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Table TST1 Summary of Key Test Drivers, Challenges, and Opportunities

Key Drivers (not in any particular order)

Device trends Increasing device interface bandwidth (# of signals and data rates)
Increasing device integration (SoC, SiP, MCP, 3D packaging)
Integration of emerging and non-digital CMOS technologies
Complex package electrical and mechanical characteristics
Device characteristics beyond one sided stimulus/response model
Multiple I/0 types and power supplies on same device

Multiple digital I/O types on same device

Increasing test process complexity Device customization during the test process
“Distributed test” to maintain cost scaling
Feedback data for tuning manufacturing
Dynamic test flows via “Adaptive Test”
Higher order dimensionality of test conditions

Continued economic scaling of test Physical limits of test parallelism

Managing (logic) test data and feedback data volume

Defining an effective limit for performance difference for HVM ATE versus DUT
Managing interface hardware and (test) socket costs

Trade-off between the cost of test and the cost of quality

Multiple insertions due to system test and BIST

Difficult Challenges (in order of priority)

Test for yield learning Critically essential for fab process and device learning below optical device dimensions

Detecting Systemic Defects Testing for local non-uniformities, not just hard defects
Detecting symptoms and effects of line width variations, finite dopant distributions,
systemic process defects

Screening for reliability Implementation challenges and efficacies of burn-in, IDDQ, and Vstress
Erratic, non deterministic, and intermittent device behavior

Potential yield losses Tester inaccuracies (timing, voltage, current, temperature control, etc)

Opver testing (e.g., delay faults on non-functional paths)

Mechanical damage during the testing process

Defects in test-only circuitry or spec failures in a test mode e.g., BIST, power, noise
Some IDDQ-only failures

Faulty repairs of normally repairable circuits

Decisions made on overly aggressive statistical post-processing

Future Opportunities (not in any order)

Test program automation (not ATPG) Automation of generation of entire test programs for ATE

Simulation and modeling Seamless Integration of simulation and modeling of test interface hardware and
instrumentation into the device design process

Convergence of test and system Re-use and fungibility of solutions between test (DFT), device, and system reliability (error

reliability solutions detection, reporting, correction)

ATE—automatic test equipment ATPG—automatic test pattern generation BIST—Dbuilt-in self test
HVM—high volume manufacturing
MCP—multi-chip packaging MEMs—micro-electromechanical systems
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Figure TST1 Test Cost Drivers
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Figure TST2 Quality Trade-offs:  An Arbitrary Example to Illustrate the Trade-offs
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Figure TST3 Test Cell Cost / Unit versus Interface Cost Trend
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Figure TST4 Importance of Multi-site Efficiency in Massive Parallel Test
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Table TST2a Multi-site Test for Product Segments—Near-term Years
Year of Production 2007 | 2008 [ 2009 [ 2010 [ 2011 [ 2012 | 2013 | 2014 | 2015

High Performance ASIC/MPU

Wafer test
(# of sites)
Package test
(# of sites)

Low Performance Microcontroller

8 16 16 16 16 32 32 32 MPU

4 8 8 8 8 16 16 16 MPU
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Table TST2a Multi-site Test for Product Segments—Near-term Years
Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Wafer test 32 | 64 | 64 | 64 | 64 | 64 | 64 | 64 | 128 | MCU
(# of sites)
Package test 32 | 64 | 64 | 64 | 64 | 64 | 64 | 64 | 128 | MCU
(# of sites)
Mixed-signal
Wafer test
(# of sites) 4 :
Package test
(# of sites) g o
Commodity DRAM Memory
Wafer test
(# of sites) 256 Sl
Package test
(# of sites) 2R Al
Commodity Flash Memory
Wafer test 256 | 512 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | NAND
(# of sites)
Package test 512 | 512 | 512 | 1024 | 1024 | 1024 | 1024 | 1024 | 2048 [ NAND
(# of sites)
RF
Wafer test
(# of sites) 4 4 g g RE
Package test
(# of sites) 8 16 32 48 64 64 64 RF
Table TST2b Multi-site Test for Product Segments—Long-term Years
Year of Production 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
High Performance ASIC/MPU
Wafer test
(# of sites) MPU
Package test
(# of sites) MPU
Low Performance Microcontroller
Wafer test 128 | 128 | 128 | 128 | 128 | 128 | 128 [ mcU
(# of sites)
Package test 128 | 128 | 128 | 128 | 128 | 128 | 128 | mcU
(# of sites)
Mixed-signal
Wafer test .
(# of sites) Mixed
Package test .
(# of sites) Mixed
Commodity DRAM Memory
Wafer test
(# of sites) DRAM
Package test
(# of sites) DRAM
Commodity Flash Memory
Wafer test 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | NAND
(# of sites)
Package test 2048 | 2048 | 2048 | 2048 | 2048 | 2048 | 2048 | NAND
(# of sites)
RF
Wafer test
(# of sites)
Package test
(# of sites)

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:. 2007



TANETRNEE 17

T AR ~DER
VAN =2 a7 V4

25 AELLERID, HERT AN OB RIL, BN RT =~ RERNT U DRSO BAG 2N ED
L EIF BN TE WD, ARG N, B ~—2r v R ZIX, EEY T4, X274, EHO
Ko VAT LRI =D AL IDE S m— U= YO HBIZ L THL EIFsn g, Zhit. 77
r—arDINELOFIELHAETEEAL, SRS RO T 71— a ZIERHELED T
HINSTHD, TAM OB RZ I ET DT TV — ar Bk UMD, T AN Bl Rk 2l
ALEEGDMN, ZOFT, TV —ar OB EZ U 57 ANER OV RESDHZ LI ATHE
Tho, LT > T, Tyl &t B 227 R E N2t L, SoC X% SiP L TInbDar
WEfae 357 ANOHERZ IR DL, a7 HTICEEEL -7 A DR E R U R 2R D2 8123
Do

BT YR E NI E L =7 7V —ar a2 DT 7V —a Ad R BN R 2B 5720
DAL TS, H7lZ, ITRS X, CPU, ASIC, DRAM, 77 2 AEUDR U RICEHLF— L7 5,
Wiz /NB92, 2ok, a7 HERENOF O P ClEyIc a5, X TSTS iX, B#E357 71U/ 7r—
arOREZDOE TR TSN a7 B R R TD, VAT v ENT=T 7V —ar Of)
LR DT M E G A TODIINC, TV r—ar ORGP E SRy, a7 #iix. EiCEAD
BEREE T ANELRIC KD 725, 20 Revision TH £i72\0 a7 #fiiE MEMS & optical Téh b,

System Integration (SoC or SiP) Application Examples of Core
of Core Semiconductor Technologies Semiconductor Technologies
Logic: CPUs, Graphics Processors, ASICs,
- FPGAs, Microcontrollers
Logic Memory
Memory: DRAM, SRAM, Flash
10:  Wired gigabit differential links (SONET,
fiber channel, Ethernet, serial ATA, PCI Express,
10 Analog / Hyper-transport)
Mixed-Si Analog / Mixed-Signal: D/A, A/D, Telecom,
gnal Disk Storage
RE:  Wireless communications (802.11x, GSM,
RF CDMA, satellite, radar)

A/D—analog to digital, COMA—code division multiple access, CPUs—central processing unit, D/A—digital to analog
GSM—global standard for mobile

Figure TST5 Organization of Core Semiconductor Technologies for System Integration and
Applications
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Figure TST6 Impact of Repeated Use of Same Cores
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2 P1450.6, Draft Standard for Standard Test Interface Language (STIL) for Digital Test Vector Data—Core Test Language (CTL)

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007



TANETRMNER 21

Table TST3a System on Chip Test Requirements—Near-term Y ears

Year of Production |2007 |2008 |2009 |2010 |2011 |2012 |2013 |2014 |2015

Embedded Cores: Logic

Random Pattern Logic BIST

Area Investment beyond Scan (%) [1] [ 30 [ 30 [ 30 | 30 [ 31 | 31 | 31 [ 31 ] 31
Compressed Deterministic Pattern Test
Area Investment beyond Scan (%) [2] 1.1 1.1 1.2 1.3 14 1.5 1.6 1.6 1.7
Supported Fault Models by ATPG for Overall Test
(SA+T: Stuck-at & Transition, SD: Small Delay, SDX: Extended SA+T [ SA+T | SA+T | +SD +SD +SD | +SDX | +SDX | +SDX

Small Delay, NDF: New Defect-based Fault Model)

Ratio of Overall Pattern Count per Gate to Stuck-at Fault Pattern [3] x5 x5 x5 x 15 x 15 x 15 x 30 x 30 x 30

Estimation & Requirements for SoC Test Pattern (without Core-Parallel

Test)
SAF Pattern Count per Chip (k) 11 14 17 22 28 34 43 56 70
Overall Pattern Count per Chip (k) 53 68 85 334 416 510 1,283 | 1,665 | 2,085
Ratio of Test Application Time per Chip to 2007's [4] 1.00 | 1.29 | 1.62 | 4.24 5.29 6.48 | 10.81 | 14.03 | 17.57

Ratio of Test Application Time per Gate to 2007's

— Required Reduction Ratio [3] 1.00 | 096 | 093 | 2.00 2.00 1.90 2.65 2.65 2.65

Required Test Data Volume Compression Ratio [6] 30 51 84 202 314 496

DFT Methodology for SoC Level Design

DFT method in High Level Design Phase
(DRC: DFT Design Rule Check, TA: Testability Analysis and Fault | DRC | DRC | DRC | +TA | +TA | +TA | +TA | +TA | +TA
Coverage Estimation, SYN: Test Synthesis)

Application of BISR for Logic Cores

(AH: Ad hoc Method, PA: Partially Automated Method, LA: Limited
Use

of Automated Method, GA: General Use of Automated Method)

AH | AH | AH PA PA PA

DFT/ATPG Approach to Reduce Yield-Loss
(PA: Power-Aware DFT/ATPG, NA: Noise Aware DFT/ATPG, PA PA PA +NA | +NA | +NA [ +NAX | +NAX | +NAX
NAX: Extended Noise-Aware DFT/ATPG)

Embedded cores: Memory (SRAM)

Repairing Mechanism of Memory Cells to improve Yield [7]

( RC: BISR/BISD for a few Row & Col R/D, RCM: for more Row & RC RC RC | RCM | RCM | RCM
Col R/D, M: for More Sophisticated R/D)

Area Investment of BIST/BISR/BISD [8] (Kgates/Mbits) 35 35 35 35 35 35

Standardized High-Speed Memory Test I/F [9] (S: Some, P: Partially, S S S P P P P P P
F: Fully)
Core Integration
Standardization of I/F for Reusable IP Cores [10] (P: Partial Use, F: P P P P P P F F F
Full Use)
Standardization of DFT-ATE I/F [11] (LP: Limited Use of Partial
Information, LF: Limited Use of Full Information, F: General Use of Full LP LP LP LF LF LF F F F
Information)
SoC Level Fault Coverage [12] (AH: Adhoc, L: Logic, M: Memory,
10: I/O, AH | AH
A: Analog)
Inter-Core/Core-Interface Test (F: Complemental Functional Test;
PA: Partially Automated ; FA: Fully Automated) F ¥ F PA PA PA PA PA PA
SoC Manufacturing

Systematic Hierarchical Diagnosis (L: Logic, M: Memory, I:
Interface)

Supported Defect Type for Fault Diagnosis
(C: Conventional (SAF, TF, BF), D: Delay Fault Model
Considering Defective Delay Size, CT: Cross-talk, TRF: Transient
Response Fault)

Standardized Diagnosis Interface/Data in the diagnosis flow (ATE:

Tester Log, DFT: DFT Method, PFA: Physical Failure Analysis) ATE | ATE | ATE [t

Volume Diagnosis Data Base (SI: Collection and Storing Defect
Information (B: Bad sample, G: Good sample), AD: Automated SoC SI(B) | SI(B) | SI(B) | +SI(G) | +SI(G) | +SI(G) | +SI(G) | +SI(G) | +SI(G)
Diagnosis)
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Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known
Interim solutions are known

Manufacturable solutions are NOT known

Table TST3b

System on Chip Test Requirements—Long-term Years

Year of Production

|2016 |2017 |2018 |2019 |2020 |2021 ‘2022

Embedded Cores: Logic

Random Pattern Logic BIST

Area Investment beyond Scan (%) [1]

IEREEERNE R

Compressed Deterministic Pattern Test

Area Investment beyond Scan (%) [2]

Supported Fault Models by ATPG for Overall Test
(SA+T: Stuck-at & Transition, SD: Small Delay, SDX: Extended Small Delay, NDF:
New Defect-based Fault Model)

Ratio of Overall Pattern Count per Gate to Stuck-at Fault Pattern [3] x60 | x60 [ x60 | x120 | x 120 | x 120 | x 240
Estimation & Requirements for SoC Test Pattern (without Core-Parallel Test)

SAF Pattern Count per Chip (k) 90 109 134 170 222 258 361

Overall Pattern Count per Chip (k) 5,370 | 6,510 | 8,040 |20,370 26,640 | 30,990 | 86,700

Ratio of Test Application Time per Chip to 2007's [4] 30.26 | 36.69 | 45.31 | 76.68 |100.28|116.66 | 217.29

Ratio of Test Application Time per Gate to 2007's
= Required Reduction Ratio [5]

Required Test Data Volume Compression Ratio [6]

DFT Methodology for SoC Level Design

DFT method in High Level Design Phase
(DRC: DFT Design Rule Check, TA: Testability Analysis and Fault Coverage
Estimation, SYN: Test Synthesis)

Application of BISR for Logic Cores
(AH: Ad hoc Method, PA: Partially Automated Method, LA: Limited Use
of Automated Method, GA: General Use of Automated Method)

DFT/ATPG Approach to Reduce Yield-Loss
(PA: Power-Aware DFT/ATPG, NA: Noise Aware DFT/ATPG, NAX: Extended
Noise-Aware DFT/ATPG)

+NAX | +NAX [ +NAX | +NAX | +NAX | +NAX | +NAX

Embedded cores: Memory (SRAM)

Repairing Mechanism of Memory Cells to improve Yield [7]
( RC: BISR/BISD for a few Row & Col R/D, RCM: for more Row & Col R/D, M:
for More Sophisticated R/D)

Area Investment of BIST/BISR/BISD [8] (Kgates/Mbits)

Standardized High-Speed Memory Test I/F [9] (S: Some, P: Partially, F: Fully)

Core Integration

Standardization of I/F for Reusable IP Cores [10] (P: Partial Use, F: Full Use)

Standardization of DFT-ATE I/F [11] (LP: Limited Use of Partial Information, LF:
Limited Use of Full Information, F: General Use of Full Information)

SoC Level Fault Coverage [12] (AH: Adhoc, L: Logic, M: Memory, 10: /O, A:
Analog)

Inter-Core/Core-Interface Test (F: Complemental Functional Test; PA: Partially
Automated ; FA: Fully Automated)

SoC Manufacturing

Systematic Hierarchical Diagnosis (L: Logic, M: Memory, I: Interface)

Supported Defect Type for Fault Diagnosis
(C: Conventional (SAF, TF, BF), D: Delay Fault Model Considering Defective
Delay Size, CT: Cross-talk, TRF: Transient Response Fault)

Standardized Diagnosis Interface/Data in the diagnosis flow (ATE: Tester Log, DFT:
DFT Method, PFA: Physical Failure Analysis)

Volume Diagnosis Data Base (SI: Collection and Storing Defect Information (B:
Bad sample, G: Good sample), AD: Automated SoC Diagnosis)
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Definitions for Table TST3a and b:

1] Area investment of random pattern logic BIST consists of BIST controller and test points.

2] Area investment of compressed deterministic pattern test consists of controller and test points.

3] This shows the number of pattern count (number of captures), which corresponds to various fault models.
4] This is proportional to the overall pattern count and inversely proportional to internal scan data rate.

5] We set the requirement that test application time per gate should be stable.

6] The size of ATE vector memory is assumed to increase as fast as DRAM bit size increases.

71 Growing number of row & column spares, and both divided and shared spares for segments in the future.
8] The current BISR for two dimensional repair is limited to a few row and column spares.

9] Common interface of test logic embedded in memory hard macro for high-speed testing.

10] IEEE1500 is an example. Standardization of I/F for re-usable IP Cores.

11] STIL (Test Interface Language, IEEE1450.x) is an example. I/F should include not only test vectors, but also parametric factors.
12] A method to obtain overall test quality measure of SoC considering all cores; logic, memory and analog.
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Table TST4a Logic Test Requirements—Near-term Years
Year of Production [ 2007 | 2008 | 2009 | 2010 [ 2011 | 2012 | 2013 | 2014 [ 2015
Device Characteristics
# of Transistors (M) — CPU 386 486 613 772 973 1,226 1,545 1,946 2,452
# of Transistors (M) — Consumer 254 344 450 608 773 926 1,225 1,609 2,031
— - n
8;‘5 size at production (mn) 140 140 140 140 140 140 140 140 140
. - P
Chip size at production (mm~) — 64 64 64 64 64 64 64 64 64
Consumer
non differential data rate (GT/s) 2 2 2 2 3.2 3.2 3.2 3.2 3.2
Internal Scan data rate (MHz) 50 50 50 75 75 75 113 113 113
Single ended External Scan Data 400 400 800 800 800 800 1200 1200 1200
rate (Mb/s)
Differential External Scan Data
rate (Gb/s) 3 3 3 3 3 5 5 5 5
vdd 0.8-1.1 0.8-1.0 0.8-1.0 0.7-1.0 0.7-1.0 0.7-0.9 0.6-0.9 0.6-0.9 0.6-0.8
CPU
CPU total cores 4 4 5 6 6 7 8 9 10
CPU Unique cores 1 1 2 2 2 2 2 4 4
Percentage of Memory transistors 65% 65% 70% 70% 70% 70% 70% 75% 75%
Percgntage of random logic 59, 59, 59, 59, 59, 59, 59, 59, 59,
transistors
Percentage of core transistors 30% 30% 25% 25% 25% 25% 25% 20% 20%
Transistors per Flip Flop 26 26 26 26 26 26 26 26 26
Supplies per DUT 1-6 1-6 1-6 1-4 1-4 1-3 1-3 1-3 1-3
Number of patterns for high 6572 7003 8744 9524 10456 11571 12911 17828 20193
coverage SAF only
Total # of bits scanned in (same as 4 6 1 14 19 24 32 69 92
scan out) Gb
Maximum power consumption at 200 200 300 300 300 300 300 300 300
test (W)
Maximum power consumption at 300 300 300 300 300 300 300 400 400
test (W) — Server
Number of logic gates (M) 34 43 46 58 73 92 116 122 153
Consumer
Consumer total cores 32 44 58 79 101 126 161 212 268
Consumer Unique cores 4 6 7 10 13 16 20 27 34
Percentage of Memory transistors 83% 84% 85% 85% 86% 86% 86% 86% 86%
Perce.:ntage of random logic 29 29 1% 1% 1% 0% 0% 0% 0%
transistors
Percentage of core transistors 15% 14% 14% 14% 13% 14% 14% 14% 14%
Transistors per Flip Flop 26 26 26 26 26 26 26 26 26
Supplies per DUT 1-6 1-6 1-6 14 14 1-3 1-3 1-3 1-3

Number of patterns for high

10,795 13,760 16,875 22,800 27,055 32,410 42,875 56,315 71,085
coverage SAF only

Total # of bits scanned in (same as
scan out) Gb

Number of logic gates (M) 11 14 17 23 27 32 43 56 71

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known
Interim solutions are known |}

Manufacturable solutions are NOT known _
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Logic Test Requirements—Long-term Years

Year of Production | 2006 | 2007 | 2018 [ 2019 | 2020 2021 | 202
Device Characteristics
# of Transistors (M) — CPU 3,090 3,893 4,905 6,181 7,788 9,812 12,364
# of Transistors (M) - Consumer 2,633 3,205 3,973 5,049 6,623 7,714 10,816
Chip size at production (mm?) — CPU 140 140 140 140 140 140 140
Chip size at production (mm?) — Consumer 64 64 64 64 64 64 64
non differential data rate (GT/s) 3.2 3.2 3.2 3.2 3.2 3.2 3.2
Internal Scan data rate (MHz) 169 169 169 253 253 253 380
Single ended External Scan Data rate (Mb/s) 1200 1200 1200 1200 1200 1200 1200
Differential External Scan Data rate (Gb/s) 5 5 5 5 5 5 5
Vdd 0.5-0.8 0.5-0.7 0.5-0.7 0.4-0.7 0.4-0.6 0.4-0.6 0.4-0.6
CPU
CPU total cores 11 12 14 16 17 20 22
CPU Unique cores 4 4 4 6 6 6 6
Percentage of Memory transistors 75% 75% 75% 80% 80% 80% 80%
Percentage of random logic transistors 5% 5% 5% 5% 5% 5% 5%
Percentage of core transistors 20% 20% 20% 15% 15% 15% 15%
Transistors per Flip Flop 26 26 26 26 26 26 26
Supplies per DUT 1-3 1-3 1-3 1-3 1-3 1-3 1-3
Number of patterns for high coverage SAF only 23025 26426 30524 37458 43706 51278 60479
Total # of bits scanned in (same as scan out) Gb 123 167 228 353 490 685 965
Maximum power consumption at test (W) 300 300 300 300 300 300 300
Maximum power consumption at test (W) - Server 400 400 400 400 400 400 400
Number of logic gates (M) 193 243 307 309 389 491 618
Consumer
Consumer total cores 348 424 526 669 878 1023 1435
Consumer Unique cores 44 53 66 84 110 128 179
Percentage of Memory transistors 86% 86% 87% 87% 87% 87% 87%
Percentage of random logic transistors 0% 0% 0% 0% 0% 0% 0%
Percentage of core transistors 14% 14% 13% 13% 13% 13% 13%
Transistors per Flip Flop 26 26 26 26 26 26 26
Supplies per DUT 1-3 1-3 1-3 1-3 1-3 1-3 1-3
Number of patterns for high coverage SAF only 92,155 112,175 129,123 164,093 215,248 250,705 351,520
Total # of bits scanned in (same as scan out) Gb 60 89 118 191 328 445 875
Number of logic gates (M) 92 112 129 164 215 251 352
Vector  Multiplier
Fault Type Min Max
BF (Bridging Fault) 1.3 1.3
TF (Transition Fault) 3 5
SD (Small Delay) 2 40
Table TST5 Vector Multipliers
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RENIRENTND, T —H L —hDOfF SRR ONE, 13Gb/s 2R 7213 1FEAE DB T84y —

AXT T HTHAD,

ZOD 2, 3 FEOMICT ANB L OGS E L, MR VT DT AN FEICB W CH R LW R
R TET, WLOMDOT AREE A— 71X, 6Gb/s FTOREDOE L I —RL~)LTHA S 7k F
EERAELTERY ., o A—BIIBEIZ 10Gb/s O FIEATREL TD, WO OT ANEE TIED A
A AN = O TR X AV H:f\‘jté“@&%éﬂfb\é LINLRIG, LU HER Y X R T AR, Eil
FENRNET AN EEATHE A TAND AL —T Y NIZL D538 T, T AR AN FFENED R CHRIRGREE
7275, FEARM IR IR E wat%oﬁﬁ)ﬁﬁ% 1%, 2007 AR T ANEE D 6Gb/s £ THOT ANFENHENLSH
HRELZIDINERIREZATHD, bHA, TANEEDOHE ER(NAT R PHY 728)R—ME E
RCRY NI =T AL T2 7T IRA RV EETRNTLD I 720 B iE, WO THOIFET 5 TH A,

B O RS CREE T ANTIEIL, BN T U2 —T Ry 7R @ M RE T ANEE OY 7 —
RF9E, TANBE L, T AR —R _EOREIET A 2005, BN RE/R N #s £ T, IAWEZ £, i
LOT T a—FIIENLHIME DG REZRON, EORELZFZWNT OO FIEAITZHEDIZL T
W5, R—RAZ1%, DFT IZE AT fJilkicxt 35, 7ANEE LA 4T 2 —ADaANTHD,
DR ORI ROFF RS, 7T ANFIEERIRO EE R EER 22D,

TAMEZHZ BT 2L O DOMEIX, A TF T DAATAT NIV IELHEHEIN TLEZETH S, £
(R3S AT DA ARDBIZRERF 9572012, FR-4 O X572 EAMik& 7V Mal i FEbR (PCB) R BT EFAS
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R, TV TV AT T T 7 U ARIEGNATA Y IZAGNT X T T4 T AT, /L F Ll
YA=T AT IRED OO THENFE P ThD, ZTNOOKREEZ T AN DITIE, T ANMEBRITH/LD
INAFVTF —=H DA B IAZRRR B EL L TO U HOFEACHIELL EDZ 21T TE b
VN, ZHHDOREREIC K15 DFT & BIST ICRIL . TRV S EELSND,

WIS ATE A—13, B EE LR — MO R R RN —RAEHERF T 572010, 2R —MOX e Y
koL —hOFHAIZEZ R, HIEY 7 =27 2 S0 TENLAT ANEB IR AT 5. BARLEISAD
Nb, — 5 TERITARER TIEIZOWTIE, 2ANMIERROLND, BHIZI, MERRICEE T2 /3F AN »
IIRT AN L0 N—T&E5I512, BEF®O DFT #aE% . BUR OB e PLEL e v by — 7 R
(PRBS) BIST FELL EOLDITHEIET DM ENH 5, AT 7 PIEE-OMIA g% G HRFE TE AL
A7 F T OTANEBEIFTHIENTRIND, AT T AT T T FIERENENE DE %
ZTEF O DN RIFEHNCHAR THH0NE, REL TR FIETHS, HIETRET A aAbDR/IMEE .,
2T NAADRN RN T AN THD,

THZL L I

|. F—SEREEDEN — KELEEDI N 2—F X NT—IDT TV r—ar Tk, 0~
Ve BT 2= AD RN EIFEE O AR — A% o TND, AL TR K IX 6Gbps B2 D&
HI R A CL B,

2. A—PEDEN — IKEF CMOS $H4fté 1B/ NMERAL T, KB ASIC & SoC O EEFED
A[REIC2 D, 2007 AEHILETIE, 100 ~SXTIZD 1~3Gbps N7 L —TU T IA LT LT TAH
(SerDes) 73, oD 7 7V /r—3aTHHILD, 2008 34— MY 6~8Gbps T 200 <7 A %
Do LML SLL DRI Tld, R—M&IIE 40 X7 0ZNLL FICHIRENDTEA9, ZD XS
R—MENE 2 A& AFFE A EEE 2 H I PE R D rack-and-stacks FiEIIfE 2 72<72 5, /L F R —F ATE
R TlE, H— s CHVRD RED VI T VR — N VT 50 B3 55, F72 ATE A—1%, Z
D EfRR D=2 S OB 2 U TE 7208, I ANIIEEREEER D=2, Bpb %L D5
BB THD, BlZE, ZER—bDOT —Z AR — D#G D 2 T AR IFER— A ET —
ZNFEIEAT DM NS D, R—NEOBEINEIT AN 2 NS5 2 £ — g B E L C
T OMIRPEETHD, FRDOIIT, FEFICEZLDOR—NMIE LT D7D O — kN7 ik
%, B DEZATICY T N T AN ATHEICT D DFT HiffiLikit~—0 200 T b, T ARG
= DRI OZ L, TV r—ar T el E DS,

3. IRPER — BRIIZ, VT FHE YR b — N E, BV VMR AEE B iR D 7
WIZHE DL T, B CEM TR~ — U T NAAREL TR SV TV, (K AN TIRE /1D
CMOS ~7at/L DB AZLY, FH A~ e BT 2— A%, KEAETE, ZMMi72(FIIEILHL
IR)T INAARE L CRHBISNA L7~ TE T, R —MEMR N2 TR, [FIRFIZETOT Y T LR —
N T ANTEDLIARNRD B ATE fRILIRN, BEEIZIIR IR CTH D, MERELEFEEM O E DO~
L—R2 7L SerDes 7 /3N A% 2 DI FETHILITIRE T D, D2 OO EEIL, mEREL YT L -
o= REEER X~ I D~V Thd, H5XAT DT ANTIEITT AN RIZEES
WTBRIRENDRETH D, EMERECR FEBED @ BE R OB L, Mk IEEIK T DT AR
TEL, LHNCLERSNTINAT VR T AXN L DT AN FEEZ — R A RRICL TV D, {EFE T
%2 DFT #itr-ofth DKo A M2 7 A ML 15T SerDes DR — MUk 2 FEMO R F 72708, 8L o
SERRATIS, T A THEBE DT AN LW EBIRWFEEDNRIZICH D, HfitEZnET iz o T,
FRE DT ISAADTAT Y AT AT KEFL 2> TND, TOFEE . DFT Z RIS EEL 7= AL
L7c0 T 2281388 2 HEL R0 b EAL2,

4, EGHERE — FEEas CRATHIUVXIE, EEROMEERIET HEERER THD, Z<D
SUT NI TR TIL, V4% deterministic & (DJ)& random 27 (RN 531 AHE &N B A s
AL TCUD, peak-to-peak ¥y X ITFEDSEARNT T ADORERDOBEEIL, total P2 (THOBEEIZE ZHLZ 5
NTETWD, AU U T AN ZICBITH—FEDE v hxT L —h (— %2 10") IZBHRL TV, F
TN EFHNT, — BB DY A27/LT cycle-to-cycle ¥ # X, peak-to-peak ¥, RMS v &%l
ETHN U RbHD, ZORURIE, FEFICHORH T2 DT — 2% EET 57y 7 7 ELT
RWICEBRNGD, Fo, Vo FEIITIEF A2 7 F N AT T VT 4 BRP MBI/ 5, il
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T, JED R SR ZANTE T~V YEFAIZADZE T, Iy IR AL I T — 2 S A OFEF T
HIRE X, Dy AREICBITHL) OO EN L2 D, ZIUIMEFIHEROT YTV PHY (M)H
&)Y v EDEFREBZ TND,

5. SWEFFETAN — UvHHFRT AN, EvhTT L —RNBER)EH EDOILHIEE ME MK F 5
A, LY =R RTEDLANE OV ZDESNWERIETHZETHS, 2T —/3RX)D
i /A X B T2 EERAMERR T D, Vv FHFRT AN I T HITIE, EEIN AT, Vv¥
h T —HAAN) — AZEEIZA N LT TR E7e0, RS Ty FRXOT7 —F% 77 F ¥
o TIL, LI — N AR RZENT D701, BIDX AT D2 INVBE I8 5, IEEIE o 2 D3
722, DI/RI/PY OAEAHEOEZET DI HIUL, —EE DY A2/ T peak-to-peak 27 F7)»
RMS Vo2 LInHbH D, ZNODORTORIHD Y v &% AN TELFEEALSI N FHIEZR 1.
ATE EFUCHAFZE IS E O EFITH D, LLZSIE 2 FERIDOFHE T, AFFE S E ORI
BT, JOFHATREZRIRBEL 720 1R TUND, A DEE I TlE, 2270 ATE RN B FE TRRT A
MZBITH, L— ray s K ONTF —ZICAR AL TOv A &I 2 B A REME AL T, 2,3
FERINOD KX IR THD,

6. TRMNEEDANLPE — TARAAREHBERH DT ATE 23T AMNE BAIZ 7V o Malg b=,
ORI HRIAE IR ENEEND, BB PE KL COR—MI 4L, RERBEELELALEWEE
B EIRAE B A B AR A DEENT, T AN T SACB W CEHOF 12725, WoTlzAfE 5755 10Gbps %
Wz 5L, TAMNEEOANURIESERIL 20GHz 12T 5, Z<DHE . Ny RIEIEME—DORIETIE42L
FEFRISE N EIZ 2R EINCREZI2 B2 KT T, L)L, ZOSRME T3 ZEMN ATRE 2B AR 1T 2}
G, PESRD DUT oA L T BET — MO BENTZFNCH D56 O L OB T
BT ES TOREETH S, T2, Vv e = — T a—T 2%, v /VTF X~ T ANT
BIL CIRAIZ2 SV RIER ML R 7 D385, ZIVHIZOW I FEITH IR DML ETh D, il V7
RO RIEIC B BRI ENRSITODD, LW E S RIEY A7 SO SRS HIFR E B 7B A A
A ZIZANT TRV EN TS, REDRIEASC — B War 2 7NE, TAMERD /T F R0
RO L L E B SR TREZICEORETH D, Tz, MOBR R CHOIFHREEIL, VbR
PCB o — T R0 x2St e 2 CDOU T F N AE LI 2L —2a TR0y — L AR LT
WBZETHD, JEWT —H L —FDORIEREEIZB T, TANEEN G2 5 EZBERE, RF
VAT 2 —T DT TV —a DIHEER DI N U B LIND, T~V A BT 2= A%
T AT NN, o HRRICBEE T 2 XA LR A - Baray s U 7 BIND0, 7 ANE B O 2% 1
RS ZEIFR S Tl TAMBEE O /S URNIE | (AR OB LI T 212, TANR—R Lo¥)%
(BRI IZ DN T, WLODDEE SN2 ENTE T, ZHUE, 722 T AR LG I D28 oM fER
FLRUTZELTH, KW o209 NS B2 5 L 72 DT A,

7. [@FEME — UTIVBERITOREOL S —RF, 7ayrR0F —F AN — LS 7 ay 72 F 9
72 DT —2Y ]V EF(CDRYZ AL T D, U ARV ENT-T — X DA ARIE, RICT NA R ED
R—FNOR—FDBEN TNDER S E T, WIIIRE DUy NETIFREMZH 5, AIZIENRKEN
ZA Ty 7 ORI TR NARR ERS T L — D IEZ T o T, ZOBTER 2 T Y |2l e &
BHIENMIELIND, ZOFE T, fiT, HLWY ATE O A —ROfFRE THE TR0 B
HERNH T,

8. sVFRU»ZDFT Af B2 Z2DFT — A £ TR T 773 a2 DFT [, SerDes £~ —
IVHIZEITENTET, A F v 7" BIST Id, f#LAAELL T % L8 v ke AR — A (PRBS) % A 45 &
BER fiH 2R T EITHERSN TS, L, ZHBITHERET ARD DAL — V1T 2 2 TD, (AH
NV B RLEIEL LD EHTR) T AN w7 « T ANDHEINT 2, L, B T2 AT L Y
{bDITFIEEEHIZET, VX O BIST A EL LT AR Y /RT AR w7 DFT 1330372 3 A=
LTCETCW5, X HO BIST B EL LT ANL, RIEFICERETH D,

9. AIAFARETFTI—F 0 — TV TV A LY —DAaTA X DFE 72EDXH7 X0 EE e
&AW T T SEORBIL, 7 ANE R E /D 2 A7 D E BT R Em T s 7 Ak
DR A~ EEAERNE L, BRI Z2 AT — R — e D= R —Z ISV T DR R IE, L
= N\ATTARXE DFE T ARNEZ D N—TE720, B . AWG (ZHD SRR R IT AN RIEDMEL
JOEMTHALZERN D> TS, hTVAIVH TV T 7 Z5HE, b hL s — " aF (4 X T
HEe_ENLL DT AMEIRFE S O,
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Figure TST7 High Speed Interface Trend

AEY

AEVBNVERE[GREE: ABVARENL, 2—T OB > Tr—R vy 7OV EZ T 57259,
2007 ITRS ORTC 7—7 /L%, 3 4450 DRAM 77 /0y ~X—R | ZHOWCHLE EORIEZRLTWD, £
DEI72, BAED T AAAO RV ML, 2005 FER—F <y 7 LU TROMTR> TN D, A
FEYRT =V T OfkfGEIL, & - IRFERSCZOMOMEL DL — 8O A ERT D, AEV VO DT —X
L —NM3HehE DRAM (2B W T, D AFYZ AT L Ca—R~y 7 2R ICES TN 57259,

SESERATVHAT IO INT =~ AL VB E O R E R F 2T D7D, RAEVIL2007 FED
T —7 L TSTé6a |\Zfl & Zi7-, DRAM (%, B—R~v 7 %lL T /0O /T4 —~ 2 ADY—H ThHOET5
7259, — T, NAND 77  alNBREIZBWTENZ HD D249,

BT DAY T AMRIRIL, T /31 A2 A7 (DRAM,NAND,NOR)% %} B (2L T e, 23, IRIT DI ES
FRAFRVZA T CORG IR EE T OERND, FFZT 2 — T AMERED T ANEERIZEB W T, Kk
HOMRPRIREBRONL T TND, SESFRATVZAT RO 1/0 T —H L —bDZ RIS, T 4—~
VAT ANDTZDIZ, OED DRI ANMER K DB AL T 57259,

DRAM

DRAM A&, 3ET LI 2512725 AL B, VO X7 3 —< U AT EN0#ET 57255, DDR6 T
F—H L — T RT5 2007 FEEE OB DRAM E7 /LICH-3<E, DRAM 1E 2022 4E121% /0 fi5 8.4Gb/s
DF —HL—NMIEET D, b L DFT A7 By e~ /L F Ao —a T AR AN i/ MELZRW R B IR,
AEVREBEOINE, T AATANMEM ERLEE VO ANV —T Y N R T IR D820 57259, KR
H L AT, gL, L DRAM IS BEEThD, T ANMEEMNZYEIET 5720 T LW T ANME 7 —% 77
F ¥ DEREIND, v /VFE w7 AN, BIST, BISR(built-in self repair)23, ZEpEA/L— 7 NV O
PRI R RIT72 57259,

HE 7 ANER LD T ANDAFUIL, TANIARNEE I T 5720120 — R~y 7 THNR0 OB ER
SN TCWD, LA DRAM [T R O Jeii DRAM X0 1/0 B R —R238 W, 2Gbps PL_EOFEI T,
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TANr NI O —T T =R R T %) DUT A X T 2—ADL T F )AL T T VT A DORIEN D
%o TANNYR®T20 128 fHLL_EDRIRFAIE DY, BREINDHA L H T =— ADOEAMBHED T2 D I ZFREIZ 725
7259, VO B L —RDO/R\T p—< AL, BPEE Y — R0 7Kl 2 (5127257249, HV 1/0 Bk

—NE, RO T AZIEE Z IE L EFRT D HTIEICOWTORREE 2D, 4,8,16 B hOARKERIZR /0 /3
MRIE, ENANT SARTEE SIS 32 B SRR THiSES Ve, KEDPLH DRAM O/ NAIRIL, IE1E
#6#@/%@%2‘2 XD, B—R=y 7 OOV AT, 32 BB IO ITBAE LIV, DRAM 128
B FEERETE T VI, BV OME IR, B OSSR, T o — X B R, T — Z PR R
THVEHTHIEAD, 65nm LFINLL T OIS A X5EI Tl LB DDA T4 TO R
HN AR A R85, A TAL TORMGE=ZI T T, R =— ~DIBADBET S, To— Y —hE
I =T ANDT ANERIE A LB ICHERF CEHI LI D,

Tz

BT RDE NAND 77y =it | 2 LIV E[GRE T  ATVRE] D 2 (512720, D% IO
HITROEL T 1.5 T LI 251272 D759, 1.5 FEOFEHEIL, W< ODPDBAZAFIZDONTH—D R
FVRINRFESNDE Y I OE (1 F213 2 25 DI 7= | GBSV 7T 7 40T 7 /ay ) —K
DBATIVEBITHL 257259, EOT 7 /a T, NAND Ov/VEE L —%AIZ NOR @ 4 T
HoTm, TLTEERDL, TR U RIFFKERIATN TWD, BDETIERTOM AL, I KEREERTT
FT—REFRLT, 1 AERVEAHTZVOE Y MEINZ FIEEIZT %5, NAND ANABEIXELLT 8 BN ThYkE
FCED, AR TIE 16 Ev b D,

NOR AEVE&EIL, n—R<vy 7 OMRZEL T, 3 F5El J%Eﬁﬁ“éé:%*ﬁémz) 2005 FEZDHID
n—R<v7 1, —HLT 3210 NOR # /L Z7RL7-72%, 32 /O NOR B IL, 2007 ED—R <7 B EL
DERA7Z, NOR H 51 8 7> 16bit [SHEARIE RS D23, 1/0 @iﬁccivu T IVIRAL = LT NAD BEEDT-
OIZERIe D255, N7 — 215 B3 1L, FLA A G THEHINALDE W ASIC 7/ 3A AL 222
ARBIZOIT, v— R~y 7 OMIIZ, 533Mb/s ETHIINT5E T HIEID,

NAND & NOR 1%, 7—F77F =0, i H B, Z?Efuy&@#&b%i;%fxéf:b\ [FC7 ANFIA

—RHNZEESZ2, LML, NAND & NOR ®/<zo>$aii TR R D & LTI Ap > TETEDY,
Senal Peripheral Interface(SPI)/NACHLD TV T )L/ ATE T, HIAZ R iEE BEIZL TS, FIEICE
DRI T2 AR DINAGZ AR LT, NAOFHEA| iE ZIRMBHEbND, 4aM Bz 5
JVEEETCIL, NAMRIZ 8 E YR 16 EY IR EF THDH, 32 B NAED NAND 13, 2007 FFDO—R <
TN ES T,

HNEAGEIED 3 [E1D 8 [ENM BN RENE L O ML EMEIL, AyholL Zhpr X
Fowler-Nordheim ORI AN = X LIZIDIBWNL THIELTHEEDbID, IKETF /LD U RIZE- T,
BEA AR BIE DM RS E D) RSN D72 59, LU EIE IR TR EDEIRIT—E T
HOHZENERSND, A TTEEOIK TICLD | FEAET ZZ QA ff RIS IXEERIZZEL TWA, T2
HOFERITHTLWFEN MBI D,

V=T ANTIL, 7\ —U T ANIE ORI — AN E LSRR, LIPL=T— R, =7 —fF
Breo, BFED TRTIHMLELEIND, 7TV a iYL MORATIORT YT T NAAEH—D /Ry r—NIZ
A ERDFEIEREA 2> TETRY, A% LK EEDbND, 1| 2O —NITEEOTF 7133y
=T ANDEREGHETL zg&émx V5L DUT BIREITIE 2D, 7T vy 2 AE) DT — A ln sl
LIy R IIIE KT H72590, He S EE O ESRITITMR AW ZERE A R D BTN D,

PYEEATY

Wi DRAM OB MEIE, ILH DRAM & NAND OFERERIZEDRWEAD, T a7 V7 —h-
TuRACBITERY Y7L DRAM DR Tl EERBOHEITAAR /A X' AT 7 R
TS, 100nm B NFZIELT O DRAM N—7E Y F Tl A2 T4 > D Rk AN B R D 7212
RRIRIZT2D,

P Flash AEVOE Y M, IR BIRAICRIINL . B =R~y T O®%EICIT, 2 FmE102
27257259, KVZL DT /SAZH DRAM & Flash A€V Dl ;&G L7259, BELIEOEHEN:, B2
T T DR BEOB — EAL — RE(ONOYD A — U 7 RN, KT Ty 2 AT CHE
IR LFITIRDTEAD,
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AR 1 BISTSOALA A O R HAT [ FRE 1 BISR ]I, PNJE DRAM RN 7 73 2 AEY DT AR,
EFEAN—T o MO DHERF I ZE 725, NIE DRAM TIXETOT —XIZxt T 5~ —F T AR
B THDH—T7. 779 a AT DA T AT VAV ANT, G T A AR —T REIAT Y AZ—T R
HETAAX—T THOET . TANMIRBIT D00 OWFUER ARV B VEE[RET : ATV R E]DOH
IMTCEE T 57 ANANL—T N5 128 IZHERF T AT I B ESID, WO DE, 2 /SAT AR
FIET, vV ENBAEVERILT AX CTT AN HE0L I AN R A2 LT T2 A E AT TS,
2 MRATARNFIEICBWTC, Vol liiny vy 7T AL TAIZEVICT ANSNDE— 7, NB T 7y 20W
Ji DRAM [ZAFYT AX TTANSINIZDREE SN0 T %, Wik SRAM DT ANERIZOWTCIE, AFED
PR~ Ay a T O THI T A,

Table TST6a Memory Test Requirements—Near-term Years
Year of Production ‘ 2007 ‘ 2008 ‘ 2009 ‘ 2010 ‘ 2011 ‘ 2012 ‘ 2013 ‘ 2014 ‘ 2015
DRAM Characteristics
Capacity (Gbits)
R&D 8 8 16 16 16 32 32 32 64
Mass production 2 2 4 4 4 8 8 8 16
Mass production I/O data rate (Gb/s) 1.1 1.3 1.3 1.6 1.6 2.1 2.7 2.7 3.2
Performance I/O data rate (Gb/s) 1.9 24 24 2.9 2.9 3.8 4.8 4.8 5.8
Mass production I/O width 16 16 16 16 16 16 16 16 16
Mass Production CLK rate (GHz) 0.5 0.7 0.7 0.8 0.8 1.1 1.3 1.3 1.6
NAND Characteristics
Capacity (Gbits)
R&D 64 64 128 128 128 256 256 256 512
Mass production 16 16 32 32 32 64 64 64 128
Maximum I/O data rate (Mb/s) 0.05 0.05 0.05 0.066 0.066 0.1 0.1 0.1 0.1
Data width (bits) 16 16 16 16 16 16 16 16 16
Power supply voltage range 1.5-55 | 1.5-3.5 | 1.5-3.5 | 1.5-3.,5 | 1.5-3.,5 | 1.5-3.5 | 1.5-3.5 | 1.0-3.5 | 1.0-3.5
Power supplies per device 2 2 2 2 2 2 2 2 2
Maximum current (MA) 35 35 35 35 35 35 35 35 50
Tester channels per device 24 24 24 24 24 24 24 24 24
NOR Characteristics
Capacity (Gbits)
R&D 4 4 8 8 8 16 16 16 32
Mass production 1 1 2 2 2 4 4 4 8
Maximum I/O data rate (Mb/s) 0.2 0.2 0.266 0.266 0.266 0.333 0.333 0.333 0.4
Data width (bits) 16 16 16 16 16 16 16 16 16
Power supply voltage range 1.0-5.5 | 1.0-5.5 | 0.9-3.5 | 0.9-3.5 | 0.9-3.5 | 0.9-3.5 [ 0.9-3.5 | 0.9-3.5 | 0.9-3.5
Power supplies per device 2 2 2 2 2 2 2 2 2
Maximum current (MA) 150 150 150 150 150 150 150 150 150
Tester channels per test site 72 72 72 72 72 72 72 72 72
Embedded DRAM
Capacity (Mbits) 256 | siz | sz | siz | 1024 | 1024 | 1024 | 208 [ 2048
DFT BIST/BISR
Embedded Flash
Capacity (Mbits) 64 | 128 | 128 | 128 | 256 | 256 | 256 | 512 | s12
DFT BIST/BIST/DAT
Embedded SRAM
Capacity (Mbits) o5 | 1 [ 1 | o ] 2 [ 2 | 2 | 4 [ 4
DFT BIST/BISR

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

Manufacturable solutions are NOT known ;

Table TST6b Memory Test Requirements—Long-term Years

Year of Production ‘ 2016 ‘ 2017 ‘ 2018 ‘ 2019 ‘ 2020 ‘ 2021 ‘ 2022
DRAM Characteristics
Capacity (Gbits)
R&D 64 64 128 128 128 256 256
Mass production 16 16 32 32 32 64 64
Mass production I/O data rate (Gb/s) 3.2 4.3 5.3 5.4 6.4 6.4 85
Performance 1/O data rate (Gb/s) 5.8 7.7 9.6 9.6 11.5 11.5 15.4
Mass production I/O width 16 16 16 16 16 16 16
Mass Production CLK rate (GHz) 1.6 2.1 2.7 2.7 3.2 3.2 4.3
NAND Characteristics
Capacity (Gbits)
R&D 512 512 1024 1024 1024 2048 2048
Mass production 128 128 256 256 256 512 512
Maximum /O data rate (Mb/s) 0.133 0.133 0.133 0.133 0.266 0.266 0.266
Data width (bits) 16 16 16 16 16 16 16
Power supply voltage range 1.0-3.5 | 1.0-3.5 | 1.0-3.5 | 1.0-3.5 | 1.0-3.5 | 1.0-3.5 | 1.0-3.5
Power supplies per device 2 2 2 2 2 2 2
Maximum current (MA) 50 50 50 50 50 50 50
Tester channels per device 24 24 24 24 24 24 24
NOR Characteristics
Capacity (Gbits)
R&D 32 32 64 64 64 128 128
Mass production 8 8 16 16 16 32 32
Maximum /O data rate (Mb/s) 0.4 0.4 0.533 0.533 0.533 0.533 0.533
Data width (bits) 16 16 16 16 16 16 16
Power supply voltage range 0.9-3.5 | 0.9-3.,5 | 0.9-3.5 | 0.9-3.5 | 0.9-3.5 | 0.9-3.5 | 0.9-3.5
Power supplies per device 2 2 2 2 2 2 2
Maximum current (MA) 150 150 150 150 150 150 150
Tester channels per test site 72 72 72 72 72
Embedded DRAM
Capacity (Mbits) 2048 | 4096 | 4096 | 4096 | 4096 | 4096 | 8192
DFT BIST/BISR
Embedded Flash
Capacity (Mbits) 512 | 1023 | 1024 | 1024 | 1024 | 2048 | 2048
DFT BIST/BIST/DAT
Embedded SRAM
Capacity (Mbits) 4 | 8 | 8 | 8 | 16 [ 16 | 16
DFT BIST/BISR

7T eI IR T F v

H—F 7128 DA (SoC) R H — /R r — I BT A A (SIPIC LR F I BB A2 591 T&Te,
TOLEHRIT. T8 T us B, Sy 72T BEXOY RE/~A 70y = — 7 [l iR &85
H—D /o —2 HA5NE. LIXUIER —F 7 BT A S Y CTRETA, 2oL Rk, B—
WAL DA L AT 2 — A SR L . ZNE G 572012, T AZ D% T HiHER DO S8k &2 B 725
L/VC‘I/ \éo
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VIRV T FNRT F T T AN EL 52569 —DDEE/RN VR, v VT AT ANBD D
[TNTL VT AREG M T IND)DRRF I 72 W BETh D, N TV T AN R —R 5121, 7AN LD
ZN—T M G T B0, BAL BT = — AT L THEBR D L L DF ¥ DL B L7
Do

TINARYBO DAL BT 2 — 2D, HDNERIRFIZT ARNSILD T AR OEENNT, VT /VH A L
(LG RE T —Z BEDOHNMNEL, Sy T AL T F AT FuaZ mBNs0FNs0T —21%, /T 44
=T w7 [ERE R FERERIY ., TRbb AR/ T 2 — VA EZE RSN, EOEITHY . T /32D
FEPET DI LENR TR 7B, ZOMETT AN TRRO ANV —7 v e @< HERFT 5720
(2, DT IVEA WA T2 bs, HDHWIIMMOT AN EZIT> TWDHDOEIFTL CTIT2b st iudes
720,

Lth . T AL FHZR O HIRNE, PERE, B HDOUVNIT — X ULBRRE 1T, MR A T D70
2 B BRI &N n2 0y, o b KERB(LAEIL CWAHEIKIL RF/~A 7R T x—7 ThHY,
ZHUTRIOISI U Ei TS NG, YT AT T ILT NAADTZ D DT H L BIOE R T IL~D
FRIT, oYy TOESREFICTHY, ooy 7HiCilEN 5,

KENIT T T Ry I AT FNDTANERIZE ST 5, Iy T AT F NOT ARNERT —7 /L TSTTa
BIOTSTIb X, FFEDT IV r—rar kbl 7AZEHIZRCE B2 S bE WD, TAZEHHIZR T LR
UIXT AAADOOED L, LD EZ I /3= BE— D7 AZRERL CTH 43 ICF H ATRE TR U7 672
W, ZIPZEED IR AKX, DEOFH R OFRS ICENSND, T aZ oAk
PEA~DOERIL, 2 DOV TRA3 TS, B, Iy T AT T IVT AE D FEARE) ThAKBROAKE 1 2
ReENAZURANTORBEEOE R E R THL, 22T, ZROETIRIy 7 A 7 Vg~ 2
KX, ve—R=o 7 ICRBITAMOEeT — 7 L EF#EDITH D,

2 DOEHEIRINVRRETOND, — DO HIL, @URTANMVEERMETHZETHD, 20T rr
VI AT F DT ANIHERRINAT b D, ZOTT NAADEE TG TOT IV r—a ToN
VRIEC O fRREE i o T, ERE G B E AR L T T2 HIERORE N 2 BT 5, D HDOEE /e
LRI, 28T LT ARORRENEZ | GHAIZR DB E LT L VT AN R EHER Sa T AN T DR DA —
N—~y RO BB LIRNE, EBA[REETDHIETH D,

TASFHAEZR DT ¥ 3V, EHES, T U CTHRE IO R U R Id Rk 32 LB o3, [RIFEZ, 7 AR
DOIAANTEIRS 2T UL 72 D72 (T RED BLLEI A 2 R), 7 s Ry 7 A7) /L@ DFT <° BIST
FAIFTEINTND, HEREN—ADT T 0l T AND N GES VA FEUIFERE T, ZO0BFIZBIT 5%
RO EE T D, 71 BIST IZfROBEHRITHY | e B e A28k e L TIREIN TE, 7 A
NI ZR DO BMES AR, DV NI FHAER 2 AN ST HE R 2 FAGR D 5 LR S0 S L B L S AT
e

L A

1. TG ~OFA LV N BIOREEDOZ A LV EUOBEIT, 77— AR V3 TH457
T ARDYENEDFE S TODLEEMEE R D CND, T s Ry I A7 NAOT AR L, T AR
i 0T ANFIEZEARD THHEEIZL TN D, /AR G5 EoraAb—7  fHnsizlalEg, n—K
R=FEHOEMS, BT AZON—RU =7/ 7 =7 ORIE T, BUEDOT AR D 7 1
TRERT Y 2 — VN KIS IR FESTLEY, TAMRAR O o AL, EFHIENZ2WEHIT, XY
L K BEMbEn AR b20, BIZIE, 7FHad Ryl A7 VO R AR/ T AR 1P 2
RKOHILTVNAS,

2. TRTCOTIRTRyIAL T FNOF v TITH LT, /TP A MBI LR RFT AROH 5
6] B3, 7 AR O, G TR A LV—7 vk B 2L CT AN AMERO 720 124 T
&b, DC G ed X TOT AL EROFEEIX, R AL SHIE N FTHE T, fE KA R 57
DD DSP 7 /LAY N(FFT 72 &) DY) 7wl WA T ALVBE 2N v B T vy r v B35,
IZIE, ZNHDORIESRICBIT DT v R BT DOITANI T A0HET 72T U570,

3. FRROBEB1IBLIOHEA2ZYVR—KT 57207 al /Ry 7 A7 /0@ DFET 8L BIST @
WENVLETHS,
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Table TST7a Mixed-signal Test Requirements—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
Low Frequency Waveform
BW (MHz) 50 | 75 ‘ 75 ‘ 75 | 100 ‘ 100 ‘ 100 | 100 ‘ 100
Sample rate (MS/s) Moving from Nyquist sample rates to over/under sampling sources/digitizers

Resolution (bits)

DSP computation to 24 bits,

effective number of bits limited by noise floor

Noise floor (dB/RT Hz)

155 | <160 | -160 | <160 | 165 | 165 | -165 | -165 | -165

Very High Frequency Waveform Source

Level V (pk—pk) 4 4 <4 <4 <4 <4 <4 <4 <4
Accuracy () 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50%
BW (GHz) 1.6 1.9 2.25 2.7 2.7 3 3 3.75 3.75
Sample rate (GS/s) 6.4 7.6 9 10.8 11 12 12 15 15
Resolution (bits) AWG/Sinet 8/10 8/10 8/10 8/10 8/10 10/12 10/12 | 10/12 10/12
Noise floor (dB/RT Hz) -140 -140 -140 -140 -140 -145 -145 -145 -145
Very High Frequency Waveform Digitizer

Level V (pk—pk) 4 4 <4 <4 <4 <4 <4 <4 <4
Accuracy () 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50%
BW (GHz) (under sampled) 9.2 10.8 10.8 12.5 12.5 15 15 15 15
Sample rate (GS/s) 0.4 0.4 0.4 0.4 0.4 0.6 0.6 0.6 0.6
Min resolution (bits) 12 12 12 12 12 14 14 14 14
Noise floor (dB/RT Hz) -145 -145 -145 -145 -145 -150 -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

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known
Interim solutions are known
Manufacturable solutions are NOT known
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Table TST7b Mixed-signal Test Requirements—Long-term Years
Year of Production 2016 2017 2018 2019 2020 2021 2022

Low Frequency Waveform

BW (MHz) 100 | 100 | 100 | 10 | 100 | 100 [ 100
Sample rate (MS/s) Moving from Nyquist sample rates to over/under sampling sources/digitizers
Resolution (bits) DSP computation to 24 bits, effective number of bits limited by noise floor
Noise floor (dB/RT Hz) 165 | -16s | -16s | 165 | 165 | -16s | -16s
Very High Frequency 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 (GHz) 3.75 3.75 3.75 3.75 3.75 3.75 3.75
Sample rate (GS/s) 15 15 15 15 15 15 15
Resolution (bits) AWG/Sinet 10/12 10/12 10/12 10/12 10/12 10/13 10/14
Noise floor (dB/RT Hz) -145 -145 -145 -145 -145 -145 -145
Very High Frequency 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 (GHz) (under sampled) 15 15 15 15 15 15 15
Sample rate (GS/s) 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Min resolution (bits) 14 14 14 14 14 14 14
Noise floor (dB/RT Hz) -150 -150 -150 -150 -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(RADIO FREQUENCY : E#5 & 11 %4)
RF & ERix, 77V —ra BICLL F O DI KBIIE S,

L. 3GHZ IZDIRA R E 0T, FICREBEOEE R EREAT EL TR SN TS, 2L, VA
YVAITAT U NBE 7 BV THD WIMAX O —FRALICHE Y S ERG AT 7V —va O A%
BRI I R R SIS 7 R LTS,

2. 3-6GHz O#Hk 1%, B R A TV LT 802.11a Fuh=/L 2k AT A¥L A LAN Tffi HEN T\ 5,

3. 6-45GHz g, H BREE O JERREAE )11 25E FH 45 (Bluetooth (3 UWB(Ultra Wide Band)~%
fTLCu ),

4. IHE AW E7D 45-94GHz H T, RICEEEEOL —2 —T 7V r—ar  FRCHBEIEHAELT
AWbid, 72770, 60GHz 13451 . FHIEEEDO T AL A LAN f 2 MEE THOONATHAD,
CMOS H i 234 1% 60GHz R D JE B e AR — M RIS T s,

ZOPTHRGER T _REHEHMI RN, KB ECF R TO, 802.11 & TN 802.16 {5 HtkiZin-7z, &
D& B EE~D T N Th D, 277U, 12GHz UL E O E BRI T SA AT AMZEIL CTiL, R
E 5 a WGk DT ANEIETHIS A RETHHE THIENS,

FAMIK LTI, TAZDOEIR/T VU ZIVIAC R—Z S REIEEE RF TR D524/ RIS, EE
7ok REE L CEIREND, EVM(Error Vector Magnitude) | E (XM ZEH T D, RF 23, SoC <° SiP OFEHE
L CHIAEN D FNT KT DA R DR I L7 >TETZ, RF ORI A—HHIETZT TlER A
TURTOVHNRCIv I AL T F NEREM A DI —IRILENT=T A AT AN T DR Th D,
SiP 7 AMZIRAWTIE, Al LR COTANNEELR D, F/z, RF T AN, GEIRa AN TR T AMTH
2 EEE RN LZHTHY  RF ORI LR TOXINMISHZBEINL T, =B—RR—R/ /oy N7 m—
TH—REDY —)VEEE DUT AN SIDY 7 F v e AT 7 VT 4 2§ D 4\ EETHDH, ZIHDRRE

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007



40 TALET A NEE

5. RE TANMIX 5 DFT FEDIRZE . VTV RE 7727 arT AN O AKRIANT ARFRIED
PERITHTAER D TV REm AL TESNS,

O

1. EERR b/ & B R BT DT S A AT AR AT ANE SR O BRSNS #7272 DFT 7 A F1E M
O ST AN FIEOREN RERIEHZED TS,

2. SoC X° SiP £HAiric LY, RF NI AIAENDLFENELIoT2, RE TANT DXL (NATUR)
IV I AT F VT AN LA A DR THTOEN R >TE WD, B LEETO RF 7 ARkt
TN TV, TAR AT ACEX a—RR—R/ VA ryNTa—7 —REp Y — LI, .
DUT A S1DS 7 F v e AT T VT 4 ek D 4 ZEHEL D,

3. NLAR A XA B R TE D 2 DAF S IR K OV E Sk FE 1B s TIE 0 WV 2 D08, TV Rk
WX EICEBENROLND, 100KHz TONAH /A XHE TIiL, BAROR EZZAy 7
-120dBc/Hz (12X L, 22 1, 2 EDH BT 72K E-130dBe/Hz ~DLENE RIS,

4. 6GHz DL b @ B EHI o7 7 NIZBIL T, B A IR Thikei TRy, Bk TrUT 720
KA % [ TETERD,

5. 6GHz ##iz 2 CORTLAET AMIMIREL TRERTF YL THY, ELEFIIZLS 6GHz #3
TORTTET AR R[REMEIL, 727V T 72> TR,

6. Al LFE RF 7T ANEFDOA LB —Z U ZHE R % vV T L —ar FIEOMEN T2 ThH D,

7. 7T AR EREE E FEBR O BEHLTIX EMI BREEN KIEIZ B2 THRY, ZHnAE0-CHB R I
SUREZREBEH525THAD,

Table TST8a RF Test Requirements—Near-term Years

T of Productian 2007 2008 2009 2010 2011 2002 2013 2004 2005
Carrier Frequency (7Hz)
T aatine Eine 18 18 2 2
Carmer Frequency (GHz) High
s, ) 8 a 12 12
Modilation B BW (MEZ)
Leadin= Ed== B0 528 528 528 528 528 528 528
Modilation BF BW (MEZ)
o 20 40 80 528 528 528 528 528 528
Anplings Accuracy (48) <08 0.5 <05 <05 <05 <25 =25 =25 =25
ACLE () B5 55 0 T2 T2 T2 75 75 80
Huher ofRF Ports p=r <3 =12 <16 <20 <24 <20 <18 =16 <16
Ehia;:}]'”' (@BHzatliE | s 130 135 -140 142 445 148 50 150
g o Magnitude 12% 12% 0.5% 0.5% 0.5% 0% | 0% 0.5% 0.5%
O (iBm) 0 30 30 30 30 30 30 30 30
TIP3 (dBm) 40 50 &0 &0 &0 &0 50 60 &0

Mg rrable selutions ist, and are being oprimized

Monghnrable selutions are kown
Fnterim solutions are kown [

Merngincnrable solutions are NOT knovn _
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Table TST8b RF Test Requirements—Long-term Years

T g Production

Carmier Frequency (GHz) Leading Edze % | 95 B | 95
Carrier Frequency (GHz) High Vohume 35|36 | 35 | 36|
Modulation RF BW (MHz) Leading Edge 1000 | 1000 1000 ‘ 1000
Modnlation BF BW (MHz) High Viobhame m ‘
Anyplitwde Arcuracy (08) <0125 | <0125 <0125 | <0125
ACLE. (@) [ | |

Yambe of B e par Dece
Phase Noise (dBo Bz ar 100K offser) 452 | 452 152 -152 152 -152
Emrar Vector Magnitude 349G

O3 (B

TIP3 (dBo)

Table TST8a & CATST8b /ZHIL T

1. ZERBET s, Rt IHHICLDEAHEE e il A rE T T Crldh L CTOBEERITLL F D Z2k705, F I Hhttiil &
JETIFFTIEN DA SCELLR| A T BN FE T YA 2T B8, ZAEHEIZITDITB750,  F #H2 DT,
BIERESL S TO ST IMNERICBIL, ST OV EIC BT S &2 TIZT 5720 ThHS,  —MIAGIC, FEMFIC It
BCDEHH T RANPERSFLE 3, 2E TIdL VRS (E St/ 7 2N ER ST TS,

2. ZiHHE: AKZDORE TFRPERIEARL, N —RNPNQ) HHLIZXT I TS EFE i e CRding, oL, N—RN
PNIEFIEEA T ST I NA T — RDHB] T, TR H 0 N — RN NIRRT, RN M THRVR
HEBHETHEELF L7800 TET S,

3. EVM(Error Vector Magnitude) =X AF&EZEIZ I THERAS—RAGR T AN THD, 705, SIEDEERREDIERIZ 175/
AL T, THERDIBIEHFEWLAN, WIMAX, W-CDMA, ZD ) 738752572 R EFFOFDHITHIE, S EIDHK
DHANEIT, EDGE K& OFPW-CDMA Dje/E 74 #% (HSDPA, HSUPA, ZDfh) 726 D FLEIH e g & AT L TS,

4. OIP3/IIP3: OIP3/IIP3 /1 a;«#/if(o N = AT) DEANEZRT, —RENZE > T FEIE G L LK ER

E—2FfFO R T AL, HEFNZ 5 ERRIED R D5 S,  HIZ /%, CDMA(Code Division Multiple Access . - 7 52} #1/2%

E&f")&fff%’OFDM(Qrthogonal Frequency Division Multiplexing : B A& B #7 #Z B B & EH L To B2 X7 AE
BIEL TEITBRB,

BN DEK
fEEMEDm LT, LUTF o 3 FHEITH T ok e 5 25,
1) & #EM: K % FE(RDD : Reliability Defect Density)
2) BRI —=2 7 R OT AN FIE(RS&TM : Reliability Screens and Test Methods)?D %
3) {E#E MR _E3%EH(DFR : Design For Reliability)

fEHEME M Bk ARl b /EE DT —E, U IS L TmOxliz o S+ Lichs, =
ZTCORM LT, AR D DT AMI L TRL VDR DOl & DL ETH D, (B NIRE SR H 2
FUZTHRWT, RO R IX, 74— /LR TR & LIRS 720 OB &3 (FITs : Failures In
Time)lZAK 7T %, BRI T 22 AMIL, 2 DOERNHL, BIEF XL —Taaxf RO
Thb, LT, 2TOEFEMERN BT 2H0MAIE, TTINH0 2 SOOERICH Lk EEZRADH
LD, I, BEA R = a  a RIS AR 2 DO RS LEENFET D, N—r A Ff s
HEEOBREILTHD, HERDOBTEAN ALBEARN R D> TETEN R K a5 & 3 TEIC
DIRFID, ERNTIEX LT HN TS, 2T bbb HEIRICIZZOESBHALNDD, K
Ba I BAL IR FEIE LIRE A HUINT D063k D FiEND RERESEN LENRNWEZHIHETHD,

FEEAREOMARZ B Z DB LREZ N2 056 SR EZBX TN ST — (ERMEE. L ONR
FE/BEHO) O kT xS ELL 2 D, B VICEE S S E MO AN A R T 05
B ANV BT 27N ORI BRSO, ZbiE EREOBIE B ST — 23T
fIRRREZL DS THERDOWTWD, L, "RV =7 NI T 3% 81X, HHETOET VT %
FARIZU T AR AL ’F%Téjﬂf IZEEDWTERY, ZOMREIE, & IZBITHARN A TRENG”
END"EDONRHLINCHKTT D, BEOFER THD, il DETTIILL F DI b DD
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AT OIEE AL OWECRIBEL2 5O, BIOMIEETH,
Kﬁﬁﬂﬂﬁ%iﬁﬂf:§<@@EE’J%@%K@@\ *D%&:%@%&%&Eﬁéﬂéo

TlX, T A AR KM Z 2 T T2 F % (Lo T, AR A DRIV TR NEZ), fEFIZIRGET D20
FEIT? B, AN RENT 72BN ERET XL EBZ 2 OND, HEEOEFREL T, EiLoX
N AR ZZNT R NSO DI EZITHSE4A in situ stress EFES,  — 7, HAZAHIES T HEMIC AN
L A% N % 5% % dynamic stress EFES, in situz WD ERIZED | KREEIE SRS - ERIZEA SN
WAL, I RO 5, D, ZORWEERIIT AN T 2T UIEESENTERV,  in
situ AR ATIX, ARV ADIOOMERERR EE DNV LTS FCTOT7 7o v ar T AR RO LD, K
BEE DWEIUTHESTE 2L ARVAHNHIZH 12 E T 5L IBRE IR T2 7263 2 &b Tz 72
TFhuEZeniewy, BET TR AOEEB O | EIEAN AR EAN ADZE T THEIET 01214
IR ENENIO R HMBMEVIATIND, LinL, ZNHDHF DRSO T /A ALl F BESM CIEiE
WIZEMET D, ZNDHOT NARZIIMEENE EOXKMITENTILED, in situ AR AXZNGDOIEH I
BERET DT NAALMBEL P CLED, T7hbb., " —"FN"ThD, TBEIRRH ZFF>T A
A FEIERIZ, JEIZl T NSRBI 25 % ORI 5 Th D, [EEMEETTZ T 21X N — A 7 3%
Thbd, ZLO%AE, EREEBHVIZEVICHTONREICSHS,

(B HEME K a2 FE (RDD) D 8 FEA W T, i OEHEMEEREZWM -3 7200, Kb a AN RO EHWT
BThd, THEHIX, v~A7ul 7hu=J A BT AU EE R T D7D DA ATEI CTH D
SREEBDOES N ORIFEM THD, KMFE X, RMEET VEMER RO CRbid, L
TEEMEEA O RO EZ T D72 EORTEE M EDOT — XX EE BB T TODA, FilEd
B 1, 2 O IAE Z LS TOD B FNALR N, KIS E O, {5 MK G5 E (RDD)FE
HICEENE A TEXAE 590, Kipa RS 5EmEEL SIS T, Fx 137 S 2 HE LY
PERM L ORI A EE D EF 225 TD, ARV AR, BTl HY &0 A | OfEEE TR E
ENDDOTIERL, VAT LAOEMASMETIRESND, 1ZEIFEOMEE Tl ERMIEREZ -7
ZERHRAL o TNAHTZD | FOMH A T AT MME S h (BERIRE) R0 22T AT L
ARETE RN TN D, APLARAEOIGHOFERELT, Vmin BIfEL > PO 7 M0 MERERIREE IS
FTHNBTIXC, 7 — NIRAL AR D 5 2 (R R A7 O R (TDDB)WWZ DU T AR 72 KRSy ORI 23272
RWNEETHD, [FRFE1E:NBTI=Negative Bias Temperature Instability ; PMOS 7% — Mg 1128
(Negative) D/ ST A& 52 THRAETHH] Limhio T, 2T sE 722 288 o fF FE M f b
ROEFEEZT, C4 T3E = BEOL Bl TREOUAYILZIZBIT A& BDTL /ha~v AL — g
IZOWTDO—{RII72E 2 T TEZ ., ANVAGFIZ > ChlE R ZSNHBELRBIR-CE NI NRIKEESND
LAk, EECHELRRENLEICRS,  [RF& 1 : C4=Controlled Collapse Chip Connection;~”
Vo F T DR T 47 TiE 2Ry RICOF TR T 2L D 5T XL CHRRICE RS E 5T /L
2R T 47 DO—FE), [FR# 1 BEOL=Back-End-of-Line ; -8R BUYET (L 1% - TR, FEFE R
O _LERE, Blft TREAHET]  ERPMEREEHME 2B T OREEIXEE EE KDL,

DFR (2 F7- 3 DO EEREFENDHD, T70bb, DI E. 2)F v 7 R GRELA L MELRY), 3)T A
TLEEE THD, Z0D 3 DD % IZHB VT, DFR I K MEFFAEEZ BR LTI B2, 77
IaVEREHOSE | BEIK TZ5ESEZ TV —21F, KT AMEEZBA2ERFE~BVIAALTI, T
7EGEHE DFR ICBL TIE, SRR T ESPERFAR 1L, %GO EIANL CRI% CTh b, TURBERMNTE
TSI E O, AL RGN e o 2810/, VAT AL~V TR, KIGFFRMET, i3
DRSSP E, BLOTREERZL O IEEESTND,

RN AT ) — =0 7 e T AR FERE T RS&ETMICRBL TE, Fro B4 57— 20 KB T —4 |
BETRET —H AfioloT —ZIZE SN TS, HIESCHIEROTITEE ICHD, 77 /a0t
RIZEDN, FoTRCEIEDHAT | REFAZ AL PERE BAE (FHEME TR SE2 A7, 712k »TEA%
IR T RETHD, BIREECHIBIEE OEUNAKMaINE T ED L L TH</mnE D, B MG
BARO7R IR 123U T RS&TM . #ix B CHAIRZR S 2 DNERBEIZ /257249, TAUIKMGE RS TS — T
T, T A AOEEI LA CELLOTRIT LB — DFED BRINENLOEE TH D, BEHRIZIY
HizbHEND, bLUTIREE /2D AR ARG A N RBIEI, BET D& O L OFEFROMTHENETITIX
bolz, WMEOKSIT KIpEIHEIEL—5 T, HOOERILFELE CE5H O TRITIUTZRBRV NV TE 5
7oo  L22LZ235, 10nm LA N OF{LIE, NBTI, R R E(Z4UE Vmin D XO7R), #1004 %K
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100W DET], AiT~A b OFEHR, BERIRPNERECER, 728 DV AT ADOSARR S SR FICEm L T
HHT, ZHUTIE & HEL W D720 D255,

RS&TM 1%, TNoa T = — k& o —V(FIITE Y 2— V)BT T HZET, FLTHIZ
[FREE: KO R I O EAE BT 228 T b BEIL <20, 20 2 B @):ff%k
TSP HOR SO H 237 A LB UME MR MBI LD HF MDD, Lz T ANAGEMO R OHEx
M7e<edgma oS 5T L7 b72 59,

TR EDRAT Y (72— EIF S =N S T REINEROHIEILHEICFEDEON 125
Z I IR, [T e D | REINEE XS SR 2@ I B 2 DR ERCE L2 LT 55 Th
% — ZL =2 EENHME T U CHREMICE(L T 600 ThD,  [AEkZ2Z &3 M EEICIT S T
IXESR,  ZLOYA RIHEIEITY — 7 &2 DT SR (UL, VLVEBIKETE)S VLTEKE)) % £
9o Flo, V=% BALSE 5 I A S ME R N HIEOL A ThH, TRDOEFIE X aE S5
FMETITIE—RAIZEL 2V,

IN—V fVDER

IN— A2 e TR AD T DEMTH7LE L, T ANAAE U EDOIE K, =T8T O T3
AENEE IR B D mdAL, B 7Y — 7 B O K, M OVEE/EINEOEE KIZE->THRfH b5, %
SOEFEMSEE—R NN —A 2 TIEAZ) == 7 TERWO T, FHEMEZ E 572912, IDDQ,
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Table TST9a Burn-in Requirements—Near-term Years

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
Clock input frequency (MHz) 400 400 400 400 400 400 400 400 400
Off-chip data frequency (MHz) 75 75 75 75 75 75 75 75 75
Power dissipation (W per DUT) 600 600 600 600 600 600 600 600 600
Power Supply Voltage Range (V)
High-performance ASIC/ 0525 | 0525 | 0525 | 0525 | 0525 | 0525 | 0525 | 0525 | 0525

microprocessor / graphics processor

Low-end microcontroller 0.7-10.0 0.7-10.0 0.7-10.0 0.5-10 0.5-10 0.5-10 0.5-10 0.5-10 0.5-10

Mixed-signal 0.5-500 0.5-500 0.5-500 0.5-500 0.5-500 0.5-500 0.5-500 0.5-500 0.5-1000
Maximum Number of Signal 1/0

High-performance ASIC 384 384 384 384 384 384 384 384 384

High-performance microprocessor / 128 128 128 128 128 128 128 128 128
graphics processor / mixed-signal

Commodity memory 72 72 72 72 72 72 72 72 72
Maximum Current (A)

High-performance microprocessor 450 450 450 450 450 450 450 450 450

High-performance graphics processor 100 150 200 200 200 200 200 200 200

Mixed-signal 20 20 20 30 30 30 30 30 30
Burn-in Socket

Pin count 3000 3000 3000 3000 3000 3000 3000 3000 3000

Pitch (mm) 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.1

Power consumption (A/Pin) 3 4 4 5 5 5 5 5 5

Wafer Level Burn-In

3

an IEEE standard 1149 boundary scan
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Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
Maximum burn-in temperature (°C) 17543 17543 17543 17543 17543 17543 17543 17543 17543
Pad Layout — Linear
Minimum pad pitch (um) 65 65 65 65 65 65 65 65 50
Minimum pad size (um) 50 50 50 50 50 50 50 50 40
Maximum number of probes 70K 70K 70K 70K 70K 70K 70K 70K 140K
Pad Layout — Periphery, Area Array
Minimum pad pitch (um) *1 100 80 80
Minimum pad size (um) 40 35 35
Maximum number of probes 150K 150K 150K
Power consumption (W/DUT — Low-end 10 10 10
microcontroller, DFT/BIST )
Vector memory depth (M vectors —
DFT/BIST) 32 64 64

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

Interim solutions are known

Manufacturable solutions are NOT known

Table TST9b Burn-in Requirements—Long-term Years
Year of Production 2016 2017 2018 2019 2020 2021 2022
Clock input frequency (MHz) 400 400 400 400 400 400 400
Off-chip data frequency (MHz) 75 75 75 75 75 75 75
Power dissipation (W per DUT) 600 600 600 600 600 600 600
Power Supply Voltage Range (V)
pi‘cge};%‘;rf‘mam ASIC /microprocessor /graphics | g5 55 | 0525 | 0425 | 0425 | 0425 | 0425 | 0425
Low-end microcontroller 0.5-10 0.5-10 0.5-10 0.5-10 0.5-10 0.5-10 0.5-10
Mixed-signal 0.5-1000 | 0.5-1000 | 0.5-1000 | 0.5-1000 | 0.5-1000 | 0.5-1000 | 0.5-1000
Maximum Number of Signal I/O
High-performance ASIC 384 384 384 384 384 384 384
H1gh—perfomanc_e microprocessor / graphics 128 128 128 128 128 128 128
processor / mixed-signal
Commodity memory 72 72 72 72 72 72 72
Maximum Current (A)
High-performance microprocessor 450 450 450 450 450 450 450
High-performance graphics processor 200 200 200 200 200 200 200
Mixed-signal 30 30 30 30 30 30 30
Burn-in Socket
Pin count 3000 3000 3000 3000 3000 3000 3000
Pitch (mm) 0.1 0.1 0.08 0.08 0.08 0.08 0.08
Power consumption (A/Pin) 6 6 6 6 6 6 6
Wafer Level Burn-In
Maximum burn-in temperature (°C) | 175+3 | 175#3 | 175+3 | 1753 | 1753 | 1753 | 175+3
Pad Layout — Linear
Minimum pad pitch (um) 50 50 50 50 50 50 50
Minimum pad size (pm) 40 40 40 40 40 40 40
Maximum number of probes 140K 140K 140K 140K 140K 140K 140K
Pad Layout — Periphery, Area Array

Minimum pad pitch (um) *1

Minimum pad size (um)

Maximum number of probes

microcontroller, DFT/BIST )

Power consumption (W/DUT — Low-end

Vector memory depth (M vectors — DFT/BIST )
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Table TST10 Test Handler and Prober Difficult Challenges

Temperature control and temperature rise control due to high power densities during test

Continuous lot processing (lot cascading), auto-retest, asynchronous device socketing with low-conversion times
. Better ESD control as products are more sensitive to ESD and on-die protection circuitry increases cost.

High Power Handler . . . .
Lower stress socketing, low-cost change kits, higher I/0 count for new package technologies
Package heat lids change thermal characteristics of device and hander

Multi-site handling capability for short test time devices (1-7 seconds)

Support for stacked die packaging and thin die packaging

. Wide range tri-temperature soak requirements (-45°C to 150°C) increases system complexity
Medium Power Hander . . . . .
Continuous lot processing (lot cascading), auto-retest, low conversion times, asynchronous operation

Shielding issues associated with high frequency testing (>10 GHz)

A wide variety of package sizes, thicknesses, and ball pitches requires kitless handlers with thin-die handling capability
Low Power Handler Package ball-to-package edge gap decreases from 0.6 mm to 0 mm require new handling and socketing methods
Parallelism at greater than x128 drives thermal control and alignment challenges

Consistent and low thermal resistance across chuck is required to improve temperature control of device under test
Prober Heat dissipation of >100 Watts at > 85°C is a configuration gap in the prober industry
Advances in probe card technology require a new optical alignment methodology
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Table TST11a

Prober Requirements—Near-term Years

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known
Interim solutions are known

Manufacturable solutions are NOT known

[]

Table TST11b Prober Requirements—Long-term Years

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
Wafer diameter (mm) 300 300 300 300 300 300 300 450 450
Wafer thickness (um) 80-775 80-775 80-775 80-775 80-775 80-775 80-775 50-1000 50-1000
Maximum I/O pads 3000 4000 4000 5300 5300 5300 5300 5300 5300
Chuck X and Y positioning 2 2 1 1 1 1 1 1 1
accuracy ( pum)
fﬁﬁf)k Z positioning accuracy 1 1 05 05 05 0.5 05 0.5 0.5
Probe-to-pad alignment (sm) 4.5 45 45 [35 ] 35 [ 35 [ 35 [ 35 | 35 |
Maximum chuck force (kg) 100 100 100 100 100 100 100 100 100
Set point range (°C) -30 to -30 to -30 to -45 to -45 to -45 to -45 to -45 to -45 to
P ¢ +85 +85 +85 +125 +125 +125 +125 +125 +125
Total power (Watts) 130 130
Power density (Watt/cm?) 60 60

Year of Production 2016 2017 2018 2019 2020 2021 2022

Wafer diameter (mm) 450 450 450 450 450 450 450

Wafer thickness ( m) 50-1000 50-1000 50-1000 50-1000 50-1000 50-1000 50-1000

Maximum /O pads 5300 5300 5300 5300 5300 5300 5300

Chuck X and Y positioning accuracy 1 1 1 1 1 1 1

(pm)

Chuck Z positioning accuracy  (um) 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Probe-to-pad alignment (um)

Maximum chuck force (kg) 100 100 100 100 100 100 100

Set point range (°C) -45 to -45 to -45 to -45 to -45 to -45 to -45 to

P g +125 +125 +125 +125 +125 +125 +125
Total power (Watts)
Power density (Watt/cm?)
Table TST12a Handler Requirements—Near-term Years
Year of Production | 2007 | 2008 [ 2000 | 2010 | 2011 [ 2012 | 203 | 2014 [ 2015
High, Medium and Low Power
(T(,ETperamre setpornt range 5510175 | 55t0175 | -55t0175 | -55t0175 | -55t0175 | -55t0175 | -55t0175 | -55t0 175 | -55to 175
High Power — >10W per DUT
;l;ecr;lperature accuracy at DUT 2 2 2 2 2 2 2 2 2
Number of pins/device 750 750 800 800 850 850 850 850 850
Parallel testing: 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2
Throughput (devices per hour) 1.5-2K 1.5-2K 1.5-2K 2-3.5K 2-3.5K 2-3.5K 2-3.5K 2-3.5K 2-3.5K
Index time (S) 0.3 0.3 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Sorting Categories 3-6 3-6 3-6 3-6 3-6 3-6 3-6 3-6 3-6
Allov;/able device temperature 20 20 20 20 20 20 20 20 20
rise (°C)
1(\]/(1;(1mum socket load per unit 24 27 30 30 35 35 35 35 35
Asynchronous capability Yes Yes Yes Yes Yes Yes Yes Yes Yes
Pin/land pitch (mm) 1.1 1.1 1 1 0.8 0.6 0.6 0.6 0.6
Medium Power — 0.5 to 10W
per DUT
;l;ecr;lperature accuracy at DUT 2 2 2 12 2 2 2 2 2
Number of pins/device 800 800 850 850 850 850 850 850 900
Parallel testing: 8-16 8-16 8-16 8-16 8-16 8-16 8-16 8-16 8-16
Throughput (devices per hour) 4-6K 4-6K 4-6K 6-10K 6-10K 6-10K 6-10K 6-10K 6-10K
Index time (S) 0.3 0.3 0.3 0.3 0.25 0.25 0.25 0.25 0.25
Sorting Categories 3-6 3-6 3-6 3-6 3-6 3-6 3-6 3-6 3-6
Allov;/able device temperature 5 5 5 5 5 5 5 5 5
rise (°C)
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1(\]/(Igilmum socket load per unit 50 50 35 60 35 60 60 60 65
Asynchronous capability Yes Yes Yes Yes Yes Yes Yes Yes Yes
Pin/land pitch (mm) 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2
Low Power — < 0.5W per DUT
g;‘é“;peramre accuracy at DUT +2 +2 15 15 15 15 15 15 15
Number of pins/device 6-250 6-250 6-250 6-250 6-250 6-250 6-250 6-250 6-250
Parallel testing: 128-512 128-1024 128-1024 128-1024 128-1024 128-1024 128-1024 128-1024 128-2048
Throughput (devices per hour) 8-10K 12-20K 12-20K 12-20K 12-20K 12-20K 12-20K 12-20K 12-20K
Index time (S) 2-5 2-5 24 24 24 24 24 24 24
Sorting Categories 5-9 5-9 5-9 5-9 5-9 5-9 59 5-9 5-9
Min. Pkg. Size(mm?) 4x6 3x5 3x5 3x5 3x5 3x5 3x5
Pin pitch (mm) 0.4-1.0
Ball edge to package edge 0.25 0.25 0.25 0.25 0.25
clearance (mm)
Minimum package thickness 0.4-1.8 0318
(mm)
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known |}
Manufacturable solutions are NOT known ;
Table TST12b Handler Requirements—Long-term Years

Year of Production | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022

High, Medium and Low Power

Temperature set point range (°C) | -55t0175 | -55t0175 | -55t0175 | -55t0 175 | -55t0 175 | -55t0 175 | -55 to 175

High Power — >10W per DUT

Temperature accuracy at DUT (°C) +2 +2 +2 +2 +2 +2 +2

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

Parallel testing: 1-2 1-2 1-2 1-2 1-2 1-2 1-2

Throughput (devices per hour) 2-3.5K 2-3.5K 2-3.5K 2-3.5K 2-3.5K 2-3.5K 2-3.5K

Index time (S) 0.25 0.25 0.25 0.25 0.25 0.25 0.25

Sorting Categories 3-6 3-6 3-6 3-6 3-6 3-6 3-6

Allowable device temperature rise (°C) 20 20 20 20 20 20 20

Maximum socket load per unit (kg) 35 35 35 35 35 35 35

Asynchronous capability Yes Yes Yes Yes Yes Yes Yes

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

Medium Power — 0.5 to 10W per DUT

Temperature accuracy at DUT (°C) +2 +2 +2 +2 +2 +2 +2

Number of pins/device 900 900 1000 1000 1000 1000 1000

Parallel testing: 8-16 8-16 8-16 8-16 8-16 8-16 8-16

Throughput (devices per hour) 6-10K 6-10K 6-10K 6-10K 6-10K 6-10K 6-10K

Index time (S) 0.25 0.25 0.25 0.25 0.25 0.25 0.25

Sorting Categories 3-6 3-6 3-6 3-6 3-6 3-6 3-6

Allowable device temperature rise (°C) 5 5 5 5 5 5 5

Maximum socket load per unit (kg) 65 65 75 75 75 75 75

Asynchronous capability Yes Yes Yes Yes Yes Yes Yes

Pin/land pitch (mm) 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Low Power — < 0.5W per DUT

Temperature accuracy at DUT (°C) +1.5 +1.5 +1.5 +1.5 *1.5 +1.5 *1.5

Number of pins/device 6-250 6-250 6-250 6-250 6-250 6-250 6-250

Parallel testing: 128-2048 | 128-2048 | 128-2048 | 128-2048 | 128-2048 | 128-2048 | 128-2048

Throughput (devices per hour) 12-20K 12-20K 12-20K 12-20K 12-20K 12-20K 12-20K

Index time (S) 24 24 24 24 24 24 2-4

Sorting Categories 5-9 5-9 5-9 5-9 5-9 5-9 5-9

Min. Pkg. Size(mm?®)

Pin pitch (mm)

Ball edge to package edge clearance (mm)

Minimum package thickness (mm)
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Table TST13 Probing Difficult Challenges

Probe technologies to support peripheral fine pitch probe of 23 um peripheral staggered pad probes at effective
pitches of 20/40, and fine pitch (45 um) for dual row, non-staggered probing on all four die sides.

Fine pitch vertical probe technologies to support 130 um pitch area array solder bump and 50 um pitch staggered
pad devices.

Multi-site pad probing technologies with corner pitch capability below 125 pm.

Reduction of pad damage at probe commensurate with pad size reductions (or better).

Alternative probe technology for 75 um on 150 um pitch dense array (vertical probe; bumped device).
Increasing probe array planarity requirements in combination with increasing array size.

Geometry

Need a probe technology to handle the complexity of SoC devices while probing more than one device.

Parallel test Current probe technologies have I/O limitations for bumped device probes.

Reduce effects on probes for non-ambient testing -50°C to 150°C; especially for fine-pitch devices.

Probing at temperature For effects on Handlers and Probers, see that section.

Product Probe technologies to direct probe on copper bond pads including various oxidation considerations.
Probe technologies for probing over active circuitry (including flip-chip).

Reduce per pin force required for good contact resistance to lower total load for high pin count and multi DUT
probe applications. Evaluation and reduction of probe force requirements to eliminate die damage, including
interlayer dielectric damage with lo

A chuck motion model is required to minimize probe damage

Probe force

Development of high temperature (85°C—150°C) in situ cleaning mediums/methods, particularly for fine pitch,
multi-DUT, and non-traditional probes.

Reduction of cleaning requirements while maintaining electrical performance to increase lifetime.

A self cleaning probe card is required for fine pitch bumped pad devices

Probe cleaning

Fine pitch or high pin count probe cards are too expensive and take too long to build.

Time and cost to repair fine pitch or high pin count probe cards is very high.

The time between chip design completion (“tape-out”) and the availability of wafers to be probed is less than the
time required to design and build a probe card in almost every probe technology except traditional cantilever.
Space transformer lead times are too long, thus causing some vertical probe technologies to have lengthy
lead-times.

Cost and delivery

Tools are required that support fine pitch probe characterization and pad damage measurements.

P 1 S -
robe metrology Metrology correlation is needed for post repair test versus on-floor usage.

Probe technologies will need to incorporate thermal management features capable of handling device power

High power devices dissipations approaching 1000 Watts and the higher currents (> 1.5 amp) flowing through individual probe
points.
Probe technologies that achieve contact resistance <.5 Ohms initially and throughout use are needed.
Contact resistance A method to measure contact resistance is needed. The traditional continuity test is insufficient to monitor

contact resistance.

Traditional probe technologies do not have the necessary electrical bandwidth for higher frequency devices. At

High frequency probing the top end are RF devices, requiring up to 40 GHz.
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TAMET R MR
Table TST14a  Wafer Probe Technology Requirements—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
—

DRAM 72 Pitch (nm) 65 57 50 45 40 36 32 28 25
(contacted)
MPU and ASIC Products
erebond—lnhne pad m 35 15
pitch
Bump—array pad pitch 130 130 120
1/0 Pad Size (um) X Y X Y X Y
Wirebond 30 55 30 55 30 55
Bump 65 65 65 65 60 60
Scrub (% of pad) AREA DEPTH AREA DEPTH AREA DEPTH
Wirebond 25 50 25 50 25 50
Bump 30 30 30 30 30 30 30 30 30 30 30 30
Size of Probed Area (mmz) 2050 2400 2400 2400 2400 2400 2400 2400 2400
Number of Probe Points 5000 6000 7500 7500 7500 9000 9000 9000 9000
/Touchdown—Asics
Number of Probe Points / 20000 20000 20000 20000 20000 30000 30000 30000 30000
Touchdown—MPU
Maximum Current (mA) Probe DC Probe DC Probe DC Probe DC Probe DC Probe DC Probe DC Probe DC Probe DC

Tip Leakage Tip Leakage Tip Leakage Tip Leakage Tip Leakage Tip Leakage Tip Leakage Tip Leakage Tip Leakage
ASIC 400 <.001 500 <.001 500 <.001 500 <.001 500 <.001 1000 <.001 1000 <.001 1000 <.001 1000 <.001
MPU 1000 <.001 1000 <.001 1200 <.001 1200 <.001 1500 <.001 1500 <.001 1500 <.001 1500 <.001 1500 <.001
i\él)ah);:glum Resistance Contact Series Contact Series Contact Series Contact Series Contact Series Contact Series Contact Series Contact Series Contact Series

<0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3
Memory Products
Wirebond—inline pad 75 75 70 70 65 65 60 60 55
pitch
1/0 Pad Size (um) X Y X Y X Y X Y X Y X Y X Y X Y X Y
Wirebond 65 80 65 80 60 80 60 80 55 80 55 80 55 80 55 80 50 80
Scrub (% Ofpad) AREA DEPTH AREA DEPTH AREA DEPTH AREA DEPTH AREA DEPTH AREA DEPTH AREA DEPTH AREA DEPTH AREA DEPTH
Wirebond 25 50 25 50 25 50 25 50 25 50 25 50 25 50 25 50 25 50

Size of Probed Area (mm?)

100% of wafer

100% of wafer

100% of wafer

100% of wafer

100% of wafer

100% of wafer

100% of wafer

100% of wafer

100% of wafer

Number of Probe Points /

20000 20000 25000 25000 30000 30000 30000 30000 30000
Touchdown—Memory
Maximum Current (mA) Probe DC Probe DC Probe DC Probe DC Probe DC Probe DC Probe DC Probe DC Probe DC
Tip Leakage Tip Leakage Tip Leakage Tip Leakage Tip Leakage Tip Leakage Tip Leakage Tip Leakage Tip Leakage
200 <.001 200 <.001 200 <.001 200 <.001 250 <.001 250 <.001 250 <.001 250 <.001 250 <.001
?g?lﬁglum Resistance Contact Series Contact Series Contact Series Contact Series Contact Series Contact Series Contact Series Contact Series Contact Series
<0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3
RF and Mixed Signal
Products
Wirebond—inline pad 40 35 35 30 30 25 25 25 25
pitch
Bump—array pad pitch 130 130 120 120 120 110 110 100 100
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Table TST14a Wafer Probe Technology Requirements—Near-term Years

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015

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

Wirebond 30 55 30 55 30 55

Bump 65 65 65 65 60 60

Scrub (% Ofpad) AREA DEPTH AREA DEPTH AREA DEPTH AREA DEPTH AREA DEPTH AREA DEPTH AREA DEPTH Offline DEPTH AREA DEPTH

Wirebond 25 50 25 50 25 50

Bump 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30

Size of Probed Area (mmz) 1600 1600 1600 1600 1600 1600 1600 1600 1600

Number of Probe Points 680 680 680 680 680 680 680 680 680

/Touchdown

E\é&;}gglum Resistance Contact Series Contact Series Contact Series Contact Series Contact Series Contact Series Contact Series Contact Series Contact Series
<0.5 <3 <0.5 <3 <0.4 <3 <0.4 <3 <0.4 <3 <0.4 <3 <0.4 <3 <0.4 <3 <0.4 <3

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known |([7]

Manufacturable solutions are NOT known -
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(contacted)

Table TST14b Wafer Probe Technology Requirements—Long-term Years
Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM %2 Pitch  (nm) 22 20 18 16 14 13 11

MPU and ASIC Products

Wirebond—inline pad pitch

Bump—array pad pitch

1/0 Pad Size (um)

Wirebond

Bump

Scrub (% of pad)

Wirebond

Bump

Number of Probe  Points 9000 9000 9000 9000 9000 9000 9000

/Touchdown—Asics

Number of Probe Points /

Touchdown—MPU 30000 30000 30000 30000 30000 30000 30000

Maximum Current (mA) Probe Tip Legl:; ge Probe Tip Le!x)lgx ge Probe Tip Le!l)lgl ge Probe Tip Legl:; ge Probe Tip Le!x)lgx ge Probe Tip Le!l)lgl ge Probe Tip Le:l)lgl ge

ASIC 1000 <.001 1000 <.001 1000 <.001 1000 <.001 1000 <.001 1000 <.001 1000 <.001

MPU 1500 <.001 1500 <.001 1500 <.001 1500 <.001 1500 <.001 1500 <.001 1500 <.001

Maximum Resistance (Ohm) Contact Series Contact Series Contact Series Contact Series Contact Series Contact Series Contact Series
<0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3

Memory Products

Wirebond—inline pad pitch 55 50 50 50 50 50 50

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

Wirebond 50 80 50 80 65 80 65 80 65 80 65 80 65 80

Scrub (% of pad) AREA DEPTH AREA DEPTH AREA DEPTH AREA DEPTH AREA DEPTH AREA DEPTH AREA DEPTH

Wirebond 25 50 25 50 25 50 25 50 25 50 25 50 25 50

Size of Probed Area (mmz) 100% of wafer 100% of wafer 100% of wafer 100% of wafer 100% of wafer 100% of wafer 100% of wafer

Number of Probe Points / 30000 30000 30000 30000 30000 30000 30000

Touchdown—Memory

Maximum Current (mA) Probe Tip Leglgx ge Probe Tip Le:x)lgx ge Probe Tip Le?lgx ge Probe Tip Leglgx ge Probe Tip Le:x)lgx ge Probe Tip Le?lgx ge Probe Tip Le?lgl ge
250 <.001 250 <.001 250 <.001 250 <.001 250 <.001 250 <.001 250 <.001

Maximum Resistance (Ohm) Contact Series Contact Series Contact Series Contact Series Contact Series Contact Series Contact Series
<0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3 <0.5 <3
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Table TST14b Wafer Probe Technology Requirements—Long-term Years
Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM %2 Pitch (nm) (contacted) 22 20 18 16 14 13 11
RF and Mixed Signal Products
Wirebond—inline pad pitch 25 25 25 25 25 25 25
Bump—array pad pitch 95 95 90 90 85 85 85

1/0 Pad Size (um)

Wirebond

Bump

Scrub (% of pad)

AREA | DEPTH

Wirebond

Bump

AREA | DEPTH

AREA | DEPTH

AREA | DEPTH

AREA | DEPTH

AREA | DEPTH

AREA | DEPTH

Size of Probed Area (mmz)

1600

1600

1600

1600

1600

1600

1600

Number of Probe Points /Touchdown

680

680

680

680

680

680

680

Maximum Resistance (Ohm)

Contact Series

Contact Series

Contact Series

Contact Series

Contact Series

Contact Series

Contact Series

<0.4 <3

<0.4 <3

<0.4 <3

<0.4 <3

<0.4 <3

<0.4 <3

<0.4 <3

b

o
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Table TST15a Test Socket Technology Requirements—Near-term Years

Year of Production | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
TSOP—Flash (NAND)—Contact blade [1]

Commodity NAND Memory

Lead Pitch (mm) 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Data rate (MT/s) 50 50 50 66 66 100 100 100 100
Contact blade

Inductance (nH) 10-15 | 510 5-10 5-10 510 510 510 510 510
Contact Stroke (mm) 0.3-05 | 0.2-03 | 0.2-0.3 | 0.2-0.3 | 0.2-0.3 | 0.2-0.3 | 0.2-0.3 | 0.2-0.3 | 0.2-0.3
Contact force (N) 0.2-04 | 02-03 | 02-03 | 02-0.3 | 0203 | 0.2-0.3 | 0.2-0.3 | 0.2-0.3 | 0.2-0.3
Contact resistance (m Ohm) 30 30 30 30 30 30 30 30 30
Slit width (mm) 0.22 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17

BGA—DRAM—Spring Probe [2]

Commodity DRAM (Mass production)

Lead Pitch (mm) 0.65 0.65 0.65 0.5 0.5 0.5 0.5 0.5 0.5

DRAM RM GT/S 1.1 13 13 1.6 1.6 2.1 2.7 2.7 32

Spring Probe

Inductance (nH) 1.5 1.5 1.5 1 1 1 0.5 0.5 0.3

Contact Stroke (mm) 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2

Contact force (N) <04 <0.4 <0.4 <0.3 <0.3 <0.3 <0.2 <0.2 <0.2
Contact resistance (m Ohm) 100 100 100 100 100 100 100 100 100

BGA—SoC—Spring Probe (50 Ohm) [3]

Logic (High volume microprocessor)

Lead Pitch (mm) 0.8 0.8 0.8 0.65 0.65 0.65 0.65 0.65 0.65
/O data (GT/s) 6 6 12 12 12 12 15 15 15
Spring Probe (50 Ohm)

Impedance (Ohm) 50 50 50 50 50 50 50 50 50
Contact Stroke (mm) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Contact force (N) <04 <04 <04 <0.3 <0.3 <03 <0.3 <0.3 <03
Contact resistance (m Ohm) 100 70 70 50 50 50 50 50 50

BGA—SoC—Conductive Rubber [4] [5]

Logic (High volume microprocessor)

Lead Pitch (mm) 0.8 0.8 0.8 0.65 0.65 0.65 0.65 0.65 0.65
I/O data (GT/s) 6 6 12 12 12 12 15 15 15

Spring Probe (50 Ohm)

Inductance (nH) 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Contact Stroke (mm) 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Contact force (N) 0.2 0.2 0.2 0.15 0.15 0.5 0.15 0.15 0.15
Contact resistance (m Ohm) 50 50 50 50 50 50 50 50 50

Thickness (mm) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known |-

Manufacturable solutions are NOT known -
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Table TST15b Test Socket Technology Requirements—Long-term Years

Year of Production | 2016 [2017 | 2018 [ 2019 | 2020 [ 2021 [ 2022
TSOP—Flash (NAND)—Contact blade [1]

Commodity NAND Memory

Lead Pitch (mm) 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Data rate (MT/s) 133 133 133 133 266 266 266
Contact blade

Inductance (nH) 5-10 5-10 5-10 5-10 5-10 5-10 5-10
Contact Stroke (mm) 0.2-0.3 | 0.2-03 | 0.2-0.3 | 0.2-0.3 | 0.2-0.3 | 0.2-0.3 | 0.2-0.3
Contact force (N) 0.2-0.3 | 0.2-0.3 | 0.2-0.3 | 0.2-0.3 | 0.2-0.3 | 0.2-0.3 | 0.2-0.3
Contact resistance (m Ohm) 30 30 30 30 30 30 30
Slit width (mm) 0.17 0.17 0.17 0.17 0.17 0.17 0.17
BGA—DRAM—Spring Probe [2]

Commodity DRAM (Mass production)

Lead Pitch (mm) 0.5 0.5

DRAM RM GT/S 32 43

Spring Probe

Inductance (nH) 0.3 0.3

Contact Stroke (mm) 0.2 0.2

Contact force (N) <0.2 <0.2

Contact resistance (m Ohm) 100 100 100 100 100 100 100

BGA—SoC—Spring Probe (50 Ohm) [3]

Logic (High volume microprocessor)

Lead Pitch (mm) 0.5 0.5 0.5 0.5 0.5 0.5 0.5

1/0 data (GT/s)

Spring Probe (50 Ohm)

Impedance (Ohm) 50 50 50 50 50 50 50

Contact Stroke (mm) 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Contact force (N) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Contact resistance (m Ohm) 50 50 50 50 50 50 50

BGA—SoC—Conductive Rubber [4] [5]

Logic (High volume microprocessor)

Lead Pitch (mm) 0.5 0.5 0.5

I/O data (GT/s) 20 20 20

Spring Probe (50 Ohm)

Inductance (nH) 0.15 0.15 0.15

Contact Stroke (mm) 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Contact force (N) 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Contact resistance (m Ohm) 50 50 50 50 50 50 50

Thickness (mm) 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Notes for Table TST15a and b:

[1] For pitches less than 0.3 mm contactor molding becomes difficult due to the thin wall thickness between pins.

[2] For higher performance, a shorter probe spring is required which shortens the contact stroke. In 2019, the contact stroke will be 0.2 mm
so the contact resistance will be unstable.

[3] The spring probe must be coaxial for high-speed test. 20GT/s cannot be supported with finer pitches.

[4] Ball height is expected to change over the roadmap but amount of change is not known.

[5] A contact stroke of 0.15 mm was assumed with a 0.5 mm rubber thickness. For high ball count devices the contact pressure has been

lowered.
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Figure TST10 Image Sensor Cell
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