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Abstract : Modules of the system that requires large capacity and high-speed information
processing are implemented in the form of MCM that allows high-speed data processing,
high density circuit integration and widely applied to such fields as ATM, GPS and PCS.
Hence we developed the ATM switching module that is consisted of three chips and 2.48
Gbps data throughput, in the form of 10 multi-layer by Cu/Photo-BCB and 491pin PBGA
which size is 48 x 48mm®. hnologies required for the development of the MCM includes
extracting parameters for designing the substrate/package through the interconnect
characterization to implement the high-speed characteristics, thermal management at the
high-density MCM, and the generation of the testability that is one of the most difficult
issues for developing the MCM. For the development of the ATM Switching MCM, we
extracted signaling delay. via characteristics and crosstalk parameters through the
interconnect characterization on the MCM-D. For the thermal management of 15.6 Watt
under the high-density structure, we carried out the thermal analysis., formed 1,108
thermal vias through the substrate, and performed heat-proofing processing for the entire
package so that it can keep the temperature less than 85TC. Lastly, in order to ensure the
testability, we verified the substrate through fine pitch probing and applied the Boundary
Scan Test (BST) for verifying the complex packaging/assembling processes, through which
we developed an efficient and cost-effective product.

37



38 A, AN, ¥

1. Introduction
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1.1. Produc Description

ALdE MCM9 53L& 155Mbps 9
Data H#$E&x, 15.6Watts] HYPaw,
Total 491 pin® 1I/0& 7KAe =2Ee|H.
MCM FA42%2%& 16x16mm® ¢ Die
size, Bond pad size 3.5mil, Pad pitch
4.42milel®, Critical #eol3 Al 1.03
nsec °jtkt. MCM #71X= PBGA°IH
491Pin 1/0% 314 Signal 228@]l: 177 Pin
9] Power/Ground #43%%c. MCM ¥ 4
Zte] A RAl%L Table 13 2. ATM
Switching MCM T3 9§ 4A9 #H&
nEAET EATE L AIWY A nE

vtola2AA 3 WP YA A6A A1E (1999)
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#1% Interconnect 18 SAEN % ¢
o] F8 Aloltt. £ 1 FHH3 & 7]
e A5 2 294 H7IAY =HH4FE ¢
T ABA FH7E $4Foz 38 Hojol
o o|& 53] Rework 3323 2 v & ¥
3o MCM F&o] 7M5ditt. g9 % ¢
& 539 15.6 Wattge AYimo o
HgdAdE dxe € #AM(The- rmal
simulation)& #3331 MCM 7]%d
1,10878¢] € ¥lol(Thermal Via)& 3
detn H7)1Ae FFuE(ADSE HEHRE
Ba3te @ @2zt Ay HAqo

2. Electrical Characterization

for CM-D Design
7l dF€ Hk9} Zo] ATM Switching 2

Table. 1. MCM Feature and Device
Specifications
MCM Specifications

Item Description
Total # of I/0 491
# of Signal Pins 314
# of Power/Gnd Pin 177
Max Clock Speed 50Mbps
Power dissip. 15.6 Watt
Op Temp. range 40 C
Package Type BGA
Device Specifications
NSBI RCCI
Die Size(mm) [16.15X16.15|16.15%X16.15
# of pad 495 507
Pad Size 3.5mil 3.5mil
Min pitch 4,42mil 4.42mil
# of signal 252 232
# of GND pad | 124 130
Max Jun. temp| 150 C 150 T
Power dissip 4.8Watt 5.5Watt
Power supply 3.3V 3.3V
Critical Tr 1.03ns 1.03ns
JTAG Y Y
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E2 155 Mbps A&2A% 9 MEAAE g
o]a E}glo] 1.03 nsecol ol2e &Y %
n3A3 2E2A SA4TEE H8l Inter-
connect e SHEMES FF 4A e
tEHE 328 et Ak 54 42 #Ad
Ground/Sig-X/Sig-Y/Pad %22 FA4HE
g 429 Multi-Layerg AH&3tt}.

2.1. EdEN g5 9 Hx33

Interconnect Line® HPAS] CDSE ©]
g3 A EHoldstn HErHE F& A
&A= BCB-4024 (Benzo- Cyclo-
Butene) °18, #A&L 2.7 o}, FF %
Aoz BCB F410um, A&Hd 57 3um,
AsMEL XAFZE 27um, YAIE 43
umo 2 APt A FE2 2= ‘Delay
Line’, ‘¥lo} &4, 'Crosstalk Line’ 18
I ’'Bonding Wire’ o2 P43
Delay LineS ¢galddx ¥A3g, 4Azd Z
o], 718&& Tz 9o 8<ld A etvlH
23& % ZAoln, wlet FZE  Thru,
Spiral, Stagger ¢ FZo WF 4L
2 AR AaAAdT] 54L ®m3IY]
28 Zolu, Crosstalke AAFT A3
g =4, &3 97 A3FH4 (Noise)
AEE &Fdr] A¥F FEEA  ATM
Switching MCM ©lA 9] sjdzA& At&3}
Ath, A8 FZ(Test Pattern)A&AE $3
23 BEETE Fig 28 2o, Fd3F9
HE #A4e B8 Multi Layer7k 84€Eo
MCM Z#A€& GND(3um), BCB1 (18.5
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‘S-Parameter’ ¥4 wWgo] Al&=Hi gle
Y, oA PatternclA Z2Ho| Wi EA
2 A4 2 330 EFHAe AE HE
slen 1 Point Probingel el A&
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Fig. 2. Flow Chart for MCM-D Process (2]

Yus F2E AYHYON, ATHE A,
AsA Polol W NxAAY 44, 7%
%y 7ze g% AAFY aedm YNEx
2R o ABAA SYFTE YR
= gAsigon AnE ofd (Table 2) %
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2.2.2. Via §4

vlo} £{& Hlole 9o @& "Thru,
Stagger, Spiral” (3] 37}A ¥® MCM ol
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Table 2. The Variation of Line Width

No.|W(um) [Lg(mm)|Z(R2) |Delay(ps)

1 36 30 50.05 } 189.8

2| 21.5 30 58.96 | 194.3

3| 10.5 30 72.96 | 198.7

8% 9L v|Ao, Interconnect I =
kg REolgt & & gltk.  HAe Table
33 gov, dlo} g}y ®lmo|M Spiral +
z71 AlzAg E4o] 43, Inductance
7t 4% A Jdeigtl. Ao Foid 34
ZZAd A & vlolF Delaye ¢ 15psec®
235y, dydae oF 47Q o AAE 4
ped=d

2.2.3. Wire Bonding

Table 3. The Comparison of Via Types

No. | 1(nH) | C(pF) | Z(L2) | D(ps)

THRU| 2.26 | 1.26 | 47.3 | 46.52

STAG | 2.22 | 1.28 | 46.41 | 46.52

SPIRA} 2.25 | 1.26 | 48.51 | 49.73

3t e, glolojo AMEx FEAH 2 500
Jd FZdReu 4zHdE 54L& On-Chip
Interconnect® 2% Helvleld 5~Tpsec
of ul& wj¢ dAF RE E F Utk 2ol
wE AsAA, A9 s ghel Wasl A2 A
& 234 T2 o g B F 3
c}

Table 4. The Characteristics of Bonding
Wire

Length\ ), 1y | com) | z(@) | P&
{(mm) (ps)

1.562 | 1.73 1.1 45.7 | 36.3

3.05 1176 | 1.03 | 46.5 | 36.3

4.57 | 1.78 | 1.01 47 37.1

vlojz2 Azt 9 A71AEA A6d 1% (1999)
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Fig 2. Calculated Cross-talk Parameter

2.2.4. Cross-talk
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3. Testability on ATM
Switching MCM

1%, 19% 32 FPL AT MCMY 4
Ao wrel RE Ui APA FB FoAo]
Zd=n U AIEY §1E A% FET &4
AeaAE 7194 g AP (Test
Coverage) Z4, Known Good Die(KGD)
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Solt}. ATM Switching MCM 7o 39l
AgAg g1st 71 olE g EokF 3tveltt.

3.1. Substrate Test
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ATM Switching MCM¥ 71#%& A3 A9
duelA AFE 98 AFZH Eoz  SigX
3lum, Sig-Y 40um, Hlol& 50um< F&3}
1 HJG Ex=zx BCB 4024(5um¥%F
7A)/4026(12umFH) & &3l FHIHT.
I AYPAE BEY HEEAHE mstd AHF
71 1,10870¢] @ ®lo}g 3719 Die H=
o wix3ted dAE EEE FUdHt. &
2,000709] sfole} B ZHEIAHANM FA=
F v B= #=9 'De-lamination’& WA
43 ATM
371 98 HAAZA HAAMZ A delA
(Passivation) & 74 3. #z= Z7e
4x12mil, A= 7213 L 8milS A&},

3.2. Al ¢ 21

234 288 Y8 FE7HE AEE AT F
g3 detll 2 nAEe JE4el a7HY
E3% MCM-D 33& A& 7i9d Z2$ A
24 2 HdF FZ9 £4% WA Yl
Z2¥A Force FAEol HAsly ol& s
Force7} 27gel HEE A% 3sta djz=o <
7,000A9 =24 olE A3 AlFA
7te 25 9 30%0 A8IFUrt A¥YgEo
2y Azde dd  {FEE A=
"Continuity A1@ '3 ztzte] AAH UETS &

£ Algsl7] 2§ ‘Isolation AE 'S g3}
At} Flying Probere| ZTzHzle] 2EE W
Z8l7] 3l AlY EJEE Stag- gering2
2 AAsd Agstgrl. ATM Swi- tching
MCM9 71& Alge #1992 Ag EJJE,
455 Y Ed da AgP=Aon Agugd 2 =
e Table 5 & #&v

Table 5. MCM Z|EAIE @2

Test Items Condition

# of TP | 1992

Continuity | < 802
# of Nets| 455

# Adj. Net
{150um)

>5Me@

1983 | Isolation 950Volt

ANgd Az de] Age dojd wet 9-600
o2 235 en, Isolation A1 A AAA
& 5MEeoldez YElyth 7% AlPE 23

stad 8mil A9l AFA, 1992 ¥AE o
& Interconnection #3& A3}

3.3. Assembly and Package Test

3.3.1. Boundary Scan Test

MCM Substrate A& &3 AZd 71%
< Fgdte dlel Zo] MCM X Aatel] et
z2¥ 92 #H73] "uk. ATM Switching
MCMe A #7174 2 oA EYY B
2 Q8 23 HPAde EFDA oF, KGD
Fele 1A "adol a3EHY ol s
BSTE H&3l3c}. ol& 53 REg9 754
g olHd ¥ EFZ WH3Y Reworks 3
gozy et @& 2 A7HE MCMe F
ol 714 g ¢ 3t} (4)

3.2.2. MCM 2E& Package ¥ =&
ATM Switching MCM #7]A¢ A 1
& 337 2 3 A BstPaR 59 AG #E
< 98 Fig.4® & PBGA 72& 79 3
Att. 20Watt 9 1A 4R g =g
< g8l EF AEHHES FI3 WE F
Aol $43% FIHE] (Cavity) 729 Wg €9
a H7RE A& sET. F7HH o2 85T ol
3l 2= fA7 JHed wHERE BE &9
t}. )R AZH FHL 6F T2

Heatsink
Ablefilm

Cap O It
Metal Slug

JIEHAIZQ3) vl 17 BT-Resr
PCB

NN T

B-stage Eposy MetalLid g oorkable thermal Epoxy

Fig 3. Package Structure

ol aglgn ez WAE Y3 247
o] dlolgjA AHNAEHE AF s HF)A 9
A71E 68mm® 24 BGA #7)A A7) A
Ag& g5 Ao, w71 4d™(Sealing)
B-Stage ¥AH & o] &% LIDE Az 3.

MCM 71#e] =¥ Diest 7153 ¢ 7189
W7\ 3ke] HE] Bdoz "Wedge WS FH
£3ldd & 2069718 APsYn olme] sfe
olg] A AxE 11.8 o2 =F =AY,
stolo] £do] Wi AP RE Y8 E=
o §Fo HAM|A & FAHstn H=E
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Fig. 5. BST Test Board with BGA Socket

Fig. 4. BST Test Structure
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