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Abstract. A new concept ohigh-speediata regeneration wakveloped
by using an injection-synchronised narrowband ring oscilfatothe clock
recovery and an automatic phase adjustiiogp for the optimum data
decision. A single-chiglata regeneration IC h&é®en realised by using our
0.3 um gate-length QW-HEMT GaAs technology and characterised on-
wafer at STM-64level (1LO Gb/s) of theSDH-standard. Even with a 100
mV, jittered inputdata signal, high-quality clock andiata signals were
regenerated. The recovered clock hasaeplitude of 280 mV, a rmgme
jitter of 2.5 ps,and a phase noise e688.5 dBc/Hz at 10 kHz offset. The
regenerated data shofwlly openeyes with a height 0200 mV. The
1.5x1.5 mm? ICcan beoperatedwith a single supplyoltage of-3V with a
dc consumption of about 300 mW.

Introduction: Besidesthe accuracy, theimplicity and thecompatibility of digital systems,
one advantage of thaigital communication is that during aadter the transmasion a digital
signal or adatastream can be regeneratethny times with a verysmall error rate in the
repeaters of thbranches and ifinal receivers. The noise amdher distortiongrom branches
and circuits can be removed. The data regeneration is, in fastcalent feature ahe dgital
communication.

The data regeneratiagenerally includeswo basic functionsthe clock recovery (CR)
used to obtain a clock signahich is synchronous witkhe inputdata signaland the data
decision(DEC) used tomake a retiming and an amplitude discriminationthed samedata
signal. For thefirst function we have developedc@nceptusing a narrowband regenerative
frequency divider (NRFD) [1]. With thatoncept aseries of ICs wersuccessfully realised for
SDH-based systems &TM-64, 2STM-64, and 4STM-64 levels [2-4]. For the DEC we
have realised various I@sr bit ratesexceeding 40 Gb/s [5]. Sintlee same inputlatasignal
is operated by both CBnd DEC, and in the DEC tlagatashould be decided in favourable
time slotsdefined bythe recovered clock signal, theseo functionsare best treated in one
sub-system and realised on a single chip. For this reason we have realised a monolithic IC



including both of the CR- and the DEC-function [6]. Omaperfection ofthe IC is that the
phase of the recovered clock signal caly beadjustedmanually. In thigpaper we report our
first single-chipdata regenerationsing an injection-synchronised narrowband ring-oscillator
and an automatic phase adjusting (APA) loop.

Block Diagram and Principle: Fig. 1 shows the blockiagram ofthe single-chipdata
regeneration IC. Itmainly consists of four functiogroups: the inpubuffer, the CR-branch,

the DEC-branch, and the APA-loop. The inputfer includes atage of broadbanamplifier.

The CR-branch includes the pre-processor, the injection-synchronised ring-oscillator composed
of summingand narrowban@mplifiers,the phase shifter, and tloaitput buffer. TheDEC-

branch consists dfvo input buffersfor the dateand the clocksignal,two D-latches forming a
master-slave D-flip-flop, andne outputbuffer. The APA-loop consists dhe phase sher

and theoutputbuffer ofthe CR-branch, the clock inphuffer andboth D-latches of the DEC-
branch, two XOR logicellsand an active low-pass filter consisting of an operatiamgdlifier

and a feedback RC network.

At first, the inputdata sgnal is split intothe CR- and the DEC-branches by thput
buffer. In the pre-processor of the CR-branch the data signal is processed in such a manner that
in the output gjnal astrong spectral line is generated at bitefrequencyf, of the data gnal.

The signal is then injected to the narrowbangd oscillator which is designed withspecified
centrefrequencyfo = f,. In result, ahigh-quality clock ginal isgenerated. In the presented IC
there isfo=f,=10 GHz.

The recovered clock signal is used to regenerate the data signal. If the decisisdeas
always at the eye centre of the data signal, the regenerated data would have the lowest bit error
rate.This optimum condition is maintained bdye APA-loop.Sincetwo XOR logic cells build
up a phaseletector [7], theaesultingoutputvoltage represents the phatiference between
the inputdataand the cloclksignal. Thus, the APA-loop i®quivalent to a PLL. By means of
the automatic contrdunction ofthe loop, the phase of the clocigrsalvs. the data signavill
lie continuously at the optimum location.

In the pastjnjection-synchronised oscillatovgereseldom usedor the clock recovery in
digital transmission systems. This might be caused by two problems: i) no suitable oscillator; ii)
no suitable technique tcorrect the statiphaseerror of such an oscillator. lour IC these
problems were solved byusing a fully-balanced injection-synchronisearrowbandring
oscillator’ and by introducing the APA-loop. One advantagehif system, againshe CR
using an NRFD [1], is thathe circuit can be simplpptimised because dhe identically-
specifiedcentrefrequency ofall resonators in the pre-processor, the ring-oscillator and the
phase-shifter. This advantage can also be used to optimise the pre-processor in the CR using an
NRFD.

Circuit Techniques: Many cells of our realised ICs were utilised for the design ofl@i3he
LC loop in the 20-t0-10-GHz NRF[2, 3, 6] wasespecially useful sincés centrefrequency
has metthe specified value of 1@GHz. Fig. 2 shows the circuitdiagram ofthe summing
amplifier atthe front of thering oscillator. It can be considered as a pair of paretiehected
current amfifiers with a common LCresonator asoading circuit. In comparison with the
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tunedamplifier in [2], the tuning partwas improved: The drains of Ekare connected to the
sources of DEs and the diode pPis replaced by EfR. At the gates of Dfx as well as Efs, a
high ohmic resistor is shunted and an external voltage can be applied. This imprdwament
about two advantageshigh impedance tahe controlling circuit and thepossibility of
differential control. Theidentical LCloop andtuning partwas used irall the pre-processor,
the narrowband amplifier in the ring oscillator and the phase shifter.

One feature of the IC is thall sub-circuitsjnclusive ofthe activdilter, have a balanced
structure.

Fabrication: Fig. 3 shows thehip photograph of the 1:8..5 mnf IC. For thefabrication the
sameprocess as foall ICs in [2-6] was used. The 0.3 um g&agth QW-HEMTs show a
transit frequencyr of ~50 GHz. The two-layanetallization with air-bridges wassed for the
realisation of the inductors.

Measurement ResultsThe IC was tested omafer usingwo SSGSS- (Ssignal, G:ground)
andtwo GSGSG-type 5@ coplanar probes. The dc current is about 100 mA3a¥ supply
voltage, corresponding to a dc consumption of &)\Y. Fig. 4 shows one measured eye
diagram. The input data signal had an amplitude of only 108n&¥en for such amallinput
signal with almost closed eyd®th the clock signal and tliata synalwerewell regenerated.
The amplitudes of each single-endedenerated clock arthta signal are 28and 225 mV,
respectively. Fig. sshows the plot of the phasmise ofthe recovered clock signal in the
frequency range from 10 Hz to 1 MHz diffe carrier. Thanoise levels at 0.1, 1,0, 100 and
1000 kHz are-63, —83, -89, -107 and-124 dBc/Hz respectively, better thathose in [3].
The peak-to-peak and thiens value ofthe time jitter are 16 and.5 ps,respectively. Some
chips functioned athe desiredit rate of 9.953285b/s withoutany adjustment andkept in
lock even whenthe supplyvoltage was varied from3 to-5.2 V. The in-lock frequency range
was > 100 MHzAll these results show thaur circuit concept is fasibleand therealised IC
is applicable to SDH-based systems.

Conclusions: A single-chipdata regeneration IC hagen realised by usingur 0.3 um gate-
length QW-HEMT GaAs technology. It is featuredthg complete function, thieigh speed
(10 Gb/s), the high sensitivity (100 mV), the low voltag® V) and the low power (30@W).

It can be directly used in an SDH-basggtem at STMb4 level. It demonstrates that an
injection-synchronised narrowband ring oscillator can be tmethe clock recovery, and an
automatic phase adjustirigop is effective for an optimumdata regeneration. Theame
concept can be adopted for the IC design at higher bit rates.
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Fig. 1 Block diagram of the 10 Gb/s data regeneration IC using an injection-
synchronised ring oscillator and an automatic phase adjustment loop
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Fig. 2 Circuit diagram of the narrowband
summing amplifier

Fig. 4 Eye diagram of the input data signal,
regenerated clock and data signal
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Fig. 3 Chip photograph of the single-chip
10 Gb/s data regeneration
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Fig. 5 Phase noise of the recovered clock signal

at the carrier of 9.95328 GHz



