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Ideal DiodeIdeal Diode

Anode Cathode
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vD < 0 ⇒ iD = 0

iD > 0 ⇒ vD = 0
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Ideal DiodeIdeal Diode Analysis
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Ideal DiodeIdeal Diode Example
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Constant-Voltage-Drop ModelConstant-Voltage-Drop Model
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vD < 0.7 ⇒ iD = 0

iD > 0 ⇒ vD = 0.7
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Constant-Voltage-Drop ModelConstant-Voltage-Drop Model Analysis
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Constant-Voltage-Drop ModelConstant-Voltage-Drop Model Example
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Exponential I-V ModelExponential I-V Model
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Exponential I-V ModelExponential I-V Model

ID = IS

e
VD
nVT − 1



VD = nVT ln

ID
IS

+ 1



VT =
kT

q
≈ 25 mV @ room temp.

If VD > (a few VT) or ID � IS,

ID = IS e
VD
nVT

VD = nVT ln
ID

IS

VD2 − VD1 = nVT ln
ID2

ID1
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Rectifier CircuitsRectifier Circuits

Voltage

Regulator
VO LoadFilter

Rectifier

DiodeAC
line

ECEN 325 Electronics - Aydın İ. Karşılayan - Diodes 10



Half-Wave RectifierHalf-Wave Rectifier
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Full-Wave RectifierFull-Wave Rectifier
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Bridge RectifierBridge Rectifier
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PIV = V̂S − 0.7
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Half-Wave Rectifier with a Filter CapacitorHalf-Wave Rectifier with a Filter Capacitor

p
t

0

VO

VS

T

VS IR

Ideal

r

∆t

t2t1

V

V

VO

CIC
ID R

VO(t) =


VS(t) , t1 < t < t2

Vp e− t
RC , 0 < t < t1

⇒ VO(t1) = Vp e− t1
RC
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Half-Wave Rectifier with a Filter CapacitorHalf-Wave Rectifier with a Filter Capacitor

For a properly designed filter:

t1 ≈ T ⇒ VO(t1) ≈ Vp e− T
RC

RC � T ⇒ e− T
RC ≈ 1 − T

RC


⇒ VO(t1) = Vp

1 −
T

RC



T

r

Vp

t1

t
0

VS

V

Peak-to-peak ripple voltage:

Vr = Vp − VO(t1) = Vp − Vp

1 −
T

RC

 ⇒ Vr = Vp
T

RC
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Half-Wave Rectifier with a Filter CapacitorHalf-Wave Rectifier with a Filter Capacitor

Vp
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r

∆t

t2t1

Vp cos(ω∆t) = Vp − Vr

ω∆t is small ⇒ cos(ω∆t) ≈ 1 −
1

2
(ω∆t)2

⇒ ω∆t ≈
√√√√√√√
2Vr

Vp
⇒ ∆t ≈

T

2π

√√√√√√√
2Vr

Vp
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Half-Wave Rectifier with a Filter CapacitorHalf-Wave Rectifier with a Filter Capacitor

t1

IR

ID
IDav

DmaxI

t
0

t
0

VS

VV
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t2t1

Vp

t2

During conduction (t1-t2): Qsupplied = Qlost

ICav∆t = CVr
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Half-Wave Rectifier with a Filter CapacitorHalf-Wave Rectifier with a Filter Capacitor

Substitute ∆t in ICav∆t = CVr

ICav
T

2π

√√√√√√√
2Vr

Vp
= CVr ⇒ ICav =

2πCVr

T

√√√√√√√ Vp

2Vr

IDav = IR + ICav = IR +
2πCVr

T

√√√√√√√ Vp

2Vr

Vr = Vp
T

RC
, Vp ≈ IRR ⇒ Vr = IR

T

C

IDav = IR + 2πIR

√√√√√√√ Vp

2Vr
= IR

1 + π

√√√√√√√2Vp

Vr



IDmax = IR

1 + 2π

√√√√√√√2Vp

Vr


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Small Signal ModelSmall Signal Model

VD

vd(t)

vD(total)

iD(total)

vD(total) = VD + vd(t)

iD(total) = ID + id(t)

iD(total) = IS e
VD+vd(t)

nVT = IS e
VD
nVT e

vd(t)
nVT = ID e

vd(t)
nVT

≈ ID

1 +
vd(t)

nVT

 , vd(t) � nVT

≈ ID +
ID

nVT
vd(t)

diD

dvd
=

1

rd
=

ID

nVT
⇒ rd =

nVT

ID
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Small Signal AnalysisSmall Signal Analysis

Step 1: Eliminate AC sources, find the DC solution (ID,

VD) of the circuit (use constant-voltage-drop model, unless

specified otherwise).

Step 2: Calculate small signal parameters (rd).

Step 3: Eliminate DC sources, replace the diode with its

small-signal equivalent model and find the small-signal solu-

tion. Verify the assumptions (vd � nVT).

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

1k

vS

vO
vS = 5 + 0.2 sin(ωt), n = 2

Find vO(t).

DC Solution:

VO = 0.7 V ID =
5 − 0.7

1k
= 4.3 mA

rd =
nVT

ID
=

50 mV

4.3 mA
= 11.6 Ω

AC Solution:

vo(t) =
11.6

103 + 11.6
0.2 sin(ωt) = 2.3 × 10−3 sin(ωt)

Total: vO(t) = VO + vo(t) = 0.7 + 2.3 × 10−3 sin(ωt)
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