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(no chapter sections) – Advanced MOS Topics 

1 Advanced MOS Topics 

!  Equivalent Circuit 
!  Power MOSFETs (amplifiers) 
!  Semiconductor memory (DRAM, Flash) 
!  Fabrication Advances 
!  Next generation architectures (FinFETs?) 
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!  Just so you are aware of it, Fig. 6-39 
provides the equivalent circuit for a 
MOSFET (assumes is above threshold).   

2 MOSFET Equivalent Circuit 
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!  MOSFETS are increasingly used for power switching 
applications, but our design we would not use for power 
switching…  why not?   

Wm ~ 100’s nm and bulk of current is near surface (1’s to 10’s nm)
… so what does our resistor look like? 
 

 If we drive a very high value of current through the  
 channel, what will happen?  

3 Power MOSFETs  
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!  For power switching applications, you need to reduce the channel length and 
spread out the current VERY quickly!    (example, Hybrid electric cars)   

High current 
(10’s A) by 
running up to 
1000’s in 
parallel on 
same chip… 

4 Power MOSFETs 

!  For power switching, power MOSFETS have 
replaced BJTs 

!  The BJT is still great in discrete circuit design 
(many ways to run it as you learn in Electronics, 
very versatile)…. Also BJT’s dominate in radio-
frequency circuits for wireless communications 
(10’s to 100’s of MHz). 
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!  Some alternate designs… (ecee.colorado.edu/~bart/book/book/chapter7/ch7_8.htm) 

5 Power MOSFETs 
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! Until 70’s/80’s BJT was device of choice in the design of discrete and integrated circuits 

! Today CMOS dominant in integrated circuits 

! BJT is the choice for demanding analog circuits, both integrated and discrete. Excellent in 
very-high-frequency and higher-power applications, such as RF circuits for wireless systems. 

! The bipolar transistors can be combined with MOSFET's in an integrated circuit by using a 
BiCMOS process.  Why combine them??? 

6 BJTs today… 

! Careful, lots of names, 
even I am not sure 
sometimes if is BiCMOS 
or something else… 
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7 BiCMOS 
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8 BiCMOS 

! Here is one way to do it… how would you bias it? 

! If the device on the left side has a transconductance of 1x10-3 Siemens or (A/V) and the 
device on the right has an amplification factor of 100, calculate the change in current at 
terminal V4 when terminal V2 is changed by 1 V. 
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9 BiCMOS 

! Here is another way (http://ecee.colorado.edu/~bart/book/book/chapter7/ch7_8.htm) 

Simple!  The gate allows electron injection from the ‘source’ into the n-type base of a PNP 
BJT.  Only need one contact for both the collector (BJT) and the source (FET). 
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10 Take a Break! 

! Take a break!  Make sure you are solid on the      ‘ed items! 
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!  We will examine three types of MOS-Based Memory devices: DRAM / SRAM /Flash 

11 MOS-Based Memory Devices 

!  First, dynamic random access 
memory (DRAM).  Key features 
include: 

-read or write any bit in a 1C1T cell 
(one MOS capacitor, one MOS 
transistor), is simple so can get very 
high density of cells per unit area! 
 
- row electrodes turn on an entire row 
and columns can read or write data 
from single cell while that row is 
turned on (all other rows turned off) 
 
-the transistor still leaks current from 
charged capacitor (in milliseconds) 
such that the DRAM must be 
continually refreshed, and reading 
data from capacitor takes time (RC)… 

!  So why do we have 
SRAM and flash? 
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12 MOS-Based Memory Devices 
!  Second , static random access 

memory (SRAM).  Key features 
include: 

-read or write any bit in a transistor 
cell which consists of two cross-
coupled inverters  
 
-does not need refreshed, but is 
always powered up, a 0 on the left 
inverter creates a 1 on the right 
inverter, and vice-versa) 
 
- word lines allow write or read of the 
cell by the bit lines 
 
-during read accesses, the bit lines 
are actively driven high and low by 
the inverters in the SRAM cell (not a 
weak signal from small capacitor like 
like DRAM) 
 
!  So why do we have DRAM, 

why do we have flash?  Can 
SRAM be high density? 

From Intel: SEM top-
down view of the 0.346 
µm² 6T-SRAM cell 
fabricated in the 45nm 
hi-k Metal-Gate CMOS 
technology 
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13 MOS-Based Memory Devices 

!  Third, flash: 

-is somewhat like DRAM except control 
gate can force charge from the n-channel 
into the floating gate (or reverse voltage to 
force them out), therefore storing the 
charge indefinitely! 
 
- Large VDS is applied to create highly 
energetic electrons which can get through 
the lower oxide to the floating gate with 
assistance from the control gate (how does 
this happen?) 
 
-does not need refreshed, does not require 
power, but write time is only µs range 
 
-also, write cycles are limited to millions 
before degradation of the oxide becomes 
too severe 
 
- simple structure allows high density 
packing of cells (large memory capacity) 

!  So if we insert electrons into the 
floating gate, what does that do to VT? 

!  So why do we use DRAM and SRAM 
for processing data?  See question 
below… 

!  If you uses flash for 1 GHz processing 
memory (not for static storage) how 
long could you use use it for? 
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14 MOS-Based Memory Devices 

!  High energy in channel helps you get through 
(tunnel) or over the oxide barrier… 
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15 MOS-Based Memory Devices 
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16 MOS-Based Memory Devices 
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17 MOS-Based Memory Devices 
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18 Cutting Edge of ‘Packing’ 

!  DRAM cross-
section view…  
why capacitors 
on top and not 
side-by-side 
with FETs? 
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19 Cutting Edge of ‘Packing’ 

!  Samsung 
K4B1G0846F 
48 nm 1 Gb 
DRAM 

!  109 of these!  
Can any fail? 
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20 Cutting Edge of ‘Packing’ 
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21 Take a Break! 

! Take a break!  Make sure you are solid on the      ‘ed items! 
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!  300 mm 
Texas Inst. 

!  You are good at what 
you do (90% yield)? 

 pull out a calculator for 
50 steps at this yield. 

22 Pushing the Limits of MOSFETs 
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!  Moores Law (transistors and cost) 

23 Pushing the Limits of MOSFETs 

!  Has worked great for a long time, 
until this…. Why is processor core 
temp. a problem? 
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!  Shorter source-to-drain 
(gate) = reduced R and 
C = faster and lower 
power devices! 

24 Pushing the Limits of MOSFETs 
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!  Trench isolation (further 
isolate devices), even if 
reverse biased, junctions 
have capacitance 
(parasitic) and leakage 
currents… 

25 Pushing the Limits of MOSFETs 
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!  Simply getting the ‘wiring’ right is a 
major challenge:  minimize parasitic 
capacitance and resistance (RC time 
constant). 

!  Novel fluorinated materials ‘low k’ (εr~2) 

!  Now some are up to >12 layers… 

26 Pushing the Limits of MOSFETs 
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27 Pushing the Limits of Wiring 

http://www.chipworks.com/en/technical-
competitive-analysis/resources/
technology-blog/2008/03/ 

!  ~1B transistors on a chip, 
again, and >10 wiring layers 
on top of that… Again, how 
many wire shorts can be 
tolerated? 
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Asked about a switch to a gate-last approach at the 22 nm node, Khare said, "I am 
surprised at that kind of talk. Every technology has challenges, which is why we continue to 
work at it and develop solutions. We take it one node at a time." He added, "At this point, 
no one knows what will happen at the 15 nm node. It could be finFETs that come in by that 
time." The fully depleted, extremely thin SOI (FD-ETSOI) approach that IBM is pursuing 
would provide greater electrostatic control, and take some of the burden off of the oxide 
layer.  

28 Pushing the Limits of MOSFETs 
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29 Are FinFETs the Future? 

!  From: Novel Devices to Overcome Planar Limits and Enable Novel Circuits, Leo 
Matthews, Freescale Semiconductor 

(1) Traditional scaling (channel length, Tox) 
of planar MOSFETs is rapidly 
encountering significant obstacles to 
meeting performance targets within 
acceptable power limits. 

(2) Double-gated MOSFETs (FinFETs) 
can change the scaling paradigm and 
allow continued performance 
improvements within acceptable power 
limits.  Channel width is vertical, why is 
that better?  What else looks better about 
this? 
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30 Are FinFETs the Future? 

!  From: Novel Devices to Overcome Planar Limits and Enable Novel Circuits, Leo 
Matthews, Freescale Semiconductor 
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31 Are FinFETs the Future? 

!  From: Novel Devices to Overcome Planar Limits and Enable Novel Circuits, Leo 
Matthews, Freescale Semiconductor 



School of Electronics & 
Computing Systems 

SECS 2077 – Semiconductor Devices © Instructor – Prof. Jason Heikenfeld 

32 Are FinFETs the Future? 

!  From: Novel Devices to Overcome Planar Limits and Enable Novel Circuits, Leo 
Matthews, Freescale Semiconductor 

An array of FinFET SRAM cells patterned 
over 100 nm topography 
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33 Are FinFETs the Future? 
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34 Are FinFETs the Future? 
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35 Some VLSI Layouts 

! This is an inverter….  can you figure out all the layers? 

www.sccs.swarthmore.edu/users/06/adem/engin/e77vlsi/lab3/  

Funny, I randomly picked my colors for materials when 
starting this course and they seem to match up! 
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36 Some VLSI Layouts 

! NAND (courtesy : www.sccs.swarthmore.edu/users/06/adem/engin/e77vlsi/lab3/  
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37 Some VLSI Layouts 

! NOR (courtesy : www.sccs.swarthmore.edu/users/06/adem/engin/e77vlsi/lab3/  

! Are these SSI, MSI, LSI, 
VLSI, ULSI? 

! With VLSI, how might the 
design approach change? 
Think packaging and various 
levels of team roles… 
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38 It is Okay to Have Fun… 

! From: www.chipworks.com/en/technical-competitive-analysis/resources/
technology-blog/2011/02/ 
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39 That’s it! 

! That is all for MOSFETS!  Make sure you are solid on the      ‘ed items! 
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40 Cutting Edge of… 


