2003 2001

FPGA (Field Programmable Gate Array) ASIC (Application
Specific Integrated Circuit)

2001
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DFT (Design for Test)

DFT
DFT
DFT
DRAM
DUT

(Device under Test)

BIST (Built-in Self Test) BISR (Built-in Self Repair)

DFT
23
ASIC SOC System on Chip)
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SOC

GHz RF (Radio Frequency)
SOC

DFT

SOC
IP (Intellectual Property)
SIP (System-in-Package)

DFT

DFT SOC
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KGD (Known Good

Die) KGD
KGD
KGD 10
TAB
KGD
KGD
KGD
SIP KGD
(DPM Defects Per Million)
IDDQ
mA
A( ) LA mA
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IDDQ Delta-IDDQ
. ( )
. ( )
[ ]
[ ]
[ ]
e BIST
e IDDQ
vdd
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DFT

15ps 5%

IC

RF

SOC SIP)

RF

DFT
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DFT NRE(Non-Recurrent Engineering)

1997 1999

1997 SIA ATE EDA

1. Test Manufacturing
o ATE capital cost
e Handler cost
e Probe-card cost
e Spares and maintenance cost
e Floor space cost
e FElectricity cost
e Tester utilization
e Operator cost
e Other

2. Test Development
e Test program
e DFT
Tool depreciation

Time-to-market
Other

3. Product Related
e DFT area overhead
e Yield impact
e Test quality
e Other

ATE

ATE
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X—1

CATE = CBASE + ZCCHANNEL,i

i=0
CBASE

) CCHANNEL,I 1 X
RF )

time-to-quality time-to-yield time-to-market)

DFT
DFT

SOC

ADC DAC
DFT DFT
EDA ATE

ATE EDA DFT

DFT

SIP
KGD

Flash DRAM
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$100,000  $400,000

ATE

SOC SOC RF

ATE
ATE

Flash DRAM

ATE DFT

DFT
ASIC
SOC
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21
21 Test Equipment Cost Trend per Product Segment
Number of Channels

Functional Functional Sructural | Analog/RF Memory Base Cost

(high-end) (low-end)
Channel Cost $2.5K-$7K $500—$2 5K | $500-$1K | $8K—$30K | $900-$1K
High-performance ASIC/MPU
Product - / 20 $250K—-$550K
Low-performance Microcontroller
Brodnct / / 2 $150K—$350K
Mixed-signal/RF SOC Product 50 $150K-$400K
Commodity Memory Product / / / / / / / 17 $30K-150K

22

22a  Multi-site Wafer Test (Package Test) for Product Segments—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65

DRAM %2 Pitch (nm) 100 90 80 70 65 57 50
MPU/ASIC % Pitch (nm) 107 90 80 70 65 57 50
MPU Printed Gate Length (nm) 65 53 45 40 35 32 28
MPU Physical Gate Length (hm) 45 37 32 28 25 22 20
High Performance ASIC/MPU

Number of sites (wafer test) 1 4 16
Number of sites (package test) 2 2 8
Low Performance Microcontroller

Number of sites (wafer test) 16 32 32 64 64 128 128
Number of sites (package test) 96 128 128 256 256 512 512
Mixed-signal/RF

Number of sites (wafer test) 2 2 2 4
Number of sites (package test) 4 4 8 16
Commodity Memory

Number of sites (wafer test) 128 128 128 128 256 256 256
Number of sites (package test) 64 128 128 128 256 256 256
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22b  Multi-site Wafer Test (Package Test) for Product Segments—Long-term

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22
DRAM ¥z Pitch (nm) 45 35 32 25 22 18
MPU/AS C % Pitch (hm) 45 32 28 22 20 18
MPU Printed Gate Length (nm) 25 20 18 14 13 10
MPU Physical Gate Length (nm) 18 14 13 10 9 7
High Performance ASIC/MPU
Number of sites (wafer test) 16 16 16 16 16 16
Number of sites (package test) 8 8 8 8 8 8
Low Performance Microcontroller
Number of sites (wafer test) 128 128 128 256 256 512
Number of sites (package test) 512 512 512 768 768 1024
Mixed-signal/RF
Number of sites (wafer test) 8 8 8 8 8 8
Number of sites (package test) 16 16 16 16 16 16
Commodity Memory
Number of sites (wafer test) 512 512 512 512 512 512
Number of sites (package test) 512 512 512 512 512 512
ATE
RF
RF
FFT DSP
DUT
ATE
DFT BIST
ASIC SOC
DFT BIST BISR Flash DRAM
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CMOS PFA
PFA

PFA
PFA

PFA

FIB
FIB
SRAM
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PICA

PFA

BIST IDDQ
AC

BIST DFT
IDDQ

ATE DFT 30
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BIST

10pum
ATPG

0.5um
[TIVA] )

CAD
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Cu
NBTI
10ps 100ps
EDA
DFT
ASIC
VDD
IDDQ
time to market
EDA(Electronic Design Automation)
EDA
EDA
EDA
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Time to market

DUT
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23a Test and Test Equipment Difficult Challenges—Near-term

Five Difficult Challenges SUmmary of 1ssues
245 nm/Through 2010 y
/
DFT/DFM
1/0
DFT
DFT (Built-in Self Test: BIST)
DFT BIST
RF
DFT
IDDQ
/
interfacing/contacting
DFT
ATE
ATE DUT
1/0
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23b  Test and Test Equipment Difficult Challenges—L_ong-term

Five Difficult Challenges Summary of 1ssues
<45 nm/Beyond 2010 y
DUT -ATE
DFT
DFT BIST 20
DFT BIST
BIST
ATPG DFT
EDA DFT
DFT
ATPG EDA
MEMS
/

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003



19

SOC (SYSTEM-ON-CHIP)

SOC

(

SOC

SOC

SOC
SOC

1P

SOC

Test Language)

SOC
)
DFT
1P
EDA
SRAM DRAM BIST Flash MRAM FeRAM
BIST BISR
BIST
P
EDA
CTL(Core
IEEE P1500 SOC
EDA
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24a  Systemon Chip Test Requirements—Near-term

Year of Production

2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
DRAM ¥z Pitch (nm) 100nm 90nm 80nm 70nm 65nm 57nm 50nm
Embedded Cores
L SEeknD) SR Sl Extension to Extension to | Extension to Extension to
Standardization of core test data [1] format on format on format on arellen Cores | amalln cores | enelem oS | erelem Cares
EDA/ATE | EDA/ATE | EDAJATE g g 9 g
Embedded Cores: Logic
Test logic insertion at RTL design Partially Partially Fully Fully Fully Fully Fully
Testability analysis and overhead
estimation at RTL design Ad hoc Fully Fully Fully Fully Fully Fully
BIST for logic cores Yes [2] Yes [2] Yes [2] Yes [2] Yes [2] Yes [2] Yes [2]
BISR for logic cores Minimal Minimal Minimal Some Some Some Some
Embedded Cores: Memory
Embedded non-volatile memory BIST Yes Yes Yes Yes Yes Yes Yes
Embedded memory BIST (redundant Partially Partially Partially Partially
configuration, self hard repair) [3] BISR BISR BISR BISR B =l =l
Embedded memory BIST (redundant Partially Partially
configuration, self soft repair) [4] BISR BISR IS I BEs EES I
Embedded Cores: Analog
Restricted | Limited use | Limited use
BIST for analog cores use (PLL, (PLL, ADC, | (PLL, ADC, Full use Full use Full use Full use
ADC, etc.) etc.) etc.)
Failure analysis for analog cores No No No Yes Yes Yes Yes
Core Access
Standard Standard Standard Standard Standard Standard
Standard . . . . . .
Standardization of test interface [5] interface on interface on | interface on | interface on | interface on | interface on | interface on
IP core IP core/EDA | IP core/EDA | IP core/EDA | IP core/EDA | IP core/EDA |IP core/ EDA
[6] [6] [6] (6] [6] [6]
Standard Standard Standard Standard
. . . Analog Analog
Analog-mixed signal core access Direct access wrapper [7] | wrapper [7] analog analog analog analog
PP PP wrapper [7] wrapper [7] | wrapper [7] wrapper [7]
SOC Level Testing
Test strategy for IP core-based design
(test control integration, test scheduling Partially Partially Fully Fully Fully Fully Fully
for low power consumption, test time automated | automated | automated | automated | automated | automated | automated
reduction and test pin reduction)
DFT selectionDFT selection|DFT selection|DFT selection|DFT selection
. . for for for for for
DFT selection for cores DFfT Sl D T s e cores/fully | cores/fully | cores/fully | cores/fully | cores/fully
or cores for cores
automated | automated | automated | automated | automated
EDA tool EDA tool EDA tool EDA tool EDA tool
DEFT at higher level design (behavior
level, HW/SW co-design, high level No No Yes Yes Yes Yes Yes
synthesis with testability analysis)
Single stuck-
Fault model for SOC level fault coverage at fault Standard Standard ﬁzﬁlfﬁggg{d ’\:‘z\gltsﬁggg;’d hi‘ivgnsﬁgg:{d ﬁzﬁlfﬁggg{d
[8] model/ fault models | fault models [ e P o !
L its coverage its coverage | its coverage its coverage
transition
Vanfacturing I N B
Standard Standard Standard Standard Automated = Automated  Automated
. .. format and | format and | format and | format and
Diagnosis interface/data [9] SOC SOC SOC
methods on | methods on | methods on | methods on . . . . . .
diagnosis diagnosis diagnosis
IP core IP core IP core IP core

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known
Manufacturable solutions are NOT known
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24b  System on Chip Test Requirements—Long-term

Year of Production

2012
32nm

2015
22nm

2018
16nm

Embedded Cores

Standardization of core test data [1]

Extension to Analog

Extension to Analog

Extension to Analog

Cores Cores Cores
Embedded Cores: Logic
Test logic insertion at RTL design Fully Fully Fully
Testability analysis and overhead estimation at
RTL design Fully Fully Fully
BIST for logic cores Yes [2] Yes [2] Yes [2]
BISR for logic cores Logic BISR Logic BISR Logic BISR
Embedded Cores: Memory
Embedded non-volatile memory BIST Yes Yes Yes
Embedded memory BIST
(redundant configuration, self hard repair) [3] Ve VS VS
Embedded memory BIST
(redundant configuration, self soft repair) [4] e Ve Ve
Embedded Cores: Analog
BIST for analog cores Full use Full use Full use
Failure analysis for analog circuits Yes Yes Yes

Core Access

Standardization of test interface [5]

Analog/mixed-signal core access

SOC Level Testing

Standard interface on IP
core/ EDA [6]

Standard analog

wrapper [7]

Standard interface on IP
core/ EDA [6]

Standard analog
wrapper [7]

Standard interface on IP
core/ EDA [6]

Standard analog
wrapper [7]

Test strategy for IP core-based design

(test control integration, test scheduling for low
power consumption, test time reduction and test
pin reduction)

Fully automated

Fully automated

Fully automated

DFT selection for cores

DFT selection for cores/
fully automated EDA
tool

DFT selection for cores/
fully automated EDA
tool

DFT selection for cores/
fully automated EDA
tool

DEFT at higher level design
(behavior level, HW/SW co-design, high level
synthesis with testability analysis)

Fault model for SOC level fault coverage [8]

Manufacturing

Diagnosis interface/data [9]

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Definitions for Tables 24a and 24b:
[1 TAT

(2

[3]

[4 BIST
(9]

[6] EDA

[7 MS

[8] 1P

[9 TAT

BISA

Yes

New standard fault
model, its coverage

Automated SOC
diagnosis

Yes

New standard fault
model, its coverage

Automated SOC
diagnosis

Interim solutions are known |4

Manufacturable solutions are NOT known

BISR

(IEEE P1500 1450.6CTL )

Yes

New standard fault
model, its coverage

Automated SOC
diagnosis

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003



22

/0
1.0625G/2.125Gbps ~ 4.25Gbps
ATA 1.5Gbps
2.5Gbps 2006 5Gbps
2
3.2Gbps 12Gbps
ASIC
FR4 PCB
IC

DUT

I/O
SONET 2.5Gbps 10/40Gbps
100Mbps 1Gbps 10Gbps
2004 3Gbps PCI
2-3Gbps
5-8Gbps
ATE
3.2Gbps
SOC
3Gbps

FR4

10
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DFT
DFT DFT/BIST
400-1024MHz
1600MHz 2003 2006
2-3Gbps
1.5Gbps 8Gbps 10 2.5Gbps
8Gbps
PCB FR4
2010 10Gbps
10Gbps
CMOS 40Gbps 2010
CMOS ASIC SOC
2003 IC 1Gbps  3Gbps 20 80
2005 200
2005 240
CMOS
DFT
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DFT
D) (R))
( 10-12) (ThH 2003
3.2Gbps 30ps
(TJ) 2ps-rms RJ 10ps-pk-pk DJ
3.2Gbps 8 10GHz
20s
2 2.5
3.3Gbps
(BER)
(Rx)
ATE (D)
(RJ) 2
ATE
10Gbps
20GHz
DUT ATE
R&D
DFT
(CDR)

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003



25

ATE

DFT DFT DFT
BIST
(PRBS) (BER)

BIST

PAM-x
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25a Gigahertz High Frequency Differential Link Test Requirements—Near-Term

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65

DRAM % Pitch (nm) 100 90 80 70 65 57 50
MPU/AS C ¥ Pitch (nm) 107 90 80 70 65 57 50
MPU Printed Gate Length (nm) 65 53 45 40 35 32 28
MPU Physical Gate Length (nm) 45 37 32 28 25 22 20
High—performance-level Serial Transceivers

Serial data rate (Gbits/s) 10 10 10 10

High-integration-level Backplane and Computer 1/O

Serial data rate (Gbits/s) at Production 2.5
Introduction 3.2
Maximum port count 80

at Production frequencies

at Introduction frequencies 80

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known

Manufacturable solutions are NOT known !

25b  Gigahertz High Freguency Differential Link Test Requirements—Long-Term

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22

DRAM ¥z Pitch (nm) 45 35 32 25 22 18
MPU/AS C ¥ Pitch (nm) 45 32 28 22 20 18
MPU Printed Gate Length (nm) 25 20 18 14 13 10
MPU Physical Gate Length (nm) 18 14 13 10 9 7
High—performance-level Serial Transceivers

Serial data rate (Gbits/s)

High-integration-level Backplane And Computer 1/0

Serial data rate (Gbits/s)

Maximum port count

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known (4

Manufacturable solutions are NOT known !
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ASIC
ASIC 26a 26b ASIC
ATE
1.25 2.5 10
40Ghz
10
2016 3000
156Mbps ASIC 2.5Ghz
2001
32M 1000M
ATE
DFT BIST
DUT 2
PLL phase-locked-loop
ATE
SONET
+20 +100ppm 2 (RMS)10ps
ASIC IP SOC
26a 26b ATE
SOC SOC
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26a High-performance ASIC Test Requirements—Near-term

Overall timing accuracy (% period)

Soecial clock pin RMSjitter ps

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65

DRAM ¥ Pitch (nm) 100 90 80 70 65 57 50
MPU/AS C % Pitch (nm) 107 90 80 70 65 57 50
MPU Printed Gate Length (nm) 65 53 45 40 35 32 28
MPU Physical Gate Length (nm) 45 37 32 28 25 22 20
Off-chip data freq. MHz NRZ (see note). 1000 1100 1200 1300 1400 1400 1500

Sgnal pk-pk range V 0.9-3.3 | 0.9-25 | 0.8-25 | 0.7-2.5 | 0.6-2.4 | 0.6-2.4 | 0.6-2.4
Power/device. DC with heat sink W 150 160 170 170 170 170 180
'\Pﬂcilxv:arrnl;r:dn;rrgﬁ:d(glﬁ 3gﬂt?lleaiisnumber of pads for wafer test. Hiey ey Ay e 240y 240y e
26b High-performance ASIC Test Requirements—Long-term
Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22
DRAM % Pitch (nm) 45 35 32 25 22 18
MPU/ASIC % Pitch (nm) 45 32 28 22 20 18
MPU Printed Gate Length (nm) 25 20 18 14 13 10
MPU Physical Gate Length (nm) 18 14 13 10 9 7
Off-chip data freg. MHz NRZ (see note). 1500 1500 1800 1800 2000 2000

Overall timing accuracy (% period)

Special clock pin. RMSjitter ps

Sgnal pk-pk range V
Power/device. DC with heat sink W 180 180 190 190 200 200
Maximum number of 1/O signal pads.
Power and ground could double the number of pads for wafer test. 2400 2500 2700 2800 3000 3100

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known
Interim solutions are known |4
Manufacturable solutions are NOT known _l
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DFT
BIST

DFT

27a 27b

DFT DFT

/O

APG( )
BIST APG
1999
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27a High Performance Microprocessor Test Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65

DRAM % Pitch (nm) 100 90 80 70 65 57 50
MPU/ASIC ¥ Pitch (nm) 107 90 80 70 65 57 50
MPU Printed Gate Length (nm) 65 53 45 40 35 32 28
MPU Physical Gate Length (nm) 45 37 32 28 25 22 20

Pin count I/O signal channels (maximum

. 1024 1024 1024 1024 1024 1024 1024
pins) [1]

Pin count power and ground (maximum | 5048 | 504 | 2048 | 2048 | 2048 | 2048 | 2048

pins)

Busses

Clock input frequency (MHz) [2] 1200 1200 1200 1200 1200 1200 1200
Clock accuracy (ps) [3] 42 42 42 42 42 42 42
Off-chip bus data rate (Mbits/s) 1600 2400 3200 4800 6400 8000 9600
Accuracy OTA (ps) 31 21 16 10 8 6 5
Bi-directional I/O Yes Yes Yes Yes No No No
Uni-directional I/O Yes Yes Yes Yes Yes Yes Yes
Source synchronous Yes Yes Yes Yes Yes Yes Yes
Differential Yes Yes Yes Yes Yes Yes Yes
Self clocked No No Yes Yes Yes Yes Yes
Power Supplies

High current power supply voltage range

(volts) [4] 0.9-2.0 | 0.9-2.0 | 0.9-2.0 | 0.7-1.8 | 0.7-1.8 | 0.5-1.2 | 0.5-1.2

Low current power supply voltage range | 4 33| 09 33|09-33 | 0.7-3.3 | 0.7-3.3 | 0.5-3.3 | 0.5-3.3

(volts)

3 0,
re e |0 [0 | w0 [0 [0 | w0 | w
High current power supply maximum 200 250 300 300 300 300 300
current (A)
Patterns
Vector memory (Meg—vectors per pin) 128 256 256 512 512 512 512
Vector memory load time (minutes) 15 15 15 15 15 15 15

Independent pattern management (# of

>1000 | >1000 | >1000 | >1000 | >1000 | >1000 | >1000
patterns)

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known  [@

Manufacturable solutions are NOT known _

Notes for Tables 27a and 27b:

(1
[2] RAMBUS
- output to output
[3]
[4 6000 pF maximum current 2 CPU 1 20
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27b High Performance Microprocessor Test Requirements—L_ong-term

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22

DRAM %% Pitch (nm) 45 35 32 25 22 18
MPU/ASIC Y2 Pitch (nm) 45 32 28 22 20 18
MPU Printed Gate Length (nm) 25 20 18 14 13 10
MPU Physical Gate Length (nm) 18 14 13 10 9 7
Pin count I/O signal channels (maximum pins) [1] 1024 1024 1024 1024 1024 1024
Pin count power and ground (maximum pins) 2048 2048 2048 2048 2048 2048
Busses

Clock input frequency (MHz) [2]

Clock accuracy (ps) [3]

Off-chip bus data rate (Mbits/s)
Accuracy OTA (ps)
Bi-directional I/0
Uni-directional 1/0

Source synchronous

Differential
Self clocked
Power Supplies
High current power supply voltage range (volts) [4] 0.5-1.2 | 0.5-1.2 | 0.5-1.2 | 0.5-1.2 | 0.5-1.2 | 0.5-1.2
Low current power supply voltage range (volts) 0.5-3.3 | 0.5-3.3 | 0.5-3.3 | 0.5-3.3 | 0.5-3.3 | 0.5-3.3
Power supply accuracy (% of programmed value AC+DC) 10 10 10 10 10 10
High current power supply maximum current (A) 350 350 400 400 450 450
Patterns
Vector memory (meg—vectors per pin) 1024 ‘ 1024 ‘ 4096 ‘ 4096 ‘ 4096 ‘ 4096
Vector memory load time (minutes) 15 15 15 15 15 15
Independent pattern management (number of patterns) >1000 >1000 | >1000 | >1000 | >1000 | >1000
Manufacturable solutions exist, and are being optimized
Manufactur able solutions are known
Interim solutions are known |4
Manufacturable solutions are NOT known _
8
USB(Universal Serial Bus) TCP/IP(Transmission Control
Protocol/Internet Protocol) RF

ROM(Read
Only Memory)

1024 28a  28b
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28a Low-end Microcontroller Test Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65

DRAM ¥z Pitch (nm) 100 90 80 70 65 57 50
MPU/ASIC Y2 Pitch (nm) 107 90 80 70 65 57 50
MPU Printed Gate Length (nm) 65 53 45 40 35 32 28
MPU Physical Gate Length (nm) 45 37 32 28 25 22 20
Overall timing accuracy (% of period) 5 5 5 5 5 5 5
RMS clock jitter (ps) 75

External test vectors (M) [1] 12

Reliability—MTBEF (hrs) 5000

DPS maximum voltage (V) 8

Maximum DPS in tester 128

Maximum devices for parallel testing 96

Maximum tester pins 1536 2048 4096 4096
Parallel test efficiency 97% 99.50% 99.90% 99.90% 99.90% 99.90%

Table28b Low-end Microcontroller Test Requirements—Long-term

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22

DRAM ¥z Pitch (nm) 45 35 32 25 22 18
MPU/ASIC Y2 Pitch (nm) 45 32 28 22 20 18
MPU Printed Gate Length (nm) 25 20 18 14 13 10
MPU Physical Gate Length (nm) 18 14 13 10 9

Overall timing accuracy (% of period) 4 4 4 4 3
RMS clock jitter (ps)

External test vectors (M) [1]

Reliability-MTBF (hrs)

DPS maximum voltage (V) [2]

Maximum DPS in tester

Maximum devices for parallel testing

Maximum tester pins

Parallel test efficiency

4096
99.9%

4096
99.9%

4096
99.9%

4096
99.9%

4096
99.9%

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known 4

Manufacturable solutions are NOT known

Notes for Tables 28a and 28b:
[1] BIST DFT BIST DFT
[2]
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)
29a 29b
ATE
DFT

/RF/

33

RF/
1
( /RF/
RF
IC
/RE/ (
) ;
ASIC
(
BIST
ATE
DSP
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29a Mixed-signal Test Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65

DRAM % Pitch (nm) 100 90 80 70 65 57 50
MPU/AS C % Pitch (nm) 107 90 80 70 65 57 50
MPU Printed Gate Length (nm) 65 53 45 40 35 32 28
MPU Physical Gate Length (nm) 45 37 32 28 25 22 20
BW * (MHz) 30 40 50 60 60 60 60

Fs** (MS/s*+¥)

Moving from Nyquist sample rates to over/under sampling
sources/digitizers

Resolution (bits)

DSP computation to 24 bits—noise floor is more important

Noise floor (dB/RT Hz) -155 -155 -155 -160 -160 -160 -165
High Freguency Waveform Source

Level V (pk—pk) 4 4 4 4 4 4 4
Accuracy (+/-) 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50%
BW (MHz) 1250 1500 1500 1800 1800 2150 2150
Fs (MS/s) 5000 6000 6000 7200 7200 8600 8600
Resolution (bits) AWG/Sinet 8/10 8/10 8/10 8/10 8/10 8/10 8/10
Noise floor (dB/RT Hz) -135 -135 -135 -140 -140 -140 -140
High Freguency Waveform Digitizer

Level V (pk—pk) 4 4 4 4 4 4 4
Accuracy (+/-) 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50%
BW (MHz) (undersampled) 4000 5200 6400 8000 9200 10800 | 12500

Fs (MS/s)

Direct conversion remains at 400—move to under sampling

Resolution (bits)

Minimum 12 bits—noise floor is more important

Noise floor (dB/RT Hz)

-140

-140

-145

-145

-150

-150

-150

Time Measurement

Jitter measurement (ps RMS)

Will be driven by high-speed serial communication ports

Frequency measurement (MHz)

Will be driven by high-performance ASIC clock rates

Single shot time capability (ps)

Will be driven by high-speed serial communication ports

RF/Microwave |nstrumentation

Manufacturable solutions are NOT known

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003

Source BW (GHz) 14 14 3 3 g g g
Accuracy (+/-dB) 0.2 0.2 0 0 0 0 0
Source phase noise low frequency 130 -130 -136 -136 -136 -136 -136
Close-In 1KHz (dBc/Hz)
Source phase noise high frequency 160 160 166 166 166 166 166
Wideband 10MHz (dBc/Hz)
Receive BW (GHz) 14 14 18 18 18 18 18
Receive noise floor (dIBm/Hz) -160 -166 -166 -166 -166 -166 -166
Receive dynamic range SFDR (dBc) $| 140 140 140 160 160 160 160
Special Digital Capabilities
D/A and A/D digital data rate (MB/s) Same as high performance ASIC “off-chip data rate”
Sample clock jtter (< ps RMS) 05 | 03 | 02 | 015 0.1 01 | o1

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known
Interim solutions are known |
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29b Mixed-signal Test Requirements—Long-term

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22

DRAM %2 Pitch (nm) 45 35 32 25 22 18
MPU/AS C %2 Pitch (nm) 45 32 28 22 20 18
MPU Printed Gate Length (nm) 25 20 18 14 13 10
MPU Physical Gate Length (nmm) 18 14 13 10 9 7
BW * (MHz) 60 60 60 60 60 60
Fs** MS/s*** Moving over/under sampling

Resolution (bits) Noise floor more important

Noise floor (dB/RT Hz) 165 | 165 | -165 | -165 | -165 | -165
High Frequency Waveform Source

Level V (pk—pk) 4 4 4 4 4 4
Accuracy 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50%
BW (MHz) 3000 3000 3000 3000 5000 5000
Fs (MS/s) 12000 | 12000 | 12000 | 12000 | 12000 | 15000
Resolution (bits) AWG/Sinef 10/14 10/14 10/14 10/14 10/14 10/14
Noise floor (dB/RT Hz) -155 -155 -155 -155 -155 -155
High Frequency Waveform Digitizer

Level V (pk—pk) 4 4 4 4 4 4
Accuracy 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50%
BW (MHz) (undersampled) 10000 10000 10000 10000 10000 10000
Fs (MS/s) Moving to under sampling

Resolution (bits) 14 14 14 14 14 14
Noise floor (dB/RT Hz) -150 -150 -150 -150 -150 -150
Time Measurement

Jitter measurement (ps RMS) Driven by high-speed serial ports

Frequency measurement (MHz) Driven by ASIC clock rates

Single shot time capability (ps) Driven by high-speed serial ports
RF/Microwave Instrumentation

Source BW (GHz)

g‘l’gsrg_eh‘l’hlﬁ‘;fz“’(ﬁ;i‘/’gzgreq“ency -140 | -140 | -140 | -140 | -140 | -140
o gy | age | s | e | ase | 160 | 100

Receive BW (GHz)

Receive noise floor (dBm/Hz)

36 36 36 36 36 36
160 160 160 160 160 160

Receive dynamic range SFDR (dBc)

Special Digital Capabilities

D/A and A/D data rate (MB/s) § Follows ASIC “off chip data rate”

Sample clock jitter (< ps RMS) o1 | o1 [ o1 | o1 | 01 | o1

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known |4

Manufacturable solutions are NOT known _
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Definitions for Tables 29a and 29b:

O PRML - LAN
bit
O bit
PRML LAN
O PLL
RF O RF/ /

RF
O D/IA AD

DFT
DFT DFT

SOC

DFT ATE ATE

DFT
DFT ATE

30 7

1. DFT

DFT
DFT
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30 DFT-BIST Device Test Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009 Driver
Technology Node hp90 hp65
DRAM % Pitch (nm) 100 90 80 70 65 57 50
MPU/ASIC ¥ Pitch (nm) 107 90 80 70 65 57 50
MPU Printed Gate Length (nm) 65 53 45 40 35 32 28
MPU Physical Gate Length (nm) 45 37 32 28 25 22 20
Number of parallel sites 64 64 128 128 256 256 256 Cost
S(ttz)n data volume (Giga-pin-vectors available per 32 32 64 64 128 128 256 Logic Density
Data capture volume (M bits-per-pin) 64 64 128 | 128 | 256 | 256 | 256 SCZZ{)EL;ST
Scan pin (available per site/system) 384/2K | 384/2K | 512/4K | 512/4K | 512/4K | 512/4K | 512/4K | Logic Density
Scan vector rate (MT or MH2) 100 200 200 300 300 400 400 Test Time
“Full function” pin (available per site/system) 128/512 | 128/512 | 128/512 | 128/512 | 128/512 | 128/512 | 128/512 Test Time
Functional vector depth (M-Vectors) 16 16 16 16 16 16 16 Logic Density
Functional data rate (MH2) 100 200 200 200 200 200 200 Test Time

Reduced function” pin (available per 3K/4K | 4K/5K | 4K/SK | 5KIEK | BK/BK | 5K/6K | 5K/6K | 1/0 Density
site/system)(DC only)
Clock pins (available per site/system) 8/64 8/64 8/128 8/128 8/256 8/256 8/256 DS:T?;:;]S
Clock frequency (MH2) 400 600 600 800 800 800 | 1000 O”'cggtg"’c"
Scan launch/capture speed (MHZ) 100 150 200 200 200 250 250 AC Scan
Power supplies (available per site/system) 8/128 8/128 8/128 8/128 8/256 8/256 8/256 | Logic Density
Support for mixed signal and RF DFT LoFreq | LoFreq [l IS T RF RF RF SOC

Manufacturable solutions exist, and are being optimized

Notes for Table 30:
Parallel Stes --

Scan Data Volume —

Scan Pin—
Scan Vector Rate —
“Full Function” Pin — Full Function
Full Function
DUT

Functional Vector Depth —

"1t o“HT fLm "Xt "Z' etc)

Functional Data Rate —

“ Reduced Function” Pin — Reduced Function

Manufacturable solutions are known
Interim solutions are known
Manufacturable solutions are NOT known

ATE

full function Full Function

MT(Mega Transfers per second)
110

ATE

(eg. "0"
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Clock Pin —

BIST
Clock Frequency —
1.5%

Power Supplies —
DRAM
31 33
DRAM
DRAM ( ) 2
3
DRAM
BIST BISR
DRAM /0
DRAM
100nm
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2Gbps

Vce

DRAM

Vdd

DFT

8%

DRAM

AC
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3la Commodity DRAM Test Requirements—Near-term
Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
DRAM ¥z Pitch (nm) 100 90 80 70 65 57 50
MPU / ASIC % Pitch (nm) 107 90 80 70 65 57 50
MPU Printed Gate Length (nm) 65 53 45 40 35 32 28
MPU Physical Gate Length (nm) 45 37 32 28 25 22 20
DRAM capacity (Gbits): R&D 4 TBD 8 TBD 16 TBD TBD
Mass Production TBD 2 TBD 4 TBD TBD
DRAM data rate (GHz): R&D 1.6 TBD 2 TBD 2.4 TBD TBD
Mass Production 1.3 TBD 1.6 TBD 2 TBD TBD
DRAM access time (ns): R&D 1 TBD 0.5 TBD 0.3 TBD TBD
Mass Production 2.5 TBD 2 TBD 1 TBD TBD
DRAM bit width/device (Mass Production) 16 TBD 16 TBD 16 TBD TBD
Tester data rate (GHz): R&D 1.6 TBD 2 TBD 2.4 TBD TBD
Mass Production 1.3 TBD 1.6 TBD 2 TBD TBD
Overall timing accuracy (ps): R&D 50 TBD 40 TBD 30 TBD TBD
Mass Production 60 TBD 50 TBD 40 TBD TBD
Simultaneous testing (devices/test head) 64 TBD 64 TBD 128 TBD TBD
Test channels (Mass Production) 1200* TBD 2300 TBD 2300 8D 8D
2300** TBD TBD
* Assuming SDRAM with 32 devices/station, Driver 800, I/0 640
** Assuming RAMBUS with 32 devices/station, Driver 480, 1/0 640; 2 64 devices/station, Driver 960, 1/0 1280
31lb Commodity DRAM Test Requirements—Long-term
Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22
DRAM %2 Pitch (nm) 45 35 32 25 22 18
MPU/ASIC ¥z Pitch (nm) 45 32 28 22 20 18
MPU Printed Gate Length (nm) 25 20 18 14 13 10
MPU Physical Gate Length (nm) 18 14 13 10 9 7
DRAM capacity (Gbits): R&D 64 TBD 256 TBD 1024 TBD
Mass Production 16 TBD 64 TBD 256 TBD
DRAM data rate (GHz): R&D 3 TBD 3.6 TBD 4.2 TBD
Mass Production 2.4 TBD 3 TBD 3.6 TBD
DRAM access time (ns): R&D 0.2 TBD 0.15 TBD 0.1 TBD
Mass Production 0.8 TBD 0.5 TBD 0.3 TBD
Tester data rate (GHz): R&D 3 TBD 3.6 TBD 4.2 TBD
Mass Production 2.4 TBD 3 TBD 3.6 TBD
Overall timing accuracy (ps): R&D 25 TBD 20 TBD 18 TBD
Mass Production 30 TBD 25 TBD 20 TBD
Simultaneous testing (Devices/test head) 128 TBD 256 TBD 256 TBD
Test channels (Mass Production) 3500* TBD 3500* TBD 3500* TBD

* Assuming RAMBUSwith 64 devices/station, Driver 960, 1/0 2560

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known

Manufacturable solutions are NOT known
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2
1.5 NOR
NAND NAND NOR
8 16
32
5
30a 30b
32a 32b
32a Commodity Flash Memory Test Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
DRAM ¥z Pitch (nm) 100 90 80 70 65 57 50
MPU / ASIC %2 Pitch (nm) 107 90 80 70 65 57 50
MPU Printed Gate Length (nm) 65 53 45 40 35 32 28
MPU Physical Gate Length (nm) 45 37 32 28 25 22 20
Device Characteristics
Density (megabits): volume production 256 256 512 512 512 1024 1024
Density (megabits): lead density 512 1024 1024 2048 2048 2048 4096
Data width (bits) 16 32 32 32 32 32 32
Simultaneously tested devices (wafer test) 64 128 128 128 256 256 256
Simultaneously tested devices (package test) 128 128 128 256 256 256 256
Power Supplies
Power supply voltage range 1.0-5.5 1.0-5.5 1.0-5.5 0.6-3.3 0.6-3.3 0.6-3.3 0.6-3.3
Number of power supplies per device 2 2 2 2 2 2 2
Maximum current (MA) 300 300 300 300 300 300 300
Programming power supply voltage range (V) 1.0-12.0 | 1.0-12.0 | 0.6-10.0 | 0.6-10.0 | 0.6-10.0 | 0.6-8.1 0.6-8.1
Number of programming power supplies per device 2 2 2 2 2 2 2
Pattern Generator
Tester channels per test site [1] 64 64 64 72 72 72 72
Timing
Maximum data rate (MHz) 125 133 166 166 166 233 233
Accuracy OTA (ns) 0.6 0.5 0.5 0.5 0.5 0.5 0.5
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32b Commodity Flash Memory Test Requirements—Long-term

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22

DRAM ¥z Pitch (nm) 45 35 32 25 22 18
MPU / ASIC %2 Pitch (nm) 45 32 28 22 20 18
MPU Printed Gate Length (nm) 25 20 18 14 13 10
MPU Physical Gate Length (nm) 18 14 13 10 9 7
Device Characteristics

Density (megabits): volume production 1024 2048 2048 4096 4096 8192
Density (megabits): lead density 4096 8196 8196 16384 16384 32768
Data width (bits) 32 32 32 32 32 64
Simultaneously tested devices (wafer test) 256 256 512 512 512 512
Simultaneously tested devices (package test) 256 256 256 256 256 256
Power Supplies

Power supply voltage range 0.6-3.3 0.6-3.3 0.6-3.3 0.6-3.3 0.6-3.3 0.6-3.3
Number of power supplies per device 2 2 2 2 2 2
Maximum current (MA) 300 300 300 300 300 300
Programming power supply voltage range (V) 0.6-8.0 0.6-8.0 0.6-8.0 0.6-8.0 0.6-8.0 0.6-8.0
Number of programming power supplies per device 2 2 2 2 2 2
Pattern Generator

Tester channels per test site [1] | 72 72 72 72 72 72
Timing

Maximum data rate (MHz) 200 200 250 250 300 300
Accuracy OTA (ns) 0.3 0.3 0.2 0.2 0.1 0.1

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known |4

Manufacturable solutions are NOT known _I

DRAM

DRAM 2 2 3 2
DRAM

2 2 multi-bit
IC DRAM
ONO
3la 31b

BIST BISR

DRAM
DRAM
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SRAM
33a Embedded Memory (DRAM and Flash) Test Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
DRAM ¥ Pitch (nm) 100 90 80 70 65 57 50
MPU/AS C % Pitch (nm) 107 90 80 70 65 57 50
MPU Printed Gate Length (nm) 65 53 45 40 35 32 28
MPU Physical Gate Length (nm) 45 37 32 28 25 22 20
Embedded DRAM
Embedded DRAM size (Mbits)

R&D 128 128 256 256 512 512 1024

Mass Production 64 64 128 128 256 256 512

Particle defects; array

Failure concerns h )
noise, data retention

Particle defects, array noise; sense-amp imbalance

Wafer level test Double insertion
Usage of on-chip test 100% BIST 100% BIST 100% BIST 100% BIST
100% BISR 100% BISR 100% BISR 100% BISR
Embedded Flash
Embedded Flash size (Mbits)
R&D 64 64 128 128 256 256 512
Mass Production 32 32 64 64 128 128 256
Embedded mixed memory size (Mbits)
Flash 16 16 32 32 64 64 128
DRAM 16 16 32 32 32 64 64
Failure concerns Oxide defe_cts; ONO Oxide defects; ONO scaling; over-erase
scaling
Wafer level test Double insertion
Usage of on-chip test BIST/BIST BIST/BIST BIST/BIST BIST/BIST
DAT DAT DAT DAT
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33b  Embedded Memory (DRAM and Flash) Test Requirements—Long-term

Year of Production 2010 2012 2013 2015 2016 2018
DRAM %2 Pitch (nm) 45 35 32 25 22 18
MPU/AS C % Pitch (hm) 45 32 28 22 20 18
MPU Printed Gate Length (nm) 25 20 18 14 13 10
MPU Physical Gate Length (nm) 18 14 13 10 9 7
Embedded DRAM
Embedded DRAM size (Gbits)
R&D 1 1 2 2 4 4
Mass Production 0.512 0.512 1 1 2
Failure concerns Particle Defects, Array Noise, Sense-amp Imbalance
Wafer level test In-line Defect Detection, Double Insertion
Usage of on-chip test 100% BIST 100% BIST 100% BIST 100% BIST 100% BIST 100% BIST
100% BISR 100% BISR 100% BISR 100% BISR 100% BISR 100% BISR
Embedded Flash
Embedded Flash size (Mbits)
R&D 256 512 512 1024 1024 2048
Mass production 64 256 128 512 256 1024
Embedded mixed memory size (Mbits)
Flash 64 128 128 256 256 512
DRAM 64 128 128 256 256 512
Failure concerns Oxide Defects, ONO Scaling, Sense-amp Imbalance
Wafer level test In-line Defect Detection, Double Insertion
Usage of on-chip test 100% BIST BIST/BISR BIST/BISR BIST/BISR BIST/BISR BIST/BISR
100% BISR DAT DAT DAT DAT DAT
R&D 50
RDD( ) & (RS&TM)
DFR(Design for Reliability)
(FIT)
2 — -
2
(
/ )
( ) -
3 RS&TM
3 «
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DFR  DFT
DFR 3
( )
3 DFR
DFR
/
/ /
/
RS&TM (
13 2 13 2 2
(
34a  34b
DFT
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HVST( )
IDDQ/Delta IDDQ

VLSI

DFT /O
DFT /O

/O

KGD
DRAM
DRAM /O DFT
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(WLBI)
WLBI WLBI
WLBI WLBI
WLBI

KGD WLBI
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34a Burn-in Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65

DRAM % Pitch (nm) 100 90 80 70 65 57 50
MPU / ASIC ¥2 Pitch (nm) 107 90 80 70 65 57 50
MPU Printed Gate Length (nm) 65 53 45 40 35 32 28
MPU Physical Gate Length (nm) 45 37 32 28 25 22 20
High Performance ASIC

Clock input frequency (MHz) 400 400 400 400 400 400 400
Off-chip data frequency (MHz) 50 75 75 75 75 75 75
Power supply voltage range (V) 0.7-3.3 0.7-2.5 0.5-2.5 0.5-2.5 0.5-2.5 0.5-2.5 0.5-2.5
Power dissipation (W per DUT) 50 75 100 150 200 200 200
Maximum number of signal I/O 384 384 384 384 384 384 384
High Performance Microprocessor

Clock input frequency (MHz) 200 250 400 400 400 400 400
Off-chip data frequency (MHz) 75 75 75 75 75 75 75
Power supply voltage range (V) 0.7-3.4 0.5-3.4 0.5-2.5 0.5-2.5 0.5-2.5 0.5-2.5 0.5-2.5
Power dissipation (W per DUT) 200 250 600 600 600 600 600
Maximum current (A) 150 300 400 450 450 450 450
Maximum number of signal I/O 128 128 128 128 128 128 128
Low-End Microcontroller

Clock frequency (MHz) 200 300 400 400 400 400 400
Off-chip data frequency (MHz) 50 60 75 75 75 75 75
Power supply voltage range (V) 0.7-12.0 | 0.7-10.0 | 0.7-10.0 | 0.7-10.0 | 0.7-10.0 | 0.7-10.0 | 0.7-10.0
Power dissipation (W per DUT) 5 10 10 10 10 10 10
Maximum number of signal I/O 32 32 32 32 32 32 32
Mixed-Signal

Clock input frequency (MHz) 200 250 250 250 250 250 250
Off-chip data frequency (MHz) 75 75 75 75 75 75 75
Power supply voltage range (V) 0.7-100 | 0.7-100 | 0.5-500 | 0.5-500 | 0.5-500 | 0.5-500 | 0.5-500
Power dissipation (W per DUT) 75 75 150 150 150 150 150
Maximum current (A) 20 20 20 20 20 20 20
Maximum number of signal I/O 128 128 128 128 128 128 128
Analog signal peak-to-peak voltage range (V) +10V +10V +10V +10V +10V +10V +10V
Commodity Memory

Clock input frequency (MHz) 400 400 400 400 400 400 400
Off-chip data frequency (MHz) 30 50 50 50 50 50 50
Power supply voltage range (V) 0.6-6.0 0.6-4.0 0.6-4.0 0.6-4.0 0.6-4.0 0.6-4.0 0.6-4.0
Programming power supply voltage range (V)| 0.6-10 0.6-10 0.6-10 0.6-10 0.6-8 0.6-8 0.6-8
Power dissipation (W per DUT) 10 15 20 20 20 20 20
Maximum number of signal I/O 36 72 72 72 72 72 72
DFT / BIST Requirements

Scan pin count (per DUT) 128 128 128 128 128 128 128
Scan vector memory depth (megavectors) 256 256 256 256 256 256 256
Scan vector frequency (MHz) 75 75 75 75 75 75 75

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known |4

Manufacturable solutions are NOT known _
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34b  Burn-in Requirements—Long-term

Year of Production 2010 2012 2013 2015 2016 2018
DRAM %2 Pitch (nm) 45 35 32 25 22 18
MPU/ASIC ¥ Pitch (nm) 45 32 28 22 20 18
MPU Printed Gate Length (nm) 25 20 18 14 13 10
MPU Physical Gate Length (nm) 18 14 13 10 9 7
High Performance ASIC

Clock input frequency (MHz) 400 400 400 400 400 400
Off-chip data frequency (MHz) 75 75 75 75 75 75
Power supply voltage range (V) 0.5-2.5 0.5-2.5 0.5-2.5 0.5-2.5 0.5-2.5 0.4-2.5
Power dissipation (W per DUT) 200 200 200 225 225 250
Maximum number of signal I/O 384 384 384 384 384 384
High Performance Microprocessor

Clock input frequency (MHz) 400 400 400 400 400 400
Off-chip data frequency (MHz) 75 75 75 75 75 75
Power supply voltage range (V) 0.5-2.5 0.5-2.5 0.5-2.5 0.5-2.5 0.5-2.5 0.5-2.5
Power dissipation (W per DUT) 600 600 600 600 600 600
Maximum current (A) 450 450 450 450 450 450
Maximum number of signal I/O 128 128 128 128 128 128
Low-End Microcontroller

Clock frequency (MHz) 400 400 400 400 400 400
Off-chip data frequency (MHz) 75 75 75 75 75 75
Power supply voltage range (V) 0.5-10 0.5-10 0.5-10 0.5-10 0.5-10 0.5-10
Power dissipation (W per DUT) 20 20 20 20 20 20
Maximum number of signal I/O 32 32 32 32 32 32
Mixed-Signal

Clock input frequency (MHz) 250 250 250 250 250 250
Clock input frequency (MHz) 250 250 250 250 250 250
Off-chip data frequency (MHz) 75 75 75 75 75 75
Power supply voltage range (V) 0.5-500 0.5-500 0.5-500 | 0.5-1000 | 0.5-1000 | 0.5-1000
Power dissipation (W per DUT) 150 150 150 150 150 150
Maximum current (A) 30 30 30 30 30 30
Maximum number of signal I/O 128 128 128 128 128 128
Analog signal peak-to-peak voltage range (V) +10V +10V +10V +10V +10V +10V
Commodity Memory

Clock input frequency (MHz) 400 400 400 400 400 400
Off-chip data frequency (MHz) 50 50 50 50 50 50
Power supply voltage range (V) 0.5-4.0 0.5-4.0 0.5-4.0 0.5-4.0 0.5-4.0 0.5-4.0
Programming power supply voltage range (V)| 0.5-8.0 0.5-8.0 0.5-8.0 0.5-8.0 0.5-8.0 0.5-8.0
Power dissipation (W per DUT) 20 20 20 20 20 20
Maximum number of signal I/O 72 72 72 72 72 72
DFT / BIST Requirements

Scan pin count (per DUT) 128 128 128 128 128 128
Scan vector memory depth (megavectors) 256 256 256 256 256 256
Scan vector frequency (MHz) 75 75 75 75 75 75

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known {4

Manufacturable solutions are NOT known _I
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IDDQ
IDDQ
IDDQ
IDDQ
35 IDDQ
3 loff
(2001 ITRS Process Integration Chapter [high performance, low operating power, low
standby power table] (ORTC 1g-1h ) W/L
IDDQ IC
35 Projected Performance-oriented IC IDDQ Values

YEAR MaxiMum IDDQ

2001 30-70 mA

2003 70-150 mA

2005 150-400 mA

2008 400 mA-1.6 A

2011 1.6-8 A

2014 8-20 A

Note—all table values assume 25°C
IDDQ IDDQ
35 IDDQ
IDDQ ( DFT )

e  “Delta IDDQ” “IDDQ Ratios”
. \A
) Vi Vi
o IDDQ
o
. (footer device)
J Vad IDDQ
o Laa
o IDDQ
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IDDQ

IDDQ

IDDQ
IDDQ (

IDDQ

DUT

Thermal Control

IDDQ
)
IDDQ
IDDQ
(PTPA)
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36a Handler (Memory—Pick and Place) Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
DRAM ¥ Pitch (nm) 100 90 80 70 65 57 50
MPU/ASIC Y2 Pitch (nm) 107 90 80 70 65 57 50
MPU Printed Gate Length (nm) 65 53 45 40 35 32 28
MPU Physical Gate Length (nm) 45 37 32 28 25 22 20
Conformity tray type JEDEC JEDEC JEDEC JEDEC JEDEC JEDEC JEDEC
Parallel testing 32-64 32-64 64-128 64-128 64-128 128-256 128-256
Index time (S) 3-5 3-5 3-5 3-5 2-5 2-5 2-4
Throughput (devices per hour) 6—8K 6—8K 8-10K 8-10K 8-10K 8-12K 8-12K
Sorting 5-9 5-9 5-9 5-9 5-9 5-9 5-9
Maximum set point (degrees C) 135 135 135 135 135 135 135
Minimum set point (degrees C) -55 -55 -55 -55 -55 -55 -55
Temperature accuracy (degrees C) +2 +2 +2 +2 +2 +2 +1.5
Foot print (ratio) 1-1.3 1-1.3 1.3-15 1.3-15 1.3-15 1.3-15 1.3-15
Number of pins/device 40-80 40-250 40-250 40-250 40-250
Pin pitch (mm) 0.5-1.0 0.5-1.0 0.5-1.0 0.4-1.0 0.4-1.0 0.3-1.0 0.3-1.0
?nalgl;,dge to package edge clearance 0.6 0.6 0 0 0 0 0
Minimum package thickness (mm) 0.8-1.8 0.3-1.8 0.3-1.8 0.3-1.8 0.3-1.8 0.2-1.8 0.2-1.8
Conversion time (minutes) 40 40 40 1 (kitless) | 1 (kitless) | 1 (kitless) | 1 (kitless)
Tester/handler communications SECS/GEM | SECS/GEM | SECS/GEM | SECS/GEM | SECS/GEM | SECS/GEM | SECS/GEM

--HSEM --HSEM --HSEM --HSEM --HSEM --HSEM --HSEM

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known
Manufacturable solutions are NOT known
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36b Handler (Memory—Pick and Place) Requirements—Long-term

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22
DRAM %% Pitch (nm) 45 35 32 25 22 18
MPU/ASIC Y2 Pitch (nm) 45 32 28 22 20 18
MPU Printed Gate Length (nm) 25 20 18 14 13 10
MPU Physical Gate Length (hm) 18 14 13 10 9 7
Conformity tray type JEDEC JEDEC JEDEC JEDEC JEDEC JEDEC
Parallel testing 128-256 128-256 128-256 128-256 128-256 128-256
Index time (S) 2-4 2-4 2-4 2-4 2-4 2-4
Throughput (devices per hour) 12-20K 12-20K 12-20K 12-20K 12-20K 12-20K
Sorting 5-9 5-9 5-9 5-9 5-9 5-9
Maximum set point (degrees C) 135 135 135 135 135 135
Minimum set point (degrees C) -55 -55 -55 -55 -55 -55
Temperature accuracy (degrees C) LS LS LS +1.5 +1.5 +1.5
Foot print (ratio) 1.3-15 1.3-15 1.3-15 1.3-15 1.3-15 1.3-15
Number of pins/device 40-400 40-400 40-400 40-400 | 40-400 | 40-400 |
Pin pitch (mm) 0.3-1.0 0.3-1.0 0.3-1.0 0.3-1.0 0.3-1.0 0.3-1.0
Ball edge to package edge clearance (mm) 0 0 0 0 0 0
Minimum package thickness (mm) 0.2-1.8 0.2-1.8 0.2-1.8 0.2-1.8 0.2-1.8 0.2-1.8
Conversion time (minutes) 1 (kitless) | 1 (kitless) | 1 (kitless) | 1 (kitless) | 1 (kitless) | 1 (kitless)
Tester/handler communications SECS/GEM- | SECS/GEM- | SECS/GEM- | SECS/GEM- | SECS/GEM- | SECS/GEM-
-HSEM -HSEM -HSEM -HSEM -HSEM -HSEM

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known {4

Manufacturable solutions are NOT known

Notes for Tables 36a and 36b:

UPH 1 0

I+
I+

MTBF
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37a Handler (Logic—Pick and Place) Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
DRAM % Pitch (nm) 100 90 80 70 65 57 50
MPU/ASIC Y2 Pitch (nm) 107 90 80 70 65 57 50
MPU Printed Gate Length (nm) 65 53 45 40 35 32 28
MPU Physical Gate Length (nm) 45 37 32 28 25 22 20
Conformity tray type JEDEC JEDEC JEDEC JEDEC JEDEC JEDEC JEDEC
Parallel testing 4 8 8 8
Index time (S) 0.3-0.4 0.3-0.4 0.3-0.4 0.3-0.4 0.25-0.3
Throughput (devices per hour) 4-6K 8-12K 8-12K 8-12K
Sorting 3-6 3-6 3-6 3-6
Maximum set point (degrees C) 125 125 125 125 125 125 125
Minimum set point (degrees C) -10 -10 -10 -10 -10 -10 -10
Temperature accuracy (degrees C) +0.5 +0.5 +0.5 +0.3 +0.3
Total thermal load (Watts) - MPU 80 80 125 125 150 150 175
Total thermal load (Watts) — Non-MPU 25 25 25 25 35 35 35
Thermal Watt density (Watts/cmz) - MPU 80 80 130 130 175 175 200
Thermal Watt density (Watts/cmz) —Non-MPU 25 25 25 25 35 35 35
Foot print (ratio) 1 1.2 1.2 1.2 12 12 1.4
Max socket load per unit (kg) 16 20 24 27 30 30 85!
Asynchronous capability No No Yes Yes Yes Yes Yes
Number of pins or lands/device 700 700 750 750 800 800 850
Pin/land pitch (mm) 1.2 1.2 1.1 11 1 1 0.8
EMI event field (ESD measurements) (mV) zfgo%Gizc")r 21530%6129r ngo@()@eizer ngo%6£z9r ngo%6£z9r ngo%6£z9r 2151?0@@612(")r
Handler/tester communications SECS/GEM- | SECS/GEM- | SECS/GEM- | SECS/GEM- | SECS/GEM- | SECS/GEM- | SECS/GEM-
-HSEM -HSEM -HSEM -HSEM -HSEM -HSEM -HSEM
Conversion time (minutes) 30 30 30 30 15 15 15
Uninterrupted tray loading/auto-2A No No No Yes Yes Yes Yes
Reliability (hours) 80 100 100 168 168 500 500
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known |4
Manufacturable solutions are NOT known _
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37b Handler (Logic—Pick and Place) Requirements—Long-term

Index time (S)

Throughput (devices per hour)

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22

DRAM ¥ Pitch (nm) 45 35 32 25 22 18
MPU/ASIC ¥ Pitch (nm) 45 32 28 22 20 18
MPU Printed Gate Length (nm) 25 20 18 14 13 10
MPU Physical Gate Length (nm) 18 14 13 10 9 7
Conformity tray type

Parallel testing

Sorting

Maximum set point (degrees C)

Minimum set point (degrees C)

Temperature accuracy (degrees C)

Total thermal load (Watts) — MPU

Total thermal load (Watts) — Non-MPU 50 50 50 75 75 100

Thermal Watt density (Watts/cm2) - MPU 225 225 225 250 250 250

Thermal Watt density (Watts/cmz) — Non-MPU 75 75 75 100 100 125

Foot print (ratio) 1.4 1.4 14 1.4 1.4 1.4

Max socket load per unit (kg) 35 35 35 35 35 85!

Asynchronous capability Yes Yes Yes Yes Yes Yes

Number of pins or lands/device 850 850 850 900 900 1000

Pin/land pitch (mm) 0.6 0.6 0.6 0.4 0.4 0.4

EMI event field (ESD measurements) (mV) 250 @ 6” or | 250 @ 6” or | 250 @ 6" or | 250 @ 6" or | 250 @ 6" or | 250 @ 6" or
150 @ 12" | 150 @ 12" | 150 @ 12" | 150 @ 12" | 150 @ 12" | 150 @ 12"

Handler/tester communications SECS/GEM- | SECS/GEM- | SECS/GEM- | SECS/GEM- | SECS/GEM- | SECS/GEM-

-HSEM -HSEM -HSEM -HSEM -HSEM -HSEM

Conversion time (minutes) 5 5 5 5 5 5

Uninterrupted tray loading/auto-2A Yes Yes Yes Yes Yes Yes

Reliability (hours) 1000 1000 1000 1000 1000 1000

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known
Manufacturable solutions are NOT known

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003




55

38a Handler (Network and Communications—Pick and Place) Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
DRAM ¥ Pitch (nm) 100 90 80 70 65 57 50
MPU/ASIC Y2 Pitch (nm) 107 90 80 70 65 57 50
MPU Printed Gate Length (nm) 65 53 45 40 35 32 28
MPU Physical Gate Length (nm) 45 37 32 28 25 22 20
Conformity tray type JEDEC JEDEC JEDEC JEDEC JEDEC JEDEC JEDEC
Parallel testing 4 8 8 8
Index time (S) 0.3-0.4 0.3-0.4 0.3-0.4 0.3-0.4
Throughput (devices per hour) 4-6K 8-12K 8-12K 8-12K
Sorting 3-6 3-6 3-6 3-6
Set point range (degrees C) -45to -45to -45to -45to -45to -45to -45to
+150 +150 +150 +150 +150 +150 +150
Temperature accuracy (degrees C) -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5
Total thermal load (Watts) 25 25 25 35 35 35 35
Thermal Watt density (Watts/cmz) - MPU 25 25 25 50 50 50 50
é;lowable device temperature rise (degrees 20 20 20 20 20 20 20
Foot print (ratio) 1 1.2 1.2 1.2 1.2 1.2 1.4
Max socket load per unit (kg) 16 20 24 27 30 30 35
Asynchronous capability No No Yes Yes Yes Yes Yes
Number of pins or lands/device 700 700 750 750 800 800 850
Pin/land pitch (mm) 1.2 1.2 1.1 1.1 1 1 0.8
250 @ 6" | 250 @6” | 250 @ 6" | 250 @ 6" | 250 @ 6" | 250 @ 6" | 250 @ 6”
EMI event field (ESD measurements) (mV) or or or or or or or
150 @ 12" | 150 @ 12" | 150 @ 12" | 150 @ 12" | 150 @ 12" | 150 @ 12" | 150 @ 12"
Handler/tester communications SECS/GE | SECS/GE | SECS/GE | SECS/GE | SECS/GE | SECS/GE | SECS/GE
M--HSEM | M--HSEM | M--HSEM | M--HSEM | M--HSEM | M--HSEM | M--HSEM
Conversion time (minutes) 30 30 30 30 15 15 15
Uninterrupted tray loading/auto-2A No No No Yes Yes Yes Yes
Reliability (hours) 80 100 100 168 168 500 500
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known [
Manufacturable solutions are NOT known _I
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38b Handler (Network and Communications—Pick and Place) Requirements—L_ong-term

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22
DRAM ¥z Pitch (nm) 45 35 32 25 22 18
MPU/ASIC ¥z Pitch (nm) 45 32 28 22 20 18
MPU Printed Gate Length (nm) 25 20 18 14 13 10
MPU Physical Gate Length (nm) 18 14 13 10 9 7
Conformity tray type JEDEC JEDEC JEDEC JEDEC JEDEC JEDEC
Parallel testing 16 16 16 32 32 32
Index time (S)
Throughput (devices per hour)
Sorting 3-6 3-6 3-6 3-6 3-6 3-6
Set point range (degrees C) -45to +150 | -45to +150 | -45to +150 | -45to +150 | -45to +150 | -45to +150
Temperature accuracy (degrees C) -0.5 -0.5 -0.5 -0.5 -0.5 -0.5
Total thermal load (Watts) 50 50 50 50 50 50
Thermal Watt density (Watts/cmz) - MPU 50 50 50 50 50 50
Allowable device temperature rise (degrees C) 20 20 20 20 20 20
Foot print (ratio) 1.4 1.4 1.4 1.4 1.4 1.4
Max socket load per unit (kg) 35 35 35 35 35 35
Asynchronous capability Yes Yes Yes Yes Yes Yes
Number of pins or lands/device 850 850 850 900 900 1000
Pin/land pitch (mm) 0.6 0.6 0.6 0.4 0.4 0.4
EMI event field (ESD measurements) (mV) 250 @ 6" or | 250 @ 6" or | 250 @ 6" or | 250 @ 6" or | 250 @ 6" or | 250 @ 6" or
150 @ 12" | 150 @ 12" | 150 @ 12" | 150 @ 12" | 150 @ 12" | 150 @ 12"
Handler/tester communications SECS/GEM- | SECS/GEM- | SECS/GEM- | SECS/GEM- | SECS/GEM- | SECS/GEM-
-HSEM -HSEM -HSEM -HSEM -HSEM -HSEM
Conversion time (minutes) 5 5 5 5 5 5
Uninterrupted tray loading/auto-2A Yes Yes Yes Yes Yes Yes
Reliability (hours) 1000 1000 1000 1000 1000 1000
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known {4

Manufacturable solutions are NOT known
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39a Prober (Logic MPU—Pick and Place) Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
DRAM ¥ Pitch (nm) 100 90 80 70 65 57 50
MPU/ASI C ¥ Pitch (nm) 107 90 80 70 65 57 50
MPU Printed Gate Length (nm) 65 53 45 40 35 32 28
MPU Physical Gate Length (nm) 45 37 32 28 25 22 20
Wafer diameter (mm) 300 300 300 300 300 300 300
Pad pitch
Peripheral (mm) 50-125 50-125 40-100 40-100 40-100 30-80 30-80
Bump (mm) 40 40 30 30 30 30 30
Wafer thickness (mm) 180-725 | 180-725 80-775 80-775 80-775 80-775 80-775
Maximum I/O pads 2200 2200 3000 3000 3000 400 4000
Chuck positioning accuracy
X &Y (um) 4 4 4 4 4 2 2
Z (um) 4 4 2 2 1 1 1
Co-planarity (pum) TBD TBD TBD TBD TBD TBD TBD
Probe-to-pad alignment (um) 6.5 6.5 4.5 4.5 4.5 4.5 4.5
Maximum chuck force (kg) 50 50 50 100 100 100 100
Parallel testing 1X 1X 1X 2X 2X 2X 2X
Set point range (degrees C) -]_;_%[_t_)o -]_;_%[_t_)o -i%[_t;o
Temperature accuracy (degrees C) -1 -1 -1
Total power (Watts) 150 150 150
Power density (Watt/em?) 45 45 90
Chuck leakage (picoampere) 3 3 1
Foot print (ratio) 1-1.3 1-1.3 1.3-1.5 1.3-1.5 1.3-1.5 1.3-1.5 1.3-1.5

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known |4

Manufacturable solutions are NOT known _
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39b Prober (Logic MPU—Pick and Place) Requirements—Long-term

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22
DRAM ¥ Pitch (nm) 45 35 32 25 22 18
MPU/AS C ¥ Pitch (nm) 45 32 28 22 20 18
MPU Printed Gate Length (nm) 25 20 18 14 13 10
MPU Physical Gate Length (nm) 18 14 13 10 9 7
Wafer diameter (mm) 300 300 300 450 450 450
Pad pitch

Peripheral (mm) 30-60 30-60 30-60 30-60 30-60 30-60

Bump (mm) 20 20 20 20 20 20
Wafer thickness (mm) 50-1000 | 50-1000 | 50-1000 | 50-1000 | 50-1000 | 50-1000
Maximum I/O pads 5300 5300 5300 5300 5300 5300
Chuck positioning accuracy

X &Y (um) 2 2 2 2 2 2

Z (um)

Co-planarity (um)

Probe-to-pad alignment (pm)
Maximum chuck force (kg)
Parallel testing
Set point range (degrees C)
Temperature accuracy (degrees C) -1 -1 -1 -1 -1 -1
Total power (Watts)
Power density (Watt/cmz)
Chuck leakage (picoampere) 0.1 0.1 0.1 0.1 0.1 0.1
Foot print (ratio) 1.3-1.5 1.3-1.5 1.3-1.5 1.3-1.5 1.3-1.5 1.3-15

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known
Interim solutions are known  |[@
Manufacturable solutions are NOT known _l
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40 Memory Test Handler Difficult Challenges

Challenge | ssue/Goal
0.6mm Omm
128 256
41 Logic Test Handler Difficult Challenges
Challenge | ssue/Goal
ESD ESD
42 Network and Communications Test Handler Difficult Challenges
Challenge | ssue/Goal
KGD
-45 150
40GHz 10GH
43 Logic Test Prober Difficult Challenges
Challenge | ssue/Goal

85 100

DUT Device Under Test )
DUT
DUT
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(di/dt)
DUT
32 64 128
©300
DUT
DUT
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44  Probe Card Difficult Challenges—Near-term

Challenge | ssue/Goal

40GHz
25um 4 20  40pm 4 45um 2 4
100pm
100pm @75um
SOC

I/0

40 +150
DUT
50um
Scrub
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200
DFT
64

DUT
DUT

ITRS

1A

200mQ

DFT DUT
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100

(6{0]0)

ITRS

50%

63

COO Cost of Ownership
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45a Wafer Probe Technology Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
DRAM ¥z Pitch (nm) 100 90 80 70 65 57 50
MPU/AS C % Pitch (nm) 107 90 80 70 65 57 50
MPU Printed Gate Length (nm) 65 53 45 40 35 32 28
MPU Physical Gate Length (nm) 45 37 32 28 25 22 20
1/0 Pad Size (um) X Y X Y X Y X Y X Y X Y X Y
Wirebond 40 70 35 60 35 60 30 55 30 55
Bump 75 75 75 75 75 75 75 75 75 75
Scrub (% of 1/0) AREA |DEPTH | AREA |DEPTH | AREA |DEPTH | AREA |[DEPTH | AREA | DEPTH | AREA | DEPTH | AREA | DEPTH
Wirebond 25 75 25 75 25 50 25 50 25 50
Bump 30 30 30 30 30 30 30 30 30 30
Multi-DUT Volume (% of Total Product Type Wafers Probed)
Memory (DRAM) 99.9 99.9 99.9 99.9 99.9 99.9 99.9
ASIC 33 45 50 60 75 75 75
Microprocessor 60 75 75 75 85 85 85
RF 30 40 45 50 50 60 60
Mixed-signal 40 45 45 45 50 50 50
Sze of Probed Area (mmz)
Memory (DRAM) Gc?etvoicle?sz Gjetvc;c?so 100% of wafer | 100% of wafer | 100% of wafer | 100% of wafer | 100% of wafer
ASIC 1560 1700 2050 2050 2050
Microprocessor 1560 1700 2050 2050 2050
RF 625 625 900 900 1225 1225 1225
Mixed-signal 1063 1225 1413 1413 1600 1600 1600
;E:_lg:gs&gvar?mbe Points Signal | Total |Signal| Total |Signal| Total |Signal| Total |Signal| Total |Signal| Total |Signal| Total
Memory (DRAM) o | e | Z2an | 14500 | 18700 | 14500 | 18700 | 14500 | 18700 | 14500 | 18700 | 14500 | 18700
ASIC 775 1550 950 1900 1050 | 2100 | 1050 | 2100 1050 | 2100 1200 | 2400 | 1200 | 2400
Microprocessor 310 925 400 1200 450 1350 450 1350 450 1350 560 1675 560 1675
RF 180 325 235 425 250 450 250 450 350 630 350 630 350 630
Mixed-signal 375 500 375 500 450 600 450 600 510 680 510 680 510 680
Maximum Current (mA) P;’?S © Leelljkcage Pfrcijg ¢ LeaDk(;ge PrI'cij:)3 © LeaDk(;ge F"rl'ci’:; © LeaDk(;ge P;’?S ° Leelijkcage Pfrcijg ¢ LeaDk(;ge P'rl'cij:)a ° LeaDk(;ge
Memory (DRAM) 100 <10 100 <10 100 <10 125 <10 125 <10 125 <10 125 <10
ASIC 350 <10 350 <10 350 <10 400 <10 400 <10 400 <10 400 <10
Microprocessor 275 <10 275 <10 275 <10 325 <10 325 <10 325 <10 325 <10
RF 200 <10 200 <10 200 <10 225 <10 225 <10 225 <10 225 <10
Mixed-signal 250 <10 250 <10 250 <10 275 <10 275 <10 275 <10 275 <10
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known |4

Manufacturable solutions are NOT known _
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45a Wafer Probe Technology Requirements—Near-term (continued)

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65

DRAM ¥z Pitch (nm) 100 90 80 70 65 57 50
MPU/ASIC %2 Pitch (nm) 107 90 80 70 65 57 50
MPU Printed Gate Length (nm) 65 53 45 40 35 32 28
MPU Physical Gate Length (nm) 45 37 32 28 25 22 20
Maxi mum Resistance (Ohm) Contact| Series [Contact| Series [Contact| Series [Contact| Series [Contact| Series [Contact| Series [Contact| Series
Memory (DRAM) <1 <4 <1 <4 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3
ASIC <1 <4 <1 <4 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3
Microprocessor <1 <3 <1 <3 <0.5 <2 <0.5 <2 <0.5 <2 <0.5 <2 <0.5 <2
RF <1 <2 <1 <2 <0.5 <15 <0.5 <15 <0.5 <15 <0.5 <15 <0.5 <15
Mixed-signal <1 <2 <1 <2 <05 | <15 | <05 | <15 <05 | <15 | <05 | <15 | <05 | <15
Chuck Set-point (°C) Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
Memory (DRAM) -40 140 -40 140 -40 140 -40 140 -40 140 -40 140 -40 140
ASIC 25 100 25 110 25 110 25 110 25 110 25 110 25 110
Microprocessor -20 125 -30 135 -30 135 -30 135 -30 135 -30 135 -30 135
RF 10 120 5 120 5 120 5 120 5 120 5 120 5 120
Mixed-signal 25 115 25 125 25 125 25 125 25 125 25 125 25 125
Soak Time (minutes)

Memory (DRAM) 10 10 10 8 8 8 7
ASIC 8 8 8 7 7 7 6
Microprocessor 13 13 10 10 10 9 9

RF 10 10 10 10 9 9 9
Mixed-signal 10 10 10 10 9 9 9
Order Lead-time—Single DUT 1 Re- 1% Re- 1% Re- 1% Re- 1% Re-

(weeks) Order | Order | Order | Order | Order | Order | Order | Order | Order | Order

Memory (DRAM) 8 4 8 4 6 3 55 3 5 3 4 2 | a4 ‘

ASIC 4 2 4 2 2.5 15 2.5 1.5 2.5 15 2 1 ‘ 2 ‘
Microprocessor 4 2 4 2 2.5 15 2.5 15 2.5 15 2 1 ‘ 2 ‘

RF 5 2 5 2 4 2 | 35 | 15 | 35 | 15 [ 1 | a3 |
Mixed-signal 3 2 3 2 3 2 25 | 15 2 1| 2 ‘
Order Lead-time—Multi-DUT 1% Re- 1* Re- 1% Re- 1% Re- -- Re-
(weeks) Order | Order | Order | Order | Order | Order | Order | Order Order | Order | Order | Order
Memory DRAM) 9 6 8 5 7 4 6 3 25 | 45 | 2

ASIC 6 2 6 2 5 2 4 | 15 1 a
Microprocessor 6 2 5 2 4 2 4 1.5 1 ‘ ‘

RF 7 3 6 3 5 3 | 45 2 1| |
Mixed-signal 5 2 5 2 4 2 35 2 1| ‘

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known
Manufacturable solutions are NOT known
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45a Wafer Probe Technology Requirements—Near-term (continued)

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65

DRAM % Pitch (nm) 100 0 80 70 65 57 50
MPU/AS C % Pitch (nm) 107 90 80 70 65 57 50

MPU Printed Gate Length (nm) 65 53 45 40 35 32 28

MPU Physical Gate Length (nm) 45 37 32 28 25 22 20
Ig;ﬁg?gv";rn)weforec'ea” Online | Offline | Online | Offline | Online | Offline | Online | Offline | Online | Offline | Online | Offline | Online | Offline
Memory (DRAM) 300 | 15,000 | 400 |20,000| 400 |20,000| 400 |20,000| 450 |20,000(| 450 |20,000| 450 | 20,000
ASIC 3,250 | 57,500 | 3,250 | 60,000 | 3,250 | 60,000 | 3,500 | 60,000 | 3,500 | 60,000 | 3,500 | 60,000 | 3,500 | 60,000
Microprocessor 1,250 | 50,000 | 1,250 | 50,000 | 1,250 | 50,000 | 1,500 | 50,000 | 1,500 | 50,000 | 1,500 | 50,000 | 1,500 | 50,000
RF 1,000 {100,000 1,000 |100,000| 1,000 |100,000| 1,000 |100,000| 1,000 (100,000( 1,000 {100,000| 1,000 |100,000
Mixed-signal 2,000 |150,000| 2,000 |175,000| 2,000 (200,000( 2,000 (200,000( 2,000 |200,000| 2,000 {200,000| 2,000 (200,000
;I'\?élr(;?gaol\)NnSBeforeClean Online | Offline | Online | Offline | Online | Offline | Online | Offline | Online | Offline | Online | Offline | Online | Offline
Memory (DRAM) 1,000 | 15,000 | 1,500 | 20,000 | 1,500 | 20,000 | 2,000 | 25,000 | 2,000 | 25,000 [ 2,000 | 25,000 [WHs{ele] ‘ 27,500
ASIC 1,000 | 15,000 | 1,500 | 17,500 | 1,500 | 17,500 | 2,000 | 20,000 | 2,000 | 20,000 | 2,000 | 20,000 R[] ‘ 22,500
Microprocessor 1,000 | 32,500 | 1,500 | 35,000 | 1,500 | 35,000 | 2,000 | 37,500 | 2,000 | 37,500 | 2,000 | 37,500 R[] ‘ 40,000
RF 100 | 15,000 | 100 |20,000| 100 20,000 | 100 |25,000| 100 |25,000| 125 |25,000| 125 [AE)
Mixed-signal 1,000 | 82,500 | 1,500 | 85,000 | 1,500 | 85,000 | 2,000 | 87,500 | 2,000 | 87,500 | 2,000 | 87,500 (R[] ‘ 90,000

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known
Manufacturable solutions are NOT known
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Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22

DRAM % Pitch (nm) 45 35 32 25 22 18
MPU/AS C % Pitch (nm) 45 32 28 22 20 18
MPU Printed Gate Length (nm) 25 20 18 14 13 10
MPU Physical Gate Length (nm) 18 14 13 10 9 7

1/0 Pad Size (um) X Y X Y X Y
Wirebond

Bump

Scrub (% of Pad) AREA | DEPTH AREA | DEPTH AREA | DEPTH
Wirebond

Bump

Volume (% of Total Product Type
Wafers Probed)

Memory (DRAM) 99.9 99.9 99.9
ASIC 75 75 75
Microprocessor 85 85 85
RF 60 60 60
Mixed-signal 50 50 50

Size of Probed Area (mnm?)

Memory (DRAM) 100% of wafer 100% of wafer 100% of wafer
ASIC 20 N > I 2o
Microprocessor 2400 _ 2400 _ 2400

RF 1225 1225 1225
Mixed-signal 1600 1600 1600
Number of Probe Points/Touchdown Signal | Total Signal | Total Signal | Total
Memory (DRAM) 14500 | 18700 14500 | 18700 14500 | 18700
ASIC 1200 2400 1200 2400 1200 2400
Microprocessor 560 1675 560 1675 560 1675
RF 350 630 350 630 350 630
Mixed-signal 510 680 510 680 510 680
Maximum Current (mA) PrI'cijg © Lea?k%ge P'rl'?:)) ° Lez?kige PrI'cijg © Lei?kilge
Memory (DRAM) 125 <10 125 <10 125 <10
ASIC 400 <10 400 <10 400 <10
Microprocessor 325 <10 325 <10 325 <10
RF 225 <10 225 <10 225 <10
Mixed-signal 275 <10 275 <10 275 <10
Maximum Resistance (Ohm) Contact | Series Contact | Series Contact| Series
Memory (DRAM) <0.5 <3 <0.5 <3 <0.5 <3
ASIC <0.5 <3 <0.5 <3 <0.5 <3
Microprocessor <0.5 <2 <0.5 <2 <0.5 <2
RF <0.5 <1.5 <0.5 <1.5 <0.5 <1.5
Mixed-signal <0.5 <15 <0.5 <15 <0.5 <15

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known {4

Manufacturable solutions are NOT known
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45b Wafer Probe Technology Requirements—Long-term (continued)

Year of Production

2010

2012

2013

2015

2016

2018

Technology Node

hp45

hp32

hp22

DRAM ¥z Pitch (nm)

45

35

32

25

22

18

MPU/ASIC % Pitch (nm)

45

32

28

22

20

18

MPU Printed Gate Length (nm)

25

20

18

14

13

10

MPU Physical Gate Length (nm)

18

14

13

10

9

Chuck Set-point (°C)

Max.

Max.

Min.

Max.

Memory (DRAM)

140

140

140

ASIC

110

110

25

110

Microprocessor

135

135

-30

135

RF

120

120

120

Mixed-signal

125

125

25

125

Soak Time (Minutes)

Memory (DRAM)

ASIC

Microprocessor

RF

Mixed-signal

O ||l ||

© oo |o N

O | o |l ||

Order Lead-time—Sngle DUT
(weeks)

Memory (DRAM)

ASIC

Microprocessor

RF

Mixed-signal

Order Lead-time—Multi-DUT
(weeks)

Memory (DRAM)

ASIC

Microprocessor

RF

Mixed-signal

1Sl
Order

4.5

3
8
4
3

Re-
Order

2.5

1
1
1
1

(Tg;rf[;?glvzr")s Before Cleaning Online | Offline Online | Offline Online | Offline
Memory (DRAM) 450 | 20,000 450 | 20,000 450 | 20,000
ASIC 3,500 | 60,000 3,500 | 60,000 3,500 | 60,000
Microprocessor 1,500 50,000 1,500 50,000 1,500 50,000
RF 1,000 | 100,000 1,000 | 100,000 1,000 | 100,000
Mixed-signal 2,000 | 200,000 2,000 | 200,000 2,000 | 200,000
(T\?;‘i?g;‘;"”s Before Cleaning Online | Offline Online | Offline Online | Offline

Memory (DRAM)

ASIC

Microprocessor

RF

Mixed-signal

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known
Manufacturable solutions are NOT known
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2,500

2,500
2,500
125
2,500

27,500
22,500
40,000
27,500
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2003

2004
|

2007 2010 2013 2016 2019

| 2008 2009 | 2011 2012 2014 2015 2017 2018 |

2005 2006 | |

Technology Node

hp90

hp65 hp45 hp32 hp22 hp16

BIST / DFT METHODOLOGY
New logic BIST / BISR methods

New analog BIST methods
Test embedded in design process

COST OF TEST
100% DFT / BIST design

Standard test language and library
Design-to-test EDA link

Test reuse

Massively parallel test

RELIABILITY SCREEN
Cost effective stress scaling

New acceleration methodology

I Rescarch Required [N Development Underway [ ] Qualification/Pre-Production VW7772ZZZZ Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

21 Test and Test Equipment Potential Solutions

Test ITWG

Modeling and Simulation ITWG
( )
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