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Introduction

Emission limits can be significant for various

applications.
Diode applications include but are not excluded to:

= Directed energy systems

—

= High power vacuum systems

%A

= Time-resolved electron microscopy [ & e
=
ANy

= X-ray systems 'S oz
O

P. Zhang, Y. S. Ang, A. L. Garner, A, | oo
Valfells, J. W. Luginsland, and L. K. Ang, |

J. Appl. Phys. 129, 100902 (2021) Tﬁ
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Introduction: Emission Mechanisms

A. L. Garner, 6. Meng, Y. Fu, A. M. Loveless, R. 5.
Brayfield II, and A. M. Darr, J. Appl. Phys. 128,
210903 (2020).

S.A. Lang, A. M. Darr, and A. L. Garner, J. Vac.
Sci. Technol. B39, 062808 (2021).
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Nexus Theo

Electron Emission Single Mechanisms

s Emission Equations

Field Emission Fowler-Nordheim (FN) Jen = AEZexp(—B/E;) Jen = E%exp(—1/E)
Space Charge Limited | Vacuum: Child-Langmuir (CL) 42 2/ 42\ 73/2
Emission ct =\gpz (v3/2) Jeo =\ B
Pressure: Mott-Gurney (MG) 9 V2 9aV?
Jme = gHEoEr o3 Jme = g 53
Thermionic Emission | Richardson-Laue-Dushman (RLD) B b = 1
Jrip = ArLpT“ €xp —m Jrip = T exp T

P.Zhang, Y. S. Ang, A. L. Garner, A. Valfells, J. W. Luginsland, and L. K. Ang, J. Appl. Phys.129, 100902 (2021).
S. A Lang, A. M. Darr, and A. L. Garner, J. Vac. Sci. Technol. B39, 062808 (2021).
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Unification of FE and SCL with

Previous work considered two emission models (FN-CL! and MG-CL2] to derive connections between all three (FE-MG-CL3)

Vg
, P. Zhang, A. Valfells, L. K. Ang, J. W.
d ‘frb . ﬂ . _ Luginsland, and Y. Y. Lau, Appl. Phys. o
First Principles: dx? e’ , Rev. 1, 011304 (2017). E %
dv d¢p ev = Z
m—=e——— O
dt dx__ u
buidling -_d'v + 1dv fon = E2e~VE of |p
Fquations: —dt?  gde’ TN

Nondimensionalizing and enforcing boundary !

conditions gives: 10104 I
Full Solution! _
100 A4 Tr!ple FN =
= _ MG : 7= 0.7
=0 T o o Exact : ¢ = 0.7
W EIe --MG:p=70 |
’e o Exact : 1 = 70
--MG : i = 7000
+ Exact : p = 7000
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Unification of SCLC with Thermlonlc

2 3
2 ae _p |
Poisson’s equation: V<¢ = e . ;z..z--
T=0.03T) £
1 ' y : =i o Full Solution 215
Energy balance: >mv* = e¢ + émvf =ep + %kHT W'y S
Continuity: ] = pv Wt , |
107 B [ 10°
General-Thermal-Field: /;;-(F,T) = Ag . pT*N(n,s) : ‘ _
where Ag,, = (emky)/(2m?h*) L E— 1 s
1 — % 2
N(nl S) ~ E_Snzz E + E—HSZ(H) = 10710+ i{“;}l Solution | §,1.5--
RLD = 1
) 1+ x? N T2 2) 42 o 051
2(n) = 1 — x2 6 x ui'z N 1:)” 10? '
v
s = B (Ex) (Eo — 1) o 3
o Sotud 1 25+
Br(u+ @) =n/mby/(hF) n<1 e g 2
BF = BT n = 1 - o . 1 :“\El?
Br(w) = 2V2mdt(y)/(hF) n>1 e s
? PURDUE School of Nuclear Engineering 107 : : 0
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Unification of FE and SCL with Collisions

» Starting from two'emissionimodels (FN-CL' and MG-CL?) to derive

connections between all three (FE-MG-CL3)

First Principles: d’¢p p dv  d¢ ev .
—=—; = Mm——=e———— Electric e€
) 0
dx* € dt dx  u potential ¢ MApy>
Guiding _ d*U 1dv _ F2.-1/E Current 2
Fquations: J = dt2 + gdt’ Jew = E7e density J ArnBin
Initial Conditions: dv _ . e€)
= — — — — Position x
x(0) =0,v(0) = v,, T (0)=E mAnZBrn
_ S __ _ : €o
() = al(a] — — e /R _ 1 2 o Time t
poeittant, XD Pl[(,u]_ E;)( peTtt —t+ f‘) +Jt?/2] + vt ime ArwBrn
o(t) = a| (@] — E)(e " = 1) +]Jt| + v, Electron | _ €€0
. mobility u mAgpnBen
Boundary Conditions;, = - = _
x(T)=D; ¢(T)=V _ Electric field
_ 5 T T 2 E Brn
. _ v(t) _v(t)
Full Solution! V = + dt : €€y
— Velocity v
2 0 U mAgy
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SCLC with In

CHILD-LANGMUIR
Original Resultant _ 42V 3/2
(7, = 0): Jeo =735z
2
- _ 42732 . v |vg . o zﬁg
Resulltant_whnjectlon JecL = Y +ﬁ o7 +ﬁ+ 27
velocity (v, # 0):
MOTT-GURNEY
Original Resultant T =9ﬁ_vz
MG ™ 8D3

(v = 0):

1/2
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Fiesulltant_w/ Injection GMG = gp3 |\ 2 3272 ' 2 2704V* * 2713V3  3i2V2
velocity (vy # 0):
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Mott-Gurney versus General Mott-Gurne

I — 1§, = 0.001 //'f—
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Relativistic velocity is when the velocity is a significant
fraction of the speed of light. Therefore, the
@ PURDUE School of Nuclear Engineering dimensionless v, must be set below 21996 to avoid the
UNIVERSITY relativistic regime (21996 correlates to 0.1 x 10°% m/s). 5/17/2022 | 9
For reference, v, of 1is 4.5463 x 10° m/s



General Mott-Gurney As
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Consider y = ;, 0 <1
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Nexus Theo

- Correcting
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Results: V vs. D Nexus Phase Plot
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Results: V vs. ¥, Nexus Phase Plot
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Conclusions and Future Work

Summary

* Expanded nexus theory to incorporate nonzero injection
velocity into the SCLC regime

» Demonstrated asymptotic agreement with Fowler-Nordheim
(FN), Mott-Gurney (MG), and Child-Langmuir (CL) in
appropriate regimes

* Future work: Incorporate magnetic field perpendicular to
electric field; consider crossed-field diode and include finding
for general MG with injection velocity as the limit in the case of
magnetic field going to zero.
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THANK YOU!

We welcome you to direct questions to algarner@purdue.edu

? PURDUE School of Nuclear Engineering

UNIVERSITY



mailto:algarner@purdue.edu

Unification of Photo-, Thermionic, and

Nondimensionalization

b =pod;] =Jo) ;x =x%;t = tot; u = Uol; E = EgE;v = vg0; T = T, T
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Electron Emission Regime Connections

Space Charge Limited
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