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Body, or Bulk (or Substrate)

@ So far, we have assumed a 3 terminal MOSFET
@ Actually, a MOSFET is a 4 terminal device
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3 terminal 4 terminal

@ B = Body or Bulk (or Substrate)
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Body, or Bulk (or Substrate)
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@ p+ is used to connect metal to p- body

@ If p+ is not used, metal direct to p- would result in a Schottky diode
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Schottky Diode

o— p- metal |—o
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@ onvoltage ~ 0.3V

@ We DO NOT want a Schottky diode (current only one direction
and a voltage drop)

@ By using metal to p+ to p-, we have an ohmic connection
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Body Effect - Large Signal
o VSB effect D
G o—I%q_B
+ Vss
S

@ Effect of Vgg can be modelled as changing the threshold voltage,
Vi.

Vi = Vio +7[V2%1 + Vsg — /20] (1)
where

— Vjo is the threshold voltage with Vsg =0
— 2% ~ 0.6V (surface potential)
— 7= v/2qNaes/Cox
(N4 - doping concentration of p-; €5 - permittivity of silicon; Coy is
gate oxide capacitance per unit area)
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Body Effect - Large Signal

o VSB effect

— As Vs frthen V; 1
— In other words, if the source voltage is greater than the bulk voltage,

the threshold is increased.
@ V;increase due to body effect
— Will reduce available signal swing especially for source-follower
amps
@ Bulk connection acts like another "gate” if the source is held

constant
— If Vgs frthen V; |l and Ip 1

@ For DC analysis, V; depends on Vsg and Vgg may depend on V;
— Hand analysis requires an iterative approach
— Best left for simulation
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Body Effect - Small Signal

@ Recall the definition for g, which relates the change in drain
current to the change in Vgg

O = dlp  9(0.5unCox(W/L)(Vas — Vi)?)
"7 OVas oVas

9m = inCox(W/L)(Vgs — Vi)

@ Since the body also “controls” the drain current, we can also find
9mb
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Body Effect - Small Signal

@ We define 5/
=D 3)

9(0.51nCox(W/L)(Vgs — V4)?)

= pnCox(W/L)(Vgs — Vi)(—1) <38V\25> (ZKZ§> (4)
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Body Effect - Small Signal

@ Using (1) and defining x as

_ oV;
X~ 9Ves

., (5)

N 2./2¢f + Vsp

@ We have that g, is related to g, as

9mb = X9m (6)

@ Typical values for x are 0.1 t0 0.3
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Body Effect - Small-Signal Model
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9Imb = X9m
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Body Effect Small-Signal Model

@ In the case where the bulk is a small-signal ground

G o— o D
+
Vgs o
_ ImVgs ImbVsb

9mb = X9m

S
@ This is common in integrated circuits

@ Let’s look at 3 amps with body at small-signal ground
— Common-gate
— Common-drain
— Common-source
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Vo

Rout = o e = %Vi Voe = (1-+39mlo)Vi
@ All results same as 3 terminal device except that g, increased by
(1+x)

@ Dueto vsg = vgp = Vs since vg = v, =0
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Common-Drain

Im =+ x)gm

Vo

v __ ro+Rp iy _ 9mlo ., /  __ _dmlo .
Hout N lsc = ro+Rp Vi Voc = 1+9g/lo Vi

@ R,y same as 3 terminal device except larger gm

@ isc same as 3 terminal device since output shorted so vg, = 0
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Common-Drain

@ For gmro > 1

@ V, is reduced

@ R,y also reduced but usually overall gain is reduced by body
effect.
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Common-Source

Vo

Im=(1+x)9m

Rl =ro+(14ghro)Rs i —9mlo _,, Voo = —9mloVi

o= T+ aro)Fs
@ R,y same as 3 terminal device but larger gm

@ Vv, same as 3 terminal device since when drain open, no current
through Rsso vs =0s0 vgp =0
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Common-Source

@ For gmro > 1
i —9mloVi _  —GgmVi

(1/9m) + (1 + x)Rs

~
~

@ Body effect:
— Isc reduced
— Ryt increased
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Example 1

@ Common-drain

Voo gmt = 1TmA/V
fo1 = 20kQ
Rp Im2 = 2mA/V
100Q 1 = 10kQ
x=0.2

g,y =1.2mA/V

Vo

@ M, has body effect since Vg # Vg

@ Rout = Rs1l|Rp2

® Ao = Routl| AL

® Rpp = ryp = 10kQ; Rgy = oo — 8040

= 49, 7o1)
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Example 3

® Rout = Rsi||Rpe = 7440

@ Ry, = Rou||RL = 647Q

@ For isc we have isc = Gv; where

® Gm = (gmifo1)/(fo1 + Rp) = 995uA/V
@ V,/Vi = Gm x Ry = 0.644V/V

o

Without body effect
— Vo/Vi=Gm x R, =0.74V/V
— A gain reduction of 13% when body effect included
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Example 3 - Approx Solution

Rst = (1/G}) + Rp/(gpm ro1) = 8388
Rpo> = rop = 10kQ

Voo = 115 Vi = 0.833y,

Vo node is a resistor divider node

_ _ (Bpel|RL) __ 3.33k :
Vo = Byl AL+ Ra; Voo = 333k838(0-833)V;

vo/vi = 0.665V/V
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