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• 	
  	
  p-­‐n	
  junc(on,	
  diode	
  -­‐	
  revisited	
  

• 	
  	
  metal-­‐semiconductor	
  junc(on	
  -­‐	
  revisited	
  

• 	
  	
  	
  MOS	
  Structure	
  and	
  MOSFET	
  

• 	
  	
  	
  Advanced	
  MOSFET	
  topics	
  

• 	
  	
  	
  Floa(ng	
  Gate	
  Transistor	
  

• 	
  	
  	
  Non-­‐vola(le	
  Memory	
  (Flash	
  Memory)	
  

Overview of the Course 



p-­‐n	
  Junc(ons	
  



p-­‐n	
  Junc(ons	
  



Metal-­‐Semiconductor	
  Junc(ons	
  

Metal-Metal Contact Metal-Semiconductor Contact 



Scho6ky	
  Diode	
  



Scho6ky	
  junc(on	
  
versus	
  metal	
  contact	
  



MOS	
  Structure	
  

M – Metal 
O – Oxide (Insulator) 
 
S - Semiconductor 

Metal          Oxide          Semiconductor 



MOS	
  Structure	
  

M – Metal 
O – Oxide (Insulator) 
 
S - Semiconductor 

Inversion          Depletion        Accumulation 



A specific architecture of  
p-n junctions, MOS structure, and metal-semiconductor contacts 



source drain 

gate 

substrate 

MOSFET ANALOGY 



MOSFET	
  –	
  A	
  Four	
  Terminal	
  Device	
  

Circuit symbol 



A	
  MOS	
  transistor	
  layout	
  

CMOS: 
“planar” technology 



Perspec(ve	
  View	
  of	
  MOSFET	
  
MOSFET 
metal oxide silicon  
field effect transistor 

important dimensions:  
L – the channel length 
W – the channel width 
tox – oxide thickness 
rj – junction depth 

W

oxt



MOSFET and Conventional LOCOS Isolation 



Dimensions and Scales 



State-­‐of-­‐the-­‐art	
  MOSFET	
  

Lattice constant of Si is equal to 5.4307 (Å) Anstrom  
or 0.543 nm 



Floating Gate Transistor  
and Non-volatile Memory 



Non-­‐Vola(le	
  Memories	
  
•  A	
  non-­‐vola(le	
  memory	
  is	
  a	
  memory	
  that	
  can	
  hold	
  its	
  informa(on	
  

without	
  the	
  need	
  for	
  an	
  external	
  voltage	
  supply.	
  The	
  data	
  can	
  be	
  
electrically	
  cleared	
  and	
  rewriIen	
  

•  Examples:	
  
•  Magne(c	
  Core	
  
•  Hard-­‐disk	
  
•  OTP:	
  one-­‐(me	
  programmable	
  (diodes/fuses)	
  
•  EPROM:	
  electrically	
  programmable	
  ROM	
  
•  EEPROM:	
  electrically	
  erasable	
  and	
  programmable	
  ROM	
  
•  Flash	
  



Channel	
  charge	
  in	
  floa(ng	
  gate	
  
transistors	
  

Control gate 

Floating gate 

silicon 

Control gate 

Floating gate 

unprogrammed programmed 

To obtain the same channel charge, the programmed 
gate needs a higher control-gate voltage than the 

unprogrammed gate 



ID 

Gate 

Drain Source 

VTH VG 

e- e- e- e- e- e- e- 

Erase state 
 = “1” 

VTH 

Program state 
 = “0” 

Isolated charge storage layer 
- polysilicon, nitride, nanocrystals, etc. 

Program	
  and	
  Erased	
  States	
  
VG 



Logic	
  “0”	
  and	
  “1”	
  

Id 

Vgs 

ΔVT = -Q/Cpp 

Vread 

“1” → Iread >> 0 
“0” → Iread = 0 

Reading a bit means: 

1. Apply Vread on the control gate 

2. Measure drain current Id of the 
floating-gate transistor 

When cells are placed in a matrix: 

Control 
gate 
lines 

drain lines 



Two	
  flavors:	
  NOR	
  or	
  NAND	
  Organiza(on	
  
‘Word’ = control gate; ‘bit’ = drain 

NOR                                                        NAND 



NAND	
  versus	
  NOR	
  

10x better endurance 
Fast read (~100 ns) 
Slow write (~10 µs) 

Used for Code 

Smaller cell size 
Slow read (~1 µs) 

Faster write (~1 µs) 
Used for Data 



Technology 
Issues 

Electrical reliability issues 
 
Capacitive coupling and  
cross-talk issues 



Patent at Litigation between AMD/SPANSION vs SAMSUNG for ~ $500M in  
2010 



Random Programming of Memory Cells 
How to program targeted cells without  
Accidental programming of other cells 



Optional: Bipolar Transistor 
Bipolar Flow Analogy MOSFET Flow Analogy Two different ways to 

control water flow. 

Bipolar and MOSFET use 

different approaches to 

control the current flow 

through the device. 

History of Bipolar  
and MOSFET 



Optional: Architecture of Bipolar Transistor 

A schematic of the structure of a 

bipolar junction transistor with a 

simplified view of the cross-

section. 

cross-section 

3D view of a bipolar transistor 



Optional: The Operation principle of the 
Bipolar Transistor 

a) band profile of an 

unbiased n+p BJT 

b) band profile of a BJT in 

the forward active mode 


