1P (SOC)
soC
ATE
soC
ATE
soC ASIC DRAM
DFT
DFT
ATE ATE
LS| IP
, DFT
ATPG, RTL DFT
HW/SW DFT
IP
/
LS| , IP

RTL

IP
LSl
DFT BIST
IP
RTL
HW/SW
BIST

on chip clock



generator  BIST BOST
Potential Solutions(1)
1999 2002 2005 2008 2011 2014
@isT ) —
) (onchip dk generator + BIST) |
eosn [T ]
sIP
*RTL DFT
( ATPG)
. DFT
( /
HW/SW |
DFT)
( BIR
( BISR) |
. / BIST
(PLL/ADC ) | |
( pst ) [ [ ]

- Research Required

WG
SOC

I:I Development Underway

(WG1)

LSI

[ ] oualification/Pre-Production

LSl

DFT

DFT



RTL(register

transfer level) IP intellectual property
IP
SOC(system on a chip) ASIC(application specific integrated
circuit: IC) DRAM(dynamic random access memory)
DFT
DFT

(breakthrough)



soc
(BIST)

LSI

TAT(turn-around time)

100 500ppm

pseudo-stuck-at

100nm

IDDQ

LSl

DFT
ATE
LSl
socC
1/5
IDDQ
IDDQ

IDDQ IDDQ



IDDQ IDDQ

100nm

RTL ATPG
RTL

o

2005

EM




LSl (at-speed

test) DC IDDQ
LSl
ATPG
SRAM(sTATic
random memory) BIST
SOC IP IP
IP IP
SOC IP IP
IEEE P1500 IEEE
LSl
100nm (100nm )
100nm IP
IP
IDDQ IDDQ
BIST
100nm IP
EDA(electronic design automation) IP
/BIST/BOST built-off/out
self-test
BIST IP
DRAM
100nm (100nm )
100nm SOC

LSI

tester on chip(



100nm

LSI

)|

DA( )

LSl
BIST




(DFT)

RAM/ROM  CPU IP
BIST
BIST DFT
IP
IP IP IP
P
100nm DFT RTL DFT
LS|
DFT BIST
LSl DFT
DFT  ATPG
DFT  ATPG
soC DFT
FF
FF P
soC /
BIST (IEEE Std 1149.4)
DFT
DFT
100nm DFT  RTL
HW/SW /
DFT
HW/SW DFT

SOC

DFT
DFT



v IP( )

M ﬂ v | IP (RTL)
DFT 4
RTL I::> RTL -
ﬁ 1P ( )
DFT 4
(DFT)
BIST
BIST SRAM SRAM DRAM BIST
/self-repair( )
BIST
SRAM SOC IP
/
IP LSI
( )
BIST
100nm BIST BISR(built-in self-repair) /self-repair

BIST



/ BIST PLL(phase-locked
loop)/ADC(analog-to-digital converter) IP
IDDQ
100nm EDA BIST
/ BIST BIST
100nm BIST
BIST
( / / )
BIST BISR
/ BIST /
100nm EDA IP BIST
IP BIST
/ IP
LSl BIST
BIST tester on

chip  BIST

f BIST

I ow Sneed ’—

_I
/ — Hinh Qneed
=

(BIST)



SOC IP IP
SOC IP IP

SOC IP

(IEEE Std 1149.1) /

(IEEE Std 1149.4) SOC
BSDL(Boundary Scan Description Language)

SOC IP BIST
IP /
IEEE P1500
IP IP
EDA

IEEE 1450(STIL: standard test interface language)

VCD(value change dump) WGL(waveform generation language)
100nm
STIL EDA STIL
I[EEE P1500 EDA IP
soC IP /
/ /
SOC soC
IEEE P1500 IP
/
EDA
IP SOC

IP SOC



100nm

s N

SOC

SOC

IP-Core Deliverables

[

Verilog-HDL \
VHDL

SDF etc.

/ /
/ /

S

STIL
IEEE P1500

SOC




180-130nm
BIST

100-70nm

[ ]

7

[ 1]

7

(a)

(b)

IDDQ SOC

IP IP
BIST BIST
( ) BIST
BIST IP
BIST
BISR
DRAM-BIST
BISR
, A
10°
7 1073 7
104 |
10 |
/ 10_6 \
1077 1 L L I >
"80 "90 "00 "10



EB( )

100nm
EB
SOC IP
SOC
BIST /
100nm
BIST BIST
BIST
BIST seed( )

. /

8 h

=7 \




1999 2000 2001 2002 2003 2004 2005
180 nm 130 nm 100 nm
RTL XX XX XX XX
DRAM XX XX XX XX XX XX
BIST +
on chip clock- XX XX XX XX XX
generator + BIST,
XX XX XX XX XX
P XX XX XX XX XX
XX XX XX XX
IDDQ Low-Vth XX XX XX XX
XX XX XX XX
XX XX XX XX
DFT
DFT XX XX XX XX XX XX XX
RTL  DFT XX XX XX XX XX XX XX
DFT, )
RTL  DFT , ATPG XX XX XX XX
DFT , XX
, HW/SW DFT
DFT XX
/ DFT BIST, BIST, BIST, BIST, BIST,
P XX XX
( , , XX XX
)
[ , XX XX XX
)
BIST, XX XX XX XX XX XX XX
BIST,
XX XX XX XX XX
BIST
BIST
BIST , XX XX XX XX XX
self -repair ,
BIST
BIST , XX XX XX XX XX
BIST
/ BIST
(PLL, (PLL, (PLL, (PLL, (PLL,
ADC ADC ) | ADC ADC ADC )




WGL, | WGL, |EDA/ |EDA/ |EDA/ |EDA/ |EDA/
VCD, VCD, STIL STIL STIL STIL STIL
STIL STIL
7 P1500 | P1500 | IP P P P IP
/EDA /EDA /EDA /EDA /EDA
P1500 |[P1500 |P1500 |[P1500 |P1500
/
/soc| /soc| /soc| /soc| Isoc
IDDQ XX XX
P XX XX XX XX XX
BISR XX XX XX XX XX
BISR
EB XX XX
XX XX XX
XX XX XX XX
XX XX XX XX
XX XX XX XX
BIST 5

Solutions Exist [___]

Solutions Being Pursued(yellow) 1

No Known Solutions(red) I



2008 2011 2014
70 nm 50 nm 35 nm
RTL XX XX
DRAM BIST + XX XX
XX XX
on chip clk-generator + BIST,
XX XX
P XX XX
XX XX
IDDQ Low-Vth XX XX
, XX XX
DFT
DFT ) XX XX
RTL  DFT DFT, , XX XX
RTL  DFT , ATPG) XX XX
DFT , XX XX
, HW/SwW DFT
DFT XX XX
)
/ DFT BIST, BIST,
P
; )
, , , XX XX
BIST, BIST, XX XX
XX XX
BIST
BIST
BIST , self -repair XX XX
BIST
BIST )
BIST
/ BIST
/
/
IDDQ
P
BISR

BISR

EB




) XX XX
XX XX
XX XX
XX
Solutions Exist [___| Solutions Being Pursued(yellow) [___] No Known Solutions(red) [N
ATE
FORTRAN BASIC PASCAL

C GUIl(graphical user interface)



EWS(engineering workstation)

HDL(hardware description language)

SOC

SOC SOC
LSl
SCAN BIST

LSl
LSI



1999 2000 2001 2002 2003 2004 2005
0.18p 0.13p 0.10p
(Bits)
1G 1G 2G 2G 4G 4G 8G
256M 256M 512M 512 1G 1G 2G
(bit/sec.)
1.0G 1.2G 1.3G 1.6G 1.8G 1.8G 2.0G
250M 500M 1.0G 1.3G 1.5G 1.8G 2.0G
(ns)
2.5 2.3 2 1.5 1 0.8 0.5
8 6 4 3.5 4 2.5 2
/
| 16 16 16 16 16
0.18p 0.15 0.13p 0.10p
(Hz)
1.0G 1.2G 1.3G 1.6G 1.8G 1.8G 2.0G
250M 500M 1.0G 1.3G 1.5G 1.8G 2.0G
(ps)
+ 100 + 100 + 60 + 50 + 50 + 45 + 40
+ 300 + 250 + 80 + 60 + 60 + 55 + 50
/
| | 32 32 | 32/64 64 64 64 | 64
2.5V 2.5V 2.5V 1.5V 1.5V 1.5V 1.5V
3.3V 3.3V 2.5V 2.5V 2.5V 1.5V 1.5V
+  0.1%+ +  0.1%+ +  0.1%+ +  0.1%+ +  0.1%+ +  0.1%+ + 0.1%+
4mv 4mv 4mv 3mv 3mv 3mv 3mv
+ 1%+ £ 1%+ +  0.6%+ +  0.6%+ +  0.6%+ +  0.6%+ +  0.5%+
20mv 20mv 15mv 10mv 10mv 10mv 10mv
+ 1%+ + 1%t + 0.6%+ + 0.6%+ + 0.6%+ + 0.6%+ + 0.5%+
20mv 20mv 15mv 10mv 10mv 8gmv 8mv
1500 1200 2300 2300
SDRA 2300
32 /ST
DRV 800
1/0 640 32 /ST
DRV:480
1/0 :640
64 /ST
DRV:960
1/0:1280
1999 2000 2001 2002 2003 2004 2005
0.18u 0.13p 0.10p
1.7 2.0 1.7 2.0 1.7 1.93 1.4 1.81 1.4 1.9 1.4 1.85 1.4 1.7
1.0 1 1.3 1.6 1.7 1.5 1.7 1.5 1.75 1.5 1.75 1.4 1.7
(1.0) (0.75) (0.75) (0.56)
| 1 [ 1.25 1.4 | 1.25 1.4 | 1.5 1.8 15 1.8 | 1.9 2.5




2008 2011 2014
0.07p 0.05p 0.035p
(Bits)
64G 256G 1T
16G 64G 256G
(bit/sec.)
2.4G 3.0G 4.0G
2.2G 2.6G 3.0G
(ns)
0.3 0.2 0.1
1 1 0.5
/
| 32 32 64
0.07p 0.05p 0.035y
(Hz)
2.4G 3.0G 4.0G
2.2G 2.6G 3.0G
(ps)
+ 30 + 25 + 20
+ 40 + 30 + 25
| | 64 64 64
1.0V 0.8V 0.8V
1.5V 1.0V 0.8V
+  0.1%+ + 0.1%+ + 0.1%+
2mv 2mv) 2mv)
+  0.5%+ + 0.5%+ +  0.5%+
10mv 10mv 10mv
+ 0.3%+ + 0.1%+ + 0.1%+
5mv 4mv 4mv
3500 3500
64 /ST
DRV 960
1/0 2560
2008 2011 2014
0.07p 0.05p 0.035p
1.1 1.7 0.9 1.7 0.9 1.15
1.0 1.7 0.8 1.7 0.8 1.0
(0.56) (0.42)

[ 3.38 5.83 [ 5.06 10.5 |




(SIA )
1999 DRAM
GHz
10%
1999 10% 2001 8%
/
/
1.5
JEDEC(joint electron device engineering council)
0.1% «a
1 11
o 4m 4m 3m 3m 2m 2m
+ 5% *+ 0.5%

1999 SDRAM



1999
2001
2008

'99

'99

10

2005

SDRAM x16b 32 /

x16b 32 /
x32b 64 /
1
1500ch 1
8% 10%
2 1.4
(256M) 1
1.5 1.8
1.5
(comparator)

64



/ 1999 2000 2001 2002 2003 2004 2005
0.18y 0.13p 0.10u
DRAM
128M 128M 128M 256M 256M 256M 512M
64M 64M 128M 256M 256M 256M 256M/
512M
DRAM
/ 2008 2011 2014
0.07y 0.05p 0.035u
DRAM
1G 1G 4G
512M 1G 2G
DRAM
DARM Logic 2 1999
Wafer BT 2001
DRAM LSl 50%




/ 1999 2000 2001 2002 2003 2004 2005
0.18p 0.13p 0.10p
(bit)
8M 8M 16M 32M 32M 32M 64M
4M 4M 8M 16M 16M 16M 32M
BISR
% % % %
/ 2008 2011 2014
0.07p 0.05p 0.035p
(bit)
128M 256M 512M
64M 128M 256M
BISR
% %
2001
flash LSl 70%




1999 2000 2001 2002 2003 2004 2005 2008 2011 2014
0.18p 0.13u 0.1p 0.07p 0.05p |0.035u
/
1.4 1.8M 2.4M
2 3M 4.8M
400 1 1.4M 1.8M
2 3M 4.8M
Bits
64
2 M
its
M 256 M 512M
M 128M 256M
260 310 350 380 400 420 500
300 480 480 630 630 900 1230
100 120 130 160 200 250 300 350 400
220 220 300 480 480 630 630 900 1230
X /
16.5M 22M 34M 78M 96M |123.5M| 140M 189M [225M
39M 120M 132M 205M 315M 675M| 1476 M
6.5M | 10.5M 13M 30M 42.5M 59M 75M 123M ([225M
14M 19M 30M 91M 102M 150M 315M 675M| 1476 M




1999 2000 2001 2002 2003 2004 2005 2008 2011 2014
0.18p 0.13u 0.1y 0.07p 0.05p |0.035u
/
G
3.6G 4.8G
1. 5G 1.5
1.2G 1.3G 1.6G 2.6G 3.5G
LSI
\Y
\
2.2K 3.5K 6.5K
2.8K 3.2K
M
1999 2000 2001 2002 2003 2004 2005 2008 2011 2014
0.18p 0.15u | 0.13p 0.1p 0.07p 0.05py |0.035p
G
NRZ
650M 900M 950M 1.1G 1.3G
1.2G 1.5G
125M 200M | 300M | 400M | 400M 450M | 500M 600M 0.7G
300M 400M| 400 500 550M 600M 600M 800M 1.0G
+ + + +
160ps | 130ps | 110ps | 100ps
* 400ps|{x 300ps|+ 200ps|= 160ps
+ 0.1%|x 0.1%(+ 0.1%(+ 0.1%|x 0.1%|x 0.1%|x
+4mv +4mv +4mv +3mv +3mv +3mv
+ 0.1%|+ 0.1%[+ 0.1%(+ 0.1%|x 0.1%|x 0.1%|x
+4mv +4mv +4mv +3mv +3mv +3mv
+ 1% [+ 1% [+ O0.6%|+ 0.6%|+ 0.6%|x 0.6%[+ 0.5%(+ 0.5%|+ 0.5%|* 0.5%
+20mv [+20mv [+15mv |+10mv [+10mv [+10mv [+10mv [+10mv |+10mv |+10mv
+ 1% [+ 1% [+ O0.6%|+x 0.6%|+ 0.6%|+x 0.6%[+ 0.5%(+ 0.5%|+ 0.5%|* 0.5%
+20mv  [+20mv [+15mv |+10mv [+10mv ([+10mv [+10mv [+10mv |+10mv |+10mv
+ 1% [+ 1% [+ 0.6%|+ 0.6%| 0.6%|x 0.6%|x 0.5%
+20mv  [+20mv [+15mv [+10mv [+10mv +8mv +8mv




+ 1% [+ 1% [+ 0.6%[(x 0.6%(+ 0.6%|+x 0.6%|x 0.5%
+20mv  [+20mv [+15mv [+10mv [+10mv +8mv +8mv
1999 2000 2001 2002 2003 2004 2005 2008 2011 2014
0.18p 0.13p 0.1p 0.07u 0.05py |0.035p
5 5
10 10
1K 1.5 2 2K 2K 2K 4K|2K 4K
2.2K 2.4K 2.5K
0.5K 0.5K 0.5K K 1.2K 1.7 1.7K 1.7K 2K 4K
1K 1K 1K 2.2K 2.4K 2.5K
32M 64M 256M
128M
4 24
32M
= X X X
16G 16G
32G 32G
1 2G |1 2G G G 8
!/
16/16 16/16 16/16 16/16 16/16 18/18 18/18
14 14 /4 /4 /4 /6 /6
16/16 16/16 16/16 16/16 16/16 18/18 18/18
14 14 /4 /4 14 16 /6
IDDQ
ALPG 1999

LSI




1999| 2000 2001| 2002| 2003| 2004| 2005| 2008| 2011 2014
0.18u
offset
[Vp-p] 5 5 5 5 5 5 5 3 3 3
[MHz] 2 2 2 2 2 2 2 2 2 2
[MS/S] 4 4 4 4 4 4 4 4 4 4
[bit] 18 20 20 20 20 20 20
at 1kHz
THD
at 1kHz -104| -116| -116| -116| -116| -116| -116
[dBc]
[dBV/RTHz] -136| -142| -142| -142| -150| -150| -160
at 1kHz
1999| 2000( 2001| 2002| 2003| 2004| 2005| 2008| 2011| 2014
0.18u
offset
5 5 5 5 5 5 5 3 3 3
[Vp-p]
[MHZz] 20 50 50 65 80 90| 100| 100 120( 120
[MS/S] 40| 100 100| 130| 160 180 200 200| 240| 240
[bit] 12 12 14 14 14 14 14 16 16 18
[LSB] 1 1 1 1 1 1 1 1 1 1
[dBV/RTHz] -133| -133| -145| -145| -145| -145| -145| -157| -157| -169
at IMHz




1999| 2000| 2001| 2002| 2003( 2004| 2005| 2008| 2011| 2014

0.18u

offset
[Vp-p] 4 4 4 3 3 3 3 3 2| 1.5
[GHZz] 1 1 1.5 2| 2.5 3] 3.5 4 5 6
x 2.5

[GS/S] 2.5| 2.5| 3.75 5| 6.25| 7.5| 8.75 10| 12.5 15
[bit] 8 10 10 10 10 12 12 12 14 14
[LSB] 1 1 1 1 1 1 1 1 1 1
[dBV/RTHZz] -129| -141| -141| -141| -141| -153| -153| -153| -165| -165

at 100MHz




1999| 2000 2001| 2002| 2003| 2004| 2005| 2008| 2011 2014
0.18u
[Vp-p] 7 7 7 5 5 5 5 4 4 4
[MHZz] 2 2 2 3 3 4 5 6 8 10
[MS/S] 1 1 1 2 2
[bit] 20 20 22 22 22
at 1kHz
THD
at 1kHz -104| -104| -110| -110{ -110{f -110f -110{( -110( -110{| -110
[dBc]
[dBV/RTHZz] -136| -142| -150( -150| -150| -150| -160| -160| -160| -160
at 1kHz
1999| 2000] 2001| 2002| 2003| 2004 2005| 2008| 2011| 2014
0.18u
[Vp-p] 5 5 5 5 5 5 5 3 3 3
[MHz] 100| 100{ 200| =200 300f 300 300 350( 400 500
[MS/S] 20 20 20 20 40 40 80 80| 100| 120
[bit] 12 12 14 14 14 14 14 16 16 18
[LSB] 1 1 1 1 1 1 1 1 1 1
[dBV/RTHz] -133| -133| -145| -145| -145| -145| -145| -157| -157( -169
at 1IMHz




1999| 2000 2001| 2002| 2003 2004| 2005| 2008| 2011| 2014

0.18u
[Vp-p] 4 4 3 3 3 3 2 2 2 2
[GHZ] 1] 1.5 1.5 2 2[ 2.5 2.5 3 4 5
[MS/S] 20 20 20 20 40 40 80 80| 100 120
[bit] 8 8 8 8 8 8 8 8 8 8
[LSB] 1 1 1 1 1 1 1 1 1 1
[dBV/RTHz] -139| -139| -139( -139| -139| -139| -139| -139| -139| -139

at 100MHz




1999| 2000 2001| 2002| 2003| 2004| 2005| 2008| 2011 2014
0.18u
[ps RMS] 20 20 20 10 10 10 10 5 5 2
1999 2000 2001| 2002| 2003| 2004| 2005| 2008| 2011| 2014
0.18u
1 1 2 2 3 3 4 5 7 8

[GHZ]




LSI IP
potential solutions( )
, DFT
RTL ATPG, RTL DFT
HW/SW HW/SW DFT
Potential Solutions(1)
1999 2002 2005 2008 2011 2014
@IS ) ——
(onchip dk generator + BIST) |
gosn [ ]
P
*RTL DFT
( ATPG)
. DFT
( /
HW/SW | |
DFT)
(  BISR)
( BISR) | |
. / BIST
(PLLIADC ) | |
( BIST ) [ |

- Research Required

I:I Development Underway

I:I Qualification/Pre-Production



/
/ BIST
IEEE Std 1394
LSI . IP
generator  BIST BOST
BIST
BISR
LSI
IDDQ
IDDQ

LSI

potential solutions

BIST

BIST

IDDQ

BIST
PLL/ADC
on chip clock
BISR
potential solutions
potential solutions /



Potential Solutions(2)

1999 2002 2005 2008 2011 2014

*IDDQ LowVth

. / BIST

(PLL/ADC ) | |

( BIST )_ [ ]

(on chip clk generator + BIST) |

s [ ]

- Research Required I:I Development Underway I:I Qualification/Pre-Production



Potential Solutions(3)

1999 2002 2005 2008 2011 2014

( ) || | |
( ) | | |
(BIST , BIST) | |
( ) [
- Research Required I:I Development Underway I:I Qualification/Pre-Production



WG

LSl SOoC 1
SOC 1
e]e:
WG
WG
IR EM
WG1
) ( Vth )
(interconnect: JWG4)
ATPG
(WG10)

WG1,WG4,WG10

WG1,WG4,WG10

WG1 IP
SOC
WG1

(WG1)

signal integrity

WG1
signal integrity



Vth

(WG9)
WG1,WG9,WG12
WG1
WG1
WG1
SOC WG1 IP
WG1
RTL
IP WG1
DFT WG1
RTL DFT WG1
DFT WG1,WG4
(BIST)
WG1 BIST BIST
(electro migration:
BIST
BIST WG1

Tester on Chip WG1,WG12

WG(WG2)

IP



WG1

(WG4)

EB

(WG12)

WG1,WG4,WG7,WG12




LSI

LSI

EDA

ITRS'99 Table 12a
ITRS'99 Table 12b

LSl

DFT

DFT



