COmMmmon-source stiage witn Resistive

 For large values of R, channel-length modulation of M,
becomes significant, V, , equation becomes
1 W

: ' & T - 2y oo
"'"r'J-u.." — ""-DD — !"J'f__i';u“'.n.(-- :'J.s'!,_'u "".';f'.u. — \'.TJ-'T?J \ | i )‘-"'"m'r.e.-’ )

1 - rofip
* Voltage gain is Ay = —fm .

* Above result is also obtained from small-signal
equivalent circuit

T © Vout V1= Vg
+
V, Vi InV1 =r R = 3 ,
" i— —t’ﬁ ) i i g Vil(ro| Ep) = —Vout

""-I.r'a-re..“ ,x; ]" — —Ym ':K I'¢) H Hﬂ \J
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Diode-Connected MOSFET

* A MOSFET can operate as a small-signal resistor if its

gate and drain are shorted, called a “diode-connected”
device

* Transistor always operates in saturation

Diode-Connected Device

1 - —
—I i Il"“F1 ng1 l"GE Vx C)

* Impedance of the device can be found from small-signal
equivalent model

Vi =Vx Ix = Vx/ro + 9guVx

V /Ix = (1/gw)||70o = 1/ g
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Diode-Connected MOSFET

Voo " "
M
! Vi (%)Qm"ﬁ %rﬂ G{D Imb Vbs

| T |
Ay
V ? Vx

* Including body-effect, impedance “looking into” the
source terminal of diode-connected device is found as

Vi=-Vx  Vp=-Vx Vx 1 1
"'1: ,fjr'-ri"lif —|_ ,"rj;'."ff-:r.i' —|_ f{"}
1
= 7o
fj".‘ T —|_ _"rj‘r'_r;',i. |'T_:-
. | Vy
(o + GV + — = Iy ~
‘r {:J ,'rjr ik —|_ ,"rj;'_r;',i.n"_:-
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Diode-Connected MOSFET: Example

. Find R,if A =0

|_F:+T
o
Q
3
N
s
Q
2
=Y
wn
H—
N

* Result is same compared to
when drain of M, is at ac ground,

. Set Ingeper_u;ént sources t8We?BMNAPMEV 2 find
resulit¥» + 9ms)Vx = Ix
\_.-; i | * Loosely said that looking into
Tx Bk o source of MOSFET, we see 1/g,,
whenA=y=0

Copyright © 2017 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of McGraw-Hill Education. 10
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CS Stage with Diode-Connected Load

Voo * Neglecting channel-length
| modulation, using impedance
M3 result for diode-connected
oV, device,
Vin ol M, 1, = —g.1 :
| " G2 + Gmba
) o Gl 1
T gual4n

where, 7 = gus2/ G2
« Expressing g,,, and g, , in terms of device dimensions,

(W) 1

TV (W/L)a1+

S

* This shows that gain is a weak function of bias currents
and voltages, i.e., relatively linear input-output
characteristic
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CS Stage with Diode-Connected Load

Voo * From large-signal analysis,
M b . RN s , g . 1 T _ _
_II: 5 S HnCox (J—) . Vin, = VIH1)" = SinCos (;_) (VoD — Vour — VT
—-o0 Vaut ffil'l"" {;7{ TE
. — 1 (Vi — V) = —) Voo — Vo — Vo
Vi, o—||: M, \V ( 7 )1 Tir) \ k ;) Vo . Tir2)

e If V., does not vary much with V__, input-ou
characteristic is relatively linear.

tput

« Squaring function of M, (from its input voltage to its drain
current) and square root function of M, (from its drain
current to its overdrive) act as inverse functions

FUflz) ==
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CS Stage with Diode-Connected Load

VDD

[ m,

—s—0
vout

* As I, falls, so does overdrive of M, so that
Vigsa = Vi Vout = VDD — VT2
» Subthreshold conduction of M, eventually brings V_, to

V,,, but at very low current levels, finite capacitance at
output node C, slows down the change in V,_,from V-

Vi 10 Vi
e In high-frequency circuits, V_  remains around V,_,-V_,

when [, falls to small values.
13
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CS Stage with Diode-Connected Load

Voo
Vout A
_II: Mz Voo = V1h2
+— Vout
Vin ol M,

*For V,, < Vi, Voue = Vpp = Vi

out

« When V,, > V_,,,, previous large-signal analysis predicts
that V_ . approximately follows a single line

out

« As V, exceeds V, , + V., (to the right of point A), M,

enters the triode region and the characteristic becomes
nonlinear.

Copyright © 2017 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of McGraw-Hill Education.
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CO STage witn piode-connectea rFiMmuo

—(ONICE

Voo * Diode-connected load can be implemented
— m, as a PMOS device, free of body-effect
—I_O * Small-signal voltage gain neglecting
Vout channel-length modulation
LA T R ;’Jﬂ-u. (W/L)
L T (W L),

* Gain is a relatively weak function of device dimensions
- Since u, = 2, high gain requires “strong” input device
(narrow) and “weak” load device (wide)

* This limits voltage swings since for A = 0, we get
|Ves2 — V|

Vst — VT
* For diode-connected loads, swing is constrained by both
required overdrive voltage and threshold voltage, i.e., for
small overdrive, output cannot exceed V- |V,|-
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CS Stage with Current-Source Load

— VDD = 1 L T
Vb '_II: M2 I::> l:% 92 V2 é oo Fas
" +— Vout Vout
y—2 vc-ut
Vino—l[5, M, Vino— 5 M Vin o5 M
1 1

* Current-source load allows a high load resistance without
limiting output swing

 Voltage gainis A, = —¢,.1(ro1l|roz)

« Overdrive of M, can be reduced by increasing its width,
r,, can be increased by increasing its length

* Output bias voltage is not well-defined
e Intrinsic gain of M. increases with L and decreases with /,

f .

/ ( H-') . 1
( i e = 2 0 '!I-'r;.(' r.'J.i"r T
G101 \f s l! ! D)u'r_;
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CS Stage with Active Load

+! +p

<

Voo - * +—H=
M, (li) Im2 V2 % Fos
Vout o Vout T o Vout
+ £+ # +
ll’/ir!' ) M1 vin ) 1 Im1 V1 % r'oq vin é_ _ﬁ (gm1+gm2)vin lo1 ||r02

* Input signal is also applied to gate of load device, making
it an “active” load

« M, and M, operate in parallel and enhance the voltage
gain
* From small-siun_al enuivalenf_ circuit.
—={gmi ¥+ gma Winlrtoi1||702) = Voul

4 llf — = 'i Gl + G2 \J': I'o) l| | ‘rdl'.FJE)

* Same output resistance as CS stage with current-source
load, but higher transconductance

 Bias current of M, and M, is a strong function of PVT
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LD dtage witn ACTivVe Load: Suppiy

4iyig

Mz & +(é Voo

||J§|'

Vast + |Vasal = Vop

e Variations in V,, or the threshold voltages directly
translate to changes in the drain currents

* Supply voltage variations “supply noise” are amplified

too
 Voltage gain from V, to V. can be found to be

Vot Gm2To2 + 1
. = o1
VoD ro2 + ot

1

= (.f’;-.r,-f.: I ] (roillroz)
g2/

Copyright © 2017 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of McGraw-Hill Education. 18



CS Stage with Triode Load

V, —V, . . .
I;|' op °? « A MOS device biased in the
. =g, deep triode region acts as a
: resistive load in a CS stage
Ve O t—Veute v, is sufficiently low to ensure
Vin |5 M, Vin o[ M, M, is in deep triode region for
all output voltage swings
 Voltage gainis A, =-g.,R,,..,» Where R__, is the MOS ON
resistance given bv 1
o = 16, Coe (W/L)2(VpD — Vi — [Vrrp|)

*R,,,depends on u C ., V, and V. which vary with PVT
« Generating a precise value of V, is complex, which makes
circuit hard to use

* Triode loads consume lesser voltage headroom than
crmafliRde-connecied. devices.SINGE Vou o=V opf0kI0e formens



