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Objectives: Schottky Diode Applications
• Schottky diodes are used in all 

common applications of diodes 

• Additionally, Schottky diodes have 
higher switching speeds than PN 
diodes because they do not have a 
reverse voltage “recovery time” 
associated with charge storage at PN 
interfaces. 

• For this part of the lab: 
 
Use a Schottky Diode in a circuit
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be compromised with high conversion efficiency and
vice versa.

Having all the above requirements in mind, we will
explain why the ideal diode candidate is most often a
Schottky diode. Its merits will then be compared and
contrasted with the well-established TFT technology.

2.1.2. Schottky diodes. A Schottky diode is a type of metal–
semiconductor (MS) junction, where the mismatch in the
Fermi levels of the metal and semiconductor cause a bending
in the energy level of the majority carrier band edge of the
semiconductor (conduction band edge for n-type and valence
band edge for p-type) at the interface. The degree of band
bending defines the barrier height for charge carriers to
overcome at the MS junction [36]. In many well-studied
semiconductor systems, the MS barrier height in a Schottky
diode tends to be lower than the junction barrier in a PN
diode. This in turn leads to lower turn-on voltages and higher
values of the current (both forward and reverse biased) in
Schottky diodes, which is why they are the diode of choice
for low voltage applications.

An additionally important feature for high-speed opera-
tion is that Schottky diodes are unipolar devices. The limiting
factor in terms of switching speed in bipolar PN junction
diodes and PIN diodes is the fact that charge is stored at the
interface (or in the intrinsic region in the case of the PIN
diode), and must be discharged when switching the sign of
the applied bias. This gives rise to a reverse recovery time
(trr), a value that is on the order of nanoseconds in the best
case [37]. When the time between positive and negative half
cycles of the signal is not sufficient for this discharge to occur
(i.e. it is less than trr), the diode conducts in both half cycles

and rectification ceases. The unipolar nature of Schottky
diodes, however, means that no charge is stored and
switching speed is thus not limited by such a reverse recovery
time. In this case, only a capacitive loading must be
considered, which has far less impact on switching speed.

2.1.3. Transdiode transistors versus Schottky diodes. Apart
from diodes, TFTs have also been employed in RF rectifying
circuits. TFTs are three terminal switching devices, analogous
to MOS field effect transistors (MOSFETs), the workhorse of
traditional Si-based ICs. Though typically requiring a
secondary variable voltage to the gate electrode to rectify
signals, transistors may also be configured as simple diodes
by directly connecting the gate and the drain electrodes. In
this state, the transistor is always in the saturation region,
acting as a MOS diode with I–V characteristics similar to the
PN junction diode, and it is referred to as operating in
transdiode mode.

To understand how such a diode-connected transistor
operates, we may consider first that the general condition for a
transistor being in the saturation regime is:

� � ( )V V V , 1DS GS th

where VDS, VGS and Vth represent the drain, gate and
threshold voltages, respectively. In the case of the transdiode
transistor �V V .DS GS Thus, from the above inequality, in the
diode-connected mode the transistor will always be in the
saturation regime. Current in saturation mode for a transistor
is given by the well-known square law dependence:

� �N ( ) ( )I V V , 2C W
LD 2 GS th

2G

where N is the semiconductor mobility, CG is the specific
capacitance of the gate dielectric per unit area due to overlap

Figure 5. Rectifier circuits and corresponding output signals based on (a), (b) a simple diode and (c), (d) a full wave bridge rectifier. Output
waveforms without and with the capacitor are shown as solid and dashed lines, respectively. (e) Voltage quadrupler as an example of charge
pump circuit. (f) Double half wave rectifier circuit also known as Delon circuit.
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Good reference
https://doi.org/10.1088/1361-6641/aa89ce 



Possible Circuits
• Half-wave rectifier

• Voltage doubling (“Villard Circuit”)

• Improved voltage doubling (“Greinacher Circuit”)

• Delon voltage doubling (i.e. a diode “bridge”)

• Full-wave bridge rectifier

• Voltage quadrupler, or “charge pump”

• Also: diode logic (Or and And gates)



Half-Wave Rectifier

RC



Voltage Doubling

Vin Vout



Improved Voltage Doubling

Vin Vout



Double Half-Wave Rectifier (Delon Voltage Doubler)



Double Half-Wave Rectifier (Delon Voltage Doubler)



Full-Wave Bridge Rectifier

Vin



Charge Pump

be compromised with high conversion efficiency and
vice versa.

Having all the above requirements in mind, we will
explain why the ideal diode candidate is most often a
Schottky diode. Its merits will then be compared and
contrasted with the well-established TFT technology.

2.1.2. Schottky diodes. A Schottky diode is a type of metal–
semiconductor (MS) junction, where the mismatch in the
Fermi levels of the metal and semiconductor cause a bending
in the energy level of the majority carrier band edge of the
semiconductor (conduction band edge for n-type and valence
band edge for p-type) at the interface. The degree of band
bending defines the barrier height for charge carriers to
overcome at the MS junction [36]. In many well-studied
semiconductor systems, the MS barrier height in a Schottky
diode tends to be lower than the junction barrier in a PN
diode. This in turn leads to lower turn-on voltages and higher
values of the current (both forward and reverse biased) in
Schottky diodes, which is why they are the diode of choice
for low voltage applications.

An additionally important feature for high-speed opera-
tion is that Schottky diodes are unipolar devices. The limiting
factor in terms of switching speed in bipolar PN junction
diodes and PIN diodes is the fact that charge is stored at the
interface (or in the intrinsic region in the case of the PIN
diode), and must be discharged when switching the sign of
the applied bias. This gives rise to a reverse recovery time
(trr), a value that is on the order of nanoseconds in the best
case [37]. When the time between positive and negative half
cycles of the signal is not sufficient for this discharge to occur
(i.e. it is less than trr), the diode conducts in both half cycles

and rectification ceases. The unipolar nature of Schottky
diodes, however, means that no charge is stored and
switching speed is thus not limited by such a reverse recovery
time. In this case, only a capacitive loading must be
considered, which has far less impact on switching speed.

2.1.3. Transdiode transistors versus Schottky diodes. Apart
from diodes, TFTs have also been employed in RF rectifying
circuits. TFTs are three terminal switching devices, analogous
to MOS field effect transistors (MOSFETs), the workhorse of
traditional Si-based ICs. Though typically requiring a
secondary variable voltage to the gate electrode to rectify
signals, transistors may also be configured as simple diodes
by directly connecting the gate and the drain electrodes. In
this state, the transistor is always in the saturation region,
acting as a MOS diode with I–V characteristics similar to the
PN junction diode, and it is referred to as operating in
transdiode mode.

To understand how such a diode-connected transistor
operates, we may consider first that the general condition for a
transistor being in the saturation regime is:

� � ( )V V V , 1DS GS th

where VDS, VGS and Vth represent the drain, gate and
threshold voltages, respectively. In the case of the transdiode
transistor �V V .DS GS Thus, from the above inequality, in the
diode-connected mode the transistor will always be in the
saturation regime. Current in saturation mode for a transistor
is given by the well-known square law dependence:

� �N ( ) ( )I V V , 2C W
LD 2 GS th

2G

where N is the semiconductor mobility, CG is the specific
capacitance of the gate dielectric per unit area due to overlap

Figure 5. Rectifier circuits and corresponding output signals based on (a), (b) a simple diode and (c), (d) a full wave bridge rectifier. Output
waveforms without and with the capacitor are shown as solid and dashed lines, respectively. (e) Voltage quadrupler as an example of charge
pump circuit. (f) Double half wave rectifier circuit also known as Delon circuit.

6

Semicond. Sci. Technol. 32 (2017) 123002 Topical Review



Summary
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• Make, test, and characterize one, or more, diode circuits


