Lesson 3 Analog Discrete-Time Integrated Circuits, TSTE80
Lesson 3
L esson Exer cises: B3.12, B3.13, B4.5, B4.6, B4.8

Recommended Exercises.  B3.14, B3.15

Theoretical |ssues: Improved Current Mirrors, Cascode Amplifier, Noise.
Exercise B3.12
Vout
M3 Ma Vefta

1 4Vgs3 Vgsay |-
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./4 Vgsl
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All transistors must be in the active region:

Vout, min = Vss + Vgsl + VgsB _Vgs4 + Veff

AssumingVg, = 0 and alVy,  to be equal:
\% = 2Vg—V,

out, min

21,
Ve = }mw‘ = 1.064V

Vv = 1.33V

out, min

Exercise B3.13
Small Signal Model

1;,=0 Vi

Om1+ds1

When calculating the output resistance, variations in the output voltage and the output current
are considered. All constant voltages and current that are not affected by variations in output
current or voltage are set to 0. This is the casé¢;for ~ and since no currents or voltages in the
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input circuit is affected by the output circuit we have = V;, = 0 . The resulting nodal
equations are thus

Oout = ~9ma V2 —=09saVa + (Vour—V2)dusa

BHOma V2=9saV2 + (Vour =V2)ass = Valas2

_ Vour _ 9as2 * 9uss ¥ s+ Ima

r.OLIt |

= Omal ds2" dsa
out Yas29dsa

Exercise B3.15
Small Signal Model (It has been assumed that» g3 AR Jysp
Vin

Ima(Vin-V2)

Os3aV1 1/gms
Vi

Iin=0
Rin lds1
Om1V2

If we compare this circuit to the one in 3.13 we see that in this case transistor M1 has its gate
connected to the output circuit. Thus we cah assume thaV;,, and,; are 0. The input

source is not affected by the output circuit and can be set tolg, i=.0 . The resulting nodal
equations are thus
out = Gma HVin—=V2) =0gyVo + (Vo = V2)Gyss
Oma(Vin=V2)9saVo+ (Vo =Va)bass = VoOmz
OmVa2* ViGuss 93V + (V1 —Vip)dms = 0
[(Vl _Vin)gm3 + gsBVI = VinGin
out

Touw = 7— = (whereg, = g+ 09y +09yss = Ga + 9ss ) =
out

(9m19ma9s3 + Ima(9gs1(9a + Imo) + Im19ma)) * Gin(9ast + Ims + 9s3) (94 + Imo)
gdsAng(gdsl(Gin + gm3) + Gin(gm3 + gs3))

- Im19ma(9ms * Is3)
gds49m2(gdslgm3 + Gin(gms + 953))

Assuming G;,=0ys1 Gma =0y andygz =0 :

if Gj,,«0n,

__9m  _ 9mldsifasa
YusaTds12 2

Tout
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AssumingG;,=0 ,g,4=0m, andj; =0 :

gml
9dsaYds1

T out = Omildsaldsa

Conclusion: If the input source resistance is snR|| € 1 45 ) the output resistance is half the

output resistance of the cascode mirror while for a large source resistance the output resistance
is approximately equal to the cascode case. The output resistance is thus dependent on the
input load resistance.

Exercise B3.15

Same as 3.15 bg; = g4 = 0 . See above

Exercise 5

Small Signal Model

Nodal Equations:
Om1Vin* Va9as1 + Im2V1 + (V1= Vou)9us2 + 9s2V1 = 0 -
Om2V1* (Vi—Vou a2 + 9s2V1 = 0

Vout _ (Omz + 9s2 * 94s2) I
A, = % = m:ngrdSZrdsl
n
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Exercise B4.5

Rl Rl
2 _
Vn2 <=
Ry Ry
T T

If the noise sources are assumed to be uncorrelated we can add the spectral densities of the
sources:

Ser(f) = Si(f) +S,(f) = 4KTR, +4KTR, = 4KT(R; + R,)

Exercise B4.6
2
Vi
1 2
cT Vn,out
R
H(S) - Vn,out(s) - 1
V., (s) 1+RCs
. 1
Su(f) = IH(jo)I?S,(f) = ———=4kTR
' " J1+(wRC)?
A Soul
I
I
I
|
| .
‘ >
1/(2nRC)
By using the noise bandwidtiBW = Ot - Lads we have
2 '-3dB 4
1 KT
vﬁ’ out = Sput(f) INBW = 4kTREt1—FEC—: = <
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Conclusion: The noise in a RC circuit is independent of the resistor value.

Exercise B4.8

C1

] w0 =

Ideal opamp =V, = 0 . We have contributions from two noise sources. The transfer func-
tion from input current to output voltage is given by:
Ry

Y
H - _out _ ____f
©) =7 = 13R Ce

Spectral density:

R

Suo(f) = (sm(f)+SR(f))W

The total noise is given by:

va = KT aKTre, 1 2KT
no T Ory " ROT4RC, T C,
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