
Hello, and welcome to the TI Precision Lab discussing intrinsic op amp noise, 
part 7.   
 
Up to this point in the noise video series we have learned how to predict 
amplifier noise output using calculation and simulation.  In this video we will 
cover techniques for measuring noise.  There are two common types of test 
equipment that are used to measure noise: the oscilloscope and the spectrum 
analyzer.  In this video we will discuss the theory of operation of this 
equipment, as well as some tips and tricks to optimize performance.  !
!
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#!

Let’s start by looking at the oscilloscope, which is $%&'(')*!+,-!.&/+!0&..&1!
2(*!-1341--%/!.-(/5%-!1&4/-6!!7*$40())*8!+,-!/0&$-!4/!0&11-0+-9!+&!+,-!04%054+!&5+$5+!
(19!+,-!$-(:;+&;$-(:!1&4/-!<&)+(3-!)-<-)!4/!&'/-%<-96!!7,4/!/)49-!)4/+/!/&.-!=$/!(19!
+%40:/!+&!-1/5%-!+,(+!+,-!&'/-%<-9!1&4/-!%-(9413!4/!(/!(005%(+-!(/!$&//4')-6!!!
!
7,-!>%/+!=$!%-)(+-/!+&!+,-!+*$-!&?!$%&'-!0&11-0+-9!+&!+,-!/0&$-6!!@&/+!/0&$-!$%&'-/!
(%-!A"BCD!$%&'-/6!!7,4/!.-(1/!+,(+!+,-%-!4/!(!A94<49-!'*!"BD!(E-15(+&%!41!+,-!$%&'-6!!
7,4/!(E-15(=&1!24))!%-950-!+,-!1&4/-!F&&%!'*!(!?(0+&%!&?!"B8!/&!9&1G+!5/-!+,4/!+*$-!&?!
$%&'-H!!I/-!(!94%-0+!0&11-0=&1!+&!+,-!/0&$-8!24+,&5+!(1*!(E-15(=&18!?&%!(!"B!=.-/!
'-E-%!1&4/-!F&&%6!
!
J)2(*/!0,-0:!+,-!1&4/-!F&&%!&?!(1*!41/+%5.-1+!'-?&%-!.(:413!1&4/-!.-(/5%-.-1+/6!!
K1!+,-!0(/-!&?!(1!&/04))&/0&$-8!4+!4/!0&..&1!+&!5/-!(!LMN!/,&%=13!0($!+&!9-+-%.41-!
+,-!41/+%5.-1+G/!1&4/-!F&&%6!
!
@(1*!&/04))&/0&$-/!,(<-!'(19249+,!+,(+!4/!.50,!249-%!+,(1!*&5%!/*/+-./!
'(19249+,6!!O&%!-C(.$)-8!*&5!.(*!5/-!(!PBB@QR!/0&$-!+&!&'/-%<-!+,-!1&4/-!&?!(!
"BB:QR!(.$)4>-%6!!7,-!$%&')-.!24+,!9&413!+,4/!4/!+,(+!+,-!/0&$-!1&4/-!F&&%!410)59-/!(!
)&+!&?!-C+%(!,43,!?%-S5-10*!1&4/-!+,(+!4/!1&+!%-)-<(1+!+&!*&5%!($$)40(=&16!!@&/+!/0&$-/!
,(<-!(!'(19249+,!)4.4=13!?-(+5%-!+,(+!/4314>0(1+)*!%-950-/!'(19249+,!(19!
0&1/-S5-1+)*!4.$%&<-/!+,-!1&4/-!F&&%6!!



T!

7,4/!/)49-!/,&2/!(!+*$40()!9434=R413!&/04))&/0&$-8!.-(/5%413!4+/!1&4/-!F&&%!41!+,%--!
94U-%-1+!0&1>35%(=&1/6!!7,-!2&%/+!0&1>35%(=&18!/,&21!&1!+,-!%43,+8!,(/!(!1&4/-!
F&&%!&?!V.W$$6!!K1!+,4/!0(/-8!(!"BC!/0&$-!$%&'-!4/!5/-9!(19!+,-!/0&$-!'(19249+,!4/!
/-+!+&!+,-!?5))!PBB@QR6!
!
J!/4314>0(1+!4.$%&<-.-1+!0(1!'-!(0,4-<-9!'*!%-$)(0413!+,-!"BC!/0&$-!$%&'-!24+,!(!
94%-0+!LMN!0&11-0=&1!&%!"C!/0&$-!$%&'-6!!@(:413!+,4/!0,(13-!-U-0=<-)*!9-0%-(/-/!
+,-!1&4/-!F&&%!'*!(!?(0+&%!&?!"B8!(/!/,&21!41!+,-!0-1+-%!4.(3-6!!M&=0-!+,(+!+,-!
<-%=0()!%(13-!0,(13-9!?%&.!"B.W!$-%!94<4/4&1!+&!".W!$-%!94<4/4&16!
!
7,-!'-/+!1&4/-!F&&%!&005%/!2,-1!(!LMN!0&11-0=&1!4/!5/-9!()&13!24+,!+,-!'(19249+,!
)4.4=13!?-(+5%-8!(/!/,&21!&1!+,-!)-X6!!K1!+,4/!-C(.$)-8!)4.4=13!+,-!'(19249+,!+&!
#B@QR!%-950-/!+,-!1&4/-!?%&.!B6V.W!+&!B6#.W!&%!)-//6!
!



P!

7,4/!/)49-!/,&2/!(!?-2!(994=&1()!=$/!+,(+!0(1!,-)$!4.$%&<-!+,-!$-%?&%.(10-!&?!*&5%!
/0&$-!.-(/5%-.-1+/6!!O4%/+8!*&5!/,&5)9!(<&49!5/413!+,-!/0&$-!$%&'-G/!YMZ!)-(96!!
K+!0(1!(0+!(/!(!)&&$!(1+-11(!(19!%-0-4<-!-C+%41/40!1&4/-8!34<413!*&5!-%%&%/!41!*&5%!
.-(/5%-.-1+/6!!K?!$&//4')-8!%-.&<-!+,-!/0&$-!$%&'-!0($!(19!5/-!(!94%-0+!YMZ!
0&11-0=&1![(/!/,&21!&1!+,-!+&$!%43,+\6!!M&+-!+,(+!+,-!41+-%1()!/,(X!&1!+,-!/0&$-!
$%&'-!4/!0&11-0+-9!+&!3%&5196!!J)/&8!4+!4/!4.$&%+(1+!+&!()2(*/!.-(/5%-!+,-!1&4/-!
F&&%!&?!*&5%!/0&$-6!!]1-!2(*!+&!9&!+,4/!4/!'*!5/413!(!/,&%=13!0($!(/!/,&21!41!+,-!
>35%-!&1!+,-!'&E&.!%43,+6!!J1&+,-%!.-+,&9!4/!+&!/,&%+!+,-!-19!&?!*&5%!/0&$-!
$%&'-!&%!.-(/5%-.-1+!0(')-6!!Q&2-<-%8!(/!2(/!.-1=&1-9!$%-<4&5/)*8!*&5%!0(')-!
&%!/0&$-!$%&'-!0(1!(0+!(/!(1!(1+-11(6!!I/413!(!/,&%=13!0($!24))!+-))!*&5!+,-!1&4/-!
F&&%!&?!+,-!/0&$-!24+,&5+!(99413!(1*!1&4/-!$40:;5$!&1!+,-!0(')-6!!K+!.(*!'-!5/-?5)!
+&!+%*!'&+,!.-+,&9/!+&!9-+-%.41-!4?!*&5!(%-!$40:413!5$!1&4/-!&1!*&5%!0(')-6!

!

]10-!*&5!,(<-!$%&$-%)*!0&1>35%-9!*&5%!&/04))&/0&$-8!.-(/5%413!1&4/-!4/!9&1-!'*!
(9^5/=13!+,-!=.-!/0()-!+&!.(+0,!+,-!'(19249+,!&?!*&5%!04%054+6!!_(+-%!2-!24))!
/,&2!(1!-C(.$)-!.-(/5%-.-1+!&?!+,-!04%054+!+,(+!2-!949!,(19!0()05)(=&1!(19!
/4.5)(=&1!?&%6!!!

!
!
!
!



`!

_-+G/!1&2!94/05//!/$-0+%5.!(1()*R-%/6!
!
7,-!/$-0+%5.!(1()*R-%!4/!(!<-%*!5/-?5)!41/+%5.-1+!?&%!.-(/5%413!1&4/-8!'-0(5/-!4+!0(1!
/,&2!*&5!+,-!/,($-!&?!+,-!1&4/-!/$-0+%()!9-1/4+*!05%<-6!!7,-!&/04))&/0&$-8!&1!+,-!
&+,-%!,(198!9&-/!1&+!34<-!41?&%.(=&1!(/!+&!+,-!?%-S5-10*!0&1+-1+!&?!*&5%!/*/+-.!
1&4/-6!!I/413!(!/$-0+%5.!(1()*R-%!0(1!'-!<-%*!,-)$?5)!?&%!9-+-0=13!51-C$-0+-9!
-C+%41/40!1&4/-!/431()/!+,(+!(%-!$40:-9!5$6!!O&%!-C(.$)-8!*&5!.(*!/--!(!/$4:-!(+!aBQR!
41940(=13!+,(+!(0!$&2-%!)41-!1&4/-!4/!'-413!$40:-9!5$6!!!!
!
N&10-$+5())*8!+,-!/$-0+%5.!(1()*R-%!2&%:/!'*!/2--$413!(!'(19!$(//!>)+-%!(0%&//!
?%-S5-10*!(19!$)&b13!+,-!>)+-%G/!&5+$5+6!!7,-!249+,!&?!+,-!'(19!$(//!>)+-%!4/!
%-?-%%-9!+&!(/!+,-!.-(/5%-.-1+!'(19249+,6!J<-%(3413!4/!()/&!5/-9!!'*!+,-!41/+%5.-1+!
+&!4.$%&<-!.-(/5%-.-1+!(005%(0*6!!K1!+,-!1-C+!?-2!/)49-/!2-!24))!0&<-%!/&.-!
+%(9-&U/!(//&04(+-9!24+,!0,(13413!+,-!.-(/5%-.-1+!'(19249+,!(19!(<-%(3413!
/-b13/6!



a!

7,-!4.(3-/!('&<-!/,&2!(!/$-0+%5.!(1()*R-%!'-413!5/-9!+&!.-(/5%-!/431()/!(+!ac!:QR!
(19!c#!:QR6!!7,-!+2&!/$-0+%5.!(1()*R-%!%-/5)+/!(%-!%51!5/413!94U-%-1+!.-(/5%-.-1+!
'(19249+,!/-b13/!&?!"`BQR!(19!"#BBQR6!!!
!
7,-!.-(/5%-.-1+!+,(+!5/-9!+,-!1(%%&2!.-(/5%-.-1+!'(19249+,!&?!"`BQR!4/!'-E-%!
(+!%-/&)<413!+,-!94/0%-+-!/431()/6!!J)/&8!+,-!1(%%&2!.-(/5%-.-1+!'(19249+,!%-950-/!
+,-!1&4/-!F&&%!'-0(5/-!+,-!(.&51+!&?!1&4/-!0($+5%-9!41/49-!&?!+,-!'(19!$(//!>)+-%!4/!
/.())-%!24+,!(!1(%%&2!'(19249+,6!!!
!
7,-!.-(/5%-.-1+!24+,!+,-!249-!%-/&)5=&1!'(19249+,!&?!"#BBQR!)&/-/!41?&%.(=&1!
('&5+!-(0,!/431()!'-0(5/-!+,-!249-%!'(19!$(//!>)+-%!0($+5%-/!'&+,!/431()/!(+!&10-6!!
d&6!2,-1!.(:413!1&4/-!.-(/5%-.-1+/8!+(:-!0(%-!+&!5/-!(!.-(/5%-.-1+!'(19249+,!
+,(+!$%&<49-/!3&&9!%-/&)5=&16!!M&+-!+,(+!9-0%-(/413!.-(/5%-.-1+!'(19249+,!24))!
410%-(/-!+,-!/2--$!=.-8!-//-1=())*!+%(9413!+-/+!=.-!?&%!4.$%&<-9!(005%(0*6!!K1!
/&.-!0(/-/!?&%!<-%*!,43,!(005%(0*!.-(/5%-.-1+/8!+-/+!=.-/!0(1!+(:-!/-<-%()!,&5%/H!
7,5/8!4+!4/!1&+!()2(*/!$%(0=0()!+&!5/-!(1!-C+%-.-)*!1(%%&2!.-(/5%-.-1+!'(19249+,6!!!



c!

J1&+,-%!2(*!+&!4.$%&<-!.-(/5%-.-1+!(005%(0*!4/!+&!5/-!(<-%(34138!2,40,!0&.'41-/!
+,-!%-/5)+/!&?!.5)=$)-!1&4/-!/2--$/6!K1!&%9-%!+&!(0,4-<-!(005%(+-!%-/5)+/8!+,-!9-<40-!
0&194=&1/!1--9!+&!%-.(41!0&1/+(1+6!!J<-%(3413!4/!1&+!3&&9!?&%!.-(/5%413!+%(1/4-1+/8!
'5+!4+!9&-/!2&%:!2-))!?&%!.-(/5%413!/$-0+%()!9-1/4+*6!!!
!
J<-%(3413!,(/!+,-!/(.-!+%(9-;&U!(/!24+,!.-(/5%-.-1+!'(19249+,8!/&!410%-(/413!+,-!
(.&51+!&?!(<-%(3-/!?&%!'-E-%!(005%(0*!24))!410%-(/-!+,-!.-(/5%-.-1+!=.-6!K1!+,-!
-C(.$)-/!('&<-8!*&5!0(1!/--!+,-!%-/5)+/!24+,!1&!(<-%(3413!&1!+,-!)-X!(19!+,-!%-/5)+/!
24+,!PeC!(<-%(3413!&1!+,-!%43,+6!!f4+,&5+!(<-%(34138!+,-!/$-0+%()!9-1/4+*!
.-(/5%-.-1+!/,&2/!/4314>0(1+!<(%4(=&16!!I/413!(<-%(34138!*&5!3-+!(!.&%-!(005%(+-!
&<-%())!(<-%(3-!<()5-6!!!



V!

f,-1!9&413!1&4/-!(1()*/4/8!4+!4/!5/-?5)!+&!94/$)(*!.-(/5%-.-1+!%-/5)+/!(/!(!<&)+(3-!
/$-0+%()!9-1/4+*!41!514+/!&?!1WghQR6!!Q&2-<-%8!/$-0+%5.!(1()*R-%/!&X-1!94/$)(*!+,-!
.-(/5%-.-1+!(/!9-04'-);.4))42(E/!&%!9L.6!!7,-!?&%.5)(!('&<-!/,&2/!,&2!+&!
0&1<-%+!9L.!+&!1WghQR6!!f-!24))!1&+!94/05//!+,-!.(+,!41!9-+(4)!,-%-8!'5+!/5i0-!4+!+&!
/(*!+,(+!2-!(%-!0&1<-%=13!+,-!1&4/-!$&2-%!9-)4<-%-9!+&!+,-!41/+%5.-1+G/!`B!!41$5+!
4.$-9(10-!+&!(!1&4/-!/$-0+%()!9-1/4+*6!!K1!/&.-!0(/-/8!4+!.(*!'-!5/-?5)!+&!,(<-!(!
0()4'%(+-9!1&4/-!/&5%0-!+&!0&1>%.!+,(+!+,-!0&1<-%/4&1!+&!9L.!+&!/$-0+%()!9-1/4+*!2(/!
9&1-!(005%(+-)*6!
!



e!

K1!(994=&1!+&!+,-!$%&$-%!0&1>35%(=&1!&?!&/04))&/0&$-/!(19!/$-0+%5.!(1()*R-%/8!
&+,-%!(/$-0+/!&?!*&5%!+-/+!/-+5$!0(1!()/&!,(<-!(!,53-!4.$(0+!&1!+,-!S5()4+*!&?!
*&5%!1&4/-!.-(/5%-.-1+6!

!
"6! O4%/+8!5/-!(!2-))!/,4-)9-9!(19!3%&519-9!-1<4%&1.-1+6!!@(:-!/5%-!+,(+!+,-!/,4-)9!4/!

3%&519-98!(19!(1*!3($/!41!+,-!/,4-)9!(%-!.414.4R-96!!N&$$-%!(19!/+--)!(%-!3&&9!
0,&40-/!?&%!/,4-)9413!.(+-%4()6!f-!&X-1!5/-!(!.&94>-9!/+--)!$(41+!0(1!(/!(!/,4-)9!
?&%!&5%!1&4/-!04%054+/6!

#6! J/!.-1=&1-9!'-?&%-8!4?!$&//4')-8!.(:-!())!04%054+!0&11-0=&1/!94%-0+)*!(19!24+,!
LMN!0(')-/6!

T6! I/-!'(E-%4-/!&%!)41-(%!$&2-%!/5$$)4-/!41!&%9-%!+&!$%&<49-!+,-!)&2-/+;1&4/-!$&2-%!
$&//4')-6!

P6! J!LMN!/,&%=13!0($!4/!5/-?5)!2,-1!.-(/5%413!+,-!1&4/-!F&&%6!!Z&1G+!)-(<-!51;
+-%.41(+-9!&%!F&(=13!41$5+/!&1!*&5%!9-<40-/8!(/!+,-/-!24))!+-19!+&!$40:!5$!
-C+%41/40!1&4/-6!

j-.-.'-%8!+,-!3&()!&?!+,4/!+-/=13!4/!+&!.-(/5%-!+,-!41+%41/40!1&4/-8!/&!+,-/-!
$%-0(5=&1/!(%-!?&05/-9!&1!-)4.41(=13!/&5%0-/!&?!-C+%41/40!1&4/-6!



_-+G/!1&2!($$)*!())!&?!+,-/-!%-();2&%)9!+-0,14S5-/!+&!+,-!]kJa#c!-C(.$)-!04%054+!
?%&.!&5%!,(19!0()05)(=&1/!(19!/4.5)(=&1/6!7,4/!04%054+!2(/!0&11-0+-9!94%-0+)*!+&!(1!
&/04))&/0&$-!24+,!(!LMN!0(')-6!J/!$%-<4&5/)*!.-1=&1-98!+,-!94%-0+!LMN!0&11-0=&1!4/!
'-E-%!+,(1!(!"BC!/0&$-!$%&'-!'-0(5/-!+,-!1&4/-!F&&%!4/!+-1!=.-/!'-E-%6!!!
!

7,-!.-(/5%-9!&5+$5+!1&4/-!<&)+(3-!2(/!PBB5Wj@d!2,4)-!+,-!0()05)(+-9!%-/5)+!?%&.!(1!
-(%)4-%!<49-&!2(/!T#`5Wj@d6!7,-%-!4/!/&.-!94/0%-$(10*!41!+,-!.-(/5%-.-1+8!2,40,!4/!
+*$40()!?&%!/0&$-!.-(/5%-.-1+/6!!7,-!94/0%-$(10*!%-/5)+/!?%&.!$%&0-//!<(%4(=&1/!41!
+,-!9-<40-!(/!2-))!(/!.-(/5%-.-1+!(005%(0*!)4.4+(=&1/!&?!+,-!+-/+!-S54$.-1+6!!K1!
3-1-%()8!+,-!(3%--.-1+!'-+2--1!.-(/5%-9!(19!0()05)(+-9!1&4/-!/,&5)9!'-!&1!+,-!
&%9-%!&?!l#Bm6!

!
K?!+,-!94/0%-$(10*!4/!)(%3-8!>%/+!0&1>%.!+,(+!+,-!9-<40-!4/!0&11-0+-9!$%&$-%)*!(19!4/!
?510=&1()6!!M-C+8!.(:-!/5%-!+,(+!+,-!-S54$.-1+!4/!0&1>35%-9!$%&$-%)*6!!J)2(*/!
0&1>%.!+,(+!+,-!/*/+-.!1&4/-!F&&%!4/!)&2!-1&53,!+&!())&2!?&%!(005%(+-!%-/5)+/6!!
J//5.413!+,(+!+,-%-!(%-!1&!?510=&1()4+*!&%!-S54$.-1+!4//5-/8!+,-!1-C+!+,413!+&!
0&1/49-%!4/!-C+%41/40!1&4/-6!!7%*!4.$%&<413!+,-!/,4-)9413!-1<4%&1.-1+6!!K?!*&5!/=))!/--!
)(%3-!94/0%-$(104-/!(X-%!+,&%&53,)*!+%&5')-/,&&=13!+,-!04%054+8!*&5!/,&5)9!+%*!(!
1&4/-!.-(/5%-.-1+!24+,!(!/$-0+%5.!(1()*R-%!+&!3-+!(!9--$-%!519-%/+(19413!&?!+,-!
/*/+-.G/!1&4/-!0,(%(0+-%4/=0/6!!n&5!.(*!94/0&<-%8!?&%!-C(.$)-8!+,(+!/24+0,413!1&4/-!(+!!

"B!



""!

_-+G/!1&2!5/-!(!/$-0+%5.!(1()*R-%!+&!.-(/5%-!+,-!<&)+(3-!1&4/-!/$-0+%()!9-1/4+*!
05%<-!?&%!]kJa#c6!O&%!+,4/!-C(.$)-8!2-!24))!+%*!+&!%-$%&950-!+,-!05%<-!34<-1!41!+,-!
]kJa#c!9(+(!/,--+6!!7,-!04%054+!0&11-0=&1!4/!/,&21!('&<-6!!!
!
O4%/+8!1&+-!+,(+!+,-!$(%())-)!0&.'41(=&1!&?!j"!(19!j#!4/!)&2!41!&%9-%!+&!.414.4R-!+,-!
+,-%.()!1&4/-6!!J)/&!1&+-!+,(+!(!)(%3-!<()5-!0-%(.40!0($(04+&%!N"!4/!5/-9!+&!(0!0&5$)-!
+,-!/431()!41+&!+,-!/$-0+%5.!(1()*R-%6!!7,-!41$5+!4.$-9(10-!(19!+,-!0&5$)413!
0($(04+&%!?&%.!(!,43,!$(//!>)+-%!24+,!(!<-%*!)&2!05+&U!?%-S5-10*!&?!B6BBVQR6!!7,4/!4/!
4.$&%+(1+!?&%!$%&$-%!"g?!0,(%(0+-%4R(=&16!!7,-!0($(04=<-!0&5$)413!4/!%-S54%-9!
'-0(5/-!+,-!&$;(.$!,(/!(!)(%3-!90!&U/-+!0&.$(%-9!+&!+,-!1&4/-!)-<-)o!/&!+,-!90!
&U/-+!2&5)9!/(+5%(+-!+,-!41$5+6!!M&+-!+,(+!+,-!/$-0+%5.!(1()*R-%!.(*!,(<-!(1!JN!
0&5$)-9!.&9-o!,&2-<-%8!+,-!05+&U!?%-S5-10*!4/!&X-1!+&&!,43,!?&%!(9-S5(+-!"g?!
.-(/5%-.-1+/6!!!
!



"#!

Q-%-!2-!34<-!+,-!/$-0+%()!9-1/4+*!05%<-!%-/5)+/!5/413!+,-!04%054+!?%&.!+,-!$%-<4&5/!
/)49-6!!M&+-!+,(+!+,-!9(+(!2(/!0&))-0+-9!&<-%!/-<-%()!%(13-/6!!O&%!-(0,!?%-S5-10*!
%(13-8!+,-!/$-0+%5.!(1()*R-%/!.-(/5%-.-1+!'(19249+,!4/!(9^5/+-9!+&!&$=.4R-!
(005%(0*6!!J+!)&2!?%-S5-104-/8!?&%!-C(.$)-8!+,-!.-(/5%-.-1+!'(19249+,!4/!<-%*!
1(%%&28!2,-%-!(/!(+!,43,!?%-S5-104-/!4+!4/!249-%6!!7,4/!())&2/!5/!+&!3-+!3&&9!(005%(0*!
(19!()/&!:--$!+,-!.-(/5%-.-1+!=.-!%-(/&1(')-6!!J)/&!1&+-!+,(+!+,-!/*/+-.!1&4/-!
F&&%!2(/!.-(/5%-96!!N,-0:413!+,-!1&4/-!F&&%!4/!4.$&%+(1+8!%-3(%9)-//!&?!+,-!+-/+!
-S54$.-1+!5/-96!!j-.-.'-%8!4?!+,-!1&4/-!F&&%!4/!,43,-%!+,(1!+,-!/431()!*&5!(%-!+%*413!
+&!.-(/5%-!*&5!0(11&+!3-+!(!<()49!%-/5)+6!!!!!



"T!

JX-%!+,-!9(+(!4/!0&))-0+-98!*&5!24))!1--9!+&!.(:-!/&.-!(9^5/+.-1+/!+&!3-+!+,-!
/$-0+%()!9-1/4+*!05%<-6!

!
O4%/+8!0&.'41-!+,-!/-$(%(+-!?%-S5-10*!%(13-/!41+&!&1-!05%<-6!!d-0&198!*&5!24))!1&=0-!

+,(+!+,-!05%<-/!,(<-!(!/+%(13-!A+(4)D!(+!)&2!?%-S5-104-/6!!7,4/!4/!(!0&..&1!
(1&.()*!(//&04(+-9!24+,!/$-0+%5.!(1()*R-%/!2,40,!2-!24))!94/05//!41!.&%-!9-+(4)!
41!+,-!1-C+!/)49-6!O&%!1&28!^5/+!:1&2!+,(+!+,4/!9(+(!/,&5)9!'-!-)4.41(+-96!!J)/&8!
*&5!.(*!/--!/&.-!-C+%41/40!1&4/-!41!*&5%!/$-0+%()!9-1/4+*!05%<-6!!K1!+,4/!-C(.$)-!
*&5!0(1!/--!aBQR!1&4/-!$40:;5$!(19!/&.-!,(%.&140/!&?!aBQR6!K9-())*!+,4/!$40:;5$!
0(1!'-!-)4.41(+-9!+,%&53,!$%&$-%!/,4-)94138!'5+!+,4/!4/!1&+!()2(*/!$&//4')-6!
O41())*8!*&5!24))!1--9!+&!94<49-!+,-!.-(/5%-9!%-/5)+/!'*!+,-!04%054+G/!1&4/-!3(41!41!
&%9-%!+&!%-?-%!+,-!1&4/-!'(0:!+&!+,-!(.$)4>-%!41$5+6!



"P!

7,4/!/)49-!34<-/!?5%+,-%!-C$)(1(=&1!41+&!+,-!0(5/-!&?!+,-!)&2!?%-S5-10*!+(4)6!!O4%/+8!
:--$!41!.419!+,(+!+,-!/$-0+%()!9-1/4+*!05%<-!4/!/,&21!&1!(!)&3(%4+,.40!(C4/8!/&!+,-!
.-(/5%-.-1+!'(19249+,!(/!(!$-%0-1+(3-!&?!?%-S5-10*!4/!.50,!249-%!(+!)&2!
?%-S5-10*!+,-1!(+!,43,!?%-S5-10*6!!J/!(!%-/5)+8!(+!)&2!?%-S5-10*!+,-!.-(/5%-.-1+!
'(19249+,!'(19!$(//!>)+-%!0($+5%-/!/&.-!512(1+-9!90!0&1+-1+!(/!2-))!(/!+,-!"g?!
1&4/-!'-*&19!+,-!?%-S5-10*!+,(+!4/!'-413!.-(/5%-96!!7,4/!$5/,-/!+,-!/$-0+%5.!,43,-%!
+,(1!4+!/,&5)9!'-!(19!0%-(+-/!+,-!)&2!?%-S5-10*!A+(4)6D!!J/!.-1=&1-9!'-?&%-8!+,4/!
41?&%.(=&1!/,&5)9!'-!-)4.41(+-96!!J!3&&9!$%(0=0-!4/!+&!.-(/5%-!&1-!9-0(9-!)&2-%!
+,(1!*&5!1--9!(19!/4.$)*!94/0(%9!+,-!)&2!?%-S5-10*!$&41+/6!!!



"`!

Q-%-!2-!0&.$(%-!+,-!>1()!0&.'41-9!<&)+(3-!/$-0+%()!9-1/4+*!05%<-!.-(/5%-.-1+!
24+,!+,-!9(+(!/,--+!05%<-6!!M&=0-!+,(+!+,-!"g?!1&4/-!0&%1-%!4/!94U-%-1+!+,-1!+,-!9(+(!
/,--+6!!7,4/!4/!1&+!515/5()6!!7,-!"g?!1&4/-!0&%1-%!0,(13-/!24+,!$%&0-//!<(%4(=&1/8!(19!
+,-!9(+(!/,--+!05%<-!/,&2/!+*$40()!$-%?&%.(10-!&1)*6!!J)/&!1&=0-!+,(+!+,-!
'%&(9'(19!/$-0+%()!9-1/4+*!0&.$(%-/!2-))!'-+2--1!+,-!.-(/5%-9!%-/5)+!(19!+,-!
9(+(!/,--+!05%<-6!!7,-!.-(/5%-9!1&4/-!05%<-!0&5)9!,(<-!'--1!4.$%&<-9!24+,!
(994=&1()!(<-%(3413!(19!/,4-)94138!'5+!&<-%())!$%&<49-/!(1!-C0-))-1+!9-$40=&1!&?!+,-!
9-<40-G/!1&4/-!/$-0+%()!9-1/4+*6!



7,(+!0&10)59-/!+,4/!<49-&!p!+,(1:!*&5!?&%!2(+0,413H!k)-(/-!+%*!+,-!S54R!+&!0,-0:!*&5%!
519-%/+(19413!&?!+,4/!<49-&G/!0&1+-1+6!

"a!
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Quiz:  Noise 7 
1. (T/F) A 10x scope probe is better than a 1x scope probe for noise 
measurements. 
a.! True 
b.! False 
  
2. (T/F) The bandwidth limiting feature can be used to improve the noise 
floor. 
a.! True 
b.! False 
  
3. Which of the following is NOT a recommended procedure for 
measuring 1/f noise?  
a.! Set scope in ac coupling mode 
b.! Use a 0.001Hz high pass filter. 
c.! Set time scale to 1 sec per division. 
  
4. (T/F) Ac coupling should be used for broadband noise measurements. 
a.! True 
b.! False 



5. What advantage does a spectrum analyzer have over an oscilloscope in 
noise measurements? 
a.! Operation of the spectrum analyzer is fast and simple. 
b.! The spectrum analyzer is more accurate 
c.! The spectrum analyzer makes it easy to see if you have high frequency 

content at a specific frequency. 
d.! The spectrum analyze can operate to low frequencies.  
  
6. Which is NOT an important precaution for noise measurements? 
a.! Use shield cables to connect to the circuit under test. 
b.! Use low ESR capacitors for coupling the circuit under test to the test 

equipment. 
c.! Use linear power supplies or batteries. 
d.! Test the noise floor of your equipment. 
  
7. (T/F) The maximum frequency that a spectrum analyzer can measure is 
called it’s measurement bandwidth. 
a.! True 
b.! False 

Quiz:  Noise 7 



8. Using a narrow measurement bandwidth will _________. 
a.! Improve accuracy and increase the test time. 
b.! Degrade accuracy and decrease the test time.  
  
9. (T/F) The averaging feature on a spectrum analyzer will improve the 
accuracy of noise measurements. 
a.! True 
b.! False 

Quiz:  Noise 7 
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Quiz:  Noise 7 
1. (T/F) A 10x scope probe is better than a 1x scope probe for noise 
measurements. 
a.! True 
b.! False 
  
2. (T/F) The bandwidth limiting feature can be used to improve the noise 
floor. 
a.! True 
b.! False 
  
3. Which of the following is NOT a recommended procedure for 
measuring 1/f noise?  
a.! Set scope in ac coupling mode 
b.! Use a 0.001Hz high pass filter. 
c.! Set time scale to 1 sec per division. 
  
4. (T/F) Ac coupling should be used for broadband noise measurements. 
a.! True 
b.! False 



5. What advantage does a spectrum analyzer have over an oscilloscope in 
noise measurements? 
a.! Operation of the spectrum analyzer is fast and simple. 
b.! The spectrum analyzer is more accurate 
c.! The spectrum analyzer makes it easy to see if you have high frequency 

content at a specific frequency. 
d.! The spectrum analyze can operate to low frequencies.  
  
6. Which is NOT an important precaution for noise measurements? 
a.! Use shield cables to connect to the circuit under test. 
b.! Use low ESR capacitors for coupling the circuit under test to the test 

equipment. 
c.! Use linear power supplies or batteries. 
d.! Test the noise floor of your equipment. 
  
7. (T/F) The maximum frequency that a spectrum analyzer can measure is 
called it’s measurement bandwidth. 
a.! True 
b.! False 

Quiz:  Noise 7 



8. Using a narrow measurement bandwidth will _________. 
a.! Improve accuracy and increase the test time. 
b.! Degrade accuracy and decrease the test time.  
  
9. (T/F) The averaging feature on a spectrum analyzer will improve the 
accuracy of noise measurements. 
a.! True 
b.! False 

Quiz:  Noise 7 
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