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* Ru: Unit resistance

IN5230 _ — For reducing R2, . {G'Ru}
Electronic noise — estimates and countermeasures variations o\

— Only integer number 0~ €2

Lecture no 7b (separate topic) of Ru Vi ®a )
Noise in amplifiers with feedback » Gain: K ﬂ . out

— Vout_max/Vin_max

= G-Ru/Ru=G
_ gm — Gain independent of
. ‘ — Ru
- ‘ = 4 15.10.2025 www.ideas.no
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Influence of R1 and R2 when Ru=1kQ Influence of R1 and R2, Ru=1kQ

° Inﬂuence Of R1 on R1 R2 * Influence of R1 on output? . R1 R2 .
i out — 10 times gain ou
OUtpUt? - > 10-4nVAHz=40nVHz
. . Influence of R2 on output? Vi
— 10 times gain y1 — 10 times resistance
- 210-4nV/VHz=3.16-4nV/NHz= 12.6nV/\Hz
* Influence of R2 on Onoise:
2 2 “
2 lib opamp.sub - V(onoise) = J(40nV/\/E) + (12.6nV /VHz) = lib opamp.sub
OUtpUt ' <7 .param Ru=1k 41.95nV/\Hz foali 1"?“;6 l;u1=le
10 i it .noise V(out) V1 dec 20 1 1G .« Inoise: nease Viouit) V1 dec
- Imes resistance .meas noise Ni_1k find V(inoise) at=1k - V(inoise)=V(onoise)/gain=41.95nV/NHz/10= .meas noise :i_ljl.(ded\(,('inois_e) at=}‘{k
.meas noise No_1k find V(onoise) at=1k 4.19nVAHHz -meas noise No_1k find V(onoise) at=
.meas noise No_integ integ V(onoise) 'ngz :g;:: :oF::.nftiﬁ?i w(tff)\;(t:"ﬁ:se)
smearcnotze N el find Viid) ar=1k -meas noise N_r2 find V(r2) at=1k
.meas noise N_r2 find V(r2) at=1k . — =

15.10.2025 www.ideas.no 3 15.10.2025 www.ideas.no



UiO ¢ Department of Informatics

UiO ¢ Department of Informatics
University of Oslo

University of Oslo

Adding uncorrelated sources Influence of R1 and R2 when Ru=1kQ

° One source = 1 Uncorellated adding of two sources: 1 and X in R1 i
other is X .

* When the other .

source is 1 is the

.Iib opamp.sub
% .param Ru=1k

sum 1 4 Of eaCh 1 .noise V(out) Videc20116 _
.meas noise Ni_1k find V(inoise) at=1k )
o Th e Othe r source 05 .meas noise No_1k find V(onoise) at=1k )
.meas noise No_infi_:e%I i\l;(tef)\l(:nf&se)
0 . N_rl rl) at=
haS to be 1 . 74 0 05 1 15 2 25 m::: :g::z N_:Z 'F::d V(I‘Z) at=1k

for the sum to be
2
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Ru=1kQ, 10kQ, 100kQ Input noise with Ru from 1Q to 10MQ

* Gain=10 for all

" R1 R2 ;
in out . Cases
vel m | L Nl
0 } i
.lib opamp.sub o] ) 1e-005-]
.step param Ru list 1k 10k 100k i (] RU' NOISG —_ power
.noise V(out) Vi dec 201 1G !
4 ise Ni_1k find V(inoi: t=1k
s homo N ik T (Uatee] Sect = trade-off e
.meas noise No_integ integ V(onoise) T
al ise N_r1 find V(r1 =1k H
‘meas notee Nv2 find V(r2) at=1k — — Smaller Ru gives
‘ ‘ T less noise but R
consumes more
power www.ideas.no
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Current to voltage

« Gain =

Vout_max/lin_max=
G*Ru in | ez
- Gaindepends alsoon .1

Ru! \7) 1 “ out
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Voltage to voltage — T-network

e T-networks offers an effective

much higher feedback
resistance
R2
o Effective feedback resistance:
Ri ‘R
be = + R1 + RZ i RO
vi
fb \ Y out
Vour = Rq Vin VT

v

https://www.ti.com/lit/an/sboa284/sboz pdf?ts=1726536544210&ref
_url=https%253A%252F %252Fwww.g le.com%252F
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Current to voltage — Application
example

» Challenging with a resistor string if the input

signals varies over many decades

Is (nA) 0,15 1,5 15| 150] 1500
R (MOhm) 6666,67| 666,67| 66,67| 6,67 0,67

15.10.2025 www.ideas.no 10

UiO ¢ Department of Informatics

University of Oslo

Voltage to voltage — T-network

C1{C_t
‘{_}

K1 B2

N/ » \v/ “',f
{nr1*Ru} {nr2*Ru}
<_R3

“._{nr3*Ru}

<
=
-~ >
A<
<

~. U2
N out

=0 4

N
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Current to voltage — T-network V to V — String & T-net — gain=69

. . {nrf;*liuu}
+ 8 configurations NOISEING: it INTES Vionai o
i . | C_fb
o Effective feedback 1 standard reas NOTSE NI FIRD Viinaio) AT 1k gety
: C1 {C_t} — 7 T-variations ‘meac NOTSE ?«Tflyéfr}gl\)l(g:ﬂguls\:)% 1k . CL{c ey
resistance: - — 3 pairs mirrored indiR1 (R2 R3RA! Reff/ #Ru RS R1 R2
R1 R2 Gain of 65 f I 1 inf inf inf65 65 65  in_T S AN e AN out T
H’A\\/\ /4.%’"\\ //\ ain o .Ora ; :i ; : ::; :: ;: {Iiu} {nri*Ru} = {nr2*Ru}
{nr1*Ru} {nr2*Ru} * 65 t°t16 unit 4105 1inf 65 16 Vi <_R3
R resistors 5 510 1 inf 65 16 /1 < {nr3*Ru}
b < 6 221 1 inf 65 24 | [
f R R in g - 7 132 1 inf 65 34 To
. . {nr3*"Ru} . i AC1 L
= 24R +R, V" U2 Bo tolter ooy, ppremmes7s
- / ! ~_ 1-1O-V. jtran 1 I |
R3 1 2 (\ J] ) \\;; out For V-to-V it should -noise V(out_T) V1 dec 201 1G AV .param gzer;;:f.oolf
o7 inifi .param Cu=
T r be very significantly  param nri=table(ind,1,inf,2,32,3,21,4,10,5,5,6,2,7,1) P aram Ru=484621
- .param nr2=table(ind,1,inf,2,1,3,2,4,5,5,10,6,21,7,32 .param inf=100000
Gai smaller.) ble(ind 1,inf ) f
al n ) .param nr3=table(ind,1,inf,2,1,3,1,4,1,5,1,6,1,7,1) .lib opamp.sub
N .param nr4=table(ind,1,65,2,inf,3,inf,4,inf,5,inf,6,inf,7,inf)
.param C_fb=table(ind,1,Cu,2,Czero,3,Czero,4,Czero,5,Czero,6,Czero,7,Czero)
Vout be Iln .param C_t=table(ind,1,Czero,2,Cu,3,Cu,4,Cu,5,Cu,6,Cu,7,Cu)
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V to V — String & T-net — gain=65. Spot noise
at 1kHz

V to V — String & T-net — gain=65

ZuViHz! 7
o xd Mﬂ-’“ g
' & gainik
64.89 = —
112nViHz! — 112n i
101nV/Hz = 101 =
1Hz 10Hz 100Hz 1KHz 10KHz 100KHz 1MHz 10MHz 100MHz 1GHz 1 2 3 4 5 T
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V to V - String & T-net — Multiple gain

levels

For T-network:
Four gain steps
exponentially
distributed up to
maximum
achievable gain

Compare with
R-string with
same number of
unit resistors (3,
7,21 and 65)

15.10.2025

.meas NOISE Ni1k FIND V(inoise) AT 1k

.meas NOISE gain1k FIND gain AT 1k

.meas NOISE No1k FIND V(onoise) AT 1k
Reff #Ru

ind R1 R2R3 R4
inf inf inf 3 3
inf inf inf 7 4
inf inf inf 21 21
inf inf inf 65 65
1 1 1inf 3
3 3 1inf 15
10 10 1 inf 120
32 32 1 inf 1088
.step paramind 07 1
stran 1

NoahWON=O

3

T
21
65
3
7
21
65

.noise V(out_T) V1 dec 201 1G

.param C_fb=1f

R4
V\,
{nr4*Ru}
C2 || {C_fb}
il
C1, {C_t}
. R5 R1 R2
in_T A\/A\/ \\/\ ' /\\ out_ T
{Ru} {nr12*Ru} {nr12*Ru}
<
V1 > R3
+y <. {nr3*Ru}
_)
0
AC1

.param C_t=1f

.param nr12=table(ind,0,inf,1 ,inf,2,inf,3,inf,4,1,5,3,6,1 0,7,32)
.param nr3=table(ind,0,inf,1,inf,2,inf,3,inf,4,1,5,1,6,1,7,1)
.param nr4=table(ind,0,3,1,7,2,21,3,65,4,inf,5,inf,6,inf,7,inf)
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.param Ru=484621
.param inf=100000
.lib opamp.sub

V to V - String & T-net — Multiple gain

levels

» X-axis: Different

configurations

* All measured at

1kHz

* No1k largest for

4 and 8. But
gain is larger at
4 and 8. Hence
ni1k is minimum
at4 and 8

15.10.2025

notk

50p=4
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V to V - String & T-net — Multiple gain

levels

114nV/Hz
108nV/Hz" =~
102nV/Hz'%

96nVIHzZ =

0nViHz

1Hz 10Hz 100Hz 1KHz

15.10.2025 www.ideas.no
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10KHz

100KHz

1MHz

10MHz

100MHz

1GHz

V to V - String & T-net — Multiple gain

levels

nofk

1l
" ————

il

O IN|[O || |WIN |-

Output noise Gain Input noise

Reff [#Ru| nV/sqrt(Hz) Gain fV/sqrt(Hz)
3|3 155| 1450000 107
7 |7 237| 3390000 70
21 | 21 410f 10170000 40
65 | 65 722| 31490 000 23
31|38 219 1450000 151
15 | 7 694 7267000 96
120 | 21 3250| 58080000 56
1088| 65 16 800f 521 000 000 32
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| to V — String & T-net — Multiple gain
levels

.meas NOISE Nilk FIND inoise AT 1k
.meas NOISE gainlk FIND gain AT 1k
.meas NOISE Nolk FIND V(onoise) AT 1k
.meas NOISE No_integ INTEG V(onoise) {nr4*Ru}

° Same as indR1 R2R3 R4 Reff #Ru czH_ub}

0 inf inf inf 3 3 3

R4

H 1 inf inf inf 7 7 7
prevlous 2 ::f ::f ::f 21 21 21 '—{Cl li{c_l}
3 inf inf inf 65 65 65 oy R1 R2 —
4 1 1 1 inf 3 3 n_ i
but current S33im 18 7 b T ek
6 10 10 1 inf 120 21 R3
7

to voltage o Bt

{nr3*Ru}
.param inf=100000

.param Cu=500f

.lib opamp.sub

.step paramind 18 1

.param nr12=table(ind, 1,inf, 2,inf,3,inf,4,inf,5,1,6,3,7,10,8,32)

.param nr3=table(ind, 1,inf,2,inf,3,inf,4,inf,5,1,6,1,7,1,8,1)

.param nr4d=table(ind, 1,3,2,7,3,21,4,65,5,inf,6,inf,7,inf,8,inf)

.param C_fb=table(ind, 1,Cu,2,Cy,3,Cu,4,Cu,5,Czero,6,Czero,7,Czero,8,Czero)
.param C_t=table(ind,1,Czero,2,Czero,3,Czero,4,Czero,5,Cu,6,Cu,7,Cu,8,Cu)
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| to V — String & T-net — Multiple gain
levels

=5_|ain1k;=

nitk

~
=
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| to V — String & T-net — Multiple gain
levels

160fA/HZ
90fAIHZ %
20fA/Hz '
1Hz 10Hz 100Hz 1KHz 10KHz 100KHz 1MHz 10MHz 100MHz 1GHz
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1.5nA to V — String & T-net — Multiple
gain levels

o v_1n5a
720m-| Config  |V_at_1.5nA
640m-| 1 0,002181
Z:‘;m 2 0,005088
e |
o 3 0,015264
320m-| 4 0,047240
240m- 5 0,002181
160m-{ 6 0,010902
80m- 7 0,087118
! 2\ 3' A % 5‘ ?' ) 8 0,782134
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| to V — String & T-net — Multiple gain
levels

* Integrated 2t
output noise 7

 Bandwidth .

— No C-filtering ]

100m=

— Opamp GBW .

200m=1

60m—]
40m—}

20m-]
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