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e Rectifiers
* Convert ACto DC

* Half Wave topology

>

a2
src L=

Load
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Vsrc

D R — _ ———— Vhalf
Ideal Diode
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e Rectifiers
* Convert ACto DC

* Full Wave topology

VVVYVY =
*SEVAVAVE

Ideal Diode

Src
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e Rectifiers
* Convert ACto DC

* Full Wave topology — positive half cycle
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e Rectifiers
* Convert ACto DC

* Full Wave topology — negative half cycle
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e Rectifiers
* Convert ACto DC

* Full Wave topology — both cycles provide current to the

YV -
VRVARY.

\ 4
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Src

Wload

\ Ideal Diode
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e Rectifiers
* Convert ACto DC

* Full Wave topology — Vpeak (Vpk)

Vpk

Ideal Diode

EE 2920 8

In the ideal diode case:
Vpk = Vin ..

In the non-ideal diode case:
Vpk = Vin,., —2Vd

Remember:
Vin ey = V2 x Vin,
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Vpk

EE 2920

e Rectifiers
* Convert ACto DC

* Full Wave topology — Vripple

Vripple

Ideal Diode

Assume a resistive load R

R, and C form an RC circuit
with time constant Tt =R C

Vout = Vpk x e '/t
during the decay time
SO
Vripple < 2 X Vpk X (1 —e /)
where T is the period of the
Input sine wave
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e Rectifiers
 Example

* A 100Hz, 8v, . sine wave is rectified using an ideal full wave rectifier.
Assuming the load impedance is 1KQ and the filter capacitor is
100uF:

1) what is the approximate amount of ripple on the output?

8v, > 11.3vpeak  100Hz > T=10ms

1 = RC = (100uF)(1KQ) = 100ms

Vripple < 2 X Vpk X (1 —e /1)

Vripple <2x 11.3v X (1 —e  /sooms) ) = 558my

Vout,., = Vpeak — Vripple = 11.3v — 558mv = 10.74v

EE 2920 10 © tj



Typical “Wall Wart"

* Unregulated Supply

 Wall Wart

Load
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* Unregulated Supply

 Wall Wart

* US residential power standards
 120vrms +/- 5% = 114vrms— 126vrms
* 60Hz +/- 0.05Hz

Ty

EE 2920 12 © tj

Load




* Unregulated Supply

 Example
* Desire 12v dc output from a typical wall wart

assume Vd = 0.7v for the diodes = need 12v + 1.4v = 13.4v for Vpk
allow for 200mv of ripple - 13.4v + 0.2v = 13.6v for Vpk

Vpk = 13.6v = 9.61v, for the transformer output

9.61vrms - 120vrms / 9.61vrms = 12.48 turns ratio for the transformer

Load

EE 2920 13
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This design actually varies from
13.1V at high temp, low load, to

° Unregulated Supp|y 8.7V at low temp, high load

50% variation

- need regulation

 Example
* Desire 12v dc output from a typical wall wart

assume Vd = 0.7v for the diodes = need 12v + 1.4v = 13.4v for Vpk
allow for 200mv of ripple - 13.4v + 0.2v = 13.6v for Vpk

Vpk = 13.6v = 9.61v, for the transformer output

9.61vrms - 120vrms / 9.61vrms = 12.48 turns ratio for the transformer

EE 2920 14 © tj



e Regulated Supply

Need something to control the output voltage over
variations of temperature, input voltage and load

* Linear voltage regulator
* uses active circuitry to maintain the output voltage
* LDO — Low Drop Out versions require minimal overhead voltage

Vreg

Al
]

CHF

EE 2920 15

Load
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e Regulated Supply

Need something to control the output voltage over
variations of temperature, input voltage and load

* Linear voltage regulator

* Design the filter cap and transformer to ensure Vminimum is
greater than Vreg + V4

* The regulator will then maintain the output voltage

Vripple
Vpk
3 Vminimum
'\/ \ — re
Vreg — load
Drop Out
Voltage
VDO

Ideal Diode
EE 2920 16
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e Regulated Supply

Need something to control the output voltage over
variations of temperature, input voltage and load

* TI LDO Specifications

wide load cu

Figure 1. SOIC-8 (D)
(Top View, Narrow Body)

oUTPUT INPUT

-

GND

EE 2920

LM7TELXX Elec_trical *_:h__:._’nracteristi{:s LM7BLOSAC T LMX{EL[IISI

ide input voltage range
rrent range

+/- 5% output voltage

k4

1-1.5%

Regulation

2V

_— drop out

Symbol FParameter k:andilions Min Typ Max / Units
Vo Output Violtage \ 45 | % 52/
= Vin 20V
mA = |5 = 40ma 475 525
11 W
W \4_?5 / &5.25
AV Line Regulation TV EV, =20V ﬂ?
BV £ Wy, S 20V {10 54
AV Load Regulation imA = Ig = 100mA \ 20 80
1mA £ I, = 40maA NG a0 /]
Iz Quiescent Current 3 ]
Al CQuiescent Current Change BV =\ =20V 1.0 mé
im&4 < I = 40mA 0.1
A Output Moise Voltage =10 Hz to 100 kHz &' 40 pv
AV AV o Ripple Rejection f=120 Hz
8V £ Wy, £ 18V 47 52 dB
leg Peak Output Current 140 mé
AVAT Average Output Voltage Tempoo lp = 5ma —0.65 miC
Wiy (Mim) Minimurm Value of Input Voltage 67 (
Required to Maintain Line Regulation :
Bla Themnal Resistance 7300 s

voltage

(B-Bump micro SMD)

(2} Recommended minimum load capacitance of 0.0 1pF to limit high frequency noise.
iY77
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e Regulated Supply

e Super Simple Regulator
Vin

R2

mVOut = ng

1.2v

BandGap
Reference

R1 + R2
Vout = ngT

Vout

R2

EE 2920 18 © tj



EQUIVALENT CIRCUIT

e Regulated Supply

* Simple Regulator
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Figure 12. LMTELXX
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* Regulated Supply mi=a

* Power Considerations

Load

» With a 12V rectifier output and 50mA load current - Psourced = 600mW
* In our example the load only sees 5V and 50mA - Pdissipated = 250mW

* Where does the other power go? > dissipated in the regulator

* Efficiency = Power provided to the load / total power dissipated

In this case Efficiency =42% Over half the power is lost as heat!
Vripple
Vpk |

Vminimum

Design tradeoff:

=
More ripple = lower cost components Vreg /ﬁﬁqj
—> lower efficiency Drop Out
Voltage
VDO
20

Vrect

Vicad

Ideal Diode
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EE 2920

e Supply Decoupling

Digital circuits create current spikes on the supply pins
e Shoot through current

* Charging and discharging current

* |/O switching

While the average supply current may be a few tens of
milliamps, spikes associated with an 8 bit I/O switching can be
hundreds of milliamps and a few nanoseconds wide

Power supplies and realistic circuit board traces cannot support
these current spikes = noise on the supply voltage

Supply voltage noise can disrupt the normal operation of the
processor or other circuits

21 © tj



e Supply Decoupling

e Coupling (bypass) capacitors are used to supply these
spikes of current, preventing noise on the supply voltage

pins
Ve -
| Power Plane
Microcontrollar
= e QAL
0 Vee
—_— V=
C /" N J_l_l_
::|.I|I:|-:::':-|:| Curree Ot
M
L GMD
| Ground Plana
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e Supply Decoupling

* Realistic capacitor model

ABBREVIATION EXPLANATION SOURCE AND DETAILS
ESR Equivalent Series Wire and connections to the
Resistance plate
Produces heat
ESL Equivalent Series Depends on package type
Inductance Surface mount better
Smaller SMD better
RLEAK Leakage Resistance |Type of dielectric
ESR
ESL
C— RLEAK
EE 2920 23
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e Supply Decoupling

* Realistic capacitor model

.
"
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Q

m IMPEDANCE

RISES DUE
IMPEDANCE FALLS TO ESL
DUETOC
T \ FREQUENCY

RESONAMNCE
CREATES A MINIMUM

FIGURE &. IMPEDANCE OF AN ACTUAL CAPACITOR (NON-IDEAL)
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B

0805
0603

- 0402
o
=
=
)
i IMPEDANCE
IMPEDANCE RISES DUE
FALLS DUE TOESL
TOC
\ FREQUENCY

RESONANCE CREATES A
MINIMUM IMPEDANCE

FIGURE 9. IMPEDANCE OF AN ACTUAL CAPACITOR (NON-IDEAL)

IN DIFFERENT SURFACE-MOUNT PACKAGES
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Supply Decoupling

* Realistic capacitor model

1pF  O0AUF g oqpF 0805
0603

0402

RED, GREEN, AND BLUI
LINES ARE 3 SEPARATI
CAPACITORS. YELLOW
IS THEIR PARALLEL
COMEBINATION.

7 ) " FREQUENCY

FIGURE 10. IMPEDANCE OF THREE CAPACITORS, THE SAME

SURFACE-MOUNT PACKAGES

25

10F  0.1pF  0.04uF 805

%
“ S D603
h, ry
// 0402
RED, GREEN, AND BLUE
LINES ARE 3 SEPARATE

// CAPACITORS. YELLOW IS
THEIR PARALLEL
COMBINATION.

FINYAIdNI

FREQUENCY
FIGURE 11. IMPEDANCE OF THREE CAPACITORS, SCALED
SURFACE-MOUNT PACKAGES
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e Supply Decoupling

* Most systems use 2 decoupling capacitors
* 1uF - 10uF for low frequency high current spikes
* .001uF - .01uF for high frequency spikes

e Placed as close to the IC as possible to reduce inductance

O 1 //

FONVAIJINI

Cy =

11

1

o
]

v

FIGURE 21. FREQUENCY RESPONSE OF TWO SCALED CAPACITORS IN PARALLEL (FOR REFERENCE)

FREQUENCY
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