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1. Introduction

Inductive-Coupling Link namely ThruChip Interface
(TCI) is a wireless interconnect between three-
dimensionally (3D) stacked chips. An asynchrongyet
TCI transceiver [1] is widely used in various apptions,
such as NAND Flash memory stacking [2-3], DRAM-GPU
stacking [4], and non-contact memory cards [5] beeaof
its high-speed capability and simple data recovery
mechanism without use of a clock signal. Howeve oh
the technical issues is large static (DC) powersaamption
in the asynchronous transmitter (Tx) (Fig.1 (a))ickh
makes the Tx power dissipation to be dominant etthal
TCI power dissipation. This power penalty becomes
significant when the data rate is lowered. In mmbil
applications, the data rate is relatively low (<28tand by

necessity the power consumption should also be low

accordingly. In this paper, an asynchronous
inductive-coupling pulse Tx is proposed. It elintes the
DC power consumption and therefore exhibits lineawver
scalability to the data rate. As a result, powauntion to

1/4 at 1.5Ghb/s and 1/60 at 100Mb/s compared to the

conventional Tx is achieved. In addition, a crdgsta
immune receiver is also proposed for low-power yeda
transmission using the pulse Tx.

2. Asynchronous pulse transmitter

Fig.1 (b) depicts the proposed asynchronous puise T
Instead of driving an H-bridge driver by differeaitidata
signalTxdata, delayed data signélelay is used to produce
intermittent pulse currerit; only at Txdata transition. No
DC power is consumed, resulting in linear powelahty
to the data rate. Thig pulse current induces positive and
negative bi-polar double puls¥f in the receiver (Rx) coil.
Although the Vi pulse waveform is varied from the
conventional one, a conventional hysteresis-contpara
based Rx [2] can be used for asynchronous dataveeco
By properly resetting the initial state, the Rx égmore the
first pulse in the double pulses but detect theelapulse
and thus recover digital data similarly to the cemional
manner. Threshold voltage of the hysteresis\ViRx may
drift due to the first pulse input. Thiéy drift temporarily
degrades the Rx sensitivity. A time interval betwebe
first and the last pulse should be carefully desigro
guarantee the Rx long enough time for recovering
sensitivity. The time interval is determined by thepulse
width 1. Since shortet lowers the power dissipation, there
is a tradeoff between power dissipation and the tinargin
for the Rx sensitivity recovery.
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Fig.1 Circuit diagrams and operation waveforms of (a
conventional and (b) proposed pulse transmitter.
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Fig.2 Receiver circuit with active self-crosstalk agah for
relayed transmission.

3. Relayed transmission by pulse transmitter

In multiple-chip stacking, relayed transmissian an
effective way to reduce required coil size. It ierefore
widely used especially in NAND Flash memory stagkin
[2-3] where the number of stacked chips is typic#irge
(e.g. 64~128). However, the proposed pulse Tx edrba
used in the latest power- and area-efficient relzheme [3].
The problem is vertical crosstalk between stackals.cAs
shown in Fig.2, transceiver coils are concentrycathcked
for relayed transmission. Since the coil emits naegigrfield
both upwards and downwards, vertical self-crosstalk
induced such asJgor G, in Fig.2 (like self-voice echoes).
In case of the conventional Tx, the signal and the
self-crosstalk inVg each becomes a single mono-polar
pulse at every data transitions. Therefore, thiecsebstalk
does not toggle the received data output. In tagecdata
can be relayed by using the conventional Rx [4]tHe
proposed pulse Tx, on the other haMg, becomes the
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Fig.3 Stacked test chips in Ojiré8 CMOS. Fig.4 Pulse width vs. BER and Tx power dissipation.
bi-polar double pulses. Received data will be teddly the 20 13095, 271 PRES, BER<I0
self-crosstalk. This would cause undesired osimitatue 175k Conventional Transmitter
to positive feedback nature in this relay schemertler to 5 R e S
solve this problem, an active self-crosstalk guarduit is £ ©r
added to the Rx output (Fig.2). It detects receidada (:12-5-
transitions by an XOR-based edge detector and otae g w0} 1/4@ 1.5Gbis
hold the received data for a certain amount of tpasod 2 I I
T'. During this guard time, the self-crosstalk isighored. g

E °T Proposed Transmitter
4. Test-chip measurement 25|
The test chip is designed and fabricated in @118 M

o

CMOS (Fig. 3). Three test chips are stacked inrcsiae 0 02 04 06 08 1 12 14 1o

Data Rate [Gb/s]
stacking with a chip offset of around 3080. The top two Fig.5 Data rate vs. Tx power dissipation.
chips are thinned to fn-thick and the glue between the

chips is 1@um-thick. Communication distance between the
transceivers is therefore |5®. Both the conventional and e |
proposed transceivers are integrated in the teigt fdr S00ps |
comparison. The coil diameter is 200. ‘

First, the minimum pulse widthis measured to see the
trade-off between the power dissipation and reliigbiAs
it can be seen in Fig.4, the minimunis around 130ps for
BER<10" at 1.5Gb/s operation. The Tx power dissipation
att=130ps is 4.2mW.

Fig. 5 shows Tx power dissipation dependence aa d
rate. Compared to the conventional H-bridge Tx,pbeer
dissipation in the proposed pulse Tx is reduced/tbat to ignore echo-like self-crosstalk. Test- chip meament
1.5Gb/s and 1/60 at 100Mb/s. demonstrates successful operation in relayed triasgm

Relayed transmission using the pulse Tx and theat up to 400Mb/s.
self-crosstalk immune Rx is evaluated. Successful
operation can be seen in a snapshot of relayed datAcknowledgements
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Fig.6 Snapshot of relayed data waveforms.

waveforms in Fig.6. The maximum data rate and #layd This work is supported by CREST/JST.
per relay is measured to be 400Mb/s and 500ps cteply.
The transmitter power dissipation is 1.8mW at 4008Mb References
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