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+ Definition: “input offset" of a differential
amplifier is the differential input voltage that

+ Advanced specifications
anced speciticatio leads to a zero output voltage

- Offset considerations

- Common Mode Rejection Ratio
- Design for low mismatches

- Noise fundamentals

- Characterization 1

+
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+ Advanced design techniques
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+ Offset is a random phenomenon due to:

- Technology spreading - low “frequency” variations
(die to die ; wafer to wafer ; run to run)

- Mismatches - high “frequency"” variations
(device to device)

- Variability > hot topic covering both previous origins
+ affecting technology parameters and dimensions
- generally following a Gaussian distribution.

* Propagation to circuit behavior
- Example: incertitude on saturation current
- UC,, W/L and V, are affected UG, W
8 ! Idsat: g) T(\/gs_\/t)2
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+ Gaussian distribution basics

- For a large number of identical devices the
distribution of actual V, (LC,,, W/L) follows a
Gaussian distribution N

- 0.5% of the values are more
than £30 away from the average AVy
value

- 60 designs are then the standard
in industry 0 vy vy
- 99.5% of yield in absence of defects

- Run to run o (technology spreading) is much higher
than device to device o (mismatches)

> MC simulations

Offset considerations R
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- uC,, mismatches g _ A,

- Similar expressions than for V, MG JWL
Asc, =00056um

+ W/L mismatches Gt A 1,1
w/iL MW 2
+ Example: 100pm/1pm NMOS ~
ina 0,6 ym tech. Ay = 002um
K 12V _ o0, e —000056= 00586 T =g
v, 600V 3 W/L
- 50% more for a PMOS

- 10 times less for MOST on the same die (mismatches)

Offset considerations
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+ Random offset in a current mirror
_HG W,

lg = |y = 0 J
in I. S dsat ags t
R Tt L

T IREAR2
s ul 9, _ 20 +UHQM + G

ls V=V W/L
- Design tips s Ve MG

- Large area and V., long
+ W=100pm ; L=1pm ; V=01V
+ W=10pm ; L=10pm ; V =1V

024% | 56ppn| 0.2%
0,024%| 56ppm| 0,028%|

Ny
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Some variability parameters (wafer to wafer)

A,
" i) % 1.1
A O12nVum HG, JwiL W/L A W

+ Advanced specifications and variability
- Uncertainties translate in a I, standard deviation

Offset considerations ;
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+ Random offseft in a differential pair
with resistive load and symmetrical v
supply voltages v,

+ Spreading in load resista

V,
Vo =ARLIEB =V, =7ARTL ;"

O~ 2% s, , G . . O‘rh_er spreading > T
lusar Vys=Vi MG, WI/L Voa = R oy
V.
- Random offset in a simple current mirror... =V, _ Dl Ve =V, ZA, +ﬂ[ﬁ LG, +AW/LJ
- Large transistors and large V¢ losar 2 2\ R uG wiL
Offset considerations Outline
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+ But offset can be also systematic

- due to the chosen architecture, the bias point, a
wrong layout (systematic mismatch)...

- Must be fixed by designer Il

+ Examples
- Related fo design (layout)

Verta = Verr1 ~ Rsiouz = fouz = lin = ImRslou

- Related to usage
* If Voo Vast (Vi+Vesr)

ioua = iin + Gou Ve ~Vaa)

Pcilytechontpellier

* Advanced specifications

- Common Mode Rejection Ratio
- Design for low mismatches

- Noise fundamentals

- Characterization

+ Advanced design techniques

Common Mode Rejection Ratio, CMRR
P lytech’Mont%!ﬁgr

+ Definition: CMRR characterizes the ability of a
differential amplifier fo reject the common
mode

vV,
V, =V +—2d -
Va V= Ay Vg + Aye Ve

Vo =Vye =

N <

_ _ A
CMRR; = A, 45— Avc.gs = 201
& Aj A\A g Og[Aw ]

C

CMRR:M

|Avcl

Common Mode Rejection Ratio, CMRR  *
P lytech’Mont%!ﬁgr

+ Random CMRR in a differential

pair v |
A=Yl =gR =Ttle
id Vine=0 Veff
A,.=¢  =0=CMRR=w

Via =0

inc

* Impact of spreading in R,
= Vine™> Vinc/Rg in the current source output resistance

AR
Vig =0 ZRB

v, v,
= VOd =AFzL — = ATVC = od

ZFQE V\nc

(#%)
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- Design of low offset and high CMRR differential

+ Without R, spreading, v;,./(2.R,
o2 pair

in each load resistance

) o o Ver (AR, UG, AWL N 29,R,
Impact of spreading in MOST Yoo =AY+ [ e WL ] CMRR= R e, AW
R Va MGy W/L

Voo [EMRR= g,V Rs = [5Rs
+ The lower the offset, the higher the CMRR

1. Optimize for low offset
- Low V¢ (0,1V), large transistors, matched resistors
- reduce V, spreading and current mismatch

2. Optimize for large CMRR > High g,(Tg) & Ry

Vine Al
V., =R AI(R )= R —nc dsat
od L ( L ) L ZRB |dsal

A 2 Yer - R(28V MG, AW/L
Vinc 2RB Veff Hcox W/L

Systematic CMRR S Outline b S
Polytech'llontpellier Plytechllontpeller

* Current source output resistance: Ry

+ Common Mode V,,. > change bias current V,,./Ry

* Vi,./Rg equally shares between
T1 and T2

+ Small-signal analysis to calculate
induced output voltage

* Advanced specifications

- Design for low mismatches
- Noise fundamentals
- Characterization

+ Advanced design techniques

CMRR= 20,9 malas Re

Design for low mismatches
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Design for low mismatches ’ g
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Mismatch vs size for capacitors

A(cz/c]) %
c)lc,
Wet etched Tn
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+ Advanced specifications

- Noise fundamentals
- Characterization

+ Advanced design techniques

Noise considerations
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Noise is any unwanted signal that interferes with a desired signal.
- It can be deterministic or random.
- It can be inherent to the circuit itself or coming from interferences with
the outside world.
Interference noise is caused by an identifiable external source. It
can be deterministic or random.
- e.g.: 50Hz hum in a loudspeaker, cellular phone interfering with a TV set, ...
- It can usually be eliminated by proper methods of grounding, shielding, etc
(electromagnetic compatibility, EMC)
Inherent noise is generated by the circuit itself. It is always
random.
- e.g. resistance and fransistors are noisy
- Different shape of random noises are thermal, shot and flicker

- It can not be eliminated (inherent) but its effects can be reduced by
changing the circuit structure or the power consumption.

Random noise basics S
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* Noise combination

- Different noise sources combine as
voltages in series and current in parallel

Vm (t) Vni(rms) = %J: [an(t) ‘t\lﬂg%]zdt

Vno

2 2 2 2
Vnz(t) Vno(rms) - Y:ﬁ((i)s n2(ry +if2&)vn1 (t) 'Vnz (t) dt

- Assuming uncorrelated noise sources

2 2 2
V V +Vn2(rms)

no(rms) = ni(rms)

Random noise basics ’
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* Frequency-domain analysis

- Noise spectral density
vath

Spectral density Root spectral density

100 w10
vy? e
@) 10 JAz 3.16

1.0
4

T 1
0.1 1.0

T t y
01 10 10

10100 1,000 © (;Hz) 100 1,000 ¥ (hizy

- Noise is considered only in the bandwidth of the
system > filtered out elsewhere

- Noise rms value @ 100Hz for a 90Hz bandwidth?

A 0.1 Hz bandwidth?

Random noise basics
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,  _ 010uV?
* Noise Spectn Vn<rm5>‘.[o,1 f 4t lain shapes
2 — 2 10
Roks Vg =100V2[In(H)] ppectral density

2

(%Z) 10

1/f noise corner

32+
10T
} | { } > f
01 10 10 100 1,000
1/f noise White noise

dominates dominates
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Element Noise Models k=1.38x107J.K* v 2° T
. (22) 20
Resistor ) iz
R (Noiseless) > 4KT 2
%R VA(h = 4KTR R Iath = &= 1 10 100 10° 10* 108 108 107
(Noiseless) Frequency (Hz)
Vi
MOSFET 2 ¥ 0) vio . 20
—®— d —@—if, (Noiseless) L
..“;I (dB) ¢
2. K 2. 2\ 1 K
(Active region) Veth = WLC,,f Vi = 4kT(§)g_m +WLCoxf 20
4 5 (] 7
124 = 4kT| 2 Simplified model for 1 10 100 10° 10 10 10 10
o0 (3)9'“ low and moderate frequencies Frequency (Hz)
2 1 1IVrva.a
2 100200 2 100 5 2
200 Ni = J. — df = 200 ln(f)|1 = 1.84x10°(nV)" ,
Vil \ 1 f !
3
avy 20 2 _ 100,02 oo o210 5 2
) N; = | 207 df = 20% 5 = 3.6 x10°(aV)
2
4 5 6 2 4
1 1r‘) 1‘0(‘1” 1:13‘ — 10 - 10 - 1 107 ) 10° 2021;2 20 1.4 10 e )
| 1/F NOISE TANGENT PRINCIPLE !!! N3 = NS df = - gf = 1.33x10°(nV)
< 3
1 (10%) 10 0’
200 ——
Vol N -1 1/fcurve oo 2002 Ld 2002 *
2 10 2
N2 = [T —22—df = [ 22— df- [ 2007 df
(1"_) 20 10 iV 0 Y 0
JHz . 1+ — 1+|—
1 10 100 10° 10 10° 10° 107 10 10
Frequency (Hz)
j—————l— |- 2T\, \5 2 4 9 2
N, N, Ny N, =200 5 107 - (2007)(107) = 5.88 x 107 (nV)
Noise considerations Outline
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+ Basic considerations regarding noise in feedback
systems ., - Advanced specifications
v, A, —:O—) 4, v,
o
- Vi represents the input noise in vi,.’rhe equivalent - Characterization
input noise of A; and the output noise of b,
- V,;» represents the equivalent input noise of A, - Advanced desigh techniques
Vo = Az [Uniz + A1 (Vni1 + v — by)] _ Ak i+ 4 ni2
o = A2 [Uni2 + A1 (Vnil i ) Lo—m Vi = Unil A,
o —w Uniz
Uni = Unil — A,
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* Makes use of MC simulations + Effect of V> IV < V< 2V Lo

* Define a DOE T QTZ‘L’S I :%V%’veﬁz STUA; I, = lJn(Z:OX%Veffz <28mA T, STZJ_\,S

+ Example : error in a current mirror = = = - T, = [10yA ; 500A ; 100pA ; 200A ; - B

- Set1:100 runs, T=T, 500uA ; ImA ; 2mA]
- Studied influences : V¢ (T;,), WL, W/L,L - MCProcess & mismatch : ol geap)=? ; meafl yezp) =2
+ Initial design: V¢=0,2V ; W/L=10; L=1ym ; V=2V
iy =gy =HCox Wy, 225818 E .
in = ldsat =5 Vel + Effect of W/L : keep WL and V¢ constant
* MC process : 0l gsse)=? ; Meaflgsep)=? - _w L | _281AW
- MC process & mismatch : o{l gsap) =2 ; Meall gsap) =? WL=10un :W_\/T Lount L_\/W dount 5 b =0T

-W/L=[1;2:5:;1;2;5;10]

Characterization Outline i
P ‘lytech'Montpaenjgy
+ Effect of L : keep WL and V¢ Lo
constant
nf 28uAL0un? E [_EZ‘LVS
WL=10unt :w:% i :% 0:_12 = = + Advanced design techniques

o E A, ollg)=? i) =2 - Design for low-noise: active bridge example
"L=1:2:5:107201 Ollase)=? 5 Meallosee)=? - Design for robustness: digitally programmable
+ Effect of WL : keep W/L and V¢ constant current source

W/ L=10=W=y1O0ML ; |.=\/V1V:0L; liy =281A
- WL (um2) = [7; 20; 50 ;100 ; 200 ; 500 ; 1000 ; 2000]

> G('dsaz):? ; meaﬁdsaﬂ):?

Case study: magnetometer signal

A Wheatstone bridge SNR
conditioning

Pcilytech'ontpellier

_ AR _ARVCJ 1
- cc~

2R+AR R 2 L“AR

2R

~ORVee () AR) AR Ve
R 2 2R) R 2

4KT

| | S Ax(V-V)
AR R I;(f) =R
_y R [, AKT _ (Noisele:
Vi =V =52 =V2KTR oiseless)

(V, =V_), = Va2 +V, 2 =V4KTR

190w
23

vRuT %

SNRyg = 201 Ve -Vo =20l [ ARxVee ]
N NFie = 20109 VBW (v, -V_), %9 Re/16KTRBW
High power . , ,
consumption + For a given signal (AR/R), SNR increases with

V.. and reduces with R and BW

Targeted power consumptionl00UA (for mobile applications) — less for autonomous systers
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Output SNR and LNA's noise figure ’ g Output SNR and LNA's noise figure #
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Vee . . r: .
S\, —Zolog[ v, -V ]_zmog[ BRXVge ) * Preserve input SNR by having an amplifier with
° VBWx(v, -v.), Rx16kTRBW negligible noise contribution
4 4
S )= ) 35, "7 3R
4R NF.5 = SNRys - SNRur (v, -v.), =VakTR Om =% =% = small V¢ and largepowerconsumptio

gnd

+ LNA is necessary to reach a measurable signal
+ LNA will amplify signal and noise of the WB
+ LNA will add its own noise to the output

+ LNA's noise figure NF 4 is used to characterize
the loss of SNR due to the LNA

+ Example : R=1kQ and V,=0,1V

Iy > ?‘;veﬂ =1331A=> P = 375mW (WB +LNA)

* How to reduce power consumption?

Outline e
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+ Advanced design techniques

- Design for low-noise: active bridge example




