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Electron Beam Testing Techniques for Dynamic Memory

Masayuki Sato and Shozo Saito

semiconductor Device Engineering Laboratory, Toshiba corporation,

Saiwai-ku, Kawasaki 210, Japan

Newly developed electron beam testing t,echniques for dynamic memory devices are
described. We introduce measuring polnt shlelding technique and optimized beam con-
dition. The local elecLric field effect and shielding effect are evaluated by meas-
urement of test devices and two dimenslonal computer simulation. Then, good accuracy
is achieved for dynamic memory tesbing, Ubilizing these measuring techniques, the
internal timing of a 256k dynamic RAM is measured and compared with circuit simulation
waveforns. Consequently, we obtained useful information for optimizat,ion of the cir-
cuit design of dynamic memory devices.

1. Introduction
Recently, minimum design rules of VLSI memory

devices have been scaled down to 1 - 2um level to
achieve high performance and high bit. density.
Therefore, a conventional measurement technique

using mechanical probes became to be difficult to
measure internal timings of VLSI circuits with
sufficient accuracy, because a parasitic capaci-
tance of a probe itself is usually much larger
than those of internal node and measurement point
is small geometry. To overcome this disadvan-
tage, an electron beam tester has been developed

and experimentally applied for design verification
and failure analysis .1 '2)

This paper describes electron beam testing
technique for a newly developed 256k bit dynamic

?)
memory''.

2. Electron beam tester
Fig. 1 shows the block diagram of the electron

beam tester used for the dynamic memory test-
ing".4) System controller sends control signals
to LSI tester to operate the LSI device

and to control the electron beam.

electrons emitted from LSI device

detected by photomultiplier tube PMT

under test
Secondary

surface are

and stored

for subsequent data processing. A time resolu-
tlon of this system is 1ns. In order to avoid
the electron radiation damage and the surface
charging of devices, we chose the acceleration
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Block diagrarn of the Electron Beam Tes-

of 2kv,

Fig. 1

ter.

voltage

3. Measurement and discussion

3.1 The loca1 electric field effect
There are two serious problems to measure the

internal nodes potential and timings of the
dynamlc RAM accurately. One is the local elec-
trlc field effect which comes from the neighboring

wiring patterns. The other is the electron beam

effect on the internal floating node potential of
the dynamic RAM.

To overcome the flrst problem , we introduced

the shield metal technique , which surrounds the

measuring point. Fig.2 shows the measurlng
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metal pattern layout and the detected signal
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the detected node poten-
shield metal.

waveforms. Pl and P2 are measuring point and a

is the neighboring wiring patterns, which have

influence upon Pl and P2. It shows that the

difference between the detected waveforms at P1

and P2 corresponds to the shield effect.
Now let us consider the quanlitative analysis

of the }ocal electric field effect by measuring

the test device and two dimensional computer simu-

labion. A SEM phobograph and pattern layout of
this test device are shown in Fig. 3(a) and (b),

respectively. In this figure, R is a neighboring

pattern which have influence upon several measur-

ing signal S, and S-P1, P2 and P3 are the measur-

ing polnt by changing the interval of the measur-

ing point of the signal line S and the neighboring

pattern R, respectively. Furthermore, P5, P6 and

PT are changed the shield material to investigate
the difference of the shielding effect.
Flg. 4(a) shows the neighboring pattern signal.
Flg. 4(b) and (c) show the detecbed signal

waveforms at several measuring point S-P1 - P7.

In Fig. 4(b) , The dotted line is the actual sig-
nal of the measuring line S. However, the

detected signal waveforms at S-Pl P4 are

dlsagree with from the actual signal. This proves

that secondary electrons which are emitted at
measuring line S have hlgh sensitivity to elec-

trostatic field which is generated by R.

On the other hand, fig. 4(c) show the detected

signal waveforms at S-P5 P7 which have the

shield metal. An aluminlum (At) and a molybdenum

silicide (MoSir) shield line surround the measur-

ing point P5 and P6, respect'ively. These shield
line are grounded level. It should be noted that
the detected signal waveforms at S-P5 - P7 are

(b)

Fig. 3 The tesbing device for
Iocal electric field effect.
graph; (b) the pattern layout.
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Fig. 4 The detected slgnal waveforms for the
testing device shown in Fig. 3. (a) Waveform
of the neighboring line R; (b) Waveform of the
measuring line S under the local elecbric field
effect of R; (c) Waveform of S with a shleld
line (P5: AI, P6:Moslr).

reduced the effect of the neighboring pattern slg-
naI. Moreover, these data show thab MoSi, shield
Iine has the same shield effect as AI Ilne.

Aluminium



Furthermore, a two dimensional electric field
analysis was performed to study the local electric
field effect and the shielding effect. Fi8. 5

shows a plot of the potential distribution in the

cross section through R and S by using two dimen-

slonal computer simulation. Fig. 5(a) is no

shielding case, and (b) is shielding case. The

secondary electrons emitted at the measuring point

are detected by photomultiplier tube PMT through a

retarding field where R catches the secondary

electrons. The retarding fleld with shield metal

is less than that without shleld metal by 0.2V.

This voltage is relatively large since the maximum

of the energy distribution of secondary electrons

occurs at a few electronvolts. The electric
field potential of various interval case between R

and S was compared with shielding metal caser as

shown in Fig. 6. It is clear that shielding
mebal effect is more effective than the other

various interval case. The calculated results
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Fig. 5 The contour plot of the potential dis-
tribution for (a) without and (b) with the
shield metal. The dotted line is the locus of
secondary electrons.

show reasonably good agreement with the experimen-

tal data, as shown in Fig. 4.

3.2 The electron beam effect
The second problen is the electron beam effect

on the internal ftoating node potential of the
dynamic RAM. The pulsed beam current of 4nA with
2ns pulse width is selected to reduce this effect.
Fig. 7 shows the schematic circuits of memory

ce1ls and a sense amplifier and a timing diagram.

Fig. 8 shows the measured waveforms of the memory

Fig. 6 The contour plot of the electric field
potential for several interval and with shlelil
metal.

Fig. 7 Memory cells and a sense ampllfler with
a timing diagram.
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array. The capacitance value of the floating blt
lines ls 400fF, and the voltage effect of the
electron beam is less than 0.02mV and negligibly
smalI. As shown in this flgure, the bit 1ine
signal can be measured correctly by Lhis condi-
tion.

Utilizlng these measuring techniques with
improved accuracy, the clock simulated waveforms.
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(o) WAVEFORMS MEASURED BY ELECTRON BEAM TESTER
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(b} SIMULATED WAVEFORMS

Fig. 10 Measured and computer slmulated clock
sequences.

Fig. 9 and Fig. 10 show the newly developed Z56k

dynamie RAM and the measured and computer simu-

Iated clock sequences, respectively.

4. Conclusion

Electron beam tesbing techniques for dynamic

memory devices have been successfully developed.

Good accuracy is obtained by introducing shielding
technique and optimized beam conditlon. The

internal timlng analysis utilizlng this electron
beam testing and computer simulation makes it pos-

sible to optimize the circuit design of dynamic

memory LSIr s which contain the complex clock
sequences.
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Fig. 8 Measured waveforms of the memory arraysignals.

1)

2)

Flg. 9 Microphotograph of the 256k dynamic
RAM; chip size is 5.0 x 9.2mm.
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