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2001 2002 2003 2004 2005 2006 2007
MHz 1700
ps 588 535 486 442 402 365 332
ATE (OTA) ps 200 176 155 136 120 106 93
ps 29 27 24 22 20 18 17
(5% )
Tester Cost 2




ATE Cost Parameters

Tester Segments B m X
Base Cost |Incrementa| Pin Count
| Cost per
Pin
K$ $
High-performance ASIC / MPU 250-400 2700-6000 512
Mixed-signal 250-350 3000-18,000 128-192
DFT Tester 100-350 150-650 512-2500
Low-end Microcontroller / 200-350 1200-2500 256-1024
ASIC
Commodity Memory 200+ 800-1000 1024
RF 200+ ~50,000 32
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IC
IDDQ
IDDQ
Delta IDDQ
Vt
Vt
IDDQ
VDD
IDD
IDDQ
PAD
IDDQ
IDDQ

IDDQ Ratio

IC IDDQ
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

Table notes below:

*

IDDQ
IDDQ

IDDQ

IDDQ

IDDQ

IDDQ

IDDQ

Vt



IDDQ
IDDQ
/
ASIC(SONET/SDH
10) IC
ATE
IC
( )
ATE
DFT
SONET
BiCMOS 2.5Gbits/s
3.125Ghbits/s SiGe
Gbits/s 2002 CMOS ASIC
SiGe GaAs InP 40Gbhits/s 1999
GaAs(1.4V) CMOS(0.7V) SiGe(0.8V)
1.5v 1.8V
ASIC SOC 2001
20 80
IC 2002

IDDQ

Si CMOS

ATA

2001

ITRS

100

ASIC

10



ATE

CMOS/SiGe
(
ATE
2
SerDes
SerDes
DFT
SerDes
ATE
2001 2.5Gbit/s
2.5Gbps SerDes  40ps ( <5ps
)
2.5Gbit/s 8 10GHz
20

DFT

(BER)

(Rx)

ATE



SerDes

SerDes
( <5ps rms)
ASIC SerDes
(CDR)
SerDes DFT
- (PRBS)
DFT (BER)
/
DFT

Year of Production 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 |Driver
DRAM % Pitch (Sc. 2.0) 130 115 100 90 80 70 65
MPU % Pitch (Sc. 3.7) 150 130 105 90 80 70 65
MPU Printed Gate Length (Sc.| 90 75 65 53 45 40 35
3.7)
MPU Physical Gate Length (Sc.| 65 53 45 37 32 30 25
3.7)
High—performance-level serial
transceivers
Serial data rate (Gbits/s) 10 10 40 40 40 40 40
Maximum Reference Clock Speed (MHZz) 667 667 2500 2500 2500 2500 2500
High-integration-level backplane and computer 1/0
Serial data rate (Gbits/s) 2.5 3.125 | 3.125 0 0 40 40

10
Port count 20 100 200 00 00 00 00

20
Maximum Reference Clock Speed (MHz) 166 166 166 667 667 00 00 *

667

White—-Manufacturable Solutions Exist, and Are Being Optimized

Yellow--Manufacturable Solutions are Known
Red—Manufacturable Solutions are NOT Known

-




Maximum Reference Clock Speed (MHz) 2500

White—Manufacturable Solutions Exist, and Are Being Optimized
Yellow--Manufacturable Solutions are Known
Red-Manufacturable Solutions are NOT Known

ASIC
24a 24b ASIC
ASIC
ATE
1.25 25 10 40GHz
/O
3000
Table 24a 24b
156Mbps
2.5Gbps
SCAN
2001 32M 1000M
BIST DUT DFT
PLL

ATE

Year of Production 2010 2013 2016 Driver
DRAM ¥ Pitch (Sc. 2.0) 45 32 22
MPU % Pitch (Sc. 3.7) 45 32 22
MPU Printed Gate Length (Sc. 3.7) 25 18 13
MPU Physical Gate Length (Sc. 18 13 9
3ig7r)1—performance-level serial transceivers

Serial data rate (Gbits/s) 40 80

Maximum Reference Clock Speed (MHz) 2500 5000
High-integration-level backplane and computer 1/0

Serial data rate (Gbits/s) 40

Port count 200

ATE

2016

ASIC

DFT



SONET + 20ppm

+ 100ppm 10ps

ASIC IP SOC

Table 24a 24b ATE
24a ASIC
Year of Production 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 |Driver
DRAM 2 Pitch (Sc. 2.0) 130 115 100 90 80 70 65
MPU % Pitch (Sc. 3.7) 150 130 105 90 80 70 65
MPU Printed Gate Length (Sc.| 90 75 65 53 45 40 35
3.7)
MPU Physical Gate Length (Sc.| 65 53 45 37 32 30 25
3.7)
Off-chip data freq. MHz NRZ (see| 800 900 1000 1100 1200 1300 1400
footnote).
Overall timing accuracy ( % period) +/-5 +/-5 +/- 5
Special clock pin. RMS 10 10
jitter ps
Signal pk-pk range V 1.2-3.3|1.2-3.3(0.9-3.3|0.9-2.5(0.8-2.5|0.7-2.5 (0.6-2.5
Power/device. DC| 130 140 150 160 170 170 170
with heat sink W
Tester cost per high-freq. signal pin $K 1-4 1-3 1-3 1-3 1-3 1-3 1-3
Maximum number of /O signal pads.| 1500 1600 1700 1800 2000 2100 2200
Power and ground could double the
number of pads for wafer test.
White—Manufacturable Solutions Exist, and Are Being Optimized
Yellow--Manufacturable Solutions are Known
Red—-Manufacturable Solutions are NOT Known
Table notes bel ow:
* NRZ - nonreturn-to-zero waveform ( NRZ rates are often referred to as Mbits/s)
24b ASIC

Year of Production 2010 2013 2016 Driver

DRAM %2 Pitch (Sc. 2.0) 45 32 22

MPU % Pitch (Sc. 3.7) 45 32 22

MPU Printed Gate Length (Sc. 25 18 13

3.7)

MPU Physical Gate Length (Sc. 18 13 9

3.7)

Off-chip data freq. MHz NRZ (see

footnote).

Overall timing accuracy ( % period)

Special clock pin.
ps

RMS jitter

Signal pk-pk range V




Power/device. DC with 180 190 200

heat sink W
Tester cost per high-freq. signal pin $K 2-4 3-4 4 -4
Maximum number of 1/O signal pads. Power 2400 2700 3000

and ground could double the number of pads
for wafer test.

White—-Manufacturable Solutions Exist, and Are Being Optimized

Yellow--Manufacturable Solutions are
Known

Red—Manufacturable Solutions are NOT Known -

Table notes below:
* NRZ - nonreturn-to-zero waveform ( NRZ rates are often referred to as Mbits/s)

at-speed
DFT  BIST
at-speed
DFT
Table 25a 25b
DFT
APG
BIST APG

1999



25a
Year of Production 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 |Driver
DRAM % Pitch (Sc. 2.0) 130 115 100 90 80 70 65
MPU % Pitch (Sc. 3.7) 150 130 105 90 80 70 65
MPU Printed Gate Length (Sc.| 90 75 65 53 45 40 35
3.7)
MPU Physical Gate Length (Sc.| 65 53 45 37 32 30 25
3.7)
Pincount
Pincount I/O signal channels (maximum| 1024 1024 1024 1024 1024 1024 1024
pins) [2]
P_inc)ount power and ground (maximum| 2048 2048 2048 2048 2048 2048 2048
pins
Busses
Clock input frequency (MHz) [3] 1066 1200 1200 1200 1200 1200 1200
Clock accuracy (ps) [4] 47 42 42 42 42 42 42
Off-chip bus data rate (Mbits/s) 800 1200 1600 2400 3200 4800 6400
Accuracy OTA (ps) 63 42 31 21 16 10 8
Bi-directional 1/0 Yes Yes No No No No No
Uni-directional I/0 No No Yes Yes Yes Yes Yes
Source Synchronous Yes Yes Yes Yes Yes Yes Yes
Differential No No Yes Yes Yes Yes Yes
Self Clocked No No No Il Yes Yes  ves
Embedded memory (Mbits) 256 512 1 2 4 8 16
APG frequency (MHz) 200 200 200 200 200 200 200
Algorithmic pattern generator (#X, Y 16 16 16 16 16 16 16
addresses)
Algorithmic  pattern generator (#Z 4 4 4 4 4 4 4
addresses)
Power Supplies
High Current Power supply voltage range(1.3-2.5(1.1-2.5|0.9-2.0|0.9-2.0 | 0.9-2.0(0.7-1.8 (0.7-1.8
(volts) [1]
Low Current Power supply voltage rangef1.3-3.3 (1.1-3.3 |0.9-3.3 |0.9-3.3|0.9-3.3|0.7-3.3(0.7-3.3
(volts)
Power supply accuracy (% of programmed 10 10 10 10 10 10 10
value AC+DC)
Maximum current (A) 95 115 146 150 154 204 211
Patterns
Vector memory (Meg-vectors per pin) 64 128 128 256 256 512 512
Vector memory load time (minutes) 15 15 15 15 15 15 15
Independent pattern management (# of| >1000 | >1000 | >1000 | >1000 | >1000 | >1000 | >1000
patterns)
Reliability
MTBF (hours) 1150 1208 1268 1331 1398 1468 1541
MTTR (hours) 1 1 1 1 1 1 1
Availability (%) 98 98 99 99 99 99 99
Setup time (hours) 0.4 0.4 0.3 0.3 0.2 0.2 0.2

White—Manufacturable Solutions Exist, and Are Being Optimized

Yellow--Manufacturable Solutions are Known

Red—Manufacturable Solutions are NOT Known

—




Table notes below:

[1] 6000 uF maximum current 2
CPU 1 20
[2]
[3] RAMBUS
- output to output
(4]
PLL
on-die
25b
Year of Production 2010 2013 2016 Driver
DRAM % Pitch (Sc. 2.0) 45 32 22
MPU % Pitch (Sc. 3.7) 45 32 22
MPU Printed Gate Length (Sc. 3.7) 25 18 13
MPU Physical Gate Length (Sc. 18 13 9
3.7)
Year 2008 2011 2014
Pincount
Pincount 1/0O signal channels (maximum 1408 1472
pins) [2]

Pincount power and ground (maximum pins)

Busses

Clock input frequency (MHz) [3]

Clock accuracy (ps) [4]

Off-chip bus data rate (Mbits/s)

Accuracy OTA (ps)

Number of independent clock domains

2560 |

1866 |
27 |

\

2816

2133
23
1600
40

2944

2400
20
1800

Number of independent busses

Embedded memory (Mbits)

APG frequency (MHz)

Algorithmic pattern generator (#X, Y 64 64 64
addresses)
Algorithmic pattern generator (#Z addresses) 16 16 16

Power Supplies

Power supply voltage range (volts) [1]

Power supply accuracy (% of programmed
value AC+DC)

Maximum current (A)

Dynamic current slew rate response time (us)

Dynamic current slew rate settling time (us)

Patterns

Vector memory (meg—vectors per pin)

Vector memory load time (minutes)

Independent
patterns)

pattern management (#

Cost

Tester cost per pin ($)

Reliability

4000 |

0.59

2000

MTBF (hours)

1500

1700

MTTR (hours)

1

1

Availability (%)

99

99

Setup time (hours)

0.2

0.2




White—Manufacturable Solutions Exist, and Are Being Optimized

Yellow--Manufacturable Solutions are Known
Red—Manufacturable Solutions are NOT Known _

Table notes below:

[1] 6000 uF maximum current 2
CPU 1 20

[2]
[3] RAMBUS

output to output

[4]
PLL
8
2000 $10B
USB TCP/IP RF
ROM
SOC
SOC
26a
Year of Production 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 |Driver
DRAM % Pitch (Sc. 2.0) 130 115 100 90 80 70 65
MPU % Pitch (Sc. 3.7) 150 130 105 90 80 70 65

MPU Printed Gate Length (Sc.| 90 75 65 53 45 40 35
3.7)
MPU Physical Gate Length (Sc.| 65 53 45 37 32 30 25
3.7)

Tester Characteristics

Overall timing accuracy (% of period) 5 5 5 5 5 5 5
RMS clock jitter (ps) 100 75 75 50 50 50
External test vectors (M) Note A 8 12 12 12 12 16 16
Tester cost range ($K/per pin) 1.0-4 1.0-3 0.8-3 0.8-3 0.6-3
Reliability-MTBF (hrs) 2500 3000 5000 6000 7000 8000 9000
DPS maximum voltage (V) 8 8 8 ““““
Maximum DPS in tester 32 48 48 64 64 64 64
Maximum devices for parallel testing - 32 32 48 48 48

Note B

Maximum tester pins 1024 1024 1536 1536 1536




White—-Manufacturable Solutions Exist, and Are Being Optimized
Yellow--Manufacturable Solutions are Known
Red—Manufacturable Solutions are NOT Known

Table notes below:

A. BIST DFT BIST DFT
B.
26b
Year of Production 2010 2013 2016 Driver
DRAM % Pitch (Sc. 2.0) 45 32 22
MPU % Pitch (Sc. 3.7) 45 32 22
MPU Printed Gate Length (Sc. 25 18 13
3.7)
MPU Physical Gate Length (Sc. 18 13 9
3.7)

Tester Characteristics

Overall timing accuracy (% of period)
RMS clock jitter (ps)
External test vectors (M)

Tester cost range ($K/per pin) 0.3-2.5
Reliability-MTBF (hrs) 10K
DPS maximum voltage (V)

Maximum DPSin tester

Maximum devices for parallel testing

Maximum tester pins

0.3-2.0 |
12K

White—-Manufacturable Solutions Exist, and Are Being Optimized

Yellow--Manufacturable Solutions are
Known
Red—-Manufacturable Solutions are NOT Known
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27a

Year of Production 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007
DRAM % Pitch (nm) 130 115 100 90 80 70 65
MPU % Pitch (nm) 150 | 130 | 107 | 90 80 70 65
MPU Printed Gate Length (nm) 90 75 65 53 45 40 35
MPU Physical Gate Length (nm) | 65 53 45 37 32 28 25
Low Frequency Source and Digitizer

BW* (MH2z) 15 22 30 40 50 60 60
Fs** (MS/s***) 5 7 10 13 16 20 20
Resolution (bits) 20-23 | 20-23 | 20-23 24 24 24 24
Noise floor (dB/RT Hz) -160 -160 -160 -165 -165 -165 -165
High Frequency Waveform Source

Level V (pk—pk) 4 4 4 4 4 4 4
Accuracy (+/-) 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%
BW (MHZz) 1600 2400 3200 4000 4800 6000 7000
Fs (MS/s) 3500 5000 7000 8500 | 10000 | 12000 | 15000
Resolution (bits) AWG/Sinet 10/14 | 10/14 | 10/14 | 10/14 | 10/14 | 10/14 | 10/14
Noise floor (dB/RT Hz) -145 —-145 -150 -150 -155 -155 -155
High Frequency Waveform Digitizer

Level V (pk—pk) 4 4 4 4 4 4 4
Accuracy (+/-) 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%
BW (MHZz) (undersampled) 2000 3000 4000 5200 6400 8000 9200
Fs (MS/s) 200 300 400 520 640 800 920
Resolution (bits) 12 12 12 12 14 14 14
Noise floor (dB/RT Hz) -145 -145 -150 —150 -155 —-155 -155
Time Measurement

Jitter measurement (ps RMS) 3 2 2 1 1 1 1
Frequency measurement (MHz) 660 1320 1320 1320 2640 2640 2640
Single shot time capability (ps) 100 75 75 75 50 50 50
RF/Microwave Instrumentation

Source BW (GHz) 10 14 14 18 18 18 18
Accuracy (+/-dB) 0.2 0.2 0.2 0.2 0.1 0.1 0.1
Source phase noise low frequency| 130 136 136 136 136 136 136
Close-In 1KHz (dBc/Hz)

Source phase noise high frequency| 160 166 166 166 166 166 166
Wideband 10MHz (dBc/Hz)

Receive BW (GHz) 10 14 14 14 18 18 18
Receive noise floor (dBm/Hz) -160 -160 -160 -166 -166 -166 -166
Receive dynamic range SFDR (dBc) £ 110 130 140 140 140 160 160
Special Digital Capabilities

D/A and A/D Digital Data Rate (MB/s) 300 400 520 640 800 920 1040
Sample Clock Jitter (< ps RMS) 1.5 1 0.5 0.25 0.2 0.15 0.1
White—Manufacturable Solutions Exist, and Are Being Optimized

Yellow--Manufacturable Solutions are Known

Red—Manufacturable Solutions are NOT Known

Table notes bel ow:

BW—Bandwidth

** Fs—Sample rate

*** MS/s—Megasamples/second

T AWG/Sin—Arbitrary waveform generation/sine wave
1 SFDR—Spurious free dynamic range

§ MB/s—Megabits/second

—




27b

Year of Production 2010 2013 2016 Driver
DRAM % Pitch (nm) 45 32 22
MPU % Pitch (nm) 45 32 22
MPU Printed Gate Length (nm) 25 18 13
MPU Physical Gate Length (nm) 18 13 9
Low Frequency Source & Digitizer

BW * (MH2) 60 60 60
Fs** MS/s*** 20 20 20
Resolution (bits) 24 24 24
Noise floor (dB/RT Hz) -165 -165 -165
High Frequency Waveform Source

Level V (pk—pk) 4 4 4
Accuracy 0.5% 0.5% 0.5%
BW (MHZz) 7000 7000 7000
Fs (MS/s) 15000 15000 15000
Resolution (bits) AWG/Sinet 10/14 10/14 10/14
Noise floor (dB/RT Hz) -155 -155 -155
High Frequency Waveform Digitizer

Level V (pk—pk) 4 4 4
Accuracy 0.5% 0.5% 0.5%
BW (MHz) (undersampled) 10000 10000 10000
Fs (MS/s) 1000 1000 1000
Resolution (bits) 14 14 14
Noise floor (dB/RT Hz) -155 -155 -155
Time Measurement

Jitter measurement (ps RMS) 1 1 1
Frequency measurement (MHz) 3000 3000 3000
Single shot time capability (ps) 30 30 30

RF/Microwave Instrumentation

Source BW (GHz)

Source phase noise low frequency Close-In 140 140 140
1KHz (dBc/Hz)
Source phase noise high frequency Wideband 166 166 166

10MHz (dBc/Hz)

Receive BW (GHz)

Receive noise floor (dBm/Hz)

Receive dynamic range SFDR (dBc) £

Special Digital Capabilities

36

160

36

160

D/A and A/D datarate (MB/s) §

1200

1200

1200

Sample Clock Jitter (< ps RMS)

0.1

0.1

0.1

White—Manufacturable Solutions Exist, and Are Being Optimized

Yellow--Manufacturable Solutions are Known
Red—Manufacturable Solutions are NOT Known

Table notes below:
BW—Bandwidth

** Fs—Sample rate

*** MS/s—Megasamples/second

T AWG/Sin—Arbitrary waveform generation/sine wave

1 SFDR—Spurious free dynamic range
§ MB/s—Megabits/second




Definition for Table 27a and b:

LOW FREQUENCY SOURCE and DIGITIZER: This is the basic, minimum, instrument set of any mixed-signal tester.
Telecommunications, Advanced Audio and Wireless Baseband will drive these specifications. Differential inputs/outputs

are needed.

HIGH FREQUENCY WAVEFORM SOURCE: Disk Drive Read Channels (PRML) will drive sample rate and bandwidth.
Local Area Network (LAN) devices will drive sample rate, bit resolution and amplitude accuracy. Differential outputs

are needed.

HIGH FREQUENCY WAVEFORM DIGITIZER: An undersampled (down conversion, track-and-hold, etc) bandwidth is
shown. The sample rates and bit resolutions are for a direct conversion digitizer, which is usually preceded by the

undersampler. PRML and LAN devices will drive digitizer specifications. Differential inputs are needed.

TIME MEASUREMENT: Phase Lock Loops (PLL's), which are increasingly being embedded in new designs, will require
Jitter and Frequency measurements. A specialized class of instruments will have to be developed to make these

measurements efficiently and accurately.

RF/MICROWAVE INSTRUMENTATION: Single chip RF/Digital/Baseband/Audio devices will require RF instruments such

as modulated carrier sources and low noise receivers or down converters.

SPECIAL DIGITAL CAPABILITIES: For converter testing, the ability to source a digital word to a D/A and capture a

digital word from an A/D.

DFT

DFT

DFT
SoC
DFT ATE
DFT
DFT
ATE
28 7

1 DFT
2



DFT

28 DFT-BIST
Year of Production 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 |Driver
DRAM 2 Pitch (Sc. 2.0) 130 115 100 90 80 70 65
MPU % Pitch (Sc. 3.7) 150 130 105 90 80 70 65
MPU Printed Gate Length (Sc.| 90 75 65 53 45 40 35
3.7)
MPU Physical Gate Length (Sc.| 65 53 45 37 32 30 25
3.7)
Number of Parallel Sites 32 32 64 64 128 128 Cost
Scan Data Volume(Giga-pin-vectors 6 6 12 12 16 16 Logic
available per site) Density
Scan Pin (available per site / system) 256/1K [256/1K | 256/2K | 256/2K [ 256/4K | 256/4K Logic
Density
Scan Vector Rate (MT or MH2z) 50 100 100 200 200 200 Test
Time
“Full function” pin (available per site /| 128/25 | 128/25 | 128/51 | 128/51 | 128/51 | 128/51 Test
system) 6 6 2 2 2 2 Time
Functional vector depth (M-Vectors) 16 16 16 16 16 16 Logic
Density
Functional data rate (MHz) 100 100 100 200 200 200 Test
Time
“Reduced function” pin (available per| 3K/4K | 3K/4K | 3K/4K | 4K/5K | 4K/5K | 5K/6K 1/0
site / system)(DC only) Density
Clock pins (available per site / system) 4/32 4/32 4/64 4/64 4/128 | 4/128 Clock
Domain
s
Clock frequency (MHz) 200 200 400 400 400 800 On-chip
Clock
Rate
Power Supplies (available per site /| 8/32 8/32 8/64 8/64 8/128 | 8/128 Logic
system) Density
Support for options SoC
High-Speed Clock (differential Pairs) yes yes yes yes yes yes
Signature Compression yes yes yes yes yes yes
Algorithmic Pattern Generation yes yes yes yes yes yes
Low Frequency Source & Digitizer yes yes yes yes yes yes
High Frequency Source & Digitizer yes yes yes yes yes yes
Time Measurement Unit yes yes yes yes yes yes
ADC/DAC yes yes yes yes yes yes
RF Source no no yes yes yes yes
High Power yes yes yes yes yes yes
IDDQ yes yes yes yes yes yes
White—Manufacturable Solutions Exist, and Are Being Optimized

Yellow--Manufacturable Solutions are Known
Red—Manufacturable Solutions are NOT Known

Definitions for Table 28:



Parallel Sites --

Scan Data Volume —

Scan Pin —

Scan Vector Rate —

MegaTransfers per second (MT))

“ Full Function” Pin — Full Function

DUT

Functional Vector Depth —

(e.g. "0", "1",

Functional Data Rate —

ATE

full function

“H”,“L", "X, "Z", etc.)

“ Reduced Function” Pin — Reduced Function

/

Clock Pin —

DFT

Clock Frequency —

8%

Power Supplies —

vdd

I1/0

Full Function

AC

1.5%

Full Function

ATE

BIST

Vcce



Support for Options —

DFT
High-Speed Clock Pin —
single-ended 2003
800MHz 2004 1.4GHz 8%
1.5%
Signature Compression -DFT Linear Feedback Shift Registers (LFSRs)
Pseudo Random Pattern Generators (PRPGSs)
Single Input Signature

Registers (SI SRs) PRPGs SISRs LFSR/SISR

Algorithmic Pattern Generation —

Algorithmic Pattern Generator

Low Frequency Source/Digitizer — sin
18 100KHz

High Frequency Source/Digitizer - sin
12 10MHz

Time Measurement —

RF Source — SoC DFT RF
sin
100MHz 6GHz
High Power — (>75W)
(1-2us)

DRAM 29
31

DRAM

DRAM 2 4



3 4
DRAM
DRAM
BIST BISR Dbuilt-in-self-repair
GHz
DRAM
100nm
DRAM
YEAR OF PRODUCTION 2001 2002 2003 2004 2005 2006 2007
DRAM % PITCH (nm) 130 115 100 90 80 70 65
MPU / ASIC % PITCH (nm) 150 130 107 90 80 70 65
MPU PRINTED GATE LENGTH (nm) 90 75 65 53 45 40 35
MPU PHYSICAL GATE LENGTH (nm) 65 53 45 37 32 28 25
DRAM capacity (Gbits): R&D 2 — 4 — — 16
Mass Production| 0.512 — — — 4
DRAM data rate(GHz): R&D 1.3 — 1.6 — — 2.4
Mass Production — 1.3 — 1.6 — 2
DRAM access time(ns) — 1 — 0.5 — 0.3
Mass Production 4 — 2.5 — 2 — 1
DRAM bit width/device(Mass Production) 16 . 16 . 16 . 16
Tester data rate(GHz): R&D 1.3 — 1.6 — 2 — 2.4
Mass Production 1 — 1.3 — 1.6 — 2
Overall timing accuracy(ps): R&D 60 — 50 — 40 — 30
Mass Production 80 — 60 — 50 — 40
Simultaneous testing (devices/test head) 32/64 — 64 — 64 — 128
. 1200* 1200*
Test channels (Mass Production) 2300** — 2300%* — 2300 — 2300

* Assuming SDRAM with 32 devices/station, Driver 800, /0 640

** Assuming RAMBUS with 32 devices/station, Driver 480, 1/0 640; 2 64 devices/station, Driver 960, 1/0O 1280

White—Manufacturable Solutions EXist,

Being Optimized
Yellow—Manufacturable Solutions are Known

Red—Manufacturable Solutions are NOT Known

and Are




29b DRAM

YEAR OF PRODUCTION 2010 2013 2016
DRAM %2 PITCH (nm) 45 32 22
MPU / ASIC % PITCH (nm) 45 32 22
MPU PRINTED GATE LENGTH (nm) 25 18 13
MPU PHYSICAL GATE LENGTH (nm) 18 13 9
DRAM capacity (Gbits): R&D 64 256 1024
Mass Production 16 64 256
DRAM data rate (GHz): R&D 3.0 3.6 4.2
Mass Production 2.4 3.0 3.6
DRAM access time (ns): R&D 0.2 0.15 0.1
Mass Production 0.8 0.5 0.3
DRAM bit width/device (Mass Production) 32 32 32
Tester data rate (GHz): R&D 3.0 3.6 4.2
Mass Production 2.4 3.0 3.6
Overall timing accuracy (ps): R&D 25 20 18
Mass Production 30 25 20
Simultaneous testing (Devices/test head) 128 256 256
Test channels (Mass Production) 3500* 3500* 3500*

Assuming RAMBUS with 64 devices/station, Driver 960, 1/0 2560

White—Manufacturable Solutions Exist, and Are

Being Optimized
Yellow—Manufacturable Solutions are Known

Red-Manufacturable Solutions are NOT Known

SDRAM

16




30a,30b

30a,30b
30a
YEAR OF PRODUCTION 2001 2002 2003 2004 2005 2006 2007 DRIVER
DRAM % PITCH (nm) 130 115 100 90 80 70 65
MPU / ASIC % PITCH (nm) 150 130 107 90 80 70 65
MPU PRINTED GATE LENGTH(nm) 90 75 65 53 45 40 35
MPU PHYSICAL GATE LENGTH (nm) 65 53 45 37 32 28 25
Device Characteristics
Density (megabits): volume
production 64 128 128 256 256 512 512
Density (megabits): lead density 512 512 1024 1024 2048 4096 4096
Data width (bits) 32 32 32 32 32 32 32
tSe|;7t1)ultalneously tested devices (wafer 64 64 64 128 128 128 128
Simultaneously tested devices 64 64 64 128 128 128 128
(package test)
Power Supplies
Power supply voltage range 0.6-5.5|0.6-5.5|0.6-5.5|0.6-3.3(0.6-3.3(0.6-3.3|0.6-3.3
Power supply accuracy
(% of programmed value) 5 5 5 5 5 5 5
Maximum current (MA) 200 200 300 300 300 300 300
Programming power supply voltage 0.6-10.|0.6-10.|0.6-10.(0.6-10.|0.6-10.[0.6-10. 0.6-8.0
range (V) 0 0 0 0 0 0 ’ ’
Pattern Generator
Tester channels per test site [1] 64 64 64 64 64 64 64
Vector depth (millions) 1 1 1 1 1 1 1
ON-CHIP OR
Scan vector depth (millions) [2] 2 4 4 4 4 4 4 MULTI-CHIP
LOGIC
APG addresses [3] 48 48 48 48 48 48 48
Timing
Maximum data rate (MHz) 80 100 125 133 166 166 166
Accuracy OTA (ns) 0.75 0.6 0.6 0.5 0.5 0.5 0.5
Cost
Tester cost per pin ($) [4] [5] | 1000 | 950 | 903 | 857 | 815 | 774 | 735 |
Reliability
MTBF (hours) [6] 3000 3150 3308 3473 3647 3829 4020
MTTR (hours) 1 1 1 1 1 1 0.5




Being Optimized
Yellow—Manufacturable Solutions are Known
Red—Manufacturable Solutions are NOT Known

Availability (%) 99 99 99.5 99.5 99.5 99.5 99.5
Setup time (hours) 0.4 0.4 0.3 0.3 0.2 0.2 0.2
White-Manufacturable Solutions Exist, and Are
Being Optimized
Yellow—Manufacturable Solutions are Known
Red-Manufacturable Solutions are NOT Known =
30b

YEAR OF PRODUCTION 2010 2013 2016 DRIVER

DRAM % PITCH (nm) 45 32 22

MPU / ASIC % PITCH (nm) 45 32 22

MPU PRINTED GATE LENGTH (nm) 25 18 13

MPU PHYSICAL GATE LENGTH (nm) 18 13 9

Device Characteristics

Density (megabits): volume production 2048 4096 8192

Density (megabits): lead density 16384 65536 131072

Data width (bits) 32 32 32

Simultaneously tested devices (wafer test) 256 256 256

Simultaneously tested devices (package test) 256 256 256

Power Supplies

Power supply voltage range 0.6-3.3 0.6-3.3 0.6-3.3

Power supply accuracy (% of programmed 5 5 5

value)

Maximum current (MA) 300 300 300

F\l}())gramming power supply voltage range 0.6-8.0 0.6-8.0 0.6-8.0

Pattern Generator

Tester channels per test site [1] 72 72 72

Vector depth (millions) 2 2 2

Scan vector depth (millions) [2] 8 8 8 ON-CHIP ng"l"é’”"C”'P

APG addresses [3] 48 48 48

Timing

Maximum data rate (MHz) 200 250 300

Accuracy OTA (ns) 0.3 0.2 0.1

Cost

Tester cost per pin ($) [4] [5] 630 540 463

Reliability

MTBF (hours) [6] 4654 5388 6237

MTTR (hours) 0.5 0.5 0.5

Availability (%) 99.5 99.5 99.5

Setup time (hours) 0.2 0.2 0.2
White—Manufacturable Solutions Exist, and Are




DRAM

DRAM 2
3
DRAM
100nm
3
IC
DRAM 2003
ONO oxide-nitride-oxide
3la 31b
DRAM
read-disturb program- disturb erase-disturb DRAM
2003
DRAM
SRAM
3la DRAM

YEAR OF PRODUCTION 2001 2002 2003 2004 2005 2006 2007
DRAM % PITCH (nm) 130 115 100 90 80 70 65
MPU / ASIC % PITCH (nm) 150 130 107 90 80 70 65
MPU PRINTED GATE LENGTH (nhm) 90 75 65 53 45 40 35
MPU PHYSICAL GATE LENGTH (nm) 65 53 45 37 32 28 25
Embedded DRAM




Embedded DRAM size (Mbits)

R&D 128 256 512
Mass Production 64 128 256
. . Particle
Particle defects; SEriele deieatss defects;

Failure concerns

Particle defects;
data retention

array noise;
data retention

array noise;
sense-amp
imbalance

array noise;
sense-amp

imbalance
Wafer level test Single insertion | Double insertion | Double insertion _Doub_le
insertion
0, 0, 0, 0,
Usage of on-chip tes 100% BISR 100% BISR 100% BISR | 100% BISR
Embedded Flash
Embedded Flash size (Mbits)
R&D 64 128
Mass Production 32 64
Embedded mixed memory size (Mbits)
Flash 16 32
DRAM 32 32

Failure concerns

Oxide defects;
# of erase cycles

Oxide defects;
ONO scaling

Oxide defects;
ONO scaling;
over erase

Oxide defects;
ONO scaling;
over erase

Wafer level test Single insertion Single insertion | Double insertion _Doub_le
insertion
) 50% BIST 100% BIST 100% BIST 100% BIST
Usage of On-chip test 100% BISR 100% BISR 100% BISR 100% BISR

Number of bits in mass production is approximately 50% of number of bitsin R&D

White—Manufacturable Solutions EXxist,

Being Optimized
Yellow—Manufacturable Solutions are Known

Red-Manufacturable Solutions are NOT Known

and Are

31b DRAM
YEAR OF PRODUCTION 2010 2013 2016
DRAM % PITCH (nm) 45 32 22
MPU / ASIC % PITCH (nm) 45 32 22
MPU PRINTED GATE LENGTH (nm) 25 18 13
MPU PHYSICAL GATE LENGTH (nm) 18 13 9
Embedded DRAM
Embedded DRAM size (Gbits)
R&D 1 2 4
Mass Production 0.512 1 2
Particle Particle Particle
Defects, Defects, Defects,
Failure concerns Array Noise, Array Noise, Array Noise,
Sense-amp Sense-amp Sense-amp
Imbalance Imbalance Imbalance
In-line Defect In-line Defect In-line Defect
Detection, Detection, Detection,
Wafer level test Double Double Double
Insertion Insertion Insertion
. 100% BIST 100% BIST 100% BIST
Usage of on-chip test 100% BISR 100% BISR 100% BISR




Embedded Flash

Embedded Flash size (Mbits)

R&D 256 512 1024
Mass Production 64 128 256
Embedded mixed memory size (Mbits)
Flash 64 128 256
DRAM 64 128 256
Oxide Defects, | Oxide Defects, | Oxide Defects,
Imbalance Imbalance Imbalance
In-line Defect In-line Defect In-line Defect
water leve test ol B
Insertion Insertion Insertion
Usage of On-chip test 100% BISR | 100%BISR | 1005 BISR

Number of bits in mass production is approximately 50% of number of bitsin R&D

White—Manufacturable Solutions EXxist,
Being Optimized

Yellow—Manufacturable Solutions are Known

Red-Manufacturable Solutions are NOT Known

DFT

32a

and Are

32b

BIST



KGD

(300mm )
1
N CSP  WLCSP
MPU ASIC
0.0005 0.02 /¢
0.005 0.2 /¢ ”
0-25 /L‘ 7
32a
Year of Production 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 |Driver
DRAM (Sc. 2.0) 130 115 | 100 90 80 70 65
MPU (Sc. 3.7) 150 130 | 107 90 80 70 65
MPU Printed Gate Length (Sc.| 90 75 65 53 45 40 35
3.7)
MPU Physical Gate Length (Sc.| 65 53 45 37 32 28 25
3.7)
ASIC
(MHz) 400 400 | 400 400 400 400 400
(MHz) 25 50 50 75 75 75 75
(V) 0.7-4.0[0.7-4.0[0.7-3.] 0.7-2.5 [0.5-2.5[0.5-2.5[0.5-2.5
3
(W / DUT) 130 140 150 150 200 200 200
110 384 384 | 384 384 384 384 384
(MHz) 150 200 200 250 250 250 250
(MHz) 33 75 75 75 75 75 75
(V) 0.7-4.0(0.7-3.5[0.7-3.| 0.5-3.5 {0.5-3.5[0.5-3.5 [0.5-3.5
5
(W / DUT) 150 200 | 200 250 300 300 300




(A) 75 150 150 300 H 300 300 300
110 128 128 128 128 128 128 128
(MHz) 25 100 200 300 400 400 400
(MHz) 25 40 50 60 75 75 75
(V) 0.7-12.]0.7-12.]0.7-12[0.7-10.0 | 0.7-10. [ 0.7-10. [ 0.7-10.
0 0 .0 0 0 0
(W / DUT) 3 5 5 10 10 10 10
110 32 32 32 32 32 32 32
(MHz) 150 200 200 250 250 250 250
(MHz) 33 75 75 75 75 75 75
V) 0.7(—)65. 0.7665. 0.70-10 0.7-100 [0.5-500{0.5-500 [0.5-500
(W / DUT) 50 50 75 75 150 150 150
(A) 20 20 20 20 20 20 20
110 128 128 128 128 128 128 128
(Vp-p) +/-10V | +/-10V [+/-10V| +/-10V | +/-10V | +/-10V | +/-10V
(MHz) 400 400 400 400 400 400 400
(MHz) 30 30 30 50 50 50 50
(V) 0.6-6.0 [0.6-6.0 |0.6-6. | 0.6-4.0 | 0.6-4.0 [0.6-4.0 | 0.6-4.0
0
(V) 0.6-10 | 0.6-10 [0.6-10| 0.6-10 | 0.6-10 | 0.6-10 | 0.6-8
(W / DUT) 2 5 10 15 20 20 20
110 18 36 36 72 72 72 72
DFT/ BIST
(/ DUT) 128 128 128 128 128 128 128
M 64 128 256 256 256 256 256
(MHz) 33 75 75 75 75 75 75
I
32b
Year of Production 2010 2013 2016 Driver
DRAM (Sc. 2.0) 45 32 22
MPU (Sc. 3.7) 45 32 22
MPU Printed Gate Length (Sc. 3.7) 25 18 13
MPU Physical Gate Length (Sc. 3.7) 18 13 9
ASIC
(MHz) 400 400 400
(MHz) 75 75 75
(V) 0.5-2.5 0.5-2.5 0.4-2.5
(W / DUT) 200
110 384 384 384
(MHz) 250 250 250
(MHz) 75 75 75
(V) 0.5-3.0 0.5-2.5 0.5-2.5
(W / DUT) 300 300 | 300 |
(A) 300 300 | 300




/0 128 128 128
(MHz) 400 400 400
(MHz) 75 75 75

(V) 0.5-10 0.5-10 0.5-10
(W /DUT) 20 20 20
/0 32 32 32
(MH2z) 250 250 250
(MHz) 75 75 75

(V) 0.5-500 | 0.5-1000 | 0.5-1000
(W / DUT) 150 150 150
(A) 30 30 30
/0 128 128 128

(Vp-p) +/-10V +/-10V +/-10V
(MHz) 400 400 400
(MHz) 50 50 50

(V) 0.5-4.0 0.5-4.0 0.5-4.0

(V) 0.5-8.0 0.5-8.0 0.5-8.0
(W /DUT) 20 20 20
/0 72 72 72

DFT/ BIST

(/ DUT) 128 128 128
M 256 256 256
(MHz) 75 75 75




2001

DUT
/
ESD EMI
ESD DUT
DUT
DUT
DUT

JEITA
STRJ 2001



(di/dt)

DUT
/70
32 64 128
¢ 300 ASICS
DUT
ATE DUT
DUT
33
40GHz
44p m 4 30 60pm 4
100p m
150p m @ 754 m
SOC
1/70
40 +150

DUT




20
20

2001 2003 2005 2007 20092 2011 2013 2015 2017

Ic
2002 2004 2006 2008 2010 2012 2014 2016
BIST/DFT
BIST/DFT/1DDQ | |

100 I I

BIST/DFT _ |

BIST/DFT _ |
I

100% DFT/BIST

> GHz

+1°C DUT

m




