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v ()
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Convert the above circuit
the the one below

Erin = [in_:lx {Req} Bhoout = {em...]l}( {NGiSE Gain}

Req = R1 || Rf

In
B 3.3: 5 HLFIE A RO LRI (25 A0E )
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Ryg =Ry || Ry (34)

epr = [4K T-ReqAf (3.9)
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Convert the above circuit
the the one below

pro = 4‘k'T'Req'M €nout = (Enr)x (Noise Gain)

34: (] RS STOK SR R (M P RTI (282 )
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®n out = En_j-n-Nmse_Gam
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GIRT B B D R D 2 L TR P i 25 S R e . IS O RS 3.2, mIHEE
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Unitity Gain Bandwidth

Closed Loop Bandwidth = : :
Noise Gain

G9

16MHz
Closed Loop Bandwidth = W = 158H:z
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OPAG2TAM, AP, AL
OPAGITAM, AP, AU
MIN TYP MAX UNITS
NOISE
Input Voltage Moise -
Moise Density: f = 10Hz 20 nviHz
f=100Hz 10 n\ViHz
f= 1kHz 56 nVAhHz
f=10kHz 48 nViHz
Voltage Noise, BW = 0.1Hz to 10Hz 08 wWe-p
Input Bias Current Noise
Moise Density, f = 100Hz 25 faHz
Current Noise, BW = 0.1Hz to 10Hz 48 fAp-p
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91 3.1 HAL R I S 2 25 N [V S5

HESH CGRID

Broadband Voltage Noise Component:

BW, = fir K 22y

BW,, = (158kEz)-(1.57) = 248kHz

“nBB = °BB{BEWn L

nV .
e = | 5 —— |-+/248kHzr = 2490nVrms From Figure 3.8
i [ ﬁ)

1/f Voltage Noise Component:

From Table 2.1 and Figure 3.6
(1.567 for single pole roll-off)

Sfnorm = E’at_f'\'rf (2.4
= (502} /T8 = Somv
Sfnormm = L JH 3 = From Figure 3.8
f;
Enf = Sfnorm’ in = (2.3)
Vi

e = (50nV)- IRl ¥ conrsinay 0 ek~ ERAE and
lnt 0.1H= fL = 0.1Hz (typical number)

Total Voltage Noise (referred to the input of the amplifier):

A enf2 + EnBBz (2.6) From calculations above

B \'Ir(Z?,a‘l‘;'l"l.‘?r'ﬂ'.-’fﬂ’l5}2 + {191.811\-’11115}2 = 2497nVrms
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Fio THER, AT UE TR, DUABORES 2 JFET fii A\ JFET JHUKA:
W ATAH U iR B 3.2 TR R TR, AT SR P
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191 3.2 g HLYREIGE 7S BTG 5 P e 0k S5 2 A\ T 7 L s

Broadband Current Noise Component:

BW, = firK, 22
BW,, = (138kHz)-(1.57) = 248kHz From Table 2.1 and Figure 3.6
1.BE = IBR B Wy (23)

N Ifz_j &1 [248kHz = 1.244pAms From Figure 3.8
\ +/Hz)

in = BB For this case there is no 1/f noise

Roq=Ry lIR (33

BeRy  (100k0)(1x0)

R, = = = 0.99:0)
9 Ry+R;  100kQ + 1O

tn i~ nFReq (32)
& i= {l.Mp_Mms}-{D.Q'EI‘kQ} = 1.23nVims

Since the total Voltage noise is e, , = 24397nVrms, the current noise
voltage (1.23nVrms) will be negligible.
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191 3.3: Hg HLL PELIGE 75 e 480 DA 5 20 A\ T 7 L s

Thermal Noise (Resistor Noise) Component:

BW, = fr K, 22
BW,, = (138kHz)-(1.37) = 248kHz From Table 2.1 and Figure 3.6
Rog= Ry IR (33)

AR (o) o)
TRpHR 100K+ 1k

B fikT-Req--_'sf (3.50r1.1)

Co. J #tijﬂ- 0 H,}-{ETE + 23)-(0.99K)(248kHz) = 2010nVrms

0.990

Since the total Voltage noise is e, | =2437nVims, the resister noise
voltage (2010nVrms) is significant.

BEARFATC S T BT A RN, B A8 R ORBAT Tl ol 4 e M 75 2 5 N
(RTI) . FPrRas oA ffa, RInIH S i 2 hmith . f&a, BATHR
P 1.1 45 e AR BOR A S0 (ED XU R 1) A EH e P (RN L) 3.4D



1 3.4: VIS SR AR i H s 7
Voltage Noise from Op-Amp RTL:

Buiow = AT (From Example 3.1)

Current Noise from Op-Amp RTI:

SRS R (From Example 3.2)

Resistor Noise RTI:

e, ;= 2010nVrms (From Example 3.3)

Compute Total RMS Noise RTI:

2 2 2
®nn" Jen_ﬁ' Teii T8n s (3.6)

=
B i = J {Eiﬁ?n‘r’nns}z + (1.23nVrms)~ + {Eﬂl'l}n‘r’nns}z = 32053nVrms

Compute Total RMS Noise RTO:

n_out = °n i Noise_Gain {3.7)

e

' out = 13203nVms)-(101) = 324pVrms

Estimate Total Peak-to-Peak Noise RTO:

®n out pp~ En_nut"ﬁ"ﬂ' (3.8)

e

n_out_pp = = (324uVims)-6.0 = 1.94mVpp  Final result!
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R
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Equivalent Circuit

(mE . o
Ty @ A —— ()

L [ ]
= | UFJ
Use Superposition (R1)
o W
= VF1
| <
B Vo =e X R/R,
Use Superposition (Rf)

R1 Rf €.




Bifsr 3.2: HLBHLME A5 B4 o o e Mg s R S R (8D
Add noise components and refer to the input.

Note: the input noise is equivalent to Rf || R1 (proof on next page)

RZ 1k R1 2k
J_ A t M
| |OP1
e VF1
; | (
Input_noise = Dot o +
Ry
—+1
¥
44
_ i 2
7 ReFy | b2 Output noise = || &y — | +¢&p
Input_noise = (+KTBW,| —— | - Ry

Equivalent to noise of Bf || R1



Bifsr 3.2 HLBELIE 7 g oy W s e 75 g R (480D

s
Cutput \msej_ a 1 +sgn2 J’ El =t EnZ
\ Ri.f'
Let p=4KkT-BW
% 2
Dutput_ﬂnise:\]: 5-31.1;51 + |\J{|3_Rfﬁ
\ 1) '
!r R—f\'.l , .2
JL |'|3.R1.R_1J - { IIErE_EII
Input_noise = —
R
— +1
By
2
e o [ )
) Eﬁ s BRARy + BRERY
Input_neise = — — = : :
(Re+Ry) (Re+ Ry
2

By

BROR + BReR, [ FeRy

Input_noise = = |p-

(Re+ Rl}l fer

[FeRp )

R TR _ Equ to noise of Rf || R1
k +R )

Input_noise = \J-HJ' EW-
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Noise Gain for Simple Op-Amp:

8
Noise_Gain= — + 1 (32)
By

Broadband / Gain Relationship:

Unitity_Gain_Bandwidth

Noise (Gain

Closed Loop Bandwidth = (3.5)

Broadband Voltage Noise Component:
BW, =K (22
EI'.IBE = EBB B“‘Tﬂ {23}

1/f Voltage Noise Component:

®fnomn = IE"at_f"\'q:' (24)
1 f ]

Eﬂf = Eff.lf.'lfm. ]I'.I._. f_ i {25}
VL)

Total Voltage Moise (referred to the input of the amplifier):

o ||Eﬂf2 + EnBBZ (2.6) From calculations above
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Broadband Current Noise Component:

BB = BB /BWn (2.3)

1/f Current Noise Component:

ifnom = fat_£T (2.4)
!r f'H |

inf = fnom |17 ra | (2.3)
L)

Total Current Noise (referred to the input of the amplifier):

e |Iinf2 o inEBl (26) From calculations ahove

Convert Current to Voltage Noise

Roq=Ry | Re (33)

i~ iﬂ.RE.q (32
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Thermal Noise (Resistor Noise) Component:

Roq=RylIRs (33)
en ¢ = I'J.kI‘-REq-gf (3.5 0r 1.1)
where

k =1.381E-23 joule/K
T = temperature in Kelvin T, =273.15C + T,

Req = equivalent resistance for simple Op-Amp Circuit
Af = Moise Bandwidth

Compute Total RMS Noise RTI:

Compute Total RM5 Noise RTO:

& out = Bn gy oise Gain (3.7)

Estimate Total Peak-to-Peak Noise RTO:

®n_out_pp = °n_out -0 (3.8)



