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6 Assembly and Packaging
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Table AP2a  Single-chip Packages Technology Requirements—Near-term Years

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
](\ZZ;J/AS[CMemI 1 (M1) ¥ Pitch 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
Cost per Pin Minimum for Contract Assembly (Cents/Pin
Low-cost, hand-held and memory | .27-.50 | .25-.48 | .24-.46 | .23-.44 | .22-.42 | .21-.40 | .20-.38 | .20-.36 | .20-.34
Cost-performance .69-1.19 | .66-1.13 | .63-1.70 | .60-1.20 | .57-.97 | .54-92 | .51-.87 |.48-.83|.46-.79
High-performance 1.83 1.73 1.64 1.56 1.48 141 1.34 1.27 1.21
o T [ e 8 | 25 | 285 | 5
Chip size (mmz)

Low-cost/hand held 100 100 100 100 100 100 100 100 100
Cost performance 140 140 140 140 140 140 140 140 140
High performance (FPGA) 662 695 729 766 804 750 750 750 750
Harsh 100 100 100 100 100 100 100 100 100
Maximum Power (| Watts/mmz)
Hand held and memory (Watts) 3 3 3 3 3 3 3 3 3
Cost-performance (MPU) 0.57 0.86 0.90 0.96 1.13 111 1.10 1.17 1.19
High-performance (MPU) 0.33 0.47 0.46 0.47 0.52 0.51 0.48 0.49 0.46
Harsh 0.18 0.2 0.2 0.22 0.22 0.24 0.25 0.25 0.27
Core Voltage (Volts)
Low-cost 0.9 0.8 0.7 0.6 0.6 0.6 0.5 0.5 0.4
Hand-held and memory 0.7 0.6 0.6 0.5 0.5 0.5 0.5 0.4 0.4
Cost-performance 0.9 0.8 0.8 0.6 0.6 0.6 0.6 0.5 0.5
High-performance 0.9 0.8 0.8 0.6 0.6 0.6 0.6 0.5 0.5
Harsh 1.2 1.2 12 1.2 1 1 0.9 0.9 0.9
Package Pin count Maximum
Low-cost 148-700 150-800 | 160-850 | 170-900 | 180-950| 100 | 1% | 207 | 218~
Cost performance 2140 | 2400 | 2801 | 2763 | 061 | 3367 | 3704 | aovs | adse
High performance (FPGA) 4000 4400 4620 4851 5094 5348 5616 5896 6191
Harsh 386 405 425 447 469 492 517 543 570
Minimum Overall Package Profile (mm)
Low-cost, hand held and memory 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2
Cost-performance 0.8 0.65 0.65 0.65 0.65 0.5 0.5 0.5 0.5
High-performance 1.4 1.4 14 1.2 1.2 1 1 1 1
Harsh 0.8 0.8 0.8 0.8 0.7 0.7 0.7 0.7 0.7
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Assembly and Packaging 7

Table AP2a  Single-chip Packages Technology Requirements—Near-term Years

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) % Pitch 68 59 52 45 40 36 32 28 25
(nm)

MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
Performance: On-Chip (GHz)

978— 1076 - 1183 - 1243- 1305 - 1370 -
Low-cost/Hand held 735/4676(808/5144|889/5660 6224 6846 7530 7903 8303 8718
Cost-performance 4.70 5.06 5.45 5.88 6.33 6.82 7.34 7.91 8.52
High-performance 4.70 5.06 9827.14 5.88 6.33 6.82 7.34 7.91 8.52
Harsh 106 117 128 141 155 171 188 207 227
Performance: Chip-to-Board for Peripheral Buses (MHz)
gl‘(’)VCVI;COSt Logic/Memory to MPU | 1 /567 | 100/800 | 100/800 | 125/800 | 125/800 |125/1000|125/1000125/1000|125/1000
I(fe";t)‘perf"rma“ce (formulti-drop | 733 | 'goo | 800 | 800 | 800 | 1000 | 1000 | 1000 | 1000
High-performance (for
differential-pair point-to-point 4.88 6.10 7.63 9.54 11.92 14.90 18.63 23.28 29.10
nets) (GHz)
Harsh 106 106 115 125 125 125 125 125 150
Maximum Junction Temperature
Low-cost, Hand Held and 125 | 125 | 125 | 125 | 125 | 125 | 125 | 125 | 125
Memory
Cost performance 95 95 90 90 90 90 90 90 90
High-performance 95 95 90 90 90 90 90 90 90
Harsh** 175 175 200 220 220 220 220 220 220
Harsh-complex ICs 175 175 175 175 175 175 175 175 175
Operating Temperature Extreme.: Ambient (°C
Low-cost, Hand Held and 55 55 55 55 55 55 55 55 55
Memory
Cost-performance 45 45 45 45 45 45 45 45 45
High-performance 55 55 55 55 55 55 55 55 55
Harsh -40 to -40 to -40 to -40 to -40 to -40 to -40 to -40 to -40 to

ars 150 150 175 200 200 200 200 200 200
Harsh lex IC -40 to -40 to -40 to -40 to -40 to -40 to -40 to -40 to -40 to

arsi-complex 18 150 150 150 150 150 150 150 150 150

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known
Interim solutions are known |4
Manufacturable solutions are NOT known _
Table AP2b  Single-chip Packages Technology Requirements—Long-term Years

Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM % Pitch (nm) (contacted) 23 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) % Pitch (nm) 23 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5.0 4.5
Cost per Pin Minimum for Contract Assembly (Cents/Pin)
Low-cost, hand-held and memory .20-.32 .20-.30 .2-.29 .2-.27 .2-.26 .19-.25 .19-.25
Cost-performance 44-75 | 42-71 | 39-68 | 37-64 | 35-61 | 3388 | O
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8 Assembly and Packaging

Table AP2b  Single-chip Packages Technology Requirements—Long-term Years

Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM % Pitch (nm) (contacted) 23 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) % Pitch (nm) 23 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5.0 4.5
High-performance 1.15 1.09 1.04 0.99 0.94 0.89 0.85
Harsh 2 23 2 25 290 | 19108 | 19103
Chip size (mm?)
Low-cost/hand held 100 100 100 100 100 100 100
Cost performance 140 140 140 140 140 140 140
High performance (FPGA) 750 750 750 750 750 750 750
Harsh 100 100 100 100 100 100 100
Maximum Power ( Watts/mmz)
Hand held and memory (Watts) 3 3 3 3 3 3 3
Cost-performance (MPU) 1.07 112 1.19 1.27 1.24 1.63 1.73
High-performance (MPU) 0.42 0.42 0.44 0.43 0.42 0.43 0.43
Harsh 0.28 0.28 0.29 0.29 0.29 0.3 0.3
Core Voltage (Volts)
Low-cost 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Hand-held and memory 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Cost-performance 0.5 0.5 0.5 0.5 0.5 0.5 0.5
High-performance 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Harsh 0.9 0.8 0.8 0.8 0.8 0.8 0.8
Package Pin count Maximum
Low-cost 229 - 240 - 252 - 265 - 278 - 292- 306-
1200 1200 1250 1250 1250 1300 1300
Cost performance ?18(3)6 5923':3, 960- 1050- 1050 - 1155- 1155-
5966 6562 7218 7940 8337
High performance (FPGA) 6501 6826 7167 7525 7902 8297 8712
Harsh 599 629 660 693 728 764 803
Minimum Overall Package Profile (mm)
Low-cost, hand held and memory 0.2 0.2 0.2 0.2 0.15 0.15 0.15
Cost-performance 0.4 0.4 0.4 0.4 0.4 0.3 0.3
High-performance 0.9 0.9 0.9 0.9 0.8 0.8 0.8
Harsh 0.6 0.6 0.6 0.6 0.5 0.5 0.5
Performance: On-Chip (GHz)
Low-cost/Hand held 1438 - 1510 - 1586 - 1665 - 1748 - 1835- 1927-
9154 9612 10092 10597 11127 11683 12268
Cost-performance 9.18 9.89 10.65 11.47 12.36 13.32 14.34
High-performance 9.18 9.89 10.65 11.47 12.36 13.32 14.34
Harsh 250 275 302 333 366 403 443
Performance: Chip-to-Board for Peripheral Buses (MHz)
Low-cost Logic/Memory to MPU clock 150/1200 | 150/1200 | 150/1200 | 150/1200 | 150/1200 | 150/1200 | 150/1200
Cost-performance (for multi-drop nets) 1200 1200 1200 1200 1200 1200 1200
g‘%‘;lﬁfrnfzg?gﬁg"r differential-pair point- 34.93 4191 46.10 50.71 55.78 61.36 |  67.50
Harsh 150 150 150 150 150 150 150
Maximum Junction Temperature
Low-cost, Hand Held and Memory 125 125 125 125 125 125 125

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007




Assembly and Packaging 9

Table AP2b  Single-chip Packages Technology Requirements—Long-term Years

Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM % Pitch (nm) (contacted) 23 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) % Pitch (nm) 23 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5.0 4.5
Cost performance 90 90 90 90 90 90 90
High-performance 90 90 90 90 90 90 90
Harsh 220 220 220 220 220 220 220
Harsh-complex ICs 175 175 175 175 175 175 175
Operating Temperature Extreme: Ambient (°C)
Low-cost, Hand Held and Memory 55 55 55 55 55 55 55
Cost-performance 45 45 45 45 45 45 45
High-performance 55 55 55 55 55 55 55
Harsh -40 to -40 to -40 to -40 to -40 to -40 to -40 to
200 200 200 200 200 200 200
Harsh-complx [Cs 15 | s | 10 | 1s0 | 1s0 | 18 | 150

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

Interim solutions are known |€

Manufacturable solutions are NOT known _
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Figure AP1  The Use of Compliant/Flexible Electrical I/O Can Potentially Eliminate the Need
for Underfill

Leadfree Solder Bump
(e.g. SnAg, SnSgCu)

Under Bump Metallurgy
(UBM)

7 7

Schematic construction of a solder bump

4

Solder Cap
UBM
Cu
UBM
s SeeaT= 600 Frauphefer |ZM
7 7 Z
Schematic construction of a HAR Cu pillar bump (height: 80 um)

(High Aspect Ratio) Cu pillar
bump with solder cap

Figure AP2  Micro Bump and Pillar Bump Structures for High Reliable Chip-to-substrate
Interconnects
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Table AP3a  Chip-to-package Substrate Technology Requirements—Near-term Years

Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) % Pitch (nm) 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
Wire bond—single in-line (micron) 40 35 35 35 30 30 30 30 25
Two-row Staggered Pitch (micron) 55 50 45 45 45 40 40 40 40
Three-tier Pitch (micron) 60 60 60 55 55 50 45 45 45
Wire bond—Wedge pitch (micron) 25 25 20 20 20 20 20 20 20
Tape-automated Bonding (TAB) 35 35 35 35 35 35 35 35 35
Flying Lead (micron) 35 35 35 35 35 35 35 35 35
:ig’sg:t?) (?riﬁi‘ (ﬁ‘l;ragfgt)h organic and ceramic 130 | 130 | 130 | 130 | 120 | 110 | 110 | 100 | 100
fgg&%‘;ﬁf?&‘g (organic substrate)(micron) 160 | 160 | 150 | 150 | 150 | 130 | 130 | 130 | 110
Flip Chip on Tape or Film (micron) 25 15 10 10 10 10 10 10 10

Table AP3b  Chip-to-package Substrate Technology Requirements—Long-term Years

Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM ¥ Pitch (nm) (contacted) 23 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm) 23 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5.0 4.5
Wire bond—single in-line (micron) 25 25 25 25 25 25 25
Two-row Staggered Pitch (micron) 35 35 35 35 35 35 35
Three-tier Pitch (micron) 45 45 45 45 45 45 45
Wire bond—Wedge pitch (micron) 20 20 20 20 20 20 20
Tape-automated Bonding (TAB) 35 15 15 15 15 15 15
Flying Lead (micron) 35 35 35 35 35 35 35
f:glg})lip Area Array (both organic and ceramic substrate)(micron) 100 95 95 95 90 20 20
El}?l)pgelgp Area Array (organic substrate)(micron) (CPU, GPU, 110 110 110 100 100 100 100
Flip Chip on Tape or Film (micron) 10 10 10 10 10 10 10
Table AP3a&b ~MDEFL:

B ISANTF s TN T AN =R T 4 N ZORFOFEMORIRLL T TSV o7 LR
FEOWHEER I MEDILD,

WAIE Y FEIIE, K DOH T TV —THRETH 525, 2 X M DOREAZ R,

DA
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TAYRURIE, PEEPEEA TS| L TET, PEERT NAROHE FIEE L TEiE>T
WD, V=R 7L — AT A YR U RE L, RS U TR E LSz 1IC 73 o
A, RWHZEROERETH D, VAR RENIT, B EeWER 72 R T HICH )00
T HTUWE S EHA OHE THERE L CD, BT A YRR, 10 BN ER 2373 8
FEIR IR R CTHD, TAYRRIZEDT v 7 REEHAN X, SiP °0AED /S r —ITRLUIAL
b5,

JOHELSTINEE EICERBINTZ Sy 7 —UZR L, VBN —T DT AR RPRVLETH
b, B2 7 47 — KRR TH, 50um O — 7 ESSINFEA{LSI TS,  Figure AP3 &

i

Ao

Figure AP3  Examples of Forward Bond Loop

—77.20pm VA% T 50pm DO/ —F HEDOY N —=ZAR R &SIV TS, FELO Figure
AP4 & Figure Ap5 (TR T DI, BB EEIE Ny r—V TFy T INoTF v T ~DR T4 Tk
BB\ B ST T o T DI A — KR T 40 7 DR T D,

Neval

Figure AP4  Example of Die- to- die Wire Bonding
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a5 M5z WD 25 M8 mmiI5 MO %Y, 1x800) | 50un)

Figure AP5  Example of Cascade Bonding

FATREEEIX, Figure AP6 & Figure AP7 (IR A — =T F T DRy T4 7 EY—R
71— AR COVAY R R ThHD,

Figure AP6  Bonding Overhang Die

v
4.5mils

Figure AP7  Wire Bond on Both Sides of Lead Frame Substrate

TAYRREAT DRIIRE (/30 r —Cld, BREE Y — b bk B 7 e A L3R 12
0. T— IVRUARIRAEFERME LY I F = — L WNHENLSIL TS, FEfE T 7 DT DL E
W, AINVRFEERLE O/ — IS TR —T R T 4 T ThD, ZibD /N
N =R L TR, B VBB O RENINERS 7 47— A XD UGEN ML EIND,
AEPERN R EA AN D722, ERT A YR & — KAER O, 2 LT, A 72T —
NIRRT av AR THOINTND, VAR R R0 —UTlid, #3537 —2 - aAMIED
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HAMRDOAARNLRPKEN, FRE YT W IEDT2H O 20um ST, mifiZ A 2k La Ak
HIkE72%, BHIMIZIL, ZOX572a ANSEED IRIUZIE SV TR VRIS MR ZEEL T)D,
ERTIL, BUAYINDDHR A KT AN A VR RMPEIE L CTHHLA TRY ., Bsififiio=a
AR AR L CEBRT D TH A, SO A YRR, 50p BEEVRU RSy R T
WTEN, — R T7 7 Ay T R RIZEB W TR LI BV 2 5121%, 7745
T — IR TO Y OB IR HETHD,

T 7 F 7’

TV T F T ETAYRURNIE, Ty 7 a7 A ThHL, 7V T F o
Tt RL, B ETIvI T 2= VDI T T T TV —a IR TR S LT,
ZhUL, v rad a0 r T 7 407 aty YR E T HREIR A~ DT T G DFE UL
Tp ol FRE TR UTe K &AL F O A7 FaAR L B R[G5 — 7 4 L DR DS R #E70
L, 7V —TComEiEk, & Tj. EREEOBINCEIEEBTT )y 7 - F v 7 BT R
150 p mIZHIIREI TS, ZOIH7 RIS UL, fEko FEEME o Hikia@E a1
DIZDIT, ToH =T 4 ST RYT A2 VAEE | @S IATE R0 7 — DR | 2L C TIM
MEIOUGEN M E THD, To— NFIRANM 7L, ~A/7u7aty HOEASIEAED T,
ZOR)FRUE, N T DML D RIREME A R T @R / ZAMERE TH D,

(@) (b)
Figure AP8  Examples of Copper Pillar Bumps (a) and Assembled Copper Pillar (b)

Figure AP9  Example of Copper Pillar Bumps with Solder Tips
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~ATRT AR T TTAIART T a Y USOT V= ar DTV T F T
PN =PI S EAT R B R D3 D5, Bz X, NS TF v 7T OGE TLAEYyFHE N
Bty S — UL — RIS NS %, T FRBRIT, B CIHEE ThHS, EART Y
TREBORR A ANML, FEFITE D, INEDO TV T F o T R = M DTV T F T
RUAYRUR =20 EICBESN5Abd5, 7Fust RE IC 1k, TYVANLT TV
— LA L T R BRI E RN DD, ZHOIH T IR E I, /TS T R
ZADRTEAC, SRAN ST EIMO T IR, TS — T 4 VDR B RO —
WRT BB 7Ty RO 7a—E PoP,/PiP O/ v/ —IURiENH D, Hrittfko =~V
oI F T REE . M, BE T o AL R IZIE, “More than Moore” D FEEFUZEH k5T v
VADDD,

BIAEE L

WERDT —MEEDE— LRI, Ny r—VEFUITHEBRL T& T, BMERRET > 7 SiP
Rolr =V ORIIEE LI, VAV ERESRBRDOIAI DR & 5, HAFE O T2 —F—
JVRZ—K(TCMG) 1L, by 77— DD I IRICIR R DB DRI CUA Y ER 2 RS 2, it
RN 77 AT R ROMEBEN T DRI D7 47— B a i /N T 22 kS,
F7-. F— NOBME RS Of /N e EED LRICEAF — T L — 2 OIS I BaE b R AT
FEMREHIE R OIS N 2T FIEIChb > TS, TCMG 13, Fv 7 &R OB E 2 /N &<
TE, Uy — R 300pm BL N OBIRIEDE—/L T 1 71T L TD,

ZL T, a7y iare—ARNEIHSE CRBASIIGO T2, IRE— L REBHIG X, 0T
— VREANTE D NARNI IR EICEESND, VA Y EREZLT201I2iE, 7 — MRy B
THEAAE—=RLE/NIEND, TV T T T ~DT o H—T ANV DNT AT 77— VR RH T
o=V EL TSN D,

WL r—IIDRTK low-k #FBIRAE 72T v LIS TBUR TH 5, W15 D
REICHT L ARIS ) DR IE DB S T D,

F— /LR TOUAY L a—bOREZ RS 2H 772 BGT, BV A YR THs, 22
B DT> THRBEBVAY DRI TET, HAFEINL W EL T, L, iV AV
DEWTAR, Z DA Z IR UPEE R ~DILKREL T D,

F o7 OB R SEHIRLS T DD, VAT D RIZFARRL, ZDOH O TY A4
AT FT LM BB RET SN TV D, ZOT7 7 a—F X, Bl FEa AR 503, tho~
B ADRIRIT/R DD THRDAAME LTI, 20T 7 a—F 3B ITRASNSTIE
59,

PO — D ERE R — R DR
J—FZL—24

U—=RZ7L =L, 30 4ELL O] R AhE @ MEITEZ 2L TE 7o, V- R 7L — A
N —= VT HPA L ET e AD T TR LT RS IIFR ST D, BREELAEREDBIHIIZ L
DERDOPEERME RS, BIEL THLWE ) BB N, b #H~DO®E I3, WEZEE
(IR S TN DT A 2 — R~ OPRIRIT S 705, FHMELRa A RO BT L, A
ZIE.NiPd, Cu, $h 7V —FATE B &L AL LI L WD S SR BN LB 725, #LiZ, QFN
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X QFP DXH7 i F24E S0 r — P Db TR DYENNT L0 i\ e 8 i L BV & 2 9%
AR DN D,
BB

FEIM A DT A RFELEE JE D3 L CHE ML . £ L CTHEREL i 7 DN T T /A 2
PARXE RELIR>TND, i FEOHINIZ, T — 8 EEOMERF& T — 2385 E DO FE AN BE
LTW5, BMEBEEMNMETLODb, MU PRAFEEEE IR TSI T, BIRO L E XTI
WERIEY TR OLEB M TRETE ROEI T2DIZ SO F S ELL 72D, FROELHR
& FIFR ORI 2SS | BORRAE BE I3 AR 2 \THIN9 5, S28E FEH IS LTI, SRAE R
=20 BGA 7 YR By F&ifi/ T DI LN LRI TH S,

eI — P TOR KU B BT, 2014 412 FBGA TTUT7 7L A wF 3 100um (272
HETHSIL TS, (STRI—WGT L et & s, ITRS2007 iRIZIUWTiL, FBGA @
20144EDR—/LE Y F T, 0.2mm Thd, 2022 2B N TH, 0.15mm TH D, ) LV E W1
BREE L/ NKTe Sy RIT L A EEMEE S — DR — La— 75 F T ORI EE T, A
DAEFEMET, YRR OUE, IFATE &R OMREE I EiIF otk 2L TEAICE-T
I EFSREES DT o —T AN XS GERREND, 27T F VT 4 ORIEIL, FAR LT
A DUWE, FHRTO/ o — V2B O3 70585, T L TR — U EH Ao TRt 7 7
VT A BT L7 2O ENMLE THDH, BEAF > — T Dl £ F % | Table AP4a &
b IRT, Fo T EV AT AEM, T TF VT EF o T O I E WA E OREHE, TSV i
ETHEBIND,

Table AP4a  Substrate to Board Pitch—Near-term Years

Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
DRAM ¥ Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) % Pitch (nm) 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
BGA Solder Ball Pitch (mm) Conventional system Board

Low-cost and hand-held* 0.65 | 0.65 | 0.65 | 0.65 | 0.5 0.5 0.5 0.5 0.5
Cost-performance 0.65 | 0.65 | 0.65 | 0.65 | 0.5 0.5 0.5 0.5 0.5
High-performance 0.8 0.8 0.8 08 | 0.65 | 0.65 | 0.5 0.5 0.5
Harsh 08 | 0.65 | 0.65 | 0.65 | 0.65 | 0.5 0.5 0.5 0.5
Small portable products

Low-cost and hand-held 0.65 | 0.65 | 0.65 | 0.5 0.5 0.5 0.5 0.5 0.5
Harsh 0.65 | 0.65 | 0.65 | 0.65 | 0.5 0.5 0.5 0.5 0.5
CSP area array pitch (mm) 0.2 0.2 0.2 0.2 | 015|015 | 015 | 01 0.1
QFP lead pitch (mm) 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2
SON land pitch (mm) 0.4 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3
QFN land pitch (mm) 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
P-BGA ball pitch (mm) 0.8 0.8 0.8 | 0.65 | 0.65 | 0.65 | 0.65 | 0.65 | 0.65
T-BGA ball pitch (mm) 0.65 | 0.65 | 0.65 | 0.5 0.5 0.5 0.5 0.5 0.5
FBGA ball pitch (mm) 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2
FLGA land pitch (mm) 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

*H /MBI AN RV @RS 35,

Table AP4a  Substrate to Board Pitch—Long-term Years

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

DRAM ¥ Pitch (nm) (contacted) 23 20 18 16 14 13 11
Y

I}ZZEJ/ASIC Metal 1 (M1) %: Pitch 23 20 18 16 14 13 11
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MPU Physical Gate Length (om) | 9 | 8 | 7 [ 63 ] 56 | 50 | 45
BGA Solder Ball Pitch (mm) Conventional system Board

Low-cost and hand-held* 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Cost-performance 0.5 0.5 0.5 0.5 0.5 0.5 0.5
High-performance 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Harsh 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Small portable products

Low-cost and hand-held 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Harsh 0.5 0.5 0.5 0.5 0.5 0.5 0.5
CSP area array pitch (mm) 0.1 0.1 0.1 0.1 0.1 0.1 0.1
QFP lead pitch (mm) 0.2 0.2 0.2 0.2 0.2 0.2 0.2
SON land pitch (mm) 0.3 0.3 0.3 0.3 0.3 0.3 0.3
QFN land pitch (mm) 0.3 0.3 0.3 0.3 0.3 0.3 0.3
P-BGA ball pitch (mm) 0.65 | 0.65 | 0.65 | 0.65 | 0.65 | 0.65 | 0.65
T-BGA ball pitch (mm) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
FBGA ball pitch (mm) 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15
FLGA land pitch (mm) 0.3 0.3 0.3 0.3 0.3 0.3 0.3

RAEIIAN S N NIFERET TS,

I —V FEAR
FHEEK

PN —=V MR, N — T Tl 725 5L T Ny — VO AR D H BN THH D,
I = VIR OFEANTB I, bR~y DX ERED FHIA R T A2 ENRDBND,
T B R A 7= T 5 FE 4 . Table APSa~d (27”7,

TANDEEAT DRRRIL, ENVRT v 7 B ORI E L TR fEDIL WD, 74T —ET T3
RO ARGEAT TN LD T 4V AOFIFEM DIEASILTND, ZIHORMEIO S =L, /N L, K
EAEE | R EEOERIZIE SV TED LN TWD, a7HIX, 7IINM#M OV v R
FAR OB ANZES TVD, flfalEE L TIE, KRR~ — (LCP) oM D ZL T ¥ A8 iR S m] REE
NHDHN, FIEAPETHIHBERETHD,

i B RIS RTL Tk, PTFE (7 w3 #HIE) £ 7 2 — M oMEDbIL T D, 27 25K I
FN. TR TORYOMEEFF> TWAOTRKEAFEIZITIE]> TV, KEAPEIZIE, }i@@
WEE KD, KOENTZ R OMIMEN LI TH D, AR EHT, DT 7V — O/ S ITxF
T HMEGRE DR, s 7 —TOHEPNED T O BRI AR L 7o B I
HHA TN,

FEREIE RIS, BEBROILRDEI AR R BN L E THD, MEIOFHEEROL

LA H T k~3.4 DARETH D, MEHT. k 5% 2.8 T TR TE DM, B i ~D)i
X, FEEEEMTE D, k~2.5 L2 LA FICRLTE AR AMBICH Zh7e @ik R 70,
ZDIHIARFHFERITK LT, LM ELOBRRE R MLE THD, AL 7 1 RICEE S EiTEL
PEDBTTEMERIIE X, 20 —R~y 7 DTERM DE | TRENDHET LB [FARIZ EBL AT
MBI CTh D, Znbld, ZAUEMEDOEEZE A TS, FERIL 1 DT HLERHD,
PTFE &30 D 7 F—Mi IR I3 ERE B R A 729723, WA ANTIE B> Ty,

NES LT BIRRA~OBATIE, LB BRI AL TR, LzRoT, ~r s
LY BRI I, IR TR, 72 h IR AN DR R D5 ) A BT
w5,

Fd#RE PTH OHIOREE R EL IR DI DT, ZAHIEHMEST M OBMEIRIZEBIN LT <
STEIZ, TP XU, MESH D CTE 1%, a7 ML TiE 20ppm/ ClT, E/LRT w7 Ok
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ATIE 10ppy/ CITHL S RIERB2, REFEMZRT T 0 —F 13, 747 —DIRMTHDLN, €
AU, OB RERS T 0 e AR A T T,

SARCHROHERE 11T, FICKEHE . BSOSO T v I —h S LAWY 7285 11k
Do SEHIWIRHE Rz= 5 p m 1L, JFMEHADESISIT-3&, Zhud, SRR O K2 5D D,
FIM T IR DT, Mgk ~DREE I L T 07 LR HEE DN LB TH D, DS IT,
BeARET L RIS N — < 2 TSNS ETO T OB AGRMIC it 2 855 )
R AURCANSYAN AN
ENNT 7l T L Xk

IR OB, @mHERET VT T o7 o — U OfE% . 7 NELRR IR Z FE D<A
N—TR— VEICE 2 7=, EVRT v 7 HR ORI, 27 EICFERRO A FTEEIZ 72
ST EART 7 BIIMME R i & 7 TAL RE T 2 LI=2, 27 BRI R OHE/INC
07V MR FEAR CIA b TE 7=,

HBRBORDAT T, T IALRETOREE 50 um ERIZEDOE T RE2FFOEBEaT
R T HIETh T, HDOIEMIT, X — « AR RERREFIT D7D, AV T TD
PTFE i hZ X —R LT DTE STz, @ Ea T HMOMAIL, BLAREAR—Z) 25 um
LR CEBINDGTHA), MR- VAN (<15 um) EmEE 1. B OMEO/NSOEITE A
FDERININETH D,

WATUC, a7 VAR BB ST D, — IR T 7 a—F O OED I, FERY
—MIETZEHKL, ZOE T2 &E X —ANTH® 5 FITIVEARDOFEE > —| (building
block) Z1ED, WIZZEDFEAROIEE Y — O MANZHEZ ALV A HHZETH DR —
ARSI, FEK B IERL T 2058 - OfEE > — MR 5Ei S L5, W UNRIRS - FH)E
VbR EOEDIEICED, BT, SMERIREITH T ORI RS ND, ZOT kA
DR IL, IRy M SR k> TR SN - BAiE 5L, Iy —-3
—hD BIZHEE T2 THD, WTIUCE L, FFEMBHL, IZEAEHiTRS LT, 6o
T, T AP O~HEL EWN R THZENEE THD, MM EHEOHHHR T oA
BREO, B2 a7 VAFIR AN BICE D, R EE I OIER BB LTS E O R e AN
ORI DT TG DEX ) B EE T D,

I N ER N

Uy R BB, N RAVRENAIRT = LV ASDIE 3 B TR BIE D, A~ RA
JVRTCIE, BISHEWIER OB EREEL T D, BEPFE—ATOHERDOBRIEIT, 60 um O3
DA 120 m ICETHL 2> TETCNS, 50um 27¢ 35um OF VT L —TIEAHETHD
D, TANBIEFITEL, Flo, ZNOOM B E BPET HITITAEREOUENLETH D,
WD BBETI, AR~ —D I 72T AV o X =AM B2 D TH A, ZNHD LT
M B VI A FE T D720120E, “roll to roll” D TFEDE ANKLIEETH A,

TAXRUREAT DEMERE v r —21d, BRI~ ORI I TV A7 EE VB /LR
Ty T EWR DL, TIA R T H R o mE EERATEHL 0D, K0k b Az 57
DITIE, VT —TBOKRIEN 40 um LA FC, W BOXVE) IR BEE DT TAT 7 A3 TF
A NINSIRD I T AEHEAR N TETH D, TIN5, FEE R T A YRR 2N Al GEZ2 Ml M & Ff
DT AV LROBAE D BT SR IT VT b7, — I, SRR Z R D7 1 v 2R ER)
BN LD E—= 2 T DG E DS ENEAL TR, RZ—C DR TEL, 7
N IMENORZ =T ETED ENAVRT vy 7 IEICE > T,
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FE X FIIEE#EE TH-CTH, F— =7V 7 F o T A LAY R R EEA
EITHOWAICI, RO R LIRERH D, 7V 7T AR, BREIZA T TORER
FEALER (OSP) , B Sn, T LY NH —L UAY—RUT 47120, Efif Ni/Au H-o X,
LI, 7V 7 F o7 12iE, EEME Ni-P/Au (ENIG) T, VAV —RURIZIXER NVAu H -
CEMEALEREME LT REZ NS, K4 D —ATEELFEBIELH7-0120F, LS
WOHLE 7 B ADFRIE( LN ThH D, TP AT, e/ eRmt BT OWFIEATIEI I
STET, ZO P TIXIEEE R Ni-P/Pd-P/Au - X (ENEPIG) WA L ThDH, ZOFRMEITIZTA
YRURBER SN, FHEBEERRICT VT T T OIS /lREL 72D, ZD TTREIRFE
L EFoaxbt, o0z AnbhnsdEEbnsg,
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Table AP5a  Package Substrates—Near-term Years

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM Y Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) % Pitch (nm) 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
Glass Transition Temperature (°C)
Rigid Structure 220 230 230 230 230 230 230 230 230
Buildup with Reinforcement Material 220 230 230 230 230 230 230 230 230
Buildup without Reinforcement Material 200 210 210 210 210 210 210 210 210
Tape Structure 280 280 280 280 280 280 280 280 280
Dielectric Constant (at 1GHz)
Rigid Structure 34 34 3.4 3 3 3 3 2.7 2.7
Buildup with Reinforcement Material 3 3 3 2.8 2.8 2.8 2.8 2.8 2.8
Buildup without Reinforcement Material 3 3 3 2.7 2.7 2.7 2.7 2.7 2.7
Tape Structure 35 3.5 3.5 3.5 3.5 3.5 3.5 3.5 35
Ceramics Structure/Low Dielectric Material 4 4 3 3 3 3 3 3 3
Ceramics Structure/High Dielectric Material 100 100 100 100 100 100 100 100 100
Dielectric Loss (at 1GHz)
Rigid Structure 0.013 0.013 0.013 0.013 0.01 0.01 0.01 0.01 0.01
Buildup with Reinforcement Material 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007
Buildup without Reinforcement Material 0.007 0.007 0.005 0.005 0.005 0.005 0.005 0.005 0.005
Tape Structure 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
Ceramics Structure 0.0005 | 0.0005 | 0.0005 | 0.0005 | 0.0005 | 0.0005 | 0.0005 | 0.0005 | 0.0005
Coefficient of Thermal Expansion: X-Y Direction (ppm/°C)
Rigid Structure 12 10 10 8 8 8 8 6 6
Buildup with Reinforcement Material 12 10 10 10 10 10 10 10 10
Buildup without Reinforcement Material 40 20 20 20 20 10 10 10 10
Tape Structure 20 16 16 16 16 16 16 16 16
Ceramics Structure 3-12 | 4-12 | 4-12 | 4-12 | 4-12 | 4-12 | 4-12 | 4-12 | 4-12
Coefficient of Thermal Expansion: Z Direction (ppm/°C)
Rigid Structure 30 25 25 25 25 20 20 20 20
Buildup with Reinforcement Material 30 20 20 20 20 20 20 20 20
Buildup without Reinforcement Material 40 20 20 20 10 10 10 10 10
Tape Structure 20 20 20 20 20 20 20 20 20
Ceramics Structure 3-12 | 4-12 | 4-12 | 4-12 | 4-12 | 4-12 | 4-12 | 4-12 | 4-12
Water Absorption at 23°C/24hrs Dipped (weight %)
Rigid Structure 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.05 0.05
Buildup with Reinforcement Material 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Buildup without Reinforcement Material 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Tape Structure 1 1 1 1 1 1 1 1 1
Young's Modulus (GPa)
Rigid Structure 30 30 30 30 30 30 30 30 30
Buildup with Reinforcement Material 26 26 26 26 26 26 26 26 26
Buildup without Reinforcement Material 5 5 5 5 5 5 5 5 5
Tape Structure 3 3 3 3 3 3 3 3 3
Ceramics Structure 100- 50— 50— 50— 50— 50— 50— 50— 50—

400 500 500 500 500 500 500 500 500
Peel Strength from Cu (kN/m)
Rigid Structure 11 11 11 1.2 1.2 12 12 12 1.2
Buildup with Reinforcement Material 1.4 1.4 1.4 1.4 1.4 14 1.4 1.4 1.4
Buildup without Reinforcement Material 14 14 1.4 1.4 1.4 14 14 14 14
Tape Structure 1 1 1 0.8 0.8 0.8 0.8 0.8 0.8

Table ESH98a & b ~DiFFE:

K AEDOIBHT, BPEITH LA AR AT 723720,

WK T A J1S C6481
I FINLT AR IPC TM650 2.4.8
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Table AP5b  Package Substrates—Long-term Years

Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM Y Pitch (nm) (contacted) 23 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) % Pitch (nm) 23 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5.0 4.5
Glass Transition Temperature (°C)
Rigid Structure 230 230 230 230 230 230 230
Buildup with Reinforcement Material 230 230 230 230 230 230 230
Buildup without Reinforcement Material 210 210 210 210 210 210 210
Tape Structure 280 280 280 280 280 280 280
Dielectric Constant (at 1 GHz)
Rigid Structure 2.7 2.7 2.7 2.7 2.7 2.7 2.7
Buildup with Reinforcement Material 2.8 2.8 2.8 2.8 2.8 2.8 2.8
Buildup without Reinforcement Material 2.7 2.7 2.7 2.7 2.7 2.7 2.7
Tape Structure 35 35 35 35 35 35 35
Ceramics Structure/Low Dielectric Material 3 3 3 3 3 3 3
Ceramics Structure/High Dielectric Material 100 100 100 100 100 100 100
Dielectric Loss (at 1GHz)
Rigid Structure 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Buildup with Reinforcement Material 0.007 0.007 0.007 0.007 0.007 0.007 0.007
Buildup without Reinforcement Material 0.005 0.005 0.005 0.005 0.005 0.005 0.005
Tape Structure 0.005 0.005 0.005 0.005 0.005 0.005 0.005
Ceramics Structure 0.0005 | 0.0005 | 0.0005 | 0.0005 | 0.0005 | 0.0005 | 0.0005
Coefficient of Thermal Expansion: X-Y Direction (ppm/°C)
Rigid Structure 6 6 6 6 6 6 6
Buildup with Reinforcement Material 10 10 10 10 10 10 10
Buildup without Reinforcement Material 10 10 10 10 10 10 10
Tape Structure 16 16 16 16 16 16 16
Ceramics Structure 4-12 | 4-12 | 4-12 | 4-12 | 4-12 | 4-12 | 4-12
Coefficient of Thermal Expansion: Z Direction (ppm/°C)
Rigid Structure 20 20 20 20 20 20 20
Buildup with Reinforcement Material 20 20 20 20 20 20 20
Buildup without Reinforcement Material 10 10 10 10 10 10 10
Tape Structure 20 20 20 20 20 20 20
Ceramics Structure 4-12 | 4-12 | 4-12 | 4-12 | 4-12 | 4-12 | 4-12
Water Absorption at 23°C/24hrs Dipped (weight %)
Rigid Structure 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Buildup with Reinforcement Material 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Buildup without Reinforcement Material 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Tape Structure 1 1 1 1 1 1 1
Young’s Modulus (GPa)
Rigid Structure 30 30 30 30 30 30 30
Buildup with Reinforcement Material 26 26 26 26 26 26 26
Buildup without Reinforcement Material 5 5 5 5 5 5 5
Tape Structure 3 3 3 3 3 3 3
Ceramics Structure 50~ 50~ 50~ 50~ 50~ 50~ 50~
500 500 500 500 500 500 500
Peel Strength from Cu (kN/m)
Rigid Structure 12 1.2 1.2 1.2 12 12 12
Buildup with Reinforcement Material 1.4 1.4 1.4 1.4 1.4 1.4 1.4
Buildup without Reinforcement Material 1.4 1.4 1.4 1.4 14 14 14
Tape Structure 0.8 0.8 0.8 0.8 0.8 0.8 0.8
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Table AP5c  Package Substrate Design Parameters—Near-term Years

Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm) 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
Substrate cross-section core thickness (um)

Handhelds 40 35 35 30 30 30 25 25 25
High density interconnect substrates 50 40 40 35 35 30 30 30 30
Build-up substrates (4 core layers) 200 | 150 | 130 | 100 90 80 80 70 70
Coreless buildup layer 40 40 35 35 30 30 30 30 30
Blind via diameter (um)

Handhelds 50 40 40 35 35 30 30 25 25
High density interconnect substrates 50 40 40 35 35 30 30 25 25
Build-up substrates 40 35 35 30 30 25 25 20 20
Coreless 60 50 50 40 40 35 35 30 30
Blind via stacks

High density interconnect substrates 3 3 3 3 4 4 4 4 4
Build-up substrates 5 6 6 6 6 6 6 6 6
Coreless 10 11 11 11 12 12 13 14 14
PTH diameter (um) 75 70 60 50 50 45 45 40 40
PTH land (um) 180 | 160 | 140 | 120 | 110 | 105 | 105 | 100 | 100
Bump pitch (um)

High density interconnect substrates 190 | 180 | 170 | 160 | 150 | 140 | 140 | 130 | 130
Build-up substrates 130 | 120 | 110 | 100 | 100 90 90 80 80
Coreless 130 | 120 | 110 | 100 | 100 90 90 80 80
Lines/space width (um)

Rigid Structure 35 30 30 25 25 22 22 20 20
Build-up substrates (core layer) 35 30 30 25 25 22 22 20 20
Build-up substrate (build-up layer) 15 10 10 10 9 8 8 6.8 6.4
Coreless 20 15 15 10 9 8 8 6.8 6.4
Lines/space width tolerance (%) 7 7 7 7 7 7 6 5 5
Solder mask registration + (um)

Handhelds 20 15 15 15 12 12 11 10 10
High density interconnect substrates 20 15 15 15 12 12 11 10 10
Build-up substrates 25 20 20 15 12 12 11 10 10
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Table AP5d  Package Substrate Design Parameters—Long-term Years

Year of Production 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
DRAM Y Pitch (nm) (contacted) 23 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) % Pitch (nm) 23 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5.0 4.5
Substrate cross-section core thickness (um)

Handhelds 25 25 25 25 25 25 25
High density interconnect substrates 30 30 30 30 30 30 30
Build-up substrates (4 core layers) 70 70 70 70 70 70 70
Coreless buildup layer 30 30 30 30 30 30 30
Blind via diameter (um)

Handhelds 25 25 25 25 25 25 25
High density interconnect substrates 25 25 25 25 25 25 25
Build-up substrates 20 20 20 20 20 20 20
Coreless 30 30 30 30 30 30 30
Blind via stacks

High density interconnect substrates 4 4 4 4 4 4 4
Build-up substrates 6 6 6 6 6 6 6
Coreless 14 14 14 14 14 14 14
PTH diameter (um) 40 40 40 40 40 40 40
PTH land (um) 100 | 100 | 100 | 100 | 100 | 100 | 100
Bump pitch (um)

High density interconnect substrates 130 | 130 | 130 | 130 | 130 | 130 | 130
Build-up substrates 80 80 70 70 70 70 70
Coreless 80 80 70 70 70 70 70
Lines/space width (um)

Rigid Structure 20 20 20 20 20 20 20
Build-up substrates (core layer) 20 20 20 20 20 20 20
Build-up substrate (build-up layer) 6.0 5.6 5.3 5.0 4.7 4.4 4.1
Coreless 6.0 5.6 5.3 5.0 4.7 4.4 4.1
Lines/space width tolerance (%) 5 5 5 5 5 5 5
Solder mask registration + (um)

Handhelds 10 10 10 10 10 10 10
High density interconnect substrates 10 10 10 10 10 10 10
Build-up substrates 10 10 10 10 10 10 10
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Wafer level CSP in the simplest structure
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Opto wafer level CSP with tapered TSV
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IPD embedded silicon substrate

Thin chip integration
(embedded device in polymer dielectric)
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Stacked devices with Through Silicon Via's

Wafer level CSP with copper post and resin mold

<

Opto wafer level CSP with beam lead metallurgy

Build-up substrate through wafer level
fabrication

Embedded wafer level ball grid array

Figure AP10

Examples of Wafer Level Packaging Types
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Table AP6a  Wafer Level Packaging—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm) 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
Cost per Ball Minimum/Maximum for
Contract Assembly [1,2] (Cents/Pin)
a. Standard Logic and Analog/Linear Min 0.25 0.21 0.18 0.15 0.13 0.12 0.12 0.11 0.11
b. Standard Logic and Analog/Linear Max 0.55 0.47 0.40 0.34 0.29 0.27 0.26 0.25 0.23
Chip size (mm’) (Min/Max)
a. Memory 20/250 20/250 20/250 20/250 20/250 20/250 20/250 20/250 20/250
b. Standard Logic and Analog/Linear 0.85/9 0.75/10 0.55/11 0.50/12 0.45/13 0.40/14 0.35/15 0.30/15 0.25/16
c. Wireless: Bluetooth, FM, GPS, WIFI .85/16 .75/25 .55/29 .50/34 0.45/36 0.40/38 0.35/40 0.30/42 0.25/46
Ball Metallurgy SAC SAC SAC SAC SAC SAC SAC SAC SAC
Number of RDL Layers
a. Memory 1 2 2 3 3 3 3 3 3
b. Standard Logic and Analog/Linear 1 2 2 3 3 3 3 3 3
c. Wireless: Bluetooth, FM, GPS, WIFI 1 2 2 3 3 3 3 3 3
UBM Thickness (um)
a. Memory 1.5-10pum 1.5-50pum 1.5-50pum 1.5-50pum 1.5-50pum 1.5-50pm 1.5-50pum 1.5-50pum 1.5-50pum
b. Standard Logic and Analog/Linear 1.1-10pum 1.1-50um 1.1-50pum 1.1-50um 1.1-50um 1.1-50um 1.1-50pm 1.1-50pum 1.1-50um
c. Wireless: Bluetooth, FM, GPS, WIFI 1.5-10pum 1.5-50pum 1.5-50um 1.5-50pum 1.5-50pum 1.5-50pum 1.5-50pum 1.5-50pum 1.5-50um
UBM Metallurgy
CuNi, CuNi, CuNi, CuNi, CuNi, CuNi, CuNi, CuNi, CuNi,
TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi,
TiCu, TiCu, TiCu, TiCu, TiCu, TiCu, TiCu, TiCu, TiCu,
a. Memory Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiVI/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu,
Ti/NiV/Cu, Ti/NiV/Cu, Ti/NiV/Cu, Ti/NiV/Cu, Ti/NiV/Cu, Ti/NiV/Cu, Ti/NiV/Cu, Ti/NiV/Cu, Ti/NiV/Cu,
TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr-
Cu Cu Cu Cu Cu Cu Cu Cu Cu
TiCuNi, TiCuNi, TiCuNi, TiCuN:i, TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi,
TiCu, TiCu, TiCu, TiCu, TiCu, TiCu, TiCu, TiCu, TiCu,
b. Standard Logic and Analoe/Linear Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu,
’ J & Ti/NiVICu, Ti/NiV/Cu, Ti/NiVI/Cu, Ti/NiV/Cu, Ti/NiV/Cu, Ti/NiV/Cu, Ti/NiVI/Cu, Ti/NiV/Cu, Ti/NiV/Cu,
TiW/Cu, TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr-
Cr-Cu Cu Cu Cu Cu Cu Cu Cu Cu
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Table AP6a  Wafer Level Packaging—Near-term Years

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) % Pitch (nm) 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi,
TiCu, TiCu, TiCu, TiCu, TiCu, TiCu, TiCu, TiCu, TiCu,
c. Wireless: Bluetooth. FM. GPS. WIFI A_I/NjV/Cu, A_I/N_iV/Cu, A_I/N_iV/Cu, A_I/NjV/Cu, A_I/N_iV/Cu, A]/N_iV/Cu, A_I/N_iV/Cu, A_I/NiV/Cu, A!/N_iV/Cu,
o ’ Ti/NiV/Cu, Ti/NiV/Cu, Ti/NiVICu, Ti/NiV/Cu, Ti/NiV/Cu, Ti/NiV/Cu, Ti/NiVICu, Ti/NiVI/Cu, Ti/NiV/Cu,
TiW/Cu, TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr-
Cr-Cu Cu Cu Cu Cu Cu Cu Cu Cu
RDL Thickness
a. Memory 2-10pm 2-12uym 2-15um 2-15um 2-15pm 2-15pm 2-15um 2-15um 2-15um
b. Standard Logic and Analog/Linear 2-10pm 2-12pm 2-15um 2-15pm 2-15um 2-15um 2-15um 2-15um 2-15um
c. Wireless: Bluetooth, FM, GPS, WIFI 2-10pum 2-12pm 2-15um 2-15um 2-15um 2-15um 2-15um 2-15um 2-15um
RDL Metallurgy
a. Memory Al;TiAITi;Cu | AL TiAITi;Cu | AL TIAITI;Cu | AL TIAITI;Cu | AL TIAITI;Cu | AL TiAITi;Cu | Al;TiAITi;Cu | Al TiAITi;Cu | Al TiAITi;Cu
b. Standard Logic and Analog/Linear Al;TiAITi;Cu | Al;TiAITi;Cu | Al;TiAITi;Cu | AL;TiAITi;Cu | AL;TiAITi;Cu | AL;TiAITi;Cu | Al;TiAITi;Cu | Al;TiAITi;Cu | Al;TiAITi;Cu
¢. Wireless: Bluetooth, FM, GPS, WIFI AI:TIAITI:Cu | Al:TIAITi:Cu Al; TiAlTi; Al; TiAlTi; Al; TiAITi; Al; TiAITi; Al; TiAlTi; Al; TiAlTi; Al; TiAITi;

Cu; Al/Cu Cu; Al/Cu Cu; Al/Cu Cu; Al/Cu Cu; Al/Cu Cu; Al/Cu Cu; Al/Cu

Wafer Saw Street Width (um)

a. Memory 85um 75um 70um 65um 60pm 60um 55um 50pum 45um
b. Standard Logic and Analog/Linear 50pum 50um 40um 40um 35um 35um 35um 30um 30pm
c. Wireless: Bluetooth, FM, GPS, WIFI 85um 75um 70um 60um 55um 55um 50pum 45um 40um
Package Pincount Maximum

a. Memory 150 175 200 200 225 250 275 275 275
b. Standard Logic and Analog/Linear 36 64 64 144 151 159 167 175 184
c. Wireless: Bluetooth, FM, GPS, WIFI 100 150 150 150 165 165 165 180 180
Embedded components thickness (um)

(Max/Min)

a. Memory 100 100 100 75 75 75 75 70 70
b. Standard Logic and Analog/Linear 250/100 225/100 200/100 175/75 175/75 175/75 175/75 150/70 150/70
c. Wireless: Bluetooth, FM, GPS, WIFI 100 100 100 75 75 75 75 70 70

Type of WLP structure and metallurgy
(bump, ball, column, solder, Cu, other)

a. Memory Ball Ball Ball Ball Ball Ball Ball Ball Ball
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Table AP6a  Wafer Level Packaging—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM ' Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm) 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
2ML/2P/ 2ML/2P/ 2ML/2P/ 2ML/2P/ 2ML/2P/ 2ML/2P/ 2ML/2P/ 2ML/2P/
2ML/2P/ Plated Plated Plated Plated Plated Plated Plated Plated
b. Standard Logic and Analog/Linear Plated Cu/Solder Cu/Solder Cu/Solder Cu/Solder Cu/Solder Cu/Solder Cu/Solder Cu/Solder
(P= polymer) Cu/Solder Bump/Ball/ Bump/Ball/ Bump/Ball/ Bump/Ball/ Bump/Ball/ Bump/Ball/ Bump/Ball/ Bump/Ball/
Bump/Ball Copper Copper Copper Copper Copper Copper Copper Copper
Pillar Pillar Pillar Pillar Pillar Pillar Pillar Pillar
2ML/2P/ 2ML/2P/ 2ML/2P/ 2ML/2P/ 2ML/2P/ 2ML/2P/ 2ML/2P/ 2ML/2P/
2ML/2P/ Plated Plated Plated Plated Plated Plated Plated Plated
c. Wireless: Bluetooth, FM, GPS, WIFI Plated Cu/Solder Cu/Solder Cu/Solder Cu/Solder Cu/Solder Cu/Solder Cu/Solder Cu/Solder
(P=Polymer) Cu/Solder Bump/Ball/ Bump/Ball/ Bump/Ball/ Bump/Ball/ Bump/Ball/ Bump/Ball/ Bump/Ball/ Bump/Ball/
Bump/Ball Copper Copper Copper Copper Copper Copper Copper Copper
Pillar Pillar Pillar Pillar Pillar Pillar Pillar Pillar
Stacked Die Wafer Level CSP (Max. dies)
a. Memory 1 1 1 4 4 8 8 8 8
b. Standard Logic and Analog/Linear 2 2 3 3 3 3 3 3 3
¢. Wireless: Bluetooth, FM, GPS, WIFI 2 2 3 3 3 3 3 3 3
Stacked Die Wafer Level CSP Interconnect
method (Through silicon vias, face to face,
others)
a. Memory Plgggr?ack Plggoyrt)ack Through Through Through Through Through Through Through
underside underside Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias
Piggyback Piggyback Mix of wire Mix of wire Mix of wire Mix of wire Mix of wire Mix of wire Mix of wire
on on bond and bond and bond and bond and bond and bond and bond and
underside. underside. flip chip flip chip flip chip flip chip flip chip flip chip flip chip
b. Standard Logic and Analog/Linear Std. Std. stacked stacked stacked stacked stacked stacked stacked
stacked die | stacked die dies. dies. dies. dies. dies. dies. dies.
with wire with wire Through Through Through Through Through Through Through
bond bond, F2F Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias
. Piggyback
Piggyback
. . on Through Through Through Through Through Through Through
c. Wireless: Bluetooth, FM, GPS, WIFI on . underside, Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias
underside FoF
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Table AP6b  Wafer Level Packaging—Long-term Years
Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM Y Pitch (nm) (contacted) 23 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) % Pitch (nm) 23 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 $ 7 6.3 5.6 5.0 4.5
Cost per Ball Minimum/Maximum for Contract
Assembly [1,2] (Cents/Pin)
a. Standard Logic and Analog/Linear Min 0.10 0.10 0.09 0.09 0.08 0.08 0.07
b. Standard Logic and Analog/Linear Max 0.22 0.21 0.20 0.19 0.18 0.17 0.16
Chip size (mm?) (Min/Max)
a. Memory 20/250 20/250 20/250 20/250 20/250 20/250 20/250
b. Standard Logic and Analog/Linear 0.20/16 0.18/17 0.16/17 0.14/18 0.12/19 0.11/20 0.10/20
¢. Wireless: Bluetooth, FM, GPS, WIFI 0.20/48 0.18/50 0.16/52 0.14/54 0.12/56 0.11/58 0.10/60
Ball Metallurgy SAC SAC SAC SAC SAC SAC SAC
Number of RDL Layers
a. Memory 3 3 3 3 3 3 3
b. Standard Logic and Analog/Linear 3 3 3 3 3 3 3
c. Wireless: Bluetooth, FM, GPS, WIFI 3 3 3 3 3 3 3
UBM Thickness (um)
a. Memory 1.5-50pum 1.5-50pum 1.5-50pum 1.5-50pum 1.5-50pum 1.5-50pum 1.5-50pum
b. Standard Logic and Analog/Linear 1.1-50pum 1.1-50pum 1.1-50pm 1.1-50pm 1.1-50pum 1.1-50pm 1.1-50pum
c. Wireless: Bluetooth, FM, GPS, WIFI 1.5-50um 1.5-50pum 1.5-50um 1.5-50um 1.5-50pum 1.5-50um 1.5-50um
UBM Metallurgy
CuNi, CuNi, CuNi, CuNi, CuNi, CuNi, CuNi,
TiCuN:i, TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi,
TiCu, TiCu, TiCu, TiCu, TiCu, TiCu, TiCu,
a. Memory Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu,
Ti/NiVICu, Ti/NiV/Cu, Ti/NiV/Cu, Ti/NiV/Cu, Ti/NiV/Cu, Ti/NiV/Cu, Ti/NiV/Cu,
TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr-
Cu Cu Cu Cu Cu Cu Cu
TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi,
TiCu, TiCu, TiCu, TiCu, TiCu, TiCu, TiCu,
b. Standard Logic and Analog/Linear Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu,
' & & Ti/NiV/Cu, | Ti/NiV/Cu, | TilNiv/Cu, | TiNiviCu, | TiNiviCu, | Ti/Niv/iCu, | Ti/NiV/Cu,
TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr-
Cu Cu Cu Cu Cu Cu Cu
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Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM Y% Pitch (nm) (contacted) 23 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) % Pitch (nm) 23 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5.0 4.5
TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi, TiCuNi,
TiCu, TiCu, TiCu, TiCu, TiCu, TiCu, TiCu,
. Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu, Al/NiV/Cu,
¢. Wireless: Bluetooth, FM, GPS, WIFI TUNIV/Cu, | TiNiV/ICu, | TiNiV/ICu, | TiMNiv/ICu, | TiNiViICu, | TiMNiV/ICu, | Ti/NiV/Cu,
TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr- TiW/Cu,Cr-
Cu Cu Cu Cu Cu Cu Cu
RDL Thickness
a. Memory 2-15um 2-15um 2-15pm 2-15um 2-15pum 2-15um 2-15pum
b. Standard Logic and Analog/Linear 2-15um 2-15um 2-15um 2-15um 2-15um 2-15pm 2-15um
c. Wireless: Bluetooth, FM, GPS, WIFI 2-15um 2-15pum 2-15um 2-15um 2-15um 2-15pm 2-15um
RDL Metallurgy
a. Memory Al;TiAITi;Cu | AL TiAITi;Cu | AL TIAITI;Cu | AL TIAITI;Cu | AL TIAITI;Cu | AL TiAITi;Cu | Al;TiAITi;Cu
b. Standard Logic and Analog/Linear Al;TiAITi;Cu | Al;TiAITi;Cu | AL;TiIAITi;Cu | AL;TiAITi;Cu | AL TiAITi;Cu | AL;TiAITi;Cu | Al;TiAlITi;Cu
. Al; TiAITi; Al; TiAlTi; Al; TiAITi; Al; TiAITi; Al; TiAlTi; Al; TiAITi; Al; TiAITi;
¢. Wireless: Bluetooth, FM, GPS, WIFI cu;Alicu | cu;Alicu | cu;Alicu | cu;Aicu | cu;Acu | cu;Alcu | cu;Alicu
Wafer Saw Street Width (um)
a. Memory 45um 40pum 40um 40pum 35um 35um 35um
b. Standard Logic and Analog/Linear 30um 25um 25um 25um 20pum 20pm 20pm
c. Wireless: Bluetooth, FM, GPS, WIFI 40um 35um 35um 35um 30um 30um 30um
Package Pincount Maximum
a. Memory 275 275 275 275 275 275 275
b. Standard Logic and Analog/Linear 193 203 213 223 235 246 259
c. Wireless: Bluetooth, FM, GPS, WIFI 180 195 195 195 210 210 210
Embedded components thickness (um)
(Max/Min)
a. Memory 70 65 65 65 60 60 60
b. Standard Logic and Analog/Linear 150/70 140/65 140/65 140/65 135/60 135/60 135/60
c. Wireless: Bluetooth, FM, GPS, WIFI 70 65 65 65 60 60 60
Type of WLP structure and metallurgy (bump,
ball, column, solder, Cu, other)
a. Memory Ball Ball Ball Ball Ball Ball Ball
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Table AP6b  Wafer Level Packaging—Long-term Years

Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM Y% Pitch (nm) (contacted) 23 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm) 23 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5.0 4.5
2ML/2P/ 2ML/2P/ 2ML/2P/ 2ML/2P/ 2ML/2P/ 2ML/2P/ 2ML/2P/
Plated Plated Plated Plated Plated Plated Plated
b. Standard Logic and Analog/Linear Cu/Solder Cu/Solder Cu/Solder Cu/Solder Cu/Solder Cu/Solder Cu/Solder
(P= polymer) Bump/Ball/ Bump/Ball/ Bump/Ball/ Bump/Ball/ Bump/Ball/ Bump/Ball/ Bump/Ball/
Copper Copper Copper Copper Copper Copper Copper
Pillar Pillar Pillar Pillar Pillar Pillar Pillar
2ML/2P/ 2ML/2P/ 2ML/2P/ 2ML/2P/ 2ML/2P/ 2ML/2P/ 2ML/2P/
Plated Plated Plated Plated Plated Plated Plated
c. Wireless: Bluetooth, FM, GPS, WIFI Cu/Solder Cu/Solder Cu/Solder Cu/Solder Cu/Solder Cu/Solder Cu/Solder
(P=Polymer) Bump/Ball/ Bump/Ball/ Bump/Ball/ Bump/Ball/ Bump/Ball/ Bump/Ball/ Bump/Ball/
Copper Copper Copper Copper Copper Copper Copper
Pillar Pillar Pillar Pillar Pillar Pillar Pillar
Stacked Die Wafer Level CSP (Max. dies)
a. Memory 8 8 8 12 12 12 12
b. Standard Logic and Analog/Linear 3 3 3 3 3 3 3
c. Wireless: Bluetooth, FM, GPS, WIFI 3 3 3 3 3 3 3
Stacked Die Wafer Level CSP Interconnect
method (Through silicon vias, face to face,
others)
a. Memory _Throug_h _T_hroug_h j’_hroug_h _Through _T_hroug_h j’_hroug_h 'T_hroug_h
’ Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias
Mix of wire Mix of wire Mix of wire Mix of wire Mix of wire Mix of wire Mix of wire
bond and bond and bond and bond and bond and bond and bond and
flip chip flip chip flip chip flip chip flip chip flip chip flip chip
b. Standard Logic and Analog/Linear stacked stacked stacked stacked stacked stacked stacked
dies. dies. dies. dies. dies. dies. dies.
Through Through Through Through Through Through Through
Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias | Silicon Vias
. Through Through Through Through Through Through Through
c. Wireless: Bluetooth, FM, GPS, WIFI Silicon \g/ias Silicon 8/ias Silicon \%ias Silicon \g/ias Silicon ?/ias Silicon \%ias Silicon \%ias
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(Figure AP11 &)

TSV-Process Flow
Post-CMOS-Process*

Via-First Approach Via-Last Approach

front (device side)
/ Silicon device

Via Etch or Drill

Temorarily Carrier
Bonding

l-

Via-Filling + RDL-Plating

H-

Sequential Thinning

n-
ﬂ-

Temorarily Carrier
Bonding Via Etch

l-
H-

Thinning Via-Filling

H-
a-

Backside UBM/RDL-

Plating (Cu and Solder) Plating

* Tested FE-Si-Device

Figure APII Basic Process Flow Via-first versus Via Last
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Table AP7  Key Technical Parameters for Stacked Architectures Using TSV
Year of Production 2007 2008 2009 2010 2011 2012 2013
Numbers of stacked die using TSV 3-(8) 6 9 >9 >9 >9 >9
Minimum TSV pitch 10.0 8.0 6.0 5.0 4.0 3.8 3.6
TSV maximum aspect ratio** 10.0 10.0 10.0 10.0 10.0 10.0 10.0
TSV exit diameter(um) 4.0 4.0 3.0 25 2.0 1.9 18
TSV layer thickness for minimum pitch 50 20 15 15 10 10 10

O NERETIZHE A T 5, REE T TIEEWNSWT AT LD,

TSV O # DL

TRER I as Takyth AR, B RO R L
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Vias 1 >20 “3D TSV Stack”
WCP e < idon .
t=50 uZAu “3D Logic-SiP”
Era
AT e I\-I":!I:s 5320“53(
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Ultimate
3D OC

Vias:>80um | “3DWLP? | “ooddeds
Holes : < 50 N
t > 200 pm Era

e

AT
Vias <1 pm
Holes > 100K
3D CIS
Vias = 10-30 pm t<20pm
Holes < 100

t <50 pm

“ SOCC|5., usion } YOLE DEVELOPPEMENT

Era

— 1 1 1 1 1 1
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 >

Source: Yole

Figure AP12 Roadmap for 3D Integration using TSV
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Fan-out area

Redistribution layer

. . Solder sto
Dielectric P

Solder ball
(a) (b)

Graphic courtesy of Infineon
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Figure AP13 Example of a Side-by-side Solution of an Fanout WLP (a)
and a Reconstituted Wafer (b)
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Baseline CMOS:
CPU, Memory, Logic

More Moore : Scalingn

Information
Processing
Digital content

System-on-Chip

More than Moore :
Functional Diversification

Interacting with people
and environment
Non-digital content System-
in-Package (SiP)

Figure AP14 Beyond CMOS Scaling
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Figure AP15 Categories of SiP
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Type Terminal Through Via Type
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Chip(WLP) Embedded + 3D Chip Embedded
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WLP Embedded + Chip on
Surface Type

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007




42  Assembly and Packaging

SIP %} SoC

“More than Moore” DEifi%. SoC & SiP i F OO HLIFICIVEHRIND, EHHDOEWY
FAALZ NN ORISR HY R EBLLLE DIV T TH A, TILE DR
HEFTEETE TR ITRT,
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Table AP8  Comparison of SoC and SiP Architecture
Item SiP SoC
Relative NRE cost 1x 4-10x
Time to Market 3—6 months 6—24 months
Relative Unit Cost 1x 0.2-0.8x

SiP

SOC

Différent front end technologies; GaAs, Si, etc.

Better yields at maturity

Different device generations

Greater miniaturization

Re-use of common devices

Improved performance

Reduced size vs. conventional packaging

Lower cost in volume

Active & passive devices can be embedded

CAD systems automate interconnect design

Individual components can be upgraded

Higher interconnect density

Better yields for smaller chip sets

Higher reliability (not true for very large die)

Individual chips can be redesigned cheaper

Simple logistics

Noise & crosstalk can be isolated better

Faster time to market

SiP

SOoC

More complex assembly

Difficult to change

More complex procurement & logistics

Single source

Power density for stacked die may be too high

Product capabilities limited by chip technology selected

Design Tools may not be adequate

Yields limited in very complex, large chips

High NRE cost

VAT AL~ YLD ER

SiP (2% 95— A7 R IZ L FIXF 72 BB IZ DT 7V r—v a0 gD, &

NEDOERITZLLT O A L0725,
AN SEROXS Y7 SN =
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R HE A [

- e JA R R
cRATVEE

- e {5 FRE

Ky —vazh
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200 Table AP9 |27~

Table AP9  Package Level System Integration
2008 | 2010 | 2012 | 2014 | 2016 | 2018 | 2020 | 2022
High Performance / Low Cost, Handheld
Capacitor olo olo olo o/o o/o o/o olo o/o
Passives Resistor O for YES olo o/o olo olo olo o/o olo o/o
Inductor olo olo o/o o/o o/o olo olo olo
Optical olo olo olo o/o olo olo olo olo
. CCD/CMOS
Actives Sensor o for YES -/o -lo -/o -/o olo o/o o/o o/o
MEMS -/o -/o -/o -lo olo o/o olo o/o
Wire -/o -/o -/o -/o o/o olo olo olo
ICtoIC o for : -
Connection Applicable Flip Chip olo olo olo o/o olo olo olo olo
Via Hole -/o -/o -/o -lo olo o/o olo o/o
Package Inner
Structure Wire o/o o/o olo olo olo o/o o/o o/o
ICto Subs_trate o_for Flip Chip o/o o/o o/o olo o/o o/o o/o o/o
Connection Applicable Vil TSV
-lo -lo -/o -/o olo o/o olo o/o
Hole
IC- RDL (carrier- -lo -lo olo olo olo olo olo olo
less)
IC -lo olo olo olo olo o/o olo olo
Integrated / o for Capacitor | ofo | oo | olo | olo | olo | olo | olo | olo
Embedded .

Components Passives Applicable Resistor oo | olo | olo | olo | olo | olo | olo | olo
Inductor olo o/o olo olo olo o/o olo o/o
) Rigid olo o/o o/o olo olo o/o o/o o/o

Organic
) o for Flexible -lo -lo -lo -lo olo o/o o/o o/o

Substrate Material Applicabl

) pplicable Ceramic olo | oo | olo | olo | olo | olo | olo | olo

Inorganic
Silicon olo o/o olo olo olo o/o olo o/o

SiP \ZXf T D/ —VBR A T3 72X, S TN TF T R = T T AD
EEPRARTHY WO DBE T T2 e 2R &5, SiP Icffibis 7 ut 2%
2 AP10ITR T, TNDITTZ AFILER, X A7 Xy TF T A, Wi, 7% —7 4/ViE
A ETHRBLOAZTAX | BB X OE k27 v—T s,
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Table AP10  Processes for SiP
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45

Technologies and Processes for SiP

Substrate / Carrier Level

Wafer Level / 3D Integration

Pre-processing of wafers

Thinning, dicing ca.50 pm <20 pm
Wafer bumping Low cost, pitch> 100 pm Fine pitch and bumpless
Re-configured Wafer u
Die attach
Epoxy L
Tape u
Soldering u
Polymer u
Interconnects
Wire bonding Low-loop bonding
Flip-chip bump bonding Mixed WB /FC Size/pitch (>50 pm)
Face-to-face Fin'e P itch (<10 pm)
Thin interconnects
Bumpless/Seamless Electroless Thin film interconnects, fusion

Via formation

Photo, drilling, laser

Through silicon etching, photo

Via metallization

Plating, electroless

Electroplating, CVD

Wiring

Substrate wiring (see chapter substrates)

Thin film redistribution

Underfilling

Dispensing, jetting, underfill molding

Dispensing, jetting, underfill molding

Encapsulation

Molding

Molding

Wafer/wafer (glass) bonding

Second Level Interconnect

Solder balls

Solder balls, (Cu studs)

Legend: @ most preferred used

ROEREEDOENL~UE 3 RIS —r 7 TERSND, T 7T X 2R
F oINS =D A DTAY R T 4 T B I LB B R/ & D B ARSI b
NTET, BUERLHITLWEIFTL0 R 2T TR D200 TSV Ol TH 5, Table
APlla & biZ SiP Fy 7 ERICK T2 R ERE T, & AMMOFE7efi0IREEE BRI C

D,

TeOIWTHTT R VAL A DR SND TH A,

EPERET A RTTF T HEE TRV BEAFER DL E THD, n— R~y 7 Eai= 7

Table AP1l1a System in Package Requirements—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM ¥ Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) % Pitch (nm) 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
pumber of terminals —low cost 700 800 800 800 800 800 800 800 800
I;e‘ff‘(’)’;ira‘r’fcfggﬁf)_ high 3050 | 3190 | 3350 | 3500 | 3684 | 3860 | 4053 | 4246 | 4458
Number of terminals—maximum RF 200 200 200 200 200 200 200 200 200
Low cost handheld / die / stack 7 8 9 10 11 12 13
High performance / die / stack 3 3 3 4 4 4 =
Low cost handheld / die / SiP 8 8 9 11 12 13 14
High performance / die / SiP 6 6 6 7 7 7 8
Minimum TSV pitch 10.0 8.0 6.0 5.0 4.0 3.8 3.6 34 3.3
TSV maximum aspect ratio 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
TSV exit diameter(um) 4.0 4.0 3.0 2.5 2.0 1.9 1.8 1.7 1.6
TSV layer thickness for minimum pitch 50 20 15 15 10 10 10 10 8
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Minimum component size (micron) 1005 600300 | 600x300 | 400x200 | 400x200 | 400x200 | 200x100 | 200x100 | 200x100
Maximum reflow temperature (°C) 260 260 260 260 260 260 260 260 260
Table AP11b System in Package Requirements—Long-term Years
Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM Y Pitch (nm) (contacted) 23 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) % Pitch (nm) 23 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5.0 4.5
Number of terminals—low cost handheld 800 800 800 800 800 800 800
Number of terminals—high performance (digital) 4670 4904 5138 5394 5651 5934 6231
Number of terminals—maximum RF 200 200 200 200 200 200 200

Low cost handheld / die / stack

High performance / die / stack

Low cost handheld / die / SiP

High performance / die / SiP

Minimum TSV pitch 31 29 2.8 27 = 24 23
TSV maximum aspect ratio 10.0 10.0 10.0 10.0 10.0 10.0 10.0
TSV exit diameter(um) 1.5 15 1.4 1.3 1.3 1.2 1.1
TSV layer thickness for minimum pitch 8 8 8 8 8 8 8
Minimum component size (micron) 200%x100 | 200x100 | 200x100 | 200x100 | 200%100 | 200x100 | 200x100
Maximum reflow temperature (°C) 260 260 260 260 260 260 260

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known
Interim solutions are known |€

Manufacturable solutions are NOT known

Table AP11 (TR~ F - F o7 BEICLDE, FERLL ONIEAKIITon—R~y
THIREEZ D30 r— VB D ThAD, v 7 JE% Table AP12a & b (T, EZDilR
TV LBE DB DD TR, ZOHIRIZTF v 7 O E Rl BifEfRFETE
DI/ NEDWRTET T o N R 7T HZ LB HiRE THD,

Table AP12a Thinned Silicon Wafer Thickness 200 mm/300 mm—Near-term Years
Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) % Pitch (nm) 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
Min. thickness of thinned wafer 50 50 50 50 45 40 40 40 40
(general product)

Min. thickness of thinned wafer
(For extreme thin package ex. Smart card) 20 20 - 1 0 - o 0 =

Table AP12b Thinned Silicon Wafer Thickness 200 mm/300 mm—Long-term Years
Year of Production 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
DRAM Y Pitch (nm) (contacted) 23 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) % Pitch (nm) 23 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5.0 4.5
Min. thickness of thinned wafer 40 40 40 40 40 40 40
(general product)

Min. thickness of thinned wafer

(For extreme thin package ex. Smart card) = = = = = = =
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Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known |€

Manufacturable solutions are NOT known _

W NHEIZEY 2015 EETIT 8 m ST 5, ZOMBIETY = — MU LA~D S D
THIRREDN T AET D TH A, Y = — NRET v T 2N R 752815 D5 ES K0
W72 D THAY, EF V7% SiP RO L I R = RV AT A~NEHET A LXOE/RH
RELTEAERIfEI SR % Table AP12¢ \ZR T,

Table AP12c Challenges and Potential Solutions in Thinning Si Wafers
CHALLENGES POTENTIAL SOLUTIONS
Wafer thinning technology Fine grinding wheel
Stress relief Wet polishing, plasma, dry polish, CMP
Wafer handling technology Inline B/G system
Singulation Mechanical saw, laser saw, plasma etch
Die attach handling Needle-less pick-up system, carrier-less wafer handling

Optimize O/H length and wire bonding parameters, Less dynamic impact

Wire bonding on overhang thin die bonding

Folded wire loop,

Low loop wire bonding Reverse wire bond

Liguid molding, compression mold, high flow molding compound, vacuum

Molding thin gap assist

Thinning on a bumped wafer Mechanical handling innovation during and after thinning

SIP OSHEMEIC K § HRRRE

BN, SMEBLORLESE EIT LR SiP OT 7V —ar ORRITITEER AR
Tho, SiP DIEFEMEREE L T, FEMEORA, ZZWr I LM IC LB Z R T2,
TS E LU T IORLTEY, £72 ITRS OV =7 YA NI “The Next Step in Assembly and
Packaging: Systems Level Integration.” 2 FES UG FHIZFEMI GRS T D,

SiP O EE—RIZLT LY SiP £t A Db D Tl AR AR 3 A L RI1T SiP o ik
A HERBE B IIND, MU UAZ B OMMGR 72BN LY 77— a e TG
MEDM AL RS DMENH D, SHIZHEE—REWEAT =X LD 35 8% TRt Table
AP13 TR,
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Table AP13  SiP Failure Modes

Basic Failure # Failure Origins and Driving Sip-Relevant Failure Examples Fault Isolation and Failure Analysis Methods
Mechanisms Forces
1 Thermomechanical mismatch Chip solder fatigue
BGA solder ball fatigue Stress analysis by thermoire-interferometry, speckle-
Fracture of an embedded passive interferometry (ESPI), deformation analysis by image
component correlation, x-ray diffraction
Die-to-die spacer crack
Underfill crack
IC metal line open
A: Coherent crack 2 Mechanical loading (application- IC dielectric crack w t:(y_ mta;]gnetlc mlc:]osc_:rtl)\%, tcl)né?R(?Eam
formation or process-induced) Organic substrate crack refiectance, lock in thermography, '
Solder ball crack (drop)
3 Hygroscopic swelling Mold compound cracking, die cracking
4 | Reaction-induced volume shrink Mold compound cracking, die cracking Crack detection by scanning acoustic microscopy,
or expansion (e.g. curing) cross section analysis with light microscopy, SEM or
5 Internal pressure (e.g. moisture Mold compound cracking, die cracking FIB/SEM
vaporization at increased
temperature)
1-5 | Same as 1-5 IC dielectric delamination Stress analysis by thermoire-interferometry, speckle-
Underfill delamination interferometry (ESPI), deformation analysis by image
Delamination between stacked dies correlation, x-ray diffraction
Organic substrate delamination
Mold compound delamination
Crack detection by scanning acoustic microscopy,
B: Interfacial cross section analysis with light microscopy or SEM,
delamination FIB/SEM, FIB/TEM
6 Interface reactions causing loss Underfill delamination Crack detection by scanning acoustic microscopy,

of adhesion (e.g. moisture-,
oxidation-, contamination-
related)

Mold compound delamination
Organic substrate delamination

cross section analysis with light microscopy or SEM,
FIB/SEM, FIB/TEM

Surface analysis by TOF-SIMS, XPS, AES, TEM+EDX,
TEM+EELS
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Basic Failure

Failure Origins and Driving Forces

Sip-Relevant Failure Examples

Fault Isolation and Failure Analysis Methods

Mechanisms #
7 Mechanical creep IC Solder ball fatigue
BGA solder ball fatigue Fault isolation by magnetic microscopy, time
Diffusion (Kirkendall void formation) | IC UBM lift domain reflectance, lock in thermography,
8 and Intermetallic formation Void in IC interconnect or in via TIVA, OBIRCH
Wire bond lift
C: Void and pore BGA solder ball lift
formation Electromigration Void in IC metal line or solder, Void detection by x-ray .microscopy or x-ray
9 Void in solder, metal line or viain the BGA tomography Cross section analysis with light
substrate microscopy, SEM or FIB/SEM (with EDX,WDX,
Thermomigration Void in IC metal line or solder, EBSD and x-ray diffraction for analysis of
10 Void in solder, metal line or viain the BGA | intermetallics)
substrate
Chemical corrosion Bond wire lift
11 . . L .
Fault isolation by magnetic microscopy, time
12 | Galvanic corrosion Bond wire lift domain reflectance, lock in thermography,
. : Ageing (UV, ...) Organic substrate cracking or delamination | TIVA, OBIRCH
D: Material 13 ) : L
decom Py Underfill cracking or delamination
position and . _ _ - . . . . .
bulk reactions Grain coarsening, phase separation | Wire bond rupture Failure analysis by Cross section analysis with
IC solder ball fatigue light microscopy or based on FIB/SEM with
14 BGA solder ball fatigue EDX or WDX, TEM, TOF-SIMS, XPS, FTIR

spectroscopy, , mechanical testing, TGA, DMA,
DSC (ageing), EBSD (grain analysis)
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ZERET

SiP IZBWTH T T NTF T o r— DN OER L E R I E IVE O DO BAGR G DS B Th D,
72577 ADREENES S D B D IV~ & AFEAEREAL IR BN S OIRTEIZEY . SiP TR E &
ORI RO DIFE LT D, ZOREF IHEAESCH EHE D TCE DIAV Y FIZENF A= % 5 XL 373
{ERIZRIE TR0y RAR Y MSF A5, TSV DX AL 7 M1 15 3 Yot SiP Tl Fv 7z
TR R, HENCEDOR AT 5, EHe— b I TIET v 7 arinbENEREETO
BIRPUIRELITRS B =R~y 7T 2022 I TFHT DT v 7o a iR EDEUZ XA +453 Th D,

HBuie D ERIR
IR S VI LA N OB TR LS U T U e b u
- JUEWEEILT A AMERRICR B A 5 2 D (LVIRE )
- JUEWIREIZHE NI EFIEFEIL, X —ERETD
- JOEWIEE A MR E O L R b E s Eii T

- JOEWERSIRE T EIRICI VA IR R B 52 D

R AL IREE OFIFRILZ DHERE . BEE B LR LT ES, 128213, =77 awy R FENA
Tj max {EEEITK 100°C, AEVT SAATITK 85CTHD, ML SiP NDE/RDHT S A A IHEREL B2 b7
B, ZHO Tj max BES BV D, 2T, SiP OBGEEHZBW L, Sor —U 2D E M E &
Ll &2 OERELDEIINEE BEBETHMLENDD,

R REARIE 2 SOEFEEHOERTRT TS0, 6 112, BB E—h v 7 ~D BRI
B BT RV X — DR DT DT —R ) ) F 2—T DR BYRER (TIM)D S Th b, 2T
G CIEBE S E— o o7 CRIREZR AR DL TR BN 7235 A IS I AR IR TE R, OG5 TR EL
(LRI IESN TOD WK OND FIENRK B LD THA), GRIFE:FH 2 DBERITE—F U I7MH KA
OB .

CMOS k7 v A iz s AU iR e — o v 7 &7V T F o 7~ A 7afiffi(~ A 7134 7)/0
Begt 7= JTEN LR — 6, TN S S Tns,

_ Back-side integrated E ~ Back-side integrated
Conventional ' microchannel heat sink using ' microchannel heat sink and
air cooled heat sink ! TIM and inlets/outlets i back and front-side inlets/outlets

\\ /l Fluidic
tube
T |
piiict I o O

TTTTTTITTIIIL
Eor 0 Tl

Micropipe
| /o

AECE A B E B

Figure AP16 Examples of Heat Sink Technologies and Integration of Fluidic Interconnections with
CMOS Chips
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3 WtV a i Ty 2 — L ClIKRm HRIC LD R L EEE 2 b, BUERREME CHhD, IME
(REE 9fiar Yy —> T LAEBR) T 3 RICES2a— /LD JET 100W OB A FREIcT5 (2 JgEy

22— /L TIEAEE 200W) KRGV 7 2 AT LA T THDH, TDOHEITEL, %%E’J%ﬁ&%ﬁ%ﬂwﬁm%ﬁ%
(fluidic microchannel)Z 5> 5t F ¥ U7 Z D, MR v VT ORAFIZZOT 2y =2 /MIBITH 1D

DR TH D, BAEZFDOWZET — 2%, B IRTEE . TSV ki@@ﬂﬁﬂfﬁ%é@ﬂ?’f)?@@ﬁfﬂﬁ
AEBFE LT, ZNHOX YT IXE T ANAAD 3 RIT/ o r— 2087 340ml/ 70 D B &9 28
WTED,

BARREY — ATk B ER

Fo TRl —T e VAT MBI D AR GO FEIL, SoC @/27A4//\/'7~/f\0))<ﬁ49’37‘£ff
GERBT LD TERETHD, AV NZALBIOAANDHNRD T2, £7=F 7 FiJE . PoP,
PiP. 3 oL/ =V 7 DEELDTZDITIE, F o7 =y — R — M>m+@1%%nﬂ7MTﬁzfzbé
FOFEZBEE T, ITRS OV =7 A M # SV TS The next step in Assembly and Packaging: Systems
Level Integration | LV OHEZE TS RATEETH D,

R OFIEEFITSELDIIILUL FOLONLETHD;
REHRAOMIKL, Ty TR k/\//f VREFHLEOBOWHE., TV —ar ORA%E ., BRSO
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ZIRITEA =V U BT AEAMHEREIZIZ L T O L 7eb O EITHN5;

fLER Z L% ET (DFM; design for manufacturability) RaAMEIZx 2% 5, FRYEHEOKR, (3
FEAMERR ST MR T A Y RNy P F DN — NV DF =7 Fo 7 ORFEAHEON —RFT Y
—LETa—IZEBIFDH EDA YV — L ZHNDA L H T = — AL AV BEH AT A ZA—T— (IDM) [
HORGFTT7a—Y— )b A= D Lo — P REERL RIS BT DHE A,

B, 2Xp, BLCFTime to Market

F o TR =V R =R EF O =X A N—NE, e LR OO IR FH 2 T2 T U e b7,
FERPICIT#E Y — Y — A U H—T = — APERSND, R R T D2 EED, AR ATV H A L
IFHIRL D OB HERRIL G CTED, X FH T — 20 L FEHEZ LTI, /\//7—/%‘/7<5:A1//\‘/1/C1%
WL HZEIIRA[RETHD, IANED I —RA 7 IR FER T, if_/ZTAl/f\}l/@f’i‘ DA E’CT
AR EE, A2 OB EEITHIEITEN LD THD, TNERHT D012, FEFHETIRERD %O){}inz
DWTEFNZ~— D BTG TV, OGRSy — /@:x}\ ERUTAN NI ﬁfoeépx
FHERBE A BRI CE AWM RRR ATy — A B L TWhat-if 04T IZREETHY, F-R GOV A2 A
XD EWLDLERSTLED,

SiP (24T B IS D B

ShRHI 22 W AR T, A - B IS ) - BRI G LB MO BIRE B E L e b, fEkD
I =D T TN TH S TAGHEMEE R GO R — R A7 D %< 1%, SiP TIEEIZEHMERL DI/ D, K
(2 SiP TiX, A B - BARO 7RG & (B M pxuhk%%u/z \CHED D ZLITER TR, 7 3 R—x
YMZE D AAEHOBEHES D 2T BT MR FHI L TR BRI 72 35 %/\77‘ BR MEEDING AR L
NHDLOIT TRV, ZLOEE | BRI IG UG 2 T 572012, 7 a2 R — 3 NOM A AE
M. REHEEE, Fb—RF 7| 3%E L — b, KRR, BLOBEFOE T .:x.ﬁ%/f%*ﬁnﬁ“é EN T
ThD,

S RTAT T —F DB
N — VR EHTR T A ESR FIH LA T DL, BT HERER 72 Eﬂm SITDHIN, 72N TOD
BlXV L HESNTZTE T TR TLEY, 2O T 7 a—F R T 572D, T 7 3wl — /@B%;:H

B IRy A7 MO FIELY — AT, ShU _ow,-fwa@u@%%o%nu%@mﬁ%
R TEBIRIT2 D, BOBLAEEOHIKOTZ0 D — SO L, TRLIRR, /xmm/wﬁﬁ
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o PR —NETBR—IZRBITAA AT 2= AR IO A
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RF., 7 aZ/ /Ry ARY 7 F/v  DSP, EM BX O\ T U4V R#H 95 SiP (2B WL, BatefiEics
AR 1T T, 2 — T al bR E R D, IC DIEREDN Be>TnDTed BipbiIal—Ta
AR B R E D, #1Z21F Harmonic Balance D XH72 K H kD T2 —a0%, RF AR EHC
KT A2l —Ta HRTEL WD, EERFEEROT 2L —aid, TUANT SV —ar D
DO VHDL F7-1% C R—ZAL AT AL T D, 23— B IO AR IS BT D H LRy
\ZLDV AT AOFEZ R T HZENEE THDH, NS BHE BT BFE FE2mEH L SiPOvIal
—aNONWTUTET IV IZE BT DU EN DD, NEZBHE I3k Rm ERER OF > 75 5D
REFLLTHOWBNS,

SIP \IZBIFBUVANYR T A TEZART 4T
SiP 7\ =V A~D T T DR T, BEXOTF 7 LR EDO BRI T IE IR L, Ak 7aBE %
DM T TET=, Figure AP17 (2, SiP IZH T BT A VR T 40 7 Hilia R~

Green Validated
Blue Projected

Max Package heiaht
[ 10mm | 0.9 mm [ 0.8 mm | 0.7 mm |
| 75 um | 50 um/ [ 40 um |
Qverhana Thickness ) Distance {mass preduction)

100 um /1.0 mm_| 100 um / 1.5 mm | 100 um / 2.0 mm

75um /0.5 mm | 75um/0.75 mm f5um/ 1.75 mm 75 um /2.0 mm

50 um/ 0.25 mm | 50 um /0.4 mm S0 um/ 0.75 mm 50 um /1.0 mm
| 75 um | 50 um | 40 um |
[ 60um/ 1.0 mil | 50 um ! 0.8 mil | 45 um/ 0.7 mil [ 40umJ 0.6 mil |
| 6 (ITRS 6) | 8 (ITRS 7) | 8 (ITRS 8) | 9 (ITRS 9) |
Active Dis per Packaoe High Volume
| 3 | 1 | 5 | 6 |
| Programmable Focus [ Cascade Bonding | 30 Looping | Special Wire |
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Figure AP17 Wire Bonding for SiP Packaging

BAR T 4T

WRT T O 7T 7 13T v T B I BRI THY , BIELBR I TWD, FEHE 72 r—
ESIHERF T 27201213, BEE 32T v 7 2T DU ERS D, NI T T4 R TIRRIZE S TTF v T DE A
1% 50~125um F2 T 2EA 1R, Vo — OBV IITIEEN LI TH D, V7 M Toohlisn=F
TEIT T FIENMIETHD, ZOXIRFIECBWTL, v —F vy /b =— RV B LA 1/
TEHRE 20l 2 Db DN — R T D,

1
.. peeling
initiated
3
{ controlled
peeling
process
Figure AP18 Mechanism and Technique for Picking Thin Die

ZOMDBAFE RO H AT EL T, A —F A XDF v 7 %M 32 film over wire] &5\ NI chip over
wire | EFFIENDHAMNT A3 D, BEIZWL O D3 TIZZ O H 2 B 5L i L Tud, ZOHEG T,
T2 — NDEEIZT AN LERVFT TRBE, X AR T A0 7 TRICB W TINEAL 2Ly b TF v 7 %y
IT7 07U BRCUAY R T4 7 UIeTF v BICEBHE#R T2, 7V DTNBIC Lo TS EEIZ720 | 1
PR ESEIINSNDETA Y 20 I0A T, TD 3~5 BT v 72 REF L T b2 ST, 20
VL FRHRESE AT EF o T OUAY R T 4o 7R EE 1000CE21 120°C R & @ E Lo
RVEEIZ T 20BN H D,

Figure AP19 Film over Wire Technology
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EOAXR T AL T BT LS TEBL TS,

Note:
This device is bonded in four passes..

Top view
within 11.5 mils

Top 1st | @
Top 2nd | @

Top 1st & 2nd

[ Die(80um)
Overhang 400um «—| Spacer tape (65um) |
| [

Die paddle

Bottom 1st & 2nd

" [ient :_..--»i,'ead finger

Btm 1st | @
Btm 2nd| @

within 13.7 to 24 mils
Bottom view

Figure AP20 Wire Bonding on Both Sides
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SiP BT YRR A1 TH 7001 (kT 2R e BIST O FAMELL TS, ZHuL, BB, EiE
RF AR FU2NVBERRICBITATANT 7B ZAOHIRE S AT AL ~JVERET AR ~D B R D75
Thd,

K ERERE NN T — T
F VI = AN =T
F TP PR=D R F s TN =2 TN T B R

IS —= D N LT R A MEFD 3O D TR ER DB DD, TbIE, F/ANROIGARK, mkEETZ
AR DEREGE T TH D,

1. JeHEKOR/IMEIZEE T 2R EIHE:
a. M1 KIRICT D/ AN
b. JEFRFBRLONERRE FIT LD i/ NINFE R
c. JBITHROF AP RBIORNERELOF&/IME
RSO H 2R L DN R D LU NFE & DR S HEFF
2. FTTUAINTF =2—r DY TIT0 DT TA A MBI OEMEL EVE, Ko TN —R T 7 A3
SRy — Y —F o T ORES
3. HEZbOE/ME, HRED R KL L ERV 7 s O/ IMED T2 A T — L —H —F 7B L OE
FEE LED 7>5 D2k
F T D~E B DA T
EERE~v A/ a L I = AV AT AO R A~OEE LRI KL AT (57— FHRk I IERE R O
i) . m Ik, BEXOEBERT v T IH~OERi Th D, BRNERLE I A Uiz @ik T 7 RO
B DT O EITIT B IAOmIFHER L KN EREA L —F AR E  ELTIRAN—Y
N5,
ZONIDOIT T, ZHHRED TERSC ARV AT U LT T a2 D EBLD -0 D~ A 7o 55
WOF T DTIED, SR TR S TOD(BIZIE]S. 9]).

T ANEF T OFEE ST RWNIEL T, EF DIV I X=X ET— R~ & & T, Fv 7
YA —ax7M10, 11, 12] OBIZICEEE RN RSN, 7V —A_—Z (H HZEW]) A F—ax
JvarbFEi, Ty RURIEIHE DN TS, ZNHD A H—aRx s a HFICxt L, SAT T A D
TR EBL O =V 7 OGS, LV ER T TR0 0 FRETH D,

WA B —axrarwFERTHHI0EODREEL T, b BBl ESN-R ) ~—E 7 5K 25k
FENTWD, RY~—E R HIZIE, SEE, EHUADRBIUHANY. CTOR S IZEDOEFNRHD,

T7a—FOOEDELT, BHERPD)RCHIRD L 72T SART, o — VIR NIZER[ I, RY
~— R I Lo THERR S NS, T SAANE VL v b LT R T A AL — I ERBSNASA .
B LU EZRPD)DHLT v 7 DE FIZHN»> T, Fa_EIZRY~— &8 BRI D,

IT—REDNT T L, FIHT VAN, HDNIW RN AR EIZEDT-OIEHEND, DX
VR TV—= A=K /O 1X, 1/O /XU =V 2y MBI ONURIEIZE ST, Fo 7 EOKT A REFHR D
MO LK DA T By NFRME ORI 22T H L1725, Lo RO I Lo TR DO B EkE
FICEDTENEGESIVIZA, FHAST CIIEHEIT R | FEER LR Lo T, AEF DT TA AR
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IFFEFHLNTES ANV RITRISNDZEb B D, TIULT 7 EFER DM OB RS (CTE)DIA~
YFIZEDE DT D, TDIHRTITAANALIL, PDICEEET 230 — % KIBICID St 205 HRE
LT Y RRDSRBER) ML, /S RIEAMENT 2, SBIZ, ZDEIIRTY—A~L—2H 1/0 Of & J7 2k

X T =T OV ERE R, Ty LI OB I T IR EL D GE K OR) v — L LV T AT
bbb, ZDHIHLDOUV D) Figure AP21 OHFIZRT,

VCSEL/PD
| (@)

@ |

Solder bump — gLrllal-mode
Waveguide
Mirror
Quasi ffeic apace Metal-coated polymer pin I/O to transmit
Opticel. /& electrical and optical signals simultaneously
() © |
Fiber

Lens assisted quasi free- Fiber-to-the-chip
space optical 11O

Optical source or

(c) (f) detector
Sisface:rorimalioptical Board-level integrated optical devices
waveguide /O
Figure AP21 Examples of Representative Guided Wave Optical Interconnects
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BEOA T NI A=y AR —

JCHEURT AT, AZ B — RN AL DD EH HHE R FEE D

INHD /Rl — L DR A Table AP14 1287,

SRET/ Ny —vahd,

Table AP14  Some Common Optoelectronic Packages and Their Applications

Package Type Example Applications Package Comments
Characteristics
Butterfly Packages Telecommunications Metal ceramic Contains edge
and data transceivers hermetic SMT emitting laser, TCE
and laser sources package cooler, monitor, lens,
Rigid; sub-micron | etc.
stable
TO Can with Molded Optical source or Sizes TO-05, -18, | Built in optical chain.

in Connector

detector die

-46, etc.

TO Can with
Window/Lens

Optical source or
detector die

Hermetic, Sizes
TO-05 and TO-18

Welded cap with
optical chain.

Ceramic Package with
Interconnect and Heat

Sink

Overmolded Die on
Lead Frame

Ceramic Package with

Glass Cover

Surface Mount
Package

LED packages, High thermal Single and multiple
especially for high conductivity, die, sometimes of
power LEDs Reflective different colors.
Used for light engines, | cavity/s, usually Up to ~ 100 cavities
backlights, etc. optical clear with hundreds of die
encapsulants
Single LED or Non-hermetic, Very low cost.
detector die few leads Made in high
volume.
MEMS devices with Multiple leads, Variety of sizes.
movable elements, like | highly hermetic. Used in DLPs.
mirrors Devices highly

ESD sensitive.

Wafer Scale Optical

Packages

LED indicators

SMT sizes; 0804,
0603, etc.

Low power, low cost,
multiple colors.

Camera modules

Small.
Built on wafers in
arrays.

Low cost. Saw
singulation

HEZIGHE T DINEMNTE ANy or =227
TR — — A F AR D

FTTX (Fiber to the “X”,

XL P—3i, H—FR—2A738) sl
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BASE Lk L W BRI ELVE SR E A D CUD, LUV REREE AL D@V T —FEREL — MO RIE, KL
B L REF ETE R BRSO T T — AR = ZARIEE O LA o F—a Rk MO BRI D
RSN TS,

BB — T SAAOB|E A RO D BRI AR URE, $72b b & S UV X 0720
DIVENT —HHREL — N Ch D, EE2BIFERBEL, 300m KO EIEEE(VSR)E, 40km HLUTZE N
PL_E® LR(SONET)/ER(GE) Cdh5, — %727 1 h=/L(SONET & GigE)Zxd b7 uhai Lo )=
—3al% Table AP15 TR, 77 AT ¥ R /RRHIRE O H DA B AR D /N == a U INMFEET D,

Table AP15 Protocol with Distance

Protocol VSR SR SX IR1 IR2 LRI LR2 LX ER zX ZR
1310nm | 1550nm | 1310nm | 1550nm

Sonet/ <2km | 10km 20km 20km 40km 80km X X

SDH

Gigk 300m | 2km | 500m 10km 20km X 10km | 40km | 80km | 80km

ARG FHE T DN =222 — TGO R HD TNDED 2— VARSI AT E D 2— )V T AT
— B EN TS, TAARZ) =D =0, B ORI DO7-0 & HAERTO d WL
72D DI TS, BRI L& TR DO E /3 #HALIE B 8 b S COD DB ESHIN LI RIFEA E DA~ =
ENEI% A TN

EHEELED Fo T Do\ r—22 0"

RS LED (T X E B2 AN R 8 5;

. BERDOIEADE BN FE(>25% THIH, Figure AP22[Haitz’s Law | #Z [, )
IR (<1usec)
/I(500um sq.DF )
F-F#41(>10,000 hr)
FHEs A D2 O R

BEANIEICREEOE THD, 4 H, @EE LED 1, AZUT 0 AT O X572 0E RO SHIFIZ R L TH)
MXEMTHD, LinL, T4 7XA MO B 2 Z B L5 E 13/ 725, FREIL, I AN Efike
LTS 22 THY  FRIZZDITIX LED O/ 7 —V 0 7 axNThb, X AP22 1%, LED OYEH (v
— AN YW E T HEIN R TS, AT, A RS g S dieEZ N ED b TR, &
HAT DFHFRITIT DN TND,
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1000
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& 1 .
S Indicator LEDs
[
g 0.1 '
=
3 001
0.001
1960 1970 1980 1990 2000 2010
Year

LED flux per package has doubled every 18—24 months for the last 30 years
Figure AP22 Haitz’s Law for LED flux.'?

LED T 71, MamffiZe M-V 28RN BIESI TS, L7zi3> T, T 713/ EL(250 pm sq. T/
SLEELFFREETH D), MeFs THYE B O FEEZZ I,

LED /o — 0 71, FTE O (M5 "2 — 0 THAD O BRI KR EIRDII T SAR N lr— U
VLT DL, NS Ty T O RIIRERT v 7 IDEREN, o0, RERT V7 Cldllim )7
[ ~DINEHIRESN D05 TH D, I RIITZ ) 7 F v PR N T HIE THESND, BRER5Y
B B B Lo OEDEEEE T, B I AZ T A XK O I Lo TOERIAS B IBA L, 2,
R T AT RO RRLUA Y TEZELNRIILTHD,

L ZITEB O B> T OO T v 7 NERSNHFELH D, Bpd L, B8 K ke
BT 5, Lo T, Bigo7cF 7 G VAV, 7V 7 F o7 e AR OT v 7 H5HUA B
JETEDHNL T B REATRIT UL DI ZHEIADY 2 — \PE/NSSTHRT AT MNEDF v T 2 WAL
%L’C%ﬁ(>l ?/77*}‘)637?52@{?:%75)% 25um DFEE 2> T LICZNEDOT 7R TE 54k
BT CO B ATRE TH D

77 VUIE LED Ty 7 DL THEMEC /25, BilZIE, H3FHIT, Figure AP23 TREANDEIZRIE
TIVNTARIZT v T HTAFD LT Lo THES VD, ZORMMRIEIT, /37—~ DRI % e/ ME T
Do LINLIRIAG, ZOR KT v 7 TERIC I - TRERIZMINT TR S EEE AL T2 D,

1 Lumileds
2 Paul Greenland and Werner Berns. “Powering Next-Generation Solid-State Lighting.” National Semiconductor Corp. in Power
Electronics. May 1, 2004.
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p-GaP AlGaInP

. . RPN 3
Graphic courtesy of Lumileds. Reference for credit is in_footnote.

Figure AP23 AlGalnP/GaP Truncated Inverted Pyramid

LED F 713, 250um sq. F /NS5 E0HY AL S 12V OB HE 1 5<%, TDHE | &
BB O HMB IO BN B EE L7225,

LED 7> 713, BRELIRESL, AT MV D7D IO I FH B TR IESh D 2 8b 55,
A EERIT, 56 LED Z W, BB IEMEHI BN L7 B 3O R 2 i S B ES 1D,

M=%V ANT, BB SO BRSO R E B VIZE - TRk % Thd, LED £ 110VAC _ETIEfE
B9, S LED 713, 0.25~0.5A T 3.5~4.0V Z VB35, AL X, /L AR 230 Tl
fishb, Liz3-> T, LED Ty 7 a8 L1 NOE i D/ r— 0 713 a AR O "l getEE 5
2D
HZEFH DB AN o=

INEDTINAAD LT, $D/3TA—ZDIFE, HDHWNIXTA—F DI BRI TEDLE L TH
ThxLrha=s2%FHL TN, ZRHDE I RIEDOEA LED OYREF G, B A\ TR EHS
KU TREHBAERASEDA T TN T =— & RHEREFF> T D, T L THRBROILERH D20
2, BLLIIRIRET HHEGBAEC TCODDEINERTE T HIE T ALESEEZ £ > QD FRE R L ORI R
fpEfiiZ Table AP16 (ZEC# 95,

3 http:/twww. lumileds.com/pdfs/TP41_IESNA_Buffalo_6-04.pdf. Link to a Lumileds presentation covering a broad range of High
Brightness LED topics.
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Table AP16  Optoelectronic Packaging Challenges and Potential Solutions

Challenges

Potential Solutions

Optical Transceivers

New technology at high data rates is mostly discrete assembly

Greater integration at subassembly with automation

Higher densities in applications

Further reduction in size by increasing densities of optical signal by use of new
interconnect technology. Use of more free space interconnects.

Increased mechanical and environmental stresses for FTTX
applications

Lower reliance on direct contact lens applications, increased development in
mirror and bandsplitter technology

Chip level interconnects

Material selection, development of low loss waveguides, use of free-space
optics

High Brightness LEDs

Raise the electrical to optical conversion efficiency

Improve the semiconductor materials, packaging materials and package design

Dissipate the heat

Improve the package materials and design

Reduce the cost

Improve assembly processes and equipment. Configure factories to produce
these products

Optically Based Sensors

Find needs and create economically viable solutions.

Develop a broad understand of the optical technologies, the components
available and the economics of the application.

Methods to build stable optical chains

Materials that do not change from exposure to water, UV, heat, aging, or the
chemistry of the application environment.

Develop standards for the optical components

Industry collaboration

RF &IV DRl — T

EEHTEERGIL. SGHz £TD RF N7 —V 7 ORFAHEEL TE, 4

H. HEHE 5L, GSM., GPRS,

EDGE, UMTS D X572k % 72 ik . DU NEHT LV HSDPA(High Speed Downlink Package Access) A& o
TeDICHIC L DJE WA 2 HEH L CD, A THERTEREIX, RF £B3E 9% GPS, WLAN, WiFi 5\
IZ Bluetooth D L5722 DREFEA LV IA AL TS, —fIXANZHERERED RF Fi%, SAW & BAW D7 ¢/LX
HDHE RF MEMS D X572 Z 8% % &Te, RF 70 bR by —RBIORT =T 7 (+/30—
TRV AN TF T NS, —REBIE LTI AT AT 7L —a Al b, A L BEIC, GSM,
GPRS. EDGE £ X HSDPA ZHUIiAA TS RF #0728 SoC YV a—al BFEIET D,

A B VO EDVIpNRT =N (L DIGEH—/SURDORT 2 — IR L, PO 272 VQFN 4
AT DN =T, — RN SN WD, LV F AN RHRICHLTHL 7Ry b ROTF v 7 3% EHD
SEIZELY, VO EDAKANX L, VQFN Z A7 D30 — VWG NA LT85T, LFBGA # A7 DX

o —E TR REES DIV M N T — NI R EE S A, T2 R — N SAW
TANERNR— AN R E GV AT DAL Ry —V L CEERIILSND, 5 HOF LW ERERET
X, WLP XA T DT NAREHEH LIZNT v — 65D, ZHUTiE, Mg, /NMUYEIB IO RF HEEEE )
FF &3, R ITR Y,

INT—=T U3 FFICEY 2— L ELTRHSILTWS, HD V) a—Tal Tlid, EVa—/iZBnTrn
VRV RDT T T A TF B x TN —T T LU TER SN TTWS,

RF 010 SNA T i, VAY R T4 7 THY, ZOHAMTIL 5GHz £TO & BEELIZB
THOHEHTHD, 7V 7 F o130 EHE: SiP OREIEICFEHSND, hFr v — 2B W TE, B D
LR L TR, ZEE O Si i ~DEF LS5,

ML LT RE EBSOREEITREDO O LD TH D, LTS T, FERICBWTH LW Sy — D HL
FAA S BN D, 1 U) 72 FRBCAR I C Lo THEMES AR AN CX ORI 138 B L 720155, TR =
— N BLOVERBEE AR H U= NJES WL-CSP 1%, £k & 72 83 o C 4tk O HEZ: RF 7 /31 A%
THH L Bk H L72572 55, ZNoDHEANIZE- T, ZERR OB 0 —ANRE RF HOMA
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REINTED, SHITREE, Si Hiftiadm L3 2e, @i or—a—ar a5 7 o7 %
BT —F T 7T X ZOWVThigmaild,

SOI &4k £ SiGe <> CMOS D197z RF CMOS X° CMOS (2S5 4125 . 100GHZz D #EFH DB A0
X F N2 HHEE TSN WD, FO8EIT 24 GHz BL O 77~81GHz T, H#fiL —% —H& T
D%, ZNOLDEAB = ZIIIEFICE#G v IR DL N ISR,

- MEOHIFIEL DFMENC B W TR RS AT — 2 H3720)
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% 50 A — MR AMEN L FRUC S THEREH B A2 725 EWIMBA AL 5 TVA,

AT ANV BIONRATF T R br—0 7

AF 4 BN e = ZADOE RO KT, SiP 2k TSNS, ZHux, S 3 milflise, =
—ARX— T — | RN IA BT O R BN E) 2570 & ORI IA A C 5 H AT REZ i 2R I I TR I %LT
W5y EBHITENELDIABTLD L T ha A =T )V« AT AT AR _R—ATRHIBINB A SN TWD, #r
727 HIRELTIE, RTv 7 T U N =G MR D 7= ORI 2 2 T2 <A~ T VT VO A E
TS, EREAMEDHD RE BB IOT 7 HEEE ATV T VAA LT —H =X 7 H D
Bmzﬁu;az&fh# R L \_fﬂyfﬁij’bé AT ATV DRI FRED 2 DO FEE R FIF 2R

ﬂx@ SiP %éu“ukﬂ EChHD, 11T, B i:wﬂf ZESTEMMINT/RVIGHD T, SiP A7 DA
?‘473/1/ EIDZC:SAS =T LA Hﬂmb\w\/m» BETHD, F 210, o —UII R é%éhéf)’%
iﬁc:ﬂﬁiﬁ Tzh 1X7257200N AT 4V SIP ITIZ IR DN ELEISN DV OO EE NG D, TIHIT
IRDOBD DD
o  FEEIZAKRE A —Thmim L CRBOL L — NEETHIENTEXAE T HAT-, b—T —
THAKEESMHOHABEIE R, ZOL— N F, a—WFICEHINAZ LIRS,
o WEINIALH—aRIMIL->TEHHE BN
. ﬁimii&)ﬁifi%%%@@ém%ﬁ\%@ fﬂ“f_&)@:~4f®1$zm(ﬁijt 30uW/em2), 72 IREBE (K
10uW/ecm2)> 5D/ —1fififh, ZHUZIE, A RE A TEDOH D MEMS SiP 55 OWFFER R BN ETH D,
o ~‘/U:1‘/L’C“O)::L~m‘/$5j20)ot9f£/\47fk‘/):r/O)rﬁTao TR, VT R AN =S
— I HZETRAIEZRAL , AR LD REOMEZ FTREIZ T 5,
o RF T AANRELDEW A WD XX AR ITE WL, [EEER B EFERECOFE
JE D &\ H BLEMENE

INATF AT 4 TIIVT IRA A THE A END KA 715D 1 D%, B 2> CGREFE RS L, kiz,
PR B e F T N AR U R gz - T 2 out@(ﬂzﬁﬁaﬁﬁﬁfaﬁu THZLICLS T AF
TEOHEHHWIFEEZ RN T HIETHD,

:@Jz:/#@:‘/Jz7°%%%ﬁii\U/Wﬂ‘f—'fmvw—'f/wm)%’7<c:t\ R, 7 va—AL )L RS
B, KEHD CO HDHNE NOx DLV 7e Bt 3 572D I ELN W TR THhD, L72A
ST, ZNHIE, LRT /IS ARy T V—BREN O/ NE T, D> DRI TAEPES R T IR 5720,

ZNSHDOBLEL D = BT AR R D18 Y

FRCATm I IERGT FHOEER TN T
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B O EAICEB W TOT T4 A hOHERH AL

T INAADFMNIZBIT DN FRFEDOEENE

BRI, R lcHz25 7

HF L AT LROEHE T HE - EE D, SIS EMI B O R

RSV TR H T AT HESNDTRIEE & BRI DD T A ADR#
WEERT T A A N EAT D FNE & FASL T IEDRIR

MEMS F /A Z 8y lr—3

MEMS (Micro Electro Mechanical Systems) 7 7 NA ATk L CTIEXZARRELR DB BHY | Z D7D VO Hivs
=T THEFEEAR ThD, ZIUH MEMS 7 /3 ASDER | 23U Ry — Y a— e 0T
IC =2 T OENEBNIEBE L TEY, fERICIETFIZEED/ o — U E £ A H LTS,
MEMS /o —2OflE L TE, LT D X726 D01 H 5,

o  EZFEAAVT DI T NARTIHER/AE k% BHHINZK D ZBRDLENHY | ZENEEN DT
1 RIEMET AE B S r— VR 725,

o  JENEVHIRKBMESINTODUERHLN, FIRFICIERICEDZ A—IZX UL, iHE 2T 1
X757,

o HATEVa— VDI NFFETITEROEENOIRESNDILERH DM, SeFm E IR 2 HE
T HEWE DD OLIRESNDME N DD, T, FRER T DHLERHY, M FamzEL Tt
FRDT TA A NIHERF SN2 IUT 25780,

o  EZESARIGEMEN AFEHIIS NI RHRN LI T NAR,

o MTIRIADEALTIAD LMY — 7 1ED3 R D HNDIRARIHT IR DT /A,

o  CMOS T /3A AL fEE LV ESD MHMEA RO HIDHT /A A,

MEMS E3 G EE KA S AT LD B THDHH, FEERZ MEMS EE 25V TNDT NARD LT IR
FRED FTER 43 35 FAL TRl

MEMS 73— 7 D g F) O AR IHEER) 2L 1C S0 —T Thh, L, EHLTe v —Y
VIR MEMS HIBIZIEIARE LG A MNL VDT, Rt o r — VT VA BRI 50, A
DI Ir =V RGBT MEIEDND,

T =N\ oYL= U TR R A LT MEMS T A AR T A ELH D, FHLT-T = — L
AR =V DHLLEDET == NEEE WD, TN o B ESEE S T TR,
MEMS FE&ENIZF v E T o (Z2E) Tk L, 7 A ARGERHZZ N A E LT 5 FEREEZH VTS, =
ILT= MEMS 73— 7 J5 DRI 0% FHIAE 2 (2L C MEMS 85 0SB 1o K% b 5,

UL, MEMS 7 /3A 2D 3 AN MEBELGE D To DI H WG A B EH AT O—2 L LT, BXE), il fH,
158 B ZATOREER 2 -8R T NAREOEF L EMN D E R SN TCWD, 20T 7a—F Itk TEh7e
HERLEIAMERN ATREE 725, FAUTZELD MEMS T 3AZDEE | v E T 42 F o220 = —
L LRy r—DIZ X0 A REE 72 D, MEMS EIE TN T RoT v T BT 5 Z LIk TR — Vi )
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LLF®D 2 5@ Table |2 MEMS 734 — 0 7  ORERE 2103 F I 4 2=,

Table AP17 MEMS Packaging Methods

Type of Package

Applications

Characteristics

Leadless

Plastic Overmolded, Leaded and

Resonators, accelerators, inertial
sensors

Low cost

and Leadless

Premolded Plastic Air Cavity, Leaded

Pressure sensors, accelerators,
microphones

Low cost cavity package

Cap

Ceramic With Metal Lid or Metal

Lab on a chip, optical devices, RF
switches

Highly stable, costly, complex to
engineer and fabricate. Control of
cavity environment; dry, vacuum,
inert gas, etc.

Ceramic with Glass Cover

Optical applications; CCD packages,
DLP

Stable, moderate cost, optical
window.

TO-5 with Hole or Window

Pressure sensors, some optical
devices

Low cost, widely available

Glass on Glass

Optical applications; displays

Large cavity packages, sometimes
with standoffs

Glass Cover

MEMS on Organic Substrate with

Optical switches, displays

Quick to market, low cost.

MEMS on Substrate organic,
Ceramic, etc.

Wire Bond, Partial or Total
Encapsulation

Inkjet print heads, fingerprint readers

Wafer Level (structure built, then

Camera modules

Lowest cost in volume.

singulated)
Table AP18 MEMS Packaging Examples
Market Automotive Consumer 2D Optical Switch 3D Optical Switch Network Switch Wireless
Application Acceleration, Video games, OADM, enable WAN, LAN Electronic Saw Filters
airbag sensor appliances Networks Switches
MEMS Type 2 axis 3 axis 64 Mirrors, 90° 1800 Full motion Contact switch Planar filter
accelerometer accelerometer motion mirrors
Package Size TO8, 14 1d Surface mount Custom metal, 82 Custom Ceramic, LTCC, 27mm?®
CerDip cLcc mm? 184 mm? PWB, 40mm?®
Clean Room 100, 10000 100, 10000 100, 10000 100, 10000 100 10000
Die Bond Epoxy Epoxy AuSn Eutectic Epoxy AgSEutectic Epoxy
Wire Bond 0.7-1.0Au 0.7 — 1.0 Au ball 1.25 Al, 1.25 Au, 1.25 Au 1.0-1.25 Au ball 1.0 Au ball
ball 6.0 m Al Wedge/ball
Seal Seam seal Molded Seam seal Seam seal Epoxy Epoxy lid seal
Leak Test Gross/fine None Gross/fine Gross/fine Gross/fine None
Additional - - Fiber optics, Flex circuit, PWB connectors | SMT connector
connectors connectors
Manufacturing Production Production Pre-production Pre-production, Pre-production, Pre-production,
Level R&D Proto Proto
Package Ceramic, Plastic, ceramic, Custom-68 /0 Custom — 800 I/O LTCC Panel PWB Panel
CERDIP, hermetic, CLCC
Hermetic
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Fraunhofer 1ZM 732D 4385 T, W <D D5t %%&%LTU\E)O Tk R 6D IA TR -5 S D Ff (- Fe v &
L CHEM RSN TWDLDIZIEN T AT 7 ] BWARE I, IRV UV B kWS T2b 0o R H 5, #
e o Y | Ry ek TR e N %2@75>T7I777/W§ IS H Th I, %ﬁ%%@&?ﬁﬁﬁfxﬁiﬂ%f&m
ZNHDREY E LTI WS AT D WM EBMEA REE T 520280 RIS N AR T
o

FE I RSI TV WEEFREE L QXS EMEBY Otz 20wz, TS ii-E
TR O 2 RFTEINCE D IR ETDNEVIIRELRH D, ﬁwﬁ:{£®74’77 VR AL AR
WiKka—T 4 755, TEB SV TOWAMEIEL IR L2 LIV a—rRH D05, W b i Al
HHZIELL THWSIDD, 2 B4 RO EIE L THWOND, SHICNEEARFREEL TE A~ —h=
—T AT ETHIESREFEMOBRRE N DL, T2 CTIHIBEBEMEOM T O IREHERL-EE, 28
W72 IR — N T ANERH D,

S DS BRI TSRV IA ENDRINT, TSR D A 28 I O MM | g 57 <o fth

ZE T MR TR BB T DZENAR AR THD, ZhE, HIZE -5 O BRIE L B L&
DEIITFELE N STZEHOL DO TR, 2Bl EH L, 47 LHMM TIIR W nHTHD, oL Ak
W OBEA TN DEDIS L~V E DR BB MR Tk SR TOLERDD,
Figure AP24 (/R

Graphic courtesy of Fraunhofer IZM
Figure AP24 Texflex Embroidered Interconnects

FEAE) 727 Lo 7 AR BEFANT Tl — H IS Lo, P BTN RSN, (6> THAESC M $E I 13w
FRTBETE M, BRIKD LH 7 SHITHEHER TR imﬁf%m\ ZAUCIRIRT S 3R 1 O AR PE S R &4 D,
TR TNV IR EESITMHE AT REIC T 2720123 KR~ flz 1E3Va—rRouL 20D X7
Mﬂ%ﬁﬁb\éz%ﬁi‘%é Lo Lfm%”:ﬁ%*fﬁnuf’ﬂ@%ﬁ@t WZIXZ DR~ -~ Ny 7 AR I ETZITN

ISR ML A e T LB B D, ZOHHE FTREZR B 40 A O NS #E 7T RE 7 iR MEHE e A HLD
\_}_’ ITEELWERETH D,
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TR T Na B EO R

PNIIARBIZIE S FHE AR DB ZALIA AT & BB, ZH LR Z Buuis, A =
BIVEL BB E A LIRS T DTN D, — H A EMEOERIZOWTIE, BAFefERI R
SITWD, LU NIRRT IOICEATT S 2 H NS AHHREMED RO BN 5121, KVEXEHD3 A #E
2725,
RY~ e NI A~OEE VRO, ZO%E | EEBMEDHER TELL L ETE W FRIEE N
BURSNDD, EAUIARBEN IR A RE T2 EK 0D, EEITGU CEEMIIREIZE LTS,
HEMR <IN LD E 7 TARA~OEEMEN 5, @OEENESLZEN T HRETHD,
i)%@ﬂn‘%é:@;?é iﬂ“)valx (FHLAZEFRL - EOMA T BE OEREEEHITIL SRS E
MRV IZLDER TFIEE I H WO NS, ED5E | EROMEIT TR~ -~ N IZAO—{ /3 THE
C. KI-OBEFINI VAT T D48 ) BRI ZmL Thitiud,
TLF T IVE TG
TR T IVEAERIZIRD 10 FZITITE 10 BRIV OREEIZHREL, =L 7 ha=7 2D
ICHEMERBI T ThA ), rIEME, MRvErE, B ETER K AN \mmﬂ@ﬁku\otm/%/wv
%%J‘Buu@lv—‘—yfaquﬂﬁ Tar v a—~ B s, M2STHE . Eaf e, JEE0HI ONCE
bRIEa(E L\ o 7257 B Lpd‘@%ﬂﬁ”bfcﬁb\4//\7]‘7252_5\_&753%*EE§3”L5 7vﬂe/7/u E T R B
TIFEBLTERWEIAGL 2T A ADILHEMZ RO LT HTHAY, IC KRR EEEL — KLU
AT —MKEETHMESREL DI ZLDOEEF T2 T ANLIL, B EHEECHZH M x5
ZRHTTHAD, “7<<7~k7’&?47“@m O A REMEDA,, # IS U CREREE A B A REZ2 T AT A
KUY BUNEFIE 5O AT A REENR RSN N TERE . BIYT o — L — T B ST
%ﬁtﬂfﬁfﬁ?‘/%%@%fx@fﬁﬂﬁﬁ@%%ﬁf/\4xb>£fﬁuéhh X, AT 2 DR B FARO
FN/XER OB A ARANSEET A EMEEZ B L TD, EEOFIELTIE
o T XNFKNE KV AX AR ARNKEGEM, m2h=R R,
IO 7B S FTRE B S EOL TR B A AT T,
ER IS BT AT MEE | O 3R R R,
r%&()\jﬂk%/77 B REIHE Y Ry T —7 | B e,
TGy B f R Q@Jﬂ:uﬁﬁﬂ/XTA fiifkar T gREE=4,
R U7 AR TN T, e A MEME O T Y DAL 7 T iR BT 5 Th A, 22
TRLIEEG DO ZLITA— M/ZJ OV TN ELETDILE Ifxﬁf“%¥if0jtﬁia®7l/%/7ﬂﬁi
FELERD LB LIND, EH LT BIE A A REIC T DY — e T B AT BED EZAFELR,, £
HLO TR B L —T 1 TP RS LB ESNAH LN/ D72 59, Bl X IRNHLA
B AT INAAZ BT HERIGHATIL, T A ALEEDRN, ZED DAL/ F IR IO 2
VLB CRIWES DML N D, MLZE /T8 s CIIRR R B BRI M IS L B 270 D72 A9, 2, 7 =T
T T VIR IRIA BRI T OV TR, — B AR BEVE [T T AMME DS L B E S D,

E%iﬁﬁ BE

BEOHH FHE -3 AT 2TR A B B R FHI L » TUZEE > TS, EkE ERENE, UA N
~z\x¢]wﬂ@ SHITIFEY E W RV ROFEBE IS 4 ZL<DOE MBI E /2> TND, ZIHIC
ISIHTED IC R r = T RHWSLND IR D8, T OFER, IESNDE TV AT AT 2 /L
R %k BEZ L TEABE LS TITL, 22Tl A B E, B Fa . B RIS D £ B o0 5%
BRIEHEN AR AR THDH, FLWEINIRDOBAZE ., ATV = MEL L O ERIF R —E RES o7
mC, HENETEMRE 2R 5 THAD,

RO BB EERIE B 0T 2000 F535 2010 FE 2T TR 4% DFEFRKEEHUTHTHAH, Tkl
T, B AT AT O RLEIE 2000 4055 2010 AEIZHENT T, AELRK 10% L EOKEZFHITHZEN
THISN TS, HEIES AT MG ENLEE S BIXE IEE, BE, 74, BXal7 o, BREL GE
HXH SR CTHOINLZ ELEIRERODIFICBNT, bo k%m“ﬁkﬁb)ﬁi\ihéo B DE AT AT
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LELTE, KRR AT LB 21X, mEEEE B &), fREFRIR R AT L ELTNATUYR
VAT I (RO EEhER R D FTHE) Th D, AT VY R AT DO TNEMRE SR O BT 28
DHTEHIND L THD,

A A, BB ERGEIC DB AT AN I —T 15%., @k E T 28% . ATV —T
47% (HiJ : M.Hattori, Toyota, 32U/ 2006) ThD, B#iH E TR AT ML > TN RIZIE
FICHBERPETOHD, BT AT DEHEICAR Y SNDAR—RTRLNTWD, BB HEICHE#ES IS
ﬁf%*&””/XTA@i& B ZIITR2E TN T 52D PRSI, BRSO EREE RN THZEn
RIS,

b NEE R AR E L) — XS T N AT/ LI B S AT DB I THZETHDMN, ~N—F
ST RO ITINEIE 725 TLD, HEFD QFP 75 BGA, CSP IZE &#ii> > TIT<, Bl B s /)N
B BERITE AL AT LDE T A T AR L TITTHA), HEIHEER CIIHEEEFRCT V2L
22— S TR E A LS TODEAMZBWMI K EEHNEL TS, FIZ X, ~NAT VR —A
— 1% 30kW 7 ZADE—H il H & IR kS 4v72 IGBT 2B L7,

(AP OV T, R E T THER DU ED DS, BE T LSIIRK 85CETORY
RN RDOND, =PRI 3 DORRDEETESRIBE DD LM, ImHV AT bl A, FrallZix st
SNTALE TlE 105°C(Toyota &0), =2V 7 ay7iifE Tk 125C, Flxr v 7ayy
(LT IE CTIE 140°CETOBRBEIRE D LSLIZITROHND, ZOXH725: Tl SOI 7 /31 A AV
KHNZIEF I Th D,

BIEREE(LF*

Metric Specification
Automotive Maximum Temperatures
(Ambient Temperatures)

Passenger Compartment

Dashboard, panel +85°C
Hatrack +120°C
Chassis

Isolated areas +85°C
Exposed to heat source +125°C
Transmission

Exposed to heat source +125°C
Exposed to oil/hydraulics +175°C

(today always bare die on ceramic substrate )

Engine Compartment

Moderate areas +125°C

Attached to Engine +155°C

(today always bare die on ceramic substrate )

Storage Range -55°Cto 125 °C

Operating Range -40°C to 150°C

Typical Mission Profile -40to - 20°C/300h
-20 to + 20°C / 600h
20 to +130°C / 4000h

130 to +140°C / 1000h
+150°C/ 100h

Vibration 40g / 10-1000Hz
(depending on customer)
Mechanical Shock 50g/ 11ms

(depending on customer)

TV H A RO R RO (BH— 5L & L) mERE E IR 2 A i 1E-40°C s 125°C
DFEFAXIREIZSILEND, ZIHDOERER S IZITEIA Z Flash, <A =22<° LDMOS 23 M SN TH A
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3, ZO4E . LDMOS A1 20-40°C O B2 50 E ER-Z2HE, 2 Var TSR R r— 0 7 13-40°C
235 165°C(JE PR EE AL EY) OIR B3 S LR T AUT R B0, (ZHuUF= hr—F%° Flash AEVIZES
TIEL FEFITELWRETHY o7 — P OBENEITRD TR ThHIENTEREZIND), IHIZZHL
TR O R r— b Va7 34 A%, 350°C-400°C DRy MAR Y MM 24 BB D,
FERDE)—DDIE BT EL —4 —ThHA), FERMIZITETOa R —3r ML SiP NIZHE SIS
23, ZAVT R SIRE R 105°CI2NZ T 10-20W AR 415 E R ~OMENRERSINDZEEE R T D,

RGEM ST —Y

K2 NAF R HORZERB NN LT, KIGEMEBIT LA DTD DRIy r— 0 7 BER N
HTETWD, KREGEMTEY 2 — /VIFHREOREREIZIOSN, o/ v —DIZH_TIEF IR N
A BRSNS, KGEM T LA HSIND I EEY 22— /L ORFRIUILL T D8 ThH D,

o CPEEAREZIT180um

FAIL—"T "D E T « AN 77 (tabber-stringer) (LD ILATZAFF

HZEFIR—h

EVA Ef1E#f

25 I DFF A IRFIE
KB O I72 R FYER EIFRFS D BERITIS 2 D721, Bl e B IR a2 S THLED
%o ZNBDOFHABERITIZ FROIIREA G END,

. T e KB EE HL(100-150 e m J52) H DA Ty #ee
. AN —T "N TFIR— T a HAT

. 7V — X AT

. 30 D FH A

. FanREOFEEY YA 7 ViR E

m o <~ VA
Fevm o —VER BN
N - BRI N BEB/Z ET /SR

HEREZEFE T(IPD)L, ZEFE T OAER O THD, TNOIER, L, COZFEET, UL =,
FI—OOFHEOHEEENR DD, FEBIIBAEWVICERSN T, Ry NI —ro~vyF o7 F37 40
SEREZ BT D, BT, BT, Pk, FEME. REMEOKEZFEBL T 5,

TR LR R E L CORY~ DI B LM EHT, T/ v H oW TE~A27a7 7T R(u F)
DL VETRRBEEMEEILNTHIENTED, T, RN FEROM, 7TF R 7L — e —2
AEELUT- RF 8 5 DAR LR E ZHL T 5,

7z — L O TR R~ -4 @8- bR Hikr2 k> T, LU OB &L PH O 858 12 FF O FFE
D WL-IPD Z#1EAHZ LN TES,

e  Resistors: 10 Ohm-150 kOhm (e.g., NiCr 100 Ohm/sq; TaN 25 Ohm/sq.)
e Inductors: 1 nH-80 nH (Q: 30-150)

e  (Capacitors: (3—6) pF/ mm? (er=2.65, e.g., polymer BCB)

e  Capacitors: (1-3) nF/ mm?*(er=23, e.g., Ta,05)

Z® WL-IPD OFMEHIFH CHIUL, HEFEE CERINDIZENE T OF v/ S ZXDIFIE 70%, LI AK
DIEIFE 95% NEEETDOA X ITHDIEFNFEILL . VAT LO/NUERR[REE /25,
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WL-IPD %, YUzl TAIFTRATTAD LI B bl % -, U AY AR NN Al BE/R i &
FRRIZ, 7V T F o7 OIS TEDIIRF SN TS, Figure AP25 1L, ZJEHRY~E Pyrex LD4:
JB(CO)FLRE N DIRD, —ODI—/SATANEZEZ DD 39nH DAL ZIH | 50 1.8pF DXy /3 4%
Ffo CSP LU= B FE DI Z R T,

o
= s ' L B
= r
J 5
(4) Resistors with Connections (5) Transmission Line
Figure AP25 CSP with Integrated Passive Devices and Thin-film Build-Up Passive Elements

IPD EHOBEDRIL R 71, T/ S HTERTZN, U OV TIZBIT 58T AT LD
DRI =y F 7L DFMAERITE ST, 20-30nF/cm2 DF¥ /33 ZNEB 5, ZOH L fiL, To— L
PRIV DY AT e A = DRI T 4 — AL TWDE DD A—HZLVBIER I T Th D,
Figure AP26 2,

3 wm Al (metal 2)

oxide 4, Al (metal 1)

Resistor  jupi-turn  Bumping

Planar capacitor
50 Q/sq Inducter  Pad

1.2 nF/ mm#

Poly-Si
Deopant

ONO

High-ohmic substrate

1 ki2.cm
PICS capacitar

~25-30 nF / mm?

Figure AP26 PICS Substrate with High Density “Trench” MOS Capacitors, Planar MIM, Multi-Turn
Inductors, and Poly-Si Resistors [13]

PIBS N IEREB) /R B FF

FEA OWNIERBEENSRE OIS EL T, #EHBREO BIE G, B4 1X, TV Fo—F 556 ID ol
THD, HEH RGO REA— G R RE A— 1T, WIERREEIE & W -k i O@E Ty 2 — S
WCHI 2 LTV D, B2 T, BB F 2N T A28k T2V AR R I Z B FE A2 LT GPS
LUAYLA LAN 2385, B, IR 2=y MZBWTIE, NsREEEISF FoR m L2 #hFE o i

WZOWTHEDDIRWEDR 252 1T TND, Fio, R AT D CMOS B D X7 A A=A
"R T A M3/ N D7D R FEIEZ B FE T2 FF ONERREEIE 2 FH L <, TV Rk, DSC LA
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RIS FEE AT T S 2&{F9 ASIC R T 7 477 aty P IINBSN - REHE OB E 2L
TV 7249,

4B, WIBRT DREEN T SART DX AT RHGHIVTND, — D%, BBIRE 2 & 57012, FRBLHR
T ANV I EREHRANDIRNTF y FIHE G L T2 D = — L~V ORI N FRE -, O — DI, AZ YR
VRN AN FEO TV T T T AR FEIC NI LT=H D Th D, Figure AP27 1%, O E AR,

HIRAN~DO NS REB) - Z B3R T OB RIYEFEDTZDITIE, TV MRl ARG D /SR X
THERATELF T RE DMETHD, WEBEHHTO BB, 7 AN, SR LB RIETHD, NHEE
B B HE LA TG T 70 T IAF 2= A= T TOT AR L BEALR ML ETHD,

CsCwWall Mount Method %:
Surface Mount Method E

Chip Device Embedded

Embedded Passive
Devices PWB

Thick Film Polymer Type
R Ty e
¥ " yp!
= Thin Film Redistribution Layer (LSI)
_E Redistribution Layer (WLP)
Buildup/Surface Layer (PWB)

Other Materials Cu Foil with Ni Resistor Layer

Cu Foil with BaTiO, Layer

Face Up Bonding
. Film Dielectric
Bare Chip Embedded
Embedded Active Face Down Bonding Mesoporous Dielectric

Devices PWB

Package Embedded =~ === Wafer Level Package

Figure AP27 Overview Embedded Active Devices and Passive Devices

7= — {1k, E 1k

U= —NEALDOEIFREIL, EDOINCT = — EHID TR EOIDNTHEMEIZ T v 7T DR L%
HEFF 3200 CTh D, EITRDO = SOHEANBIFR N H D, WFHIE DA ABRE HFEIRTZ A7 (DBG) ik,
V= NFX VT XFFTHD, Ty A LTI, Vo — LR GICER T2 TF o 77Ty 75 A
—UEBHIEL 72T iR 725720, DBG O IEHE &R A — /W2 L DT = — FEI O IS TG 72T = — N JFHI
FIENBERINTE VD, BINENAE) vy 2R AR E 7 v AL, 2007 4£C 20um /=, 2015 £ C
Sum JEDENT v T % — PN TOINE SN IS D7D BRI NS, T=— OfE FbiZT >
THRE L HERFT D20 D b — D DL DT TH D, A —NE AL AL TFEO TR THD
B, Fo T DU TOF v 7138 TIETONBAN AL DT v T 7T 7% 5 & AT REME DD,

L—PHy NT TRy F o 7 DI AAL FER R EESND, — DD TELLTE, V=
72— NRED FICHRIRL — P —LE2ENESE T, WL~ == DE N3 ba
— VT BIOIKRMET A EEDLE D ThHA, B bIE. ZDRMETA NS TEINNEITT D0, 3V
2 — RSN T — T DX 2RI T Th A,
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Pl — DR~ DER

o= RHE, TR T VER =D TR ORI DN T D, 2N — R EH ‘i I
— VDI —Z VAR D L FIERIT, /\//7*—/%5%717/\4’%0) PERE ., 15 BEUMECENERF R I R 7
FZ O “More Moore” <X° “More than Moore” D E I 4|2 kAL DT /31 2| ﬂﬁ‘éﬁ){ﬁ/\ o r—
UADERS, SiP RN —T U=\ — 7 IPD, TSV DL #i LN — U A
~OFER, ZL T RF, MEMS, 47 h=L7ta=7 2D AR ~OERIZE > T, Sy —U N3
HABITIA - TET,

TR TVENR =D TER I BN BT A AL IEF IR E N, MEH O/ — U BH AR D 2
KIZHA B BRI CEIFRO2NEI 7RI T, ZNHDOEAITA % HL u\"—x&%BIODijﬁjJuiﬁéa”é&Eb
B, B DOFFEIO 21T, $r 7V —=> RoHS (B EWE @ﬁﬂiﬁk@t&mm N AHED) & Te, BREH
EETFOBERIZE > TCEANIMESNTND, a7 )=o) —ICEae ﬂ“é“w VM B~ DR
ITRRMITHEA TS, FEIE, RoHS BEURIZHEILT D720 I8 LU Ry r =D 7R B~ 2 TR,
L R = DI LTI B AR L TE QDD B—VREBHE, X AT Xy F M, 7o % —
TAKTEE, IEEA B TIM)Z 8 I L COBIERDDDTA YRR T Yy FF o7 780 r — O R, B
1T\ — VMR T RN, $h7 ) —, a7V — Low-k/ULK OZERIZEETHIISESN
A DR AN ECALSY AN

BB BN TEAIL, Sedmk T SARD o r =D T 2 7 VISR AT ERIC A T 52

EMMETHD, VAR RET YT F o T HEMIIMKIRE LU TR 2B 71 TH D3, Low-k #aigts
B o B B L H L B A O Lo T, 5EROMBHI ST L TH- R Bk N5 A5,
2 1E BEMAIZE VY Low-k REHITHVY Ultra low-k 2 H L= 7 SA ATl S 7RG IS A
T BT U —T M BHRFE O FHT ., MR DIE I H A= DIVAZ IR L CEETHD, 2L<DT /(A
:isciéﬁ&%ﬂitmbnkimr“fiﬁ (2L T, BB B OB =72 PR N BB L0 D, Fo T g, or—Y
k. A o — LD/ N E D D ETIE, 56RO T N R — U B R &N 2T — LR
BHIE. 7o —T 4 NME. R OF AR MO S BN ETHD,

SiP, V= — LR — U T NTRBEEN/ S BN FR -, TSV OISR R OBF 2L~ T, 4 BHAFE
THHOINE T IR GO BN LA O #EFr b 7o b ivd, Filciz/ o r—T s A uu%‘:%ﬁﬁﬁ“
B0, U=\ LR — D 7 BRI E D b LR 2 D F é?&%fm‘*ﬂr%z T 5,
FELRRE UBM (239 2R 08 BMARIL, FTLWHERARY bR, #EHH RAKIICB T4
L CWAEEMERICA BT HT-OICHE THD, 77 T~ WLP &2 8/ iﬁ%%ﬁm@%%’%‘ B
TIE, Hr-72 KR T CE DR ~CMKIE X 27 XA 7 O FHEARE R~ DB R BN ETH D, TSV Hiff
1%, FTT 7k BT o 7 OB 1T Lo T AR ANUIEH IR N 2 T& D, IPD b E7z, PR =H
FITRL UL, deESN T ERFEE RS IVEB WM B ML ETH D, b BB R &L, Table
AP19 [ZF LD B TUND,

Table AP19 Materials Challenges

Materials Challenges for discrete packages Issues

Materials and processes for low profile wirebond loop. Materials and process for multilevel stacked

Wirebond die without wire sweep. 30 um fine pitch wire bond

Support higher Tj operation, low-k die, and compatibility with lead free reflow temperature.
Underfills . .
Optimal Cu piller underfill

Increased thermal conduction, lower interface resistance, improved adhesion, higher modulus for

Thermal Interfaces heat sink applications

Materials Properties Methodology and characterization database for frequencies above 10 GHz
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Molding compound for low profile multi-die package.

Compatible with low-k wafer structures with low moisture absorption for high temperature lead
free applications

Molding Compound Molding compound for hybrid wirebond and flip chip without underfill
Gate leakage associated with charge storage in halogen free mold compounds

Metal particle contamination and carbon black causing shorts and assembly yield problems for fine
pitch interconnect.

Leadfree Solder Flip Chip Materials Solder and UBM that supports high current density and avoid electromigration

No feasible solution known to compensate for TCE mismatch with high thermal and electrical

Low Stress Die Attach Material for Tj >200C conductivity

Rigid Organic Substrates Lower loss dielectric, lower TCE, and higher Tg at low cost

Improved high frequency performance of dielectrics with k above 1000; high reliability, better
Embedded Passives stability resistor materials.
Ferromagnetics for sensor and MEMs applications

Environmental Regulatory Compliance Cost, reliability and performance compatible materials must be identified to replace those banned

Flexibility in joining to accommodate stress associated with TCE mismatch over the operating

Solder Bump Replacement range

Thin wafers will suggest combination of dicing film and die attach film in a single film thin
Die Attach Film material. Lower thickness film

Embedded wiring in film

Low-cost via filling material and process (e.g., low-cost seeding and plating process)
Through Silicon Via Materials Challenges

Thin wafer handling carrier material and compatible attach material

V- 7ok

T AY R NG OMBERI 2T BRI, 30um By TFRMRBE DL TF v Tl v r— R0 5V AR
Al ’iSb\’CU/f'\’BTﬁﬁ%ﬁ<9éﬁ’C%6 T2 BHBF 2R L T D, $h7 Y — o — T LT
V7a—iRED LRI, IEWEE Sy — Y KT — AV RBIRMEHI Lo TR EAREIZ 2> T
Do B I/VREHEM BHE, B OBIIR, 747 — . LM BLOZ OB THER SN, B T
ET T RN T DHEE AR T D721, MV S <0 17 W i R | i Y7 A R X8
BLRESND, #EAHEER 1T LT, ol iz%ﬂft%ﬁrb:—ﬁxﬁﬁ ZHRESND,

7)/77“/70)/\/71:/7“75’ 100um, b LIEZENLL FIZEE Y T3 5I2i1%, UBM, BT A X /R
X, M OX vy T BEMODVLENRDD, LT —CIXA TN\ TN DM BN 57258 LB B

Jio UBM ML, T2 —T 4 VEPEL ERTEHTIM)E, 7V 7T 7 DR /r— UREE I T B R S
BIMEE (L rha~v A7V —al) | & Ty, IEO N, BUsos ) OB R A R T25 ETEHETHS,

Ry —UEIL, @R, &, RIvRT4T7— LW BRI IO . ZERBREINZ RS2 07N
ARELER LS LD, BTLWAEROE A | :J:D %ﬁtiﬁ*ﬁfﬂ’?ﬁﬁﬁi%iﬁ“é B OAE B B 72
Rtk M OF o T Inbr o ir— Va2 KRG T I DBV | BERRAY | B SR RFIE L6 D BT I, BT R
FRFZ BN TR THE TH D, /\/’?~“/mé@1& FAEOMR -y T afED 5 BT @A) LRV
RBEMERr T DENT AR OM B 2B 228 EHETHD,

W/ BB, EEET 7 U= L7 e A TSV, 7L X T A F—ax Tk,
MEMS, AT A1)V RAF T T B D L7 B LW E FED /o r — RS ISR, FrLWECEE OB B
WHIND, S =V EHCHI Ly —UBR TIE, BRI, B [EHEMEICRH DR E DT Y v
TR 2l = al NI BIT B — UM B E D AN D LR N E SR SN D, i BREE TNy —
TR B D RSO E O L R AR E LB O T D T IEN LB TH D, MEHE W ZE — IR TE5L5
BT — 2 R—=RB NI THZENE, T ANA AN N — ~D— B LIkt o2 —vav s
179 ECEHETHD, 7\ —V WISk D8 k2R % Table AP20 127~ 9,
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Table AP20  Package Substrate Physical Properties

B Year of Production 2007 2008 2009 2010 2011 2012
DRAM ¥ Pitch (nm) (contacted) 65 57 50 45 40 36
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm) 68 59 52 45 40 36
MPU Physical Gate Length (nm) 25 23 20 18 16 14
Glass Transition Temperature (°C)
State of the Rigid Structure 300 350 350 350 350 350
Art Buildup Structure 220 250 250 250 250 250
Tape Structure 350 350 350 350 350 350
Dielectric Constant (at 1GHz)
Rigid Structure* 3 3 2.7 2.7 2.7 2.7
Buildup Structure 2.8 2.8 2.5 2.5 25 2.5
Stat‘z(’fthe Tape Structure 22 22 2.2 2.2 22 2.2
it Ceramics Structure/Low Dielectric Material 4 4 3 3 3 3
Ceramics Structure/High Dielectric Material 100 100 100 100 100 100
Dielectric Loss (at 1GHz)
Rigid Structure 0.01 0.01 0.006 0.006 0.006 0.006
State of the | Buildup-Structure
Art Tape Structure 0.0002 0.0001 0.0001 0.0001 | 0.0001 | 0.0001
Ceramics Structure 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
Coefficient of Thermal Expansion: X-Y Direction (ppm/°C)
Rigid Structure 10 9 8 6 6 6
State of the | Buildup Structure 5 4 4 4 4 4
Art Tape Structure 10 10 10 10 10 10
Ceramics Structure 4-12 4-12 4-12 4-12 4-12 4-12
Coefficient of Thermal Expansion: Z Direction (ppm/°C)
Rigid Structure
State of the | Buildup Structure with core layer
Art Tape Structure
Ceramics Structure 4-12 4-12 4-12 4-12 4-12 4-12
Water Absorption at 23°C/24hrs Dipped (Weight %)
Rigid Structure 0.04 0.04 0.04 0.04 0.04 0.04
State of the | Buildup with Reinforcement Material 0.04 0.04 0.04 0.04 0.04 0.04
Art Buildup without Reinforcement Material 0.1 0.1 0.1 0.1 0.1 0.1
Tape Structure 0.2 0.2 0.2 0.2 0.2 0.2
Young’s Modulus (GPa)
Rigid Structure 45 45 45 45 45 45
Buildup with Reinforcement Material 35 35 35 35 35 35
State of the | Buildup without Reinforcement Material 6 6 6 6 6 6
Art Tape Structure 3 3 3 3 3 3
Ceramics Structure 50- 50~ 50— 50 50- 50
400 400 400 400 400 400
Peel Strength from Cu (kN/m)
Rigid Structure 1.6 1.6 1.6 1.6 1.6 1.6
Stati‘;tf the 5 fildup Structure Buildup Layer 16 16 16 16 16 16
Tape Structure 1.4 1.4 1.4 1.4 1.4 1.4
State of the art materials may not be compatible with cost requirements for volume production
Water absorption test is: JIS C6481
Peel strength test: IPC TM650 2.4.8
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known | ®
Manufacturable solutions are NOT known ;
SV FrIT
AREEROAANT, =TT VLAR NS =D OaxbO REZREIGZ HDTEY, "WIIhikDo08, —iK

AIZIE Sy —2
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BoTRY, B2 XYV T7 OIRENIREIND, 4 H CIIAEIENRE#E L2y —21%, #7paxk
TOERBEE DRI TND,
EBEDY T NTF T8l —0%0 SiP(BZIE, SVas I L) oIk s, TSV 285>
VAR RIT | ZORBITFHIENMUER THS, FhAEIC 1IC 8E AT 58, FEFITEEL
T2EEE7R20 | W E 72 AN TN REMERENSEOND, B Q AL X IHRX X /U 25l RE ThH D, v
Va xSk 2 FEIREIT L T Oy :
WYRa AN TO, VarEimseREHEDE T DK
3 U T O [ R E T Rk
a7 BT T

VZ kA

A BEEHINTODE BN, SRR D/ — I BIF A RITRL T, R L TR, IRy BAR Y b, K
R 1T 7 OIS T S OTAR OREIMED  BAFT 28 B TIIXH S TECUauy EEAH ., BV,
M7 e A M BE L 2 7w SIP /IS ICB W T, BICRETH S, An—R~v 7D ERM &= TIEZ
DFERZ E T DM O MBI FEHEH ST D, oD FT L S — B O ERH IX LT O Y

SHEO /NS EHLDM)EL T, CBERD B E /X0 — T DESRIZA BT 572012, BB R g,
BREELEW, T/ Fa—TNETHN5,

~7nubrf1x, Low-k EO X722 R ~AEHI R L CERAIZR, BV, BRI 72 R O Hil4E 23 AT 5E
THY ., I r — U TOWME B OB EFE LN EH TRETH D,

H O EmEARMEHL, @ERES v/ SO 2 & Al REIZT D,

A A ENAMEI O LT, FFEROERICAEBEEDH72DIF M EHZ EH# - TIT7<, oD f%
Figure AP28 |Z7R7,

Adhesives: Macromolecules, Nanoparticles /
Substrate: Nanoparticles, Macromolecules \ =

Thermal Nanotubes for Improved Thermal Conductivity

Interconnects: Nanotubes or Nanowires

Nanoparticles to lower the reflow /
temperature of Pb free solder

High Density Power Delivery Capacitors

Figure AP28 Emerging Packaging Materials
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BRI R

ERIZES> TED BN BERREMBEN S5, BINBLUE O EIL, FTLW B BF SN D8I IS
LT, TRINDIRETHD, ZL T, BUEDE M EHIBEL R L L 2D EIL, I<SEShTnd,
AL, S ANOEEM:., B RS OMERICEL 52| FERESICERREENDD, REICETOHE
DJE S % Figure AP29 [Z7~97,

| 2003 2004 2005 2006 2007 >
WEEE(Aug. 2005)
Recycle System set up Mar. 2007

so) (O B

=y

ELV(2003/07) RoHS(Jul. 2006) REACH
Non-use of Lead (Pb) Non-use of Lead (Pb) (Under discussion)
Mercury (Hg) Mercury (Hg) Risk Assessment, and registration
Cadmium (Cd) Cadmium (Cd) of Chemicals
Hexavalent Chromium (Cré+) Hexavalent Chromium (Cré+)

Polybrominated biphenyls (PBB)
Polybrominated ciphenyl ethers
(PBDE)

Figure AP29 The History of Environmental Regulation for the Electronics Industry

RO DOIBIDOIEEADY, BT EEDOMOT N TOERMEFERIZ, FFRD SiP SN BROHLEREE
Bl DR F ORI RA LTz, ZNHELUTITRT,

ELV Directive on end-of life vehicles

RoHS Directive on the restriction of the use of certain hazardous substances in electrical and electric equipment
WEEE  Directive on waste electrical and electronic equipment
EuP Directive on the eco-design of Energy-using Products

REACH Registration, Evaluation and Authorization of Chemicals

Hro <o lr— VAN E A~ DEREIR

/N, I/N/I/-/\y/T—VV?D SiP (System in Package) ®J97% Assembly and Packaging (A&P) D &#T
IZBWTIE, Rl B R DD, Vo — LRy =D T ET CBIE M S TODEEE D %<
XA LR (Vo — T e R) EEEZ LR LTH O THD, Vo — LD A EHRCFE72 UBM (Under
Bump Metal), TSV (Through Silicon Via), 7= —/ L ~/L COES W@%‘i’ﬁﬁ%ﬁ@”é TR AR D EEE D
L7325, FIZAX ITATE AN TR, (RERTZ A, FRLE RS, BlE 7. REENE AR FE . i AY
TAX, 7’5%&‘1’% F 7 to '731‘—/\5"%1‘}!“ T/ to U — BT, & %k%ﬁfﬁéjﬂfocé:“f&;é T AMEIR
FROB =Ry T ENe T TeOIlE, AV—T v e T AaRXNDYEERLEAR AR Th D,
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BIECHY = — EEFHIEEE I FTET 20, Vo — BB KL, Ty 7 EIN % 4 {7 n & HLn
PEENVE LD, BERHREIL, AN AR EREMSE DT o — NEZGH THD, 7o — NERN
10pm L FETHEHIRDE, RIAR) T 2R Ty FROZOMDO T a RO AGEREDIH7 T vtk
AP BRI,

H)— DD EIE/RLEEIEIL, IO T 2 — " TF T DRV T THD, MDY 2— DN RY
Y7 AERAL, ET 7 DN RY 7 (pick and place) D HEED FEIN N SLE LD, S5, AFEI#
DFEFE7e N RI 7 DT=D12E, V2= HT =T B LLKIEHTAT L = DI FH LT o7 F ) 70w
T NF YT RNET 25,

LW SiP B IE KOILTEC RS E 2R o TN S B A LB L5, i D IC RNF5HE
INA A AT F T H[F—DEMRIAEE 5 SiP O SZETIC BV TIE, BEOR L &
WENLILLT2 D,

T INT T IR —=TU NG SIP S~ =D TR T HE, T A OA A —T oA A
BEISHHIENETLERD, B LI (T o— 7' atR) &% TR IS 7 2B R) O8I AR I/~ T
B A= B> TERITERDDEBENR, WLP 2 TSV O X578, jil TREE#% TROM FIc 7 at
ADE DA O E AN R Z B 572010, MEIA— I RCEBA—NIT TAT AT —v 7
LEAESTWD, TSV Heffize W= 3% e R LD — > D FIC EMC-3D Y —3 7 A (www.emce3.0rg)
DD, 2Oz — 7 ANE, BIIED 3D £ LHETOaAN 50%E T 52842 Bz, e e
w“e T oM T O Az TSV #idEz2 fET 57 ne2%B% L T b, EMC-3D 7’12/ ATl
FENTWA T BRI FTOEY THS,

BT TyF L —Y—RUL

o MUt NUT RAEZ ) S —R B
o T AR D Cu b o=

o G 72T = — N H)

o = — B ALEE

oV — N bEADOTF T HEHECFEE b

. MEMS 7
HE 1D KIg 72

ITWG 727y hOFRE
A&P 13, 2TD TWG BB HIEE L Z DRt REL TAEU LML B & T D& EI b IR

HIEEE TG =— AR T VAT AL LT Y T VAT 2T 5, IRELTD TWG LD TraA
1 MR IAFAE T 208, ARHICldid EELHREE T BT 5,
B3t TWG

SoC HfliE SiP Hifli CABULEND T AT ALV DA TR E D8 r— U Hiff ORI LT, LSI 3%
FFOFLWT T e —F UL T DL OB LV GRENEAET D, Kb EER=—T, B SiP HiEIC
K5, B B EERPVFFED T 2L — T a Rmillak i A IRt — L Th D, AT HONWT
IARE THEMmSILDDY, LVFEHIZ DWW T, ITRS @ Web A MIHEHI LT D3 3C (“The next step in
Assembly and Packaging: Systems Level Integration”) 2 S 1720,
R TWG

WLP £ &3t D MBI L > T, ZEEMEIREREOTE K TR T L TRl LR (T =— 7
rtR) &t TR (T B 7 U7 mER) OB RDBBERIC/ > THD, Bl TWG & A&P TWG D F DT
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FLE S TS TSV THDHMN, Kx FiEn oD, B ANE DO BEEERET IO EE 2T OB H
ZIREEL, o= Ry FRHSNDIEREMEIZZ T 572012, W TWG IZIEFTHRVHA TV, [l HFDOE
([ TSV OFEEMNCHEH S TCODN, Bl TWG 13T~ L7 a— )V ERA~O IS I E S A0 . A&P
TWG 1T DT 7 D3R TTEFEEA~DISH~E R Z K> TN D,

RF/VAYL A TWG

BUE, b —iAY7e SiP 13, #HFEF LT OMOEEREE 7 A A TR ASN TS, #HHlET A
AR /N ARTHBE B L. dERR L ORI, SRR S L BEZ BT dn & Sy o —
BEITHOBEG PR e — N~y 7T BEL TWD, T _EEZ LU T ISR T2,

=N TDOIAAN—=T LV AT KL~ JL A X
RF #8ihaiAa 95 L OB L7252 B D E & A X
I =T B DN T 73 A% & T3 i OEFE L
RF/EEHR A B &F D SiP fEiE ~DERB LI LB R PR Y — L
ES&H TWG

ES&H TWG DORFHI L THM B OEANHERES LD, — 7 ik Bt O EN 72 2 R € 57=
DIZ, ES&H TWG OFi 727215 A A U5, BREEHHI & OMFEREICEIL T, ES&H TWG IL A&P TWG
~EERFR#HEZTRL TS, BEOEFLL T, 7V —FAERN BT T (o =R — 0
PWB HAR) ~DOUIEENH D, FA OB AT Tl BEFOMEIO Bie 72 R RE TOE AL BRI AZ D
FREA T T ZOFEE BRI A0 TWG OHEORVANEE THD, 5H%DOT /~TIV7T
IV DBARR, BEFWE ORI -3 I ST s T2 B I AU B BE U A7 13, 3k, 1) L CTHWY
HLT S EIRD,
EFY T2 —ar TWG

I =T TDOYVAT KU LS T, Bz /e B B0 AE 75, TND O EA B
fiEL ., R T BT DR FHEITOZ LU, B R ITENZ2 VY, @ BT, HERe M DR
Zlm eI, FERIC T M AT HRAEL, FHEZ R L T& 7z, HEE T, WU —RZ A ALK
ANEERLCE T, ZNOOERZ S L, LB RE G 2Rt T 2ME— DO FTREMEIL, T V7 &
Ralb—varEHNWTTa AT EERL ., FiEE M+ 528 THhD, 2O =—XL, A&P TWG &
M&S TWG LD 7 a R Ty NEBI O B E R E SR LD,

T AR TWG

FEEORAIZLY, TANAIKELRHLUNARE—RE BEFEORRE—RETANT D720 DFH LR
BN ET D, VAT ALYV THRERSERIL T 21203, VAT AL~V DT AN A AT LB D
Do ZALL TOBEROFIEL T, #FEFEECZOER RAEB THOOLIN TS, SIP 230727 /3 A
ACHEAER A SN TOATE TR D5, FEBATY D LH72 SiP =2 MCP TiX, KGD OZER ML
TUWD, WLP Heffiid, FRRZR iRz Bk L T, Bt &I T Om) Th o,

o % @ SiP FRELITK DT AR A A7
e SiP D7 ARz AR
15GT/s LA LD D & JE 7 m—7
SiP D72 DUER DT ANE FEZ#FF-> 7= BIST D&k
BT IRAADT- O DL ZTH
WLP £z D= 274
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DAL A&P TWG DR S5, “More than Moore” % FEEHL-457- 0121, L[ETOB S U ITER
TERU,

H#E

System in package (SiP)— SiP %, B/ DB 2 FF DD REENE 15 m OMA T THY, — D DOEUER
IR = VNS L, VAT DRV T VAT DT DB O RE TR, o AT var il
T, ZEFHEF. MEMS, KFEHERE | DT SAAG A FND,

Wafer level packaging (WLP)— WLP HffflZ, & CO IC #NL 7V me A i a X A 7Rl =— /N IKEE

TEETHEMTHS, o= O TOEELDT 2 — NNIZFE LR T UL 5720, 7= — R R
1A (structured wafer) EIZ (B2 1X, 7V 7' F o7 B C) Fo 7 DS, XAV 7 RNCT =— K HE
T =YV ENT G WLP LRSS,

Integrated passives— Integrated passives |, HPTOF ¥/ XU HROA L H T 5 A0 EDOIEEDZ B TR A
DDA FEE L TR L2 THY, —2>OZ BB EL THRET 5,

Embedded passives— Embedded passives &1, IC IZRLAGA FH0>, 1EIBIL T IC O _EIZERSILDH,
ENART 7 ORIV EIZHDIAENDD, LT N — Y BRI DA ENDZ BB LAV,

3D packaging—3D packaging |%, T 7 [6l L DF BHHE DO ARG IR 53 D330 — 3 BT Sy
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QFP—W AT DA ITNT A T TARDY — R T2 2 128 TIv VB DWNET TATF v I DOF v 7 F Y
7o W, Ty OEREITI—R 7L —AIEEINTEY, F-EBRNRERIIVA YR T 407 TREE
FHWNTTF v T OF ASARm EEERiSINA, SHIC S 7 —V 2 RKTET— LR TRICE> THEIE S,

OFN—3r —Y D40 O TN — R ZG 2 72 8730 7 BHDWNET TAF I DF v 7 XX V7, 8,
Fo T OEENI)—R 7L —AIHEEINTEY, FERMNRERIIVAY R T o7 TREEHN Ty
T OREUEHEES TN,

P-BGA—iBH D7V MR EDEERE D720 KT BN DITATEAR— NV EEHL WD T TATF w78
=, W Ty T OEMEIET IR — M ER u@%éh“(b Do FIZFERM R, VAY R T AT
ZHAWTTF o7 DT SA A D EMEBEGSIL, SHI N —2 0 BT —/VR TRICE > THEIES LS,

T-BGA—7—7 BGA, P-BGA LFALIL TEY, IR ~T —7 B AV A BB E DN ST
bo T T ~OMAPGIIEERS —FER T o 712k TEREND,

FC-BGA—7V)y7F 7 BGA, P-BGA FHELIL TRV, Fv 7 EEREDOIE BEHGIT 7V 7T 7 B
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IEEC
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Institute of Science r— K k% (The Center for Electronic
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LETI Grenoble, France www-leti.cea.fr 75 AR AT RV X ZE B £ (French Atomic

(Laboratoire Energy Commission(CEA)) DHFFEFT,
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de technologie de
I’information)
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PRC Atlanta, GA www.prc.gatech.edu KREFBEFEEDaL ) —2 T A,

(Packaging Research (1994) KERIIa—2 T TREKZEIZHD,
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L7z SiP #HilioBiF Th D,

SEMATECH Austin, Texas www.sematech.org VARG AEMEZR ST 5,

(Semiconductor (1987) RO RIE, VT T7 4 MBI L, 85EH,

Manufacturing . 3 TR KO B R & & e,

Technology)

SRC Durham, NC WWW.SIC.0rg KE DGR EE L KFOWI R EF oY —

(Semiconductor (1981) T D

Research Corporation)
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