Lesson 5 Analog Discrete-Time Integrated Circuits, TSTE80
Lesson 5
L esson Exer cises: 6, B6.10, B6.11
Recommended Exercises.  B6.24
Theoretical | ssues: Opamp
Exercise 6
. ) V, ) . -
1. Determine the transfer functiorts; = v , from all the noise sources in the amplifier (one

ni
for each transistor) to the output.

7
2. Calculate the total output noise By o, (f) = z \Hi\Sﬁ(f)
1=1

So,tot(F)
Aot

3. calculate the equivalent input noise Ry, (f) =

The noise sources in the differential amplifier have the following transfer functions to the gate

of M7 (the output of stage M, ).
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whereR, ;= Tgorll gy anRoyp = TagsllTgsr -

To get the total transfer function to the output the noise voltages are amplified by the gain

of stage 2:

‘Hl‘ = ‘HZ‘ = gmlRoutl Egm7Rou12’
‘HS‘ = gm5/gm3 [gm7Rout2'

The transfer functions for the transistors in stage 2 are:

[Hel = ImRoutz @nd|H7| = grizRoutz -

The total equivalent input noise spectral density is thus given by
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S = 3 BID = s s+ s n esin -

1=1 'tot

H3‘ = ‘H4‘ = gm3Roull D~:;m7Rou12 and
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whereS(f) = 4kTz— + —— - —
S( ) ngi (W/I-)icoxf
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Conclusions:
» Noise contributions from MM are small
e Large area for the transistors => small 1/f-noise
* Om1>9mg => small contribution from M-My.

* Largeg,,,; => Small thermal noise in;M.

Exercise B6.10

P
P=(lpa+1pa)(Vaa—Vss) =2Hp3HUVag—Ve) U Ipg = 2Vgg -V = 1251A
SS:

From p. 27115 =4 050 Ipg = Ipg = 25UA, I = I p; = 100UA

On1 = A2UC, (W/L) 15y = LOMANV. Ay = gy Doyt

Exercise B6.11
The second pole is approximately given by

‘pZ‘ sz

whereC, is the total capacitance at the drain gf M

2
sz = Cdgz + Cdg4 + ng4 = ng(overlap)(wz + W4 + WS) + §W5LCOX =
= 0.2f(300+ 300+ 6()+§[BOD1.6D1.9 = 254fF
Oms = A/2HCo,(W/ L)1 5y = 0.237TmV => |p,| = gys/Cpp = 21 [1148.5MHz
From p. 237:

,
\—F—’L\ = tan(90° —PM) = tan( 2C¢°) = 0.3640 w, = 2m[b4.05MHz, where w, is the
2

unity gain frequency of the loop gain. In this case we are only interested in the transfer
function of the opamp which corresponds3to= 1 . For high frequencies the loop gain

is given by (p. 237):
B DA py] _ Im” CL

S O SO
s+ =>H s+ =
%1 ‘pz‘[l %1 ‘pZ‘D

At the unity gain frequency:

T(s) = BA(s) =

Elektronics Systems, http://www.es.isy.liu.se/ 26



Lesson 5 Analog Discrete-Time Integrated Circuits, TSTE80

/C /C
T(o)=1=—om/ot - mit ¢ - Sy = 5.3pF
o9 f  w/1+0.364 w/1+0.364
o |1+ O
Hrd
where the value og,,;, was calculated in 6.10.
lps _ 125u _
SR = —C—I: = g—é— = 22.4V/us
Exercise B6.24

By breaking the feedback lop we see that the total load capacitance at the output is

(C/M)TC, + Cp) and the feedback fact@r = __CGvM
C/M+C, +C, pr= C)/M+C +C,

The unity gain frequency is given by, = g,,;/C,  and according to p. 234

C.=0Cp+

MC,C
T:L:i:i:.&.gl\ﬂ_‘_l)co_‘,cp_‘_ 0 P+Clg
Wags [P B®W,  Om C,
0t 0~p _
a—cl—OD— C, +M =00 Cl,opt_ /MCOCp
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