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Recitation 16: Small Signal Model of p-n Diode

Review
Last week we learned about the IV characteristic of p-n diode:

L A

1 D 1 D
hereI, = qAn? | ——" ———F
WHEre fo 44 <Nawp—wp+Ndwn—mn>

xS
B ] /? sponeithad 5
| g

Semi-log plot, | ,Jil vs Up
Pl

If we plot,

Yesterday, we discussed the small signal model for p-n diode. Under forward bias, the small
signal (ss) model of a p-n diode is:
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Cj; is the junction capacitance as we talked about before, Cq is called “diffusion capacitance”,
this is new
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Small signal circuit model of p-n diode: (two terminal device)

In a small signal model, we have linearized conductance (resistance) and capacitances.
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Linearized Conductance (Resistance)
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Vin constant, the larger operating current Ip, the smaller is 4

Depletion Capacitance (due to p-n junction)
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capacitance/unit area!

Diffusion Capacitance
For this, we need to look at the majority carrier concentration as well. To keep quasi-neutral,

nﬂ(x) = Nd+pn(x)
pp(z) = Na+np(z)
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It is a capacitor without two parallel plates! And the “+” and “-” charges are just mixed
with each other! Isn’t that amazing!
charge stored on the n-side:

1 n?
oo = —ON, = in(wn — ) - ﬁd(quD/kT -1)
Cdn = qun =q 7“711 —*n . ﬁiequ/kT
A A
1. Can = ;fﬁ(wn - xn) 'pnoquD/kT = gfith(wn - Xn) : pn(Xn)
2. Write in terms of Ip
Con = Aﬁ.&.eq\/n/k?wn_xn_Wn_xn,i
" Ng wy — oy 2 D, kT
q (wn - xn)Q
pr— —_— e — . I
Can kT~ 2D, Pr
Define : transit time of holes through n-QNR:
T  (wn— Ty)? B Wy — Tn _ length
T = 2D,  2D,/(w, —m,)  velocity
q
Can ~ T Tr, - Ip,
In - T
Cdn = DpV e
th
Similarly, Cdp >~ % . TTn . IDn

Charges on both side are added together. The two capacitors are in parallel.

Ca = Can+Cap= kiT(TTn Ip, +Tr, - Ip,)

qA

A quD /kT
2Vin

Cd = Cdn + C'dp = ((wp - pr)npo + (wn - xn)pno)

Discussions:
1. Where do the extra majority carriers come from?
2. Majority current: -diffusion + drift

3. Cq x e1Vp/KT: for reverse bias, depletion capacitance dominate. For forward bias,
diffusion capacitance dominate
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Exercise: p-n Diode

w, = 05um N,=25x10"cm™® D, =14cm?/s
wy, = 1.0pum Ng=40x10%cm™® D, =10cm?/s
Vd = T720mV ID =50 MA

Find Vg, Cj, and Cy. For this calculation, ignore xy, zp.

D D
2 n p —11 2
o = . + - . 1 A
J an <Nawp Ndwn> 5.79 x 10 fem

In = I(edVo/kT — 1) ~ 1, . eWVe/kT — 1 . 10720/60 — 50 A
— I, = 5x107"A = J,=1,/A — A =8.64x10""cm?
Vin 0.025V kT . N,Nq
= B = 500 = = 840mV
d In 50 uA w ¢p=- o n? o

qesNdNa
Cio = Avy|odsdla
! 2(Ny + Nq)oB

_ A\/1.6 x 10719C x 8.85 x 10714 F/cm - 11.9 x 4 x 1016 x 2.5 x 1017 cm—6

2(4 x 1016 + 2.5 x 1017)0.84 V - cm—3
= 8.64 x 107 em? x 5.88 x 1078 F/em?

= 50.8fF =50.8 x 107 °F
C; _ 50.8fF

C = T = T18fF
Vb —_
1-— = V2
A
Ca = o (wp p(—p) + wn - pu(an)
2Vin
1.6 x 10719 C x 8.64 x 1077 cm? 4 10%° 4 1020
_ -4, AU —4 ., AU\ qVo/KT
2 x 0.025 (05X 107 x 5= g + 1 107 < o e €0

1012

1.6 x 10719 C x 8.64 x 10~7 cm?
_ 1O o 05 x 10 x 4 x 10 +1 x 1074 x 2.5 x 10%)
2 x 0.025V N~ T

cm cm—3 cm cm—3

1.6 x 10719C x 8.64 x 10~ 7
= 2.7 x 10" = 746 fF
2 % 0.025V XX
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