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The Questions

L. Figure 1.1 is an incomplete schematic diagram of the Gilbert Cell. All transistors have the
same area A4, , the same transit frequency f; and the same DC Common Emitter current
gain /3, .
a) Complete the schematic by indicating inputs, outputs and bias sources.
(5]
b) Derive an expression for the differential DC current gain of this circuit. Neglect
finite current gain effects.
[5]
c) Refine the expression you derived for the DC gain in 1(b) to include finite
current gain effects. Write an expression for the frequency dependence of the
transistor current gain. Comment on the effect of finite current gain at high
frequencies.
(5]
d) Show that it is possible to bias the circuit so that all transistors have equal power
dissipation. Show that the DC differential gain of this cell is smaller than 2.
Calculate the gain if the outer transistors are biased so that Vi =V
(5]

Figure 1.1
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a) Use n-channel MOSFETS to design a switched current circuit which can delay a
signal of lowpass bandwidth f, by a time interval 7 , and amplify itby a
constant gain C.

i) Draw a schematic diagram of this circuit.
ii) Draw all necessary timing diagrams.

1ii) Include signal sources and sinks

iv) State any necessary constraints between f; and7 .
[10]
b) Use the cell in part (a) to implement an integrator
(5]
c) Outline how the integrator in part (b) can be used to synthesise a 2™ order low
1
pass filter H(z)= - -
( ) 1_ az foe bz 2
[5]
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3. Figure 3.1 shows the schematic of a current mode circuit.

2) Calculate the DC transfer function I, = f (I,;) of this circuit. Choose
Iy , I, , I, interms of Iy sothat I, = GI,y . You may ignore finite

current gain effects.

[5]

b) Include the capacitor current in the equation you derived in (a) to show that the
circuit in figure 3.1 performs lossy current mode integration. Write an expression
for the pole frequency.

HINT: Observe that the differential equation describing the behaviour of this
circuit is a filter in the ratio of the input to the capacitor current. Also show that
the output is proportional to this same ratio.
[15]
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a) Define the current conveyor and the Current Feedback op-amp. Write equations
describing the operation of CCI, CCII, CCIleo and CCIIL
[10]

b) Implement the filter in figure 4.1 in current mode using current conveyors of
your choice. The op-amps in this circuit are ideal.
[10]
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Figure 4.1
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a) Explain why the current feedback op-amp has a very high slew rate. Estimate the
maximum slew rate of the current feedback op-amp in figure 5.1. What limits the
maximum slew rate?

[3]
b) Describe an undesirable characteristic of the current feedback op-amp
3]
c) The schematic of a current Feedback op-amp is given in Figure 5.1. Explain the
role of the diodes, and how each would be implemented. What is the drawback of
using these diodes?
[3]
d) Derive an expression for the open-loop transimpedance (from the inverting
terminal to the output) of the circuit in Figure 5.1. Evaluate this expression for
the component values given.
[2]
e) Derive an expression for the small signal open loop voltage gain (from the non-
inverting terminal to the output) of the circuit in Figure 5.1. What is the unity
gain frequency of the current feedback op-amp shown in figure 5.17
HINT: The same quiescent current traverses Q1,D1 and Q3,.D3
3]
) Explain why the gain and bandwidth of a non-inverting amp constructed with a
current feedback op-amp are decoupled.
(3]
2) Calculate the feedback resistance necessary to set the bandwidth of the current

feedback op-amp in figure 5.1 to 100MHz. Comment on the value you obtain.

3]
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Figure 5.1
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a) Analyse the function of the circuit in figure 6.1

b) Analyse the function of the circuit in figure 6.2

c) Which circuit can you use to generate the input signal for part (a)?

d) Design a translinear circuit that calculates the root mean square of a signal, i.e. it
takes the square of 2 bipolar signal, then takes the average and finally the square
root.
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Figure 6.1
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Figure 6.2

[3]

(5]

(3]

B3]
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416 ANSWERS 2 ¢ Y 9
AUY

The Answers

ANSWER 1:
a) [taught]

IOL=( 1 +X) Ic Output IOR:( 1 -X) Ic

(5]
b) [taught]
Apply the translinear principle on the collector currents, neglecting base currents:
Lot h=(+Y)L, and ], =(1-Y)1,
LL=L1,=(1-Y)I,(1+ X)I, =(1+Y),(1-X)I,=
X-Y-XY=Y-X-XY=>X=Y
Then the outputis /. =1, + I and the gainis H=1+1,/1,.
(3]

¢) [new theory]
If the transistors have a finite gain £ thenif 6 =1/,

L=(1+X)I,-8(1-X)1,)(1-6) , L=(1-8)(1-X)1,
L=(1-8)1+X)I, , I,=((1-X)1,-8(1+X)1,)(1-9)

=1 =L+ =(1+X)1,-5(1-X)1,)(1-8)+(1-8)(1+ X) I,
=1, =(1+X)(I,+1;)-6(1+ X)1,-26I,

This expression now has an offset and a reduced gain.

By
1+ jf ! f7
As the transistor gain decreases at high frequencies, the cell gain decreases and phase shifts, and
the offset increases.

The frequency dependent current gain is B(s)=

[5]
d) [new theory]
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4.16 ANSWERS

The collector voltages are Vi, = Vepps =Veror + Ve =Vergs +Vas

For equal dissipation we want

IAVCEQI=IBVCEQZZIB(VCEQI-I—VBE)ji_B: IV =
4 |4_BE
Vezor
H=l+leop Ly Ve
IA 1+£ VCEQ[ + VBE
Veron

If V= 0=> Vo = 2V, = H =1.66

(3]
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4.16 ANSWERS

ANSWER 2:

a) [synthesis of taught material]

The cell needs to be a 1* generation cell in order to exhibit gain. Also, we need 2 cells for a 1

cycle delay. Therefore:

VDD VDD VDD
OO
o T1 T1 T2 T2
—_— ——— Lo

The widths M, N are such that NM=C

G B 1
The Nyquist criterion states that - %21,
T

b) [taught example]
An integrator has a transfer function:

H(z)= L This can be implemented as
1-z7

-ﬁ)—n e J 1 b

D is the cell from part (a) with gain=1

c) [computed example]

1 1
ite H = =
R (Z) l-az'=bz? 1-az’ (l+bz"' :’a)

Which can be implemented as:

@ b/a I
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4.16 ANSWERS

ANSWER 3:

a) [computed example]
From the translinear principle,

IIIS";AIAS =}214 fA2A4 :(13: +]IN)IBEIAIA3 =(IT_]32)(153_10{3)";A2A4 =

(AAy | Ad) (I gy + Il pa) Ly (Iny + Ir) = (I =130 ) Iour
This is an affine relation. To make it linear we must choose /I, = 7,, =0.

In this case,

I 1 I, G+l rG
/ — = I OUT. — = L= =1
(A2A4 141’43)].w132 (Ir Isz) our = s yI—T—l G= I VG G i G+IIT

B2

r

[3]
b) [new derivation]
In AC, it is a Bernoulli cell. The capacitor current satisfies:

V'C=(f -1,)/C, i,=I, - Iy,
c=Iyexp(B(V,-Vc)) .B=1/V; =I.=p(V,~V:) I, =
Ijnzlsexp(ﬁVi):I =BV, 1.

inin

. B | _ _ ;
jc=)8]{; Ii_l(‘ b :DIC—IC I‘-"-i-_fi"— + IC =0
gL, C Lhe) O,

This equation in the capacitor current can be solved by letting:
X=1/1,
So that the equation becomes:

. I j > ( f j
pim L | =t i1y Ie =0:>—£7~L Ii+ b |y 12 . =0=
I. ¥C| CV L XL V,C XK,

m

X4+X i+ fu
I %,C

in

1 =0=> X1, + XI, + XI,, —— S
Cr; CV CV

let Y =XI. thenY +am,Y =1—."‘~‘~mﬁ

Then Y is an LPF applied on the input current scaled by the bias current, with a pole at
A

e

We can now write for the output current:

L, =I5 exp(B(Vies + Ve )) = Ipp exp( BV, ) = L1, X = Y , so that the output is indeed

BE3

w, =

proportional to Y.

[15]
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ANSWER 4:
a) [taught]

4.16 ANSWERS

CC is device with 3 terminals, a non inverting voltage input, an inverting current input and a
current output. A CC needs additional supplies since it cannot conserve power.
A CFOA is a CC + an impedance and a voltage follower.

CCIL v

CCII+ v

CCIloo+: v,

CCIIL v

b) [new example]

o o= o O = O

1 Ofv,
0 0f i,
1 0]fv,
0 Oflv,
0 0]fi,
1 0]l v,
0 0 0 v,
=lim{1 0 Off i
0 xl/¢e O}|v
-1 Oflv,
0 0f i
1 Oflv

[10]

Each op-amp can be replaced by a CClIloo —, x the inverting input, x the output and y the non-
inverting input. All other components remain the same, the overall output becomes current input,
and the overall input becomes current output.

Current Mode Analogue Signal Processing

(10]

page 5 of 8



4.16 ANSWERS

ANSWER §:
a) [taught]

The slew rate can be extremely large because max

i,|C. Since i, 1s an input it 1S

dV‘
—{ = max
dt

unlimited. This applies also to Figure 5.1, the slew rate is only limited by the power handling of
the transistors.

(3]
b) [taught]

No capacitor can be connected to the inverting or output terminals, as it increases the Q
of feedback amplifiers and can cause instability.

[3]
¢) [taught]

The diodes reduce offset by introducing both npn and pnp BE junctions in all signal paths. It
follows that D1 and D4 are NPN and D2 and D3 are PNP. The diodes decrease dynamic range

and increase the required supply and consequently power dissipation.

(3]

d) [taught]
. |
T sC

¢) [computed example]
aIOHf

&=y

Vag.rs = Vag,ps = Vegrs = Vapps = Ve [ 2=
_oi, 1 6, 11,

N ov, T2 e 2K
The open loop voltage gain is then

Em

I
G= ZT'gm = l i
2 V,58C
The unity gain frequency is when
Bl 0 L L _1 10044 _ soonrradss

=H@=— =
2 Vo€ 2V,C 225mVapF
(3]
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4.16 ANSWERS

Vour ]+_—1-— =LV+ LJFL :>Vow= Ry
sCR; ) sC "\ R R, V.  1+sCR.

and the DC gain is 1+ R
F RG

The pole is always at @, =
(3]

f) [computed example]

o, = L = 630Mrad / s = R, =530Q . This value is too small, indeed smaller than the input

P
F
impedance at x.

(3]
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4.16 ANSWERS

ANSWER 6:
a) [taught example]
This is a 2 quadrant square circuit:

(+x)' 12 =11,

(1-x)' 12 =11,

I,+1,=2I,

=20, =2 (1+X*)=> L =1,(1+ X*)=>
-1, =1,-1,=1,X*

oul

(3]

b) [taught example]
This is a geometric mean, or square root circuit:
L+L=0
[5]
c) [taught]
The Caprio Quad:
V/R I+V/R
<
Q1 Q3
v
Q2 Q4
R
—{1—
e
107 of

[5]
d) [new theory]
An RMS circuit can be designed by placing a current mode integrator (eg a Bernoulli cell)
between these two circuits, and driving the whole thing with a Caprio Quad. The pole frequency
needs to be much lower than the signal frequency.

[5]
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