feedback sense point  for 

VSS.  I t  is connected internally in the processor package to the sense 

point  land V27 as described in the Voltage Regulator-Down (VRD)  

11.0 Processor Power Delivery Design Guidelines For Desktop 

LGA775 Socket .

VTT I nput Miscellaneous voltage supply.

VTT_OUT_LEFT

VTT_OUT_RI GHT

Output

The VTT_OUT_LEFT and VTT_OUT_RI GHT signals are included to 

provide a voltage supply for som e signals that  require term inat ion to 

VTT on the m otherboard. 

VTT_SEL Output

The VTT_SEL signal is used to select  the correct  VTT voltage level for 

the processor. This land is connected internally in the package to 

VTT. 

Tab le 2 5 . Sig n al  Descr ip t ion   ( Sh eet  9  o f  9 )
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5 Th er m al  Sp eci f i ca t ion s an d  
Desig n  Con sid er at ion s

5 .1 Pr ocesso r  Th er m al  Sp eci f i ca t ion s

The processor requires a therm al solut ion to maintain tem peratures within the 
operat ing lim its as described in Sect ion 5.1.1. Any at tempt  to operate the processor 
outside these operat ing lim its may result  in permanent  damage to the processor and 
potent ially other com ponents within the system . As processor technology changes, 
thermal management  becomes increasingly crucial when building com puter systems. 
Maintaining the proper therm al environm ent  is key to reliable, long- term  system 
operat ion.

A com plete therm al solut ion includes both component  and system level thermal 
management  features. Component  level thermal solut ions can include act ive or passive 
heatsinks at tached to the processor I ntegrated Heat  Spreader ( I HS) . Typical system  
level therm al solut ions m ay consist  of system  fans combined with duct ing and vent ing.

For m ore inform at ion on designing a com ponent  level therm al solut ion, refer to the 
appropriate Therm al and Mechanical Design Guidelines (see Sect ion 1.2) . 

Not e: The boxed processor will ship with a com ponent  therm al solut ion. Refer to Chapter 7 
for details on the boxed processor.

5 .1 .1 Th er m al  Sp eci f i cat ion s

To allow for the opt im al operat ion and long- term  reliability of I ntel processor-based 
systems, the system/ processor therm al solut ion should be designed such that  the 
processor rem ains within the m inim um and m axim um  case tem perature (TC)  
specificat ions when operat ing at  or below the Thermal Design Power (TDP)  value listed 
per frequency in Table 26. Thermal solut ions not  designed to provide this level of 
thermal capability may affect  the long- term  reliability of the processor and system. For 
more details on therm al solut ion design, refer to the appropriate Therm al and 
Mechanical Design Guidelines (see Sect ion 1.2) .

The processor uses a methodology for managing processor tem peratures which is 
intended to support  acoust ic noise reduct ion through fan speed cont rol. Select ion of the 
appropriate fan speed is based on the relat ive temperature data reported by the 
processor ’s Plat form  Environment  Cont rol I nterface (PECI )  bus as described in 
Sect ion 5.4.1.1. 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 5.2) . System s that  im plement  fan speed cont rol 
must  be designed to take these condit ions in to account . Systems that  do not  alter the 
fan speed only need to ensure the case tem perature m eets the therm al profile 
specificat ions. 

To determ ine a processor's case temperature specificat ion based on the thermal profile, 
it  is necessary to accurately measure processor power dissipat ion. I ntel has developed 
a m ethodology for accurate power m easurement  that  correlates to I ntel test  
temperature and voltage condit ions. Refer to the appropriate Thermal and Mechanical 
Design Guidelines (see Sect ion 1.2)  and the Processor Power Character izat ion 
Methodology  for the details of this m ethodology.



Th er m al  Sp eci f i ca t ion s an d  Desig n  Con sid er at ion s

74 Datasheet

The case temperature is defined at  the geometr ic top center of the processor. Analysis 
indicates that  real applicat ions are unlikely to cause the processor to consum e 
m axim um  power dissipat ion for sustained t im e periods. I ntel recom m ends that  
com plete therm al solut ion designs target  the Therm al Design Power (TDP)  indicated in 
Table 26 instead of the maximum processor power consum pt ion. The Therm al Monitor 
feature is designed to protect  the processor in the unlikely event  that  an applicat ion 
exceeds the TDP recom m endat ion for a sustained periods of t im e. For m ore details on 
the usage of this feature, refer to Sect ion 5.2. To ensure m axim um  flexibility for future 
requirements, systems should be designed to the 775_VR_CONFI G_06 guidelines, even 
if a processor with a lower therm al dissipat ion is current ly planned. I n  a l l  cases t h e 
Th er m al  Mon i t o r  an d  Th er m al  Mon i t o r  2  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  r em ain  w i t h in  sp eci f i cat ion .

Tab le 2 6 . Pr ocessor  Th er m al  Sp eci f i cat ion s

Pr ocesso r  

Nu m b er

Co r e 

Fr eq u en cy  

( GHz)

Th er m al  

Desig n  

Pow er ( W ) 1 ,2

NOTES:
1. Therm al Design Power (TDP)  should be used for processor therm al solut ion design targets. The TDP is not  the m axim um  power 

that  the processor can dissipate.
2. This table shows the m axim um  TDP for a given frequency range. I ndividual processors m ay have a lower TDP. Therefore, the

m axim um  TC will vary depending on the TDP of the individual processor. Refer to therm al profile figure and associated table for
the allowed com binat ions of power and TC.

Ex t en d ed  

HALT 

Pow er ( w ) 3

3. Specificat ion is at  35 ° C TC and typical voltage loadline. Specificat ion is ensured by design character izat ion and not  100%  tested.

7 7 5 _ VR_

CONFI G_ 0 6  

Gu id an ce4

4. 775_VR_CONFI G_06 guidelines provide a design target  for m eet ing future therm al requirem ents.

Min im u m  

TC ( ° C)

Max im u m  TC 

( ° C)
No t es

E2220 2.4 65.0 8

775_VR_

CONFI G_06 

Guidance

5

Table 28, 

Figure 16

5

5. These processors have CPUI D =  06FDh.

E2200 2.2 65.0 8 5 5

E2180 2.0 65.0 8 5 5

E2160 1.8 65.0 8 5 5

E2140 1.6 65.0 8 5 5

E2160 1.8 65.0 8 775_VR_

CONFI G_06 

Guidance

5
 Table 27, 

Figure 15

6

6. These processors have CPUI D =  06F2h.

E2140 1.6 65.0 8 5 6
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Tab le 2 7 . Th er m al  Pr o f i le  ( I n t e l ®  Pen t iu m ®  Du al - Cor e Pr ocesso r s w i t h  CPUI D =  0 6 F2 h )

Pow er  

( W )

Max im u m  

Tc ( ° C)

Pow er  

( W )

Max im u m  

Tc ( ° C)

Pow er  

( W )

Max im u m  

Tc ( ° C)

0 43.2 24 49.9 48 56.6

2 43.8 26 50.5 50 57.2

4 44.3 28 51.0 52 57.8

6 44.9 30 51.6 54 58.3

8 45.4 32 52.2 56 58.9

10 46.0 34 52.7 58 59.4

12 46.6 36 53.3 60 60.0

14 47.1 38 53.8 62 60.6

16 47.7 40 54.4 64 61.1

18 48.2 42 55.0 65 61.4

20 48.8 44 55.5

22 49.4 46 56.1

Figu r e 1 5 . Th er m al  Pr o f i le  ( I n t e l ®  Pen t iu m ®  Du al - Cor e Pr ocesso r s w i t h  CPUI D =  0 6 F2 h )
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Tab le 2 8 . Th er m al  Pr o f i le  ( I n t e l®  Pen t iu m ®  Du al - Cor e Pr ocesso r s w i t h  CPUI D =  0 6 FDh )

Pow er  

( W )

Max im u m  

Tc ( ° C)

Pow er  

( W )

Max im u m  

Tc ( ° C)

Pow er  

( W )

Max im u m  

Tc ( ° C)

0 45.3 24 55.6 48 65.9

2 46.2 26 56.5 50 66.8

4 47.0 28 57.3 52 67.7

6 47.9 30 58.2 54 68.5

8 48.7 32 59.1 56 69.4

10 49.6 34 59.9 58 70.2

12 50.5 36 60.8 60 71.1

14 51.3 38 61.6 62 72.0

16 52.2 40 62.5 64 72.8

18 53.0 42 63.4 65 73.3

20 53.9 44 64.2

22 54.8 46 65.1

Fig u r e 1 6 . Th er m al  Pr o f i le  ( I n t e l®  Pen t iu m ®  Du al - Cor e Pr ocesso r s w i t h  CPUI D =  0 6 FDh )
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5 .1 .2 Th er m al  Met r o log y

The maxim um and m inimum  case tem peratures (TC)  for the processor is specified in 
Table 26. This tem perature specificat ion is m eant  to help ensure proper operat ion of 
the processor. Figure 17 illust rates where I ntel recommends TC thermal measurem ents 
should be made. For detailed guidelines on tem perature m easurement  m ethodology, 
refer to the appropriate Thermal and Mechanical Design Guidelines (see Sect ion 1.2) .

5 .2 Pr ocesso r  Th er m al  Feat u r es

5 .2 .1 Th er m al  Mon i t o r

The Thermal Monitor feature helps cont rol the processor tem perature by act ivat ing the 
therm al cont rol circuit  (TCC)  when the processor silicon reaches its m axim um  operat ing 
temperature. The TCC reduces processor power consumpt ion by modulat ing (start ing 
and stopping)  the internal processor core clocks. Th 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  b e op er at in g  w i t h in  sp eci f i cat ion s. The 
tem perature at  which Therm al Monitor act ivates the therm al cont rol circuit  is not  user 
configurable and is not  software visible. Bus t raffic is snooped in the norm al m anner, 
and interrupt  requests are latched (and serviced during the t ime that  the clocks are on)  
while the TCC is act ive.

When the Therm al Monitor feature is enabled, and a high tem perature situat ion exists 
( i.e.,  TCC is act ive) , the clocks will be modulated by alternately turning the clocks off 
and on at  a duty cycle specific to the processor ( typically 30–50% ). Clocks often will 
not  be off for m ore than 3.0 m icroseconds when the TCC is act ive. Cycle t imes are 
processor speed dependent  and will decrease as processor core frequencies increase. 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 maximum operat ing 
tem perature. Once the temperature has dropped below the maxim um operat ing 
tem perature, and the hysteresis t im er has expired, the TCC goes inact ive and clock 
modulat ion ceases.

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 

Figu r e 1 7 . Case Tem per at u r e ( TC)  Measu r em en t  Locat ion
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under-designed thermal solut ion that  is not  able to prevent  excessive act ivat ion of the 
TCC in the ant icipated am bient  environm ent  may cause a not iceable perform ance loss, 
and in some cases may result  in a TC that  exceeds the specified maximum temperature 
and may affect  the long- term  reliability of the processor. I n addit ion, a thermal 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 appropriate Therm al and Mechanical 
Design Guidelines (see Sect ion 1.2)  for inform at ion on designing a therm al solut ion.

The duty cycle for the TCC, when act ivated by the Therm al Monitor, is factory 
configured and cannot  be m odified. The Therm al Monitor does not  require any 
addit ional hardware, software drivers, or interrupt  handling rout ines.

5 .2 .2 Th er m al  Mon i t o r  2

The processor also supports an addit ional power reduct ion capability known as Thermal 
Monitor 2. This m echanism  provides an efficient  m eans for lim it ing the processor 
tem perature by reducing the power consum pt ion within the processor. 

When Thermal Monitor 2 is enabled, and a high temperature situat ion is detected, the 
Thermal Cont rol Circuit  (TCC)  will be act ivated. The TCC causes the processor to adjust  
its operat ing frequency (via the bus 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 consumpt ion.

A processor enabled for Therm al Monitor 2 includes two operat ing points, each 
consist ing of a specific operat ing frequency and voltage. The first  operat ing point  
represents the norm al operat ing condit ion for the processor. Under this condit ion, the 
core- frequency- to-FSB m ult iple used by the processor is that  contained in the 
CLOCK_FLEX_MAX MSR and the VI D is that  specified in Table 5. These parameters 
represent  normal system operat ion.

The second operat ing point  consists of both a lower operat ing frequency and voltage. 
When the TCC is act ivated, the processor autom at ically t ransit ions to the new 
frequency. This t ransit ion occurs very rapidly (on the order of 5 μs) . During the 
frequency t ransit ion, the processor is unable to service any bus requests, and 
consequent ly, all bus t raffic is blocked. Edge- t r iggered interrupts will be latched and 
kept  pending unt il the processor resumes operat ion at  the new frequency.

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  Thermal Monitor 2. 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 likely be one VI D table ent ry (see Table 5) . 
The processor cont inues to execute inst ruct ions during the voltage t ransit ion. 
Operat ion at  the lower voltage 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 . Transit ion of the VI D code 
will occur first , to ensure proper operat ion once the processor reaches its norm al 
operat ing frequency. Refer to Figure 18 for an illust rat ion of this ordering.
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The PROCHOT#  signal is asserted when a high temperature situat ion is detected, 
regardless of whether Thermal Monitor or Therm al Monitor 2 is enabled.

I t  should be noted that  the Therm al Monitor 2 TCC cannot  be act ivated via the on 
dem and m ode. The Therm al Monitor TCC, however, can be act ivated through the use of 
the on dem and m ode.

5 .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 Therm al Monitor feature. On-Dem and m ode is 
intended as a m eans to reduce system level power consum pt ion. Systems using the 
processor m ust  not  rely on software usage of this m echanism  to lim it  the processor 
tem perature.

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 Therm al Monitor and Therm al Monitor 2 
features. On-Dem and m ode is intended as a means to reduce system level power 
consum pt ion. Systems m ust  not  rely on software usage of this m echanism  to lim it  the 
processor temperature. I f bit  4 of the I A32_CLOCK_MODULATI ON MSR is set  to a ‘1’, 
the processor will immediately reduce its power consum pt ion via m odulat 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 modulat ion is program m able 
via bits 3: 1 of the same I A32_CLOCK_MODULATI ON MSR. I n On-Dem and m ode, 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 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.

Figu r e 1 8 . Th er m al  Mon i t o r  2  Fr eq u en cy  an d  Vo l t ag e Or d er in g
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5 .2 .4 PROCHOT#  Sig n al

An external signal, PROCHOT#  (processor hot ) , is asserted when the processor core 
temperature has reached its maxim um operat ing temperature. I f the Thermal Monitor 
is enabled (note that  the Therm al Monitor 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# . 

As an output , PROCHOT#  (Processor Hot )  will go act ive when the processor 
tem perature m onitor ing sensor detects that  one or both 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 both cores. The TCC will 
rem ain act ive unt il the system de-asserts PROCHOT# .

PROCHOT#  allows for som e protect ion of various components from  over- temperature 
situat ions. The PROCHOT#  signal is bi-direct ional in that  it  can either signal when the 
processor (either core)  has reached its maximum operat ing temperature 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. 

PROCHOT#  can allow VR therm al designs to target  m axim um  sustained current  instead 
of m axim um  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. With a 
properly designed and characterized thermal solut ion, it  is ant icipated that  PROCHOT#  
would only be asserted for very short  periods of t ime when running the m ost  power 
intensive applicat ions. An under-designed thermal solut ion that  is not  able to prevent  
excessive assert ion of PROCHOT#  in the ant icipated am bient  environment  m ay cause a 
not iceable perform ance loss. Refer to the Voltage Regulator-Down (VRD)  11.0 
Processor Power Delivery Design Guidelines For Desktop LGA775 Socket  for details on 
im plement ing the bi-direct ional PROCHOT#  feature.

5 .2 .5 THERMTRI P#  Sig n al

Regardless of whether or not  Therm al Monitor or Therm al Monitor 2 is enabled, in the 
event  of a catast rophic cooling failure, the processor will autom at ically shut  down when 
the silicon has reached an elevated tem perature ( refer to the THERMTRI P#  definit ion in 
Table 25) . At  this point , the FSB signal THERMTRI P#  will go act ive and stay act ive as 
described in Table 25. THERMTRI P#  act ivat ion is independent  of processor act ivity and 
does not  generate any bus cycles. I f THERMTRI P#  is asserted, processor core voltage 
(VCC)  must  be removed within the t imeframe defined in Table 11.
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5 .3 Th er m al  Diod e

The processor incorporates an on-die PNP t ransistor where the base em it ter junct ion is 
used as a therm al "diode", with its collector shorted to ground. A therm al sensor 
located on the system  board m ay m onitor the die tem perature of the processor for 
thermal m anagem ent  and fan speed cont rol. Table 29,Table 30, and Table 31 provide 
the "diode" param eter and interface specificat ions. Two different  sets of "diode" 
param eters are listed in Table 29 and Table 30. The Diode Model parameters (Table 29)  
apply to t radit ional thermal sensors that  use the Diode Equat ion to determ ine the 
processor temperature. Transistor Model parameters (Table 30)  have been added to 
support  thermal sensors that  use the t ransistor equat ion m ethod. The Transistor Model 
may provide more accurate tem perature m easurements when the diode ideality factor 
is closer to the maximum or m inimum lim its. This thermal "diode" is separate from  the 
Therm al Monitor 's thermal sensor and cannot  be used to predict  the behavior of the 
Thermal Monitor.

TCONTROL is a temperature specificat ion based on a tem perature reading from  the 
thermal diode. The value for TCONTROL will be calibrated in m anufacturing and 
configured for each processor. The TCONTROL tem perature for a given processor can be 
obtained by reading a MSR in the processor. The TCONTROL value that  is read from  the 
MSR needs to be converted from  Hexadecimal to Decimal and added to a base value of 
50 ° C.

The value of TCONTROL may vary from  00 h to 1E h (0 to 30 ° C) .

When TDI ODE is above TCONTROL, then TC m ust  be at  or below TC_MAX as defined by the 
thermal profile in Table 27;  otherwise, the processor temperature can be maintained at  
TCONTROL (or lower)  as measured by the therm al diode.

NOTES:

1. I ntel does not  support  or recom mend operat ion of the therm al diode under reverse bias.

2. Prelim inary data. Will be character ized across a tem perature range of 50 – 80 ° C.

3. Not  100%  tested. Specified by design character izat ion.

4. The ideality factor, n, represents the deviat ion from  ideal diode behavior as exem plified by 

the diode equat ion:

IFW = IS * (e qVD/nkT –1)

where I S =  saturat ion current , q =  elect ronic charge, VD =  voltage across the diode, k =  
Boltzm ann Constant , and T =  absolute temperature (Kelvin) .

5. The series resistance, RT,  is provided to allow for a m ore accurate m easurem ent  of the 

junct ion temperature. RT,  as defined, includes the lands of the processor but  does not  

include any socket  resistance or board t race resistance between the socket  and the 

external rem ote diode therm al sensor. RT can be used by rem ote diode therm al sensors 

with automat ic ser ies resistance cancellat ion to calibrate out  this error term . Another 

applicat ion is that  a tem perature offset  can be m anually calculated and program m ed into 

an offset  register in the rem ote diode therm al sensors as exem plified by the equat ion:

Terror = [RT * (N–1) * IFWmin] / [nk/q * ln N]

where Terror =  sensor tem perature error, N =  sensor current  rat io, k =  Boltzm ann 
Constant , q =  elect ronic charge. 

Tab le 2 9 . Th er m al  “ Diod e”  Par am et er s u sin g  Diod e Mod el

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

I FW Forward Bias Current 5 — 200 µA 1

n Diode I deality Factor 1.000 1.009 1.050 - 2, 3, 4

RT Series Resistance 2.79 4.52 6.24 Ω 2, 3, 5
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NOTES:

1. I ntel does not  support  or recom m end operat ion of the therm al diode under reverse bias.

2. Sam e as I FW in Table 29.

3. Prelim inary data. Will be character ized across a temperature range of 50–80 ° C.

4. Not  100%  tested. Specified by design character izat ion.

5. The ideality factor, nQ, represents the deviat ion from  ideal t ransistor m odel behavior as 

exem plified by the equat ion for the collector current :

IC = IS * (e qVBE/nQkT –1)

Where I S =  saturat ion current , q =  elect ronic charge, VBE =  voltage across the t ransistor 
base em it ter j unct ion (sam e nodes as VD) , k =  Boltzm ann Constant , and T =  absolute 
tem perature (Kelvin) .

6. The series resistance, RT, provided in the Diode Model Table (Table 29)  can be used for 

m ore accurate readings as needed. 

The I ntel®  Pent ium ®  Dual-Core Desktop processor E2000 series does not  support  the 
diode correct ion offset  that  exists on other I ntel processors.

Tab le 3 0 . Th er m al  “ Diod e”  Par am et er s u sin g  Tr an sist o r  Model

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

I FW Forward Bias Current 5 — 200 µA 1, 2

I E Em it ter Current 5 — 200

nQ Transistor I deality 0.997 1.001 1.005 - 3, 4, 5

Beta 0.391 — 0.760 3, 4

RT Series Resistance 2.79 4.52 6.24 Ω 3, 6

Tab le 3 1 . Th er m al  Diod e I n t er f ace

Sig n al  Nam e Lan d  Nu m b er
Sig n al  

Descr ip t ion

THERMDA AL1 diode anode

THERMDC AK1 diode cathode
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5 .4 Plat f o r m  En v i r on m en t  Con t r o l  I n t er f ace ( PECI )

5 .4 .1 I n t r od u ct ion

PECI  offers an interface for therm al m onitor ing of I ntel processor and chipset  
com ponents. I t  uses a single wire, thus alleviat ing rout ing congest ion issues. Figure 19 
shows an exam ple of the PECI  topology in a system . PECI  uses CRC checking on the 
host  side to ensure reliable t ransfers between the host  and client  devices. Also, data 
t ransfer speeds across the PECI  interface are negot iable within a wide range (2 Kbps to 
2 Mbps) . The PECI  interface on the processor is disabled by default  and m ust  be 
enabled through BI OS. 

5 .4 .1 .1 Key  Di f f er en ce w i t h  Leg acy  Diod e- Based  Th er m al  Man ag em en t

Fan speed cont rol solut ions based on PECI  uses a TCONTROL value stored in the 
processor I A32_TEMPERATURE_TARGET MSR. The TCONTROL MSR uses the same offset  
tem perature form at  as PECI  though it  contains no sign bit .  Thermal m anagem ent  
devices should infer the TCONTROL value as negat ive. Therm al m anagem ent  algorithm s 
should use the relat ive temperature value delivered over PECI  in conjunct ion with the 
TCONTROL MSR value to cont rol or opt im ize fan speeds. Figure 20 shows a conceptual 
fan cont rol diagram  using PECI  tem peratures.

The relat ive temperature value reported over PECI  represents the delta below the onset  
of therm al cont rol circuit  (TCC)  act ivat ion as indicated by PROCHOT#  assert ions. As the 
tem perature approaches TCC act ivat ion, the PECI  value approaches zero. TCC act ivates 
at  a PECI  count  of zero. 

Figu r e 1 9 . Pr ocesso r  PECI  Top o log y
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Fig u r e 2 0 . Con cep t u al  Fan  Con t r o l  on  PECI - Based  Plat f o r m s
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Note:  Not intended to depict actual implementation

Fig u r e 2 1 . Con cep t u al  Fan  Con t r o l  on  Th er m al  Diod e- Based  Plat f o r m s
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5 .4 .2 PECI  Sp eci f i cat ion s

5 .4 .2 .1 PECI  Dev ice Ad d r ess

The PECI  device address for the socket  is 30h. For m ore inform at ion on PECI  dom ains, 
refer to the Plat form  Environm ent  Cont rol I nterface Specificat ion. 

5 .4 .2 .2 PECI  Com m an d  Su p p or t

PECI  com m and support  is covered in detail in the Plat form  Environm ent  Cont rol 
I nterface Specificat ion.  Refer to this docum ent  for details on supported PECI  com m and 
funct ion and codes.

5 .4 .2 .3 PECI  Fau l t  Han d l in g  Req u i r em en t s

PECI  is largely a fault  tolerant  interface, including noise im m unity and error checking 
improvements over other comparable indust ry standard interfaces. The PECI  client  is 
as reliable as the device that  it  is embedded in, and thus given operat ing condit ions 
that  fall under the specificat ion, the PECI  will always respond to requests and the 
protocol itself can be relied upon to detect  any t ransm ission failures. There are, 
however, certain scenarios where the PECI  is know to be unresponsive.

Prior to a power on RESET#  and during RESET#  assert ion, PECI  is not  ensured to 
provide reliable thermal data. System designs should implement  a default  power-on 
condit ion that  ensures proper processor operat ion during the t ime frame when reliable 
data is not  available via PECI . 

To protect  plat form s from  potent ial operat ional or safety issues due to an abnorm al 
condit ion on PECI , the Host  cont roller should take act ion to protect  the system  from  
possible dam aging states. I t  is recom m ended that  the PECI  host  cont roller take 
appropriate act ion to protect  the client  processor device if valid temperature readings 
have not  been obtained in response to three consecut ive get temp()s or for a one 
second t ime interval. The host  cont roller may also implement  an alert  to software in the 
event  of a cr it ical or cont inuous fault  condit ion. 

5 .4 .2 .4 PECI  Get Tem p 0 ( )  Er r o r  Cod e Su p p o r t

The error codes supported for the processor GetTemp()  command are listed in 
Table 32.

§  §

Tab le 3 2 . Get Tem p 0 ( )  Er r o r  Cod es

Er r o r Cod e Descr ip t ion

8000h General sensor error

8002h
Sensor is operat ional,  but  has detected a temperature below its operat ional 

range (underflow) .
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6 Feat u r es

6 .1 Pow er - On  Con f ig u r at ion  Op t ion s

Several configurat ion opt ions can be configured by hardware. The processor sam ples 
the hardware configurat ion at  reset , on the act ive- to- inact ive t ransit ion of RESET# . For 
specificat ions on these opt ions, refer to Table 33.

The sampled informat ion configures the processor for subsequent  operat ion. These 
configurat ion opt ions cannot  be changed except  by another reset . All resets reconfigure 
the processor;  for reset  purposes, the processor does not  dist inguish between a 
"warm " reset  and a "power-on" reset .

Tab le 3 3 . Pow er - On  Con f ig u r at ion  Op t ion  Sign als

Con f ig u r at ion Op t ion Sig n al1 ,2 ,3

NOTES:
1. Assert ing this signal dur ing RESET#  will select  the corresponding opt ion.
2. Address signals not  ident ified in this table as configurat ion opt ions should not  

be asserted during RESET# .
3. Disabling of any of the cores within the processor m ust  be handled by 

configur ing the EXT_CONFI G Model Specific Register (MSR) . This MSR will allow 

for the disabling of a single core. 

Output  t r istate SMI #

Execute BI ST A3#

Disable dynam ic bus parking A25#

Sym m etr ic agent  arbit rat ion I D BR0#

RESERVED A[ 8: 5] # , A[ 24: 11] # , A[ 35: 26] #
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6 .2 Clock  Con t r o l  an d  Low  Pow er  St at es

The processor allows the use of AutoHALT and Stop-Grant  states to reduce power 
consum pt ion by stopping the clock to internal sect ions of the processor, depending on 
each part icular state. See Figure 22 for a visual representat ion of the processor low 
power states.

6 .2 .1 Nor m al  St at e

This is the norm al operat ing state for the processor.

6 .2 .2 HALT an d  Ex t en d ed  HALT Pow er dow n  St at es

The processor supports the HALT or Extended HALT powerdown state. The Extended 
HALT powerdown m ust  be enabled via the BI OS for the processor to remain within its 
specificat ion. 

The Extended HALT state is a lower power state as com pared to the Stop Grant  State.

I f Extended HALT is not  enabled, the default  powerdown state entered will be HALT. 
Refer to the sect ions below for details about  the HALT and Extended HALT states.

Fig u r e 2 2 . Pr ocessor  Low  Pow er  St at e Mach in e

N o r m al  St a t e

     -  Norm al Execut ion

St o p  Gr an t  St a t e

   -  BCLK running
   -  Snoops and interrupts 

      allowed

St o p  Gr an t  Sn o o p  St a t e
   -  BCLK running

   -  Service Snoops to cahces

Ex t en d ed  HALT Sn o o p  o r  
HALT Sn o o p  St a t e

   -  BCLK running
   -  Service Snoops to cahces

Ex t en d ed  HALT o r  HALT  

St a t e
   -  BCLK running

   -  Snoops and interrupts 
      allowed

HALT or  MWAI T I nst ruct ion and

HALT Bus Cycle Generated

I NI T# , BI NI T# , I NTR, NMI ,  SMI # , 
RESET# , FSB interrupts

STPCLK#  

Asserted
STPCLK#  

De-asserted

STPCLK#  
Asserted

STPCLK#  
De-asserted

Snoop 
Event  

Occurs

Snoop 
Event  

Serviced

Snoop Event  Occurs

Snoop Event  Serviced
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6 .2 .2 .1 HALT Pow er d ow n  St at e

HALT is a low power state entered when all the processor cores have executed the HALT 
or MWAI T inst ruct ions. When one of the processor cores executes the HALT inst ruct ion, 
that  processor core is halted, however, the other processor cont inues norm al operat ion. 
The processor will t ransit ion to the Norm al state upon the occurrence of SMI # , I NI T# , 
or LI NT[ 1: 0]  (NMI , I NTR) . RESET#  will cause the processor to immediately init ialize 
itself.

The return from  a System  Management  I nterrupt  (SMI )  handler can be to either 
Normal Mode or the HALT Power Down state. See the I ntel Architecture Software 
Developer's Manual, Volum e I I I :  System  Program m er's Guide for more inform at ion.

The system can generate a STPCLK#  while the processor is in the HALT powerdown 
state. When the system  de-asserts the STPCLK#  interrupt , the processor will return 
execut ion to the HALT state.

While in HALT powerdown state, the processor will process bus snoops.

6 .2 .2 .2 Ex t en d ed  HALT Pow er d ow n  St at e 

Extended HALT is a low power state entered when all processor cores have executed 
the HALT or MWAI T inst ruct ions and Extended HALT has been enabled via the BI OS. 
When one of the processor cores executes the HALT inst ruct ion, that  logical processor 
is halted;  however, the other processor cont inues norm al operat ion. The Extended 
HALT powerdown state must  be enabled via the BI OS for the processor to remain 
within its specificat ion.

The processor will automat ically t ransit ion to a lower frequency and voltage operat ing 
point  before entering the Extended HALT state. Note that  the processor FSB frequency 
is not  altered;  only the internal core frequency is changed. When entering the low 
power state, the processor will first  switch to the lower bus rat io and then t ransit ion to 
the lower VI D.

While in Extended HALT state, the processor will process bus snoops.

The processor exits the Extended HALT state when a break event  occurs. When the 
processor exits the Extended HALT state, it  will resume operat ion at  the lower 
frequency, t ransit ion the VI D to the original value, and then change the bus rat io back 
to the original value.

6 .2 .3 St op  Gr an t  an d  Ex t en d ed  St op  Gr an t  St a t es

The processor supports the Stop Grant  and Extended Stop Grant  states. The Extended 
Stop Grant  state is a feature that  m ust  be configured and enabled via the BI OS. Refer 
to the following sect ions for details about  the Stop Grant  and Extended Stop Grant  
states. 
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6 .2 .3 .1 St op - Gr an t  St a t e 

When the STPCLK#  signal is asserted, the Stop Grant  state of the processor is entered 
20 bus clocks after the response phase of the processor- issued Stop Grant  
Acknowledge special bus cycle.

Since the GTL+  signals receive power from  the FSB, these signals should not  be driven 
(allowing the level to return to VTT)  for m inim um  power drawn by the term inat ion 
resistors in this state. I n addit ion, all other input  signals on the FSB should be driven to 
the inact ive state.

RESET#  will cause the processor to immediately init ialize itself, but  the processor will 
stay in Stop-Grant  state. A t ransit ion back to the Norm al state will occur with the de-
assert ion of the STPCLK#  signal.

A t ransit ion to the Grant  Snoop state will occur when the processor detects a snoop on 
the FSB (see Sect ion 6.2.4) .

While in the Stop-Grant  State, SMI # , I NI T# , and LI NT[ 1: 0]  will be latched by the 
processor, and only serviced when the processor returns to the Norm al State. Only one 
occurrence of each event  will be recognized upon return to the Normal state.

While in Stop-Grant  state, the processor will process a FSB snoop. 

6.2.3.2 Extended Stop Grant State 

Extended Stop Grant  is a low power state entered when the STPCLK#  signal is asserted 
and Extended Stop Grant  has been enabled via the BI OS. 

The processor will autom at ically t ransit ion to a lower frequency and voltage operat ing 
point  before enter ing the Extended Stop Grant  state. When entering the low power 
state, the processor will first  switch to the lower bus rat io and then t ransit ion to the 
lower VI D. 

The processor exits the Extended Stop Grant  state when a break event  occurs. When 
the processor exits the Extended Stop Grant  state, it  will resum e operat ion at  the lower 
frequency, t ransit ion the VI D to the original value, and then change the bus rat io back 
to the original value. 

6 .2 .4 Ex t en d ed  HALT Sn oop  St at e, HALT Sn oop  St at e, Ex t en ded  
St op  Gr an t  Sn oop  St at e, an d  St op  Gr an t  Sn oop  St at e

The Extended HALT Snoop State is used in conjunct ion with the new Extended HALT 
state. I f Extended HALT state is not  enabled in the BI OS, the default  Snoop State 
entered will be the HALT Snoop State. Refer to the following sect ions for details on 
HALT Snoop State, Stop Grant  Snoop State, Extended HALT Snoop State, and Extended 
Stop Grant  Snoop State.

6 .2 .4 .1 HALT Sn oop  St at e, St op  Gr an t  Sn oop  St at e

The processor will respond to snoop t ransact ions on the FSB while in Stop-Grant  state 
or in HALT powerdown state. During a snoop t ransact ion, the processor enters the HALT 
Snoop State: Stop Grant  Snoop state. The processor will stay in this state unt il the 
snoop on the FSB has been serviced (whether by the processor or another agent  on the 
FSB) . After the snoop is serviced, the processor will return to the Stop Grant  state or 
HALT powerdown state, as appropriate.
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6 .2 .4 .2 Ex t en d ed  HALT Sn oop  St at e, Ex t en d ed  St op  Gr an t  Sn oop  St at e

The processor will remain in the lower bus rat io and VI D operat ing point  of the 
Extended HALT state or Extended Stop Grant  state. While in the Extended HALT Snoop 
State or Extended Stop Grant  Snoop State, snoops are handled the same way as in the 
HALT Snoop State or Stop Grant  Snoop State. After the snoop is serviced, the 
processor will return to the Extended HALT state or Extended Stop Grant  state. 

6 .3 En h an ced  I n t e l  Sp eed St ep ®  Tech n o log y

The processor supports Enhanced I ntel SpeedStep technology. This technology enables 
the processor to switch between m ult iple frequency and voltage points, which results in 
plat form  power savings. Enhanced I ntel SpeedStep Technology requires support  for 
dynam ic VI D t ransit ions in the plat form . Switching between voltage/ frequency states is 
software cont rolled. 

Not e: Not  all processors are capable of support ing Enhanced I ntel SpeedStep Technology. 
More details on which processor frequencies will support  this feature will be provided in 
future releases of the I ntel®  Pent ium ®  Dual-Core Desktop Processor E2000 Series 
Specificat ion Update when available.

Enhanced I ntel SpeedStep Technology creates processor performance states (P-states)  
or voltage/ frequency operat ing points. P-states are lower power capability states within 
the Norm al state as shown in Figure 22. Enhanced I ntel SpeedStep Technology enables 
real- t im e dynam ic switching between frequency and voltage points. I t  alters the 
performance of the processor by changing the bus to core frequency rat io and voltage. 
This allows the processor to run at  different  core frequencies and voltages to best  serve 
the performance and power requirements of the processor and system. The processor 
has hardware logic that  coordinates the requested voltage (VI D)  between the processor 
cores. The highest  voltage that  is requested for either of the processor cores is selected 
for that  processor package. Note that  the front  side bus is not  altered;  only the internal 
core frequency is changed. To run at  reduced power consum pt ion, the voltage is altered 
in step with the bus rat io.

The following are key features of Enhanced I ntel SpeedStep Technology:

• Mult iple voltage/ frequency operat ing points provide opt imal performance at  
reduced power consumpt ion.

• Voltage/ frequency select ion is software cont rolled by writ ing to processor MSR’s 
(Model Specific Registers) , thus elim inat ing chipset  dependency.

— I f the target  frequency is higher than the current  frequency, VCC is incr im inated 
in steps (+ 12.5 mV)  by placing a new value on the VI D signals and the 
processor shifts to the new frequency. Note that  the top frequency for the 
processor can not  be exceeded.

— I f the target  frequency is lower than the current  frequency, the processor shifts 
to the new frequency and VCC is then decrem ented in steps ( -12.5 mV)  by 
changing the target  VI D through the VI D signals.

§  §
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7 Box ed  Pr ocesso r  Sp eci f i ca t ion s

The processor will also be offered as an I ntel boxed processor. I ntel boxed processors 
are intended for system integrators who build system s from  baseboards and standard 
com ponents. The boxed processor will be supplied with a cooling solut ion. This chapter 
documents baseboard and system requirements for the cooling solut ion that  will be 
supplied with the boxed processor. This chapter is part icularly im portant  for OEMs that  
m anufacture baseboards for system  integrators. Unless otherwise noted, all figures in 
this chapter are dimensioned in m illimeters and inches [ in brackets] . Figure 23 shows a 
mechanical representat ion of a boxed processor.

Not e: Drawings in this sect ion reflect  only the specificat ions on the I ntel boxed processor 
product . These dim ensions should not  be used as a generic keep-out  zone for all 
cooling solut ions. I t  is the system  designers’ responsibility to consider their proprietary 
cooling solut ion when designing to the required keep-out  zone on their system  
plat forms and chassis. Refer to the appropriate Thermal and Mechanical Design 
Guidelines (see Sect ion 1.2)  for further guidance. Contact  your local I ntel Sales 
Representat ive for this document .

 

NOTE: The air flow of the fan heatsink is into the center and out  of the sides of the fan heatsink.

Figu r e 2 3 . Mech an ica l  Rep r esen t at ion  o f  t h e Box ed  Pr ocesso r
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7 .1 Mech an ica l  Sp eci f i ca t ion s

7 .1 .1 Box ed  Pr ocesso r  Coo l in g  So lu t ion  Dim en sion s

This sect ion documents the mechanical specificat ions of the boxed processor. The 
boxed processor will be shipped with an unat tached fan heatsink. Figure 23 shows a 
m echanical representat ion of the boxed processor. 

Clearance is required around the fan heatsink to ensure unim peded air flow for proper 
cooling. The physical space requirements and dimensions for the boxed processor with 
assembled fan heatsink are shown in Figure 24 (Side View) , and Figure 25 (Top View) . 
The airspace requirem ents for the boxed processor fan heatsink m ust  also be 
incorporated into new baseboard and system designs. Airspace requirem ents are 
shown in Figure 29 and Figure 30. Note that  som e figures have centerlines shown 
(marked with alphabet ic designat ions)  to clarify relat ive dimensioning. 

Fig u r e 2 4 . Space Requ i r em en t s f o r  t h e Box ed  Pr ocesso r  ( Sid e View )

Boxed_Proc_SideView

95.0

[3.74] 

10.0

[0.39] 
25.0

[0.98] 

81.3 

[3.2]



Datasheet 95

Box ed  Pr ocesso r  Sp eci f i ca t ion s

NOTES:

1. Diagram  does not  show the at tached hardware for the clip design and is provided only as a 

m echanical representat ion.

Figu r e 2 5 . Sp ace Req u i r em en t s f o r  t h e Box ed  Pr ocesso r  ( Top  View )

Figu r e 2 6 . Sp ace Req u i r em en t s f o r  t h e Box ed  Pr ocesso r  ( Ov er a l l  View )

Boxed Proc OverallView
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7 .1 .2 Box ed  Pr ocesso r  Fan  Heat sin k  W eig h t

The boxed processor fan heatsink will not  weigh m ore than 550 gram s. See Chapter 5 
and the appropriate Thermal and Mechanical Design Guidelines (see Sect ion 1.2)  for 
details on the processor weight  and heatsink requirem ents.

7 .1 .3 Box ed  Pr ocesso r  Ret en t ion  Mech an ism  an d  Heat sin k  
At t ach  Cl ip  Assem b ly

The boxed processor therm al solut ion requires a heatsink at tach clip assem bly, to 
secure the processor and fan heatsink in the baseboard socket . The boxed processor 
will ship with the heatsink at tach clip assem bly. 

7 .2 Elect r i ca l  Req u i r em en t s

7 .2 .1 Fan  Heat sin k  Pow er  Su p p ly

The processor's fan heatsink requires a + 12 V power supply. A fan power cable will be 
shipped with the boxed processor to draw power from  a power header on the 
baseboard. The power cable connector and pinout  are shown in Figure 27. Baseboards 
m ust  provide a matched power header to support  the boxed processor. Table 34 
contains specificat ions for the input  and output  signals at  the fan heatsink connector. 

The fan heatsink outputs a SENSE signal, which is an open-  collector output  that  pulses 
at  a rate of 2 pulses per fan revolut ion. A baseboard pull-up resistor provides VOH to 
m atch the system  board-m ounted fan speed m onitor requirem ents, if applicable. Use of 
the SENSE signal is opt ional. I f the SENSE signal is not  used, pin 3 of the connector 
should be t ied to GND.

The fan heatsink receives a PWM signal from  the m otherboard from  the 4th pin of the 
connector labeled as CONTROL.

The processor 's fan heatsink requires a constant  + 12 V supplied to pin 2 and does not  
support  variable voltage cont rol or 3-pin PWM cont rol. 

The power header on the baseboard must  be posit ioned to allow the fan heatsink power 
cable to reach it .  The power header ident ificat ion and locat ion should be docum ented in 
the plat form  docum entat ion, or on the system board itself. Figure 28 shows the 
locat ion of the fan power connector relat ive to the processor socket . The baseboard 
power header should be posit ioned within 110 mm [ 4.33 inches]  from  the center of the 
processor socket .
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Figu r e 2 7 . Box ed  Pr ocessor  Fan  Heat sin k  Pow er  Cab le Con n ect o r  Descr ip t ion

Tab le 3 4 . Fan  Heat sin k  Pow er  an d  Sig n al  Sp eci f i cat ion s

Descr ip t ion Min Ty p Max Un i t No t es

+ 12 V:  12 volt  fan power supply 11.4 12 12.6 V -

I C:  

-  Maxim um  fan steady-state current  draw

-  Average fan steady-state current  draw

-  Maxim um  fan start-up current  draw     

-  Fan start-up current  draw m axim um  

durat ion

—

—

—

—

1.2

0.5

2.2

1.0

—

—

—

—

A

A

A

Second

-

SENSE:  SENSE frequency — 2 —

pulses per 

fan 

revolut ion

1

NOTES:
1. Baseboard should pull this pin up to 5 V with a resistor.

CONTROL 21 25 28 kHz 2, 3

2. Open drain type, pulse width m odulated.
3. Fan will have pull-up resistor for this signal to m axim um  of 5.25 V.

B d P P C bl

Pin Signal

1 2 3 4

1

2

3

4

GND

+12 V

SENSE

CONTROL

Straight square pin, 4-pin terminal housing with
polarizing ribs and friction locking ramp.

0.100" pitch, 0.025" square pin width.

Match with straight pin, friction lock header on
mainboard.
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7 .3 Th er m al  Sp eci f i ca t ion s

This sect ion describes the cooling requirements of the fan heatsink solut ion used by the 
boxed processor.

7 .3 .1 Box ed  Pr ocesso r  Coo l in g  Req u i r em en t s

The boxed processor may be direct ly cooled with a fan heatsink. However, m eet ing the 
processor's temperature specificat ion is also a funct ion of the therm al design of the 
ent ire system , and ult im ately the responsibilit y of the system  integrator. The processor 
temperature specificat ion is listed in Chapter 5. The boxed processor fan heatsink is 
able to keep the processor temperature within the specificat ions (see Table 26)  in 
chassis that  provide good therm al m anagem ent . For the boxed processor fan heatsink 
to operate properly, it  is cr it ical that  the air flow provided to the fan heatsink is 
unim peded. Airflow of the fan heatsink is into the center and out  of the sides of the fan 
heatsink. Airspace is required around the fan to ensure that  the air flow through the fan 
heatsink is not  blocked. Blocking the air flow to the fan heatsink reduces the cooling 
efficiency and decreases fan life. Figure 29 and Figure 30 illust rate an acceptable 
airspace clearance for the fan heatsink. The air temperature entering the fan should be 
kept  below 38 º C. Again, meet ing the processor's tem perature specificat ion is the 
responsibility of the system integrator. 

Fig u r e 2 8 . Baseboar d  Pow er  Head er  Placem en t  Relat iv e t o  Pr ocesso r  Sock et

Boxed Proc PwrHeaderPlacement

B

C

R110

[4.33]
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Figu r e 2 9 . Box ed  Pr ocessor  Fan  Heat sin k  Ai r sp ace Keep ou t  Req u i r em en t s ( sid e 1  v iew )

Figu r e 3 0 . Box ed  Pr ocessor  Fan  Heat sin k  Ai r sp ace Keep ou t  Req u i r em en t s ( Side 2  View )
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7 .3 .2 Fan  Sp eed  Con t r o l  Op er at ion  ( I n t e l ®  Pen t iu m ®  Du al - Cor e 
Desk t op  Pr ocesso r  E2 0 0 0  Ser ies)

I f the boxed processor fan heatsink 4-pin connector is connected to a 3-pin 
m otherboard header it  will operate as follows:

The boxed processor fan will operate at  different  speeds over a short  range of 
internal chassis temperatures. This allows the processor fan to operate at  a lower 
speed and noise level, while internal chassis temperatures are low. I f internal 
chassis temperature increases beyond a lower set  point , the fan speed will r ise 
linearly with the internal temperature unt il the higher set  point  is reached. At  that  
point , the fan speed is at  its m axim um . As fan speed increases, so does fan noise 
levels. Systems should be designed to provide adequate air  around the boxed 
processor fan heatsink that  rem ains cooler than a lower set  point . These set  points, 
represented in Figure 31 and Table 35, can vary by a few degrees from fan heatsink 
to fan heatsink. The internal chassis tem perature should be kept  below 38 º C. 
Meet ing the processor's temperature specificat ion (see Chapter 5)  is the 
responsibility of the system integrator.

The m otherboard m ust  supply a constant  + 12 V to the processor's power header to 
ensure proper operat ion of the variable speed fan for the boxed processor. Refer to 
Table 35 for the specific requirements.

Fig u r e 3 1 . Box ed  Pr ocesso r  Fan  Heat sin k  Set  Po in t s

Lower Set Point
Lowest Noise Level

Internal Chassis Temperature (Degrees C)

X Y Z

Increasing Fan
Speed & Noise

Higher Set Point
Highest Noise Level
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I f the boxed processor fan heatsink 4-pin connector is connected to a 4-pin 
motherboard header and the motherboard is designed with a fan speed cont roller with 
PWM output  (CONTROL see Table 34)  and remote therm al diode m easurement  
capability the boxed processor will operate as follows:

As processor power has increased the required thermal solut ions have generated 
increasingly m ore noise. I ntel has added an opt ion to the boxed processor that  allows 
system integrators to have a quieter system  in the m ost  com m on usage.

The 4th wire PWM solut ion provides bet ter cont rol over chassis acoust ics. This is 
achieved by more accurate measurement  of processor die tem perature through the 
processor's temperature diode (T-diode) . Fan RPM is modulated through the use of an 
ASI C located on the motherboard that  sends out  a PWM cont rol signal to the 4th pin of 
the connector labeled as CONTROL. The fan speed is based on actual processor 
tem perature instead of internal am bient  chassis tem peratures.

I f the new 4-pin act ive fan heat  sink solut ion is connected to an older 3-pin baseboard 
CPU fan header it  will default  back to a therm istor cont rolled m ode, allowing 
com pat ibility with exist ing 3-pin baseboard designs. Under therm istor cont rolled mode, 
the fan RPM is automat ically varied based on the Tinlet  temperature m easured by a 
therm istor located at  the fan inlet .

For more details on specific motherboard requirem ents for 4-wire based fan speed 
cont rol see the appropriate Thermal and Mechanical Design Guidelines (see 
Sect ion 1.2) .

§  § §

Tab le 3 5 . Fan  Heat sin k  Pow er  an d  Sig n al  Sp eci f i cat ion s

Box ed  Pr ocessor  Fan  

Heat sin k  Set  Po in t  ( ºC)
Box ed  Pr ocessor  Fan  Sp eed No t es

X ≤ 30

When the internal chassis temperature is below or equal to 

this set  point , the fan operates at  it s lowest  speed. 

Recomm ended m axim um  internal chassis tem perature for 

nom inal operat ing environm ent .

1

NOTES:
1. Set  point  var iance is approxim ately ±  1 °C from  fan heatsink to fan heatsink.

Y =  35

When the internal chassis temperature is at  this point , the 

fan operates between its lowest  and highest  speeds. 

Recomm ended m axim um  internal chassis tem perature for 

worst-case operat ing environment .

-

Z ≥ 38
When the internal chassis temperature is above or equal to 

this set  point , the fan operates at  it s highest  speed.
-
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8 Deb u g  Too ls Sp eci f i ca t ion s

8 .1 Log ic An aly zer  I n t er f ace ( LAI )

I ntel is working with two logic analyzer vendors to provide logic analyzer interfaces 
(LAI s)  for use in debugging systems. Tekt ronix and Agilent  should be contacted to get  
specific inform at ion about  their  logic analyzer interfaces. The following inform at ion is 
general in nature. Specific informat ion must  be obtained from  the logic analyzer 
vendor. 

Due to the com plexity of system s, the LAI  is cr it ical in providing the ability to probe and 
capture FSB signals. There are two sets of considerat ions to keep in m ind when 
designing a system  that  can m ake use of an LAI :  m echanical and elect r ical.

8 .1 .1 Mech an ica l  Con sid er at ion s

The LAI  is installed between the processor socket  and the processor. The LAI  lands plug 
into the processor socket , while the processor lands plug into a socket  on the LAI . 
Cabling that  is part  of the LAI  egresses the system to allow an elect r ical connect ion 
between the processor and a logic analyzer. The m axim um  volum e occupied by the LAI , 
known as the keepout  volum e, as well as the cable egress rest r ict ions, should be 
obtained from  the logic analyzer vendor. System  designers m ust  m ake sure that  the 
keepout  volum e rem ains unobst ructed inside the system . Note that  it  is possible that  
the keepout  volume reserved for the LAI  m ay differ from  the space norm ally occupied 
by the processor ’s heatsink. I f this is the case, the logic analyzer vendor will provide a 
cooling solut ion as part  of the LAI .

8 .1 .2 Elect r i ca l  Con sid er at ion s

The LAI  will also affect  the elect r ical performance of the FSB;  therefore, it  is cr it ical to 
obtain elect r ical load m odels from  each of the logic analyzers to be able to run system  
level sim ulat ions to prove that  their tool will work in the system. Contact  the logic 
analyzer vendor for elect r ical specificat ions and load models for the LAI  solut ion it  
provides.

§  §



Deb u g  Too ls Sp eci f i ca t ion s

104 Datasheet


	Contents
	Figures
	Tables

	Intel® Pentium® Dual-Core Desktop Processor E2000D Series
	Revision History
	1 Introduction
	1.1 Terminology
	1.1.1 Processor Terminology

	1.2 References

	2 Electrical Specifications
	2.1 Power and Ground Lands
	2.2 Decoupling Guidelines
	2.2.1 VCC Decoupling
	2.2.2 VTT Decoupling
	2.2.3 FSB Decoupling

	2.3 Voltage Identification
	2.4 Market Segment Identification (MSID)
	2.5 Reserved, Unused, and TESTHI Signals
	2.6 Voltage and Current Specification
	2.6.1 Absolute Maximum and Minimum Ratings
	2.6.2 DC Voltage and Current Specification
	2.6.3 Vcc Overshoot
	2.6.4 Die Voltage Validation

	2.7 Signaling Specifications
	2.7.1 FSB Signal Groups
	2.7.2 CMOS and Open Drain Signals
	2.7.3 Processor DC Specifications
	2.7.3.1 GTL+ Front Side Bus Specifications


	2.8 Clock Specifications
	2.8.1 Front Side Bus Clock (BCLK[1:0]) and Processor Clocking
	2.8.2 FSB Frequency Select Signals (BSEL[2:0])
	2.8.3 Phase Lock Loop (PLL) and Filter
	2.8.4 BCLK[1:0] Specifications (CK505 based Platforms)
	2.8.5 BCLK[1:0] Specifications (CK410 based Platforms)

	2.9 PECI DC Specifications

	3 Package Mechanical Specifications
	3.1 Package Mechanical Drawing
	3.2 Processor Component Keep-Out Zones
	3.3 Package Loading Specifications
	3.4 Package Handling Guidelines
	3.5 Package Insertion Specifications
	3.6 Processor Mass Specification
	3.7 Processor Materials
	3.8 Processor Markings
	3.9 Processor Land Coordinates

	4 Land Listing and Signal Descriptions
	4.1 Processor Land Assignments
	4.2 Alphabetical Signals Reference

	5 Thermal Specifications and Design Considerations
	5.1 Processor Thermal Specifications
	5.1.1 Thermal Specifications
	5.1.2 Thermal Metrology

	5.2 Processor Thermal Features
	5.2.1 Thermal Monitor
	5.2.2 Thermal Monitor 2
	5.2.3 On-Demand Mode
	5.2.4 PROCHOT# Signal
	5.2.5 THERMTRIP# Signal

	5.3 Thermal Diode
	5.4 Platform Environment Control Interface (PECI)
	5.4.1 Introduction
	5.4.1.1 Key Difference with Legacy Diode-Based Thermal Management

	5.4.2 PECI Specifications
	5.4.2.1 PECI Device Address
	5.4.2.2 PECI Command Support
	5.4.2.3 PECI Fault Handling Requirements
	5.4.2.4 PECI GetTemp0() Error Code Support



	6 Features
	6.1 Power-On Configuration Options
	6.2 Clock Control and Low Power States
	6.2.1 Normal State
	6.2.2 HALT and Extended HALT Powerdown States
	6.2.2.1 HALT Powerdown State
	6.2.2.2 Extended HALT Powerdown State

	6.2.3 Stop Grant and Extended Stop Grant States
	6.2.3.1 Stop-Grant State
	6.2.3.2 Extended Stop Grant State

	6.2.4 Extended HALT Snoop State, HALT Snoop State, Extended Stop Grant Snoop State, and Stop Grant Snoop State
	6.2.4.1 HALT Snoop State, Stop Grant Snoop State
	6.2.4.2 Extended HALT Snoop State, Extended Stop Grant Snoop State


	6.3 Enhanced Intel SpeedStep® Technology

	7 Boxed Processor Specifications
	7.1 Mechanical Specifications
	7.1.1 Boxed Processor Cooling Solution Dimensions
	7.1.2 Boxed Processor Fan Heatsink Weight
	7.1.3 Boxed Processor Retention Mechanism and Heatsink Attach Clip Assembly

	7.2 Electrical Requirements
	7.2.1 Fan Heatsink Power Supply

	7.3 Thermal Specifications
	7.3.1 Boxed Processor Cooling Requirements
	7.3.2 Fan Speed Control Operation (Intel® Pentium® Dual-Core Desktop Processor E2000 Series)


	8 Debug Tools Specifications
	8.1 Logic Analyzer Interface (LAI)
	8.1.1 Mechanical Considerations
	8.1.2 Electrical Considerations



