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ABSTRACT

This paper introducesa high-speedAC coupled receiver
architecture for high density interconnects.The proposed
architecturecombinesa novel hysteresiscircuit path and a
linear broadbandampli�er path to recover a NRZ signal
from an 80-fF capacitively coupledchannel.Using this dual
path technique,a 90-nm CMOS prototypeachieves 14-Gb/s
operationwhile consuming32 mW from a 1.2-V supply. The
measuredsensitivity of the receiver is betterthan100 mVp-p
differential.

INTRODUCTION

Dataratesabove1Gb/sover50-150fF capacitively-coupled
interconnectsaredemonstratedin [1],[2] asa possiblesolution
for System-In-Package(SiP) applications.In this designwe
propose a novel receiver architecture (Fig. 1) for a 80-
fF capacitively-coupledchannel.Due to the small coupling
capacitancesonly the high frequency transitionsof the trans-
mitted NRZ dataare detectedat the receiver. The result is a
streamof positive and negative pulsescorrespondingto the
rising and falling edgesof the Tx dataasshown in Fig. 2.

The main challengeof the receiver front end is to recover
NRZ datafrom the low swing pulses.To addressthis partic-
ular challenge,both clocked [3] and clock-less[4], [5], [6]
approacheshave been investigated.The clock-less receiver
architecturesimplementedin [4], [5], [6] recover the NRZ
datausinga non-linearcircuit to restorethe lost low fequency
signal content; the clock is then recovered using traditional
clock recovery techniquesfrom theNRZ signal.However, the
speedof thesecircuits hasbeenlimited to 6 Gb/s.

CIRCUIT DESCRIPTION

In thispaperanovel front-endarchitectureis introducedthat
can operateup to 14-Gb/s for a 80-fF capacitively-coupled
channel.The receiver employs a dual path architecture:the
�rst path usesa non-linearhysteresiscircuit to recover the
NRZ signalfrom the low swing pulses.The secondpathuses
a linearbroadbandampli�er to amplify thedatatransitions.A
weightedsum of the two pathsis formed to mitigate the ISI
introducedby thespeedlimitationsof thehysteresisblock.An-
otherimportantconsiderationis thesensitivity of the receiver,
which is de�ned as the minimum input pulse signal swing
requiredto recover NRZ signal. A lower sensitivity receiver
implies a large bandwidthis requiredon the transmitterside
to generatevery sharptransitionsand hence,high amplitude
pulsesat the receiver front-end.Thus,the receiver sensitivity
has beenlimited to 120 mVp-p differential [5], [6]. In this
designa 4 stagepre-ampwasusedto improve the sensitivity
to 80 mVp-p andenablesingleendedtesting.

The hysteresiscircuit in [2] used a single endedCMOS
latch and was limited to 1 Gb/s in a 0.35 um process.
This single endedarchitecturesuffers from common mode

siseretsyH

pmA epolS reddA dethgieW

tuptuO
reffuB

pma-erP
]Wm 8[

]Wm 7[

]Wm 01[]Wm 7[

Ff 08

05

V NI

V tsyh

V epols

V qe
xT

lennahc CA

 kcolC
yrevoceR

krow sihT

V XT

Fig. 1. Block diagramof the receiver
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Fig. 2. Simulatedeye diagramsat differentnodesof the receiver at 15 Gb/s

disturbancessuchasgroundandpower supplynoise.A front
end basedon senseampli�er was usedin [4] to achieve a 1
Gb/s bit-rate while consuming5.6 mW in a 0.10-umCMOS
process.The receiver descriedin [5] useda singleendedpre-
amp and cross-coupledPMOS devices as latch to achieve 3
Gb/s in 0.18-um processand consumes10 mW power. In
[6], crosscoupledNMOS transistorsreplacePMOS devices
to achieve 6-Gb/s speed.In the proposedarchitecture,we
introducea new hysteresiscircuit, shown in Fig. 3(a). This
hysteresiscircuit uses an additional differential pair, gm 3,
for positive feedbackthat provides several advantages:(a)
The critical nodeVLAT C H has lesscapacitive loading since
the following stage is isolated from this node by gm 2;(b)
RL 2 and RL 3 distribute the output capacitanceto improve
speed.To investigatethespeedimprovementof this hysteresis
topology, a prototypewas implementedin a 0.18-umCMOS
process.The measuredresultsproved the functionality of the
hysteresisblock above 10 Gb/s.Thereare two sourcesof ISI
in this receiver: (a) limited bandwidthof the pre-ampand(b)
limited speedlimitation of thehysteresiscircuit. However, the
resulting degradationof the output NRZ eye quality can be
compensatedusing the available input pulseswhich contain
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Fig. 3. Building blocks of the receiver front-end:(a)hysteresis(b) linear ampli�er (c) Weightedsummer. transconductorsaresimpleNMOS diff pairswith
minimum gatelength(100-nm)drawn anddevice widths areas labeled(d) Die photoof AC receiver in 90-nmCMOS
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Fig. 4. Measuredsingleended14 Gb/soutputeye with a patternlengthof
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 frequency contentof the NRZ signal.
A broadbandampli�er (Fig. 3(b)) is placed in a parallel

singnal path whose latency matchesthat of the non-linear
path.The linearampli�er usesthesamecircuit topologyasthe
hysteresiscircuit. By swappingthe feedbacknodes,feedback
becomesnegative improving the bandwidthto 13 GHz. Since
thesamearchitectureis usedin both the linearandnon-linear
paths,latency throughbothpathsarewell matchedat 15 Gb/s
(Fig. 2). The two signal pathsare addedusing the weighted
analogsummershown in Fig. 3(c).

MEASURED RESULTS

A prototypeof the proposedfront-endwasimplementedin
a 90-nm CMOS processas shown in Fig. 3(d). The design
was pad limited, occupying an active area of 0.045 mm2.
AC couplingwas implementedusingan on-chip80-fF native
metal-metalcapacitance.The testingwasdoneusinga single
endedPRBSgeneratorwith a swing of 240 mVp-p resulting
in a pulse swing of 100 mV at the input of the front-
end. Measured14-Gb/ssingle endedeye diagramsand the

Fig. 5. BER Bathtubcurve at 14 Gb/s for 27 � 1 Pattern
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Fig. 6. Comparisonof state-of-theart AC coupledreceiver front-ends

correspondingBER bathtubcurveareshown in Fig. 4 andFig.
5. Theachievedbit rateof 14 Gb/sis thefastestpublishedAC
coupledreceiver (Fig. 6). Measuredresultsshow a signi�cant
improvementin eye openingdueto theadditionallinear path.
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