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Announcements

• HW #2 due today.
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Half‐wave rectifier w/ RC Load
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After t = T/4, diode OFF, capacitor discharge via R, vO(t) 
slowly decreases (exponentially), until in the next period, 
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Half‐wave rectifier w/ RC Load

• At ݐ ൌ ்
ସ
ைݒ	, ݐ ൌ ௉ܸ െ ୭ܸ୬

• Between  ்
ସ
൏ ݐ ൏ ହ்

ସ
െ ∆ܶ,

ைݒ ݐ drops exponentially:
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• At time point  ݐ ൌ ହ்
ସ
െ ∆ܶ, we have, ݒௌ ݐ ൌ ைݒ ݐ ൅ ୭ܸ୬

• Thus:  ௉ܸ sin߱ሺܶ/4 െ ∆ܶሻ ൌ ሺ ௉ܸ െ ୭ܸ୬ሻ exp െ ்ି∆்
ோ஼
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• ∆ܶ can be solved numerically.
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Half‐wave rectifier w/ RC Load

• Approx ܥܴ  :#1 large, ݒை ݐ
drops slowly and thus linearly:

• Between  ்
ସ
൏ ݐ ൏ ହ்

ସ
െ ∆ܶ,

ைݒ ݐ ൌ ௉ܸ െ ୭ܸ୬ 1 െ
௧ି೅ర
ோ஼

exp ߳ ≅ 1 ൅ ߳	if	߳ ≪ 1	ሺܶ ≪ ሻܥܴ
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• Approx #2: Conduction time ∆ܶ much smaller than ܶ ሺ∆ܶ ≪ ܶሻ

• Ripple voltage:      ௥ܸ ൌ ைݒ
்
ସ
െ ைሺݒ
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• Equivalent DC current:    ܫௗ௖ ൌ
௏ುି௏౥౤
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Half‐wave rectifier w/ RC Load

• To Find ∆ܶ, look at time 
point  ݐଶ ൌ

ହ்
ସ
െ ∆ܶ :

• ௌݒ ଶݐ െ ୭ܸ୬ ൌ ௫ܸ
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• ௫ܸ ൌ ௉ܸ െ ୭ܸ୬ െ ௥ܸ ൌ ሺ ௉ܸെ ୭ܸ୬ሻሺ1 െ
்
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ሻ	 ①

• ௫ܸ ൌ ௉ܸ sin߱
ହ்
ସ
െ ∆ܶ െ ୭ܸ୬ ൌ ௉ܸ cos߱∆ܶ െ ୭ܸ୬ ൎ ௉ܸሺ1 െ
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• ① =② =>  ∆ܶ ൌ ଵ
ఠ

ଶ௏ೝ
௏ು

=>  conduction angle: ߠ௖ ൌ ߱∆ܶ ൌ ଶ௏ೝ
௏ು

5ܶ
4 െ ∆ܶെ ௉ܸ

∆ܶ

ሻݐௌሺݒܶ



Microelectronic Circuit Design © UW EE Chen/DunhamEE 331 Spr 2014

Diode Currents
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Repetitive diode
current

Initial surge
current

• Charge lost due to 
discharging replenished by 
charging current during Δܶ: 
ܳ ൌ ௗ௖ܶܫ ൎ ௉ܫ

୼்
ଶ

			⇒ 	 ௉ܫ ൎ ௗ௖ܫ
ଶ்
୼்

IP usually large (tens of  A!)
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• Initial surge current even 
larger ( > 100 A!)

ௌ஼ܫ ൌ ܥ߱ ௉ܸ	
Series resistances reduce this 
current
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Diode Peak‐Inverse‐Voltage (PIV) 
Rating

௫ܸ

ܶ
2

ଵݐܶ 5ܶ
4

ܶ

ݐ

ሻݐௌሺݒ
• PIV ൒ ௗܸ௖ െ ூ୫୧୬ݒ ൌ ௉ܸ െ
௢ܸ௡ െ ሺെ ௉ܸሻ ൎ 2 ௉ܸ

PIV corresponds to the 
minimum value of Zener
breakdown voltage for the 
rectifier diode.
Safety margin of 25‐50 % is 
usually specified for the diode 
PIV. 
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Example: HWR w/ RC Load

௉ܸ ൎ 12 V @ 60 Hz,                         
R = 5 kΩ, C = 100 μF, Is = 10 pA
T = 1/60 s = 0.0167 s
Id ~ 0.1 A, von ≈ VT ln(1010) = 0.6 V

௥ܸ ൎ
௉ܸ െ ୭ܸ୬
ܥܴ ܶ ൌ 0.38	V
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• Equivalent DC current:    ܫௗ௖ ൌ
௏ುି௏౥౤

ோ
ൌ 2.28	mA

• Conduction angle: ߠ௖ ൌ ߱∆ܶ ൌ ଶ௏ೝ
௏ು

ൌ 0.25	rad, ∆ܶ ൌ 0.04	ܶ

• ௉ܫ ൎ ௗ௖ܫ
ଶ்
୼்
ൌ 114	mA;		ܫௌ஼ൌ ܥ߱ ௉ܸ ൌ ܣ	0.45
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