|. MOSFET Device Physics. Second Pass

|
<"’>VDS _ metal
_ Interconnect to gaIe

O

n* polysilicon gate |

n+ source g X \_ n+drain
E— Y Q) X4(Y)
Vegs=0 X

p-type

% metal interconnect to bulk W

A. Starting Point
Ip = Wy, (Y)Qu()

B. Velocity- Assume vy, <vgy

dV-y

Yy = HnEy = Mgy

C. Channel Potential V¢

» Component of the surface potential due to drain-source voltage

D. Channél Charge

* Qn(y) varies from source-to-drain

* Qg(y) varies from source-to-drain

* Qa(y) =- (Qn(Y) + Qp(Y) )
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E. Gradual Channel Approximation

* Apply one-dimensional results to two-dimensional MOSFET

« Lateral Field from Vpghas negligible effect on the vertical
electrostatics. It adds its potential only at the surface of the device

when the inversion layer is formed.
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* @(x,0) isthe potential vertically at the source end of the device
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F. MOSFET Threshold Voltage
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% metal interconnect to bulk W

» Define Threshold Voltage to account for bulk charge variation along
the channel

N
Vin® = Veg-29p* = —

$%
P

1
= VFB—Z(pp + _c.:;)-( qussNaEVC(y) - 2cpp%

* Increase in Threshold Voltage along channel isdueto increasein
bulk charge. This effect is called - BODY EFFECT

» Mobile Charge including Body Effect

QNY = CoV sV -VeWs
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G. First Order M odel
» Neglect Body Effect Qg(y) = Qg(0) and V(0) =0

20e_N 2(p
Vo =V~ =V_ 20 J S 2
Tn TOn FB p C

» Channel Charge

NV =-CoxVasVm-Ve¥a

» Drain current using the Gradual Channel Approximation

dVey

'p = W\ = WC, VG5 VrnVeWin—gy —

* Integrate over the channel length y=0 to y=L
* Vc(y) =0V to V(Y)=Vps

L Vbs
[lp®y= [ WHCo,VesVn-VcWEdVe
0

» Sincedrain current is independent of position

%

'p = T HnCoxVes VTnVDs4Vps
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EECS 6.012 Spring 1998
Lecture 9




|I. Backgate Effect Vgg#0

A. Qualitative Description

* In some circuits, the p-type bulk region cannot be shorted to the
source.

* Vggmust be negative in order to avoid forward bias of the source-
bulk diode.

In(Vas VDS Vg9

’j ()_VDS
Ves ( W
-+

» The depletion region under the gate widens

* Alarger gate voltage is needed to raise the surface potential to -@,
and invert the surface.

 Thethreshold voltage increases with increasing Vg = -Vgg
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B. Quantitative expression:

_ 1
Vin = VEB™2% T C_O;(«/(quaes) (_Z(I)p *Vgp)

» whichisre-expressed in the standard form:

_ [] []
Vin = Vron T Va0 =20, T Vg~ 720

» where V,,, isthe threshold voltage with Vgg = 0 (standard formula)
* Yp isthe backgate effect parameter.

_ U []
Yn = D/\/ZqNaSSD/Cox
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1. Saturation

A.ReplaceVpgwith Vo =V -V
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* Increase Vpg above Vpg ) - Channel Length Modulation
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* Drain Current is modified since the channel length is shortened by
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B. Circuit Modd for Saturation
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