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Repair Friendly Layout Generation for FIB Technology

Student: Yu-An Chen Advisor: Dr. Chia-Tso Chao

Department of Electronics Engineering
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National Chiao Tung University

Abstract

This thesis proposes a methodology for the layout, which is completed routing
and placement. There are some simple operations of adjustment for the metals without
effecting the circuit seriously. These operations could make the rate of FIB repair rise,
and keep the critical path delay. First, there are introduction of limitation of FIB. Then,
we define the cost which spend for adjustment of FIB repairable cell. According the
cost, we design a framewaork for rising the rate of FIB repairable cell called
"ReFL"(Repair Eriendly Layout Generation for FIB Technology). Finally, it compares

other methods and ours by experimental result, and discuss the future work.
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AL PR LG AF - LRI 5T FEREALATT Mahpt

F’“fr%l Tk § e Ao F]pt o § 3F 45 R {o 2 ¥r( Testing and Diagnosis )4
ROZE® B fy B aghigm 7 e o ST F WARHMT e & T R AR e £ D
80 T B e R T S T g TR B R AR TR B iR
& (Resolution ) 7 Zgig * «b» & b F X RS AT LG ¥ R I edrEE 4
] i’(i%ﬁ“f%é?—ﬂ\ B R EENORCE s A0 H 3 £ RAENAR 5 FlEE [3] - ﬁ*ﬁ P
PRBLANC BT DI ARG o R A 04 URLE R A T e[ 2]

SR ARl A RERRS SRR F B NS 2P &
% R iZens DFT (design for testing ) scan-based designs [3]4~ DFD ( design for
debug) trace-buffer-based-designs [4][S][6][7] o #-ds &K FhFEFPF > § 3T » — L4
TR TR FTE R T ARRE R T Eﬁis?] b B Rl = R4 SRS
FEEBAD D TR BFS BRI ¢ A7 * scan-based ¢ripliE S 3 0 5]
4 BT B 0 L % F REIR R Bte( Physical probing technique ) » & B~ £ & 8t
S )G s HIETVR - I EEE P R SR A AT -

¥-% F28 FRIERBEH

¥ O e BBl H S T+ 447 RI( E-Beam, Electron Beam Probing )[8] -
57 & ¥ 2 ( LVP, Laser \Woltage Probing )[9] -~ % & &3 445 |( Force lon Beam
Probing- 7}?_ FIB Probing) [10][11][12]- E-Beam &_f|]* % &3 + & & metal * >
FTRPRFE NS T @R R Ko F] 5 F SR AR AP R
metal 8258 > F]ptid F i £ ¥R A aometal i 7 ELE R o LVP RIEE-F Bt
d B P T3 2RO T LR ;ﬁd Foetw kg srensg s H|ErE MR o § T
R RIENfEIT R 2 R0 A 0.18um 2T enfl 4 ¢ B Er LR B o

FIB Probing sc 4 % ¥ i &3t & (inter-layer dielectric, ILD ) > 22 &% 3| & &
Blemetal o FE A ALT AL - BY ERIGEFRE FIB I
BRERDERIPH VERL T IR 237 FERE ARG
g2z o g - @R 205 2 smetal -

FIB mjﬁ:ﬁfrf Se LRI B o sRay 2 7 R L1247 (circuit repair) 0 FIB it
R AT RS SR EEH ;%;?uiﬂﬁrwwd Flers 4% Spare Cells
RIETEHFNHRE > U MRFORFFELY g A o
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¥-3% %3% MFOB

MFOB (Framework for Maximizing FIB Observable Rate) [14] = & # I4v i@
2 H|¥r— B & 2hio B RCFIB probing - 3% J ficfa gk (FRER S VR TR A E 2
pLF B Probing &k 2k iy A e £ 0 @ i R AL T L end B FIIEG T B
s BV RS 5 NS L B & 2E— 1B cost s ik cost et B B 4o B 0 B iR
7 Erd AT cost frE B 0 B 1S A0 PP A 4o & 8L FIB probing et i) o

‘é’i—-ﬁ‘q“. FA4H AR

BiBAE Y ¢ oo AN Eat 2w T 7 0 $ SOC Encounter £ = 5 Def 43 (7
Fed2 o 3k 3 framework #-F L 7 Es ¢ ocrcell i f FIB repair et blic & > e &
FIB probing 23 £ 4n st » 2 & % % i cell #iaii 3 - FIB repair #if & » fric L &
cell f ¥E40 0 cost> 1 % Jg repair 5 cell szt & pE & (delay time ) iz 3+ FIB repair
B e e fgh o Bfs - RN cell g B¢ FIB repair ens #0t g < 1t o
BT kg & gL 4 FIB R *U4] > e MFOB @ Vi * oo
I e dRF € 4 i AN #73R 3 a0 framework ~ cell cost s s~ 33 AF spare cell
pF(sparecell )snZE s S8 » REE AL F R ) 712 B BB ELHFHRLE S T
50 M E FARERE D A KT LT 3 o
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¥-F %1% FIB h2

Focused lon Beam (FIB) & - f%# &+ & 42+ cnfiid so #Hh P {79 A
i¥:48 %] (etching)f- 7 4% (deposit) - &7 &% (Rl % 1(a) ) > ¢ =T 3¢ ¥ Gatip
FhedfTedhd Py VIR R R gREF Fcfrv%ﬁ% benfp =
A T N FTETER AP B 58S P metal F AL - Bk 4 A
boon Fr g M (Ao XeR, )1 Avig %] 0 E o (R A& 1(b) ) 0 i ** A5 0L

4 j\,{w%‘r» = g\ ;lzk*mﬁiglirryw;t)% o AR EF Y B E S EBR
bR %é] 2= I T Thermoplastlc Elastomers 4c + Siloxane 2 O, 14 45
SIOZ rRE N gt W(ICO)e > &3 » 4R g i€ * CoHiPte FIB & 2 3% c074 5t
A ;}ff“iﬁ”“ WA %) frzl\éj;f:lz*@“’ mmetal’;ﬁ BRFEY - §BLaRLE
Vi %jw, T PR (T R AT

lon beam lon beam
Charge Gias assisted Charge
neuiralization elching neutralization Dicposition
I'Iuml;._.% J ‘ Gas needle Flood gun l Gas necdle

Target signa Target signa

M3

(a) Milling process (b) Deposit process

B % 1FIB 3% it;r £ B (a)& % (b) %4

B 2@~ FIB&%dt 7 LW B¢ R8s Bl 7 hitndeh 2
? top window 3 48 %3 {5 B b K ”"i‘a[’ﬁﬁ-mm # > @ baseline window % P # metal
2% & Y T G ff 0 j&_baseline window ¥ top window € {23t ciE AR 4 ) T
+ » @ baseline window % — i Z_ig( 1000nm X 1000nm) » F]pt » % B & metal
e layer %5 K 0 &+ > eftop window g fi v € A%< o ] 2(b) 5 FIB 4 %]
feendlo Ble M EBLETF € - BREDAF > <~ HE U100 s FRIF S -
metal f2 FIB ¥ > #7E & § 723 metal chZ & o MBI 2 P A&/t @ T %
Z R &%%k > &£ UMCO0Nm @42~ » & - & % & & 250nm - baseline window
width % 1000nm - B top window % 1250nm X 1250nm -
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Insulator Metal Insulator Mletal

layer layer layer layer
tﬂp “ri]ldﬂw o _r- --------
T - - top window
width

: baseline
' : window
: £ E widh
= a
S ——
baseline window offset

(a) Top view of the FIB (b} Cross-section view of the
hole FIB hole

GES 2(3.)%2‘] (TR i@(b)%%ﬂ % 25 ) o

£ 528 FIB 33

FIB & 348 % @ & * A7 B 12 4% (circuit repair) 2 = 2 i % E(circuit edit) >
Frol AR R AR A S e R AR R i g U L3 B g
Iwmﬂwi*ﬁ;@hmwwﬁbwwﬁiﬁﬂﬁﬁui?u% b BN R (7
i b EBRSE o FIB 91 ¥ e Ga bt @A R W M R 0 PR A K LS
f5 - (amorphous) - 1 * &M F T 7 Bk & RE AR B B ee o b gy
B FIB:iEAZY s » §F & BE-E B R+ 4T F %45 > kab4& sparecell 2 i &
R RSN R TS e =

Bl#3 5 LREAH LB e P EARD I agnRuiisl flamag !t > Ly
ametal & #F G4 FE o MR EK D coEL o HFHR-at b AFIB AT E
4 Pt > ."11%]3{'?@95’171 Jhk# T > 2 & = Ba A FIB =% o

|

Insulator

(a) Initial layout (b) After cutting and reconnecting
Bl 3 BB FHEQMATROD)BHETE -
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FAEL o §HT AR OR B 1Y FIB TR B 2 S R g g
Boit (R4 m ) 10 §les 3 e cnds s 870 §o 0| ¢ L BIE chcell 8 AL 53 P 45
FAE AT NE ik ehsparecell i ¥ §ER BT I ApR Ty RO BFLR
#r(cut) B Hk cell s a1 > @ B EThin B L f fostem b AR § BT
2_ts AT T B o g (reconnect) i B AL F Bt L o

|

l/"
cut
reconnect

¥
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metal THE T
(1)move- (2)move-do

| a |
D)move-down

Bl % 5 T B34 K # &l (a)move-up(b)move-down -
Bl# 5@)7 b : % & & FIBdimetal » it &% cfEf € § a Ft b metal
Gim AL A > i b i A FIBo B4 5(b)¢ = 2ita~CiEA o Fa LT H
Bl b eh— A w5 FIB o



B4 6§ 5 3d A 0

# ] swapping

B % 6 swapping 3 £ s (] > sv
CrBEmBmp ik i
% e b £ 2 move-c

APPINg g P §F

move-up = move-down >
AL _G]Ltb,t;kg.—rw»); =

A ELRT] - ik

i 2= fixed 7 metal

Ay : ; = 24
Rt L’s_fﬁ‘ (ERE
SRV S S

“. A - C R b ’ 4‘\/; ig i%
FI-K S ‘ : 1 metal Be g di b e 2
—move
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MFOB # ¥ ¥ § % & i # 1 45 1135 25 8 ¢ chmetal i 17 2 47 > 12 2 #4e
3 BERE S NN FARBED Z 2N S L metal (AL L LE
& £ Fp MFOB ¥ (¢ # s35 B metal e 42 541 5 STL 'map"> 1 = hMap fr
VMap 4 %] 75 B~ + & (horizontal)fr %  (vertical) < metal = 3 # hMap ¢ key
5y A%k vMapsikey 5 X Ak e

search area hMap

i LoD
¥4 N T o’ b

N N wMap
| | | |F H L {x;, A)
¥Yi-1 B ' a (x5, {_'j
¥if i i ; 3. (x4, D)

' , 1 E
L E 4. (X3 E)
: I : T 5. (X Fh

. [} T | i

AT . . '
L I '|:.I,:| (X G
Il IS ¥ 1 ' M _I' )
x-| 11 .'( K-,; K_I_ 1{:‘ xj xlh P- :1(\. H_]

Bl# 7F$ %7 metal =i

RZ275-FHEFTHREY metal fo b o BP 8 4 2P TOR
# 0 27 hMap ~ vMap 2> B AJZ 7 7 yMap 3 5] 05 % 5 G X b 1L

B X0 feiege BN Y VMap inkey W M35 U DSESF G 2 (S S
metal Sy Pl eI E 3 w0 hMap #-Key 3% = y » & 1T o
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FIB v“ ¥ * A 0.18um 12 F ek zt? » 3 R § %L FIBHFFEHTE T
Y s hfio] chflAR Y $EU S F) o aw A g ¢ (MFOB) 2 # ¢hi¢ FIB probing
90nNm fr 65NM R FF (7o AP Az hwm T ¢ g e en 23 kA FIB repair
k] Bt repair MEZ AF I X H - AL 0 0 B fFADEREAT
1. spare cell #r2 gLz

spare cell =2 pin 5% & layout shd A K > 2 R EEUET 2 RS FIB T
* i FIBrepair F= > % 4-¥t#75 pin @ FIB - %] 90nm s cell A4 & pin 3
FEHLIZ 5 4218 baseline window width » ™ 3 %t FIB & frm £ pz o
2. FIB = B & 47
FIB repair #4 f= /% > %1 & FIB awgf b2 erd 4 chf § 0 acus Bps
FiE & > & & i 7 repair P& 7+ g 3 4o cotk PR -
3. B EGVER
spare cell 33 P € S5 % i «rispare cell 0233 5 > ® & 13 — 4 cell
B ER O L ¢ - Hacell 4 spare cell & ;= w1 FIB » %)t = i cell 2 &F
B ¥ - AL i ik [ 4o & FIBrepairable s+t &) g+ enge &> ig 8
T Bk R AR o

F_L Hy

[ Y

¥

= § 928 TENK cellind f}i

& MFOB ¢ ¢ %4 & & metal - i cost > 7 cost (7 & & 5 3 & metal 5 7
¥ Rihs s g

ey 30 ¢ 8 1; Pl 5 "H @ ametal o i HE AT ¢ g en 23 T
&= B2 ¥ cellb % & i cell - & cost> T & 5 2 &zt cell 2 ¥ 2 4k e(repairable)
I ZREES S metal o



Y S R s S S
a_r \ a s N ! N
| f =i { |
1 -1 | -1 -1
(a) {h)

d d
[ s 0 .

b/ c 3 B c %
L W mmmm
a oy i ok a s N g

1 1 -1 1 -1-1 o0 1 I -1 1 —]—I
(c) {d)

5 o,

Bl # 8 3+ & H - metal cost & ]

B A 4R B metal chcost Rt E G - BAE R RA 8 # ] 5 layout
e B oazAPRE Y cost ihmetal > 4345 A A 0 F n‘s—‘,ﬂ;a Ay dbscs
dz ¢ Bgsla ”HBmmmbﬁ%S@pW% kb x - o 2B FIB
éni%'lﬂ?évl* 1/10 > b Z L AMT) ad o Ao drt]l fo-l (i E oo@ S B2 B

FalR ;I*{a FIBEE? wﬁbwy@fﬂ.’rﬁ%"‘v s I~ ds Ho BER
=3 e RS B fp e FORTE O JROTR R A B R A 2 0% & baseline
window Width’fgff%‘u{’ i % ¥ eacost’ 3 (¢ metal racost Bl & % ¥ # & ] chcost o

Rank,, (N) = ming rank(my) , my e M (1)

@) a5 &8 Ncost ¥ M, 5 &8N e 7 cmetal » &5 58 £

& i3 & Bheprcost d “7HEf rometal & -] 3 cost ¢

Rankg, (C) =ming rank(mg ) .my €My . N,=outputnetof C (2)

stem

E302)% G Bk cell N, 3 C adiydisheniivgh o My, » cellC &

LN, eh 5 stem smetal 0 BN Q)i A enddek Bcell CAE ¥ B BE
T B fstem s metal & -] e cost o

Pin.size
I:\)ankcell (C) = Z I:za'nkNe'[ (N pin [k]) + I:aa‘ﬂkstem (C) (3)
k=1
AE)FLENA)ZE ENQyT o E dcell C A TS 5V B4R
WA 10 ¢ BE S S metal #.;ﬂﬁ;ﬁ,%c’ o = cell C & ’J:",fr'ﬁgj » Z g 8E o

1

AL B ehcost A AR AdE > R &S T2 0 BP0 metal iE
E%J%‘cmuo?u%ﬁﬁ%HB@ﬁ’ﬂ%ﬁwﬂﬁﬁ%#%ﬁwﬁﬁﬂ
“f 4= ¥ hmetal % Ei’ff”l‘ 7& fixed chmetal F25F > #3518 # # Hmetal 4g 117
g 4 iﬁm% FO AT R e

o



=% %3% framework

Original layout file:
design.def

FIB parameters file:
FIB.para

Techmology file:
OpenAccess(OA)

Circuit information:
OpenAccess(OA)

Build the metal map , _ Sort the cells recorded in the
and connect information to OA. o spare cell by rank. -
Rank all the metals. Adjust the cell with min rank
And record all the region rank. for FIB repair.
* success fail
w Mark cell fixed, A
STA alig- St &update rank of cell Backtrace &
* nearby. Remove cell in remove the common
Value all the spare cells. this list

. cell in this list.
Sort spare cell list by value, l l
& record same type cell

without timing violation: Common cell
list size == 0?

»| Add metal to highest value spare
Remove the spare cell
in the list.

cell for FIB repair. [ success

fail
Backtrace &

true
remove the spare cell in this list.
. Spare cell list size == 07
Update the value the spare list.
Sort spare cell list again.

true

Write the result file:
Output.def ,Fixedcell.list

B2 RER AR o

B+ 9T E

¥=2F 3-1% HEFH>

L ¢ e file £ “f i & & MFOB ¥ ¢ 3 B~ def 4 {v FIB.para - - &
FeAPETRSE LLL 7 BN PR F ol BN e F o SR

7 OpenAccess(OA) sh s & 4 % i3 B~ tech file {e circuit information 4 % - OA

]

% Cadence 74 # > ¥t - Ao B TR ¥ LA VLSIApH $82 354 4
Lo T A A B file:
e design.def:

% fw it F 48 layout s file # 2 metal 2 cell =

e FIB. para: 47 it FIB e#1%-# > 3 baseline window width~ 4

£ ke % £4 OpenAccess #1715 B¢
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e tech. lef: % it 9 % celllayout %% ¢ 7 pin & & via... & -
enetlist.v: # it gate-level T & -

e tech. lib: #5it & #8 celltiming m;a FL o

ecircuit.spef: &4r% &g e f R

ecircuit.sdf: %&4r% cell et EpFRY -

$=2F% 328 ERIEIFREAN

PR PR A 0 ¢ A metal map o & F AP £ E 2% ametal h
cost> i 2 M-% i3 % [ chcost i¢ T o2 {6 g 4F 475 encell & {7 Static timing analysis>
#- critical path delay % = cycle time » 2_ & #-cell % p & time slack 5 & o

3 7 slack cRgsa i > ¢ B 474 % spare cell 'rﬁexpectation » expectation % %
p spare cell 74 24R cricell 2 H @ ehgost #7id- 0 2T — B &> KEF {
¥ ' 5 expectation P o & B spare cell ¥ 1235 E‘J 1 ¥t & cell-cell type 4p F ~ i
18 timing % ¢ & F PG Eag it cell 2z~ izt spare cell ¥ g list ¢ -

& FIB & timing e4 452 5 Jg T layout » 7 8 ik i 3 Se e fl : SR
FIB repair {s e g2t 8 » @ % chE 12T 2 35(4)
C = areax CPERSQDIST + length xEDGECAP  (4)

CPERSQDIST * £ enf F T T (76 ff2 Beng 4 cng 3208 8 =
EDGECAP P % 4p Fe layer # metal fo]d #7142 en@ 2308 4¥#c> &0 B 4¥cE
kIS lef 45 0 & * 72 Fehlayer B4 € 7 oo higi ARG FIB F4%
Pt cF “1A& 4 € % > baselinewindow = 1000*1000 = = ;%@ cvarea» & & %
}i,\é&v}]m,&ia q #;p_;z @g 4 g 2;%74 iLj\om b B B ek g 4R E’);‘i
% 1000nm s STA AR Y Y g B & PR AEEIER 0 4 q‘uiﬁ i 4p i 2k X
fry chid EApde o

FR 2 X e (5)(6)(7):
Top layer

wor = . length, xEDGECAP,  (5)

k=layer

Cioe = areax CPERSQDIST,

hole
Cine = (1000nm x distance) x CPERSQDIST,, e (6)

Ctotal = Cholel +CI|ne +Cho|e2 (7)
By A ke o 0 STAE - PR 4 7 chtable @ 7 & OpenAccess 7%
U A ’)Imb | %75 #& timing violation s34 2 -
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¥ =% 3-3% #73 spare cell ¢ metal

i %o B¢ o A0 ¢ L A F expectation i spare cell ki {7 AT
metal ehds (%0 F] 5 90nm eh#l A2 ¢ o spare cell 8 @ chmetal A 2 ¥ 6 fF R
T E RIS AT Sl 1 B0 e § £ATH - L metal 1§72 G4 FIB BLiR)
fipAL g @ * $|- & detail route 7 3¢ o
pipAR i * eng_rip-up-and-reroute (RNR) > % i * RNR ensgsma < Jf L&
= BT S chifiga s (obstacle)fedt g B T i
B AL ER NARBENRE . B4 10 5 - B e o

= ~

|

4_‘.

L.

i
s b

U obstacle

! [ DUn-observabIe
- J,f, . I -+ s 5 : D Space block

(a@)layerd (b)layer4 (c)layer3
Bl # 10 Bt B b 45 b(a)layerd k4o chiett ~ (b)is 47 15 layerd
(c)i2 4% i v layer3

Bl & 10 ¢ (a)ds it B R4 e layerd 5 - X metal Aiza e & R (o
¢)> m(b)mens ¢ RH 5 FRmy m 22 W FIB %% > 5 (C)5 &T & layer »
TR AT K g H AR T o
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&l

hEA 1l 3 Fé i3 54
Y s 0+ 3% spare Ce 7w A RNR - A 4o 3L
he Lty 0 E DI R E 0 i RIR 4 § - AR E AT 59 2K
% ¥_baseline window width pF( &gt @ 2= B) > b ¢ 3 0 F EEfws i
T2 B a3k o (P @ true foiz et A7 hmetal - 38§ 4548
T k- cell A FF o F A FEHEUGI{r RNR LG i EF RS > Rlv @
false » i #-i& spare cell #% 2% % ¢ list -

spare cell 1% %t & 7 i FIB repair chpin 4844 7 - ki (v > §AF = - B
spare cell #5 > ¢ i {7 “fiTchmetal 244 F4 ® spare cell ¥ % € *c vt AReiz ¥ >
3 % i cospare cell #-3Lr fAig 4 o
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¥ =% 3-4% spare cell #expectation §v cost

B - BRioria - B spare cell #-¢ @ T spare cell & 2 4%
BESF T E - B2 g IR spare cell AARA E 0 A av € 75 & F aocell
i A% repair > B4 417 — B 2| ¥renik 45 T expectation | 4+ Tcost 0§ expectatlon
AXF o A PR A AT > expectation RiEAL % £ chspare cell i 24§ 0 B
cell -

Cpsize

Elspr]=_> P(Cost(Cg[il))  (8)

i1=0

Circuit Probability
Cost 1 Cost 2 Cost 3 Cost 4
535932 0.612 0.571 0.606 0.612
$38417 0.473 0.439 0.542 0.473
$38584 0.156 0.225 0.224 0.157
avg 0.597 0.484 0.202 0.119

a5 [8]F v AR i cell &2 e cost T ¥ Y repair % “-,ti,fr 2 Cq =
spare cell C ¥ 2 4p e7— & cell » § cost 5 O R %22 ¥ 12 repair » % cost = 1 &
2 PF X ?]’ﬁ - L A RAE S H o BB R £ A e S oo 5 m{/u\"'“"”";b
<~ £ 24 H i cell - cell type & * Z %] 3 cacell it B4 xJ? > § expectation £
BB R_1PE 0 Pl docost o cost & &5 sparecell TisERE - B cell 2
repairable I < ¢ B85] 5 “ metal > * 2w 3t ¥ ecost 2 38(3)F » o

Cp.size

Z COStceII (CR [k])

AvgCost(spr) = <=2 s 9)
Size

FAC L B A BB B gd cost A M5B PR AR LHIBA
sacell ¢ 5 ft&~ hcost & > ’%“f ,;ﬂggjgu@;%1 ¢ cost 8% 4 cost Ht & -
Bodvi o e A B g a2 encell o & expectation ’fr’ cost K ¢ ¥ &
o fixed B2 cell » oz gy il 9 b % e spare cell -

$=% 358 i

hifgsi e & posparecell A Rtz PR s TG EESD &
% — crispare cell B 4o i3 & - 4% @2 3 FF 3 A A repair J v JJ
BMEHAE P 2R ERF sparecell 33 E o F A HPE R £ G dun B
¥ p i B spare cell #7¥ g e— 4z cell £ £ 5 - j&_cost & M 42 A K - R
-14 -




Flgz 2w osparecell 5g iz > F1Z g A K- Beell § FRE s ahcell 2% > g
LM AESE s @ metal B8RS cell LA > RFBH Y Tk r oo
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