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Low-Power Analog Design — Final Exam

1. Fully differential folded cascode OTA: Procedural sizing

The purpose of this section is to provide the sizing procedure of the following OTA step-by-step. Starting by
choosing circuit-level parameters (specifications) and propagating them to transistor level.

Voo The technology used is UMC 180nm
T 1.8V devices and their parameters are:
< < I it
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Izl > Vcevrs | l 1
mj my

E /25

The OTA, have to meet the following specifications.

Parameter Specif\i:j‘:ilzn Unit
Open-loop gain > 70 dB

GBW 60 MHz

Slew rate [SR] 50 V/us
Load capacitance [C] 100 fF
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1.1. Bias currents

Parameter Expression Value | Unit Guideline
1, SR x 2C;, 10 HA From SR
<
2 I
I, 1,2 X 2 6 MA
2
1.2. Differential pair
Determine the transconductance, inversion factor and W/L ratio of the differential pair.
Parameter Expression Value | Unit Guideline
B &min fgbw X2 XM XCy 37.7 HS From GBW
&
E 21 2 "
gl ‘oo ( DLz - 1> —1 | 1147 | - From f :
g (n Xur X gm1,2) D2
A w, Id
R L2 22 4.77 - From 7,
L, 2xnxK,XIp,xub !

1.3. Folded cascode load

The 8 transistors composing the folded cascode stage will now be sized.
Determine the inversion factor and W/L ratio of these transistors to:

e Keep all saturation voltages of m10, m8, m6 small

e Minimize the noise and offset contribution of m3 and mg4

e For simplification, only two values will be chosen for the inversion factor: I r=10 or Ir=1.

Parameter Expression Value | Unit Guideline
W 11 Minimize saturation voltages
— 2 15 7 f5 = 1
§ | LS 2 XnXx Kp.n X If5 X uT save area
£ { W7 I 1 Minimize saturation voltagg
I 2 64.1 4 17 =1
L, 2XnXKy,, Xl Xuyp save area
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2xnxKy,xIpxuf

W9 I d9 Minimize saturation voltages
2 64.1 L, =1
L9 2 XnXKp XIfg XuT save area
VI/3 1 d3 Minimize noise contribution
7 2.8 7,,=10
3

Operate in strong inversion

Calculate the output resistance necessary to meet the open-loop gain specification.

Parameter Expression Value | Unit Guideline
= A
= 0
R
2 out P 84 MQ

Neglecting the conductance of the differential pair (assume g4 * 0.5g,3), determine the conductance and length

of all transistors so that:

e The specified open-loop gain is achieved

e The NMOS and PMOS resistances at the output node are balanced ( R,, = R, )
e The total area of the folded cascade stage is minimized (in the order of 85um?)
B m7 and my have the same length
B The length of m3 is two times the one of ms
Parameter Expression Value | Unit Guideline
1 214 us
X — X .
nnp gm5,7 ur 1+ 1+ 4'If5'7 142.6
Rup L 168 MQ Rup = Rdown = 2R0ut 1
9ds7 X 9dso
2 X Ry X I
L, X Lo oo S L 0.215 | um?
5 9ms,7 X Uap
)
~ L, =1L
Lg Ly =Ly =./Ly XLg 464 nm [
L7 = Lg .
L7 L7 = Lg = w/L7 X L9 464 nm
9ms R =R, =2R
R , 168 MQ up down out
down 9ass X (Gas1 + Gas3)
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1.5X2 X Ry X Ipg X 1
Ly X Lg ot 28T P 552 | am?
9ms X Uan
Ls
L5 L5 = ? 1.66 um L3 = 2L5
L3 L3 = 2L5 3.3 Hm L3 = 2L5
Calculate the width of all transistors.
Parameter Expression Value | Unit Guideline
W;
Ws — X L3 9 pm
Ls
Ws
W L_ X Lg 25 pm
S 1
W, — XL, 29.7 pm
Ly
W,
Wy — X Lg 29.7 pum
Ly
1.4. Differential pair finalization & Current source
Find the length and the width of the differential pair.
Parameter Expression Value Unit Guideline
I u <0.5
L o1, Jan $50 m st 8
Wi
Wi — XLy 4 pm
Ly
Parameter Expression Value Unit Guideline
Lgy Lgi = Lg 464 nm Should match with M9
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WBl

Io

Iy

um

Should match with M9

1.5 Offset Estimation:

In case of the above folded cascade, give the expression of the input referred offset that include the
contribution of Differential pair: mi,2 ; Folded cascode: m34 and Active load: mo,10

2 I
= 2 0
O Vos oyr + (

2gmi »

)2 (U'ﬁl,z)z
(G 2
(Lo

2

Theoretical reminder: Oy, G
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3
1.6 Common-mode feedback CMFB

Propose a CMFB circuit that use two differential pairs to tune the gate voltage of mB1 and set the common-mode
output voltage to Vpp/2. Show how this CMFB circuit is connected to the fully differential cascode OTA (i.e.
give the name of its input and output nodes)

VDD

i
o e

o N7

Vout+ ° VDD/Z °© Vout-




