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The practical Hall elements as magnetic sensors by thin film technology
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Abstract

InSb thin films by vaamm deposition, Si-doped InAs thin films

and InAs deep quantum well with lattice matched barrier layers to
InAs by molecular benm epitaxy were applicd to Hall clements

as pactcl magnelic sensors.

§ 1. Introduction

Recently there lave been strong demands for Hall clements in the ficld of clectroni
personal computers with floppy disk drives, aind compact disk read-only memory drives and othier electronic systems. Hall clements
are mainly used for brushicss motors in those cquipmients as magnetic scnsors. Therefore, over 74 million 1nSb high scnsitive Hall
clements by thin film technology are produced and served commercially in 1994. In this paper, practical magnetic sensors made by
InSb thin films by vacuuin deposition and InAs thin films by molecular beam cpilaxy (MBE) including deep quastum well (DQW)

structure would be discussed . The nportance of thin film production technology would be understood in the Geld of magnetic
SENSOrs,

§ 2. High sensitive InSb Hall clements by vacuum deposition
InSb polycrystal thin films grown on mic substrates by vaicuum de
and applicd to fabricate high sensitive Hall clements with nicc chamet
output vollage at room temperature region, ™
InSb thin films are grown on thin micy substrates by using

¢ equipments such as video easscite reoorders,

pasition have high clectron mobility and high sheet resistance
eristics i.c. possible 1o nuass production, small size . stable Hall

vacuum deposition system with mulli-cvaportion sources. The substrmie
temperature is varied 2 steps wise with growing thin film thickness.  Typical propertics of [nSb thin films arc shown in table 1. This

thin film is pecled off from mica substrate . bonded on ferrite substrate and then . processad 10 high sensitive Hall elements with
speciil magnietic amplificition structure where [nSb thin filn is sandwiched betwoen ferrite substrate and ferrite chip as shown in
Figure |. The iypical chameteristics of this Hall element (HW-10 IA) are shown in table 2. These are high sensitivity in magnetic feld
i.e. low power consumption . small offsct voltage and  arge  input resistance. Morcover, il constant vollage driving , this Hall
clements show siable temperiture dependence for Hall output vollage at roomn temperture range . This is not the case for conventional
InSb Hall elements which are made from sliced single crystal of InSb having few olun input resistance. These properties ire good for
application . This Hall clement is now onc of the standard magnetic sensors for DC bnushless motor(Hall motor) controls, 70
millions of this InSb Hall elements were produced in 1994, The only problem of this Hall clerents is large lemperature dependence of
Wseir resistance which restricts e operation temperture rnge near roont temperture caused by namow band gap of nSb.
§ 3. InAs thin film Hall clements by MBE
It was found that the propertics of MBE grown InAs thin film on GaAs substmic doped with Si showed stable tcinperature
propenics and high clectron mobility. The application of this InAs thin 0l to Ml clements reatized practical magnelic sénsors. i ¢
high temperature stibility is superior compeired 10 InSb Hall clements showing possibility 10 drive good at higher tcmperature
execeding 100°C “and also fow temperiture " To fabricate the practical thin fiim fnAs Hall clements. we designed a production
MBE systerm with multi-wafers substrate holder lewing large growth arca {twelve 2 inches disineter wafers for 2 subsumic lolder) .
To obtain thickiiess unifonnity, long distince separmtion between source and substmtes with large incident beun angle is also used..
Ohers are similar 1o ordirary experimental MBE svstemi. Afler i mtlier long installation cfforts, this system worked well .
By using Uus svstem | Sidoped InAs thin Glims were grown on GaAs substrate and this Uin Gl were processed [0 InAs Hall
cleiments by specially developed wafer process. This InAs Hall cletuent is shiown in photograph and their typical propertics (HIZ- 106C)
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§ 4. InAs decp quantum well QW)  Hall Elements by MBE
lnAs DQW having AJ&GnMAQSb..,. O=xy=s1) nsulating barricr layers lattice matched 1o InAs shown in Fig.2 was grown by
MBE. """ Thjs DQW was processed (o Hall elements and packaged using standard tnass production line of Mall eleiments . Typical
Hall output vollage is 250mVALOST- GV which is comparmble to 1nSb Hall clements . Their lemperature dependence and siable
gpcration range is shown in Figure 2. These Ha clements passed (e standard reliability test inchuding 1000hr accelerated Jife (csts for
commercial Hall clements, The experimental MBE Systiem with wafer holder having four 2" Gaas substrates is used for our
experiment (o grow InAs DQW and growth time is about 1 hour. This shows | ugh throughpu for producing InAs DQW,
§ 5. Conclusions
Thin flm lechnologics such as vacuum deposition and MBE are uselul for preduction of InSb, InAs thin s and nAs DQW and
thus for mass production of Hall clements as practical magnetic sensor, These magnetic sensors are recently used nich for brushless
MOIOrs, current sensors and sp o and helps our cloctronic life and opens ncw application arca of nanow bandgap IN—-v
semiconductor thin flms,
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