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Transformers

• Transformers
• Basics

Concept Implementation

AC voltage on the Primary coil
creates a magnetic field 
(concentrated by the core) 

The magnetic field in the
core creates a voltage on
the secondary coil
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Transformers

• Characteristic Equation
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Transformers

• Example 1
• The cube shaped transformer you plug into a wall socket is 

sometimes called a “wall wart”

• vP is approximately 120v rms

 What transformer turns ratio would be required

 to generate an 18v rms secondary voltage

𝑁1

𝑁2
=

𝑣𝑃

𝑣𝑆
=

120𝑣 𝑟𝑚𝑠

18𝑣 𝑟𝑚𝑠
= 6.66
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Transformers

• Example 2

 How much does the secondary voltage from the 
previous slide vary due to power line voltage variation

𝑣𝑆 =
𝑁2

𝑁1
𝑣𝑃 =

1

6.66
𝑣𝑃

US power line voltage can vary from 114v rms to 126v rms (range A)

@ 114v rms, vS = 17.1v rms

 @ 126v rms, vS = 18.8v rms

Note: this is +/- 5%
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Transformers

• Center Tap
• 1 primary coil, 2 secondary coils
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Half-Wave Rectifier

• Half Wave Rectifier
• Basic Implementation
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Half-Wave Rectifier

• Simulation

vP

+

-
vS

+

-

NP NS

RL vO

+

-

Simple Diode
Vd = 0.7v

Ideal Diode
Vd = 0.0v

vS = ± 3V
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Half-Wave Rectifier

• Design Considerations

vP
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Simple Diode
Vd = 0.7v

Reversed biased region
vDmax = -vSpeak
→ breakdown requirement

Forward biased region
iDmax = (vSpeak – vD)/R
→ current requirement
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Half-Wave Rectifier

• Design Example
• 120v rms primary voltage

• Transformer turns ratio: 12

• Load resistance: 1KΩ

• What are the diode requirements?

Breakdown:
   120v rms, 12 turns ratio → vS = 10v rms
   10v rms → vSpeak = 14.14v
Current:
   (14.14v  - vD)/1KΩ → 14.14ma – vD/1ΩK
   typical vF is 0.6v → 13.54ma

guard band the design:
vF ≈ 0.6v
Vbreakdown > 20v  (14v rms)
Imax > 20ma
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Full-Wave Rectifier

• Full-Wave Rectifier
• Basic Implementation

RL vO
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Full-Wave Rectifier

• Simulation

Simple Diode
Vd = 0.7v

Ideal Diode
Vd = 0.0v

RL vO
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Full-Wave Rectifier

• Bridge Rectifier

vP

+

-
vS

+

-

NP NS

RL

vO +-

Positive half cycle

Positive voltage and
current to the load
in both half cycles

D3 D1

D2 D4

Negative half cycle

i

i
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Full-Wave Rectifier

• Bridge Rectifier

Simple Diode
Vd = 0.7v

Ideal Diode
Vd = 0.0v
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Full-Wave Rectifier

• Bridge Rectifier

Simple Diode
Vd = 0.7v

Reversed biased region D1,D2
vDmax = -vSpeak / 2
→ breakdown requirement

Forward biased region D1, D2
iDmax = (vSpeak – 2vD)/R
→ current requirement
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Full-Wave Rectifier

• Comparison

Lower voltage drop – 1 vD

Fewer active components – 2 diodes
More complex transformer - $$

transformer - $16
diodes - $0.10

Higher voltage drop – 2 vD

More active components – 4 diodes
Less complex transformer - $

transformer - $10
diodes - $0.20 ✓
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Full-Wave Rectifier

• Real world
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