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History: Vacuum tubes, TO-5 cans, DIL/DIP, etc  Shiescale package
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Figure 1: Schematic of 2 SLICC package.

FIGURE 1-12. Cutaway view of a postmolded piastic package in the configuration of 2 dual-line
package (DIP).

1971-2012 courtesy of Joe Fjelstad

A80186 intel.
1980 16054158 1990 2000 %;57

loc 7832

42 million transistors, Pentium 4

2,300 transistors, 4004 up to 108 KHz, 80186 ran at 6 MHz, 16-bit processor, 855,000 transistors, 80386SL ran at ran at 1.5 GHz, 32-bit processor,
4-bit processor, minimum feature size minimum feature size of 3.2 um 20 MHz, 32-bit processor, minimum minimum feature size of 0.18 um
of 10 um feature size of 1 um 1.4 billion transistors, vy

Bridge 3.5GHz, minimum

Ann MUtSChler' feature size of 0.022 um

Blectsonic Paciass | S cue More than Moore: Microsystem Integrationk-> Semiconductor Engineering & Wieeotbonp
reraren NS Heterogeneous Integration (System in a Package S
F’wr.m level pldA: = fni;::ltm:: Mm) g g ( y Systom-in- g ) B

Photodetector/ Plash memory Gallium pack
transimpedance RAM  Microprocessor Waveguide arsenide {SIP)
amplifier laser diode
CMOS/S0C

Saolder

(Single chip Module)
cor ek

~ A} Second level

2 FCB :r Card) ' ......

t‘*k—""tﬁ”t"‘**

NN

Package Substrate or PCB Package Substrate or PCB

Figure by IBM 7 f et

2.5DIC 3DIC



Power Distribution — ‘ .

Signal Distribution

Heat Dissipation

Package Protection

Portland State

() UNIVERSITY

IC packaging was for man years undervalued
Packaging costs now often exceed the Si cost

The increasing importance of IC packaging is now widely
recognized (US CHIPS Act)

IC package is more frequently the limiting factor in
chip/system performance

New and improved IC packaging options and design
approaches continue to evolve to keep pace with market
product demands for greater functionality per unit volume

Wafer level packaging is seeing increased roles

Package engineering is highly interdisciplinary, (electrical,
mechanical, materials, thermal, etc.,) so true packaging
engineers are rare ....... typically retrained from another

discipline, e.g., by graduate research.
Slide courtesy of Joe Fjeldstad

Packaging Issues
Thermal/Thermomechanical

3D Integration (TSVs: Through Si Vias)
Embedded Passives

Figure 1-1. Four Major Functions of the Package.)

+ Mecjmmwj Heterogeneous Integration
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sl Need package reliability assessment:
! lﬂ | 'E : In package development —
i innifi L During .manufaCture Microsystem Technologies
x WV Vol In the field 15(1) (2009) 139-143
|| L | EEf LA i EP reliability issues:
[ 0 Volts Over-voltage
b +V Volts *
. * Over-heating
Figure 3. Triple tracks are used for 1SSl ]
; e = ol corrosion susceptibility studies. The three Thermal dlSSlpa.tIOIl .
b e W resistor aluminum alloy conductor lines are Therm()mechanlcal strain
E - usually of micron width and have a 40 V .
B e drop between lines. Since ICs most often COI‘I‘OSlOn
, operate at 3.3-7 V, the 40 V bias . . . .
g TS e accelerates any corrosion mechanisms. Activate corrective action for fault detection:
cap resistor Some fﬂp!e tracks receive normal IC
passivation, and others are exposed Eg, Power dOWH
directly to the packaging environment.
o ok Continuous Al film tracks  Advantages of DMTF sensors for EP:
connect , with ~10x over-voltage Size
i L .
to accelerate corrosion : .
i 1 ip. The piezoresistive surface-diffused H ngh reSlStance/lOW power
B i o st B e ianions. 4 failure. L.
R e D e s BEOL manufacturability

individual readings from any transistor using a common set of measurement lines.

All-Si sensors Radiation stability
David W. Palmer “Test Structures as a Way to Evaluate (Si-based on-chip sensors are radiation sensitive, e.g.

Packaging Reliability” MRS Bulletin, December 1993, 55-58 Suhling & Jaeger IEEE Sensors Journal 1(1) 2001, 14-30)
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(b) (d) i
o Note coalescence & secondary nucleation
Thermal evaporation in vacuo (sputter deposition as indicated)

Metal on insulator (e.g., Au/glass) (a) Capture distance x, &
Weak adhesion — nm islands & nm gaps o\l o) (b) Secondary nucleation
Well researched 1960's-1970’s \ O .O. x ~ d: Diffusion increases
Electron tunneling with electrostatic charging energy (a) O e " with T (deposition rate)
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AVERAGE THICKNESS (A)
FIG. 1. Dependence of island size, », and interisland separa-
tion, d, upon average thickness for Au films. Relationships are
presented for deposition rates of 0.5 and 5.0 ﬁ/sec.

Note gaps d approximately constant over the range of interest:

capture distance
Is r measured for coalesced or secondary nucleation islands?

Portland State

UNIVERSITY

Thermally-activated
conduction
0=0,exp-0E/KT

v}

CONDUCTANCE

THICKMESS - 40 A

0E~0.03—0.3eV

i — - —> ~ J]-eVl L L i 1

4 6 8 10 12
10T (°K™)

FIG. 4. Ultrathin Au film conductance dependence upon inverse

temperature for films of various thicknesses grown with base
pressure 10°!® Torr and 0,5 A/sec deposition rate,




N_ islands, N charged (Boltzmann distribution)
For islands of radius r and gaps s: 0E=(q’/47e)(r™ —(r+s) N~(Q2r+s)gF for electric field F<(q/4me (r+s)~
and at higher fields  SE=(q° /4re)r™ +(r/s)2r+s)qF —(q° / 4xes) 2((2r + s)qF)

1.07

0.1

0.01

islands? (K&R) &

(Compare Schottky Effect)

6E (eV) Morris J and Coutts T 1977

Thin Solid Films 47 3

r for coalesced /

&

For low field:
Ok = (1/41re)(1/r — 1/(r+s))

£=10

1/r = 1/(r+s)

0.1 1.0 nm-!

N = N, exp(—AE /kT)
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Neugebauer & Webb,
J. Appl. Phys 1962

KEY POINT: Conduction is by tunneling from
the (small) number of charged islands

Fan Wu, PhD dissertation, SUNY-Binghamton, 2004

0.35 y=T.2200x ¥ 0.0028,
0.3 R? = 0.9808
0251 gputtered Al films
‘l-l-lg 0.2 -
20.15
01 81. _ 1.44
0.05 -
O T T T T T
0 0.05 0.1 0.15 0.2 0.25 0.3
1/rAl(r+s)

Electron tunneling term (N&W)
6o = M4mm@g?/h3B).(xBkT/sinnBKT).exp-Ad”
where B=12A¢"2, A=4rs(2m)”2/h, . constant
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- Experimental Reéistance
Doesn’t scale with film length
Orders of magnitude less than theoretical

- Expected bias effect not observed — Bias voltage ~10volts should swamp the
_ _ Boltzmann distribution of charge in the
 RC capacitance too high (>> '2q%/6E) — film and modulate the film conductance.

In practice, negligible effects observed.
« Switching effects (see later) P glig

« Asymmetrical island structures at electrodes
Nonlinear field along film

Diode effect (polarity dependent resistance) P
Contact
AC model: (R,||C,)+R.+(R,||C,)
Pseudo-inductance & apparent resonance - \ ,T -
(next slides) _ ReC T
) ) ] . . For a square film, the film R,,C, should
Conclusion: Points to carrier injection at contacts equal the “cell” R, C, for the classical model
Morris J 1976 Thin Solid Films 36 29; From Bode Plot corner frequency: w;=5rad/s, R,=101°Q & C,=20pF
Morris J and Coutts T 1977 Thin Solid Films 47 3 but from 3E=0.86eV=qg%/2C, C,=10"1F
Morris J.E. 2022 Nano Express 3 014002 20pF/10-19F = 2x108 ~ number of islands along the contacts

doi:10.1088/2632-959X/ac550c & Ry,=2x1018Q for a single gap at the contact



“Diode” Effect with asymmetrical
inhomogeneous_. contacts

F

2 / (a)

e _:_:1;-_-“___ T o TR
g l v’ +ve end
-1 & wider
aps
(Borziak et al, Thin Solid Films 36 (1976) 21-24) 9P
(B)

Wider
gaps

Fig. 9 Potential distribution in an Au particle film of asym-

metrical inhomogeneous structure on a glass substrate contacted 2 voltage of U = —3 V was applied to electrode B (a) and A
by electrodes A and B. Curve I corresponds to the measurement (b) (Nepijko 1976) L:l'

without applying voltage to the film, i.e., at U = 0 V. For curve ==
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shadow effect to create asymmetry

OFFSET L in.

40nm 1 SUBSTRATE
CONTACTS

1 —_— -~
1/8 in. FILM

I H=6 in.
(a) \L SOURCE

3

LOG1° ADMITTANCE (S)
Film 20B L=1

® Experimental
s Circuit Model

_9 - T - o
(b) 2

100 MQ 230 MQ2
3.3M

4
LOGHJFREQUENCY](HZ)

Equivalent circuit

1.07pF 10pF

"] mzywe  Cole-Cole (Nyquist) plot

Offset deposition source; contact Pseudo-Inductance at greater as';}mmetry; apparent resonance
Current grows as charges injected at the contacts

LOG , ADMITTANCE (S)

depositions

m Film 22A L=3
-104 e Film 22B L=4
4 Film 22C L=5

40-l PHASE®
391Inductive 22A turns to
191 resistive

1 2 3 4
LOG1OFREQUENCY(HU

J.E. Morris, Thin Solid Films 193/194 (1990) 110-116

J.E. Morris 2022 Nano Express 3 (2022) 014002
doi:10.1088/2632-959X/ac550c

{1-0.5 TL-R
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Applied voltage

N
Charge @ 7
generation
(increases +
system energy 0 0
— OE)
(1) Electron injection (i1) Charge separation into (ii1) Hole injection at
at electrode electron & hole electrode
(b) Charge separation is the only process modeled in the “classical” model
Charge __ i
recombination
(decreases Kl ]
SYSte m (1) Hole extraction (i1) Electron-Hole (ii1) Electron extraction
energ y) at electrode recombination at electrode
(c) + -
Charge +
transport i il
(no change in
<« >
system (ii) hole (i) electron
energy) F. Wu & J.E. Morris, Thin Solid Films 317 (1998) 178-182

Note: “Hole” refers to a positively charged island.
Note: Contact effects also extensively discussed in Dryer, Goer & Speiser and Goer, Dryer & Speiser, JVST 1973/1974.
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Potential Distribution
F. Wu & J.E. Morris, Thin Solid Films 317 (1998) 178-182

1.2e4 ]
Linear voltage scale Case A
1.0e4 40.1mV (as shown)
/ +V at RH contact
8.0e-5 /
= Central column—>/ | _ _
S 6.0e5 - Center columns av 25/ | Higher field at the
s e positive contact due
. Towards film & S Outer 2 ,96{1 ns —! to a higher barrier
Smaller islands, larger gaps near contacts - Il for positive charge
(Fan Wu, PhD dissertation, SUNY-Binghamton, 2004) 2.0e-5 - /1 injection, despite
[possibly due to contact heating during film deposition A/ the | ' £ i
(R.M. Hill) or unidirectional atomic capture.] —> _ M_W__wc::__._ﬁc::i € larger tunne _Ing
0.0e+0 - e gap at the negative
LH OV RH +V Contact

+
DMTF Model . | | I |
- Oe+0 1e-7 2e-7 3e-7 4e7 5e-7 6e7 Te-7
- X (m)
- -
' .

100 x 100 islands on a 6nm grid Ayerags Poterial

— — Potential Along Column 2

3nm diameters & 3nm gaps except at left hand === PESHAATgIE ol 20 _
H e ) .
contact row: 1nm diameter & 5nm gap : Next slide: log scales




Input step transient
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Current grows as the carrier

density (charged islands) grows

from the initial Boltzmann
distribution to equilibrium with
carrier injection at contacts.

18
neg
at
+ve
end

Equilibrium carrier concentrations

and field distributions shown at

right.

A0 ,.h:-'-'

100 1200 |

|4DD
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M
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--h Pogitive
—+-Negative

(c)
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(a)
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Diqge effect
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voltage scales
Current (nAj)

50k
(ComparePorziak)

1
I

1
Voltage (M se A
i n

UNIVERSITY

[Number of charged islands

16
-4 Positive
[14 —v- Negative
12 (c)
110
|ﬁ 5 pos at
6 +ve end
4
2

F. Wu & J.E. Morris, Thin Solid Films 317 (1998) 178-182
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,‘/ / °\_ﬂ
e 60 -
*
q #6,#7 deposited on soda-lime
55 at amblent temperature
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I Post-deposition
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P
p Logg Logo R | R(T)=R, exp (SE/LT)
LT et T0-T AT G0
N R(N=R.. exp [(SEIKT )1 +(ATITo) exp—(t/7) ]
ol \,\ .\u\ log:o[(6E[2.3kT )log,,(R(D/R ) 1—1]=log,(AT|/T,)—t/2.3
\ " ° J.E. Morris Vacuum 22 (1972) 153-155
SRR
10 \o \nk ) <R L. Kepinski & W. Romanowski
Nz o oo e e O
-5 v, W depcsi‘led at 200:C B e W
v\ :g,w’ gﬁﬁ?:ffo C:mll:v?::afcwith heater off %o ",‘Wm :::“’
20 r\\W . ’ Time (sec) SO ',"
0 50 ©0 150 200

Figure 1. Substrate temperature variation for deposition of SiO, Figure 3. Variation of discontinuous film resistances with time after Figure 4. Verification of thzory for discontinuous films.

'0910(R’R1)

-3
m=rest mass
#=lev

deposition.

« Thermal decay
 Coalescence
« DMTF R(t) model
« adatom collection
« surface self-diffusion
 Oblate —— spherical

J.E. Morris Thin Solid Films 28 (1972) L21-L.23

105
. S. El-Gamal J. Mater. Sci: Mater.
104- Electron. (2013)
% 103 oo ¥
; -/;/— - ———— 908
S 102! Vs
v
—u—film A
] O |-o—fim B
¥ Coalescence? |'=amg
10.0 -

0 2 4 6 510 12 14 16 13 202224

Time (h)

Fig. 3 Loy (resistance) versus time for discontinuous silver films

10




Future résearch & commercial applicafions need
uniform, reproducible & stable DMTF structures

Thermal evaporation — sputter deposition

AFM images showing growth sequence of discontinuous Al films deposited at 773K.

Probably more reproducible & stable (industry-standard technique)
Fan Wu, PhD dissertation, SUNY-Binghamton, 2004

2. AFM deposition, oxidation & nanoimprinting, etc
3. Self-assembly of colloidal nanoparticles

A major advantage of DMTF sensors over Si etc is radiation stability
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Atomic Force Microscope (AFM) controlled T

(a) AFM deposition of Cr for nucleation sites & island adhesion
i PULSED DEPOSIT Cr ADHESION LAYER + Au
Z-AXIS

L1 X-Y
™ RASTER
AFM SCAN

—_— =
& éd

Capture zones for mobile Au

- d <[V/Vcrit-1]t/ er

(b) Define nucleation sites by AFM Si oxidation & SiO, etch
Servat et al, J.Vac.Sci. Technol.A (1996); Perez-Murano et al, J.Appl.Phys. (1995)

AFM oxidizes Si substrate at intended nucleation sites. Oxidation
consumes SI below Si surface. HF dissolves SiO,, leaving pits
behind. Must reoxidize Si surface before or after DMTF deposition.

Not viable for large areas (raster scan but each NP site individually ez &= ™

processed) unless to define a nanoimprinting template or similar.
(a) & (b) both demonstrated in principle, but site separation difficult '
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Fabrication of free-standing Au NP films (Gauvin M et al 2016 Nanoscale 8 11363 & 16162)

@) aune  ©® Colloidal NPs coated with monolayer polymer
; colaldal .> ’) ) . (Habibullah et al, Nanoscale Res Lett (2021) .... Review)

uspension

Ethylene b Nanoparticle (NP) sizes:
?gé? « Small enough for dE?

* More uniform than vacuum deposited
« Known distributions

Nanoparticle gaps:

(m—

4 ﬂ « Controlled by molecular polymer coating thicknesss
@) Au evaporation () « Nano (molecular) scale for tunneling
Freestanding Au NP « Very uniform

membrane Such films show o=0,exp-0E/KT properties

. L+
— o 5;;-4”',;.,1: <—Possible 3D metal polymer
nf;iﬂml ~n ‘*",; ’::J H/T,} nanocomposite with asymmetrical
Jl % H contacts, e.g. for via fill.
! EESERENY
" - 5] M: = ”’-;, Or deposit NP film & protective
G 5. J layer; dissolve substrate to capture
Electrode . nanoparticles (NPs)
Cross-section —_—




CONDUCTANCE

THICKMNESS = 404

— L A

xlt 3 l IIO II2
1300K o ekl 77K
FIG. 4, Ultrathin Au film conductance dependence upon inverse

temperature for films of various thicknesses grown with base
pressure 107" Torr and 0,5 A/sec deposition rate,

'8R.2 | A cermet form for stability

Fig. 5 Resistivity the thermoresistor produced by thermal
diffusion of the Fe—Co alloy into glass as a function of
temperature. Inset schematic cross-section of the thermoresis-

tor based on a matrix consisting of submicron particles of a +_|
Fe—Co alloy diffused into a dielectric (/ sensitive layer, 2 Ag U _—_

contacts, 3 protective glass film) (Borziak et al. 1994)

The obvious application is for
temperature measurement.
For T = 300K to 200°C gives
just under a 10x decrease in R

P.G. Borziak et al Int. J. Electronics 77, (1994) 347-349
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The most likely application
is the use of simultaneously
deposited resistors (for
matched characteristics)
for thermal compensation
of other DMTF sensors, e.g.
in @ Wheatstone bridge.

Copyright ©

Ry = _(Rz/R1)R3
at balance, i.e. for i e, = 0
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« Monitor package thermomechanical stress effects

e Electron tunneling: o, = const. x exp-4nd(2m ®)*2

» Gauge factor G = (AR/R)/(AL/L)
=(2m®)”?(4ntd/h), if 6E constant

« High gauge factors, approx. linear with gap width at
low strain
* But OF not constant

 Varies with degree of island adhesion to substrate
and island eccentricity

« Explanation of decreasing resistance at high strains
- » Suggests decreasing OE with high strain

Fig. 9. The dependence strale
h‘u.i?mld.tan.;:‘:;h sensitiviy y on mﬂ!'ﬁ!lh“hl.ﬂﬂmu

Gauge factor versus island gap separation

, Strain effects support electron tunneling model
B.T. Boiko et al, Sov. Phys.-Doklady 17 (1972) 395
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(b 1e10  Cg (F)

2nm
w0} _ a1 b
. J = 140 1 . 9E-11
« ¥/ =115 - 120F ' BE11 | — A2
S A S5E = q2/2C
x w00k TE-11 }
« / = 60 "
s s & Nm a 6E-11 |
d:n a0 -
< 2 511
sl . PLLL =
* 4E-11 F
wor . > o * Saen |
201 /. ; 26-11 s
Compressive strain Tensile strain ; % 4
. L BN T 5/ i e s S B T
. € (X107 ; . ; ; ;
Fig. 8 The change in the resistance of discontinuous silver films o e 00008 ° po0s i i
versus strain (g) for the films A, B and C ' ol ’
* F . - n [ n
. . _ +
Res|stance versus Stra|n ol 6E Increases Wlth Ve Straln
g +*
Table 1 The values of gauge factor v as a function of d,, o
dy (A) Gauge factor ol Gauge factorsi< 140
6 243
12 168 -120f
18 148 ol

S. El_Gamal’ J. Mater. Sci: Mater. Electron. Figure 4 Response of stabilized island Mn films to longitudinal

2013) DOI 10.1007/s10854-013-1403- strain. :
( ) DO /s 8 t A.G. Bishay et al J. Mater. Sci: Mater. Electron. (2006) 17: 489-496
DOI 10.1007/s/10854-006-8223-3.



4Log, < (¥/n)
O
Film A: Compressional test:-
unstressed +
stressed ©
Film B: Extensional test:-
unstressed X
-7E N ¢ stressed O

OE decreases \ \

20

+
with +ve strain ~\
. , . , 1/T (°K™)
2. 22 23 24 25 (xI07)
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q JE° p I . o o
Eccentricities
=1
Cross-hatched areos:- %:3
No adhesion 95
£=0.1 {upper boundary) gt g
~ to 09 (lower boundary) ;
3 F A7
With adhesion =
— p=9
-—-—p=5 e
....... p=.|
L {4 p=d/(er+d) .-

[ @]

22 e =5,y OE decreases with positive strain
= T — : F5g0%  for island-substrate adhesion
R P and high eccentricity, i.e. island

stretches with applied strain as
29 well as the tunneling gap

J.E. Morris, Thin Solid Films 11 p.259-272 (1972)

——
——
—

DMTTF strain effects: theoretical OE variation & experiment
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| =Vgate)=05V| I3 contacts for RT
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R, R, — J14E10 operation.
o o e J.E. Morris, F. Wu, C. Radehaus,
G| Gy § v il M.Hietschold, A. Henning,
—_— § ! 4 K. Hofmann, & A .Kiesow,
- 7t Internat. Confer. Solid State &
Isl C . D g 1 2E10 Integrated Circuit Technology
- - 5 : (ICSICT), Beijing, (2004) 634-639.
I| ON OFF | 4E-10
Vo=l ,
-&FE + B6E-10 Vns
Wldth 38 nm | o/ T
/ dE  qV -8E-10 U
FEhm Dram voItage cq
For T > 0 K and qV < 6E the current increases with T, like a DMTF. 1 :
SETs can be operated as voltage controlled current switches (VCCS), o
i.e. as sensors or actuators. !
| I
For RT SET operation need a sufficiently small island fs\

(OE >> KT) or an island chain. For an island chain, Figure 1. A series chain of n nanoparticles (CBs) has
asymmetrical contact effects could be interesting! — capacitance C, = C/n and 0E = n oE.
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absorbate in the tunneling gaps. time

Film formed by applying high voltage to a highly aggregated DMTF;

B.V. Alekseenko, R.D. Fedorovich & P.M. Tomchuk breakdown at the positive contact creates the asymmetric film

Mater. Sci. (1987) 13:161-166
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Fan Wu, PhD dissertation, SUNY-Binghamton, 2004
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Borziak et al, Thin Solid Films 36 (1976) 21-24
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200 1MS2 . S0kQ S.A. Nepijko et al J. Nanopart. Res. (2011)13:6263-6281
0 ee0000® Fig. 8 Top schematic drawing of the experimental set-up: /
e eat insulator substrate, 2 metal bulk contacts, 3 metal film with
0.0015 .o_n'om o_oims n_g:m 0.0:305 o_o;m 0.0015 anisotropic particle size distribution. Bottom diode-like cur-
Voltage (volt) rent—voltage characteristic in an Au film on glass substrate with

F. Wu & J.E. Morris, Thin Solid Films 317 (1998) 178-182  monotonic varying nanoparticle size (from 3 to 20 nm) along
Figure 36. Simulated diode effect: V>0 Case A, V<0 Case B the current path (Dyukov et al. 1977; Nepijko 1976)
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Equivalent circuits include +ve/-ve contact potential distributions as directed by ideal diodes.
C & G increase, "L" & R decrease for parallel cermet structures.
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 |ntroduction

Conclusion
— Electronics Packaging & Discontinuous Metal Thin Films (DMTFs)
— Classical and Contact Conduction Models Think of a discontinuous metal
— Fabrication, Reproducibilty & Stability film as a 2D metal/air cermet

 DMTF Applications in Electronics Packaging (EP)

All phenomena described here
— Thermal & Strain Sensors

should exist in 3D

— Hydrogen sensing (and other gases) metal/insulator composites
— Single electron transistors (SETs) & Switching
— Rectification & Filtering Q&A by email
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Islands are characterized as oblate
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Figure 14. Viewing DMTF islands from the side [48]
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OE = g4/C
= (g?/4neR)(2/e)[sin"te-sin"t(e(1-p)/(1+p))]/(1-p)-qREa
for E,<E,min = (q%/4n€R)4p(1+p)1[(1+p)>-€%(1-p)2]™%,
where p = d/R, R = 2r+s, and
0E=(qg%/4neR)(2/e)[sinle-sin"1(e(1-p)R/((1-p)R+2x))]/(1-p)-qEax/p
for Eamin<Ea<Eamax=(q2/4n€R)4p(1'p)'2(1'e2)_1/21
where x=12Re(1-p){[([{2gp/neEa(1-p)2R2e2}2+1]"2+1)/2]">-e1}
and OE = 0 atE, = E_ .«

- 2r+s =

— 2r - g i 2r -

© = 136° for Au on glass,
by calculation using bulk
properties and by TEM.

Figure 13. Oblate spheroid geometry [30, 44].
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