Lesson 7 Analog Discrete-Time Integrated Circuits, TSTE80

Lesson 7

L esson Exer cises: B15.1-3, B15.10 - B15.15, K11, K12, K16, K22
Recommended Exercises: K10, K17, K18, K19, K20, K21
Theoretical | ssues: Filtersyntes med G,-C element.

Theoretical

* Integrators. G ,,-C building blocks

G-C Element

_ . V() i(t)
Current flowing out of the Gm-C element id equal to the transcondubt-
ance times the voltage over the input. V(1)

i(t) = G Ovp(t) —vy (D] = Gy, Drg(t)

Ideally, the input current is zero, hence an infinite input impedance. The output impedance is
considered to be zero.

Integrator

. . . Vin(t
For an integrator we use a grounded capacitance. Assuming that 'fh(e) it Vout®
, groul i) Voul
output is connected to a high impedance node, the output current N

from the Gm-C is described by the two relations -
dv (0 L c
v =
it) = c——%ﬂtt—— I
Vin,1(t)
and +
i(t) = Gy Wi (t) _ ]
The output voltage is then simply found by substituing and integrate
G Vin 2(t) >
Voult) = fmj.vin(t)dt —
The summing integrator’s output is found in the same way jf
N Vin 3(t)
1 in,3 Vo ot
Vout(t) = E z Gm, kJ.Vin,k(t)dt * ouf?)
k=1 Ins 1
The G, \/C factor is the scaling factor for the input voltage . = I Cc
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A first order section

Vin(t)
Assume that we want to realize a single pole system
according to Vout(t)
% 1
H(s) = o=
© s+ hy = I C

The transfer function of the C circuit is

Vout(s) - gml/C
Vin(s) S+ g/ C

In fact the G,-C with feedback operates as a grounded resistor. Consider:
Vout(t) = Vin(t)
Vin(t) = Vout(t)

ioul(t) = —On I:vin(t) iin(t)
iin(t) = _iout(t) 1
Which gives
v, (t
.'”( )_ 1 with R= =
Iin(t) gm gm
A second order section
Vin(t)
Assume that we want to realize a single
pole system according to Vip®
p
a;s+ g =
H(s) = ———— L
(s) s?+b;s+ Iy - L

The solution to this problem is shown in
the figure. We can use two voltages
directly from the circuit, thev,, and,

They implement a band pass and low pass +1
filtering. =
sg_ml Im19m3
Vip(S) _ C, Vip(s) _ C,C,
= al =
Vin®) o, I OmgIme  Vin(S) o O ImaIma
C GG Ci GG
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The two G,-C circuits in the feedback structure function as a
i Vin(t)
grounded inductor.
iin(t) = —iy(t) - L
15(1) = ~Gnp o (V) 1 T

1. 9
Voult) = fix(t)et = —gljvm(t)dt -
Combining the equations gives +

0 - Oy o ’

Im2

or
c it C
Vip(t) = O with L =
|n( ) gml |:gmz dt gml |:gmz

« Leapfrog filters (Gyrator filters)

Ladder Filters L
2

The ladder filter structure with capacitances and YN
inductors. We let the source and load have resi R

ances.

We also now have a floating inductor, that has to ! Cs
be considered.

Floating inductors Vin

The floating inductor can be realized by using thén
following structure:

lin = =12 = GpVe
lour = =14 = ~(-GmaVe) = GruVe
_lc
c~sc Vout
IC: I1+|3:_Gmlvin_'-GmB\/oul - -

For the inductor, naturallyt,, = —I . This forc&,, = G4 = Goa

in out

Vv =V Gml+ _ Gml Iin

out ~ inD SCDVC _VinD —-sCO
Gm3 C';m3 Gm24

Compare this with a true inductor

Voul = Vin -sL Dlin

By identifying the terms we see that

Gm1 = Gz = Gpus
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and that the simulated inductor value is

L= C
Gm24
We see however that we also have to implement a floating
resistor with G;-C elements. Compare with the first order__
section as well. This is done by using the following struc-
ture.

lin =12 L
I2 = Gy HVout—Vin)
lin = Gma HVin = Vou)
We directly see that
1

G

m2

We have to guarantee thigf,, = -1;,  as well.
out = I3+ 13 = Gy Vi = Gpg Vg

The currents are equal wheg,, = -1;,  whBp, = G,z = G,

i
w\}—l
)

Elliptic filters

For the elliptic filter we have a slightly
different situation. We have a floating Vo
inductor in parallel with a floating capac-
itance. A simple, but naive, implementa-
tion is to simply use a capacitance.
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State-Variable Filters

For on-chip implementations it is how-
ever more suitable to use grounded
capacitances (less parasitic capaci-
tances).

We do the same transformation as in
the previous lesson. A pair of voltage
sources is introduced in the net.

Using Norton equivalents, this
is transformed into

The inductor is still imple-
mented with a gyrator.

The capacitances,C; + C,
and C,+Cy; are still

——

=l —
a
|

(E0+20)FT A

E R,
Ci*C,  CptCy

CD “Torrcs D

V3sG, VsG,

grounded. We have to realize

the current sources. This can be done by using operational amplifiers together wit{Cthe G

element.
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Exercises

Exercise K10
The equations for the circuit are given by
I2 = sC OV, =Vouw
Iy = GV, I
o1y = SC Doy - <
N =

Cl Gm
Vout = sC, [(|2+ Ix) = C_Z(VZ_Vout) +§2 vy

G
Vout = £V1 + gle wherea = C,+C,

With this circuit we can perform an addition and an integration.

Exercise K11

Realize the filter having the transfer function
1x10°

$2+3x10° [+ 6x10°

We rewrite the function as

H(s) =

Y(9 []s2 + 3x10° O5+ 6x10°] = 1x10° CX(9)
Or

3x10° 6x10° 1x10°
Y(9 = S Y(9 - ) Y(9 + 2 X(s)

The flow graph is transformedA = —x10°

B = —3x10° andD = -1x10° . Note the insertion of AL
the inverter. This can now be used to implement
active filter.

A second order section can be used. From(t)
the theory we know that

Im19m3 le(t)
Vip(s) _ C.C, = T
Vin® o, Iz | ImaOms ’

Ci GG

We can directly identify the values from by
comparing the equations. Choose for
example all capacitors equal, e.g. 1

C = 1x10°F
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Exercise K12

Realize the filter having the transfer function

1x10°(s 1)

H(s) = —————
2+ 3x10° [ + 6x10°

previous exercise. In this case we however have a
slightly different structure.

5 6 6 6
3x10 6x10 1x10 1x10
= — - +
Y(9 V(9= V(9 =T X9+ 5 X(9)
We assume that we feed back the positive output
(constantA ) and we construct with a negative Vour | |
int'ermediate node;Vy, in>
With Vout -
A = 6x10°, B = -3x10°, D = 1x10° and +
‘ | iy B
E = -1x10 = InE
In this implementation we will follow the signal Vin =
flow graph -t
In + Vout
Exercise K16 - Icl ff ICZ

Synthesize an active elliptic leapfrog filter. Termi- =
nation resistances ai&kQ . Specification gives:

Pass bandd < w< 21 krad/#\ =01 dB

max

Stop bandw > 41t krad/sA,;,>20 dB

min

Order is found with table to bd = 3

This gives following filter structure. Component
values are found to be

C,' = C4 = 0.874C, C, = 0.24110ch
L, = 09085 and R =R =1kQ,
K2 = 1.

Denormalized values are given by

c
C=—=1 andL = 50|_n giveC; = C3=139.InF C,=38.4nF L,=144.anH
WoRy W
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w\}—l
)

Exercise B15.10
Extended to the exercisV/ L), = (W/L), =5

Note that there is a constant currdnt, , flowing throQgh ~ @pnd . Assume that they are

operating in their saturation region, that they have the same transconductance parameter,
B12 = By = B,, and that they have the same threshold voltage, , hence

By

B,
h=% QVgg1—V7,12)? = 5 Qves 2= Vr,12)2

21,
Ves1 = Ves2 © B"+VT,12
12

The source voltage &,  may naturally be written@s = Vi —Vgg and correspondingly
for the source voltage &, . Therefore, the voltage addgss ~ must be

(Vi =Vgg1) = (Vi =Vgg2) = Vi —Vf = ~Vpgo

The current througl),  must be given by (the transistor is working in its triode region)

) By

e =% H2(vgg9—V1,0) ~Vbs o) Vpg o
This is approximately

ip,0=Bg Vg5 9—Vr,0) Bpg 9 = By HVggo—Vr,9) Vi —V})
The conductance is given by

Ip,g

= = V, —V
9ds Vv By MVgs 9—Vr,0)
We see that the current throu@) ~ mustpe i o and the current is mirrored to the output
and thereforel, +ip g must flow throughy  as well. This indicatesithat ip g and we
see from the equations that 16, of the total circuit is given by
Gm = G4s
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It may be rewritten JE)
ip,g = BoAVe—Vgo—Vr o) AV —V)) = -Bg AV —Vg 1 —Vr o) Vi —V;) Ves pn= Ves ntVsg p= (Vrn=Vr p) + m
or Let further
Gm = 9us=Bo Ve —Vg1-V1,0) Ve = ve —ve and—_ = 1
The threshold voltage; ¢ is given by Topn = ST TP ﬂ JKn+ A/K7p

hence

V19 = Vro+V H/2|0 +Vsgo—./2%]) = —
= Vro*t Y HJ2|0e| + Vg 1= J2|0e]) = vr g Vs pn = V1. pn* 1o/ Kopn

We now see that the drain current can be written as

This gives that we can rewrite as
Ip = Kpn [(VGS pn_VT, pn)2

Gm = Bo Ve — (Y —Veg1) —Vr,0) = BeA(Ve—Vi) + (Vog1—Vr,1)) =
= B (Ve —Vvi) +./211/B4] In figure 15.30

Values taken from page 78 in the text book give )
I = Kpn E(VC, 17 Vin _VT, pn)

_ 200u7 _ .
Gm = (92ul2) E[(S —2.5+ 92u (b J = 58045 I = Kpn E(Vin _VC,Z_VT, pn)2 = Kpn |:(Vin + VC, 17 VT, pn)2

i = 2 2 2
=l = Kpn [(VC, 1 + Vin + VT, pn_ZVC, 1Vin— 2VC, 1VT, pn + 2VinVT, pn) -

b) Simply use the valueg; = G, (v —v;) = G, v -2.5)
_Kpn E(Vlzn + V(%, 1 + V% pn + ZVC, 1Vin— 2VC, 1VT, pn— 2VinVT, pn) =

= Kpn I:(4VC, 1Vin _4VT, anin) = 4K pn [(VC, 1 _VT, pn) |:Vin
Then theG,, is given by

c) We cannot allow the approximation of the current throQgh . In this case

) By
bo =% H2(Vgg9—V1,0) ~Vbs o) Vpg o

_ =iy
By differenting we find Gm = Vin = 4Kpn HVe, 1=V, pr)

dip g Use the values from page 78 to find the result.
— = By Vg59— V7,9~ VDo) = bad

G = Ogs = OVDSQ

= By O (Ve—Vg1) =Vr 12+ (V =V))] = Bg (Ve —Vi) +.4J211/B4]
etc.
Exercise B15.12
(W/L) = 10/2=5,Vpp = Vg = 25V, andVg 4 = V¢ , = 2V

We first have to consider the CMOS pair that is described on pages 608-609. When cascoding
a NMOS and PMOS transistor with same drain current flowing through both devices we can
consider them as one transistor with certain properties. Consider

ip,n = Ky dVgg n=Vr, n)? andip , = Ky HVgg p* Vr, p)2
We see that

Vg n = Vnﬁm andvgg , = —Vy ,* /iD/Kp wherdp, |\ = ip , = ip
Let
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