
 

In twin tub process both p-well and n-well for NMOS and PMOS transistors 

respectively are formed on the same substrate. The main advantage of this 
process is that the threshold voltage, body effect parameter and the 

transconductance can be optimized separately. The starting material for 
this process is p+ substrate with epitaxially grown p-layer which is also 

called as epilayer. The process steps of twin-tub process are shown in 

Figure 1. 

The process starts with a p-substrate surfaced with a lightly doped p-

epitaxial layer. 

Step 1 : A thin layer of SiO2 is deposited which will serve as the pad oxide. 

Step 2 : A thicker sacrificial silicon nitride layer is deposited by chemical 

vapour deposition. 

Step 3 : A plasma etching process is used to create trenches used for 

insulating the devices. 

Step 4 : The trenches are filled with SiO2 which is called as the field oxide. 

Step 5 : To provide flat surface chemical mechanical planarization is 

performed and also sacrificial nitride and pad oxide is removed. 

Step 6 : The p-well mask is used to expose only the p-well areas, after this 

implant and annealing sequence is applied to adjust the well doping. This 

is followed by second implant step to adjust the threshold NMOS transistor. 

Step 7 : The n-well mask is used to expose only the n-well areas, after this 

implant and annealing sequence is applied to adjust the well doping. This 
is followed by a second implant step to adjust the threshold voltage of PMOS 

transistor. 

Step 8 : A thin layer of gate oxide and polysilicon is chemically deposited 

and patterned with the help of polysilicon mask. 

Step 9 : Ion implantation to dope the source and drain regions of the PMOS 
(p +) and NMOS (n+) transistors is used this will also form n+ polysilicon gate 

and p+ polysilicon gate for NMOS and PMOS transistors respectively. 

Step 10 : Then the oxide or nitride spacers are formed by chemical vapour 

deposition (CVD). 



Step 11 : In this step contact or holes are etched, metal is deposited and 
patterned. After the deposition of last metal layer final passivation or 

overglass is deposited for protection. 

 



 



  

 

 



 

 Scaling of MOS transistors is the systematic reduction of overall dimensions of the devices as 

allowed by the available technology, while preserving the geometric ratios found in the larger 

devices. The operational characteristics of the MOS transistor change with the reduction of its 

dimensions. 

 

There are two basic types of size-reduction strategies: full scaling (also called constant-field 

scaling) and constant voltage scaling. Both types of scaling have unique effects upon the 

operating characteristics of the MOS transistor. 

Full Scaling (Constant-Field Scaling)  

All potentials are scaled down proportionally by the same scaling factor say, S.  

 

Table 1 lists the scaling factors for all significant dimensions, potentials, and doping densities of 

the MOS transistor. In order to maintain the field potential conditions, by Poisson’s equation, the 

doping densities must be increased by a factor S. 



 

Table 1. Full scaling of MOSFET dimensions, potentials, and doping densities 

Now let us consider the influence of full scaling described here upon the current-voltage 

characteristics of the MOS transistor. It will be assumed that the surface mobility μ is not 

significantly affected by the scaled doping density.  

 

  



 

Table 2 lists the scaling factors for all significant dimensions, potentials, and doping densities of 

the MOS transistor. 

 

Table 2. Full scaling of MOSFET dimensions, potentials, and doping densities. 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 
 



 
Now the equivalent RC circuit for the inverter can be redrawn as below: 

            
 
 
PROBLEM SOLUTION 

 
Figure 1 

 
Figure 1 above shows an equivalent circuit for the falling transition. Each load inverter presents 3C 
units of gate capacitance, for a total of 3mC. The output node also sees a capacitance of 3C from the 
drain diffusions of the driving inverter. This capacitance is called parasitic because it is an undesired 
side-effect of the need to make the drain large enough to contact. The parasitic capacitance is 
independent of the load that the inverter is driving. Hence, the total capacitance is (3 + 3m)C. The 
resistance is R, so the Elmore delay is tpd = (3 + 3m)RC. The equivalent circuit for the rising transition 
gives the same results. 

 

Figure 2 
 



Figure 2 shows the equivalent circuit when driver is w times unit size. The driver transistors are w 
times as wide, so the effective resistance decreases by a factor of w. The diffusion capacitance 
increases by a factor of w. The Elmore delay is tpd = ((3w + 3m)C)(R/w) = (3 + 3m/w)RC.  
 

 

 

 



 

We know that the inverter can be modelled as a 1st order RC system. 

 



 

ELMORE DELAY 

 

Now applying Elmore model to the RC equivalent circuit in figure 8 above the propagation delay can 

be given as tpd= RC where R and C are the resistance at node x. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



3 Input NAND with transistor width values and its equivalent RC circuit 
 

       

 
The NAND gate load presents 5 units of capacitance on a given input. For a fanout of h, figure (a) above 
shows the equivalent circuit including the load for the falling transition. Node n1 has capacitance 3C 
and resistance of R/3 to ground. Node n2 has capacitance 3C and resistance (R/3 + R/3) to ground. 
Node Y has capacitance (9 + 5h)C and resistance (R/3 + R/3 + R/3) to ground. The Elmore delay for the 
falling output is the sum of these RC products, tpdf = (3C)(R/3) + (3C)(R/3 + R/3) + ((9 + 5h)C)(R/3+ R/3 
+ R/3) = (12 + 5h)RC. Figure (b) above shows the equivalent circuit for the falling transition. In the 
worst case, the two inner inputs are 1 and the outer input falls. Y is pulled up to VDD through a single 
pMOS transistor. The ON nMOS transistors contribute parasitic capacitance that slows the transition. 
Node Y has capacitance (9 + 5h)C and resistance R to the VDD supply. Node n2 has capacitance 3C. 
The relevant resistance is only R, not (R + R/3), because the output is being charged only through R. 
This is what is meant by the resistance on the shared path from the source (VDD) to the node (n2) and 
the leaf (Y). Similarly, node n1 has capacitance 3C and resistance R. Hence, the Elmore delay for the 
rising output is tpdr = (15 + 5h)RC. 
 
 

 
The contamination delay is the fastest that the gate might switch. For the falling transition, the best 
case is that the bottom two nMOS transistors are already ON when the top one turns ON. In such a 
case, the diffusion capacitances on n1 and n2 have already been discharged and do not contribute to 



the delay. Figure (a) above shows the equivalent circuit and the delay is tcdf = (9 + 5h)RC. For the rising 
transition, the best case is that all three pMOS transistors turn on simultaneously. The nMOS 
transistors turn OFF, so n1 and n2 are not connected to the output and do not contribute to delay. 
The parallel transistors deliver three times as much current, as shown in Figure (b) above, so the delay 
is tcdr = (3 + (5/3)h)RC. 

 

For the problem, h=0, hence, tpdf=12RC and tpdr=15RC, tcdf=9RC and tcdr=3RC. 
 
 
3 INPUT NOR GATE  with transistor widths 
 

 
 


