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Development of Laser SQUID Microscope and Application for Non-contacting

Evaluation of Semiconductor
Masahiro Daibo*0 Toshio Kikuchi**

Abstract: We developed laser SQUID microscope that consists of a high temperature superconductor SQUID

magnetometer and a laser diodes. SQUID detect photogenerated magnetic signals on semiconductors with an

amplitude of several hundred femto-tesla. The relationship between the photogenerated magnetic fields and the

wavelengths of the excitation light was investigated and the minority carrier diffusion length was obtained for p-n

junction structure. The results were found to be in good agreement with those obtained using the probe contacting

method. We also demonstrated grain boundary measurement for poly-crystal silicon. The laser SQUID microscope

can enable a truly non-contacting and contamination free test of equipment with a high special resolution, and can

enable testers to make quantitative evaluations. The laser SQUID method can be used to take immediate measure-

ments without any required pretreatment. These features make this method very advantageous for monitoring the

semiconductor process.

Keywords: SQUID, laser, nondestructive testing, semiconductor, carrier diffusion length
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Fig. 1 Comparison between conventional SQUID and
Laser SQUID Microscope. The minimum spatial resolu-
tion is determined by laser spot size for laser SQUID
microscope.
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Fig. 4 Band diagram of p-n junction and mag-
netic field under the photo illumination.
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Fig. 5 Diagram of a multi-wavelength laser SQUID
microscope. LD: laser diode, SF: single mode fiber, F:
neutral density filter, HM: half mirror, M: mirror, PM:
optical power meter, WL: halogen lamp, OL: objective
lens, XY: ceramic X-Y stage, XY cnt.: XY stage controller,
FG: function generator, DUT: silicon wafer, FLL: Flux
Locked Loop, CCD: Charge-Coupled Device camera, PC:
Personal Computer, SH-1: electromagnetically shielded
room (aluminum), SH-2:magnetically shielded box
(double layer permalloy).
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Table 1. Classification of semiconductor evaluation methods that utilize light or

electron beam.

Excitati .
Methaod TEE an Measurement reguirements
A&y

|Fhatosonductance Decay light conductivity ? terminal
Short—Circuit Currant Dacay light current 2 tarminal
[Open—Circuit Vattage Dacay light currant 2 tarminal
Electron Beam Inducad alactron current 2 terminal,
Current VAL
Light Beam Induced Cuwrant light current 2 terminal
Surface Photovoltage light voltage. capacitance] 1 terminal
L SLUID Mi \ , .
|t';LJEFB;FDDQEﬂ|j ferascone light magnatic fiald no tarminal
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