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Homebrew spectrum analyzer

Mr. Worawit Athipornmetha ID. 46010661
Mr. Watcharakom Sriwantha  ID. 46010681

Dr. Siridech Boonsang  Advisor 2006

Abstract

This project is the construction of a spectrum analyzer which can analyze frequencies from
DC - 20 MHz to find frequency and amplitude of spectrum that require analysis. The operation of the

spectrum analyzer can be divided into 3 parts.

1. ) Constructing RF 71.1 MHz which is received from filter of multiple between input
frequency with frequency that generate from VCO. (Voltage control oscillator that generate
frequency since 71 — 91 MHz) Working of this part consists of Sweep Generator, VCO,

Mixer and Filter circuits.

2.) Constructing RF 4.4 MHz which receives from filter of multiple between RF from first
part with 66.6 MHz that generate from VCO II. Working of this part consists of VCO 11,

Mixer 1I and Filter circuit IL.

3.) Last output is from the second part which passes through the Logarithmic IF circuit,

Constructing the spectrum analyzer manually has many benefits, e.g. increasing skill,
knowledge and experienee in constructing and designing high frequency circuits, save more than

buying a prefabricated one, etc.
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- 9 e o o A
Freq #1398 DC assymtote Y84 H(s) Li’lumummummmmﬂu AHY UUWIA -20 log b dB.
-
audvedIng : @,

- . - g 9/ .
a1udvoeIna : @, Y93 Quadratic poles Aannudn 1u11aY99 Function
) d . ,
H(s) Saqegaeunsan I Tay maufiaums ;—‘H(ja))l =0 Mo Nldnnmsudauns
w
o ] = 2 r= |
Aanana Ao w, W30 @,

Al

|= 0 (2.5.7)
do |- o +ajo+b|
vl
2 2
-8
=0, =0,= ) 2b 25 (2.5.8)
O;E- >1
2b
al
<<l aeld
2b
», ~ Jh (2.5.9)

2
ar 1 A a ' a @ '
Tumsiszena Taoia 1l ﬁmﬁmﬁ'ﬁu"lm—zb <<1 Wi mbanalsznaie, ~ Vb w@ue

fannivesine o, ~ Jb vz wlauesH(s) Ao

1 1
His = = (2.5.10)
QR (Vo) +ajb+b  ajvb
MAG]  =20lo -1—) dB (2.5.11)
e ayb
PHASE ;8 = —tan[“o”b] = 90" (2.5.12)

smzmfmmmﬁ;ﬂwamsﬂﬂuﬁuam%wmﬂmm complex conjugate poles H30 quadratics poles

¥
Taml sz 4%
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1 1
H(s)=— - = (2.5.13)
s +as+a

w 2
st +—Ls+w,
P

42}

BW=-L=a

P
Q=% (2.5.14)
o, =4b

E > . I
FIMIADVUTUDIVDY Complex pole (MUBNUMZUDS Low Pass Filter 1n0n15111 Single

Zero # Origin WU Complex poles 32 1d5umsaovausinnuiinuy BPF nazazldzinillves

ar

Function BPF ilgasinsveny K i oz
[43]
K—~Ls
Kas Q,
s+as+b

Gaing,. =
BrE , @, ) (2.5.15)

ST+ St o,

P

K = Passband _ gain
», =AU 19ves BPF
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N 3
- NIYeRAILY

3.1 MI98NIUUINDT Sweep Generator

R4
20v | AAA—
22u C3 RS D1 1N414B R14
™ A A A I_ﬂ
2.2x IN4148
UiA
LM358
3 [ |8 R11
AN
390
R1 2 56k L
R2 X Input
R6
m"é D4 D5 R1D
20V Al fF—e-ANA—] -2V
LM358 22k 1N4148 INd12g 1 22K
184735 D3 06 1N4738
20V|____—.
R22 1N4148 s
fg:( AAA— ToVCO
240k
g R1B
RS
S STTRT
54

Eﬂ‘ﬁ 3.1.1 7999 Sweep Generator
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2495 Sweep Generator Us¥NDLAIY 3 o121 AD

3.1.1 doufiedradygiamumaou Ao dauilsenovdio OpAmp UlA tag ULB lapd

) J o d’.:r @ 1 %
484 RC time contain YUY C1, R1, R2 na R6 i1y Re 1ilu R Uua1 1 wveldlums

15111ldun1 time contain

R4
20V

R5

22k

U1A
LMas3
8

01

_.—.._._f'\_.‘J\M___ﬁ.____

TN4148

Vi

R1 < 56k R3 2100

RB
10k

-20v

114 3.1.2 seserdedyuaumaoy

1.1.2. daufidedayameon ldy X input voae Tml fie daunilsenoudas opamp U2a

waz U2B Tamvzaudyaausudilininaiegh

1N4148

U1Be
LM3EB

T
l =1

= 9 1 J o c;
v, 113 Idms divSiaasiiu degulfi 303

1N4735

1N4148

D3

1N4148

Ds

22K

1N4735

0V uaziimsuniamnnna 10 V mivduwn

-0V
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2ov |

o1y N4 A4 Ri5
[P

(S
1N4148

R11

10k

1N4148
D3

1N4735

319 3.1.3 239590 X input

]
1

3,13, dauvnedandiua dhda ldu veo fis daufitlsgnoudan Opamp U3A

3 o

uaz U3B Tagezillalen D7 Tumsdmihidlesiuvay lil¥ lnandudiluaees dsgin 3.4

A28 CB
2V | ANA— .
VT 22
100u R29
R22
R4 A
10k 240K 21
6.8k o7
R18 ¢ AA—p] 2
';f R23§ 10k R25§ 0k | 22
RI7 40k 100u=—C5
51 Uaa I
E LM358
d AAN—

719 3.1.4 299391 VCO
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gﬂﬁ 3.1.5 2107395 Sweep Generator

3.2 NIDNIULINDI VCO ( Voltage Control Oscillator )

o
5EDALLIL9ES VCO Usua1dmaud 71MHz — 91MHz 151wz ldnudamefiued
=1 Y = d'a' 9 F=} a 'y d‘ Q' T
2503355 Hlugvaadaananuaisdesmsoany Tasd Mv2109 wimihi 5o C lases

= 1 o AN Ve - o, o L4 a o A
L‘lJﬁUuﬂ']llﬂ'HL'i\ﬂﬂuﬂ]’lﬂiﬂﬂ’m’]ﬂ Sweep Generator HAZITUNIUSMADIIU0T MPS5179 YU

a de o A
T asonANig
680 12V
_ 330 g 12V
C>=10n AA-—C ] 4n+100n | 1kS L>=5 6uH
n 1000p 220nH
95nH
REA1 §
B2 MP§5179 0 a0
* - p p
28C33 _L Ca l 1k 500 RL
27p  Cvs 50
330p
1 1
15p
20k ;é
27p in ?”‘

FREQ
CTL

71 3.2.1 2393VCO

¥
ﬂ"l'i'é]'Elﬂl!.“lJ“lJ'Nﬂ‘illﬁ'lﬁ]Zi‘l’i’ MV2109 L‘ﬂuﬁ'ﬁ tune A1
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C._ ~19.84 pF @ 18.0V ,r, (F,, ) ~15.36 kQ

Cow = 48 .91 pF @1.25V .1, (Fp, ) ~ 3.320 £Q
C g MAX <19 .13 pF
LazA1 veo Capacitance
C, Fosc (MAX ) = 31.16 pF
C,. =~ 330 pF ,AC, =~ 23 .85 pF
C, ~8.85 pF
C.cF_, =18.71 pF
C.bf . ~ 42.60 pF
OSCILLATOR TWO PORTS PARAMELERS VALUE

TRANSISTOR 28C3355
Iy = 2.5mA
Vi = 0.7V Vigp = 2.5V R, ~100k2
B, =120 r., =~ 20.06Q G, =2.0pF
e =~ 10.0Q ry. = 2.40MQ Coge ~C,=27.0pF
Py, = 124102 ¢, ~0.95pF C, ~2348pF
g, ~96.708 c,, ®6.146pF Crorarummer =Ce ™
|ﬁmﬂ| ~ 23.33 F, = 2200MHz Co*=Cppq +Cy ~2548pF

#131903.2.1 OSCILLATOR TWO PORTS PARAMETERS VALUE

=i

Socrin 5 TO0MHz .
 Transistor Y-parameters include Ry,

Transistor Y-parameters Include R,

Fiug ~ 69.48 — j9.688mS S Yy #68.48— j12.68mS
Ypuo = —67.19 + j11.74mS S Ty ©—65.92 4 j15.33mS
Yo ~—148.1— j287.44i8 L Vg 1812 373348
Yopo = 1569+ j655.3uS Yo #196.4 + j858.0418
Linvill Stb Factor : C 2,600 = L:‘nvillns_tb Faclor ; C X23.044

Oscillator Y-parameters inciude C, Oscillator Y-parameters include C,
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dninnoayanaia wszeemnmanTzie

Yo ~ 6948~ j2.187mS ¥y = 69.48 — j3.012mS

Yy ~ —67.19+ j0.1371mS Yo = ~67.19+ j0.3593mS

Yo = —148.1 - j12160 48 Y = —148.1- j16070mS

Yy, = 156.9 + 1253048 Yppo = 156.9+ j16550 18

Linvill Stb Factor : C ~60.44 Linvill Stb Factor : C ~251.10

Z, =R,y !/ Cy =100k //— 89.24Q Z. = Ry 1/ Cpe % 100K /]~ j67.53Q2
Z. @col ~—466.5//— j824.7Q - Z,, @col ~-273.5//— jATR.IQ

R ossray(TOTALY = 1, e, 1/ Ry I, BIAC VRC Ry osstany(TOTALY = 1, v, 11 R W, BIAC_VRC
~701.8Q %859.4Q

Z @ EMT ~92.36//+ j473.0Q . Z@EMT ~92.51//+ j2371Q

K ~0.1947 " K ~0.1538

A1514N3.2.1(AD)

LT_..
i

— T '
l 2o 330m T OM8
RLE CLe Repc =—C8 L boe RLc
=—Cp » #H lioss §
3
Ran :

1

Ji 322 'g'ﬂNﬂﬁﬁ”l.ﬂflumﬁmﬂzﬁmfhmmﬁﬁTcmuwff'

72182
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A1519% 3.2.2 OSCILLATOR IMPEDANCE ANALYSIS SHEET

9

220 | 278 | -494.0 j898.1 | 2.532 -289.0 45214 3.30
9 |

270 | 278 | 4112 7461 3.047 243.1 j422.1 4077
9

330 | 278 | -3455 609.8 3728 207.0 §337.8 5.094
9

220 | 234 | -560.8 1986.5 2305 325.8 i589.6 2918
8

270 | 234 | 4664 -j824.7 2757 273.5 4787 | 3594
8

330 | 234 | 3915 §677.4 3.356 2324 3835 4.487
8

R, (/) R,LOSS _TOT (f)<0= OSCILLATIO NCRITERIA
MPS 5179 AMPLIFIER CHARACTERISTICS

Freq. = 80.50 MHz
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Y - parameters

Y, ,~1.706 + j0.3685 mS
Y, .~ 8345 — j19.30 mS
Y,.,~ —49.18 — j31.90 pS

Y,.~ 3368 + j1190 uS
Linvill Stb FCT ~ 0.09842

Maximum gain
Z. =540 .6 //+ j3782 Q
Z, =273 .9//+ j1100 Q
Stability _ Factor : K =~ 241 .8
A, ~2.994 /-1.110 + j2.781
P, ~ 17 .69 0r12 .48 dB

MPS 5179 Freq. = 80.50 MHz DEVICE PARAMETERS

] =507 x10 ¥ 4

V, = 62.30V B, =101 .9

BF =195 .0 g, ~ 154 .TmS
Ng=2.0 Fp, & 658 .6
Iy =2.6x107" 4 r, & 10 + 500 Q
R, =4.0Q r, = 15 .58 kQ
C, = 0.8931 pF C,.~ 0.5026 pF
M . = 0.3017 C,. = 23 .71 pF
Ve =070V F, ~ 1017 MHz
C, = 0.9398 pF reo ® 2.0Q

T, =141 .1ps Ly =~ 5.0nH

R, =10.0Q
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Lyoe ~ 4.0md
Ve ~ 5.0V
V, ~0.7082
}BF(1+ VCE )UNE
VAF

5119 3.2.3 mwaeesveo

3.3 NMY9BNUUUIIYY Mixer I
T 3
22¥1M3 Mix Fyanmsening veo [ fudyagnadunmisdin nmiuszazgnaudig

1995 Filter I nsoedgygsoon 1l Taofisez19d) NE602 fud mix Fyga

&Y 4.7u
Sweep GEM,
71.4-91.1 MHz
100n 8 7§ 5] =

10n
:l: NEB02
— Mixer
1in - IF aut

511# 3.3.1 2995 MIXER I
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71191 3.3.2 2792995 MIXER 1

3.4 MI90NULYNDY Filter I
SEmyeonui13993 BPF 1 Taul¥mnui) matching 53113199993 mixer [ fi1) 2995 mixer II

: A JE — 4
Tﬂﬂﬂmwimugﬂﬂ 3.4.1 ¥9UIENII00NUUURAIY

1.5k |_1 e K -L‘é;

31# 3.4.1 2995Band Pass Filter

- A of ] o v as
Taudesmafianwanas iy 71MHz waz a1 Q, Hawify 6

NGAT
R
= —— (3.4.1)
&=
R,= 1'5k2 -1k 40540
(1+6%) 37

(579211 L, 991N
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Ly = R0,
. 4.
=28 _ 2090 o5 o5,h 042
w, 2axTIM
HAYHIA C, 31N

L _&
o, @
a,C, = % (3.4.3)

| = a__ 6 =8.97pF

Ra, 150027 x71M)
HOAIN
R, =R, (1+02)
=\/—— \/—4 = 0.483 (3.4.4)
1A L,
wyly =R, Oy
L- R Q2 40.54(0.483) ~ 43.92nH (3.4.5)
@, 2rx 1M
214 ¢, i

1R
0Cy, &
w,C, = % (3.4.6)
e, 94 o 6spr

Rw, 50Q2zx71M)

M [l
sz lAhmanud £ 71MHz 157198 1091 Q =Q, + Q, = 6 + 0.483 = 6.483 LAz

L=L,+L,=545.25n+43.920=589.17nH 53119 590nH

92 14A1 BW (Band width) = M 0.95MHz
6.483

Fevz'l8M £ = 60.05MHz unz18A £ =81.95MH:z
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Rs L
1.5 590nH
YV .

— AW
¢

8.97pF €2 <RL

Vs 21,6508 50

31171 3.4.2 2995Band Pass Filter 110fi 1fo0nuun 13

3.5 MI9enIVVIN9T XCO laz Mixerll

[ d

Tuftldon NE 602 15UR0U Mixer] WatWUEIMU092995 Matching tdunInaiunsn

] 9 g4 :!‘
FITWIs00BNUY 1RGN 4.1.1

Oscillator
50 g6 7MHz

100n J_ 10n J‘
I :|: NEG02
= — Mixer

0.27u IF out

I 4.aMHz §T
—— |  Matching

71# 3.5.1 7925 XCO 1oe Mixer

F 4

- Aay a £ A A ¥ a fq d
ilenudndsansnesadames e 66.7 MHz Tunil onldeoadaamosduie
a o ’ o 1 4 a a oo ¢ 4 as
#11517993 Matching 521 NUBIMYNUBINITNBUNTIATIOMYMBNRUAUTINAY 50
ar Aaa a5 oa o 1w 1 9
Q fuv1 1 ves NE602 ANBunmBNRUAUEIINAY 1.5 k emsamin L, waz C5,C, AN

A 1 4 ot -3 o/
TUNT (24.2) une (2.4.3) a9 1dA100nUUMIAL 0.27, 1n LAz 100p M1unIAY
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3.6 MI90NLIUVIN0Y Logarithmic IF
Tufifionld MC33s6 imuquanszuaiiomyma R Hae9nu1 14 asns13a fagui

3.6.1

5v

W= Output
? § 7 14 |
51 | MC2356 J_ |
_t 9
0.01u 0.01u
pa 19 470 I

1

31091 3.6.1 2395 Logarithmic IF
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5.1 MynTIinzainanInaaeves ez magIy

‘ "
5.1.1 Ains1ziinsnlna 21903 Sweep Generator (314 3.1.1)
3 ]
INNTININUAYBY Sweep Generator 93 IR0 1YNeBId I drunsnAoduinir il
Y = ' 1 d' .3 o db o : 1
40 X input Bnailudni lidy veo Fazannsofmuavianazgna Idaud o

' e o o vy o A
wieA1vea Iides Opamp TastmuasnanudumiulSun 8% smusoagal 1w

1 a1 ~ T -t w a u’;‘ v a ar
ﬁ]'lﬂNﬂﬂ’l'iﬂﬂﬁﬂQW‘lJTlﬂ'lﬁﬂTUﬂ’l R6 3.|H'ﬂﬂﬂﬂ'ﬂ1|f.'l‘ll'i]QﬁiUiU']ﬂJLEI'ITW!WTNﬁ?uﬂLIﬂEUU X

“d

. 4 = o 1 = YL {
input wazaauh 11490 veo Ao 81 R6 Tiamnanudaztdes uazd Re artosnnudazinn Afe

ar @ o a @ 3 c?’l:l =
Rl LI,'IISN‘LILL“IJ“IJHﬂWHﬂ‘]JﬂTﬂJﬂuulﬂQ mumﬂu]’lﬂmmﬂqyg W

t=RC =14
ar 4

dm5uMsUiud R vary drpunu hillwanedyanaomyniit 9y X input udiing

g e
I 4

oo 8 A o ot A Yar =
fudyanesemynini hidy veo damnsoagy/1ddsi

R NUHagouaulTgavesdyguie RS uaz R20 TaouilsAuuuunadunuy

A w oA

w i o ayd o o o :
a35afu Fadige1ngli 3.1.1 Aaudunmmaesiaiiffedivinihiilunmsaaneudyganiues

R fillwoAnszAy veadygnuio R3, R4 uaz R24 TaouilsAuuuuaseiu Fdgengili

k4 ¥
Q. o o o o Y
311 ﬂ'J’lllﬁ"lu"ﬂ'IHTNfﬂ1]ﬂ?ﬂﬁﬂﬂ?ﬂ?ﬂﬂﬂﬂﬂ'ﬁ']‘“ﬂ”lﬂ‘l]ﬂ\i')q‘i]'iuulﬂx‘l

gﬂﬂ 5.1.1.1 7397 Sweep Generalor YSumld 1-20 v
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Jd
512 Innzvunzaplneees vco
veo wiludadennudieamnin sweep 18 Tanludmwuns veo sefusus sy
b ° w b o q ¥ Ay =
9INSweep Generator 1-20 V #4993 11¥n1315ua1ves € voa Mv2109 v lve ¢ Sandaswalag
»
Tasansaagmahau1ddsdl
- o q ¥ A ] o q ¥
- USIAUVDI Sweep Gen. WINIL1HAT C Varactor (MV 2109) Uaoy Beazhld
' - y o4 &
anaudiieniyn veo Sauniniu
- USIAUVDY Sweep Gen. AAATIN AT C Varactor (MV 2109) A unudu sz 1

¥ 3 a 1
ANMUNIMAN VCO Tmanad

3
ar =

] 3
Taomanudezannsodiu1dawa 71.1-91.1 MHz uazezthdanail liims mixed
AunmAveIdaanaBunn DC - 20 MHz IAAI1IU0A199 uaz9zgn Filter I naonutle 71.1
MHz
A dwl ¥ ] a d R 1 1 .
uaztilogeinaaesilnies ¢ (Mv2109) nasoz 151 Tus 19T linear 1AN1E4 linear
fluaadis ¢ navwn Sa a1 18 dlds uawisonsesduynldnua isdeduilud

k1 (] YA r J A' k" A ]ly c;
?5]’E]~1‘UEI'!EI‘I)"NiH‘lJﬂ'I‘JJ'IﬂﬂI‘IJL‘WB{I"HanﬂSﬂ'i“JJ’E]u"v‘jT] AN ATIUD

d
5.1.3 InTIsnunzajUne 1999 Mixer I
1IAN1INAABY Mix FyRnTednIfne 2 MHz uas 5 MHz wade lAdaansueniynoanin
2
%

! o dda o s A = de = '
‘Hmﬂmﬂ’JmﬂIﬂUﬂ’J’l‘lmmJLmu'ﬂigﬂﬁ_;d’fiﬂﬂﬂ NAIUD 3 MHz uas 7 MHz $30A0ATHOHDIA 1Y

¥
HAZHALINAILA AU MDY

3 MHz
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514 IneviuecagUne2993 Filter I

nnwamsnanssssnagl Ideniimanuinaraniiy 72.41 MHz Inuden
lﬁ; o ol = 1w .
ponouh 68 naz 80 MHz M 1AL IAMINIAY 12 MHz
A o . . Yo o
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IRl FULLSIZE CLOCK OSCILLATORS TTL/HCMOS COMPATIBLE

s HO-12&15 Series

Elcctrical Specifications

Frequency Range Fa

0.5MHz~100.00MHz

FEATURES

The HO-12 series oscillator is TTL/ s TTLHCMOS Output
HCMOS compatible HO-15 series is compatible
with 3.3V powersupply voltage. The s 14 Pin Full Size
metal package with pin #7 case gr- » Industry Standard
ound acts as shielding to minimize » Wide Frequency Range
EMI radiation. * Low Cost

» Resistance Weld Package

* 3.3V available

Frequency Stability*

All Condition*

= 25ppm, + 50ppm, = 100ppm

Operating Temperature Range  Torr

0°C~70°C(-40°C~+85°C option)

Storage Temperature Range Tsra -55°C~+125C
Power supply Voltage Vop 5.0V+/-10% | 3.3VA+/-10%
Aging(First Year) 25°C 37T + Sppm
(.5MHz to 23.999MHz 20mA Max 15mA Max
Supply Current Ion 24.000MHz to 49.999MHz 30mA Max 20mA Max
50.000MHz to §9.999MHZ 40mA Max 30mA Max
70.000MHz to 125.000MHZ 60mA Max 45mA Max
Output Symmetry Sym 1/2Von 40/60%{45/55% Option)
Rise time Ts 10%Vpo~90% Voo 10 nS Max 8 nS Max
Fall Time T: 20%Von~10%Von 10 nS Max 8 nS Max
Output Voltage Vou 90% Von min
VoL 10% Vpp max
TTL Lead 1~10TTL. 1~-5TTL
Output load ~50M:50pF ~50M:30pF
HCMOS Load ~TOM:30pF ~125M:15pF
~100M: 1 5pF
Start-up Time Ts 10mS Max
*include: 25°C tolerance, nperating lemperature range, input voltage change, aging, load change, shock ard vibration
Mechanical Dimensions(mm) HCOMS Test Circuit
¢ . Test Painl
5 H1 H7, o— e} S0V L A4 ] L wecre o
- Ele @ ]3 & o [ A TR e,
AREA i e
- $;atm #’B{B s
b
mn
152440, 13 **Includes stray and probe capacitance
204 Max
HOCMS Output Waveform
L - Tr [~
= f \ Voo
i + s
E Dﬁ T 18l
" ~ ~ r #7 | GND
_Loasxon BRAE] #8_ [ Output .
2 #14 | Vun B B S hEAatt ECTLITIICE e GND
e [— T1I —*

Tl
Symmetry+ r_u" 100%

To=1Fa

TAIWAN:
HOSONIC ELECTRONIC CO., LTD.
23-1 LANE 84, CHUN VING ST. SHULIN CHEN,
TAIPEI 23804, TAIWAN, R,0.C.

WEB SITE:http://www.hosenic.com.tw

CHINA: .
- BANGZHOU HOSONIC ELECTRONIC CO,, LTD.
XUNSHAN LIANGZHU TOWN MOGANSHAN ROAD
HANGZHOV, ZHEJIANG, CHINA. .

Specifications are subject to change without notice

. 836286875200
. B36-2-26816436

0.5MHz~125.00MHz

B z5)ys-saTEIey
+ {86)-571-88778857
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Wideband FSK Receiver

The MC3356 includes Oscitlator, Mixer, Limiting IF Amplifier, Quadrature
Detector, Audio Buffer, Squelch, Meter Drive, Squeich Status output, and
Data Shaper comparator. The MC3356 is designed for use in digital data
communciations equipment.
¢ Data Rates up to 500 kilobaud
® Excellent Sensitivity; — 3 dB Limiting Sensitivity

30 uvrms @ 100 MHz
® Highly Versatile, Full Function Device, yet Few External Parts are

Required

* Down Converter Can be Used Independently — Similar to NE602

Figure 1. Representative Block Diagram
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I / Input
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{ >< Data Shaping 0[::‘1[
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T CC
.1 15|
Ceramic | I s I L A%
Filter 6 15 :l: 1. Squelch
i Comparator | ~ 0 Status
':_P % Hysteresis
o 7 Meter ~Current 14
L
Limiter 3 Buffer T
T : T_d_ 13 Squelch
g 12 Adjust
* ~—'vw—-—_1i_ >< - e {Melen)

10 T 1 1 -

Quadrature Detector
i- | Tank
} l
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Order this document by MC3356/D

MC3356

WIDEBAND
FSK
RECEIVER

SEMICONDUCTOR
TECHNICAL DATA

DW SUFFIX
PLASTIC PACKAGE
CASE 7510

(S0-20L)

P SUFFIX
PLASTIC PACKAGE
CASE 738

RF Ground E 4 20| RF Input
0SC Emiter | 2| 19} Ground
0SC Callector [ 3| 18] Dala Outpu
RF Vee [4] 17] + Comparator
Mixer Quiput E _1_E| - Compatalor
IF vee [ 6 15] Squekch Status
Limiter Input E EI Squelch Controt
Limiter Bias E E‘ Buffered Qutput
Limiter Bias E 12 Eit'al:rndulatnr
Quad Bias l1—_0 E' Quad Input

PIN CONNECTIONS

ORDERING INFORMATION

Operating
Device Temperature Range Package
Dw —201
MC3356 Ta = — 40 10 +85°C 50
MC3356P Plastic DIP

© Maotarola, Inc. 1996 Rev 0



MAXIMUM RATINGS

MC3356

Rating Symbol Value Unit
Power Supply Voltage _ VoC(max) 15 Vde
Operaling Power Supply Voltage Range (Fins 6, 10) Voo 3.0t09.0 Vdc
Operating RF Supply Voitage Range (Pin 4} RF Voo 3.0t012.0 vdc
Junction Temperature ’ TJ 150 "G
Operating Ambient Temperature Range Ta —-40to + 85 °C
Storage Temperature Range Tstg -651t0 + 1580 °C
Power Dissipation, Package Rating PD 1.25 w

ELECTRICAL CHARACTERISTICS (Vg = 5.0 Vdg, fg = 100 MHz, foge = 110.7 MHz, Af = +75 kHz, fingg = 1.0 kHz, 50 Q source,
Tp = 25°C, test circuit of Figure 2, unless otherwise noted.)

Characteristics Min Typ Max Unit
Drain Current Total, RF V¢ and Vo - 20 25 mAdc
Input for — 3 dB limiting - 30 - pvrms
S+N - -
Input for 50 dB quieting (+ ) 60 pvrms
Mixer Voltage Gain, Pin 20 to Pin 5 25 - -
Mixer Input Resistance, 100 MHz - 260 - 9]
Mixer Input Capacitance, 100 MHz - 5.0 - pF
Mixer/Oscillator Frequency Range {Note 1} - 0.2to 150 - MHz
IF/Quadrature Detector Frequency Range (Note 1} - 0.2t050 - MHz
AM Rejection (30% AM, RF Vin = 1.0 mVrms} - 50 - dB
Demodulator Qutput, Pin 13 - 0.5 - Vrms
Meter Drive - 7.0 - pA/dB
Squelch Threshoid - 0.8 - Vdc
NOTE: 1. Not taken in Test Circuit of Figure 2; new component values required.
Figure 2. Test Circuit
Squelch Demod
Status Out
Data Qutpul [ ] o)
o g"” 130k 33k
]
e -
100 MHz 10k g:, 30k
1
R inpun 0 = 001 e}
380k 33k =
AAA-
31 F‘2!‘.1 = |19 18 17 16 15 14 13 = 12 11
= RFinput  Ground  Dala Comp(+) Comp(-} Sguech Squelch Demod Demod Quad
= Oulpun Status  Control Out Filter Inpant
L1-110.7 MHz, 0.4 pH -
7T #22, 3/16 Form 150 oF
wislug & can s T 2 ]
L2- ;g;r? #hggzé:1.g EH RE 0SC 0S¢ RF  Mixer Lmiter  Limiler  Limiter  Quad |
wishig & oan orm Gnd EM. coL Ve Out Voo Inpt Bias Bias  Bias — _
T4 — muRata ] 2 3 4 5 3 7 |a_‘(_‘ 9 10
SFE10.7 MAS-Z T ot A
or  KYOCERA = 58 pF T . ¢ @ ‘
KBF10.7MN-MA 15 pF =3 330
T Vee T
1
0m
330 5 %& T
2 MOTOROLA WIRELESS SEMICONDUCTOR

SOLUTIONS — R¥ AND IF DEVICE DATA
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Figure 3. Output Components of Signal,
Noise, and Distortion
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GENERAL DESCRIPTION

This device is intended for single and double conversion
VHF receiver systems, primarily for FSK data transmission
up o 500 K baud (250 kHz). It contains an oscillator, mixer,
limiting IF, quadrature detector, signal strength meter drive,
and data shaping amplifier.

The oscillator is a common base Colpitts type which can
be crystal controlled, as shown in Figure 1, or L-C controlied
as shown in the other figures. At higher V¢, it has been
operated as high as 200 MHz. A mixer/oscillator voltage gain
of 2 up to approximately 150 MHz, is readily achievable,

The mixer functions weli from an input signal of
10 pVrms, below which the squelch is unpredictable, up to
about 10 mvVirms, before any evidence of overload.
Operation up to 1.0 Vrms input is permitted, but non—linearity
of the meter output is incurred, and some oscillator pulling is
suspected. The AM rejection above 10 mVrms is degraded.

The limiting IF is a high frequency type, capable of being
operated up to 50 MHz. It is expected to be used at 10.7 MHz
in most cases, due to the availability of standard ceramic
resonators. The quadrature detector is internally coupled to
the IF, and a 5.0 pF quadrature capacitor is internally
provided. The —3dB limiting sensitivity of the IF itself is
approximately 50 pV {at Pin 7), and the |IF can accept signals
up to 1.0 Vrms without distortion or change of detector
quiescent dc level.

The IF is unusual in that each of the last 5 stages of the
6 state limiter contains a signal strength sensitive, current
sinking device. These are parallel connected and buffered to
produce a signal strength meter drive which is fairly linear for
iF input signals of 10 pV to 100 mvrms (see Figure 4).

A simple squelch arrangement is provided whereby the
meter current flowing through the meter load resistance flips
a comparator at about 0.8 Vdc above ground. The signal
strength at which this occurs can be adjusted by changing
the meter load resistor. The comparator (+) input and output
are available to permit control of hysteresis. Good positive

Figure 4. Meter Current versus Signal Input

700
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300 i

200

METER CURRENT, PIN 14 {1A)

100

bl
_H

0
0.010 0.1 1.0 10 100 1000
PIN 20 INPUT {(mVrms)

action can be obtained for IF input signals of above 30
wvrms. The 130 kQ resistor shown in the test circuit provides
a small amount of hysteresis. s connection between the
3.3 kresistorto ground and the 3.0 k pot, permits adiustment
of squelch level without changing the amount of hysteresis,

The squelch is internally connected to both the
quadrature detector and the data shaper. The quadrature
detector output, when squelched, goes to a dc level
approximately equal to the zero signal level unsquelched.
The squelch causes the data shaper to produce a high (Vo)
output.

The data shaper is a complete “floating” comparalor,
with back to back diodes across its inputs. The output of the
quadrature detector can be fed directly to either input of this
amplifier to produce an output that is either at Vo or VEE,
depending upon the received frequency. The impedance of
the biasing can be varied to produce an amplifier which
“follows” frequency detuning to some degree, to prevent data
pulse width changes.

When the data shaper is driven directly from the
demodulator output, Pin 13, there may be distortion at Pin 13
due to the diodes, but this is not imporlant in the data
application. A useful note in relating high/low input frequency
to logic state; low IF frequency corresponds to low .
demodulator output. If the oscillater is above the incoming
RF frequency, then high RF frequency will produce a logic
low {input to (+) input of Data Shaper as shown in Figures 1
and 2).

APPLICATION NOTES

The MC3356 is a high frequency/high gain receiver that
requires following certain layout techniques in designing a
stable circuit configuration. The objective is to minimize or
eliminate, if possible, any unwanted feedback.

MOTOROLA WIRELESS SEMICONDUCTOR
SOLUTIONS — RF AND IF DEVICE DATA
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Figure 5. Application with Fixed Bias on Data Shaper
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APPLICATION NOTES (continued)

Shielding, which includes the placement of input and
output components, is important in minimizing electrostatic or
electromagnetic coupling. The MC3356 has its pin
connections such that the circuit designer can place the
critical input and output circuits on opposite ends of the chip.
Shielding is normally required for inductors in tuned circuits.

The MC3356 has a separate V¢ and ground for the RF
and IF sections which allows good external circuit isolation by
minimizing common ground paths.

Note that the circuits of Figures 1 and 2 have RF,
Oscillator, and IF circuits predominantty referenced to the
plus supply rails. Figure 5, on the other hand, shows a
suitable means of ground referencing. The two methods
produce identical results when carefully executed. 1t is
important to treat Pin 19 as a ground node for either
approach. The RF input should be “grounded” to Pin 1 and
then the input and the mixerfoscillator grounds {or RF Vo
bypasses) should be connected by a low inductance path to
Pin 19. IF and detector sections should also have their

bypasses returned by a separate path to Pin 19. V¢ and
RF V¢ can be decoupled to minimize feedback, although
the configuration of Figure 2 shows a successful
implementation on a common 5.0 V supply. Once again, the
message is: define a supply node and a ground node and
return each section to those nodes by separate, low
impedancs paths.

The test circuit of Figure 2 has a 3 dB limiting level of
30 nv which can be lowered 6 db by a 1.2 untuned
transformer at the input as shown in Figures 5 and 6. For
applications that require additional sensitivity, an RF amplifier
can be added, but with no greater than 20 db gain. This will
give a 2.0 to 2.5 uV sensitivity and any additional gain will
reduce receiver dynamic range without improving its
sensitivity. Although the test circuit operates at 5.0 V, the
mixerfoscillator optimum performance is at 8.0 Vio 12V. A
minimum of 8.0 V is recommended in high frequency
applications {above 150 MHz}, or in PLL applications where
the osciltator drives a prescaler.

MOTOROLA W!RELESS SEMICONDUCTOR
SOLUTIONS — RF AND IF DEVICE DATA
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Figure 6. Application with Self-Adjusting Bias on Data Shaper
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APPLICATION NOTES (continued)

Depending on the external circuit, inverted or
noninverted data is available at Pin 18. Inverted data makes
the higher frequency in the FSK signal a “one” when the local
oscillator is above the incoming RF. Figure 5 schematic
shows the comparator with hysteresis. In this circuit the dc
reference voltage at Pin 17 is about the same as the
demedulated output voltage (Pin 13) when no signal is
present. This type circuit is preferred for systems where the
data rates can drop to zero. Some systems have a low
freguency limit on the data rate, such as systems using the
MC3850 ACIA that has a start or stop bit. This defines the
low frequency limit that can appear in the data stream.

Comp(+) Comp(-) Squeich
Outpit Status

0.1

"=
Squekh Demod  Demod Quad 12107 -
Control  Out Fiter  Input | I
150 pF ET |

Figure 5 cireuit can then be changed to a circuit configuration
as shown in Figure 6. In Figure 6 the reference voltage for
the comparator is derived from the demodulator output
through a low pass circuit where 1 is much lower than the
lowest frequency data rate. This and similar circuits will
compensate for small tuning changes (or drift) in the
quadrature detector.

Squelch status (Pin 15) goes high (squelch off) when the
input signal becomes greater than some preset level set by
the resistance between Pin 14 and ground. Hysteresis is
added to the circuit externally by the resistance from Pin 14 to
Pin 15.

MOTORCOLA WIRELESS SEMICONDUCTOR
SOLUTIONS - RF AND IF DEVICE DATA
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OUTLINE DIMENSIONS
P SUFFIX
PLASTIC PACKAGE
’ CASE 738-03

= -A NOTES:
’- - 1. DIMENSICNING AND TOLERANCING PER ANS)

fu oy ey iy gy gy Y14.5M, 1982,

20 rn 2. CONTROLLING DIMENSION: INCH.

3. DIMENSION "L" TO CENTER OF LEAD WHEN
o FORMED PARALLEL.
1 10 4. DIMENSION "8 DOES NOT INCLUDE MOLD
FLASH,
AR AR R AT R A e A —c . L 5. 73B-02 DBSOLETE, NEW STANGARD 738-03.

I

SERTING

= L

JL —{lg— J 20 PL
D 20pL [$#o25 00100 ®[T] B @]

[#lozs000®][1] A@ |

CWILLWETERS | __INCHES |

21 | 038 | 0.008 [ 007R
260|355 | 0110 | 0140
762 856 0.300 BSC
N IS I S
651 [ 101 | 0020 | 0040

M | MmN [ MAX ] MIN | max
A_| 2566 | 7717 | 1010 | 1.070 |
B 10 | 660 | 0240 | 0.260
c 81| 457 | 0150 | 0180
D 39 | 045 | 0015 | 0022
E 1.27BSC 0.050 BSC
F 727 | 177 | 0.050 | 0.070 |
[ 2.54 BSC 0.100 BSC
1
K
L
1]

N

DW SUFFIX
PLASTIC PACKAGE
CASE 751D-03

NOTES
. DIMENSION:NG AND TOLERANCING PER ANSI

(S0O-20L)
:
X ) I{H 025 (0010 ® [ 8 @] ¢
©. -E_H-H_H-H_H.io___rm 5
G

f = EETRD C A
(=Tl )
SEATING M
PLANE LK

] f— D) 20PL

#5000 @[T B[ A]

I~ R X 45°
—h 4
Fel (£

¥14.5M, 1982.

. CONTROLLING DIMENSICN: MELIMETER.
. DIMENSION A AND B DO KOT INCLUCE MCOLD

PROTRUSION.
MAXIMUM MOLD PROTRUSION 0.15 {0.006) PER
SIDE.

. 751001, AND -02 OBSOLETE, NEW STANDARD
751D-03.
MLLBETERS INCHES

| ot [N | MAX | wev [ waX |
A 1265 § 1295 | 0499 | Q.510
[] 7140 760 | 0292 | 0.2%9
C 235 265 | 0.093 | 0.104
D 035 049 F 0074 | 0.019
F 0.50 0.90 £ 0020 | 0.035
G 1.27 BSC 0.050 BSC
J 0.25 0.32 | 0010 ] §.012
[] 0,10 0.25 | 0004 | 0.009
M [ 1 [ 7°
[ 1005 | 1055 | 0,395 | 0415
R 0.25 0.75 | 0010 | 0.0
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Motoroia reserves the right to make changes without further notice to any products herein. Motorola makes no warsanty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motoraia assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liabitity, including without limitation consequential or incidental damages. “Typical” paramaters which may be provided in Matorola
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Silicon Tuning Diode

These devices are designed in the popular PLASTIC PACKAGE for
high volumerequirements of FM Radio and TV tuning and AFC, general
frequency control andtuning applications. They provide solid-state reliability
in replacement of mechanical tuning methods. Also available in Surface

Mount Package up to 33pF.
+ High Q
» Controlled and Uniform Tuning Ratio
« Standard Capacitance Tolerance —10%
« Complete Typical Design Curves

3
CATHODE

MAXIMUM RATINGS(EACH DIODE)

ANODE

¢ cvper

MMBV2101LT1
MMBV2103LT1
MMBV2105LT1
MMBV2107LT1
MMBV2108LT1
MMBV2109LT1
MvV2101 MV2104
MV2106 MV2108
MV2109 MV2111

MV2115

6.8-100p

30 VOLTS

VOLTAGE VARIABLE
CAPACITANCE DIODES

CASE 318-08, STYLE 8
SOT- 23 (TO-236AB)

Rating Symbol MV21XX MMBV21XXLT1 Unit

Reverse Voltage Vg 20 Vde
Forward Current le 200 mAdc
Forward power Dissipation @T » = 25°C Po 280 225 mW
Derate above 25°C 2.8 1.8 mwrc
Junction Temperature T, +150 °‘C
Storage Temperature Range Tuyg -55 to +150 °C
DEVICE MARKING
MMBV2101LT1=M4G MMBV2107LT1=4W
MMBV2103LT1=4H MMBV2108LT1=4X
MMBV2105LT1=4U MMBVZ2109LT1=4J
ELECTRICAL CHARACTERISTICS(T,=25°C unless otherwise noted)

Characteristic Symbol Typ Max Unit
Reverse Breakdown Voltage V erg — — Vde
(Iz=1.0pAdE)
Reverse Voltage Leakage Current g — 0.1 HAdc
(Ve=25Vde,T,=25°C)
Dicde Capacitance Temperature Coefficient TC 280 — ppm/°C
(Va=4.0Vdc,f=1.0MHz)

MMBV2101~-MMBV2109 _,

MV2101~-MV2115



MMBV2101LT1 MMBV2103LT1 MMBV2105LT1
MMBV2107LT1 MMBV2108LT1 MMBV2109LT1
MV2101 MV2104 MV2105 MV2108 MV2109
MV2111 MV2115 '

C ;, Diode Capacitance Q, Figure of Marill T .. Tuning Ratio
Davice Va=40Vde, f=1.0 MHz V . = 4.0 Vdc, c.,lC,
pF f = 50 MHz f=10 MHz

Min Nom Max Typ Min Typ Max

MMBV2101LT1/MV2101 6.1 6.6 7.5 450 2.5 27 32
MMBV2103LT1 9.0 10 1" 400 2.5 29 32
Mv2104 10.8 12 13.2 400 25 29 3.2
MMBY2105LT1/MV2105 13.5 15 16.5 400 25 2.9 3.2
MMBV2107LT1 19.8 22 24.2 350 2.5 29 3.2
MMBVZ2108LT 1/MV2108 24.3 27 297 300 2.5 3.0 3.2
MMBV2109LT1/MV2109 29.7 33 36.3 200 25 30 3.2
MV2111 423 47 517 150 25 30 32
MV2115 a0 100 110 100 26 30 33

MMBV2101LT1, MMBV2103LT1, MMBV2105LT1, MMBV2107LT1 thru MMBV2109LT1, are also available in bulk.
Use the device title and drop the "T1" suffix when ordering any of these devices in bulk.

PARAMETER TEST METHODS
1. C ;, DIODE CAPACITANCE 4.TC,DIODE CAPACITANCE TEMPERATURE
(C1=C+C,).Cis measured at 1.0 MHz using a COEFFICIENT
ca-pacitance bridge (Boonton Electronics Model TCc is guaranteed by comparing Cyat Vi=4.0Vdc,f=1.0MHz,
75A or equivalent), Tu=—65°C with Cr at Vy=4.0Vdc,=1.0MHz,T,= +85°C in the
2. T », TUNING RATIO following eguation,which defines TC ¢:
T nis the ratio of C r measured at 2.0 Vdc divided by TC. = CH{+85°C) — C{(-65°C ) ‘ 108
C rmeasured at 30 Vde. 85+65 C {25°C)
3. Q, FIGURE OF MERIT
Q is calculated by taking the G and C readings of an Accuracy limited by measurement of Cr to£0.1pF.

ad-mittance bridge at the specified frequency and
substitut-ing in the following equations:
2nfC_

G
{Booton Electronics Model 33As8 or equivalent).Use
Lead Length =1/16".

Q=

MMBV2101~-MMBV2109 53
MV2101~MV2115



Gy, DIODE CAPACITANCE (pF)

NORMALIZED DIODE CAPACITANCE

Q, FIGURE OF MERIT

MMBV2101LT1 MMBV2103LT1 MMBV2105LT1

MMBV2107LT1 MMBV2108LT1 MMBV2109LT1
MV2101 MV2104 MV2105 MV2108 MV2109
MV2111 MV2115

TYPICAL DEVICE CHARACTERISTICS

1000
500
| MV2115
200
100 = MMBV2108LT1/MV2109 e
EI ! — ——
= wmevzioslTimv210s e !
20 [— MMBV21D1LT H/MV2101 f —
10 e — s e
5.0 ———
T —
2.0
1.0
0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30
Vg, REVERSE VOLTAGE (VOLTS)
Figure 1. Diode Capacitance versus Reversa Voltage
1.040 I 100 e I =
Vr=20V 50 = 125°
1,030 R =20 Vde Ta= 125°C ===
g 20 o=
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"~ Vp=40vdc| B 50
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0.570 Vr = (CURVE)
| | | 0.02
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Figure 2. Normalized Diode Capacitance versus Figure 3. Reverse Current versus Reverse Bias
Junction Temperature Voltage
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Figure 4. Figure of Merit versus Reverse Voltage
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Figure 5. Figure of Merit versus Frequency
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DATA SHEET

NEC / NPN SILICON RF TRANSISTOR
| 2S5C3355

NPN EPITAXIAL SILICON RF TRANSISTOR
FOR HIGH-FREQUENCY LOW-NOISE AMPLIFICATION

DESCRIPTION
The 25C3355 is an NPN silicon epitaxial transistor designed for low noise amplifier at VHF, UHF and CATV band.
it has lange dynamic range and good current characteristic.

FEATURES
= Low noise and high gain
NF=11dBTYP., Ga=BOdBTYP. @ Vce=10V, lc=7mA,f=1GHz
NF=1.8dBTYP,Ga=9.0dBTYP. @ Vce =10V, lc =40 mA, f=1 GHz
« High power gain: MAG =11 dB TYP. @ Vce =10V, lc =20 mA, f =1 GHz

* ORDERING INFORMATION

Part Number Quantity Supplying Form
28C3355 500 pcs {Non reel) * 18 mm wide radial taping
28C3355-T 2.5 kpes/box (Box typa) + Supplying paper tape with in a box

Remark To order evaluation samples, contact your nearby sales office.
The unit sample quantity is 500 pes.

ABSOLUTE MAXIMUM RATINGS (Ta = +25°C)

Parameter Symbol Ratings Unit
Collector to Base Voltage Veso 20 A
Collector to Emitter Voltage Vceo 12 A
Emitter to Base Voltage Vero 3.0 \Y
Coilector Current le 100 mA
Total Power Dissipation Prot 600 mw
Junction Temperature T; 160 °C
Storage Temperature Tetg -85 to +150 °C

Caution Observa precautions when handling because these devices are sensitive to electrostatic discharge.

The infermatlan in this document is subject to changs without notice. Before using this document, please confirm that
this is the latest version.

Not all devicesitypes available in every country. Please check with local NEC Compound Semlconductor Devices
representative for availability and additional Informatlon.

Document No. PU10208EJ01V0DS (1st edition) The mark * shows major revised points.

{Previous No. P10355EJ3V10S00)

Date Published April 2003 CP{K) © NEC Compound Semiconducior Devices 1985, 2003
Printed in Japan



NEC 25C3355

ELECTRICAL CHARACTERISTICS (Ta = +25°C)

Parameter Symbol - Test Conditions MIN. TYP. MAX. Unit
DC Characteristics
Collector Cut-off Current lceo  |Vee =10V, [e=0mA - - 1.0 UA
Emitter Cut-off Cumrent leeo |Ves=1.0V, Ilc=0mA - - 1.0 HA
DC Current Gain hee"™! | Vee =10V, lc =20 mA 50 120 300 -
RF Characteristics
Gain Bandwidth Product fr Vee =10V, Ic = 20 mA - 6.5 - GHz
Insertion Power Gain |Sz16|? | Vee =10V, Ic = 20 mA, f = 1 GHz - 9.5 - dB
Moise Figure {1) NF Vee=10V, lc=7 mA, f=1GHz - 1.1 - dB
Noise Figure {2) NF Vee=10V, Ic=40mA, f=1GHz - 1.8 3.0 dB
Output Capacitance Ca™™? |Ves =10V, le =0 mA, f=1MHz - 0.65 1.0 pF

* Notes 1. Pulse measurement: PW < 350 us, Duty Cycle < 2%
* 2. Collector to base capacitance when the emitier grounded

hre CLASSIFICATION

Rank K
Marking K
hre Value 50 to 300

2 Data Sheet PU1G208EJ01V0DS



NEC 2SC3355

TYPICAL CHARACTERISTICS (Ta = +25°C, unless otherwise specified)

TOTAL POWER DISSIPATION REVERSE TRANSFER CAPACITANCE
vs. AMBIENT TEMPERATURE vs. COLLECTOR TO BASE VOLTAGE
1250 —_ 2
— Heat sink % nt f=1MHz
= (Aluminum) Y \\
£ 1000 f9mm, © N
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& £ @9 |5 1 N
=) ] r o Y
® N o3y E a
NEla! 3 ™
o 500 ™, =~ B M
: Free air/>\s 5 05 AN
b \ =
5 0 N ?
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X 03
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DC CURRENT GAIN vs. GAIN BANDWIDTH PRODUCT
COLLECTOR CURRENT vs, COLLECTOR CURRENT
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INSERTION POWER GAIN, MAG INSERTION POWER GAIN
vs, FREQUENCY vs. COLLECTOR CURRENT
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U] i~ f=1GH
S \\MAG g )
—— \ o
o c 2
i(‘g |Sz1>§\ S 10
P 1. e il [~
=8 15 NN E —
w3 NN [ LH
e NN © P
£ \\ 5
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23 : ° Z
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- Q
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u:‘.\ 1] W) 0
=2 005 01 02 0.5 1 2 05 1 5 10 50 70
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NEC 28C3355

NOISE FIGURE vs.

COLLECTOR CURRENT - IMz, IM2 vs, COLLECTOR CURRENT
o m
7 Vee =10V -%:;' 100 Ve =1 88 VB VIS0
- 2= Vo = 100 dBuV/50 Q

6 1=16he =< 90 Re=Ro= 50 Q
R S5 IM2: f = 90 + 100 MHz
@ 5 E 5 _80 IM3:f=2x= 200 - 190 MHz
o w2 —
5 6o ] ] 1Ms
" 4 = g =70 =
5 28 /
2 3 T2 -60
< A 23 Pl
i} / 3 E A
o 2 g o8 =50
Z o 1 b= E //

—y T o
1 g g —40 >
= o /
0 s 30
05 1 5 10 5070 & & 20 30 40 50 60 70
Collector Current lc (mA) Collector Cumrent Ic (mA)

Remark The graphs indicate nominal characteristics.

S-PARAMETERS

S-parameters/Noise parameters are provided on the NEC Compound Semiconductor Devices Web site in a form
{S2P) that enables direct import to a microwave circuit simulator without keyboard input.

Click here to download S-parameters.

IRF and Microwave] — [Device Parameters)

URL http://www.csd-nec.com/

4 Data Sheet PU10208EJ01V0DS
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SMITH CHART

St1e, S22e-FREQUENCY
CONDITION ; Vee = 10V

118
2.0 GHz 2%
lc = 20 mA; lc = 40 mA

o, X i ¢ g =i
st lc = 40 mA

0.2 GHz oS

PSle = 20 mA
2.0 GHze®58 22,

S21e-FREQUENCY S12e-FREQUENCY
CONDITION : Vez = 10V, Ic = 40 mA CONDITION : Vee = 10V, lc = 40 mA

Data Sheet PU10208EJ01VODS




NEC 28SC3355

* PACKAGE DIMENSIONS

- TO-92 (UNIT: mm)

L B2MAX.
%
=
0
[Tp]

L1
W™
z
AL S
H[ I :
oi
2.54
1.27
-2
frw M = 2
I L L R 2
t j N:
PIN CONNECTIONS
1. Base EIA) :SC-43B

2. Emitter JEDEC: TO-92
3. Collector {EC  :PA33

6 Data Sheet PU10208EJ01V0ODS



NEC 28C3355

» The information in this document is current as of April, 2003. The information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC's data sheets or data
books, etc., for the most up-to-date specifications of NEC semiconductor products. Not all products
and/or types are availabie in every country. Please check with an NEC sales representative for
availability and additional information.

* No part of this document may be copied or reproduced in any form or by any means without prior
written consent of NEC. NEC assumes no responsibility for any errors that may appear in this document.

* NEC does not assume any liability for infringement of patents, copyrights or other intellectual property rights of
third parties by or arising from the use of NEC semiconductor products listed in this document or any other
liability arising from the use of such products. No license, express, implied or otherwise, is granted under any
patents, copyrights or ather intellectual property rights of NEC or others.

* Descriptions of circuits, software and other related information in this document are provided for iltustrative
purposes in semiconductor product operation and application examples. The incorporation of these
circuits, software and information in the design of customer's equipment shall be done under the full
responsibility of customer. NEC assumes no responsibility for any losses incurred by customers or third
parties arising from the use of these circuits, software and information.

* While NEC endeavours to enhance the quality, reliability and safety of NEC semiconductor products, customers
agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To minimize
risks of damage to property or injury (including death} to persons arising from defects in NEC
semiconductor products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment, and anti-failure features.

* NEC semiconductor products are classified into the following three quality grades:

"Standard™, "Special" and "Specific". The "Specific" quality grade applies only to semiconductor products

developed based on a customer-designated “quality assurance program" for a specific application. The

recommended applications of a semiconductor product depend on its quality grade, as indicated below.

Customers must check the quality grade of each semiconductor product before using it in a particuiar

application.

"Standard"; Computers, office equipment, communications equipment, test and measurement equipment, audio
and visual equipment, home electronic appliances, machine tools, personal electronic equipment
and industrial robots

"Special”: Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support}

"Specific*: Aircraft, asrospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems and medical equipment for life support, ete.

The quality grade of NEC semiconductor products is "Standard” unless otherwise expressly specified in NEC's

data sheets or data books, etc. If customers wish to use NEC semiconductor products in applications not

intanded by NEC, they must contact an NEC sales rapresentative in advance to determine NEC's willingness
to support a given application.

(Note)

(1) "NEC" as used in this statement means NEC Corporation, NEC Compound Semiconductor Devices, Ltd.

and also includes its majority-owned subsidiaries.

(2) "NEC semiconductor products” means any semiconductor product developed or manufactured by or for

NEC (as defined above).
MBE 00.4-0110
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NEC 28C3355

» For further information, please contact

NEC Compound Semiconductor Devices, Ltd.
5th Sales Group, Sales Division TEL; +81-44-435-1588 FAX:+81-44-435-1579 E-mail: salesinfo@csd-nec.com

NEC Compound Semiconductor Devices Hong Kong Limited
Hong Kong Head Office  TEL: +852-3107-7303 FAX: +852-3107-7309 E-mail; ncsd-hk@elhk.nec.com.hk
Taipei Branch Office TEL: +B86-2-8712-0478 FAX: +886-2-2545-3859
Korea Branch Office TEL: +82-2-558-2120 FAX: +82-2-558-5209

NEC Electronics (Europe) GmbH  http:/iwww.ee.nec.de/
TEL: +49-211-6503-01 FAX: +49-211-6503-487

California Eastern Laboratories, Inc.  http://www.cel.com/
TEL: +1-408-988-3500 FAX: +1-408-988-0279
0302-1



Philips Semiconductors Product specification
N e e

Double-balanced mixer and oscillator NE/SAG602A
DESCRIPTION FEATURES PIN CONFIGURATION
The NE/SAGO2A is a low-powsr VHF sLow currant consumption: 2.4mA
monolithic double-balanced mixer with typical P F. D and N Prokages
input amplifier, on-board oscillator, and o
voltage regulator. 1 is internded for high sExcellent noise figure: <4.7dB typical w1} 3] vee
periormancs, low power communication & 45MHz g [ 2] 7] cece
systoms, The guarantesd parameters of  sHigh operating frequency onn 3] V] oscp
the SAS02A make this device "
particularly well suited for celiuiar radio #Excallent gain, imercopt and sansitivity outa |4 ] 8 | ooy
applications. Tha mixar is a "Gilber sLow external parts count; suitable for
call* multiplier configuration which crystaliceramic fiters
typically provides 18dB of gain at )
45MHz. The oscilator wil oparatata  *SAS02A meets cellular radio
200MHz. h can bs configured as a specifications

crystal osciliatar, & wned tank oscillator,
or a butler tor an axtarnal LO. For
higher fraquencies tha LO input may be APPUCA“‘ON.S

exiarnally driven. The noise figure at sCollular radio mixerjoscillator
45MHz is typically less than 5dB. The

. *Portable radio
gain, intercepl performanca, low-power
and noise characteristics maka the oVHF transceivers
NE/SABD2A a superior choice for high- oRE data links
parformance battery oparated

eguipment. It is available In an 8-lead oHFAHF frequency conversion
dual in-line plastic package and &n

[ ] i i
B-laad SO (surace-mourt miniaiure Insrumentation fraquancy conversion

package). #Broadband LANs
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE OADER CODE

8-Pin Plashe DIP 010 +70°C NEGOZAN )
8-Pin Plasbc SO (Surlace-mount) 010 +70°C NEGO2ZAD

B-Pin Cerdip 010 +70°C NEGOZAFE

B-Pin Plastic DIP 40 to +85°C SABO2AN

8-Pin Plasic SO {Surface-mount) =401 +85°C SABO2AD

8-Pin Cerdip -40 10 +85°C SABO2AFE

= 711082L 0083113 708 WA
April 1990 185



Phillps Semiconductors ' ' Product specification

Doubte-balanced mixer and oscillator NE/SAG02A

BLOCK DIAGRAM

[ (7] Je1 (81

m 711082L 0053119 &4y W8 186



Philips Semiconductors

Product specification

Double-balanced mixer and oscillator NE/SAG602A
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
Vee Maximum operabng voltage 9 v
Tsia | Storage wmperature range ~£5 10 +150 °c
Ta Cperaing ambient emperature range NEGD2A 010 +70 L]
SABD2A —40 o +8S °c
By Thermal impedance 0 package a0 °Crw
N package 7 W
AC/DC ELECTRICAL CHARACTERISTICS Vg = +8Y, Ta = 25°C; unkass clherwise stated
LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE/BAGO2A UNITS
MIN TYP MAX
Ve Power supply voitage range 45 80 ¥
DC current drain 24 28 mA,
fn Input signal requency 500 MHz
fose Osdllator frequency 200 MHz
Noise figure at A6MHz 50 5.5 dB
Third—order intercept powt RFw = -45dBrn:f:1-=‘?égl:|'t-}:zz -13 -15 | dBm
Convarsion gan 1 4SMHz 14 17 da
RAn RF input resistance 16 kit
Cw RF input capacitance 3 a5 pF
Mixer output resistance {Fin 4 or 5) 15 [T19]
DESCRIPTION OF OPERATION provided the designer understands cerain con- biockinp capaciior, External LO should be at

The NE/SAG02A 15 a Gilbert coll, an oscillator/
bufter, and a temperature compensated bias
network as shown in the equivalent circuit. The
Gilbert call is a ditlerantial ampliker {Ping 1 and
2)which drives a batanced switching cefl. The
ditterential input stage provides gain and deter-
mines the noise ligure and signalnendsng per-
formance of the system.

The NE/SAG02A is designed for optimum kow
power periormance. When used with the
SAB04 as a 45MHz cellularradio second IF and
demodulator, the SAG02A is capable of
receiving ~119d8m signals with a 12dB SN
ratic. Third—order inlercept is typically —13dBm
(that is approximately +5dBm outpu! intercept
bscavse of the RF gain). The syskem designer
musibe coghizant of this large signatimitation.
When designing LANs or other closed sy stemes
whera transmission levels are” high, and
small-signal or signal-1o-Noise ISSUAS Are Not
critical, the Input w the NE602A should be
approprialaly scaled,

Besides axcellent iow power parfarmance wall
inte VHF, the NE/SAS02A is dasipned t be
flaxible. Theinput, AF mixeroutput and oecitle-
o7 ports can support a variety of configurations

B ?11082L D0A3120 5kb

swaints, which will be explained hera.

The RF inputs (Pins 1 and 2) are blased inter-
nally. They are symmeincal. The equivalent
AC mput impedance is Bpproximately 1.5k ||
3pF through 50MHz. Pme 1 and 2 can be used
intgrchangaably, but they showd not be DC
binsed extarnslly. Figure 3 shows three typical
inptt conhgurations.

The mixer outputs (Pins 4 and 5) are also
internally biasad. Each cutput is connecied to
the intemnal positive sUpply by B 1.5K(} rezistr,
Thie permits direc! output termination yet
alows for balanced output as wall. Figure 4
shows threa singleanded outputconfigurations
and a balanced output.

The oscillalor is capable of sustaining
oscillation beyond 200MHz in crystal or tuned
tank configurations. The upper Rmit of
operabon is detsrmined by lank "Q* and
required dove levets. The higher tha “Q" of the
tank or the smalier the required drive, the higher
tha permissible ascillaven frequency. It the
required LO is beyond oecillation limlis, or tha
sysiem calls for an exwemal LD, the exiemal
signal can be injected at Pin & through a DC

- 187

laast 200mVp_p.

Figure & shows several proven osdllaor
arcuits. Figure Sa is appropriate for ceflular
radio. As shown, an oversohe mode of
operationis utiized. Capacitor C3 and inctuctor
L1 suppress oscitabon at the cryss
fundamantal frequency. In the fundamemal
moda, the supprassion network is omlitted,

Figure 6 shows a Colplits varactor tuned tank
pecilator suitable for synthes|zer-controled
appheabons. I is important to buffer the output
ol this cireult to gssure thal switching spikes
from the first counter or prescaler do notend up
in the oscilimor spectrum. The dual-pate
MCOSFET provides ophmum isolation with low
cument The FET offers good isolalion,
simpliaty, and low current, while the hipolar
transisiors provide the simple solution for
non~¢ritical applications. The resistive divider
in the emitier—{ollower arcult should be chosen
10 provide the minirmum input signal which will
RESUM comact Eyslem aperation.

When operated above 100MHz, the oscilalor
mey not start if the O of the tank is o low, A
22kt rasistor from Pin 7 o ground will ncrease
the DC hias currant of the oscillator ransistor,




Philips Samiconductors ' Product specification

Double-balanced mixer and oscillator NE/SA602A

This improves the AC operating charactefistic 10 stant, A 22« resistof wilt noyupsetthe cther  resistance vaives should be avoided.
of the trensistor and should help the escilator  DC biesing internal to the device, but smallet

0.5 12 1.3uH 2pF =

S%uH e i 34,5450z THIRD OVERTONE CRYSTAL

Voo 4 1®F

L o i
) 8027
L2 | Ifl L. ‘E

g

%
' ‘—[}-«
W—H

i
INPUT | 0.200 10 02K K

'L‘IﬂhF

Figure 1. Test Configuration

: . e

1||—'\2/-
]
F|m—ys
=
|"———4.I.V'
k

Figurs 2. Equivalent Circult

B ?11082L Q083121 472 A e



Philips Semiconductors Product specification

Double-balanced mixer and oscillator NE/SAG02A
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Philips Semiconductors

Product specification

Double-balanced mixer and osciliator

NE/SAG02A
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Philips Semiconductors

Product specification

Double-balanced mixer and osciliator

NE/SAG02A
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Philips Sesmiconductors Product specification
Double-balanced mixer and oscillator NE/SAG02A
AFy « AEMHL, IF = 455hHz, AF 7 « 450802
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I
FAIRCHILD

SEMICONDUCTOR m

MPS5179 MMBTS5179

S0T-23 B
Mark: 3C

NPN RF Transistor

This device is designed for use in low naise UHF/AVHF amplifiers
with collector currents in the 100 pA to 30 mA range in common
emitter or common base mode of operation, and in low frequency
drift, high ouput UHF oscillators. Sourced from Process 40.

Absolute Maximum Ratings*  1a - 25°C unkess othenwiss noted

Discrete POWER & Signal
Technologies

PN5179

Symbol Parameter Value Units
Veeo Collector-Emitter Voltage 12 v
Veso Coilector-Base Voltage 20 \4
Veso Emitter-Base Voltage 25 v
le Coilector Current - Continuous 50 mA
Tu Tsig Operaling and Sterage Junction Temperature Range -55 to +1560 °C
*These ratings are limiting values above which the serviceability of any semiconductor device may be impaired.
NOTES:
1} These ratings ara basad on a maximum junction temperature of 150 dagrees C.
2} These are steady state limits, The factary shauld be consulted on apglications involving pulsed or low duty cycle aperations.
Thermal Characteristics 4= 25 unless otharwisa nated
Symbol Characteristic Max Units
PN/MPS5179 *MMBT5179
Pp Total Device Dissipation 350 225 mwW
Derate above 25°C 2.8 1.8 mw/C
Raua Thermal Resistance, Junction to Ambient 357 556 G
*Devi:e mounied an FR-4 PCH 1.6" X 1.8" X 0.06."
5179, Rev B

© 1997 Fairchild Semiconductor Corporation
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NPN RF Transistor

{continued)
Electrical CharacteristicS  1a=25°C uniess athorwise noted

Symbol Parameter Test Conditions Min Max | Units

QOFF CHARACTERISTICS

Veeosus) Collector-Emitter Sustaining Voltage* | Ic=3.0mA, |z =0 12 A

V|gn)cao Collector-Base Breakdown Voltage Ic = 1.0 pA, e=0 20 vV

VtBR)EBO Emitter-Base Breakdown thﬂge le = 10 ],lA, I(_-, =0 2.5 A"

lesa Collector Cutoff Current Vep =15V, g =0 0.02 pA
Veg =15V, T, = 150°C 1.0 A

ON CHARACTERISTICS

bee DC Current Gain Ic=3.0mA Ve =10V 25 250

Veeisah Collector-Emitter Saturation Voltage Ic=10mA, |5 = 1.0 mA 04 v

Vaesaty Base-Emitter Saturation Voltage le =10 mA, lg = 1.0 mA 1.0 v

SMALL SIGNAL CHARACTERISTICS

fr Current Gain - Bandwidth Product lc=5.0mA, Ve =60V, 800 2000 MHz
f =100 MHz

Ceb Collector-Base Capacitance Vea =10V, 1 =0, 1.0 pF
=0.1101.0 MHz

hrg Small-Signal Current Gain lc=20mA, Ve =6.0V, 25 300
f=1.0kHz

rb'Ce Collector Base Time Constant lg=20mA, Vg =B6.0V, 3.0 14 ps
f=31.9MHz

NF Noise Figure le =1.5mA, Ve =6.0V, 5.0 d8
Rs = 50Q, =200 MHz

FUNCTIONAL TEST

Gpe Amplifier Power Gain Vee = 8.0V, Ic = 5.0mA, 15 dB
f = 200 MHz

Pq Power Qutput Ve =10V, e =12 mA, 20 mw
f > 500 MHz

*Bylse Test: Pulse Width < 300 s, Duty Cycle 5 2.0%

Spice Model

NPN (Is=69.2BE-18 Xti=3 Eg=1.1t vaf=100 Bf=282.1 Ne=1.177 lse=69.28E-18 1kf=22.03m Xth=1.5 Br=1.176
Nc=2 lse=0 |kr=0 Rc=4 Cjc=1.042p Mjo=.2468 Vjc=.75 Fc=.5 Cje=1.52p Mje=.3223 Vje=.75 Tr=1.588Bn

Ti=135.6p Itf=.27 Vif=10 Xtf=30 Rb=10)
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NPN RF Transistor

{continued)
DC Typical Characteristics
DC Current Gain N Collector-Emitter Saturation
vs Collector Current E' Voltage vs Collector Current
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NPN RF Transistor

{continued)

AC Typical Characteristics

POWER DISSIPATION vs
AMBIENT TEMPERATURE

a5d
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TEMPERATURE (" C)
Test Circuit
50 pF

{NOTE 2)

175 pF

500 mHz Output
Into 500

[NOTE 1) NOTE 1: 2 turns No. 16 AWG wire, 3/8 inch 0D, t 1/4 inch long

NOTE 2: 9 turns No. 22 AWG wire, 3/16 inch OD, 172 inch long
1000 pF
RFC
Ve Vee

FIGURE 1: 500 MHz Oscillator Circuit
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