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Voltage to voltage

* Ru: Unit resistance

* For reducing variations R2, {G*Ru}
* Only integer number of Ru v

* Gain: in R/1\ . c2 |
* Vout_max/Vin_max = G-Ru/Ru=G \/ i

V1
* Gain independent of Ru T {Ru}

.
TV Ff//
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Influence of R1 and R2 when Ru=1kQ

* Influence of R1 on output? . R1 R2 .
n ou
* 10 times gain
* Influence of R2 on output? Vi
* 10 times resistance C>
0

lib opamp.sub
.param Ru=1k
.noise V(out) Videc 201 1G

.meas noise Ni_1k find V(inoise) at=1k
.meas noise No_1k find V(onoise) at=1k
.meas noise No_integ integ V(onoise)
.meas noise N_r1 find V(rl) at=1k
.meas noise N_r2 find V(r2) at=1k
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Influence of R1 and R2, Ru=1kQ

Influence of R1 on output? . R1 R2
* 10 times gain L out
* = 10-4nV/VHz=40nV/VHz
Influence of R2 on output? Vi
* 10 times resistance C
* =»V10-4nV/VHz=3.16:4nV/VHz= 12.6nV/VHz —
Onoise: 9
2 2 i
» V(onoise) = \[ (40nV /vHz)" + (12.6nV /VHz) = ;:;';:;';':'!,;5:;',':
41.95nV/VHz .noise V(out) V1 dec 20 1 1G
Inoise: .meas noise Ni_1k find V(inoise) at=1k
+ V(inoise)=V(onoise)/gain=41.95nV/VHz/10= .meas noise No_1k find V(onoise) at=1k
4.19nV/VHz .meas noise No_integ integ V(onoise)
’ .meas noise N_r1 find V(rl) at=1k

.meas noise N_r2 find V(r2) at=1k
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Adding uncorrelated sources

* One source =1, otheris X Uncorellated adding of two sources: 1and X
* When the other sourceis 1 ’

is the sum 1.4 of each
* The other source has to be ,

1.74 for the sum to be 2
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Influence of R1 and R2 when Ru=1kQ

. R1 R2
in out

lib opamp.sub
.param Ru=1k
.noise V(out) V1dec 201 1G

.meas noise Ni_1k find V(inoise) at=1k
.meas noise No_1k find V(onoise) at=1k
.meas noise No_integ integ V(onoise)
.meas noise N_r1 find V(rl) at=1k
.meas noise N_r2 find V(r2) at=1k
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Ru=1kQ, 10kQ, 100kQ

in out

U2

.step param Ru list 1k 10k 100k

.noise V(out) Videc 201 1G

.meas noise Ni_1k find V(inoise) at=1k
.meas noise No_1k find V(onoise) at=1k
.meas noise No_integ integ V(onoise)
.meas noise N_r1 find V(rl) at=1k
.meas noise N_r2 find V(r2) at=1k
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Input noise with Ru from 1Q to 10MQ

e Gain=10 for all cases

* Ru: Noise — power trade-off

* Smaller Ru gives less noise but
consumes more power
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44nViHZ'

36nV/HzZY:
28nVIHzZ Yz
20nV/HzZ Y

.lib opamp.sub 120ViHa:

AnV/iHzZ
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Current to voltage

* Gain = Vout_max/lin_max= G*Ru
* Gain depends also on Rul!

R2, . {G*Ru}
Cc2

éi

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




Voltage to voltage — T-network

* T-networks offers an effective
much higher feedback resistance

c1,
I
. : : _ R1 R2
Effective fe}e??l?:}leczk resistance: AN, A —
Rsp = +R;+R
fb R, 1 2 _3
R
fb
Vout = R—OVi out
Voltage to voltage — T-network
c1, {C_t
mriRw | {r2'Ruy |
. RO R3
Vv T {nr3*Ru}
v i u2
- out
V =
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Current to voltage — T-network

» Effective feedback resistance:

Rl.RZ
Ry = ———
f R,

Gain

Vour = beIin
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V toV —String & T-net —gain=65

* 8 configurations
* 1 standard
* 7 T-variations
* 3 pairs mirrored

* Gain of 65 for all
* 65 to 16 unit resistors

* (The large Ru is due
to later I-to-V. For V-
to-V it should be very
significantly smaller.)
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.meas NOISE No_integ INTEG V(onoise)
.meas NOISE Nilk FIND V(inoise) AT 1k

.meas NOISE gainik FIND gain AT 1k

.meas NOISE No1lk FIND V(onoise) AT 1k
ind R1 R2 R3 R4 Reff #Ru

1 inf inf inf 65
2 321 1 inf
321 2 1 inf
4 10 5 1 inf
5 510 1 inf
6 221 1 inf
7 132 1 inf

65
65
65
65
65
65
65

.stepparamind171

;tran 1

65
34
24
16
16
24
34

.noise V(out_T) V1 dec 201 1G

.param nri=table(ind,1,inf,2,32,3,21 4,1
.param nr2=table(ind,1,inf,2,1
.param nr3=table(ind,1,inf,2,1,
.param nr4=table(ind,1,65,2,inf,3,

3,2
3,1

14

/4,5,
541 1,
n

14
5,
5,

I5I5’6I

4 l2 I7I32)
,1,6,1,7,1) __
,4,inf,5,inf,6,inf,7,inf)

2,7,1)

R1 R2
{nr1*Ru} {nr2*Ru}
; R3
in
{nr3*Ru}
|
U2
- out
5
13
R4
{nr4*Ru}
. {cmy
Ly
MRS AR1 R2 out T
_ \A/—-g \\/\/_.,_/\/ T
{Ru} {nr1*Ru} | {nr2*Ru}
Vi >R3
(D . {nr3*Ru}
To
AC1 j/UZ
% .param Czero=0.001f

.param Cu=500f
.param Ru=484621
.param inf=100000
.lib opamp.sub

.param C_fb=table(ind,1,Cu,2,Czero,3,Czero,4,Czero,5,Czero,6,Czero,7,Czero)
.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

T.2u\VHz

3. 9V/Hz Ve

—_—

0.6p\V/Hz

66

3

112nV/Hz =

101n\/Hz Ve

0nV/Hz =y
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E

V{onoise)

gain

N\

V{inoise)

1Hz 10Hz 100Hz

1KHz

10KHz 100KHz 1MHz 10MHz 100MHz 1GHz
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V to V —String & T-net — gain=65. Spot noise at 1kHz

= nolk
[t
6.5 /
J_'..::g|_r-=
64.945 gaintk
64.-211;\
64.890 =
112n -
101 = /
9{}"-# B T B T
1 2 3 4 5 6 T
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V to V—String & T-net — Multiple gain Ievels

* For T-network: Four

gain steps R
. C2 | {C_fb}
ex ponent|a I Iy .meas NOISE Ni1k FIND V(inoise) AT 1k I
. . .meas NOISE gain1k FIND gain AT 1k
distributed up to .meas NOISE No1k FIND V(onoise) AT 1k . Sl ey
maximum achievable 0 infinfinf 3 3 3 in_T A A A A out T |
. 1 inf inf inf 7 7 7 " "
gain 2 inf infinf 21 21 21 {Ru} trlZRa} | AoriafRu}
. . 3 inf inf inf 65 65 65 Vi R3
* Compare with R-string 4 11 1inf 3 3 T {nr3*Ru}
. 5 3 3 1inf 15 7 -
with same number of 6 10 10 1 inf 120 21 0 i
. . 7 32 32 1 inf 1088 65 AC1 -
unit resistors (3, 7, 21 el Jj
;tran 1

and 65) ‘noise V(out_T) V1 dec 20 1 1G =
.param C_fb=1f .param C_t=1f
.param nr12=table(ind,0,inf,1,inf,2,inf,3,inf,4,1,5,3,6,10,7,32) .param Ru=484621
.param nr3=table(ind,0,inf,1,inf,2,inf,3,inf,4,1,5,1,6,1,7,1) .param inf=100000
.param nrd=table(ind,0,3,1,7,2,21,3,65,4,inf,5,inf,6,inf,7inf) lib opamp.sub
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V to V —String & T-net — Multiple gain levels

100pWIHz

L
(] 8

YiINOoiSe )

1 14"“!“2??=

108nVW/Hz" =~
102n\/iHz "
96nV/Hzz

0nViHz!
1Hz 10H=z 100Hz 1KHz 10KHz 100KHz 1MHz 10MHz 100MHz 1GH=z
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V to V — String & T-net — Multiple gain levels

 X-axis: Different
configurations

* All measured at
1kHz

* Nolk largest for
4 and 8. But gain
is larger at 4 and
8. Hence nilk is
minimum at 4
and 8
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1k
100 no
50p-
UI‘ —-=-—
.e:'“‘\
itk
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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

* Same as previous
but current to
voltage
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.meas NOISE Nolk FIND V(onoise) AT 1k
.meas NOISE No_integ INTEG V(onoise)

ind R1 R2R3 R4

SN RWN =S

inf inf inf 3
inf inf inf 7
inf inf inf 21
inf inf inf 65
1 1 1 inf
3 3 1inf
10 10 1 inf
32 32 1 inf

Reff #Ru

3

Z
21
65

3

15
120
1088

.param Ru=484621
.param inf=100000
.param Czero=0.001f J11|AC1
.param Cu=500f

www.ideas.no

.step paramind 18 1

3
7
21
65
3
7
21
65

- U2
;
PWL({0 0 1 1.5n)

<L=noise V(out_T) I1 dec 20 1 16

in_T

R4

19

Cc2

{nr4*Ru}

e 2

Lacy
R1

R2

out T

{nr12*Ru}

{nri2*Ru}

R3
{nr3*Ru}

.lib opamp.sub
jtran 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 nr4=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,Cu,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

Vionoise)

16pViHzY =
12pViHz =
BpViHZ o
AuViHzZ%
OpViHZ=

550M0O

275MO~

e —

160fA/HzZ —
JOFA/HZYem
20fA/HzY
1Hz 10Hz  100Hz  1KHz  10KHz 100KHz 1MHz  10MHz 100MHz 1GHz
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| to V —String & T-net — Multiple gain levels

nolk

16 =
12p=
8=
LT

II}, =S

550M

gainik

27 5=

M ﬁ
160F nilk

9&5—\

20f

(5,8
) -y
|
=]

T T 1
1 2 3 4
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1.5nA to V —String & T-net — Multiple gain
levels

800m v_1in5a
120m- Config [V_at 1.5nA
640m- 1 0,002181
o 2 0,005088
jzg:: 3 0,015264
2 4 0,047240
240m- 5 0,002181
160m-| 6 0,010902
80m- 7 0,087118
i : ! T . I . 7 ! 8 0,782134
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| to V —String & T-net — Multiple gain levels

* Integrated output e
noise =

* Bandwidth 200m-
 No C-filtering :zzm'

* Opamp GBW 140m=
120m=]

100m-]

80m=

60m=

40m=

20m=

Om
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