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Abstract

This satellite receiver is designed for receive the satellite signal in C-Band range
( 3.7-4.2 GHz. ). Low Noise Blockdown convertor (LNB.)will transform the signal down
to 950 - 1450 MHz. and send to the Tuner circuit to detect the baseband signal while
the Low Pass Filter (LPF.) and the Band Pass Filter (BPF.) will detect the video signal
(0-56 MHz.) , and sound signal (6-8 Mhz. ) from baseband signal and send to amplifier
to increase the signal 's power and when connect this satellite receiver to a television,
it will make the television ability to receive the satellite program.

This satellite reciever compare with those commercialized receiver ,it's price is more
reasonable, so it suitable to use as an educational and in the lab of satellite package or

even in commercial way.
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VLF 30-30 KHz
LF 30-300 KHz
MF 03-3 MHz
HF 3-30 MHz
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UHF 03-1.0 MHz
L 1-2  GHz
2-4 GHz

C 4-8 GHz
8-12__GHz

Ku 12-18 GHz
K 18 -27. GHz
Ka 27-40 GHz
AY 40-75" GHz
W 75 - 110 GHz
mm 110-300 GHz
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G /T of Receivimg System
TINTE
GRTA —¥— TR
LT, RF
Feed LNA GCE
DIV
ANT AN
LNA input
\ 7\ VAN /
Antenna subsystem Low noise receiving GCE subsystem

amplifier subsystem

AN d

Receiving system

G/T =G- Tsys (dB/K)

G =Gr-Lf (dB)

Tsys =T, + Tg + Tirr (K)
=Ty + Ty

T, =Ta/Tz+To(1-1/Ly) (K)

Toge = TH{(VSWR-1)/(VSWR+1)}" (K )



VSWR:

-12 -

Antenna subsystem gain (dB)
Receiving system noice temperature (K)
Antenna gain (dB)
Antenna subsystem noise temperature (K )
Low noise reciveing amplifier subsystem noise temperature (K )
Interface noise temperature (K.)
Antena noise temperature (K)
Feed loss (dB)
Ambient temperature (K)
Noise temperature ( K ) of dummy load of circulator in LNA unit

VSWR of feed output
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LOW NOISE AMPLIFIER

.. . = 4 o .
970 recerving system noise temperature Tsys 9¢ANYUNYINY noise temperature ,noise figure

I@¥ noise temperature (19991 loss

TINTE
TA—T— TR
RF
Feed LNA GCE
DIV
ANT AN
LNA input

Tsys = TA + TR + TINTF [K]
E‘ﬂﬁ 1.11 Receiving system noise temperature, Tsys

Noise Temperature
noise power §4gA Pa ABHOVUAIINA B(Hz) c?agnﬁ%’n%'yummmdaﬁnﬁﬂmm
%"ﬂumm absulute temperature Mrua lagaunis
Pn=k.T.B (W)

3
1 o = 4 LYY
11 temperature noise power mwzmﬂuﬂ"lﬁ'mﬂ%m UNQUaVYIU T AUU

u U

da 1y

L4 = o ) [ 1 . [ [}
‘ﬂi%TtJ‘]m'ﬂ'lﬂqm‘ﬂQUﬁﬁJgiﬂ!ﬁﬂﬁZﬂ?ﬂﬁ1ﬂiUH1m temperature noise NUATUDYUIN ] AAUTU

o ]

4
o o Py 4
temperature noise ‘U’t)\‘l5$‘U‘Uﬂ’]§i‘U1uﬁﬂ’lﬁﬂ1ﬂﬁuﬂu PUNRJUANVIU T MIMITUIIUIUVDY

v
termal noise power fi58A91 “ noise pemperature “

iy (°x)
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G,Te

INPUT OUTPUT
Sin,Nin —>——— Amplifier —> Sout,Nout

37 1.12 MIN9IIU1 noise temperature 910 input/output vououla IWioes

Noise Figure: NF=  Sin/Nin

Sout/Nout
S, : inputsignal power (W)
N;, : inputnoise power (W)
Set @ outputsignal power (W)
N,, @ outputnoise power (W)
To : ambient temperature ( °K )
T, :equivalent noise temperature of amplifier (OK)
Tyt
Sin/Nin = Sin/K.To.B
Sout/Nout = Sin. G/ (K.To.B + K.Te.B)G
Noise Figure = Sin/K.To.B
Sin.G/(K.To.B + K.To.B)G
= 1+Te/To

Taua 14 noise figure fvunasyluzues dB fie
noise figure = 10log(1 + Te/To) dB
U . . o d - = ¢ o
@24 equivalent noise temperature Te iy input voaueud Ivliees fmualay

Te =  To(NF-1)(°K)
e k4

ambient temperature To AingaIviivaiiesnginseitiu q Atey UnAvzlinnlszuin

«
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7o
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. . 1o 4 . d
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|- 4,000 | 116§ |rmeeememm-----
6.000
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noise temperature 11849010 loss

Input . Loss Output
Sin > Il II » Sout
Nin L,To Nout
To T, .

3UM 1.15 29951UM5NW1507 noise temperature ({94910 loss

Sin : Input signal power (W)

Sout : Output signal power (W)

L : Loss

To : Temperature of material causing loss (K)

Nin : Equivalent input noise powerof material causing loss

Nout : output noise power of material causing loss

19 : Equivalent output noise temperature of material causing loss (K)
T : Equivalent input noise temperature of material causing loss (K)

L4
loss fviua Insaunisae i
L= Sin/Sout
. . v L o Y a o Ao 1
equivalent noise power N;, mm'mﬂcmLﬂuﬁuwﬂﬁmﬂmsqiymuwmxmua
input f1vua lay
N, =K.T, B W)
. P21 A
noise power 1 output 19

N =N,, - N,/L (W)

out

=KT,B-(KT,BYL (W)
=K.T,B(l - /L) (W)
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equivalent noise temperature 7 output T, fio

T, =T (1-1/L) (K)

euivalent noise temperature #1 input Y89 UNNINM Yy Fe IR0 nmsgu T, AL
, e}
T, =T,.L =T,(1-1/L)L =T/(L-1) (K)
Receiving system noise temperature, Ty,
Receiving system noise temperature fualdnnauns
Toys =Ta+ Tr + Ty

/

Y a 4 g ) : n
01913941 TR 11U low noise amplifier subsystem noise temperature Huravanuea
. . ¢ 1 ! . : |
euivalent noise temperature ¥9IABY 11/IUUNA199 19U IFL 1AL line amplifier 71 input Y83 LNA
P! PN o,
equivalent &3 T, ¥11dvIngasasae 11l

Tx =T, +Ty+L, I, +L.T;+L.L,. T,

1"=e2
Gl al GLG2 GL.G2
f11 low noise receiving amplifier subsystem noise temperature Ty lsznoudan LNA
. . o & & a o ' 1
euivalent noise temperature T, ttaz NF, Tugilnsaifemsnmanuauiludiulng usnmile

o A
9IN0enlsznoUDUY

LNA subsystem noise temperature T,

91ng1iilu block diagram U949 LNA fithuow 11 (Juamnds : drses) uazey
58113 input LNA euivalent noise temperature 494 LNA

circulator 1ug 1l ldlhl’sJ’Lﬁﬂﬂ‘:" ‘1J'1J§ I1VSWR 11%’?1%14 89U transmit band elimination
filter (T.BRF) ﬁll”.)’tﬁﬂﬁﬂ (reject) & iyﬂg’lmﬁﬁ transmitting frequency bandwidth °AN A9171970
transmitting am;iliﬁer subsystem WU feeder VOIS UUHIUDINA uaxﬂmﬁummqﬂﬁnm
‘H?’O ANIURANAIAUDI LNA

LNA subsystem noise temperature T, i“}/uagliﬁuwamﬂmm LNA noise temperature T,
LY noise temperature Lf'immnms g fyl’?f 8904 circulator , T,BRF waveguide switch saznonw

1nA 119529910 input 1 LNA
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L 4

¥UAKAZIAEITUNIUYDA low noise amplifier

nnmINiLaassauasguauliinisinuves LNA Tuilegiiu LNA 714 uszuy

§ P=1 I~ a o o
Homsarunsunensenlditlu wisuuasnueuds Wives waz FET wevdd Wioas

~ Low Noise Receiving Amplifier Sybsystem Noise Tempera't.ure '1
~ » !
- .
\
\ Tr T 1 Te 2 Te 3 T4 |
M [ ity ]
ANT |Feed |--| LNA IFL LINE AMP (—{ RFDIV |+ GCE(D/C)
: :
/ ) H i i H i
. oGl 1 LLTo {NFI, To, G2} L2, To | NF2, To 1!
s =. | s ~ '
Value of Tr,G,~G,] Tr = 55K _ NF;=GdB L, = ! NF2 = 14 dB
b or il L, = 25dB Glodods | L2=359B
Total gain 40 dB .
Equivalent input | Equivalent o
noise temperature | LNA input Te, = Te; = (L2-1) To 4=
of cach noise )T (NF,—1)To (NF2-1)To
component (K) temperature
(K) Tr
Equivalent LNA ' l
input noise
temperature of Tr J i L. Te L. T L;.L,Te, }
each component G G, G,G, GG, i
(X)
Low noise
receiving Te L. T
amplifier Tg = Tr + G—l + 10;52 + Yl - bilaTey
subsystem noise ! I G, G, G;.G;
tcmPeraturc(K)TR .

A15199 2 low noise receiving amplifier subsystem noise temperature

o 1 1 . v a @ ot
210915719 92U TULIUBY noise temperature 1A WIS UNATALBNLA IWi005])
~ 1 < o d (] A A ° 9 ¢V Ao = .
do@n11 FET uould vions TnomwizednduilognilfiouTaoufadidonszd noise

° P a 1 o a P o yva
temperature 1UIN AID ﬂSZN'I'Iiu 20 937A81IN LLGW‘HS'ILﬂJC‘lSﬂllﬂuﬂaqﬂlﬂﬂi‘V]Qﬂﬂﬂﬂtﬂuiﬂﬂ
[ dydsldd A & YN 1 ] ] ) [ ollsl uu’.:
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v

A o oA a a a a 7 ° =
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. - a I Y P oA A A& 1Y)
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Interface noise temperature, Ty g
. a e a da 4 4. '
noise temperature Al IReTUNIUAAATUN interface ISNINTSYIM801NH
. ' . 2 1
1o LNA mngﬂuﬁm intreface 3¥11219 feeder Y9I INA LLAZLNAunit Y99 LNA magiu

low nois receiving amplifier subsystem

—— No.l output ’
D.C.2 I

——o No.2 output

Test input

] CIR : clrculator
3 L N € e . )
t, = To (L) TBRF : Transmit'bond

Rejection Filter

—Tr S Ty, + To

317 1.16 ueias block diagram YBILNA
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. 3.7~ 3.625~4.2 GHz 34 10.95~11.7GH:z l
Frequency . 4.2GHz l
Jbandwidth 42 GHz (575 MHz) (800MHz) (750 MHz) |
Type of ll

o Parametric FET FET Parametric FET
amplifier ’ I
, Parametric | TE, | Un. | TE | Un- | TE TE | Un- | TE | Un- |
Cooling type cryogenicaly ] . |
cooled ‘[cooled cooled | cooled'| cooled | cqoled |cooled |cooled | cooled cooled
Guaranteed 20K | 32k | 41k | a7k | 70k | ask | sox | 100k | 125k | 180
noise temperature
(MAX)
Power 2KVA  1600VA [200VA [360VA |11.5VA | 700vA |250VA | 200vA | 400vA | 10vA
consumption ‘
Reliability and !
easiness of No good | Fair {Good [.Better | Best Better Fair | Good | Better | Best
Maintenance y j

@15199 3 HEAYIALAZIREITUNIUUDI LNA Units
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Antenna subsystem Low noise receiving amplifier subsystem .
N/ '
FEED LNA FET
Circulator

Dummy
Td
!
Reflection coefficient (p) =_w ........... m
VSWR +1
Tintr = Td.p?
VSWR — 1 \
p: xgd " ) }
't (VSWR Vi \ o

N N N - 3 |

3ﬂﬁ 1.17 lumsiia1300 interface noise temperature

Reflection coefficient (p) 5 = VSWR -1
VSWR + 1
Toere = Tdp
=Td (VSWR - 1)’ )
(VSWR +1)’
Td : Noise temperature (K) of dummy load of circulator

VSWR : VSWR at Feed output
Tner ¢ Noise due to interface (K)
& . s, A o YV, a dé’
9 input Y93 LNA umit 32 1% circulator LWE!‘]JE‘U“IJE al# input VSWRUAAYU
t4 14
U noise temoerature Y94 dummy load circulator UQNH Fravuluniemialada input¥9d LNA

. \ 4 o A . A 4 .
uniting dauniisasiounduiloeninnis uundan output UM interface feeder
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Antenna subsystem noise temperature, T,
o 9 v d”d s
wasannngldsanaansmlugdidumasinmisdayuseome
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component ({18990 geyiolu feeder 420
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=
2 40 |
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=
§ 30 b TA
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10 1 1 3 1. {1 " g 1 3 f
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gﬂﬁ 1.18 #te¥M9 antenna subsystem noise temperature
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antenna noise temperature T, Whudeasuniuray ) FUHANITUIYDINA
1 L4
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L4

s3uUM3h¥duues low noise amplifier

R a a o 43 K% U
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v o d v 1 . a 4 3 1o
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thermal noise 11lueen1lsznouing
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@ o o . & 9y o Aa d" At a o
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E4
cooler 'uuﬁ'uj; 1UUDY Peltier effect
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o [~1 al) 98 | [ ay 1 o o I
MR nueuaInsods ladnlasnmsnldoulasnssua lnamududiuveaithnnusy
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1 wazennsamidusa anudould Tasmsndusienisns Inavesnszua
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Y] o =§ = L) (] 4 = [ P
Annes Faunvaaegiuuiuylans anudouszganiuiiiudlseio A ey D vagiany

t4

' ‘3 4 a 3 o ' e
fouvzgnadreliuniiufaseosse B uay C Usingaisaiuuuiifuni Peltier effect
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gﬂﬁ 1.19 Peltier effect
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gﬂﬁ 1.20 energy band of Peltier effect
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Seramics

Cooler /
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Il
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v 60
O Openation at room temp. (25°C)
] Il Opcration under TE-cooled state
s 2. (-45°C)
i /)
¢ '50 : — : —
- S . - e e .
-8 .
g& . - -
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g 40 1
z
c’___c)/o—o/(
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3 3.6 37 .~ 4.0 42
Frequency {GHz)

gﬂﬁ 1.24 Noise Temperature of 4 GHz LNA
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200 v
O Opention at room temp. (25°C)
01 Operation under TE-cooled state (~45°C)
D
. 150 P
g —o—o—
L
K]
[
2
£
[
o B
‘g ZD/[
Z 100  S——— B —
50
12.25 12.75

Frequency (GHz)

gﬂ‘ﬁ 1.25 Noise temperature of 12 Ghz LNA

300

QO Operation at room temp. 25°C)
O Operation under TE-cooled state (—45°C)
4

Noise Temperature (K)
N
=

514 1.26 Noise Temperature of 20 Ghz LNA

177 18.0 19.0 19.5
Frequency (GHz)
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DsSO ol ud
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Key: VTO - Voltage Tuned Oscillator
LO - Fixed Local Oscillator
DSO - Fixed Dielectrically Stabilized Oscillator
IF - Typically 70 MHz
RF - Typically 950 to 1450 MHz
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| _Moisa Figure

35° K (Max.)

Imaga Rejection

Output Fowsr Lavel

(41 dB Gain Carngiassion Peint)

40 d3 (Min)

0 dBm

Weight

Seurous Ou:put -60 dBim (fAax) -00 dBm (Max.)

LD tegkage (outpun -25 dBrry (May) -25 d8m (Max)

Dimension (mm) E160.2x 1806 98.5X69.8X133
YO T
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a1 1% dunes 5C,RG- 11, RG - 59 wagee RG - 6, RG - 6/U dezisluasfitioy
:; é & = = 1
wInfigavz 1y CODE EX - 50,EX - 51 & EX - 50 szila1oFasmunnani EX - 51 :ia1eny
Ysznauasaz 15 vindmsumsiaumoihdyaaein LNB indunseiu linisiiuni 30

wasmamelszeenenunanNidawmeeziudyaannudgelia

Freguency Cable Type
(mMHz) RG-59 RG-6 RG-7 RG-11
5 0.52 0.42 0.33 0.26
55 1.76 " 1.40 1.11 0.89
83 2.16 1.73 1.37 1.1
187 3.28 2.62 2.08 1.69
21 3.49 2.79 2.22 1.80
250 3.81 3.05 2.42 1.97
300 4.18 3.35 2.67 2.18
350 4.53 3.64 2.89 2.36
400 4.86 3.90 3.10 2.54
! 450 5.17 4.15 3.31 2.71
500 5.46 4.39 3.50 2.87
550 5.74 4.61 3.68 3.02
600 6.01 4.83 3.86 3.17
650 6.26 5.04 4.03 3.31
700 6.51 5.25 4.19 3.45
750 6.75 5.44 4.35 3.58
800 6.99 5.63 4.50 3.71%
850 7.22 5.82 4.66 3.84
*900 7.44 6.C0 4.80 3.96
350 7.65 6.18 4.95 4.08
1000 7.87 6.35 5.09 4.20
1450 $.59 7.77 6.25 5.18

4 2 ; '
M19197 2 MsaaneuFyguvesmns 100 Wa Naudseg

Cable Type Model Shield Type Attenuation
{(dB/100ft)

400MHz  900MHz

RG-5 8228 Foil & Wire 4.5 6.9
RG-6 9248 Foil & Copper Braid 4.5 6.9
RG-11 9230 Foil & Wire 3.2 5.2
RG-11 9292 Foil & Copper Braid 3.2 5.2
RG-59 8241 95% Copper 7.1 10.9
RG-59 9275 -Foil & Wire 5.4 8.4

d. =) o 1
519 2.16 msgayFamerHana q
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aminluszuy HD - TV. 3eszuusssum defeyadenanesn lUldaumagaeniyni
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WuaTemyn degadedanan szdeudoudiiuinsesfuInsdimindszuy Av,
= P o a A o v o [ 1
TagiFoududnnyan@oufidoudn VIDEO IN vseTnsiien! miniduszuusssuaiszdods
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[sersierinegames uieesionAouBsIneS (RF Converter) Gaazyiminiien
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mafudeyanading 3 2 vuy fs

1. Tuned Radio Frequency (T.R.F)

2. Superheterodync

11UV Tuned Radio Frequency (T.R.F)
dlumaduinguuuusnlavefisasns HIGH FREQUENCY TUNED AMPLIFIER

= hd

Ma1w 9 WeTwEe CASCADE fiuievsedgyguinghsyldninmeeimaliiiviig

ar

o -d' o ‘§ 1 y
UYIUUTINDNIIVT DETECTOR #101701N11015 DETEC ﬁiyfg'lﬂlvlﬁ?]’ FUITTNUNITEUY T.R.F

Lt

indeied
1. #99192995 TUNED R.F AMPLIFIER ¥a16) STAGE
2. #1 SELECTIVITY anwmnsalumsiiensuaniiiingdiar linsiiyng aawd
3. f1 GAIN 4992995 TUNED R.F AMPLIFIER Hr1liinsfinaeasasanudvessanil
1tULU SUPERHETERODYNE
Fumesuingitinsysmlyededovesszoy TR Tnsialadame nisfissuuutag
aienanuigelSianuidindanufinars INTERMEDIA FREQUENCY : IF] Tay
9162995 MIXER 971501101 SUPERHETERODYNE fitfsznou e
1. ANTENNA AND ANTENNA COUPLING
2. TUNED R.F. - AMPLIFIER
3. MIXER [ DOWN CONVERTER ]
4. LOCAL OSCILLATOR
5. IF AMPLIFIER AND IF FILTER [BPF.]

6. AUDIO DETECTOR

MIXER [ DOWN CONVERTER ]
d" S Y A [y d’ld
Mixer [ Down Converter ] #3214 1unasuvounToas ULV superhetrodyne HADIEY
| ! : ' A e
goadludulasanudvesamiifisudeniuey Infianudaaadlioginnud IF. MIXER
szorfismsiaiuaae liidhugadu Taoldndnnsves SQUARE LAW
s 2
HanNN15v99 SQUARE LAW Vo(t) = A.Vin(t) + BVin (t)
o ] P as A o o S’é‘ [ Leiq ¢ 1
A B Hlumnsfiorvszaaneudyanansevosdynun WMauduginsoinldsy
laTea n30min
UnA Vin() = V1COS (2TTf1t) + V2COSQT2Y) ; £2> fl
2
UNU Vin(t) = A[V1COS(2Tf1t) + V2COS(2TU2t)] + B[V1ICOS(2Tf1t) + V2COS(2TTf1t)]
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= AVICOS(2TUf1t) + AV2COS(2TT£2t) + BV1°COS (2TTF16) + BV 2COS (2TL21)
+2BV1V2COS(27TCf1t).COS(27T12t)
mauqﬂﬁwvﬂumau‘?imsé’fmﬂﬁfi'unjh  PRODUCT TERM *
= 2B.V1.V2.COS(2TTf1t).COS(2TTf2t)
= B.V1.V2.COS[2TU(f1-£2)t] + B.V1.V2.COS[27T(2-f1)]
fmualdf2=flo uaz fl=1fs
INOUNALIN fife HIGH BAND Y0998 IF. (flo + f5)
InounA1e Nfifie LOW BAND w04a218 IF. (flo - fs)
S output ¥4 mixer (514NN IF. $29 LOW BAND  ssfuisinadoald
&

2995 BAND PASS FILTER A5838URW2AND IF. (flo - fs) W11 Taliviniu

fs=fc JF.=flo-fs
ant. tuned mixer |— B.P.F IF. ami). detect fn (t)
amp.
local
oscillator

11NN IF.
P Py a aa
A48 IF. 1 output ¥892935 MIXER 928 292913078
1. IF. 874 HIGH BAND = flo + fs
2. IF. 874 LOW BAND = flo - fs
() ¥

Tais19zidon 19611 loe band V51202 1ANDAINIIEIY high band 11N FITUTIAINITO

1B8n191A2100 IF. 81U low band 89011 14 lago1/81395 BPF.
wa a ; 4 & o s -

- qauauliAves T.RF uuy niudaass Weanudgeiuseild GAIN d1ae T.RF 9l

v luszuu FM 1nnd1 AM
s, . ¥ [ ) 3o . s W
- 7985 MIXER 923 input 2 input I ldnnmssuvinaaitinaz 1851910 Oscillator B0
P
nila
° v A 1 a . 4 a

- 321U Down Convertor nzm%mmnagmmmn carrier AANNAIUDITYY

IFfm = 10.7 MHz.

IFam = 455 MHz.

IFsatellite = 70 - 140 MHz.
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MIXER 92#943 BPF. amunauaue 1d19¢11141 Audio

ANT.— RF. AMP.—MIXER — BPF.}— IF. AMP.|H AUDIO DECT. — AUDIO AMP.

OSC. LODE

- msdfumgesaariiv 18 lavmsuasar ¢ fina RE. uaz Local Oscillator §111092
o i J o o 1 ° ] 4
PuldanudgeiunlilSua c andias yadesanriizll CENTER vee BPF. #i f lilnse
o ' ad o q 9 41 & ay o
AUCENTER ¥84383anil Nazsilinia RE. szvmennudgaaiuliuseiiga
¥1AD LOCAL OSCILLATOR = f, + f,.

137 lil4929n 2100 IF. HIGH iws1zduilennuiiqeeziild GAIN andias Uszanal 20 dB

ANNOIN [ Image Frequency ]
= o ad 1 - = . A a i P
ﬂ'mlmqmJummﬂmguaﬂmuamnmma flo 91N oscillator NINADIN harmonic YDIFNIU
Hrafvanianudgenizdudnni input 489 mixer 11429995 TUNE RF. AMP.
t [ . o' 4 ‘& H '
Timunsosidaeen 1yl [ Q é1 1udrewnsadth ladenud 1E. 14 FannudiiSeni
Py
“ AUHET ©
Fim = f, , + 2f;
IFRR [ Image Frequency Rejection Ratio ]
IFRR 15/18A5 18 UALTAIANUEILIT0U997995 Tuned RE. Amp. 1un15/1§an2ud fim
t 4
Tamsrenunsan 1aaaii

IFRR = Qp
P =fim/fs - fs/fim

IFRR[dB] = 20log IFRR

oy Q fioA Quality factor Y93°N95 tuned amplifier
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anahueun3ssu (SENSITIVITY OF RECEIVER )

SENSITIVITY funanslweuniossuing Semnuanuh dussdudyanaiifinn
usqé’hﬁﬂ ¥oed Ry RF. 7199295 detector A17150 detect fagnueonn'ld

@13 SENTIVITY = POWER 98¢ TERMALNOISE + NOISE FIGURE

+ 52AU THRES HOLD ¥84DETECTOR
= [(K.T.BW.) +N.F.+S/N ]
f1d4¥84 THERMAL NOISE iilusiifdunionuy ms. vosgangiadeniininiy

Mauey

K: f1Boltman’ s Constance = 1,38 * 10 (J/K)

T: sgamgiiuiedouilu o wadu = /K)

BW. : 11Ju band width voadaya o (Hz)

~
NALae

1 o A aa a L4 é‘
dudgIaFodsziunoonu19nnInia leamames  udrveliusediu

v

(SOUND AMP) wintiuhmisusndaanaidssnoniinanuiangdaeasns  SOUND
DETECTOR Luuszu EM. Taunaii szfimavens IF. MA0YA IFUANE SOUND IF.
6.3 MHz /11 6.48 MHz  §uiluiuua@(MONO : WIDE) uuu3ayi 280 KHz uyvainslo
(NARROW) HUM3AY 50 KHz %30uu PANDA wawseadeuiielWawisasufludus

Tanan1mn

deyganmuazides (VIDEO OUT & AUDIO OUT) AWNTOAITYYIUDID
muhdgyanadalid TV. wuu MoNITOR (Tv. ' lifinnsuing) 18Tasase  duilu Tv.

o

Y [y

puusssuazdenally AV Jewzfudygiald uad lufitunaszuy AV szdessy

&

Foyanamawomalng TaonSesdudyamaraufion (RECEIVER) sziimsnaung
Ny (REMOD) szvieanuidanionin (VIDEO) fuanuddayanauiides (AUDIO) firiu
3 DETECTOR W¥ifhunawing RE. shunaid VEE. ne URF. Tavldsufdon
A28 RE.CONVERTOR fimihiin/dounanuiidindeutiuiniesds Tv. $1dad usdoald
sothdyanude lUidgadevesaooinis mﬁauﬁwnﬁ'ﬂmsﬂ'dﬁfgfmmﬂmam%"mm'u"?ﬁ
Tomd mnfujuneuszfiunuvesuiaenldilonyumatulnsden! julniseviuateld
$Tunmuguuenmaamdifiufany ssuuflaoasunsa Tusunsumidana 9 Tunsldau
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Taunue
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M3eRALLILINSIATe S UF YR A AN

[ d (Y] é
41 esvmnadayanasvauuua (Iviivles)

o’

P 3 o o o [y Jq v A ‘ 4 1 -
A1TNLITINDNVYW LS leﬂﬂi ff'l‘"illﬁiqulJ'ImLUﬁLLUUﬂTJlWﬂ“hﬂﬁ'Niliﬂ'lﬂuﬂﬂﬁ'l\i"'] N

o

[ o 9 o o o LY a = 9
aszuaroInd guied Tavasa manzezilidguueihouminauduly pnezidoniold

o [y :; =1
FmfuaeesilFauesiuldengd

\/P
+9V

R1
6k8

T2

RL2
4K

! LY d
517 4.1.1 2905 UNga YUV EUUUE

L'
wiaums lviaa latives T3

VCE +IC3 * RE3 (1)... (AFTnalard)
[(RE3 + RL2) / (RE3*RL2)]1*VCE  (2).. ao% Inaalat)

vCC

IC
unua (2) Tu(n)
VCC = VCE + [( RE3+RL2)*(RE#*RL2)]*VCE * RE3

o £
vInfmuA 1y .
VCEQ=VCE=4V, veC=+9V,RL2=4KC)

i
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19 o9 4+[(RE3+4KC))/ (RE3 *4KL) )] * 4 * RE3

9 = 4+ (4RE3/4KQD) + 4
RE3 = 1KQ)
1@  VRE3 =5V
auNIF T2
VCC = VCE2 +IB3 * RB2 +0.7+IC3 * RE3 (3)...
IC2 = [(1/RE2)+(1/RL2)+( 1/ (Zinac)]* VCE2 (4)...
Rb2 hle £ ie
l-
H . . RE3 RL2
Zin Zin,ac hfe ib 1K aK |
|
_— & |
c

1/ 4.1.2 uaAINIMNA Zin,ac Y03 T3

RE3 //RL2 = 800$2

hie =10KCY , hfe =100
Zin,ac =hie + (hfe+1) *(RE3/RL2)
Zin,ac = 10K + (101 * 800) =90.8 K2

910 (3)#1 RL2

vCC ~ VCEQ2 + (IC3/B)*RB2 + 0.7 +IC3*RE3 -~ (IC3 =1CQ3)
9 = 3.25+ 50LA*RB2 + 0.7 +5

RB2 =1k

910 (4)

IC2 ~ [(1/RE2) + (/RL2) +(1/90.8KC{D)]1*3.25 —(5)

90

ICQ2 = IE2 = VRE2/RE2 +IB3 —(6)

W (5)=06)

(VRE2/RE2) +1IB3 =( (1/RE2) + (1/ 1.2K{2)) * 3.25

(5.75 /RE2) + S0LLA = (3.25 /RE2) +2.7083*10 +35793%10°
RE2 = 927.95 {2
ICQ2 = 6.2464 mA
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W RE1=470 Q)

2V
1BQ2 =62.464 LLA

ICQ1 = 3.6806 mA

6.8k
Z. dc=hie + (1 + hfe ) x Re, + Rb,
| VCQI = 645-107472 = 47028 V
RL
R2 1 ICQ 1= 3.6806 mA
100k i
| VRC =255V
5 RC1 = 2.55/3.6806
| =692.8 Q)

i LY d
311 4.1.3 29vsiivlives
1 1 | & [}
A UETUUIULE 1 ( Base) U949 T192#04 > 470 06191BY 10 (MNT99
I 1ensvhauiiaaos nan uaznanmsnaaoeezldai R1 = 6.8 KO R2 =47 KD linm
AnFangauniiowInfisimsiniosn1veeees wumeilames ez Sudmned
a -4 - o 1 a oA o 4
(inductor) 1Az A1NFIRET (capacitor) flviuaufiosnnia suhldaivesBuRuausiaou 1y
n’: J a w -4 ~ o Aq Ao o aﬂrl ]
smtaues susnnet.ahdmes 1141uees asesnnudduesnesiunraailunes 1y
Ao ° ¢ ™ o o ° '
asesauisnan Sen i nan latuesasestivides T1, T2, T3 nfaouly vihlddeslda re

Voo ) ﬂ’l’ a o a
waz RE1 eidlu 470 Q dloananananassaiviilininaudaige

4-9v
RC1
1K
R2
39K
2
o— [
BPF 1
RL
R1 RE1 RE2
4.7K 560 2K2

5141 4.1.4 2295unedygnm

° 9 ~

d”  ar { oo J
rsilvgvmifivetdyanaiiesninuineesiuumidnanes (Band pass filter )

o 4 2 S0 vo o .
R Tvunvnad UM uiwumawiu“lﬁ'amwmuuiaﬂuﬂizmm 2

o

—_— =
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MIAUIN .
sz ldnnudmuiiTnas = 12 KQ

NTAUIUANMS T2
VCC=VCE2+I1IC2[RE2] (1)...20uN19 dc load line
VCC=IC2[RE2//R1] (2)...4uM 3 ac load line
unu (2) u 3)
VCC=IC2[RE2+ (RE2//Rl)]
IC2=VCC/[RE2+(RE2/R])]
IC2=1CQ2 =9V /[ 2.2K // 12K )]

=222 mA

VCEQ2 =2.22mA * 1859.15 =4.127 V

IC(mA)
as] t
DC LOADLINE

4.09
AC LOADLINE

2.7 F LlI% ™2

o
nay
WAV s

3 826 9 :/CE

517 4.1.5 m3venuuD 2395 Inald Load Line

AITHNTINFames T1 ( o1 b2 Hevwn q)
VCC = VCEI +IC1 (RC1 + RE1) 3)..
(51194 Zin Y93 T2 UA1gININ (RC1 + RE1 ) ¥R
VCC =1C (RC1 +RE1) (...
VCC =2IC1 (RC1 + RE1)

IC1 =ICQ1 = VCC/2(RC1 + RE1) = 9/3120 = 2.8846 mA
VCE1 =2.8846 mA * 1560 = 4.439 V
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DC LOADLINE

2.8 AC LOADLINE :

0 4.4 88 9 VCE(\i)
51/t 4.1.6 m3eentuens Trlivles

VEL = 2.8846 mA* 560 = 1.6153 V
VBBI = 1.6153 - 0.7 =0.9153 V
UnAis19z1% RB << (BRE/10)
9218 RB = (70 * 560) /10
RB=3.92K()
R2=(RB *VCC)/VBBI =(3.92k*9)/.91532 = 38.5 KQ
R1=3.92/[1-(691537/9)]
= 436 KD
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4.2 79951509AND ( Filter ) .

waavuanudiven il 185 n3n $29rhu (pass band ) Fraunuanudi liivex

t 4

Y 21 J [} =K . 1 1 3 A
TGN $99MYA (stop band) N39979ANBYU (attenuation band) FIEN I e0iEA
] Y] o o s P y a r'd
1 ANOONLLUA (cut off band)d 15U ATBIANND Tu Tnseauilee ldmsSnszviiazesn

uiunuy aeumuAuYLA (constant K- type ) 1A% GUVA 15T (Derived M. type filter )

NIIABIVIUVUAI

&

71 71

ZoT—> .\ 72 [I Z2 Y ZoT

31N 421 299supu T

71 \(
7 et WA 1)
UL L
ZoTL —> Z2 I:l 3 22 +— ZoTt

3N 422 290500 T

71

ZoT Z2 «——— ZoTU

317 4.2.3 79934V Reverse L
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172993 Snefauealnd drdmuald -
z1*z2 = R®
R =140

LLﬁ’JLi']ﬁUﬂ'Nﬂiu'J'l ﬂTﬂ\i‘ﬂ‘UfNWmﬂﬂi‘D’uﬂlﬂ (constant K - type filter) Lqu%'lﬂ Town Taua
(0J Zobel)al‘lfﬂ'l Kiunu R i]\‘ilitlﬂ'N'ﬂ‘iﬂi'éNﬂ’J'liJﬂlmU ﬂaummu K “lumsaammmwsum

fMruanuey Z1 uag RLLﬁ’Jﬂﬂ'lll']iﬂﬂzﬂﬂﬂlmﬂvlﬂﬂ'mﬂﬂlﬁﬂﬂﬂ"l‘UfN

Z1 =SL1

Z2=R?/SL1=1/SC2

9 @ o o
ﬂgllﬂﬂ'l'mﬁuwuﬁﬂ]ﬂﬂ

= v L1/1.2

a4 d"l g a oA o § E A 9 " ya -
157500 R $191 UosUUDADNRAUANS (Norminal impedance) 1iinlf S =jw 92 IAduINII 1T

3
D3 UDINDTLAD
2 2
ZoT =R V1+S LI1C2 = R N1-w L1C2
ZoTl = #8’L1c2 = R/V 1w LIC2

coth o \l 1+ 1s "L1IC2 =Y. 1- 1/ w LI1C2
cosho = V¥ 1+s L1c2 = 1-w LIC2 :

anuaanoanidy
w0 = 1/L1C2

< i a o s d a a i, .
1w < wo s ZoT 1ag ZoT 91 UANTId M5y coth o ztluBNILIUUIS (imaginary)

+
Y

N o a o o o )
TN a5t wd w>w0 ; ZoT uag ZoTt wwludmIuuls d1M5U coth o 1WuARSIUAD
B=0 (0 >0)

¥ o

JUHU

[~ ] '
[wl < wo zilusIeHv
<] Ao
Iw] = w0 vziluanudanoow

[=f '
[w| > w0 ziilugisaansy

<

56
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oI glvessumsseditmuald

ZoT = ZoT ZoT /R, ZoTl = ZoTL/R

Q= w/ w0

wld zoT=V1-Q 7 ,zom =V 1/1-Q°
coth O= Vl-l/QZ ,cohe= V1 - QZ

1 R=1(), w=1 (ad/sec) FaGenineesnsesnuaneiuealad (Nomalized filter)
Futuvinaums
R =VL1/C2 itag qums
wo= 1/\L1C2
¢doynavosuesuenladflaines (Nomalize filter) fafi

L1 =R/w0 1 (H)

C2=1/wOR

1 ®
o & ° a Adda a o
aarinlumsiiuiueiueteyninvensnsesnnuanBNuaug R (Q) |
w0 (rad/sec) ol

Ll = 1 xR/wW0

C2 = 1x1/wOR

v
=2

wa a a 4 P 1w da
ﬂmﬁwmm@mmauﬁuﬂum ZoT , ZoTT NANUN 0 9LIMANY UDTUUDA (nominal)

4 4 4

v [} ) v
DUN Floviu udhzilasuutlas llonnuddiniuinnudaneenmiisedy o nie'ly

BUNLAUY
o [ P A g [] Aaa s 4 ] sa ) o 2
o4 “lumummaqamﬂu‘maaﬂmu ZoT WWUDUWHAUFFUIN ZoTT ISUDNUNUAUYAII
o o P ' A4 v o ¢ A
Lﬂu‘ﬂﬂﬂ'ﬁii%')ﬂiuﬂ'li"fl%Zﬂﬂ')\'iil5ﬂ59~3ﬂ')'luﬂu&ﬂl'lﬂ'UlN'VIl.'JE]iﬂﬂu"]
o w ' I o dy
ANVTAUNUTISUIN  ZoT Uag ZoTT Lﬂumu
2
Z0T *Z0TC =R

Z0T * ZoTU =1
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{ 4
29030583 NUAMUVATIH (Derived Metype filter)
A, a4n Y 1 3 P a ja a a a o =
L‘H'ENj)'lﬂ’Nil5ﬂiENﬂ'J']iJin"lﬂﬂﬂ1'3111!.lﬁ')‘llﬂw‘ﬂﬂ')'Illﬂll'ﬂU‘N‘IJ’E'J?JLN%'E]llWLLﬂﬂ“lfﬂi)&’lﬂﬂqul‘]J
H adatr 1 gy g 4 oquy - - Y
'JUcluﬂiiu'Yll!‘]f'NNTLIﬂ'J'NL'll‘Llﬂ']iU1ﬂ1’1%$‘ﬂﬂﬂ?\1%iﬂiﬂﬂﬂ'ﬂﬂﬂullﬂJ'J’)\iﬂUTHﬁﬂvlﬂuﬁ&’
o u. J Y = A o A A ] oo 1 [~ ot
AN IUAANAINTITIARNOUMHUDUNU ﬂEﬂuﬂ'J']llf]‘ﬂq\iﬂ’31ﬂ31ﬂﬂﬂﬂﬂﬂﬂﬂ1aﬂ1’lB‘Nﬂ‘i)%llﬂ'l
3 o o c;dn,: 9 o 9 a 9 as [Y) =
HWﬂiluﬂ'lllﬁ']ﬂU‘luﬂ'liﬂE)ﬂll'iJ‘lJﬁﬂ‘ﬂiﬂﬂuuﬂ@\i‘ﬂﬂﬂﬂinﬂﬂﬂﬁﬂ‘ll?ﬂﬂ‘l’lﬂﬂﬂllﬂ']iﬁﬂﬂﬂuﬂﬂﬂ
P A A wad o a - o gy vy Vet a
hga Aeliguauinnduuazysnuinsgadnoed ldung f'lidesns Idlinsaaneuninifiu

& a/ex ﬂl 1
Tgatinaauiaawiuaas 3 lugildhed

A constant K n-section

constant K 1-section

lossn

¢—amauﬁﬁﬁaavnﬁs

A Qi a J
gi.l*n 4.24 AUTUUANIAANDUUDINDINTVIANUAADUTUAUY K

]
A o

v & A g ) & a Y o S an < v ¥
Asuiedesms A aaneunusnalndgdunnudsneevhiuiidnnndedeld
3 1 [ dy 4 = 3
fADUALAUIAG(constant K )udaunaiaanae 1asuas Tuyaziorduil a innndiganige
[ ' 3 a v L) Jg e A
fAinearuing saaneunzinaiuANNABINS uazmsldmasgreesindlunsdunldes
wn iesnniideioasnanisldnaaiines Idfiguaniaamdosmsdinaruas 14 au
¢ ¥ [
ey IATieun AN NSBIN DS S on112995A509AMMALLLA TS W (Derived M type
A QA N i

filter) Fellgmeanlia lndiRosnunaoems

A

loss J '
manianaadesle

f

:; v Qe cid' 1 v
31]71 4.2.5 ll’s’fﬂ\‘lﬂmﬁuﬂﬂ‘ll'é)ﬁ?\ii)iﬂ‘ii)ﬂﬂ’)'l%lﬂ‘i’lﬂ'lﬂ’ﬂ%%llﬂ
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alsdl M uwveynsu .

L TC ’—QP—;I]:_C‘

517 4.2.6 @lsl M uvueynsw

ZoT P ol =S n ZoM

s M unuvu

AW

1-m-- =
Tm m(F)

sii 427 Alsi M wppvuw

E 4
s Qs

14 L4
ANINTIIEDILLLAD MauVY oynsu uaz vy wildedungasil
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CB = (1/2) *A*(1/w 4 R)
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R2/(R2 + R4)

(Vo *R2) /(R2+R4)

Vo/Ei = Afv =1/f=(R2 +R4 ) / R2

Eo

fmuald vee= 9 v ,R2 = 560ohms, Rl =3.3kohms ,R4 = 220ohms, VCEQ2=4v

VB{ =5V B=100

22'1& Vo/Ei = (560 + 220) / 560 = 1.392857

1% VR1=0.76 V
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w1 .
IRI=VR1 / Rl = 0.76/3.3kohms = 2303 luInsueuil , IE1 =ICI[ 1+ 1/B]
IR2= VR2/ R2 = (VB1- VBE) / R2 = (5-0.6)/ 560 = 7.8557 mA
LNl .IR2 = IEl1 + IR4 , 7.857ma = IE1 + ( 6 - 4.4 ) / 220
IE1 = 7.857mA -7.2727mA = 0.58427 mA
uag 910 IE1 = ICL * ( 1+ 1/B)
0.58427mA = IC1 (1 + 1/100)
= IC1(1.01)
IC1 = 0.58427mA/1.01 = 0.5784mA

tagv1n IC1 =IR1 + IR3
A 05784mA = 02303mA + IR3
IR3 = 0.578mA- 0.2303 mA = 0.3481mA = IB2
(az91N IC2 = B*IB2 = 100* 0.3481mA = 34.81mA
1d. R4 =IR2 - IEl = 7.857mA -0.5784mA = 7.2786mA

11 R4 = (VR5 -VR2)/IR4 = (6-4.4)/7.2786mA = 219.8 ohms
10 IRS =1C2 - [IR4 = 34.81mA - 7.2786mA = 27.53mA
90 R5 = VRS/IRS =6/ 27.53mA =217.9 ohms

VR3 /IR3 = 0.06/0.3481mA = 172.36 ohms

I
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Resistor 1/2 Watt 1%
R1

R2

R3,R4

R5,R6,R7,R10,R13,R14,R16,R23

R8

R9

R11
Ri12
R15
R17
R18
R19
R20,R21

R24

Potention meter

VR1,VR2,VR3,VR4

Capacitor
C1,C4,C28,C36,C31,C38
C2,C3,C21,C23,C24,C25,C30
Cs5,C11

C6,C12

C7,C9

C8,C10

C13,C26

Cl4

Cl15 -

6.8
47
470

39
5.6
27
2.2
150
100
560
33
220
330
100

10

47
0.01
200
82
300
120
0.1
100
0.001

kQ)

149
<@
149
149
149

xkQ

K

D00 P

k()

LLF
LLF
PF
PF
PF
PF
LLF
LLF
LLF



C16,C17,C19,C20 330 PF

C18 30 PF
C22 0:47 UF
Cc27 10 LF
C29 470 UF
C32,C35 2200 UF
C34,C36,C37 3300 LUF
C33 1000 UF
Inductor

L1,L12 100 LH
L2,L5 22 HH
L3,14 6.8 HH
L6,L10 0.56 HH
L7,L11 0.22 HH
L8,L9 27 HH
L13 5.6 HH
Timmer

C39 . 60 PF
Diode

D1 1N4734
D2,D8 1N4148
D3,D4,D5,D6,D09,D10,D11,D12 - 1N4002

D7 1N4142

Integate circuit

IC1 NES92
IC2 NE564
IC3 LM386
1C4 LM7818
1C5 LM7809

IC6 LM7805



Transistor
Q1,Q2,Q3,Q5,Q6,Q7 2N2222
Q4 A'733
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ESCFHPTION
. NE564 is a versalile, high guaran-
5 frequency. phase-locked loop de-
_.,ed for operation up to 50MHz. As
own in the Block Diagram, the NE5S64
ssists of 8 VCO, limiter, phase com-
ystor, and post delechon processor,

-

- bt

IDERING INFORMATION

NE/SE564

Product Speclfication

FEATURES

¢ Operation with single 5V supply

¢ TTL-compatible Inputs and
outputs _

e Guaranleed operatlion to 50MHz

e External loop galn contro}

® Reduced carrlor feedthrough

e No elaborate flitering noedod ln .

FSK applications
e Can be used 83 a modulator

® Variable loop galn (ertarnally
contro!lod) \

APPLICATIONS

e High-spesd modems /
e FSK rocelvers and transmitters
e Frequency synthesizers .

® Signal generators

2 Various satcom/TV systems_ . -

DESCRIPTION TEMPERATURE RANGE ORDER CODE
5Pin Plestic SO - 0 to +70°C NE564D
SPin Plastic DIP 0 to +70°C .. NES&4N
5>Pin Plastic DIP ~55°C 1o +125°C . SE564N
+Pin Cordip * -..... ~55°C fo +125°C . SES64F

OCK DiAGRAM

Phase- Locked Loop

PIN CONFIGURATION

D, F, N lsac.gngcs

. [ moosrmn
oy, 2 lnrmm [*3}
BUT TO Sase c
Comrssaton [3 e At 0 STAT
rOne YOO HS . .
Loos v [ ¢ u)rno 841 Car,

[37) o a1 e,
73] vec o o3

Puat FuYIn § 2 10y
—
'lv:ob."‘v‘- L x1¥

TOP VIEW

g

P-ast

PFOST DI CTON
PAOLLIILOM




1 Phose-Lock.édv Loop

' gSOLUTE MAXIMUM RATINGS

sYMBOL PARAMETER ) RATING UNIT
V+ Supply voltage \Y
Pin 1 : 14 .
Pin 10 6
lout (Sink) Max (Pin 8) 10 mA
Po Power dissipation 600 mw
Ta Operating ambient temperalure
NE 010 +70 ‘c
SE < -55 to +125 :
Ts16 Storage temperature -65 to +150 °C
ITE: ‘

we-stion above S5V will requre heatsinking of tho case.

‘iLs AND AC ELECTRICAL CHARACTERISTICS Vec =5V, To = 25°C. fo = SMHz, Iy = 004A, unless otherwise

speciln

. e : SES64 NES64
sYMBOL PARAMETER TEST CONDITIONS UNIT
i Min | Typ | Max | Min | Typ | Max
Maximum VCO frequency Cy = 0 (stray) 50 | 65 45 | 60 | - MH:2
Lock range Input > 200mVRus Ta =~ 25°C 40 | 70 40 | 70 % of
. Ta=125°C 20 30
L Ta=-55C |50 | 80 e
—_—1 = = LaY Ta=0°C 70| -
Ta=70°C 40 | -
Caplure range Input 2 200mVaus, Rz = 2782 20 | 30 20 |30 |-- % ol
fo = 5MHz, To=-55°C o +125°C 500 | 1500 PPM/
TA =0 to +70°C i o
VCO frequency drift with =010 +70°C 600 }. .
= | demperawre .- —— oo ——— {-—{p- 500kHz,~Tp~ ~55°Ct0 +125°C—|— 173007600 [ | {7 7| T~
Ta=0 10 +70°C 500 |-
VCO frza-running frequency C, = 91pF .
e Rg = 1009 “Internal™ 4 5 6 | 35] 5-165 MHz
1 VCO frequency change with N ; .
supply vollage Ve = 4.5V 1o 5.5V 3 8 3 8 { % of
Modutation frequency: 1kHz
fo = SMHz, input deviation:
%T=25'C 16 28 16 28 mVeaw
Demodutated output vollage 1%T=25°C 8 14 8 14 mVawu
1%T=0C 13 mVaw
1%T = -55C 6 10 mVRw
R - 1%T = 70°C . 15 mVau
1%T = 125°C 12 16 - mVeaw
Distortion Deviation: 1% 10 8% 1 -1 %
SIN Signal-to-noise ratio Std. condition, 1% 10 10% dev. 40 40 d3
AM rejecton Std. condition, 30% AM 35 35- d3
Modulation frequency: 1kHz
Demodulated output at fo = SMHz, input deviation: 1% o
operaling vollage Veg= 4.5V 7 112 7 12 mYRaw
- Vee = 5.5V 8 14 8 |14 —- | mVgx
lec Supply c=Tent Vee = 5V iy, I " | 45 | 60 45|60 .| ~ mA
.- | Output ' . . ,
w1 outout leakage cument Vout = 5V, Pins 16, 8 1.1 20 1,120 |" pA
0" output vollage oyt = 2mA. Pins 16, 9 0.3 | 0.6 03 | 06 v
Ry loyt ~ 6mA. Pins 16, 9 04 | 08 04.l 08|~ V.
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TYPICAL PERFORMANCE CHARACTERISTICS
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- 13 L4
3o,
e TYPES SE592, NE592, NE532A .
DIFFERENTIAL VIDEQD AMPLIFIERS
)
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
. Supply voltage VcC + (see Note 1} I e e Ceeenen PPN ... 8V
Supply voltage VCC - [see Note 1) ..ot FR O - 2
Ditferential input voltage ............... e, et eaa e el 25V
s Common-mode input voltage ......c.viivener s e e +6V
RS | OULPUL CUIMTBOT oo vene e v o omaac et ennns e veee... 10 mA
Continuous total power dissipation at {or below) 25°C free-air temperature (see Note 2} .... 500 mwW
Operating free-air teMPerature fange ..........oceeecverreeeoces s vee-...0° 10 70°C
Storage temperature fange . ....co.ee oo et ... —65°C to 150°C
Lead temperature 1,6 mm {1/16 inch) from case for 60 seconds: J package . .... e .. 300°C
Lead temperature 1,6 mm {1/16 inch) from case for 10 seconds: N package...... e . 260°C
NOTES: 1. All voltage values except dilferential input voltages are with respect to the midpoint between Ve » #nd VeC -
< 2. Foropsration above 25°C free-air temperature, refer to Dissipation Derating Curves in Section 2.1n the J package, SES92 chips are allay mounted,
. NESS2 and NES92A chips sre glass mounted.
. .. [P * o .
w . recommended operating conditions~ . .. sy o
R B A - 77, T REs3T 1
O g SE592 NES32A uNIT ¢
) o MIN NOM MAX | MIN NOM MAX "o .
9, Supply voltage, VCC + ... B .= 3 * 6 8. 3 6 8 v
Supply voltage, VCC ~ A5 -3 -8 -8 -3 -6 -8 \" :
i Operating free-air temperature, TA A -85S 125 o] 70 °C ’
. i
5-36 I TexAs
NSTRUMENTS
POST OFFICE BOX 225312 » DALLAS, TEXAS 79255
L .
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'h'55£ is 8 monolithic phase-loched loop
post detection processor, The use of
/ 'l‘-) clarﬁped vransistors and- oplimized

400 {o grealer than 50MHz.

':?/‘1 se-Locked Loop

='NE/SE564

L4

CTIONAL DESCRIPTION

gre 1)

logic compativle signals. For high dala rates,
8 considerable amounl of carier will be

piesenl al the oulpul of the PLL due 1o the,

wideband nature of the loop filter. To avoid
the use of complicated fille:- 2 comparator

digital output signal, THisis éspecially true f
narrow-band signals whete the deviationin {
ilsell may be less than the change in 1g du
to temperature. This effect can be eliminate
if the DC or gverage value of the signal |

¢ geometries erlends the frequency of

with hysteresis or Schmit 1-
With the conversion gain of the VCO fixed,

.ot is required,

tetrieved and used as the relerence 1o th
comparalor. In this manner, variations in th

sgtion 10 the classical PLL epplications,
hgsea can be used as a modulalor with a

..onab!e frequency deviation.
"~

oJ(pu( voltage of the PLL can be writien
,nonﬂ in lhe forowing equation:

(30

(o]

.. ree-running frequency of the vCO
<

(lia - 10}
Kveo

- conversion gain of the VCO

. -
. requency of the input signal
Bl

(1)

o process of tecovering FSK signals in-

: " ees the conversion of the PLL oulpul inlo

" JUIVALENT SCHEMATIC

the oulpul vollage as given by Equation 1
varies according 1o the frequency deviation of
fiy from {o. Since this differs from system 1o

, system, il is necessary that the hysteresis of
the Schmitl ftrigger be capable of being
changed, so that it can be oplimized for a
particular system. This is accomplished in the
564 by varying the voliage at Pin 15 which
results in a change of the hysteresis of the
Schmitt trigger.

For FSK signals, an imporiznt factor 1o be
“considered is the drlt in the free- -running

frequency of the VCO itself. If this changes .

due to temperalture, according 1o Equation 1t
will lead 10 a change in the DC levels of the
PLL output, and consequently to erors in the

following equahon

DC levels of the PLL oulpul do nol aﬂec( th
FSX output. T

VCo SECUOH e e

Due to its inherent high- ﬁequency perfor
mance, an emilter-coupled oscillalor is user
in the VCO. In the circuit, shown in thy
equivelent schematic,’ 1ransxs(ors 02, 8n¢
023 with current sources Qg ~ O2¢ form the
basic oscillalor. The approximate free- -running
frequency of the oscma(or is shown in lhe

LY

1
fom ——— . 2)
0= 22 Re (C,y + Cy , (

—as4 )
COtanatipa ?

—————— st

To( streneta 1]
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raty

we.

»e phase comparalor consi ists of a doubla--.

/——i . - .
Phose-Locked Loop

[3

“'“NE/SE&

—

(- Fio ™ B0~ 10002 (INTERNAL)

. . external frequency setiing capacitor
1

’

% stray capacilance

,jiation of Vp (phase detector output von- .
eyt

.c) changes the frequency of the oscillator. -
s ! indicated by Equation 2, the frequency of T Yame
~ oscillator has 8 negative temperalure S1af InTCR

acthicien] due to tha positive temperalure
,cn.c:enl of the monolithic resistor. To com-
xasate for this, a current Ig with negalive
‘-.peralure coellicient is |nuoduced to
oveve 8 low frequency dnh “with lempera-

’haSe Comparalor Section .

ssnced modulator with a limiter amplifier o

LOCE RANGT ADJUBTMINT

cot?
T = 100” IRT(A .
: oot . .
sar e W 2 % e - ’_:L '
'3: ¢ Y ——g = - IRA
. ANALOG OUT
7 wh—o .
—E4‘|.l sae "nHe .t -. - J 3, N
3 1. I—:l_ rosY o(ucno-. e
[ “ = gt _—
¢ w9 X R
: 1
<
LA Ll

EREOULNCY SLT CAP

Flgure 2. FM Demodulator at 5V

-xove AM rejection. Schottky-clamped ver-
al PNPs are used 1o obtain TTL level
a4ts. The loop gain can be varied by chang-
Ihe currentin Qg and Oy which ef{ective-
:nanges the gain of the differential amplifi-
4 This can be accomplished by mlroducmg

ing equation:
curtent at Pm 2. YRy

. o - - Vo-'g"‘fvludl
ost Detection Processor Ca
ection
% post detection processor consists ol a
2y gain transconduclance amplfier and
mpzralor. The amplifier can be used as &

. v

plifier Qu3-D43 together with an exiernal
capacilor which is connecled al the amplifier
output (Pin 14). This forms an inlegrator
whose output voltzge is shown in the follow-

gu = transconduclance of the amplifier %
C, ~ capacilor sl the output (Pin 14)

Vi = signal vollage at amplifier input

The comparator with hysteresis is made
Q.5 - Ogp with positive feedback bein
vided by Q.7 - Oug. The hysleresis is

by changing the currentin Q43 with a re:
varation in the loop gain ‘of the comp
This method of hysleresis controf, whic
DC control, provides symmelnc val
around the nominal value. -

RS A

(3)
Deslgn Formula . :
The free-running, frequency’ 01 the V
shown by the followmg equahon

*telriever for demodulation of FSK signals,
¢ as a post detection fiter for linear FM
wodulation, The comparator has adjust-
'e hysteresis so thal phase jitter in the
Hut s:gnal can be eliminated.

“shown in the equivalent schematic, lhe DC

0= 22 Re (Cy + Cs) ™

= o e
e e 4

With proper selection of Cz, the integralor
time constan! can be varied so that the output
vollage is the DC or average value of the
input signal for use in FSK, or as a post
detection filter in linear demodulation.

Rc = 10082

C, = extemnal cap in farads

dever is formed by the vransductance am-
A .

Cg = slray capacitance --

¥

II. AOCE RAKCE ADIVSTHINE

t oo
. ]‘] L00P FRYIA
1
1 1 = oows -
eyt earr I l iF l
te e by . . =
a8 \bHy " JRETI -
. ? wh—o
YRIRIT A4ALO0 OUT
s onren o1 | ™ . o
OlJl
— ! " =
POSTOLTICHON FULTIA
t t0 ¢ 2 ;
oyt |,
9 <
L 1y - briva
:—1-:° ‘e = L b FALQUINCTY SIT CAP
- 300 ‘i fu
¢ .
12y - .-

1L

Figure 3. FK Demodulator at 12V

fomg 6 RIOULN
aosusimint

|

MODUATING
eyt

g
art w ol on <
v 0—] ) .. ;
. AL} .
_d 7 mwh—o
= 61.f s
.- 3 14 o
= 1 »
e 109 W2
1_.{ . :
l = tys B Lomm el
S, T
v FALOUILCY SLT CAP
-
4 1
W MODWKATID OUIFY

faniy]

Figure 4. Modulator -«- -




| _Phose-Locked Loop

izt NE/SE564

oop filtef disgram shown is explained by
,olxowxng equation;

.__—1-——- (First Order) {5)
Fs~™ sRCy

g - Rz - 913 - 1'.3k9 (Internatl)

. dding capacilors 1o Pins 4 and 5, a pole is

.Br® R
he loop transler function at
,gad ot p

1
“ " RCy

“OT[
«aefer 10 Figure 1.

N

APPLICATIONS
fM Demodulator <~

- TR NE564 can be used a5 an FM demodula-

ot The connections for operation at 5V and
,2\/ are shown in Figures 2 and 3, respective-
. The input-signal is AC coupled with the

'50«!‘-PU“ signal baing exiracted at Pin 14. Loop
" uering is provided by the capacitors at Pins 4

snd 5 with additional filtering being provided
by the capacitor al Pin 14. Since the conver-

son gain of the VCO is not very high, fo
“ovtain sulficient demodulaled output signal

setey .

the frequency devialion in the inpl:Jl signal
should be 1% or higher.

Modulation Techniques

The NES64 phase-locheZ * op can be modu-
lated at either the loop filter ports (Pins 4 and
5} or the input port (Pin 6) as shown in Figure
4. The approximale modulation frequency
can be delermined from the frequency con-
version gain curve shown in Figure 5. This
curve will be appropriate for signals injected
into Pins 4 and 5 &s shown in Figure 4,

FSK Demodulation

The 564 PLL is particularly atiractive for FSK
demodulation since it contains an internal
voltage comparalor and VCO which have TTL
compatible inpuls and outputs, and it can
operale from a single 5V power supply. De-
modulated DC vollages associated with the

. mark and space {requencies are recovered

with a single external capacilor in a DC
relriever without utilizing extensive fillering
networks. An internal comparalor, scling as a
Schmitt trigger with an adjustable hysleresis,
shapes the demodulated voltages inlo com-

" patidle TTL outpul levels. The high-frequency

design of the 564 enables it 1o demodulate
FSK &t 'high data rates In excess of 1.0M
baud.

Figure 5 shows a h:gh -{requency FSK deco
er designed for mpul {requency deviations
* 1.0MHz centered around a free- -funning fr
quency of 10.6MHz. The value of the timir
capacitance required was estimaled from Fi
vre B 1o be epproximately 40pF. A timm
capacilor was added lo fine tune fy
10. BMHL

The lock range graph indicates that tt
2 1.0MHz !requency deviations will be with
the lock range Tor input signal levels greal.

- than approximately S0mV with zero Pin 2 biz

currenl. (While strictly this figure is approp:
ate only for 5MHz, it can be used as a guid
for lock range es!xma!es al other I’ frequer
cies). 1 . ]

The hysleres:s was adjusted expenmenlan
via the 10k02 polenhomelet and 2kf) bia
amangement 1o give the waveshape shown i
Figure 7 for 20k, 500k, 2M baud rates wil
square wave FSK modulalion. Nete the mag
nitude and phase relationships of the phas
comparators’ oulput vollages with respect t
each other and 1o the FSK output. The high
frequency sum components of the inpu! an
VCO frequency elso are visible as noise o
the phase comparalors oulpuis

RIS

,'“




.ase-Locked Loop -
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'¥ Figure 6. Phase Comparstur (Plns 4 and 5§) and FSK (Pin 16) Outputs
l\{E OF SETUP scope. Lock should occur with 49
“DURE 3. Setl, (current sinking inlo Pin 2) for = equal to 80° (phase emor)..
g ; . i i i . lsed burst or ramp frequency IS Y
ine operating frequen of the 100pA. Alter operation Is obtained, this 6. I pu : ‘
& ? g Tequency value may be adjusted for best dynamic for input signal, special loop filter dﬁ-
tN . . behavior, may be required in place of simple 5"'
SN . . ;
s {’°°dback loop, then _ 4. Check VCO oulput frequency with digital capacitor fiter on Pins 4 and 5. {Se°
{4“ N . - counter at Pin 8 of device (loop open, application section).
\..: velue of the VCO frequency sel VCO to ¢ det.). Adjust Co'trim or frequen- 7. The input signal to Pin 6 and the v
PR e - ey ad). Pins 4-5 lor exact cenler fre- - - feadback signal lo Pin 3 must hBYe“c
’ 1 quency, il neeced. cycla of 50% for proper operation <.".:J
¥ Py 5. Close loop and inject inpul signal to Pin phase detector, Due 10 the “3[”':80,‘
.4 <200 1o - . 6. Monitor Pins 3 and 6 with two-channel balanced mixer if signals are not =-"
1ita Teieot e . : )
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cycle, DC offsets will occur in the B,
100 which tend 1o creale an artificial or
pissed VCO ofiset.

For multiplier circuils whare phase jitter is’
a problem, loop filter capacitors may be
increased to & value of 10 ~ 50pF on Pins

4, 5. Also, carelul supply dec()up.h;ﬁg
be necessary. This includes the cot

chain Vg lines.””

s
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Figure 7. NE564 Phase-Locked Frequency Mulliplier with VCXO




. - . TYPE SE592
P DIFFERENTIAL VIDEQ AMPLIFIER

slectrical characteristics at 25 °C operating free-air temperature, VCC+ = 6 V, Vce- = -6V
{ynless otherwise noted)

! PARAMETER TEST TEST CONDITIONS GAIN $ES92 UNIT
I v FIGURE ) OPTION' | MIN  TYP MAX
i Large-signal ditferential 1 J00 400 500
' 1 A =3V, AL = 2k Viv
l Avo voltage amplification oep L 2 80 100 110
: 1 40
aw + Bandwidth (-3 dB} 2 Vopp = 1V 2 % MHz
A ho input offset current 1,2.0r3 0.4 3 #A
8 Input bias current 1.2,0r3 9 20 pA
C. on-mode
Vica ~emm 3 L2.03 | 21 v
input voltage range
. d - .
voc Common-mode 1 R = o L2003 | 24 29 34 | v
. output voltage
.- 1 1.5
Voo Output ofiset voltage 1 Vio = 0, Ry = @ L2 . 1 v
.. 3 . 035 0.75
Maximum peak-to-peak _ : .
aximum peak- 20 1 R = 2 k0 ] 1.2263]. 3 a4 v o
output voltage swing S P . — c
b 4
. 1 i ) k0 o . R
. nput resistance 3 70 30 = -
Qutput resistance - 20 2 !L:) i
Input capacitance 2 pF 3‘ i
Common-mode 3 Vic =x1V, t = 100 kHz 2 60 8§ 98 L. L
rejection ratio 3 Vic = =1V, f =86MH:z 2 60 -(-U- .
Supply-voltage rejection 4 AVec+ = 205V, 48 o
ratio (AVEC/aVio) | avee. = z05v ) S
: band equival D ] j - ¢
"roadblid Sa VIR 4 | .BW = 7 kHz 10 10 MHz v .
* noise voltage . oY = [97]
SSdr ¢ Propagation Iy . ApAE o
. 1 2 ].7. AV Y- ns
. ‘lpd delay time 3 Vo= 1Y 10 -
b Rise time 2 “avg =1V o ns -
o e e Sl Maximum output 4 . -
fo Isink(max) sink current? Lk 3 I mA ¥
X ice * Supply current No load, No signal 1,2,00 3 18 24 mA

! The gain option is selected »s follows:
Gain Option 1. . Gain Adjust pin 1A is connected 10 pin 18, pins 2A and 28 are open.
Gain Option 2 .. Gain Adjust pin 2A is connected 10 pin 2B, pins 1A and 18 are open.
Gain Option 3 , . All Gain Adjust pins are open, .
tFor interchangeability considerations it should be keptin mind that this parameter is not guaranteed by all major manufacturers of SE592 as of the publication
of this data sheet. .
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_ TYPE SE592 R
DIFFERENTIAL VIDEO AMPLIFIER

electrical characteristics over recommended operating free-air temperature range, Vo s = 6 V,

NPT

setmae

Vce- = -6V {unless otherwise noted)
TEST GAIN SES592
' PARAMETER FIGURE TEST CONDITIONS oPTION' MIN TYP MAX UNIT
Large-signal differential 1 200 600
Avo voltage amphlication ! Vorp = 3V 2 80 120 vV
ho Input offset current lor2 5 alA
hs Input bias current 1or2 40 A
; . Common-mode
- A VicR input voltage range 3 Vor _2 *! . v
H 1 1.5 .
’ Voo Output ofiset voltage 1 Vip = 0, RL = = 2 1.2 v
~ 1
Vosp Maximum output voltage 1 AL = 2 k0 1or2 2.5 v
peak-to-peak swing .o
[ « Input resistance L 2 8 Co. 134
= o = +.Cqmmon-mode w1 . ’ -
CMRR ..+ 17 . O 31T We = 21V, % e 100 kH2 2 50 soel-e 1 43
_ fejecticn ratio il K . cart
' XsvR ’.S_upply voltage rejection N AVee s = :'0.5 v, 2 50 as
i ratio {AV¢c/aVyg) AVee- = 205V
. Maximum output L e rremeen s are
" sikimax) oy current . : 2N 25 ma
: Ice Supply current 1 No load, No signal 1.2,0r3 27 mA

¥ The gain option is selected as lollows:
Gain Option 1 .. Gain Adjust pin 1A is connected to pin 18; pins 2A and 28 are open.. °
Gain Option 2 . . Gain Adjust pin 2A Is connected to pin 28; pins 1A and
qir_s Adjust gins are open. T T . R
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DIFFERENTIAL VIDEO AMPLIFIERS

TYPES NE592, NEB92
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. TYPES SE592, NE592,-NE5I2A
DIFFERENTIAL VIDEQ AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION
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