Handbook of Diamond
Technology

Editor:

W.R. Fahrner

University of Hagen, Chair of Electronic Devices
Hagen, Germany

TRANS TECH PUBLICATIONS LTD
Switzerland * Germany ¢ UK * USA



Table of Contents:

Characterization techniques 1
1.1 Optical techniques (A. M. ZaitSev) .......cccoomveeerenrinvinninneeseesreseeenaens 1
1.2 Non-optical techniques (A. M. Zaitsev) .........oocceveeeenreererccevenceneennn. 234
Surface structuring 317
2.1 Structuring, polishing, and etching (A. M. Zaitsev) .......cccecueenncn. 317
2.2 Hydrogen plasma treatment (A. V. Denisenko) ..............ceurueucec. 358
Doping techniques 375
3.1 Ion implantation (H. Gabor, W. R. FGRIner) ........ccccceeuecceevvevunnnnen. . 375
3.1.1 Monte Carlo simulations ........c.....cceecerveveerserseereesienseennes 375
3.1.2 Experimental range data ..........c.ceceeeeveriiniensnnecniiiennn 411
3.1.3 Damage, doping efficiencies .........c..cccceevrerersieesercecnenee. 455
3.2 Insitu doping (A. V. Denisenko, H. Gabor) ...........cocouvueeeeeceenvcncunnns 482
3.3 Doping by diffusion (A. V. Denisenko) ........ccocueeeecmnvueeeesencenncns 483
Packaging 485
4.1 Phase diagrams (R. Eibl, J. Bonhaus, W. R. Fahrner) .......c..cceucc.... 485
4.1.1 General cONSIAETations ..........coceevvereereerrerrenseersceseeseernens 485
4.1.2 The binary carbon-metal SyStems ...........cccceecercreeeeireninnnne 486
4.1.3 The binary metal-metal SStemS .......c..ccccecererveerveereniecnns 501
4.2 Metal contacts on diamond (R. Eibl, J. Bonhaus, W. R. Fahrner) .... 517
4.2.1 General considerations ..............cceecererreerersienseeeseenieecrenns 517
4.2.2 Preparation of the diamond surface ........cc.c.cccrriienneeee. 518
4.2.3  One-1ayer CONLACES ........ccceveerrerierierieenreereereresieeseesireeneennens 523
4.2.4 Multilayer CONLACES .......cccoerrieeirierierieeeneereresie e 552
4.2.5 Further investigations on one layer and multilayer
COMEACES ..eiiieieeteenieeieeie et e et e e et et e st e e e e st e e reeeneraane 574
4.2.6 Measurements of spreading and contact resistances ....... 575
4.3 Formation enthalpies of metal oxides (R. Eibl, J. Bonhaus,
W. R, FARITIET) e eeeeeeeeeeeeeeeeeeeeeeeee e eevee e 581
4.4 Bonding on diamond (R. Job, H. Gabor)............ccceveevumveecerceenencecns 584
4.4.1 INroduCtion .......cccoceeviirirrierieciieriere e neeer e see e eeneeeens 584
4.4.2 Formation of low resistance metallic layers on
diamond SUIfaces .........cccoccvevieriiiiieeee e 585

4.4.3 Die bonding on diamond surfaces .......cc.cccccocueeverrcrnninnnen. 588



444 FINAL TEMATKS ooeeeeeeeeeeeeeeeeeeeeereeesseereesseeessessaseseesaesesens 593

5. Numerical simulation (A. V. Denisenko) 645
5.1 Electrical simulation ...........cccoceveeeiniimnieniieneeenceecesreereeeeees 645
5.1.1 Material properties of diamond ............cccecveeeenninennincnnne 645
5.1.2 p-i-p diode on insulator with traps .......ccccccccevereeceennenncen. 651
5.1.3 Numerical simulation of diamond based transistors
with the intrinsic channel ... 657
5.2 Thermal simulation of diamond heat spreaders ...........c.cccoeceeucne 661
5.2.1 Heat spreader effiCiency .........ccccceveeeirrevericecenninccnceennen. 661

5.2.2 Effect of >C iS0tope CONLENt .........coveeeevereerreerreeereerserenn. 664




