
the surfaces where the atomic arrangement icrosco P ic Tu el g pect rosco PY was observable. ,refore, the difference in 
the results must be attributable to the differ- 

On High-Tem~eratureSu~ercondudors enceinthetopsurfacelayers.,typeB 
sDectra mav be-the result of surface de&ada- 

Koichi Kitazawa 
don created either by surface defects-or by 
adsomtion of molecules from easeous ~hase .  
On &e other hand, those wko rePo; the 
type B results claim that the surface ob- 
served in the type B cases is the supercon- 

Tunneling spectroscopy, which was crucial by s-wave symmetry for the Cooper pair wave ducting CuOz plane (or that covered by a 
in proving the existence of the Bardeen- function. The s-wave, isotropic in the mo- BaO or St0 monatomic layer). Hence, the 
Cooper-Schrieffer (BCS) mechanism in mentum space, should raise a tunneling spec- spurious current to the nonsuperconducting 
conventional superconductors, has been uum of a well-defined gap structure with a layers that cover the surface, such as the CuO 
limited in its usefulness for studying high finite opening-that is, steep walls and es- chains or the BiO layer, can be avoided. 
transition temperature (T,) superconduc- sentially zero conductance inside the gap. They also speculate that the superconduct- 
tors. This is a consequence of the difficulty Several aspects of the spectra are still ing surface is difficult to image as a result of 
of obtaining an ideal tunneling junction for controversial. (i) The spectrum outside the its higher homogeneous conductance (10). 
these materials, which exhibit ex- 
tremely short coherence lengths 

L 

and nonhomogeneous electronic H-N-K (Y) 

structures (1). Recent improve- -1 
J 

ments in cryogenic scanning tun- : M-A'(Bi),A neling microscopy (STM), how- - 
ever, including operation under > 
controlled atmosphere and prepa- 

I 

ration of a fresh surface in situ at 
cryogenic temperatures (2, 3), 
may change this. This work seems 0 
to be restoring the power of local -100 -50 50 100 -100 -50 0 50 100 
tunneling spectroscopy to dis- v& v (mv) 
criminate among the relative Spectral shapes. Comparison of tunneling spectra for several high-T, superconductors (4-8). The spectra fall 
contributions to superconductiv- ~nto two broad categories: type A (left), with curved slope in the gap region, and type B (right), which are flat and 

low near zero bias. All of the spectra are taken on the basal plane (001) of the layered structure and are shown in 
ity from each of the atomic POsi- units of dlldV(1, current; V, voltage), which correspond directly to the single-particle density of states. (Bi) and (Y) 
tions in the su~erconducting crys- designate results taken on Bi 2212 and YBCO, respectively. H-N-K (Bi) (4), R-F (5), M-0-I(6), M-A (7), and H-N-K 
tal structure. (Y) (8) stand for the initials of the authors. 

Until 1991, tunneling results 
on high-T, materials had been gap is reported to be either V-shaped or flat. Indeed, Murakami et al. (7) caught an 
irreproducible, and there had been little This is a matter of interest because a flat STM image of three terraces of which two 
consensus as to which features of the super- background is expected for a Fermi liquid, were BiO layers with a one step difference 
conducting gap spectrum were important. whereas a V-shaped excitation spectrum has in height; the third one, intermediate in 
As atomic resolution was attained with been discussed in terms of a non-Fermi liq- height and hence unlikely to be a BiO 
STM imaging for vacuum gap conditions uid. (ii) The low-lying excitation spectrum layer, did not give the atomic image. The 
between the STM tip and the sample, the near zero bias is another point of hot argu- type B spectra were obtained on the inter- 
tunneling spectra of the high-Tc supercon- ment. The "type A spectra (left panel of the mediate terrace, whereas type A was ob- 
ductors converged except for the details. figure) are better fit by assuming the pres- tained on the two BiO layers. Therefore, 
Typical superconducting gap spectra ob- ence of a line node in the gap structure in the details of tunneling spectra must be sen- 
served by several groups who have achieved the two-dimensional momentum space, and sitive to the very top structure of the surface 
vacuum gap conditions (4-8) are compared thus indicating either d- or extended s-wave in high-temperature superconductors. 
in the figure. symmetry for the pairing mechanism. On Recent theories have predicted various 

The superconducting gap energy A is in the other hand, the "type B" spectra (right possibilities about the surface nature of a d- 
the extreme strong coupling regime, with panel) instead show flat and low bottoms wave superconductor: (i) the formation of a 
2A/kBTc = 6 to 9, compared with the BCS near zero bias, indicating a finite opening surface s-wave region attributable to surface 
weak coupling value of 3.52. The gap struc- of the superconducting gap and hence sup- reflection of the carriers (1 1,12), (ii) angu- 
ture cannot be fit by the BCS theory or by porting at least a partial contribution from lar dependence of tunneling conductance 
its modified version (9). In particular, the the s-wave. Therefore, one of the two types (1 3), and (iii) a new symmetry and excita- 
slope just inside the gap peak is much less of results must be picking up the tion spectrum of the vortex core structure 
steep than expected. The results therefore nonintrinsic signal. In the former type, the (14). Among those making the further ex- 
indicate the extraordinary nature of the gap atomic arrangement is observable on the perimental efforts along this line, Renner 
structure of the high-Tc superconductors if surface (CuO chain layer for YBCO and and Fischer have succeeded in observing 
analyzed within the framework of BCS BiO layer for Bi2212), whereas in the latter images of vortex lattice for the first time on 
superconductivity, which is characterized type (which are observed much less fre- high-temperature superconductors, demon- 

quently), the spectra are taken on the sur- strating that excitation spectra can be ob- 
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provided by STM spectroscopy. After 
comparing the STM atomic images at vari- 
ous bias voltages on the edge   lane of the 
layer structure, Hasegawa et al. claimed 
that the BiO layer in Bi2212 (16) is 
insulative with gap energy several tens of 
millielectron volts or larger. This finding 
was contrarv to the conclusions indicated 
by the band calculations and photoelec- 
tron spectroscopy. However, the insulative 
nature of the BiO layer has gradually been 
established bv the observation of the S-I-S 
(superconductor-insulator-superconduc- 
tor) type Josephson junction characteris- 
tics in the built-in layer structure ( 1  7) and 
by the most recent electron spectroscopy 
results (18). The CuO chain in YBCO was 
also found by the same method to exhibit a 
much lower density of states near the 
Fermi level (1 9). 

Furthermore. the CuO chain. which was 
once believed tb be the highly 'conductive 
path that gives the conductance anisotropy 

in the basal plane in YBCO, may form a 
charge density wave (CDW) with a wave- 
length several times the bond length of 
CuO (20). Such a wave is suggested by 
comparison of atomic images taken at dif- 
ferent bias voltages, which yield the alter- 
native appearance and disappearance of the 
CuO chain image along the crest and 
trough of a CDW on reversal of the sign of 
the bias voltage. 

Thus, atomic site tunneling spectroscopy 
has emerged as a potential tool with which 
we can obtain excitation spectra of elec- 
trons as a function of atomic location-a 
new concept in solid-state physics. 
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Checkpoints Take the Next Step 
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Treatment of dividing cells with radiation study of mitotic checkpoint pathways in 
causes a pause in the G 2  phase of the cell yeast (3, 4). 
cycle that stops the cell from proceeding The Chkl protein of fission yeast, a pu- 
through mitosis. When the pause is absent, tative kinase, is required for mitotic arrest 
the cells are more sensitive to radiation after DNA damage, but not for mitotic ar- 
(1 ). These observations led to the conceDt rest when DNA svnthesis is inhibited (5). . . 
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progression through the cycle can be 
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cell cycle events such as DNA repli- 
cation. Several checkpoints monitor 
the integrity of the DNA: Radiation 
damage to DNA can delay the start of 
a new cell cycle (GI-S checkpoint), 
DNA damage delays DNA synthesis 
(S phase ~roEFession checkpoint), DNA Checkpoint pathways: a detector, signal, and ef- 
damage delays mitosis (DNA damage fector. The ATM family of proteins is probably part of 
checkpoint), and errors in, or delays the detector of DNA damage that stops cell cycle pro- 

to, DNA synthesis delay mitosis (S.M gression, whereas the Rad53 protein may be part of 

,-heckpoint). M~~~ proteins of the the signal pathways that activate the effectors such as 
Chkl (mitosis) and possibly p53 (G,-S transition). 
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but the corresponding biochemical Walworth and Bemards (3) have now dem- 
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have not been analyzed. Two reports in this response to DNA damage but not when the 
issue have now initiated the biochemical S phase is inhibited by hydroxyurea, thus 

correlating the activation of a checkpoint 
pathway tb a biochemical modification of a 
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system to determine the change in DNA 
structure; a signal pathway to transmit this 
information; and an effector mechanism to 
interact with the cell cycle machinery (see 
the figure). Genetic analysis of chkl mutants 
suggested that Chkl functions as part of the 
effector mechanism, close to the cell cycle 
machinery (5, 6). By examining the phos- 
~horvlation status of Chkl after irradiation 
i r 

of various checkpoint mutants, Walworth 
and Bemards have formallv  laced Chkl , A 

downstream of the majority of the fission 
yeast checkpoint proteins, consistent with 
such a role. 

One of the checkpoint proteins up- 
stream of Chkl is Rad3, a large member of 
the phosphatidylinositol-3' subgroup of ki- 
nases (7). The rad3 protein shares signifi- 
cant amino acid homology with the human 
ATM protein, which is mutated in patients 
with the cancer-prone genetic disorder 
ataxia telangiectasia (8). Cells from pa- 
tients with this disease show a ~ h e n o t ~ p i c  
overlap with rad3 mutants, suggesting func- 
tional as well as structural conservation. 
Succharomyces cerevisiae has two gene prod- 
ucts that are related to the ATM protein: 
Mecl, an essential protein required for the 
mitotic checkpoints and the homolog of 
Schi~osuccharomyces pombe Rad3; and Tell, 
which is involved in telomere mainte- 
nance. Although Tell mutants are not de- 
fective in check~oints. Mecl and Tell 
share some overlapping functions (4, 9). 
Sanchez and co-workers (4) have now 
shown that the RAD53 gene can act as a 
multicopy suppressor of mecl- lethality. 
Rad53 is required for DNA damage check- 
points and for the S phase-mitosis check- 
point, and it is also needed for the transcrip- 
tional response to DNA damage. In their re- 
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