Problem Solutions

Chapter Three: Diodes

P3.1. Consider a p-n junction diode with negligible series resistance. The voltage drop is 0.7 V
with a forward current of 5 mA. Determine the reverse saturation current for the case of
"2 aunity emission coefficient; and _

b. an emission coefficient-of 1.3.

Solution.
a With N =1,
|4 — 0.7V -14

¢ =Iexp| - =(0.0054)exp| - ——— | =1.01x1074 4
§ p[ NkT/‘cj ( )EXP( 26mV) .
b. With N=1.3,

' 7 0.7V 12
Ie=Iexp — — (0.0054)exp| — —e— | =5.1x1072 4
5 p[ NkT/q) ( )CXP( (1.3)(26mV))

[V

P3.2. Consider diodes with unity emission coefficients and negligible series resistance.

Determine the reverse saturation current for
a. ap-njunction which exhibits a voltage drop of 0.7 V ata forward current of 1 mA; and
b. a Schottky diode which exhibits a voltage drop 0£ 0.3 V at a forward current of 1 mA.
Solution.

a. For the p-n junction, assuming room temperature and a unity emission coefficient,
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1 =07 A)exp(- 0.77/0.0267)=2.0x107 4

b. For the Schottky diode, assuming room temperature and a unity emission coefficient,

15 =07 A)exp(- 0.37/0.0267)=9.7x10 4

P3.3. Suppose a diode has a unity emission coefficient. Determine the change in the forward
bias voltage which will cause 2 ten-fold increase in the forward current.
Solution. Using the diode equation,

ISeqyzlkT

10= IsqullkT :

Solving,

AV = Vg—¥; =FE 1n(10) = 60mV .
g

P3.4. Consider a Si p™-n junction at 300 K with N, = 10'*.cm™ and Nd-= 10'6 cm”. The
juilction area is 10” cm?. Determine
a. the built-in potential;
b. the zero-bias depletion width; and
c. ﬂ;e zero-bias d;apletion capacitance.
Solution.
a. The built-in potential is

_kr | (103 cm Xm“cm'j}: 0.827
‘_ 7 (1.45 %109 em™? '

Vi

b. The zero-bias depletion width is

E

o= =4 e
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- J2(11.9)(8.85x10“14F/cmX0.82V)

=0.33um.
L602x107° CJ10'6cm™?)
c. The zero-bias depletion capacitance is
.(-14 -5 2
Com (11.9)8.85x 10747 /cm 105 em?) _ 03205

0.33x10"%cm

.. P3.5. Consider a Si p*-n junction at 300 K with Ny =2 x 10'® cm™ and Ny = 10"® cm™. The

junction area is 3.2 x10¥cm?. Determine and plot 1/C? versus the reverse bias voltage.

Solution. The built-in potential is

(lolgcm_3 XlO16 cm™ )J —08 .
(.45 xlOwcm_3)2

Vi =’k‘1:hl

q

The depletion width with a reverse bias V; is given hy

- \/2(11.9)(8.85x 107 F/cm [0.827 +7,)

‘ =0.33m[1+V, /0.82V .

1.602x107° 10" cm™3 )
The depletion capacitance with a reverse Bias'V, is given by

oot _ (19885 x1074F/em[3.2x10%em?) __0.102pF

w 0.33x10™*em,[1+7,/0.82F J1+7, /0827

The results are plotted in Figure 3.20.
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Figure 3.20.

P3.6. Consider the p-n junction shown in Figure 3.19. T =300K.

‘ p-Si —— | n-Si '_

1.0 um 0.3
um

Figure 3.19.

The material parameters are given in Table 3.3, and the junction area is 107 cm?.

Table 3.3.
’ p-Si. n-Si
N, =10%em™ Ny =10%cm™
D, =25m%™ | D, =8m’s™
7, = 20ns . Tp=3ns

a. Determine the reverse saturation current.
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as voltage at a forward current of 1 mA, assuming the emission

b. Determine thé bi

coefficient is unity.

Solution. This is an n'-p junction, so the conduction will be dominated by the injection of
electrons into the quasi neutral p-type region. The diffusivity for electrons on the p-type side is
given to be Dnp = 25cm?s”. Therefore the minority carrier diffusion length is

Ly = /an'fup = \[(igcmzs'l XZOns) =7.1um’.

base diode.

Therefore Lo, >> Wa and this is a short
a The reverse saturation current is given by
I ~ qADnn?

S ~ S——

NaWB )
-19 -5 2 2471 -1 10 .3 2
1.6x10 CXIO cm® \25em”V s 1.45x10 cm
: =84x1074

B — KIO15 cm'3'x10'4 cm)

_b. The bias voltage which will result in. 1 mA of forward current is

=3

V=-If—1-1—ln[—-1—}=0.026V1n 19 fh
g \Us 8.4x107"4

}= 0.60¥



