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Physical constants

19

Charge on the electron Qe = 1.602:10 ~-C
Charge/mass ratio of the electron M= 1.759- 1011-C-kg_ !
2
Rest energy of the electron VR = % VR =510.947kV
23 -1

Boltzmann's constant k:=1.3810 -JK
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Plane parallel space-charge limited diode with no initial velocity (Section 5.4)

Normalised voltage U= v
VR
_Ja
Normalised position X = X
280'C'VR

Non-relativistic
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Relativistic

X2(U) = %J
0

Relativistic series expansion

X3(U) = (U2 + 2~U) 4~(§-U s Lg%,
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Equation 5.57
Equation 5.58

Equation 5.63

Equation 5.60

| Equation 5.62 (Three terms)|

Note that there is an error in the last term in Equation 5.62 in the book. The correct equation is
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2. Planar diode with thermal velocities (Section 5.3)

Normalised position where V;is the volt equivalent of the cathode temperature

Normalised voltage U=— Note that the symbol u used in the book is represented here by U.
Vr
3
Without thermal velocities Xo(U) = E.U4 Equation 5.51
3
Between the potential minimum and the anode (Section 5.3.1) Between the cathode and the potential minimum (Section 5.3.2)

(d—UJZ :Z\E-[exp(U)—l—exp(U)P(\/ﬁ)+i\/ﬁ} (d—UJZ :2\/;-[exp(U)—1+exp(U)P(\/ﬁ)—i\/ﬁ}

dX Jr dX Jr
Equation 5.37 Equation 5.48
The function P(x) can be computed using a Mathcad built-in function. P(x) := 2.pnorm(x,o,\/o_5) -1

Define the functions appearing onthe right-hand sides of these equations. Alternative definitions are needed for large values of U to avoid floating
point overflows caused by the exponential functions

E|(U):= |E« Jexp(U)~(1 - pU)) + é\/ﬁ ~1 if U<50 E,(U):= |E« Jexp(U) — 1 + exp(U)-PT) - ﬁ\/ﬁ if U<50
E herwi
E « i\/I_J —1 otherwise o0 offierwise
NES return E
return E
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Integrating the equations

X (U) =

T Y0

U:=10,0.1..36

U
J E{(U) Lau X5(U) =
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Calculation of the current-voltage characteristics of a diode with thermal velocities

kT
Specify the cathode temperature T := 1300-K V= _k Vp=0.112V
e
. . - . Ta \"
Find the potential at the minimum relative to the cathode when Jy = —and U= —
Js Vr
J Equation 5.53 = =
V =V In| L Up(3g) = In
m T J
J, f 5
Find the normalising constant for distance 4
3
Equation 5.31 Um(Jf)
- 2
1
Find the distance of the minimum from the cathode as function of J; and J
0
0 0.2 0.4 0.6 0.8
_ Xa(Unftr) J
XZ(Jf’Js) A, f
2( f: s)

Find the normalised distance between the minimum and the anode

Xina(Yg:Js:d) = Co(Jg.Ig)-d = Xo(Upy(3¢))
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A
Jp = 0.01,0.02.. 1 Jg=01l— Jo=10——  Jgy=10—

1000
Find the normalised potential difference between the cathode and the anode
100 Un(Vg:dg0d) = U0

z | - (1) 1 Xl 3]
2 Tl U, < |rooff ——— - 1,U|-U_[(J¢) if X _(J¢,] >0
= -~ ak > m{“f mal“f’’s’
S L e Xma(Jf’Js’d)
.8 — - .
= 10 — ln(Jf) otherwise
~ T
S Uak

I— Js=0.1 A cm”-2

""" Js=1.0 A cm”-2 \ Find the potential difference between the anode and the cathode
—-Js=10A cm”-2 without thermal velocities for comparison
0.1 ‘
0.01 0.1 1
N
Ja/Js ].:_i‘go 277,‘/5 Equation 5.16
’ 9 X
Figure 5.5
2
3
9-Jc-J ~d2
1 f's
Ug(Jg-dg.d) = v
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Normalised voltage

| Figure 5.6(a) and (b) |
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d1l := 0.01-mm d2:= 0.1-mm d3:= 1.0-mm d4 := 10-mm
d=0.01 mm d=0.1 mm
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Normalised current
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