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B.I[.R.D. model

Breakdown Induced by Rupture of Dielectric layer 1
)

This is a three-step process
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Fowler-Nordheim
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DARK CURRENT ©®

Fowler-Nordheim

Geometrical amplification factor

I h = 144m -
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Fowler-Nordheim

Geometrical amplification factor
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Fowler-Nordheim .

Geometrical amplification factor [ | i

= 15.69

g= 10
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A =61.79
Fowler-Nordheim 3= 1000

Geometrical amplification factor
-7

B = 1000
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Fowler-Nordheim

Geometrical amplification factor

. h = 54.98m

E. Spada MevArc 2017 Jerusalem , Israel



DARK CURRENT ©®

Fowler-Nordheim + geometrical amplification
_ Kk
Ey = BEy I = Ak,(BE,) FEo
n-n (4) Molybdenum
1500“ T : i
h(mm) | B | A(m?) z - ’%‘ f
0.50 | 46 | 4.0E-17 S 100 rpiade p1ie
0.75 | 52 | 1.2E-16 g - Bl
1.00 | 58 | 1.9E-16 £ 00| 1
125 | 62 | 1.9E-16 a -
i i e;lu © 50 R [ . 8T T 7

=) Field gradient [MV/m]

F. Furuta et al. [/ Nuclear Instrumenis and Methods in Physics Research A 538 (2005) 3344
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Fowler-Nordheim

+ different amplification mechanisms
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Fowler-Nordheim law

« Fits well all experimental data (for given 3 and A)

« Too high B-value and (often) unreliable emitting surfaces

« Dependence of § and A from the electrode gap

Fowler-Nordheim-like law

« Different amplification mechanism must be considered

* ky and k, differ from F.N. constants
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« Breakdown is usually interrupted by externally circuitry

« Breakdown changes the microscopic surfaces

« Breakdown Voltage is a function of distance

TOTAL VOLTAGE EFFECT Vgp~h®
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High Voltage Holding

CURRENT-CONDITIONING

"HVPTF Electric Current (ma) at cattfode (Biue) - at anode (R

Sphere-Plane configuration — gap=30mm
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High Voltage Holding

CURRENT CONDITIONING (cleaned electrodes)
T RPTE Electric CUrrent (ma) - at cathode (Bluj at anode (Red) R 1702091330

: “oltage (k) - at cathode (Blue) - at a{nude (Red)

Sphere-Plane configuration — gap=30mm
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High Voltage Holding

CURRENT CONDITIONING (cleaned electrodes)
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High Voltage Holding

CURRENT-CONDITIONING

* |nvolves Current and Pressure Peaks

« Depends on the surface treatment

CLUMP MODEL (Detachment of material)

Journal of Applied Physics 23, 518 (1952)

The Initiation of Electrical Breakdown in Vacuum
Lawrence Cranberg

II. PROPOSED HYPOTHESIS AND SUPPORTING DATA

A hypothesis is proposed herein, the implications of
which are briefly elaborated, and a summary of perti-
nent evidence is presented. The hypothesis is that the
initiation of breakdown is due to detachment by elec-
trostatic repulsion of a clump of material loosely adher-
ing to one electrode, but in electrical contact with it;
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High Voltage Holding

CURRENT-CONDITIONING

* Involves current and Pressure Peaks
« Depends on the surface treatment
CLUMP MODEL (Detachment of material)

* |t seems to be a good answer to experimental observation

» |t also gives a good answer to the Total Voltage Effect of
Breakdown Phenomena

CLUMP MODEL TAKES INTO ACCOUNT THE ENERGY
GAINED BY CHARGE PARTICLES THROUGH THE GAP
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1. Dark current seems to be a quantum-tunneling-effect,
gualitatively described by Fowler-Nordheim law

2. Current (and pressure) random bursts are due to
detachment of clumps from electrode surfaces

3. Breakdown could be thought as a particular intense
burst that starts an avalanche-like

In the Fowler-Nordheim, Cramberg-Slivkov frameworks, the
main unsolved problems are

1. B and A unrealistic experimental values and their
dependence on the gap.

2. Continuous presence of clumps
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B.I.LR.D. model

(Breakdown Induced by Rupture of Dielectric layer)

E, =Vacuum electric Field

E = Electric Field inside the dielectric layer
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B.I.LR.D. model

(Breakdown Induced by Rupture of Dielectric layer)

E, =Vacuum electric Field  E = Electric Field inside the dielectric layer
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B.I.LR.D. model

(Breakdown Induced by Rupture of Dielectric layer)

E, =Vacuum electric Field  E = Electric Field inside the dielectric layer
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(Breakdown Induced by Rupture of Dielectric layer)

E, =Vacuum electric Field  E = Electric Field inside the dielectric layer
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This equation has to be coupled with
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(Breakdown Induced by Rupture of Dielectric layer)

E, =Vacuum electric Field
E = Electric Field inside the dielectric layer
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A model for J, is needed.

It depends on
« charge density o' = €y(Ey — E)

- average electric field E at surface
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(Breakdown Induced by Rupture of Dielectric layer)

E, =Vacuum electric Field
E = Electric Field inside the dielectric layer

[ dE, Vo —hoEo — hE
<g° dt RS Je
dE Vo — hoEy — hE
T RS
A model for J, is needed.
— _ E,+E
Je~(Eq — E)(E — Eg) E = 02
E,+E _
Je = k(EO - E)( 5 — Ed> k=0 for E<E,
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(Breakdown Induced by Rupture of Dielectric layer)

E, =Vacuum electric Field
E = Electric Field inside the dielectric layer
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F.N.—-like current
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B.I.LR.D. model

+
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(Breakdown Induced by Rupture of Dielectric layer)

E, =Vacuum electric Field
E = Electric Field inside the dielectric layer

NUMERICAL SOLUTIONS

T T

Dielectric-Rupture
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Y=90. k=2 x1072lAw?2 h 0= 012 m
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Rupture Time: Time needed for a burst to happen is given by:

E.E 1 e —1)E
= 2 26 <E,<6E,,

2k E,—Eygy (gr +1)E0 —2¢.Egy g +1 ™ rode

_ ~ Vi 2

EO — i]ﬁ Vmax = gl’ Ed ho ﬁsup - vV ﬂinf _mﬂsup

0

gh g’ (e, -1)B

= i In $ < A<

T(ﬂ) ( 2k jv(‘grﬂ_ﬁsup) (gr +1)(ﬁ_ﬂinf) 'Bmf '8 'BSUp

E. Spada MevArc 2017 Jerusalem , Israel



B.I.R.D. model ®

CONSORZIO RFX
Ricerca Formazione Innovazione

Rupture Time: Time needed for a burst to happen is given by:
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Each voltage V explores a given range of 3 values

Bsup
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How can you verify BIRD model?

Frages JIILL | |
K
Overlapping consecutive ranges Delay Time 7o

_&¢&, (8, +]) 1 In (e, —1)x
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V., 2
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DELAY TIME

B—eg=1.01
C—eg=1.03
D—eg=1.05
E—gg=1.07
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342 TEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 46, NO. 2, FEBRUARY 1999

Impact of Time Dependent Dielectric Breakdown
and Stress-Induced Leakage Current on the
Reliability of High Dielectric Constant (Ba, Sr)TiOg
Thin-Film Capacitors for Gbit-Scale DRAM’s

" BST50nm ]

Leakage Current (A/cm’)

10 F
E x=1.05
Shintaro Yamamichi, Akiko Yamamichi, Donggun Park, 1) S ST Y EENPUP RPN
Tsu-Jae King, Member, IEEE, and Chenming Hu, Fellow, IEEE 1 10 100 1000
Time (sec)

Fig. 2. Leakage current versus time at high stress voltage for 50-nm BST
films. Hard breakdown is observed for each voltage.

10

Qualitatively reproduced
by (modified) B.I.R.D. model
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h= 5.x10%mh0= 2510 0w
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Thank you for the attention
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