
1 

 

HIGH VOLTAGE LOGIC CIRCUIT 

 

FIELD OF INVENTION  

The present invention relates broadly to a high voltage logic circuit for high voltage system 

application, to a logic circuit, to a method of fabricating a high voltage logic circuit for high 5 

voltage system application, and to a method of fabricating a logic circuit. 

 

BACKGROUND  

Fig. 1 shows a schematic block diagram illustrating DC or stepping motor drive circuits, 

showing that a microcontroller 100 operating at 3.3V or 5V logic level is separate from a motor 10 

drive chipset 102 with a high supply voltage (e.g. 12V or higher). Fig. 2 illustrates a more 

detailed block diagram of a general high voltage system 200 interfacing with digital logic 

circuits 202 (e.g. microcontroller), which demands redundant drive circuitry 204 between two 

independent blocks (compare 200, 202) to convert logic level input voltage to high voltage 

output required for the high voltage system 200 (e.g. DC or stepping motor).  15 

As depicted in Fig. 2, digital control circuitry 202 (e.g. microcontroller) is usually implemented 

in complementary metal-oxide-semiconductor (CMOS) process, thus has CMOS logic level 

output which should be amplified though high voltage driver circuitry 204 to fit into the high 

voltage system 200. This increases the system complexity and size. 

On the other hand, III-V devices such as Gallium Nitride (GaN) devices usually require 20 

negative bias voltages since their pinch-off voltage is negative. Although there exists an 

enhancement mode GaN device with a positive threshold voltage, it is difficult to control the 

voltage accurately during GaN device development. Thus, voltage variation is wide and 

sometimes below zero (i.e. negative) even for the enhancement mode devices. Specifically, 

most GaN devices are depletion mode FETs which demand additional negative bias circuitry 25 

[1] for proper gate biasing. 

Embodiments of the present invention seek to address at least one of the above problems. 

 

SUMMARY  

In accordance with a first aspect of the present invention, there is provided a high voltage logic 30 

circuit for high voltage system application comprising a first device layer formed from a first 

semiconductor material and comprising a low voltage logic circuit; and a second device layer 

formed from a second semiconductor material different from the first semiconductor material 

and comprising one or more components of an additional circuit for generating a high voltage 
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logic output from a low voltage logic input from the low voltage logic circuit; wherein the first 

and second device layers are integrally formed. 

In accordance with a second aspect of the present invention, there is provided a logic circuit 

comprising a low voltage logic input; a high supply voltage input; a circuit ground voltage 

input; a high voltage output; at least one first tail device made from a first semiconductor 5 

material; and at least one second tail device made from a second semiconductor material 

different from the first semiconductor material; wherein the at least one first and second tail 

devices are coupled, in series, between the high voltage output and the circuit ground voltage 

input; and wherein respective gates of the at least one first and second tail devices are coupled, 

in parallel, to the low voltage logic input. 10 

In accordance with a third aspect of the present invention, there is provided a method of 

fabricating a high voltage logic circuit for high voltage system application comprising providing 

a first device layer formed from a first semiconductor material and comprising a low voltage 

logic circuit; and providing a second device layer formed from a second semiconductor material 

different from the first semiconductor material and comprising one or more components of an 15 

additional circuit for generating a high voltage logic output from a low voltage logic input from 

the low voltage logic circuit; wherein the first and second device layers are integrally formed. 

In accordance with a fourth aspect of the present invention, there is provided a method of 

fabricating a logic circuit comprising providing a low voltage logic input; providing a high 

supply voltage input; providing a circuit ground voltage input; providing a high voltage output; 20 

providing at least one first tail device made from a first semiconductor material; and providing 

at least one second tail device made from a second semiconductor material different from the 

first semiconductor material; wherein the at least one first and second tail devices are coupled, 

in series, between the high voltage output and the circuit ground voltage input; and wherein 

respective gates of the at least one first and second tail devices are coupled, in parallel, to the 25 

low voltage logic input. 

 

BRIEF DESCRIPTION OF THE DRAWINGS  

Embodiments of the invention will be better understood and readily apparent to one of ordinary 

skill in the art from the following written description, by way of example only, and in 30 

conjunction with the drawings, in which:  

Fig. 1 shows a schematic diagram illustrating an example of drive circuitry for a DC motor. 

Fig. 2 shows a detailed block diagram of a conventional high voltage system interfacing with 

digital control circuits. 

Fig. 3 shows a diagram illustrating a high voltage logic circuit for a high voltage system, 35 

including GaN+CMOS circuits integrated with conventional (or low voltage) digital logic 

circuits on a single chip, according to an example embodiment. 
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Fig. 4 shows a diagram of an example GaN inverter with CMOS bias circuitry for use in the 

example embodiment of Fig. 3. 

Fig. 5 shows a diagram of a GaN+CMOS inverter with no CMOS bias circuitry according to 

an example embodiment, which can also be used in the example embodiment of Fig. 3. 

Fig. 6 shows simulation waveforms of a circuit according to an example embodiment with 5 

different high supply voltages, while logic supply is 3.3V. 

Fig. 7 shows a diagram of a GaN+CMOS NOR logic circuit with no CMOS bias circuitry 

according to an example embodiment, which is can also be used in the example embodiment of 

Fig. 3. 

Figs. 8a) to 8d) show schematic drawings illustrating an example fabrication process of III-V 10 

devices monolithically integrated with CMOS/Si devices, for use in example embodiments. 

Figure 9 shows a flowchart illustrating a method of fabricating a high voltage logic circuit for 

high voltage system application, according to an example embodiment. 

Figure 10 shows a flowchart illustrating a method of fabricating a logic circuit, according to an 

example embodiment. 15 

DETAILED DESCRIPTION 

Example embodiments described herein can eliminate the redundancy (i.e. back-end circuitry, 

such as driver circuitry, in between e.g. microcontroller and high voltage system) to achieve 

lower power consumption and area saving, as well as to integrate the two separate blocks (i.e. 

digital logic circuitry and back-end circuitry) into one for a system with a smaller form-factor. 20 

One example embodiment described herein can provide a logic inverter circuit with high 

voltage output that can be integrated with conventional digital logic circuits on a single die. 

Another example embodiment described herein can provide a NOR logic circuit with high 

voltage output that can be integrated with conventional digital logic circuits on a single die. 

Such embodiments can simplify high voltage circuits design for home/office automation, 25 

vehicular, and industrial applications. 

Example embodiments described herein can provide the circuit topology of a logic circuit 

consisting of both CMOS and GaN devices with low voltage logic level input from CMOS 

circuitry and high voltage output through GaN devices. The logic circuit can be integrated with 

CMOS digital logic circuits on a single die using a monolithically integrated GaN+CMOS 30 

process. For example, GaN FETs can enable both high-frequency and high-efficiency operation 

with high breakdown voltage [2] and recently can be integrated with CMOS circuits on a single 

substrate [3]-[7].  

Example embodiments described herein can provide a logic circuit with high voltage output 

that does not require additional biasing circuitry. This can simplify high voltage circuits design 35 

for home/office automation, vehicular, and industrial applications. 
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Fig. 3 shows a block diagram including GaN+CMOS circuits 302 forming a high voltage back-

end circuit, for example a high voltage driver, integrated on a single chip with low voltage 

digital logic circuits 304 using a monolithically integrated process according to an example 

embodiment, which dramatically reduces the system complexity compared to the existing 

system shown in Fig. 2. The high voltage output from the GaN+CMOS circuits 302 is applied 5 

to a high voltage system 300 (e.g. a stepping motor). 

Fig. 4 shows a diagram illustrating an example of the back-end circuitry in the form of an 

inverter 400 with depletion mode GaN FETs M1, M2, and a CMOS bias circuit 402, which can 

be used in the high voltage back-end circuitry integrated with the low voltage logic circuits in 

the embodiment described above with reference to Fig. 3. It is noted that the tail GaN device, 10 

M1, has the full voltage swing when the high voltage output 404 changes from zero to high 

voltage responsive to an on-state low voltage logic input 406, which can cause a slow rising 

time.  

An inverter 500 circuit topology according to another example embodiment shown in Fig. 5 

converts logic level low voltage at logic input 502 in CMOS circuits to high voltage at output 15 

503 through GaN devices M4, M5 and CMOS device M3. The tail CMOS device (M3) and tail 

GaN device (M4) share the same logic input 502 and the breakdown voltage of the CMOS 

device M3 is advantageously higher than the potential at the junction 505 between the CMOS 

device M3 and GaN device M4 in an on-state (i.e. positive V at the logic input 502). The size 

of the top GaN device M5 is advantageously as small as it can be to reduce the on-state current 20 

consumption of the inverter 500.   

As depicted in Fig. 5, the tail configuration M3, M4 has the same logic input 502 sharing the 

Silicon (Si) gate of the CMOS FET M3 with the GaN gate of the GaN FET M4, so when logic 

high of e.g. 3.3V is applied, the GaN FET M4 is turned more ON compared to, for example, a 

configuration in which the GaN-gate of the GaN FET M4 would be fixed at 0V. As a result, the 25 

on-resistance is advantageously lower and the voltage drop (Vds) will be advantageously lower 

in the series combination of GaN+Si Gate FETs M4, M3 according to this example 

embodiment. Thus, the static power loss in the on-state should advantageously be lower 

according to the example embodiment.  

Additionally, the tail GaN device M4 which originally requires a negative DC gate bias due to 30 

its depletion mode operation advantageously no longer requires bias circuitry in the example 

embodiment because the tail CMOS device M3 which is turned off in an off-state (i.e. 0V at 

the logic input 502) makes the GaN  device M4 disconnected from the circuit ground input 507. 

Thus, the tail GaN device M4 doesn’t have the full voltage swing and slow rising time issue 

since its source voltage at the junction 505 is not grounded in an off-state (i.e. 0V at the logic 35 

input 502), as shown in Fig. 6, whereas the tail GaN device M1 of the inverter 400 in Fig. 4 has 

the full voltage swing while switching. 

As depicted in Fig. 5, tail devices FETs M3 and M4 are coupled, in series, between the high 

voltage output 503 and a circuit ground input 507. The top GaN device M5 is coupled between 

a high supply voltage input 509 and the high voltage output 503. 40 
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The inverter 500 can also be used in the high voltage back-end circuitry integrated with the low 

voltage logic circuit in the embodiment described above with reference to Fig. 3. 

Fig. 6 shows simulation waveforms of a high voltage system according to an example 

embodiment, showing that 3.3V logic input 600 can be converted to different higher voltage 

logic outputs 602, 604 depending on high supply voltages, without additional driving and/or 5 

biasing circuity. Fig. 6 also shows the drain voltages 606 of the 3.3V CMOS device (compare 

M3 in Fig. 5). 

A NOR logic circuit 700 topology according to another example embodiment shown in Fig. 7 

converts two logic level voltages at logic inputs 702a,b in CMOS circuits to high voltage at 

output 703 through GaN devices M7, M9, M10 and CMOS devices M6, M8. The tail CMOS 10 

device M6 and tail GaN device M7 share the same logic input 702a. The tail CMOS device M8 

and tail GaN device M9 share the same logic input 702b. The breakdown voltage of the CMOS 

devices, M6, M8, is advantageously higher than the potential at the junctions 705a,b, 

respectively, between the CMOS and GaN devices in on-state (i.e. positive V at the respective 

logic inputs 702a,b). The size of the top GaN device, M10, is advantageously as small as it can 15 

be to reduce the on-state current consumption of the NOR logic 700. 

As depicted in Fig. 7, the tail configurations M6, M7 has the same logic input 702a sharing the 

Silicon (Si) gate of the CMOS FET M6 with the GaN gate of the GaN FET M7 so when logic 

high of e.g. 3.3V is applied at logic input 702a, the GaN FETs M7 is turned more ON compared 

to, for example, a configuration in which the GaN-gate of the GaN FETs M7 would be fixed at 20 

0V. As a result, the on-resistance is advantageously lower and the voltage drop (Vds) will be 

advantageously lower in the series combinations of GaN+Si Gate FETs M6, M7 according to 

this example embodiment. Similarly, the tail configurations M8, M9 has the same logic input 

702b sharing the Silicon (Si) gate of the CMOS FET M8 with the GaN gate of the GaN FET 

M9 so when logic high of e.g. 3.3V is applied at logic input 702b, the GaN FETs M9 is turned 25 

more ON compared to, for example, a configuration in which the GaN-gate of the GaN FETs 

M9 would be fixed at 0V. As a result, the on-resistance is advantageously lower and the voltage 

drop (Vds) will be advantageously lower in the series combinations of GaN+Si Gate FETs M8, 

M9 according to this example embodiment. Thus, the static power loss should advantageously 

be lower according to the example embodiment.  30 

Additionally, the tail GaN devices M7, M9 advantageously no longer require bias circuitry in 

the example embodiment because the tail CMOS devices M6, M8, which are turned off in an 

off-state (i.e. 0V at the respective logic inputs 702a,b) makes the GaN devices M7, M9 

disconnected from the circuit ground input 707. Thus, the tail GaN devices M7, M9 don’t have 

the full voltage swing and slow rising time issue since their source voltages at the junctions 35 

705a,b, respectively, are not grounded in their respective off-states (i.e. 0V at the respective 

logic inputs 702a,b). 

As depicted in Fig. 7, tail devices FETs M6 and M7 on the one hand, and tail devices FETs M8 

and M9 on the other hand are coupled, in series, between the high voltage output 703 and the 
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circuit ground input 707. The top GaN device M10 is coupled between a high supply voltage 

input 709 and the high voltage output 703. 

The NOR logic circuit 700 can also be used in the high voltage back-end circuitry integrated 

with the low voltage logic circuit in the embodiment described above with reference to Fig. 3. 

To enable monolithic integration of III-V materials with CMOS in the fabrication of the 5 

example embodiments of the present invention described above, a vertically integrated process 

was utilized, referred to hereinafter as the LEES process.  Specifically, the LEES process is 

based on conventional front-end silicon CMOS processing by a commercial foundry, followed 

by III-V integration and processing in a separate facility, before returning the processed wafer 

back to the commercial foundry for back-end silicon CMOS processing.  FIGs. 8a) to 8d) 10 

collectively illustrate an example structure of III-V monolithically integrated with CMOS/Si 

devices formed using the LEES process.  It is to be appreciated that for the embodiments 

described, GaN FETs are used as an example of the III-V semiconductor devices because GaN 

FETs are particularly suitable for forming high-power and/or high-voltage circuits.  Briefly, 

FIG. 8a) shows a silicon-on-insulator (SOI) wafer 800 with fabricated Si-CMOS devices 802 15 

and FIG. 8b) depicts a Si-CMOS/GaN-on-Si wafer 804 realized by a two-step bonding 

technology using the wafer 800 of FIG. 8a) and a GaN-on-Silicon wafer.  FIG. 8c) then shows 

opening of a window 806 for device isolation, and FIG. 8d shows a schematic cross-sectional 

view of the monolithically integrated GaN FET devices 808 with final metal interconnection of 

fabricated FETs 808 and Si-CMOS devices 802. 20 

As the LEES process described above is based on a commercial CMOS foundry, CMOS circuit 

design is able to leverage existing CMOS process design kits (PDKs) provided by the foundry.  

The III-V portion of a die used, uses a PDK, which includes III-V device models, layout p-cells, 

and interconnect models between III-V and CMOS devices, as will be appreciated by a person 

skilled in the art.  The PDK is developed with a physics-based compact model of III-V devices 25 

(i.e. GaN FETs) coupled with device layout, sizing and spacing rules defined by device and 

process researchers, enabling CMOS with III-V circuit simulation using conventional 

computer-aided design (CAD) tools and layout for both the CMOS and GaN portions of the 

die.  This integrated CAD flow enables joint CMOS with III-V circuit design and eases 

migration of the LEES process to commercialization. 30 

In one embodiment, a high voltage logic circuit for high voltage system application comprising 

a first device layer formed from a first semiconductor material and comprising a low voltage 

logic circuit; and a second device layer formed from a second semiconductor material different 

from the first semiconductor material and comprising one or more components of an additional 

circuit for generating a high voltage logic output from a low voltage logic input from the low 35 

voltage logic circuit; wherein the first and second device layers are integrally formed. 

The first device layer may comprise at least one component of the additional circuit. The at 

least one component may comprise a bias circuit. The at least one component may comprise at 

least one first tail transistor made from the first semiconductor material. The additional circuit 

may not require an additional biasing circuit for biasing of at least one second tail transistor of 40 
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the additional circuit, wherein the at least one second tail transistor is made from the second 

semiconductor material. 

The additional circuit may comprise a logic inverter circuit. 

The additional circuit may comprise a NOR logic circuit. 

The first semiconductor material may comprise a silicon based material. 5 

The second semiconductor material may comprise a group III-V based material. 

In one embodiments, a logic circuit is provided comprising a low voltage logic input; a high 

supply voltage input; a circuit ground voltage input; a high voltage output; at least one first tail 

device made from a first semiconductor material; and at least one second tail device made from 

a second semiconductor material different from the first semiconductor material;wherein the at 10 

least one first and second tail devices are coupled, in series, between the high voltage output 

and the circuit ground voltage input; and wherein respective gates of the at least one first and 

second tail devices are coupled, in parallel, to the low voltage logic input. 

The logic circuit may further comprise a top device coupled between the high supply voltage 

input and the high voltage output. The top device may be made from the second semiconductor 15 

material. The top device may have a small size for reducing an on-state current consumption of 

the inverter circuit. 

The logic circuit may comprise a logic inverter circuit. 

The logic circuit may comprise a NOR logic circuit. 

The first semiconductor material may comprise a silicon based material. 20 

The second semiconductor material may comprise a group III-V based material. 

Figure 9 shows a flowchart 900 illustrating a method of fabricating a high voltage logic circuit 

for high voltage system application, according to one embodiment. At step 902, a first device 

layer formed from a first semiconductor material and comprising a low voltage logic circuit is 

provided. At step 904, a second device layer formed from a second semiconductor material 25 

different from the first semiconductor material and comprising one or more components of an 

additional circuit for generating a high voltage logic output from a low voltage logic input from 

the low voltage logic circuit is provided, wherein the first and second device layers are 

integrally formed. 

The first device layer may comprise at least one component of the additional circuit. The at 30 

least one component may comprise a bias circuit. The at least one component may comprise at 

least one first tail transistor made from the first semiconductor material. The additional circuit 

may not require an additional biasing circuit for biasing of at least one second tail transistor of 

the additional circuit, wherein the at least one second tail transistor is made from the second 

semiconductor material. 35 
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The additional circuit may comprise a logic inverter circuit. 

The additional circuit may comprise a NOR logic circuit. 

The first semiconductor material may comprise a silicon based material. 

The second semiconductor material may comprises a group III-V based material. 

Figure 10 shows a flowchart 1000 illustrating a method of fabricating a logic circuit, according 5 

to one embodiment. At step 1002, a low voltage logic input is provided. At step 1004, a high 

supply voltage input is provided. At step 1006, a circuit ground voltage input is provided. At 

step 1008, a high voltage output is provided. At step 1010, at least one first tail device made 

from a first semiconductor material is provided. At step 1012, at least one second tail device 

made from a second semiconductor material different from the first semiconductor material is 10 

provided, wherein the at least one first and second tail devices are coupled, in series, between 

the high voltage output and the circuit ground voltage input; and wherein respective gates of 

the at least one first and second tail devices are coupled, in parallel, to the low voltage logic 

input. 

The method may further comprise providing a top device coupled between the high supply 15 

voltage input and the high voltage output. The top device may be made from the second 

semiconductor material. The top device may have a small size for reducing an on-state current 

consumption of the inverter circuit. 

The logic circuit may comprise a logic inverter circuit. 

The logic circuit may comprise a NOR logic circuit. 20 

The first semiconductor material may comprise a silicon based material. 

The second semiconductor material may comprise a group III-V based material. 

Embodiments of the present invention can have application in small form-factor high voltage 

systems for home, vehicular, and industrial applications. 

It will be appreciated by a person skilled in the art that numerous variations and/or 25 

modifications may be made to the present invention as shown in the specific embodiments 

without departing from the spirit or scope of the invention as broadly described. The present 

embodiments are, therefore, to be considered in all respects to be illustrative and not restrictive. 

Also, the invention includes any combination of features, in particular any combination of 

features in the patent claims, even if the feature or combination of features is not explicitly 30 

specified in the patent claims or the present embodiments. 

For example, while GaN devices have been used in the example embodiments described above, 

other group III-V based material devices (e.g. GaP, InP, AlN) which can be sustained with high 

voltage and integrated with CMOS devices using a monolithically integrated process can be 

used. 35 
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Also, while all GaN devices in the example embodiments described herein operate in depletion 

mode, which is more popular as will be appreciated by a person skilled in the art, there exist 

enhancement-mode GaN devices which can be used in different embodiments. 
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CLAIMS  

1. A high voltage logic circuit for high voltage system application comprising: 

 a first device layer formed from a first semiconductor material and comprising 

a low voltage logic circuit; and 

 a second device layer formed from a second semiconductor material different 

from the first semiconductor material and comprising one or more components of an 

additional circuit for generating a high voltage logic output from a low voltage logic 

input from the low voltage logic circuit; 

 wherein the first and second device layers are integrally formed. 

2. The high voltage logic circuit of claim 1, wherein the first device layer 

comprises at least one component of the additional circuit, wherein the at least one 

component may comprise a bias circuit or at least one first tail transistor made from the 

first semiconductor material. 

3. The high voltage logic circuit of claim 2, wherein the additional circuit does not 

require an additional biasing circuit for biasing of at least one second tail transistor of 

the additional circuit, wherein the at least one second tail transistor is made from the 

second semiconductor material. 

4. The high voltage logic circuit of any one of claims 1 to 3, wherein the additional 

circuit comprises a logic inverter circuit or a NOR logic circuit. 

5. The high voltage logic circuit of any one of claims 1 to 4, wherein the first 

semiconductor material comprises a silicon based material, and may comprise a group 

III-V based material. 

6. A logic circuit comprising: 

 a low voltage logic input; 

 a high supply voltage input; 

 a circuit ground voltage input; 

 a high voltage output; 

 at least one first tail device made from a first semiconductor material, the first 

tail device comprising a first gate, wherein a voltage applied to the first gate controls a 

current flow through the first tail device; and 

 at least one second tail device made from a second semiconductor material 

different from the first semiconductor material, the second tail device comprising a 

second gate, wherein a voltage applied to the second gate controls a current flow 

through the second tail device; 
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 wherein the at least one first and second tail devices are coupled, in series, 

between the high voltage output and the circuit ground voltage input; and 

wherein the first and second gates of the at least one first and second tail devices, 

respectively, are coupled, in parallel, to the low voltage logic input. 

7. The logic circuit of claim 6, further comprising a top device coupled between 

the high supply voltage input and the high voltage output. 

8. The logic circuit of claim 6, wherein the top device is made from the second 

semiconductor material and/or wherein the top device has a small size for reducing an 

on-state current consumption of an inverter circuit of the logic circuit. 

9. The logic circuit of any one of claims 6 to 8, wherein the logic circuit comprises 

a logic inverter circuit or a NOR logic circuit. 

10. The logic circuit of any one of claims 6 to 9, wherein the first semiconductor 

material comprises a silicon based material, and may comprise a group III-V based 

material. 

11. A method of fabricating a high voltage logic circuit for high voltage system 

application comprising: 

 providing a first device layer formed from a first semiconductor material and 

comprising a low voltage logic circuit; and 

 providing a second device layer formed from a second semiconductor material 

different from the first semiconductor material and comprising one or more components 

of an additional circuit for generating a high voltage logic output from a low voltage 

logic input from the low voltage logic circuit; 

 wherein the first and second device layers are integrally formed. 

12. The method circuit of claim 11, wherein the first device layer comprises at least 

one component of the additional circuit, wherein the at least one component may 

comprise a bias circuit or at least one first tail transistor made from the first 

semiconductor material. 

13. The method of claim 12, wherein the additional circuit does not require an 

additional biasing circuit for biasing of at least one second tail transistor of the 

additional circuit, wherein the at least one second tail transistor is made from the second 

semiconductor material. 

14. The method of any one of claims 11 to 13, wherein the additional circuit 

comprises a logic inverter circuit or a NOR logic circuit. 
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15. The method of any one of claims 11 to 14, wherein the first semiconductor 

material comprises a silicon based material, and may comprise a group III-V based 

material. 

16. A method of fabricating a logic circuit comprising: 

 providing a low voltage logic input; 

 providing a high supply voltage input; 

 providing a circuit ground voltage input; 

 providing a high voltage output; 

 providing at least one first tail device made from a first semiconductor material, 

the first tail device comprising a first gate, wherein a voltage applied to the first gate 

controls a current flow through the first tail device; and 

 providing at least one second tail device made from a second semiconductor 

material different from the first semiconductor material, the second tail device 

comprising a second gate, wherein a voltage applied to the second gate controls a 

current flow through the second tail device; 

 wherein the at least one first and second tail devices are coupled, in series, 

between the high voltage output and the circuit ground voltage input; and 

wherein the first and second gates of the at least one first and second tail devices, 

respectively, are coupled, in parallel, to the low voltage logic input. 

17. The method of claim 16, further comprising providing a top device coupled 

between the high supply voltage input and the high voltage output. 

18. The method of claim 17, wherein the top device is made from the second 

semiconductor material and/or wherein the top device has a small size for reducing an 

on-state current consumption of an inverter circuit of the logic circuit. 

19. The method of any one of claims 16 to 18, wherein the logic circuit comprises 

a logic inverter circuit or a NOR logic circuit. 

20. The method of any one of claims 15 to 18, wherein the first semiconductor 

material comprises a silicon based material, and may comprise a group III-V based 

material. 

 


