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- ABSTRACT

Frequency beats combine frequency doppler effect, in a typical Heterodyne
interferometer ~system. Use He-Ne laser is hight stabilized, beam contain two frequency
components, each with a unique linear polarization. First step laser beam was split at a polarizing
beam splitter. Single beam reflects at moving target and recombine of two frequency. The
movable target remain stationary, the frequency of optical interference signal will be the exact
difference between the laser two frequency (f-f,). When the target move the frequency at the
optical interference signal will be shifted up or down by the doppler effect (fliAfl) depending on
the direction of target motion. We can measure distance of target movement. This measurement

decrease error from index of air was change, oscillation, ambient light etc.



Aaanssudszmea

v 9
1 9 1
Tassufidszaudynuasgiassams 4 winne sazmsud lvilyrumariioz
v
Tiqunsoud Tvilmuazglassadananil1d Swiayanamaril veveunszqauiluedia
9
o a o & A 1 = < 9 9 o °
1. p11sderiy  uyaiad fquawalald aoufeade wazlnanugiuuei
1 4 ::yo g ' P
a1 9 el InstuiiduSaqar laned
4 a a Pt 1 o 1
2. 0WIsdesaa niaaan deegtionde uuh uaziugseliuaeedi
a aq Yo o ol
3. WAL D AT A IRALHEUNE
o a 4 a A
4. Aaamnd ayaiae asgnsdinemdaiiazmalulad Nidoaazauiay
Ituanun lumside
a o ~ 4 o auw
5. WA.A3.23174 101aeA1 fowATizgunsailun1iive
o Hq Yo o 1 = = Eq
6. egasIn fdmy AliAwuznhluausemgEga 9 fdlunlsz Teanilu
n135398
t A qa 1 A ' A Y
7. 3w Innnmudinganaomae luvaigau
o | Ay & = Yo o
gatevevounszauauie el Wqfesq uaziouq noauiineslimdslinanis:

|y

un{ [ % A

HIGIFUANA VIYLUDI

LT o

WeRaste Fedwana



a13ley

unangony Ing

UNAAYDNIHIDINGY

fAaanssuilszae

1518y

AN

Y

a3ty gy

Y

51N

D.

g

]

Unn 1 unu

=h.

=h.

11 anudlumneed1asaau
v Jd
12 Ingisasn
1.3 U9 UUAVDINITIY
vy
1.4 TUAUUBINIINLALITAITANULIU
1.5 wanmaneg sy
2 NYURUATHANNIT
2.1 NISHNINEADAVDIULE
2.2 MSUNTNEADAMVUA LA 2 A
=% 4
2.3 Uad
A = P4 Pl
2.4 MIasuANNINNUIINYMTHIABWNADS
v Aa Ca=! a 4
25 lunadudumesilelsimos
a 4 a J a
26 sumesilelsimoswiiaunys-melsd
a =1 a 4 < I 4
2.7 dueesile IsueosuUULNATUIADS
2.8 Homodyne Interferometer
2.9 Heterodyne Interferometer
Jdu
7 10 SoulspuiisulaTuameiiiueame Tsaen
3 35MIR NN
Y 14:_’] 3 1
31 Jumsnaasdl@auuesnduiunauag 9

32 damtsznenvesgilnsal

v
i1

10
15
16
17
18
19

20
20



=
=
=SD.
N

~
unn 5

NN

MANUIN

3.3 Stabilized He-Ne Laser
3.4 UAUAINISAINIU
35 laozunsuasnsAutums
WansnaaodLazenilsena
v 1 { 4
4.1 MINULAMNNANIINAADIIANAAIIANNDUDIUALY DS
o A a s s A A
42 MUEAINITIY loop NiAnINsingmssiaseilulesiieneu
a o d‘
TuTasiwesou 1
Y] dla r'd a’d‘ d‘
43 MIUEAINIIY loop MifAINUTINgMIsinseili/esiiemen
a d v L:i
TuTastwesoud 2
w e\ A o s A A
44 M3UEAINTIY loop MARIINYTINgMIsainsoulefileiaeu
a o d'
T Tastmesoui 3
aquiazdorduonuy
51 aq
52 Toiauanug

3049

23
25
25

26
32

33

34

35

36
37



a3lYMIN

=h.

ATN

@ 1 4 J 3 ~
l. Llﬁﬂ\1Wﬁﬂ"l'i'ﬂﬂ'ﬁi’N'Jﬂﬂ'J'lllﬂ'l\iﬂ'l'lﬂa‘llf)ﬁlal“]fﬂiﬂiﬂﬂ 1
v

2. !Lﬁﬂ\iN’c’lﬂﬁﬂﬂﬁi’)\‘l’e}lﬂﬂ31hﬁi1ﬂﬂ31maﬂlﬂdlﬁlcﬁ6§(ﬂiﬁ

=l

2

Qe

a
=i

@ ] { J
3. Llﬁﬂ\‘lWﬁfﬂi'ﬂﬂﬁ@\i'mﬂﬂll@]NﬂfJ'llla“UﬂQLm“]f@iﬂ N3

€e
D.

J

4. LL’EWNNﬁﬂﬁﬂﬂﬂ@\i’jﬂﬂ’ﬂmﬁiﬁﬂ’ﬂha‘U’ENLﬁL"h’ﬂiﬂi\‘i1’] 4

v

@ 1 A d v A
5. LUEAANAANTITNAADIIAAIINATIANUDUDIUALYDIATIN S

(Y

v A a '3 s A A a Jw A
6. lLﬁﬂQﬂTiuUﬂLﬂﬂ’ﬂWﬂﬂﬂﬂaﬂ”ﬁmﬂﬂWLWﬁ@ﬁLN@mﬂuqﬂJTﬂiumai UN 1

o Aa '3 S A A a Ju A
7. LlﬁﬂQﬂ’li‘L!‘U‘VILﬂﬂﬁ]Wﬂﬂi"lﬂaﬂ'ﬁﬂm@wmﬁ@ililﬂm@1!1111?]‘3‘“!5’]65 UN 2

[

v A a ¢ s A A a o A
8. Llﬁﬂ\’lﬂTiu‘lJ'ﬂLﬂﬂi]']ﬂﬂﬁﬂg]ﬂ'ﬁmﬂ@vﬂwaﬂilﬂﬂlﬁﬂu‘luiﬂiﬂlﬂﬂi UN 3

26
26
27
27
28
32
33

34



ean
[l

asliay3)

=Db.

1. ugeemsilasunaq iradiance YoINIWATUNIAFRATIANUAIUHAO

~ 4

anvazvesdyuad

A a A Y o = 2 =1
MIDIUANUDNITUHTUNANMIARDUN

A A a ' oA a A4 4
NIADUANNUDNTULNAINUUANUNIIIAADUN

[ v a o a 4
()uaaananmived lunadudmaesiwe 1sines

a A A dy
5. (b)LLﬁﬂQﬂ”liLﬂﬂﬂ”l'illﬂiﬂﬁﬂﬂﬁlulﬂiﬂﬂllau

10.
11.
12.
13.
14.
15.
16.
17.

v W A v a A= a 4
Llﬁﬂﬁﬂuﬂ‘ﬂ“UfN'J\iiJﬂcl‘L!"lﬂJlﬂﬁﬁuﬂu&ﬂ@ilwﬂiimﬁﬂi

a o a d a =1 o
uansoumes e lsimesydaunus-ne Isa

a d A a o < < 4
Llf’fﬂﬂﬂumE]i!ﬂﬂi'imﬁﬂilm‘ﬂullﬂl“lﬁ!mﬂi

[ d
meﬂﬁfﬂﬂ’ﬂdqﬂﬂ’im Heterodyne Interferometer
(aaa31)319 Beam Splitter
HEAAIANY U Polarizing Beam Splitter
(AAIANYMS Non Polarizing Beam Splitter
113 Detector APD module C5658
(AA9IAT 09Counter
d' a 4 [

Llﬁﬂ\‘llﬂﬁﬂﬁﬂlﬂﬁgﬁﬁ!ﬂﬂﬁiﬂ
(LE7A9I999 Stabilized Helium-Neon Laser

HEAAIUHUAINTNAADY

i
11
14
15
16
18
20
21
21
21
22
23
23
24



CREHLTERY]

n31N

E4
Y [

1. LA NUANNUS T2 IR AL NN

=h.
ot

@

2. LA NUFURUT T2 HINNAA AN AN

e
=h.
[\S)

N

[

3. UEAANNFURUT T2 IINAANANANUNAIATIN 3

Nge
=b.

N

v

4. AN FURUT T2 HAINNAANATNANUNAIATIN 4

g
=h.

N

k4
Y [

5. LEAIANNFURUT TEHANIWAA 1A IINAAINAIATIN 5

29
29
30
30
31



1.1 anuiheanveslassnuiiay
A o Y o a a < 913 a
wovluilegiius 18linms Jaszeznievesdenn q Tas s wuwiuldiuliog
[ v : o v a a o a 4 ¢ o [
wnwe 14 un Wussia @alaldluszauiaaweas), nesiesaadules @aialdluszau
-4 a ¢ & 9 @ 16 o (= ~ 1Y A Ao <
10*) waz lulasiiwmes @eia ldlusedulunsew) uands liisanenzSaundinivinaan
Vo Vet Y] A A dqy o o & o Yo ' &
A aew ldimsahunsedionldamwes lumsia deauisadavnialddiniiluasen 33
' o e ! g o o a
sz lomivnlumsdiadavesiivaun o lagmnsldmsunsnaeaveauawssmilding
= d o Y o ° Y & A & dy =S '
msdadnuudniludnase lddszoeniseenut  Gminioddiofl 58071 Heterodyne
Interferometer

4 s o o o > P
ElﬁﬁﬂizIU‘KH‘UENU‘HLS1ﬁ1m'5€1u'lvl‘l]’mﬂﬁxﬂz“n‘l\iﬁuum q  UaE  aautyy

Tulasiimes 1d8ndan

[ d
1.2 Ingszasn
4 9 A A = o >
1. LWE)ﬁi"l\i‘ljﬂiﬂi’f)d'llﬂ‘luﬂ'liﬁﬂll'lﬂﬁ'mixﬂ%‘ﬂN‘Uu'lﬂfTulﬂﬂ =]
2. iefAnNYITEUY Heterodyne Interferometer

4 o [=1 a 'd
3. wammsnaassaeuneylylasiwes

1.3 YaUIAVYDINIIIVY

1. 1WOA31952 VY Heterodyne Interferometer M5 UMsaouieoy lulnsiwes

1.4 TUABUMTIVBHAZIDAUHUNY

[ 9 =)

d 0 I'd o o v

1. dansouginsal 1dun awes, nszanazRowaudvsnedues,fl tonue,

LY a r'd

dantuauas lulnstimeslSsuieu

(4 o o [ a

2. Anwmanmsinuvesgunssiuaazyiia

o = A oA
3. AATUNIATOIND
4, {fﬂﬁ?N’N%i Stabilized UD3 He-Ne laser

@ L4
5. 3a219gUnsal



6. NMMINAABLAZIAAT
7. imsdsulysilymens q e ld ldyanToationidseansam
1.5 manmanazlasy
9 d' A Ao a a
1. anseadngansesionilseaniam

2. 15 lumsaeuiiou lulasimes 18

.
a 1

- g = Y av (&Y
3. iohanuianuansed ldananise hihlszgndSadadie o



YN 2

nguHUazHanNMs

2.1 MIUNINTDAVDIUAS

a 4 A a .{3 a Y [ @ 9 o 4
msnanauduaziadiy - awisoefiueld lasordondnmsdeuiiuvesniu
dyu ) do o Ao 1 s £ a v
wennnildeiilnngmsaldfaiGoniinmsunsnasn (interference) Vo FoTuwld

] ¢ Y ) ] y i & ‘:’
dwnssawnau Usingmsslilidumsrunau 2 aduiull udrdwaldifemsdiuiazanly
UPUWAIAYDINAUT I MIUNINaRAfidewa IliiamsuENNAgASINTIMTUNS NEeALLY
[@5ua513 (constructive interference) fIUNISUNIAFBANFIWATHAAMIAALBINEATENT
@ = o A

NSUNINADAULUHNAN (destructive  interference) AMTTIWOUTULAZIAAINSILIATAA
Y ¥ 1 d:y a o ya
Tudnuaeiiiien1151n5uMsNa0A (interfernce pattern or fringe) M13051181/51ngN 1501 U

k7 a ' A = & = LY [ 9 Y A
vlﬂIﬂEJﬂﬂ'J'lLL’LTQLﬂaE)N‘VﬂULLUUﬂﬁN HAZUNIITINAUATUNANNITEDUNVUDIAO Y

2.2 MIUNTNEOAUUVAMETI 2 @1
£ i
Tududu sefinsanmsunsnaeavesues 2 41 Mumudromunlwih E, uaz E,
£ 4 [ v . v
Tumsfnuimsunsagemin_ AauugRaouinIzIBNIINIMA S WA EITULAzIAA O UT,
i v [ G
T luszoznnnaaneiu nanfe waeia 2 dnelinnudiderty uairmiwosmafims
(AABUT k, 1AL k, UANANAY A9TUNS
& o o o ' o Y A n’/‘ o do '
o 99 P G301AABTUBNAINUI (position vector) 11lu r A1AaUIAIT oI N AURG 1ML
y ]
i mannsamwadnivesnsswaau lannnanniss s
E, =E, +E,

[ a & Y A 9 4 g [ a o o o [ ' A
msialsunanaudsamiedansesiala q willumsiadsinafifersundesnu ndnde
Jaudlunnumuuniuvendanu w3e  imadiance Fuilumsiadifeassvaaiounagavos

4 @ @ v W o/
au Wi vazimetlestunsduauludadnualild 9219 1 = iradiance

I=gC<E'> 3.



t4
v W

IUHY irradiance 'ﬁi}ﬂ P flﬂ'WﬁI\i‘f:
L= g€ < E; >
[ = g5 < E; -E; =
=&C<(E +E,)-(E, +E,) >
= £C<E? +E2 +2E, -E, >
MnauNs 4 s1annsam@N imadiance v10AAN E, dif I = £C < E.> unz
irradiance 1AAAY Efim I, =gC< Ezz >

vy
LY

Aauaz1a =0 |+ E/*L,

¢ Y oy
il 1, dumeviivufumsnseisenin E, uay E, (36071 IMOUUDINITUNINEDA
. £ Xy 1t Y Sy 1 a ' Y
(interference term) cmmanuﬂ:”lunﬂsmgmtﬂunsmw"lmﬂﬂmmmnﬁaﬂ 519190812 187

i [ 0 (1 1)
1, Hozilumeniiialifiiamsiivuagan iradiance Y94AANTMID
STRITORPLNY) I SRR \NE , - 6.

v
[ s o @ Jd @ % Y 1 a
2147 1, Tfrgage 1 E, My E, vumdu uay szdfugud 1 B, fu E, deninfu fe lifa
a o n::y ) Y YA a 4 o o
Msunsnaea 1IN snIsanluanvae it Malvnswldndeuaan Tnarlsd 2 drnsmfiu
° Y a E vy '3 Aaa o ¥ A A '
i ldnamsmsnaeavuldnneinlsynovupataaninauuiuiy - Netliilosana el
L4 1 [~ k] aaa n’/’ & o @
Twan lsenunsanenauin Wdhwazmuuutiman) 18 uaeunnnifgdmindaduiaz fu

A3V E, | E, nIneuns 6. S unual B, tag E, 1nauns 1 uaz 2 aw'ld

Y o Y
fruald

g=kK, r+e

E, -E, =E,, - Eg,CO8(a — at)cos(f — at)



y 1
daty <E By >= EEm -Egyc08(a - B)

1
- EE‘” -Ecos[(k, —k,) -r+(g —&)] 7.

o 1 [ o o dyd
mewlu [ ] vesaums 7 nAeanuuanadyes E, MU E, ues Srdmualiimeuiiiian

Wy & nande
o=[(k,—k,) r+(g-&)] 8.
L, =& ¢C(E,, - By JoOSS 9.

o [ a’: i o ' P Y1
AU I, uag 1, Wy diefaunInunasve B uaz B, 130 <E > uaz <E,’> 9z 141

:

2
N2
1 0CE o1
2
1 2 10.
) NG
2 0CEo2
2
Tunsdii E,, uag E, YUIURY E,,. E,, 920100 E,, E,, a0iuaun1ii 9 92'ldan
/ 11,
BN 28050, C9SE,
uaz L=d+1;#241 1, cos¢ 12.

] v
A o/

= sldy 1 =) o A Y Y a 2 4 o [ P
Na‘nblﬂuﬁ]uwummﬂumﬂa"lﬂmuaﬂuﬂsmmmmiswaau 2 Aad _AIMIUNTUNAAUN
4’! d' a = s (] ; 1@ 1 . U A 9/
ADUAAOUN IUNATINY HAVINAUATT 12 ﬂ:tﬂuamﬂwuagﬂummm 0058 NATIADNTUIN

1910 3219 1> 1+ vag lununduiudae

' . $ 4

WenvisanamaNUMaHaveInauINUN AN 1A a0 50 O Tuaums 8 9
wud1 O Uszneudae 2 dau fe (€,-€,) FuiluanuuanmauasuiiosnnmaEudy uas
(k,k,) . r Fuiun21uuANA19YBA progation constant vector Tud s (€,-€,) Inslaen
[] [ =1 4 A Y] & A () a n’: 1 1 o a ] o
wlaseda luduszidioy wiednisnilanfounassuianiaes luduurassuiinoWus

s @ ° EY S ¢ o o‘;’ = £y a 4# '
(incoherent) i 923111 < cos & > Tisuilugud dniuduuiziRansunsndendy uanmns
1 a 9 o A [] " ¥ v A A o o o
unsneeasz lifaldisuiu esninluawisanseg lduuwe WuAstonludwalumsi

Y
i ldisweuiunmnisunsndeade unastuilaisaesdeadauifeniusogiia



9190812731 183181 cos = +1 2z Idmsunsnaeanuuasuai
adulunsdiii cosO = -1 92 Tdmsunsnasauuuind
msfasuulawes 1 du & uana3lugdd 1 lunsdifl 1= 1,=1, vz 1amsiind

1 1 = < @ @ o '
pgeduysel Anwuanaivewiulddafonuauda 1 b azaudaniigy a

Imax = lidlz42J14 B2

o 2ol Cdlo

-5x -3x X 0 X 3Ix 5x

(b)
lﬂ' dl -y = e 1 -/‘)
3U7 1 namsmsn/agunilas irradiance ¥oImHMITUNI NARARUANUAIUE O

d
2.3 Uaa {Beats)
o I=1 d a o A =P a @ < EY (] = LY
dyauiad 1AAINN1TINAUYBY 2 AFUNTANYBA UGNy WUREINL
a A P! @ o 9y @ A4 A 1=y . =
ATAAAUAYY ANYUTVOITYIUAAIBNUAAUNUIAL Relative Phase tasuiasniuian
dl dl =1 I d‘ n‘ o . ¥ :{du a
unuivznldsuauszozmaniiounsaindutia MITIAUYDY Sinusoidal Wave NTOUUAYA
1 v Y ' '
uazdanmadsuadniutansdsgy 2 Tuiil lavesnduiiins Oscillate gandtezie
v 2 A da " 4 3 .t
(11 Reference Phase favumavesnauiitfiannmssiususzuaasnmsulasumavosnaudia
5 1 1 < E . 4 { . .
15 Oscillate A1171 8619 15AM N 131 Amplitude YOINAUTINIZIAeULIAWUY Sinusoidal

uamslasulalu'ldiIy sinusoidal



[
aA v

Tadiludnuazvesmsnaudaanadiisulfyan/fouasmunm  uasld
VIE]‘Hf] Fourier ‘lumﬁlﬂﬁzﬁ'ﬁnﬁymﬁnﬂu aperiodic modulation c?qﬂnﬁué’amnﬁﬂ periodic
uag aperiodic modulation mmﬁ’aumunm sinusoidal 9XUEAAIAY modulating function g(t) ﬁ”uﬁa
Fouumudyanudie gt cos TV, 81 g U sinusoidal aunsogumemduTowdy
daulszneuveanuiiiegganiuasiini v, fedradu 2 Anwdiiants Modulate fi fHin
Wudyaediadii Modulating Frequency Taodrhi18ifiu Full Modulate Sut/agavesdayaa
sz hiaafagud uasidilsznouvosanud v, munaduves Modulating Wave 92

v [
. » = v .
UsenouAIe Carrier Frequency 1lazdl  Sideband Frequency NAYUNATUY19VDY  Carrier

Frequency

o,

.:{ e o/ =
310 2 anvavesdyanuia

d ; ¢ ¢
2.4 ms@eunnudnnlnngMsinetnaes
4 ' d & o oA v o
msfasuntasnimdvesnduludnyuzuss Doppler Shift iAAANNTUWUS

o

Tumsindeufiveamasiuiiauasdsy fyane wienan ldiufanisdounuivesnin
INMISATOURYBY Inert object AILARUFIMAUNADUANINUNAIR TR STy nsifa
Doppler Effect auisaifinlafunaudoasaui Electromagnetic Spectrum Fanua F9luids
Wran1sifin Doppler A11115003110'1da1F4 Atomic 1ag Cosmic 391154 Atomic vzReTes
fumsnszaIeAIave Spectrum Line $utf{0911910 Thermal Velocity U990¢ABY 130

Tuianavesdanan danlude Cosmic 92na1I04MIIAA Red Shift W30 Blue Shift V04



] [ v
Spectrum Line Gafinisil@oumlasmuanuisy duiuannsald Doppler Effect Tunisma

a ] @ 1 1 o ' @ A v o
Usnannuiivesing lWedaminr Tasldsmiunqui duiusam

) 9 o

§1na1adansiia Doppler Effect lunsdivesndwdosvzuiafiunsainddauna

u

waeuiluvaziundsduiangaile  vaznsdifiunasduilamaoui luvaziiddunangaila

& o’: | = d' Y @ Yo =1 ey 1 a a A 1
cm'lumﬁadﬂsmﬂaummmmmﬂ'lmm:ummmmnmqmﬂmmammauammmm'a

U
] ' b4
= I

A v o Jdo =1 ' c;d'w FY AdA 1 []
mmanﬂauﬁuwuﬁnummwﬂumsmaau*n LLa:mmmnwmmm"lﬂﬁluﬁammuum"lu

[ o

Y 1 =1 (=1 1 1 dd‘ ' o a d'l d' 9 d'(
NNy Lm1uﬂsmﬂuamaa‘hum'nmmmwizmwﬂimmmaqmmﬂmaauw UHAAUNANADU

o =2 v a " = [ a’l‘ =
1 391¥inaveen1siia Doppler Shift smiioudy lusitaeensal

v W @

#sanmsadeuiivesnduiidmsudygnunSoddunaiidumis P unas

o A ' oA A s A - & Y '
m!.uﬂE)gHN'lﬂL‘ﬂuiSEJzWN S AUUANAUNUANNYINAY 7\, ANULINIUDIAAU iﬂﬂﬂ P ag

HRINUNAIRIIA AR REVAIAIINGINAY  AINISOANIIAANINUHES AT R ABUT
9 o w d' ‘é 1 d'{ A'l d' (] a
Whvga P fdnvazidlussinuaiy Tuniiamizenainauaziadouiidiuga P a1uiianiaves
't o a d' A 4 =4 d. 0o v Aa d'l d‘
urasswilatiuszoy v cosO kin O fe YuYONNNRRsAIINEINNTZ N UNAMINITIAR U

4 Lo 2 £ ' a A A A o o A
UBInau muu“luﬁummmmﬂ:uﬂaumaau‘nmuqﬂ P Lflumu:lu v cose/}\, HUAD NI

1 o

s & da v A
WuvuveInNd N INgUAddIna Ao
~ veosé
A
& 4 o 4 o A A Ao Y o a o 1
1IN € = vd Wa V. AeanudvRnauINUTAIRanaundune laeddunangails dadau

Av 13.

voamsasuulaimanud Ao
Av vcosé ”
3) c '

L] i@

Y

= 4 2 _ay = 4 a4
'Q"‘IJ‘VI?) MIEDUANNINITUFHTUNANNITIAADUN



tﬁl d’ d‘ ~ 1 o a A d‘ tﬂ'
E‘IJ‘VI 4 MIL@DUANUANTULWTAINUUANNITIADDUN

v 1 o A & ~ —A Yo P [
ﬂ’]llWaQﬂHUﬂlﬂﬁﬂuwiuﬂlmgﬂWﬂuﬂﬂﬂq@uq GNEII 4

U
v ) v I 1
N9152NWIUIAT ¢ AIUVOINTNAAY AB Haz CD (NAYUNIAT t1 LAY 2 1D
' v
U AN UlABEAA MU ST AT S2 AINEIAY ALY
SA=c(tt) uagy SD=c(tt) 15.
A A < A - A ] a a L] & [ & P 1 o a A
W9 ¢ A5 lUMTINABNNYINAY FIINANINANLINAUABILBINUN AN WA HSoMU

P~ |
AT A
T=t,t, =1V 16.
d‘ A ‘ﬁ' d‘ U o a ) dy U o ) =) d' Ki’
We V Aennudvednay o unainuta tazluramiiuvassuiainswasuion s1
152 a2'1édNn
S,S,=vT 17.

v
o o

Adiy ANVEIAAUT unA TRIINGFUNANYAta 71 AB Liaz €D 3EHANATAY

A'=AC=S,A-S,D-SS, cos O 18.

A A U 1 4 < a A L A =
o 9 ADAIYUITHIN S A UAZNINIADIANUIGT v uazﬂﬂTﬂﬂammmﬂamf]uszmuma

u

HInUMaIn utaNIn 9
=< Y
NAUMT 1509 18 92 18N ‘
A =cT—vT cose 19.

[

wagitipanin c= V'A e V' fleardnduna’ld a2 188ns1n13180 Doppler Shift

Av _v'-v %COSB

% v o1_V
1 Ccose

20.




10

E4
[ s

: 1 1 L = 4 a
FIAUMS 20 ANNAUMS 14 wiziiluanuduius lunsdiveimsinasuiivesddunaia

=

) [ v
aodauns dunain AV sziiaudu oo laaeiie v>c d1luansanaduldlunsa

[

kY
Haane

waoui daunsdin v imdesq aunsadisuaums 19lugdeynsuiidaves vic fie
Av v V2
——=—cos€+—2cosz¢9+... 21.

v C

§ 1Y 4 { 4 3y (Y ]

FUNOUUINVBIAUNS 21 milouruaums 20 TasmsideuanudusnauiiuegiunnuG?
vy y

youumasnuiauazddunamniiu ludufudnans

A o Y a = d o
il1ﬂﬂ'|'§Lf1ﬂuﬂi$i]ﬂﬁJSV]'l(lﬁ!,ﬂﬂﬂ'ﬂﬂJﬂﬂﬂﬂtﬂﬁﬂi PNTUNIT

V'—":V(li'x)
o4
Av=iVX
C
s
e ey, Tt
ot 2
A
SN
2

v oa d = a [
2.5 lumagudumeiilalsiimes
[ & dy ' o A Yo
wanmsvaunTesil nanalugyl 5 s iummasduilanaslidwes (1) senm

. v v [

diodwasii nssnunduanias BS ziamsuondwatoonidly 2 difiliueunagamiiiu
[l v b4
Ao dudeaziou (2) uazdwasiiiinly @) dwaegesile: ldazdounszan M1 waz M2
$ 4 ¥ b4 [
AduIMLIUAANg BS 8nase Tuasetawes (2) wenzqriuuas (3) azazioui BS udd
¥
pon lUawiuiludmas @) uagi lfifamsunsnaoaiy
Y [
aanszan M, ez M, snunsolsulnaemndulalesldangianegdunduen
dy <& a & v A Y o A :?’ 1
1IniinszanuIUKHil@ s afizRoudIionoen Idmuuvesduas  madeuiiszdana
Y = a ~ o < 1 4 [
1520 msnldeundad i 1dauidesns  namaasszdunaiiuiudiesSunszanuiuy
4 o o % 4 4 < 4 1 o s o

Tavuniisezmudueaniiandouniaiuim vy waziios1USuBnuud et ngey

A [V n’/’ a A [ n’: o Y1 Ao & Pui
waoumy aalunasvyurIedsunszaniadosuu s ldnliduauniouniuiie

A o = ° o A 4 (v qYo o o o

MYUH30UTUNTZINDIA DI WA sl myunselsulddwasiiaenivans iy

4 o w Yy a  a dﬂgd:ln;é L da Sa
wionuiu ldnedzifiamsunsndeavewdunuiluidairanufaiuinin  SiATuiife
9y

'
a

[ =) ' o a L
5’JTIL‘iﬁ]z’lﬂuﬁ&’mﬂUﬂ]ﬂUqﬁJIﬂ511!@?Jiﬂﬂlllj



M2

|
S [ SGRRIRIRIpE
ST
"""""" s
A\ t
A\
BX
\\
\\
A\ ‘ M2
d
f M’1
}
10
|
I s’
Q \\

511 5 (b) waaamsAansunsnaealunsoaiiod



12

< a a d a Y $ u’/’
a3 5 (a) Buiaes o TslmesriatlazgliuuIun UV 2 LU F3MIdD9
y
uAUAIRINAUIEAY 1510 1T sunmuA MUY IRTuuIn v aiie 1 unulagnyuuud
a < a @ o o @
sM, T ludemaudunitnuiiugy 90° seuyadavesdweasiy BS digil 3 (b) s iilu
dumialmivesmasiuilanas v, iWludwmialmivesnszan M, ms@ouumunmumuiy
vy 9
dnvaizfiwiidazadnlumsfingan Tuuwunmil M7, ogviean M, dlusvey d waz
fu s, Wunmieiiouves s* fifianianszen M, oz M2, MUy Heszozil S vann s,
14 £ 4
Wiy 2d ua99Inga Q VuumMaiIALE S WaTiouNINT M, 1ag M, §uiaedz Rouns
14 ]
aosflwzaiousuiludwasnnamiaion @, uaz @7, 49939 Q 1HIBINNTTELIININ S,
Y 14 v
uaz S, i 2d dafu OPD WesduImaamRafitinily
A, = 2dcosd 22.
d' dl ° o w :1’ o =) d'
dio O Wluyuiiduanansznunsziivuuuadmindunszan M, lunsdivesuasfiannszny
y ' 9
Tundminfiunszan M, nie 0 =0 9218 A =2d Fewamuiiilu ldamuanumaning
9y '
n A, =24 # duilushivh IdifentsunsnaeauyuiSuaiieiuuds senuh
vy A =2 [V b7 =) a
dusuasunszanmulamnuniluiiuszes A2 sedansldnamidondy
a 9 S o Haa n’:
awgl 5@y ewAnsan ldiudunsdivesnisunsomensiniiaueimaiiaia
b4
ADIVUIUAY Az LA VINUM AR UTANUDUANSZIIANNTENT A INUUEIR AT vz A
' 14
yu 0 Tdnaeamazsinlt A nldouldaiwar O deaums 22 Aumuanimaisunsnasadaiu
@ o Y P =4 :ll S o A ' 9 v
vyu 0 uagdilinmmaimsnaeaiueumuiulianauziiusnavia-aindousy aw
o d’l e P! 1w < F 2 =
msunsnaeadnuaieil Wulusitinmdeuidy annseveaiiuldlaguesdi BS luuua
0 v g A s Y IS (o = v o
Yo (4) TaglHmaudaviseraudnasaganssml IddaaImnszezeriua
lunsdifiuoundgavosdiiay (2) uaz (3) M1y 22181 irradiance ¥9923%in-

anaduldawaums

. , I =4I cos’ ) -
Tasnanuaraua O faaail 2
5 = ok = EA 24,
A .
9 A= Ap + A,

=1 td' ﬂ’l’ o a 9 o’/’ ni' )
Iuﬂimﬂlﬂdgﬂﬂ 5UU WA (2) 3TUMTASNDULUUNOUDA 2 AT Tuvaiznan

Y v
uee 3) Imsazteunvunielufiodnnsufion daiudeld A dlu A wie



13

A=A, +A, =2dcos:9+§

" 4
lunsalvesisila A=(m+ E)/Z

mlnld 2dcosd =mA;m=0,1,2,... 25.
) o 4 U cxy a -d? A A &
ﬁmsuqﬂﬁuaﬂmwanammu CNAVULIND 9 =0 ﬂi@LNﬂLLﬁdﬂﬂﬂizﬂﬁiu

3 1Y o 4 A v oW dy <L ﬂ
UHITININOAUNISIN GlUﬂimﬂi}ﬂf’mﬁﬂaN’Nlﬂu’Nllﬂ BUAVUDIWNUITUAU ‘lell]ﬂ'lllﬁuﬂ”li

25 o 2d
m=—~—
A
A al¥ v v o < 9 a = é’ - [ :f — a
HAagiuvdIIIN m umuﬂ‘swuﬂu cose i):mu"lqu 9 UAMUINUYH m ISYIAAAT ANUUN 9 ua
1 s — a1 1 9 1 =) Y
L‘ﬂu 0f1m WHMNINNYA ’Nﬂﬂ]ﬂﬂ’t‘)ﬂulﬂﬂ'l m ITHUBDYAULIATAT m q\if!ﬂ‘UEN’NiJﬂﬁﬂﬂ‘ﬂ"lﬂ

228

mmaX A 26.

v o

= [ [ c; U ::(y o e’ll é d'l Iy ¥ =1 £y U
NITLTIDUAUNYBINUUATUBIINIBNATIN U maiw"lmmmm HAVUHBINI

nieguenoan  Tagdmualv

p= mmax —m
o B g 2d
awiueg 14 p= g m -
NAauNs 25 91219
pA=2d(1=cos#),p=0,1,2,.. 28.

v

Tunsdives p # 2nanesiian p=0 maSeudienat p oum dulddag 5 o)
A yd 1y o = &
auns 25 13e 28 uaadlnmun dundunaiigalaganiiauunmmsunsaaen
[ ' E4 v 4
wauziian d waeul szwudiga 9 duezilian m wie p wasulyl Tassedunaldedmivd
4 vy [ 1
MIvIw0DNINYARUINATIMIByUIdIIgAgUdna1s msveweenuogudiiv iy OPD 11
n:' dy A cs' U kY ad dy a Y d' d'
MyvunIeanasmuaumsdoun d @1e35msi ansadunalan luvasfidou
=& Y o | a s I'd A P Y
nszanuunilaldrudunnisii oD Hauilugud msmdeuiivesnwmsunsnaenszndy
[ a 4 [] o ] {
fiu fie duAuiinisvergeonvngagudnars werudwmiaii OPD Wugududa nmmsunsn

ApAvzAANISyUITN



14

a { =1 [ [
NAFUMS 25 Mnsanmsasulatves O eudniles a2 1d

m = mmax = 100
P=m:nax‘m=°

= v W A v a & A a 4
317 6 uanswuavvesnialy lunadudumesiflo1simes

Yy g B TH, N 9 px fat = . & v '
NAUNITVAY WU dnSudwaauiaaudn 9 Am Aanils S15zeeszrinnszan
s = 1 ¢:' ; q'l A 1 = ' (Y dy 9 = 9
d imanas AQ azfauinan 1TuAeed1 q 9xliszee1aiunnaud1 OPD iatlooad

[ n‘; (=1 1
21 d = A2 awnse lFaunis 25 uaaeldin m = cosO Hufois 19z Ui ue

== A = 1 :: [y A ] o LY A
INAeEAIuReII NIy Weiimsasunszanuiunie litdussor Ad aevildaia

o 4 A P =
3 Am NADUNAIUIATUINGIND

_"2(Ad)

Am 29,

d’l < 1 o [ 4 ° 1

1nauns 29 1 uaaslifiiun aseiinisnaasyia Am waz Ad e U
& o 9 o lllsl aa dydﬂ 9 PEVS |

ANIINAUYEINIFIMINAaea la uazatmsinlunslddse Teaninsvileves lna
v a o a 4 .:v o Y g ' o ' A
Audumesfelsiwes weannilauns 29 Gauaaslfmiunlunsainnsiuamanuenay
\ H A y @ a 4 H ¥ o ]
uaan 1y musalEisilumsdsuisuamaveslulnstwmesnlelunis@eudunua

Y
nszan 149



15

2.6 dunesHlalstimesriaunus-twalse

' v v
nSedioyiiat s uuefiiRaosd mvwuswdudi lfifamsunsnaen
4 a ° a
wazldse Teninnuaanadwiu i ldmamsunsnaen

v [

[ @ A A a A [ I Y Y A 4
anvuzmsianiedlertail Awaatluzdn 7 Taemslsuduuiimieniend
1 v A o q¥Ua ¢ Aaa v o vy A s=iq ¥
ADIUNUINUYUIUNU Lwewﬂmnﬂﬁanmmﬁmumﬁmmummuﬂu llNul!ﬂ'Jﬁ'iﬂﬂ'JfJﬂ“lWﬂ‘lf
Yy ay oo Y a v y doyy a
ﬂBﬁllﬂ']ualu"ﬂLiﬂ“lJiJ'Iﬂllﬁ:ﬁﬁ%ﬂﬂuuﬁﬂﬂil'lﬂﬂ?ﬂ miﬁ::muum"lﬂiﬂﬂmﬂamuN‘nuﬂ
1 = A adq 9 ] g =} Jd n’;’ o 9 =3
(YU NuﬂsaaguLuﬂuvlwuLmuummamamuu ﬂ'l'iﬂTlJWﬂﬂJTa‘Hz"l]%ﬁENU'NLlﬁmSEJ‘Ull”Iﬂ
] ] ' {3 o o o o
5383T’T1\353?‘('JNLLNHLLf”II'J‘Vf?fJﬂ'Jﬂﬁ‘]fuuflﬂ'ﬂllﬁTﬂﬂJN']ﬂ lWi'lZlﬂuﬂ'J”IMﬂu'lﬂJBQﬁﬁN d M

9y a dy o EY A A [ y3y ¥ (K] ] ° EY o
Tfifamsunsngen aammmiloasildneinsedsua 1an & uadiulngazilineh waz

t4
=

vy
Tunsditl SonuauiAInlI e 1a0U(etalon)

V

souice 6 lén
d scene

51 7 uaaBume sy Isimosalauvus-moTsa

1031 Source (Huumasiuilauasnnuennau@or IWuasdmilesnunTagh
[ o dy o Y a Y n’/’ P} @ ] s Y
yu 0, degtl dwasilvzhldiifanmsaziounats q ase vazlimswnmrueen ldandm
§ @ 4 a ~ [
wila Tswiudromudyu taziamumsunsnaoauuRINn P aNYUZY0ININMIIUNIN
o a 4 dy £
aeafitfavuil aunsom ldnnauns
A = 2n,dcosé, Taold n, =1
A flonansszezmuduudaiazdouluildy

14
LY

WuaznaLUaI1e i

[

2dcosé, =mA



16

4 T o Aa = " v g =1 [ a v & 1w
uE99INgAdY 9 Uuurassuia dllyy 0, mhitufslinadaugwnuimimiiu

'Y

fozliwamsunsnaeaiign P wumeddu uad1 0, fiswldeuldfseilildaeednei

o ] d‘ :; 9 A 1 v @
Fuadu 9 mmmsunsnaea i lduuninezidiulnaviia-ansaduduly

=

a d d d
2.7 dumasielsimesuuuind wanes

Y
aga A

Ao ilsznoudlsAuenuazsIuLEI(Beam Splitter) 2 8uflo BS, uay BS, tay

[ A [ =
NIINNT 2 BY AB M, taz M, Aduaaalugii 8

BS1

M1

&5

i
4
g

< a 7 a a ¢ < g ¢
sUn 8 urasdmaesMeTsimesuyuuL A WnDS

[ A wa 1 Y ! o
fuenuaa BS AauniAmisnaudumeadiu 50:50 azutiaasenmilu 2 na #ill

ANUTUIIAY dIUnszan M azdesdzioueas 100%

o ¢ 4
uaaeUsIINAes Ialoa LD WoannsznuHANUenLas BS1 32LuALAI00N
aa k) (Y a [} Y a (] o
Wugesnntianudumsuemainggias vz Wlazdouiinszan - M1 dauuasi
Y 4 @ {
azveussmiluyuaindudios llazdouiinszen M2 udrSansuduiindnsunas BS2
' vy v 14

HAIAAIUDONUINIETBINIIILAANITUNI NABAN WV VIS VLA IU DT NA NI U g AU dues

[ v
L!ﬁ\iﬁﬁz*fl’ﬂull'lﬂ'lﬂﬂizﬂﬂﬁldﬁﬂﬂ



dninnemyanais wizaonndiaAnszia
17

2.8 Homodyne Interferometer
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2.9 Heterodyne interferometer
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2.10 Yorfssumaulalumeninuiamalsaie

Homodyne Heterodyne
Always measuring No Yes
Quadrature Output Available Available
Error detection Ambiguous Unambiguous
Intensity sensitivity Yes No
Sensitive to ambient light Yes No
Bandwidth of electronics 0-2vIA f1-222v/A
SNR at detector 6-12+ bits 2-3 bits
Multi-axis Limited Yes
Complexity of Receiver(s) Complex Simple
Easy to Align No yes
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M3197 1 HAAINANITNARDIIA A13199 2 naAawan1sAaDea
AAIATINRTDATOT AT AR NAMATRAITe TR
naGui) | anwesvesanud i) |auavenwd

5 0.81 5 0.51

10 0.92 10 0.77

15 1.19 15 0.83

20 9] 20 0.95

25 1.41 25 1.02

30 1.56 30 1.21

35 1.67 35 1.34

40 1.65 40 154

45 1.65 45 1.65

50 1.65 50 1.64

55 1.65 55 1.65

60 165 60 165

65 1.65 65 1.65

70 1.65 70 165

75 1.65 75 1.65

80 1.65 80 1.65

85 1.65 85 1.65

90 1.65 90 1.65

95 1.65 95 1.65

100 1.65 100 1.65

105 1.65 105 1.65

110 1.65 110 1.65

115 1.65 115 1.65

120 1.65 120 1.65
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5 3.12
10 2.86
15 2.54
20 2.31
25 2.15
30 1.9
35 172
40 1.68
45 1.65
50 1.65
55 1.65
60 1.65
65 1.65
70 1.65
75 1.65
80 1.65
85 1.65
90 1.65
95 1.65
100 1.65
105 1.65
110 1.65
115 1.65
120 1.65
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5 1.21
10 1.35
15 1.48
20 1.59
25 1.68
30 1.59
35 1.64
40 1.64
45 1.64
50 1.64
55 1.64
60 1.64
65 1.64
70 1.64
75 1.64
80 1.64
85 1.64
90 1.64
95 1.64
100 1.64
105 1.64
110 1.64
115 1.64
120 1.64

27



A15197 5 LAAINANITNARDIIA

1 { 4 ug {
ﬂ')'lllﬂNﬂ'ﬂﬂa‘llﬂqmlcﬁﬂiﬂiﬁﬁS

nm(’imﬁ) ﬂ'J'lllﬂl'N"U'ENﬂ’J']JJa'
5 2.01
10 1.91
15 1.83
20 1.61
25 1.73
30 1.65
35 1.66
40 1.66
45 1.66
50 1.66
55 1.66
60 1.66
65 1.66
70 1.66
75 1.66
80 1.66
85 1 66
90 1.66
95 1.66
100 1.66
105 1.66
110 1.66
115 1.66
120 1.66

28



=

AITNANNVIIANND (MHZ)

'
=

ANUANVOINNUD(MIIZ)

1

—
[}

154
W

—
(%]

—

o
n

4 M
[ v A

Y v o 4
ﬂi’]ﬂﬁ 1 !!ﬁﬂQﬂ'ﬂuﬁuwuﬁigﬁi]ﬂwaﬁhﬂﬂ'nuaﬂ'ﬂnﬂ]ﬂiﬂﬂ 1

2 Q0 ) &0 100 120
R ()
o o L0\ { o =<
N3 2 HAAIAITHANTHE 521 I19N AR 1IANNANUNA NS T 2
T T T T T T
20 40 60 80 100 120 140

,')ﬁ ™
na(uIn) .

\~

29



=

NITHANUDINITING (MHZ)

'
a

ANUANVIINNUD(M L Z)

1

v
[ [%3

a v o ! 1 a -
5197 3 HTAIN NUTUNHEITHNINANIANNDNVNAIATIN 3

1.5
1
0.5
0 T T N T T T 1
0 20 40 60 80 100 120 140
- \’\
. )
a Wy a d v ' v o -
ATINT 4 UFAIANNAUNUTIZTHINIHNAANAIINONUIAINTIN 4
2
15 /J' :
1
0.5
0 T T T T T T =]
0 20 40 60 80 100 120 140

a1 (1)

\

30



'

=

A

NIHANVOININUD (MHZ)

14
[ [

a v oo 1 ' d' a
195197 5 HEAIANUTNNUE TTHNIWAMIANNDNUNAIASIN 5

31

2:5

1.5

0.5

0 20 40 60 80 100 120

nat (1)

140



U A a d d
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& & A du &
oo lulnsimesoun 1

ﬂieﬁ 2 YLNN(mm) PUIUHV(N) N/mm N/Gﬁmgﬁﬂ(o.mmm)
1 0.71 2419 3407.04 34.07
2 0.75 2506 3341.33 33.41
8 0.67 1902 2838.81 28.39
4 0.63 1513 2401.59 24.02
5 0.78 2401 3078.21 30.78
6 0.82 2623 3198.78 31.99
7 0.63 1712 2717.46 27.17
8 0.81 2700 3333.33 33.33
9 0.85 2738 3221.18 32.21
10 0.71 2362 3326.76 33.27
11 0.58 1603 2763.79 27.64
12 0.49 1204 2457.14 24.57
13 0.63 2015 3198.41 31.98
14 0.74 2109 2850.00 28.50
15 0.81 2468 3046.91 30.47
16 0.74 2317 3131.08 31.31
17 0.65 1948 2996.92 29.97
18 0.83 2832 3412.05 34.12
19 0.61 2008 3291.80 32.92
20 0.67 1872 2794.03 27.94
Ay 0.71 2163 3040.33 30.40
SD 303.93 3.04
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A A a du
!N@!ﬂﬂuﬂﬂiﬂﬁu!ﬂ@iﬂuﬂ 2

asan | szeTnamm) | Swautium) N/mm N/394487(0.01mm)
1 0.83 2496 3007.23 30.07
2 0.92 2812 3056.52 30.57
3 0.78 2251 2885.90 28.86
4 0.71 212 3115.49 31.15
5 0.64 2046 3196.88 31.97
6 075 2349 3132.00 31.32
7 0.58 1748 3013.79 30.14
8 0.49 1630 3326.53 33.27
9 0.42 1549 3688.10 36.88
10 0.62 1658 2674.19 26.74
11 0.7 1964 2805.71 28.06
12 0.81 2412 2977.78 29.78
13 0.74 2393 3033.78 32.34
14 0.69 2245 3253.62 32.54
15 0.77 2569 3336.36 33.36
16 0.59 1911 3238.98 32.39
17 0.78 2348 3010.26 30.10
18 0.93 3106 3339.78 33.40
19 0.64 1986 3103.13 31.03
20 0.77 2346 3046.75 30.47

A 0.71 2202 3122.14 31.22
SD 221.21 221
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A A a d
m’e)meu"luimummau‘n

]
v A

ATIN 528¢NN(mm) | NUINHU(N) N/mm N/Gﬁ'emﬁﬂ(o.mmm)
1 0.85 2712 3190.59 31.91
2 0.72 2308 3205.56 32.06
3 0.64 2112 3300.00 33.00
4 0.77 2555 3318.18 33.18
5 0.59 1660 2813.56 28.14
6 0.54 1514 2803.70 28.04
7 0.68 2304 3388.24 33.88
8 0.74 2597 3394.59 33.95
9 0.81 2549 3146.91 31.47
10 0.83 2644 3185.54 31.86
11 0.67 1848 2758.21 27.58
12 0.79 2512 3179.75 31.80
13 0.81 2649 3270.37 32.70
14 0.73 2312 3167.12 31.67
15 0.69 1934 2802.90 28.03
16 0.57 1779 3121.05 31.21
17 0.43 1338 3111.63 31.12
18 0.56 1998 3567.86 35.68
19 0.77 2445 3175.32 31.75
20 0.88 2606 2961.36 29.61

mae 0.70 2215 3143.12 31.43

SD 218.65 2.19
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Frequency specifications, Agilent 8560 E-series

Frequency range

8560E 8561E 8562E 8563E 8564E 8565E
Internal 30 HZ to 30H2 1o 30 H2 to 30 Hz' to 30Hz! to 30Hz' to
mixing 2.9 GHz 6.5 GHz 13.2 GHz 26.5 GHz 40 GHz 50 GHz
External 18 GHz to 18 GHz to 18 GHz to 18 GHz to 18 GHz to 18 GHz to
mixing 325 GHz 325 GHz 325 GHz 325 GHz 325 GHz 325 GHz

Frequency band

30 Hzto 2.9 GHz

2.75 GHz to 6.46 GHz
5.86 GHz to 13.2 GHz
12.4 GHz to 26.8 GHz
26.4 GHz to 31.15 GHz
31.0 GHz to 50 GHz

Harmonic mixing mode (N)

0 BN = -

Frequency reference

Temperature stabhility3
Aging (per year)

Initial achievahle accuracy

Option 103
+1x10°¢
+2x10%

+1x10¢
+1 x 107
+5x 104
#22x10%

(per day nom.)
+1x10°

Short-term warm-up

accuracy factors (nominal)
5 minute
15 minute

+1 x 107
+1x10°

Frequency readout accuracy
(Start, stop, center, and marker frequency functions)

Span >2 MHz x N5

Span <2 MHz x %

+(freq readout x freq ref accuracy®
+5% x span +15% x RBW +10 Hz)
+(treq readout x freq ref accuracy®
+1% x span +15% x RBW - 10 Hz)

N -

oo e w

. B563E, 8564E, 8565E require Option 006 for operation below 9 kHz.
. 8560E, 8561E, 8562E mini freq

y in AC
coupled mode minimum frequency is 30 Hz.

pled mode is 100 kHz. In DC

. -10 °C to +55 °C, referenced to 25 °C

. After 7-day warm-up

. N = harmonic mixing mode number

. Frequency reference accuracy = aging x time since last adjustment + initial

achievable accuracy + temperature stability

. Short term warm-up accuracy factors have been included in this calculation.

Frequency counter accuracy

Marker count accuracy
(S/N =25 dB)

Accuracy at 1 GHz

(25 °C. 1 yraging, marker
resolution =1 Hz)

Delta count accuracy
(S/N =25 dB)

Counter resolution

Frequency span
Range

Accuracy
Span >2 MHz x N5
Span <2 MHz x N5

+(marker freq x freq ref
accuracy8 +2 Hz x N5

+1 LSD of counter)

+225 Hz (5 minute warm-up)’
+135 Hz (15 minute warm-up)?
+3003 Hz (Option 103)

+(delta freq x freq ref accuracy®
+4 Hz x NS +2 LSD)

Selectable from 1 Hz to 1 MHz

0. 100 Hz to full span
(100 Hz x N0 when using
external mixers)

5%
1%



Frequency specifications, continued

Sweep time Noise sidebands (see figure 1)

Range Center Frequency <1 GHz

Span =0 Hz 50 psto 6000 s Offset Opt. 103

Span £100 Hz 100 Hz <88 dBc/Hz2 <70 dBc/Hz2
RBW >300 Hz 50 ms to 2000 s 1 kHz <97 dBc/Hz2 <90 dBc/Hz2
RBW <100 Hz 50 ms to 100 ks 10 kHz6 <113 dBc/HZ3 <113 dBc/HZ3

Accuracy (Span = 0 Hz) 30 kHz638 <113 dBc/Hz* <113 dBc/Hz?

Sweep time =30 ms +1% (digitized trace data) 100 kHz’ <117 dBc/HZ5 <117 dBc/HZ®

Sweep time <30 ms +10% (analog trace data)
(non-Option 007)
Sweep time <30 ms
(Option 0071)

Sweep trigger

+0.1% (digitized trace data) Residual FM

(zero span, 10 Hz RBW)) <1 Hz pk-pk x N%in 20 ms

<0.25 Hz pk-pk x N® in 20 ms
(typical)

<10 Hz pk-pk x N% in 20 ms

delayed, free run, single,
line, video, external

Option 103

Resolution bandwidth

Range (-3 dB) 1Hzto1 MHzina1,3, 10 sequence
and 2 MHz (3 MHz at -6 dB)
Option 103 10 Hzto 1 MHz ina 1, 3, 10 sequence
and 2 MHz (3 MHz at -6 dB)
Accuracy 1 Hz to 300 kHz +10%
1 MHz +25%
2 MHz +50%, -25%
Selectivity (60 dB/—3 dB BW ratio)
RBW >300 Hz <15:1
RBW <100 Hz <51

Video bandwidth 1 Hzto 3MHzin a1, 3,10 sequence

range

. Option 007 extends digitized trace data capability to sweep times <30 ms
. Add 5.2 x ((f/1 GHz)-1) for f >1 GHz and f <2.9 GHz

. Add 2.5 x ((f/1 GHz)-1) for f >1 GHz and f <2.9 GHz

. Add 3.0 dB x ((f/1 GHz)-1) for f >1 GHz and f <2.9 GHz

. Add 2 dB for f >1 GHz and f <2.9 GHz

. RBW <1 k or Span <745 kHz

RBW 23 k or Span >745 kHz

. Not specified at 30 kHz offset for 8564E and 8565E

. N = harmonic mixing mode number

©ENONEWN —



Amplitude specifications, Agilent 8560 E-series

Range Displayed average noise level to +30 dBm 1 dB gain compression
Maximum power at mixer =

Maximum safe input level input power (dBm) — input attenuation (dB)

Average continuous power +30dBm (1W, 10 MHz to 2.9 GHz -5 dBm3
input attn >10 dB) 2.9 GHz to 6.46 GHz +0 dBm
Peak pulse power +50 dBm (100 W, 6.46 GHz to 26.8 GHz -3 dBm )
(10 ps pulse width, input attn 230 dB) 26.8 GHz to 50 GHz +0 dBm (nominal)
<1% duty cycle)
Maximum DC input voltage
DC coupled +0.2 Vdc
AC coupled +50 Vdc
Displayed average noise level (DANL) (see figure 2)
(0 dB attenuation, 1 Hz resolution bandwidth')
8560E 8561E 8562E 8563E 8564E, 8565E
30 HZ2 <90 dBm <90 dBm <90 dBm <90 dBm <90 dBm
1 kHz? <105 dBm <105 dBm <105 dBm <105 dBm <105 dBm
10 kHz <120 dBm <120 dBm <120dBm <120 dBm <120 dBm
100 kHz <120 dBm <120 dBm <120 dBm <120 dBm <120 dBm
1 MHz to 10 MHz <140.dBm <140 dBm <140 dBm <140 dBm <140 dBm
10 MHz to 2.9 GHz <149 dBm <145 dBm <151 dBm <151 dBm <145 dBm
2.9 GHz to 6.46 GHz <145 dBm <148 dBm <148 dBm <147dBm
6.46 GHz to 13.2 GHz <145 dBm <145 dBm <143 dBm
13.2 GHz to 22.0 GHz <140 dBm <140 dBm
22.0 GHz to 26.8 GHz <139 dBm <136 dBm
26.8 GHz to 31.15 GHz <139 dBm
31.15 GHz to 40 GHz <130 dBm
40 GHz to 50 GHz <127 dBm
T }BRG5 1 ., T4\ RN
40 N\ ‘5“ CF= éO{(?tiZ ! — Typical Performance || | ||
ik 0 < =
-0 \\\ §§~ 100k |- REW =T ~1o PNV TN TREA TR NN TN T
CF=5 GHININ ez | 1] 'z \[ [10 2\ Foo ke YN XINL 2\He
" l SN RBW =1 raw - 20y I \ YNANMNAEEA
39 : N 10kHz 55100 kHz T =30 A Wi
3 NSF=11 oHz b [N\ : p : 0 \ l \ \ 100 kHz \
_100 |GF=200 bmz\-».__\:}m ‘\\.‘_-_.’:1 Y ; —— \\ 10 kHz \ \ ‘\
\\ L =T ad ' 60 \‘ 1k \ \‘
TN -70 \ A \ \
AR N RS TTRED NN EVIRAS
'.‘\\ Sau —90 \\\E=:a \ \\ \ \~~ \
~100 I } b b‘ <
1Hz 10 100 1k 10k 100k 1 MHz 1Hz 10Hz 100 1kHz 10k 100k 1M 10 MHz
Offset Offset
Figure 1. Noise sidebands normalized to 1 Hz BW versus Figure 2. Typical on-screen dynamic range versus offset from
offset from carrier 1 GHz center frequency for all RBWs (mixer level = —10 dBm)

1. For Option 103, degrade DANL by 10 dB
2. 8563E, 8564E, 8565E require Option 006 for operation below 8 kHz.
3. 8561E: -3 dBm



Amplitude specifications, continued

Dynamic range (see figure 3)

Compression to noise 8560E 8561E 8562E 8563E 8564E, 8565E
10 MHz to 2.9 GHz >146 dB >140 dB >146 dB >144 dB >145dB
2.9 GHz to 6.46 GHz >142 dB >148 dB >148 dB >147dB
6.46 GHz to 13.2 GHz >142dB >142 dB >140dB
13.2 GHz to 22.0 GHz >137 dB >137dB
22.0 GHz to 26.8 GHz >136 dB >133dB
26.8 GHz to 31.15 GHz >139dB
31.15 GHz to 40 GHz >130dB
40 GHz to 50 GHz >127dB
Signal to distortion
Harmonic2 8560E 8561E 8562E 8563E 8564E, 8565E
20 MHz to 1.45 GHz >95 dB >88.5dB >85 dB >94 dB >92dB
1.45 GHz to 2 GHz >98.5dB >111.5dB >111.5dB >111dB
2 GHz to 3.25 GHz >119 dB >119.dB >119.dB >1135dB
3.25 GHz to 6.6 GHz >117.5dB >1175dB >1115dB
6.6 GHzto 11 GHz >115dB >110dB
11 GHz to 13.4 GHz >1145dB >108 dB
13.4 GHz to 15.6 GHz >109.5 dB
15.6 GHz to 20 GHz >105dB
20 GHz to 25 GHz >103.5 dB
Intermodulation3 8560E 8561E 8562E 8563E 8564E, 8565E
10 MHz to 2.9 GHz >108 dB >103 dB >108 dB >107 dB >104 dB
2.9 GHz to 6.46 GHz >107 dB >108.5 dB >108.5 dB >108 dB
6.46 GHz to 13.2 GHz >101.5dB >101.5 dB >100dB
13.2 GHz to 22.0 GHz >98 dB >98 dB
22.0 GHz to 26.8 GHz >97.5dB >95.5dB
26.8 GHz to 31.15 GHz >101 dB (nominal)
31.15 GHz to 40 GHz >95 dB (nominal)
40 GHz to 50 GHz >93 dB (nominal)
g™ 1 | 777
T g __ DANL(1 HzBW) , | Wy
= — — Third order distortion ////._/(‘
= g0 ... Second harmonic distortion Roiand
E . A4
e A7 7/
£ -0 5 P
c 80 \.‘f’-d' 7"7{?//
E-» SN
g \\ //\J/!s:’ &
£-100 SIS Bt? ¥ Nl . . .
s %g@}\/\ Figure 3. Agilent 8560E family
S-11o \-{\ nominal dynamic range

= 60 -50 —40 -30 -20 -10

Mixer Level (dBm)

1. (1 dB compression - DANL) For Option 103, degrade compression to noise dynamic

range by 10 dB.

2. 0.5 x (SHI - DANL at 2 x input frequency) For Option 103, degrade harmonic (SHI)

dynamic range by 5 dB.

3. 0.67 x (TOI - DANL) For Option 103, degrade inter

6.67 dB.

lation (TOI) dy

ic range by



Amplitude specifications, continued

Spurious responses

General spurious responses

(Mixer level -40 dBm)

Second harmonic distortion

<(-75+ 20 x log N') dBc

input signal Mixer level Distortion SHI
20 MHz to 1.45 GHz —40dBm <79 dBc? +39 dBm?
1.45 GHz to 2 GHz -10dBm? <85 dBc3 +75 dBm3
2 GHz to 13.25 GHz
8562E, 8563E -10dBm <100 dBc +90 dBm
8564E, 8565E -10dBm <90 dBc +80 dBm
13.25 GHz to 25 GHz -10dBm <90 dBc +80 dBm
Third order intermodulation distortion
(Two -30 dBm signals, 21 kHz apart) Mixer level Distortion Toi
20 MHz to 2.9 GHz ~30 dBm each <82 dBct +11dBm
2.9 GHz to 6.46 GHz -30 dBm each <90 dBc +15dBm
6.46 GHz to 26.8 GHz ~30 dBm each <75 dBc +7.5 dBm
26.8 GHz to 50 GHz -30 dBm each <85 dBc (nominal) +12.5 dBm (nominal)
Image responses Mixer level
10 MHz to 26.8 GHz -10 dBm -80 dBc
26.8 GHz to 50 GHz -30 dBm -60 dBc
Multiple and out-of-band responses Mixer level
10 MHz to 26.8 GHz -10dBm -80 dBc
26.8 GHz to 50 GHz =30 dBm -55 dBc
Residual responses Scale fidelity
<90 dBm, for the range from 200 kHz to 6.46 GHz, no input Incremental Maximum
signal, 0 dB input attenuation Log range 0to-90dB 0to-90dB
RBW >= 300 Hz +0.1 dB/dB +0.85dB
RBW <= 100 Hz +0.2 dB/2dB +0.85 dB®

Display range
Viewing area
Scale calibration
Log scale

Linear scale

approximately 7 cm (V) x 9 cm (H)
10 x 10 divisions

10, 5. 2, 1 dB per division

10% of reference level per division

S Gl Ry

Excluding display related side bands at multiples of 60 Hz
8561E: distortion —72 dBc, SHI +32 dBm

8561E: mixer level —20 dBm, distortion ~72 dBc, SHI +52 dBm
8561E -78 dB distortion with two -30 dBm signals, 9 dBm TOI
Maximum for 0 to —100 dB is £1.5 dB

Linear range

+3% of reference level



Amplitude specifications, continued

Reference level range
Log, adjustable in 0.1 dB steps
30 Hz to 31.15 GHz

31.15 GHz to 50 GHz

—120 to +30 dBm
—115 to +30 dBm

Linear, adjustable in 1% steps
30 Hz to 31.15 GHz
31.15 GHz to 50 GHz

22Vt 7.07V
398 uVto7.07V

Frequency response in dB, 10 dB input attenuation, dc coupled

relative/typical relative/absolute?/typical absolute3

8560E 8561E

8562E 8563E 8564E, 8565E

0.7/0.7/--/-
1/0.8/1.5/1.0

100 MHz to 2 GHz
30 Hz! to 2.9 GHz
2.9 GHz to 6.46 GHz

1.0/0.7/1.75/1.0
15/1.1/25/15

0.9/0.8/--/--
1.0/0.8/1.5/1.0
1.7/1.4/26/18

1.0/0.8/--/--
1.2570.8/1.8/1.0
1.5/1.072.4/15

0.9/0.8/--/--
1.25/0.8/1.8/1.0
1.5/1.1/25/15

6.46 t0 13.2 GHz 2.2/15/2.9/2.0 2.2/15/29/2.0 2.6/2.2/30/28
13.2to 22 GHz 25/1.5/4.0/25 2.5/2.5/4.0/35
22 to 26.8 GHz 3.3/2.2/4.0/25 3.3/2.2/45/4.0
26.8 t0 31.15 GHz 3.1/2.9/4.0/3.0

2.6/2.4/4.0/3.2

31.15 GHz to 40 GHz (8564E)
31.15 GHz to 50 GHz (8565E)

3.2/3.0/4.0/74.0

Band switching uncertainty
+1 dB (added to relative frequency response for between-
band measurements)

Calibrator output
300 MHz x (1 #frequency reference accuracy?) at—10 dBm
+0.3dB

Input attenuator

Switching uncertainty (referenced to 10 dB attenuation)

30 Hz to 2.9 GHz for 20 to 70 dB settings of input attenuator:
+0.6 d5/10 dB step, 1.8 dB maximum

Repeatability +0.1 dB (nominal)

\

Operation below 9 kHz requires Option 006.

Absolute flatness values referenced to 300 MHz CAL OUT

Typical values at 25 'C

Frequency reference accuracy = aging x time since last adjustment + initial
achievable accuracy + temperature stability

ks B

IF gain uncertainty
+1 dB (0 to —80 dBm reference levels with 10 dB input
attenuation)

IF alignment uncertainty
+0.5 dB (additional uncertainty only when using 300 Hz
RBW)

Resolution bandwidth switching uncertainty
+0.5 dB (relative to 300 kHz RBW)



Amplitude specifications, continued

Pulse digitization uncertainty
(Pulse response mode, PRF >720/sweep time)

Log Linear
RBW <1 MHz <1.25 dB pk-pk <4% of ref level
RBW =2 MHz <3 dB pk-pk <12% of ref level
Standard deviation (RBW <1 MHz) <0.2 dB (nominal)

Time-gated spectrum analysis

Gate delay1 Edge mode Level mode
Range 3 ps to 65.535 ms <0.5 ps
Resolution 1ps

Accuracy +1ps

(From GATE TRIGGER INPUT to positive edge of GATE OUTPUT)

Gate length

Range 1 ps to 65.535 ms
Resolution 1ps

Accuracy +1 ps

(From positive edge to negative edge of GATE OUTPUT)

Delayed sweep
Trigger modes Free run, line,
external, video

Range

Non-Option 0071 +2 ps to +65.535 ms

Option 007, sweep time <30 ms —9.9 ms to +65.535 ms
sweep time 230 ms +2 ps to +65.535 ms

Resolution 1ps

Accuracy +1ps

Demodulation

Spectrum demodulation

Modulation type AM and FM

Audio output Speaker and phone jack

with volume control
Marker pause time 100 ms to 60 s (nominal)

1. Upto 1 psjitter due to 1 ps resolution of gate delay clock



Inputs/outputs, Agilent 8560 E-series

(All values are nominal)

Front panel connectors
RF input

8560E, 8561E, 8562E, 8563E
(Option 026, 8563E only)
8564E, 8565E

VSWR (=10 dB atten)

30 Hzto 2.9 GHz

2.9 GHz to 50 GHz

LO emission level

(Average with 10 dB atten)
IF input

Frequency

Full screen level

Gain compression

First LO output

Frequency

Amplitude

Cal output
Probe power

Type N female, 50 Q
APC 3.5 mm male, 50 Q
APC 2.4 mm male, 50 Q

<1.5:1dB
<2.3:1dB

<80 dBm

SMA female, 50 Q
310.7 MHz

-30 dBm

-23 dB

SMA female, 50 Q
3.000 - 6.8107 GHz!
+16.5dBm +2.0 dB!

BNC female, 50 Q
+15Vde, -12.6 Vdc, and
Gnd (150 mA max each)

1. Option 002: 3.9107 to 6.8107 GHz, +14.5 dBm +3.0 dB

Rear panel connectors
Earphone

10 MHz REF In/0Qut
Output freq accuracy

Output amplitude

Input amplitude

Video output

Amplitude (RBW =300 Hz)

Subminiature mono jack,
0.2Winto4 Q

Shared BNC female, 50 Q
+(10 MHz x freq ref
accuracy)

0 dBm

—2to +10 dBm

BNC, 50 Q

0to +1 V full scale

LO sweep frequency analog voltage output
(LO sweep or V/GHz function selectable from the front

panel, BNC female, 120 Q)
LO sweep output
Frequency analog voltag

0to 10 V (no load)
e output (internal mixer mode)

Output ramp voltage proportional to start and stop

frequencies.
Transfer function:

0.5 V/GHz

0.5 V/GHz output (external mixer mode)
Output ramp voltage proportional to LO frequency:

(LO = 3 t0 6.8107 GHz)
Transfer function: (1.5 V/
—0.2054) £50 mV (typ)
Blanking/gate
Output
Blanking mode
During sweep
During retrace
Gate mode
Gate on
Gate off
External/gate
Trigger input

GPIB
Interface functions

Direct printer output

Direct plotter output

GHz x LO frequency (GHz)

Shared BNC female, 50 Q

Low TTL level
High TTL level

High TTL level
Low TTL level

Shared BNC female, >10 kQ
Settable to high TTL or low TTL
IEEE-488 bus connector

SH1, AH1, T6, L4, LEO, RL1, PP1,
DC1, DT1, C1, C28, TEY, SR1
Supports HP 3630A PaintJet
printer, HP 2225A ThinkJet printer
Supports HP 7225A/7440A/
7470A/7475A/7550A



Options

Option 001 second IF output, Agilent 8560 series

(All values are nominal)

3 dB bandwidth 8561E 8562E 8563E 8564E,8565E
NF
conversion gain
30 Hz to 2.9 GHz! >25 MHz >25MH: >25dB >25 MHz >25 MHz
25dB 20dB 25dB 28dB
—-6.5dB -1.2dB -1.2dB -1.2dB
2.9 GHz to 6.5 GHz >30 MHz >30 MHz >30 MHz >30 MHz
26 dB 22.dB 22 dB 23dB
-1d8B -3dB -1dB -1dB
6.5 GHz to 13.2 GHz >37 MHz >37 MHz >37 MHz
26 dB 26 dB 28dB
-5.7dB -5.7dB -5.7dB
13.2 GHz to 22 GHz >45 MHz >45 MHz
30 dB 32d8B
-8dB -8dB
22 GHz to 26.8 GHz >45 MHz >45 MHz
32dB 35dB
-8dB -8dB
26.8 GHz to 31.15 GHz >25 MHz
28 dB
-9dB
31.15 GHz to 40 GHz >25 MHz
38dB
-19dB
40 GHz to 50 GHz >25 MHz
42 dB
-23dB

Option 002 built-in tracking generator?

(8560E only)

Frequency specifications
Frequency range
Accuracy

After peaking

Tracking drift (nominal)

Minimum RBW

300 kHz to 2.9 GHz

+(frequency reference
accuracy x tuned frequency
+5% x span + 295 Hz)
Usable in 1 kHz RBW
after 5-minute warm-up,
usable in 300 Hz RBW
after 30-minute warm-up.
300 HZ3

Amplitude specifications

Output level —10dBm to +1 dBm
(10 dBm to +2.8 dBm typical)

Resolution . 0.1dB

Accuracy

Vernier +0.20 dB/dB, £0.5 dBm
max (25 °C £10 °C)

Absolute +0.75 dB

Level flatness +2.0dB

Effective source match 1.92:1 (nominal)

Total absolute accuracy +3.25 dB

1. DC coupled for frequencies below 100 kHz. Option 006 required for operation below 9 kHz in 8563E, 8564E, 8565E.

2. Option 002 deletes millimeter external mixer capability (Second IF input is deleted)

3. Tracking generator not usable with resolution bandwidths <100 Hz

10



Option 002 built-in tracking generator

(8560E only), continued

Spurious output (at +1 dBm output power)

Harmonic spurious
Non-harmonic spurious
300 kHz to 2.0 GHz
2.0 GHz to 2.9 GHz

LO feedthrough

Residuals (RF-Power-0ff)

Dynamic range

TG feedthrough'
300 kHzto 1 MHz
1 MHz to 2.7 GHz
2.7 GHz to 2.9 GHz

-25 dBc

-27 dBc
-23 dBc
-16 dBm
(3.9 GHz to 6.8 GHz)
—78 dBm
(300 kHz to 2.9 GHz

—95 dBm
-115dBm
-110 dBm

Dynamic range?
300 kHz to 1 MHz
1 MHz to 2.7 GHz
2.7t0 2.9 GHz
Power sweep

Inputs/outputs
RF output (front panel)
(nominal)
Maximum safe reverse level

External ALC input
(rear panel)

Environmental specifications, Agilent 8560 E-series
Per MIL-T-28800, type llI, class 33, style C

Calibration interval

8560E, 8561E, 8562E, 8563E
8564E, 8565E

Warm-up time
Temperature

Humidity

Rain resistance

Altitude

Pulse shock (half sine)
Transit drop

Electromagneiic compatibility

2 years

1 year

5-minutes in ambient
conditions

-10 °C to +55 °C (oper-
ating); -51 °C to +71 °C
(not operating)

95% @ 40 °C for 5 days
Drip-proof at 16 liters/
hour/sq. ft.

15,000 ft. (operating).
50,000 ft. (non-
operating)

30 g for 11 ms duration
8-inch drop on six
faces and eight
corners

Conducted and radiated
interference in
compliance with
CISPR Pub. 11 (1990).
Meets Mil-STD-461C,
part 2, with certain
exceptions.

1. Leakage measured with maximum power into 50 Q and with 50 Q on RF input
2. Difference between maximum power output and tracking generator feedthrough

3. BS64E, 8565E: Class 5

Power requirements

Maximum power dissipation
8560E, 8561E, 8562E, 8563E
8564E, 8565E

Audible noise (nominal)

Dimensions (w/o handle, cover)
Weight (nominal)

8560E, 8561E, 8562E, 8563E
8564E, 8565E

[—\

96 dB

116 dB

111 dB

10 dB range,

0.1 dB resolution

Type-N female, 50 Q
+30 dBm, +30 Vdc

BNC female, use with
negative detector

115 VAC operation:
90 to 140 V rms,
3.2 A rms max,

47 to 440 Hz

230 VAC operation:
180 to 250 V rms,
1.8 A rms max,

47 to 66 Hz

180 W

260 W

<5.0 Bels power at
room temp (ISO DP7779)
337 mm W x 187 mm H
x 46T mm D

20 kg (44 Ibs)
21 kg (46 Ibs)

T 187 mm

163 mm (7 3/8%)
(6 7/16%)

)

IIL]_L

325 mm

(12 13/16 (16 13/16)
337 mm
(13 1/4)

4——(14 7/16)

461 mm
(18 1/8%)

1



Agilent Technologies’ Test and Measurement

Support, Services, and Assistance

Agilent Technologies aims to maximize the value you receive,
while minimizing your risk and problems. We strive to ensure
that you get the test and measurement capabilities you paid
for and obtain the support you need. Our extensive support
resources and services can help you choose the right Agilent
products for your applications and apply them successfully.
Every instrument and system we sell has a global warranty.
Support is available for at least five years beyond the produc-
tion life of the product. Two concepts underlie Agilent’s
overall support policy: “Our Promise” and “Your Advantage.”

Our Promise

“Our Promise” means your Agilent test and measurement equip-

ment will meet its advertised performance and functionality.
When you are choosing new equipment, we will help you with
product information, including realistic performance specifica-
tions and practical recommendations from experienced test
engineers. When you use Agilent equipment, we can verify that
it works properly, help with product operation, and provide
basic measurement assistance for the use of specified capabili-
ties, at no extra cost upon request. Many self-help tools are
available.

Your Advantage

“Your Advantage” means that Agilent offers a wide range of
additional expert test and measurement services, which you
can purchase according to your unique technical and business
needs. Solve problems efficiently and gain a competitive edge
by contracting with us for calibration, extra-cost upgrades, out-

of-warranty repairs, and on-site education and training, as well

as design, system integration, project management, and other
professional services. Experienced Agilent engineers and tech-
nicians worldwide can help you maximize your productivity,
optimize the return on investment of your Agilent instruments
and systems, and obtain dependable measurement accuracy
for the life of those products.
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For more assistance with your test and
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23053, Md=993

Preferred Device

Complementary Silicon

Power Transistors

...designed for general-purpose switching and amplifier

applications.

e DC Current Gain — hpg =20-70 @ Ic =4 Adc

® Collector—Emitter Saturation Voltage —
VcEar = 1.1 Vde (Max) @ Ic =4 Adc
e Excellent Safe Operating Area

MAXIMUM RATINGS

ON Semiconductor®

http://onsemi.com

S

15A
POWER TRANSISTORS
COMPLEMENTARY SILICON
60V
115 W
DIAGRAM
®
TO-204AA (TO-3)
CASE 1-07
®
xxxx55 = Device Code
xxxx= 2N3055 or MJ2955
A = Assembly Location
Y'Y = Year
WW = Work Week
X =1,2,0r3

ORDERING INFORMATION

Rating Symbol Value Unit
Collector-Emitter Voltage Vceo 60 Vdc
Collector-Emitter Voltage Vcer 70 Vde
Collector-Base Voltage Vee 100 Vdc
Emitter-Base Voltage Ves 7 Vdc
Collector Current - Continuous Ic 15 Adc
Base Current Ig 7 Adc
Total Power Dissipation @ T¢ = 25°C Pp 115 Watts
Derate above 25°C 0.657 wrC
Operating and Storage Junction Tempera- | Ty, Tgg | —65 to +200 Cc
ture Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rasc 162 CW
160
— 140
2
<
= 120
3 100
=
<
& 80
&2
a
1=
g 60 )
= N
2 40 <
(=)
0
0 25 50 75 100 125 150 175 200

Tc, CASE TEMPERATURE (C)

Figure 1. Power Derating

© Semiconductor Components Industries, LLC, 2003
July, 2003 - Rev. 3

Device Package Shipping
2N3055 TO-204AA 100 Units / Tray
MJ2955 TO-204AA 100 Units / Tray

-

Preferred devices are recommended choices for future use
and best overall value.

Publicatibn Order Numbér:
2N3055/D



2N3055, MJ2955

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

Characteristic

Symbol

Min

Max

Unit

*OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage (Note 1)
(Ic =200 mAdc, Ig = 0)

VcEo(sus)

60

Vdc

Collector-Emitter Sustaining Voltage (Note 1)
(Ic =200 mAdc, Rgg = 100 Q)

VCER(sus)

70

Vdc

Collector Cutoff Current
(Vce=30Vdc, Ig=0)

Iceo

mAdc

Collector Cutoff Current
(Ve = 100 Vdc, Vgg (o = 1.5 Vdc)
(Vee = 100 Vdc, Vgg(om = 1.5 Vde, Tc = 150°C)

lcex

mAdc

Emitter Cutoff Current
(Vge =7.0 Vdc, Ic = 0)

leBo

mAdc

*ON CHARACTERISTICS (Note 1)

DC Current Gain
(Ic =4.0 Adc, Vcg = 4.0 Vdc)
(Ic =10 Adc, Vg = 4.0 Vdc)

hee

20
5.0

Collector-Emitter Saturation Voltage
(Ic = 4.0 Adc, Ig = 400 mAdc)
(Ic =10 Adc, Ig = 3.3 Adc)

Vee(sat)

Vdc

Base-Emitter On Voltage
(Ic = 4.0 Adc, Vcg = 4.0 Vdc)

VBE(on)

Vdc

SECOND BREAKDOWN

Second Breakdown Collector Current with Base Forward Biased
(Vce =40 Vdc, t = 1.0 s, Nonrepetitive)

2.87

Adc

DYNAMIC CHARACTERISTICS

Current Gain - Bandwidth Product
(Ic =0.5 Adc, Vcg = 10 Vdc, f= 1.0 MHz)

25

MHz

*Small-Signal Current Gain
(Ic =1.0 Adc, Vg = 4.0 Vdc, f = 1.0 kHz)

15

120

*Small-Signal Current Gain Cutoff Frequency.
(Vce =4.0Vdc, Ic = 1.0 Adc, f = 1.0 kHz)

fhte

10

kHz

*Indicates Within JEDEC Registration. (2N3055)
1. Pulse Test: Puise Width < 300 ps, Duty Cycle < 2.0%.

20 T I T
~ T 50 us

_ T4 W N\
o 10 = dc 1ms St N K
z — PN AN ¥
== 7 SN\ N
E = AN W7l WA
a4 XIS
= SN N
8 500 us 3 \\ L

2 50 ps
s " RNAN
('3 \\
g 1 —
o
o
S

061 — - —'BONDING WIRE LIMIT ]
04} — — — THERMALLY LIMITED @ T = 25°C (SINGLE PULSE)
SECOND BREAKDOWN LIMIT .

0.2 2 1 1 1 1 1 1 L L
6 10 20 40 60

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS)
Figure 2. Active Region Safe Operating Area

There are two limitations on the power handling ability of
a transistor: average junction temperature and second
breakdown. Safe operating area curves indicate Ic — Vcg
limits of the transistor that must be observed for reliable
operation; i.e., the transistor must not be subjected to greater
dissipation than the curves indicate.

The data of Figure 2 is based on T¢ = 25°C; Tipk) 1s
variable depending on power level. Second breakdown
pulse limits are valid for duty cycles to 10% but must be
derated for temperature according to Figure 1.

http://onsemi.com
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VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) hrE, DC CURRENT GAIN

V, VOLTAGE (VOLTS)

2N3055, MJ2955

500 T T TTTT 200 —J T T ITT
- 1 Vee=4.0V ] . l ] H | Vee=40V 4
Ty=150°C Ti — SN T, = 150°C
r~— NGUY S
200 , =y 100 25°C N
25°C < 2 f <
100 m—— N S 70— 500 = NN
-55°C ~N z S
L S ) ~UEINAN
50 SN < I~ . \‘\\
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20 s N §\
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10 N A
7.0 N
5.0 10
0.1 02 03 05 07 1.0 20 3.0 50 70 10 0.1 02 03 05 07 1.0 20 30 5070 10
Ic, COLLECTOR CURRENT (AMP) Ic, COLLECTOR CURRENT (AMP)
Figure 3. DC Current Gain, 2N3055 (NPN) Figure 4. DC Current Gain, MJ2955 (PNP)
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Figure 5. Collector Saturation Region, Figure 6. Collector Saturation Region,
2N3055 (NPN) MJ2955 (PNP)
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Ic, COLLECTOR CURRENT (AMPERES)
Figure 7. “On” Voltages, 2N3055 (NPN)

Ic, COLLECTOR CURRENT (AMP)
Figure 8. “On” Voltages, MJ2955 (PNP)
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2N3055, MJ2955

PACKAGE DIMENSIONS

TO-204 (TO-3)
CASE 1-07
ISSUE Z
A —> NOTES:
< 1. DIMENSIONING AND TOLERANCING PER ANS!
o= N— i Y145M, 1982.
¥ R, 2. CONTROLLING DIMENSION: INCH.
c 3. ALL RULES AND NOTES ASSOCIATED WITH
f -T- gfﬂ‘gﬁ REFERENCED TO-204AA OUTLINE SHALL APPLY.
E
— INCHES MILLIMETERS
—>le—D 2pL —K DIM[ MIN | MAX | MIN | MAX
A | 1550REF 39.37 REF
[@]@013005@[T]Q ®]Y® B — [100] — [
C | 0250 | 0335 | 635 | 851
D | 0.038 | 0.043 097 1.09
E 0.055 | 0.070 1.40 1.77
G | 0430BSC 10.92BSC
H | 0215BSC 5.45 BSC
K | 0440 T 0480 | 11.18 [ 12.19
L | 0665BSC 16.89 BSC
N -— | 0.830 -— | 21.08
Q [ 0151 [ 0165 | 384 | 4.19
U | 1.187BSC 3015BSC
vV [otJoms| 333 a7

(-]
[¢]@ 0130005 B[] Y @]

ON Semiconductor and o are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make
changes without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitabilitv of its products for any
particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and s pecifically disclaims any and all
liability, including without limitation special, consequential ¢+ incidertal damages. “Typical” parameters which may be provided in SCILLC da‘a sheets and/or
specifications can and do vary in different applications and actual perfformance may vary over time. All operating parameters, including “Typicals” must be
validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC proclucts are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death
may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attomey fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.
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PUBLICATION ORDERING INFORMATION

Literature Fulfillment:
Literature Distribution Center for ON Semiconductor
P.O. Box 5163, Denver, Colorado 80217 USA
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada
Email: orderlit@onsemi.com

N. American Technical Support: 800-282-9855 Toll Free USA/Canada

JAPAN: ON Semiconductor, Japan Customer Focus Center
2-9-1 Kamimeguro, Meguro-ku, Tokyo, Japan 153-0051
Phone: 81-3-5773-3850

ON Semiconductor Website: http://onsemi.com

For additional information, please contact your local
Sales Representative.
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APD module
C5658

Detects optical sngnals at 1 GHz WIth hlgh sensmwty

APD module C5658 is a highly sensitive photodetector consisting of a SI APD (avalanche photodiode), a bias power supply and a low-noise
amplifier, all integrated into a compact case. The APD used has an effective active area of $0.5 mm to allow efficient coupling to a light beam in
applications such as spatial light transmission. The APD internally multiplies the photocurrent to produce an ample gain (set to 100 times for
C5658) and also features high-speed response, achieving detection limits up to 1 GHz wideband and -48 dBm (16 nWr.m.s.) noise level in
combination with the low-noise amplifier. C5658 also incorporates a thermosensor and a temperature-compensated bias power supply necessary
for stable operation of the APD. Highly sensitive optical measurements can be made just by supplying +12 V to C5658.

@® Laser radar
@® Spatial light transmission
@® Optical rangefinder

@ High-speed response and high sensitivity
@® Flat frequency characteristics

® Compact and lightweight

® Single power supply operation

l Absolute maxnmum ratlns

Supply voltage +13.5 )
Maximum incident light level Continuous input 10 mwW
Operating temperature 0 to +50 °C
Storage temperature -30 to +80 °C
g Electncal and optical characten tics (Ta=25 °C, Vcec=12 V, outp ut terminated with 50 Q
i Parameter’ & Condition: 7ok L B yp.: :
Spectral response range 400 to 1000 nm
Active area $0.5 mm
Quantum efficiency A=800 nm 70 %
High band 1 GHz
Cut-off frequency (-3 dB) odt5nd 1 MHz
Detection sensitivity A=800 nm 2.5 x10° VIW
Gain stability 25°C+10°C 5.0 %
Noise level Dark state -48 dBm
Output impedance 50 Q
VSWR * A 196 -
Compression point at 1 dB | 3 uw

* VSWR (Voltage Standing Wave Ratio)
If internal matching of elements on a signal transmission line (matching between element innut/output impedance and signal line

impedance) is poor, signal reflections occur that generate standing waves on the signal line. The VSWR is the ratio of standing
* wave maximum amplitude (V Max.) to minimum amplitude (V Min.) and indicates how well the impedance is internally matched.
When this internal matching is complete, no standing waves exit and the VSWR is 0 (zero).

H Signal connector

Parameter , - Standard
Signal output SMA
Power supply connector D-sub 9 pin

H General specifications

Parameter Condition -
Supply voltage +12+0.1 2
Current consumption 100 mA
Dimensional outline Excluding projecting parts 28 x 50 x 60 mm
Weight 120 g

HAMAMATSU



M Pulse response waveform M Frequency response
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100 MHz 1 GHz 5 GHz

TIME 500 ps/div. FREQUENCY
KACCBOOS1EB
M Block diagram
GAIN :-100

HIGH BAND: 1 GHz

50 Q
LOW BAND : 1 MHz

CUT-OFF FREQUENCY (

SIGNAL OUTPUT

—AMAI

THERMOSENSOR
APD
TEMPERATURE-
COMPENSATED
@i BIAS VOLTAGE
-200 V

H Pin connection

KACCCO1I5EA

W Dimensional outline (unit: mm)

SIGNAL OUTRUT

; ERRANAR | e )
PHOTOSENSITIVE CONNECTOR @ @ @ @ @
(SMA)

'E AREA SURFACE T,
i vl
\ 4 . > L9 ®
i KACCCO134EA
g _ 1 +12V
" 2 NC
3 GND
4 NC
s | C 5 NC
[aNE ] 8] 6 NC
28.0 45 7 NC
- ComEcan 8 NC
(D-suB)
% MOUNTING THREADED HOLE 9 - NC
M6 (DEPTH: 6)
Mating connector (supplied):
KACCAOOREA

DE-9S (made by JAE) or equuvalent

:AMAMATSU Information furnished by HAMAMATSU is believed to be reliable. However, no responsibility is for possible ir ies or

Specifications are subject to change without notice. No patent rights are granted to any of the circuits described herein. ©2001 Hamamatsu Pho'omcs KK.
AMATSU PHOTONICS K.K., Solid State Division

1 Ichino-cho, Hamamatsu City, 435-8558 Japan, Telephone: (81) 053-434-3311, Fax: (81) 053-434-5184, http://www.hamamatsu.com

Haman\a'su Ccrpordhon 360 Foothill Road, P.O.Box 6910, Bridgewater, N.J. 06807-0910 U.S.A,, Telephone: (1) 908-231-0960, Fax: (1) 908-231-1218

w:H; P D d GmbH: A g .10, D-82211 + }gam A Germany, Telep (49) 08152-3750, Fax: (49) 08152-2658

Hamamatsu Photonics France S.A.R.L.: 8, Rue du Saule Trapu, Parc du Moulin de Massy, 91882 Massy Cedex. France, Telephone: 33-(1) 69 53 71 00, Fax: 33-(1) 69 53 71 10

Kingdom: Hamamatsu Photonics UK Limited: 2 Howard Court. 10 Tewin Road, Welwyn Garden City, Hertlordshire AL7 1BW, United Kingdom, Telephone: (44) 1707-294888, Fax: (44) 1707-325777
-urope: Hamamatsu Photonics Norden AB: Smidesvagen 12, SE-171 41 Solna, Sweden, Telephone: (46) 8-509-031-00, Fax: (46) 8-509-031-01

ymamatsu Phot lia S.B.L.: Strada della Moia, 1/E, 20020 A Milano), ltaly, Telephone: (39) 02-935-81-733, Fax: (39) 02-935-81-741
onics Halia rada della Moia, rese. (Milano), Htaly, Telephone: (39) (39) Cat..No. KACC1023E01
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TLO72
TLO72A - TLO72B

LOW NOISE
DUAL J-FET OPERATIONAL AMPLIFIERS

= LOW POWER CONSUMPTION

= WIDE COMMON-MODE (UP TO Vcc') AND
DIFFERENTIAL VOLTAGE RANGE

a LOW INPUT BIAS AND OFFSET CURRENT

= LOV/ NOISE en= 15nVAHz (typ)

» OUTPUT SHORT-CIRCUIT PROTECTION

s HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

= LOW HARMONIC DISTORTION : 0.01% (typ)

= INTERNAL FREQUENCY COMPENSATION

s LATCH UP FREE OPERATION

= HIGH SLEW RATE : 16V/us (typ)

DESCRIPTION

The TLO72, TLO72A and TLO72B are high speed
J-FET input dual operational amplifiers incorporating
well matched, high voltage J-FET and bipolar transis-
torsin a monolithic integrated circutt.

The devicesfeature high slew rates, low input bias and
offsetcurrent, and low offset voltage temperature
coefficient.

PIN CONNECTIONS (top view)

DIP8

(Plastic Package)

SO8

(Plastic Micropackage)

ORDER CODES

Temperature Package

Part Number Range N =
TLO72M/AM/BM | —55°C, +125°C | .
TLO72I/Al/BI —40°C, +105°C . .
TLO72C/ACIBC 88 +70°C ¢ | /' .

Example : TLO72CN

N

1 - Output 1

2 - Inverting input 1
3 - Non-inverting input 1

4 - Vo

5 - Non-inverting input 2
6 - Inverting input 2

7 - Output 2
8 - Vcc'

November 1995

1/9
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TLO72 - TLO72A - TLO72B

SCHEMATIC DIAGRAM

Vcc+ D
~
Non-i rtin Kl |
on mveinpl)u? D
Inverting W“T
input
Q
L— 199 2009
ﬂ Output
100%2
30k 4 1/2 TL072
P
‘\ :
8.2k A
35k 100Q
Vee [}
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vce Supply Voltage - (note 1) +18 vV
Vi Input Voltage - (note 3) £15 Vv
Vid Differential Input Voltage - (note 2) +30 \
Ptot Power Dissipatidn 680 mwW
Output Short-circuit Duration - (note 4) Infinite
Toper | Operating Free Air Temperature Range TLO72C,AC,BC 0to 70 °c
TLO72l,AlBI —40 to 105
TLO72M,AM,BM -55to 125
Tstg Storage Temperature Range —65 to 150 °c

Notes: 1. All voltage values, exceptdifferential voltage, are with respect to the zero reference level (ground) of the supply voltages where the
zero reference level is the midpoint between Vec® and Vec™.

Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal.

. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.

The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the
dissipation rating is not exceeded.

LN

J

2/9
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TLO72 - TLO72A - TL072B

ELECTRICAL CHARACTERISTICS

Vce = £15V, Tamb = 25°C (unless otherwise specified)

TLO72I,M,AC,Al,

TLO72C
Symbol Parameter AM,BC,BI,BM Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
Vio Input Offset Voltage (Rs = 50Q) mV
Tamb = 25°C 3 6 3 10
TL072BC,B!,BM 1 3
Tmin. € Tamb € Tmax. 7 13
TLO72BC,BI,BM 5
DVio | Input Offset Voltage Drift 10 10 uvrlc
lio Input Offset Current *
Tamb = 25°C 5 100 5 100 pA
Tmin. € Tamb < Tmax. 4 10 nA
lib Input Bias Current *
Tamb = 25°C 20 200 20 200 pA
Tmin. £ Tamb € Tmax. 20 20 nA
Avd Large Signal Voltage Gain (R = 2kQ, Vo = £10V) VimV
Tamb = 25°C 50 200 25 200
Tmun < Tamb < Tmax 25 15
SVR Supply Voltage Rejection Ratio (Rs =502) dB
amb — =2 C 80 86 70 86
Tmln < Tamb < Tmax 80 70
lcc Supply Current, per Amp, no Load mA
Tamb = 25°C 14 2.5 1.4 2.5
Tmln < Tamb < Tmau(. 25 25
Viem Input Common Mode Voltage Range +11 | +15 +11 | +15 \Y
-12 -12
CMR Common Mode Rejection Ratio (Rs = 50Q) dB
Tamp = 25°C 80 86 70 26
Tmin. € Tamb € Tmax. 80 70
los Output Short-circuit Current mA
Tamb = 25°C 10 40 60 10 40 60
Tmin. € Tamb £ Tmax. 10 60 10 60
+Vopp | Output Vottage Swing \
Tamb = B5YC R = 2kQ 10 12 10 12
Ry = 10kQ 12 | 135 12 | 1356
Tmin. € Tamb £ Tmax. Ry = 2kQ 10 10
R( = 10kQ 12 12
SR Slew Rate (Vin = 10V, R( = 2kQ, C_ = 100pF, V/us
Tamb = 25°C, unity gain) 8 16 3 16
te Rise Time (Vin = 20mV, Ry = 2kQ, Cy = 100pF, us
Tamb = 25°C, unity gain) 0.1 0.1
Kov Overshoot (Vin = 20mV, RL = 2kQ, C, = 100pF, %
Tamb = 25°C, unity gain) 10 10
GBP Gain BandW|dth Product (f = 100kHz, MHz
Tamb = 25°C, Vin = 10mV, Ry = 2kQ, CL = 100pF) 2.5 4 2.5 4
R; Input Resistance 1012 10'2 Q
THD Total Harmonic Distortion (f = 1kHz, Ay = 20dB, %
RL = 2kQ, CL = 100pF, Tamb = 25°C, Vo = 2Vpp) 0.01 0.01
Equivalent Input Noise Voltage nV
€ | (f= 1kHz, Rs = 100Q) 15 15 =
2m Phase Margin 45 45 Degrees
Vo1/Voz | Channel Separation (Av = 100) 120 120 dB

* The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature.

&y 8%

MSON
eS8

3/9

072-03.TBL



TLO72 - TLO72A -TL072B

MAXIMUM PEAK-TO-PEAKOUTPUT

MAXIMUMPEAK-TO-PEAK OUTPUT

MAXIMUM PEAK-TO-PEAK OUTPUT

4/9

VOLTAGE (V)

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS FREQUENCY

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS FREQUENCY

30 T
ML [ ] & okd
25 I\;ICC= +15V it Tamb = +25 G
r See Figure 2
20U 11D ,
Vee= 210V
15 !
- Vee= 5V
N e
0 H mal
100 IK 10K 100K IM 10M
FREQUENCY (Hz)

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS FREE AIR TEMP.

30

25

20

072-05.EPS

] ] ———
=1
—R_ = 10kQ
=R =2kQ
RV&L=a5M
See Figure 2
L L
-75 -50 -25 0 25 50 75 -50 125

TEMPERATURE (°C)

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS SUPPLY VOLTAGE

) — 5
Vee = 215V lm R, = 2kQ g
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20 ee Figure ::4;
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I I
R_= 10 KQ
| Tamo = +25°C
P
//
<
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SUPPLY VOLTAGE (+V)

16

072-09.EPS




TLO72 - TLO72A - TL072B

INPUT BIAS CURRENT VERSUS
FREE AIR TEMPERATURE

=
F Ve = 218V —

g 10
= Z
& 7
4 Y
@ 1
2 i 2
O T ~
(2] |
<
@ 0.1 |
-
2
o =
=

0.01

-50  -25 0 25 50 75 100 125

TEMPERATURE (°C)

072-10.EPS

LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION AND PHASE
SHIFT VERSUS FREQUENCY

| |
3 100 LML LTI AR
<2 T T TSI DieFERENTIALTT 180
E3 il " y VOLTAGE
g || PHASE SHIFT || AMPLIFICATION
g% (right scale) ‘ ‘ \ ﬁ§ca],)
SE o L ‘ ‘
"6 UL R AR T ‘\ 90
%_;_ | R, =2kQ N
o Cp =100pF M”
£ | | Vce =15V !
w < i q
= | Tamb=+125 C “_| i
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TLO72 - TLO72A - TL072B

INPUT AND OUTPUT VOLTAGES

6/9

- EQUIVALENT INPUT NOISE

VOLTAGE FOLLOWER LARGE SIGNAL

V)

VOLTAGE (nV/VHz)

PULSE RESPONSE

/(;J[TP UT'\
ANINA

/

INPUT

/ \

/ Vee= 15V \
/ R =2kQ \
C= 100pF
Tamb= +25C \
0 OfS ll 1.15 2 > o 3.5
TIME (us)
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&7 8555

OUTPUT VOLTAGE (mV)

OUTPUT VOLTAGE VERSUS
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TLO72 - TLO72A - TL072B

PARAMETER MEASUREMENT INFORMATION

Figure 1 : Voltage Follower

Figure 2 : Gain-of-10 Inverting Amplifier

072-21.EPS

12 .
TLOT2 0 e .
0
p C, = 100pF === R_ = 2K
e L ; C, = 100pF
7. 7 77
TYPICAL APPLICATION
100KHz QUADRUPLE OSCILLATOR
§ 18k O
] ‘{{148 -15V.
18pF 1k Q
—_ll___‘ 18pF
‘ i
! i
! 88.4k Q
1/2
88.4k Q (L O 6cos Ot
6sin Ot iR A
as 1k Q
18pF s
1
b2 | | 88.4k Q
L 1N 4148
: 18k Q*
+15V
* These resistor values may be adusted for a symmefrical output
SGS-THOMSON i

<73

MICROELECTRONICS
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TLO72 - TLO72A -TLO72B

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC DIP

el
[ [
— < | —
.
= — i
BB ||
LR e ]
L e
e3 I I
Z
Z
D
VAT
8 5
(19
1 4
N
. . Millimeters Inches
Dimensions -
Min. Typ. Max. Min. Typ. Max.
A 3.32 0.131
al 0.51 0.020
B 1.15 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
D 10.92 0.430
E 7.9 9.756 0.313 0.384
e 2.54 0.100
e3 7.62 0.300
e4 7.62 0.300
F 6.6 0260
i 5.08 0.200
L 3.18 3.81 0.125 0.150
V4 1.52 0.060

8/9
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TLO72 - TLO72A - TLO72B

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE (SO)

L
D
1 <
o) [
L \ \
ooy | UC
ay
_b.H._ 8 8 A~ b=
ed E
D
#.i
[ (1AW
8 5
w
1 4
C 7 X
R X Millimeters Inches
Dimensions -
Min. Typ. Max. Min. Typ. Max.
A 1.75 0.069
al 0.1 0.25 0.004 0.010
a2 1.65 0.065
a3 0.65 0.85 0.026 0.033
b 0.35 0.48 0.014 0.019
b1 0.19 0.25 0.007 0.010
C 0.25 0.5 0.010 0.020
ct 45° (typ.)
D 4.8 5.0 0.189 0.197
E 5.8 6.2 0.228 0.244
e 1.27 0.050
e3 3.81 0.150
F 3.8 4.0 C.150 0.157
L. 0.4 1.27 0.016 0.050
M 0.6 0.024
S 8° (max.)

Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelecironics assumes no responsi-
bility for the consequences of use of such information nor for any infringement of patents or other rights of third parties which
may result from its use. No licence is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON
Microelectronics. Specifications mentioned in this publicationare subject to change without notice. This publication supersedes
and replaces all information previously supplied. SGS-THOMSON Microelectronics products are not authorized for use as critical
components in life support devices or systems without express written approval of SGS-THOMSON Microelectronics.

© 1995 SGS-THOMSON Microelectronics - All Rights Reserved
SGS-THOMSON Microelectronics GROUP OF COMPANIES

Australia - Brazil - France - Germany - Hong Kong - Italy - Japan - Korea - Malaysia - Malta - Morocco - The Netherlands
Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A.
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2N3055, MJ2955

o 5 e S —

l;r/ef\;lﬁ'lge‘«;tISEVice
Complementary Silicon
Power Transistors

...designed for general-purpose switching and amplifier
applications.
e DC Current Gain — hpg =20-70 @ Ic =4 Adc
® Collector—Emitter Saturation Voltage —
VCE(sar) = 1.1 Vde (Max) @ Ic = 4 Ade
e Excellent Safe Operating Area

MAXIMUM RATINGS

ON Semiconductor”

http://onsemi.com

15 A

POWER TRANSISTORS
COMPLEMENTARY SILICON

60 V

115W

TO-204AA (TO-3)
CASE 1-07

xxxx55 = Device Code

MARKING
DIAGRAM

©

©)

xxxx= 2N3055 or MJ2955

A =

YY = Year

WW = Work Week
X =1,2,0r3

Assembly Location

ORDERING INFORMATION

Rating Symbol Value Unit
Collector-Emitter Voltage Vceo 60 Vdc
Collector-Emitter Voltage VCER 70 Vdc
Collector-Base Voltage Ve 100 Vdc
Emitter-Base Voltage Veg 7 Vdc
Collector Current — Continuous Ic 15 Adc
Base Current Is 7 Adc
Total Power Dissipation @ T¢ = 25°C Pp 115 Watts
Derate above 25°C 0.657 wrec
Operating and Storage Junction Tempera- | Ty, Tstg | —65to +200 | °C
ture Range
THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Raic 1.52 °CwW

160 r
— 140
£
< 120
=
& 100 <
=
g
& 80
2]
a
P

E 60 \
= NG
8 40 g <
[=)

0

0 25 50 75 100 125 150 175 200

Tc, CASE TEMPERATURE (<C)

Figure 1. Power Derating

© Semiconductor Components Industries, LLC, 2003
July, 2003 - Rev.3

Device Package Shipping
2N3055 TO-204AA 100 Units / Tray
MJ2955 TO-204AA 100 Units / Tray

Preferred devices are recommended choices for future use

and best overall value.

Publication Order Number:

2N3055/D




2N3055, MJ2955

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

Characteristic

Symbol Min Max Unit

*OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage (Note 1)
(Ic =200 mAdc, Ig = 0)

VcEeo(sus) 60 - Vdc

Collector-Emitter Sustaining Voltage (Note 1)
(Ic =200 mAdc, Rgg = 100 Q)

VCER(SUS) 70 - Vdc

Collector Cutoff Current
(Vce=30Vdc, Ig=0)

ICEO - 0.7 mAdc

Collector Cutoff Current
(Vce = 100 Vdc, VBE(Oﬁ’) =1.5Vdc)
(Vce = 100 Vdc, Vgg(oy = 1.5 Vdc, Tc = 150°C)

ICEX mAdc

Emitter Cutoff Current
(Vge =7.0 Vdc, Ic = 0)

IEBO - 5.0 mAdc

*ON CHARACTERISTICS (Note 1)

DC Current Gain
(Ic =4.0 Adc, Vcg = 4.0 Vdc)
(Ic =10 Adc, Vg = 4.0 Vdc)

hre
20 70
5.0 =

Collector-Emitter Saturation Voltage
(Ic =4.0 Adc, Ig = 400 mAdc)
(Ic =10 Adc, Ig = 3.3 Adc)

VeEg(sat) Vdc

Base-Emitter On Voltage
(Ic =4.0 Adc, Vg = 4.0 Vdc)

VBE(on) -~ 1.9 Vdc

SECOND BREAKDOWN

Second Breakdown Collector Current with Base Forward Biased
(Vce =40 Vdc, t = 1.0 s, Nonrepetitive)

o 2.87 - Adc

DYNAMIC CHARACTERISTICS

Current Gain - Bandwidth Product
(Ic =0.5 Adc, Ve = 10 Vdc, f = 1.0 MHz)

fr 2.5 - MHz

*Small-Signal Current Gain
(Ic =1.0 Adc, Vcg =4.0 Vdc, f = 1.0 kHz)

hte 15 120 -

*Small-Signal Current Gain Cutoff Frequency
(Vcg =4.0Vdc, Ic = 1.0 Adc, f = 1.0 kHz)

fie 10 - kHz

*Indicates Within JEDEC Registration. (2N3055)
1. Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.

20 T
+J 50 us
T 10 I~ dc }Sé —
- < >
£ 6 = = =
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G 4 ~< NSNS
= < \\ N
= 500 us ] N
2 2 250 us \\ S
o N\
G N
yot i
-l
S 06 ]
3 O — - — BONDING WIRE UMIT ]
= 04] — — — THERMALLY UMITED @ Tg = 25°C (SINGLE PULSE) |
SECOND BREAKDOWN LIMIT 7
0‘2 A 1 1 1 1 L 1 'S 1
6 10 20 40 60

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS)
Figure 2. Active Region Safe Operating Area

There are two limitations on the power handling ability of
a transistor: average junction temperature and second
breakdown. Safe operating area curves indicate Ic — Vcg
limits of the transistor that must be observed for reliable
operation; i.e., the transistor must not be subjected to greater
dissipation than the curves indicate.

The data of Figure 2 is based on T¢ = 25°C; Typk) is
variable depending on power level. Second breakdown
pulse limits are valid for duty cycles to 10% but must be
derated for temperature according to Figure 1.
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PACKAGE DIMENSIONS

TO-204 (TO-3)
CASE 1-07
ISSUE Z
A —> NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
<= N— Y Y14.5M, 1982,
i )] 2. CONTROLLING DIMENSION: INCH.
L c 3. ALLRULES AND NOTES ASSOCIATED WITH
‘L ” -T- EELIQG REFERENCED TO-204AA OUTLINE SHALL APPLY.

E e INCHES | MILLIMETERS
—>lle—D 2pL DIM[ MIN | MAX | MIN [ MAX

A 1.550 REF 39.37 REF
|$l® 0.13 (0'005)®|T| Q® I Y®} B | -— [1050 | -— | 2667
c | 0250 [ 0335 | 635 | 851
D | 0038 | 0043 | 097 | 1.09
E | 0055 | 0070 | 140 [ 177

G 0.430 BSC 10.92BSC

H 0215BSC 5.46 BSC
K | 0.440 [ 0480 | 1118 [ 12.19

L 0.665 BSC 16.89BSC
N | - [0830 | -— [2108
Q 0151 [ o165 | 384 | 419

u 1.187 BSC 30.15BSC

v

0131 [ 0188 | 333 | am

-a-]
(&2 0130005 B[] Y ®]

ON Semiconductor and Q are registered trademarks of Semiconductcr Components Industries, LLC (SCILLC). SCILLC reserves the right to make
changes without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any
particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all
liability, including without limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals™ must be
validated for each customer application by customer’s *echnical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death
may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attomey fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.
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Literature Fulfillment: JAPAN: ON Semiconductor, Japan Customer Focus Center
Literature Distribution Center for ON Semiconductor 2-9-1 Kamimeguro, Meguro-ku, Tokyo, Japan 153-0051
P.O. Box 5163, Denver, Colorado 80217 USA Phone: 81-3-5773-3850

Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada

Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada
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SOT-223
Mark: 1A
NPN General Purpose Amplifier
This device is designed as a general purpose amplifier and switch.
The useful dynamic range extends to 100 mA as a switch and to
100 MHz as an amplifier.
Abso I ute MaXim um Rat| n gS* TA =25°C unless otherwise noted
Symbol Parameter Value Units
Vceo Collector-Emitter Voltage 40 Vv
Veeo Collector-Base Voltage 60 \Y
Veso Emitter-Base Voltage 6.0 \%
le Collector Current - Continuous 200 mA
Ty, Tsyg Operating and Storage Junction Temperature Range -55 to +150 iC
1"‘l’hese ratings are limiting values above which the serviceability of any semiconductor device may be impaired.
NOTES:
1) These ratings are based on a maximum junction temperature of 150 degrees C.
2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations.
Thermal Characteristics  r,=25c uness othemwisenoted
Symbol Characteristic NMax Units
2N3904 *MMBT3904 **PZT3904
Po Total Device Dissipation 625 350 1,000 mwW
Derate above 25°C 5.0 2.8 8.0 mW/°C
Rosc Thermal Resistance, Junction to Case 83.3 °C/W
RoJa Thermal Resistance, Junction to Ambient 200 357 125 °C/W

* Device mounted on FR-4 PCB 1.6"X 1.6°X 0.06."

** Device mounted on FR-4 PCB 36 mm X 18 mm X 1.5 mm; mounting pad for the collector lead min. 6 cm?.

© 2001 Fairchild Semiconductor Corporation

2N3904/MMBT3804/PZT3904, Rev A



Electrical Characteristics

NPN General Purpose Amplifier

T, =25°C unless otherwise noted

(continued)

Symbol Parameter Test Conditions Min Max | Units
OFF CHARACTERISTICS
V(eryceo Collector-Emitter Breakdown Ic=1.0mA,lg=0 40 \%
Voltage
V(eryceo Collector-Base Breakdown Voltage | Ic=10pA, le=0 60 V]
V@r)EBO Emitter-Base Breakdown Voltage le=10pA, Ic =0 6.0 \%
lsL X Base Cutoff Current Vee =30V, Vgg =3V 50 nA
lcex | Collector Cutoff Current Vee =30V, Veg = 3V 50 nA
ON CHARACTERISTICS*
hee DC Current Gain lc=0.1mA, Ve = 1.0V 40
lc=1.0mA, Ve = 1.0V 70
le=10mA, Ve =10V 100 300
lc=50mA, Ve = 1.0V 60
|c=100 mA, Ve =1.0V 30
Veegsan Collector-Emitter Saturation Voltage lc=10mA, lg=1.0 mA 0.2 \Y
Ic=50 mA, Ig = 5.0 mA 0.3 \
Vae(san Base-Emitter Saturation Voltage Ic=10mA, lg=1.0 mA 0.65 0.85 v
lc =50 mA, lg = 5.0 mA 0.95 V
SMALL SIGNAL CHARACTERISTICS
fr Current Gain - Bandwidth Product lc=10mA, Vce =20V, 300 MHz
f=100 MHz
Coto Output Capacitance Vee=5.0V, g =0, 4.0 pF
f=1.0 MHz
Cibo Input Capacitance Veg = 0.5V, Ic =0, 8.0 pF
f=1.0MHz
NF Noise Figure lc =100 pA, Vce = 5.0V, 5.0 dB
Rs =1.0kQ,f=10 Hz to 15.7kHz
SWITCHING CHARACTERISTICS
tg Delay Time Vee=3.0V,Vge = 0.5V, 35 ns
tr Rise Time lc=10mA, Ig; = 1.0 mA 35 ns
ts Storage Time Vee=3.0V, Ic = 10mA 200 ns
ts Fall Time lg1 = lg2 = 1.0 MA 50 ns

*Pulse Test: Pulse Wicth < 300 s, Duty Cycle 2.0%

Spice Model
NPN (Is=6.734f Xti=3 Eg=1.11 Vaf=74.03 Bf=416.4 Ne=1.259 Ise=6.734 |kf=66.78m Xtb=1.5 Br=.7371 Nc=2
Isc=0 lkr=0 Rc=1 Cjc=3.638p Mjc=.3085 Vjc=.75 Fc=.5 Cje=4.493p Mje=.2593 Vje=.75 Tr=239.5n Tf=301.2p
Itf=.4 Vtf=4 Xtf=2 Rb=10)

Y06€LlZ2d / v06ELAININ / YO6ENT



NPN General Purpose Amplifier

(continued)

Typical Characteristics

Typical Pulsed Current Gain
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NPN General Purpose Amplifier

(continued)

Typical Characteristics (continued)

Noise Figure vs Frequency Noise Figure vs Source Resistance
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NPN General Purpose Amplifier

(continued)

Typical Characteristics (continued)
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NPN General Purpose Amplifier

(continued)

Test Circuits
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FIGURE 1: Delay and Rise Time Equivalent Test Circuit
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FIGURE 2: Storage and Fall Time Equivalent Test Circuit
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FASTr™ PowerTrench® SyncFET™
Bottomless ™ GlobalOptoisolator™ QFET™ TinyLogic™
CoolFET™ GTO™ QS™ UHC™
CROSSVCLT™ HiSeC™ QT Optoelectronics™ VCX™
DOME™ ISOPLANAR™ Quiet Series™

E2’CMOS™ MICROWIRE™ SILENT SWITCHER®

EnSigna™ OPTOLOGIC™ SMART START™

FACT™ OPTOPLANAR™ SuperSOT™-3

FACT Quiet Series™ PACMAN™ SuperSOT™-6

FAST 2 POR™ SuperSOT™-8

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT

RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTENAPPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended o surgical implant into support device or system whose failure to perform can
the body, or (b) support or sustain life, or (¢) whose be reasonably expected to cause the failure of the life
failure to perform when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can be effectiveness.

reasonebly expected to result in significant injury tc the

user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status Definition
Advance Information Formative or This datasheet coiitains the design specifications for
In Design product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary dat2, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve

design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

Rev. G






