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ABSTRACT

This project proposes the diversity antenna system to mitigate the fading in the
environment that the interference of wave becomes severe. In this project, the antenna element
that has the suitable characteristics will be firstly chosen. Subsequently, the appropriate diversity
scheme is selected, Ultimately, the optimum condition of minimum correlation will be
determined. Finally, the diversity antenna will be measured and compared with the non-diversity

case to express the effectiveness of the proposed principle.
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sdunlszansmdniuddhimninedi s lanessaniiondResunuduiuyes-
f?igapmﬁ"lﬁinnudazffwwmﬁwmmﬁ'lﬂnaﬁﬁ adulszantenduiuslunugliuanaaiu

9y 3 wurdeiy A MdwlszAntanduiuiiFadon (Complex Signal Correlation: p,) uazATY
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4

¢ R 4 A . ' e = W do a
AszAnfanduiutnseundu (Envelope Corelation: p, ) tiaz mdudssantanduiuii i

1 o ool

(Power Correlation: p, ) Tudtudousuing) mdnlszand amduiudinamaiun g
ﬂmﬂnﬁﬁl%a'lﬂnaﬁﬁ- o midulszAnfenduiusnieusdu  Taohllineslszinaly
o) =p, enmnadeumseimioveasda ‘luﬂ?tgtmﬁwuﬁ'nﬁuf; v hdulszang
anduiuinseunay  lumsAvuangumiAandniuivesdynunnudasmyivessseIima

P e o o w o 4 d .
Taod fiduiszandanduiuinseunaulunsdineooinializneudiy 2 1 fwisemmila

IR
Z
Ry
L =53 (2.20)
0.1 02
4 t o ™ ¥ &
die R, dlunnuinlsiliausu-1v3 (Cross-covariance) veadyanunivid 2 dyanmdail
AunIfy

2x A

=2KP, [ [[ XPRE, (6,$)E",,(6,$)F,(0.9)

+E,(0,0)E",(0,8)P,(8,4) | sin0dOdg (2.21)

e ¥ a’ d‘l 9 a 1 u’:
v duTawensuldenaweima 2 41 nTeanun ) uaastaimsmasamisnualuga
il

¥y r M
asefnsdiFeuvasuuitmnuIwihlussdilizneu 8 uaz ¢ voamwnmad@dui o (uat

] o J = B o o
Joya daunioaming * mnsiamdagmFadou (Complex Conjugate) d1m3y E, uaz E,,
r A L} A 4 o
n=11az 2) A1 k 1TuavAdl (Wave Number)  x iHhuanusmiaevasnauannsznuiidanaldom
TWRINTA 13 2 uaz K ilusmnaninmngay
o v o s A o«
dmiuauilosnnnnasy i (Standard Deviation) &, HAz &, voNsouAdUTaFauves

o A 1 1 -
MUDINIANIN 1 LA 2 ﬁmmmu

SR AGAGY
la g

=2KP, [ [ XPRE, (6,9)E ,,(0.$)F,(6.9)
(U]
+E, (0.0)E" ,(6,8)F,(6,4) | ** sin0d0dg (2.22)
LERIAGAGY

o x

=2KP, | [[ XPRE,,(6,$)E ,,(6.9)F,(6.9)
D0
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+E, (6,0)E ,,(6,8)P,(0.4) | sin0d6dg (2.23)

¢ g
mseiusaunisvesmdmlszdnienduiusmumuns 2.20) dwilumssouwansy
) o 2 o LI

w8d XPR uazmsuanusnduanniznuvetsedliznen @ uar ¢ wazdalimudim
a o LY a s A r oo a3 o«
fuszAnfanduius o, wlidulugud ifenyugilmsusmdanngadouveesiliznoy @

» »

o’ o 1 o oo [] 19 ] o o
uaz ¢ yeamuetmeiaaedd lilimsdewiudu  Taolivusgium XPR  uazHandunnu

H - A = 0'4 JA; e 3 o [l

Ay uInauanns e lungaunmiumwemalane i Sa lnumnianangaion:
w an o o 2w dA A 1 ¥ o o o a = Pl 1 o a o
dnlsg@nfanduiusinm o udTaom Wlidrdmivmenmaiaaiigul  mdudszans

@ 1 e o ] = H
anduius Wiy 0.7 AaenldUszanEn iAo aneud)

2.3.3 nuudiavamsuenuoaBisiidvanauannizny
o w1 4 . o L e w4 o
dmfunwes P uaz P, AlFlumswien MEG uaz dunlsz@nsanduiuitiumnsah
a - _aa 4 =i W ¥ o ¥ ¥ oA o Y
wuusassnsueniaaadvenauannsznui Iaigivaue BinldvSeannsedaldan
4 : 42 da 2 4 a.nya
doulvanmoadeunsuninsznenduluidadsmooimedeiing 15ames diides
L] = = A A 4 k-4
U msImIsIs AL Ave N AUANATT NUIU BB IMAAABUIINAWIENUIUUTIAB
C de v . 4
wuusaesiiiuninduduas Muidlunanu Ae midaeeinarin (Clarke’s Modet) Fuilu

a4 - - . L .
nupdiaeafauud i lemafinaudunfissaimanioun lussuuyunieh Bz% uaz

o 1 - A v N ) L]
HarguaumuniuE U AUANNSTNUIZUINUIIBENATIANS (Uniform) AADATII 0 {9
E . oa A v '
2 7 FamwsodsuiatdusrumuuniuBauyesnduannsznulddanunsi (2.24) uazumas

o 4 o P
dnvuzvoniuannIznumnIMATARIHN (2.3)

1 ke
P=P=—235|8-— 2.24)
© T o [ 2)

Incident Wave

Receiving

Antenna

i e 4 d .
71 2.3 AnvaizveanduiinnnsznuasomaauuuuiasreIna i nTus U R
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' N e ¥ 1 g A e o ¥ A A o=
natuudaesniimy1Faust a1t WA IZRENBDINMA Tuanwinadeunaauinmi
a a o A o 4 . A A
@umavawialuilegiiudl Ae wuusmoareamng (Taga’s Model) Fuilunuudiassvesnaunan

' \ & P
asgnuvuaweImAn 19wedludes (Urban) Fienoomalwdisslidnenistiinmuga
P an [ 3 o J ] H D_ o
wanuaw Tavhvua @ wer Jag vesomilinnuuand iy Feemismandiveidumiiou
ﬂ 1 e A A o ag Yo ~S g 1Y =) ] o A4 A a 3 =
dhamasduiasduyaogiiidumeeme  Sohlguiieud  Bedumnunyeirmadmni
awome luimeauyunnai bilinsuenuvesdwaingus  (Uniform  Distribution) luszum
3UAA (Azimuth Plane) #3uMITZUMYUA (Elevation Plane) Muazenn@d Iiiimsuanusaiiunuy
4 & s
IM% (Gaussian Distribution) Faemnyouam P, (6,4) uaz P, (6,4) Fauilueslszneu 6
w oA . A §
waz ¢  vearaATuANUHUNNIUEIYY (Angular Density Function) Yanauszuuiianniznyla

AIEUMITA (2.25) LAY (2.26)

o0Lf<n) (2.25)

A (3=¢) = A, expy—-

P,(0,4) = A exps - 0<@<m) (226

P o 4 da o -
luzﬂ“ 24 Hﬁﬂqul“.“]-lﬂENﬂ'ﬁlﬁ]ﬂl!.'UQNEQﬂﬁuﬂﬂﬂszﬂ'UﬂIJﬂ]sI“a111mﬁ1ullu1“‘l (11334

° A a Y = - '
ATULHHIUDUATUEIL LD TIAIYINING I.llﬂllﬂ'lﬁIﬂQTH‘IuﬂﬂTﬂiﬁﬂﬁﬂﬂ“lﬂulnﬂvﬂﬂiy

| Average
- power
P Distribution of
P, my VP Wave

T T

m, = 19°
: o, = 20° Distribution of
HP Wave
£ =32°
Py [Ea2av _ / M g
~-F  0,=64

r 3
N\
\
\
\\\\
A
[
/
/
7
L

EENANEEREERERE LEE RN

ol

Lt bl g pdas s saran

-40 -20 2(I)I B 40 60 80
Elevation Angle (Degree)

i < A °
719 2.4 MINSAURALLN FVBINAUANNTENUAMILILTIADIVININY
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unn 3
MIBBRIULUAZMIaS
\ o, A
missniULNATHINeaT WA e IMA
3.1 Circular Wave guide {3]
A @ 1 '] A -
Tumsninnusmeausneetusoinay tuinInauAed 14 Root of Bessel functions 11812

A [J Ll ] %]
ANUMINAUANBEHUBATHYA TEm,n UM

27 (3.1)
;{'tumﬂ' = -
¥
v oty (e d
r = §etauluvemeriwauiunnnau
Z:,,,, = A3 INYDITUMIILNEA

, 3 x 4m* +3 112m* +328m* -9
Koww=(m+2n— ) — -

3 ; 3 X ey m > 0 (3.2)
47r(m+2n—:2~) 487 (m+2n—5)

AN 3.1 uaemnnveaniman (¥, )8 wmiuinua TE

n m 0 1 2
1 3.832 1.841 3.054
7.016 5.331 6.706
10.173 8.536 9.969

21AM3AD178 71 dominant mode AD TE,, uaz higher mode fie TE,, uaz TEOJ"?I

4«
dominant mode TE, , 92 TAn 1Mt ndufinaen

l.ﬂ'l-l 3
A =T =3412r
1.841
Tavi 7., =1.841
Wiamdali  r =0.2934,
oz higher mode wldnuenduinoed
lﬂ'l-l
A= _2057r
3.054

Tauf Xy =3.054

Wldmisll 04864,
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»
o - e 1 a A L] 1
fniuisldsalivaaiohnduoglusiy  0.2931 <7 <0.4861
' z . 4 ;
an aanidauiu = 245 GHz w2 ldamnuenauvennualenu

_c_ 3x10%m/s
Cf 2.45x10%s™

=0.,1224m
] L 1 L) A
HAZFIIVBIM T AL YDA I AR RAMIUMRALAD
0.293(0.1224) < r < 0.486(0.1224)
3.58cm<r <594cm
- Qe A ] } : LY | [} a‘c; ’
amsAnsuguauidvesmeemadni i idmniu wwadvrimisilimesWugu 3
'3 w A
faunufe
o ' A 4
1. oA IAIUNAULS (SWR)
2. fiDirectivity
3. Total gain
A . LI T [ é o 1 1 T w A 4 )
din'ldvrunemisaiivoanoindudinanudrse Idhimsniniamiadad o WReendiu
: e A avi 4 a ) o . A
4 Frddums M hsaemaImad uaziimsnAounlanumuIvea e AauHULISHMIY
» » ¥
NNauYeWAarMIALNG 4 AIA 20 mm - 50 mm tazIMIIAMOEMWNIIRo AU IUAY

Tas1¥TlsunTu NEC2

22 T ———

l . o=

S 'iﬁH=36(rnrn)

2 l = Jufi=42 (mm) |i -
|
|

== $7i = 48 (mm)

18 = @il = 54 (mm) ,

1.6

SWR

1.4

12

20 25 30 33 40 45 50
AU UIDIAAY (mm)

= o o e } A A w o A
?J‘]J'ﬂ 3.1 ﬂ'J'I'Uﬁ'ﬂﬂll'ﬁri]i]ﬂﬂ'lﬂﬂ‘ﬂﬁluﬂﬂuuwl (SWR) NUAITUHUNYBINDUIAIU UK IUNINAY

?ﬂfl 36 mm - 54 mm

»
ar ]

9103107 3.1 dunsmuannt SWR veafalidaud 36 mm - 54 mm # ldihimadaoumla

L] ]
a_

; A L y U o
ATIWMUIAWA 20 mm - 50 mm MDY IR SWR NTAANgRYoAaza IRl



Total Gain (dBi)

5.8
5.6
5.4
5.2

4.8
4.6
4.4
4.2

f SNBSS SU——

i:ﬁi_:l=36 {mm) ||
IfY=42 {mm) |
IPA=48 (mm)[*

— §7111=54 (mm)

20 25 30 35

50

20

ANUMUIDINIAAY (mm)

{ [ o U [y o A
Ellﬁ 3.2 ANUTURULUDIAT Total gain (¢Bi) ﬂUﬂTl'lll'H'LlHlﬂ\'l'l'lrﬂll'lﬂﬂu'NilHTl'LH\lﬂ'ﬂH

Swﬂlﬁl36mm - 54 mm

ing1li 3.2 dlunsiuanads Total Gain (dBi) ¥935Al 36 mm — 54 mm WlAMms

= :- v A 1 . . d'c! L =
nlauulaanUNUIAILA 20 mm - 50 mm IO Total Gain (dBi) numMIIMGA

Directivity

by, e
e

=T I ST T S R = S T I «]

—— 371} = 36 (mm)

- %"ﬂg =42 (mm)
== 5§71l = 48 (mm)

et TH = 54 (mm)

20

25

30 35 40 45 50

AU INAY (mm)

i w e ' a o A
Eﬂﬁ 33 ﬂ’JWﬂ'Imuﬁ('ljmﬂ“l Directivity NUAIUH UMD INSLIAAU U U NINAY

571 36 mm - 54 mm
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131l 3.3 huns e Dircctivity Y0958 36 mm — 54 mm 7 EMMsFounlas
ANUMIN @A 20 mm - 50 mm (ABMIAT Dircctivity HiA g1 Indguiesruniige

1ANT3 AT 12ATTRilNe 9929 36 mm - 54 mm FdusrFuna i Tuga 3.1 Avaemes
37 36 mm - 48 mm A1 SWR srdafid g uardeanintuzui 3.2 v Wil M1 Totl Gain
woe3All 42 mm 2AMUINATIAN Total Gain esswil 36 mm uazluzalf 3.3 0z Directivity #

TnAfes U TuUADNYI9TAT 42 mm — 48 mm WA ApTy

di o s o r [V 1 a n‘i Hea Y tfd.' 1:‘4:“.:; B

dinldihms s wvimsisesiativesiminauidamwisiimes wuguiafiga ldudy
a4 o v o Ao 1 P A o = o+ 1 P s = a 2
dnhsalidanarumiwssa Tlimem I 1A IZHIIAIMS 1M DI WUA I NazIDEAtY AB 22
MIMIULIFISRY 42 mm — 48 mm 0oNEIY 5 YRAWAUAD ¥195A 43 mm - 47 mm HAZIIAS

§ ! a A : r o e
nlasuilaspnuninve mahANIDL 2T IUINANAUA 20 mm - 50 mm Aatl

— §pil = 43 (mm) T

1.5 T ' & gl = 44 (mm) '

| VL T imd =45 (mm) |

1.45 ! ) ' = TR = 46 (mm) t )

; ; —*= fail = 47 (mm) | !

e — N . _
g 13 ™~ S ¢
2 125 , | ;
12 - ' ‘
1‘1 e, ; e e e :
1.05 -~ t 1

20 25 30 35 40 45 30

ANUHUINMIAAY (mm)
3 qr ar L] o/ L] 3 l; o 1] A
317 3.4 AnuduRuivesiisandmaduily (SWR) fuanuninvesiehndulaumunay

$Hil 43 mm — 47 mm

»
ar 1

1ngi 3.4 dlunsidunaan) SWR veafalidaa 43 mm - 47 mm AlAhmsalasunalag

- » r » []
ATIUHUIAA 20 mm - 50 mm IHBHIA1 SWR Al Migaveudaza sl



Total Gain (dBi)

=n.

)

ént

22

PN R -
- §ﬁ§=43 (mm)
o P44 (mm)

$M=45 (mm)
M §H§=46 {mm)

2

B _'__I '.

20

| = $at%i=47 (mm)

25

3

0 35 40 45 50

+ ] t!'l
ANUHUINOUIAAU (mm)

ar L4 1 o " o A
3.5 AUFUWUTY0IA1 Total gain (dBi) NUATTUHUIUBINBUINAU TMH U N

Sl 43 mm - 47 mm

gl 3.5 iWhunimuanm Total Gain (dBi) ¥933A1 43 mm - 47 mm Wlavhms

- - A ' Ay v A
nlAeuntlnanumuIAA 20 mm - 50 mm (W81 Total Gain (dBi) MNANNANTA

Directivity

1

10

- i:ﬁi = 43 (mm)

& JAL = 44 (mm)

25

30 35 40 45 50
t e &
A1TUHUIVIBUIRAY (mm)

o v o ' L W t o A
§1JTI 3.6 ﬂ’J']iJﬂUWN‘E‘UB\Iﬂ"I Directivity NUATUHUIUDINOUIAAUNUWIHNNDY

$a1l 43 mm — 47 mm

1131 3.6 1flunT AT Directivity ¥9937 43 mm ~47 mm R 1dhnsnasuulas

n’: ] A T 'q T 4
AN AQUA 20 mm - 50 mm tHBMA Directivity A w1 Indgudesmunige
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= - | ] § W o W = e =]
VINMIINTIZHAITATVOINI 42 mm — 48 mmI13Au vzdunalain Tugili 3.4 Vswli 43
1 1 ﬁ‘; A 1] i 1 w 1 { 1 r
mm fi1 SWR sellenfidinga duninlugdil 3.5 A1 Total Gain voa3#il 43 mm wzdimntioondy
. [ o 1 = {o = = . .. i o
Total Gain YA5AL 44 mm fmuAnINgUT 3.6 Nindl 43 mm vzilen Directivity i Indgudom
1 » ¥
1INANATAL 44 mm s IzRiu 9z18on MIATD 43 mm wRvsanluduseudell
d'.lyu s ? Ve e Vo A dar - ’oy Aot [
wieldminimsanszdau Idmialivesinhnduiilisniimeiugpuiiangauds  Sai
o Ao 1 o a o ’ Y ;4 o a4 ] o o
faldananuhmsInTimmmndmeitudng flazdeeiu Ao sedhminfavuinlainim
" A & o { P Ae &
mnveighANamIuNnaY Fannmsdunaluzlil 3.4 wulah a1 swr fidiage
o 4 i o A : L] ) n’l 1 : L) 1
vou frlvowimihndnii weglu¥nmuiduEa 30 mm — 40 mm aiuTahgaAIIN

o 3 ro1 .é 1 LY (d’ 1 ::I‘. =) J o :;
mnanmuuqunuaﬁﬂmammmﬂummwugmmm NazeuAPUAIU

1.12

I

1.08

SWR

1.06

1.04

1.02

I
ATTUHUINOUIATU (mm)

= o ar [ ] A a s ) L] A
E!h"l 37 fmuﬁu‘wuﬂﬂmmmﬂmuﬂnum (SWR) AUAMUMHIUDINHUIAGU U IUINAD

§A1 43 mm

) ] ] »
910317 3.7 Funsmiaaan SWR vesdad 43 mm Aldvmsafasunlamimunds

[
' a1 1

A 1 Aq 1
30 mm - 40 mm IHDHIAT SWR NYAIAINTRVDILAAZAINITUHU



24

5.25

5.23

5.2!

519

Total Gain (dBi)

3.7

515

5.13

3¢ 32 33 34 35 36 37 38 39
Poe A
ANUHUIVBUIAAU (mm)

117 3.8 AnuduiuTYDIA1 Total gain (dBi) fuANUHUWEIMBIIAT UM IUIINAY

Fadl 43 mm

931 3.8 iuasiaRan Total Gain (dBi) ¥BA3AY 43 mm # Iaminsafavunlanny

) 4 ) dea -
HUIAWA 30 mm- 40 mm IWDHIAT Total Gain (dBi) ‘mlﬂ"lll'lﬂ'm]’ﬂ

g
in

Directivity
L

ha
Ln

4 T I i T D

30 3 32 33 34 3536y 38 39 40
ANUHUINDIAAY (mm)

C!. s [ ¥ s 13 9 A
E‘l"ﬂ 39 ﬂ'ﬂllﬁll“ﬂf‘lli)-!ﬂ'l Directivity PUANUHUIUDINOU AU NUWIUHAAY

Fori 43 mm

10317 3.9 FHuns uARIAT Directivity voafedi 43 mm A lahimsnlaswinlamaunn

3 ] ] ' . . da 9 o &
AUUA 30 mm - 40 mm INOH AT Directivity wumvﬁﬂnaqunaammnnqﬂ
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1M AASIHASAE 43 mm adu lupiit 3.7 ezduna’lén Amnnumus 34 mm M
ar g A a { = v A 1 . i
SWR wsilfiia1 dieRn1sanilf 3.8 aiuldnaInumul 34 mm 92l Total Gain N
A A w oA oA A A a = o [ . .. My e
woarunsafouiuinsal du uazdiednsan Tuglfi 3.9 Hu1831Mm Directivityssinuiiu
» »
ARBATITIINNUNUL 5 1zasil Tudona13all 43 mm uag Honiinumi 34 mm wnadadiu
¥ d - ¥4 :
MwemmaumIInasadeamsnez Wuougumsunsaaudsll Szl swr 11 uazm
DuRuAUD =477 Q-j0.12Q

T ot-gain [dBi] 15 , 0 sgm 5 Vertical plane
2450 Mhz 30 dg 7 -.NN
0.2¢ dB
o 40 dg
45 5
3
B
£0 2
12
75 15
8
90
-105 05
120 120
13 vt
oy 150
cpﬁnderFl43_L34_prop3l]_l2450_.93t;'““—4uj 8 o5 79<dBi< 493
Phi= 0 w35 dg

] ' A o
7117 3.10 nugUMsUNT N 12 90ARUYB I B INIAIWNIUNNANS ] 43 mm

AU 34 mm
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3.2 Square waveguide [3]

10 A = 2 = 2 = 2a 3.4

: \/([5"—]1+[2)2] J;‘;((m)%(n)z) =)

a a

A o ; ,
WoRIMINITLIN  Dominant mode 9214 Ao TE, = Tauf Higher mode fiB TE
1,0 L] 1,1

i Dominant mode 1 TEI_OI TE‘Ll i

2a 2a
-_—— = — = 20
\f((l)z +(0) ) 1 (3.5)
1tz Higher mode TEL,1 3
2a 2a

@y +Qy) 2 (3.6)

Ed
W

afuanunhaves a zeglusng
A a<t
2 V2
054<a<0.7074

[ BB : ' A ==
910 anvaniviniu = 245 GHz ez ldmanuenaduvesnun lFau

¢ 3x10°m/s

" =?—W=O.1224m
. 5

8m
0.5(0.1224m) < a < 0.707(0.1224m)

0.0612m < a <0.0865m

6.12cm<a <8.65¢cm

-y Qe A a : h r -, J nd
nrRnsaquauidvesmseimammi i lFmni szedsimniiwes 3 sy

o \ A A
I o9 IUAaUUl (SWR)
2 ﬂ"lDirectivity

3. Total gain
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A wya ' Y 15 A e ) el o [ ¥ A
lllﬂ‘lﬂ‘ln\ﬂmQﬂ'lﬂ']’lﬂﬂ'nwﬁli]QﬂﬂuTﬂﬁuﬂ\lﬂﬁTlllg'ﬁlﬂll&ﬂ'lﬂ'ﬁll'ﬂQﬂTﬂ'Tlllﬂ'J'N“ﬂ']u']m
Y v oW e A awr a P " o P o A
‘lﬂf]ﬂﬂiﬂ'l.l 4 'ﬂ'Nﬂ']Uﬂul“ﬂﬁl'ﬂﬂ’lﬂﬂﬂﬂ’ﬁqlﬂi13“ llﬁz“1ﬂ1‘ilﬂﬁﬂu11ﬂﬁQﬂ?’Illﬂ'l.-.l“.lﬂﬂﬂﬂu‘lﬂﬁu
d o hd 1 L ﬂ"l ; Ll -4 -3
ll'UU'NlIH']'I—lélﬁﬂﬂﬂﬂﬂiﬁ‘“ﬂﬂlﬂﬁ:ﬂ15ﬂ1]“\1 4 A 20 mm - 530 mm HazNINITATUIN

1] = ; 1
mmndmesnuy a1 IaoldTlsunsy NEC2

—— AN =65 (mm) |

L8 - - ANUNIN =71 (mm) 4
L7 11 == aawndn =77 (mm) | T
L6 ”{ — ANMUAYIN =83 (mm) ! l
L3 i i ; } t
20 25 30 35 40 45 50

ANLHUMNIIAAY (mm)

{ o B " ¥ A = [ ] o A - -
UM 301 anudwinivesiidandiunduiia (SWR) Auamumnvesriethaaulaumiuimany

o o

ASenwn3N 65 mm- 83 mm

] » 1)
1ngdi 3.1 Aunsiuaas SWR wpsinunindua 65 mm - 83 mm #ldwms

[ ,
F o LI

H LA 4 ' 3 ] .
wlaouuannun AR 20 mm - 50 mm tWOWIA1 SWR Al igevsandazs13nun g
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- mmﬂ’m 65 (mm)
- A7uA318 = 71 {mm)
- ﬂ'nuﬂ"a'w 77 {mm)
- ﬂ’!'lllﬂ’JN 83 (mm)

20

f — ;i
25 30 35 40 45 30

v ) A
ATUHUINDUIAAU (mm)

‘ﬂl g L 3 o r o A i i as a’
1119 3.12 A duRu iU A1 Total gain (dBi) fuANUMINUBIMIIAAUISUIURMAYLTRT T

AN 65 mm - 83 mm

9131 3.12 dunsriene Total Gain (dBi) 403N 1AWA 65 mm — 83 mm N'1A

o 1 > F 4 1 ) \ ] 1
MimanfasuntonnuMuIAg 20 mm - 50 mm (WoM1A1 Total Gain (dBi) MilAnNAga

1

10

Directivity
©

3
;
:
G

+ﬂ1mn5'1q 65 (mm)
-l-mmmn 71 (mm)
== ANUATIE = 77 (mm)
— AMUNIN = 83 (mm)

20

25 30 s, 40 45 50
AMHUINDNIAAY (mm)

A o r . . ™ 1 a A 1 { o/ o
E‘IJTI 3.13 mmemwufmmm Directivity ﬂ‘]Jﬂ’JTiJHHW‘UENTIﬂu’Iﬂﬁu’NMH’J‘Llﬁmaﬂll‘i]ﬂ]‘iﬂﬂ'ﬂll

n313 65 mm - 83 mm

P ] B . v ¥ e An W oo
‘inﬂiﬂ‘n 3.13 kﬂuﬂi‘l'ﬂllﬁﬂiﬂ‘l Directivity 9991001 1IAULA 65 mm -83 mm Tl.lﬂ'ﬂ'l

o s A ' . . daa oW ¥y & 4
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CELERITEX

CGB7001-SC (-BD)

Advanced Product Information

June 2004 V1.0 {1of7)
Features

J Low Operating Voltage: 5V

(J 28.0 dBm Output IP3 @ 850 MHz

(J 3.3 dB Noise Figure @ 850 MHz

(J 20.5 dB Gain @ 850 MHz

J 14.2 dBm P1dB @ 850 MHz

(J Low Performance Variation Over Temperature
J Low Cost: Die Form or SOT-89 Package

J 100% DC On-Wafer Testing

(3 ESD Protection on All Die: >1000V HBM

(J Low Thermal Resistance: <110°C/Watt

Applications

J PA Driver Amp, IF Amp, LO Buffer Amp
O Cellular, PCS, GSM, UMTS

J Wireless Data and SATCOM

3 Transmit and Receive Functions

Description

The CGB7001-SC (-BD) is a Darlington Configured,
high dynamic range, viility gain block amplifier. Designed for
applications operating within the 0.1 GHz to 6.0 GHz frequency
range, Celeritek’s broadband, cascadable, gain block amplifiers
are ideal solutions for transmit, receive and IF applications.

These MMIC amplifiers are available in bare die form or
an industry standard SOT-89 package. The CGB7001-SC (-BD)
is fabricated in Celeritek’s in-house foundry. Celeritek's InGaP

0.1 GHz to 6.0 GHz
InGaP HBT, MMIC or Packaged,
Matched Gain Block Amplifier

Functional Block Diagram (SOT-89)

Ground
4

NS
[

1 2 3
Input Ground Output
Bias

HBT technology and an indusuy low thermal resistance offers
a thermally robust and reliable gain block solution.

The InGaP HBT die have extra pads to enable thor-
ough DC testing. This unique test capability and the inclusion
of ESD protection on all die, significanily enhances the quali-
ty, reliability and ruggedness of these products.

With a single bypass capacitor, optional RF choke
and two DC blocking capacitors, this gain block amplifier
offers significant ease of use in a broad range of applications,

Electrical Characteristics
Unless otherwise specified, the following specifications are guaranteed at room temperature in a Celeritek test fixnire.
B850 MHz 1950 MHz 2400 MHz 3500 MHz
Paramatar Temperature (°C} | Min. | Typ. | Max. § Min. | Typ. | Max. | Min. | Typ. | Max. [ Min. | Typ. | Max. | Units
Small Signat Gain +25 195 205 {215] 168 | 178 | 188 | 160 | 17.0] 18.0 14.8 dB
-40 to +85 192 1205 1218)] 165 {1781 191 J 170 | 170 | 183 14.8 dB
Output P1dB +25 132 | 142 125 | 135 121 { 131 1Lt dBm
-40 to +85 115 | 142 11.0 | 135 11.0 | 13.1 11.1 dBm
Cutput IP3 +25 26.5 | 28.0 255 | 27.0 250 | 26.5 24.0 dBm
~40 to +85 25.0 | 28.0 240 | 27.0 240 | 265 24.0 dBm
Noise Figure +25 33 | 41 35 | 43 36 | 44 338 dB
-40to +85 33 | 44 3.5 4.7 36 | 48 3.8 dB
Operating Current +25 32 35 39 32 35 39 32 35 38 35 mA
-40 to +85 28 35 43 28 35 43 28 35 42 35 mA
Input Rewrn Loss +25 12 16 11 15 11 15 15 dB
-40to +85 11 16 10 15 i0 15 15 dB
Output Return Loss +25 18 23 13 18 13 18 15 dB
-40 1o +85 17 23 12 18 12 18 15 dB
Pout @ 45 dBc ACP, +25 10.0 10.0 dBm
1S-95, 9 Forward Channels -40 to +85 9.0 10,0 dBm
Naotes: §. Test Conditions in Celeritek eval board, Vs =5 V, Id = 35 mA Typ., Rbias = 27 (1, Zs = Z1 = 50£), OIP3 wae spacing = 1 MHz, Pout per toac = 3 dBm.
2, Vulues reflect performance in recommended application circuit.
Absolute Maximum Ratings Operation of this device above any of these parameters may cause damage.
Parameter Rating Parsmeter Rating Parameter Rating
Max Device Voluage +55V RF lnput Power +17dBm Operating Temperature| -40°C to +85°C
Max Device Current 110 mA Storage Temperature | -55°C 1o +150°C Thermal Resistance L10°CIW
Max Device Dissipated Pwr | 0.45W Junction Temperature| 150°C ESD (HBM) 1000 v
3236 Scott Boulevard Santa Clara, Califomia 85054 FPhone: (408) 986-5060 Fax: (408) 986-5095
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Typical S-Parameter and Noise Performance
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Advanced Product Information - June 2004 V1.0 (30f7)
Typical Power and Linearity Performance
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3236 Scott Boulevard Santa Clara, Calitomia 95054 Phone: (408) 986-5060 Fax: (408} 986-5095
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Typical Scattering Parameters (Vd = +4.1V, Icc = 35.7 mA, T = 23°C, device in a 50 ohm system)

Fraquency St 521 S12 S

(MHz) {Mag) (Ang) (Map) (Ang) {Mag) {Ang) {Mag) {Ang)
100 0.111 9.7 12.53 172.9 0.065 -0.5 0.141 -12.6
200 0.113 -19.0 12.42 165.8 0.065 -0.8 0.142 -25.3
300 0.115 -28.2 12.30 159.0 0.065 -1.2 0.145 -36.9
400 0.119 -36.6 12.11 152.1 0.066 -1.6 0.150 -48.0
500 0.124 -44.6 11.92 145.5 0.067 -2.2 0.155 -58.1
600 0.129 -52.2 11.70 138.9 0.067 -2.8 0.160 -68.0
700 0.134 -58.9 11.45 132.5 0.068 -3.3 0.165 -77.0
800 0.140 -65.3 1119 126.2 0.069 -4.2 0.170 -85.1
200 0.146 -71.2 10.93 120.0 0.071 -5.0 0.174 -92.8
1000 0.152 -76.8 10.66 114.0 0.072 -6.0 0178 -99.9
1100 0.159 -81.8 10.39 108.0 0.073 -7.0 0.182 -106.6
1200 0.165 -86.4 10.10 102.2 0.075 -8.1 0.184 -112.7
1300 0.171 -90.8 9.83 96.6 0.076 -9.4 0.186 -118.5
1400 0178 -94.8 9.56 91.0 0.078 -10.6 0.187 -123.7
1500 0.185 -98.5 9.29 85.6 0.080 -12.0 0.188 -128.8
1600 0.191 -1021 9.04 80.3 0.081 -13.5 0.188 -133.5
1700 0.197 -105.6 8.79 75.0 0.083 -15.0 0.187 -138.0
1800 0.203 -108.9 8.54 69.9 0.085 -16.7 0.186 -142.2
1900 0.209 -112.2 8.31 64.9 0.087 -18.3 0.184 -146.2
2000 0.215 -115.4 8.08 59.9 0.089 -20.1 0.181 -150.1
2100 0.221 -118.5 7.87 55.0 0.091 -21.9 0.179 -153.6
2200 0.227 -121.5 7.66 50.2 0.093 -23.8 0.175 -157.1
2300 0.232 -124.5 7.47 45.5 0.094 -25.7 0.172 -160.4
2400 0.238 -127.3 7.27 40.8 0.097 -27.6 0.168 -163.4
2500 0.244 -130.3 7.09 36.1 0.099 -29.7 0.164 -166.4
2600 0.248 -133.1 6.92 315 0.101 -31.8 0.159 -169.3
2700 0.252 -135.9 6.75 27.1 0.103 -33.9 0.154 -1721
2800 0.256 -138.9 6.60 22.6 0.105 -36.2 0.150 -174.7
2900 0.261 -142.1 6.45 18.1 0.107 -38.5 0.145 -177.7
3000 0.265 -145.0 6.31 13.7 0.109 -40.8 0.139 179.9
3100 0.268 -147.9 6.17 9.3 0.111 -43.0 0.135 177.4
3200 0.271 -150.9 6.05 5.0 0.114 -45.4 0.129 174.7
3300 0.274 -154.2 5.93 0.7 0.116 479 0.124 171.6
3400 0.276 -167.6 5.81 -3.7 0.118 -50.3 0.119 168.4
3500 0.278 -161.0 5.70 -8.0 0.120 -52.9 0.113 165.1
3600 0.279 -164.4 5.59 -12.3 0.123 -55.4 0.107 161.6
3700 0.278 -167.9 5.49 -16.6 0.125 -58.0 0.101 157.5
3800 0.278 -171.4 5.40 -20.9 0.127 -60.5 0.094 152.6
3900 0.276 -175.5 5.30 -25.2 0.130 -63.3 0.088 147.3
4000 0.275 -179.5 521 -24.5 0.132 -66.0 0.081 141.2
4100 0.272 176.5 5.13 -33.8 0.134 -68.8 0.075 134.0
4200 0.268 172.3 5.04 -38.1 0.137 -71.6 0.069 125.5
4300 0.264 167.9 4,97 -42.4 0.139 -74.5 0.063 114.5
4400 0.258 163.1 4.89 -46.7 0.141 -77.4 0.059 101.5
4500 0.252 158.2 4.82 -51.1 0.144 -80.4 0.057 86.9
4600 0.246 153.1 4,74 -55.4 0.146 -83.3 0.058 71.3
4700 0.238 147.7 4,67 -59.7 0.148 -86.4 0.063 55.9
4800 0.230 142.0 4.60 -64.1 0.150 -89.5 0.071 418
4900 0.221 135.6 4,54 -68.5 0.153 -g92.7 0.082 30.1
5000 0.212 128.4 4.47 -73.0 0.155 -96.0 0.086 19.7

Continues Next Page, S-Parameter Data Files are avallable on-line at: www.celeritek.com

CELERITEN Prone: (108) 9665060 | Fax: (408) 966.5095
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{(50f7)

Typical Scattering Parameters - Continued (Vd = +4.1V, Icc = 35.7 mA, T = 23°C, device in a 50 ohm system)

Frequency S21 S12 S22
(MHz) {Mag)} {Ang) {Mag) (Ang) (Mag) (Ang) (Meg) {(Ang)
5100 0.203 121.1 4.40 -77.5 0.157 -99.2 0.1 11.0
5200 0.195 113.4 4,34 -81.9 0.159 -102.6 0.128 3.8
5300 0.187 104.6 4,27 -86.5 0.160 -105.8 0.146 -2.6
5400 0.180 85.0 4,20 -91.0 0.162 -109.3 0.166 -86
5500 0.175 84.4 413 -95.6 0.164 -112.8 0.187 -14.1
5600 0.172 73.4 4.07 -100.2 0.165 -116.3 0.209 -19.1
5700 0.171 62.1 4.00 -104.8 0.166 -119.8 0.231 -23.7
5800 0.174 50.2 3.92 -109.5 0.168 -123.4 0.255 -28.5
5800 0.179 38.2 3.84 -114.1 0.168 -127.1 0.280 ~-33.1
6000 0.190 27.0 3.77 -118.8 0.169 -130.7 0.304 -37.5
6100 0.202 16.4 3.69 -123.5 0.169 -134.4 0.329 -41.7
6200 0.217 6.5 3.61 -128.2 0.169 -138.1 0.354 -45.8
6300 0.234 -2.8 3.52 -132.9 0.169 -141.8 0.379 -48.9
6400 0.252 ~-11.4 3.44 -137.5 0.168 -145.4 0.404 -54.0
6500 0.272 -19.4 3.35 -142.1 0.168 -149.2 0.429 -57.9
6600 0.293 -26.6 3.26 -146.7 0.167 -152.8 0.453 -61.9
6700 0.314 -33.2 3.18 -151.3 0.166 -156.4 0.477 -65.6
6800 0.335 -38.5 3.09 -155.9 0.164 -160.0 0.499 -69.3
6800 0.356 -45.6 3.00 -160.4 0.163 -163.6 0.522 -73.0
7000 0.378 -51.3 2.90 -164.8 0.161 -167.2 0.543 -76.7
7100 0.398 -56.6 2.81 -168.1 0.159 -170.6 0.564 -80.2
7200 0.419 -61.7 2.72 -173.5 0.157 -174.1 0.583 -83.7
7300 0.437 -66.6 2.64 -177.8 0.155 -177.5 0.601 -87.2
7400 0.456 -71.3 2.55 178.1 0.153 179.2 0.618 -80.5
7500 0.474 -75.8 2.47 173.9 0.150 175.9 0.635 -83.7
7600 0.491 -80.1 2.38 169.9 0.148 172.8 0.650 -897.0
7700 0.507 -84.2 2.30 165.9 0.145 169.6 0.664 -100.0
7800 0.521 -88.2 2.22 162.0 0.143 166.5 0.677 -103.1
7900 0.534 -92.0 2.15 158.2 0.141 163.6 0.689 -106.1
8000 0.547 -95.8 2.08 154.4 0.138 160.6 0.701 -108.9
8100 0.560 -99.3 2.00 160.7 0.136 157.7 0.712 -111.8
8200 0.571 -102.7 1.94 147.0 0.133 154.9 0.721 -114.5
8300 0.582 -106.0 1.87 143.4 0.131 152.1 0.729 -117.2
8400 0.501 -109.4 1.81 139.9 0.129 149.2 0.738 -118.8
8500 0.599 -112.6 1.75 136.4 0.127 146.7 0.746 -122.3
8600 0.608 -115.8 1.69 133.0 0.125 143.9 0.752 -124.8
8700 0.615 -118.7 1.64 129.6 0.123 141.2 0.760 -127.3
8800 0.622 -121.6 1.59 126.3 0.120 138.9 0.765 -129.7
8900 0.627 -124.4 1.54 123.0 0.118 136.4 0.770 -132.0
9000 0.632 -127.3 1.49 119.7 0.117 133.8 0.774 -134.3
9100 0.637 -130.1 1.45 116.5 0.115 131.4 0.779 -136.6
9200 0.641 -132.7 1.40 113.3 0.113 128.9 0.783 -138.8
9300 0.644 -135.3 1.36 110.2 0.112 126.6 0.786 -141.0
9400 0.647 -137.9 1.32 107.1 0.110 124.2 0.789 -143.1
8500 0.649 -140.4 1.29 104.0 0.109 121.9 0.791 -145.2
9600 0.651 -143.0 1.25 101.0 0.107 119.6 0.783 -147.2
9700 0.653 -145.4 1.22 87.9 0.106 1173 0.795 -149.2
9800 0.654 -147.8 1.19 94.9 0.105 114.9 0.797 -161.2
9900 0.654 -150.1 1.15 92.0 0.103 112.5 0.799 -153.2
10000 0.654 -152.5 1.13 89.0 0.102 110.4 0.800 -155.1
S-Parameter Data Flles are availabls on-line at: www.celerftek.com
3236 Scott Boulevard Santa Clara, California 35054 Phone: (408) 986-5060 Fax: (408) 866-5095
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Application Circuit

Note: This scheratic represents the topology of the application circuit recommended by Celeritek.

Recommendad Bias Resistor Vaiues for ID = 35 mA

Supply Voltage (V) BV [ ev [ 7v | 8v | 10v [12v
RAbias (A1 Descriplion: 0305 1/8W 1%) {270 |550 |84 — | — | —
Fibias (F1 Description: 1206 1AW 1%) | — | — | — |113n{1esa| —
Abias (A1 Description: 1210 12W5%) | — | — | — | — | — 2200

Mpte: Ablas provides OG blas stabllity over tsmperature.

i
. ‘.....Q.C.‘t

HTLE.IK;:S‘. -‘“

CTER )

R Bias = (Vs -

Vd}/id

Vs O

RFIN O—]

1

VWA
2)]

Ref Designator | Vaiue | Description Slzs
c1,c2 1000 pF| MCH185A101JK 0805
ca 1.0yF {VITR1.QUF 25V CER | 0805
CAP 0805 X7R 10%
L1 56nH | Coilerafi 0603 CS 10% | 0603
R1 RBias=(Va-Vdl/Id | 0805/1206/1210
c4 DNF (Do Not Place) NiA

CELERITE,

3236 Scott Boulevard, Sania Clara, California 95054

Phone: (408) 986-5060

Fax: (408) 986-5095




69
[4 CELEDITEN CGB7001-SC (-BD)

Advanced Product Iinformation - June 2004 V1.0 (7of7)
Physical Dimensions - SC Package {SQT-89)
1.55
I AL [0.061]
1.73 [aog;a] 0.38
——} [0.088] |—- — |* 10015

1" I
- T J

0.41 000X 250 1_

[0:018] KKKXXK (0.086] ,2:08 4

ZYYWW {0.081] [0.163)
0.99
1 2 3 [0.038]
[8'13] —™ )‘
; 1.50 ‘ 0.38
w — [0.059] oois] —
3.00 . 0.76
[0.118) {0.030] DIMENSIONS IN MILLIMETERS
HNGHES]

MARKINGS:

XXM = CELERITEK MODEL NO.

IO « WAFER LOT NO.

ZYYWW = DATE CODE (YRWEEK)
FIRST LETTER COUNTRY OF ORIQIN IF OTHER THAT USA

Physical Dimensions - BD (Bare Die)

AF

450 m Caution: ESD Sensitive

Appropriate precautions in handling, packaging
RF and testing davices must ba obsarved,

L

[ )

Notes:
480 pm RF OUT bonding pad ts 75 pym x 155 um.
i T All other pads are 75 pm x 75 um.

Ordering Information

The CGB7000 family of cascadeable gain block amplifiers are available in bare die form or in a SOT-89 package
Part Number for Qrdering Package

CGB7001-BD Bare die in GelPak

CGB7001-SC SOT-89 Surface mount package in tube or tape and reel
PB-CGB7001-SC Evaluation Board with SMA connectors for CGB7001-SC

For your local distributor: Richardson Electronics-Worldwide, Phone: 1-800-737-6937 or www.riwirelese.rell.com

Celoritek reserves the right to make changes without further notica to any products herein. Celeritek makes no wananty, represertation or guarantes regarding the
suftahility of lte products for any particular purmmose, nor does Celeritek assume any liability arising out of the application or use of any product or clircut, and specifically
disclaims any and al fiablity, inchuding without mitation consequential or incidertal demages. “Typical® parameters can and do vary in ditferent applications. Al operating
parameters, including “Typieals” must be validated for each customer application by customer’s technical expents. Celaritek does not canvey any lkcense under s patert
rights nor tha rights of others. Celeritek products are not designed, intendad, or authorized for use as components in systems intended for surgical implart into the body,
or other applications Inendad to support or susialn ife, or tor any other eppiication in which the fallure of the Celerihek produci could create a shuation where personal
injury or death may actur, Should Buyer purchase or use Getaritek products for any such unintended or unatthorized appiication, Buyer shall Indemnity and hold Celerilak
and its officers, employess, subsidiaries, affiiates, and disiibutors harmiess againet all claims, costs, damages, and expenees, and reasonable atiomey fees arising out
of, directly or indiractly, any claim of personal infury or desth associated with such unintended or unauthorized uae, even if such claim alleges that Celeritek was negligent
regarding the design or manufacture of the part. Celerttek is & registenad tracdemark of Celeriek, Inc. Celerttok, Inc. is an Equal Opportunity/Affirmative Action Employer.

3236 Scott Boulevard Santa Clara, California 95054 Phone: (408) 986-5060 Fax: (408) 986-5095



MAHUIN Y.

Datasheet MAX4003

jammr]

70



19-2620; Rev 1; 303

71

MAXIN

100MHz to 2500MHz, 45dB RF Detector

General Description
The MAX400G3 low-cost, low-power ipgantiwmic ampifier
is designed fo detect the power levels of RF power
ampifiers (PAs) aperaling from 100MiHz to 2500884z, A
typical gynamic range of 4508 makes this logarithmic
amplifier useful in a variety of wireless applications
mciuding cefiular handset PA conlrol, TSSI for wireless
lesminal devices, and obher ransmitier power measure-
measirament range and supenor acouracy than typcal
diode-based detectors. Excellent temperative siabiity is
achieved over the fulf operating range of 40°C i +85°C.
The MAX4003 logarithmic ampiifier is a voltage mea-
suring dewce with a typical signal range of -S8dBY 1o
-1308Y. The inpul signal is inkemailly AC-coupied by an
on-chip 5pf- capacitor in sevies with a ZkQ resistance.
This highpass coupling, with a comer at 16MHz, sets
the lowest operaling frequency and allows the mput
signal socwrce o be DC grounded. The MAX4003 aiso
features a power-on delay, which holds the detector
output {OUT) iow for appreximately Sus to ensure
glitchiess cordrolier output.

The MAX4003 is available i an 8-bump chip-scale pack-
age (UCSP™), an 8-pin pMAX package, and an 8-pin thin
N package. The device consumes 5.9mA with a 3.0V
supply and onfy 13pA when the device iis i shutdown.

Applications
Cetlular Handsets (TDMA, CDMA, GPRS, GSM)
TSS! for Wirciess Terminal Devices
Trarsmitter Power Measirement and Control

RASSI for Fiber Modules

UCSP is a trademark of Maxim Integraled Products, Inc.

in a UCSP

|

E00PXVIN

¢ Complete RF Delector

4 Frequency Range from 100MHz to 25000z

4 Input Range of -58dBY 1o -13d8BYV
45dBm to 0dBm inko 500)

¢ Fast Response: 70ns in 10dB Steps

4 Low-Cusventt Consumplion: 5.9mA at Voo = 3.0V

4 13pA {typ) Shutdown Cusrent

4 Available in 8-Bump UCSP or 8-Pin pAX and
Thin OFN Pacicages

Ordering Information

PART

TEMP RANGE

PIN/BUMP-
PACKAGE

TOP
MARK

MAX4003EBL-T

-40°C to +85°C

8 UCSP-8

ABY

MAX4003EUA

-40°C to +85°C

8 UMAX

MAX40D03ETA-T

-40°C 1o +85°C

8 Thin QFN-EP

ADG

Pin Configurations

TOP VIEW

TAF VIEW
{BUMPS ON BOTTOM}

1 2 3
[ T _ - -
S T Y W] afs

i 5
-~_ - __ -_ —
SFoN [z ] AL 15T ot

E MAx40 :]

anpfz] G
cLee ] 5] ano

MAXIM
8 “ﬂl—" MAXIoG3 ‘Mn

-_

P Tl SN
Cfgmy @Fy , b y
~_ - ~_-

HMAX

ucspP
Pin Configurations continuad at and of data sheel.

Functional Diagram

MAXIMN

Maxim integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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100MHz to 2500MHz, 45dB RF Detector
in a UCSP

ABSOLUTE MAXIMUM RATINGS

Vog 1o GND . 8-Pin UIMAX (derate 4.5mW/°C above +70°C} ............. 362mwW
SHDN, CLPF to GND.. 8-Pin Thin QFN (derate 24.4mW/°C above +70°C} ...1951mW
RFEIN oo Operating Temperature Range ... -40°C to +85°C
OUT Short Circuit to GND Junction TEMPEratUre ..........cccoeveii i +150°C
Continuous Power Dissipation (Ta = +70°C) Storage Temperature Hange ..., .-65°C to +150"C

8-Bump UCSP {derate 4. 7mW/°C above +70°C)......... 379mwW Lead Temperature {soldering, 108) ... +300°C

Stresses beyond those listed under “Absolute Maximum Ralings™ may cause permansnt damage fo the device. These are siress ratings only, and functional
operation of the device al thesa or any ather conditions beyond those indicaled in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device refiability.

DC ELECTRICAL CHARACTERISTICS

(Voo = 3.0V, VSADN = Vog, CoLpr = O.1pF, Ta = -40°C to +85°C. Typical values are at Ta = +25°C, unless otherwiss noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Supply Voltage Voo 2.7 5.0 Y
VIAGH = 1.8V 59 10 mA
Suppiy Current lcc Voo = 5.0V
VSADN = 0.8V 13 30 LA
VEHDN = 3.0V 5 20
Shutdown input Current FSHDR A
P SHON -V yermm = oV 001 15 :
Logic High Thrashaold Voltage VIH 1.8 ¥
Logic Low Threshold Yoltage VIL 0.8 v
DETECTOR OUTPUT
RFIN = 0dBm 1.45
Valtage Range v v
gemana OUT  [RFIN = -45dBm 036
Qutput Veltage in Shutdown Vout VSHON = OV 1 mv
Output-Referred Naise fo =150KkHZ 8 nVAHz
Smal-Signal Bandwidth BwW CcLpr = 150pF 8 MHz
Slew Rate Vout = 0.36V to 1.45V, Copr = 150pF 5 Vius

2 MAXIM
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100MHz to 2500MHz, 45dB RF Detector

AC ELECTRICAL CHARACTERISTICS
(Voo = 3.0V, VEIDN = Voo, CoupF = 0.1pF, fpe = 100MHz 1o 2500MHz, Ta = -40°C to +85°C. Typical values are at Ta = +25°C,

unless otherwise noted.) (Note 1)

in a UCSP

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
AF Input Frequency Range fRF 100 2500 MHz
RF Input Voltage Range VRF (Note 2) -58 -13 dBv
Equivalent RF Input Pawer Range PRF With 502 termination (Naote 2) -45 Q dBm
frr = 100MHz, Ta = +25°C 228 255 28.2
Logarithmic Slape fRF = 100MHz 225 282 mv/dB
fRF = S00OMHz 25.0
fRF = 1800MHz 29.0
fRF = 100MHz, Ta = +25°C -£2.3 -57 -51.7
Logarithmic Inercept Px fhr » 100MHz s 20 dBm
trF = 900MHz -57
irF = 1900MHz -56
RiN 2 kQ
RFIN Input Impedance
CIN 0.5 pF

Note 1: All devices are 100% production tested at Ta = +25°C and are guaranteed by design for Ta = -40°C to +85°C as specified.
All production AC tests are done at 100MHz.
Note 2; Typical minimum and maximum range of the detector.

(Voo = VERDN = 3.0V, CoLpF = O0.1pF, Ta = +25°C, unless otherwise noted.)
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100MHz to 2500MHz, 45dB RF Detector
in a UCSP

Yor = VEaK = 3.0V, Goupr = 0.1y, Ta = +25°C, umiless athernwise moled. )
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100MHz to 2500MHz, 45dB RF Detector
in a UCSP

Typical Operating Characteristics {continued)

Wor = VY&E = 30V, Coypr = 0. 1WF, Ta = +25°C, unfess othenwise moted. )
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100MHz to 2500MHz, 45dB RF Detector
in a UCSP
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Typicai Operating Characteristics {continued)

(Voo = VSREN = 3.0V, CCLpF = 0.1pF, Ta = +25°C, unless otherwise natad.)
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100MHz to 2500MHz, 45dB RF Detector
in a UCSP

Typical Operating Characteristics (continued)

(Vcc = VBHDN = 3.0V, CcLpF = 0. 1pF, Ta = +25°C, unless ctherwise noted.)
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100MHz to 2500MHz, 45dB RF Detecior

in a UCSP

Pin Descripiion

The MAX4003 logarithmic amplifier comprises four
main amplifier/limiter stages, each with a small-signal
gain of 10dB. The output stage of each amplifierflimiter
stage is applied to a full-wave rectifier (detector). A
detector stage also precedes the first stage. In lotal,
five detectors, each separated by 10dB, comprise the
logarithmic amplifier strip (see Functional Diagram).

A portion of the PA output power is coupled into RFIN
of the logarithmic amplifier detector through a direction-
al coupler, and is applied to the logarithmic amplifier
strip. Each detector stage generates a rectified current,
and these currents are summed to form a logarithmic
function. The detected output is applied to a high-gain
transconductance (gm) stage, which is buffered and
then applied to OUT. OUT is applied to an ADC typical-
ly found in the baseband IC which, in turn, conlrols the

G‘:Laff CLPF GNDl

Figure 1. MAX4003 Typical Application Circuit

PIN
PMAX/ NAME DESCRIPTION
Thin QFN ucsp
1 Al RFIN | RF Input. Requires off-chip 5082 impadance match,
2 A2 SHON | Shutdown Input. A lagic LOW on SHDN shuts down the entire IC.
3,5 A3, C3 GND | Ground. Connect to PC board ground plane.
Lowpass Fitter Connection. Cannact external capacitor between CLPF and GND 1o set the
4 B3 CLPF )
contral-loop bandwidth,
— N.C. No Connection. Leave this pin unconnected ar connect to GND.
cz ouT Detector Qutput. Connect this buffer output 1o baseband ADC,
Supply Voltage. Bypass with capacitor as close to the pin as possible. The bypass capacitor
8 B81,Ct Voo ; ) .
must not share its ground vias with any other branches.
Detaiied Description PA biasing with its DAC output (Figure 1).

In a control loop, the detector output voltage range is
approximately 0.36V for the minimum input signal,
-45dBm, to 1.45Y at the maximum input range, 0dBm.
The logarithmic intercept of the detector ouiput with
respect to the RF input can be obtained by drawing a
best fit line of the Output Voltage vs. RF Input Power
graph. The logarithmic slope is defined as the change
in the detector output vs. the change in RF input. The
MAX4003 slope at low frequencies is approximately
25.5mV/dB. Variation in temperature and supply volt-
age does not alter the siope significantly, as shown in
the Typical Operating Characteristics.

Appiications Information

Fiiter Capacitor and Transient Response
in general, the choice of filier only partially determines
the time-domain response of a PA detector loop.
However, some simple conventions may be applied to
discuss transient response. A large filter capacitor,
CcLpr. dominates time-domain response, but the loop
bandwidth remains a factor of the PA gain-control range
{see Typical Operating Characteristics). The bandwidth
is maximized at power oulputs near the center of the
PA's range and minimized at the low and high power lev-
els, when the slope of the gain control curve is lowest.

A smaller valued CgipF results in an increased-loop
handwidth inversely proportional ta the capacitor value.
Inherent phase lag in the PA’s control path, usually
caused by parasitics at the QUT pin, ultimately results
in the addition of complex poles in the AC loop equa-
tion. To avoid this secondary effect, experimentally
determine the lowest usable CgLPF for the power ampfi-

MAXIMN
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100MHz to 2500MHz, 45dB RF Detector

fier of interest. This requires full consideration of the
intricacies of the PA detector control funclion. The
worst-case condition, where the PA output is smallest
{(gain function is steepest), should be used because the
PA controt function is nonlinear. An additional zero can
be added to improve loop dynamics by placing a resis-
tor in series with CcLPF.

Wavelorm Considerations
Although the input level of the MAX4003 is specified in
dBm, the logarithmic amplifier actually responds to rec-
tified voltage signals rather than a true RMS power. It is
important to realize that input signals with identical root-
mean-square power but with unique waveforms result
in different logarithmic outputs.

Differing stgnal waveforms result in either an upward or
downward shift in the logarithmic intercept. However,
the fogarithmic slope remains the same.

Layout Considerations
As with any RF circuit, the MAX4003 circuit [ayout
affects performance. To ensure maximum power trans-
fer between 500 sources and the MAX4003 input, suit-
able matching networks should be implemented, The
Vce input should be bypassed as close as possible to
the device with multiple vias connecting the capacitor
to the ground plane.

Pin Configurations (continued)

TOP VIEW

arn [T |
5o 2]
anp 3]
el

THIN QFN

(8] vec
A | 7] our
Bl ue

5] GND

MAXIMN

in a UCSP

UCSP Reilabliity

The UCSP represents a unique package that greatly
reduces board space compared fo other packages.
UCSP reliability is integraily linked to the user's assem-
bly rethods, circuit board material, and usage environ-
ment. The user shoutd closely review these areas when
considering use of a UCSP. This form factor may not
perform equally to a packaged product through tradi-
tional mechanical reliability tests. Performance through
operating life test and moisture resistance remains
uncompromised as it is primarily determined by the
wafer fabrication process. Mechanical stress perfor-
mance is a greater consideration for a UCSP. UCSP
solder joint contact integrity must be considered since
the package is attached through direct solder contact
to the user’'s PC board. Testing done to characterize
the UCSP reliability performance shows that it can per-
form reliably through environmental slresses. Results of
environmental stress tests and additional usage data
and recommendations are detailed in the UCSP
application note found on Maxim's website,
www.maxirm-ic.com.

Chip Information

TRANSISTOR COUNT: 358

EO00OVXVNN
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Package Information

{The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information,

go to www.maxim-ic.com/packages )
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100MHz to 2500MHz, 45dB RF Detector
in a UCSP

Package Information {continued)

(The package drawing(s} in this data sheet may not reflect the most current specifications. For the latest package outline information,
goto
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Package Information {continued)
(The package drawing(s) in this data sheet may nat reflect the mast current specifications. For the latest package outline information,

go 10 www. maxim-ic.com/packages )
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LM339, LM239, LM2901,
LM2901V, NCV2901,
MC3302

Single Supply Quad
Comparators

These comparators are designed for use in level detection, low-level
sensing and memory applications in consumer, automotive, and
industrial electronic applications.

Features

® Single or Split Supply Operation

® Low Input Bias Current: 25 nA (Typ)

* Low Input Offset Current: 5.0 nA (Typ)

* Low Input Offset Voltage

® Input Common Mode Voltage Range to GND

& Low Output Saturation Voltage: 130 mV (Typ) (@ 4.0 mA

¢ TTL and CMOS Compatible

® ESD Clamps on the Inputs Increase Reliability without Affecting
Device Operation

® NCV Prefix for Automotive and Other Applications Requiring Site
and Control Changes

® Pb-Free Packages are Available?

*For additional information on our Pb—Free sirategy and soldering detaits, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

& Semiconductor Components Industries, LLC, 2006 1
March, 2006 ~ Rev. 18

ON Samiconductor*

http://onsemi.com

SOIC-14
14 D SUFFIX
1 CASE 751A
PDIP-14
N, P SUFFIX
CASE 646
14
1
TSSOP-14
14 DTB SBUFFIX
CASE 948G
1
PIN CONKECTIONS
\_J
Output 2 [ 1] 4] Output 3

Output 1 [ 2] 13 ] Output 4
Veo EJ>| 2] GND

= Input1 [ 4] 1] + Input 4

+input 1 {5 0] - Input 4

-|nput2E Qi-lnputs

:@* _@:-lnpmﬂ

+Input 2 E
(Top View)

ORDERING INFORMATION
See detalled ordaring and shipping information In the package
dimensions section on page 6 of this data sheat.

DEVICE MARKING INFORMATION

See general marking imformation in the device marking
saction on page B of this data sheat.

Pubiication Order Number;
LM339/D
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Vottage Vee Vdc
LM2391M339AM2501, V +36 or £18
MC3302 +30 or +15
Input Differantial Voltage Range VioR Vdc
LM239A M339A.M2901, V 36
MC3302 30
Input Common Mede Voltage Range Vicmr -0.3to Vee Vdc
Qutput Short Circuit to Ground (Note 1) Igc Continuous
Power Dissipation @ Ty = 25°C Pp
Plastic Package 1.0 W
Carate above 25°C 1Reua 8.0 miwC
Junction Temperature Ty 150 °C
Operating Ambient Temperature Range Ta °C
LM239 -25 to +85
MC3302 -40 to +85
-40 to +105
M
::M:xv NCV2601 m40to +125
: 0to +70
LM338
Storage Temperature Range Tag -65 to +150 °C
ESD Protection at any Pin {Note 2} Vesp v
Human Body Model 1500
Machine Model 200

Maximum ratings are those values beyond which devica damage can occur. Maximum ratings applied to the device are individual stress limit

values (not normal operating conditions) and are not valid simultanecusly. If thasa limits are exceeded, devica functional operation is not impliad,

damage may occur and reliability may be effected,

1. The maximum output cument may be as high as 20 mA, independent of the magnitude of V.. Qutput short circuits t Ve can cause excessive
heating and eventual destruction,

2. Vegn mating for NCV/SC devices is: Human Body Model - 2000 V; Machine Model - 200 V.

Vee § $ +Input -hpt P P Output
P p
Ny
4
“Lenp )

NQTE: Diagram shown is for 1 comparator.

Figure 1. Circuit Schematic

" http:fiensemi.com
2
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdg, Ty = +25°C, unless otherwiss noted)

LM2901/2001V/
LM239/339 NCV2801 MC3302
Characteristic Symbol | Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max | Unit
Input Offset Voltage (Note 4) Vio - 2.0 | £5.0 - 120 | 7.0 - +3.0 | £20 | mVdc
Input Bias Current (Notes 4, 5) e - 25 250 - 25 250 - 25 500 nA
{Gutput in Analog Range)
Input Offset Current (Note 4) o - 5.0 | 50 - 150 | 50 - 3.0 | +100 { nA
Input Common Mcde Voltage Range VicMR 0 - Vee 0 - Vee 0 - Vee \'
-1.5 ~1.5 -1.5
Supply Current lec mA
Ry = = {For All Comparators} - 0.8 2.0 - 0.8 2.0 - 0.8 2.0
Ry = =, Vg = 30 Vde - 1.0 25 - 1.0 25 - 1.0 25
Voitage Gain AyoL 50 200 - 25 100 - 25 100 - VimV
Ry 2 15 k@, Ve = 15 Vde
Large Signal Response Tima - - 300 - - 300 - - 300 - ns
V) = TTL Logic Swing,
Vi = 1.4 Vdc, V= 5.0 Vdc,
R =5.1 k2
Response Time (Note 6} - - 1.3 - - 13 - - 1.3 - us
Ve = 5.0 Vde, R = 5.1 kQ
Output Sink Current Isink 6.0 16 - 6.0 16 - 6.0 16 - mA
Vi{-) = +1.0 Vde, Vi{+) = 0,
Vo< 1.5 Vdc
Saturation Voltage Veat - 130 400 - 130 400 - 130 500 my
Vi{=) 2 +1.0 Vdc, Vi{+) = 0,
lgink € 4.0 mA
Output Leakage Current loL - 0. - - 0.1 - - 0.1 - nA
Vi(+) > +1.0 Vde, Vi(-} = G,
Vg = +5.0 Vde

. (LM239) Typy = =25°C, Thygp = +85°
(LM339) Tygu = 0°C, Thigy = +70°C
(MC3302) Tioy = =40°C, Tpigy = +85°C
{LM2801) Tiqy = ~40°C, Tyigp, = +105°
(LM2801V & NCV2901) Tiow = ~40°C, Tpgn = +125°C
NCV2901 is qualified for automolive use,
- At the output switch point, Vg = 1.4 Vdc, Rg s 100 £2 5.0 Vdc < Vg < 30 Vdc, with the inputs over the full common mode range
{0 Vdc to Ve 1.5 Vde).
. The bias current flows out of the inputs due to the PNP input stage. This current is virtually constant, independent of the output state.
. The response time spacified is for a 100 mV input step with 5.0 mV overdrive. For larger signais, 300 ns is typical.

 httpifonsemicom
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

PERFORMANCE CHARACTERISTICS (Ver = +5.0 Vdc, Ta = Tioy t0 Thigh [Note 7]}

B7

LM29G1/2001V/
LM239/339 NCV2901 MC3302
Characteristic Symbol | Min { Typ { Max | Min | Typ | Max | Min | Typ | Max | Unit
Input Cffset Voltage (Note 8) Vio - - 5.0 - - 15 - - +40 | mVde
Input Bias Current {Nates 8, §) s - - 400 - - 500 - - 1000 | nA
{Output in Analog Range)
input Offset Current {Note 8) ho - - | %150 - - 1200 - - +300
input Common Mode Veitage Range Vicmr 0 - Vee 0 - Vee 0 - Vee \
-2.0 =20 =20
Saturation Voltage Veat - - 700 - - 700 - - 700 mv
Vi(-) 2 +1.0 Vdc, Vi(+) = 0,
lgink < 4.0 mA
Output Leakage Current loL - - 1.0 - - 1.0 - - 1.0 pA
Vi{+} 2 +1.0 Vdc, V(=) = 0,
Vo =30 Vde
Differential Input Voltage Vip - - Vee - - Ve - - Vee | Vde
All vy =0 Vde

7. (LM238) Tio = —25°C, Trign = +85°
(LM339) Ty, = 0°C, Thign = +70°C
(MC3302) Tiow = ~40°C, Tpigh = +85°C
(LM2S01) Tigy = —40°C, Tpygn = +105°
(LM2501V & NCV2801) T, = —40°C, Thigh = +125°C
NCV2901 is qualified for atomolive uss.

8. At the output swilch point, Vo = 1.4 Vdc, Rg < 100 £ 5.0 Vdc < Ve < 30 Vdc, with the inputs over the full common made range

{0 Vdc to Ve -1.5 Vdc).

8. The bias currant flows out of the inputs due to the PNP input stage. This current is virtually conslant, independent of the output state.
10.The responsa time specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals, 300 ns is typical,

+Vcc

10k

R3 = R1// R/ /R2

R1//Rgy
R1// Rogt + R2

R2 & RArel//R1

H= [Voima) = Vomim]

Figure 2. inverting Comparator
with Hysteresis

ef=

10M

R2 = A1/ { Reg

VYoo R1
Regr+ A1

Amourd of Hysleresis Vi

R2
Vi= g [Vouma) = Vo]

Figure 3. Noninverting Comparator
with Hysteresis

. httpl!onsernicom .
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

Typical Characteristics
(Voo = 15 Vdc, Ty = +25°C (each comparator) uniess otherwise noted.)

48
- 42 —
L~ "1
-] % % Ta= -5 C W —=au S
/ b ——"‘-‘?.\:25"6 --"""'——-_
é s | I,
24 — Ta= +125°C
-~
> -~ § 18 ]
e Z 12
]
— &0
0
-50 -25 0 25 50 75 0 125 0 40 8.0 12 16 20 ) 28 32
Ta, AMBIENT TEMPERATURE (°C) Voo, POWER SUPPLY VOLTAGE (Vdc}
Figure 4. Normalized Input QOffset Voltage Figure 5. input Bias Current
8.0
E 0 Tp = +28°C
E 80 Ty = -55°C
g 50 7
a / Ta = +125°C
5 40 P
E 30 r/
o /]
o 20 / ’ g
p 7/ .
’ 4
o LLZ
1 100 200 300 400 500
Vig, GUTPUT SATURATION VOLTAGE (mV)
Figure 6. Output Sink Current versus
Output Saturation Voltage
Voo Vog2 40V
Rs HL
Vin

Vit o
R1

Rg = Source Resistance
R1 = Rg

Vee Ry
Logic Device V4] k2

CMOS [1/4 MC14001} +15 100

TTL |14 MC7400 | +5.0 10

Figure 7. Driving Logic

T

T2

Ti=T2=068RC
)
CloP
R2=HR3=R4

A1 =~ R2/R3/IR4

Figure 8. Squarewave Oscillator
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

APPLICATIONS INFORMATION

These quad comparators feature high gain, wide
bandwidth cbaracteristics. This gives the device oscillation
tendencies if the oulputs are capacitively coupled to the
inputs via stray capacitance, This oscillation manifests itself
during output transitions (Vor. to Vay). To alleviate this
situation input resistors < 10 kQ should be used. The

+15V

addition of positive feedback (< 10 mV) is also
recommended. It is good design practice to ground all
unused input pins.

Differential input voltages may be larger than supply
voltages without damaging the comparator’s inputs.
Voltages more negative than ~300 mV should not be used.

10k Vingmin) = 0.4 V peak for 1% phase distortion {A8).
Vo Vi Vinimin
4 Voo ]
15k 10M -
R3 L
i 210k
= —o ¥,
. . . Vi ¢ Vg T 1
D1 prevents inpul from going negative by more tan 0.6 V. ,
R1 + R2=R3 £ Vo ~ f 8
R3< B2 jor smal aror in ) Ver J
s enoin
10 i 2610 Crossing VEE ‘H _
Figure 9. Zero Crossing Detector Figure 10. Zera Crossing Dsetector
{Single Supply) {Split Supplies)
ORDERING INFORMATION
Device Package Shipping®
LM233D SOIC-14 55 Units/Tuba
LM239DG SOIC-14 55 Units/Tube
{Pb—Frae)
LM235DR2 SOIC~14 2500 Units/Tape & Resl
LM233DR2G SOIC-14 2500 Units/Tape & Reel
{(Pb-Free)
LM238DTBR2 TSSOP-14* 2500 Units/Tape & Resl
LM239DTBR2G TSSOP-14* 2500 Units/Tape & Reel!
LM239N PDIP-14 25 Units/Rail
LM239NG PDIP-14 25 Units/Rail
{Pb-Free)
LM338D SOIC-14 55 Units/Tube
LM338DG SOIC-14 55 Units/Tube
(Pb-Free)
LM338DR2 SQIC-14 2500 Units/Tape & Reel
LM333DR2G SOIC-14 2500 Units/Tape & Reel
(Pb-Free)
LM333DTBR2 TSSOP-14* 2500 Units/Tape & Reel
LM339DTBR2G TSSOP-14* 2500 Units/Tape & Reel

tFor information on tape and reel specifications, including part orientation and tape sizes, pleass refer o our Tape and Res! Packaging

Specifications Brochure, BRDS8011/D.
*This package is inherently Pb—Free.

* http:ffonsemicom
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

ORDERING INFORMATION
Device Package Shippingt
LM339N PDIP-14 25 Units/Rail
LM339NG PDIP-14 25 Units/Rail
{Pb—Free)
LM2901D S0IC-14 55 Units/Rail
LM2901DG SOIC-14 55 Units/Rail
{Pb-Free)
LM2901DR2 S0IC-14 2500 Units/Tape & Resl
LM2901DR2G SOIC—14 2500 Units/Tape & Reel
(Pb-Free)
LM2301DTBR2 TSSOP-14* 2500 Units/Tape & Reel
LM290t1DTBR2G TSSOP-14* 2500 Units/Tape & Resl
LM2801N PDIP-14 25 Units/Rail
LM2S01NG PDIP-14 25 Units/Rail
(Pb~Free)
LM2801VD SOIC-14 55 Units/Tube
LM2901vDG S0IC—14 55 Units/Tube
{Pb-Free)
LM2001VDR2 S0IC—14 2500 Units/Tape & Real
LM2901VDR2G S0IC-14 2500 Units/Tape & Reel
{Pb-Free}
LM2901VDTBR2 TSSOP-14* 2500 Units/Tape & Resl
LM2801VDTBR2G TSSOP~-14* 2500 Units/Tape & Reel
LM2S01VN PDIP-14 25 Units/Rail
LM2301VNG PDIP-14 25 Units/Rail
(Pb~Free)
NCV2901DR2 S0IC-14 2500 Units/Tape & Reel
NCV2901DR2G SOIC-14 2500 Units/Tape & Reel
(Pb—Free)
MC3302D SOIC~14 55 Units/Tuba
MC3302DG SOIC-14 55 Units/Tube
(Pb-Free)
MC3302DR2 SOIC-14 2500 Units/Tape & Reel
MC3302DR2G SOIC~14 2500 Units/Tape & Reel
(Pb~Free)
MC33020TBR2 TSS0P-14* 2500 Units/Tape & Reel
MC3302DTBR2G TSSOP-14* 2500 Units/Tape & Resl
MC3302P PDIP-14 25 Units/Rail
MC3302PG PDIP-14 25 Units/Rait
{Pb~Free)

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer io our Tape and Reel Packaging

Specifications Brochure, BRD8011/D.
“This package is inherently Pb~Free.

http://fonsemi.com
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LM338, LM239, LM2901, LM2901V, NCV2901, MC3302

LM339K
0 AWLYYWWG

1

LM239K

O  AWLYYWWG

MARKING DIAGRAMS

PDIP-14
N, P SUFFIX
CASE 846

Yarnaaaaatanannna

LM2301N
0 AWLYYWWG

MY YYVYYY Y 1

LM2801VN
O AWLYYWWG

MC3302P
O AWLYYWWG

80IC-14
D SUFFIX
CASE 751A
14 14 14HHHHHHH 14EHHEHHE 14
| X " | w g
< LM335DG . LM239DG . LM2901DG - LM2901VDG F MC3302DG
o  AWLYWW o  AWLYWW o AWLYWW o AWLYWW o AWLYWW
WHEAFEHE WHEONEEE WOUEEOE +«HUFHEEY WHEVHEE
TSSOP-14
DTB SUFFIX
CASE 948G
ww A0AAAAA 14 “HRAAAAR 14 wHHAAAAA
239 339 2901 2?:“ 3302
ALYW » ALYW » ALYW = ALYW = ALYW a
-] . a . o . o . o "
1HHEEHY 1 RLLLL L L tgdgadh
= Assembly Location
WL, L = Wafer Lot
YY.Y = Year
WW, W = Work Week
Gors =Pb-Free Package

(Note: Microdot may be in sither location)
*This marking diagram also applies to NCV2001.

Iiﬁp:ﬂonsemf.éom "
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PACKAGE DIMENSIONS

PDIP-14

P SUFFIX
CASE 646-06

ISSUE N

AN AN
L] [ ]

Q

ot — [ il

1
TATATATArATAT

J-afle

A
—=i F

1 L L ;

Ny c

e —

SEATING — X
PLANE _JL_ Lk

—» H G D tab,

m
E AR A

-]

i

T

P7rL

S50IC-14

D SUFFIX
CASE 751A-03

ISSUE G

-G

——”-— DapL

SEATING
PLANE

b

{9025 pow) @8 ®]
H_E_E_H_H_H_H._l

Rx4s- -|
&

|$[nmnmm®[7[a ®[a®)

—

\

'htt-p:ﬂonaél"'n'l.'corr.l o

2,
3. DIMENEION L TO CENTER OF LEADS

4.

NOTES:
1

DIMENSIONIMG AND TOLERANCING
PER ANSI Y14.5M, 1582
CONTROLLING DIMENSION: INCH.

WHEN FORMED PARALIE| .
DIMENSION B DOES NOT INCLUDE
MOLD FLASH.

5. ROUNDED CORNERS OPTIONAL.
INCHES | MILLIMETERS
DIN| MIN | BAX | MIN | MAX
A 10715 [0770 | 1816 | 18,80 |
B | 0240 | 0260 | 610 | 650
€ [ 0145 [ 0185 | 368 | 4568
D | 0075 | 0.021 | 038 | 053 |
F | podo [oofo | 102 1 178
G gslo_q_gﬁ; 2.54 BSC
H |0 DaRS | 132 | 241
J [ 0008 [0015 [ 020 | 03 |
K 6115 [0136 | 297 | 343
L | 0200 [ 0310 | 737 | 7.67
M| —— | 1 -—1 1c*
N | 0015 10938 | 038 | 101
NOTES:
1. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1652,
2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.
4. MAXIMUM MOLD PROTRUSION D.15 (0.006}
PER SIDE.
5. DIMENSION I DOES NOT INCLUDE

Z+hL

DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.127
(0.005) TOTAL IN EXCESE OF THE D
DIMENSHON AT MAXIMUM MATERIAL
COMDITION.

MILLIMETERS| _ INCHES

| MILLIMETE]
| DM MIN | MAX [ MIN : MAX |
A | 855 | 875 [0337 {0.344
B | 380 | 400 |0150 | 0157
c| 135 | 175 10054 {0068
D | 035 o490 {0014 {DOtD
F [ 040 [ 126 0016 | 0.040 |
| 6 | 1.27BSC 0,050 BSC
3 019 | c.25 {0068 [0.000
K| 040 | 025 {0.004 [0.009
)_“ OD Tn nn ID
P_| 586 | 5.26 0228 [0.244
R | 0256 | 050 jpgio [ 0018
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PACKAGE DIMENSIONS
TSSOP-14
DTB SUFFIX
CASE 848G~01
ISSUE A
14X K REF N DMENSIONING AMD TOLERANCING PER
14, 3
_'I "‘_‘GBI 010 .00 @[ T[u ®[ve| 2 CONTROLLNG DRIENSION: MILLIMETER
[olo1s poe[T[U O] > PLASH, PROTRUSIONS O ST BURRS,
T H H H H H H H MOLD FLASH OR GATE BURRS SHALL NOT
EXCEED 0.15 (0.006) PER SIDE.
] 3

[2x 172
INTERLEAD FLASH OR PROTRUSION SHALL

N
0.25 {U-U‘U}I 4. DIMENSION B DOES NOT INCLUDE
INTERLEAD FLASH OR PROTRUSION.
M NOT EXGEED 0.25 (0.010) PER SIDE.
B S 5. DIMENSION K DOES NOT INCLUDE DAMBAR

- = PROTRUSION. ALLOWABLE DAMEAR
PN 4 Fu- N PROTRUSION SHALL BE 0.08 {0003} TOTAL

DENT. | F I__ IN EXCESS OF THE K DIMENSION AT

MAXIMUM MATERIAL CONDITION.
6. TERMINAL NUMBERS ARE SHOWN FOR
DETAIL £ REFERENCE ONLY.
7. DIMENSION A AND B ARE TO BE
DETERMINED AT DATUM PLANE —W-.

IQID'IS ‘D'ODG]]T u ©| _'| K r‘— uu.uus‘regj INCHES
|pis| MW T MAX ] MIN T mMaX
L o K1 ] A | 400 | 510 W“{%‘W
i B | 4.30 | 4.50 |0.169 t0.177
JH el — 120 —--ToD47
D | 0.05 | 0.15 [0.002 [0.006
"T_f . F i 060 | 075 |0.020 [0.030
SECTION N-N G| 065BSC 0.026 BSC
H [ 0.50 | 0.60 [G.o20 [0.024
_‘_ J | 0.09 | 0.20 [0.004 [0008
[ J1] 009 ] 036 |0.004 [0.006
I C 2~ wd K | 048 | 030 [0.007 [0.M2
Ji i1 K1 ] 0.t9 1 025 |o.po7 [peig
©3]0.10 (0.004) J T _.I -7 T A A o o
~T—| SEATING __,I I_
PLANE D G +— H DETAIL E

ON Sambconductor and J are registored irademarks of Semiconduclor Components industrias, LLG {SCILLE). SCILLE reserves the right 1o make changes withoud further notice
to any products herein. SCILEC makes no waranty, rop oF L e rilng the suitebility of itn products for any particular purpase, nor doss SGILLC assume any labiliy
arising aut of the application or usa of sy produck of druuit, and specifically disclaims any and ail llabilky, Including withow! limitation speciai, consaquenta) or Incidental damages.
“Typical” parameters which may be provided in SCILLC dats sheeis andfor specificationa can end do vary In diffsrerd applications and actual performancse mey vary over lime. Al
operating parameters, including “Typicals™ musl be validatad kor sach customer appikation by customer's Wechnical sxperts. SCILLC doss not correy any heanse ander s patent rights
nor the rights of others. SCILLC produais are not designed, intsnded, or suthorized for uss a6 components in systems intended for surgical Implant int the body, or other applicatons
Intended (o support or sustain life, or for any othar application in which the failure of the SCILLG product could create & siuation whers personal injury or death may occur. Shoukl
Buyer purchese or use SCILL C products for any such unimended or unauthorized application, Buyer shall indemniy and holt SCELC and its officers, employees, cubsidiaries, affiates,
and distributors harmises against alf caims, costs, damages, and expenses, and reasonable attormey tees arising owt of, direcly or Indirsctly, any clalm of personal injury or death
assoclated with such unintended or unauthorized wse, aven H such claim Alleges that SCILLC was negligant regarding the design or manufacture of tha patt. SCILLC Is an Equal
Oppartunity/Affirmative Action Employef. This lteratura is subject 1o all applicable copyright laws and s not for resals in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLNENT: N. Amarican Technical Support: BO0-2B2-6855 Toll Frea ON Sembkconductor Website: hitp/onsemi.com
Liisrature Distribution Canter for ON Semiconductor USA/Canada
P.O. Box 1312, Phoenix. Anzora B5182- 1312 USA Qrder Litersturs: hiip:/fwww.onsemi.com/itorder

Phone: 480-620~7710 or 800-344-3860 Toll Free USA/Canada -lapan: ON Semiconducior, Japan Customer Focus Center o
Fax: 480~B28-770Y or 800-344~3867 Toll Free USA/Canada 2-t+1 Kamimegure, Meguro—ku, Tokyo, Japan 153-D0%1 For additionat informatlon, pleasa contact your
Emall: orderiit@cnssml.com Phone; 81-3-5773-3850 local Sates Representative.
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117 setup IROMTIFOUADIIIZUY Wireless Aasznuini 1 14 unsnamoviFau flunts
P o > A .

a31ITIYDY Wireless  1IHIADIMING Setup IP address 11AY Subnet mask NANTEIVDIRIT LIRS
o 3 4 2 i Ve e w P
AdarIreszAnd Sctup IP address LAz Subnet mask fidlunAuRDITUA Access Point (A1
W111uD3 Access Point ¥83 D-Link DWL-2000AP+ 1% IP address i 192.168.0.50 ) TP address

A r i I ° oy :; o r
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Interae? Pratarol {100 Pioperhes

{ Generst

| this capabilty. Dtherwise, you need to ask your network acminiz slor for

“You can get P eailings aséwwdﬂmdbdyiywnﬂm!tlsmls 1
the appmpiiste IP saitings. :

(> Obtan an |P address sutomatic sl ;
(& Usa the tollowing |P address: i
IP address; [
Subwnet mask:

Dok petoweey Lo

R R T PR RN It REp SN
(%) Usn the folowang DHS server sddresses:
Prefersd NS seryer P i

Altewriotn DNS server: e

)
3UT 9.1 M3 Setup IP address 1182 Subnet mask

A . &4 A4, ' oy .
Faa0Tivzilums sewp iWemasoude szuingilnsaduing Taumsld Sep Wizard
B = & c[ 1 ) = A o ] --.I
Y83 D-Link DWL-2000AP+ fludananilafi ludesna software danziifunis setup NIATEIAITIN
» »
AAABALAI Access Point 720810 LAN §1M5UMT setup UV UADUAII
»
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A 1 ] . . a A!ll ) L4
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Browser 411 1 Microsoft Internet Explorer VIMILTAL192,168.0.50 (TP Address Y84 Wireless
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] 1 »
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T Sty WL

The satup wizard will guide you through the process of configuring the unh. Plesse
. i Click on the bution below t siart.

zllﬁ .4 A5 Setup Wireless Y94 Wireless Access Point
. » [
4. WU190 Sctup Wireless 9318N11 95191108A13N92H 1M 4 Tuaoulums Sewp Ao nlaou
2 4 4 A - '
M3AI¥D SSID (mnxti'lmmmmizuu Wireless) U@% Channet, Authentication (setup ml.lzﬂlﬁﬂ

a 4 4 [ : o ™ : o
tlosfumiesduun 1 luszunideadu), dinsdhsiadeyn, Password ndaw1niiuf ne Apply

S W elees et

AP Name © | (WL-A0DAP+
SSI0 : [LAB_TEST

Channe| :Ih

Authentication
WEP

WEP Encryplion :
WEP Made HEX

Keyt

Key2

Key3 :

1 »
Eﬂ‘ﬁ n.5 amuaeulunii Setup Y93 Wireless Access Point

5. 11198 LAN 9215un17 Setup 1Han/ous 1909 IP address 112z Subnet mask Y91

»
Wireless Access Point H8391017UA NA Apply
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LANIP ' Dynamic IP Address
@ 6tatic IP Addrass

iP Addrass |16t 246 18111
Subnet Mask | 255,265 256,01
Gwavay'0000

70T n.6 uamaduasluns Setup LAN YB3 Wireless Access Point

1 H é . 1
6. wive DHCP diludnifitdluns sewp molilunmsvelfamuszuy Wireless il

o A ) L} ey A L) L} J
dwnsestumsldantuszvueiing @ Niliszuy wireless szunduegindlides Sewup) (e

o & 4 o w’ of
dumsfleafuniasgudulussuy nianniuf na Apply

SOIRETE K

. The DWL-2300AP+ can be eetup as a DHCP server to distribute IP addresses to the LA
© network.

" DHCP Server

(& Enabled ) Disabled

Starting IP Address
: Ending IP Address
7 DNS Samer

Lease Time

: B e ¢

161 245 18.[200
161,206 18 [0F
0000
rr

Eﬂ'ﬁ R AT AT TR T O Setup DHCP 184 Wireless Access Point
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SPDT Absorptive RF Switch

Features

High Isclation Of > 40 dB @ 2 GHz

Low Insertion Loss Of 1.1dB @ 2 GHz
DC To 4GHz Operating Frequency
Integrated CMOS Conirol Logic
Integrated ESD Protection on Digital /O
Single Positive Supply Voltage

Uttra Small VQFN Packaging
Impedance matched for 50 Ohm systems

Product Description

The Honeywell HRF-SW1000 is a high performance
single pole double throw (SPDT) absorptive RF switch
that is ideal for use in wireless basestation and handset
applications that require minimum power and minimum

insertion loss.

The HRF-SW1000 is manufactured with Honeywell's
patented Sificon On Insulator (SO} CMOS technology,
which provides the performance of GaAs with the
economy and integration capabilites of conventional

CMOS technology,

RF Electrical Specifications @ + 25°C
Results @ Vdd=5.0 =/- 10%, Vss = 0 unless otherwise stated, Z;=50 ohms
Contact Honeywell for relative performance at other supply configurations

HRF-SW1000 in VQFN Package

Parameter Test Condition Frequency - | Minimum | Typical Maximum | Units
insertion Loss* DC - 0.5 GHz 09 14 dB
2.0GHz 1.1 1.6 dB
3.0 GHz 1.3 2.2 dB
lsolation* DC - 0.5 GHz 52 55 dB
20GHz 45 49 dB
3.0 GHz 36 41 dB
VSWR* DC -~ 0.5 GHz 141 Ratio
20GHz 1.2:1 Ratiz
3.0 GHz 1.2:1 1.3:1 Ratic
1dB Compression* Input Power
Vss=Gnd 1.0 GHz 21 dBm
Vss= -3 1.0 GHz 29 dBm
Input 1P3* Two-Tone Inputs Up To + 5 dBm
Vas=Gnd 20GHz 35 dBm
Vss= -3 2.0GHz 35 dBm
Trige, Tiall* 10% To 90% 10 nS
Ton, Toff 50% CnH To 90%/10%Rf 20 nS
Transients In-Band 10 mv
‘Guaranteed by design
Woeb Site: www.mysolsetvices.com Honeyweil
Email: mysolservices@honeywell.com Solid State Electronics Center
12001 State Highway 55
2004 1000W Published August 2004 Page1 Plymouth, Minnesota 554414799

1-800-323-8206
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DC Electrical Specifications @ + 25°C

Parameter Minimum Typlcal Maximum Units
Single Vipp Supply Voltage 3.3 50 5.5 vV
| Vss -5.0 v
Idd 07 10 uA
CMOS Logic Level (0) 0 0.8 \
CMOS Logic Level (1) Vop — 0.8 Voo Vv
Input Leakage Current 10 VA
* Performance curves are for Vdd = +5.0 +/- 10%
Absolute Maximum Ratings’
Parameter Absolute Maximum Units
Voo +6.0 A"
Vg 55 A"
Vin Digital Logic 0 -0.6 v
Vin Digital Logic 1 Vdd +0.6 A
Maximum input Power > 35 dBm
ESD Voltage 400 \
Operating Temperature Range -40 to +85 Degrees C
Storage Temperature Range -65 to +125 Degrees C

{Note 1) Operation beyond any of these parameters may cause permanent damage.

Latch-Up: Unlike conventional CMOS RF switches, Honeywell's HRF-SW1000 is immune to latch-up.
ESD Protection: Although this device contains ESD protection circuitry on all digital inputs, conventional precautions should be
taken to ensure that the Absolute Maximum Ratings are not exceeded.

Package Outline Drawing

RRERN

|
|
L UL

1] T

[ L] []

Boltom View

This package conforms to the LPCC™ 3 x 3 mm 12 lead body

dimensions.

See ASAT LPCC Marketing Outline Dwg. # DGMJOD00M Latest
Rev. at http:/iwww.asat.com for additional dimensional

information.

See Application Note 310, VQFN Surface Mount Application, on our
web site at hitp://www.mysoiservices.com for assembly

recommendations.

Web Site: WWW. MTysciservices.com
Emall: mysoiservicea@honeywell.com
2004 1000W Published August 2004 Page 2

Honeywsll

Solid Siate Electronics Center
12001 State Highway 55
Plymouth, Minnesota 554414780
1-800-323-8285
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Truth Table
Switch Control RF Output 1 RF Qutput 2

0 RF INPUT -
1 -n- RF INPUT

"0" = CMOS Low, "1" = CMOS High

Pin Configuration

Pin Function : Pin- Function

1 GROUND 7 GROUND
2 RF QUT 2 8 RF QUT 1
3 GROUND g GROUND
4 vDD 10 GROUND
5 SWITCH CONTROL 11 RF IN
6 VS8 12 GROUND

Note: Bottom ground plate must be grounded for proper RF performance.

Evaluation Circuit Board Connections

RF in
HRF-SW1000
RF Out2 Evaluation Board RF Out1
Top View
®© ®» © © @
Haneywell HRF-SW1000
VDD VS8
Ground SW Ground
Control
Woeb Site: wWww.nysolservices.com Honeywell
Email: mysolservices@honeywell.com Solld State Electronics Center
12001 State Highway 56
2004 1000W Published August 2004 Page 3 Plymouth, Minnesota 55441-478%

1-800-323-8285




HRF-SW1000 Honeywell

Performance Curves

Insertion Loss

Insertion Loss Versus Frequency
~ e _ The Insertion Loss curve shows
g . the typical insertion loss versus
" e e —] frequency at Vdd = +5.0 +/- 10%,
3 ¢ Ta = 25C, Z, = 50 Ohms
8 | '
T .20 | ‘
2
£ a6 e -
! I
2.0 I :
0.0 0.8 1.0 16 0 5 .0 A8
Frequency (GHz)
Isolation
Isolation Versus Frequency
200 ——— - T - RE— e
300 4 - } I o D The Isolation curve shows the
& 400 | - P : o o ‘ typical isolation of an “off state
2 500 : . - output to the insertion path.
§ -60.0- S
5 00 -
_g 400 | - o I S R
800 - - : LI
1000 i - - - . e - s
0.0 0.5 1.0 15 2.0 25 3.0
Frequency [GHz}
Wab Site: www.mysolservices.com Honeywell
Email: mysolservices@honeyweil.com Solid State Electronics Center
12001 State Highway 55
2004 1000W Published August 2004 Page 4 Plymouth, Minnesota 55441-4789

1-800-323-82856
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Return Loss

Input/Output Return Losses Versus Frequency

Return Loss [dB]

1.5
Frequency [GHz]

The return loss curve shows
the input retum loss S11 and
the output return loss in the
insertion path $22.

Evaluation Circuit Board

HRF-SW1000 Evaluation Board

Honeywell's evaluation board provides an
easy to use method of evaluating the RF
performance of our switch. Simply connect
power, DC and RF signais to be measuring
switch performance in less than 10 minutes.

Web Site:

www.mysolservices.com Honeywell

Email: mysolservices@honeywell.com Solid State Electronics Center
12001 State Highway 55

2004 1000W Published August 2004 Page5 Plymouth, Minneaota 554414796

1-800-323-8205
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Evaluation Circuit Board Layout Design Details

“item T Degenption: .

PCB Impedance Matched Multi-Layer FR4

Switch HRF-SW1000 RF Switch

Chip Capacitor Panasonic Medel ECU-E1C103KBQ Capacitor, .01uf 0402 10% 16V
RF Connector Johnson Connectors Mode! 142-0701-801 SMA RF Coaxial Connector
DC Pin Mii-Max Model 800-10-064-10-001 Header Pins

Ordering Information

Ordering Number | - - Product .~ |‘Units Per Shipment
HRF-SW1000-TR Delivered On Tape And Reel* | 2500 Urits per Reel
HRF-5W1000-E Engineering Evaluation Board | One Board Per Box

{Note 2} Contact Honeywell for details

Honeywell reserves the right to make changes to improve reliability, function or design. Honeyweli does not assume
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.

Web Site:
Email:

2004 to0OW

wwrw.mysolservices.com
mysolservices@honeywsll.com

Publishad August 2004

Page 6

Honeywell

Solid State Electronics Center
12001 State Highway 55
Plymouth, Minneaota 55441-4788
1-800-323-8205




	Title Page
	Abstracts
	Contents
	List of Illustrative
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Bibliography
	Appendix



