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CMOS Processing Technology 
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Basic CMOS Technology: 

Basic step for CMOS  process  step by step: 

Oxidation: Oxidation refers to chemical  process  of reduction of silicon with  oxygen  to form silicon dioxide. 

Diffusion: Diffusion is the process of introducing controlled amount  of  dopants into semiconductors. 

Ion-Implantation: Ion-implantation is the process  of introduction of high energy charged particles into the  

substrate.  The dopant atoms are  vaporized, accelerated  and  targeted   at  the substrate. 

Epitaxy: The growth  of thin  ordered  crystalline   layer  on a crystalline    substrate    is known  as epitaxy.   

During epitaxy the substrate acts as the seed crystal and the crystal can be grown below the melting  point. 

Epitaxy  is generally used to enhance the performance of bipolar-transistor  and other CMOS IC's also. 

Lithography: Lithography is the process  of transferring the patterns of geometric  shapes  on a mask. The 

pattern define  the regions  of the integrated   circuit  that  have  to be fabricated. 

Etching: The process  of removing  material   selectively  is known  as etching. 

Metallization:  Metallization is the formation  of metal  films used for inter-connections, ohmic contacts  and 

rectifying  metal-semiconductor contacts. 

The required   process  flow steps  for patterning    of silicon  dioxide  is shown  figure. These steps are 

discussed  below: 

Step   1:    First,  we take  a silicon  substrate    as Fig.(a). 

Step  2:    The thermal   oxidation   is used  to created   oxide layer  of about  1 mm thickness   on the 

substrate   [Fig. (b)]. 

Step  3:   After that,  the entire  oxide surface  is covered with the a layer of photoresist   [Fig. (c)]. 

This photoresist   is essentially   a light-sensitive,   acid-resistant    organic  polymer,  initially insoluble  in the 

developing  solution. 

Step  4:    The photoresist   is then  exposed to UV light through  a mask,  which defies those regions into  

which  diffusion  is to take  place  together   with  transistor    channels.   In  the  areas where  the UV light  

can be pass through  the photoresist   is exposed  and becomes  soluble [Fig. (d)]. 

Step  5:    The unexposed   portions   are  subsequently    etched  away  together   with  the  underlying Si02   

(silicon dioxide) so that  the wafer surface  is exposed in the window defined by mask [Fig. d] 

Step  6:    After the Step-5  (or) at the end of Step-5,  we obtain  an oxide window that  reaches  down to 

the silicon surface  [Fig. d] 

Step  7:    The remaining   photoresist   is removed  from the silicon dioxide surface  by using  another 

solvent.   The  leaving   patterned     silicon  dioxide  facture   on the  surface   as  shown  in [Fig. e] 
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A Basic n-well CMOS Process: 

The n-well fabrication has gained  wide acceptance. 

N-well  CMOS  circuits are  superior  to p-well  because  of the  lower  substrate  bias  effect  on transistor  

threshold voltage  and inherently    lower parasitic   capacitances  associated   with  source and drain  regions.  

The flow diagram  of the fabrication  for nMOS process  are illustrated   in Fig.2: below 
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Fig .   2 : Fabrication step for NMOS 
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Fig.3: CMOS n- Well process step 

 

The  n-wells  are  created   in p-type   substrate. The  typical  processing   steps  for fabrication   of CMOS 

devices  may be summerized   as below: 

The process starts with a p-substrate. 

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

Step 2 : Deposition of a thicker sacrificial silicon nitride layer by chemical vapour deposition (CVD). 

Step 3 : A plasma etching process using the complementary of the active area mask 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 planerization is performed and also sacrificial nitride is 

removed. 

Step 6 : 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 second implant step to adjust the threshold voltage of 

the PMOS transistor. 

Step 7 : Implant step is performed to adjust the threshold voltage of NMOS 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, 

this will also form n + polysilicon gate and p+ polysilicon gate for NMOS and PMOS transistors respectively. 

Hence this process is called as self aligned process. 

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

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

last metal layer final passivation or overglass is deposited for protection. 
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Twin Tub Processes: 

A logical extension of the p-well and the n-well approaches is the twin-tub fabrication process. 

In this process, start with a substrate of high resistivity n-type material and then create both n-well and p-

well regions. 

Through this process, it is possible to preserve the performance of the n-transistors without compromising p-

transistors. Doping control is more readily achieved and some relaxation in manufacturing tolerance results. 

This is particularly important as far as latch up is concerned. 

Twin-Tub Process: The twin-tub process allows two separate tubs to be implant into very lightly doped 

silicon. This allows the doping profiles in each tub region to be tailored independently so that neither type 

of devices will suffer from excessive doping effects. The lightly doped silicon is an epitaxial grown layer on 

heavily doped silicon substrate. The substrate can be either n type or p type. The process sequence for a 

CMOS twin-tub process is discussed as: 

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. 
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Fig. 4 : Twin tub structure 

CMOS Process Enhancement: 

A number of enhancements may be added to the CMOS processes, primarily to increase reliability of circuits 

provide high-quality capacitors for analog circuits and memories, or provide resistors of variable 

characteristics. 

These enhancements include 

• Double- or triple- or quadruple-level metal (or more). 

• Double- or triple-level poly (or more) . 

• Co bi atio s of the above. 
Interconnects and Circuit Elements: 

Metal Interconnect 

A second level of metal is almost mandatory for modern CMOS digital design. A third layer is becoming 

common and is certainly required for leading edge high density, high-speed chips. Normally, aluminum is used 

for the metal layers.  

If some form of planarization is employed the second-level metal can be the same as the first. As the vertical 

topology becomes more varied, the width and spacing of metal conductors has to increase so that the 

conductors do not thin and hence break at vertical topology jumps. 

Contacting the second-layer metal to the first-layer metal is achieved by a via.  

If further contact to diffusion or polysilicon is required, a separation between the via and the contact cut is 

usually required.  

This requires a first-level metal tab to bridge between metal 2 and the lower-level conductor, It is important to 

realize  that in contemporary processes first-level metal must be involved in any contact to underlying areas. 
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Circuit Elements 

Resistors 

Polysilicon is highly resistive. This property is used to build resistors that are used in static memory cell. The 

process step is achieved by preventing the resistor areas from being implanted '!:luring normal processing. 

Resistors i  the tera Ω regio  are used. 
For mixed signal CMOS a resistive metal such as nichrome may be added to produce high value, high quality 

resistors. The resistor accuracy might be further improved by laser trimming the resulting resistors on each 

chip to some predetermined test specification.  

In this process a high powered laser vaporizes areas of the metal resistor until it meets a measurement 

constraint. 

Capacitors 

Good-quality capacitors are required for switched-capacitor analog circuits while small high value area 

capacitors are required for dynamic memory cell. 

Both types of capacitors are usually added by using at least one extra layer of polysilicon, although the process 

techniques are very different. 

Polysilicon capacitors for analog applications are the most straightforward. A second thin oxide layer is 

required in order to have an oxide sandwich between the two polysilicon layers yielding a high 

capacitance/unit  area.  

Bipolar Transistors 

The addition of the bipolar transistor to the device repertoire forms the basis for BiCMOS processes. Adding 

an npn-transistor can markedly aid in reducing the delay limes of highly loaded signals, such as memory word 

lines and microprocessor busses. 

For analog applications bipolar transistors may be used to provide better performance analog functions than 

MOS alone. To get merged bipolar/CMOS functionality, MOS transistors can be added 10 a bipolar process or 

vice versa. In past days, MOS processes always had to have excellent gate oxides while bipolar processes had 

to have precisely controlled diffusions. 

The cross section of a mixed signal BiCMOS process . This process features both npn and pnp transistors  in 

addition to pMOS and nMOS transistors.  

 

Layout Design Rules: 

Design rules described in two ways: 

Micron rules, in which the layout constraints such as minimum feature sizes and minimum allowable feature 

separations, are stated in terms of absolute dimensions in micrometers. 

Lambda rules, which specify the layout constraints in terms of a single parameter and thus, allow linear, 

proportional scaling of all geometrical constraints. 

Lambda-based layout design rules were originally devised to simplify the industry- standard micron-based 

design rules and to allow scaling capability for various processes. It must be emphasized, however, that most 

of the submicron CMOS process design rules do not lend themselves to straightforward linear scaling. The use 

of lambda-based design rules must therefore be handled with caution in sub-micron geometries. In the 

following, we present a sample set of the lambda-based layout design rules devised for the MOSIS CMOS 

process and illustrate the implications of these rules on a section a simple layout which includes two 

transistors. 

Design rules for a typical p-well CMOS process 

Sr. 

No. 

     Rule 

number Description Dimensions 

 
 

 

Microns Scalable 

1 p-well Layer 

 

 

 1.1 Width 5 4 
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 1.2 Spacing to well at different potential 15 10 

 1.3 Spacing to well at same potential 9 6 

2 Active (Diffusion ) Layer 

 

 

 2.1 Width 4 2 

 2.2 Spacing to active 4 2 

 2.3 P+ active in n-subs to p-well edge 8 6 

 2.4 n+ active in n-subs to p-well edge 7 5 

 2.5 n+ active in p-well to p-well edge 4 2 

 2.6 p+ active in p-well to p-well edge 1  

3 Poly 

 

 

 3.1 Width 3 2 

 3.2 Spacing  3 2 

 3.3 Field poly to active 2  

 3.3 Poly overlap of active 3 2 

 3.4 Active overlap of poly 4 2 

4 P+ Select 

 

 

 4.1 Overlap of active 2  

 4.2 Space to n+ active 2  

 4.3 Overlap of channel 3.5 2 

 4.4 Space to channel 3.5 2 

 4.5 Space to P+ select 3 2 

 4.6 width 3 2 

 

Table 2  : Layout Design Rules 

Latch up: 

In CMOS circuits, the parasitic NPN and PNP bipolar junction transistors (BJT) forms a thyristor or PNPN 

structure. When the thyristor is triggered by noise or glitch, the BJTs become ON, and.it leads to a formation 

of short circuit between the power and ground lines, known as CMOS latch-up. 

Latch-up is a condition in which parasitic components give rise to establishment low-resistance conducting 

path between VDD and Vss with disastrous results. Careful steps during fabrication are considered in order to 

avoid these problems. This may be induced by glitches on the supply rails or by incident radiation. 

If every silver lining has a cloud, then the cloud that has plagued CMOS is a parasitic circuit effect called 

latchup. The result of this effect is the shorting of the VDD and Vss lines. 

This effect was a critical factor in the lack of acceptance of early CMOS processes, but in current processes it is 

controlled by process innovations and well-understood circuit techniques. 

 

Physical Origin: 

The source of the latchup effect may be explained by examining the process cross section of a CMOS inverter,  

The schematic depicts in addition to the expected nMOS and pMOS transistors a circuit composed of an npn 

transistor a pnp transistor and two resistors connected between the power and ground rails Fig. 6.19(b). 

Under the right conditions, this parasitic circuit has the VI characteristic. which indicates that above some 

critical voltage known as the trigger point. The circuit "snaps" and draws a large current while maintaining a 

low voltage across the terminals known as the holding voltage. This is, in effect, a short circuit. The bipolar 

devices and resistors . 

A cross-sectional view of a typical (n-well) CMOS process the pnp transistor has its emitter formed by the p+ 

source/drain implant used in the pMOS transistors. Note that either the drain or source may act as the emitter 

although the source is the only terminal that can main lay the latchup condition. The base is formed by the n 

well while the collector is the p-substrate. The emitter of the npn transistor is the n+ source or drain implant 
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while the base is the p-substrate and the collectoris the n-well. In addition, substrate resistance Rsubstrate and 

well resistance Rwell are due to the resistivity of the semiconductors involved. 

If a current is drawn from the npn emitter, the emitter voltage becomes negative with respect to the base 

until the base emitter voltage is approximately 0.7 volts. At this point the npn transistor turns on and a current 

flows in the well resistor due to common emitter current amplification ofthe npn-transistor.  

This raises the base emitter voltage of the npn transistor which terms when the pnp Vbt = - 0 volts. 

A popular process option that reduces the gain of the parasitic transistors  is the use of silicon starling material  

with a thin epitaxial Latch up Triggering: 

For latchup to occur, the parasitic npn pnp circuit has to the triggered and the holding state has to be 

maintained, Latchup can be triggered by transient currents or voltages that may occur internally to a chip 

during power-up or externally due to voltages or currents beyond normal operating ranges. 

Two distinct method of triggering are possible lateral and vertical triggering. 

1) Lateral triggering occure when a current flow in the emitter of the lateral npn transistor. 

The static trigger point is set by  

L nitrigger =V pnp-on / α npn Rwell 

V pnp-on =0.7 volt turn on voltage of the vertical pnp transistor. 

α npn  = common base gain of the lateral npn transistor. 

Rwell =well resistance. 

2) Vertical triggering occurs when a sufficient current is injected into the emitter of the vertical pnp transistor.  

Latch up Prevention 

Latchup may be prevented in two basic ways: 

Latchup resistant CMOS processes. 

Layout techniques layer on top of a highly doped substrate.  This decreases the value of the substrate resist 

and also provides a sink for collector current of the vertical pnp transistor.  

As the epi layer is thinned, the latchup performance improves until a point where the up-diffusion of the 

substrate and the down-diffusion of any diffusions in subsequent high-temperature procession steps thwart 

require  device doping profiles. The so called retrograde well structure  is also used.  

This highly doped area at the bottom of the well, whereas the top of the well is more lightly doped. This 

preserves good characteristics  for the pMOS  transistors but reduces the well resistance  deep in the well. A 

technique  linked to these two approaches  is to increase  the holding voltage above the VDD supply.  

It is hard to reduce the betas of the bipolar transistors  to meet the condition set above. Nominally, for a 

1micro n-well process, the vertical pnp has beta of 10-100, depending  on the technology.  

The lateral  npn current gain which is a function  of n+ drain to n-well spacing is between 2 and 5.  

Internal Latch up Prevention Techniques: 

There are some techniques   are used/include   for the latch up prevention. 

Use of p+ and n +guad  rings  around nMOS and pMOS connected  to the  ground  and  VDD respectively. 

Reduction of R-well and R-substrate as much as possible by placing substrate and well contacts as close as 

possible to the source connect. 

Keeping  sufficient  spacing  between  the nMOS and pMOS transistors 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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