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Electronic Circuits

y

Static phenomenon only

Simplified transistor model : MOSFET and BJT

Interested in “voltage” gain rather than “power” gain

Consists of “analog” integrated circuit and “digital” integrated circuit
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Contents to Cover In this Course and Evaluation

Chap 8 : Feedback Amplifier
Chap 9 : Operational Amplifier
Chap 12 : Filters and Tuned Amplifier (12.1 ~ 12.7)

Chap 13 : Signal Generators and Waveform-Shaping Circuits
(13.1~13.5)

Chap 14 : Output Stage and Power Amplifiers (14.1 ~ 14.5)
Chap 10 & 11 : Basics of Digital Circuits

Evaluation

— Two mid terms and One final exam
— Attendance

— Homework
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Physical understanding of STC

— o O(r=0)=0->V(t=0")=0
Qe V,=(t=00)=V, > Q(t =0) = C*V,

{a)

o(t) =j;1 (r)dz —>requires large | to reduce t
V.-V —>requires small R

==

Time Constant = RC

T~

takes more charge to raise voltage level

1

Y. Kwon Review : Chap.6 4 Microelectronic Circuit Course Note, SoEE, SNU



Comparison of the MOSFET & the BJT

TABLE 6.3 Comparison of the MOSFET and the BJT
NMOS npn
- Q| ,
Circuit Symbol Yy
| —P
O
To Operateinthe Active (1) Induce a channel; (1)Forward-bias EBJ;
Mode, Two Conditions Have
To Be Satisfied Ve 2V,,V, =0.5-0.7V Var 2 Varons Vagon = 0.9V
LetV., =V +v
(2)Pinch-off channel at drain; (2)Reverse-bias CBJ;
VGD < I/t VBC < VBCon ’VBCon = 04V
or equivalently, or equivalently
Vs 2V, V. =0.2-0.3V Vep = 0.3V
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Comparison of the MOSFET & the BJT

Current-Voltage

Characteristics in the 1 W ) V P v
Active Region i, =—n_C,_ _(VGS _Vz) 14+ D5 i = ISevBE T 14 —CE
2 L v Vy
= l ) Z 2 1+ vﬂ
2 n ox ov VA
ig = 0 iy =i/
Low-Frequency Hybrid-t
Model
(G o—=0O L oD Bo—— & L
| o
t.ll.'.'- .’.":-r.'.'JTII'.:'. ; 'rr- ?'Irr ;’rr gu.lilrr § 'rr.l
&, ® ®

Va0
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Comparison of the MOSFET & the BJT

Transconductance

Im gm:]D/(I/ov/Z) gm:]C/VT

/4
=(u,C ) — V.
gm (ILln ox)(Lj ov

g, = \/ Z(ﬂncox)(%jlg

Output resistance V,A L

ro Iy :VA/[D =

vw=V,/1,

D
= r, IS inversely proportional to the bias current.

Input Resistance with Source
(Emitter)

Grounded 0 r;[ — ﬂ/g m
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Comparison of the MOSFET & the BJT

A::;z o AOZVA/(VOV/Z) AOng’/'o:?C'I_A:VA/VT
T C
4 - V' L
VOV
4= Vi 204,C, WL
JI
A.-\.
Hipeaes | A, =1000 ~ 50007 /V

Subthreshold
region

1000 = ! —>=t=— Strong inversion region —>

100 I
/— Slope = —5

10 —

| | | | | | -
10°° 1077 10t 1077 1007 Ay

(log scale)
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Current Mirror Circuit

Transistor O, : Drain is shorted to its gate. = Saturation mode

. 1 w
lDl - _p“ncox (fj (VGS _ I/tn )2
1

V 2
I“ Since the gate currents are zero,
V., -V
Ipy = Iper = 2 R =
1L R R : In most cases, outside the IC chip

Assuming Q, in the satuaration mode,

& = 1 W 2
V [,=lp, =—k,"| — (VGS_Vn)
- 2 L), f

"),

A

i 1, 1, is soley determined by the
geometries of the transistors.
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Current Mirror Circuit

To ensure that Q, Is saturated,

Inkr @ V,2V.. =V or equivalentely V, >V,,.
Y
1 J AtV, =Voo, 1, =1
o | _ | I _
y As V, increases above V.,
I, will increase according to
X X
= the incremental output resistance r,, of Q,.
Y. Kwon 10
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Current Mirror Circuit

lo A

i ———f/;—”f

As ¥, Is increases above ¥, I, will increase according to
the incremental output resistance ,, of Q..

o Ao Ve
0 AIO 02 10
(W/L)z 1+ Vo _VGS
o (wm), ™ Ve
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Current Steering Circuit

Once a constant current is
generated, it can be replicated
to provide dc bias currents for

various amplifier stages in an le‘ 0;
IC.

A

wl;ﬁ : . I

Vop A | A

[

0 |Fee—1[,0: [0
Ve
Y Y Y
g v.‘:.‘:i
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F., Estimation : Open-circuit time constant Method

High Frequency Gain Function : A(s) = 4, F,, (s) A,, : Midband Gain

) = A+slw,)A+s/w,,) - Q+s/w,) :1+als+a2s2+---+ansn

F, (s 2
A+sl/wy)A+slwp,) - U+slw,) 1+bs+b,s”+---+bs"
A T
@p;  Wpy Dp,

Practical Bandwidth is determined by 3dB roll-off point (@)

1

When dominant pole exists, F,(s)z—— & @y =0y
1+s/ wp
Gray and Searle > b, = ZCiRio
IF there is dominant pole, | ) . .
b=— > o,r0p~x—=1T—""
Wpy b,

Z Ci Rio

This result are very good even if no dominant pole exists.
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Miller’s Theorem

« When the circuit conditions remain to make V; = KV,

- ."II. .
Z,=2/(1 - K), Z_,=Zf||.| }\}

» Proof : derive the same I/V relationship at both ports

e (1-K) > Miller multiplication (“Miller Effect”) for conductance or
susceptance
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The MOSFET internal capacitances and high-
frequency model

Source (S) Gate (G) Drain (D)

Oxide (8i0z2)
Oxide (Si0,) (thickness = f,,)
Source
region

Channel +
region

| |
| & \
p-type substrate
(Body)

T

Body
Drain region (B)

p-type substrate
(Body)

Channel
region

(a) (b)

Gate electrode

UGs l

Induced
G n-type
channel

Five capacitance
C ng1 Cgb’ Csb a'nd Cdb

| gs’

Oxide (Si0,)

L P - e = p
p-type substrate

Depletion region

B
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The MOSFET internal capacitances and high-
frequency model

 The gate capacitive effect

— Triode region
¢ Cg=Cyq=12WLC,,

vpg (small)

— Saturation region
«  Cg = 2/3WLC,,

Induced #-channel

. Cg q= 0 p-type substrate
— Cutoff ’

* Cgs=Cy=0 =

« Cy=WLC,, iy

« The junction capacitances

Cs 0 C 0 c
C, =—bV, Cy =¢}/ —————
1+-58 1+-D8 R
I/o Vo n-channel

p-type substrate

1
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The MOSFET internal capacitances and high-
frequency model

e The high-frequency MOSFET model
(i Cyu
G o—e VT j_ | .|J.m ) : . . »- oD G 0— : j_ || Py t oD
: _‘_ G, r, Vi e e, 8 Vi ® g,
® ) j_ s s — . |
N

'\ l (c)

(a) (@) High-frequency equivalent circuit
model for the MOSFET.

(b)  The equivalent circuit for the case in
which the source is connected to the
o substrate (body).

o
=
}
—
o
. ——
o}

. . . (c)  The equivalent circuit model of (b) with
! C,, neglected (to simplify analysis).

(h)
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The MOSFET internal capacitances and high-
frequency model

« The MOSFET unity-gain frequency (/)

The frequency at which the short-circuit curent-gain of
the common-source configuration becomes unity.

. . Cﬁd . K. 1, =g,V —sCuV,
Vo ==, 8V @ . § v —LIs(C, +C,)
o . . . ~—0 i B g,
j__ I s(C,+C,)

For physical frequencies s = jw
a)T — gm /(Cgs +ng)

__ &
Jr 27(C, +C,,)

Determining the short-circuit current gain
I,/

Typically, fr ranges from about 100MHz for the older technologies (e.g., a 5-um

CMOS process) to many GHz for newer high-speed technologies (e.g., a 0.13-um
CMOS process).
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CS Amplifier

(1) The current source can be

implemented using a PMOS transistor.
/ => Active load

(2) Obviously, Q, is biased at /,=I.
But what are V. and V?

=> We just assume that the MOSFET
IS biased to operate in the saturation
region throughout this chapter.
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CS Amplifier

ot
2

(9

o

=

.

e

-
S
o B
-1

(b)

R = & =00
L RL—oo
Avo - V_O = _gmro
vi RL=w0
R = V—x =7 A4, = g,r, :Intrinsic gain of MOSFET
l
X lvi=0

Y. Kwon Review : Chap.6 20 Microelectronic Circuit Course Note, SOEE, SNU



CS Amplifier

i A O-in (> in
triode saturation Slope = —
—te— T a2
I N
5 | Usg = Vsa
| |
| |
| |
| |
| I
0 (Vsg — “”rml} Vsa
(a) |"r'sz
(b)
The value of V. Is set by passing the reference bias current /, .. through Q.
When v = v, exceeds (VSG -V, ) Q, operates in satuaration.
When Q, operates in satuaration, Q, behaves as a current source.
When @, is in satuaration, it exhibits a finite incremental resistance : r, = ‘[AZ‘
REF

i
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I

flu;t- B

0, in

triode

g (), in saturation
/
B

CS Amplifier

Vst = Vip

vgs1 = Via

\

|
|
|
I
I

—_— L

| \ .
0 Von Vop — Vsg Von vpsi = Yo
V.ru =Vpp — “'"s'r_'.' - |"'"':p:3 = Vun - |""ff;'|':;
When the amplifier is biased vo A
. . . I 1 I | v
at a point in region I, V| 5]
. . Voa = Voo — Vowa|l | .
small signal voltage gain | ol
. | 0, Ema?uratmn
can be determined | Q> Triode
. . . | 0, Salurat:mn
by replacing O, with its | Q. Saturation
i | Q, Triode
small signal model | Q, Saturation
- - 'Lf L S
and Q, with its e Jr _
- Vnr V A V V.‘ + "'Irs.'
output resistance r. ,. " ’Z v u
(d)
Y. Kwon Review : Chap.6 22 Microelectronic Circuit Course Note, SOEE, SNU



CS Amplifier

O
o —0 ] O
r,
= § r.
quan'ﬂl;'.'n-
O » ° O
(b)
R.‘hk,‘__' HH ; ..
o AW o A, =-gr,
i \%
_ x _
o | _ v; R, R, i) Ro B ; B
filli_.l,i,T’l; X 1vi=0
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CS Amplifier

R o
A, z‘;—“ =4 P +L , andinthiscase 4 =-(g,,): R, =1, and R, =r,,.
i L (0]
Av — (gmlrol) r02 — _gml (rol roZ)
02 + rol

Or from the other circuit, v, = —(g,,v, (%,

7"02)
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CS Amplifier

CMOS common-source amplifier
(1) Voltage gain of 15 to 100

(2) Very high input resistance
(3) Output resistance is also high.

Two final comments

(1) The circuit is not affected by the body effect since the source terminals
of both O, and Q, are at signal ground.

(2) The circuit operates in region Ill, which is ensured by the negative
feedback: the circuit is usually part of a larger amplifier (Chapters 7 and 9).
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Common-Gate Amplifier

Fnu

De O -
) —IE §rrr gHL
G g B 1 M
2 = = =
) R oS - aA—o=>=11i =
§ R >
Wl £ é 5 _
Usig
g
— — !
(a) (c)
« V, is different from V.. « Circuits to calculate Ry,
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Common-Gate Amplifier

« Circuits to calculate R,

(b)

! i
——
- R i

- o T

* Impedance transformation

N —— T

Y. Kwon
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¥
L’un

No voltage gain (~1).

[l .
' O

(4)

Source Follower

_T_
—o—| ;ng__ §’};

(d)

 Circuits to calculate R,

Y. Kwon
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