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:-| Review: MOSFET

M OS - F ET : source gate drgin Polysilicon
Metal-Oxide Semiconductor FET &(/{/ 2
MOSFET Type n s
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:-| Review: MOSFET (3 modes)
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Review: Small signal model (no internal cap.)

Channel length modulation

%
Body effect
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!-| Review: BJT
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Review: BJT (4 Modes)

Mode EBJ CBJ
Cutoff Reverse Reverse
(Forward) Active Forward Reverse
Reverse Active Reverse Forward
Saturation Forward Forward
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!-| Review: small signal model (no internal cap.)
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Taple 6.3comparison of the MOSFET and BJT

NMOS

npn

Circuit Symbol

i

o

To Operate in the
Active Mode, Two
Conditions Have To

Be Satisfied

(1)_Induce a channel :
GS Vt,Vt:0.5-0.7V
Let gs=Vi+ ov
(2) Pinch-off channel at drain :
oo < Vi

or equivalently,

(1) Forward-bias EBJ :

BE VBEon1 VBEon 0.5V
Let gs=Vit+t oy
(2) Reverse-bias CBJ :

sc < Vecon: Vecon 0.4V

or equivalently,
ce 0.3V




Taple 6.3comparison of the MOSFET and BJT (Continued)
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Taple 6.3comparison of the MOSFET and BJT (Continued)

NMOS npn
Do Co
¢
Low-Frequency s o g Fy Bo
T Model Y

Transconductance o =(/7;COX) T Vov g, = |C /VT
Im




Taple 6.3comparison of the MOSFET and BJT (Continued)

NMOS npn

i V,L
Output Resistance r =V, /1, =-2

r,=V,/l.

o D

2V, L
Intrinsic Gain A, = VA A,=V, IV,
AO Omlo o
v, [

Input Resistance with
Source (Emitter) r,= blg -
Grounded




Taple 6.3comparison of the MOSFET and BJT (Continued)
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Transition Frequency
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Good Analog Switch?

To.Var Ap (or Iy)

Yes, because the device is symmetrical ancd
thus the i,—w,,¢ characteristics pass directly
throngh the origin.

Mo, becanse the device is asymmelrical with
an oitser voltage Voo



!-| Review: Single stage Amp.




Internal Capacitance (MOSFET)

« From our study of the physical operation of MOSFETSs, we can see that there
are internal capacitances

— Gate capacitance
« from gate oxide (parallel plate and fringing capacitors)
* Cuo Cyor Cyp

gs’ “gd
— Junction capacitances

« from source-body and drain-body depletion layer capacitances (reverse biased
PN junctions)

+ ~
. Csb’ Cdb [ o i Gate electrode — L
- G =2
- ; Induced
5o 0 G n-type 9 D
Oxide (Si0,) channel
km\
==
:L n* L n* 1
ST f
\\“‘- e — = h S -_— /

p-type substrate

Depletion region



« The three gate capacitances (C

MOS Gate Capacitance

gs: ng, Cgb) depend on the transistor's mode

(region) of operation

In triode (linear) region (vps = small), channel has uniform depth

1
Cgs — ng - §WL Co:r:

In saturation region, channel is tapered and pinched off near the drain. We
can approximate the capacitances as follows:

2
Cgs — EWL Co:;;
Cou = 0

In cut off, no channel but model capacitance between bulk and gate
Cop = WL Coy
Cga=0C4s = 0
There is also an overlap capacitance that should be added to C,, and Cq

Cov — WLoverlap Coa:



=-| MOS Junction Capacitance

The depletion-layer capacitances of the two reverse-biased pn
junctions are governed by the following equation:

Cspo Capo
Csp = Cap =

N

— Wwhere V, is the built-in potential of the pn junctions (approx.
0.6~0.8V, a function of the N, and N, doping concentrations)

Internal capacitance
fF (10 F) to pF (10 F) (see Ex. 4.36)
Cf.) Coupling cap. ~ 1I0F



=-| MOSFET High Frequency Model
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High Freq. Small Signal Model

« We must augment our (low-frequency) small-signal model of the MOS transistor
with these capacitors in order to accurately model its operation at high
frequencies

Cor
1 =
]

Go " . . oD C o
Em gy EmbUps ) »> I I
== r, & T |

—— Cgb I _ h — Cdb I"g.s' —— Cg.s‘ Em Ug.&: r,
e —— (e
: !
o S
B
complete simplified

— Wwhen source is connected to the body, model is simplified (remove C,)
— in saturation, Cg, =
— further simplify model by removing C,, for hand calculations



MOSFET Unity Gain Freq. {)
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Q
L
0
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We can find the f; as a figure of merit for the transistor’s high-frequency operation (unity current
gain frequency)

— Solve for the short circuit output current w.r.t. an input current

I, = gmvgs - SngVgs = gmvgs
assumes C_; is small and drops out in above eq.
I@' Io dm 9m
Vis = = — = = |wr =
g S(Cgs + ng) 1; S(Cgs -+ ng) Cys + Cyq

— note that 7 is a function of g,

()+,"-- /1 01 % 2-- 3 O



BJT high freg model

I B’ Ca
Bo——taaA L .
+
'n@ V., ——C &mVa Ty

|

E
In BJTs, the PN junctions (EBJ and CBJ) also have capacitances associated with them
— C, is the reverse-biased CB junction

Cuo
(1 = Ve /Vp)™ie

Cu

Where m,. is between 0.2 and 0.5, V; is between 0.5V and 1V

— C_ represents the capacitance of the forward-biased EBJ which exhibits both the
junction cap and diffusion cap

Cr =Cje +Cq = 20C5e0 + gmTF

Where C, is the junction cap and 7 is the base-transit time
— At high frequencies, the base resistance can also an important role in device operation



BJT Unity Gain Freq. ¢
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Figure 6.4 Circuit for a basic MOSFET constant-current source.



Q;jj e x

s
.

Figure 6.5 Basic MOSFET current mirror.
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Figure 6.6 Output characteristic of the current source in Big.and the current mirror of Fig. 6.5 for theecQs is matched t@),.



:-| EXAMPLE 6.4

1oo=%' 200 197, V,, =0.316V

V.. =V, +V, =0.7+0.316@1\

V-V
R=Yo ™ Ves = 1 _oq
loee 0.1MA

VOmin =\/OV @3 \%



:-| EXAMPLE 6.4(cont’d)

V,=20" 1= 20V

r, = 20V =0.2MW
100mA
DV, I\Y}

Dl =

= =5m
r, 0.2MWW/



Figure 6.7 A current-steering circuit.




l, =I /L),
2~ ' REF (W/ L)1
- (W/L),
3 REF (W/ L)1

VDZ’VD33-VSS+ VGSl' \Y

in
3.
VD2’ VD3 VSS+ VOVl

_, (wri),
s = )

VD5 £VDD - ’\/OVS‘

(6.12)

(6.13)

(6.14)

(6.15)

(6.16)

(6.17)



o =! (6.18)

=M e (6.19)

e i¢ /o
[

Figure 6.8 The basic BJT current mirror.




Figure 6.9 Analysis of the current mirror taking into accotim finite 6 of the BJTs.

l, _ |, _ Areaof EBJof Q

(6.20)

| e |, Areaof EBJofQ,

leer =1+ /D3 1+%



(6.21)

(6.22)

(6.23)

(6.24)



| _Vcc - VBE
REF R
— | REF +Vo" VBE
o)
1+(2/b) V,
V V
Ro = r02 @_A

(6.25)

(6.26)

(6.27)



Figure 6.10 A simple BJT current source.




:Vcc +VEE " VEBl_ VBEZ (6.28)

L
o

Figure 6.11 Generation of a number of constant currents obugrmagnitudes.






Freg. Response of the CS Amp.

Midband

. — High-frequency band
Low-frequency | - ! .
band I « All capacitances can be neglected

» Gain falls oft 2 + 1
I y due to the effect

V due to the effect| X 1dB
! y : e e e e B it of C, and C,,
of Cey, Co, v i
and C _‘{
R,

(ro‘ ‘RDHRL)

\
\
} « Gain falls off
\

e
- g9
B Rsig'_._ RG "
It % Ju f(Hz)
1 1 1 }
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High Freqg. Response (CS amp.)

Let’s see how the parasitic capacitances affect circuit operation
— First, redraw using a high-frequency small-signal model for the nMOS

Notice that there is a capacitor bridging the input and output
There are several ways to deal with this capacitor

— Miller’s Theorem

— Brute force it

— Open-Circuit Time Constant Method (We will see this later)
Let’'s use Miller’'s Theorem...




Miller's Theorem (See 6.4.4)

« Consider the circuit network below on the right with two nodes, 1 and 2. An
admittance Y (Y=1/Z) is connected between the two nodes and these nodes are
also connected to other nodes in the network. Miller’'s theorem provides a way
for replacing the “bridging” admittance Y with two admittances Y1 and Y2
between node 1 and gnd, and node 2 and gnd.

11, i , 2 11, l, 2
— — - +
v, v, > v, Y, Y, v,
! - = L 12
L L ® L L L

— The relationship between V, and V, is given by K=V,/V,

— TofindY,and Y, Caveat:
The Miller equivalent

L = YVi-V)=YWN1-V/V1) I = Y(Va—-W)=YVa(l-W/V2) qircitis valid only as

L = YVi(l—-K) I, = YV;(1-1/K) long as the c_:onditions
let I, = hih let I = Y213 Lhee’:iv?::fﬁﬁelg w?fwas

Y, = Y(1-K) Yo = Y(1-1/K) determined are not

changed.



Using Miller’'s Thm on CS amp.

Redraw the high-frequency small-signal model using Miller's theorem

Uin
Vout

| =~ + o

S
+ Caal1+0,R.) OnVge
Vgsma—Cos P RU
- ng[1+1/(ngL')]
~= ng
- - - — —
\ /
N
|::'I'
— Miller multiplication of C results in a large input capacitance Cy
1
1+ sRsCp Your _ _ gmRp,
__ gmRy Vin (1 + sRsCr) (14 sRLCyq)
1+ SRLng

— C; usually the dominant pole



High Freq. Response (CS amp.)
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Low Freq. Response (CS amp.)

Vo= Vi

5ig

RG

-

T 1/sCo + B

Rsi.c + RG

V..
59 IR

sig

R,
— G

+ RG Rs—g’g + RG + 1/5 CTCl

!S

51 RSE‘(; + RG

s+

1

"TCL (RG + R.s-f"_ G")

1
ﬁu‘;d, 1= -
R
[O :_](1 lD
Rp+ 57’@—’_ R;
RyR
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Rp+ R+
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vV, ; . ; Dominant pole:
— AM(

S+ Wy ) S+ W ) ST Wy pole

7|} Pole
=3 dB

V)
i

20 dB/decade

V=0
40 dB/decade

I

|

|

| cap.

| 2010g 4 equivalent
|

|

|

|

|

60 dB/decade

Time constant
=t . =CR

fea fe2 f(Hz)
(log scale)




=-| Freqguency Response of CE amp.

CS amp.
LF:
Internal cap. (open)
coupling/bypass cap.
Midband:
coupling/bypass cap. = short
L Internal cap. (open)
HF:
internal cap.

coupling/bypass cap. = short
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High freq. Response (CE amp.)
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=-| Low Freq. Response (CE amp.)

Open circuit time constant model (we will see [ater
Effect of each cap. is calculated one at a time.
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