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(4> Scientific Progress and Accomplishments: 

A. Introduction 

microwave fiberoptic fioics.8 I.TLTpro ted"^ Wu ^^99?^]? '"filf J^™ 
experimentally [2,3]. J llJ' and successfully demonstrated 

B. Objective 

apptationsTl jf™ or^f" ' ^T"; ^ ^''^ P"****» *» ™™wave fiber optie fink 

C. Device Principle and Structure 

MSM 
Photodiodes 

Coplanar 
Strips 

Optical 
Waveguide 

InAIAs Upper Cladding II 

InAIGaAs Upper Cladding I 

InAIGaAs Waveguide Core 

InAIGaAs Lower Cladding 

Figure 1. Schematic structure of long-wavelength Velocity-Matched Distributed Photodetector 
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InP Substrate 

Fi8"rc2'       SS^nZ^T*? °is«b^dPhotode.ec.or(VMDP). The Graded Superlattiee 

• Band Diagram 

7777? 
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Figure 3.  Schematic band diagram of active photodiode region 

D. Result and Discussion 
Three design iterations of VMDP have been fabricated and tested. All designs share the 

structure. The principle of operation of VMDP has been discussed in det^S] 

Dl. First Generation VMDP 

same epitaxial layer 

Dl.l Objective 

Ir*It^ l0ng WaVdength VMDP is "*** to d^onstrate the capability of 
inr oased. long wavelength VMDP.   It serves as a proof of concept for wafer and device desien fabrication 
technology, failure mechanism study, and possible improvement for Lure design ^ 



D1.2 Approach 

defined by optieal Mthogmphy ^ ^ ' "m finger wMth md ] ^ ^ger spacing are 

D13 Result and Discussion 

(VMD^ZZtZ^l^T^:,10:8 T!leng,h -■-'y-tched distributed photodetector 
quantum <Ot^JS^^ZXT^- A 3d,\ba?dwidth °f 18 GHz «* « external 
current, limited by thermal d^^SSÄ^ ^ """ ^^^ "P to '2mA DC 

very ^"X'tloToi^Tll^ T^ ** **? -** ™e VMDP exhibits 
long VMDP wift U photodfoal:TL 'f ^ Ph°t0di°de (I lx48 ^ >• *"<< 25 ^ *» <"* 1.2-mm- 
under the CPS electroaes whfc^ ,,T T' m *" VMDP is attribllted <° «* '^age cuZt 
Placing the 2*o£tÄtoiT!f T T *" "* ■*" Photodi^s. Tins can be eliminated by 
reflecL (AR^mg ft domS to™f fTT ^T*7 " ^^t0 to 0'42 "* "«» «* 

very well to 50fi (withta 4W for Z !„« ° fiGHz'™e cha™te™tic unpedance of the VMDP is matched 
characterized by opShetenod™ mlcT 4 £Bqufn^",«ft ™» **!*«* ^ponse of me VMDP is 
optical signals are cömbinSovalffi™1S' ' 7"* T° eXtemal Cavhy tunable Iasers at 1« um. TTre 
output mSowave £ÄV^Ä^T™ TV, TV^ * *** piCkUp head' The 

^cafib.ted freque„cy respoLe of^St ££?^ - Hd^ArfTr£ 
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Figure 4. Measured Frequency response of long wavelength VMDP (12 photodiodes, mm) total length =1.2 



' ^s^^ ziz^z^z i^sm leading to catastrophic *-*■* ***-* 
failure mechanism is d^S^^t^      ^^ ^ f"001«1**». thuS SU^estinS the mai» 
than avalanche breakdowL    SiS  dtfm ZT "?*"? ^ct^ ^^ themal feedback rather 

photocurrent Improving the diffusion barrier of the Schottky contact should lead to higher 

D2. Second Generation VMDP 

D2.1 Objective 

extemal^aZ S^Ä^SS^ " Vf" "*" "*»*" **~ ~ iuency oy reducing coupling loss from optical waveguide to active MSM photodiode. 

D2.2 Approach 

(2)nitridepassivation on^e^Tde™ 1 anTSm^tST m^Df mk™dUC,°r-me,al (MSM> Photodi°des; 
improve device reliability and mT\T.\T ,T , ^ge CPS metol contacts t0 reduce da* °™< ™d 
hi Ji power operand P)       "° °f Pla"nUm m Sch0ttky metal contocte to P^ent gold difiusion at 
D2.3 Result and Discussion 

«^^i-viffiptÄ^li^f,^™. TT eff!ciency of °-57 "*have been 

D2.4 Split Contacts Structure 

CPS MSM Photodiode 

Optical 
Waveguide 

Split-Contact CPS 

Figure 5. Top view schematic of split-contact VMDP TU~ +„ 4. J    • . r .«...v...«*.». ui spiu-coniact VMUF 

width is 90 um and £7™lT7        ^        °P ^ ndge wave«uide is 3 1™ »ride, and CPS metal strip 

indicates more tban 50% of carrent is ^J'^ZZTZlT^ZZ^^km 



D3. Third Generation VMDP 

D3.1 Objective 
The third iteration of VMDP mainly focuses on achieving bandwidth beyond 20GHz. 

D3.2 Approach 

A.«houlUBPMTmToÄ^±dae ZI ***»!*-* ™^« » ««• * -hieve higher bandwidth. 

for submicron t^SHS' ^ ^^ to 6XCeSS °fl00GHz is «*** 

D3.3 Result and Discussion 

widft" °d°0?i99
fi

8;™ sXing
UC"ÄSriCate7T 7* SUbmiCr0n MSM *"» of °-3 ™ Anger 

measurements It Tod fo ^ mS T" ?y "Tr0n beam Writi,lg at Comdl- S-parameter 
that device bandiTwÄlow w OH^WäT' "fTX* ^"^ reSp0nSe »»■««■»* -««. 

Polarization 
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OOP. 

Jl 
3dB 
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Oscilloscope 
(DSO) 

VMDP 

S 6-     Sche^atic of the pulse response measurement setup. 
40MHz repetition rate, wavelength at 1.55 urn. 

Trigger 

X 
Reference 

Photodiode 

The fiber laser emits 160fs pulses at 

and Ä XTdefint IZ^T™ "" "* "'— ""*- « ^ » ««™ * 
• Pulse gets broaden as optical power increases, probably due to saturation 
• Dev.ce „ bras dependent A. higher bias, pulse width is smaller and the long tail is better suppressed. 
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fiife" = l7o" PU'Se reSPOnSe °f VMDP (Ü1Clude CaWe' biaS T' "d Probe) * diff<™< «as voltages, with ND 

Lt^SSs    ^ *1S m°re "**<° * ** « -» e'-on can e^ov^c 
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Figure 8. Schematic of a section of VMDP from top view. The high fie,d region is where the fingers overlap 

larger ^U^J^Ä*.«'*?! « P1»- ««* <N» mesa), with 

make snre not to ilFLLe 0Ute de to ™io„T^!t „ "^ "* f"T °Verlap "«"a is ^ we <™ 
planned to fabricate the sinele device2 ^?ff ^ I "^ geneIated Sh0Uld ^ umler ^ feli W« 
grown by MOCW) and Äff! t 

ren'WaferS fiom TRW>Lucent' «^ ™- The EPI wafer was 

^«^-^I^^Sä^,^ partiallyremove,he ^schottky 

D3.4 Single MSM Photodetector 

and contact metal pads .^tr Ä^^^S 7T" V" ^ 
cleaning in oxygen plasma and a short Hin in kwT ™ere devel°Ped in 1MIBK:3IPA for 45 seconds. Surface 
dark current FinallthTwl\ A fP hJd^onc acid were employed before metal liftoff to reduce 
600Ä Z ^ 8     md PadS Were defmed ^ standard liftoff> with metal thickness of 100Ä Ti/ 



fi£reov;r4SCaming EkCtr0n MiCr08raPh (SEM) °f 3 ** MSMPD- "** SM™ ^ger pitch and 15um 

and 40um long. Tie flngeTpSZtdfi„7 1 ^ 5m" ^ °Veriap- The contact Pad is 30™ wide 
output 160ft pulses at SI "to 11 Tf T"? betWeen flngerS) is 600nm' *» fibe' '**' 
vary tie optical power mpuUoTSpD A fdR T^ ,* ** °f neUtral ^^ filtos was ^<° 
the MSMPD through a dfslSon sUftea len, fivf «Mer »ptas toe signal into two paths: one is eoupled to 

50GHz digital sanding oSsc^WTj^ "tXT^ft V "T" ^^ ,0 «** *» 
the finger overlapping rerion   Th» ™,i. WUy ™8".™ ^ns fiber from the top to illuminate only inside 
opfica'power »^T^ÄSTS. » ■"*. "ff^CIRW wafer) under various Mas «5 
The pulse width is about tiet „ S a TCH? """^ .f^ ** °f device" bias"T' rable *>d P™be. 
eable. Compare to the large mm vC t "nTSpn T" ** " C°mieC,ed ^ *e WaS T »d 

The pu.se widft is within me .imi, JÄZ* tas^enfs      "^ " ^ md haS n0 ** «L 
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E. Conclusion and Future Direction 
We have successfully fabricated and tested 3 generations of VMDP    r™t™n A 

eontae, CPS „ indieate m„s, CUrent ge„eraL Ä ÄÄlTSSt'S 



tlutP A LI7 !Lde,thr0Ugh ,he,COre layer' «d matehi»S ** «i* of *e mesa and passive optical 
Sffiion? ,t f m TUlSe reSp0nSe °f Submicron flnSer VMDP- »hich has been identified aa 
Xe MSM fi"     * IT T81   I"'3 Cm te aV°ided "y Placin8 *e e"fe «» »der high field regte where MSM fingers overlap. A new destgn wrth these changes can help realize a truly high power, high s^ 
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