
 !" APPENDIX A' THE MOS TRANSISTOR

A!" MOS transistor in weak and strong inversion

In this section I will treat brie1y the operation of the MOS transistor8  9 in weak inversion< =9 in strong

inversion?

A!"!# Weak inversion

The transistor works in weak inversion region if the following condition are satisBed8

VG  nVS " VTH.

The last condition may be expressed in current IDS term as follows8

IDS " Is

where the current Is is equivalent to the drainGsource current when the gateGsource voltage is equal to VTH.?

The current IDS in weak inversion region is given by H   I H" I8
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If VDS %% VtM the transistor works in saturation region and then the last equation becomes8
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From the last equation one notes that if VG  nVS " VTH. the current IDS " Is?

A!"!" Strong inversion

If VG nVS % VTH. or IDS % Is the last equation is not validM because the transistor works in strong inversionM

and as a conseguence there is another relation?

If VDS " VG  nVs  VTH. the transistor is in lineare region? The current is given by H   I8
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If VDS % VG  nVs  VTH. the transistor is in saturation region? The current is given by8
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Where ' is the channel width modulation parameter?

FinallyM if the current IDS is not greater enough than Is or is not lower enough than IsM the transistor is

in moderate inversion HPQI and as a conseguence I can not use the precedent equations Ksee next paragraph9?
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Approximately/ if the current IDS is greater than Is/ the transistor works in strong inversion and vice

versa/ if the current IDS is lower than Is/ the transistor works in weak inversion; But really/ there is a region/

the moderate inversion region/ which is the region that we aren=t sure that the transistor works in weak or

strong inversion; For that to be sure/ one can use a factor of security FS greater than  A if the current IDS is

greater than BFS IsC/ we are sure that the transistor works in strong inversion/ on the contrary if it is lower

than BIs!FSC the transistor works in weak inversion;

From equations point of view/ IDS is given byE !!"
!!#
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the transistor is biased in weak inversion
Is
FS
 IDS  FS ! Is the transistor is biased in moderate inversion

IDS " FS ! Is the transistor is biased in strong inversion

W!L may be expressed as a function of IDS Bassuming that the current is constantC as followsE !!"
!!#
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If the current IDS varies in the range G"& ImaxH/ the following rules must be satisIedE  C in weak inversion/

the transistor is designed using the maximum current ImaxA JC in strong inversion/ the transistor is designed

using the minimum current Bminimum current K"C/ but because it is not possible to design with " minimum

current/ one can take a small percentage of the maximum current as minimum current 'Imax Be;g; ' K "( C;

At this point W!L is given byE $
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In Fig; MN one can see the three regions of operation GOJH; Given the current of the transistor IDS and the

operation region/ one can calculate from the Igure the ratio WRL;

Please note that/ to obtain dimension ratio W
L
#  Bthat is to say that the transistor it is not very wide

and not very longC/ it is needed to design it in a way that/ in strong inversion the current IDS must be in the

range of micro ampere B)AC and/ in weak inversion/ IDS in the range of BnAC; On the contrary/ a transistor

works in weak inversion with a current IDS in )A range/ it must have a W very wide/ vice versa a transistor

works in strong inversion with a current IDS in nA range/ it must have a L very long; Note that if the channel

lenght L increases the operating frequency of the transistor decreases;

In table  ! GOJH/ the dimensions of nWchannel transistor are calculated with respect to the current/ assuming

FS K  " and using the parameters of ES" CMOS &'()m; For a pWchannel transistor the values of the table

must be multiplied by Anp;

For example/ for a nWchannel transistorE  C for a current of JXnA the transistor has W!L of ";" Bstrong

inversionC and  Bweak inversionCA JC for a current of J)A the transistor has ratio of ";MX Bstrong inversionC

and MX Bweak inversionC; For a pWchannel transistor/ the above results must be multiplied by Anp;



A!"! DESIGN RULES FOR CIRCUITS OPERATE IN WEAK OR STRONG INVERSIONS  ! 
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Figure &' The relation between the dimension ratio of a transistor
W

L
and the current IDS3
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Table 45 The computation of the transistor dimensions in function of the drain source current3


