
March 4 - 7, 2001
Hilton Mesa Pavilion Hotel

Mesa, Arizona

Sponsored By The IEEE Computer Society
Test Technology Technical Council

Burn-in & Test
Socket Workshop

IEEE
                IEEE

COMPUTER
SOCIETY



COPYRIGHT NOTICE
• The papers in this publication comprise the proceedings of the 2001
BiTS Workshop. They reflect the authors’ opinions and are reproduced as
presented , without change. Their inclusion in this publication does not
constitute an endorsement by the BiTS Workshop, the sponsors, or the
Institute of Electrical and Electronic Engineers, Inc.
· There is NO copyright protection claimed by this publication. However,
each presentation is the work of the authors and their respective
companies: as such, proper acknowledgement should be made to the
appropriate source. Any questions regarding the use of any materials
presented should be directed to the author/s or their companies.



Session 4
Monday 3/05/01 3:30PM

Burn-in Board Design

�High Power BIB Power Plane Design And Decoupling Simulation�
Zamel Jaafar - Intel (Presenter)

Anthony Wong - Intel
Peter Ngaa - Intel

�Cost Effective Burn-in Board Design�
Frank W. Jurasek - IBM Microelectronics (Presenter)

Ralph J. Bernardini - IBM Microelectronics (Presenter)
James M. Brown - IBM Microelectronics (Presenter)

�High Speed & High Power Burn-in Board Design�
Hon-Lee Kon - Intel

Cher-Shyong Low - Intel
Presented By: Zamel Jaafar - Intel

Technical Program



High Power BIB PowerHigh Power BIB PowerHigh Power BIB PowerHigh Power BIB PowerHigh Power BIB PowerHigh Power BIB PowerHigh Power BIB PowerHigh Power BIB Power
Plane Design andPlane Design andPlane Design andPlane Design andPlane Design andPlane Design andPlane Design andPlane Design and

Decoupling SimulationDecoupling SimulationDecoupling SimulationDecoupling SimulationDecoupling SimulationDecoupling SimulationDecoupling SimulationDecoupling Simulation
2001 Burn-in and Test Socket Workshop

Zamel Jaafar/ Peter Ngaa/Anthony Wong
ITTO, Intel



11/1/2000 BiTS 2001 2

Agenda

� Current trend of processor operation
conditions

� Power Plane Design Considerations
� Decoupling Simulation
� Summary
� Acknowledgement
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Device Operating Conditions Changed Drastically !
How does this impact us?
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Current Device Operating Trend
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Device Power Trend During BI

� Icc and Power are rising

1988 2002
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~10% of Vcc

Voltage droop = RxIcc + Lxdi/dt - f(C)

� VCC is progressively dropping

� Maximum di/dt is rising dramatically

Drawing Not To Scale
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BIB Power Plane Design
Considerations

�Provide stable reference voltage for exchanging
digital signal

�Distribution of power to all devices on BIB evenly.

�Maximum current carrying capability

�Maximize the capacitive coupling

�Minimize inductance and resistance
Voltage droop = RxIcc + Lxdi/dt - f(C)
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Power Plane Design

� Basic Power Plane design
� High current power plane design and
� Very high power plane design.
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� Basic power plane design
� Very low Current capability < 15A per board with

6/8 layers PCB and 62.5 mils thickness.

Fuse

Board power Plane
Tap power Plane

1) Basic Power plane 

Limitation of Basic power plane design.
� Unable to meet 10% VCC noise margin for low

BI VCC (  ie. <2.5V).
� Caused large Voltage drop across BIB
� Long power delivery path & high resistance

along power delivery path for last DUT
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2) High Current  Power Plane Design
�2 separate layer approached
�2 separate fuses for alternate units per row

�Enable higher current per DUT (>15 A per BIB)
�Reduce Vdrop across the BIB.

Limitation
�Unable to cater for extreme high current > 90A per board
�Unable to meet 10% VCC noise margin.
�Caused Voltage drop across BIB
�Still Long power delivery path and high resistance along
power delivery path for last DUT

Board power Plane

Tap power Plane
B2 B4

A1 A3 A5

C1 C3 C5

Tap power 
Plane

A2 A4

B1 B3 B5

Board 
power Plane

C2 C4

Fuse
Row Vcc
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3) Very High Current  Power Plane Design
�2 separate layer approached
�One layer is a solid plane throughout whole BIB
�One layer have a 2 device isolation island design.
�2 Dut per fuse

�Enable higher current per DUT > 20A
�Reduce Vdrop across fuse holder.
�Able to meet 10% Vcc noise.

�2X oz Cu plane to minimize resistance and to improve power
delivery.
�Minimized resistance along power delivery path. Better power
delivery
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POWER DECOUPLINGPOWER DECOUPLING

� Is a MUST!!!
� Capacitors

� temporary storage of charge
� 4 level of decoupling

� Board-Bulk
� Board-Local
� On-Package
� On-Die

Cold For
A While

Short Cold
Shower

Instant Supply
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POWER ELECTRICAL PATHPOWER ELECTRICAL PATH
MODELINGMODELING
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POWER DECOUPLING CONSIDERATIONPOWER DECOUPLING CONSIDERATION
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� Capacitors
� Main noise suppressor
� Comp/Solder layer
� Optimize real-estate
� Plane capacitance

� Noise Sensitivity Study
� Qty Caps vs. Noise
� Qty Caps vs. Cost

� PS Sense-line Feedback
� Monitor voltage
compensation
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n!
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?

Simulation ResultsSimulation Results
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Conclusion
�As the VCC and ICC trend keep going to their
extreme, BIB island power plane design provides a
viable solution.
�Island power plane design has an improvement of
12% over the conventional power plane design.
�Island Power Plane Design is capable for future
extreme high power device without venturing into new
BIB design.
�Currently, this key learning has been proliferated to
the future BIB design
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THANK YOU

Q & A
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Cost Effective Burn In BoardCost Effective Burn In Board
DesignDesign
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In Today�s Competitive  World  �  TheIn Today�s Competitive  World  �  The
Market DemandsMarket Demands

�� QualityQuality
�� Low costLow cost
�� On time deliveriesOn time deliveries
�� Re- use .. burn in boardsRe- use .. burn in boards
�� EfficiencyEfficiency



Goal Of DesignGoal Of Design

�� Have one burn in board to support allHave one burn in board to support all
product types and test plansproduct types and test plans

�� Program the configurations forProgram the configurations for
maximum efficienciesmaximum efficiencies

�� Design modular configurationsDesign modular configurations
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This Presentation AddressesThis Presentation Addresses
Reducing The Cost Of Ownership..Reducing The Cost Of Ownership..

Through Burn In Board DesignThrough Burn In Board Design

��   Compressed data routingCompressed data routing
��  Universal board configuration Universal board configuration
��   Socket inter-poser solutionSocket inter-poser solution
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Compressed DataCompressed Data
RoutingRouting
DesignDesign

  (Data Interleave)(Data Interleave)



Data RoutingData Routing
 (Conventional) (Conventional)

�� Conventional burn in board designsConventional burn in board designs
route the same tool I/O across the rowroute the same tool I/O across the row
dimension of the burn in boarddimension of the burn in board

�� This method may not route the burn inThis method may not route the burn in
tool I/O to the burn in board in thetool I/O to the burn in board in the
most efficient mannermost efficient manner



Conventional RoutingConventional Routing
Data                          Data SelectsData                          Data Selects

R A A A A A A A A A A T R 1 2 3 4 5 6 7 8 9 A T

R B B B B B B B B B B T R 1 2 3 4 5 6 7 8 9 10 T

R C C C C C C C C C C T R 1 2 3 4 5 6 7 8 9 10 T

R D D D D D D D D D D T R 1 2 3 4 5 6 7 8 9 10 T

R E E E E E E E E E E T R 1 2 3 4 5 6 7 8 9 10 T

R F F F F F F F F F F T R 1 2 3 4 5 6 7 8 9 10 T

R G G G G G G G G G G T R 1 2 3 4 5 6 7 8 9 10 T

R H H H H H H H H H H T R 1 2 3 4 5 6 7 8 9 10 T
R A A A A A A A A A A T R 11 12 13 14 15 16 17 18 19 20 T

R B B B B B B B B B B T R 11 12 13 14 15 16 17 18 19 20 T

R C C C C C C C C C C T R 11 12 13 14 15 16 17 18 19 20 T

R D D D D D D D D D D T R 11 12 13 14 15 16 17 18 19 20 T



Data RoutingData Routing
(Compressed)(Compressed)

�� Compressed data routing molds theCompressed data routing molds the
burn in tools I/O into an efficient burnburn in tools I/O into an efficient burn
in board I/O routing designin board I/O routing design

�� This method allows the burn in toolThis method allows the burn in tool
I/O to be routed in an efficient mannerI/O to be routed in an efficient manner

�� Reduces the number of data selectsReduces the number of data selects
required and improves test timerequired and improves test time



Interleave RoutingInterleave Routing
Data                          Data SelectsData                          Data Selects

R A A A A A A A A A A T R 1 2 5 6 7 8 11 12 13 14 T

A B B A A B B A A B R 3 3 4 4 9 9 10 10 15 15 T

R B B B B B B B B B B T R 1 2 5 6 7 8 11 12 13 14 T

R C C C C C C C C C C T R 1 2 5 6 7 8 11 12 13 14 T

C D D C C D D C C D R 3 3 4 4 9 9 10 10 15 15 T

R D D D D D D D D D D T R 1 2 5 6 7 8 11 12 13 14 T

R E E E E E E E E E E T R 1 2 5 6 7 8 11 12 13 14 T

E F F E E F F E E F R 3 3 4 4 9 9 10 10 15 15 T

R F F F F F F F F F F T R 1 2 5 6 7 8 11 12 13 14 T

R G G G G G G G G G G T R 1 2 5 6 7 8 11 12 13 14 T

G H H G G H H G G H R 3 3 4 4 9 9 10 10 15 15 T

R H H H H H H H H H H T R 1 2 5 6 7 8 11 12 13 14 T
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Universal Burn InUniversal Burn In
Board ConfigurationBoard Configuration

DesignDesign

(System Bus Utilization)(System Bus Utilization)



Conventional ApproachConventional Approach

�� Design burn in board as per productDesign burn in board as per product
configuration  ( x32-x16-x8--etc )configuration  ( x32-x16-x8--etc )

�� Design burn in board to route theDesign burn in board to route the
maximum product I/O configuration tomaximum product I/O configuration to
each device then mask out un-usedeach device then mask out un-used
product  I/Os for lower configurationsproduct  I/Os for lower configurations



 Universal Approach Universal Approach

�� For wide I/O productFor wide I/O product
�� I/O�s are tied together on the Burn in BoardI/O�s are tied together on the Burn in Board
�� Use data selects to isolate product I/O�s onUse data selects to isolate product I/O�s on

the BIBthe BIB

�� For narrow I/O productFor narrow I/O product
�� Route product I/O to use all tool I/ORoute product I/O to use all tool I/O
�� Use dual data selects for scan bus efficiencyUse dual data selects for scan bus efficiency



Three ConfigurationsThree Configurations
  8 tool I/O�s Wired To Each DUT8 tool I/O�s Wired To Each DUT

  Shorted I/O�sShorted I/O�s ..  .. 0-14, 1-15, 2-12, 3-13, Etc0-14, 1-15, 2-12, 3-13, Etc

X4 X8 X16 X16 X8 X4

0 0 15 7
1 14

0 1 2 13 6 3
3 12

2 4 11 5
5 10

1 3 6 9 4 2
7 8



  X4 I/O Configuration RoutingX4 I/O Configuration Routing
Dual use of Tool I/ODual use of Tool I/O

Red Tool I/ORed Tool I/O
        Yellow DUT I/OYellow DUT I/O

0 0 4 0
1 1 D A T A  0 5 1
2 2 6 2
3 3 D A T A  1 7 3

D A T A  0

D A T A  1
4 4 0 4 D A T A  2
5 5 1 5
6 6 2 6 D A T A  3
7 7

D A T A  2

D A T A  3
3 7



X4X4 -  - Dual Selects Used For Each ScanDual Selects Used For Each Scan
Data                             Data SelectsData                             Data Selects

Data Select 1 and 2    First ScanData Select 1 and 2    First Scan
Data Select 3 and 4 Second ScanData Select 3 and 4 Second Scan

R A a A a A a A a A a T R 1 2 5 6 7 8 11 12 13 14 T

A B b a A B b A A B R 3 3 4 4 9 9 10 10 15 15 T

R B b B b B b B B B B T R 1 2 5 6 7 8 11 12 13 14 T

R C c C c C c C c C C T R 1 2 5 6 7 8 11 12 13 14 T

C D d c C D d C C D R 3 3 4 4 9 9 10 10 15 15 T

R D d D d D d D D D D T R 1 2 5 6 7 8 11 12 13 14 T

R E e E e E e E e E E T R 1 2 5 6 7 8 11 12 13 14 T

E F f e E F f e E F R 3 3 4 4 9 9 10 10 15 15 T

R F f F f F f F f F F T R 1 2 5 6 7 8 11 12 13 14 T

R G g G g G g G g G G T R 1 2 5 6 7 8 11 12 13 14 T

G H h g G H h g G H R 3 3 4 4 9 9 10 10 15 15 T

R H h H h H h H h H H T R 1 2 5 6 7 8 11 12 13 14 T



X8 I/O ConfigurationX8 I/O Configuration

0 0 DATA  0 4 0 D ATA  0
1 1 DATA  1 5 1 D ATA  1
2 2 DATA  2 6 2 D ATA  2
3 3 DATA  3 7 3 D ATA  3
4 4 DATA  4 0 4 D ATA  4
5 5 DATA  5 1 5 D ATA  5
6 6 DATA  6 2 6 D ATA  6
7 7 DATA  7 3 7 D ATA  7



X8 ConfigurationX8 Configuration
Data                             Data SelectsData                             Data Selects

11 First Scan      First Scan     22 Second Scan Second Scan
33 Third Scan �Etc Third Scan �Etc

R A a A a A a A a A a T R 1 2 5 6 7 8 11 12 13 14 T

A B b a A B b A A B R 3 3 4 4 9 9 10 10 15 15 T

R B b B b B b B B B B T R 1 2 5 6 7 8 11 12 13 14 T

R C c C c C c C c C C T R 1 2 5 6 7 8 11 12 13 14 T

C D d c C D d C C D R 3 3 4 4 9 9 10 10 15 15 T

R D d D d D d D D D D T R 1 2 5 6 7 8 11 12 13 14 T

R E e E e E e E e E E T R 1 2 5 6 7 8 11 12 13 14 T

E F f e E F f e E F R 3 3 4 4 9 9 10 10 15 15 T

R F f F f F f F f F F T R 1 2 5 6 7 8 11 12 13 14 T

R G g G g G g G g G G T R 1 2 5 6 7 8 11 12 13 14 T

G H h g G H h g G H R 3 3 4 4 9 9 10 10 15 15 T

R H h H h H h H h H H T R 1 2 5 6 7 8 11 12 13 14 T



X16 I/O ConfigurationX16 I/O Configuration
Low I/O ScanLow I/O Scan

0 0 DATA 0 0 14 DATA 14
1 1 DATA 1 1 15 DATA 15
2 2 DATA 2 2 12 DATA 12
3 3 DATA 3 3 13 DATA 13
4 4 DATA 4 4 10 DATA 10
5 5 DATA 5 5 11 DATA 11
6 6 DATA 6 6 8 DATA 8

NOTE
I/O�S
LOW
HIGH
TIED

7 7 DATA 7 7 9 DATA 9
SCAN LO DS 8 I/O
SCAN HI DS 8 I/O



X16 I/O ConfigurationX16 I/O Configuration
Hi I/O ScanHi I/O Scan

0 0 DATA 0 0 14 DATA 14
1 1 DATA 1 1 15 DATA 15
2 2 DATA 2 2 12 DATA 12
3 3 DATA 3 3 13 DATA 13
4 4 DATA 4 4 10 DATA 10
5 5 DATA 5 5 11 DATA 11
6 6 DATA 6 6 8 DATA 8

NOTE
I/O �S
LOW
HIGH
TIED

7 7 DATA 7 7 9 DATA 9
SCAN LO DS 8 I/O
SCAN HI DS 8 I/O



X16 CONFIGURATION  LO SCANX16 CONFIGURATION  LO SCAN
Data                          Data SelectsData                          Data Selects

SELECT 8 I/O � WITH LOW ENABLESSELECT 8 I/O � WITH LOW ENABLES

R A a A a A a A a A a T R 1 2 5 6 7 8 11 12 13 14 T

A B b a A B b A A B R 3 3 4 4 9 9 10 10 15 15 T

R B b B b B b B B B B T R 1 2 5 6 7 8 11 12 13 14 T

R C c C c C c C c C C T R 1 2 5 6 7 8 11 12 13 14 T

C D d c C D d C C D R 3 3 4 4 9 9 10 10 15 15 T

R D d D d D d D D D D T R 1 2 5 6 7 8 11 12 13 14 T

R E e E e E e E e E E T R 1 2 5 6 7 8 11 12 13 14 T

E F f e E F f e E F R 3 3 4 4 9 9 10 10 15 15 T

R F f F f F f F f F F T R 1 2 5 6 7 8 11 12 13 14 T

R G g G g G g G g G G T R 1 2 5 6 7 8 11 12 13 14 T

G H h g G H h g G H R 3 3 4 4 9 9 10 10 15 15 T

R H h H h H h H h H H T R 1 2 5 6 7 8 11 12 13 14 T



X16 CONFIGURATION  HI SCANX16 CONFIGURATION  HI SCAN
Data                          Data SelectsData                          Data Selects

SELECTS 8 I/O WITH HIGH ENABLESSELECTS 8 I/O WITH HIGH ENABLES

R A a A a A a A a A a T R 16 17 20 21 22 23 26 27 28 29 T

A B b a A B b A A B R 18 18 19 19 24 24 25 25 30 30 T

R B b B b B b B B B B T R 16 17 20 21 22 23 26 27 28 29 T

R C c C c C c C c C C T R 16 17 20 21 22 23 26 27 28 29 T

C D d c C D d C C D R 18 18 19 19 24 24 25 25 30 30 T

R D d D d D d D D D D T R 16 17 20 21 22 23 26 27 28 29 T

R E e E e E e E e E E T R 16 17 20 21 22 23 26 27 28 29 T

E F f e E F f e E F R 18 18 19 19 24 24 25 25 30 30 T

R F f F f F f F f F F T R 16 17 20 21 22 23 26 27 28 29 T

R G g G g G g G g G G T R 16 17 20 21 22 23 26 27 28 29 T

G H h g G H h g G H R 18 18 19 19 24 24 25 25 30 30 T

R H h H h H h H h H H T R 16 17 20 21 22 23 26 27 28 29 T
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Inter-poser SolutionInter-poser Solution
DesignDesign

  (Sub Boards)(Sub Boards)
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Standard Bib DesignsStandard Bib Designs

� Standard burn in board  designs solder
sockets directly to the burn in board

� This method routes signals and resource
to each socket

� The socket footprint used on this burn in
board is fixed

�� Standard burn in board  designs solderStandard burn in board  designs solder
sockets directly to the burn in boardsockets directly to the burn in board

�� This method routes signals and resourceThis method routes signals and resource
to each socketto each socket

�� The socket footprint used on this burn inThe socket footprint used on this burn in
board is fixedboard is fixed
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Inter-poser Bib DesignsInter-poser Bib Designs

�� This method solders sockets to a inter-This method solders sockets to a inter-
poser board that is directly plugged intoposer board that is directly plugged into
the burn in boardthe burn in board

�� The main board routes the resourcesThe main board routes the resources
needed to the plug-able pins of eachneeded to the plug-able pins of each
inter-poser  (per test requirements)inter-poser  (per test requirements)

�� The inter-poser routes the resourcesThe inter-poser routes the resources
directly to the socket pinsdirectly to the socket pins
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Goal Of DesignGoal Of Design

�� Burn in board for all product regardlessBurn in board for all product regardless
of socket or pin out differencesof socket or pin out differences

�� High performance plug-able sub boardsHigh performance plug-able sub boards
that configure to product typethat configure to product type

�� Resolve pitch and trace routingResolve pitch and trace routing
problemsproblems



2

  Goal Of DesignGoal Of Design

�� Resolve / reduce temperature andResolve / reduce temperature and
power problemspower problems

�� Protects the main burn in boardProtects the main burn in board

��  Decrease board repair time Decrease board repair time



One Socket per Inter-PoserOne Socket per Inter-Poser



Four Sockets per Inter-poserFour Sockets per Inter-poser



Sub Boards Have 4 SocketsSub Boards Have 4 Sockets
--

96 Duts Per Board96 Duts Per Board

DU T DU T D U T D UT D UT D UT D U T D UT DU T D U T D U T D U T

DUT D U T D U T D UT D UT D UT D U T D UT D UT D UT D UT D UT

D UT D U T D U T D UT D UT D UT D U T D UT D UT D UT D UT D UT

C
O
N
N

DUT D U T D U T D UT D UT D UT D U T D UT D UT D UT D UT D UT

T
E
R
M

DUT DU T D U T D UT D UT D UT D U T D UT D UT D UT D UT D UT

D UT D U T D U T D UT D UT D UT D U T D UT D UT D UT D UT D UT

D UT D U T D U T D UT D UT D UT D U T D UT D UT D UT D UT D UT

E
N
D

DUT D U T D U T D UT D UT D UT D U T D UT D UT D UT D UT D UT

E
N
D



Cost to Re-useCost to Re-use
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SummarySummary

��  Improved BIB signal quality Improved BIB signal quality
��  Improved test efficiency Improved test efficiency
��  Better stress / Burn in duty cycle Better stress / Burn in duty cycle
��  Less components and easier repair Less components and easier repair
��  Reduced capital tooling Reduced capital tooling



SummarySummary

�� Inter-poserInter-poser
�� One BIB with inter-poser concept supportsOne BIB with inter-poser concept supports

�� multiple form factorsmultiple form factors
�� different pin outsdifferent pin outs
�� Power controlPower control
�� Thermal control damageThermal control damage
�� Reduces socket pin pitch constraintsReduces socket pin pitch constraints

�� Re-use of bib .� many / all product typeRe-use of bib .� many / all product type



I/O SCANI/O SCAN
01                     01                       0101

R A A A A A A A A A A T R A a A a A a A A A a T
R B B B B B B B B B B T A B b a A B b a A B
R C C C C C C C C C C T R B b B b B b B b B b T
R D D D D D D D D D D T R C c C c C c C c C c T
R E E E E E E E E E E T C D d c C D d c C D
R F F F F F F F F F F T R D d D d D d D d D d T
R G G G G G G G G G G T R E e E e E e E E E e T
R H H H H H H H H H H T E F f e E F f e E F
R A A A A A A A A A A T R F f F f F f F f F f T
R B B B B B B B B B B T R G g G g G g G g G g T
R C C C C C C C C C C T G H h g G H h g G H
R D D D D D D D D D D T R H h H h H h H h H h T



LEFT SIDE CONVENTIONALLEFT SIDE CONVENTIONAL
  02                     0202                     02

R A A A A A A A A A A T R A a A a A a A a A a T
R B B B B B B B B B B T A B b a A B b a A B
R C C C C C C C C C C T R B b B b B b B b B b T
R D D D D D D D D D D T R C c C c C c C c C c T
R E E E E E E E E E E T C D d c C D d C C D
R F F F F F F F F F F T R D d D d D d D d D d T
R G G G G G G G G G G T R E e E e E e E e E e T
R H H H H H H H H H H T E F f e E F f e E F
R A A A A A A A A A A T R F f F f F f F f F f T
R B B B B B B B B B B T R G g G g G g G g G g T
R C C C C C C C C C C T G H h g G H h g G H
R D D D D D D D D D D T R H h H h H h H h H h T



RIGHT SIDE INTERLEAVERIGHT SIDE INTERLEAVE
  03    03                      03                03

R A A A A A A A A A A T R A a A a A a A a A a T
R B B B B B B B B B B T A B b a A B b a A B
R C C C C C C C C C C T R B b B b B b B b B b T
R D D D D D D D D D D T R C c C c C c C c C C T
R E E E E E E E E E E T C D d c C D d c C D
R F F F F F F F F F F T R D d D d D d D d D d T
R G G G G G G G G G G T R E e E e E e E e E e T
R H H H H H H H H H H T E F f e E F f e E F
R A A A A A A A A A A T R F f F f F f F f F f T
R B B B B B B B B B B T R G g G g G g G g G g T
R C C C C C C C C C C T G H h g G H h g G H
R D D D D D D D D D D T R H h H h H h H h H h T



LESS COMPONENTSLESS COMPONENTS
  04                     0404                     04

R A A A A A A A A A A T R A a A a A a A a A a T
R B B B B B B B B B B T A B b a A B b a A B
R C C C C C C C C C C T R B b B b B b B b B b T
R D D D D D D D D D D T R C c C c C c C c C c T
R E E E E E E E E E E T C D d c C D d c C D
R F F F F F F F F F F T R D d D d D d D d D d T
R G G G G G G G G G G T R E e E e E e E e E e T
R H H H H H H H H H H T E F f e E F f e E F
R A A A A A A A A A A T R F f F f F f F f F f T
R B B B B B B B B B B T R G g G g G g G g G g T
R C C C C C C C C C C T G H h g G H h g G H
R D D D D D D D D D D T R H h H h H h H h H h T



R = INPUT FILTER CKTR = INPUT FILTER CKT
  05                     0505                     05

R A A A A A A A A A A T R A a A a A a A a A a T
R B B B B B B B B B B T A B b a A B b a A B
R C C C C C C C C C C T R B b B b B b B b B b T
R D D D D D D D D D D T R C c C c C c C c C c T
R E E E E E E E E E E T C D d c C D d c C D
R F F F F F F F F F F T R D d D d D d D d D d T
R G G G G G G G G G G T R E e E e E e E e E e T
R H H H H H H H H H H T E F f e E F f e E F
R A A A A A A A A A A T R F f F f F f F f F f T
R B B B B B B B B B B T R G g G g G g G g G g T
R C C C C C C C C C C T G H h g G H h g G H
R D D D D D D D D D D T R H h H h H h H h H h T



T= TERMINATOR CKTT= TERMINATOR CKT
  06                     0606                     06

R A A A A A A A A A A T R A a A a A a A a A a T
R B B B B B B B B B B T A B b a A B b a A B
R C C C C C C C C C C T R B b B b B b B b B b T
R D D D D D D D D D D T R C c C c C c C c C c T
R E E E E E E E E E E T C D d c C D d c C D
R F F F F F F F F F F T R D d D d D d D d D d T
R G G G G G G G G G G T R E e E e E e E e E e T
R H H H H H H H H H H T E F f e E F f e E F
R A A A A A A A A A A T R F f F f F f F f F f T
R B B B B B B B B B B T R G g G g G g G g G g T
R C C C C C C C C C C T G H h g G H h g G H
R D D D D D D D D D D T R H h H h H h H h H h T



STABILITYSTABILITY
  07                    0707                    07

R A A A A A A A A A A T R A a A a A a A a A a T
R B B B B B B B B B B T A B b a A B b a A B
R C C C C C C C C C C T R B b B b B b B b B b T
R D D D D D D D D D D T R C c C c C c C c C c T
R E E E E E E E E E E T C D d c C D d c C D
R F F F F F F F F F F T R D d D d D d D d D d T
R G G G G G G G G G G T R E e E e E e E e E e T
R H H H H H H H H H H T E F f e E F f e E F
R A A A A A A A A A A T R F f F f F f F f F f T
R B B B B B B B B B B T R G g G g G g G g G g T
R C C C C C C C C C C T G H h g G H h g G H
R D D D D D D D D D D T R H h H h H h H h H h T



LOWER  CROSSTALKLOWER  CROSSTALK
  08                    0808                    08

R A A A A A A A A A A T R A a A a A a A a A a T
R B B B B B B B B B B T A B b a A B b a A B
R C C C C C C C C C C T R B b B b B b B b B b T
R D D D D D D D D D D T R C c C c C c C c C c T
R E E E E E E E E E E T C D d c C D d c C D
R F F F F F F F F F F T R D d D d D d D d D d T
R G G G G G G G G G G T R E e E e E e E e E e T
R H H H H H H H H H H T E F f e E F f e E F
R A A A A A A A A A A T R F f F f F f F f F f T
R B B B B B B B B B B T R G g G g G g G g G g T
R C C C C C C C C C C T G H h g G H h g G H
R D D D D D D D D D D T R H h H h H h H h H h T



LESS I/O LOADLESS I/O LOAD
  09                    0909                    09

R A A A A A A A A A A T R A a A a A a A a A a T
R B B B B B B B B B B T A B b a A B b a A B
R C C C C C C C C C C T R B b B b B b B b B b T
R D D D D D D D D D D T R C c C c C c C c C c T
R E E E E E E E E E E T C D d c C D d c C D
R F F F F F F F F F F T R D d D d D d D d D d T
R G G G G G G G G G G T R E E E e E e E e E e T
R H H H H H H H H H H T E F f e E F f e E F
R A A A A A A A A A A T R F f F f F f F f F f T
R B B B B B B B B B B T R G g G g G g G g G g T
R C C C C C C C C C C T G H h g G H h g G H
R D D D D D D D D D D T R H h H h H h H h H h T



BETTER I/O DRIVEBETTER I/O DRIVE
  10                    1010                    10

R A A A A A A A A A A T R A a A a A a A a A a T
R B B B B B B B B B B T A B b a A B b a A B
R C C C C C C C C C C T R B b B b B b B b B b T
R D D D D D D D D D D T R C c C c C c C c C c T
R E E E E E E E E E E T C D d c C D d c C D
R F F F F F F F F F F T R D d D d D d D d D d T
R G G G G G G G G G G T R E e E e E e E e E e T
R H H H H H H H H H H T E F f e E F f e E F
R A A A A A A A A A A T R F f F f F f F f F f T
R B B B B B B B B B B T R G g G g G g G g G g T
R C C C C C C C C C C T G H h g G H h g G H
R D D D D D D D D D D T R H h H h H h H h H h T



LOWER SCANSLOWER SCANS
  11                    1111                    11

R A A A A A A A A A A T R A a A a A a A a A a T
R B B B B B B B B B B T A B b a A B b a A B
R C C C C C C C C C C T R B b B b B b B b B b T
R D D D D D D D D D D T R C c C c C c C c C c T
R E E E E E E E E E E T C D d c C D d c C D
R F F F F F F F F F F T R D d D d D d D d D d T
R G G G G G G G G G G T R E e E e E e E e E e T
R H H H H H H H H H H T E F f e E F f e E F
R A A A A A A A A A A T R F f F f F f F f F f T
R B B B B B B B B B B T R G g G g G g G g G g T
R C C C C C C C C C C T G H h g G H h g G H
R D D D D D D D D D D T R H h H h H h H h H h T



LOWER TEST TIMESLOWER TEST TIMES
  12                    1212                    12

R A A A A A A A A A A T R A a A a A a A a A a T
R B B B B B B B B B B T A B b a A B b a A B
R C C C C C C C C C C T R B b B b B b B b B b T
R D D D D D D D D D D T R C c C c C c C c C c T
R E E E E E E E E E E T C D d c C D d c C D
R F F F F F F F F F F T R D d D d D d D d D d T
R G G G G G G G G G G T R E e E e E e E e E e T
R H H H H H H H H H H T E F f e E F f e E F
R A A A A A A A A A A T R F f F f F f F f F f T
R B B B B B B B B B B T R G g G g G g G g G g T
R C C C C C C C C C C T G H h g G H h g G H
R D D D D D D D D D D T R H h H h H h H h H h T



BETTER STRESSBETTER STRESS
  13                    1313                    13

R A A A A A A A A A A T R A a A a A a A a A a T
R B B B B B B B B B B T A B b a A B b a A B
R C C C C C C C C C C T R B b B b B b B b B b T
R D D D D D D D D D D T R C c C c C c C c C c T
R E E E E E E E E E E T C D d c C D d c C D
R F F F F F F F F F F T R D d D d D d D d D d T
R G G G G G G G G G G T R E e E e E e E e E e T
R H H H H H H H H H H T E F f e E F f e E F
R A A A A A A A A A A T R F f F f F f F f F f T
R B B B B B B B B B B T R G g G g G g G g G g T
R C C C C C C C C C C T G H h g G H h g G H
R D D D D D D D D D D T R H h H h H h H h H h T



IMPROVED DUTY CYCLEIMPROVED DUTY CYCLE
  14                    1414                    14

R A A A A A A A A A A T R A a A a A a A a A a T
R B B B B B B B B B B T A B b a A B b a A B
R C C C C C C C C C C T R B b B b B b B b B b T
R D D D D D D D D D D T R C c C c C c C c C c T
R E E E E E E E E E E T C D d c C D d c C D
R F F F F F F F F F F T R D d D d D d D d D d T
R G G G G G G G G G G T R E e E e E e E e E e T
R H H H H H H H H H H T E F f e E F f e E F
R A A A A A A A A A A T R F f F f F f F f F f T
R B B B B B B B B B B T R G g G g G g G g G g T
R C C C C C C C C C C T G H h g G H h g G H
R D D D D D D D D D D T R H h H h H h H h H h T



3/4 DONE          DONE3/4 DONE          DONE
  15                    1515                    15

R A A A A A A A A A A T R A a A a A a A a A a T
R B B B B B B B B B B T A B b a A B b a A B
R C C C C C C C C C C T R B b B b B b B b B b T
R D D D D D D D D D D T R C c C c C c C c C c T
R E E E E E E E E E E T C D d c C D d c C D
R F F F F F F F F F F T R D d D d D d D d D d T
R G G G G G G G G G G T R E e E e E e E e E e T
R H H H H H H H H H H T E F f e E F f e E F
R A A A A A A A A A A T R F f F f F f F f F f T
R B B B B B B B B B B T R G g G g G g G g G g T
R C C C C C C C C C C T G H h g G H h g G H
R D D D D D D D D D D T R H h H h H h H h H h T



EXTRA CYCLESEXTRA CYCLES
  16 16                                   + 01+ 01

R A A A A A A A A A A T R A A A A A A A A A A T
R B B B B B B B B B B T A B B A A B B A A B
R C C C C C C C C C C T R B B B B B B B B B B T
R D D D D D D D D D D T R C C C C C C C C C C T
R E E E E E E E E E E T C D D C C D D C C D
R F F F F F F F F F F T R D D D D D D D D D D T
R G G G G G G G G G G T R E E E E E E E E E E T
R H H H H H H H H H H T E F F E E F F E E F
R A A A A A A A A A A T R F F F F F F F F F F T
R B B B B B B B B B B T R G G G G G G G G G G T
R C C C C C C C C C C T G H H G G H H G G H
R D D D D D D D D D D T R H H H H H H H H H H T



FASTER READ CYCLESFASTER READ CYCLES
  17 17                                   + 02+ 02

R A A A A A A A A A A T R A A A A A A A A A A T
R B B B B B B B B B B T A B B A A B B A A B
R C C C C C C C C C C T R B B B B B B B B B B T
R D D D D D D D D D D T R C C C C C C C C C C T
R E E E E E E E E E E T C D D C C D D C C D
R F F F F F F F F F F T R D D D D D D D D D D T
R G G G G G G G G G G T R E E E E E E E E E E T
R H H H H H H H H H H T E F F E E F F E E F
R A A A A A A A A A A T R F F F F F F F F F F T
R B B B B B B B B B B T R G G G G G G G G G G T
R C C C C C C C C C C T G H H G G H H G G H
R D D D D D D D D D D T R H H H H H H H H H H T



BETTER TRACE SPEEDSBETTER TRACE SPEEDS
  18  18                                  + 03+ 03

R A A A A A A A A A A T R A A A A A A A A A A T
R B B B B B B B B B B T A B B A A B B A A B
R C C C C C C C C C C T R B B B B B B B B B B T
R D D D D D D D D D D T R C C C C C C C C C C T
R E E E E E E E E E E T C D D C C D D C C D
R F F F F F F F F F F T R D D D D D D D D D D T
R G G G G G G G G G G T R E E E E E E E E E E T
R H H H H H H H H H H T E F F E E F F E E F
R A A A A A A A A A A T R F F F F F F F F F F T
R B B B B B B B B B B T R G G G G G G G G G G T
R C C C C C C C C C C T G H H G G H H G G H
R D D D D D D D D D D T R H H H H H H H H H H T



LESS DRIVER POWERLESS DRIVER POWER
  1919                                    + 04+ 04

R A A A A A A A A A A T R A A A A A A A A A A T
R B B B B B B B B B B T A B B A A B B A A B
R C C C C C C C C C C T R B B B B B B B B B B T
R D D D D D D D D D D T R C C C C C C C C C C T
R E E E E E E E E E E T C D D C C D D C C D
R F F F F F F F F F F T R D D D D D D D D D D T
R G G G G G G G G G G T R E E E E E E E E E E T
R H H H H H H H H H H T E F F E E F F E E F
R A A A A A A A A A A T R F F F F F F F F F F T
R B B B B B B B B B B T R G G G G G G G G G G T
R C C C C C C C C C C T G H H G G H H G G H
R D D D D D D D D D D T R H H H H H H H H H H T



FINALLY !!FINALLY !!
  20  20                                  + 05+ 05

R A A A A A A A A A A T R A A A A A A A A A A T
R B B B B B B B B B B T A B B A A B B A A B
R C C C C C C C C C C T R B B B B B B B B B B T
R D D D D D D D D D D T R C C C C C C C C C C T
R E E E E E E E E E E T C D D C C D D C C D
R F F F F F F F F F F T R D D D D D D D D D D T
R G G G G G G G G G G T R E E E E E E E E E E T
R H H H H H H H H H H T E F F E E F F E E F
R A A A A A A A A A A T R F F F F F F F F F F T
R B B B B B B B B B B T R G G G G G G G G G G T
R C C C C C C C C C C T G H H G G H H G G H
R D D D D D D D D D D T R H H H H H H H H H H T
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Agenda

� Introduction
� Next Generation BIB Design Challenges

� High-Speed Design (Signal Integrity)
� Routing Topology & Termination Technique
� Trace Impedance & Length Compensation

Signal Integrity Simulations Setup
� High-Power Design

� Delivery System
� Decoupling Modeling
� Vdroop Reduction

� Summary
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Next Generation Burn-in Board Challenges

� Advanced microprocessor blazes into the
Gigahertz spectrum
�Burn-in board design has become more

complex
� Two major key challenges

High
Speed

High
Power
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INTRODUCTION

Device
Under
Test
(DUT)

Burn-in
Board
(BIB)

VCC

� Two key attributes in Burn-in board design:
�Deliver clean signal quality and stable voltage
�Deliver continuous current

Tester
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Environment Trend
Amplitude

Time

Frequency

Current

Power

Voltage

Graph NOT to scale
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What is High-Speed Design ?

� Problem faced in High Speed Design
� When Tpd > Tr /2, signal trace will exhibit high

speed effects.
� Affecting signal integrity.

� In BI arena, typical signal trace length exhibits
long Tpd (> Tr /2).

� Consideration
� Routing topology
� Termination technique
� Trace impedance compensation

� Pre-Design Simulation helps to make selection
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Routing Topology Concepts & Attributes

� General routing guidelines :

� Branch Parallel routing
� Continuous Serpentine Terminated routing
� Individual Row Terminated routing
� Dual-Drop Terminated routing
� Point-to-Point Terminated routing
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Branched Parallel Routing
Routing properties :

� Only a single channel per signal is needed
� Exhibit bad signal integrity at high speed

BIB

DUT 1

DUT 5

DUT 9

DUT 2

DUT 6

DUT 10

DUT 3

DUT 7

DUT 11

DUT 4

DUT 8

DUT 12

OSCILLOSCOPE
Designer: INTEL

Comment: Branched Parallel Routing @ 10MHz  7.000 volts

 -2.000 volts

0.0 volts

0.000ns 500.000ns

1 V/div 

50 nsec/div

Source DUTs
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Continuous Serpentine Terminated

BIB

DUT 1

DUT 5

DUT 9

DUT 2

DUT 6

DUT 10

DUT 3

DUT 7

DUT 11

DUT 4

DUT 8

DUT 12

OSCILLOSCOPE
Designer: INTEL

Comment: Continuous Serpentine Terminated Routing @ 50MHz
  7.000 volts

 -2.000 volts

0.0 volts

0.000ns 100.000ns

1 V/div 

10 nsec/div

Source
DUTs

Routing properties :
� Only a single channel per signal is needed
� Has very long trace line (>6�), transmission line

reflection is prominent.
� Exhibit bad signal integrity at high speed
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Individual Row Terminated Routing

BIB

DUT 1

DUT 5

DUT 9

DUT 2

DUT 6

DUT 10

DUT 3

DUT 7

DUT 11

DUT 4

DUT 8

DUT 12

OSCILLOSCOPE
Designer: INTEL

Comment: Individual Row Terminated Routing @ 50MHz
  7.000 volts

 -2.000 volts

0.0 volts

0.000ns 100.000ns

1 V/div 

10 nsec/div

Source DUTs

Routing properties :
� Short trace length � OK for high speed board
� Minimized timing delay
� Requires X fold (where x=# of rows) of channels

� # driver channel = # row of DUTs on BIB.
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Dual-Drop Terminated Routing
� Exhibit good signal integrity
� Recommended for high speed signal
� Uses more driver channel

BIB

DUT 1

DUT 5

DUT 9

DUT 2

DUT 6

DUT 10

DUT 3

DUT 7

DUT 11

DUT 4

DUT 8

DUT 12

OSCILLOSCOPE
Designer: INTEL

Comment: Dual-Drop Terminated Routing @ 50MHz
  7.000 volts

 -2.000 volts

0.0 volts

0.000ns 100.000ns

1 V/div 

10 nsec/div

Source DUTs
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Point-to-Point Routing
� The preferred method for high-speed line.
� # driver channel = # DUTs on BIB.

BIB

DUT 1

DUT 5

DUT 9

DUT 2

DUT 6

DUT 10

DUT 3

DUT 7

DUT 11

DUT 4

DUT 8

DUT 12

Terminated

OSCILLOSCOPE
Designer: INTEL

Comment: Point-to-Point Routing @ 50MHz
  7.000 volts

 -2.000 volts

0.0 volts

0.000ns 100.000ns

1 V/div 

10 nsec/div

Not Terminated
Source

Terminated
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Termination Techniques

� Two common termination scheme in BIB
design:
� Source Termination/Series Termination
� End Termination/Parallel Termination

� No standard termination works universally
� Complexity of layout geometry
� Power consumption
� Component count
� Combination of termination scheme

� Termination scheme selection is base on SI
simulation
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Source/Series Termination

� In series between driver output and
transmission line.

� To eliminate signal reflection from the source.
� Slower signal rise time.
� Termination resistor, Rt = Zo - Ro

� Zo = Characteristic Impedance of trace
� Ro = Driver output resistance

DUT
1

DUT
2

DUT
4

Driver

Series
Termination

Trace

Load

Trace

Load

Trace

Load

Trace

DUT
3

Load

Rt
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End/Parallel Termination

� Located at the receiving end.
� Higher power consumption.

� Driver must able to source enough current
to drive this terminator.

� Signal level will be halved.
� Termination resistor, Rt = Zo

DUT
1

DUT
2

DUT
4

Driver
Trace

Load

Parallel
Termination

Trace

Load

Trace

Load

TraceTrace

DUT
3

Load

Rt
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Impedance Compensation
� Existence of DUT�s capacitance loading effect

reduces the effective Zo.
� To compensate the loading effect, trace

impedance is increased > Zo.

ZoA

Trace A LoA

CoAZoA =    LoA/CoA

Driver
Trace

Load

Parallel
Termination

Trace A

Load

Trace B

Load

Trace CTrace

Load

Rt Cd Cd Cd Cd

Z'oA

Trace A LoA

CoA

LoadLoad

Cd Cd 1/2Cd 1/2Cd

LoA

(CoA+ Cd)
Z'oA = =

ZoA

(1 + CoA/Cd)
< ZoA
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A1

DUT
Fuse

A2 A3 A4 A5

B1

C1

DUT
Fuse

DUT
Fuse

DUT
Fuse

DUT
Fuse

DUT
Fuse

DUT
Fuse

DUT
Fuse

DUT
Fuse

DUT
Fuse

DUT
Fuse

DUT
Fuse

DUT
Fuse

DUT
Fuse

DUT
Fuse

B2 B3 B4 B5

C2 C3 C4 C5

Burn-in Board Power Delivery System
� Common bulk power supply to entire board
� Row or Individual DUT partitioning
� Utilize Bulk decoupling and local decoupling caps

Bulk PS
from oven

Signal edge
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� 3 key indicators in power delivery performance

� Vcc Voltage droop specs

Maximum
Voltage Droop

Vcc

time

Power Delivery Performance

∆ ∆
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� Imax

I max

Icc

time

Impacts slower transient
voltage droop

Every 1X Amp increase will incur extra 10mV drop / 1mOhm

Power Delivery Performance
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� di/dt

Icc

time

Impacts fast transient
voltage droop

di/dt event

Every 1X A/ns increase will incur extra 10mV drop / 1pH

Power Delivery Performance
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DROOP ANALYSIS

2ND DROOP ANALYSIS

0
10
20
30
40
50

1X 2X 3X 4X 5X

REDUCTION FACTOR

2N
D 

DR
O

O
P 

(m
V)

PLANE
RESISTANCE
REDUCTION
PLANE
INDUCTANCE
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Vdroop Reduction Techniques
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� Close loop modelClose loop model
�� Die levelDie level Vdroop Vdroop activity can be sensed and activity can be sensed and

feedback to the converter.feedback to the converter.
�� Voltage compensation is closely monitored.Voltage compensation is closely monitored.
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Vdroop Reduction Techniques (con�t)
� Optimizing DUT I profile

� Introducing delay aids in voltage recovery and thus reduces Vdroop

30us 

0

100

200

300

Vdroop (mV) 

Added delay (ns)

Vdroop versus Added Delay

Series2 165 167 206 212 244

15 20 300 500 1000

Time

Current
Introducing delayIntroducing delay 



 BiTS2001 24

R
R®

Vdroop Reduction Techniques (con�t)

� 2oz Plane
�2.76 mil thick (2X thicker v.s. 1-oz laminates)
�Effective cross-section resistance (DC):

Rdc = 0.25 ohm (in/in)

t
l

w

w
lx

w
lRA

lR sheet )10459.2( 4−−−−============ ρρρρ

710787.6 −= xρ  (Copper resistivity)
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SUMMARY
� High-speed and high-power design

methodology is essential for next generation
BIB.

� Signal integrity simulation and routing
methodology are vital to preserve signal
integrity

� Paradigm shift is needed in power delivery
system for high-power design.

� 2-oz plane effective to solve droop issue.

� Close loop modeling helps to reduce/minimize
Vdroop.
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THANK YOU

Q & A
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