Assume Vin=0v, And The Two Nmos
Transistors Have Identical Kn Parameters
And Vin= 1lv, Determine The Value

Assume Vin=0v, And The Two Nmos Transistors Have Identical Kn Parameters And Vin=
1v, Determine The Value

Introduction

In the realm of analog and digital circuit design, understanding the behavior of MOSFET transistors,
particularly NMOS transistors, is vital for designing reliable and efficient circuits. When analyzing
circuits involving NMOS transistors, parameters such as threshold voltage (Vtn), transconductance
parameter (Kn), and the applied voltages play a critical role in determining the operation point and
conduction characteristics of the devices. This article provides a comprehensive explanation of how
to analyze a circuit with two identical NMOS transistors, given specific parameters, with a focus on
calculating the unknown value based on the assumption that Vin=0V, Vtn=1V, and the transistors
have identical Kn parameters.

Understanding NMOS Transistor Basics

Before delving into the specific problem, it is essential to understand the fundamental operation and
parameters of NMOS transistors.

Key Parameters of NMOS Transistors

- Threshold Voltage (Vtn): The minimum gate-to-source voltage (Vgs) required to create a conducting
channel between the drain and source terminals.

- Transconductance Parameter (Kn): Also called process transconductance parameter, it quantifies
the device's ability to conduct current. It is given by:

\[

Kn =\mu n C {ox} \frac{W}{L}
\]

where:

-\(\mu_n\) is the electron mobility,

\(C_{ox}\) is the oxide capacitance per unit area,
-\(W\) is the transistor width,

\(L\) is the transistor length.

- Operation Regions:
- Cutoff Region: When \(V_{gs} <V {tn}\), the transistor is off.
- Triode (Linear) Region: When \(V_{gs} >V {tn}\) and \(V_{ds} <V {gs} -V {tn}\).



- Saturation Region: When \(V_{gs} >V {tn}\) and \(V {ds} \geqV _{gs} - V_{tn}\).

Circuit Assumptions and Initial Conditions
The problem statement provides specific assumptions:

- Vin=0 V: The input voltage at the gate of the transistors is zero.

- Identical Kn Parameters: Both NMOS transistors have the same transconductance parameter,
\(K_{n}).

- Vtn=1 V: The threshold voltage for both transistorsis 1 V.

- Objective: To determine an unknown value, which typically refers to the drain current (\(I D\)),
drain voltage (\(V_D\)), or other relevant parameters.

Analyzing the Circuit Configuration

Typical Circuit Setup

In many circuit analysis problems involving two NMOS transistors, common configurations include:
- Cascode configurations

- Current mirror circuits

- Differential pairs

- Common-source amplifiers

Given the context, it is likely that the configuration involves two NMOS transistors connected in a
common arrangement, with the gates biased at certain voltages and the goal to determine a specific
parameter.

Assumption for Analysis

Since the input voltage \(V_{in}\) is zero, the gate-to-source voltage \(V_{gs}\) of each transistor can
be written as:

\[

V_{gs} =V_{g} -V {s}

\]

where \(V_{g}\) is the gate voltage and \(V_{s}\) is the source voltage.

Given \(V_{g} = 0\) V, the transistor's operation depends on the source voltage \(V_{s}\).

Step-by-Step Approach to Determine the Unknown Value

Step 1: Determine the Operating Region of the Transistors



- Since \(V_{g} = 0\) Vand \(V_{tn} = 1\) V, the gate-to-source voltage:
\[

V_ {gs} =0-V {s} =-V {s}

\]

- The transistor turns on only if \(V_{gs} >V {tn})), i.e.,

\[

-V _{s} > 1\, \text{V} \quad \Rightarrow \quad V_{s} < -1\, \text{V}

\]

-IE\(V_{s} \geq -1\, \text{V}\), then \(V_{gs} \leq 1\, \text{V}\), meaning the transistor might be off
or in cutoff.

- Conclusion: The transistors conduct only if their source voltage is less than \(-1\, \text{V}\).
Step 2: Establish the Relationship Between Source, Drain, and Gate Voltages
- For a typical NMOS transistor in saturation:

\[

I D =\frac{1}{2} K {n} (V_{gs} -V {tn})"2

\]

- Given \(V_{gs} = -V _{s}\), the equation becomes:

\[

I D =\frac{1}{2} K {n} (-V {s} -V {tn})"2

\]

- Since the transistors are identical, the same current flows through both.

Step 3: Analyze the Circuit's Bias Conditions

- The circuit's common source node voltage \(V_{s}\) is influenced by the drain current and any
connected load or supply voltage.

- Assuming the transistors are connected in a simple configuration with a drain supply voltage
\(V_{DD}\), and source connected to ground or a reference node, the analysis simplifies.

- However, if the circuit is not explicitly provided, typical assumptions are:

- Transistor sources are connected at a certain node, and the drain voltages are determined by the
load and supply voltage.

- The problem likely involves calculating the drain current \(I D\) or the drain voltage \(V_D\).

Determining the Drain Current or Other Parameters



Key Equations
- For saturation:

\[

I D=\frac{1}{2} K {n} (V {gs} -V {tn})"2
\]

- Since \(V_{gs} = -V _{s}\), then:

}[_D = \frac{1}{2} K {n} (-V {s} -V {tn})"2

\]

- The source voltage \(V_{s}\) relates to the current through the load and circuit configuration.
Step 4: Solving for the Unknown

- If the goal is to find \(V_D\), \(I D\), or \(V_{s}\), use circuit laws:

- Kirchhoff's Voltage Law (KVL)
- Kirchhoff's Current Law (KCL)
- Device equations

- For example, if the circuit has a resistor load \(R\) connected to \(V_{DD}\), then:

\[
V {D} =V {DD}-IDR
\]

- With the current \(I D\) expressed in terms of \(V_{s}\), and \(V_{s}\) related to the circuit, one can
solve for the unknown.

Practical Calculation Example
Suppose:

-\(V_{DD} =5\, \text{V}\)

- Load resistor \(R = 10\, \text{k}\Omega\)
-\(K {n} =2\, \text{mA/V}"2\)

-\(V_{tn} = 1\, \text{V}\)

-\(V_{g} = 0\, \text{V}\)

Step 1: Find \(V_s\)
From earlier, for conduction:

\[
V {gs} =-V s>V {tn} = 1)\, \text{V}



\]

\[
-V s > 1)\, \text{V} \quad \Rightarrow \quad V s < -1\, \text{V}
\]

Step 2: Calculate \(I D\) in saturation

\[
I D =\frac{1}{2} \times 2\, \text{mA/V} "2 \times (-V s-1)"2
\]

\[
I D =1\ \text{mA/V} "2 \times (-V s - 1)"2
\]

Step 3: Relate \(V_D\) and \(V s\)

Using KVL:

\[

V {D} =V {DD}-IDR
\]

Suppose the drain is connected to \(V_D\), and assuming the source is at voltage \(V_s\), which is
negative, the specific values can be solved iteratively or algebraically to find the unknown.

Additional Considerations and Design Implications

Impact of Device Parameters

- Variations in Kn and Vtn can significantly influence the conduction and switching behavior.

- Matching parameters are crucial for differential circuits, current mirrors, and other analog
components.

Effects of Assumptions

- Assuming Vin=0 V simplifies the analysis but may not reflect real-world scenarios where input
voltages vary.

- Identical Kn parameters imply symmetric devices, which is ideal for matched circuit design.

Practical Design Tips

- Always verify the operation region to ensure the device assumptions are valid.



Frequently Asked Questions

What is the significance of assuming Vin=0V in the analysis of
the NMOS transistor circuit?

Assuming Vin=0V simplifies the circuit analysis by ensuring the NMOS transistor is in cutoff,
allowing us to determine the behavior and biasing conditions of the transistors under this voltage
condition.

How does having identical Kn parameters for both NMOS
transistors affect the circuit analysis?

Identical Kn parameters mean both transistors have the same process and mobility characteristics,
simplifying calculations for currents and voltages, and allowing for symmetrical analysis of the
circuit.

What is the role of the threshold voltage Vtn=1V in
determining transistor operation?

Vtn=1V is the threshold voltage; if the gate-to-source voltage exceeds 1V, the NMOS transistor turns
on; since Vin=0V, the transistor remains off, which influences the circuit's operating point.

How can we determine the value requested in the problem
based on the given parameters?

By analyzing the circuit with Vin=0V and considering the identical Kn and Vtn values, we can use
transistor equations and circuit laws to solve for the unknown parameter, such as drain current or
bias voltage.

What assumptions are typically made when analyzing NMOS
circuits with these parameters?

Common assumptions include the transistors being in cutoff or saturation depending on voltages,
channel-length modulation being negligible, and the parameters Kn and Vtn being constant and
identical for both transistors.

If Vin=0V, what is the expected state of the NMOS transistors
in the circuit?

Since Vin=0V is below the threshold voltage Vtn=1V, both NMOS transistors are expected to be in
cutoff (off state), resulting in no conduction between drain and source.

How does the matching of Kn parameters influence the overall



circuit behavior in this scenario?

Matching Kn parameters ensures that both transistors respond similarly to their gate voltages,
which simplifies analysis and can lead to symmetrical circuit operation, particularly when analyzing
biasing and current flow.

Additional Resources

Assume Vin=0V, And The Two NMOS Transistors Have Identical Kn Parameters And Vtn= 1V,
Determine The Value

Understanding the behavior of MOSFET transistors is fundamental in modern electronics design,
especially when designing digital and analog circuits. In this article, we explore a specific scenario
involving two NMOS transistors with identical parameters, focusing on their operation when the
input voltage (Vin) is at zero volts. By analyzing the conditions, parameters, and resulting current
flow, we aim to determine the key value that influences transistor operation—whether it be the drain
current, channel conductance, or threshold-related parameters.

Introduction to NMOS Transistor Fundamentals

Before delving into the specific problem, it’s essential to establish a clear understanding of NMOS
transistors' basic operation and parameters.

What is an NMOS Transistor?

An NMOS (n-channel metal-oxide-semiconductor) transistor is a type of field-effect transistor (FET)
that uses an n-type channel to control current flow between its drain and source terminals. When a
suitable voltage is applied to the gate terminal, it modulates the conductivity of the channel,
allowing current to pass or block flow depending on the voltage levels.

Key Parameters of NMOS Transistors

- Kn (Transconductance Parameter): Represents the process-dependent gain factor, influenced by
mobility, oxide capacitance, and device geometry. It determines how effectively the transistor can
conduct current for a given gate-to-source voltage.

- Vin (Threshold Voltage): The minimum gate-to-source voltage needed to create a conducting
channel between the drain and source. For the case at hand, Vtn=1V.

- Vgs (Gate-to-Source Voltage): The voltage applied between the gate and source terminals.



- Vds (Drain-to-Source Voltage): The voltage difference between drain and source.

Scenario Specification and Initial Conditions

The problem statement provides specific initial conditions:
- Vin=0V: The input voltage is zero, implying that the gate-to-source voltage (Vgs) is initially at OV.

- Two NMOS Transistors with Identical Kn Parameters: Both transistors share the same
transconductance parameter, which simplifies comparative analysis.

- Vin=1V: The threshold voltage for both transistors is 1V, indicating they require at least 1V at their
gates relative to their sources to turn on.

Given these conditions, the core question is: What is the value of a particular parameter or current?

While the problem states "Determine The Value," it is often standard in such contexts to find the
drain current or the maximum possible conduction current when conditions change.

Analyzing the Transistor Operation at Vin=0V

The first step is to analyze the state of the transistors when Vin=0V.

Understanding Gate-Source Voltage (Vgs)

- Assuming the source terminals are at ground (0V), which is common unless specified otherwise, the
gate-to-source voltage (Vgs) is:

Vgs =Vin - Vs = 0V - 0V = OV

- Since Vgs = OV and Vtn = 1V, the gate voltage is below the threshold voltage.

Implication for Transistor States

- Cut-off Region: For an NMOS transistor, if Vgs < Vtn, the device remains off, meaning no
conduction occurs between drain and source.

- Result: Both transistors are in the cut-off region with zero drain current.



Determining the Drain Current and Other Parameters

Given that the transistors are off at Vin=0V, the immediate conclusion is that the drain currents are
zero under these conditions. However, to provide a comprehensive analysis, we explore different
aspects and potential configurations where this information might be relevant.

Case 1: Transistors as Switches

- When Vin=0V, both NMOS transistors are effectively open switches because Vgs < Vin.
- Result: No current flows through the transistors.

Case 2: Circuit Configurations and Additional Voltages

- If the circuit involves other voltage sources or different source voltages, the state could change.
- For example, if sources are at a voltage higher than 0V, Vgs might be positive enough to turn on
the transistors.

Case 3: Threshold Voltage and Subthreshold Behavior

- Even if Vgs is below Vtn, small leakage currents may occur, but these are typically negligible for
digital logic calculations.

Deep Dive into Kn and Its Significance

Since the problem emphasizes that the two NMOS transistors have identical Kn parameters,
understanding this parameter's role is critical.

What Does Kn Represent?

- Definition: Kn = pn Cox (W/L), where:
- in = electron mobility

- Cox = oxide capacitance per unit area
- W = width of the transistor

- L = length of the transistor



- Impact: Kn directly influences the drain current in the saturation and triode regions.

Drain Current in the Saturation Region

- For Vgs > Vin and Vds sufficiently large, the drain current (Id) in the saturation region is:
Id = (1/2) Kn (Vgs - Vtn) "2
- At Vin=0V: Since Vgs=0V, which is less than Vtn=1V, the current is zero:

Id=0

Drain Current in the Triode Region

- For Vgs > Vtn but Vds small, the drain current is:
Id = Kn [(Vgs - Vtn) Vds - Vds"~2/2]

- Again, with Vgs=0V, Id=0.

Conclusion: The Key Value and Its Determination

Given the analysis above, the core value to determine in this scenario is the initial drain current or
the channel conductance when Vin=0V.

- Since Vgs=0V < Vtn=1V, the transistors are in cutoff mode.
- Result: The drain current is zero; no conduction occurs.

Therefore, the value to determine—likely the drain current—is zero at Vin=0V.

Implications for Circuit Design and Operation

Understanding that the NMOS transistors remain off at Vin=0V has practical implications:

- Switching Behavior: The transistors serve as switches, turning on only when the gate voltage
exceeds Vin.

- Logic Gate Design: Ensuring that input voltages are above Vin is essential for proper switching.

- Power Consumption: When off, the transistors do not conduct, reducing static power consumption.



Final Remarks

The scenario underscores the importance of threshold voltages and transistor parameters in circuit
operation. While at Vin=0V, the transistors are off, ensuring no current flow, the same parameters
play a crucial role when voltages change, enabling the transistors to switch states efficiently.
Recognizing that the drain current is zero at these initial conditions provides a foundation for
designing more complex circuits where voltage thresholds dictate operation modes.

In summary, the key value—most likely the drain current—is determined to be zero given the
specified conditions. This insight helps engineers predict circuit behavior under various voltage
inputs, ensuring reliable and efficient electronic system design.
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