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Abstract　A new alloy system , InöA uGeN iöA göA u, fo r GaA s ohm ic con tact has been p ropo sed

and studied in th is paper. O ur experim en tal resu lts have show n that th is alloy system can no t

on ly reduce the ohm ic con tact resist ivity, bu t also imp rove the su rface mo rpho logy of the con2
tact. T he typ ical con tact resist ivity of InöA uGeN iöA göA u m etallizat ion to n2type GaA s is 5×

10- 7 8 ·cm 2. Comparing w ith A uGeN iöA göA u m etallizat ion, the new system has a th in In layer

in serted betw een A uGeN i and GaA s. It can overcom e so called“balling2up”effect, w h ich offen

appears in A uGeN im etallizat ion after annealing. In addit io in, it w as found in ou r A uger electron

spectro scopy p rofile that A g can alloy w ith A u th roughou t and go in to GaA s as w ell du ring the

annealing at 400℃. It m ay be helpfu l to study of the alloy m echan ism.

PACC: 7340J; 　EEA CC: 2550F

1　 In troduction

T he electrica l p roperty and su rface m o rpho logy of m eta l2sem iconducto r con tacts are

crit ica l to the perfo rm ance of sem iconducto r devices. A s to GaA s devices, such asM ESFET

and H EM T , low er sou rce resistance (R s) is needed to ob ta in h igher t ran sconductance and

low er no ise figu re. In genera l, ohm ic con tact resistance takes the m o st part of R s. To

ach ieve perfect ohm ic con tacts, no t on ly low ohm ic con tact resistance bu t a lso reliab le ther2
m al stab ility and sm oo th su rface of m eta lliza t ion after annea ling are requ ired.

U p to now , variou s m eta lliza t ion system s fo r ohm ic con tacts to GaA s have been stud2
ied. A uGeN i system is comm on ly u sed to fo rm low resistance ohm ic con tacts to n2type

GaA s[ 1 ]. It is m ain ly becau se the m eat l2sem iconducto r barrier betw een A uGeN i and n2type



GaA s is qu ite low , less than 0135eV [ 2 ]. A uGeN i a lso has w ide p rocess w indow by variou s

annea ling m ethods.

How ever, “p its”on the su rface of con tacts are fo rm ed on accoun t of the drast ic reac2
t ion betw een A u and GaA s. A nd the phenom enon of ba lling2up is frequen t ly happened due

to the low m elt ing po in t of A uGe and A uGa fo rm ed du ring annea ling [ 4, 8 ]. Genera lly, in o r2
der to overcom e th is sho rtcom ing, A g o r T i, as a d iffu sion barrier, is in serted betw een A u2
GeN i and upper m eta l A u to im p rove on the su rface roughness of con tacts[ 1 ].

Severa l m eta lliza t ion system s w ithou t A u have been invest iga ted. Fo r exam p le, M u2
rakam i, etc. have repo rted the im p rovem en t on the su rface roughness u sing N iGe alloyed

w ith n2type GaA s at 600℃[ 3 ]. Bu t the ohm ic con tact resistance is 1138 ·mm , m uch h igher

than A uGeN i’s. T hey have a lso repo rted tha t the ohm ic con tact resistance w as reduced af2
ter in sert ing a th ird m eta l layer, such as A u, A g, Pd, In, betw een Ge and N i. T he low est

con tact resistance, 01288 ·mm , had been ach ieved by annealing N i(60nm ) öIn (3nm ) öGe

(10nm ) at 700℃ fo r 5 s. T h is resistance is nearly the sam e as A uGeN i’s. U nfo rtuna tely,

the h igh annea ling tem pera tu re is no t su itab le to GaA s m ateria ls, especia lly to hetero2ep i2
taxy m ateria ls.

W e fab rica ted InöA uGeN iöA göA u ohm ic con tacts to seek fo r low er con tact resistance

and sm oo th su rface. It is effect ive to in sert a th in In layer betw een A uGeN i and GaA s fo r

th is pu rpo se. V arying the th icknesses of In and A uGeN i layers and annealing tem pera tu re,

w e invest iga ted the con tact resistance and roughness of su rface, O u r experim en ta l resu lts

show ed tha t the typ ica l con tact resist ivity decreased to 5×10- 78 ·cm 2, and sm oo th su rface

of con tacts w as rea lized.

2　Fabr ica tion and m ea surem en t of ohm ic con tacts

T he m ateria l u sed in th is invest iga t ion w as sem i2in su la te (100) GaA s. A fter Si ion

im p lan ta t ion and tw o step s lam p annealing, 450℃ 2sö800℃ 10s, the 2×1018cm - 3 n+ layer

abou t 200nm w as fo rm ed. T he sheet resistance of the n+ layer w as abou t 1708 ö□.

W e app lied T ran sm ission L ine M ethod (TLM ) to m easu re the specif ic ohm ic con tact

resistance[ 5, 6 ]. T est pa t tern s w ere defined as fo llow s. A t first, m esas w ere iso la ted by etch2
ing of GaA s w afer u sing H 3PO 4∶H 2O 2∶H 2O = 1∶1∶100. Secondly, the sou rce and dra in

w indow s w ere opened by pho to2lithography fo llow ed by rem oving the rem ain s of pho to2re2
sist in w indow s w ith oxygen p lasm a. T he ox ide layer on su rface w as rem oved w ith N H 4OH

∶H 2O = 1∶15 fo r 30 s. T hen, In, A uGeN i, A g, and A u w ere evapo ra ted in sequence w ith

background p ressu re of 5×10- 4Pa. W e u sed the conven t iona l“lif t2off”techn ique to define

m eta l pa t tern s after the evapo ra t ion. A t last, ch ip s w ere annea led in a ho t p la te oven in

flow ing N 2 fo r 50 s.

To acqu ire the va lue of resistance accu ra tely, w e app lied 4 p robes m ethod to elim ina te

the erro r due to the vo ltage drop acro ss the p robes. A uger electron spectro scopy (A ES)

w as u sed to acqu ire elem en t com po sit ion. T he roughness of the su rface after annea ling w as
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in spected w ith op t ica l m icro scope.

3　Results and d iscussion

R ela t ion s of ohm ic con tact resist ivites of InöA uGeN iöA göA u versu s annea ling tem 2
pera tu res are show n in F ig11 (a) and (b). T he dashed lines are fo r A uGeN i 60nm öA göA u

w h ile so lid lines fo r InöA uGeN iöA göA u. T he th icknesses of A g and A u layers, 40nm and

160nm respect ively, a re the sam e to a ll sam p les. A nd annealing t im es are a ll 50 seconds.

F IG. 1　Con tact resist ivity versus annealing temperatu re

(a) T he th ickness of In layer is 5nm (b) T he th ickness of In layer is 715nm

F rom F ig11, it can be seen tha t the ohm ic con tact resistance of InöA uGeN iöA göA u

m eta lliza t ion is sm aller than A uGeN iöA göA u’s. T he ohm ic con tact resistance of the la ter

is abou t 01328 ·mm , the co rresponding con tact resist ivity (Θc) is abou t 8×10- 68 ·cm 2.

T h is resu lt is in the sam e level of 5×10- 68 ·cm 2 repo rted befo re [ 7, 8 ]. Bu t fo r the fo rm er,

a typ ica l con tact resist ivity, 5 × 10- 7 8 · cm 2, w as ob ta ined w ith In ( 5nm ) öA uGeN i

(50nm ) öA göA u m eta lliza t ion annea ling a t 400℃. T he ohm ic con tact resistance is below

01098 ·cm 2,w h ich is on ly 28% of A uGeN i’s. W hat’s m o re, the su rface of the m eta lliza t ion

ohm ic con tacts w ith In is m uch sm oo ther than tha t w ithou t one, as show n in F ig12 (a) and

(b).

(a) (b)

F IG12　Pho to s of m etal su rface after annealing

(a) Surface of A uGeN iöA göA u (b) Surface of InöA uGeN iöA göA u

In sert ing an In layer betw een A uGeN i and GaA s is the key to reduce the con tact resis2
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tance. T here m ay be tw o reason s fo r ou r resu lts. F irst ly, In a lloyed w ith GaA s and fo rm ed

InGaA s at the in terface betw een m eta l and GaA s. T he barrier of a lloyed m eta l and sem i2
conducto r decreased fo r the ex istence of InGaA s. So , the con tact resistance decreased fo r

tunneling cu rren t increased. Secondly, In w et ted GaA s w ell fo r bet ter adheren t ab ility than

A uGeN i. T herefo re, In inh ib ited A uGeN i from balling up and a un ifo rm alloyed in terface

can be ob ta ined, w h ich shou ld be beneficia l to get low con tact resistance and sm oo th su r2
face.

T he th ickness of A uGeN i layer in InöA uGeN iöA göA u m eta lliza t ion is ano ther im po r2
tan t facto r fo r the con tact resistance. A s is show n in F ig11 (a) , the con tact resist ivity de2
creases w hen the th ickness of A uGeN i increases from 10nm to 50nm ; Bu t the resist ivity

tu rn s to increase w hen the th ickness increases from 50nm to 70nm. Sim ila r cu rves can be

F IG13　P rofiles of m etallizat ion w ith In after annealing

seen in F ig11 (b). T h is is becau se tha t as

the th ickness of A uGeN i increases, m o re

Ge atom s diffu se in to GaA s as dono rs re2
su lt ing in the increm en t of dop ing level a t

the in terface. T herefo re, the tunneling

cu rren t can a lso be enhanced, w h ich

m akes the con tact resistance decrease.

How ever, w hen A uGeN i is th ick enough,

m uch m o re A uGa is fo rm ed fo r the reac2
t ion betw een A u and GaA s. T he barrier

betw een A uGa and GaA s is abou t

017eV [ 2 ] , m uch h igher than the betw een

A uGeN i and GaA s, 0135eV. T hu s the con tact resistance tu rn s to increase. To analyze the

ohm ic con tact fu rther, A ES p rofile is p lo t ted as F ig13. A g fo rm ed so lid so lu t ion w ith A u

after annea ling. A nd A g diffu sed in to GaA s as w ell as A u.

4　Conclusion

W e have fab rica ted InöA uGeN iöA göA u ohm ic con tacts and com pared it w ith conven2
t iona l A uGeN i ohm ic con tact. L ow er ohm ic con tact resist ivity, 5×10- 7 8 ·cm 2, and

sm oo ther su rface have been ach ieved after annea ling In ( 5nm ) öA uGeN i ( 50nm ) öA g

(40nm ) öA u (160nm ) at 400℃ fo r 50 s. Besides, it w as found tha t A g cou ld a lloy w ith A u

th roughou t and go in to GaA s as w ell after annea ling a t 400℃. A th in layer of In betw een

A uGeN i and GaA s changed con tact resist ivity and su rface m o rpho logy grea t ly.

Acknowledgem en t　P rof. H e Hongjia, Xu J iadong, Yu Yuanhuan in In st itu te of Sem icon2
ducto rs, T he Ch inese A cadem y of Sciences supp lied u s m ateria ls and analyzed sam p les fo r

A ES p rofile. O u r co lleague, W ang R unm ei, helped u s com p lete the research.

418 半　导　体　学　报 20 卷



References

[ 1 ]　S. N oo r M ohamm and, H adis M o rkoc, Chap t. “M OD FET s: Operation, Status and A pp lication”in《Compound

Sem iconducto r E lectron ics》.

[ 2 ]　L ev L. Berger,《Sem iconducto r M aterials》CRC P ress ○C 1997 p419.

[ 3 ]　M. M urakam i, T. O ku, A. O tsuk i, C. J. U ch ibo ri, M at. Res. Soc. Symp. P roc, 1994, 337: 263～ 274.

[ 4 ]　V erlyn F ischer, P. E. V iljoen, E. R isto lainen, etc. M at. Res. Soc. Symp. P roc, 1994, 337: 413～ 419.

[ 5 ]　G. K. Reeves, H. B. H arrison, IEEE E lectron D evice L ett. , 1982, EDL -3: 111～ 113.

[ 6 ]　G. K. Reeves, H. B. H arrison, M at. Res. Soc. Symp. P roc. , 1994, 337: 275～ 280.

[ 7 ]　M. S. Islam , Patrick J. M cN ally, M icroelectron ic Engineering, 1998, 40: 35～ 42.

[ 8 ]　《E lectron ic IndustrialM anufacture T echno logy H andbook: Sem iconducto r and IC V o lum e——Compound Sem icon2

ducto r D evices ⑧》( in Ch inese)

5189 期 Chen Jun et a l. : 　 InöA uGeN iöA göA u M etallizat ion O hm ic Con tacts on ⋯


