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® Building blocks of IC amplifier 1
> IC Design Philosophy
> IC Biasing
> Basic Gain Cell

B Reading: SEDTRA/SMITH book pages 501-527
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IC design philosophy: Silicon real estate

W Resistors are replaced by transistors

B Large capacitors are avoided, and small capacitors can be
fabricated on chip.

m Low DC power supply voltage (~1V)

B |C designer has the freedom to specify the device dimensions
and to utilize device matching and arrays of devices having
dimensions with specified ratios.

B Predominantly CMOS
» BICMOS provides BJT
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Discrete vs Integrated Circuits

Discrete Circuits IC
m Use mostly transistors

> Resistors and capacitors occupy
too much areas

m Mostly DC coupled (without
capacitors)
= High DC power supply voltage 4 Low DC power supply voltage
= Transistor choice limited to (~1V)
available parts m Can vary device size

m Mostly BJT, some MOS m Predominantly CMOS
=== > BiCMOS provides BJT Vot
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m Resistors and capacitors are
frequently used

m AC coupled with coupling
capacitors




Basic MOSFET Current Source

m Neglecting channel length modulation
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MOS Current Source
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m Neglecting channel length
modulation

I _(W/L),

Iggr ~ (W/L),

m Considering channel length
modulation

Vas-Va Vas

o Vo

Y
_W/L), Vo —Ves
T (W/L), Irer (1 & Vaz )
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Example: Current Source

Given Vpp = 3V and using /zz = 100 pA, design the circuit below to obtain a 100 pA nominal
output current. (a) Find R if @ and @, are matched (L=Tum, W=10um, V= 0.7 V, and k; = 200
pA/V2). (b) What is the lowest 1/? (c) Assuming ;= 20 V/um, find R,. (d) Also, find the change in
output current resulting from a +1V change in I/,

Voo

Solution:
1, (w 7
Ipy = Irgr = Ekn T | Vov

1
100 = > x 200 x 10V,

Vomin = Voy = 0.3V

Vy=20x1=20V

20V
Voy = 0316V Ro = 1oz = {07 = 02M8
Vis = Vi +Voy = 0.7 +0.316 = 1V AV, AV

Alo === omn = 54

Vo —Ves _3V-1V

R
T 0.1mA

= 20k
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Voo

/L),
12 - IREF (W/L)1
o W/L);
13 - IREF (W/L)1
L=1I
W/l
s =l w /),
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Review: MOSFET r,and g, Small-Signal Analysis
Output resistance at drain: . i Target R I 1
s v ! R N
D D Q + [ R, =752
Transconductance: i i
1 - - i v,
ip = Ip +ia = 5 kn(Vos + Vgs = Ven) L & Ais = — = _gmiZ- =
= 3 Hn (Vs = Ven)? + kn Vs = Ven)Vgs + 5 kv Ny w0
0, e . i
- 2 o Vgs = iiRin = -
ig =kn (Vgs — Vm)Vgs Or g 5 i
or m = knVoy = ky(W/L)Voy ™ o1
g =200 or + 1 1 L 4 = Im2 1
f’l”ss ves=Ves p = 2l _2p_ Dy g S gmi 1+ 1/(GmaTo1)
Im = ;—:5 = kn(Vs = Vin) = kn Vov "™ Ves—Ven Vov Vov/2 . N o
Three design parameters: W/L, Vq,, and I5. == . . W/L), 1
Vov =/2Ip/kn =215/ (i, W/L) g : > A =W, 1+ 1/(gm17o1)
i o 3w w s 3 o 1 mifol
m =2k /W/L [Ty . i

S Ay . . . 3 A
CS Cell w/ Ideal Current Source Load Lunn Intrinsic Gain g,,7, o one
m MOSFET
Vop o——o ———o Ao
o @ ( ) ubthreshol
) _ In =2l WIDTy " |
Ry = 1000} /—>-t=a—  Stonginversionregion g
v; Ves , § Vo A i
8mVes o Avo = —GmTs Tol= i
i ~ | Ro 1 ro D D
e O
A e 4, = gy, = A/ XenCa) W)
= o = gmlo iz
. . 10 103 102 In(A)
m Intrinsic gain Clog scale)
Im = =
m " vov/2 : . . a3 q 2
VA"" i Smaller current gives higher intrinsic gain, but paid by smaller
=0, gm and bandwidth.
= _ Va _ il
Ao = Gmlo = =
Vov/2  Vov/2 1116 12116
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Output Resistance of Current Source Load

Current source loaded/active loaded

fee Vo —
Voo [ 1() , B,
_% t
1 —F @
i ¥ _ Vel
- < To2 = i
— = : U_a ~
4, = v iy 9m1(701||r02)
1 w
= E(.“pcax) (T) [VDD —Ve— |th|]2 A, = _Egmra
2
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Example: CS amplifier with current-source load b BB R
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m Vpp=1.8 V, Vin=-Vix;=0.5V, ppCox=400pA/V2, p,Co,=100pA/V2 , | V=5V for all transistors, and
Irer =100 pA.
(b) Determine the small-signal voltage gain.
(c) What is the allowable range of signal swing at the output for almost-linear operation?

Voo Solution (b)
,211>1_2><0.11n./{71 L .

U S U / Solution (c)

0 aa sy -t
DI = = 50k0 Vomax = 1.8 — 0.2 = 1.6V
‘ Vaz| &l Vomin = 0.2V

Toz = =—— =50k

0 Ip; 0.1mA Oy
1
Ay = —gm1(To1 Il 702)
= —1(50 |l 50)
B = —25V/V
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Example: CS amplifier with current-source load

m Given a common source amplifier with current source load. Assume that @, and @;
are matched. Let Vp=1.8 V, V,,=-V,,=0.5V, ,C,,=400pA/V?, 11,C,,=T100pA/V?, | V|=5
V for all transistors, and /zz- =100 pK.

(a) Find the dc component of v, and W/L so that all transistors operate at |1/, |= 0.2 V.

v, Solution (a)
DD
1 w\ o,
Ves1 = Vin +Vov =05+0.2=0.7V Ipzz = E(ﬂpcox) T Vov
2,3
0; 0, Vy = Vs = 0.7V 1 w
0 0 100 =5 x 100 x |+ x 0.22
I Vo Ipy = 2 (UnCox) (T) VDZV W 2
i
= =50
—][, & 100 = 2x 400 x (%) xo0.22 i<L)2r3
+ 2 L i
v L

(W) 12.5
= =>(—) =12
L 1
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Example: CS amplifier with current-source load

mVpp =18 V, Vy,=-Vi;=0.5V, u,Co=400uA/ V2, p,Co,=100pA/V2, |Va|=5V for all
transistors, and /g =100 pA.
(d) If the current-source load is replaced with a resistance R, connected to Vj, as shown
below, find R and v}, to keep /5 the voltage gain, and the output signal swing unchanged.

Solution (d)
Voo 02V < vp < 1.6V
o Rp = 162 = 50k02

Bias Q; to make V,,, equal to the
middle point, so that the output

o swing unchanged.

+

Vi Vps1 = 0.9V

= Vop = Vpsi + IpRp

=09+0.1x50=59V

Why current source load is better?
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