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In this paper we introduce a reconfigurable architecture
based on chemically assembled electronic nanotechnol-
ogy (CAEN). CAEN isapromising aternativeto CMOS
that takes advantage of chemical synthesis techniques to
combine molecular-scale circuit elements (such as resis-
tors, diodes, and reconfigurable switches) using directed
self-assembly. A serious drawback to CAEN is the in-
ability (in the near-term) to include three-terminal devices
(e.g., transistors) in circuits. Here, we present a molec-
ular latch, based on molecular resonant tunneling diodes
(RTDs) [6], which providesthe most important benefits of
the lithographically fabricated transistor: voltage restora-
tion, fan-out, tolerance to manufacturing variability, and
I/Oisolation.

To make CAEN circuits economically viable they must
be manufactured through thermodynamic self-assembly
and self-alignment. For example, devices will be incor-
porated into the circuit out of topological necessity, i.e.,
devices are included only at the intersection of two wires
coated with the appropriate molecular device. Because
self-assembly will be an imprecise, thermodynamically
controlled process, we can no longer expect to produce
working devices in specified locations with high reliabil-
ity. Thisimpliesthat the devices must be testable and that
defects must be tolerated. Moreover, self-assembly can
produce only alimited range of circuit complexity while
remaining manageable. Thus the manufacturing process
must be decoupled from the production of thefinal circuit.
Any deterministic aperiodic circuit will haveto be created
through configuration after the device is fabricated.

A plausible hybrid architecture combines molecular
self-assembly and lithographically produced aperiodic
structure. At the nanoscale, all subprocesses are self-
directed; only at the micron scale do we allow determinis-
tic operations. Functionalized wires are aligned into par-
allel raftsusing flow techniques. Theseraftsarethen com-
bined into 2-D grids. Active devices are created, without
the requirement of precise alignment, wherever two ap-
propriately functionalized wires intersect. The rafts are
then aligned with a lithographically produced CMOS die
which provides support circuitry. Note that this manufac-
turing technique rules out 3-terminal devices.

Figure 1 shows a schematic for a proposed nanoBlock
that can be constructed using the above techniques. The
MLA isa2-D grid of reconfigurablediodes[2] that can be
configured into circuits based on diode/resistor threshold
logic. Figure 2 shows how ananoBlock can be configured

into an AND gate. The reconfigurable nature of the circuit
also alows defects to be tolerated [3].

The architecture described above satisfies the key con-
straints of nanoscale technology: it requires no determin-
istic manufacturing steps at the nanoscale, it uses only
two-terminal nanoscale devices, and it is reconfigurable.
To build an operational circuit, however, requires signal
restoration between nanoscale wire grids. Figure 3 shows
a molecular scale latch that provides signal restoration
through the interaction of a pair of molecular RTDs. This
latch is constructed using a nanowire that includes the
RTD molecules within the wire. Such inline wires have
been constructed and characterized [5]. Our simulations
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Figure 1: A schematic of a nanoBlock.
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Figure 2: A two-input AND gate implemented in a recon-
figurable CAEN grid.



Based on Mathews, et.al. 1999

input
= out

|4 Vd — — m
(]
(o]
S
t 2
ou
L |_.- N i
O0 1 2 3 45 6 7 8
Vlow Vmon Vhigh Vref Time (pS)
(a) (b) (€)
Figure 3: (a) Smple molecular latch circuit. (b) Load-linediagram (c) Simulation results showing latching and voltage
restoration.
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Figure 4: (a) The complete molecular latch and (b) the clocking methodol ogy

are based on RTD molecules characterized by Chen and
Reed [1].

While RTD latch technology has been exploited in con-
structing a GaASFET logic family [4], in CAEN the RTD
latches are used for a different purpose: they are used
primarily for signal restoration. All computation is per-
formed by diode-resistor logic and the latch restores the
signal for a later stage. Work in the 1960s with tunnel
diodes and threshold logic was hampered for two reasons.
The first, high inter-device manufacturing variability, is
solved due to the characteristics of the molecular RTDs
(they have a much higher peak-to-valley ratio). The sec-
ond was alack of 1/0O-isolation.

To provide I/O isolation, we incorporate additional de-
vices into the latch and we clock Vg, as shown in Fig-
ure 4. The molecular-scale diode is added to prevent
current from a downstream latch from flowing to set an
upstream latch. The resistor immediately following the
RTD-pair forces enough current into RTD yjyeto alow
it to switch high, while allowing enough current into the
next latch to determine its value. The resistor to ground
allows a latch to go low when the downstream circuit is
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Figure 5. Simple 3-stage delay circuit using molecular
latch from Figure 4.

high. The value of this resistor must be large to prevent
current loss that would cause latch-setting failure. How-
ever, the resistor should also be as small as possible in
order to minimize the latch reset time.
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Figure 6: AND, OR, XOR circuits using diode-resistor logic and intermediate molecular latches.

Finally, we introduce a clocking scheme for the pull-
up voltage, as shown in Figure 4b. The pull-up voltage
is temporarily brought to ground during the setting of the
preceding latch. This removes the forward influence and
allows the latches to be set properly.

Using SPICE we simulated several simple circuits us-
ing the above latch configuration, including the delay cir-
cuit in Figure 5 and the AND, OR, and XOR circuits
shown in Figure 6. Circuits with more logic levels were
also successfully simulated. Thelatch appearsto be stable
against the expected variability brought about by manu-
facture. Because of the relatively low current required to
switch states, one molecular latch can drive severa other
latches, i.e., latches can have moderate fan-out. In com-
bination with the clocking scheme described above, the
latch also provides the necessary |/O isolation to ensure
scalability of these circuits.

Some caveats are necessary, however. While not in-
trinsically slow, the RTD devices discovered thus far are
extremely resistive, thus, the RC constant for circuits in-
corporatingthemisvery large (on the order of hundreds of
nanoseconds). Also, the relative sizes of the variousresis-
tors must be controlled during manufacture to ensure that
they are properly matched. Lastly, the use of a clocked
pull-up voltage may result in increased power consump-
tion.
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