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(i) Past 

J. F. Wager 
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AMLCD backplane 

Switching transistor: 
•  on-to-off ratio ≥ 106 

•  manufacturability 
•  voltage-control 
•  mobility (…) 
•  stability (…) 

J. F. Wager 

a-Si:H 
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Backplane Process Flow 
I. a-Si:H TFT Etch-Stop (ES) 

1. Deposition and definition of metal gate (M1) 
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Backplane Process Flow 

2. Sequential deposition of SiN gate dielectric, i a-Si:H, 
     and SiN etch-stop layer	
3. Definition of SiN etch stop pad (M2)	

I. a-Si:H TFT Etch-Stop (ES) 
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Backplane Process Flow 

4. Deposition of n+ a-Si:H	
5. Definition of TFT island (M3)	

I. a-Si:H TFT Etch-Stop (ES) 
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Backplane Process Flow 

6. Deposition and definition of metal S, D contacts (M4) and 
     removal of n+ a-Si:H	
7. Deposition of final passivation layer and contact window 
    opening to S, D, and G metals (M5)	

I. a-Si:H TFT Etch-Stop (ES) 
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Backplane Process Flow 
I. a-Si:H TFT Etch-Stop (ES) 

M5 
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Backplane Process Flow 
II. a-Si:H TFT Back-Channel Etch (BCE) 

M4 
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(ii) Present 

J. F. Wager 
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Larger and/or higher 
resolution AMLCD 
displays require a 

backplane 
semiconductor with a 

higher mobility! 
J. F. Wager 
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Display Backplane Options 

J. F. Wager 
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hν 

C. Church and A. Nathan, Information Display 3&4/05, 22 (2005). 

AMOLED backplane 

Switching & Drive transistors: 

•  manufacturability 
•  current-control 
•  mobility (!!) 
•  stability (!!!) 

Compensate for: 

•  OLED instability 
•  TFT instability 
•  TFT VT, µ nonuniformity  

J. F. Wager 
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AMOLED backplane (best case) 

T. Arai, J. SID 20, 156 (2012). 

independent 
control 
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Off current and 
process complexity 

also matter! 
J. F. Wager 

Mobility is not the 
whole story. 
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Mobility versus Off Current 
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Backplane Process Flow 
III. LTPS nMOS 

M4 
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Backplane Process Flow 
IV. LTPS CMOS 

M9 
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Backplane Process Flow 
V. Oxide TFT Etch-Stop (ES) 

Past… 

M5 
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Backplane Process Flow 
VI. Oxide TFT Back-Channel Etch (BCE) 

Present… 

M4 
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Backplane Process Flow 
III. LTPS nMOS M4 
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A bit more on: 
Oxide TFTs 

or 
IGZO 

J. F. Wager 
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H. Hosono et al., J. Non-Crystalline Solids 203, 334 (1996). 

Amorphous oxide semiconductors 
(AOS) 

J. F. Wager 
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Amorphous oxide semiconductors 
(AOS) 

J. F. Wager 

IGZO! 



ZnO  
hexagonal 

wurtzite 

SnO2  
tetragonal 

rutile 

In203  
cubic  

bixebyte 

In, Sn, Zn -  AOS Stalwarts 

25 J. F. Wager 24 March 2016 
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AOS 

H. Hosono et al., J. Non-Crystalline Solids 203, 334 (1996). 
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Amorphous Semiconductor Mobility 

µdrift =
n

n + nT
µ0

µ0 = diffusive (Brownian motion) mobility 

n = free carriers 
nT = trapped carriers 

µ0 (IGZO) ≈ µ0 (a-Si:H)  
Therefore, the Hosono picture is incorrect! 
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Amorphous Semiconductor Mobility 

µdrift =
n

n + nT
µ0

nT (IGZO) < nT (a-Si:H)  

DISORDER (IGZO) < DISORDER (a-Si:H)  

cation sublattice disorder bond angle disorder 

K.S. Stewart et al., JNCS 432B, 196 (2016).  
Amorphous Semiconductor Transport Simulator, https://nanohub.org/resources/asts 

TRAPPING! 
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Oxide TFTs 

J.F. Wager, Information Display, 1/16 (2016) 16-21. 
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Oxide TFTs 
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Oxide TFTs 
TFT	performance:	

	Mobility:	~12	cm2V-1s-1 	 	S:	~0.45	V/decade	
	ION/IOFF:	>	108 	 	 	 	VON:	~0	V		

		PBTS	 			NBTS	
ΔVth	0.35	V 	-0.38	V	
P/NBTS	(60	°C,	±30	V,	1500	s)	

ΔVth	=	-0.58	V	@	1000	nit		
NBIS	(60	°C,	-30	V,	1500	s)	

Courtesy Applied Materials 
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Oxide TFTs 

Courtesy Applied Materials ! 



IZO (5 nm) + IGZO (60 
nm) 

IZO 
Interface 
thickness 

(nm) 

Mobility 
(cm2V-1s-1

) 

S  
(V/decade) 

Vth 
(V) 

PBTS* 
(V) 

NBTS* 
(V) 

5  38 0.32 -1.5 0.51 -0.11 

7.5 47 0.41 -2.0 0.38 0.10 

10 62 0.41 -2.9 0.35 -0.03 

Dual layer approach: strong potential for high mobility oxide TFT: 
•  Simple mobility modification via interface layer thickness control 
•  Vth control by back channel tuning 
•  Excellent bias stress stability 

*Stress Conditions : 60 °C, ±30 V, 1500 s 

PBTS 

NBTS 

Uniformity ~ +/-3.5% 

Thin layer 
capability 

Oxide TFTs (DAL) 
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Courtesy Applied Materials 
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(iii) Future? 

J. F. Wager 
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Amorphous Metal Thin Film Surfaces 



Metal-Insulator-Metal (MIM) Diode 

24 March 2016 38 J. F. Wager 

Fowler-Nordheim 
tunneling 
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Amorphous Metal Non-Linear Resistors 

S. Muir et al., Information Display, 1/16 (2016) 22-27. 
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Amorphous Metal Non-Linear Resistors 

VII. AMNR TFDs 

•  Ultra-simple process 
•  Low temperature sensitivity (FN tunneling) 

•  Low light sensitivity (no semiconductor!) 

•  Superior to Poole-Frenkel TFDs 

M3 
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Amorphous Metal Non-Linear Resistors 

S. Muir et al., Information Display, 1/16 (2016) 22-27. 
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Amorphous Metal Non-Linear Resistors 

J.F. Wager, Information Display, 1/16 (2016) 4,43. 
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(i)   Past: a-Si:H 

(ii)   Present: a-Si:H è LTPS & IGZO 

(iii)   Future: AMNR TFD’s? 
ü  Insulator depostion via PECVD or ALD? 
ü  Peformance/stability/reliability/scalability? 

Conclusions  

J. F. Wager 


