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A bstract　 T he use of focused ion beam (F IB ) system s to edit p ro to type in tegrated circu its

( IC s) has been increasingly relied upon by the sem iconducto r industry. T h is paper develop s

m ethods fo r very large scale in tegrated circu it (VL S I) design debug using F IB , including

p rob ing pad fo rm ation fo r deep node signal and device modificat ion fo r p ro to type IC s. D iffer2
en t modificat ion m ethods fo r differen t VL S Im anufactu ring p rocesses are described. T he elec2
t ric p ropert ies of the depo sited m ateria l and the reliab ility of the modificat ion are discussed.
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1　 In troduction

U rged by the developm en ts in the electron ic indu stry tow ards m in ia tu riza t ion, the

level of in tegra t ion of in tegra ted circu its ( IC s) has stead ily increased and the typ ica l d i2
m en sion s of the con st ituen t devices have stead ily decreased. T he associa ted increase in the

co sts fo r the developm en t of com p lex IC s and the dem and fo r a sho rt t im e2to2m arket fo r

electron ic p roducts have resu lted in the need fo r a subm icron too l capab le of test ing and

m odifying m alfunct ion ing circu its in very large sca le in tegra ted circu it (VL S I) design [ 1 ].

Fo r th is reason the focu sed ion beam (F IB ) techno logy is get t ing increasing ly im po rtan t.

D u ring F IB p rocess, a beam of Ga+ ion s is electro sta t ica lly focu sed in to a 50nm spo t and

scanned over the su rface of the sam p le. T he in teract ion of the ion beam w ith the sam p le

resu lts in the eject ion of a tom s from sam p le su rface and the p roduct ion of secondary elec2
t ron s and ion s. T he secondary charged part icles can be co llected, and their signa ls am p li2
f ied and disp layed to fo rm an im age of the su rface. T he p roduct ion of ejected neu tra l a tom s

is genera lly referred to as spu t tering. If the beam is rastered over a certa in area fo r a

leng th of t im e, m ateria lw ill be rem oved from that area. D epo sit ion is po ssib le in the p res2
ence of o rganom eta llic o r T EO S gas. T he scann ing param eters can be adju sted to decom 2
po se the m o lecu les w h ich are in troduced in the area of the ion beam and adso rbed on to the

su rface, fo rm ing a m eta l o r in su la to r layer [ 2 ].



T h is paper develop s m ethods fo r m echan ica l p rob ing pad fo rm ation and device m odifi2
ca t ion by u sing F IB fo r d ifferen t VL S Im anufactu ring p rocesses. T he electric p ropert ies of

the depo sited m ateria l and the reliab ility of the m odifica t ion are d iscu ssed. Severa l po in ts

of concern are h igh ligh ted.

2　Exper im en t and Results

T he F IB system u sed in th is paper is a FE I m odel F IB 200xP system , w ith a Ga+

LM IS opera t ing a t a beam energy of 30keV. T he system u ses o rganom eta llic (C 9H 16 P t)

and T EO S as the p recu rso r gases fo r conducto r and in su la to r depo sit ion. T hey are deliv2
ered to the sam p le via a sta in less steel tube of 014mm i. d. p laced w ith in 100Λm from the

su rface, the tube m ak ing an angle of 45°w ith the sam p le no rm al. T he background p res2
su re in the cham ber is typ ica lly 1133×10- 4 Pa. By co llect ing the ion2induced secondary

electron s o r the secondary ion s genera ted by the beam , in2situ im aging is ach ieved. End2
po in t detect ion is accom p lished by m on ito ring the secondary ion s to detect the change in e2
m ission a t the sem iconducto r m ateria l in terface.

VL S I design is a com p lex p rocess requ iring frequen t revision s and m u lt ip le design it2
era t ion s. T he flow of a typ ica l design debug is as fo llow s: (1) D iscover fau lt th rough sys2
tem level test; (2) fau lt loca liza t ion th rough electric test; (3) fau lt iso la t ion and signa l

p rob ing; (4) design fix by re2laying ou t circu it; (5) sim u la te fix th rough sim u la t ion en2
gine; (6) verify fix by perfo rm ing on2silicon device m odifica t ion; (7) im p lem en t fix by

genera t ing a new m ask set and m anufactu ring fix devices. Fo r test ing and m odifying, F IB

can be u sed to cu t m eta l lines by spu t tering th rough the m eta l lines, o r to rearrange con2
nect ion s by loca lly cu t t ing th rough the passiva t ion on top of tw o lines and depo sit ion of a

P t in terconnect betw een these lines. Sim ila rly, a lso p rob ing pads fo r electric test ing can be

depo sited on devices. W ith the a id of in su la to r depo sit ion, the re2in su la t ion of cu t IC

w iring and F IB depo sited conducto rs is ava ilab le.

2. 1　D ev ice M od if ica tion

Fo r devices w ith design ru les exceed ing 1Λm and tw o o r th ree layers of in terconnects,

it is genera lly po ssib le to find an access po in t fo r each track o r signa l w h ich is no t com 2
p letely covered by o ther m eta l layers. Such devices can be repa ired by direct ly F IB2spu t2
tering to cu t and uncover t rack s in con junct ion w ith F IB2induced conducto r depo sit ion fo r

the in terconnects. F igu re 1 (a) is a top view of such m odifica t ion. T he depo sited in tercon2
nects have h igh concen tra t ion s of im pu rit ies. A uger ana lysis of the su rface p la t inum film

gives the com po sit ion ra t io s to be～ 50% P t, ～ 34% of C, ～ 15% Ga and～ 1% O. T he

resist ivity is determ ined to be abou t 300Λ8õcm u sing fou r2po in t p robe test, w h ich fa lls in

the range 70～ 100Λ8õcm that one w ou ld expect fo r pu re m eta ls. N evertheless, even at

th is resist ivity, the m odifica t ion has been tested as having good effect iveness. T he P t2A l

via is then sect ioned to g ive an illu st ra t ion. F igu re 1 (b) show s tha t the a lum inum line w as

cu t off abou t 20 percen t and the p la t inum m ade good con tact w ith the a lum inum track.
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F ig. 1　R ew iring in tw o2level m etal structu re using F IB2induced P t depo sit ion.

F ig. 2　R ew iring techn ique using

silicon diox ide depo sit ion by F IB.

F ig. 3　F IB im age of a comp leted via structu re,

show n schem atically in F ig. 2.

T he m o st com p lex devices have fou r o r m o re layers of in terconnects, w ith the upper

layers often being in w ide pow er o r ground bu ses, o r even bond pad covering m uch of the

signa l in terconnects in the low er levels. T he fo rw ard m odifica t ion has m uch diff icu lty to

rou te bu ried track s w ithou t rem oving large areas of the covering m eta l p lane. W ith the in2
t roduct ion of F IB 2induced loca l in su la to r depo sit ion, a new m ethod show n schem atica lly in

F ig. 4 is developed to overcom e th is lim ita t ion. F irst, on each side a via w ith 3～ 315Λm in

w id th is drilled dow n th rough the top m eta l in to the d ielectric layer below (F ig. 2 (a) ).

Enhanced etch ing is u sed fo r th is p rocess to avo id any re2depo sit ion effects tha t w ou ld oc2
cu r by spu t tering a lone and to m ake a h igher2aspect2ra t io via. T h is via is then back2f illed

w ith the in su la to r depo sit ion m ateria l to a dep th of 2～ 3Λm (F ig. 2 (b) ). O nce the in su la2
to r depo sit ion is com p leted, enhanced etch ing is u sed to m ill a sm aller via th rough the cen2
ter of the o rig ina l ho le to expo se a con tact w ith the m eta l t rack below (F ig. 2 (c) ). F ina l2
ly, P t m ateria l is depo sited in to the ho le to b ring the signa l to the su rface (F ig. 2 (d) ).

F igu re 3 show s a F IB cro ss2sect ion th rough a com p leted via st ructu re. T he depo sited in su2
la to r, w h ich is ana lyzed by A uger electron spectro scopy (A ES) , con sists of m ain ly silicon
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and oxygen and also～ 5% Ga. T he leakage betw een the depo sited p la t inum and the pow er

line is determ ined to be less than 2nA at 30V , co rresponding to an iso la t ion resistance of

15G8 , m o re than enough fo r a successfu l F IB repair.

2. 2　Prob ing Pad Forma tion

VL S I sim u la t ion m odeling canno t a lw ays dup lica te a ll of the independen t variab les

found in a system level app lica t ion. Som etim es m on ito ring the log ic sta tes a t m u lt ip le in2
terna l nodes w hen opera t ing in the nat ive environm en t is the on ly w ay of debugging a sub2
t le design erro r. In th is situa t ion, F IB techno logy is u sed to p rovide m icrop robe access

po in ts to deep ly bu ried nets, w h ich is ach ieved by draw ing the electrode from the low er

level m eta l layer. T yp ica lly, a ho le of app rox im ately 115×3Λm is m illed to con tact acces2
sib le po in ts on the net lines, and filled w ith p la t inum to crea te studs. A 15×15×2Λm pad

connected to the studs is depo sited on the su rface fo r m echan ica l t ip touch ing. A t the sam e

F ig. 4　M echan ical p rob ing pad

fo rm ation using F IB.

t im e, the tested devices are electrica lly

iso la ted u sing F IB cu t t ing. F igu re 4 show s a

successfu l pad fo rm ation depo sited on the su r2
face of a E2PROM array, in w h ich the p rob ing

pad is ju st over the studs. T he ground line of

th is array is cu t as show n.

3　D iscussion

F IB2induced vias and in terconnects are

no t zero ohm connect ion s and F IB cu ts are no t

perfect open circu its. T he resist ivity of the

F IB in terconnects varies con siderab ly depend2
ing on the depo sit ion sou rce m ateria l, the ion beam param eters u sed du ring the depo sit ion,

and the p recu rso r gas flux (w h ich, in tu rn, is dependen t on the need le po sit ion rela t ive to

the sam p le, need le d iam eter, crucib le tem pera tu re and cham ber vacuum ). If long w iring

run s m o re than 200Λm are requ ired, low er resist ivity in terconnects can be ach ieved by

com b in ing F IB loca l connect ion s w ith long laser CVD (L CVD ) depo sited go ld conduc2
to rs[ 3 ]. In th is techn ique, a go ld carrier gas is decom po sed by a scann ing laser beam , leav2
ing a 5～ 10Λm w ide go ld line on the w o rk su rface. T he resu lt ing sheet resistance of the

L CVD go ld lines is on the o rder of 0118 ö□. T he capacitance of the in terconnects is a lm o st

im po ssib le to m odel, becau se it depends on a lo t of param eters tha t canno t be con tro lled

like sub stra te layou t, d ielectric th ickness, d ielectric con stan t, etc. Bu t there defin itely is

capacitance and it w ill affect signa ls in the F IB depo sited lines. If w e know that a connec2
t ion is part icu larly sen sit ive to resistance and capacitance w e shou ld take m easu res to m in i2
m ize these effects. L ikew ise, these p ropert ies m ay be u sed to slow a signa l o r cu re a race

condit ion. F IB cu ts are ju st t renches m illed acro ss a conducto r, w ith ga llium im p lan ted in2
to the bo t tom of the trench [ 4 ]. W h ile th is is an open circu it fo r m o st CM O S p rocesses,
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there is a sm all leakage acro ss the trench tha t can be a troub le in certa in h igh vo ltage o r

ana log p rocesses.

It has been trad it iona lly believed tha t F IB irrad ia t ion con tribu tes to the fa ilu re of a

VL S I device [ 5 ]. F IB im aging and circu it m odifica t ion p rocesses can cau se electro sta t ic d is2
charge (ESD ) dam age in IC s. In genera l, the success ra te of F IB m odifica t ion s is increased

by reducing the ion do se fo r im aging and naviga t ion pu rpo ses to an ab so lu te m in im um. Ex2
t rem e care m u st be exercised w hen perfo rm ing circu it m odifica t ion s on certa in types of

IC s, part icu larly w hen the m odifica t ion s are in clo se p rox im ity to the act ive ( t ran sisto r)

reg ion s. Even w ith these p recau t ion s, po st2m odifica t ion electric test ing m ay ind ica te tha t

the IC s are a ltered to som e ex ten t by F IB expo su re.

4　Conclusion s

Even the m o st pow erfu l circu it m odeling system s canno t a lw ays genera te 100% ch ip

funct iona lity on first revision silicon. Ch ip design layou t and log ic erro rs can be ex trem ely

dam aging to one’s bu siness in term s of bo th increased developm en t co sts and delayed t im e

to m arket. U sing F IB 2assisted design debug developed in th is paper, designers can now

m in im ize t im e and expen se du ring the design cycle by m odifying a p ro to type device ra ther

than crea t ing a new p ro to type w afer.

A s the first comm ercia l F IB system in Ch ina, w e w elcom e cu stom ers to ou r cen ter a t

Fudan U n iversity. Bo th ind ividua l d ie and packaged parts can be accomm odated. T he sam 2
p le m u st be vacuum com pat ib le and conduct ive sam p les are p referred.
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