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e, = \/4kTRAf where e is the rms noise voltage
T is Temperature in Kelvin (K)
R is Resistance in Ohms ( Q)
f is noise bandiwdth frequency in Hertz (Hz)
k is Boltzmann's Constant 1.381E-23 joule/K

Note to convert degrees Celsius to Kelvin

Ty = 273.15°C + T,
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Number of Counts
for sampled data

Probability Density function for Mormal (Gaussian) distribution
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Where

f{x) -- Probability Density function for Gaussian Distribution
¥-- the random variable. In this case noise voltage.

p — the mean value

o — the standard deviation
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Where

P(a < x < b) -- the probability that x will be in the interval (a, b)
x-- the random variable. In this case noise voltage.

u -- the mean value

o -- the standard deviation
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n=— Z X (1.4) Mean Value

(1.5) Standard Deviation

(1.6) RMS
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Example where BEMS = STDEV

g(t) = sin(t) + 0.3

! 1z
S 1) dt -
. 2'.':—1}—[} ey

Variance for a Discrete Statistical Population

Ll
=10

War

2% i
J‘ 1-.g{t} i |..I.:'b dt var = 0.5
0 :

Standard deviation for a Discrete Statistical Population

T =/var o =0707

Root Mean Squared (RMS) for a Discrete Statistical Population
This is the same as cifu=10

. !“' Ix : K
RMS = lﬁ—ﬂkj‘ﬁ =(f) dtJ N

) A
EME=-Jo +p So o =+/RMS —p
I| T
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Example where RMS = STDEV

g(t) :=sin(t)

1 2n
Y= J g(t)dt
-0, n=0

Variance defined for a Probability Distribution Function

27
J (g(t) — )’ dt

2n -0 0

var ;=
var = 0.5

Standard deviation defined for a Probability Distribution Function

c :=\/var o =0.707

Root Mean Squared (RMS) defined for a Probability Distribution Function
This is the same as ¢ if p =0

21 \
J g(t)” dt
)

RMS :=

2 —0 0 RMS =0.707
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Dim x(5) as double 'x() is an array of measured voltages
Dim N as integer 'N is the size of the population

Dim Sum, Sum_Sqr, Sum_Sigma as double 'collects the sum

Dim Average, RMS, Sigma as double 'results we are calculating

x(1)=1.2: x(2) = 0.8: x(3) = 1.8: x(4) = 0.7: x(5) = 1.2: N =5

Fori=1toN
Sum = Sum + x(i)
Sum_Sqr=Sum_Sqr + (x(1)) * 2
Next i
Average = Sum /N
RMS = (Sum_Sqr/N) " 0.5

Fori=1toN
Sum_Sigma = Sum_Sigma + (x(i) - Average) " 2
Next i

Sigma = (Sum_Sigma / N) * 0.5

Print "Average="; Average
Print "Standard Deviation="; Sigma
Print "RMS="; RMS

Result of run

Average= 1.14

Standard Deviation= 0.387814
RMS= 1.20416
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Mean defined for a Probability Distribution Function

o
M :J (R)E(x) dx (1) Continuous form
=
=
w= 3 ] (2) Discrete form
x

Variance defined for a Probability Distribution Function

=
et | (x — )80 dx (3) Continuous form
Y
r il .
LI ["X* H"‘-ﬁX)] (4) Discrete form
x=—=

Standard deviation defined for a Probability Distribution Function

=
J [ (5) Continuous form

-

G:\I{::: i [(_x_u',? EX>:| (6) Discrete form

x=-m

Root Mean Squared (RMS) defined for a Probability Distribution Function
Thisisthe same asg if p=0

2 (7) Continuous form

(8) Discrete form
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Mean defined for a Discrete Statistical Population
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p== g {10) Diserete form

Variance defined for a Probability Distribution Function
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P J (- )t
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2 1 8 2
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i=1

Standard deviation defined for a Probability Distribution Function
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=
seilate %Z [ {14) Discrete form
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Root Mean Squared (RMS) defined for a Probability Distribution Function
This is the same as o if 1 =

RMS =
(15) Continuous form

BMS = (16) Discrete form
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1/f Noise Measured in Time Domain Distribution of Noise
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You integrate the Power spectral @

Power 25V2/ Hz density curve to get noise
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Density - j . ]
(V2Hz) NoisePower = : (V_spec_dens)” df= 25— 10 Hz = 250
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附注
1.先计算频谱上的功率u2;
2.功率开方就是RMS


INPUT MOISE AND CURRENT MOISE
SPECTRAL DENSITY vs FREQUENCY
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BW, = fH'Kn Effective Noise Bandwidth
where

f, - is the upper cut frequency
Kn - is the brick wall conversion factor
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mﬁﬁiﬁp +
HHERE(Kn)
1a 1.97¢
2a 1.220
3a 1.16#
da 1.136
Sa 1.12¢
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aBB = *BB/BWq

where

e.gg - Broadband voltage noise in volts rms

egg - Broadband voltage noise density; usually in nVirt-Hz
BW,_ - Noise bandwidth for a given system
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INPUT NOISE AND CURRENT NOISE
SPECTRAL DENSITY vs FREQUENCY
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Sfnom = IEEat_f"\'q‘:'
Where
8 o - NOMMalized noise at 1Hz {usually in nV)

8. ¢ - VOltage noie denisty at f (usually in nV/nt-Hz)
i - a frequency in the 1/f region where noise voltage density is known
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INPUT VOLTAGE AND CURRENT NOISE INBUT NOISE AND CUBRENT NOISE

SPECTRAL DENSITY vs FREQUENCY SPECTRAL DENSITY va FREQUENCY
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K Curment Noise v —
100 -
e R 10 Moise
] 1 — 1]]]1 B
i Wit
1 . 1 \
a1 1 10 100 1 0 100 ik 10k
AL TIER ATERNIER
Equation 2.4 can be used to translate In this case Equation 2.4 is not
the noise at 0.1 Hz to the noise at 1 Hz required because the noise at 1 Hz
(normalized noise) can be read directly.
o = Ex_V(F) = 20nVA(0.1 Hz) Bpom = 0NV
Erom = 6.3nV

A 211 BN AUE T p)

Eﬂf:Eﬁ]Dﬂn- In E

Where
€ 1/f noise in volis rms

€rnorm ~ NOrMalized noise at 1Hz from Equation 4 (usually in nV)
fH - upper frequency of operation (use the noise bandwidth BVW n}
f_ - lower cut frequency of operation (0.1Hz is typically used).
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3 2
th v=.)%f T ®nBEB

e - total input referred voltage noise

n_w
e — total noise from 1/f
egg — total noise from broadband
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1/f noise 1/f noise and broadband
dominates are approximately equal
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Derivation the “Brickwall® correction factor for a first order fliter.

B
- ]‘ e 2 (l6| ) at
|
where

erms — total rme noize from 1 to f2 in Vrms
e, — magnatitude of noise spectral density at f1 in V/ JHz

& — gain function for a single pole filter

1 1
G- 6= ——  (la)’-
T
@, 1=+
B
£
£ 2
em.zjez_  en| s B o
S RIS
| g b
2 f
) e -
g
| “1
e fi,ata.nt J 2, fata.-n
\f
Letf, =0, fy=m
f
2 2
zeg -fp-atan{-:n]'—eﬂ-fp-ata.nff—p;: ’ E
2 2. %
e!m;a:eﬂ"&:'i
B eﬂz-fp-g

Note that /2 is Kn = 1.57 from Table 1.
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Derivation the “Brickwall” correction factor for a first order fliter.

“normal 2 “normal ] “normal - Units for
n” (05 n T (05)2 Tt e, = VIHz
= ®normal 2t
b f=Hz
2 f E:11.1:111]12112 2 b .
ms = J 7 df=e o1 () . erms units of V rms

]

b In E has no units
€ms = “normal ||h| ; '

e I has units of V

BIIENE a8 15 1 1155 B 1 57 3 7
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Sy HEPHME R L T SR

YE#: TI N TR Art Kay

FESR R, BRATIGE TR b W] 5 e e A a2 oy e e iy e SRR s g
PRI 50 e FEASTR S, FATTRE T A dn ] P B 7] s SR % L
R R 7S . SRS S5 N (RTI) G S s S8OR ds U R e 75 L s T80 2
HLUR R A 7 LU B P 85 o BRI P YA N 7 3fe LAI2 SHETBOK 2 (A T8 7 1 2t
BIVRTAG e o B 3.1 S 17 AN [ M 7 Y R 4% T A AT T afe LA 7 98 2 )i (1)
el

Resistor Resistor
Noise Model Noise Model
R1 wn Rf Vn
* AN
AC 6D
" @ f
= /
x>
— .I'I1 |n2 Gp-ﬂmp
—— T Model
Convert circuit above to
{} circuit below
R1 Rf
AVAVAY N
Combined /
MNoise RTI
Vn
Kl 3.1: BEFAHSS &



I 5 AL OB SO B B S5 A (RTI) (M3, AE RSN T, i
S BIMEIEAI. [ 32 A0S R TSI (D SHEaE (2) A4
RIS . V5 5 LA HE R RPN A R . WS, S TR,
BT AEAR R 0 N SR AT WA A 15 AR PO BRI AT R
HE SR S L R 75 25 i (RTO).

R1 RF

—\V dYATAY

/= > L

Signal Gain is refemad
to the signal source.
v ()
The goal is to determine
the peak-to-peak
Moiza Gain is refarred to the /’ — oulpUtpUl voltage,
noise source. The noise source =

is connecled o the noninveriing
input by definiticn,

Moise Gain= — + 1
i Rl

TR 3.1 ] IS SRR &S LS ) e 7 0 2

fE b —RSCET, BATT AR R AN, AN AT s i e
et g WA P e 2 — b I el X B A HL SRR AT S Y s b, IR
P g RoRA . XN FRATTEE R, EHRIE TR (RSS) WA HL it Y1 45 kAT
SRAT. TR REA 3.2 M1 3.3, FeAl T ml K ) s SR 2 L 1Y) L JEIR 7 e 0y 25
RO R YR K] 3345 T CKEIR . Bk 3.1 45t Tz B WA B ST R

e in'E‘f:q (32)

Reg= Ry Il R 33)

Jikea 3255 3.3: Ky A) HUIS SRS (1 HL M 7 45 0 HU I 75 (RT)



Rf

\-\\__
= LS /:%

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 )

AT 13 6207 B 1) 73— DN Bt da SO R i o LB A R L s e P o JRATT R I HY
ST A BRI JATTR T B iy RSS A INiERs 45 RAHE: & . i
Jikes 3.4 5 3.5, FATRDREITAT AR AN G 15, A7 21 A (1 e I 2 2% A
Ao MRS PR R SR B 3.4 45 i THIDORE . Bk 3.2
23 T BB K RN R

Ryg =Ry || Ry (34)

epr = [4K T-ReqAf (3.9)

IR 345 3.5 i IS SRR B HLES U AE P RTI



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 )

VMRS G — e T e A 25, TR DA PR an, AN Th 5 e
WaFE , %3RS DL 6 Gl i F AL ST (E T (E e 7R . FRATIEAS, ER—3
o BRI R A SN T AR g SR LA 6 IR RIA 99.7%. AR 7 FEL 3.6.
3.7 }% 3.8, BPwIvi-& e e

2 2 2
®noin= J ®ni T v Tt

JiFER 3.6: FrA MRS RTI AN

®n out = En_j-n-Nmse_Gam

TR 3.7: e LA A 25

®n out pp ™ J‘Erl_c:n.ﬂ.'ﬁ'ﬂ' For +/- 3c

JiTER 3.8: WX (L
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AR, FATAT LIS PRSI0 T o A, VF2 TRk 3 LA 5e i 75 1)K
TR CAF AN e A 45 R 92 b, JRAT ] PRI R AT 300 BB o5
TAE. AN, TRER T SRR B, DO ORI B BAT S T AR 7 (1 B
BEAE, FAT T3 LAE AU LB X 0 AT T R A0 A, XA RE NI AU 2 e 15 1
i FESFDURRYH, A TR H] SPICE 1 5 s B RBEATAH S0

3.5 Won T H TA 43 AT 1) ] B SBCR 2 I IC B R 0. TR, ABIITH IS
K5 T OPAG27 7= i Ut WA 15, & mf A T WG B 2% i it 4 (www.ti.com).

2 1k R1 100k

l Aty Aty

=WV1i15

f1 OPAB27/BB

+
= VI 15

=

WF1
i

I

K] 3.5: Hi s

GIRT B B D R D 2 L TR P i 25 S R e . IS O RS 3.2, mIHEE
HHE RG2S MRS = RF/ARL + 1= 100k/1k + 1 = 101, {55417 5552 33 0K
PP IRTT SE 55 . AR B I rp i A 4 2 v, FRATITATH R 3.9 5k
BhsE MR B8 . 18 3.6 o 1T K.

Unitity Gain Bandwidth

Closed Loop Bandwidth = : :
Noise Gain

G9

16MHz
Closed Loop Bandwidth = W = 158H:z

JiREa 3.9: Ay HAR B AN BOR & (1 PR o 0



OPEN-LOCP GAIN vs FREQUENCY

140
120 T
100 ] OPAG3T
]
= -
o B Y
E 0 > [l [T
£ N
g : q:‘
20 e
0 el
1 10 100 10k 100k 1M 10M  100M
Frequency (Hz)

Unity Gain Bandwidth = 16MHz
Closed Loop Bandwidth = 16MHz / 101 = 158kHz
Kl 3.6: 7 FR A S I JEOK i (1) PR 5

IIRTIRR D W R A UL S SRAT el B UF S G S S . AN AT 4
HARKRSHIWE R (LK 37, ARG IMPERIET RS (ILE 3.8) o Hlilks EfE
SN iE Ny TIDEE s R 2 OIS S TANC N AR o R B SR AN YR i U

INPUT VOLTAGE NOISE SPECTRAL DENSITY

1k

B-_; J 50nV/rt-Hz |

$ 100 ?-f'

g IN

2 . \“‘x |5nWrt—H7_ t

E 1 Ehn‘""-t... ]* :
1

1 10 100 1k 10k 100k M 10M
Frequency (Hz)
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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

3.8: OPA627 M it

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




NI, BATI R DR S R O SRS R . O, BRATT R R
P RO PR, AR AR HL DRI LA s A PRI, BRIV R A5 g A o T
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
KT REAIYFIAER SR 3.1 e iz oR 7R = A UF XIS 1S D

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.



91 3.3 FIH TN S5 B = (AN TE SRR o TR, AN, B S e
JE 5 I8 SRR W P EATSRABL, DAL X iy M 75 3 AR RS i

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!

ZIKI/L;\/E( %FIWQ’% 71

FERE R RYNCFE R, AT AT 18] 5 s SFOC2S FL s e 7= )3 S . SR
IR T VE IR S UL S TR I S AT AT B VAT WA (R A M A L R4
HHEE I T B S T ﬁiﬂ]ﬁﬁtﬂmm&{ﬁxfm&{ﬁfﬁuEB””EE‘ k1 1.94mVpp. ?ﬂiﬂ‘]f
b5 LR SRR IR S 2% ks, IR AR SCE S SPICE 2T B3t 4
Tt A AR A S R I
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-0V +
Rl 1k

R1

VF1
I

Rf

Vo = (I _xR)

J_’v'\,-’\.r

Equ. Input Moise

Yo
Equ Input Noise= —
Gain

R

ReRy

Equ Input Noi -
DisE= Rf

= ]
Ry

Equ_Input Noise =] (R¢[R;)

!

Re+ Ry

|

A—Ge)-

|OP1

E

Vo = (,xR)
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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-



By 3.3: i BRLis S TBOK i FL R P R s e P o B R 2
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



Bifsx 3.4: i s SBORAS HL i 10 F e A o S R s

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



Bifsx 3.5: i i SO AS i 1) i L B e A S R 5

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)
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Kl 4.1 8o T H TS SO 3 e AR i vk ) MR L . CCVL & —Fhimi s i R
TATH e e 75 rE e oA e S L R o 2 JIT AR AT X PR 4, A DRA TINA Hh )i
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REFLREHE Mo W o I8 SR A R o i HE 2 e oAt Al B S5 Pt i N g 75 47 0 o
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. BT TINA FFE NG A BEREATIE A 404, IR IRATIR N T 15 50 VG1. ATH I
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IR FEL VAL i A AT 35 2 Ok 3.5E-21A/t-Hz, T E KN 2.5E-15A/rt-Hz. HAh, i
PP T AR UE X N, FRATTRR X IS SRR A AR, ST 2 P e 7 A

Passes the Test

INPUT VOLTAGE AND CURRENT BOISE 100 00
SPECTRAL DEMSITY vs FRECUENCY

2
=
S_L

& 4.6: OPA227 i

PARAMETEY o] Lhiad jTRE TS
e Duvaty 1 Krie P P |
By L] F |z lesssivags  ryasolty o
Vekage Mons ;-.'u;!rﬂ.rh Ly 15 v - R
o e Gt Al ) i
fu ¥ 1 2 L
Curment Pl BV = 0 14 i 100 o ] g Weng magnitude
L Cumen_Heiww 4 poe 3 l‘:’ g g | /
INPUT VOLTAGE NOISE SPECTRAL DENSITY
i j
f.00E-31

200 0dn 7

}ANout ]

Vol ncckd #01 ¥n —

Vollage Moiss (rdIV HE )
W,
¥

\

SnvWinHz I 1000

i f 1] 100 i 10k 2 g ™ 1%
Freguency (Hz)
i ] ] pimdie] 1 T obal fetwit] T Farm ] bt T okl i ] L]

' [1] 100 ik 1k 100k M 1N
Frgumency (Hz)

it
i

A& AT: OPAG27 Al i
BT H O g AR AR

TESE B, BATE A A I SO PR, S RS BB PR I P YR FL g
M P o FRA TR FH 23 B e 7S YRR I8 FH i S TBOR AR R X — e A, BRI RE Y
(Analog & Rf models) 2] (¥ Bill Sands 24 Tl JFR T /g ijii. &nr A T1 Mk
www.ti.com FECX R A, TR CTINA-TE ST SR JEare <m0 M sk
Biml . FRATIEAEM R 4.0 1 4.2 tPeh i T TINA 225103



K 4.8 BoR T TG0 ang i am (gl i o IR, It BAT T R P 00 e B T
2% HEL B TEC R A — N B A B N i 2 [ (1) PR G 7 05T o A b 3, SIZ B b AT PR A LA I 7S U
ANi, FRATT AN it 0 ] AR M U A IR e S YR TR A LG R o 1T HL, AE LR O 28
HH IR A 5 R A T R AN TR o BATTHE LA 9 S0 35 o B8 PR AN MR ok () . BATTHE ) H
BMLAE S, LAMEX) OPAG27 [f)n: fH i f HEA T3 2 A

The voltage and current noise
source is available at www.ti.com.

Search for “Tina-Tl| APPLICATION
?CI_—IEMATICS_ ”and lock in the =]+ i |
Noise Analysis” folder. GP11OPALP
\ : T & Vokage_nose

A uzé ( {

u t *

2 = V215

.

cevi Current_Noise
——————

| <P
ki

VG1 ™

K A.8: RIS T s e A 2



Enter magnitude of 1/f and
broadband noise into the
macro.

Vollage_nosse

&Y
L

K A.9: HALLIIL B IR

1/f Region

Look for a point in
the 1/f region.
Enter the frequency
and magnitude at
this point

INPUT VOLTAGE HOISE Mﬂm&'\
I

OP1 OBALP
)

a

,..‘} opabd f nodse source mod:U1 |.P.‘a"1l._ H-:.I| Schematic Edito

Fle Edt Insert View Analysis T8M Toos Heip

lals] ols] v elolrls] o[ |+][F

Y+ G1#[S| &l | 4[| =

\Basic f Swaches s Mebers A Sources 45 emaconductors § Dploslechionics § 5g

clelels|

* BEGIN PROG NSE WANOVOLT/RT-HZ

. SUBCET VMSE 30 40

BEGIN SETUP OF WOISE GEN - NANOVOLT/RT-
INFUT THREE VARIABLES

SET UPF VNSE 1/F

£l
£l
.
ke

NV/RHZ AT 1/F FREQ

nvirtH

(1

+PRARAM NLF=50

+ SET UP VHEE FB

* HV/RHZ FLATBAND

-PARAM NVR=3

Volnge Nose in\y/ Vriz)

* END USER INFUT

* START CALC VALS

.PARAM GLE={FLW™D.25*NLF/1164]

1l 10k
Friguency (Hz)

100k L

A& 4.10: A Uf XL

Bl JE  BRATT A T i I s G S

1w

~PARAM RNV={1.184*NVR*2Z)
.MODEL DV D KEF={FLW"0.5/1E11} I3=1.0E-16

XHRZHF NVR 25 R, o snm

FEWUBTAT IR 5 HOZ R, X AT E AR (LK 4.1 o BABASERZ



Jis BATRIEGEEIF ] SPICE ARG ds . M IRIGHE", TERIMRSHE S BoR iR
R R AR ST SRR IERR KT, IR B g (LI 4.12)

Broadband

Region

Look for a point in
the broad band
region. Enter the
magnitude at this
point

INPUT VOLTAGE NOIZE SPECTRAL DENS

TF

| |

Wollags Motse (n Y Hz)
pd
Fal

;f_l opabd ¥ noise source mod:U1 [MACRO] - Schemati
Fle Edit Insert View Analysis T&M Tools Help

&|8|s| 3|5 [+ <ol -]
[[+]e|Z[S| @] @& ]w] & [4+]

"\ Basic {Satches | Meters | Gources |5 emiconduchors § Dptcekecic

=i
=

clolelsl o

* BEGIN PROG NSE NANMOVOLT/RT-HZ
.SUBCET VN3E 30 40

* BEGIN SETUP OF NOISE GEN — NANOVOLS
+ TNPUT THREE VARIRELES

* SET UP VHNSE 1/F

* NV/RHZ AT 1/F FREQ

. PAREM NLEF=50

* FREQ FOR 1/F VAL

.BARAM FLW=1

+ SET UP VMNSE FB

o D
IR EH
ﬁ .PARAM NVR=5
[l * END USER INPUT
1 10 1_m Ik “h 10:.: 1 “]'M " ETMT I:.hIlC ‘fﬁLS

Frequancy (Hz}

A A1 T A i X Fo

FATDxF LT P Y EER AR AP R s ok, AR AT UF A . XN, T
SRG R ERL LF < PARAM” 38824 2. 5fAIt-Hz. L/f AT Boh ARHAR IR, W

0.001Hz (LK 4.13) .



nodie source mod: U1 [MACRD] - Schematic Edito

Complle j_rjk[fﬁi:l;?ﬁ S el AL R
R e R R ik

the Macro J'iLﬂﬂfiﬁ'?ﬂiﬁiﬂ;“mm%m ols]
ST G
e e e e

* BEGIN SETUF OF NOISE GEN = NANOVOLT/RT=HZ
* INFUT TEREE VARIABLES

= SET UP YMIE L/P

* WV/RHZ AT 1/F FREQ

< PARAM NLE=30

= FREQ FOR 1/F VAL
After macro is Pl i e
= & HV/RHMI FLATBAND
compiled press PARAM NVR=S
4 i = END USER INPUT
file = close” and ;::ﬁ;“,;f;%_ﬁ.ﬁmm,
r'E'tum tﬂ' n:g n'lm_rl: iL:rm-r*u.;nzua I8=1.0E-16
schematic Ix0 5 1med
editor. e
!L.m'lbnt'l @

Wi

K 4.12: gt 4" IF KA

+ BEGIN PROG MSE FEMTO AMP/RT-HZ
.30BCET FEMTO 1 2

+ BEGIN SETUP QOF NOISE GEN - FEMPTORME.
+ INPUT THREE VARIABLES

« gET UP INSE 1/F

“ FASRHEZ AT 1/F FREQ

.mm NLFF=2.5
e : -

Follow the same procedure for
current noise. This example
has no 1/f component (set
FLWF = 0.001).

Z,
_—i: '4111,_

081 OPAMP
Volage_noms
Last Component +* S8TART CALC VALS
Auto Repeat
Wire CPAGZTBM, BP, SM
o Bt Wire OPAGITEM, BP, SM
" PARAMETER MIN TYP MAX UNITS
HOISE
Ratple Left Input Violtage Moise
Rotate Right Moese Density: = 10Hz 15 40 nViHZ
Mirror f = 100Hz L) a nVAHZ
Properties... f= 1hHz 52 ] nvihHz
Edit Symbal... f = 10kHz 45 & vz
Voltage MNesse, BW = 0,1Hz %o 10Hz 0e 1.6 wp-p
WG| [ i Bas Curent Neise
Mo Denssy, T = 100Hz 156 25 > tanHz
Current Moise, BY = 0.1Hz to 10Hz 30 [App

A A.13: T A IR AR

UL, BAT0r PR P P AR AT 1A A BC L, B D R G R s ORI [ — 2
AC ZH(T . /\MWEEE WOZBUERT N TT AR 2 A0 AR T, DRA BT T2 S i JEOR 2 R AT A A 5
BT oR PHIAAT 58 32 M L e (R e P R P o PRI s AE B R H i R B A,



IR T RES 4.1 % dB B bkt . JATERT 7R 4.2 kil Aol by
TS S, ] 4.1 5t OPAG27 AT T XS A&, 414 H T ESHOS KR,

=)
OLG = 10 A

Where
OLG = the Cpen Loop Gain in %5
fdb = the Cpen Loop Gain in dB

TR CAL: #F dB F G M

GEW

Dominant Pole = ——
- LG

WWhere

Daminant_Fole = the first pole in the op amp Open Loop Gain curve
EBEWW = The Gain Bandwidth Praduct

OLG = the Open Loop Gain in Wh

TrFEC4.2: 1 E TSR

i [ﬂ) OPA627

og=102 -1082 /21168 w
Data Sheet

2 GBW  16MH=z
Dominant Pole = —— = - 161z J
ey 1'106 .. i 4B
OPEN-LOOP GAIN ]
Open-Loop Voitage Gain m (o D a8
Crver Specified Temperature 16 [~ dB
SN Grade 100 114 dB
FRECWENCY RESPONSE
Slew Rate: OPABG2T 40 L Vius
OPABIT 100 135 Vius
Setiling Time: OPAEZT 0.01% 550 ns
01% 450 s
OPAG3T 0.01% 450 ns
01% <%> s
Gain-Bandwidth Product: OFABZT 16 MHz
OPABIT =8| MHz
Total Harmonic Distortion + Moise 0.00003 %
POVAIED 110 W

Y 4.1: 2576 OPAG2T HIZEHETFFF 18 75 il 1= G iy



OPEN-LOOP GAIN vs FREQUENCY

140 N1 £
i {: Dominant Pole
H=PTHE for OPAG27
100 S OPAG37
i 1N
z 80 .
a Eﬂ \-‘\. 1
§ f“ .‘\.Hh
3 40 OPAG27 N TS
hh '\‘
20 NRIRE
0 TN
-20

1 10 100 1k 10k 100k 1M 10M 100
Frequency (Hz)

& A4 BigE I SR AT GHIFEIER S

N, BATAY G R e BRI, L ST A 20 A SR Rl s SOHCR
bR IFAL N IRA F LRI, IR R B H kiAo A2 H kiR A, BT E BT
IR DAL 3RAIAED] 4.1 SR IEiR. | 4.15 BEd T HIDOD IR

0OP1 - Operational amplifier

AT Tk
4ihs

ot

—{)

Double Click on Op-Amp | |/™= S T Bt
Mol Model Paramelers
2. Press “Type” Button Eiied T 1
Trgud restance[OFen] El
Edit “Open loop gain” R Smaera o o |
and “Dominant Pole” L
according to Op-Amp i g ) ;
ey
data sheet AT Gl ekt W 0
Cument doubling int. [C] L1}
113 Onap. odfs. B (W] ] 2 -
v O | X I:cn::ll 7 Hew |

K A.15: Gl s 5K 7



PUE, IeFIBORAR e AR e iyt e te . (& 4.16 o TR EIsAT il ol fE e 45 2R
IEQFATT TSR, B A 5 M R M4 VL

OPAGITEM, B, SM
DRNGITEM, B, SM
PARAMETER WIN VP Ay | uwins
HOISE
gt Vil Pcesa o
Mome Denadty: | = 00Hz 1% a0 nvNFz
1= §00HE [ = i
1= fkHz 52 B T
Hiri 1ti:ur!n.'u"':ltu_ [ ;2 : W..\ﬂ; SR e
Vit , BW = 0.0Hz 4 -
Ingut Bias Curert Hone <"' "‘\. ﬂwﬁﬂ,a 1 Tf{'ﬁh{)lh&ﬂ A==
e Dirnity | = 200Hz 16 15 WnFE
Ciament Mose, 5 = O 112 i 10H: 0 | ey 1000015
NPUT VOLTAGE NOISE SPECTRAL DEMSITY
Ik : B Curont_Nose 0 0015 2 BfAktH=z
ii
2 I es]
£ i
i SOnVirtHz H H0nWitHz
& N 2 5n\irtHz
I B o o [z ]|
o
5’ 10 - Elt’ I 3
>
1.00n =3 s B . b | TTmy e S
H 10 00 Tk 108 100 ™
1 Frequency {Hz)

1 [ {1] 10 Tk 10k

Frequency (Hz)

100k i 1
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FATAT R R e s A 7, BEAT Tina SPICE W 73 At TORE AR e s 7
B BATRIAERE R AT BXEHe “Rarth e A B RS I I, i R A R TR A1 X P
AT CRIVRFASCRIR Y 0D A Jle e Pt s JEE 1] o e T P g Al 4 435 5 58 2 PR
SR o BATRIIE I A M 7 2 YA e ) 2 AR R R T . B 4.18 oS T TR AT g
P AT

8 TINA Moise Sources revB - Schematic Editor

Fi= Edit Insert View EN=ye-8 TAM Tooks Help
= S |+ ][ @ffioe =
= * Mode... (]
J+[G[F]¢ smemaoma  [[=[m|Fe[3g]-~[[4] [ [ [ |
\Basic [Swiches [Meter; oot Andlysis Parameters... R sl
DC Analyss k
AC Analysss ¥ Hoise Analysis
Trarsssnt, ..
pppeviet ff BT — v o |
Motse Analysis, .. End hequency 10 [Hz] ﬂ‘
Mumiber of poirds 1000 ? Help
V| | SN SigndlAmpliude |1
T Diagrams
Select “Total Noise” = | v GupiNosd W TotalNeiss
and “Output Noise”. s [ Samintpe
|

K A18: 1A T

K 4.19 MK 420 Lon 7 TINA BEEHIEER. B 4.19 45 T O Ak 116 =
B (B M) o AZIRERAE & T P AT e i, O GG 7 19 2 )8R T Pl 5
4.20 W T e vE N IBOR AR AR R R 7 o JRAT T R USK T SR A i £ X AR 2y
CR R B 3 P~ AIITHES Y iZ 2. TEERG, i it o, [
323uVrms. X4 R 55 = ST KA U IR A A UL (AT TH S A O M 7 Dy
324uV) o WEOERL MEAONHRL, X2 i B SBOCE 1 o PR AR .



£ TINA Noise Sources revB - Schematic Editor

Fie Edit Insert View

LRE T&M Tools Help

elale] ple = |+ afow
. Y Maode... () ;
YL [F ¢ soccmaonea ||| = F6[30]~[F[A4] | | | |
'\am,{M' ek sty AR |Macros
DC Analyss ]
AC Analyss ¥ Hoise Analysis
Trarsssnt. ..
mspeemtlI | | T e i | PR
Moise Analyss... End hequency 10M Hz] 'x Cancel
Mumbsr of pointz 1000 ? Help
Wl | 5N Signal Amphtude 1
P n Di?ﬁ. N
Select “Total Noise = | v Gupifoeg [ TotalNaiss
and “Output Noise”. o= L cn R he
[
B A19: Fit A 5 R
400.00u—
323uV rms
200,000
= i
Ezm.mu—
8 g
100.00u ]
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Frequency (Hz)
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A TINA SRFEES =350 SEBR 3 A B FH s (9] R (e s o R0 B0y, AT 1K o
B 75 1R 79, R ol A ST S iy 4 v (g g s U B R AT A B

g

FEABGH LAR TIOR3 A L

Rod Bert, =2l IC eit& i,

Bruce Trump, Z&PEr=ihee 2,

Tim Green, N TR IFERE;

Neil Albaugh, =g TRED;
Bill Sands, #fl5 Rf #% (Analog & Rf models) 72 & A 1) ;

2% H

1.)Robert V. Hogg 5 Elliot A Tanis Jtlalgn& 1 CBER S0 HHERD , 55 —hie, k=
HiR 7] (Macmillan Publishing Co.) Hifis

2.)C. D. Motchenbacher 5 J. A. Connelly @45 1) (M L RAE BT
Wiley-Interscience Publication H .

KHEH:

Arthur Kay =& Tl s BN H TR A [T SR RS 5 W 8 SCRF TAE . At T
1993 EWNL TG W T 24F¢ (Georgia Institute of Technology), Jf345 i T REfi -+ 2%
7o

Bisk 4.1 HIERMERTR

* BEGIN PROG NSE NANO VOLT/RT-HZ

.SUBCKT VNSE 1 2

* BEGIN SETUP OF NOISE GEN - NANOVOLT/RT-HZ
* INPUT THREE VARIABLES

* SET UP VNSE 1/F

* NV/RHZ AT 1/F FREQ

.PARAM NLF=15

* FREQ FOR 1/F VAL

.PARAM FLW=10

* SET UP VNSE FB



* NV/RHZ FLATBAND

.PARAM NVR=4.5

* END USER INPUT

* START CALC VALS

PARAM GLF={PWR(FLW,0.25)*NLF/1164}
PARAM RNV={1.184*PWR(NVR,2)}
.MODEL DVN D KF={PWR(FLW,0.5)/1E11} IS=1.0E-16
* END CALC VALS

110 7 10E-3

120 8 10E-3

D17 0 DVN

D2 8 0 DVN

E13678{GLF}

R130 1E9

R2 30 1E9

R3 36 1E9

E26450 10

R4 50 {RNV}

R5 5 0 {RNV}

R6 3 4 1E9

R7 40 1E9

E312341

C1101E-15

C2201E-15

C3121E-15



.ENDS

.END PROG NSE NANOV/RT-HZ

Bk 4.2: HLIRME S %

* BEGIN PROG NSE FEMTO AMP/RT-HZ
.SUBCKT FEMT 1 2

* BEGIN SETUP OF NOISE GEN - FEMPTOAMPS/RT-HZ
* INPUT THREE VARIABLES

* SET UP INSE 1/F

* FAIRHZ AT 1/F FREQ

PARAM NLFF=2.5

* FREQ FOR 1/F VAL

PARAM FLWF=0.001

* SET UP INSE FB

* FA/RHZ FLATBAND

PARAM NVRF=2.5

* END USER INPUT

* START CALC VALS

.PARAM GLFF={PWR(FLWF,0.25)*NLFF/1164}
PARAM RNVF={1.184*PWR(NVRF,2)}
MODEL DVNF D KF={PWR(FLWF,0.5)/1E11} IS=1.0E-16
* END CALC VALS

1107 10E-3

120 8 10E-3

D17 0 DVNF

D2 8 0 DVNF



E136 78 {GLFF}
R130 1E9

R2 30 1E9

R3 36 1E9
E2645010
R4 5 0 {RNVF}
R5 5 0 {RNVF}
R6 3 4 1E9

R7 4 0 1E9
G112341E-6
C1101E-15
C220 1E-15
C3121E-15
ENDS

* END PROG NSE FEMTO AMP/RT-HZ



IBELORAS B B AR [ Al B ——
WAy BENERRN
PR AN (T1) gy ] AR Art Kay

AU, FRATR A T TINA SPICE kA HTis B8R (op amp) M .,
[, TINA SPICE 40 H7 i K H s ye g th nl H T8 =341 L2081 (hand
analysis) Jaflt, 1 HAEH T2 08781 TINA SPICE 15 4 AR Bk . 74658
FEA T, RATKE A G TR S LR RS &, R &
FEARIRTE LA K S B A7 S g A TR . BUARIRT I LR I & S, HE A
KR EEH TR 2 8B . EEENERA T, FRATTHE 1) 465 R 7 S e (1) B s
A —— DA 328 FH A S V5 % SR I B8 = 380540 11 48 WO 3 3 v T e 3 116 v %

Bl E W& EIER RMSDVM

7 IR B AT = PR EATRE (RMS) K s LGRS 0 X
FATRAERR W] LA R & AN R EIK AC /55 RMS Hils. BT, IR
M TGV P ST, AR SR B HL IR LA 0.707, 15 RMS B, AR, RAX
PP BT B ACR AR EIER) RMS 3R, UM AGRAEN &I, 38
FEBI N IEZ B J3—J7 1, K EAEN RMS 3R] LA G5 g ms <5 4R 1E 9
.

Y2 Rk )T % (DMM) #8EA HIER RMS Difg. W=, £r il
R A RO REERCLT VAT X RMS (E3HT 82T AL, oRksK
PLERThAE. — 3K DMM £E58 /il I Tl W Z A G R E:  “AC BE” Bk
“AC+DC WE” . f£ “AC” BEMIT, DMM fi N\ Hi sy HE % S5 e 1Y)
AC ik, A, UEiN DC A AFAb R BRIk ——X 2 BEAT 58 4 e 7 I BEAR )32
AR, RO, MW R ok U, R R A ) T R RS R A R . AE
“AC+DC” BLEM L, HAE T HEPECAL, RN SE T 4 RMSEI T

XPE AT AN REH] T 38 Al e Al . AR T A LT ) R RS S L IE RMS SR T4 1
A, s 2 E 5.1,

Circuit
True RMS DMM pgitizer

under test )
Input ac  Thousands Display

terminals  coupling of Samples COMPuUte RMS
O | | RMS
b 11 X

< o—|

\/




AI5.1: T E R /2 EL I RMS DVM 956

2 EIE) RMS DVM U5 e s B, f48 00 20 2% 18 JHL 30 AR VI A0 AS ] 11 32 47 A
Ko 5 DMM HA L 1R 98 7 e 75 U2 AR AL R R IS AT B . 7RI FdsE =X
T, DMM gipih—#KEIER RMS, @780 AC G A, HLREIE M 20
Hz 22 10 MHz Bi se g s o X T— 3K 2 DMM S5, 20UV 2 [l A I 1 L Y
fHo WER T IR S RMVE K — %R, HiESHE 5.2, =, HZ¥ DMM %
N AT R, R [ A e

o ZFHEIEM RMS a: iH LA RMERIIE, LLkFEmg S
W= ) B FEAR

o IRFRATE: 20Hz & 10 MHz.

o NGHAEL: FRFRATTE N 0.1%.

o [HAMERE Y. 20UV (10mV EE)

o EfHE: 10mV. 100mV ...... 1000V

BI5.2: A i /R AN I
BRI B E ATAE

KHIFEIER RMS BRI RME =KL AT X CRARE P 7= 1K)
Jte B, FAER) RMS SCRANRETFURY 2 M4 IR T 75 44 (noise pickupp) ATSE 117
PRI X o AR, 7ipens AE A O RISk B p e o (HARE RS, K2 X
ARSI P FRpe I 22 ARG, DAL, M) P - T8 2 REA 1 Aoy ot s P 5 i 5 K

By AR 7R e Byl T s ey T s eV Oy TR B, DI A A
TAREMUA AN B, KA EENEEIE A e AR RIS . AR, A AR
PN, B E SR R )52 5. B 5.3 o TR BAS  ds2E AT
TEAF I ERAF A R e (EAERE, T Rom ISR DL R e 7 Rl s 0
(ol Ak A, BB I 3 5 AR B — R MBI T o K 2 AR MEAST LR Y A 1) e
A, EIARERI BRI A (Uf B



45105
divisions peak
to peak

5.3: BRI I

By R Peas BATE 2 A1 B D0 g 7S 1 5 IRk, JERERT I BRI 75 . (i
Ut WeED o RN, HUFOREAE A DO RMS BEATHCE TS B 5.4 s g A s
55 5.3 g A YA RISt 7 R B 7 i s 4 BEAGLII HE



______________________________________________ s
—— L i f 2] LFizemy
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45t05

divisions peak )

to peak s IR

| i
TS0 o W TOORS CHT\=400RV 10 Mar 2007

13:34:20

BIS.4: B0 FpIeas L0 IR

ME R AN AR, N IEE Ll YRR . A, EEE A S AT, A
T L AR R A A s I 2 1 [ A g 7 o IR A, A T A ] DAIE ik 1 s 2R i N
Ui ) BNC J7#% LA #% (shorting cap), Bk wids 714 Stk iEs: Can R i
T Ix BED) o XMFIEZ LR A EE, ZRORH Ix SRER I S 4 N
10 f5. KZHUTE _LIRN I A48 ImV/division BFE, JFECH Ix iR as i Er
o BNC H#ER:; AR, @ HAH 10x £R4EF) 10mV/division [fH45 B:

i LR, 5 I R BAESRE AL, RATNAC % & BNC HE, ROy
Hr)IERTT BB I RFL T EMIL T4 GEZHE 55) o o —Mk i Fi i il
RIJTRm S, PRBRonpas AT Rt 51 e B 5| 2k (top cover), [RIREZREL )M
AT GES B 5.6) « B 5.7 878 7> BNC i L%
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Noise Floor= 0.2mVp=p

1x scope connection BNC shorting cap

20MHz BW Limit
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Noise Floor= 1mVp=p
1x scope connection BNC shorting cap

Full BW Limit (400MHz)
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Noise Floor= 10mVp=p
10x scope connection BNC shorting cap
Full BW Limit (400MHz)
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150Hz bandpass
| | Swept from the
| | =" start to stop freq.

| ' |
1kHz 100kHz
start stop
AC Volt
ot 1 >\
signal Swept
AL Filter
B Spectrum Analizer
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yBM: OFF SWp Time: S1.2 mSec
&1 932 Hz =88.77 dBm

-10dBm @
72kHz

-26dBm @
67kHz

Lower
harmonics
obscured

Moise floor
= -B0OdEm
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[ P
NdBm = 10-logg ——
- e lm'W) (5.1)

where
MNdBm — decibel milliwatts
P — Measured power

solve for power
f' NdBm\'y
il
p=(10° 0 /|(tmwy (5.2)

power formula for resistors

v= PR (5.3)

substitute (5.2} into (5.3)

[ NdBm
el ™)
= (lmW)-R (5.4)

Where

R - spectrum analyzer input impedance. Some models will assume
R=50 ohm for both 50chm and 1Mohm input impedance.

MNdBm — decibel milliwatts as displayed on spectrum analyzer

KI5.15: 177 W Z LFE1E 9 11577 51

From figure 5.13 the signal at 72kHz has a magnitude of -10dBm
Use (5.4) to convert -10dBm to volts rms.

—10dBm |
10 )
V=q\10 J-(lmw;p-ﬁm = 0071 V.

[I5.16: #77 WZ LFE1E 9 1k 5

SRR O3 B IR M RS A A, TR nVIrt-Hz O B s S I . {H
e, AR H XN IRE,  BATT AT ARSI I 2 B LAy 4 M 7y 5 10~ 7 R o
BOPE o R, SR B N REREL R Rl A )
HEAME A 98, B 5.17 43 TR UL LA R AL o L i 7 RE . B .17
IRZE T RGO R A T A R RS A 98 T R I R R . B 5.18 W TR Hl
T3 BT ASC R ERD T e ey At ) S0



[ NdBm
v -yl 1 Jamwyr 5.4
spect_anal = ¥ (1mW)- (54
; "’rspect_anal
"'spect den =
- KRBV (53)

Where
MNdBm --the noise magnitude in dBm from the spectrum analyzer
R -- the reference impedance used for the dBm calculation

V.pect_anal — NOIse voltage measured by spectrum analyzer per resolution bandwidth

RBW — resolution bandwidth setting on spectrum analyzer
Vopeat den — Spectral density in (nV/nt-Hz)

K, — comversion factor that changes the resolution bandwidth to a noise bandwidth

AI5.17: JFdBm F 4 G50 B 1) 7
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! o ” 60Hz

(1]
6.1
I/0
BNC -

BNC -
(banana connector)

6.2

6.1



Floating Linear
Supply or
Batteries

POO

Scope or true
Sﬂ RMS DVM

Shielded Banana cables
Coax (twist to minimize
BNC jack to jack EMI pickup)
(GND from coax is

connected to can) ~
Enclosure

grounded
on all sides

. Battery connection
can be made inside
for best results

= |
Circuit under
test

e o
Steel Paint Can

6.2
(boost amplifier)
6.3
5
Floating Linear
Supply or
Scope or true Batteries
? RMS DVM
20mV p-p

N\~ out L4 L
Low Noise Boost Amp 1000x

Al PPT
Cowro ) )
~out

Circuit under test

6.3



Floating Linear
Supply or
Scope or true Batteries
Q RMS DVM
0002
20mV p-p

\~ out 4L L
Low Noise Boost Amp 1000x

I—O In
L
6.4
6.5
vector) 6.6
6% 10
0.5%
Vn_meas
Noise measured by test
equipment Vn_floor
Noise floor of
measurement
equipment
Vn

noise source circuit under test

6.5

(add as



2 2
Vi meas = \/ Vi * Vn floor

(6.0
2 2
V= \/ Vn_meas - Vn_ﬂ oor (6.2
3
Vn_meas =1 and Vn_floor =(1/3)

2
2 2 , 2 (1)
Vin = \/Vn_meas B Vn_floor = [~ (5} =0.943

Noise floor_error = nl 00= (1-0.949 -100= 6%
Vi, 0.943
6.6
(RMS) OPAG27
3 4 OPAG27
(RMS)
6.7 OPAG27 3

4 325uV 346uV
6.8

Shielded Enclosure
e.g. Paint Can

Rf 100k

Calculated (from Part 3, 4):
e, = 325uV rms

Measured HP3458A DVM:
DVM_READING =346uV

BNC Coax
o = A~ ©
k) u True RMS
ik é ﬁ__e DMM
l Battery Power Banana
Inside enclosure
6.7 (RMS) OPAG627



1. RMS
2.
3.
4.
5.
6. OPAG627 40uVv
100 4mV
7. RMS
1/ 60Hz “ ”
RMS
RMS
8.
6.8
OPAG27
6.9 3 4
6 RMS
1 2.4mVp-p RMS 2.4mVp-
p/6=400uV rms 3 4
325uV 400uV
Shieelgeg;:tcg):nure Calculated (from Part 3, 4):
e, = 325uV rms
le 100k Scope Measurment:

Scope_READING =400uV

[ 1
R1Lk| T BNC | Coax ane L]

= R . ° Scope
. OPA627
_Y é V) U 1Mohm Input
I vae AC Coupling
L Battery Power

Inside enclosure

6.9 OPAG27




il
i
i

Noise Floor =(0:2:div)x(ImV/div) -
Noise Floor =:0.2mVpg : :

Noise_Floor_rms = (0.2mVpp)/6 = 33uVrms

N

: : ;
TNV S R Y R R e i il
! : Lo

Bl

Noise = (2.4 div)x(1m
Noise = 2.4mVpp -
Noise_rms =(2.4mVp

V/div)

p)/6 = 400uVrms

Noise Floor Measured Noise
IChij .1.00':&1\/«/% W .2'00;1'5. thir 'o'v.] THIET T.00mVAAT ~ W Zo0ps Chi 7 o'\';l
6.10
OPA227
0.1 Hz 10 Hz
1/f
6.10 0.1Hz
10Hz 0.1Hz 10Hz
100 (OPA227) =1001
1/f
6.10 100100 100x1001
100100
6.11 6.12 6.12 OPA227
5mV/100100 = 50nV
Gain = 1001 0.1Hz HPF 10Hz LPF
1 100K Gain =10 gom Gain=10 RI10 402
L] o S
_L_amoo_ I S C? S = UZ:’PABS R8 40.2k ’_ELL_ML
h - g_ r}::svoek Sl_,_‘ji%
Device Under Test 3 -
DUT 1 |
R11 178k % BNCto
1/f Filter ARETE | S
0.1Hz to 10Hz L e
Total Gain =100 1 [ lodz L

6.

11



INPUT NCQISE YOLTAGE vs TIME

OPA227 Scope !
Measurement g
Using Noise Hilter |

e b b WMWM\'MM
il ks

< N 5. 00mv J *

WM 1.00's Chi 7 oV

LS
(SDF\.G' ‘|3

OPA227 Data Sheet 0.1Hz
“'to 10Hz Noise Curve

AW G G ; o ) G .
B W, e A R L
)ll .l‘-'".‘l'.- l“_|[|\u'l‘ll'\|.l4\fl rl‘I\'l\‘tr’Jllll‘llfl".l"\r-vlr.JilrlJ'J. I,I‘ 1-.1 -Il'l ||‘.‘“-‘If-‘f|l,l||\__l.lj‘ | !

Data Sheet Curve

1sfdiv

Y-axis scale adjusted to account for the gain to match data sheet .
Adjusted_scale = 5mV/(10x10x1000) = 50nV/div

6.12
1/f
1/f 1/f
+3C
1/f 6.12
OPA132
60uVv
(10uV/C)(6C) = 60UV 6.12 100
6mMV  (60uV)(100) = 6MV
1/f
+0.1C
(2]
- OPA132 | OPA132
- (0.6mVp-p in paint can) | (3mVp-p inffree air) |
: FNTIRE I POV LW ,.ww_gi_
T g U T T
Low noise in thermaily - Looks like nofse but is

W 10.0s Chi &

TRl T.00mV &

6.13 OPA132

oV

Ch iRy

MOT0.0s Chi %

4000V ;



OPAG27

6.14
0.064Hz  100kHz
1/f
1Hz
C1 R3
0.008Hz 1/f
0.064Hz C1
6.14 3
R1 R2 (Req = R1||R2)
Low Req to Reduce effect of bias
current noise and thermal noise Spectrum Analyzer
R2 10k
W e dc coupled
] e Bandwidth 0.064Hz to 100kHz
= V25 —
R1 100
C|1|20u
- Ul OPA627/BB :
23 IM Input
27 Impedance

7

20mV dc offset
0.2mVp-p

0.008Hz HPF removes dc component,

but still allows 1/f measurement

6.14

6.14

=16MHz/100=160kHz

100

1/



6.14

160kHz
100kHz
6.15
0.064Hz 10Hz 10Hz 1kHz 1kHz 100 kHz
0.1Hz
100kHz 1x10°
0.064 Hz 10 Hz 0.01Hz 1kHz
100Hz
OPAG627 Output Spectral Density (Gain=100)
1.00E+00
1.00E-01 |
= 1.00E-02
£ 100E-03 ] 0.065Hz to 10Hz
> Measurement
g LO0E-041 \ J/ 10Hz 10 1kHZ | 1y t0 100kHz
% 10005 — Measuriament Measurement
(%- 1.00E-06 \< \\ ‘
1.00E-07 |
1.00E-08 NOISG F'Qor ‘ | ! ] - .‘
1.00E-02 1.00E-01 1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05
Freq (Hz)
6.15
6.16
60Hz 120Hz
6.15
1kHz 1Hz

0.1Hz

100kHz

1Hz



1/f 6.17

0.0625 Hz 10 Hz 10 Hz 1 kHz
10Hz, 1kHz 10Hz

60Hz

6.18 6.18

OPA627 Output Spectral Density (Gain=100)

1.00E+00
1.00E-01 A
Low Frequency Band
10002 —  Pass Filter Error 60Hz Noise
1.00E-03 / PICkup

1.00E-04 -

) /
Y &\\) e

Spectral Density (V/rt-Hz)

1.00E-07 ‘
1.00E-08 T T ‘ t T 1
1.00E-02 1.00E-01 1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05
Freq (Hz)

6.16



- 1.00E-02
I
S - 1Hz - Band pass filter 1Hz - Band pass filter
z LOOEOS T is very wide near 1Hz is very narrow at 1kHz
2 - (dc and 1/f noise introduce errors )
2 1.00E-04 -
o
° > —
8 —_—/ ——
@ 1.00E-05 ™= /
4 N\
REEN ~ N ¥
1.00E-06 / -
/ /
v 4 'I | [
1.00E-07 / ] ‘ [ 1] [ [T
1.00E-01 / 1.00E+00 / 1.00E+01 1.00E+02 1.00E+03
Actual Measured Frea (H2)
Noise Noise
6.17
OPAG627 Spectral Density (nV/rt-Hz)
1000
3
£ 100
E \\ Measured Noise , with scale
fu?’ \ adjusted and aberrant data
S N points removed. (11 ]
o N\
£ 10 N\ /
@ v Vi
o "
(%] - —
L
Average
Noise
1 T ; ‘ :
0.1 1 10 100 1000 10000 100000
Frequency (Hz)
6.18
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1/f
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INPUT VOLTAGE NOISE SPECTRAL DENSITY

1k
~ OPA627
E:
5::; 100
; b Data Sheet
5 Noise
= ‘x\ < v
2 I
= 10 -
= .
}“' ) *4 ==
Z11
Measured
Noise
"I 1 | |
1 10 100 1k 10k 100k 1M 101
Frequency (Hz)
6.19
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CMOS  Bipolar
Tl
. IC Rod Burt
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. Tim Green
. Mark R. Stitt
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x3 for Estimate of Max

Estimate of Max = 150nV/rt-Hz
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o

K 1.6 KB ih a1 A pd 2

Vo = 4KTo-Af (1)

where

Vpn
VW, - Thermal noise at base of bipolar transisfgr from physical resistance

k - Bolzmannii constant (1.381E-23 joule/%)
T - Temperature in Kelvin
r, - Physical resistance in base of transistor

Af - Noise bandwidth |
bn

. 2

icn = 20-lcAf (2
where
icn - Collector shot noise current
g - Electron charge (1.610 B coulomb)
lc - dc collector current

| a
.2 B
ibn = 2:0-lg-Af + Kl-—b-Af ©)]

f

Shot noise Flicker noise Burst noise
where
i, - Base current noise

Iz - DC base current

K1 - Semiconductor process dependent constant for flicker noise
a - aconstant between 0.5 and 2.0
b - a constant about unity

K 1.7 KB TEALKF

MATTER 1 AT R A

TR 1 UL TSR0 A SR A ) B PR o A MR UL IS
SRBOR AR, ARSI 52 th 5 ZE S B AN AR R IECT) ESD fRy RS L 11,
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Vbn2 = 4.kT- I'bAf

For a 20% variation in 1, vbn will vary

%_variation_vbn =

WT2- ) o s

%_variation_vbn =

4.KT-r,-Af
\) b

%_variation_vbn = 9.5%
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.2
icn = 20 1.-Af
In terms of voltage

Vep = iz~(2-q~lc~Af)
Im

Substitute gm for bipolar

o gt L_kT
™ v mokT Im  alc
q

Collector shot noise in voltage format

2
Vcnz _ (k_-:—) '(z'q'lc'Af)

q'c

B 100 F7H D e 7 6 1 i T 1

Collector shot noise in voltage format

2
Vcn2 - (s_;l;) '(Z'q'lc'Af)

assuming PTAT Ic = Tl

Vcnzz{ kT T-[Zq-(a-T-IC)-Af}

0-(o-Tlg)

combine all constants into Ka

Ve’ = Ka(l—chz.[(T-lc)-Af]

Thus, collector shot noise voltage is directly proportionate to \/T'
and inversely proportionate to \/'_c for a PTAT bias.
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Tt b o T 32k BE AR R SE MR K, PTEA Zero-TC BCE 5 PTAT JiAH
AR T 75 EE R, IR 20k, R BTSN IR

assuming Zero-TC Ic is constant over temperature

2
Vcnz - [k_:—} '(Z'Q'IC'M)

q'c

combine all constants into Kb

Ven’ = Kp (II)Z-(IC~Af)

c

KpAf
|

=T

Ven
c

Thus, collector shot noise voltage is directly proportionate to T
and inversely proportionate to \/l_c for a Zero-TC bias.
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estimate worst case noise based on Iq
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a
|

) B
Ibn = KlTAf
Where K1 is the flicker constant and is process dependent

I a
2 1 B
Yon” = K

Im

2 2| 18°
Vbn = Kd — | | —Af
o) \f

Thus, flicker noise also increases with temperature and decreases
with Ic.
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, Ign-
ign” = 201 Af 4)
where |
, - Gate shot noise current dn

19

ig
q - Electron charge (1.610"
lg - dc gate current (leakage)
Af - Noise bandwidth

coulomb)

lgns
.2 2 nzp
ign = 4-k-T-(§~gm)~Af + l%-—b-Af (5)
f
Thermal Noise flicker noise

where

ign - drain noise from shot noing{hJ%CmQOQmeination Of |g? and |92

k - Boltzmann#H constant (1.381E-23 joule/%5)
T - Temperature in Kelvin
0, - Transconductance of FET

Kg - Process dependent constant for flicker noise

& 7.16 HA FET MAIXEZH
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e = Zﬂ Broadband noise for FET
nbb =

3 O
Im= [2Kg w ‘Ip for strong inversion
m L

o [T
nbb 3 " W |
S L D

Combine all the constants into K .

e = |Ke— T Zero-TC equation
nbb = I
\[ D

Note noise for the Zero-TC bias is proportionate to \ﬁ

and inversely proportionate to f/E

For PTAT substitute Ip=alg

T
enbb = K¢
“d'OUT

Combining all constants into K 4

4
-
enbb = Kg j|:

d

Note noise for the PTAT bias is proportionate to i‘ﬁ

and inversely proportionate to 4/ Ip

A& 7.7 A FET

B 7.18 4t TR AR U T 89 A FET () PTAT 1 Zero-TC
O B VR . 99 RAETE FET EX . 59T R S 5 1d [1°F
TIAR B B o R P 0 T B A 2 5 i B2 1)1 AR B B IR PR T O 2 2R
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¥ 56 AR
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nbb = 4k-T- (3 gm) Broadband noise

g-A-l
g = D For weak inversion
m= kT
2 1 2
e = — |4k T:| =
nbb 2[ [ngﬂ
9m
e 2 8k-T
nbb =
g-A-l
3 D
k- T
L2 8T
nbb = 30-Aclp
_ T
enbb = K¢ \/I— for Zero-TC
D

for Ptat Ip=oaly

T2

2
e =K,——
nbb C aTly

-
enbb = Ky m for PTAT
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2

edn = Kz Af General FET flicker equation
2¢b in voltage form
9m
W
9m= ’Z'KS' T b for strong inversion
| a-1
edn = Kz Af for strong inversion

f
A 719 KM FET AR A
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MErE R R, “a” B2 AT 0.5 2 2 ZIEWEL. Mk, EiE
LT, RS #S 1d RS, A Zero-TC (MBS, WK
¥ o SRR E IR wh—A PTAT MBS, EHEXRUERT a M.

a

e 2_ Ka: o -Af
dn 3 g Zfb General FET flicker equation in voltage form
m
Om= D For weak inversion
m- kT
IDa—Z ~T2
€dn = Kg' b Af For weak inversion

f
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Time Domain Signal for Bipolar Device With Popcorn Noise)
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Time Domain Popcorn Noise Signal

= gf\. 7
= 1)) W ohAr Ay
s . )
- A
w A A
0 0.2 04 0.6 0.8 1

time (sec)

Derivatjve of Timje Domain Pop¢orn Noise Signal
) S—.
y N\
7 | | \J

0 02 0.4 06 08 1

Vn RTI (uV)

time (sec)

& 8.18 MK LM (75 75

Time Domain Noise Signal for a Normal Device
s
3
—~ 2 A [l [
>
S 1
= o
o 1
(=
> o
3
4 T
0 0.2 0.4 06 0.8 1
time (sec)

Derivative of Time Domain Noise Signal for a Normal Device

11 (1AM ‘.“,ullnh i lluln mmH.
!l'!!’ | Hl“|\|’v', "‘,”"”" ’

Vn RTI (uV/Sec)
A b AL o 4 ow s

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

time (sec.)

K 8.19 FrifEat A1) F

B 8.20 K KA 5 SELIFEIR K] 5 b a3 2F e = SEARIRIEE T Hui. 18
KAEME AR B B R A K AE (outlying bin) P B A KA. IX LB RE

global=sources
HA =B
E?ﬁlﬂ.’. = 1|=| 3 www.analog.eetchina.com



global=sources
*; HJE%{E % www.analog.eetchina.com

(EAEL P ECH IR N o THERD, s IF IR AN B K 1 B R
(outlier). %Wl IS, RAEEHZIAT 4o KRR, +-4 brifEf 2z
AN ) GE TRl 0.007%. o BZRBIRRRIE &4 15000 AMFE
A, BRIEFRA T LUA I R —AMEA (15000 x 0.007% = 1.05) {RIXLEHl R 2
Gho NI, +- 4o WIRZANLAR I FIBAEAR W] REAUE BORAEME 7 o 1201 B
B AR s AR P v AR AR R A T T

Mean = 0.00 Mean = 0.00
Std. dev. = 1.28 Histogram for Derivative of Normal Signal Std. dev. = 4.91 Histogram for Derivative of Popcorn Signal
2500 16;9_' 3500 374144
2003 Mo
- 3000 -]
2000 J M 1894
2500 { 2065 2257
1472
.. 1500 139501 1 | = = 2000 A
g
c s
8 939 8§ 1500 =
3 900
1000 RIEIEIE 086
570 1000 a
500 480 463 537
1 220 225 500 1 231 251
75 98 68 40 22 38 53 98 I:I U 11854 57 32 36] 7
Ossefnnﬂ HDD”“41 olat 2 Cam DN n e 27 20
T = 5 = s s s 5 o sTs s & & 8 8 8 8 8 =
517 9 9 7 % % ¥ 7 7%
VIS
Num = 14999 uvisec] Num = 14998 [uv/Sec]

— 40 ——

Good unit Popcorn
4 measurements 139 measurements
outside of 40 outside of 40

K 8.20 FrifEat T RIGH AR 7E e A7 FE T

i 5 AT A AT RO AR I 75 1) 5 — Py 5 K I (1 Ve 2 0 e s L5 AR
I 2 UG 7 AT X P B 8,21 Kg— ANAT ORI S I 2 A F IR 0 A B S — b
AESSAEI 0 AT B REAT TR LG o TRVER, BROoRAE M Pl A 0 b s I F I 75 1) 6
o BEAN, B NERIRA TR LEBIEAT 7%, rimsmif 1 AKAEmE 75 AR e s
Vo FRICAE, AU SR AR 7= S R AEME 77 LU S M9 s, (H2 AT 4 22
UEWIAFAEREORAEME 7 o (E, AT AN M 7 2l ) o P 7 AT e, i
XL R A BATEORTEME S

global=sources
HA =B
*;?u'ﬂ-" = 1=| 3 www.analog.eetchina.com

— 40 ——




global=sources

*; ?u;?tv%{%- % www.arjgllog.eetchina.com

Mean=000 e = Dol
& . =y
S Histogram of Normal Skgnal s Histogram for Popcomn Skgnal
300 =
i ¥y i)
FE ] i FEd v
_ Ean 20000 a7
Em 151-
- 30 XMy
£ 172
3 b0 1247 :
4 & 91 0E1
i = : o
1000 & o3 &1
W ” T i ” n 3™ Ho n
H |21}
| LRI -
L oo | " m._ = . 1] | L - el
o g o i FEETD o e il e i S T g e S e
9 9 Qo o =1 =3 L= Q = =] =9 Q (=] Q Q = Q
. C R 5 ®§ = = ¥ ¥ ¥ ¥ B F ®
; 1 Gl ¢ T
» a : LUV R
Fum = 15040 [I q b = 120000 LI rI
- Vpp=-5VRT —————— - Wpp=+30:¥ RT| ——————————
Gaod wait Papoomm wnit
Eaussan disribation Mor-Gaussian dsinbudon

[ B2 e A T U L 8 AR 70 P L
BB AL W A AR T

ASCHERE T PR ] T 0328 AR AN 73 (R ik e SR PO i R IO A5 5 (1 3
e IR A E R B REE . KRRy +/-4 brdfEdw 22 (AL,
RZPEHPAEAT— U +- 4 bRdEf 22, WA i A I R

S T B A A P i IR PR 1 A R A R A SRS 7
b ZE S DU I, B 8.22 DAy s &l TR LRI . SR ZE T I ER
BRI IR T 1% 2 B th Ze T b T 2 A8 Ak TS 3 FI58 4 #4)
P S IR Tk Rt 22 i DL 4 15 M 2, 85 mT DU I H S 22 5 00 1 1 B AL 75
IR ZENG DT (R AR 75 0 ) P A A 2 A S0 ) PR e R 7 o 55 e 22 15 DA BR AR
bE, FATRORACIE P (K A A AT LA B AR 7 o e 5 e P A0 R 1 4 A e
ZENG DU o AN AL IX LURR PR (R 25 1 n] e RAT ORI MR 7=, G e R P o
PUE AT DL A DR IX L g L T i o

global=sources
HA =B
*;?u'ﬂ'vl: B ™ www.analog.eetchina.com



global=sources
*; HJE%{E % www.analog.eetchina.com

Input Voltage Noise Spectral Density

Max 1/f 1000
typical x 3 —1n (typical)
(E.g. 150nV) \\ —n :mé);)

Typical 100 ™ g Max Broadband
e.g. 50nV/rtHz I e typical +10%
e ) s \\.._ \\.. — (e.g. 5.5nV)

//:/'\ U N ~ TSN
Min 1/f typical / 3 10 <= it Typical
(e.g. 16.7nV) (e.g. 5nV/rtHz)
1 Min Broadband
1 10 100 1000 10000 100000 1000000 typical -10%
Frequency (Hz) (eg 45nV)

[ 8.22 AR RN
AT e A AE M 7 2
FER RIS SIS (fo < kHz) . EXHIDKIEME A T LI . i,
P22l P CEEG, IR o 10512 S LRI T AR 430 e K A 75 B 8.23
SR TR EEG WIB. MBI IS (ks DC (35, LusiEH
KA 75 o 75— TR T, 3 A KA 75 2 — T4 AR
G

Beta 13 — 22Hz s U T 20uVpp

Alpha 8 — 13Hz ﬁ-ﬂ,g.gffrgr;frlrﬁ%g#f‘gﬂ?ﬁﬂw # 20uVpp
Theta d—8Hz VAN A Vrasi ™Ayl 10uVpp
Delta 2 — 4Hz T.x"**-*vf\um*w“ 100uVpp
Delta0.5-2Hz /" /™ 7 400uvpp

/A 8.23 M) EEG WTE
PR AL 730 3 BN M HLRME R o RLE, PGS P AT R RK AR e 7

A, B 8.24 o TN ABLYUIN AT W EORAEE A e . (22, iEieAE,
FE LU0 T, A HL DT R 7 K e 0 B 1 P P 7 F s e 7

global=sources
HA =B
*;?u'ﬂ-" = 1=| 3 www.analog.eetchina.com



global=sources

*; ?u;?'ﬁ%ﬁ % www.analog.eetchina.com

Rin = 1MQ
Vout = 50mVpp
—|fc = 100Hz

: Rin = 100kQ Rin = 10kQ

Vout = 5mVpp Vout = 0.5mVpp
fc = 100Hz fc = 100Hz

fCh | eI T s R 7.

Oh R T T 0s AT X oV T 700w MT.00s TR 4onv

& 8.24 SZJIHISENTHT H I HEK 76 e 77

FE—LERG D0 N, SEATIE A ] REAERORAE M A AR A S . B 8.25 Whom T[R4
PER P RRAN L 98 o TEVERL, B 8.25 FRIIPI BB AR S A KA ME /S, (HRAE
TEAF VRN OL N, MR A EROK T A A A B B

R;, = 10kQ Rip = 10k
V. = 0.5mVpp V.. = 0.5mVpp
f. = 100Hz f. = 10kHz

: ! | : | :
";;;;;mw T A T AR 'M%Mﬁﬁ‘%ﬁ‘fﬂf Vi

(T —WLBIE TRT T W T PRI, A

K] 8.25 G TR T IE I R TE 1 7

global=sources
N i —
*;HJE%EE www.analog.eetchina.com



global=sources
*; ;uiﬁ’v%{n =T owww analog.eetchina.com

u “H— %%%

EASCP ARG T A MR KL . 7228 O MRAMP R K A i
W& AU WL LU AR AR BOR SRR R F WS,

Rl T BRI AT AR SRS T BT S (I AN Il o IR ER N
[AREECE

o MR IC Wil4 P Rod Burt
o LR FE M4 Bruce Trump

o TFEZH Tim Green

AR TFEZ ! Scott Gulas

2%4H

CREPIEE R 0 T 5 % 1h) , YE#: Paul R. Gray 5 Robert G. Meyer,
% —HX, H Hamilton Printing Company .

EHE T

Arthur Kay IUT TI s H TREIN, S 57 A5 KA A5 5 R a0 SR/ F TAE. fth
F- 1993 HFEeNLTTriA W2 T 24P (Georgia Institute of Technology), kLT 1.
TR 2247 o fth ¥ 4E Burr-Brown 5 Northrop Grumman 23 &) HAT- 1 2 S AR
TR,

global=sources
E;ﬁﬁg{: 7w, analog.eetchina.com



	第一部分：引言与统计数据评论
	第二部分：运算放大器噪声介绍
	第三部分：电阻噪声与计算示例
	第四部分：“TINA SPICE”电路模拟套件分析
	第五部分：噪声测量简介
	第六部分：噪声测量实例
	第七部分：放大器的内部噪声
	第八部分：爆米花噪声（二）



