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Abltrlct 

A sal 01 Ie, has been deVeloped for the high speed data link at 
data rates above 10 Gblj .. A receued gate process lor double 
pulse doped quanlum welilrans.lsl:ors has been used wkh .beam 
written 0.3 #m gatea. A" bit mlAtiplexer and • Laser diode driver lor 
the Il8nsmftter u well u lranslmpedance amplifier. bit synchro. 
niler and " bit demlAtiplexer lor the receiver have been success­
hJly operated wkh data ratn up to 20 Gbil/s. 

Introd~1on 

Fibre opticailioks with extremely high data rates are req~ed In 
long halJ teleconvnl.Dcatlon net\Yofts. b\A: lllso wittWl super c0m­

puters. For Ippllcatlont (MIt short distances. hAIy Regrated GaAs 
clrculll .r. pouibIa lor IlWI$mIIIer and receiver with a wavelength 
of 0.85 $Un. FiIJ. 1 shows the ayaem bIoQ( diagram with the 
componenIs. which have been labtlcaled It the IAF. A pataDei data 
stream has 10 be serialb:ed by • 4;1 lTlIIlIpIexet. The serial data· 
stream It ampIfied by the Ia_ dt1\ler, ...mIc:h also deliYerllhe DC 
current lor lhe Al6aAs/GaAs laser diode. The oplcal sIgoaI, which 
is transmltOO across the flbre, Is receNed by II MSM-pho(o­
detector. The MSM-phoiocIlode Is Integrated with lhe lranslmpe­
daoca amplit'lI(_ The roe&lved opclcaI signal nduces a pho(o­
cw8nl, which Is the InpLC aIgnaI tor the bII synchloolsaUon after 
amplification. The synchronized S&rIaJ dati aJonaI Is splltled .lnto 
four channels by l he 1:4 demllllplaxer. In INs pepar. wa descrtbe 
all chips and lhe measured flslAI axc:ept tha ~ synchronizer, 
which hat already been published (I I. 
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proc:e$$.. The gat91 01 lhe translslors lengths of 0.3 pm and the 
lingers of the MSM·pho(odlode ara defined by electron beam I ~ho­

graphy. The fabrication process Includas NiCI" resistors, MIM caps­
chors and lWO mel8llayen for device Interc:onnec:t. The DC- and 
RF'pei1()1"fTW1oce 01 the FEb Is listed In table I . 

DfET 
<oG'" 
350 mS/rrm 
350 mA/ rrvn 

EFET 
<45 GHz 
450 mS/rrvn 
200 mA/ rrvn 

Tabla 1: Typical tsaNlstor paramlers. 

Circuit Design and .... _flMnt. 
To reduce power consumptlon, EfO direct coupled FEr logic 
(OCFll Is ~ In logic: dfcub and scvce CCIf.4lIad FEr logic 
(SCfl) Is applied In thoM functions with highest 5peed requir. 
marrts. All circuits have ~ slmlJatad and ~ed ~ 
IAFSPICE [31. which anhancu SPICE2G6 wtth an HEMT modal. 

4:1"UX 

fig. 2 5hows 1ha MUX block dlagnlln. 1t consist, of two stages of 2· 
bit MUX and liming circuitry. To ensura speed the circuit was 
oesigned In source coupled FEr logic with dlillfen(iaI &qlaI1IoW. 
The functional test of the MUX II 6 Gbit/s Is shoWn In fig. 3. The 
maximum data rata lor a alr9a 2:1 MUX Is 2Q Gbit/s [41 · 
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fig. 1: Block diagram 01 the high tpeed oplicaI dalalink. 

Technology 

foJ chips ara fabttcated ~ lhe same recessed~e process tor 
dcU)l, pUSCI-dopad ~om wei HEMTs [2J. BOIh, lM"Ihanc::ement 

aod deplatloo type 01 lranslstors ara realluld on the same MBE 
wafer with AlGaAs etch stop layers and a salad ..... reactive Ion arch 

L.._Dfi_ 

The clrcuk diagram of the laser driver Is shown In fig. 4. TIle 
dllerentlal design can ea.sIy be linked to the Mux. TIle DC bIu of 
the laser dloda Is driven by the transistors EF72, EF82. The high 
speed signal Is sharpened by EF7t and EF81 I1ter preamplWlcaIlon 
of !he InptI stages EFt ... S. FIp. 5 sho\o.'s the ~ and OIAput fIY8 
dlsgram CII the laser driver at a data rate 01 10 GbIt/s. which Is 



Ilmlled by the speed 01 the pulse pattern oanerator 151. To d&mon. 
Itral8 the maxknum data rata, • 2:1 ..-n.JtIplIlXW was In!;egrated with 
a Laser driver. The ~ aIgnaI. to the nutiplaxat have been 
ganDratacl by dilferanl delay '''' from the pulse panam-<;l8flOOllor 
to the InpIU 01 the MUX. Open eyM he.ve bean obtalf-' at the 

laser drtvef 0lapI.a at a data nua 0118 GbIt/I, .. shown kl FIg. 6 . 
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Fig.2: Block diagram 01 the 4:1 mJllpIexar using dilfar8l"41aJ 
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Fig. 3: Timing diagram of the 4:1 mlitlpllIX .... Oock, one of leu 

Input signals and the rntAtlplllXad output signal at 6 Gbil/. 
showing the lunclionality. 

Tranalmpeclance Amplifl ... 

The circuit diagram 01 the tra~ amplWIet Is shown In 
Fig. 7 , The receiver consists 01 an MSM photo diode, a tranaimpe­
dance amplifier, I secor.j·ltage amplifier and In outplt btJI ... 161. 
A 500 Q laed back reslsl:or II used In the first transmpedance 
ttage. Aft ... the next amplifying ttaoe I IOUI"CI follower Is used as 
SO Q line driver. The smaI aIgnaI bendwlclth exeeads 14 GHz, I S 

shown In FIfiJ. 8. This Is to the baM 01 01.1" llnI:Mtadge, the hIghesl 

m· GaA~ tc s,oaposi ... 

bandwidth yal feportacllot Itranslmpedance amplifier. The 58fISiU­
vlfy 01 the cItcuit iB ·15.3 dSm II eak:Ualacl from the noiM 
spectrum, shown kl Fig. 9, Ind lranaimpedance data usIng the 

theory 01 R.G. Smllh and S.D. PersonIck 17). 

FIg. 4: C/rcuI diagram 01 the laser driver. 
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Fig. 5: Eva diagfamS 01 the klIxA aIgnaI ('lop) and outpU slgrel 
(bottom) of the Laser driver Itl0 GbIt/a. 

1:4 D,multlplexer 

The block diagram 01 the 1:4 damlJtlplSXIf II &hown In Fig. 10, The 
serial input dala Is first ahlttacl Into 4 pre-feglstll' and together w~h 

the first bit 0/ the nell! word transfarad to the outpIA regi5tara, wtlIe 
the IncQmIng bit II saved In another preregister. This principle 

aIowa maximum dala lqulsilion time at the 0IApI.II and reso/Yel all 
Iin'Ilng probIemIln the tnt rtJgisI:wllage 18). FIg. II showI~ high 
apeed tnt at 11 Gbit/a proving fIJI high Ipead funclionaIity at the 
<hlp. 
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fig. 6: 1np,A. (top) and outpUI (bonom) eye diaQrams of an Inte­

peel"'" drt.ter wth 2:1 nUtlplexer al18 Gbt/ s. .. 
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Fig. 7: Circuli diagram of the phoIo rece/Wf. 
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FIg. 8: Measured smal-signal bandwidth of the lranslmpedance 
amplifier wlh Integrated MSM photo diode. 
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Fig. 9: Measured 0Ulp" noise JlOW9I' 5I)8Ctrum of the photo. 
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fig. 10: Block diagram of !he 1:4 cIemlItJplexer. The register ara 
uaIng 0CfL., ¥!Nathe timing clrcukry Is applying SCfL 

Concl"fk)n 

For the first time. all key componentS 01 an opIicaI high speed data 
link have been fabricated and lasted using the same 0.3 jMn HfMT 
IIIChnoI.ogy with data 1111 .. In excess 0/10 and up to 20 Gbil/s. Due 
to lhe loW po¥i9I' logic and the eonwnon tecmoIogy d the 00:ub, 
moooIllhic klIegrated transmitter and receIvet for optic8I c0mmuni­
cation ... wi bIIavalabie In the near fut~8. 

The tlnancllll support 01 the B~etfum hlr Forschung und 
Tec:MoIogIt through !hi OF'E11fOiect TK 357/ 8 Is graleflMy 

aeknowtedged. SpeclII throllks 00 to H.S. R~actt lor his COrI-

'''''''"'-
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Fig. 11 : rlITIIng diagram 011 :4 denUliplextf "11 .6 Gbit/s. The 
clock signal (top) . the serial data inplJ: and the four OlAput 
clata ilgniIls (bottom) show high ~ lunctlonality. 

(,] Wennek&!', P 81 81 .: "'0 GbII/ s BlI: Synchfonlzer with Alllomallc 
Oock Alignement Using OuanlOOI Well AJGaAs/ GaAsj I>JGaAs 
TecMoIogy". GaAs Ie Symposium Digest. 199., pp. 211·220. 

[2] HOI$INM. A. Ell 81.: ' E-oeam direct-wrlliin. dry.ched reclss 
gala HEMT process for GaM./AJGW circuit,', Japanese 
Journal 01 Applied PI'ryIIc$. '990, pp. 2317-2320. 

(3) Betroth, 1.4.: 'SchaltklelsslmlAator fOr HaterOSlruklurfeid 
eftekttrar1$lstor8ll', OIsserta1lon, Rulv-UrW. Bochom, 1991 , 

(4] Nowotny. U. 81 1II.: ·2Q Gbit/_ 2:1 MlJllpl9Xer Using 0.3 j.lm Gata 
Length DoullIa PUlse Doped Quantum Well GaAs/AlGaAs 
Transistors' , Microelectronic Engineering. 1991, pp. 323-326. 

[5J Wang, z.G. lit III.: "5 GbIt/, lntegrated lAser Okx:le Ort.-et' 
Using 0.3 pm Gate Length Quantum Wei Transistors', 
EleclronicI L..IItters. 1992, vol. 28, no. 3, pp. 222·224. 

tel Hurm. V. 1M AI,: "0 Obit/ _ MonoIilhic Integrated Opcoeledronlo 
Receiver using an MSM PhotodiOde &I'd AlGaAs/ GaAs HEMTs' , 
MicroelectroniC EnginHrtng. 1991 . pp. 275-27B. 

!7l Smith, R.G. and P8I'SOflIck, S.D.: "Recetver DesIgn lor 0pI:1caI 
FIbre Communication Systems", In H. Kresse! (Ed.): Topics 10 
Applied Physics. Springer, 1002, vol . 39, pp. 89-160. 

[8J Lang. M. et 81.: "11 .6 Gbps 1:4 DemIAtlpIexer UPig Double 
Pulse Doped a~um WfIA GaN{NGaN Translstor5", 
Electron. Left.., 1991 , vol. Z7, no. 5. pp. 459-<'60. 




