SOLUTIONS. Excercise Examination, 2008
TSEIO5 Analog and Discrete-time Integrated Circuits.

Excercise 1.

a) A PMOS transistor is saturated when Vsp > Vepy = Veg — V.

Transistor M1: Vgpy
saturation.

Transistor M2: Vgpo
saturation.

Vop — Vo = Vsgp 1.e. Vepr > Vsg1 — V;fpl, so M1 works in

Ve — Viias = Vsga 1.e. Vgpo > Vgao — thg, so M2 works in

A NMOS transistor is saturated when Vpg > Ve = Vigs — Vip.

Transistor M3: Vpgs = Vias — 0 = Vags i.e. Vpgs > Vags — Vins, so M3 works in

saturation.
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Figure 1: A bias circuit.

b) First note that Ip, = Ipy = Ips = Ip

Transistor M1: Vgpy = 01i.e. Vip1 = Vigp.

Enclosed page of formulas gives:
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a %NOpCoprerﬂ(l + Ap(Vsp1 — Vegs1))
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Ip =5 uA, popCosp = 58.5 1 AIV?,



Verri =Vsar — Viop = Vop — Vo — Viop = 3.3 0.6 — 0.62 =2.08V,
A, = 0.05.
Further VSDl = V5G1 gives VSDl — Veffl = VtOp =0.62V.
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Now equation (1) gives:

Transistor M2: Vsgs = Vga — Vo =V, — Vpp = —1.25 V.

Enclosed page of formulas gives:

Vipz = Viop + 7(\/20F — Vspa — /2¢r) = 0.62 + 0.41(v/2.07 — V0.82 = 0.8386 V  (3)

<W> - I @
L)y 510pCorpVipo(1+Np(Vspa — Veysa))

Ip =5 A, 110pCosp = 58.5 j1 A/IVZ,
Verrr = Vsaz — Vipz = Ve — Vaias — Vipz = 2.05 — 0.6 — 0.8386 = 0.6114 V
Ay = 0.05.
Further Vsps = Vsaa gives Vaps — Vegra = Vipe = 0.8386 V.
Now equation (4) gives:
(W) ~ 0.44 5)
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Transistor M3: Vgg3z = 01i.e Vi3 = Vig, = 0.47.

<W> - I ®)
L 3 %/’LOnCoanfffg(l + An(‘/DS?) - ‘/eff?)))

Ip =5 A, p10nCopn = 180 1 A/V?,
Verrs = Vass — Vion = Viias =0 — Vipa = 0.6 = 0.47 =013V,

An = 0.03.
Further Vpgs = Viggs gives Vpss — Verss = Vion = 047 V.
Now equation (6) gives:
(‘2’)3 ~3.24 %)

Answer: (1), ~ 042, (*f), ~0.44 and (), ~ 3.24




Exercise 2.
Figure 2 gives the complete small signal equivalent circuit (SSEC):
Notice that:

o Vosi=Va —Va =V,
L4 g32:Vg2—V52:Vi
o Viss=0-Vyz ==V,
o Visa=0—Vy=-V,

Iin D3 G3 G4 D4 Iout
——9 <0
o—>—e ® OL N
gm3(_vx) @) 9ds3 § gm4(_Vy) 6’) 9ds4 §
V;'n S3 G1 G2 S4 ‘/out
V:¢———0 o—8—0 *——F9,
D1 4 D2
gml‘/in @) Yds1 § Vvl ngszn 6/) 9ds2 §
(o, L 51 L 4 _i_ ® < @ o

Figure 2: Small signal equivalent circuit.

Determine r;,
KCL gives:

Ii = ng(_Vz) + (V; - Va:)gdSS
Iin - ‘/ingml + Vrgdsl
Equations (8) and (9) give the input resistance:

Vin _ 9ds1 + 9ds3 + gm1
Iin Imi1 (gds3 + gm3) + 9ds19ds3

Tin =

Determine r,,,; (OBS! Put V;,, to zero when calculating r,,;)
KCL gives:

Iout = gm4(_Vu) + (Vout - Vy)gds4
Iowe = ‘/ingm2 + Vygds2

Putting V;,, = 0 gives the output resistans:

e Vout _ 9ds2 T Gdsa + Gma
out — -
Iout 9ds29dsa

(8)
9)

(10)

(11)
(12)

(13)



Exercise 3.
a) Flash ADC: The reference value on the inverted input of each comparator determins at

which level the output from each comparator (totally 7) gives a high voltage.
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Figure 3: Flash Analog to Digital Converter.

b) Ideal 3-bit DA-converter:
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Figure 4: Ideal 3-bit Digital to Analog Converter.

Bin=[1,0,1] = Vo =2 - Ve =2 =125V.  Vigp=1 Ve =025V.



Exercise 4.
Using KCL in node A and node B respectively in Figure 5 gives:

Ar gnrVin + (91 +5C1)Ve +8C(Ve — Vour) =0 (14)
B: ngIVw + (gII + SCII)Vout + SCC(Vout - Vm) =0 (15)
1
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Figure 5: A small-signal model of a two-stage OTA.

Equation (15) gives:
911 + sCr1 + sCe

gmil — SOC

Equation (16) inserted in (14) gives the transfer function:

Ve = Vout (16)

Hs) = Vout = Gm1(gmrr — sC.)
( Vi 91911 + s((Cr1 + Co)gr + (Cr + C)grr + Cegmir) + s2(CrCrr + Ce(Cr + Cr1))
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Exercise 5.
Figure 6a gives a small-signal equivalent circuit, including noise-sources.
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Figure 6: a) A small-signal equivalent. b) Equivalent circuit for determing output noise spectral
density

As the noise sources are uncorrelated the output noise spectral density can be computed as
Figure 6b) discribes, i.e. by the following formula
Rout(w) = [ Hi (@) Ha(w)[* Rut (w) + [Ha(w)|* Rz () (18)

where H;(w) is the transfer function for the first stage and Hs(w) the transfer function for
the second stage.

From Figure 6a) H,(s) = V,(s)/Vin(s) and V,.(s) = —gm1Vin(s) - m which yiels
9Im1 Im1
H((s)=————=>Hjw=—"""—— (19)
1( ) Jds1 + 50_(]32 1( ) 9ds1 +]wcgs2
In the same way Hs(s) is calculated to:
Ho(s) = ——9m2 & Hyw)=——9Im2 (20)

" gasa + sCy,  gas2 + jwOr,
Equations (18)-(20) gives following spectral density of the output noise (here we also utilize
that gin1 = gme = gm and gas1 = gas2 = gds):

2 2 2
g'"L g77L gnL
R =R . + R —_— 21
i) =g e, ey T g e .
Using that R,,;(w) = Rua(w) = MT'TQ%L (from enclosed page of formulas) equation (21) gives:
S8ET 1 g2 g2
Rt (w) = L m m 1 292
out(W) = =3 Im O + w203 (935 +wiCZ,, (22)

Which gives the answer:

8KT' Im 9
Rt (w) = 2 m 1 23
o t(w) 3 g(Qis + WQC% (ggs + WQCSSQ =+ ( )




