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CHAPTER NINETEEN 

Saturated Enhancement-Only 
Loaded NMOS Inverter  
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Introduction 

In this chapter, we will describe the saturated enhancement-
only loaded NMOS inverter. 

The basic inverter consists of two enhancement-only NMOS 
transistors (size of load resistor is more one thousand larger in 
size than the MOSFET) 
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Operation of Saturated Enhancement-

Only Loaded NMOS Inverter 

The enhancement NMOS load device 
operates always in saturation 
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When VIN=VGS,O<VTN,O: NO is cut-off and 

it does not conduct current, however NL 
is still in the saturation region 
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Operation of Saturated Enhancement-

Only Loaded NMOS Inverter 
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As VIN=VGS,O>VTN,O: NO starts to 

conduct (saturation), while  NL is still in 
the saturation region 
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Operation of Saturated Enhancement-

Only Loaded NMOS Inverter 
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As VIN=VGS,O>VTN,O: NO starts to 

conduct (saturation), while  NL is still in 
the saturation region 
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Operation of Saturated Enhancement-

Only Loaded NMOS Inverter 

NO stays in saturation as long as VOUT>VGS,O-VTn,O , but if 
VOUT=VDS,O <VGS,O-VTn,O then NO moves into linear region  
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Operation of Saturated Enhancement-

Only Loaded NMOS Inverter 
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Graphical determination of VTC : 

GSIN VV  DSOUT VV 

Load line: 
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From the intersections between the load line and the current-

voltage characteristics, the pairs (VIN, VOUT) can be determined  
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VTC of Saturated Enhancement-Only 

Loaded NMOS Inverter 
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Analytical determination of VTC : 

0 DL II

OHV

When VIN is low, i.e. VIN=VGS<VTN: NO is cut-off 
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VTC of Saturated Enhancement-Only 

Loaded NMOS Inverter 
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Analytical determination of VTC : 

VTC of Saturated Enhancement-Only 

Loaded NMOS Inverter 
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Now, just as an assumption that the MOS is driven by a 
similar gate, i.e. VIN=VGS,O=VOH=VDD-VTN,L. 
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Analytical determination of VTC : 

VTC of Saturated Enhancement-Only 

Loaded NMOS Inverter 
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Exact Solution 
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Analytical determination of VTC : 

IHV VIH in MOSFET is defined as the input voltage 
slightly before VOUT=VOL where slope=-1 or 

1
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dV

For high input voltages (i.e. VOUTVOL), NO is in linear operation 
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VTC of Saturated Enhancement-Only 

Loaded NMOS Inverter 
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Analytical determination of VTC : 

IHV VIH in MOSFET is defined as the input voltage 
slightly before VOUT=VOL where slope=-1 or 

1
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VTC of Saturated Enhancement-Only 

Loaded NMOS Inverter 
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Analytical determination of VTC : 

MV Mid point 

MINOUT VVV 

NO is in saturation operation 
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VTC of Saturated Enhancement-Only 

Loaded NMOS Inverter 

INV

OUTV

DDV

ODSV ,




OGSV ,




ON

LDSV ,



LGSV ,





LN

   2,,

,2

,,

,

22
LTNLGS

Ln

OTNOGS

On
VV

K
VV

K


   2,

,2

,

,

22
LTNMDD

Ln

OTNM

On
VVV

K
VV

K




©
 D

r.
 A

n
a

s
 

Ch. 19 

15 

 HW #11:Solve Problems: 19.1-3,  


