Lesson 2 Analog Discrete-Time Integrated Circuits, TSTE80

Lesson 2
L esson Exer cises: B1.8,B1.9,B3.1-B3.3,B3.7, 3
Recommended Exercises.  B1.6, B1.7, B1.10, B3.4, B3.6, B3.8-B3.10
Theoretical | ssues: Large Signal Models, Small Signal Models, Small Signal Ca-

pacitors, Simple Current Mirror, Common Sour ce Amplifier,
Common Drain Amplifier, Common Gate Amplifier

Exercise B1.6

From p. 56-60.

Active: I = L—;(VGS—VT)Z(l+)\(VDS—Veﬁ)) = B(Vgg— V)2 sinceVpg = Vi

V2
Triode:l , = BE{VGS—VT)VDS——;—%. BUtVy = Vpg =>

(Vas—V1)?3

Ip = BgVGS_VT)(VGS_VT)_ 7 E: g(VGs‘VT)z

Exercise B1.7

From p. 56-60.
1o = BVes Vo)1 + A (Vs Ver)
FindA:

— krds
2L DS_Veff + CDO where

2K 2 [111.808.851 1612
Ky = 290 - eted = 3.612007"m/ NV
TN 1.60201029 (1,022 N

3.61201067
Voe=V, ON= —=2022220  — g1ow3-1
e 2[1.500106./0 +0.9
92U 50 111 o2 .
ID‘VDS:Veﬂ ) Dﬁql-l 0.82(1+\ [D) = 138uA
_ 92y 50 a2 _
ID‘VDS:VE" +03 2 D;r5[(1'1 0.92[{1+A [D.3) = 143uA
Exercise B1.8
| = 20uA, | = 23uA
D‘Vns:Vevf OuA, D‘VD5=Veff +0.5 3u
= - o3 0. a
(1+A ED.S)ID\VDS:Ve" ID‘VD5=VE,, R 2[2% 1= 0av
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Exercise B1.9

Use p. 56-60 in the book. In the following we will ignore the increase in threshold voltage
caused by the non-zero bulk-source voltage, since the transistor will otherwise be cut-off.
(This is probably a mistake by the person who made this problem).

Kgs _  3.6120107

-1
A _ = = = 0.15%v
Ve = Vos 2L/, 2[1.2010%./0.9
HaCoxW 92M0%10
Iy = g(Ves-VT)Z = 52T (Ves—Vp)? = =5—15 0.3 = 34.5A
1 1
rdS = — = ——— = 183kQ

Alp  0.159034.%

O = ,\/Zuncoxvtle = Jz Egzmoﬁll%m.m = 230uA/V

_ Y9m _ _0.50023W
2 Ng—20s] 2J1-200.34

ds = 44uA/V

Exercise B1.10
p. 33-35, 59.

Cgs = 2/30WLC,, +Co W = §5o 01.201.9716% + 2 (1104 (50 = 86fF
Cga = CoW = 210450 = 10fF

Cgp = Aq[C;+Py[Tjg, = 200002.4010% + 58 (2110 = 60fF

Cep = Cj(Ag+WL) + C;o, P = 2.40104(200+ 50001.3 + 2 (1104 [58 = 74fF

Exercise B3.1

lin Iout

s [,

2|Dl Bz Bz 2'01|32 (W/L)z
Vet = [ low = 102 = Vér2g = Véng = fo 2 T wD), ot
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W, 25

S 0
In, = —215, = =280 = 20HA g R H-—
D2 Wl D1 lOOSOu Ol.l y AV(S) _ ml OUIE[]' gml/ng1D
L 16 1+as+bs?
oy = T = 8000 = 8000 12— = 640kQ
out ds2 D2 0“ wherea = Rin(cgsl + ngl(l + gmlRout)) + Rout(cgdl + CL) and
Transistor M must be in the active region: b = RiRout(Cya1Cyst + CgarCr + Ce1Cl) -
21, 2lp, 2@ Assuming widely separated poles the dominant pole is given by
Vour = Vos2>Veii2 = |7~ = = o = 170mVv
B, HnCodW/L), ~ 4920010 (25/ 1.6 1
P =3
Exercise B3.2

If the signal source resistandg{ ) is small the second teeam in  dominates and we have
Small Signal Model:

Vv Ipy = 2= 1 =1 - 1 = Loias
out U7 a Ruul(CyartC) RouCrL  (rgs lTgss)CL  4800LC,
+ Conclusion: Large Bandwidth => Large bias current and small length.
Vin ImVin Tout
- Exercise B3.4
See above.
- t_ -
Av - VLi: = Omlout = _gm(rdsl ” rdssZ) Exercise B3.6
_ 8000L _ 1200@ _ _ (9601F)L2 _ 4800 Small Signal Model:
del Ibias e Ibias out 20000_|bia5 Ibias
W PuC_ WL -
Im = 2MncoxtlbiasIj A, = —4800 %
bias G D
Conclusion: Large gain => Small;.  and Large transistor area.
= -OmVout fast  9sVout
Exercise B3.3 s lout
- VOUI
Small Signal Model: B
‘ ‘ ngl Ji; Tds2
R.
n v, | Viu =

Vo V \Y 1 1

— out out _ Yout _ _

Iout - gsvout + r + r +gmvout O Tout = | - 1 1 - g.+tg
dsl ds2 out Ot gst— +— m s

Fas1 Tds2

in OmiV1 H The output resistance is derived for zero input signal. Nodal equations:

_ﬁ gs1 @ Rou
Nodal Equations:

iVin—Vi1) Exercise B3.7
=V18Cs1 —(V1—=Vut)SCyq1 = 0
E R Prest L TowTredt Same problem as 3.6 Witlyg; = ggep = O

O
qvl_vout)scgdl_gmlvl_v R _VoutSCL =0

out’ “out

Solving forV,, gives:
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Exercise 3

Small Signal Model:

G
i “OmVin Tds A )9%Vin Rout
- s

Vin -
s

When using y- or z- parameters to derive the input impedance, either the output current or the
output voltage should be set to zero. When analysing circuits where the input resistance

depends on the load impedance (the CG stage is such a circuit) it is more convenient to include
the load in the analysis and leaving the output open. This has be done in the above small signal
model and gives the following nodal equations:

Oin = Vingm+(Vin_vout)gds+gsvin Or. = \ﬁ —
Vindm+ (Vin—=Vou)9as + 9sVin = VouSGout " in
ET}H gdsD
- out 1 %l _REE‘D
g +gs+gm Im rdsEl
Exercise B3.8
p. 156-160. Referring to fig. 3.34-6 in the book:

a)

O = szncox"—L\’lD1 - Jz (0201106 (52010001106 = 1.0672

lgs1 = Mags2 = —'I—D—I— = ———(')—i——- = 128kQ
g, = Y9m _ _ 0501060 _,mA
2 Ng-2e] 242+07 v
1_ 1
Gin = 2 = 5 = 5-56010°S, Gy = Gy + Ugey *+ Ugep = 0. 176“—A

C, = C_+Cgy = 0.54pF, C;y = C;,+Cyyy = 45fF, Cygy = 0.2pF

o :/\/ el = 2nB5MHz
0 Cgslcs"'C (Cgsl )

Q= = 0.332

/\/Gin(gml + Gsl)(cgslcs+ Cin’(Cgsl + Cs))

GinCs + Cin'(Cgsl + Cs) + Cgslcsl
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2, = 2L = 21 [BA4MHZ
Cgsl

b) All parameters are the same excep}: = gyq; + Jgsp = 15.60  AV:
Wy = 2nm[B3MHz
Q = 057
z) = 2n(B44MHz

Conclusion: Q should be smaller than 0.5 to avoid overshoot in the step response. This means
that if we eliminate the body effect by connecting the bulk ¢ftiv@ source of Mwe will

have a small overshoot which is not desirable.

Exercise B3.9
p. 161-63.
a)

Im1Cgs1Cs _ (1.06m)(0.2p)(0.54p)

. = (Im1 *+ Gs1)(Cger + )~ (1.06m+0.176m)(0.2p + 0.54p)

= 0.1250F

R = (cgsl+cs) _ (0.74p)2
) =

= = 47800
Cys1Cs9m  0.2p0.54p1.06m

G G, +
Ipy| = =1 = 2MB.6IMHZ, |y = 221 = 2[RBIMHZ
Cgsl + Cin' Cgsl + CL
b)
Gg = Ogs1 *+ Ousz = 15.60A/NV => C; = 0.144pF, R, = 4780,
|py| = 2nIB.61MHz, |p)| = 2m[R44MHz
Exercise B3.10

Small Signal Model

ngl
Vout c

1
G L L

-OmV1
lds A ) oV Rout
Vi

B
Jf* Vin

Total capacitance at the output node:
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Cout = Cp+CL+Cyyy = C +Cyyy +Cypp + Cygp +Cypy = 1.07pF
Output resistanceR,; = Iy = 12000715, = 192kQ
Nodal Equations:
HVin—Vi}(sC,+ Gy = VlsCgsl + (Ot 9V + (V1—=Vou)Ogs1
In*9V1* (Vi—Vouast = Vou(SCout * Gour)

Solving forV,,; gives:

Vour _ Ao(l+cs)
Vin ~ 1+as+bs?
where
Gt If Ggis small
_ (gm +04s1 T gs)Gs _ 932/9 f-J'-Utg ) s
G (gdl+g +g)+(gd1+G t)G DLifGislare
™ ) ) ) ° . ° qusl + Gout) s 9
a= (Cgs1 * C(bus1 + Gout) + Cout(Im * Yus1 + 9s + Gy = Cout = C, R, if
Gout(ddss * Om + 9s) + (Fgs1 + Gout) Gs Gout out out

Gs« 0
b= Cout(cgsl+cs) c = _C_S - RC

- Gout(gdsl + Im + gs) + (gdsl + Goul) Gs’ GS ss
Assuming widely separated poles => Dominant pole:

1 1

_1_ - -
Pl = 3 7 e R T ToakLoTp | 2N OMHz
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