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N-MOS Circuits

• Parameters 𝐾𝑛 =
𝑊𝜇𝑛𝐶𝑜𝑥

2𝐿

𝐾𝑛 =
𝑘𝑛
′

2

𝑊

𝐿
𝑘𝑛
′ = 𝜇𝑛𝐶𝑜𝑥

𝜇𝑛, 𝐶𝑜𝑥 fixed for a given semiconductor process →
k’n fixed for a given semiconductor process

𝐼𝐷 = 𝐾𝑛 2 𝑉𝐺𝑆 − 𝑉𝑡𝑛 𝑉𝐷𝑆 − 𝑉𝐷𝑆
2

𝐼𝐷 =
𝑘′𝑛
2

𝑊

𝐿
2 𝑉𝐺𝑆 − 𝑉𝑡𝑛 𝑉𝐷𝑆 − 𝑉𝐷𝑆

2

VDSsat = VGS - Vth

𝐼𝐷 = 𝐾𝑛 𝑉𝐺𝑆 − 𝑉𝑡𝑛
2

𝐼𝐷 =
𝑘′𝑛
2

𝑊

𝐿
𝑉𝐺𝑆 − 𝑉𝑡𝑛

2

𝐶𝐺𝑛 = 𝑊 × 𝐿 × ൗk′𝑛
𝜇𝑛
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N-MOS Circuits

• Enhancement Mode
• A bias is required to form the channel

• 4-terminal symbol

• In digital applications the Source is typically tied to
• Vdd for P-MOS

• Gnd for N-MOS

• The simplified logic symbols

P-channel N-channel

G

S

DS
G

D

G

S

D
S

G

D

B B

G

S

DS
G

D Note – almost all N-MOS and
P-MOS devices used today are
enhancement mode – so the
dashed line is omitted
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N-MOS Circuits

• Depletion Mode
• No bias is required to form the channel

• 4-terminal symbol

• In digital applications the Source is typically tied to
• Vdd for P-MOS

• Gnd for N-MOS

• The simplified logic symbols

P-channel N-channel

G

S

DS
G

D

G

S

D
S

G

D

B B
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S

DS
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D



5 © tjCE 3101

N-MOS Circuits

• Simple Inverter - Design

R

Assuming Vdd is big enough to keep the NMOS
device in saturation at the switching point

𝑉𝑑𝑑 − 𝑉𝑑𝑠
𝑅

=
𝑘′𝑛
2

𝑊

𝐿
𝑉𝑑𝑠 − 𝑉𝑡

2

ൗ𝑉𝑑𝑑
2

𝑅
=
𝑘′𝑛
2

𝑊

𝐿
ൗ𝑉𝑑𝑑
2 − 𝑉𝑡

2

Desire a switching point mid way

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛 = ൗ𝑉𝑑𝑑
2 = ൗ𝑉𝑑𝑠

2

𝑅 =
ൗ𝑉𝑑𝑑
2

𝑘′𝑛
2
𝑊
𝐿

ൗ𝑉𝑑𝑑
2 − 𝑉𝑡

2

𝑊

𝐿
=

ൗ𝑉𝑑𝑑
2

𝑅
𝑘′𝑛
2

ൗ𝑉𝑑𝑑
2 − 𝑉𝑡

2

Vin

Vout

Vdd

G

S

D
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N-MOS Circuits

• Simple Inverter - Design

R

Vt = 1V
Vdd = 3.3V
W/L = 20
k’n = 14uA/V2

𝑅 =
ൗ𝑉𝑑𝑑
2

𝑘′𝑛
2
𝑊
𝐿

ൗ𝑉𝑑𝑑
2 − 𝑉𝑡

2

Vin

Vout

Vdd

G

S

D

𝑅 = 27.9𝐾Ω
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N-MOS Circuits

• Simple Inverter - Design
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N-MOS Circuits

• Simple Inverter – Design
• Power dissipation
• Vin low – 0mA

• Vin High – (Vdd/R)

• Pave = (Vdd/2R)xVdd

R

Vin

Vout

Vdd

G

S

D

Pave = (3.3V/55.8KΩ)x3.3V = 195uW
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N-MOS Circuits

• Simple Inverter – Design
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N-MOS Circuits

• Enhancement Load Inverter - Design

M1

M2 is always in saturation

Maximum VOH = Vdd - Vt

Vin

Vout

Vdd

G

S

D

G

S

D

M2 For Vin = 0, Id1 = Id2 = 0

𝐼𝑑2 =
𝑘′𝑛
2

𝑊2

𝐿2
𝑉𝑔𝑠2 − 𝑉𝑡

2
= 0

→ Vgs2 = Vt = Vds2
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N-MOS Circuits

• Enhancement Load Inverter - Design

M1

M2 is always in saturation
Assuming Vdd is big enough to keep M1
in saturation at the switching point

𝑘′𝑛
2

𝑊2

𝐿2
𝑉𝑔𝑠2 − 𝑉𝑡

2
=
𝑘′𝑛
2

𝑊1

𝐿1
𝑉𝑔𝑠1 − 𝑉𝑡

2

Vin

Vout

Vdd

G

S

D

G

S

D

M2

Desire a consistent switching point Vin = Vout

𝑘′𝑛
2

𝑊2

𝐿2
𝑉𝑑𝑑 − 𝑉𝑜𝑢𝑡 − 𝑉𝑡

2 =
𝑘′𝑛
2

𝑊1

𝐿1
𝑉𝑖𝑛 − 𝑉𝑡

2

𝑉𝑠𝑤𝑖𝑡𝑐ℎ =

𝑉𝑑𝑑 − 𝑉𝑡 + 𝑉𝑡 1 +
ൗ𝑊1
𝐿1
ൗ𝑊2
𝐿2

1 +
ൗ𝑊1
𝐿1
ൗ𝑊2
𝐿2

ൗ𝑊1
𝐿1

ൗ𝑊2
𝐿2

=
𝑉𝑑𝑑 − 𝑉𝑡
𝑉𝑠𝑤 − 𝑉𝑡

− 1

2
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N-MOS Circuits

• Enhancement Load Inverter - Design

1.15V switching pt
→ 200:1 W/L ratio

I have not found the error here

Vt = 1V
Vdd = 3.3V
k’n = 14uA/V2
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N-MOS Circuits

• Enhancement Load Inverter - Design

Very slow
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N-MOS Circuits

• Enhancement Load Inverter - Design

faster, smaller
10x power
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N-MOS Circuits

• Depletion Load Inverter - Design

M1Vin

Vout

Vdd

G

S

D

G

S

D

M2

M2 Vgs = 0
Assuming Vdd is big enough to keep M2 and M1
in saturation at the switching point

𝑘′𝑛𝑑
2

𝑊2

𝐿2
𝑉𝑔𝑠2 − 𝑉𝑡𝑑

2
=
𝑘′𝑛
2

𝑊1

𝐿1
𝑉𝑔𝑠1 − 𝑉𝑡

2

Desire a consistent switching point Vin = Vout

𝑘′𝑛𝑑
2

𝑊2

𝐿2
−𝑉𝑡𝑑

2 =
𝑘′𝑛
2

𝑊1

𝐿1
𝑉𝑔𝑠1 − 𝑉𝑡

2

𝑘′𝑛𝑑
2

𝑊2

𝐿2
−𝑉𝑡𝑑

2 =
𝑘′𝑛
2

𝑊1

𝐿1
𝑉𝑑𝑑/2 − 𝑉𝑡

2

ൗ𝑊1
𝐿1

ൗ𝑊2
𝐿2

=
−𝑉𝑡𝑑

ൗ𝑉𝑑𝑑
2 − 𝑉𝑡

2
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N-MOS Circuits

• Depletion Load Inverter - Design

Vt = 1V
Vtd = -1V
Vdd = 3.3V
k’n = 14uA/V2

k’nd = 14uA/V2
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N-MOS Circuits

• Depletion Load Inverter - Design

Smallest
Fastest
Lowest Power
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N-MOS Circuits

• N-MOS Gates

Different input combinations
will give different delays and
rise/fall times
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• N-MOS Gates

N-MOS Circuits

Note size changes

Different input combinations
will give different delays and
rise/fall times
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• N-MOS Gates

N-MOS Circuits

Note size changes

Different input combinations
will give different delays and
rise/fall times


