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Ideal Diode
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p>0 = vp=0
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Ideal Diode Analysis
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Ideal Diode Example
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Constant-Voltage-Drop Model
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vp < 0.7 = ip=20

ip>0 = vp=0.7
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Constant-Voltage-Drop Model Analysis
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Constant-Voltage-Drop Model

Example
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Exponential I-V Model
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Exponential I-V Model

VD
Ip =1Ig|e"VT — 1)
Ip
Vp =nVyin|—+1
Is
KT
Vo = — =25 mV © room temp.
d

If Vp> (afew V1) or Ip>Is,

Vp
Ip = Ig e"VT
Ip
Vp = nVoin—
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I
Vpo — Vp1 = NV In-22
Ipi
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Rectifier Circuits
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Half-Wave Rectifier
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Full-Wave Rectifier
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Bridge Rectifier
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Half-Wave Rectifier with a Filter Capacitor

|deal
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Half-Wave Rectifier with a Filter Capacitor

For a properly designed filter:

ti1 =T = Vo(t1) = Vp € RC

= Vo(t) = Vp(1- |

1
<t -1
1

\ T
Peak-to-peak ripple voltage:

T T
Vr:Vp—VO(tl):Vp—Vp(l—F\,(:) ﬁVr:Vpi
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Half-Wave Rectifier with a Filter Capacitor
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Half-Wave Rectifier with a Filter Capacitor
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During conduction (t1-t2):  Qsupplied = Qlost
ICavAt p— CVr
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Half-Wave Rectifier with a Filter Capacitor

Substitute At in IcquAt = CVy

Cav - Vp — r Cav — T 2V,

Dav — 1R Cav — IR T 2V,

T T
Vr=me: y Vp%IRR:>Vr=IRC

IDmax = Ir

V
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Small Signal Model
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Small Signal Analysis

® Step 1: Eliminate AC sources, find the DC solution (Ip,
Vp) of the circuit (use constant-voltage-drop model, unless
specified otherwise).

® Step 2: Calculate small signal parameters (rq).

® Step 3: Eliminate DC sources, replace the diode with its
small-signal equivalent model and find the small-sighal solu-
tion. Verify the assumptions (vqg < nV).

® Step 4: The total solution is (DC solution + AC solution).
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Small Signal Analysis Example

| —— B— |
1k
AAA—— Vo
vg = 5+ 0.2sin(wt), n=2
Vg + .
S‘? \VA Find vo(t).
DC Solution:
5—-0.7
Vo =0.7V Ip = = 4.3 mA
1k
nVr 50 mV
rq = — = 11.6
Ip 4.3 mA
AC Solution:
(t) 11.6 2 sin(wt) = 2.3 x 10 3 sin(wt)
\Y; = 2sin(wt) = 2. in(w
© 103 +11.6

Total: vo(t) = Vo 4+ vo(t) = 0.7 4 2.3 x 10~ 3 sin(wt)
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