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Introduction / Background

+ Small-signal parameters of the MOS transistor
in the active region (g,, and ry,) are both
dependent to the saturation current > MOST
biasing is based on a current source

* MOS Transistor is a good current source in the
active region

+ Basic analog stage (e.g. a common source
amplifier) is based on a pair of MOS transistor
- one used as a voltage to current converter
- one used as a current source
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* Pre-requisites
- Good practice of solving electrical circuits (Node and
Mesh laws)

- Large- and small-signal models for MOST in strong-
inversion

+ Content

- How to set-up a constant gate-source voltage for an
MOS Transistor? - basic to advanced voltage
references

- Basic current source
- Increasing output resistance

- Advanced current sources for V4 stability and large
voltage swing

- Voltage references
- Elementary self-biasing schemes
- Some other elementary self-biasing schemes
- Sensitivity to Vg4 and T°C variations
- Advanced voltage references

* Current mirror
- Elementary current mirror
- Elementary stages for increased output resistance
- Other elementary current mirrors

- Elementary current sources
« Overview of advanced current sources
« PMOS current sources
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% \\mé Initial sizing of elementary self-biasing

2/ schemes

* Basic statement: a diode-connected MOST is always
biased in the active region (if not in the OFF-state)

* 3 basic scheme may allow to control the biasing point of
the MOST:
- one pull-up diode-connected PMOS transistor
- one pull-up resistor
- one quasi-ideal current-source
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Initial sizing of elementary self-biasing
schemes

Let's design the following circuits to deliver 0.7V under 10uA with
V44=3.3V... The internal resistance of the current source will be
R;=1IMQ.

vdd vdd vdd
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* Voltage references

- Some other elementary self-biasing schemes
- Sensitivity to V44 and T°C variations
- Advanced voltage references

* Current mirror
- Elementary current mirror
- Elementary stages for increased output resistance
- Other elementary current mirrors

- Elementary current sources
« Overview of advanced current sources
PMOS current sources

Alternative self-biasing schemes

+ Two outputs circuits
* Dual PMOS for output w.r.t Vyy
« Silicon surface considerations
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* Voltage references

- Sensitivity to V44 and T°C variations
- Advanced voltage references

Current mirror

- Elementary current mirror

- Elementary stages for increased output resistance
- Other elementary current mirrors

- Elementary current sources
« Overview of advanced current sources
PMOS current sources
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Impact of V4, variations

300
\ \ = Ipn (W/L=0,62)
250 = Ipp (W/L=1,73 ; Vdd=5V) _
\ \ = Ipp (W/L=1,73 ; Vdd=6V)
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Impact of V44 variations
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Impact of V4, variations
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g’/”\\é Lab #1: Design of a voltage reference

|
Jas

+ Specification: let's design a basic self-biased
MOS circuit to deliver two voltages equal
respectively to V44-0.8V and V44-1.6V. Try to
optimize stability for V4 varying +/- 10% around
the nominal value (3.3V), power consumption and
silicon area...

* Let's calculate the theoretical sensitivity of
both output's voltage to V...

+ Let's verify the previous value by simulation

+ Let's simulate the sensitivity to temperature
(-25°C up to 85°C)

04/10/1¢
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* Voltage references

- Advanced voltage references

* Current mirror
- Elementary current mirror
- Elementary stages for increased output resistance
- Other elementary current mirrors

- Elementary current sources
« Overview of advanced current sources
PMOS current sources

A - Vyq-independent reference voltage

* Principle: a resistor is used to implement a local
feedback, when I tends to increase under the
effect of a V4, increase, the voltage drop in R
reduces V g and limit the current increase.

Vag

+ Sizing for a given value of V,:
- choice of I,
- sizing of T;and T,
- choice of o
- sizing of T3 and T, for V=V,
- calculate R from kirchoff's law:




Analog IC Design - Academic year 2015/2016 - Session 3

BON

o
=\
-

\\\ A «

§ V4q-independent reference voltage

« How it works?

- I, is independant of V
- V, depends only of T, size and I,

* Assumption: T =1,
>TI,;and I, are then identical
DVetra?=aVeges?

+ calculate I, from kirchoff's law:

‘M Alternative configurations

+ Stability to V44 can be increased by
reducing V

+ Delivering two independant
voltages

- Delivering a voltage
w.r.t. Vdd

04/10/1¢
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- Specification: let's design a V 4-independent
reference voltage to deliver the same outputs
as in Lab#1 with the same constraints.

+ Left's calculate the theoretical sensitivity of
both output’'s voltage to V...

+ Let's verify the previous values by simulation

+ Let's simulate the sensitivity to temperature
(-25°C up to 85°C)

* Current mirror
- Elementary current mirror
- Elementary stages for increased output resistance
- Other elementary current mirrors

- Elementary current sources
« Overview of advanced current sources
« PMOS current sources
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. From Norton (Current) Source to MOS
E transistor
Practical Current Source # Norton source
Ideal Norton Source MOST Drain-
Current supply (Model) Source Current
(e.g. "idc" within simulator)
v v
A\
I I I
I Norton
v ! v ! v

\E”r\

N

7Pe\
is
o} <
L, I VgsZ
I_I_‘_ 1/9m ImVgs2 < rys2 y
Tl T2 iVs )
- = = J—

Current mirroring principle

Biasing (Large Signal Analysis):

- Tyis saturated & I, = Ty = f(Vyer) = F(Versr)

- T, must be saturated to deliver a constant current
* Vetr2=Verss = Output dynamic: Vg 2 V¢

#,Co Evz

[ =1, = s
s dsat 2 L eff in
Small-Signal Analysis Yooy - 1
- Output resistance i M oo
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\:/ resistance

Elementary current mirror: output

Impact of I,
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ds
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Elementary current mirror: output
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lementary current mirror: output
esistance

Impact of transistor size (W/L)

4,5

40 +—
3,5 \

3,0 \ i
e\
TN L

15

e (s (MOhMS)

1,0

0,5

0,0 ‘
0 10 20 30 40 50 W/L

éS '3 Vds (V)

g A - Elementary current mirror: summary

+ Impact of T

- Output resistance is divided by two
when current is multiplied by two T,

 Impact of transistor size

- Output resistance doubled when transistor length is
multiplied by two (constant W/L)

+ Useful equations
- Working with both V ¢ L = AV I, (A)

and length constant L A

_ V.V ) Lum)
- 0
Idsat(A)

- General case > ry o L T
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+ Current mirror

- Elementary stages for increased output resistance
- Other elementary current mirrors

Elementary current sources

Overview of advanced current sources
PMOS current sources

* Large-Signal Analysis
- T1 always saturated
- Output dynamic > saturation of T, :@

+ Small-Signal Analysis

i c.w
- Output resistance [ =1, =ty

2 L eff in

04/10/1¢

14



Analog IC Design - Academic year 2015/2016 - Session 3

O O
V94
1/gm3 9m4'vgs4 Pasa
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T, g;rz 1/Gpm m2:
— = ViZ

vS
VgsZ% Ids2

<

* Large-Signal Analysis
- T1and T; are saturated, T2 also
- Output dynamic > saturation of T,

+ Small-Signal Analysis
- Output resistance

Is =lgsar =

=\

]’tnCox w V2 _

2 L7

A - Degenerated source current mirror
/7 / Impact of R
25,0 I S A
e rout (MOhms) /
20,0
/, =0,9914x +3,4627 50uA I,
15,0
/ T T2
0 / R, R,
5’0 / _ —
21 1 2
Your = Vas2 +(1 + ngrdsZ)Rs > 8molusn E V_Eﬂll_,,l = m ~1000
0,0 : ‘ 1 ;
0 5 10 15 20 ATT('0) R —— e
‘ 2.5 3
B ,
“/M\“ Cascode current mirror
\;o\/’\; {\L /
iS
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Impact of W/L

800

MRS 3

500 B
/ T, T,
400

300 / ==rout(MOhms) — T1 T2
200 /
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+ Current mirror

- Other elementary current mirrors
- Elementary current sources
+ Overview of advanced current sources
* PMOS current sources
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@%4 Vgsa % rs4

% vy
@gmkvgsl % Pds1 %1/9m2

J,-
Similar performance to cascode mirror
1%
Is =Lisar = ]/lﬂzc‘ﬂx ‘Zv2 = I VS > ‘/ln + 2‘/¢’ff _S = gm4rdslrds4
lS

M . PMOS Current Mirrors

Every NMOS current mirror has a PMOS dual

Caracteristics are identical and easy to
‘rr'anspose: vsmin 2 vsmax' Pout

17
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§ Non-symetrical mirrors

- Different ratio W/L may be used in the output branch
(generally X>1 > output current higher than reference
current)

+ Same V. for all transistors means current
proportionnal to W/L:

i‘; Mulﬂple outputs current mirrors

O\
R

* One reference branch may be connected to as many
output branches as recessary for the application

* Each output may deliver a different ratio of current
Each output may have a different output resistance

VSI
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elementary current mirors

“aa’ Overview of output resistance of

Rout (Q) {

——Miroir simple

—sD1 A AA AA M A

1,00€+09 1 WY WY

1,00E+07 /

SD2
——Cascode
1,00E+08 | ——Wilson /

1,00E+06 \ /

el Y]

myaY

1,00E+03
0,00 0,50 1,00 1,50 2,00 2,50

3,00

Vs()

B ”‘\\\ Outline

- Elementary current sources
« Overview of advanced current sources
« PMOS current sources
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\:' sources

From current mirrors towards current

* Analog Integrated Circuits are based on
elementary stages
Voltage references
Current mirrors
Current sources
Amplifier stages

Current flowing
through ground
or from Vy

Ideal versus actual current sources

Va @
A
Rour
]
Vg &
Vs
Output Resistance and dynamics
Sensitivity to Vdd and T°C sx Rout
Power consumption
> Vs

min
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IouT Ibias

ﬁ _L vtn+ 2 veff T3

o
Sizing

- Output dynamics 2> V¢
- Output current (I,,,) > W/L of T, (T,)
- X > Reference current (T,)) > W/L of T, (T3), R,

> an+ 2 veff

. Output resistance calculation
= (e.g. Wilson Current Source )

X
&
<

1/ gm3$ @%4 Vgs4 % rds4

>

RS Vx
9m1~vgsl r'ds1 ‘ 1/9m2

L
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\ .| Transistor biasing

Vg
C i i
Tp vcu'r > veff A IbIGS i

A Ibnas

out
IouT
ﬁ _L vtn+2 vaff 3
Vi =

H x T : —

- Output dynamics 9 Veff
- Output current (I,,,) > W/L of T, (T,)
- X - Reference current (I,,)) > W/Lof T;(T3), T,

\EM-

M/ ImpaC‘I' Of Vdd

~
I > Vour
min V. fixe

out
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Resistance biasing

Vdd
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A - Resistance biasing and temperature

* An increase in temperature reduces
the saturation current of a

transistor
Il)lll (/IA>
1,04E+02
——Polarisation par résistance
1,02E+02
1,00E+02 \

9,80E+01 /

-0,08 %/°C

9,60E+01

9,40E+01

9,20E+01

o
-40,00 -20,00 0,00 20,00 40,00 60,00 Temp.(°C)

* Resistance may also change with
temperature

! out (ﬂA} ‘

——Résistance fixe

\

1,10E+02

—TCR=1e-3/°C

1,05E+02

1,00E+02

9,50E+01 |

9,00E+01
-0,157 %/°C

8,50E+01

8,00E+01

0
-40,00 -20,00 0,00 20,00 40,00 60,00 Temp.(°C)

Vour=2V (Vets1)

I

out

T,
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Transistor biasing and temperature
’ . Vag
* NMOS et PMOS exhibits same [ v ovan
T out™ e
phenomenon ] i' 3 ]
A Ibias out
1, () | | T,
——Polarisation par R constante
1,156402 |— < —0,2 %/OC ——— ——Polarisation par RavecTCR=1e-3/°C — :EE V1 e
Polarisation par PMOS
1,10E+02 < =
1,05E+02 \
\
1,00E+02
9,50E+01
0.08 %/°
9,00E+01
8,50E401 -0,157 %/°C
8100“0-140,00 -20,00 0,00 20,00 40,00 so;oo Temp.(°C)

1,10E+02

1,05E+02

1,00E+02

9,50E+01

9,00E+01

8,50E+01

Iout (IUA)

+ Feedback may improve results

|

—

0,036 %/°C

——Cascode avecR et TCR=1e-3 /°C

——Polarisation par Ravec TCR=1e-3/°C

Cascode pplarisé par PMOS

7‘\\>

—~

-0,036 %/°C

pa

-0,157 %/°C

-40,00 -20,00 0,00

20,00

40,00 60,00

Temp.(°C)
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3 Outline

« Overview of advanced current sources
« PMOS current sources

M\ Vaa-independent current sources

« Principle: a resistor implement a feedback that
tends to reduce current variations

+ Sizing methods
- Choice of I,;,;and a (generally, 4, 9 or 16)

* I, is not sensitive to Vy, variations

- Assuming identical currents in T,
and T, leads to an expression of
I, depending of T,, T et R
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% V4q-independent current sources
o - /\w//"

* Other configurations
- Dual circuit in PMOS (current from Vg,)
- Increased stability by reduction of V, ,and V

- Power consumption
- asymmeftrical current mirror

7>aa V4g- independent and increased output
o resistance

* Vy4-independent

> R, T, and T; to set value of I,
independently of V4

* Reduced power consumption

- asymmeftrical current mirror

+ High-voltage operation
- T; and T, are optional

* Increased R
- Cascode output
- Problem > output range of = =

operation

04/10/1¢
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* Principle
- Vetr =Vas =Vin
Ty 4 Vast =Ves1 =Ver + Vi
R v, Vess = Vst + Rilpis Vs = Vegr + Vi
T, T, - = Vo =Vi3 = Rlpigs = Vogy

= Vd3 = 2Veﬁﬁ

Trade-off between output range of operation and output resistance...

K
;
N

+ Implementation: large-swing cascode current
source with V 4-independent reference current

26
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« PMOS current sources

3
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b ) \] Current sources

« Overview of main characteristics

Impact of : Output range of
Vi Output resistance operation
Basic current source +25% 625kQ >0,8V
V,4-independent +2,3%
current source 500k >0,9v

V44-independent
current source with
cascoded output

>1V

Large-swing Vyq4-
independent cascoded
current source
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