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1. 

ACTIVE DRIVING OF NORMALLY ON, 
NORMALLY OFF CASCODED 

CONFIGURATION DEVICES THROUGH 
ASYMMETRICAL CMOS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is based on and claims benefit of U.S. 
Provisional Application Ser. No. 60/694,330, filed on Jun. 27, 
2005, entitled ACTIVE DRIVING OF NORMALLY ON, 
NORMALLY OFF CASCODED CONFIGURATION 
DEVICES THROUGH ASYMMETRICAL CMOS, to 
which a claim of priority is hereby made and the disclosure of 
which is incorporated by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to a cascode Switching struc 
ture and, more particularly to using a low Voltage P-channel 
MOSFET whose source is connected to a capacitor and its 
drain to a drain of a driver Switch. 
A cascode circuit is a technique for improving a perfor 

mance of an analog circuit. It provides a very useful two 
transistor configuration formed of a common Source stage 
followed by a common gate stage. The cascode combines the 
two amplifier stages for increased output resistance and 
reduced parasitic capacitance, resulting in a high gain with 
increased bandwidth. The cascode provides better high-fre 
quency performance and higher output resistance. 
The cascoded configuration of a normally ON depletion 

mode and a normally OFF semiconductor devices allows 
reliable and safe operation in Switching mode power Supply 
systems. 

Simple coupling of those two parts rely upon their own 
parameters for dynamic behavior, especially during a Switch 
OFF. The proposed arrangement enhances the switch-OFF 
transient, making use of the charge stored in V, Supply 
capacitor. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to avoid a loss of a 
diode drop when a rectifier is used. 

It is another object of the present invention to force a 
switch-OFF transition to be faster. 

Other features and advantages of the present invention will 
become apparent from the following description of the inven 
tion that refers to the accompanying drawings. 

Disclosed is a method of controlling a High Electron 
Mobility Transistor (HEMT) through a cascode circuit, the 
cascode circuit including first and second Switches, a capaci 
tor connected to a source of the first switch, a source of the 
HEMT being connected to both the drains of the first and 
second Switches, and a controller for controlling the first and 
second switches. The method is achieved by defining state A, 
where the first switch is controlled to be OFF resulting in the 
HEMT being OFF and the second switch is controlled to be 
ON allowing the capacitor to be charged and stabilizing the 
drain voltage of the P- and N-channel switches at around the 
HEMT gate threshold voltage. The method further defines 
state B, where the first switch is controlled to be ON resulting 
in the HEMT being ON and the second switch is controlled to 
be OFF almost all the time, thereby preserving the charge 
stored in the capacitor. Moreover, the method provides tran 
sitioning from state A to state B to turn the HEMT ON; and 
transitioning from state B to state A to turn the HEMT OFF, 
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wherein the first switch is switched-OFF and the second 
switch is switched-ON allowing for quicker charge of the 
output capacitance of the first Switch from the capacitor to 
keep the HEMT OFF. 
The present invention avoids loses from the diode drop by 

charging a capacitance C through a channel with a resistive 
behavior. Additionally, the switch-OFF transition is forced to 
be faster by balancing a charge between the V, capacitor and 
a cascoded driver Switch output capacitance 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a circuit utilizing the cascode circuit 
of the preferred embodiment of the present invention; and 

FIG. 2 is a graph illustrating the effect of state transitions of 
the cascode circuit on the various Voltages and a current. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

FIG. 1 illustrates a circuit 10 of the preferred embodiment 
of the present invention. The circuit 10 includes a low voltage 
P-channel Metal-Oxide Semiconductor Field-Effect Transis 
tor (MOSFET) or switch M2. The P-channel MOSFET may 
be obtained by doping a semiconductor to increase the num 
ber of free positive charge carriers. In circuit 10, the source of 
the P-channel switch M2 is connected to a V, capacitor C 
and the drain of the Switch M2 is connected to a source S2 of 
a High Electron Mobility Transistor (HEMT) 12. This tran 
sistor 12 is being driven by a driver integrated circuit (IC) 14 
through M1 cascoded transistor driver. HEMT 12 is a deple 
tion mode normally on device and may be based on GaN 
technology. In order for it to turn off, one of the two gates (G2 
in FIG.1, but Glmight also apply) has to be kept at the lowest 
possible potential with respect to the remaining three devices 
pins and below a threshold voltage with respect to its source 
p1n. 
The circuit 10 further illustrates a complementary metal 

oxide semiconductor (CMOS) structure formed by the 
P-channel switch M2 and an N-channel switch M1. The struc 
ture is controlled by the controller IC 14. The switch M1 
carries all the HEMT current, while the switch M2 manages a 
current flow between the capacitor C and Coss of the switch 
M1. A gate of the switch M2 is controlled so as to maximize 
the advantage of the described CMOS structure. 
The inventive CMOS structure operates inaccordance with 

the following States and transitions. In state A, the cascoded 
switch M1 is controlled to be OFF, as a result, in accordance 
with the cascodestructure, the HEMT is kept OFF. The switch 
M2 is controlled to be ON allowing the capacitor C to be 
charged from S2. S2 is stabilized at around the HEMT gate 
threshold Voltage. In state A, the Switch M2 acts as a synchro 
nous rectifier, allowing a lower Voltage drop then a diode and 
a faster Supply capacitor charge. 

In state B, the cascoded switch M1 is controlled to be ON 
resulting in the HEMT also to be fully ON. The switch M2 is 
controlled to be OFF, thereby preserving the charge stored in 
the V, supply capacitor C. In state B, the controller IC 14 
manages to switch the cascoded switch M1 almost fully ON. 
When the circuit 10 transitions from state A to state B, the 

cascoded switch M1 is being switched-ON while the switch 
M2 is being switched-OFF. In accordance with CMOS struc 
ture of the present invention, the switch M2 switches-OFF 
before the cascoded switch M1 Switches-ON. This is shown 
by the dead-time in FIG. 2. 
When the circuit 10 transitions from state B to state A, the 

cascoded switch M1 is being switched-OFF while the switch 
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M2 is being switched-ON. In this transition the benefit of the 
CMOS structure is even more evident. In particular, as shown 
in FIG. 2, the effect of the drain to source voltage V, of the 
cascoded switch M1 produces the following effect: 

Before the V, Voltage of M1 (Vs) reaches the HEMT 5 
threshold voltage, the HEMT is still fully ON, thus the tran 
sition is dominated by the cascoded switch M1; 
As soon as the V, Voltage reaches the HEMT threshold 

voltage, the HEMT switch 12, which may be a GaN transistor, 
starts to switch-OFF, thereby reducing the current flow. 10 
The output capacitance of the cascoded switch M1 would 

be charged by this residual load or even only a leakage current 
from the HEMT. 
The switch M2 is then switched-ON, allowing for quicker 

charge of the Coss of the cascoded switch M1 from the V, of 15 
the capacitor C. This effect is similar to adding an already 
charged and bigger capacitor (C) in parallel to the output 
capacitance of the cascoded switch M1. 

This allows a faster establishment of steady Voltage on S2, 
keeping the HEMT 12 OFF. During OFF time, the capacitor 20 
C is charged to the maximum Voltage reached by S2, which is 
usually higher than the HEMT threshold. 

Although the present invention has been described in rela 
tion to particular embodiments thereof, many other variations 
and modifications and other uses will become apparent to 25 
those skilled in the art. It is preferred, therefore, that the 
present invention not be limited by the specific disclosure 
herein. 
What is claimed is: 
1. A cascode circuit having source and drain terminals for 30 

driving a High Electron Mobility Transistor (HEMT) having 
first and second source terminals and first and second gate 
terminals, the first source and gate terminals of the HEMT 
being connected to the drain of the cascode circuit and the 
second gate terminal of the HEMT being connected to the 35 
Source of the cascode circuit, the circuit comprising: 

first and second Switches, each having Source, drain and 
gate terminals, the first and second Switches being con 
nected at their drain terminals; 

a capacitor connected between the Source terminals of the 40 
first and second Switches; 

the HEMT having the second source terminal connected to 
the drain terminals of the first and second switches; and 

a controller for controlling the first and second switches 
being connected to the gate terminals of the first and 45 
second Switches. 

2. The circuit of claim 1, wherein the second switch is a 
P-channel switch comprising a low voltage Metal-Oxide 
Semiconductor Field-Effect Transistor (MOSFET). 

3. The circuit of claim 2, wherein the first switch comprises 50 
an N-channel switch, wherein the N-channel and P-channel 
Switches together form a complementary metal-oxide semi 
conductor (CMOS) structure controlled by the controller. 

4. The circuit of claim 3, wherein the N-channel switch 
carries substantially all the current through the HEMT and the 55 
P-channel switch directs current flow between the capacitor 
and the N-channel switch. 

5. The circuit of claim 3, wherein the structure operates in 
accordance with States A and B and transitions from the state 
A to state Band from state B to state A. 60 

6. The circuit of claim 5, wherein in the state A the N-chan 
nel switch is controlled to be OFF resulting in the HEMT 
being OFF and the P-channel switch is controlled to be ON, 
which 

allows the capacitor to be charged, and 65 
stabilizes the drain voltage of the P- and N-channel 

switches at around the HEMT gate threshold voltage. 

4 
7. The circuit of claim 6, wherein the P-channel switch acts 

as a synchronous rectifier, allowing a lower Voltage drop than 
a diode and faster charging of the capacitor. 

8. The circuit of claim 5, wherein in state B the N-channel 
switch is controlled to be ON resulting in the HEMT being 
ON and the P-channel switch is controlled to be OFF almost 
all the time, thereby preserving the charge stored in the 
capacitor. 

9. The circuit of claim 5, wherein during the transition from 
state A to state B the N-channel switch is switched-ON after 
the P-channel switch is switched-OFF. 

10. The circuit of claim 5, wherein during the transition 
from state B to state A the N-channel switch is switched-OFF 
and the P-channel switch is switched-ON allowing for 
quicker charge of an output capacitance of the N-channel 
switch from the capacitor thereby keeping the HEMT OFF. 

11. The circuit of claim 10, further comprising the effect of 
the drain to source Voltage Vs of the N-channel Switch, 
wherein 

before the V, Voltage reaches a HEMT threshold voltage, 
the HEMT is fully ON, 

when the V, Voltage reaches the HEMT threshold volt 
age, the HEMT starts to switch-OFF, thereby reducing 
current flow in the HEMT, and 

the output capacitance of the N-channel Switch is charged 
by any residual load or leakage current from the HEMT. 

12. A method of controlling a High Electron Mobility 
Transistor (HEMT) having first and second gate and source 
terminals through a cascode circuit, the cascode circuit 
including first and second Switches each having gate, Source, 
and drainterminals, a capacitor connected between the source 
terminals of the first and second Switch, the first source ter 
minal of the HEMT being connected to the drain terminals of 
the controlling Switches, and a controller for controlling the 
first and second Switches, the method comprising the follow 
ing steps: 

defining state A, where the first switch is controlled to be 
OFF resulting in the HEMT being OFF and the second 
switch is controlled to be ON allowing the capacitor to 
be charged and stabilizing the drain Voltage of the first 
and second switches at around the HEMT gate threshold 
Voltage; 

defining state B, where the first switch is controlled to be 
ON resulting in the HEMT being ON and the second 
Switch is controlled to be OFF almost all the time, 
thereby preserving the charge Stored in the capacitor; 

transitioning from state A to state B to turn the HEMT ON: 
and 

transitioning from state B to state A to turn the HEMT OFF, 
wherein the first switch is switched-OFF and the second 
switch is switched-ON allowing for quicker charge of 
the output capacitance of the first switch from the 
capacitor to keep the HEMT OFF. 

13. The circuit of claim 12, wherein the first switch is a low 
voltage N-channel Metal-Oxide Semiconductor Field-Effect 
Transistor (MOSFET). 

14. The circuit of claim 13, wherein the second switch acts 
as a synchronous rectifier, allowing a lower Voltage drop than 
a diode and a faster Supply capacitor charge. 

15. The circuit of claim 13, wherein during the transition 
from state Ato state B the first Switch is switched-ON after the 
second switch is switched-OFF. 

16. The circuit of claim 13, transitioning from state B to 
state A comprises the effect of the drain to source Voltage Vs 
of the first switch, wherein 

before the V, Voltage reaches a HEMT threshold voltage 
the HEMT is fully ON, 
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when the V, Voltage reaches the HEMT threshold voltage minals of the high and low Switches being connected at 
the HEMT starts to switch-OFF, thereby reducing cur- a Switching node and to the second source terminal; 
rent flow through the HEMT, and a capacitor connected between the Source terminals of the 

the output capacitance of the N-channel Switch is charged high and low Switches; and 
by any residual loador leakage current from the HEMT, 5 a controller for controlling the Switching stage, 

wherein the high Switch is acts as a synchronous rectifier, 
allowing a lower Voltage drop than a diode and faster 
charging of the capacitor. 

18. The circuit of claim 17, wherein the low switch is 
10 N-channel and carries substantially all the current through the 
HEMT and the high switch is P-channel and directs current 
flow between the capacitor and the low switch. 

17. A cascode circuit for driving a High Electron Mobility 
Transistor (HEMT) having first and second source terminals 
and first and second gate terminals, the first Source and the 
first gate terminals being connected to a HEMT drain and the 
second gate terminal being connected to a HEMTsource, the 
circuit comprising: 

a Switching stage including high and low Switches each 
having source, drain, and gate terminals, the drainter- k . . . . 
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