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Floorplanning (7GEI#%Y) iEDA
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Input & Output (HAEL) iEDA

Inputs e Outputs
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Core and 10 Region

1. 70EICORE EEIB T E
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o FEIO TEEMATCHINEIXE, RTHEBA
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o S|ifnBEEEHRRKITARRE, FESYIIEIRLT
M= TIZIRIE .
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Core and 10 Region IEDA

o MULAITARBTER:
BE IRk MER
HEBXIYIEERE
HEEIAS AP E KLU ANF AZEm E
o 155
1. o ET &A= R oF oA R
2. EE AR RFIRTTE TR core
3. 7aEE 1/0 3BT E
mEMEIESSIHfRE

mEfEIEFBITTHIAS
HERBENS (Bump) EEEETH (Flip-chip) 1/0 3IH76E

Utilization = 100% * (Total Std Cell+Macro Cell Area) / Core Area



Row (17) , Site (¥4=) ICEas

Core Rows Standard Cells After
. — Placement
LEF File .
I T ™ \‘

SITE coresite | .......||T.-,',.'._'_:_.-.-._,_._._....._._..........' R oW I I

SYMMETRY v — I TH—— Bhs

CLASS core R

SI1ZE O.660 BY 5. 040 ; ] ] | | l
EWMD coresite _J_ | | | | I |

A site is the minimum unit of placement. It represents a slot where a cell can be placed.

Rows are multiples of sites and define locations where the placement tool places cells.
L



Utilization (FIFEZE) iEDA

o FAFEINERZOXEFPHEINERITOIEIIB D,
o —MEARMGERAATIFISKRTEUE 60%-80% A,
o X HHHISTRIERIHO R R,

o EFFREAESRINEER e
o 1. TRikimtE
o MEESHEERT, mELURESTEENEE SHESE
ERERFNZ A ENE.
o  HEREMNEAMIES, SFIBERAEALESIT.
o 2. [3EMAE
o HEERENTGZIREMEE (multiplexer) XIS |HIZ
S£8HETT, BEXIFRETsEE I E.
o  MERAEL, (YUKEFARKHESHRTEATSERD

Low standard-cell utilization

‘

=

o RERIMNE:
o  HTHREIAIETZE, LIICEEESTFEMEHE. _ o
o WMERIEE, ALBSERSA RS High standard-cell utilization
Core Utilization = 100% * Total Std Cell Area / Core Area

Die Utilization = 100% * (Total Std Cell Area+Macro Cell Area + 10 Ring Area) / Die Area



Aspect Ratio ({<EEb) IEDA

o TMEHLELL (Aspect Ratio) mEIRIEEE MR IRS/KERGRIRLZERIELF
NRIEERHSELLE f1E1.00%0E], IfAEMREEER, Rtz XiEE— N ESLR.
NEIEEKEILE E2.0040E, IEEERE EI’J@F‘z ZOXIF2GH.

o KECHIEIFESIN G IV BEMMEZIRT, BRERERITERIC FIIEEREEE
, LMAAARZERFZS B R,

Floorplan With No Options Specified Floorplan With Aspect Ratio of 2.0
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Balancing vertical/horizontal routing resources reduces overall congestion
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10 Pad iEDA

e Pad area consists of:
e Input/Output/InOut pads
o Power pads and corner pads
o Pad fillers
e P/Grings




Hard Macro Placement (E&85fE) (EDA

o EMERRI, WIREEIIThE. FFHIDIFNRIN. EEFE(ERMENLIINDG.
o MEAERRITHNZREER:
o 1. FERL. HEIFERIEHE
o ABRBTROAARKXYE, THSHEHLAE, MINEFIDE.
o 2. fMEMENERE
o HE—RERT, REEFE—MARIEHREFHRRT, EEESREHTHETHR.
o TEBIFERENERTHEETHFOLMSMIGIE, LIRS RAhE,
* 3. FHEINCENEERRTHE
o THEFEMERAERT ARIPRY. SHMERS) 25, MZEEIWNEH HEFIXEDTRHE,
o XEFEFEHEITRUE

Possible

— routing
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Placement Blockages ([£i8) and Halos 7EDA

B, H1EE ") TEBEREEZENETEREXEEEE]
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1. #5|1& (Soft Guide)

o  MEEHBXLERETTREE—, BSEIEEXE,

o gfgﬁﬁﬁﬁﬁﬁ%%—ﬁﬁﬁ,IEAEEQQ%EEHE—E,EKEﬂ%

2.5|% (Guide)

o  MEEHEXLRETHEEIEENIXIEA.,

o  HEZAFIERIEBRITNERLSEXE, BfEHEK,

3. X1 (Region)

o  THEwIEXERTHERIEEXEA, BEMETTHAILUBNETZXIE.

o HEXE—EREERINR, BIRFEERTVIEIEENIXIER, (BEMERTHIN
BEFAZIRE,

4. Ef= (Fence)

o  HEWIGXLETTHEEREEXIEN, FEZIFEMRTHNZKE,

o  MWEIXEHENAR, BEXENATFHESFERT, EETTAEHFNZXIE
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Placement Blockages and Halos IEDA

EREIEY.E (Placement Blockage Halos) 2T E#E#E

TR ANNEHURETTRIXE, XEEECERAEE:

1. 18fEES (Hard Blockage)

o HEZXIERN 88 MEIEHEETT.

2. ¥RFERS (Soft Blockage)

o  MEZKBENEIREFATH, BENCEIREFILER.
(4P (Partial Blockage)

o MEZXFEEBRIRAFIRE,

4. ¥¢2 (Halo 8 Padding)

o  HEZRBETTINPNXIE, MZEEFEE, FAENERTT.

o MEXFEXERATREEPTE, BRinERTSERThINE
XiEaENR, BEBATImEARED T,

A keepout margin is a region around the boundary of fixed macros in the design in which

no other cells are placed.




Routing Blockage (fh&EIS) IEDA

o RZIRIZMERE (Routing Blockages) AFEEFEX
i:ﬂ?é)%):' FREIFfRZ:, XSS AN FHTFRrE M
%, HENETESESMBEEIE/ME (PG) ML,

o TREEIRIEISHIER:
o EEREERIEREREN, HEIR R HHTHEN

i,
o LEEERLIBRIERRNS, (RS TAENSERE) B
RTRBHITL, WIREARIEHAR. plockage

o RIZFEIERYSSEY:
o 1. %'X—X]BEEG (A” Nets)
o THEPELLFIENENhE, SIEESM. BIRM. hE,
o 2. {ESMERE (Signal Nets Only)
o MEMNIELLESMEIRE, MARINEIREHEMEIfRZ.
o 3. EBR/MMPERE (PG Nets Only)
o  HE(HLLEIREMEIMEIREE, mMAFIESMEIfhLL.




Guidelines for a good floorplan IEDA

Use blockage to

RAMS out of the improve pin
way in the corner

Single large

core area accessibility

Large
routing
channels

constrictive | & - SO
channels

Avoid many pins
in the narrow

channel. =™
Rotate for pin
accessibility

allecd ledl L

iy -:j_l L m

Birie away L" i | | EEE [ [ _ ;..:_:__ [l_‘ __| m [ —
from corners j:E bl ..l_..=|]"|]r\l MH n ! A_LW lt” LI .




Power Delivery Network (FBjER43) /EDA

o BNMNERTERRITEERIRIIMERSS, B VDD (BiR)
GND (ittE) . XEESHEELEMEE,

o HR/MEEmMEE (Power/Ground Mesh) :

EEIR/IEMERITMNEIR (P/G) IREIERZEE SRR,

o MEIXREMTZNEREE, TR SEEEE, FEEEIREDBCRYE =R

REEEEIREEEENEXEIR/EE RN

o HMERFENEZEEZEEXN, BREFAEESEECBREIERE. B FEA
ZSPNBERFIZFEE, UHBIRDHE.

ZEIdFL (vias)

o HEEAEEZEIEFRZSNNIFLERRIR/ABEN, BLXMAR, TLURSEERES
BeAUISMRNER, ROBRD RIS,

B RBIRILE

. FEREIEREERERREA, SRISSMENNIES, KEIERI
BE RSB RFIME L.

o EOJE/MBETRLRIS S SIS
1. BB/ — AR o v v Vi Vv
. HERFICERSERENUN, FENTIRERE, TRARREREN. ([ S Gl G
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NFEH I SETE IEDA

Average or
Instantaneous
Power problem

>

Power density
problem in the
Long run




IR Drop (FRER) iEDA

e IR[FE (IR Drop) **RIsERIFLANKE L, BTEREIREIR/HEMEFFIERTSHEAYEBEETRE.
o IRIFEIMEIIRE:

e RRREIBERE e FO PR IRAERE I P TS AR IR B S N Z AR BRI, X MEREA T
EEIP4S 259 PR,

2SN IOTLIRT: SMBIE (gate) HETTHTIBRHITELR, XA BRERTH—S SRR
57

SRIRFBIRAERE LA AO0REiR: (ERIFRIRRIMEBIRAETE, FHESE AR, HHTRE, RERSREA A
RS 7B R

WEIRIEE: B ERERERANAT, HEEERTETSA0EETRE (IR-drop) . IREERMERBIHES
IE R A AR FEHRAR. T

Minimum

/ Tolerance
Level

Actual voltage level



IR Drop IEDA

e Assume we have a Tmm long power rail

In M1.
Square resistance is given to be 0.1
ohm/square
If we make a 100nm wide rail, what is the R=R LJW =0. gy 10~ " 100002
resistance of the wire? 100-10"m
Now, given a max current of TmA/1um, due [ = % -100nm = 0.1mA

to Electromigration, what is the IR drop when
conducting such a current through this wire? IR, =L, *R,,, =107 -10° =100mV

e So what do we do?

Make the power rails as wide and as thick as
possible!



Hot Spots IEDA

e We generally map the IR drop of a chip using a color map to
e highlight “hot spots” , where the IR drop is bad.




Electromigration (EM) IEDA

e Electromigration refers to the gradual displacement
of the metal atoms of a conductor as a result of the
current flowing through that conductor.

o Transfer of electron momentum

e Can result in catastrophic failure do to either
o Open:void on a single wire
o Short : bridging between to wires

e Even without open or short, EM can cause
performance degradation
o Increase/decrease in wire RC




IR Drop vs. Routing Resource IEDA

/More (Wider) Power Lines: /More (Wider) Power Lines:
Less Static (IR) drop <:> Fewer (signal) routing
Less Dynamic (dl/dt) drop resources
Less Electromigration (i.e., higher congestion)

N / - /




Power Grid Creation IEDA

e Tradeoff IR drop and EM versus routing resources
o Require power budget
o Initial power estimation
o Average current, max current density
e Need to determine
o General grid structure (gating or multi-voltage?)

e Number and location of power pads (per voltage)
o Metal layers to be used

o Width and spacing of straps

o Via stacks versus available routing tracks
e Rings / no rings
o Hierarchical block shielding

e Run initial power network analysis to confirm design



Place TapCell IEDA

s [OJFHEIR: TEfloorplanfiER, KITEEKNE

TapCell,
n [N %i)ﬁVDDiFDGNDZ[EU%EE’JPNP%DNPN
X MBI THHE &I~ 2 pY—(RBELEES, {F5VDD

FIGNDZ [BF=4 KR 7.
s [HLEEI8(Latch up)BI753E:

o 7EsubiTEZe [HEBITHYIEES: ’;:f"iim I |5@|||||||||||||||||||“;ff’f“”“‘“‘
ng. , S H -
‘ ﬁFBGuaroL;;lr;)gst,Ev;g\gﬁﬂNMOSEGND, |!|||!||| T = (] 5 |||:|||!|||!|||:
+rin : ::: :I ||I|I| [ ‘e II|I|
o . . |:|||:| i T, |:|||: i Ji s

o Tap cell FEiEFE=R{UGuard ringfIER, FRELD 7 T i =

aonnl o Qunans lll‘i H” :H mﬂ “” l
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=HEITHR

o [BIREHEHIAR: SENMNIERR, TR R ZBRNEREZEN, hRE
MR BRE N TRXEIRERTESAIN—IE, FEEm B
REYIMEFER EFR s/ B IR 2 [N Z& M B KB .

o 1HEBI

min A+ W

r@ij(xaf,yi,xj,){j) =, lzizswnlzjsH

sit. 30 <xj,xi+w;, <Wy, 1<i<n;

0=y, i+ <Hy, 1=ZiZm.

A=W <,

W= Wi W= max |yv—xl+ max |y—yl

m;,m;eN; m;j,m; eN;

o K
o BEMY, BRAEE, &8, ®EFS

§
0 50 100 150 200 250 300 350 400



=EITHE ILDA

e 55i% (How)
o BRIGE: —FEERHRAR, ATERSREAMEBRERG AT EBIEERNER
TMERBRGTE,
o BEFSHRERPNIVEE: OEZE—MNERISKESRCEIRINTG L. BRIEARER
BT —LHNEERIEREEE R RIUR.
o fRthiE: EENEFRE, ERSMUEATEHERITHME.
o Al: 3B%3, Google KK fEnature




= hRFENZEDIE

« Slicing Treel1%E1986

« Sequence pairl2l -1995

« O-treel3 -1999

« B*-treel4 -2000

« Corner Block Listl®1 -2000

« Corner Sequence ! -2003

« Twin Binary Sequence "1 -2003
« TCG, TCG-SI8 -2004

« ACGP! -2004

. Guara_ntee

Represent. | Solution Space P?_‘i’rl:":g Perlt::rabsa:::::ns? Flexibility
sP (n!)2 O(n?) (o) 4
BSG n! C(n?, n) O(n?) (o) 4
TCG (n!)2 0O(n?) (o) 4
TCG-S (n!)2 O(nig n) o 4
O-tree 0O(n!227/n15) O(n) ® 3
B*-tree O(n!227/n1-5) O(n) ® 3
s o((n!)?2) O(n) = 2
CBL O(n!23") o(n)?? X 2
Normalized | O(n!226n/n'-5) O(n) o 1
Polish Exp.

[1]1 D. Wong and C. Liu, “A new algorithm for floorplan design,” in Proc. Des. Autom. Conf. (DAC), 1986, pp. 101-107.

[2] H. Murata, K. Fujiyoshi, S. Nakatake, and Y. Kajitani, “Rectanglepacking-based module placement,” in Proc. Int. Conf. Comput.-Aided Design (ICCAD), 1995, pp. 472-479.

[3] P.-N.Guo,C.-K.Cheng,andT.Yoshimura,“An O-tree representation of non-slicing floorplan and its applications,” in Proc. Des. Autom. Conf. (DAC), 1999, pp. 268-273.

[4] Y.-C. Chang, Y.-W. Chang, G.-M. Wu, and S.-W. Wu, “B*-trees: A new representation for non-slicing floorplans,”
[5] X. Hong, G. Huang, Y. Cai, J. Gu, S. Dong, C.-K. Cheng, and J. Gu, “Corner block list: an effective and efficient topological representation of non-slicing floorplan,”

Aided Design (ICCAD), 2000, pp. 8-12.

[6] J.-M. Lin, Y.-W. Chang, and S.-P. Lin, “Corner sequencefii fla P-admissible floorplan representation with a worst case linear-time packing scheme,”

Syst., vol. 11, no. 4, pp. 679-686, 2003.

in Proc. Des. Autom. Conf. (DAC), 2000, pp. 485-463.
in Proc. Int. Conf. Comput.-

IEDA

IEEE Trans. Very Large Scale Integr VLSI

[71E. F. Young, C. C. Chu, and Z. C. Shen, “Twin binary sequences: A nonredundant representation for general nonslicing floorplan,” IEEE Trans. Comput. Aided Des. Integr. Circuits Syst., vol. 22,

no. 4, pp. 457-469, 2003.

[8] J.-M. Lin and Y.-W. Chang, “TCG-S: orthogonal coupling of P*admissible representations for general floorplans,” IEEE Trans. Comput. Aided Des. Integr. Circuits Syst., vol. 23, no. 6, pp. 968—-980,

2004.

[9] H. Zhou and J. Wang, “ACG-adjacent constraint graph for general floorplans,

”in Proc. Int. Conf. Comput. Aided Design (ICCAD), 2004, pp. 572— 575.



IREIAT iEDA

o t1F#4 (Slicing tree)

o XXX
S |
31 |
7 5 o v\ : g |
4 H H 4 ! R | ) 8
6 /V\/ 7V\ . : l ? 4 I : !
' 4
H 2 7 5 1 2 | 1 2 W 1 —_—
M3
- 2 3 AN 3 | MI | 3
E = 16H2V75VH34HV 12V4H3V 12V3H4V 12H3H4V I2H34HV
o ¥iTh

.« — M1 (Operand Swap): Swap two adjacent operands.
« — M2 (Chain Invert): Complement some chain (V =H, H=V).
« — M3 (Operator/Operand Swap): Swap two adjacent operand and operator.

e Packing: #ERE=3, BREFRZRE-O \
. Eom OwzeE A W, WL packingBR
S ' #RR: REERRslicing 414



hREIFRIET,

o [F5¥ ( Sequence pair)
FiE
IEFFS: FREEHTE, M EETHR
a5 FrETRHE, N TFELHER
BFRKAFEFFF2 -O(nlogn)

fiE=2|: O(n!)?
13iSHdE: O(n2) = O(n+e)

w

iI=

= [T

f

b f

=
|

b

SP(e,c,a,d, f, b;f c b, e,a,d)

efEcHVm, fECRYTE

IEDA

i AILARMESHRE, packdiERn sz
R FRZSEIK, packing&iEZE%




IEDA

o B*-treelll
o XXX

A non-slicing floorplan ~ Compact to left and down  B*-tree
e Packing:
x84
HEEFHR: GIEPHRARMAIR (j = xi + wi) .
HERFHR: LAS— ) EEHEHRExEIRIR (xj = xi) .
yEt: s e e e - -
HEEFHN: REERyLIENEEE—M (j=y) . R EERER, BER, packing®=FR,
HEGTHE: GUESSRERMENR (jj=yi+ hi) ,  bATRNon-slicinghiE
. EEZE: O(n'22v/n1.5) e : HEgBcompackted4sts
o IFEMASZRE: O(n)

[1] Y.-C. Chang, Y.-W. Chang, G.-M. Wu, and S.-W. Wu, “B*-trees: A new representation for non-slicing floorplans,” in Proc. Des. Autom. Conf. (DAC), 2000, pp. 485-463.




B%&3N75
e Step1:
e Step2:
e Step3:
e Step4.
e Stepb.:

FEEEIRRRIE], WREIZRIARIZEIRES

RS LI T35,
AR RIRERRT BT REREL,
FlET RS RZIMENRHRE;

[EZ|Step2, BRIZIEFMHE

SA GA TS
PSO AFSA

AC )
Q Memetic

R&EIBE

O

O

6

1 3

E 7= 16H2V/75VH34HV

TR
A = 2 — 1
= +
Area: area of the smallest

rectangle
WL : overall wirelength
A: user-specified parameter

4

1

2

E 2 = 16H7H24H53VHV

FEEERTR

A\ "4

FERGK

WL (5= 3 ma s —x |+ max(y, |
ecE e e



BT RRER % iEDA
sRILF > + EIMRE RIS

o JEMZEFIMacroFiXpkGraph,
o BIl— macroFXRME, EELHITEUEFIINNGE;
o MllERBRRELHITMacroflE

Chi RL Agent Places Macros One at a Time Force-Directed Method
P
- Places Standard Cells
1 =0 a, =0 a, r,=0 a. r.=-HPWL-c*Congestion
] [ ] ) |

0 S, S, s



BTSRRI {EDA
o WMPLIERETTSIRERTTZIARIKER?

e Mixed-Size Placement

placement
region [y H = -
1 L I
- il I .
macro 1 0 ] | Il
‘\..-'L’ 4 \-\7‘:"
| | E ] = N
[
. oEe i ]
standard [ / [ =
(11 | | | |
cells i
L B 1111
| B | fi
(5 [T [l 1IN [ 11
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BT SRIER iEDA

AT RITAMERRERITTmBEFE R, ETESRERIIZ DS ERIRL:

« MB*-treell -2003 ey

« Capold -2004

: Itggsiw—%(z)g?o clustering/. 7777777777777777777777777777 5 : declustering

. Qinfers -2021 = TIOER single ciustersd =TT |
clusterir} _____ ™ module T %Iustenng
DDDDDDD]D clustered block - L
DHD DDjD ....... chip boundary b

[1] H.-C. Lee, Y.-W. Chang, J.-M. Hsu, and H. Yang, “Multilevel floorplanning/placement for large-scale modules using B*-trees,” in Proc. Des. Autom. Conf. (DAC), 2003, pp. 812-817.

[2] S. Adya, S. Chaturvedi, J. Roy, D. Papa, and |. Markov, “Unification of partitioning, placement and floorplanning,” in Proc. Int. Conf. Comput.Aided Design (ICCAD), 2004, pp. 550-557.

[3] T.-C. Chen, Y.-W. Chang, and S.-C. Lin, “A new multilevel framework for large-scale interconnect-driven floorplanning,” IEEE Trans. Comput. Aided Des. Integr. Circuits Syst., vol. 27, no. 2,
pp. 286—-294, 2008.

[4] J. Z. Yan and C. Chu, “Defer: Deferred decision making enabled fixed-outline floorplanning algorithm,” |EEE Trans. Comput. Aided Des. Integr. Circuits Syst., vol. 29, no. 3, pp. 367-381,
2010.

[5] P. Ji, K. He, Z. Wang, Y. Jin, and J. Wu, “A quasi-newton-based floorplanner for fixed-outline floorplanning,” Comp. Oper. Res., vol. 129, p. 105225, 2021.



HIF-f2tr;EZMacro Placement IEDA

® WW(x,y) AL, AT R Ta] 3 AT DA ok T T -
min W(Xx,y) :

aspect ratio is suitable

I

I

!

s.t. overlap =0 x l
I

all modules are within the fixed-outline. I

® B E AN B IAHE X AR 43 KK bin, T A7 B R fa) 8 AT DL AR A tn AR )
min W(X,y) II\D/Iirli(;nizgtwifrelebr.\gtz B
s.t.  Dy(x,y) < M, for each bin b p- density 10r bin 8 , wom

M,: max density for bin b
« Analytical "1 -2006

o SEit FBAE, A Lo B A T o 1 R ] . AR -2008
« UFO BI -2011
min W(x,y)+);Zmax(l)b(!~i,y)—Mb,O)2 - F-FM ® -2014
. « Ref. 51 -2021

«  PeFll -2023

[11Y. Zhan, Y. Feng, and S. S. Sapatnekar, “A fixed-die floorplanning algorithm using an analytical approach,” in Proc. Asia South Pac. Des. Autom. Conf. (ASP-DAC), 2006, pp. 771-776.

[2] C. Luo, M. F. Anjos, and A. Vannelli, “Large-scale fixed-outline floorplanning design using convex optimization techniques,” in Proc. Asia South Pac. Des. Autom. Conf. (ASP-DAC), 2008, pp. 198-203.

[3] J.-M. Lin and Z.-X. Hung, “UFO: Unified convex optimization algorithms for fixed-outline floorplanning considering pre-placed modules,” IEEE Trans. Comput. Aided Des. Integr. Circuits Syst., vol. 30, no. 7,
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Hierarchical Approach IEDA

Chip is partitioned into smaller blocks
Each block is P&R" ed individually
Blocks are integrated back into the chip
Chip has:

o Pads (signal and P/G)

Block has:

e Pins (signal and P/G)

Blocks can be rectangular or rectilinear in
shape.
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