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Linear Regulation

• DC Power
• Essentially all digital systems and most analog systems run on 

DC power internally

• DC power solutions vary over time
• Batteries run down

• AC power solutions need to be converted to DC

→ Voltage regulation
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Linear Regulation

• Add a simple Low Pass Filter to a rectifier
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Filter time constant: τ = RLCF

Filter Decay Equation: 𝑣𝑂 = 𝑣𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑒
Τ−𝑡

τ
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Linear Regulation

• Add a simple Low Pass Filter to a rectifier

RC decay
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• Add a simple Low Pass Filter to a rectifier
• Resulting output is a pseudo-DC signal

Linear Regulation

Simple Diode
Vd = 0.7v

RC decay
Actively
Driven

Ripple



6 © tjELE 4142

• Signal Analysis

Linear Regulation

Simple Diode
Vd = 0.7v

RC decay
Actively
Driven

v(8)

v(9)

vpk = vSrms * 1.414
vinitial ≈ vpk – 2vD

t ≤ T/2

𝑒 Τ−𝑡
τ ≥  𝑒 Τ−𝑇

2τ = 𝑒 ൗ−𝑇
2𝑅𝐶 

𝑣𝑂 = 𝑣𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑒
ൗ−𝑇

2𝑅𝐶 

𝑣𝑟𝑖𝑝𝑝𝑙𝑒 = 𝑣𝑖𝑛𝑖𝑡𝑖𝑎𝑙 − 𝑣𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑒
ൗ−𝑇

2𝑅𝐶 

𝑣𝑟𝑖𝑝𝑝𝑙𝑒 = 𝑣𝑖𝑛𝑖𝑡𝑖𝑎𝑙(1 − 𝑒 ൗ−𝑇
2𝑅𝐶 )

vripple

T

T/2

t
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• Design Example 1
• Design a bridge rectifier circuit to provide a peak output 

voltage of 15v and 250mv of ripple. 

• Assume nominal line voltage, simple diodes, RL = 1KΩ

Linear Regulation

Transformer Design

15v peak out w/ 2 vD → 16.4v peak vS

16.4v peak vS → 11.6v rms for vS

11.6v rms with 120v rms input → N = 10.35

Filter Design

T = 1/60Hz = 16.666ms, RL = 1KΩ

𝑣𝑟𝑖𝑝𝑝𝑙𝑒 = 𝑣𝑖𝑛𝑖𝑡𝑖𝑎𝑙(1 − 𝑒 ൗ−𝑇
2𝑅𝐶 )

250𝑚𝑣 = 15𝑣(1 − 𝑒 ൗ−16.666𝑚𝑠
2∗1𝐾Ω∗𝐶 )

CF = 496uF
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• Design Example 1
• Design a bridge rectifier circuit to provide a peak output 

voltage of 15v and 250mv of ripple. 

• Assume nominal line voltage, simple diodes, RL = 1KΩ

Linear Regulation

Simple Diode
Vd = 0.7v

Simple Diode
Vd = 0.7v

vripple = 236mv 

zoomed in
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• Design Example 2
• Design a bridge rectifier circuit to provide a minimum 

output voltage of 12.5v and < 500mv of ripple. 

• Assume nominal line voltage, simple diodes, RL = 1KΩ

Linear Regulation

Transformer Design

13v peak out w/ 2 vD → 14.4v peak vS

14.4v peak vS → 10.1v rms for vS

Closest common transformer size would be 12v rms
12v rms → 15.57v peak vS → 14.17v peak out

Filter Design

T = 1/60Hz = 16.666ms, RL = 1KΩ

𝑣𝑟𝑖𝑝𝑝𝑙𝑒 = 𝑣𝑖𝑛𝑖𝑡𝑖𝑎𝑙(1 − 𝑒 ൗ−𝑇
2𝑅𝐶 )

500𝑚𝑣 = 14.17𝑣(1 − 𝑒 ൗ−16.666𝑚𝑠
2∗1𝐾Ω∗𝐶 )

CF = 231uF
Closest common (larger) capacitor size is 330uF
vripple = 353mv 

Final Design

12v rms transformer
Simple bridge rectifier
330uF filter capacitor

vO = 13.83v to 14.17v  (353mv ripple)
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• Design Example 2
• Design a bridge rectifier circuit to provide a minimum 

output voltage of 12.5v and < 500mv of ripple. 

• Assume nominal line voltage, simple diodes, RL = 1KΩ

Linear Regulation

vOmin = 15.4v
vripple = 365mv 

Why different from the predicted results?
t is an estimate in the analysis
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Linear Regulation

• DC Power
• Essentially all digital systems run on DC power internally
• I can’t think of any that run on AC – but all is a hard statement

• Even DC power solutions vary over time
• Batteries run down

• AC power solutions need to be converted to DC

→ Voltage regulation
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Linear Regulation

• Precision Voltage Regulation
• Super simple precision voltage regulator

+

_

R1

R2

BandGap
Reference

1.2v

Vin 
(rectified AC voltage)

Vout

𝑅2

𝑅1 + 𝑅2
𝑉𝑜𝑢𝑡 = 𝑉𝑏𝑔

𝑉𝑜𝑢𝑡 = 𝑉𝑏𝑔
𝑅1 + 𝑅2

𝑅2npn or NMOS

Vin

Vout
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Linear Regulation

• DC Power – Voltage Regulation
• Parametrics
• Output Voltage
• Fixed for a given regulator

• Line Regulation
• Variation in the output voltage (%)

• Input Voltage
• Maximum input voltage level

• Output Current
• Max current to load

• Dropout Voltage
• Minimum input voltage level ABOVE

the specified output voltage
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