PROPERTIES BASIC AMPLIFIERS

COMMON | COMMON | COMMON CMOS
SOURCE DRAIN GATE INVERTER
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Voltage-gain high low (<1) high high
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(signal .from. design
transmission line
CS CD CG CI
4, _8m 8m_ 1 Em *8b1 _ 8ml | _&ml+8&m2
Sout Sout Sout out 8out
P _Bout _Soum _Eout _8out
C; Cy C o)}
@y Eml Eml ~ Eml 8ml + &m2
Cy Cy C; C;
Sout 8ast T 8ds2 | 8m1 + b1 T 8ds1 + 8as2 8ds1 + 8ds2 8ds1 + 8ds2
Ein 0 0 Eml. 1 0
I+ SLds1.
8ds2




CgﬁdMON SOURCE AMPLIFIER

SMALL-SIGNAL EQUIVALENT CIRCUIT

(SSEC)
+
VBias
f: M, +
o + \' VDD +o — -6+
CL
* 0——-————{ M I VOUT vll‘l g mlvm é é — vout
VIN . Tasi] Tas2] ~T 1
- = - ! j sCL_
o . L ) -
I()ut
I -3 _F—<‘— ‘]
+
g m lv' é V
n l‘dle rdsz ‘_Fout out
]
- ' T
COMMON DRAIN AMPLIFIER SMALL-SIGNAL EQUIVALENT CIRCUIT
(SSECQ)
+ ==
YV + 0o+ Vip - i —o —
Vest 8miVg . = Vou
dslf 'ds2 _i:_r
—0 ::L +
+ O -—:I::_ —— —
Vst EmV.
# el Tas1] Tds2 Tout V Vou
. . I+




IN

CQOBIMON GATE AMPLIFIER

Vs1as2

@
VB1as1 %‘I
T

SMALL-SIGNAL EQUIVALENT CIRCUIT
(SSEC)

- +
Y. VDD Vdsl
= -t Vout
Tds2 “T1
sCL
-0 —
D1 . Iout
+ R
8m Vgs (Y Vasi {
rdsll _ [
Gl +V851 - Tds2 <—I:out \'% Vout
|
Vig0 j [
!
L J I
CMOS-INVERTER SMALL-SIGNAL EQUIVALENT CIRCUIT
(SSEC)
— EJM
y—o + +
_ M v \%
_—l ] C L . bD G1,G2 D1,D2
—— . . +
—_  Your Toe— [ I °
v v = v
in — out
gmlvgsl mZVng rdsl% I yer i
T
_ sC L _
X Tos1s2 i - ~

I



36

COMMON SOURCE AMPLIFIER

COMMON SOURCE AMPLIFIER
WITH CASCODE WITH CASCODE. EXTRA BIAS
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DIFFERENTIAL GAINSTAGE (Large signal analysis)

Vop

M, M, -

o
VINP VINN I or
IZ =

I
Iy
Vbias -—-{ M;

Assumptions: 1) All transistors saturated
2) V]NP = VINN = VIN (COMMON MODE)

CMR (Common Mode Range) = [VIN min>VIN max]
OR (Output Range) = [V o7 min >V 0UT max |

I, [1,72
VINmin=VDS5+VGS1=Veﬁ'5+Veff]+Vt1= —a—5—+ -6-21——-{-1/;1

Vivmax =Vpp =Vsg3 =Vps1 +Ves1 =Vpp Vo3 =Vis =Vegr1 +Vegry +Vy =

in/2
=Vpp - —-0—-—-V,3+V,1
| @3
I, 1,72
Yourmin =Vpss +Vps2 = offs Vo1 = ;5‘*" “‘“‘az

1,/2

Vourmax =Vpp ~Vsps =Vpp ~Vopa =Vpp - ,
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Vout .
Determine for differential gain stage.
Vinp = Vinn
1) Introduce variables v x (at node x, i.e. node D1,D3) and vy (at node y, i.e. node $1,52),

2) Express Vgg), Vg2, Vsg3 (=Vgq3), VsgdsVds1sVds2 sVsd4 in Vipy, Vi, VxsVy and Vi,

Vest = Vgl = Vsl =Vipp =V, Vdsl = Ve —Vy

Ves2 S Vg2 = V2 =Vipy =), Vds2 = Vour —Vy

Vsg3 = ~Vx Vsd3 = Vsg3 = ~Vx

Vsg4 = Vsg3 =~V Vsdd = ~Vour
3) Nodal analysis on node x, node out and gnd.
Nodex:  8m3(-Vy) = €a3Vx — &mi (Vinp =Vy) = Zas1 (vy - y) =0 ¢))
Node out: g4 (—Vy) ~ 8dsaVour ~ 8ma2 (Vinn ~ y) = 8ds2 (Vour — vy)=0 €)
gnd.: ~8m3(—Vx) + 84s3Vy — 8ma(=Vx) + 8asaVorr =0 3)

- 14

G > v, = 8ds4Vout @

Em3 +8ma + 8453

Vi (8m3 — Ema + 8as3) - 8dsaVout +&m1Vinp ~ &m2Vinn — Vy(8m1 = 8m2)

M@ = (3)
+8ds1Vx ~ 8ds2Vout —Vy(8ds1 — 8ds2) =0
4) Assume g1 = 24525 8ds3 = st &mi = Epp and Em3 = &m4
[OES Vx8dsa — 8dsaVout + &ml (Vinp = Vinn) + Lasa (v — Vour) =0 (6)
8ds28asa g%
(@i(6) = gp (Vinp ~Vinn) = Vour (8452 + +8dsq + 4
Em3 + 8ma + 8us3 Em3 + 8ma + 8453
)]
But g453 = 8454 and g,,3 = 8,4 Which gives:
8ds28ds4 gi«;
D = &m1Vinp = Vinn) = Vour (842 + +8dsa + ®
e i Tout 28ms +8a 2 28ma + 8dsa
_ 8ds4 8ds4

8 = Vinp = Vipn) =V 1+ +v 1+ 9

8ml Cinp = Vinn) = Vour 8asa ( 284 +gdg4) out 8dsa 224 +gds4) )

g
) = Lt (Vinp ~ Vinn) = Vour (1+ P f“gm N&as2 + 8asa) (10)
28ma +22
(10) = &1 (Vinp = Vinn) = Vou ( 2g’”4 s 424 N&ds2 + 8sa) an
Your  __ 8mi(28ma +8dsa) g

an = ~
Vinp ~Vinn 2852 + 84sa N &ma + 8asa) L2 + L
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PERFORMANCE MEASURES FOR DIFFERENTIAL GAIN STAGE

LARGE SIGNAL ANALYSIS:
¢ Common Mode Range, CMR = [Vipmin, Vinmaz)
o Output range, OR = [V,utmin, Voutmaz)
e Slew Rate, SR = maz {2 |
SMALL SIGNAL ANALYSIS:
¢ Common Mode Rejection Ratio, CM RR = 20 -1° log f‘{:

o Power Supply Rejection Ratio +, PSRR, = 20 -0 log —2&¢—

A
AV ad—Vyy:

e Power Supply Rejection Ratio -, PSRR_ = 20 -1° log —&¢—

Agnd“’vout

e Ag=Amplification for differential input signals
o Acn=Amplification for common-mode input signals
o Avga_v,, =Amplification for variations in +Vj, from V,y to V,,

* Agni—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 Via+.
Agnd—v,,, determins in the same way by setting the AC-input signal to zero and introduce
an AC-source at Vy;— (ground).
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DETERMINATION OF SLEW-RATE

To determine Slew-Rate (SR) for the differential gain-stage below, apply a square-pulse on
Vinvp and an inverted square-pulse on Vyyy. Figure a) gives phase 1, when V;np grows
instantaneously from 0 to E and V;yx at the same time instantaneously goes from E to 0.
Figure b) shows phase II that starts with V7 p instantaneously decreasing from E to 0 and
Viny 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.

Vbp Voo
M2 ;j:]—~—-4[f M4 M2 _j:————{l‘: M4
} s - , ./
h fa ° Q Vout Is i 1 —0 4 Vout
VINPO—][; M1 M32}—0V1NN~—- Cr VfNPo—{[; M1 M33}-—<>V1Nz\:h-—- Cy,
E T E E

_}_ ]2 [4 _L_ —l—.o 17 ]9 O—r

0 o 3
Iy Iy
a) = b) =

PhaseI: o Viyp = +E Viyny = 0= M1 conducts and M3 blocks.

e M3 blocks = I, =0
M1 conducts = I) = I, = I,

M2 and M4 is a current mirror and as M2 and M4 are identical I 3=1I1 = I
M3blocks (Iy =0 = Is = I3 = I

PhaseIl: o Viyp =0,Viyy = +F = M1 blocks and M3 conducts.
e Mlblocks = Is =1, =0
e M2 and M4 is a current mirror = I5 = I =0
o M3 conducts = Iy = I,
o Is=0and Iy =Iy= I;g = —Iy = —1

dvoui (t)
dt

Definition: Slew-Rate (SR) =max

For capacitor Cr:

B dvout(t) AVour . iCL(ﬁ
=CL i@ @t o,

dvcr (Zf}
dt

icL(t) =Cyg

Thus, maximum value of i%’t-‘(—ti obtains for maximum value of icr (t), which has been shown
above to be I;.

Le. Slew-Rate = Z{%
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NOISE

Look at a signal voltage v(t) that interferes from a noise voltage v,, which means that
Vtot(t) = v(t) + va(t). The power of the signal denotes Pyignar and the power of the noise

F, noise«

Following performance measures is defined:

* Signal Noise Ratio, SNR = 10 .10 Jog Frianat

noise

e Dynamic Range, DR = 2019 Jog %—:’,—‘:‘aﬁﬁ({%
- If [vin ()] > |Vin,maz(t)] you get distorsion.
- If [vin (t)] < |Vin,min(t)] the signal gets drowned in the noise.

o Noise power, Proise, defines as Proise = % [ v2(t)dt

e Also, if Vo(f) is the Fourier transform of v, (t), Proise = [, V2(f)df

o V2(f)is the spectral density R,(f) and R,,(f ) is the Fourier transform of the autocorre-
lation function ry,(t). Le. V2(f) = Ra(f) = F {ra(t)}

If the input signal to a linear system, with transfer function H (), has a noise component
with spectal density R,(f) the output signal will get a noise component with spectral density
Rout,n (f ) and

Rout,n(f) = IH(f)’an(f)

If we have say three systems, H(f), Hz2(f) and Hs(f) with noise, Rin(f), Ron(f) and R, (f)
respectivly, on their inputs and the noise sources are uncorrelated, and if the output signals
from the systems are added the spectal density of the output signal will be:

Routn(f) = |Hy(f)1 Bin(f) + |Ha(F)* Ran(f) + | H3(f)[* Ran (f)

Yin,n (t Vout,n (t)

@ HD) > () = 1HGRRP)

®—> Hy(f)

Hy(f)
Ron(f) Rout,n(f) = |Hi(f)PRin(f) + [H2(£)|?Ran(f) + | Ha(f)|2Ran(f)

X} Hi(f)
Ran(f)

Noise bandwidth concept
Regard a one-pole system with transfer function

o) = % = () =
n J1a(22f
A

\
v PI/

This equation gives the 3dB cut-off frequency: figp = 2L
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If you feed the system with white noise, that is noise with constant (independent of f) spectral
density R;(f) = R, the noise power on the output will be

R A ap e _p [ 1A o |Ao?m] { 2Wf}°°
P(mt,none = /0 IH(f)l thf——Rl/O. 14 ("—”; )2 =R, ——_-—2# arctan ——lpll .
2

If you have a brick-wall filter with |Hy(f)| = |Ao| and bandwidth % + faas you get the same
POWer Poys noise- Therefore - faap is said to be the noise-bandwidth of this one-pole system.

[H(f)] [Hy(f)]
k‘lo ' | 4o
%
' fiaB >f %+ fadB >f
Rout(f) = Ri|H(f)? Rous(f) = Ri|Hy(f)|?
Noise in CMOS-circuits

Noise in CMOS-circuits is inherent noise, not interference noise.
There are three different types of inherent noise.
1) Thermal noise - due to thermal excitation of charge carriers. Thermal noise is white
noise.

2) Flicker noise - due to traps in the semi¢onductor that hold carriers, which normally
gives the DC-current, for some while and than release them. (DC-current doesn’t float
smooth.) R, (f) ~ :} (moore accurate R,(f) ~ 3}; where 0.8 < a < 1.3).

3) Shot noise - DC-current is a result of individual carriers, which yields a current that
actually is pulsed and not smooth.

Noise models CMOS: (Regard the saturated region)
Flicker noise (spektral density V2(f) = —“ﬁ‘;:f) and thermal noise (spectral density I2(f) =
4kT2g,) dominates in CMOS-circuits.

Asi4(t) = gmvg,(t) then Iy(f) ~ gmV,s(f) and the thermal noise with spectral density I3(f) =
4kT-§- gm can be transformed to an equivalent noise voltage on the input with the spectral
density V7 (f) = 4kT%:L. V2(f) and V?(f) are uncorrelated and can thus be added.

—
Ya® van

)
MOSFET v—@—-{ C ) I4( (Noiseless)

ﬂq
2 K 2 21 K

: Vi) = ——— . Velh = 4kT(—)—-+-—————
(Active region) = Wi ‘ 3/gn WLC,,f

&0 = a3y, Simplified model for
3 low and moderate frequencies




