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Method for analog placement and global routing considering wiring
symmetry
O
Y XBEAHE
ARARB-—MBALEAHAAKYBIHLE LS F
E o EH - EHRETHAS TRBAEA -Gt REER
o) —EBEABE TABRAEB R BB EHE— T
HEAE -SRI MBRINLEHEE —FAREF S BREEARF
HE-—AHETHA REIX-—BRHE XK#EE— TH
MERTRHARHBERAEARAS > Ex— R KRB &
O BEREARIBHEE A EFTAHREE  F—Attey T
R RBERABKRBEER T BHA AL E —BEEHE
MHEENLERE  TRELE LB ERTMS G K EE
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S EXBFRBHE

The invention provides a method for analog placement and global
routing considering wiring symmetry. The method performs a layout for a
circuit which is described by a netlist having a set of components and wires
connected thereon. First, the method inputs the netlist, whereas each
component of the netlist has a design constraint and a corresponding priority.
Based on the priorities, it performs a sorting on the components to establish a
constraint library. Then, based on the design constraint and corresponding
priority of each component, the method establishes a hierarchical constraint
tree. According to the hierarchical constraint tree, the method performs
placement of each component, wherein possible shapes of each component is
represented by a shape curve. For each placement of the component, the
method calculates a corresponding cost function. Then, it selects an
optimum placement of the component according to the cost functions. The
method establishes a Rectilinear Steiner Minimal Tree for each wire and then

performs an analog routing.
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N D %‘Bﬂ%ﬁﬂﬂ .

[ % %8 7 B 2 4% #7 48 54 )
ABAGHMNHELEBRGAZIRMAER » LiE—#&
EEAGBGEGEHB LG R F X

[ 2 A7 4% 47 ]

w_EBBREMM T BRHIBRFPPHMIERBRSA
ZRARKAFE - PHERBRRXFABLAA KM TR KRS
HILER —KRAFZRIDHE R R (die size)» ZAm ALk
EROERITAHANGHAE AT RIEFTER » #floF i
BAKE -~ MEREEH BELIX cBRE K EBHIR
ML EEF B TR R EHEESLE - KM TR KRS
Far AT EHE I RAYEDAT R ETEHILHHE - A
M RAAGALS R BRERAGARAGLN A —
AFEERE - FL - FEFEHEMEORALERKGLS 147
BRANGEHE BRI ABHEHRPEE  BHLBLERLGS
MaEHmitEBLIHE R -

HBAEEAGHBLLEBREH LR XA FE o
TRt A IR - BEZXBALAH > B oRmRE
ZHREHAMORY LT ERM - THERRH
7 AR R B o

A CERFGELAGAR _AHEEHXFRFE
ZAARZBEELANLER - BWAHEHERFNGAELEGAD
oA HEREEIRBEFTEFRETE - % TS L RS
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WELAGRANKEAR DN EAKHLZBBEENHTAL
;ﬁ °
A ZIHMAFARACERTE AT RS A T ERR
# > AHEERY - RAAHHFEIRMDBFEZIEFEEZR D -
Adm o AHBRFABEET  WRIZIBEGHEPEAL
RELEAAHBOE TRV ATCHR TAHAERTK
HE - EHLGEHAXIT BEHLEHARY » BoRFAR
P FRTAHMOHESE  BXAFELRBLELTHHSE -
Bl(a)~(b)~(c) (D -—mEHELEXRH Az TEEH &
BTN RALEBGHAHATHREHBYEEZHE - WwBI1AF
AR AHBEREE THEEAMRE > BEAHBEE - T
BARTHBHERLEAHC - BlQEAT—EF AL LAY
HOBERE BIODBEAT " EFARHUBHREILE -
HEI@QABIDODTUREE  HBEAERENHHZS T
o mBbLREFAAGREOAR  BAFRHBEAAC
SR AHBOGSR KOS BRHABAGR AR GHEST
® BodBIC)ARABIABEFT T EEHGETLHEAFTHB
EAHBBEEICHARREAHC A CHHRT MR
AN - BA BEHNEBI(C) Bl(d®i#EE LA
Bl gs e  BuEBoahfatba b HsHmA
FRTAAMOHEN  FERLER Y F4 6L
VEMALWHYWERBRELEARARLLEEZ TRGHAE W R
A AEGAEREAHHEERMELR T ERHEHEMHE - Al

BOHRARERGRAF R AHAHBROE R TR AL EE
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BAEY  HBoREEGHEHARNTAE T UREEZ L
_g_ °

(AR ZE]

APz IR AN GAERBG L EAFAGRKY
Bz BLER i MEEEALSBLREEIR KRS
R A AAHENR BRAABATSHEBALE EARSH
HREBLARESTAGRERAAFRAMEELE T T RK
2 .

REALRAZ —FH e AFEARL L T AHHA
R HBZRLAE R TR SRR R T EAERTN —
EHY  RERTRTRT-—BALEBAER  ZIHRLI
%14 & — 48 % & (netlist) A7 38 3 0 3% @ % & (netlist) &
mANREERE AT FAETH I (A). BAZER
% (netlist)» £ ¥ » X W@WH K (netlis)y H— A LA — &
3t M % (design constraint) ° & — % i M #| (design
constraint)#f B 2 — B A KA (B) REF —THH KRS

#| (design constraint)fF H B EMBF A RAFHE — T H
wATHE A » B3 L — B % E (constraint library) ; (C) &
B 8 — 7t 8 3% 3t FR #) (design constraint) & # B & & &
X K 0 & 3x — B B X M #| £ (hierarchical constraint
tree); (D) 4k 3 % & A Mk 4! #t (hierarchical constraint tree)
HE—ABHEFTAHEET  EF HBE-—AHOTRBK
fe it B 0k # 4 (shape curve)& 5= 5 (E) # & — T & &

— B E > 3 E A8 # B & i & & B (cost function) » FE K
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it & & # (cost function) ERFZ AF I xEHR E 5 (F)
#E -2 gEy i %X £iE &K B (Rectilinear
Steiner Minimal Tree) ; (G) 3R AT #A L & & -

[ %% 5 K]

B2 ABH —REFAGEAEKHBIRALKAR
Fikz A EE ABLGEAFTEGRAN-—EHT 0 A
&M%B‘“Tﬁhﬁ*‘iﬁﬁtb%iéﬁﬁ c MBLEBR A B —
2% & (netlist) A # i L @B & &4 — @ T (device) & £
# & (wire) © ﬂfi&?iﬁ%*ﬁ%(A)q’%/\%i‘ﬁl%%’
£Y o m@En i E - LM RA - &R K (design
constraint) > 4§ — % 3t FR % # & £ — & % K A (priority) °

B3t ABEA — @B A2 ER  Z@EBERG-EH
KK B #spices Xl - NARF AT 0 %48 K (netlist)
1% — SPICE(Simulation Program with Integrated Circuit -
SPICE)# X # it » M kst MRt Xy X F AN

o 49 % % (netlist)® - SPICE# X ey Mfp e "*, 2% &
B3/ = > & & 8 Ml B A symmetryl 3% 3+ & # &
proximityl3x 3t B # - ZH F R RHF T & T EE R
AN KB EBRDEIH T EE RIS A WAL SR
4 & 3% 3 IR H o

R TR P ZRFBRMNT ARSI EN A — M
£ MEERERYSPICEHEAR —HE -

R AN H P 0 FER(A)T IR T 8 A & schematic®
WEBRBLEMEEMERE - ZEBBAASZELTH 5
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(device) & H i& 3 & (wire) » & 18 7T 4 &) &% 3t W & 7T 7 —
B PR

B4k AFEAXFRHMWZITEE - B4 T 0 Z R
i B T A # A (input) - £ % (differential) ~ 4% %
(mirroring) ~ U & (matching) ~ #F 3£ (proximity) ~ & R
(power) ~ & H 4 (others) 3% & 3 FR % ¥ & 8 A (input) »
£ # (differential) ~ 4% 1% (mirroring) ~ & & (matching) ~ #§
i (proximity) ~ & iR (power) ~ & H 4 (others)Z & & R A
WRAEB6-5-4-3-2-1 -0-FF HFHREALS
HEERE -

HIRHAAIEA ML BN FTHBB)Y - AFH
CAREBEARAFAETH A KL B E X — R H & (constraint
library) e ¥ R AABEBEARAF X RHAEGF > LAKR
FHBEHFEE AHE > EH RIR 0 o R Proximity2 fo
Proximity3 B 85 7 £ ¥ — 1@ /x # - B Proximity2 € A #& &
E o

W EOC)F o RESE— AR RHERESE

RFE X — M E X B # B (hierarchical constraint

tree) °
f& PR %) & &) & ¥ & (constraint-driven placement) * &
BrMAREZH—F - RFRALTR M E— 4o

REZEY T B ETROMBEXRH B > —BHEH A RE
—HBERFEE P ZMEARFBGEEAEKE
ZEBERAMHAEELE -
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BSh—EEARBZZLERE - HA4 - HBEAXE2RE
¥ % K % (folded cascode operational amplifier) - B 64%
BSEERARSZIHEEXARFMYGTER - wBESHT
Z2HMFEBETHABAM]I - M2BH A > B E & BMIL - M2
BHHBRFAMAHAR B ARBAR -

Ww B 6T HP o REBMBABRXMF B F » —#H g
(proximity)Z& 3+ MR Fl T & 5 — & H X Rl A — T & &%
HRA - B BST A E 0 £ A K (proximity) 3k 5t R
THHBRI A A RAEEELHHSLE L2 Bt
FaHAHBYLFE -

WwE6A T MEXARFMBABE-—HHELE —BZELEX
B RGBT AMAEAE R —SBsHWROET A
PO AABRASBARFAOBHARAHCBREEIFRBEERL
RAEHBBERIAHLEE BARFEELBEE > LW
BOBREARFANLTFOBTRAGEARF -

HEED)F  KRERERE KX RFBHE - TR
HEE LY B AHASTERRKRAERAB KGR
(shape curve)& &~ °

LT BEMDFY EAREHOAHFZ AT ARIRK G T
# > b3 R B 6T & Mirroringl * RE XL €RRBiEL K
% » HAEEH Tt KEFEE S KT (queue)N M B 7
Neyig AR RAKRBELARAF R DI -

o F 48 2 89 T R A& B — 18 # 3 (proximity) 3k 3t R
# ¥ > o E & B MLl H N Mirroringl » & & &2 M11 &

(0]
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Mirroringl & £ B — 18 #f 3£ (proximity)®& 3t B % ¥ » Rl &
BHENANFEE S KR P (queue)d o

o BB N A E &Y ¥ (proximity) 3k 3 R &l 0 ] ko Fo
Mirroringl #8 i& & Mirroring2 > B| & A B % (queue) #9 &
Proximity2 @ ¥ 3% & #% ¥ 18 & 48 F] 3 # 6§ Constraint® A
8 &% 7] (queue) M o 4w R # A& A 89 # ¥ (proximity)x 3t R
$1 2 F A RAFLBRAS S BN G H L (proximity) 3K 3F
R FABBEI(quene) I R AT B TARERZEHF AKX
FESH At AFagatuatrhmsstss-

AR TRETZLERETH AR —BY K S K (shape
curve)e B st > K 80 4 A 7T 4 48 £ (device folding)#% 35 °
MHE BB - KARAREE LA TEY KA
7 4k dh 4 (shape curve)& 5= ° L LA T MU 4E A T4 18 &
(device folding)# 35 » UM B A H B L2 E HF EHH
I

jt # 48 & (device folding) T # K # &k & tb (large
aspect ratio) T# % & £ A & — R & tt (uni-aspect ratio)
8 8 L o sbsh o T 6 4T 89 4 & R < (folded dimension)
% B kB RAF -

F-—BEFBRITHAABREFLFAHX KSR L O
— B g B B — U K ¢ &R (shape curve)thk K 3K
% 7 38 & (device folding)m & £ - # 8 > — B K #H
% (shape curve) L & % # B % # & A # T £ 4 &

(folding dimension) °

10
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B ExrE EIFEAEAMEBEGER H—-HLTH
MATIE L 4 B 89 4 38 & (device folding) & R T 47 89 » F
BPARAE R MRS — B A HRTEEAHK > AT — M8
B AG O TRBEKPATEEZOREAMW > BLIH
4% ¢ 4 (shape curve) & & & (discrete) °

B 744 & % 88 — T 2 448 &2 (device folding)#y 7~
EE c-BSGHBETHAHABRTAHBEMALLRGKS
cEE  BHABETIBROBRAIE  EARABKEKT U
BV BAREM BmEwBEESAETTHRARAE GO
7 A |

RABERTY  BAKNBEAREFFARERSF K
R ARFBSHAAHLTUAEE - TATEAHRL
WMIEFRAHTROBKRE  BETRREZRESS E -
RABRAF  AEBE-—AHBTAHABRELRERIEBR
# ¢ ¢ ¥ 7k (force-directed method) °

HARABERAY  FREHLE BAZ-AHRKE
E-RHME REERIALHER  HERIBE
# & o) F ik (force-directed method)4R ¥ i & LA R X — #
PN R — M AANRF R B ERGME -

RGN EBEATRAREBANANEEYF OME -
TS ARGHBEEHAH/BAL —FTOHEH > AEM
BESYAH/HAARAHNBEIERLFER N RARE
M FAOBF OB TEAR  BUMRENALHF/E A
FERAXEWBEFEG P T ERZFRANGL AT &S
ZATHRE o
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BO%AZERANBESTOA T AHBEEZITER -

B9+ MSAHAMOR EEKG TH > ML~ M2Fo M11J]
RE@BEFHAH - wBID)-()FAF AAABESESG

&) # ik (force-directed method):E A & & M 14 3+ B & & 1%
i B (ideal position)# » & 3§ 48 % 7t #F (MSF= M6) ¢ w {8 ¥
Ml AR AERAL

B Ak d 8% (shape curve) L 89 & — B K &k — T H
8 T A2 4K 0 B b # A K 8 4 (shape curve) L & 8 %
(LR THRABK) HEALHE EXRAEES
HAEKE > AT A A Y (flipping)y F AR B EHE
by B R e

WEIDAF N EHEEL  AEZRBEBET
UEZE BAZEGEaHBENE  AREEZHFREN -

AFEHRE)F HNEBF-—AMtHE—HE  HHE el
J& 5 it & & # (cost function) » 3 4K 3E & & & # (cost
function)iBR Z A4 eI RERE

#HPEEABEETHE R > KK & & #H (cost function)
dHEE—EAosH o 2T

Cost(P) = ax(1+Total Wiring Difference)xWirelength
+Aspect RatioxLayout Area’ %A X £ & 44 @ & &
HE ¥ oA THAXRERAPEH R IOMHEE
# Total Wiring Difference & A R & 3t # & # # (wiring
symmetry)#) 22 E » w RLBAHFHBK LEASG 0 kT
GLE B RERREA KLY WirelengthhERE K E
Z fEE M A4 A4 A 29 38 % & ( Manhatton distance )

12
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£ 3t & % Kk K - Aspect Ratio & # 5 # & & &
Layout_Area & # A @ #HF - B 10 4% X % ®@
Total Wiring Difference 5 ;= & B - & 10 T 4o
Total_Wiring_Differencess /s » # & ¥ #5 (wiring symmetry)
A SF o

BlIABIbL)-(NDREHEERH I TER - & #HE
TUER MSAMOR B K ALERALEEN  BAAHRKR
# B (wiring difference) > 84 B 3. Cost& & * M5Ff M6 4 3
KA AEAEREOESE > HCosth 1585 £ MAH F L
BERBOHESY > REEMNMSAHMS Mt M2K /R
Bl R EBELMSAWMOR A £ LA Fe RERR
k-3 S EEEHLE T > Costi ¥ 89 & M55 M6 8%
WA T o

HHBEFE)Y  HE-—RBRHGEEFIHEEALALEAR
/s #f (Rectilinear Steiner Minimal Tree, RSMT) - & & X %
MR IPIBMERSMT)EA—BLKL LTRG-S X &

® suyuwnirrrEgXLEnR I HERSMD BHAL
HEGG I ERmAERERR -

NS BG)F  BATHELLESR R TBEG)T > LA
— th A 4 8 (pattern routing) R4 & > W R A E &% %K &
A ¥ T 4 4% (maze routing) ¥ # TH L BEITLHE -

BB AT EAHE — AR ETHHB SN (Wiring
symmetry analysis) * X 4X 4% & 4] & (constraint library)#
BEHRBEFEREHOAMGZIBELARAFAEITE > UELEF —
BRH Gk BRES - BRG G EER SR 7
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BI12GAFAKLHBLIHITER - wB 12777
Net 2i& # 2| MI1 - M2 M1l Z A A4 HBELRAERER
661> FrANet2F 2 &9 o R13 LELKERS >
FiOLA % B 4 4% 85 4E > B 4F Netldo Net3 & — fa # # 4
(symmetry wires) * FRAFM A > E — K REBER
By g A 0 NetlfoNet3 B Z A8 # MR E > /v kAT @R
EAEAMER  HRAEHKTRHEM(Viring symmetry) X 4%
,]*io

B3 BES#H AL R T&EE - G813/ 7T A5 W
BlRe il HAAOHELEIRLELRRIFERA TH
HEMNE BREZBASSKHYENRE T Bthh 5K A
BILBRMHAFXEEBEBAHKRLAOMGE 5P 2% T ARRR
EHYOFHELAARLAEEZTRLEAARTHLE - KK
RSP ELAHMSAH LAAAR L RERI HHME
ABHMARALEHSE BRTEARNKY AT &R > B
— S e EETHRHENS - AEARME AHI RN
B BABEAMKARIGERITEF - REALL
BEHEHBERTREALA B IHBAOAGA o

HATERA  AFAZBEBETEHE AL T -

1. AR AR ELHBAHE  BLIBLIAHRAHEEX
UETHHAREE  AAHMBMHAHBYTHARERAK
RCAHAG AP EREEAHBOEH  mFEFHRY
HBHUARABREIHHELR LU EARERLELTH
BHMERRAZR ' THRAARFEBHEE °

14
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2. REBAH KA ARETRLAHBHEURER T
MKk BBRO A —RELF HEEINBELHEE -

3. SR HMMHNEE T REBEHEELRYK
ey HAEMN

4, LB EBEE A BRLHEAT W EAHFTHEL
REDEBFHLEBE R BHSRETREOKREL TR
BA  fMARAMKSGREcB S48 RETO
BhTEEHLERENEY  2HEEBABTEEREBLH
AR B G HERIT AL EEMNRTIT
Mo RKIFEEHFHLER -

BLd T AEALRKBEY  FERAHK A
AMBFLAOEN Bz HH8 BATAEME - ®
BEZESHRE > LHFSTREESLATEARNA®RPH
ME » AEAFERIHEAEB AR AT FE A& B A
AR @SR LEEE S

® GESEL LD
Bla)~ b)) Dk —EAReERHEHZTER -
B2 AHH —BEXEAHAAKEBIHLERH X
ZHREBE -
B3t ABH -~ @B AkZAER -
B4tk A B AR RAzRER -
BsStk —EERAZZEHRE -
BotBSEERARZZIREAMRHMYTER -
B74ASH -tz atBierEE -

15
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B84 BIMAHRTAHBEMEANRSKATE
B -

BoOABANBEEAG I AHOREZIFTER -

B 1044 & % # Total Wiring Difference#y;x & B -
Bll4BIb)-DREWIEERHZTER
BlR2aAEAKYBLIMZTER -

B3t BSHASERZTER -

(284 8%59A])
¥ B (A)~ ¥ % (G)

16
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t‘$ A& B
1, — #HFEFAHAHKREBZIRBLLHEAE T E > ZHRR

bt B F EARATN - B F 0 REZXTEETRAT R
Lk E R A 0 Lt E B A d — 8%k (netlist) AT 4 3L o
@B EAMetlis)B 4 — B AHRERER  BFEFEH
T B

(A). # A 348 % k& (netlist) £ ¥ 3% @ B & (netlist)
#H — i B A — %3t R (design constraint) H — % F
f& 4] (design constraint)¥ /& £ — & &£ R 5

(B) & 4 H — ;U & 3% 3 & %] (design constraint) A7
HEEZWHEARAFAHE - AHRTHAE  HREI-MRH
B (constraint library)

(C) & #H & — 7T H 8% 3 |’ %l (design constraint) &

HESELRAE > 2 — B X R % # (hierarchical
constraint tree) ;

(D) & # M B X & %] #f (hierarchical constraint tree)
#HE-—AMHEFAHRE  HEF B-A/SHTRER
1448 A 7 Ak 8 & (shape curve) & 7

(B) #inF—na#humE—BE FEHHRENRLE S
# (cost function) » # K 3K 1& % & # (cost function)i& R &
AtERERE

(F) ##t 5 — & @ x g &K %= 6w DH#H
(Rectilinear Steiner Minimal Tree) ; A &

(G) BATHL LR -

17
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2. WY HREAKBAFIAMEZIRLEAEA YT X &
¥ -+ 3% 3t MR #] (design constraint) & # A (input) - £ &
(differential) ~ 4% 1% (mirroring) - Ut & (matching) -~ #F &
(proximity) ~ & /& (power) ~ & H 4 (others)

3. ¥ B REARBFE2AMA B B I E 0 K
P oo kst PR H P &Y 8 A (input) ~ £ & (differential) -

% (mirroring) ~ € & (matching) ~ # if (proximity) ~ & &
(power) ~ & £ 2 (others) X E A RAF KA BH6~ 54~ 3~
2~1~0-

4. WY HRARBEIAMEZIRLAHEA T H > £
P oBEABGEARAS  ZRFIFBRIKBRFFIRAF LR
% -

5. P B EA KB F4EREZIBEHGEA T E B
® % 48 % & (netlist)4h — SPICE# X, » 3% 3% 3t Mk # 4%
AN XA AN KA % & (netlist) F oo

6. WP HIMNEBESAMBE AL AT E > &
+ - % % & X IR % #f(hierarchical constraint tree)#y 4 4%
1 4R 3 3% 9 % & (netlist) U &9 h 88 £ & -

7. w ¥ FEAEBECAMEIBARAE AT E > &
¥ o A% R X MR 4] #f(hierarchical constraint tree) ¥ -
— #f 34 (proximity) & 3t R 4] T i& & — 4 1% (mirroring) X
3 R B B — T & (matching)x 3t R %]

B. W ¥ HEAMEBAETAEMEZIBAUBE AT & - &
$ o — e R Ak B 4 (shape curve)fh K 4 U418 &
(device folding)fm & 4% -

18
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9. WP FEANBERSEAMEZIBUAEA & - &
F o — Kk dh 4% (shapecurve) L &9 B 8L B A H E A T ¥
2 # & (folding dimension)
10, W F FEAMNEEBRIOAMEZBULHA AT & £
T > WA K 8 & (shape curve) & 3k # (discrete) °
11, P FEAHNEBDFI0AAEIBLHR F E &
PR - AHETAGNRELRERIBRE TN
7% (force-directed method) °
® 12, oo P KAKEE AL Z I B Sk £
o BR(GE LS
(Gl) ##E5 — QBT HRHEB > EHEKERHE
(constraint library) #H B & K AAEE O AHF I BE LA RAF &
Tt UEAEAHB—HKEOGKENES AR
(G2) REFS KB GR mBERTHSR
3. e FEAEBAFI2AMLEZBRHE AT L £
F oo N FER(G)F 0 4% A A 4 & (pattern routing) R £
‘ % o W RAKLESK 0 B A% T Y% (maze routing)#H F T
MR EATSR SR -

19
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I ANEB R — (A)
IR — TU 6 383t R A
BEHERFHE— ke — (B)

ATHER > BRI —RHE
RIF - — TOAF 8 3% IR R
Bk F  EZax—me X — (C)
PR ] 48t

fRAEFE B XA B — Ot | )

AT AMEE
HnEg—ateE—8_E 3t
HaastRe it B b B |
B JECGERZ SRR

'

| 39 49 5% /)N B

HATFALL 4 4% —— (G)
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L Alwixold,
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