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Lecture 17 6.976 Flat Panel Display Devices



Poly-Silicon Thin Film Transistors Outline • • • •



Electrical Properties of p-Si (contd from last time) p-Si Thin Film Transistor Device Structures p-Si Device Models Si on other substrates - poly-Si on plastic substrates - X-Si on plastic substrates
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Why poly-silicon? • To integrate the row and data scanners on the display, higher performance transistors are required



Scan Line Scanners



Data Line Scanners



Integrated Driver AMLCD 6.976 Flat Panel Display Devices - Spring 2001



• a-Si TFTs have low performance because the field effect mobilities are low due to defects and grain boundaries • p-Si TFTs attain higher performance by reducing the number of defects and hence the number of grain boundaries through Grain Engineering!
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Excimer Laser Crystallization 35ns Laser Pulse time molten Si a-Si



melt depth



• UV (308 nm XeCl Excimer) Laser pulse is absorbed in top 100 Å of a-Si • 35 ns laser pulse melts aSi, re-growing poly-Si • High hydrogen concentration in PECVD a-Si:H requires several laser energy fluences



SiO2



Carey
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Grain Engineering



Sigmon, 1997 6.976 Flat Panel Display Devices - Spring 2001
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Simple “flattened” model of Si crystal (At finite temperature)



• • •



Finite thermal energy Some bonds are broken “free” electrons – Mobile negative charge, -1.6 x 10-19 C



•



“free” holes – Mobile positive charge, +1.6 x 10-19 C
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Generation and Recombination GENERATION=break-up of covalent bond to form electron and hole • Requires energy from thermal or optical sources (or other external sources) • Generation rate: G = G (th) + G opt + ....[cm −3 • s −1 ] • In general, atomic density >> n, p Þ G ≠ f(n,p) – supply of breakable bonds virtually inexhaustible RECOMBINATION=formation of covalent bond by bringing together electron and hole • • •



Releases energy in thermal or optical form −3 −1 Recombination rate: R = [cm • s ] 1 recombination event requires 1 electron + 1 hole Þ



R ∝ n• p



Generation and recombination most likely at surfaces and crystalline defects where periodic crystalline structure is broken 6.976 Flat Panel Display Devices - Spring 2001
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Intrinsic semiconductor QUESTION: In a perfectly pure semiconductor in thermal equilibrium at finite temperature, how many electrons and holes are there? THERMAL EQUILIBRIUM= Steady state + absence of external energy sources



G o = f(T)



Generation rate in thermal equilibrium:



Recombination rate in thermal equilibrium: Ro ∝ n o • po In thermal equilibrium:



G o = Ro Þ no po = K(t) = n2i (T) ni ≡ int rinsic carrier concentration[cm −3 ]



In Si at 300 K (“room temperature”): ni



1x10-10 cm-3



In a sufficiently pure Si wafer at 300K (“intrinsic semiconductor): no = po = ni ≈ 1× 10



−10



cm



−3



ni is a very strong function of temperature 6.976 Flat Panel Display Devices - Spring 2001
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Band-to-Band Recombination



Sze



Two band to band recombination processes common in semiconductors • Radiative recombination leading to emission of a photon • Auger recombination
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Single Level Recombination (Traps vs. Recombination) • Trap energy level between the conduction band and the valence band • In equilibrium the electron capture rate is equal to electron emission rate r1=r2 (same for holes r3=r4). • When there is an excess concentration of electrons above the equilibrium level, the electron capture rate increases leading to an increase in both electron emission and hole capture. • Effective Recombination Center —most excess electrons disappear via hole capture • Effective Electron Trap—most excess electrons disappear via electron emission



Sze 6.976 Flat Panel Display Devices - Spring 2001
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Multi-Level Recombination



U=



(pn − n ) 2 i



é æ E t − E i öù p + n + 2 n cosh ç ÷ú τ o i ê kT è øû ë



Sze



1 τo = N t v th σ o



The most efficient energy recombination level are near midgap i.e. Et ≈Ei 6.976 Flat Panel Display Devices - Spring 2001
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Energy Levels within the Bandgap • No well defined bandgap but a range of energies with few allowed states. • High densities of localized states near the edges of the bandgap • Carriers do not readily move through the material in these localized states • Conduction through traps occurs primarily by hopping conduction
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Conduction in doped Poly-Si (large grain ~ 15 µm)



• The resistivity of poly-silicon is much greater than that of similarly doped single-crystal silicon. • It canges slowly at low dopant concentrations, but decreases rapidly at intermediate dopant concentrations • At high dopant concentrations it approaches the resistivity of single-crystal silicon



Kamins 6.976 Flat Panel Display Devices - Spring 2001
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Carrier Trapping



Kamins



Free carriers immobilized by grain boundary traps



Shallow tail states are associated with strained bonds and deep states near mid-gap are caused by broken bonds 6.976 Flat Panel Display Devices - Spring 2001
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Potential Barrier N d2V = q Depletion ε dx 2 Layer qN 2 VB = xd 2ε when grains are completely depleted



Trapped Electrons



2



qN æ L ö qNL2 VB = ç ÷ = 2ε è 2 ø 8ε where L is grain size



Kamins
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Potential Barrier



2



qN æ L ö qNL2 (a) VB = ç ÷ = 2ε è 2 ø 8ε



(b) VB max =



qN T L 8ε 2



qN æ N T ö qN T2 (c) VB = ç ÷ = 2ε è 2N ø 8εN Kamins



• The trap energy is deep enough such that the traps are completely filled when the dopant concentration exceeds the critical doping N* = NT/L • As N increase above N*, the number of trapped carriers remains at N* leaving the rest (N-N*) to form the quasi-neutral region 6.976 Flat Panel Display Devices - Spring 2001
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Carrier Transport in p-Si Thermionic Emission é q (VB − V )ùú J = qv cn exp ê− ë kT û v c = kT / 2πm*



Assuming VG=V/Ngrain æ qV ö é qV ù J = 2qv c n exp ê− B ú sinh ç G ÷ è 2kT ø ë kT û For VG < kT/q, then q 2nv c é qV ù exp ê− B ú VG J= kT ë kT û q 2nv c L é qV ù exp ê− B ú σ= kT ë kT û 1 kT é qV ù ρ= = 2 exp ê B ú σ q nv c L ë kT û 6.976 Flat Panel Display Devices - Spring 2001



Kamins



Effective Mobility µ eff =



2



qN æ N T ö qN T2 VB = ÷ = ç 2ε è 2 N ø 8εN



qv c L é qV ù exp ê− B ú kT ë kT û



é qV ù µ eff = µ 0 exp ê− B ú ë kT û Lecture 17
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Poly-Silicon TFT • High-temp Poly-Si TFT – – – – –



>600°C process temperature Processing similar to bulk Si CMOS Thermally grown SiO2 gate dielectric High temperature quartz substrate Small high resolution light valves



• Low-temp Poly-Si TFT – – – –



I d = −qµ onW



dV dx



V



W D Id = q µ ondV ò L 0 V



W D Id = q µ FET (n ind )n ind dV ò L 0



µ FET n 
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