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1 Introduction

The objective of thermal management is to ensure that the temperatures of all
components in a system are maintained within functional limits. The functional
temperature limit is the range within which the electrical circuits can be expected to
meet specified performance requirements. Operation outside the functional limit can
degrade system performance, cause logic errors, or cause component and/or system
damage. Temperatures exceeding the maximum operating limits may result in
irreversible changes in the operating characteristics of the component. The goal of this
document is to provide an understanding of the operating limits of the Intel® ICH10
component.

As the complexity of computer systems increases, so do power dissipation
requirements. The additional power of next generation systems must be properly
dissipated. Heat can be dissipated using improved system cooling, selective use of
ducting, and/or passive heatsinks.

The simplest and most cost-effective method is to improve the inherent system
cooling characteristics of the ICH10 through careful design and placement of fans,
vents, and ducts. When additional cooling is required, component thermal solutions
may be implemented in conjunction with system thermal solutions. The size of the fan
or heatsink can be varied to balance size and space constraints with acoustic noise.

This document presents the conditions and requirements to properly design a cooling
solution for systems that implement the ICH10 component. Properly designed
solutions provide adequate cooling to maintain the ICH10 component case
temperature at or below thermal specifications. This is accomplished by providing a
low local-ambient temperature, ensuring adequate local airflow, and minimizing the
case to local-ambient thermal resistance. By maintaining the ICH10 component case
temperature at or below maximum specifications, a system designer can ensure the
proper functionality, performance, and reliability of this component.

1.1 Scope

This document only applies to the consumer implementation of the ICH10
component. Products covered are:

e Intel® 82801JIB ICH10 Consumer Base (ICH10)
e Intel® 82801JIR ICH10 RAID (ICH10R)

Thermal and Mechanical Design Guidelines 7
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1.2

1.3

Introduction

Terminology
Term Description
Tc The measured case temperature of a component. It is generally measured at
the geometric center of the die or case, as specified in the component
documentation.

Te-max The maximum case/die temperature.

Te-min The minimum case/die temperature.

TDP Thermal Design Power is specified as the highest sustainable power level of
most or all of the real applications expected to be run on the given product,
based on extrapolations in both hardware and software technology over the life
of the component. Thermal solutions should be designed to dissipate this target
power level.

TIM Thermal Interface Material: thermally conductive material installed between
two surfaces to improve heat transfer and reduce interface contact resistance.

LFM Linear Feet per Minute. Units of airflow velocity.

PTC Package Thermal Capability. The maximum power level at which the
component does not require a heatsink under the reference boundary condition
assumptions.

Theta_CA Thermal Resistance described using power dissipated between two points.
Here, theta_ca is defined as: (Tc - Tambient)/(Powerca)

Reference Documents

Document Location

Intel® Core™2 Duo Processor EB000 and E7000 Series www.intel.com/design/

Thermal and Mechanical Design Guidelines (TMDG) processor/designex/
318734.htm

Intel® Core™2 Extreme Processor and Intel® Core™2 Quad http://www.intel.com/

Processor Thermal and Mechanical Design Guidelines (TMDG) | design/processor/designex/
315594.htm

Intel® 1/0 Controller Hub 10(1ICH10) Family Datasheet http://www.intel.com/design/chipsets

/datashts/319973.pdf

Various System Thermal Design Suggestions http://www.formfactors.org
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Product Specifications

2.1

2.2

Package Description

The ICH10 component is available in a 676 ball, 31 mm square package shown in
Figure 6 in Appendix A. The die size is currently 9.397 mm [0.370 in] x 8.636 mm
[0.340in] and is subject to change.

Package Loading Specifications

Table 1 provides static load specifications for the ICH10 package. This mechanical
maximum load limit should not be exceeded during heatsink assembly, shipping
conditions, or standard use condition. Also, any mechanical system or component
testing should not exceed the maximum limit. The chipset package substrate should
not be used as a mechanical reference or load-bearing surface for the thermal and
mechanical solution.

Table 1. Package Loading Specifications

2.3

Note:

Parameter Maximum Notes

Static 15 Ibf 1,2,3

NOTES:

1. These specifications apply to uniform compressive loading in a direction normal to the
chipset package

2. This is the maximum force that can be applied by a heatsink retention clip. The clip
must also provide the minimum specified load on the ICH package for the thermal
interface material.

3. These specifications are based on limited testing for design characterization. Loading
limits are for the package only.

Thermal and Power Specifications

To ensure proper operation and reliability of the ICH10 component, the case
temperature (Tc) must be at or below the maximum value Tc.vax specified when
dissipating TDP power listed in Error! Reference source not found.. The
specifications define four configurations with slightly different requirements, which
represent the expected usage of the ICH10 component on desktop motherboards.
Configuration 3 is the configuration used for the Intel reference thermal solution
analysis and design.

The Tc.mwax specification is a requirement for sustained power dissipation equal to TDP.
When the component is dissipating less than TDP, the case temperature must be
maintained at temperatures less than Tc.wax

Thermal and Mechanical Design Guidelines



l n tel @ Product Specifications

The actual ICH10 power dissipation is dependent on various factors including: system
configuration, bandwidth & utilization of the available and connected ports, the
component temperature & voltage and part-to-part variance. The TDP values assume
the part is operating at the TDP power dissipation and maximum case temperature
and operating voltage. Table 2 provides the thermal configurations and power
specifications for ICH10 consumer components.

Table 2. Intel® ICH10 Thermal Configurations and Power Specifications

Configuration 1 2 3 4 ENERGY STAR*
Configuration
Devices DMI x4 X4 X4 X4 x4 x4
PCI 3 3 3 3 0
PCI Express* Two x1 s Two x1 s Two x1 s One each 0
x4 and
x1
LAN Gigabit GLCI GLCI GLCI
LAN
Connect
Interface
(GLCI)
SATA? 4 4 6 6 3
USB (HS/FS)* 10/2 10/2 10/2 10/2 0/2
HD Audio Yes Yes Yes Yes Yes
Tc-max — With heatsink 109 °C 108 °C 107 °C 105 °C
Tc-wax — Without heatsink 112 °C 112°C 111 °C 109 °C
Te-mm 0°C
Storage Temperature -10°C to +45°C
Configuration Based Power 3.2 W 3.4W 3.8 W 4.5 W
Idle Power 0.78 W 0.94 W 0.98 W 0.98 W 0.93W
NOTES:

1. USB HS = USB 2.0 High Speed Device (480 MB/s), USB FS = USB 2.0 Full Speed
Device (12 MB/s)

2. 4 devices assume RAID 5 with 3 hard drives (3 GB/s) and 1 optical drive (1.5 GB/s)

6 devices assumes RAID 5 with 4 hard drives (3 GB/s) and 2 optical drives (1.5 GB/s)

3. The number of devices refers to both the number of ports supported on the board as
well as the quantity of devices attached. Any port not routed to a connector is assumed
to be functionally disabled according to Intel guidelines.

4.  Configuration 3 is the configuration for Thermal Design Power and is the target for the
Intel reference design.

5. The Idle power references ICH10 core and I/O interfaces idle with all low power
features enabled. For Energy Star Configuration idle power, though there are no PCI
Express* and PCI devices connected, PCI Express and PCI are not functionally disabled.

6. The Idle Power assumes SATA Link Power Management is supported and enabled by the
ICH, external hard drives or optical drives and SATA software driver.

7.  Any SATA ports left unconnected is assumed to be in disabled state.

8. Without a heatsink, most of the heat dissipated by ICH10 goes through the PCB, with
the PCB acting as a heat spreader and then into the ambient air. When a heatsink is
installed on the package, more power is now being pulled through the case. As a result
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2.4

the maximum case temperature must be maintained at lower level than without a
heatsink to remain within specification.
9. Refer to the ICH10 Datasheet for component definition

The ICH10 package has a molded plastic encapsulant, and because plastic is such a
poor heat conductor, the relative importance of the motherboard heat transfer
characteristics increases. The heat transfer capability of the motherboard in the area
of the ICH should be characterized. Knowledge of these heat transfer paths can be
used to determine if an ICH heatsink is required.

In addition, high power PCI Express* graphic cards may alter the local ambient
temperature as well as the airflow patterns in the vicinity of the chipset. Systems that
have interface utilization less than that of the TDP configuration may be at power
levels that may not require a heatsink.

In conclusion, thermal validation should be performed in your anticipated system
environment, in particular measuring the ICH10 case temperature to ensure it does
not exceed its maximum case temperature specification. To evaluate the capability of
your system for cooling the ICH10, the following system level tests are suggested to
assess ICH10 case temperature compliancy:

1. Shipping configuration(s) with expected end user add-in cards and I/O peripherals
installed.

2. All available slots and IO ports populated (only worst case if all I/0 is fully
populated including SATA, USB, etc.).

For completeness, both room ambient conditions (approximately 23 °C, to simulate
impact of fan speed control) and worse case maximum external temperature (35 °C)
conditions should be considered in the validation test suite. If the ICH10 case
temperature is above the published Tc-max — without heatsink in any test scenario, a
heatsink is required.

If you determine that the ICH10 package requires a heatsink in your system
configuration, refer to Appendix A for the reference ICH10 heatsink vendor
information.

TconTtroL LIMit

Intel® Quiet System Technology (Intel® QST) monitors an embedded thermal sensor.
The maximum operating limit when monitoring this thermal sensor is TcontroL. FOr the
Intel® ICH10 family this value has been defined as 111 °C. This value should be
programmed into the appropriate fields of Intel QST as the maximum sensor
temperature for operation of the Intel ICH10 family.

8
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Thermal Metrology

3.1

3.2

The system designer must make temperature measurements in order to accurately
determine the thermal performance of the system. Intel has established guidelines for
measuring chipset component case temperatures.

Case Temperature Measurements

To ensure functionality and reliability, the chipset component is specified for proper
operation when T¢ is maintained at or below the maximum temperature listed in
Error! Reference source not found.. The surface temperature at the geometric
center of the mold encapsulant corresponds to Tc. Measuring Tc¢ requires special care
to ensure an accurate temperature measurement.

Temperature differences between the temperature of a surface and the surrounding
local ambient air can introduce error in the measurements. The measurement errors
could be due to a poor thermal contact between the thermocouple junction and the

surface of the package, heat loss by radiation and/or convection, and/or conduction
through thermocouple leads. To minimize these measurement errors, the approach

described in Section 3.2 is recommended.

0° Angle Thermocouple Attach Methodology

1. Mill a 3.3 mm [0.13 in] diameter hole centered on bottom of the heatsink base.
The milled hole should be approximately 1.5 mm [0.06 in] deep.

2. Milla 1.3 mm [0.05 in] wide slot, 0.5 mm [0.02 in] deep, from the centered hole
to one edge of the heatsink. The slot should be in the direction parallel to the
heatsink fins (see Figure 2).

3. Attach thermal interface material (TIM) to the bottom of the heatsink base.

4. Cut out portions of the TIM to make room for the thermocouple wire and bead.
The cutouts should match the slot and hole milled into the heatsink base.

5. Attach a 36 gauge or smaller calibrated K-type thermocouple bead or junction to
the center of the top surface of the case using high thermal conductivity cement.
During this step, make sure no contact is present between the thermocouple
cement and the heatsink base because any contact will affect the thermocouple
reading. It is critical that the thermocouple bead makes contact with the case (see
Figure 1).

6. Attach heatsink assembly to the ICH, and route thermocouple wires out through
the milled slot.

Thermal and Mechanical Design Guidelines 13
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Figure 1. 0° Angle Attach Methodology (top view, not to scale)
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Figure 2. 0° Angle Attach Heatsink Modifications (generic heatsink shown, not to

3.3
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Ambient Temperature and Airflow Measurement

Figure 3 describes the recommended location for air temperature measurements

measured relative to the component. For a more

accurate measurement of the

average approach air temperature, Intel recommends averaging temperatures
recorded from two thermocouples spaced about 25 mm [1.0 in] apart. Locations for
both a single thermocouple and a pair of thermocouples are presented.
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Airflow velocity should be measured using industry standard air velocity sensors.
Typical airflow sensor technology may include hot wire anemometers. Figure 4
provides guidance for airflow velocity measurement locations. These locations are for
a typical JEDEC test setup and may not be compatible with all chassis layouts due to
the proximity of the processor to the ICH, PCI and PCI Express* add-in cards. The
user may have to adjust the locations for a specific chassis. Be aware that sensors
may need to be aligned perpendicular to the airflow velocity vector or an inaccurate
measurement may result. Measurements should be taken with the chassis fully sealed
in its operational configuration to achieve a representative airflow profile within the
chassis.

Figure 3. Recommended Temperature Measurement Placement: Top View

Top View

T/C pair
location

ICH package

Single T/C /
location
T/C pair / 13 mm

location 4—»{ (0.5in)

Figure 4. Recommended Airflow and Temperature Placement: Side View

ICH Heatsink, if
Airflow required

= IR0

7'y
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4 ATX Reference Thermal
Solution

The ICH10 reference solution for an ATX platform assumes a component local
operating environment as described in Section 4.2.

Using the TPD configuration (Config #3) given in Error! Reference source not
found., the ICH10 component requires an attached heatsink to meet thermal
specifications. The local-ambient conditions are based on a 35 °C external-ambient
temperature at sea level, where external-ambient refers to the environment external
to the system. Refer to

Appendix A for enabled suppliers for the reference thermal solution and Appendix A
for reference thermal solution mechanical drawings.

Note: Refer to Figure 7 for reference ATX/pJATX motherboard keep-out information. Heatsink
can be tape-attached, or attached with a Z-clip. The motherboard keep-out allows for
a Z-clip heatsink attach.

Note: Intel has not completed nor plans to perform thermal or mechanical validation with a
tape-attached heatsink solution.

4.1 Environmental Reliability Requirements

If an attached heatsink is implemented the reliability requirements in Table 3 are
recommended. The mechanical loading of the component may vary depending on the
heatsink, and attach method used. The user should define validation tests based on
the anticipated use conditions and resulting reliability requirements.

Table 3. Reference Thermal Solution Environmental Reliability Requirements

Test* Requirement Pass/Fail
Criteria?
Mechanical e 3 drops for + and - directions in each of 3 Visual\Electrical
Shock perpendicular axes (i.e., total 18 drops). Check

e Profile: 50 G trapezoidal waveform, 11 ms duration,
170 inches/sec minimum velocity change.

e Setup: Mount sample board on test fixture.

Random e Duration: 10 min/axis, 3 axes Visual/Electrical
Vibration « Frequency Range: 5 Hz to 500 Hz Check
e Power Spectral Density (PSD) Profile: 3.13 g RMS

Thermal e -40 °C to +85 °C, 1000 cycles Visual Check
Cycling
Temperature | ¢ 85 °C, 1000 hours total Visual/Electrical
Life Check
Unbiased e 85 % relative humidity / 55 °C, 1000 hours Visual Check
Humidity

NOTES:

1. The above tests should be performed on a sample size of at least 12 assemblies from 3
different lots of material.

Thermal and Mechanical Design Guidelines 17
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ATX Reference Thermal Solution

2. Additional Pass/Fail Criteria may be added at the discretion of the user.

ATX boundary conditions

Intel’s reference boundary conditions for ICH10 in an ATX system are 60 °C inlet
ambient temperature and 0.25 m/s [50 Ifm] of airflow. See Figure 5 below for more
details on the ATX boundary conditions.

In the ATX boundary conditions listed above, the ICH10 will not require a heatsink
when power dissipation is at or below 4.45 W. This value is referred to as the Package
Thermal Capability, or PTC. Note that the power level at which a heatsink is required
will also change depending on system local operating ambient conditions and system

configuration.

Figure 5. ATX Boundary Conditions

N

4{_

'y
‘ 1.63in

2.101in

0.80"
(between
centerlines)

l—. . i

4.20in

1T
e
____ICH

hssusssnnanaiaepunannnnnnnnns

—

+— 3.201in

1.49in

NOTES:

1. Airflow is entering at 45° angle (see arrows) at 50 LFM at 60 °C - through the two
shaded boxes shown. The assumed opening is 0.63 x 0.80 inches on the north face and
0.63 x 2.10 inches on the east face.
2. Airflow condition boundary box (blue dashed lines):
West face completely blocked by chassis wall
East face aligned with the graphics card
North, South and East faces open except for add-in card obstructions
The add-in cards have a 0.63 inch gap from the motherboard to the card bottom edge
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3.  Motherboard thickness 0.062 inches with 0.25 gap below board

8
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Balanced Technology Extended
(BTX) Thermal Solution
Guidance

5.1

20

Note:

Using the TPD configuration (Config #3) given in Error! Reference source not
found., the ICH10 component requires an attached heatsink to meet thermal
specifications. The local-ambient conditions are based on a 35 °C external-ambient
temperature at sea level, where external-ambient refers to the environment external
to the system.

Refer to Figure 8. ATX Reference Heatsink Extrusion for reference BTX motherboard
keep-out information. Heatsink can be tape-attached, or attached with a Z-clip. The
motherboard keep-out allows for a Z-clip heatsink attach.

Intel has not completed nor plans to perform thermal or mechanical validation with a
tape-attached heatsink solution.

Balanced Technology Extended (BTX) Boundary
Conditions

In BTX systems the Thermal Module Assembly (TMA) is the primary fan in the system.
A set of three system level boundary conditions have been established to determine
ICH thermal solution requirement.

e High ambient / TDP for the components (Case 1). This covers the maximum TMA
fan speed condition.

e Low external ambient / TDP for the components (Case 2). The TMA fan speed is
limited by the thermistor in the fan hub.

e Low external ambient / Low power for the components (Case 3). This covers the
system idle acoustic condition

In addition to the 3 cases listed above the analysis will review two chassis

configurations to determine the worst case

e Small Form Factor Entertainment PC (EPC) with the Type II 65 W TMA developed
for the Intel® Core™2 Duo Processors. See Intel® Core™2 Duo Desktop Processor
Thermal Mechanical Design Guidelines (TMDG) for details on the reference thermal
design

e BTX Tower System with a Type I TMA optimized for 65 W processor power.

Current design analysis indicates the Small Form Factor Entertainment PC (EPC) is the
limiting thermal condition for Case 2 & 3 - see Table 4.

Thermal and Mechanical Design Guidelines
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Table 4. Projected Chassis Conditions by Case for BTX Form Factor

ntel)

Ta above Airflow Ta below Airflow PTC
motherboard above motherboard below W)
(6&(®) motherboard (69} motherboard
(LFM) (LFM)
Case 1 48 105 42 50 6.2
Case 2 53 30 41 23 5.4
Case 3 58 11 56 15 3.2
NOTES:

1. PTC is Package Thermal Capability which is a measure of the power that can be
dissipated without a thermal solution.

In the casel BTX boundary conditions listed above, the ICH10 will not require a
heatsink when power dissipation is at or below 6.24W. This value is referred to as the
Package Thermal Capability, or PTC. Note that the power level at which a heatsink is
required will also change depending on system local operating ambient conditions and
system configuration.

The customer should analyze their system design to verify the boundary conditions
prior to design.

For example, the local inlet ambient air for the ICH10 component in a BTX system is
projected to be approximately 55 to 60°C.

The analysis of the ICH cooling should account for the airflow above and below the
motherboard. System integrator should develop and validate thermal solution for
ICH10 in BTX Form Factor based on their system boundary conditions.

§
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Appendix AEnabled Suppliers

Enabled suppliers for the Reference thermal solution supporting the ICH6, ICH7, ICHS,
ICH9, and ICH10 are listed in Table 5.

Table 5. Enabled Suppliers for the Intel® ICH10 Reference Heatsink

Supplier Intel Part Vendor Part Contact Information
Number Number

Taiwan: David Chao - +886 (-2) -2299-
6930 x7619
AVC *

(Asia Vital C46655-001 S$702C00001
Components)

Email: david chao@avc.com.tw

Taiwan: Raichel Hsu +886 (-2) -2299-
6930 x7630

raichel_hsi@avc.com.tw

Taiwan: Monica Chi

Email:
cCI monica chih@ccic.com.tw
Tel: +886 - 2 -2995-2666 Ext

(Chaun-Choung C46655-001 00C855802B 131
Technology

Corp.) USA: Harry Lin

Email: hlinack@aol.com
Tel: (714) 739-5797

USA: Jack Chen, PH.D
Email: jack.chen@foxconn.com
Tel: (408) 919-6121

Foxconn* C46655-001 27802-009 USA: Wanchi Chen

Email:
wanchi.chen@foxconn.com

Tel: (408) 919-6135

Note: These vendors and devices are listed by Intel as a convenience to Intel's general
customer base, but Intel does not make any representations or warranties whatsoever
regarding quality, reliability, functionality, or compatibility of these devices. This list
and/or these devices may be subject to change without notice.

§
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Appendix B Mechanical Drawings

The following table lists the mechanical drawings available in this document:

Drawing Name Page Number
. Intel® ICH10 Component Package Drawing 25
. Motherboard Keep-Out 26
. ATX Reference Heatsink Extrusion 27
ATX Reference Heatsink Clip 28
ATX Reference Heatsink Assembly 29

24 Thermal and Mechanical Design Guidelines



S¢

saullapino ubisaq |edlueyds pue |ewday

i | 4 c ¥ v S 9 L 8
T = | s T /% s
! FINOLSND 6HOT q]
s o swivsa o o
- N - s v
19°0 X 00°le X 00'lE avd 10 0iaf
DuiMoIq 021UDYSY YOG 1—9/9[ e 10 01af
- - 1o vl
v SEo RS Sunios e __.UE_ e o T v
! ] 0 asa] Ti01e8 Ewrio s
M3IA NOLLOZG M3IA 3dIS M3IIN dOL
a a
NYHL 00} X € _
(IS
lwsz = e A aNnoay v AA —
i g 0Z1 7 Sr Xy
: o - -
4 u q
R ;] H g I
v H
i ‘ m
i : [oa=] g
' ' q 0L0F 00'ig
: ! q
. . d a1 s M 08 x
N M [s] Hid30 8’0 X vid
! ' a | +— GNHS) ‘T 1A Nt
“ : = °
ol m ,._ q O ———
050
358 exar9
OL0F 060 —=|~
90°0F 190
SODF L1} HAV — -
AR OL'OF 00'1f
q NNOLY SI ONINIdO LSISI¥ ¥3070S Vo8 € a
NOLLYOOT TTv8 10vX3 40 SILYNIGHOOO AX ¥03 JALVINISINGIY T3INI OL ¥3i3d °Z
v 786} —NS'¥LA ISNV OL
3 NHOANOD SIONVAITOL ANV SNOISNIWIG TIv “+
3
e ‘S3LON
HINOLSNO 6HOI, 4 < s & S 9 L 8

(6HD1 se awes ayl) buimeuaq abexoed ruauodwod OTHII . |91U] "9 ainbi4

sBuimeaq esiueyosn



sauljapIing ubisaq |edlueydsy pue [ewday ]

9¢

! 2 € 4 N S 9 L
T 40 1 L33S[ ONIAYA0 3T¥3S LON 00] T 308 N
196572 e
RN ouaver| 3009 0
4314920
ONIAWD 1N033A 9 HII 18 g3ndssay
‘u:zqu,
lvl E/S lvl
v 31¥a| A8 @3NDIS3T v
€2'1 SS¥1 ‘6L6¥Sh TIINI ¥3d JINVYITOL
NDILYOI¥34Y4 ININIDYId 30
S3LON
1027
[ /61 6281 X2
S xe
q q
[
- K
9 3793 10N 00 9
¥ Y130 SININOWOD HIT-NON)
LHM3H ININOWOD XYW
650 167
\ a Y3INID IN3NDJWOD
e 7 ‘ [ 6621
1 X -
9.8 Xe cr LIA%3H ININDWOD X9
, [cel 1 62t
LEL] Y30Y SIHL SININOWOD ON
G871 x2-
1 [ 691'] a
617 X2 1NO43 391 195012y TeXy
JI0H NSHL Q319Td [ 8ED'] /L60@XY
ETEC | T 1oLt
rd | |
| NorLas a0
THISIA NOISIASS
] [T o[ [ € r B S f 9 7 i 7

JjUuIS1eaH 82ua19)9y X1V 10) 1NO-daay| pieoqiaylon 2 ainbi4

1o1u)

sBuimeuq resiueyoa



saullapino ubisaq |edlueyds pue |ewday

| | 2 v L ¢ 9 L 8
| 40 1 133HS LON oi JARENLEH
SLNISSO¥Y /M NOISNHLY3
WNIS LYK OKOL (I
P y
1S17 S1Hvd 7
;?iiif? B 1200 F6L0° ]
N.DﬂJ
AL 1104-070 g
(€901
— 19D
9N10vdS WNOT X6
(2] ﬁmoop
TP SRS .
$39¥dS 1¥N03 X6 8 roze’ 11
1690°] B
59°1 XOJ j

OO0 goooog

Jogg Dﬁm ooodQg
0gdogogogooQg )

MDDDQDDDDW (02 1)
_gggogogfoag I¢

OOogogogogooQg

oggdd DﬁD ogdog
Hgpogaooog L

00ooo Diﬂ Oooong

O f[AaAa0a0a0

NOILYISNI d170 ¥04 43¥1N03Y NOISNINIQ 7] fe00 Mﬁ%ﬂm R
NOTSNIWIG NOILONAS OL Y31 L14) €]
$3903 dUYHS ANY SHYNG 1Y IAOHIY 2
ATdd¥ TI¥HS 09120 NOTLYDI4193dS LNINEND0Yd | 0
¢ y P S 9 7 l 7 9

UOoISNJIIXJ MUIS1eaH adualajay X1V '8 a1nbiH

) —mu —l— - sBuimeaq esiueyosn



sauljapIing ubisaq |edlueydsy pue [ewday ] 8¢

, 7 4 7 £ 7 4 s 9 L 8
[IECH] Puuxw:x;ﬁa EEE oi 35¥34030 st
L R s o B B T
4170 380 SHO1 (N TN oo s ovonune|
34va| AB AINDIHO[T __ — FBRI-WG RIS 93 |
e
v suvo o amorsza| v
LSI11 SLEVd
T RN ET:
d110 34IM 9HDI| 100-7599¥D | dOL
[ 1
NOTSNINIQ NOTLONAS OL 1991114 [7]
| (W7 1= @) 13318 SSTINIYIS Ke/1 208 V1MLV € L
SHYTE ONY $3903 d¥YHS 11V INON3Y 2
ATddv TT¥HS 09120¥ NOITYII413¢S LNINIENI0Hd "I
S31oN
] ]
I
I
- 7 K-
I
€00 F550"] |
10T Bl
7 (510°2)
911
2 7 5
\,
2F 06 X2 ﬁ
I
(199
ANt —
a a
[T e om0 ¢ v [ G ) il B

dijD MuisleaH adualajay X1V "6 2inbiH

‘|91ul

sBuime.aq easiueyosn



6¢C

saullapino ubisaq |edlueyds pue |ewday

, | ¢ f

|40 | L33HS [SNIAYHD 31¥06 LON 00| 3NON_31¥0% W
S INLS
§699F2 7 a ERCTREES]
PECTITIETILN ] atig e

ATEHISSY ANTS LYIH 9 HI

S14vd

HOI 14140530 HIEHON LHvd

o il

GGH9FD

401

IO¥ 44N TYHHIHL S21YINOHD

SINIEEOHD/M NOISMYLEI HNIG IV3IH §HO1

2

417 341M 9HOI 100-¥580%%

€

[reo"11

[e=r1i—=—mr——0

3
|
mpupupupu(jagspagugl
S85E6E5E0683H
Sooodpooog
B0B0gpoood
,._Booodogoag

HOoogEaoatg —
Sooodpooeg
nooogpooog
booogpooog
Jjjj_ﬂi imEninln|

=== d

9 f L f g

AIQUWISSSY MuUlsjeaH aduala)ay X1V "0OT 24nbi4

sBuimeaq esiueyosn



	1 Introduction
	1.1 Scope
	1.2 Terminology
	1.3 Reference Documents

	2 Product Specifications
	2.1 Package Description
	2.2 Package Loading Specifications
	2.3 Thermal and Power Specifications
	2.4 TCONTROL Limit

	3  Thermal Metrology
	3.1 Case Temperature Measurements
	3.2 0° Angle Thermocouple Attach Methodology
	3.3 Ambient Temperature and Airflow Measurement

	4 ATX Reference Thermal Solution
	4.1 Environmental Reliability Requirements
	4.2 ATX boundary conditions
	5.1 Balanced Technology Extended (BTX) Boundary Conditions


