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ABSTRACT

This paperintroducesa high-speedAC coupledrecever
architecturefor high density interconnects.The proposed
architecturecombinesa novel hysteresiscircuit path and a
linear broadbandampli er path to recorer a NRZ signal
from an 80-fF capacitvely coupledchannel.Using this dual
path technique,a 90-nm CMOS prototypeachieres 14-Gb/s
operationwhile consuming32 mwW from a 1.2-V supply The
measuredensitvity of the recever is betterthan 100 mVp-p
differential.

INTRODUCTION

Dataratesabove 1Gb/sover 50-150fF capacitvely-coupled
interconnectairedemonstratedh [1],[2] asa possiblesolution
for System-In-Rckage(SiP) applications.In this designwe
propose a novel recever architecture(Fig. 1) for a 80-
fF capacitvely-coupledchannel.Due to the small coupling
capacitancesnly the high frequeng transitionsof the trans-
mitted NRZ dataare detectedat the recever. The resultis a
streamof positive and negative pulsescorrespondingo the
rising andfalling edgesof the Tx dataasshavn in Fig. 2.

The main challengeof the recever front endis to recover
NRZ datafrom the low swing pulses.To addresshis partic-
ular challenge,both clocked [3] and clock-less[4], [5], [6]
approacheshave been investigated.The clock-lessrecever
architecturesmplementedin [4], [5], [6] recover the NRZ
datausinga non-linearcircuit to restorethe lost low fequeng
signal content;the clock is then recovered using traditional
clock recovery techniquedrom the NRZ signal. However, the
speedof thesecircuits hasbeenlimited to 6 Gb/s.

CIRCUIT DESCRIPTION

In this paperanovel front-endarchitecturas introducedhat
can operateup to 14-Gb/sfor a 80-fF capacitvely-coupled
channel.The recever employs a dual path architecture:the
rst path usesa non-linearhysteresiscircuit to recover the
NRZ signalfrom the low swing pulses.The secondpathuses
alinear broadbandampli er to amplify the datatransitions.A
weightedsum of the two pathsis formedto mitigate the ISI
introducedby thespeedimitations of thehysteresiblock. An-
otherimportantconsideratioris the sensitvity of the recever,
which is de ned as the minimum input pulse signal swing
requiredto recover NRZ signal. A lower sensitvity recever
implies a large bandwidthis requiredon the transmitterside
to generatevery sharptransitionsand hence,high amplitude
pulsesat the recever front-end. Thus, the recever sensitvity
has beenlimited to 120 mVp-p differential [5], [6]. In this
designa 4 stagepre-ampwas usedto improve the sensitvity
to 80 mVp-p and enablesingle endedtesting.

The hysteresiscircuit in [2] useda single endedCMOS
latch and was limited to 1 Gb/s in a 0.35 um process.
This single endedarchitecturesuffers from common mode
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Fig. 1. Block diagramof the recever
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Fig. 2. Simulatedeye diagramsat differentnodesof the recever at 15 Gb/s

disturbancesuchasgroundand power supply noise.A front
end basedon senseampli er wasusedin [4] to achieve a 1
Gb/s bit-rate while consuming5.6 mW in a 0.10-umCMOS
processTherecever descriedn [5] useda single endedpre-
amp and cross-coupledPMOS devices as latch to achieve 3
Gb/s in 0.18-um processand consumesl0 mW power. In
[6], crosscoupledNMOS transistorsreplacePMOS devices
to achieve 6-Gb/s speed.In the proposedarchitecture,we
introducea new hysteresiscircuit, shovn in Fig. 3(a). This
hysteresiscircuit usesan additional differential pair, gms,
for positive feedbackthat provides several advantages:(a)
The critical node Vi a1t ¢y hasless capacitve loading since
the following stageis isolated from this node by gm2;(b)
RL2 and Ry 3 distribute the output capacitanceto improve
speedTo investigatehe speedmprovementof this hysteresis
topology a prototypewasimplementedn a 0.18-umCMOS
processThe measuredesultsproved the functionality of the
hysteresislock above 10 Gb/s. Therearetwo sourcesof ISI
in this recever: (a) limited bandwidthof the pre-ampand (b)
limited speedimitation of the hysteresigircuit. However, the
resulting degradationof the output NRZ eye quality can be
compensatedising the available input pulseswhich contain
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Fig. 4. Measuredsingle ended14 Gb/s outputeye with a patternlength of
231 1; [a] Linear path turned off (50 ps/div horizontal and 25 mv/div
vertical); [b] Linear path activated (50 ps/div horizontal and 50 mv/div
vertical).

only the high frequeng contentof the NRZ signal.

A broadbandampli er (Fig. 3(b)) is placedin a parallel
singnal path whose lateny matchesthat of the non-linear
path.Thelinearampli er usesthe samecircuit topologyashe
hysteresisircuit. By swappingthe feedbacknodes, feedback
becomesegative improving the bandwidthto 13 GHz. Since
the samearchitecturds usedin boththe linearandnon-linear
paths,lateng throughboth pathsarewell matchedat 15 Gb/s
(Fig. 2). The two signal pathsare addedusing the weighted
analogsummershown in Fig. 3(c).

MEASURED RESULTS

A prototypeof the proposedront-endwasimplementedn
a 90-nm CMOS processas shavn in Fig. 3(d). The design
was pad limited, occugying an active areaof 0.045 mm?.
AC couplingwas implementedusing an on-chip 80-fF native
metal-metalcapacitanceThe testingwas doneusing a single
endedPRBSgeneratomwith a swing of 240 mVp-p resulting
in a pulse swing of 100 mV at the input of the front-
end. Measured14-Gb/s single endedeye diagramsand the

Fig. 5. BER Bathtubcure at 14 Gb/sfor 27 1 Pattern
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Fig. 6. Comparisonof state-of-theart AC coupledrecever front-ends

correspondind3ER bathtubcurve areshavn in Fig. 4 andFig.
5. Theachieved bit rateof 14 Gb/sis thefastesipublishedAC
coupledrecever (Fig. 6). Measuredesultsshav a signi cant
improvementin eye openingdueto the additionallinear path.
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