Announcements

e HW #2 due today.
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Half-wave rectifier w/ RC Load

()}

>

After t = T/4, diode OFF, capacitor discharge via R, v,(t)
slowly decreases (exponentially), until in the next period,
vs(t) becomes larger than v,(t)+V,, again
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Half-wave rectifier w/ RC Load
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e Attime point t = %T — AT, we have, vs(t) = vy (t) + V,

+ Thus: Vp sin(T/4 — AT) = (Vp = Von) exp (— =) + Vo

e AT can be solved numerically.
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Half-wave rectifier w/ RC Load

o Approx #1: RC large, vy (t)
drops slowly and thus linearly:

T 5T
e Between Z<t<T_AT’

>

F o) = (Ve — Vpn) (1 - %)

exp(e) =1+ ¢€ife K1 (T K RC)

e Approx #2: Conduction time AT much smaller than T (AT < T)

* Ripplevoltage: V. = v, G) — Vg (S—T —AT) = "p=Von -

 Equivalent DCcurrent: [;. =
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Half-wave rectifier w/ RC Load

e To Find AT, look at time
point t, = %T — AT :

¢ US(tZ) —Von = W

¢ Ve=Vp—Von =V = (Vp— on><1—g) @

2
¢ Vy=Vpsinw (3= AT) = Vo = Vp cos AT — Vo ~ Vp (1 = *255) =1y @

@ @ => AT = — /2— => conduction angle: 6. = wAT = iﬁ
Vp

w P
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Diode Currents

e Charge lost due to
discharging replenished by

charging current during AT
AT
Q =1IacT ~Ip=-

2T
= Ip =~ IdCE

I, usually large (tens of Al)

e |nitial surge current even

Initial surge Repetitive diode
/ current current larger (>100A!)
PIP=\""""""""7"77°7 I\ ISC = (,()CVP
>  Series resistances reduce this
% AT t  current
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Diode Peak-Inverse-Voltage (PIV)
Rating

e PIV>V,, — vt =V, —
Von — (=Vp) = 2Vp

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
Worse case situation for PIV.
reverse biasing the diode

Ve — Von P

V, > (14 SM)2V,

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



Example: HWR w/ RC Load

s g e T > Vo ~ 12V @ 60 Hz,
R=5kQ, C=100 pF, I, = 10 pA

T=1/60s=0.0167s
I,~0.1A, v, =V;In(102°) = 0.6 V

on

VP_Von
~ T =0.
4 - 0.38V

e Equivalent DC current: ;. = VP;V"“ = 2.28 mA

* Conduction angle: 8, = wAT = 2 — 0.25 rad, AT =0.04T

Vp

o Ip ~ g =114mA; Iic= wCVp = 045 A
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