VLSI:    summary notes.

UNIT 1

*Electronic circuits were based on Vacuum tubes till 1950.  Transistor in 1947    by   Ics, LSI, and MSI by 1960 . Invention of FET/ MOSFET /CMOS laid for foundations  for  major power reduction  in the direction of up and computers.

*Moore predicted that packing density of devices doubles every 18 months which proved true. Chip is termed on devices in it as SSI(10),MSI(1000),LSI (20k). A VLSI houses < 1Million devise and ULSI (10M) and GSI (> 10M).

*From current technology CMOS /nMOS offers minimal power dissipation and low speed 1 to 10ns, ECL high power 1ns speed, Gallium arsenide 10ps.

MOS PROCESS.

*Chip  starts with silicon single crystal wafer, cutting polishing , photo resist application, exposure for source and drain regions on base material p or n. After diffusion  gate regions formed after forming  oxide layer .Contacts are formed for S,D, G,SS  terminals followed by over glass layer. 

VI CHARACTERISTICS OF  NMOS

*Depletion type nMOS device has channel under gate and operates both above and below Idss (I at Vgs=0V). The modes are depletion mode for Vgs< 0V, and Enhancement mode Vgs > 0 .

*Enhancement mode nMOS has no channel under gate and starts conducting only with Vgs> Vt (Threshold voltage).

*It has 3 regions of operation 

1. Vgs < Vt  No current .No channel formed under gate.

2. Vgs > Vt , Vds < Vt . This is called non saturated region. Resistive region.

3. Vgs > Vt, Vds > Vt   This is called  saturated , constant current region.

CMOS FABRICATION

*In  CMOS both nMOS, and pMOS transistors are required. 3 processes are used

1.p Well process 2. n Well process. 3. Twin tub process.

P well process starts with n material , p transistor is formed and  p well is created in which nMOS transistors are formed.

*n well process starts with p material , n transistor is formed and  n well is created in which pMOS transistors are formed.

*Twin tub process is combination of p and n well in one wafer.

BICMOS.

· Speed and current limitation are overcome by use of Transistors at output in BiCMOS.

· Bi polar technology is characterized by low Ri, High drive , high gm.

· CMOS technology is characterized by bi directional low current, High delay, low gm.

· Additional Buried sub collector regions are added in Bi CMOS as BCCD..

· Bi CMOS stands mid way compromise in cost and speed.

E- BEAM MASKS.

Mask making employs Electron Beam masks.

2 methods viz Raster scan and vector scan exist for mask process.

BASIC ELECTRICAL PROPERTIES.

Ids and Vds relations.

 *let W=width,L=legth,t=thickness,(n, ,(p mobilities of electron ,hole

    ( = L*L/,(Vds.,   Ids= Cg ({(Vgs-Vt)Vds- Vds2 /2}/ L2

*Cg=Co(WL, Co=capacitance per unit square.

*Ids in Saturated region is  Ids= Co((Vgs-Vt)2W/2L where (Vgs-Vt)=Vds.

  Threshold voltage is voltage Vgs below which Ids = 0.

 Vt = Vtmos + Vfb…..    

 Where Vtmos =ideal mos threshold voltage …..    

            Vfb = Flat band voltage.    

 Vtmos = 2 (b  + Qb/Cox ,  Vfb = (ms –   Qfc/ Cox
( ms is work function difference btwn gate  material and substrate.

( b = (kt/q)(Na/Ni)  ,   Qb =  √(2ξ  si q Na 2 ( b )

Vt= (ms – (Qb-Qfc)/Cox  + 2 (b

Gm =  δIds/ δVgs = β(Vgs-Vt).

Figure of merit:

ωo = gm/Cg = (μ/L2)(Vgs-Vt)… A fast ckt requires high gm which  depends on mobility.

PASS  TRANSISTOR

A transistor can be used in signal path as pass transistor.

There will be a loss of signal  Vdd-Vt.

NMOS as inverter;

When depletion mode nMOS is used as load with Vgs=0 

0 to 1 or inverter switches on when Vin = Vdd/2.

This value moves up with zpu/zpd decreased

And moves down when   zpu/zpd  is increased. 

PULL UP and  PULL  DOWN   RATIOS

Vin =  Vt -  Vtd/√( zpu/zpd  )

For  Vin=Vdd/2  we require  zpu/zpd  =4.

zpu/zpd   for INVERTERS with PASS TRANSISTORS.

This ratio works out to 8.

ALTERNATE FORMS OF PULL UPS.

1. A resistor can be used. This occupies large area and power is lost.

2. A depletion mode nMOS can be used with gate connected to its source.

3. A nMOS with gate connected to Vdd.

4. A pMOS with drains of both PU and PD transistors connected to output..

This works as best solution.

CMOS INVERTER.

This inverter has 3 major re regions of operation.

1.pMos ON nMos OFF. 

2.Both transistors are on and in active region

3.nMos ON pMos OFF.

There are 2 more regions in between 1 and 2,.2 and 3

We require Vin = Vdd/2. This calls for Vtn=-Vtp

βn = βp where βn=(ξ insξo.μn/D )(Wn/Ln) ,  βp=(ξ insξo.μn/D )(Wp/Lp)

A steep curve of transfer characteristic gives high Noise immunity.

Effect of  βn/ βp ratio on Vin

As this ratio increases above 1 Vin moves from Vdd/2 towards zero 

As this ratio decreases below  1 Vin moves from Vdd/2 towards Vdd.

COMPARISON OF  BIPOLAR TRANSISTOR AGAINST CMOS.

Gm varies directly with Ic in Bipolar (gm = (Ic)/(kT/q)

 while it varies as square root of Ids in Mos.( Gm = (2β)1/2(Ids)1/2
Ic is an exponential function to Vbe ..(Ic= Is*expVbe/kTq) 

While  Ids = (β/2)(Vgs-Vt)2   
Current density in Mos    Ids/A =(μCo/2L2 )(Vgs-Vt)2
In Bipolar  Ic/A = 1/(RB μτB ).. RB  base resistance  τB Base transit time

CAPACITANCES ON MOS TRANSISTOR

Following capacitances are present on MOS transistor

C=channel, G=gate, D= drain, S= source/substrate.

Cgc, Cgs, Cgd, Css, Cds.

BIPOLAR TRANSISTOR INVERTERS

4 inverter models progressively improvement on previous are studied.

Model 1: Each out put transistor is separately driven .This model suffers from constant dc path from Vdd  to Vss./Gnd..In this drains of  both pMOS and nMOS are connected to Vdd.

Model2. In this model drain of NMOS is connected to Vo to prevent DC path.

This circuit suffers from the defect that ) level is limited to Vbe.

Model3: In this model standard CMOS inverter is modified to include a resistor on nMOS source and another resistor between base and emitter of pull up output Bipolar transistor. This circuit solved problems of previous  circuits but occupies large area due to resistors.

Model4. This model solves all problems with small size and power. In this circuit basic CMOS inverter drives upper transistor. Output of CMOS also drives base of lower transistor through nMOS connected between base and Gnd. Input also drives lower transistor through nMOS connected between output and base of Lower transistor. 

LATCH UP:

In CMOS there are nMOS and pMOS transistors.

The manufacture uses n well in p or p well in n.

This structure forms pnp & npn transistors connected to form a SCR.

SCR can go to on condition to form low resistance path between Vdd and Vss if resistance between base and emitter of transistors formed is high.

It is suggested to improve conductance of material..

UNIT 2.

VLSI DESIGN PROCESS:

Design has 3 domains of abstraction. 

Behavioral : What system does ?

Structural : How are elements connected together

Physical.: How the structure is built/ Realized.

Each level can be broken to different level of  abstraction :

Architectural, Algorithmic, Module Functional blocks (Logical, Switch, circuit…)

Circuit is low level abstraction.

A typical design process starts with VHDL/VERILOG code, verification till satisfaction . There after Layout, verification DRC checks to Mask generation and Silicon process and test..

CIRCUIT DESIGN 

It is part of physical design involving chip layers 

a. n diffusion 
 b. p-diffusion   c. poly silicon   d. metal  each layer separated by thin oxide layer. Masks define areas of diffusion, poly silicon, metal layers and so on… 

A transistor is formed when Poly silicon crosses diffusion region. More than one poly silicon and metal layers are used in a design A MOS transistor is modified to depletion type by ion implantation.

STICK DIAGRAMS:

layout of stick diagrams reflect actual topology in silicon. Color and Mono chrome

 coding used for Mask layout , Stick diagram , CIF layers.

Mask layouts reflect actual sizes and spacing and details. 

In color following colors used : 

n Diffusion Green , P diffusion yellow , Poly silicon red , Metal Blue , contact Black.

Implants Yellow border

In mono chrome  n Diffusion  45o close hatching, P diffusion : 45o closed  spl hatching 

Poly silicon 135 o  close hatching ,Metal, 90o  close hatching, contact Black. Filling.

Stick diagrams only show connections and  how transistors are laid out, feature sizes, p and n well demarcation lines etc.

LOGIC EFFORT.:

Breaking logic to nMOS and  pMOS transistors is first step before attempting  Stick diagrams

 nMOS passes Logic ‘0’ very effectively and pMOS passes logic ‘1’ very effectively.

Write combinational logic to represent ‘0’ and ‘1’ of truth table and implement.

Using above implement  NOT, NOR, NAND gates  which can be used in designs.

Implement AOI ( and or invert   (ab + cd)’ )and OAI  ((a+b)(c+d))’.

HOW TO DRAW LAYOUTS nMOS

   COLOR:

1. Draw metal (Blue) lines for Vdd,  Vss/Gnd allowing enough space   

       between  them.

2.    Diffusion lines ( green for n  ) between rails may be drawn to

       represent transistors with sizes  marked.

3 Draw ploy silicon  lines (red) forming transistors.

4 Draw implant lines in yellow  if depletion mode transistors required.

5 Draw cell boundaries if required.

MONO CHROME:

1    Draw metal (solid dotted ) lines for Vdd,  Vss/Gnd allowing enough space   

      between  them.

2.   Diffusion lines (closed dotted line )

       between rails may be drawn to represent transistors with sizes  marked.

3    Draw ploy silicon  lines (solid black line ) forming transistors.

4.   Draw implant lines broken dashes if depletion mode transistors required.

5. Draw cell boundaries if required.

CMOS STCK DIAGRAMS.

1. All features in nMOS are used in CMOS except implant yellow and buried contacts used in design.

2. yellow used for pMOS 

3. nMOS,  pMOS transistors are separated by demarcation line.

4. Diffusion paths shall not cross demarcation lines.

   DESIGN RULES FOR MASK LAY OUTS

   Micron rules are based on actual dimensions 

   Lambda rules are based on re usable (assign physical value) variable  λ

   Design rules are aimed to specify dimensions spacing for transistors , contacts , wires , 

    Poly silicon lines, metal1, guard rings etc…

    Some design rules; Width/spacing

     N, p diffusion        2 λ./ 3λ,
 Ploy silicon 2λ/3λ



     Metal1                    3λ /3λ

 Metal2         4λ/4λ

     Design rules for transistors:

     nMOS enhancement   2λ X 2λ
pMOS enhancement   2λ X 2λ

     nMOS depletion   6λ X 6λ

SCALABLE DESIGN RULES

In λ based designs all dimensions are integral multiples of  λ

Lay outs can be re used and as dimensions shrink devices work faster..

Length and width  L -(    L/x,     W….-( W/x.

Vertical dimensions  Thickness   tox -(    tox/x 

Doping levels  Nd    -( Nd/x

Supply voltages   (Vdd –Vss)--( (Vdd-Vss)/x

Effects:

Gm( gm/x ,    Cg -(Cg/x ,   ώo---ώox2 ,   τ   (  τ /x

AREA CAPACITANCE

 Area capacitance is expressed in pf/μm2  

  C = (ξ insξo ) A/ D Farads ..where ξins =4 forSi    ξo= 8.85 x 10 –14 F/cm

In each technology say 5 μ , or 2μ all capacitances are expressed as ratio to gate 

To channel  capacitance 

C=4 x10 –4 pf  for 5u, 8x 10 –4pf for 2 um , 16 x 10 –4 pf/cm for 1.2um technologies.

STANDARD UNIT OF CAPACITACE

Capacitance of feature size W=L for a given technology is taken as standard  

ڤ capacitance :

Feature size for 5u is 5um  x 5um = 25 um2 ,  ڤC= 4x10 –4 x25= 0.01pf pf/um 2 similarly

      for 2u is 2um  x 2um = 4 um2 ,  ڤC= 4x10 –4 x8=0.0032pf/um 2

         for 1.2u is 1.2um  x 1.2um = 1.44 um2 ,  ڤ C= 1.44x10 –4 x 16= 0.0023 pf/um 2
      CALCULATIONS OF CAPACITANCES:

      From the knowledge of standard capacitance for technology it is easy to find actual 

      Capacitances .W=3λ  , L= 20λ   Area = 3x20= 60λ 2. , Relative area is=60/4=15

      Capacitance values can be obtained by multiplying with rel caps.

     DELAY UNIT τ

    Delay  unit   is obtained by multiplying standard sheet resistance and standard 

      Capacitance.

      For 5um technology  τ = 10 4 ohm x 0.o1pf = 0.1 ns

             2um                       =  2x10 4 x 0.0032pf=0.064 ns

            1.2um                     =   2 x 10 4 x 0.0023pf=0.046ns

       INVERTER DELAYS:

       For a 4:1 inverter  on delay is τ and off delay is 4τ  . hence total delay= 5 τ.

       In general delay = 1 τ + 4 τ = 5 τ

           τd = (1 + zpu/zpd)τ
       CMOS INVERTER

       A cmos inverter has 2 capacitors. one due to nMOS another due to pMOS..

       Total delay is 5 τ + 2 τ= 7 τ

       It can be proved that  tr = 3 CL/βpVdd and   tf = 3 CL/βnVdd

              Where CL is the load capacitance on cmos inverter and β= u L/W

       For  rise time and fall time to be equal  βn  = 2.5 βp

      FACTORS INFLUENCING  RISE AND FALL TIMES

          Proportional to  CL  , 1/Vdd

      DELAY ON CASCADED PASS TRANSISTORS

      Each pass transistor can be  equated to series R and parallel shunt C.

      R total = n Rs, 

Ctotal= n ٱ Cg, 

      τtotal = Rtotal  x  Ctotal = n 2  (Rs x ڤ Cg) = n2  τ

 long silicon wires contribute distributed r and c

 Parallel plate capacitances exist between wires

 Inter layer capacitance is capacitance between 2 layers..

 Fringe fields effectively increase areas and capacitances. Cw= C area + C ff

UNIT III

SEMI CUSTOM IC DESIGN

When no standard ckts available for an application ASIC is resorted to.

ASIC stands for application specific IC .ASIC may be Fully custom IC or Semi custom IC

Semi custom IC can be realized in 3 ways.(1) Programmable ASIC (2) cell based ASIC (3) Gate Array based ASIC.

Programmable ASICs are 2 types  PLD and FPGA. In which PLDs are further classified to PAL,PLA,CPLD

Gate array based ASICs are realized by chanellised  , channel less , structured gate array based.

Cell based systems are Poly cell, fixed Ht cell, symbolic logic and combinations.. 

Development cost = D/N +chip cost +F 

D=dev cost, N=no of chips, F= testing , packing etc..

PLDs

Programmable logic devices contain large number of gates and devices with in a chip.

It is a generalized form of PROM in which AND or OR or Both are user programmed.

Programming is done by fusible links by current heating

Anti fuse o-n-o oxide nitride oxide layer is used as anti fuse at cross points..10-15v voltage passed  with 5 ma current resulting in 100 ohms PLICE.(programmable low impedance circuit element)

PLDs use EPROMs or EEPROMS for programmability.

PLDs with SRAM: Cells determine connects at cross points. Program stored in SRAM

Highlevel languages used to program PLDs. 

PLA

Programmable logic arrays

PLA base on fact that combinational logic can be realized by a set  SOP  sum of products of input variables.. Say  f = abc  + b’cd’ + a’b

In these Ics  inputs are available in normal and complimented form to an array of  AND gates and outputs (products ) of and gates can be connected to an array of OR gates. All connections are programmable by fusible links ie PLICE.

In order to maintain same delay between normal  and inverted outputs special circuits are used for buffer with inverting output with same delay.

PAL

Programmable arrays logic

This IC is a simplified form employing programmable AND plane and fixed OR plane. These are cheaper and eliminate delays of  PLAs are popular.

Part code of PAL devices is as follows   16 L 8
16   First block represents No of inputs in array., 

L    2nd block represents out put type L = active low, R = registered, V= variable. 

8    Last block represents number of outputs.  

PALs are further provided with micro circuits before outputs to convert them as inputs or out puts.

CPLD

Complex programmable logic devices 

These are advanced versions of PLDs . They have 2-20 PLD like logic blocks , I/O blocks , Programmable Inter connects.

Each Logic block can implement product terms , has distribution arrays and a set of  4 –20  micro cells  to handle 16 bit functions . Connected through programmable inter connects.

Programmable inter connects have switches at crossings of vertical and horizontal lines

Packing styles for CPLD are  PLCC Plastic Leaded Chip Carrier , QFP quad flat pack.

CPLD are provided with JTAG for transferring program for inter connections.

JTAG is acronym for Joint Test Action Group. Generally CPLD accepts non volatile programs..

FPGA 

Field programmable  gate arrays

FPGA has logic gates > 20k.These contain 

1. rectangular array of  CLBs configurable logic blocs.

2. Wiring tracks between CLBs  

3. cross bar switches on vertical and Horizontal wire junctions

4. I/O output pads. 

A typical CLB contains storage cells to hold 1 or 0 and multi plexers for implementing a  LUT Look up table. Inter connections between CLBs can be done through Pass transistors at crossing of V and H lines. Tri state  buffers are used in some FPGAs.

Permanent connections are made by 

1.PLICE Programmable Low impedance circuit element.

2.Via Link 

Plice normally has 10M impedance and by application of voltage results in permanent short.

In case of Via Link ONO layer of 100M ohm is fused to low impedance connection as in plice. Via link proved lowest resistance of 50-80 ohms and capacitance of 1-8 fF against 300- 500 ohms  and 3-5 fF of plice.

SRAM and EEPROM provide in circuit programmability 

PIP is a programmable inter connect capable of connecting in  6 ways of connection.

I/O blocks can be programmed as input or output.

 Xilinx FPGAs in market are XC 2000, XC 3000, XC 4000, XC 5000.

A typical CLB in XC 4000 FPGA contains 

2nos 4input LUT, 1 no 3 input LUT and many MUXs.

CLBS can implement any 4 or 3 variable functions , some functions up to 9 variables.

F/F can be configured as Latch or D F/F.Clock enable and global reset options.

At each V and H busses between VLBs there are  switching matrices.

A  design process steps  are 1.finish design 2.Map logic to CLBs 3.Load routing prgm 4 solve routing delays if reqd.

Wire hierarchy is 

*single length lines * double length lines * quad length lines *large lines

Applications of FPGAs are proto typing large designs , custom computers etc.

CBIC

Standard cell based ASIC

It is possible to standardize logic gates for a complex design form library. Cells are created for the classes of circuits like

SSI (nand, nor, xor), IAO (  inverters, buffers, registers), MSI (decoders, encoders, parity trees),ALU (Adders, Register files, shifters, inserters, bus extractors ),MEMORIES (Ram, Rom, Cam),System level blocks (Multipliers, UARTs, RISC cores )

Design is captured from schematic or HDL. Layout automatically plotted.

Designer defines placement , inter connection of cells.

Gate Array based ASIC

Transistors are pre defined in array and metalisation  of inter connection is taken up on ASIC. This saves lot of cost and these are termed MGAs. Following types are in use.

1.Channel gate arrays 

2. Channel less gate arrays. 
3.Strucured gate arrays.

*In  channeled gate array space between rows of channels used for inter connect.

Only inter connect is customized.

*In channel less gate array is also known as Sea of Gates array .SOG. Routing is done on top of gate arrays as there is no specified routing area.

*Structured gate array is also known as embedded gate array. An area ear marked for memory embedded in chip, for a specific function.

UNIT IV

Synthesis and testing tools.

Synthesis at a glance: Synthesis is an automatic method of converting high level abstraction to a low level abstraction. To a lower level of abstraction.












# RTL is translated to Boolean code. #Code is optimized  #Boolean equivalent drawn

#logic gates mapped to library

*Technology dependant implementation :When components are instantiated from technology library it is called technology dependent . when a  component is implied and not instantiated code takes from working library it is called technology independent .

*Constraints are attributes to optimize code to meet requirements of  area, power, lay out etc..

*Attributes specify design environment , drive, load, arrival times etc..

*Technology library contains all information about cells, constraints, attributes etc..

FLATTENING  is a process of converting un optimized Boolean code to PAL format.

FACTORING is opposite process of factoring.

*2 Main styles of  combination al logic are  concurrent signal assignments, sequential statements in process

Synthesis at a glance 

Assignment statements , ……signal/variable

Logical operators …..gates.

IF…..gates ,     Case….latches ,  Null…no action, Wait/if/case …imply flip flops.

Verification process 

The net list from Synthesis tool is fed to Test bench and output compared with original code if both give same result net list is accepted .

Test bench is a software code to report lapses, defects in synthesized netlist against original functionality.

4 types of test benches are * stimulus only. *full test bench * simulator specific *hybrid

Circuit design flow   :  

Design specs . ..HDL capture…RTL…gate simulation…place & route ….Device implementation on target technology.

FAULT MODELS…

Single stuck fault model is popular. Sa0 is stuck at zero can not got to 1.

                                                          Sa1 is stuck at one can not go to 0.                          


Faults are traceable to physical faults. Effects depend on location of fault..

Sa 0                                 can not turn     Sa1       o 


 

    


· when faults prop[agate over cells  the process is t behavioural level.

· GOS is a gate oxide short fault.

IDDQ testing is adopted to identify defective chips.

EFFECTS OF FAULTS…..

Over riding fault is a dominant fault…Producing same effect at output are equivalent .

faults.


Fault simulation is done to Find test vector at primary inputs by path sensitization and algorithms using ATPG , enabling vazlues and finding justifying/control values.

ATPG is acronym for Automatic test pattern Generation.

PODEM is a path oriented decision making algorithm on multipath which allows xretry and has 4 steps.

1.set objective, set enabling values to propagate fault to PO primary out put.

2.Back trace to PI primary inputs and set justifying values..

3.simulate and simplify.  , if contradiction retry. 4.update frontier and return to step 1.

BIST is acronym for built in test

Addl ckts are added  on ASIC viz PRBS pseudo random bit sequence, SA Signature analyzer. Concept developed by HP.

PRBS can be generated LFSR Linear Feed Back shift register and EXOR gate ckts

 N  F/F register generates 2n-1 sequence.

By adding one more XOR sequencesequence register can be made.

Signature of a good cklt is noted and compared.

Idea of single input signature analyzer can be extended to MISR - input signature register analyzer.

BST is a boundary scantest has addl circuits boundary cells at   i/o  pin.. cells ,core logic, controller and communication JTAG. 

UNIT  V

VLSI Technology:

Fabrication steps

Basic processing steps are 1.Si wafer preparation 2.Epitaxial growth 3.oxidation 4.Lithography, 5 Etching 6.poly silicon film deposition 7. diffusion 8.Ion implantation 9.Isolation 10.Metalliasation 11. Assembly and packaging

*Wafer is sliced from single crystal grown from seed crystal and from Czecholoeski process. wafer typically 0.4mm cut from 10-15 cm dia indexed crystal .Wafer polished by lapping process. Each wafer may house few VLSIs in rectangular IC area. Each ic may contain thousands of components.

EPITAXIAL GRTOWTH.

*Growing Metals  on wafer is called epitaxial  growth .Si is grown from SiCl4
       SiCl4 = 2H2 ==== Si + 4HCl  at 1200 0C

A set up for this process contains a vacuum quartz chamber with provision to supply gases N2,H2, H2 + SiCl4 , H2 + PH3, H2+B2H4, HCl and induction heating of Graphite boat carrying Si wafers.

Epitaxial films with specific concentration are required.

OXIDATION

*oxidation is a very frequently required process.3 types of oxidation processes are.

1.Thermal oxidation 2.Wet oxidation 3. Plasma oxidation.

*Thermal , oxidation takes place at 11600C in quartz chamber in presence of O2 or H2O

           Si + 2H2O ==== SiO2 + 2H2  at 1160 OC time and supply of gases determines

                                        thickness of oxide layer. About 2 um.

Silicon Nitride Si3N4 between SiO2 is used as passivation layer. This prevents diffusion leaking through oxide layers.

*Wet oxidation is done at low temp by bubbling in water at 95 0C by passing ,H2  and O2
*CVD is a chemical vapor deposition of metal and oxygen gas on Si substrate to form  Si3N4  and SiO2 as a film. These films are just for insulation. The process is fast.

*Plasma oxidation takes place in presence of gas discharge plasma of related gases to be deposited. This process is done at low temperatures and is as good as wet oxidation. It is also called dry oxidation.

*SiO2 film ,thickness is measured by shining color of film for white light. Dielectric constant is  4 approx.

. 

LITHOGRAPHY

*Lithography enables production of masks for components of micron level in VLSI mfr.

Four lithographic processes are 

1.Optical  lithography. 2. Electron  lithography 3. X ray lithography 4. Ion  lithography

*Optical  lithography uses visible light for exposure of masks and high resolution obtained by uv light ( λ=0.3 um.) Art work is made 500 times original dimension and reduced for final mask .Resolution limit is = 5 times wave length λ of light. 

*Electron  lithography is not effected by di fraction and scattering of light. This uses electrons at 10-15 Kev and suitable for low volume productions.

*X ray  lithography made mask preparation level to < 1um in extension of  electron  lithography. Cost and exposure times are large.

* Ion   lithography .This uses scanning beam, masked beam techniquess .

ETCHING

etching used for removal of SiO2 .Un exposed photo resist is etched away by Tri chloro ethylene.SiO2 is removed by Hydro fluoric acid. Etching is a wet process. Plasma Etching is called dry etching. Openings smaller than 1um is possible by plasma etching.

4 types of plasma etchings are 1.pattrtn transfer 2.ion enhanced and induced etching

3.recombinent spices mechanism. 4.side wall mechanism.

POLY SILICON/DIELECTRIC  FILM DEPOSITION

Materials used are poly crystalline silicon, silicon dioxide , plasma deposited silicon nitride ,Processes are APCVD (atmospheric chemical vapor deposition),LPCVD (low pressure chemical vapor deposition), PECVD (Plasma Enhanced chemical vapor deposition)

Dielectric materials used to provide insulation between lagers and transistors.

DIFFUSION

Diffusion of impurities done at 1000 oC Normally compounds such as B2O3 , BCl3  P2O5 for  B and  phosphorous for P . Carrier gas such as dry oxygen O2 used to sweep impurities to high temp zone.

ION IMPLANTATION.

Ion implantation is the process of  forcibly introducing p or n impurity doping atoms ionized and accelerated to an energy of about 20 kev and directed to bombard silicon wafers under vacuum. Energy controls  depth of penetration. Advantages are low temperature operation and controllability of target from out side.

The process is followed by  annealing to correct back disturbances in lattice.

ISOLATION

To isolate all components that are made on a chip 3 isolation techniques are  1.junction isolation. 2. dielectric isolation 3.function isolation.

*p + material separating adjacent n material forms reverse biased diodes. Transition capacitance associated with the diodes is a disadvantage.

*A separate SiO2 layer separating components to be isolated though costly is ca better method  named as dielectric isolation. 

METALLIZATION

Aluminum is a preferred metal to provide supply and circuit inter connections.

Desired properties are good conductivity, ease of forming, easy to,  etch, mechanical stability and stability in oxidizing environment.

All above favorable to aluminum . Metallisation takes place under vacuum  Material to be evaporated is placed in vacuum and an high energy electron beam is focused on it heat the same to evaporate. Evaporated metal atoms travel radially to fall on target. Aluminum can be etched away by phosphoric acid H3PO4.

Choice of metal for applications.

*top level – Aluminum  * Gate-interconnections  Poly si, slicide, nitride., carbides, borides,

*diffusion barrier – Nitride, carbide, boride etc.. 

*Selectively formed metallistion  _ some slicides. tungsten ,

Testing  performed by test plugs and some times built in.

PACKAGING & ENCAPSULATION 

TO-5, Ceramic flat pack , Dual in line ceramic case 3 packaging styles.

Packaging helps in reliability and complexity of connection. Silicone encapsulation is used 

MOS RESISTORS

Resistors can be realized by poly silicon and diffusion.

*resistors associated with parasitic capacitances.

*diffused resistors are self isolated by reverse biased diodes and have poor temp coefficient.. n well resistors ( medium values), n+ and p+  region resistors (low value), value controlled by length and width of film and matching is 5% .

*Poly silicon resistors  from poly films placed on top SiO2 layer are physically separate from substrate ,They  have less parasitic capacitance and are more accurate than others.

MOS CAPACITORS.

Two types of capacitors are possible in CMOS structure .mos capacitors and inter poly capacitors.

*mos capacitor is gate capacitor with voltage dependence. Additional n+ implant is placed at bottom to remove this defect.

*2nd ploy silicon layer on top of field oxide is added to form inter poly capacitor. This capacitor is relatively ideal.

*other less frequently used capacitor is junction capacitor.

Inter ploy and mos capacitors can be matched to 0.1% and value to 1%..
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