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PROPERTIES BASIC AMPLIFIERS

COMMON | COMMON | COMMON CMOS
SOURCE DRAIN GATE INVERTER
(CS) (CD) (CG) (€D
Voltage-gain high low (<1) high high
(inv.) (non-inv.) (non- inv.) (inv.)
Output high low high high
resistance
Input high high low high
resistance
Application | inp.stage OP | outp.stage low- uncommon
areas opP resistance sensitive
inp.stage hard to
(signfll .from. design
transmission line
CS CD CG CI
4, _Eml Em ~1 Em 81 _ Eml | _8mlt+8&m2
8out Eout Eout Eout 8out
P _Sour _8Sout _Sout _Sout
C; Cy C; Cy
@y Eml Eml ~ 8ml Eml t &m2
C; Cy C; o)
Zout 8ds1 *8ds2 | 8ml + 8b1 t 8ds1 + 8ds2 8ds1 + 8ds2 8dsi + 8ds2
Ein 0 0 Eml. ! 0
1+ Lds1
8ds2
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COMMON SOURCE AMPLIFIER

+:..
VBias
+ w———-*
VIN

M,

C

[j My L7,
— our

=

-
4
| <
<
5

SMALL-SIGNAL EQUIVALENT CIRCUIT

(SSEC)
+ Geereee - +
Vin g mlvin é — Vout
Tas1| Tds2 1
- sC L_
i s
IOUt
°® = 7
+
ngVm é - @ Viou

rdle Tas3

COMMON DRAIN AMPLIFIER

=

SMALL-SIGNAL EQUIVALENT CIRCUIT

(SSEC)

+ om0+ Vi —

él"'

out

Vout
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COMMON GATE AMPLIFIER

‘éIAsz
M,

M
1 _J CL
Veias1 —  Vour
+ .
VIN

CMOS-INVERTER

SMALL-SIGNAL EQUIVALENT CIRCUIT

oot

e

(SSEQO)
o + + o+
V) Voo
1 Vour
T
sCy,
O —
Dl Iout
+ T
8m VgV Vst ’
Tds1 §> [+
Gl +Vg51 - Tdas2 ‘Tout A" Vout
!
\/iﬂ= ’
|
= T
SMALL-SIGNAL EQUIVALENT CIRCUIT
(SSEC)
2
I
=T
, M A\ A"
_‘; I C.L — DD GI.G2 D1,D2
—_— + o— +
—  Your [ I °
.. — - v
V. . —
m out
g"“vgsl m2V s rdsl% Tyso 1
s
_ _ sC L _
” - TosLs2 °
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COMMON SOURCE AMPLIFIER

COMMON SOURCE AMPLIFIER
WITH CASCODE WITH CASCODE. EXTRA BIAS
Vbp

Veas: —| [ M,

COMMON SOURCE AMPLIFIER
WITH FOLDED CASCODE

Veae— [ M2

o]
N

Your
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COMMON SOURCE AMPLIFIER
WITH CASCODE

Vpp

Veus2— [ Mz

Vauss— [ My
S
Vaiass— [, M3 VouT
—_— CL
N
VIN
e - ° -
SSEC
NMOS-part
@3 D3 B
+ + ° +
Vgs3 8m3Ves3 8ds3=Vys3
- s3 -
Gl Dl Vout
+
Y +
V-
n VgSl Zm lvgsl Eds Vds1
l - S1 ' - _
=4 C
SSEC
PMOS-part
G2 A
+  Vsg2 C
EmaVsg2
Vout
0—Vsgd +o
Bm4Vsgd / v)
° +
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COMMON SOURCE AMPLIFIER
WITH CASCODE
Vpp
Vaias2 — M,
Vaiass— My
aumnnane I
VBIAS3 '—l M3 YouT
—_ CL
+w——-—-—-l Ml
VIN
— 4 o -

Dertermine oy

B lout

SSEC
NMOS-part
G3 D3 B
+ + o+
Vgs3 8m3¥gs3 8ds3=Vys3
- s3 ’ -
ol DI Vout
+
+ +
V.
n Vsl &m1Vesi SdsI= Vg1
=4 ' c
|
+
Vout

SSEC
NMOS-part
G3 D3 iout
Vgs3 8m3Yes3 Eds = Vys3
— s3 -
DI -
Gl ToutN
.*.
+
Vesl  BmiVesi gdslg\’dg
— S1 - o
£ c
SSEC
PMOS-part
G2 = A
. ]2 — — —,
+  Vsg2 - + :
Emsg2 v 8ds= Vogp j
- |
D2 ,
4 ] -— ,-\V v
T
G4 outP
..._._o_vsg4 +o..——.§.4_ § "
+ f
v, \J j
BmaVsgd Bdsd= V44 ,
D4 _ ;
S - R .
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CAZIVAIVAUZIN DUUINL L AVIELADN IS

WITH CASCODE. EXTRA BIAS

— e e

B lout

o +
V N
BIAS3 M
[———% 3 Vout
—— Cp
+o——-——-‘ M,
VIN
e - ° T
Determine oy
SSEC
NMOS-part
G3 D3 iout
. o - —
+ + I
Vgs3 gmdess W) Bus=vyg !
— i
- S3 +
-
Gl D1 Toun K V
poe
+ ]
® v |
Vst 8m1Vgst D 8dsI= V51 |
- s - o
= C
SSEC
PMOS-part
a2 Ts A
+ Vs — (5 l + ‘
8m2Ysg2 v < Vsd2 }
D2 -
O\
out
Gf Vsg4 +o L <
+ “
8md¥sgd d’) gdsévm f
D4 _ |

Vout
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CURRENT MIRROR
Iy J +
Iout
M
M, + b
Vin
T .

CASCODE CURRENT MIRROR

T
Inv | N
M; l—_—j I(;/E,T Voo
M, Eii]::l““"'4 [i M;

=

1<
<

g

S

i<

WIDE-SWING CURRENT MIRROR

T |

IV Viias

 lout
M3 — [;% My

M, H—L M

1<
S
o

SMALL SIGNAL EQUIVALENT CIRCUIT
(SSEC)

Tdsa Loyt
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SSEC

D3

G g4 D4
+

-0

VY Vop -
- 8“)1 Vin $3 - S4
: Vi
in DI GL_g D2 out
+ +
+
Em1Ves 1Y gdsé"gsl Vgs2 gmz"gsz@D 84si= is2
- s1 | - - s2 -

O —

Determiner,,,

D3 G3 94 D4 icut
| I+ + I+
gm3vgs3® gds?:(% Vegs3 y as4 EmaVesA VY gdsé ds4
S3 - - 4 - +
Open o

GlL_g2 D2
+

D1
+
+
Em lvgslc]\D 8dsi= Ves1 Vgs2 ng"gsﬁ"} 84s3= is2
st | |- - 2
=L ' '

!

!
f
|
<T0ut A\ Vout
l
I
[
|

G3 G4 D4 iout
+ |+ o
“E n® nie
— S4 l B +
o -
r
la g D2 out [ V }Yout
I
.i..
gdsl§ E4s0= Vds2 ;
S2— i
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DIFFERENTIAL GAINSTAGE (Large signal analysis)

VoD

Assumptions: 1) All transistors saturated
)V, INP = V]NN = V]N (COMMON MODE)

CMR (Common Mode Range) = [VIN min-VIN max]
OR (Output Range) = [VOUT min» VOUT max]

Iy [1,/2
imia V55 Vo1 =Vgs VetV = G4 L =+

Viv max =Vpp ~VsG3 =Vps1 +Vas1 =Vpp “Veirs —Vis —Veg1 +Vegr1 +V;y =
Iy /2

=Vpp = |2 = V3 +¥;
@y

74 ’e 1 74 - vV — 10 ‘]0/2
Yourmin =Vpss +Vps2 = effs Vg1 = jé‘“’\/‘"‘—‘az

‘1'0 /
Vourmax =Vpp =Vspa =Vpp V54 = DD"'\/

B —

@y
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. Vout . .
Determine for differential gain stage.
Vinp = Vinn
1) Introduce variables Vy (at node x, i.e. node D1,D3) and vy (at node y, i.e. node S$1,82).

2) Express Vg1, Voo, Vsg3 (SVsd3)VsgarVist 1 Vds2 » Vsds in Vinps Vinn» VxsVy and vy, .

Vesl = Vgl = Vsl =Vipp =V, Vds] =Vx =V,

Vgs2 = Vg2 —Vs2 =Vipy —V,, Vds2 = Vout = Vy

Vsg3 = ~Vy Vsd3 = Vsg3 = ~Vy

Vsgd = Vsg3 = —Vy Vsdd = ~Vour
3) Nodal analysis on node x, node out and gnd.
Nodex:  24,3(~Vx) ~ 8as3Vx — Emi (Vinp =Vy) = 8451 (Vx - y)=0 1
Node out: g4 (=Vx) = 8s4Vour — &m2 (Vinn - )= 8ds2 (Vous ~ vy)=0 )
gnd.: ~8m3(~Vx)+ 8as3Vx — 8ma4 (~V2) + 8asaVour =0 (3)

~ g4V

@)= v, = 8dsaVour )

Em3 +8ma + L4s3

Ve (8m3 — 8ma + 8ds3) = 8dsaVout + EmiVinp — B Virys — ¥ -
(1@ = x\Em m ds4Vout+8m1Vinp ~ 8m2Vinn ~Vy (&mi ~ &ma) ®

+8ds1Vx ~ 8ds2Vout —Vy (8as1 — 8as2) =0

4) Assume 51 = 2452+ 8ds3 = 8isd» Eml = Epp and Em3 = &m4

() = Vx8ass ~ 8dsaVour + 8ml Vinp = Vinn) + L2 (Vi = Vo) = 0 (6)
- 8ds2 8 ds4 gﬁm
@10 = &m1 (Vinp = Vinn) = Vour (8452 + PR — +8dsq + PR ——
But 243 = 8454 and g3 = 8,4 which gives: @
, i . 8ds28ds4 gﬁm
D= 8miVing = Vinn) = Vour (82 + 28ms + Za5a + 854 + 284 + S0 (8)
® = 2t (Vinp ~Vinn) = VourGasa (1+ ngfﬁ‘tgm )+ Vour 8sa (1+ zgmff“gm ) )
) = mt Vinp = Vinn) = Vour (1+ zgmff“gm X8z + 8s4) (10)
10 2> g1 (Vi = Vign) = Vi (CEA T 2Bty o an
“8mé * 8ds4
Your __ 8m1(28ma +&44)  _ gm

an = ~
Vinp ~Vinn 28452 + 8454 X 8ma + 8asa) 82 + 8uea
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PERFORMANCE MEASURES FOR DIFFERENTIAL GAIN STAGE

LARGE SIGNAL ANALYSIS:
e Common Mode Range, CMR = [Vinmin, Vinmaz)
e Output range, OR = [Voutmin, Voutmaz)
o Slew Rate, SR = maz { L
SMALL SIGNAL ANALYSIS:
¢ Common Mode Rejection Ratio, CMRR = 20 -1 log KAﬁT

e Power Supply Rejection Ratio +, PSRR, = 2010 log — 44

AV dd— Vi,

Power Supply Rejection Ratio -, PSRR_ = 2010 Jog —4¢

Agnd—»VOut

o A =Amplification for differential input signals

¢ A.n,=Amplification for common-mode input signals

® Avdd-.v,,, =Amplification for variations in +V,, from Vg to Ve

* Agnda—v,,,=Amplification for variations in ground from ground to V,,;

To determine Ay 44_.v,,, set the AC-input signal to zero and introduce an AC-source at Vyy+.
out (=

Agnd—v,,, determins in the same way by setting the AC-input signal to zero and introduce
an AC-source at V;— (ground).



DETERMINATION OF SLEW-RATE

To determine Slew-Rate (SR) for the differential gain-stage below, apply a square-pulse on
Vinp and an inverted square-pulse on Viyy. Figure a) gives phase 1, when Vinp grows
instantaneously from O to E and Viyy at the same time instantaneously goes from E to 0.
Figure b) shows phase II that starts with V;xp instantaneously decreasing from E to 0 and
Vinw instantaneously increasing from 0 to E.

E is larger than V;,, (E > V,,,). Transistors M1 and M3 are identical as well as M2 and M4.

Vop Vop
M2 ;»—_—J————E M4 M2 jj——-——iﬁ M4
' Is ' I
L .é_)_;[() 1 Vous Is Iy 0o Vo
VINPO—-—”; M1 Mgg}-—on Cr VINpo—jr_; M1 Mgg}—-—oVINN-—- Cy,
oTE g B, | B, s 1o ol
IO IO
a) = b) =

Phasel: e Viyp=+E,Viny =0 = M1 conducts and M3 blocks.

o M3 blocks = I, =0
M1 conducts = I} = I, = I,

M2 and M4 is a current mirror and as M2 and M4 are identical Isy=1 =1,
M3 blocks (14 =0) = Ig=13= Iy

PhaseIl: e Viyp =0,Viyy = +FE = M1 blocks and M3 conducts.
e Mlblocks = Iy =1, =0
e M2 and M4 is a current mirror = Iy = [z = 0
o M3 conducts = Iy = I,
e Ig=0andly=Iy= [1p=—Iy = —1

dvaut (t)
dt

Definition: Slew-Rate (SR) =max

For capacitor O} :

dver(t) _

L d’l)out(t) = dvoyy — iCL(t)

dt dt Cr

icL(t) = Cp Cr

Thus, maximum value of 1”—";;—@ obtains for maximum value of i¢-1 (¢), which has been shown
above to be I,.
Iy

Le. Slew-Rate = Z,z




