PERSPECTIVES
liar kind: the skull hinges against the shoulder girdle, only allowing up-and-down head
movement (see B in the figure).
The neck region of extant jawed vertebrates contains a distinctive set of neck muscles (6). Precursors of hypobranchial muscles
(muscles of the tongue and the floor of the
mouth) are present in both cyclostomes and
placoderms (7, 8). Another major component
of the neck muscles is the cucullaris muscle,
which stretches between the skull and shoulder blade. The cucullaris is not apparent in the
lamprey (9) and is thus regarded as defining
character of the gnathostome crown group.
By observing the soft tissues preserved
in fossil placoderms from Upper Devonian
Gogo Formation of West Australia, Trinajstic
et al. found two pairs of muscles between the
skull and dermal shoulder girdle, which was
articulated with the skull by a hinge, or neck
joint (see B in the figure); each of these muscle pairs functioned to depress and elevate
the head. The authors argue that these muscles enabled the movement of the head at the
hinge between shoulder girdle and skull, and
that the depressor is equivalent to the cucullaris in the gnathostome crown group (see
A in the figure). The muscle differs in both
shape and function from the cucullaris of
sharks, which is not associated with a hinge
joint. Trinajstic et al. also note differences in

the morphology of segmented trunk muscles
in placoderm from those of the shark, as well
as the presence of the abdominal transverselike muscles.
From the developmental perspective,
jawed vertebrate muscles are characterized
by modification of some rostral trunk muscles to create the “neck.” Myoblasts of these
neck muscles can migrate over long distances
to reach their targets, where they differentiate
into various shapes (10). This developmental program is particularly elaborated around
the time of jaw acquisition, leading to the
extensive incorporation of trunk muscles into
the head (such as in the case of the human
tongue), as well as the acquisition of a highly
movable neck. The primitive shoulder girdle
in placoderms, as suggested by Trinajstic et
al., may be an intermediate state of neck evolution that simultaneously reveals the beginnings of a jawed vertebrate novelty, the cucullaris. The presence of the transverse abdominal muscles in placoderms is another mysterious finding of Trinajstic et al., because
this muscle has been thought to be present
only in tetrapods. Phylogenetic importance
or homology aside, this muscle is potentially
similar to a component of the trunk muscle in
tetrapods, the abaxial muscle (11), which also
develops as the result of myoblast migration
and interactions between myoblasts and the

embryonic mesenchymal environment of the
lateral body wall.
If the muscle patterns reported by Trinajstic et al. are found to reflect the general
morphology of the placoderms, it would
suggest that the developmental bases for
the muscle anatomy of modern jawed vertebrates were present, in primitive form,
around the time of the appearance of the
functional jaw. This would stimulate even
greater curiosity about the anatomy of more
ancient stem gnathostomes such as ostracoderms, because the beginning of the jawed
vertebrate body plan is likely to be buried in
the anatomy of these animals.
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Nanoscale Transistors—Just
Around the Gate?

Advanced geometries for gate electrodes that
reduce current leakage can decrease the size
of high-performance transistors.

Cory D. Cress1 and Suman Datta2
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urther reduction in the size of the metaloxide semiconductor field-effect transistors (MOSFETs) used in computer
chips will require more complex geometries
to enhance the gate control of the current flow
in the transistor channel (1). These advanced
designs allow transistor scaling (maintaining
performance as size decreases) and minimize
the leakage of current when the device is in
the off-state. The voltage of operation can be
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FET geometry surrounds a cylindrical channel with the gate electrode (2). This “gateall-around” (GAA) enhances electrostatic
control of the entire channel surface (see the
figure), and when used with superior charge
transport materials, should deliver enhanced
performance. Franklin et al. (3) now report
on nanoscale complementary MOSFETs in
which suspended single-walled carbon nanotubes (SWCNTs) form the channel with a
GAA geometry. This work marks a milestone
in moving SWCNT nanoelectronics from
laboratory prototypes toward a manufacturable technology.
The electronic properties of SWCNTs
depend on their diameter and chirality. These
materials are synthesized as mixtures, but
scalable separation methods for electronic

type and chirality based on ultracentrifugation (4) and column chromatography (5)
provide monodisperse SWCNT samples
with well-defined properties. Franklin et al.
used substrate-driven growth of horizontally
aligned SWCNTs via chemical vapor deposition (6–8) to create their devices; recently
these techniques have been combined to create chirality-controlled, aligned SWCNTs
(9). This “cloning” method provides a path
toward high-yield, high-throughput manufacturing of SWCNT nanoelectronic devices.
Electronically, the intrinsic channel region
of SWCNTs consists of ballistic conductors
displaying length-independent transport at
distances below ~50 nm (10). The on-current of SWCNT MOSFETs with 9-nm channel lengths exceed that of state-of-the-art Si
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