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In chip-level, package-level and PCB-level designs,
an extra layer, re-distribution layer or substrate
layer, is always used to connect 10 signals. To
satisfy the different requirements in flip-chip and
PCB designs, the single-layer routing system includes
the following parts: Single-layer bus routing for two
rows of terminals in PCB designs ~ Single-layer RDL
routing in peripheral-I0 flip-chip designs ~ Single-
layer RDL routing in area-I0 flip-chip designs and
Single-layer substrate routing in SiP designs.
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In single-layer bus routing for two rows of terminals
in PCB designs, given a bus with two rows of I0
terminals, a minimal set of crossing nets is rerouted
to eliminate all the crossing conditions in the given
bus by using two-sided single detoures. Furthermore,
given a set of nets in a peripheral-I10 flip-chip
design, all the nets can be routed to connect the
peripheral 10 terminals to an array of bump balls for
single-layer RDL routing in a peripheral-I10 flip-chip
design. Next, given a set of nets in an area-I10 flip-
chip design, all the nets can be routed to connect
the I0 terminals inside the routing plane to an array
of bump balls for single-layer RDL routing in an
area-10 flip-chip design. Finally, based on
constrained Delaunary triangulation, all the nets in
a substrate layer can be routed to avoid the given
obstacles in a SiP design.

Single-layer routing ’ Bus routing °* RDL routing °
Substrate routing
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In chip-level, package-level and PCB-level
designs, an extra layer, re-distribution layer or
substrate layer, is always used to connect 10
signals. To satisfy the different requirements in
flip-chip and PCB designs, the single-layer
routing system includes the following parts:
Single-layer bus routing for two rows of terminals in
PCB designs -~ Single-layer RDL routing in
peripheral-10 flip-chip designs ~ Single-layer RDL

routing in area-10 flip-chip designs and Single-layer
substrate routing in SiP designs. In single-layer bus
routing for two rows of terminals in PCB designs,
given a bus with two rows of 10 terminals, a
minimal set of crossing nets is rerouted to
eliminate all the crossing conditions in the given
bus by using two-sided single detoures.
Furthermore, given a set of nets in a peripheral-10
flip-chip design, all the nets can be routed to
connect the peripheral 10 terminals to an array of
bump balls for single-layer RDL routing in a
peripheral-10 flip-chip design. Next, given a set of
nets in an area-10 flip-chip design, all the nets can
be routed to connect the 10 terminals inside the
routing plane to an array of bump balls for
single-layer RDL routing in an area-1O flip-chip
design. Finally, based on constrained Delaunary
triangulation, all the nets in a substrate layer can
be routed to avoid the given obstacles in a SiP
design.

S v rdhgd B h

ﬁ‘flﬁﬂ%frg Bk £33 & &0 §$E‘)i
FHR A FFAARES o T T A SARRAR
B

o fe PRI ERAR S ALAFEL Y [/0 gk
yrgobrbrg 5o R E 4L P2 PCB w1 g
foo FH[1-3] 0 35 & KF G H &P [/0 %k
FF B T RAF R RS s RE2 Ak chid
MePEFRR VT MR 2 2 K P~ 32 PCB
1t ﬁ%ﬁmfﬁ%{ﬁ 4v FlERE o B00R A & PR
ﬁ@ﬁééﬁﬁ%%mﬁ§ﬁﬁﬁﬁgﬁ,ﬁa
& B enE &~ ek (Re-distribute Layer)s A&
f%%, (Substrate Layer) & = = i & ehii 4% > 70
R ERIETHFERIRRALE o L HE
eseng etk (CAD) 1 E X 72 &2 = Fag* &
ﬁ% Pauﬂ—mjﬁmﬁ,k_,'ﬂw — B
T 3t PCB 4 R EER T R ahE R
%ﬁﬁ i AR E R o

WA H R iR ERRIEY > P E®
2 [4-T]H » B9 s R ER T DL L]~ #FHR R



WP EE o HA 22 A MERACRERES J D
Yriz g BoAp e e T > g o od MR PR
ERE A o FEER TR E R o A e
WW%ﬁ%Fm“’§§4ﬁﬁﬁQ*%ﬁﬁ%
RERL pT o 9T LL:[!L TR ERZ W 0 &
A B EATAE SR VER 0 &
T ORISR A € DRAp i) o
ﬁ&k’—%i@%%ﬁﬁﬁﬂﬁm%%i
R4 VLS # ﬁb%&ﬂ%ﬂﬁ*»ﬁwgiﬁ
% - A —; % ;/;:»L—» Ud B en g B ook

”e
"j'}é‘ r‘]%’b)%/if‘)@?i'

3 it ot afwfhaa;”*%*%%%m
ELARARP ARG B2 RTE T
FRE- B EATA fe R R EATRE D
BRg g R D@ R T o - A T B ke
E&ﬁméﬁﬁﬂb;ﬁiﬁéivm%@m»
B EARE R TNRA LA P PRE S
EPAINERL TR ?"9'\5]:". b vt B B el
WA E AL F K SR G - AP

7 [8-12] -

N Rt LR L

L TEN 3 I SR S S
WA P R XD ] R e
HELARSI PRI BRROE R ER - LR
H R MR B K R RA LB R T
&%—;%ﬂ%mﬁik Bl B MRS S B
WRERPL ELRA LR S m
%iékﬁmﬁ%%ﬁ %?*ﬁﬁa%jgﬁ
el 2 pniE LB g e sk i d
HEREJH NHALTRT L ARE LIS 2
Eiﬁﬂ»%%ﬁﬁ%@ﬁim@igggo

A F* e R T
BhehH R MR
HAE R T B o E R T SR AT

AR E R TR AR RS A R

POERAALTEAEERE 2 REAE

Bz pot B o Fl TR A SRRl

Bl KRBk RS H R B

205 SRR P R R R RS A

B &R MG R R R E

B JIr R E Y A H R R RN

oo

Badr 2o d 7 il ey

Bl S BLIE PR 6 0 S XA S il 4%
B ZI A ‘%IJ*’? nFiR e ‘F']‘ L H-T G 5| e
ZFERAREATRTG D 25 - Bl
AT 20 BAAIE DA - BRI R

N> i&— A Rt STt el s BEE AT AT
HpEL s TE R AT R BEEE o A @R
WGl k2 (o > 1 om TR B ELE AR
B 5B o R RGR ARJREFE O SR e TS
g B S0E B 8 kR E BRE ik
B F b SRR AL R
ZWapkR AR o A T m A B e T AR L B2
Bz fsehlgdk o783 i F| @ B 50E B Y
PR T > R MR G A R xS
%ﬁz’* pUANE D G P R B L (TR R
FIERER APPSR BN P B g A s
BRER BT 0 LI DHET AL TR RS
b pEt RN S AR SR g UL R & o) R it U
O RSBl A o AR A R TR
M- B (p, AR L ehigiE o p & AT ]
A i S E S b 2 kRS RERZ g
BLendmv Al C AR ELE g 2k
A HER o AT R R il R
Fl* ERE G NIRRT A A
ﬁ%ﬁiamﬂzév@ﬂW@@*ﬁﬁ%%

oA PR e R MR - Ao - AT
R 1 N VT =R %mﬁ%%ﬁl"‘% °

4 513].1
\2 814101412L

Wl- it kil s

i ﬁaaﬁ)Lpﬁé\ﬁo%‘?P@%gﬁ;i
i”%%ﬁﬁﬁéﬁtmﬁaﬁﬁ
e R REURE LR
f—@?&*ﬁm%%‘i’ LT HHBET mBr
I~ =k, P={py, P,y P}, fon il IR
5'1» B={by, by,...,.bn} » 3K — ik ek e T
B o~ HEE S P E SRR R o
IR - BRI T B - Bl N o
Lo Pl T E BRI FREM o - Ha T A
Bk nERTA e SR L H -
ARk et A o Fgt AMEMRE L iE - ik
MP RFFLRIBERG - ‘,er~$;]4: PNEETS 1351
AP%@&%%@Bﬁmgﬁ%bNaﬁ*w%
—g'fﬁ-ﬁ:ﬁ&m*i 4 %.BEI?‘ )’L‘:l ﬁ"%‘]’iﬁ&ﬁﬁ: L

rn &

ﬁ@%
I T
E\’Fﬁ\i‘\ *‘*’

|

4]



T hHE AR PRFEN RV AR R
RARNEBRLEEFNERLES - AR EFR 27
A BB ARG LS 2BER S w
IMYERZ G MBETF IR o

uwmkﬁwgﬁmdAm%k%@ﬁ%%
Kr = k-1 FERYART R o 4RI
RS E G FI REERY Ry R
e s - L FEgEMm - KL T3
ﬁ@*»W4ﬂijw%’uiﬁ%%@d%%
“%%mwﬂﬁﬁ@*%w%lﬁﬁ%mjﬁg
FERTHI - A2BERGER  ERERE- H
SR Z BHR I EZERTE  2EREKR T
LY c A2 AR AR RS
W BN BT A e F R M0 g
%%%QW‘P‘é‘T‘iiw@ﬁﬂ%%%
B RS EBERTA AP NERTRBT A
St L A Rk L s
TEHMERTFEB TR H s A B RE LS
FEEREE “ifljf&* Jf‘t FERTFHER R
R T R ST VLR LY
ML R o FIP AT Y 2 EAEK
T E B HEEAREK T IR
B SESUEALY w2 B LB
‘a‘t;'J?v'?’Egﬁ%-jfiﬁa_a PR REFMBLERE o 50
BEHEE Y R HE U Ho AR R T
DEME Y E R vwéﬁ%%¢%mmﬁé
Bl o deR - R AR ELRAE 36
AR HE R AR o

AHRNEEREE IRARRER

7 R
[ | &l [ 3| TQ_LI_E _Ll:ﬂ @_EIJJJ
° ] = o 12 T— % ] —
L g © B |5 © @ @—'JJ
13 28 u_.l"—@ —28
- @ @ | = © @ & =
7| = @ @ 2] JLJJF @T‘—H—Z
z ® * LJﬁ —
8 2l ﬁE%J

le

12‘17‘6‘19|23‘16|18|10‘25 ] ‘JQ‘

B
B
B

gj ﬂéaaz’\l}ik\ é]mﬁé]%;ﬁﬁl

ThHRFT I EAPAE P IVELE
%%%ﬁﬁﬁéﬁﬁmﬁ%%ﬁ
PR REF L ESRE P IVER ﬁ%*»
o Bk whf’—j#&ﬁi SMER 0 BRRMERT G 3 on B
ﬁs?]:" » R & 0 P{pupz,.p} 0 A on 1 sk
e & o B={byby,... bo} > B A sk
gz}l‘ﬁa‘l]~ :1}@?]4', »g‘%g‘;ﬂjg\l— 11375 @?J:l', > i
oo - KRE - EFTA P EAT LFTH ER
(EUERS T SRR L 5

. O

.r ¥

@Zmﬁjiﬁﬁﬁ%’ﬁ%ﬁﬂﬂﬁﬁﬁg’
P’#@ﬁﬁ%Q’B’iﬁﬁﬁﬂﬁﬁﬁiﬁw
GG F IRz B £ 0 R RR Y hEATA
fe b SRR AL AR KR F & o UH] A ALk = S Ay
ifaﬁ'%émmﬁ%%ﬁ AR
TSI BAHRERBIE S B ERA
FIFE PN BN S wINERZE RRBET R o
SO ERTA F R ERAEE > T RS
WP MG SR N E R &
iﬁ%ﬁéﬁwa’wpikﬁdTirﬁﬁa
TR L ATREL ?%4W»%%*+ﬂ%@ﬁl
A v’ffifz‘e)%»ii EATL syl o 2 A AT B A
ST HEME Y il BIRSLEAAR S F
*’%Wﬁ*ﬁﬁﬁﬁﬂ Herh AP AR T 4R IR 2
B endER T B J‘g\'ﬁ@%‘f"' TR T T ERM
SRk Z R T R BB AT S R R
ﬁ§#$$¢ﬁﬁ%ﬁﬁﬁﬁﬁﬁ#%ﬁ%ﬁo
H Mk 2 ERT 5 3 G EeL aofiin o
FUELERT ARG - BRRE Aol A&
AT G ¢ oty e BER LTV
ﬁ%?ﬁﬁﬁiﬁégoﬁ%~@ﬁﬁﬁi%i
me o F - ERkTEANE b o L R DR
AN HRE AEe 0 30 sl s
3 EATAFA DB ERE (T 0 BB R
Sz B ERRLE > FEEGMRZ
B A fRfrrh R DERE SRR &
%ﬁﬁ&’%ﬁ@ﬁquéﬁﬁ@ﬁ%
zf“%!»pli TArFHMBEERT - 2 TR LHEHE? R
BAg U] $- Ap AR B > B AR
BOERT R RGELIEN TR 2 Y o dhk
AT R SRR 0 C Ap ARG R T il A
oo - ‘%ﬁmlﬁ CEZ AP AR FRETR S R b
EHERBEIH T > - HRTD2BRERZ
A BT B SRR FLE b oo AoBl 2 T 0 =
BhR L Eapk 16 ikl j WM o

‘—\Hv“

“53 M Ry
“"@ oar :M

@-—1-@-® 3 D@ @
&3} ? fig '*'*'*K‘E}"*'*'*"*"* — 8
(\\ &3] p 81
Q @ (€2 @0 @1
@ n
63 &3]
@Dt - @Q 1 @€
& & l t4
id) @ il &)
©-— O @ —|- @t —-© 'é‘@"”
6t ki
E5) =3

Bl= Bd&zrt £ afkand g s

D et AR TR PAREZPNA B
EE N R B SR
HOHEL P RP I ARE 2

PR e iE



ﬁ'»w%mﬁm’&&%mlmpn@%@
rihEbp Ak & m By ] Y S={s1,5,....5n}
oot n Ba@RAZEE Lo T—{tl,tz,...,tn}Z\ T 0B
B YELE L > AA D E B RARE € -
i A B o - kR o AR R MR LiF
%/ﬂfé] PO RN RS T FIRL IS EEMTF L
FH ORGP G N BRSO R REARS
Fom BRG] RS PR AR %
RAPHIBZ AR T RRF U FIE LR D
R % TR E K S . EU\ PR R Y
> o= f[%%‘;% TR F R AL 2
HEMRZ fmINHEMR o
30 LG 0 B RN R BRRE 0 BHR
PSR G F LM AAREE ALK B
gﬁ#@mﬁ%%ﬁ%ﬁlmmw@i/$ﬁ§
%%%@*ﬁ*ﬁ%lmmmﬂﬁ ¥Rz A
AR HWEZ i“wﬂkﬁ *%mgpi’ﬂ
LL:gf-T} EAVERE ‘}5"%7}?;&&\?? & £

Jl,}éﬁ//)r Em;g;il_o
ERABERGE D SEHIPE F R AT
288 Al A B RO E > T o2~ AR
Bent B E W o Lt Ap A e B L
#&?}v‘ SE N P T EX W N
SIERRAN B ERP RS R R
€ﬁﬁ’—“%@ TRERITREREG LD
faiz o PO R AR SAS B R BT

XY

ﬁB~H’%“%ﬁ%p$ﬁUﬂAiJ&ﬁ w B A
AT G FEG Ry IR ERT
FEIERSE o LR ERERET
T m A B :1}35,5}?} DR EER ?I;—frﬁ B B 2%
o h0 BEEEY RERIBESU > HA4EHTE
FE- g 2@ REOHREEAT RipH LR
MR GVER 2 Y o WL AR E - F
FMERPGE 0 B KR T BEER L 2 REK
A BET A G MERE oo oBle T 0 =S
:ﬁ’%ﬁaﬂg ]Tl‘i:/()’l'_i 171‘ j’-‘ﬂmﬁ% &‘;E*ﬁ\"

ob® ®
O O
@ 4 -3 =
|| & | e
=3} Q} =)
2 | 3 —
vyl 1l Il iralin
KA [EAgK.a) 4 |5 2] rApkal
I—@ £ D
s Tl
|E:A} A
i

368
T
&

SYONC
!
&

o @

Fes
Bl T%Blﬁé—\; mﬁﬁ]'ﬁ:‘ﬂ

. 512
L ‘PF{T\U?; {T\U

j\%i%]]% %} fL+‘j‘7‘ P‘_;, ]ﬂ’ )J_%,_j,\ , );}% :l',

B RS g S B e A
THOWHEAL 5 F A IEEE € &% 45 2
:”IEEg@¢vbf%%ao

I=q

~ &/ ‘Q};J(

[1] D. Wiens, “Printed circuit board routing at the
threshold,” in White Paper. Mentor Graphics, 2000.

[2] L. W. Ritchey and J. Zasio, “Right the First Time, A
Practical Handbook on High Speed PCB and System
Design,” K. J. Knack, Ed. Speeding Edge, 2003.

[3] L. W. Ritchey, “Busses: What are they and how do
they work?” in Printed Circuit Design Magazine, Dec.
2000.

[4] M. M. Ozdal and M. D. F. Wong, “Algorithmic study
of single-layer bus routing for high-speed boards,”
IEEE Trans. on Computer-Aided Design of Integrated
Circuits and Systems, Vol. 25, no. 3, pp.490-503,
2006.

[5] M. M. Ozdal and M. D. F. Wong, “A length-matching
routing algorithm for high-performance printed circuit
boards,” IEEE Trans. on Computer-Aided Design of
Integrated Circuits and Systems, Vol. 25, no. 12,
pp.2784-2794, 2006.

[6] T. Yan and M. D. F. Wong, “BSG-Route: A
length-matching router for general topology,” IEEE
International Conference on Computer-Aided Design,
pp.499-505, 2008.

[7] T. Yan and D. F. Wong, “Untangling twisted nets for
bus routing,” IEEE International Conference on
Computer-Aided Design, pp.396-400, 2007.

[8] J. W. Fang, I. J. Lin, P. H. Yuh, Y. W. Chang, and J.
H. Wang, “A routing algorithm for flip-chip design,”
IEEE International Conference on Computer-Aided
Design, pp. 753-758, 2005.

[9] J. W. Fang, C. H. Hsu and Y. W. Chang, “An integer
linear programming based routing algorithm for
flip-chip design,” Design Automation Conference, pp.
606-611, 2007.

[10] Y. Tomioka and A. Takahashi, “Monotonic parallel
and orthogonal routing for single-layer ball grid array
packages,” Asia South-Pacific Design Automation
Conference, pp.642-647, 2006.

[11] J. T. Yan and Z. W. Chen, “RDL pre-assignment
routing for flip-chip designs,” ACM 19th Great Lakes
Symposium on VLSI, pp.401-404, 20009.

[12] P.W. Lee, C. W. Lin, Y. W. Chang, C. F. Shen and
W. C. Tseng, “An efficient pre-assignment routing
algorithm for flip-chip designs," International
Conference on Computer-Aided Design, pp.239-244,
2009.



FREATHELR ERZRAP L REF IR REEINERES
100%& 10 % 20 p
FLE AL 7 & ? p;g}ﬁg\,}# jil g i
2t
PR 1100/10/9-100/10/12 * &P
¢ % ¢ o e il e
. ERra) S P
§3 | (PRI EF- L ERFRBRI AR ERETHR §H
- (=~ ) 2011 29" |EEE International Conference on Computer Design
4 (¢ %) FFd B A BAUTA TP 0 kR SRR LR D~ 2 RDL S8
BN
AP (# = ) Pre-Assignment Area-10 RDL Routing via Extraction of Maximal Net Sequence
ERFReFETINEE

— N

$be § 3K
10/6 d 4 B B % s B it % 52

7 DL276

» DL622 ¢ DL1330 i :E % B+ L4 > 10/8 o

ek LA

B A 10/10 F 1B A% 0 A%

< %> Session 1.3: Recent

Advances in EDA - 10/13 ¢ i %

PR LB iE e [0/14d 2 R iEd E

Zz DL173

¢ DL275 Fifs w 4 4 I R "2 5 5 -

AN

- e
Iamﬁiﬁiwﬁﬂ+§£%%%aﬁ$ﬁ’%%%mgdp ,'mg%ﬁ BRI
cET I I ENFE R WG L Ee BAUFT S R E S AR AT FALERAFTOAG 0 F]
PR F TR R R ST B M
E A RSRER (RTERE §%)
Vi
W*§P BfF M5 0 EL R LA F %S BB IHSEREp A FEL SR

FANEEERFIGE o LRAFEPN L A S

R A =
ICCD 3+ kax #
. f'-ibl




R € ATB4 3 hmd A 2 R 48R T £

P #:2012/09/26

B €At

PR TR R GG R g R R

PEABA A

% % 100-2221-E-216-011-

gr

=

7

ii\:‘Z f%*g?.ﬁéi ,:“i L

R A RHR TR




100 F R EHFETHEFL SR EL

PHEIFL e

33 %5 0 100-2221-E-216-011-

L)
PELA T E ARG A G RE kR AR E

FE O R

T Pl B b
&% 7 PR LS s | RERE | g |7 PR
B (s |B(Z 7% gt | A %O T 2
pegg) | E2HE) o & ¥ ...
F)
B 0 0 100%
e PiELBREL |0 0 100% a
¥~ T
ik 0 0 100%
P 0 0 100%
o ; ﬁ%f iy 0 0 100% .
S P 0 0 100%
P i g 0 0 100% “
B
#1 4 0 0 100% + =
4 0 0 100%
gprih A4 s 0 0 100% o
=X
(2R BLuersE |0 0 100%
biEpm 0 0 100%
B )2 0 0 100%
o e PAARRBTED |0 0 100% j
¥m ¥ T
it g 4 2 100%
L1 0 0 100% Y
4 @giﬂﬁﬁ: 0 0 100% .
S 9B 0 0 100%
BN (,l\
" i 0 0 100% “
HoAS
#1 4 0 0 100% e
A 0 0 100%
gorg a4 (gaa 0 0 100%
A =
(hEE) [BLeETE |0 0 100% '
L iEmm 0 0 100%




H A%
(i Bt iigz &
5 hoyE B s d S
WEn L ER%EE
AT A R R
SRR N S R £
B2 E M E R
EE G F A

}ljo)

g

’i X538 P

freks

—

R E(FFHEEEN)

i/ e

Re|grga g A1 8

21

Fi

Byr A0 iR

T e

3
1
4e
g |FiHE/ iy
i
p

PEASHAEZ S (BR) Ak

OO O OO O o (o




Rt R L P TP E+ 54§74

;ﬁ—,TkP’{F FURFFADGAER EXFHPRER L SRS Y
B (f Jﬂ% +%\5=ET:*%~,&3"%\15‘§%KE\ - HBFE2ZT )y A TE g
Eagpd gAY FE AR P RAA B FHBERE (F- FETR o

Dl

FRETN FE R EAN PR SEY PRI R AR
| R
(I3 p & GFs#p > 1100 F 5 °0)
[ ] 5% % px
BEES EAR
(JH © & 7]
S
2. P S % a4 &Y g 1%
wmr W FE JAgdz2~f HER? Ha
B O k® O ¢ EE
poig s (e i (e Wi
H :(u 100 3 5 *2)

el Yy %%$¢ImEg@ 24 Ee
=k IEEE TRt

3. Fm?,{ﬁr;\)}k\;}i,ﬁtﬁ 3~ AL & fgzj;~a. ) 2T (L
= (&?J&&zx’rs\-%w—.kz\x&%‘\ ; B
500 F 5 *2)

(1) #0% B3 i F Rl § St p £ 183035 502 02 F Lol f © ~ HER R
?Jﬁ;é’*};&;‘l— ,f {,bﬁfb mﬁﬂ 14 o

=

*@‘"
|k
4
%\
o
el
V\“’ o

(2) ‘fbj{,{ﬁ#}fﬁ FoiE i g kel kAR B R A RAUT T B RS Y HEs e
PIRBLAF RGOSR & 1 RAL R A AT RRT B TF R R LD




