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Half wave rectifiers
Half-wave rectifiers in practice are used most often in 
low-power applications. 

The average current in the supply is not zero, this may 
cause problems in transformer performance. 

Half-wave rectifiers are mainly analyzed because their 
operation is similar to more complicated circuits (like full-
wave multipulse rectifiers).

In the half-wave diode rectifier with resistive load the 
current i flows when diode is forward biased 
(vin > 0, vD = 0, vO = vin)
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Half wave rectifiers
The average value of the output voltage VO is given as
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The rms value of the output voltage  

Example of the diode half-wave diode rectifier with R 
load (R = 50 Ω) supplied from sinusoidal voltage source 
Vinrms = 230 V (Vm = 325 V). 

Results
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Half wave rectifiers
In the half-wave diode rectifier with resistive-inductive 
load the current i flows for positive input voltage and for 
a part when the input voltage is negative.
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Half wave rectifiers
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The current i is composed of two componenets, the 
forced response if and natural response in.
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The turn off angle β is required for calculating the 
average value of the output voltage and current. This 
angle can be numerically computed from the equation
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Half wave rectifiers
The average value of the output voltage VO for RL load is 
given as. 
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Example of the diode half-wave diode rectifier with RL 
load (R = 6 Ω, L = 20 mH, tg(φ) ≈ 1) supplied from 
sinusoidal voltage source Vinrms = 230 V (Vm = 325 V). 

Results



Faculty of Electrical Engineering 
Department of Power Electronics, Electrical Drives and Robotics
kener.elektr.polsl.pl

7

Controlled half wave rectifiers
In the half-wave thyristor rectifier, the current i flows 
when thyristor is forward biased (vin > 0) and to SCR gate 
current signal is applied. 

The gate signal is applied synchronously with the 
fundamental period of vin at the delay angle α.
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In the half-wave thyristor rectifier with resitive load the 
turn-off angle β = π. 
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Controlled half wave rectifiers
The average value of the output voltage VO of the half-
wave thyristor rectifier with resistive load is given as 
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The average value of the current 
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Example of the thyristor half-wave diode rectifier with R 
load (R = 50 Ω) supplied from sinusoidal voltage source 
Vinrms = 230 V (Vm = 325 V) with a delay angle α = 60o. 

Results
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Controlled half wave rectifiers
The average value of the output voltage VO of the half-
wave thyristor rectifier with resistive-inductive load is 
given as 
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Example of the diode half-wave thyristor rectifier with RL
load (R = 6 Ω, L = 20 mH, tg(φ) ≈ 1) supplied from 
sinusoidal voltage source Vinrms = 230 V (Vm = 325 V) 
with a delay angle α = 60o. 

Results
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Half-wave rectifier
Single-phase half-wave thyristor rectifier with RVdc
load
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Full-wave rectifier
Single-phase full-wave diode rectifier with R load Single-phase full-wave thyristor rectifier with R load
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Full-wave rectifier RL
Single-phase full-wave diode rectifier with RL load
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Load current could be constant with limited ripple

The full-wave bridge rectifier can operate in CCM 
with RL load

RL load is limited to DC drive systems, welding 
machines, electrolysis reactors
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Full-wave rectifier RC
Single-phase full-wave diode rectifier with RC load
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Load current is not continuous thus converter always operates in DCM. 

Conduction angles depend on RLC parameters and phase currents can be more distorted than currents of 
rectifiers with RL loads.

RC load is commonly used in domestic low power appliances and medium and high-power adjustable drive 
systems.
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Six-pulse rectifiers
Three-phase full-wave rectifiers are also known as six-pulse rectifiers. There are similar options of rectifiers as for 
half-wave rectifiers or single-phase rectifiers.

Six-pulse diode rectifier with RL load Six-pulse thyristor rectifier with RC load
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Six-pulse diode rectifier – output voltage
The operation of six-pulse diode rectifier with 
continuous output current iO. 
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There are 6 equivalent circuits

At the same time only two diodes conducts current. 
One diode is from upper group (D1, D2, D3) and the 
second is from lower group (D4, D5, D6) 

Output voltage
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Six-pulse diode rectifier
The average value of the output voltage of the six-pulse  
rectifier is calculated as 

In general q-pulse rectifiers the average value of the 
output voltage
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For 6-pulse rectifier supplied from three-phase grid with 
line-to-line voltage Vll,rms = 400 V the output voltage is:

m 2 400
m

O

6 3 2 400
sin 540.2 V

π 6 π

V VV V
V

      
 

In the half-wave rectifiers Vm is an amplitude of the 
phase voltage, but in full-wave rectifiers Vm is an 
amplitude of the line-to-line voltage. 
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Six-pulse diode rectifier – diode voltage
The diode voltages in different equivalent circuits are 
composed of different line-to-line voltages 

Diode D1 voltage v1 in CCM
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The diode D1 voltage v1 is a difference of the anode and 
the cathode voltages.
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Voltages across other diodes are similar to v1 but phase-
shifted by multiple of 60o
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load type output current iO diode D1 and D4 currents phase A current iA
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Six-pulse diode rectifier – current waveforms
Output current in the six-pulse diode rectifier depends  
on the load type and its parameters. 
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Six-pulse diode rectifier – phase current harmonic spectrum
Phase current iA consists of harmonic components IAh
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Only odd harmonics which are not multiples of three 
exist in the phase current (h = k×6±1)

The amplitude of the phase current fundamental 
component IA1 is transferring active and reactive power.
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The input power Pin is equal to the output power 
because it is assumed that rectifier is lossless. 



Faculty of Electrical Engineering 
Department of Power Electronics, Electrical Drives and Robotics
kener.elektr.polsl.pl

20

Six-pulse diode rectifier – RC load
The six-pulse rectifier with RC load operating in CCM The six-pulse rectifier with RC load operating in DCM
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Six-pulse thyristor rectifier – output voltage
The operation of six-pulse thyristor rectifier with 
continuous output current iO. 
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Thyristors are turned on with a delay angle α. 

All 6 equivalent circuits are the same as in the six-pulse
diode rectifier

Output voltage
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Six-pulse thyristor rectifier – output voltage
The average value of the output voltage VO depends on 
the delay angle α. 
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Inverter mode
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The output current flows only in one direction but the 
average value of the output voltage VO can be with both 
polarities.
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o30 

Six-pulse thyristor rectifier – constant output current 

The output voltage The thyristor T1 voltage   The phase and thyristor currents 

The delay angle o0  o60  o90  o120  o150  o180 
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Six-pulse thyristor rectifier – the operation with high α
The load which acts as a constant output current source
can occur only in specific applications:

- Electrical drive systems with dc machines

- High Voltage Direct Current Transmission Systems 
HVDC. 

The power flow depends on voltage polarisation only
because the current is unidirectional. 
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R loads

continuous current

The output voltage characteristic VO = f(α) = VOmaxcosα is 
only for CCM operation. For converters with R or RL 
loads DCM when α > 60o

The output voltage
for R load with α = 90o

The output voltage
characteristic
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Six-pulse thyristor rectifier – commutation
Why are thyristors or diodes switched off when they 
were conducting?

A: Other diodes from the same group form a fast-
passing short-circuit lasting until the current in new
diode is equal iO (the current in previously conducting
diode reaches zero).
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Multipulse rectifiers
Twelve pulse rectifier is constructed from two six-pulse 
rectifiers which outputs are connected in series, but 
supply voltages are separated by using transformers 
producing phase shifted voltage by 30o

In the phase current of the 12-pulse rectifier the 
following harmonics exist h = 11, 13, 23, 25… 
(h = k×12±1)


