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The feasibility of combining silicon and magnetic bubble technologies is

demonstrated in this thesis. Our bubble film annealing study indicates that a low

temperature silicon-on-garnet technology is the most likely one to succeed. Long

annealing times (2 3 hrs.) at even moderate temperatures (~850"C) are highly

undesirable; however, very short annealing times (20-600 /~sec) at high temperatures

(~1415’~C) are less likely to have any adverse effect on the bubble film. The uniaxial

magnetic anisotropy energy density (Ku) for some films is not even affected by such a

fast anneal. Annealing ambients are also shown to have a major effect on the magnetic

properties of bubble films.

Functional MOSFETs have been fabricated on bubble films coated with thick (~1

/~m) SiO_~ layers. The two main problems with these silicon-on-garnet MOSFETs are

low electron mobilities and large gate leakage currents. The electron mobility for

unsintered devices is 6+6cm-~/V-S with the gate leakage current being ~0.17/~A at

VDS=0 V and V6s=8 V. These results indicate that the laser recrystallized silicon and

gate oxide (SiO.) layers are contaminated; our data suggests that, part of the

contaminating ions originate in the sputtered oxide spacer layer (this SiO2 layer separates

the silicon film from the bubble film) and part originate in the bubble film it.self. 

diffusion barrier placed between the bubble film and the silicon layer should eliminate

the contamination induced problem. Silicon nitride is one material that may act as a

diffusion barrier in the silicon-on-garnet material system since it has already fulfilled

this function in other material systems. Of course, reducing process temperatures and

times will also lower the levels of process induced contamination. In short, we are

confident that process optimization will lead to much improved silicon-on-garnet

MOSFETs.
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CHAPTER 1

INTRODUCTION

1.1. INTRODUCTION

Recent progress in silicon on insulator (SOI) technology has made it practical 

fabricate silicon devices on substrates other than single crystal silicon. In this thesis,

we explore the practicality of using $0I technology to enhance the performance of

bubble memories, a well established technology for high density memories. Device

quality films formed by laser recrystallization could be used to fabricate magnetic field

sensors on bubble chips. This is a particularly exciting application of silicon on garnet

technology since replacing the magnetoresistive detectors with silicon detectors would

increase the detector output signal without affecting the access time. Placing more

silicon magnetic field sensors on the bubble chip would lower the memory access time;

the output signal for each detector need not be compromised in the process. In fact,

Fry and Hoey demonstrate that a single-crystal multi-drain field-effect

magnetotransistor can have a sensitivity of 0.25V/Kgauss [1]. Lutes, Nussbaum, and

Aadland demonstrate that a single-crystal magnetodiode can have a sensitivity of

50 V/T [2]. This diode is of modest size: 50 /~m long and 20 ~m wide. If as little as

1/100tt~ of the flux of a stretched bubble intercepts the magnetodiode, the output of

this detector is 35 inV. For reference, the output of a magnetoresistive detector’ is in

the millivolt range (1-40mY is typical) [3].

The use of beam recrystallization techniques to fabricate semiconductor devices is

well established experimentally [4, 5, 6, 7]. Laff and Hutchins fabricated n÷-p diodes

in laser’ recrystallized polysilicon supported by silica substrates [8]. Lee et a/.

fabricated thin film MOSFETs in laser recrystallized polysilicon supported by single



crystal silicon substrates coated with silicon nitride (SiaN4) [5]. The work of Lee et

a/. demonstrates that high-quality crystalline silicon films can be grown on amorphous

substrates: a bubble substrate coated with SiO2 (or a silicon wafer coated with SiO_~ or

Si3N4) effectively acts as an amorphous substrate when one tries to grow a crystalline

film on it. The excellent results obtained for MOSFETs are encouraging since Fry’s

magnetotransistor is fabricated using a MOSFET process. In principle then, one should

be able to build magnetotransistors, MOSFETs, and other devices on bubble substrates.

In this thesis, we investigate the electronic properties of beam-recrystallized

silicon-on-garnet films. Such properties can be extracted in a number of well known

ways; we determined important material properties by analyzing MOSFET characteristics.

That is,, MOSFETs were primarily used as characterization tools.

Beam recrystallization is a thin film zone-melting process; it is very similar to the

float-zone crystal growth technique used to grow single crystal silicon. Basically, a heat

source is scanned across the surface of a fine grain polysilicon film. The area

illuminated by the source is melted, and as the source is scanned away, the molten

silicon freezes and hence "recrystallizes". Many workers use an argon ion laser as the

heat source. The laser recrystallization process minimizes the time that the bubble film

is at elevated temperatures. Although a 1/~m thick SiO.~ film separates the polysilicon

layer from the bubble film, this insulating film does not thermally isolate the molten

silicon zone from the bubble film. Some heating of the bubble film therefore occurs.

The brevity of this heating minimizes the undesirable effects of substrate/bubble film

heating.

The justification for beam recrystallization is simple: recrystallized silicon films

have better electrical properties than do fine grain (,,,500A) polysilicon films. Films

with better electrical properties are desirable since better electronic devices can be

fabricated in them. A MOSFET with a higher transconductance (electron mobility) will

have a higher maximum frequency of operation; a MOSFET with a smaller

(absolute value of the threshold voltage) will be inherently more useful since smaller

D.C. voltages are required to properly bias the device. The electron mobility for laser

recrystallized silicon films is typically 170-450 cm-’/V-S or better [9]; fine grain

polysilicon films usually have electron mobilities on the order of 10 cm’~/V-sec [10].

Threshold voltages for MOSFETs fabricated in laser recrystallized silicon are generally

around a few volts (1V is common), while threshold voltages for MOSFETs fabricated

in fine grain poly-Si are on the order of tens of volts (35V is not at all uncommonl.



The high threshold voltages for MOSFETs fabricated in fine grain polysilicon can

be understood by examining the properties of polysilicon films. Polysilicon films are

known to contain a large number of deep defect levels within the forbidden gap

[11, 10]; these defects act as acceptors or donors. Kamins shows that these defects

affect the threshold voltage both theoretically and experimentally [12]. The threshold

voltage is given by

Qi Qd
VT = ¢[~Ms

+ 2~1.
Ci Ci

- - (+)n-channel (+)n-channel

(-)p-channel (-)p-channel

Eqn. (1-I)

where (I~Ms iS the work function difference between the metal and semiconductor, Q~ is

an effective positive charge which models the effects of oxide and surface state charge,
Qa is the depletion region charge, Ci is the gate oxide capacitance per unit area, and tl

is the surface potential required to bend the bands down to the intrinsic condition

[13]. Equation (1-1) can be used for both n and p-type channel devices; the

appropriate signs are indicated below this equation. Kamins demonstrates that donors

and aeceptors at the grain boundary can increase or decrease Qa; this AQo affects Vr
through the Q,,/C~ term.

A large density of defect states at the grain boundaries affects electron transport

between the polysilicon grains: the larger the barrier ~B the lower the electron flux,

and this in turn implies a lower electron mobility (assuming an n-channel enhancement

MOSFET). The potential barrier is given by

kT n

~s- ~n c Eqn. (1-2)

g

where q is the charge of an electron, k is Boltzmann’s constant, T is the absolute

temperature, n is the conduction electron density in the crystallite region, and n is the
c g

conduction electron density at the grain boundary [14]. Equation (1-2) is valid when

the semiconductor is being inverted. The ratio n/n is a function of applied gate
c g

voltage; it will decrease with increased gate voltage when the number of defect states in

the grain boundary regions is much smaller than the number of field-induced electrons.

At some value of gate voltage, t B will decrease to an insignificant value; hence, the

potential barrier .is no longer the dominant factor affecting electron transport between



grains. Lee presents experimental evidence which shows that this model accurately

describes laser recrystallized polysilicon; he also shows that the intercrystalline barrier

-~8 is always significant for fine grain polysilicon. [9]

Although there have been no reports of active semiconductor devices fabricated on

garnet, some authors have studied the effects of laser [15, 16, 17, 18, 19, 20, 21] and

thermal [22, 23, 24, 25, 26, 27, 28, 29] anneals on garnet films. Schultz et al. have

shown that laser annealing a bubble film can increase its saturation magnetization(4riM.) by more than 100% without changing u significantly [ 15]. S imilar r esults were

reported by Herman et ~/. [17]. Suran eta/. have shown that only the topmost

surface layer of a bubble film is converted to the new value of 4~M if the laser
S

power is below a critical value [16]. The mechanism responsible for producing the

change in 4~rM involves a redistribution of magnetic and nonmagnetic ions between the

octahedral and tetrahedral lattice sites [15, 18]. Atado et ol. have given vivid

experimental evidence that laser annealing can reduce K to the point that the preferred

orientation for the magnetization is no longer perpendicular to the plane of the film

[21]. Ando et a/ used films with the composition (YBi)3(FeGa)50~., while Schultz used

films with compositions such as Eu0.0Y2.4Ga~.lsFe3.8.~Ol_~.

Researchers [25, 15, 17, 19, 20]have investigated parts of the process required to

fabricate MOSFETs on bubble substrates. The forenamed investigators were not trying

to fabricate MOSFETs on bubble substrates; they were concerned with more

fundamental issues. For instance, LeCraw et al. [25] have shown that silicon can be

deposited on bubble films and subsequently heated to high temperatures (,,,525°C),

without producing irreversible changes in 4~M. Here we extend LeCraws work by

trying to deposit polysilicon layers at 625"C without changing important magnetic

properties such as 4~rM~, K, and ( (characteristic length). Schultz et a/. [15] and

Herman eta/. [17] have studied how laser annealing affects bubble films; Petek et

al. [18] have shown that bubble films can momentarily withsland temperatures as high

as 1400"C. Here, we extend these laser annealing studies to include bubble films coated

with silicon dioxide and polysilicon layers. Our laser annealing study includes additional

conventional furnace anneals to determine whether or not the laser induced changes (in

4r~M and ~) can be reversed to preanneal values. Results in Chapter 2 show that garnet

films can be sequentially exposed to all the temperature treatments necessary to

fabricate semiconductor devices. Results in Chapter 3 show that MOSFETs of modest

quality can be fabricated on bubble substrates.



CHAPTER 2

ANNEALING OF BUBBLE FILMS

In this chapter, we examine the annealing behavior of magnetic films. The first

section highlights important facts about magnetic films grown on gadolinium gallium

garnets. Measurement techniques are discussed in the following section. These

measurement techniques are used to determine the magnetization and characteristic

length for bubble films used in this work. The third section gives evidence that

annealing ambients affect bubble film properties; moreover, in Section 2.4 we show that

bubble films of different compositions are not equally affected by the ambient in

which polysilicon is deposited. Following this, the high temperature stability of silicon-

on-garnet structures is investigated. The effects of laser and post-laser anneals are

studied in Sections 2.6 and 2.7. The results of this work are then used to point the way

to a realistic silicon on garnet device process.

2.1. BACKGROUND

In useful magnetic bubble films, the magnetization 4,-rM tends to be oriented

perpendicular to the plane of the bubble film. The preference for this orientation is

described by the uniaxial anisotropy parameter K. The magnetization will beperpendicular to the plane of the film if Ku is greater than the demagnetization energy

density 2~rM"~. Magnetostatie energy considerations determine the type of domain

structure that exists in the demagnetized state; Figure 2-1(A) shows the observed domain

structure. Application of a magnetic field will cause domains parallel to it to grow in

size, while those anti-parallel to it will shrink (Fig. 2-1(B)). When the applied field

has increased sufficiently, the anti-parallel domains will become cylindrical (Fig. 2-1(C)).

These domains will exist over a range of bias fields, as dictated by the Thiele stability

criteria [30]. Domains are surrounded by a magnetic transition region, called a domain

wall, which has an associated width
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~ = .(A/K )1/2 Eqn. (2-1)

and energy density

A is the exchange parameter. For the ease of no applied field, the wall energy (integral

of the wall energy density a over the wall area) balances the magnetostatic energy
W

when the thickness h of the bubble film is given by h=~r /4rrM"~. This ratio is a

significant dimension and is called the characteristic length, where

Eqn. (2-3)

Combining Equations (2-2) and (2-3) gives

K = M4 ,~2 ___ Eqn. (2-4)

In the general case, Equation (2-4) is off by at most a constant.

The magnetic properties of magnetic garnet bubble films are strongly related to

the crystal structures of such films. Three different types of interstices are formed by

the host oxygen lattice. The garnet formula is given by

Eqn. (2-5)

<RE> indicates a dodecahedral site, surrounded by 8 oxygens and occupied by a rare

earth ion. Common rare earth substitutions are Sm, Eu, Gd, Tb, Dy, Ho, Y, Er, Tin,

Yb, and Lu. It is the ionic ordering of two or more of these rare earths on the

dodecahedral sites in proportion to ion size differences which establishes the

perpendicular anisotropy in bubble films grown on gadolinium gallium garnets. [Fe]
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Figure 2-I: Magnetic bubble domains in thin films. After Bobeck and Scovil.


