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When devices are being designed to operate at low voltage, it’s often necessary to take into account the voltage
drop across any diodes in the circuit. A challenging part of the design process is that the voltage drop across a
diode depends on current flowing through it, which in its turn depends on the voltages in the circuit, including
the voltage drop across this diode. It then becomes necessary to find the diode's voltage drop in a few iterations,
and that can be cumbersome.
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Also, the classical analysis of processes in a diode provides formulas that describe the current transfer through a
diode, but the resulting diode characteristics, when plotted using the formulas, are different from those
provided by diode manufacturers. This happens primarily because the classical physics formulas don’t consider
resistance of bonding wires inside the diode, leads resistance, and other real-world factors.

The analysis here fills the gap between the physics theory and practical data, enabling designers to use
analytical expressions that allow for an accurate analysis of circuits using silicon diodes. Equation 1is a
modification of a known Shockley formula (Equation 2) describing current flowing through a diode in
dependence of the voltage across this diode within some temperature range.
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where:

« Tj is the junction temperature of the diode, K
* Tjo is the normal junction temperature, K

« Og; = 7K, the thermal coefficient for silicon, K
» q is the elementary charge, C

» k is Boltzmann's constant, m2-kg-s2-K™!

« n is the imperfectness coefficient

« I, is the diode saturation current, A

« Vp is the voltage drop across the diode

« Ip is the diode current that creates Vp

The formulas above don’t take into account the presence of the mentioned earlier resistances. These also affect
the voltage drop across the diode, because we actually measure the voltage drop across the die itself plus the
voltage drop across the bonding wires and other resistances. As a result, Equation 2 may be written as:
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where 1. is the resistance of bonding wires and silicon.

Equations 2 and 3 both have a factor:
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which describes the saturation-current behavior while the ambient or die temperature changes. This model has
a constant value I, and a power index that describes the saturation current’s dependence on ambient
temperature. It’s conventional to use Iy, = 102 A to 10714 A for silicon diodes, but best results may be obtained
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s value is derived from a real diode characteristic.
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From Equation 1, obtain the value for the saturation current I,:
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Its value may be obtained from a real diode characteristic by substituting the Ip, and Vp, values from a
datasheet (Fig. 1) for Tj = 25°C. Using Equation 4 in Equation 3 and solving with respect to Ip, we can get:
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Equation 5 has a Lambert function, LambertW, whose solution is obtained by creating a special algorithm (and
is beyond the scope of this paper).
The following example verifies the analysis:
Plot a diode characteristic at:
* Tjo =298 K
*Bsi=7K
* k = 1.381-10"23 m2-kg-s"2-K! (Boltzmann's constant)
+q =1.602 - 1019 C (elementary charge)

and for ambient temperatures of 298 K, 373 K, 398 K, and 423 K (corresponding to 25°C, 100°C, 125°C, and
150°C), withn = 1.2 and r, = 0.02 Q.

Using Equation 4 and the diode characteristic, find Iy, at normal temperature:

Ip=105AatVp=0.8V
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So Ijo =1.128 - 10712 A,

As the value of the LambertW function should be a scalar, we have to create four similar functions for the diode
current versus the diode voltage:

4 of 6 10/27/2016 12:14 PM



Diode's Analytical Model Bridges Solid-State Reality and Physics Theory  http://electronicdesign.com/print/power/diodes-analytical-model-bridges-...

) L2 I . Osi
\'D4QUSI+ ( IJU) ‘kn- 110 |jﬂ'k']l+ls0'{]'lc‘93i'¢
T. _T.
Jp 10 T, kenbg,
iy Si
[ l.yqr.e
s s0 e
Lar.e ' - T. kn-LambertW
- _]0 ].] ‘k'n
I {V } -
D3\ YD4a) =~
qQre
1T
oy 2 - Og;
‘“’m'q'“s#( Ij]) kel Tigkntlygare Ogye
T. _T.
1 0 [
1 Ijl kg,
P Lgqr.e
S s0 M e
Lraree " - T “k-n-LambertW
e I T kn
i -1
Ip4(Via) =~ o
C
Ti~Tjo
. ooy 2 S fgi
\"IJ4-q-”Si+(|j,,) -k-n—qu- lli“-k-m-Isn-q-ru-(}sl--c
I _T. 2 2
L, -rjj'k'“'i]!ii
De: lepqrr.e -
S - s e
Lgar.e ' T k'n-LambertW
: L) II ‘k'n
42
I -(V 4):=- 3
DAVYD
Qg
T T ]
Va0 (T: \ k=T Tyrknelgqr e >
D49 sr‘( j;) =Ty TigkontlgyaregOgye
T. —T. : :
;o T. ke
3 lj‘ kn GSi
Og: Lgqree ’
Lgqrge S - T: -k'n-LambertW | — -
£l C 13 T: *k'n
Y i
Ine(Vpg) = -

qrg

Use this in Equation 5 and create the graph (Fig. 2). Note that there’s close agreement between the results of the
analytical model and the vendor datasheet values.
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