1Spring 2000, Lecture 14Cross-Section of anN-Channel MOS Transistor (Review)Figure from Application-Specific Integrated Circuits, Smith, Addison-Wesley, 1997nBase is silicon substrate (bulk, well, tub)that�s been doped with p-type impurities(full of positively-charged holes)lTwo diffusion areas heavily doped with n-type impurities (full of negatively-chargedelectrons) form the source and drainlTransistor action takes place at thechannel, connecting the source and drainnA very thin layer of silicon dioxide (SiO2),called the gate oxide, insulates the gate,made of polysilicon, from the channel

2Spring 2000, Lecture 14IC FabricationFigure from Application-Specific Integrated Circuits, Smith, Addison-Wesley, 19971.Start with silicon (Si), refined fromquartzite, dope it with p- or n-typeimpurities, and melt it at 1500�C2.&3.Draw out a single crystal (6" or 8"),saw it into thin (600mm) wafers, polishone side, and grind down an edge or two4.Batch of wafers (a wafer lot) is placed ona boat and put in a furnace to grow alayer (1000 �) of silicon dioxide (SiO2)(called the oxide)

3Spring 2000, Lecture 14IC Fabrication(cont.)nIC fabrication process uses a series ofmasking steps to create the layers thatform the transistors etc. on the chip5.A thin layer (1 �m) of liquid photoresist(resist) is spun onto each wafer, and it isbaked at 100�C to harden the resist6.The wafer is partially exposed toultraviolet light through a mask, whichpolymerizes the exposed areas; thepolymerized part is then removed usingan organic solvent7.The exposed oxide is etched away,making the oxide match the mask8.The exposed silicon substrate is dopedwith appropriate ions by an ion implanter9. & 10. Resist and oxide are removed

4Spring 2000, Lecture 14Fabricating a CMOS TransistorFigure from Application-Specific Integrated Circuits, Smith, Addison-Wesley, 1997nContinuing the fabrication process:lPolycrystalline silicon (poly) is depositedusing using chemical vapor deposition(CVD) to deposit dopants using agaseous source in a furnacenPoly wires (e.g., transistor gates) aredeposited before diffusion to create self-aligned transistors � this avoids smallgaps that might otherwise occur if theorder is reversedlMetal layers are deposited in a similarmanner, called sputtering

5Spring 2000, Lecture 14Fabricating a CMOS Transistor (cont.) Figure from Principles of CMOS VLSI Design, Weste, Addison-Wesley, 1993

6Spring 2000, Lecture 14Wires and Viasn�Wires� can be fabricated using diffusion,polysilicon, or metallMust be insulated from each other usingsilicon dioxide; can be built up as layerslDiffusion used only for within a celllPoly used between adjacent cellslMetal used for longer connectionsnChip may have 5-6 layers of metallCuts in the silicon dioxide between layersare called viasnMetal layer 1 is used for VDD and VSS;other layers are used for interconnectionlUnder high currents, electron collisionswith metal grains can cause the metal tomove (metal migration), so in largedesigns, sizing the power supply lines iscritical to keep chip from failing

7Spring 2000, Lecture 14CMOS Inverter in a n-well ProcessFigure from Principles of CMOS VLSI Design, Weste, Addison-Wesley, 1993

8Spring 2000, Lecture 14CMOS Inverter in a n-well Process,With Tub TiesFigure from Principles of CMOS VLSI Design, Weste, Addison-Wesley, 1993nAn n-channel (p-channel) transistor�ssubstrate must be tied to VSS (VDD)lThe special vias that provide theseconnections are called tub tiesnNeed one every 1-2 transistors (SCMOS)lTie area in substrate is heavily doped toprovide a low-resistance connection

9Spring 2000, Lecture 14Design Rules & Fabrication ErrorsnCommon fabrication errors:lWire too wide � may short (contact) anadjacent wirelWire too narrow � may break under load,and become opennSolution � impose design rules tospecify what�s legal and illegallWires � specify minimum width andminimum spacing between wireslPoly � must extend beyond channel toensure that there is no short betweensource and drainlDiffusion � must extend enough to haveroom for a contact to that regionlVia � must be smaller than what it�scontacting, what it�s contacting mustextend back under SiO2

10Spring 2000, Lecture 14Scaleable Design RulesnFabrication processes are constantlybeing improvedl(Gordon) Moore�s Law (version 2) saysthat the number of transistors on a chip isdoubling every 18 monthsnWe take advantage of theseimprovements by designing according toscaleable design ruleslSpecified in terms of l, the minimumfeature size possible in that processlIn MOSIS SCMOS rules, mimium channelwidth (poly) is 2l , and minimum wirewidth is 2lnMOSIS = MOS Implementation Service,located at the Information SciencesInstitute at the University of SouthernCalifornia (USC), does small-volumefabrication for universities (partially NSF-funded) and commercially (www.isi.edu)

11Spring 2000, Lecture 14SCMOS Design Rules(cont.)nMOSIS (rev. 7), dimensions in lFigure from Application-Specific Integrated Circuits, Smith, Addison-Wesley, 1997

12Spring 2000, Lecture 14SCMOS Design Rules(cont.)nMOSIS (rev. 7), dimensions in lTable from Application-Specific Integrated Circuits, Smith, Addison-Wesley, 1997