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VIDEO AND AUDIO TRANSMISSION VIA COAXIAL CABLE
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Education year 2000

ABSTRACT

This thesis is concerned with the study of video gnd audio signal transmission system using
coaxial cable. The system consists of many component circuits such as modulator, demodulator s
oscillator and filters. The system is based on amplitude modulation of video signal with 16 MHz
carrier generated by MAXO038 oscillator circuit 8 MHz and it was multiplied by doubler circuit to 16
MHz carrier, audio signal is modulated with 5.5 carrier by frequency modulation tl}en i\M and FM
signal are multiplexed by summing circuit. Demodulated signal are passed bandpass filter separated
AM and FM signal. The AM demodulate passed lowpass filter 5 MHz again to filter only video signal
and transmitted to monitor.The FM demodulated signal are passed low pass 15kHz to filter only audio

signal and transmitted to speaker.
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whnsMuio 2 W5 ldiueginalilfe msuequamana (Phasemodulation : PM) uAzNITUBY
a . 2 3 Qci:\yo A w @ Ad,
DANNAIUA (Frequency Modulation: FM) 49192 25 timmualiindnnsasae 1o
4 E & ; "
1) PM ﬁ]uﬂszmnﬁuwmmsnaamﬁmmu Tagh 00 senffeunasuFaduly

v o 4 o
AUAYRNADALLUA m() Fawaaazr 1dF
O®m =27tk m@ (2.26)

4 Zdar ) ' A R
Mo 27T, t udAsyuARLIYRGY Timsuegqinn uazA R k 1ead phase sensitivity VBINDYIA
) 4 .; ar 4 g
woslumizosdow Ty luiificund$ me) Whundulugilves hamavimediumsazaini
actr & Py L7=Y o’: s 3 &
auuANYBIRaUN IS hiimsuegoaauaums 225 vuugudi « = oaxhudouans

phase-modulated wave s(t) TuTasmnaaz 1
s(h  =A, cos [2TUf, t+k, m(1)] (227)

= 4 4 X 4 4
2) FM ifluBnilszinmmilivesmsveqmanayy Fennwd lusaznita £ (t) wulasu

wlasuFaudu I fudganammund mo Fwaaslaaei
f ) =1+ km(t) (2.28)

meu f, Li’_lummﬁmmﬂﬁumﬁﬁﬁﬂﬁﬁmma@mﬂ AR k, il frequency sensitivity
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NANEBIYNUAIUNIINT Y 27T 9214
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O = 27 o+ 27k, | m(oat (2.29)
0
A d'c:’ a s A Ao (=1 St s e’: A
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SO = A, cos [2TF, t+ 27Tk, | m()dt] (230)
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] 9
modulating wave NtHudnuaizane lasfimualiiudail
m(t) =A cos (27Tf t) 23D

a 2 4 o 2
22 1d2993anud luvnerinveiniy FM fatl

ft) =f +k A, cos(2TTf t) (2.32)
=f + Afcos Q@Te 1)
Tneii Af =k A, (2.33)

a 4:’ v J 1 a R 2 v
Usuas Af Hlazgniondt Anlisaunud (frequecy deviation) FIUAAITLETHINGIGAVDN £, (1)
4 a - & 4 M QI =
nnAduNY £ guauladssduvesniu FM fAe Af wwifudadiulasaseiuueuilgaues
. '&’ T 9 .
modulating wave Wag 92 11j1egi A1 modulating frequecy
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NNAUMT 225 uag 2.32 92 layuves O, Al



24

Bm =27 Jrwa

0

=27TE (1) + (Af/ £) sin(2TTE, 1) (2.34)

Taoa ldasidauszning Af uaz £, szgaSendiaatinisusgian (modulation index) ¥BIARY

FM Fesmua iy B sauez@oldin

B=Art, (235)
uazvINAUMS 2.34 9214

B =27+ PsinTE, 1) (2.36)

=4 91 q’/‘ a J o
nATums 225 wmulan lunmemeamtunsiiees B szuaasindosuuniana
YpInaU FM tufpszozaugeunsyw 0,0 Negviteainyw 2705, t veenaunw i lilinsuoqion

v b 4 b 4
Smsuadu FM Yuernsouans 1aasaunisae Talil
s(t)  =A, cos [27Cf, t+ Bsin(27TE, 1) ] (2.37)

b A -4 v e A e ~
sz fuunniu FM sen ldiiudesnsdl Instiuegiusves B fAede P TanleoSon
¥ t§ a v T & \ = \l
1 FM uuuAuAL(narrow-band FM) 92i@outedn NBFM wagile B SannniSondt FM uuus
. £ = U - Y a - ~ @
M9 (Wide-band FM) 9499219818931 WBFM YNUIUIBMNGUNY 1 (SIATUYNTDINITD f‘hmnmawa
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27t

= Re[s’ (t) e ] (2.38)
2 d.dy . 4 < o Y o t:ly
waluiil s() tilu complex envolope ¥BIATU AM Taofmua lviTugai]
5 jﬂs'm(zﬁrmz)
() =Ae (2.39)
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TegluzlveseynsuSosuvudedon1geei

a
j2TT
5'(t) =g B P (2.40)
n= -0
Y a 4 AT W ;
YITUYILANT ¢ AT

1/2fm

c Sf Is’(t) & LR 3

-1/25m

172fm

=f A [ PacaTem - 2T (2.41)

-1/2fm

A o Tes 4
mennuazaInsIua i

X =27Tf 1 (2.42)
Qs 3 4‘{ =t Q 1 9
AsBRiguaums 2.41 ladezla

T
c —(aam) ] ¢ P04 (2.43)

n
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Y ¥ ) ’ y
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gndmualidiu 1 (B) ude
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1B —am Jo Prem g (2.44)
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c, =AJ(B) (2.45)

v
WU 2.46 agbuaunms 2.40 3218 s(t) Tlumeuvod Bessel function §139t)

03
0 =AZIBe ™ (2.46)

= 2L

ao Ilunuseaunis 2.46 asluaums 2389219

a
SO =A Re[ZI(Be TTEY 2.47)
Y]

AR UNOUAUYDINITI VLA A WDINONSIN WV NUDUeIaUMS 2.47 9218

[0
s  =A_ Re[2I(B)cos[27T(E, + nf )] (2.48)
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b4 3 3
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M) =(A2) [ZIPNOCE £, - nf )+ O +£ +nf,)] (2.49)
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Bessel function J(3) e [ fifde 9 Wuswwduuinyes n uaaslideiz.19 uazanse
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1B =P (2.51)

1B =o>1
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3) o

B (5) =1 (2.52)
n=200
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. = 2Af+21,
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b 4
AnuduRUTAINAUMIAEINS 2.53 T3 nguesnsau (carson’s rule)

2.1.5 nswanndveisy

Fasiiesdulumsninniu eWisy wlieg 2 TmsfoeWDUNIAT (direct FM) wag
woNiBumede (Indirect FM) FeaznanisoazBoadase 115

2.7.5.1 msandueriSulasmaden (indirect FM)

umsadreaduenidy lnemeden ﬁﬂmsﬁ%’n?iyumma%snﬂﬂue@mmaﬂﬂﬂﬁfgrgm
m()ezResreesduiinsaneu dauanslugi2 20 iy Idnnmavequine fazifiu NBEM
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t

s() = A, cos [27Tf, t+ 27Tk, | m(odt] (2.55)
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31U 2.20 mswaanau FM Taedtoou

Tuiil f, Wuaudues crytal-controlled oscillator Uaz k, WumNnsdl §1 m@) Wudnvmzadu

d Y '3 [ cs’
UG U MNNYD s (1) 9iTiueil
s = A, cos [27TTf, t+ 3,sin(27TE, 1)] (2.56)

A o = 4 s = § 4 o a v &
Tuinil B, dudaiimsuegasslisnios (B> 0.3 15@ou) ieiiszi iiamwsuieuiseiaga

A 4 o { @ 2 = & P
wedernulldnsauanuie ladyanudalinnud n v ezl WBEM auiidesms

1

s(t) = A_cos [27Tf t + 27Tk, I m(t)dt] @57

0

N £, =nf, a3t m() Wuaduaned wilouaums 2.57 Tnai @it

c

s() = A, cos [27Tf, t + Bsin(27TE, 1)] (2.58)

& ’ P ° , ’ H
39 3 =nf, madens n imunzauiiensszdmusmiganoves B 1diimla q aundeims1d
2.7.52 mswannan ooy Taunsa (direct FM)
g 3 ; i
Tuszuw direct FM anubvuznilvesnduniezniaounaslaoase Tfuduaname
¥
uuud Inems192993 Voltage Controlled Oscillator (VCO) 5tz [esadammesuudnyas
/2 a a a 44 4 ' o
FIOUFIT Q 9 uazAmIURUMIBBAFANA Insmsudsuuasiiuiuedvauuasvesginsals
a o v ; 1Y 2 ﬂ o o a o an o a o
upniivl fedniiudasaugi221 Fullusinodesasammes auudiginsel anhFuaud
o = ) N ) Qs . .
hm*nsm‘nuﬂmmn‘ﬂizﬂﬂuﬁ"wmﬂwmm mnmﬂqﬁﬁmmuagﬂn voltage varible capacitor

1 9y
wasuvesmauyimualiiiu o) dalugl2.21 Taenalal voltage variable capacitor figniFen
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4

3 g = wa o o v a g @ v
71 varactor N30 varaicap Ineliguauianiuegiu lameanaseudanlase A10019U8aLIA

afdyd . . & Y a @ 9 A a a
wosian laloauuy pn junction Fetleuludalunmmeaseaiudnu e Taawaniloulunams

¥ v

o a L. N a a o
AN WETIUIZT  transition capacitance ¥041aToatiooas AnudlumsesaFamesiy
Hartley #1312.21 uaaelng

12

£, =127, ) CH] (2.59)

2 a 4 a o ~ . a W L4
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£, =f,[1-(AC2C)cos2TE 1] (2.63)
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T(s)= [(WRIR2CIC2)V/{s+s[(/RICTHI/R2CI)H1-K)/R2C2IH1/RIR2CIC2)} (3.1)
o lnSeufeutuaunsgiialy

T6)  =k®,/[s*H®/Q)sHD,’] (3.2)
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R g 82 83 84 &s 86 81 8s 8y 8o
1 dB
1 1.000 1.018
2 0.376 1.822 0.685
3 1.000 2.024 0.994 2.024
4 0.376 2.099 1.064 2.831 0.789
5 1.000 2.135 1.091 3.001 1.091 2.135
6 0.376 2.155 1.104 3.063 i.152 2.937 0.810
7 1.000 2.167 1.112 3.094 1.174 3.094 1.112 2.167
8 0.376 2.174 1.116 3.111 1.184 3.149 1.170 2.969 0.818
9 1.000 2.180 1.119 3.121 1.190 3.175 1.190 3,121 1.119 2.180
10 0376 2.184 1.121 3.129 1.193 3.189 1.199 3.174 1.176 2.982 0.821
0.1 dB
1 1.000 0.305
2 0.738 0.843 0.622
3 1.000 1.032 1.147 1.032
4 0.738 1.109 1.306 1.770 0.818
) 1.000 1.147 1.371 1975 1.371 1.147
6 0.738 1.168 1.404 2.056 1.517 1.903 0.862
7 1.000 1.181 1.423 2.097 1.573 2.097 1.423 1.181
8 0.738 1.190 1.435 2.120 1.601 2.170 1.564 1.944 0.878
9 1.000 1.196 1.443 2.135 1.617 2.205 1.617 2.135 1.443 1.196
10 0.738 1.200 1.448 2.144 1.627 2225 1.642 2.205 1.582 1.963 0.885
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LM6162

General Description

The LM6162 family of high-speed amplifiers exhibils an ex-
cellent speed-power product, delivering 300 V/ps and
100 MHz gain-bandwidth product (stable for gains as low as
+2 or —-1) with only 5 mA of supply current. Further power
savings and application convenience are possible by taking
advantage of the wide dynamic range in operating supply
voltage which extends all the way down to +5V.

These amplifiers are built with National's VIP™ (Verticaily In-
tegrated PNP) process which provides fast transistors that
are true complements to the already fast NPN devices. This
advanced junction-isolated process delivers high speed per-
formance without the need for complex and expensive di-
electric isolation.

Features

m High slew rate: 300 Vips

May 1999

National Semiconductor

High Speed Operational Amplifier

a High gain-bandwidth product: 100 MHz
= Low supply current: 5 mA

u Fast settling time: 120 ns to 0.1%

a Low differential gain:  <0.1%

u Low differential phase: <0.1°

® Wide supply range: 4.75V to 32V

a Stable with unlimited capacitive load

a Well behaved; easy to apply

Applications

& Video amplifier

® Wide-bandwidth signal conditioning for image
processing (FAX, scanners, laser printers)

® Hard disk drive preamplifier

® Error amplifier for high-speed switching regulator

Connection Diagrams

10-Pin Ceramic Flatpak

ver—e Pk
Vos ADJ’JS(:i :: Vgg ADJUST
VNPT ] LM6162W v
NOK-INY INPUT T == Veurput
v-— 3 e
DSC11061-15
Top View

See NS Package Number W10A

Vac

Agjust Ve Yout N/C
el ol o] s
e N|F
3 NV N v-

szust neut inout

050110612

See NS Package Number NO8E or JOBA

Temperature Range Package NSC
Military Industrial Commercial Drawing
-55'C < T, £+125°C —25'C < T, <+85°C 0C<T,<+70°C
LMB162N ’ 8-Pin Molded DIP NO8E
LM6162J/883 8-Pin Ceramic DIP JOBA
5962-9216501PA
LM6162WG/883 10-Lead Ceramic SOIC WG10A
I15962-9216501XA ]

VIP™ 15 a tademark of National Semiconductor Comoraton

© 1999 National Semiconductor Corporation DS011061

www.national.com
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering
surface mount devices.

Storage Temperature Range

-65'C < T, <+150°C

Distributors for availability and specifications.

Max Junction Temperature 150°C
Supply Voltage (V*-V") : v ESD Tolerance (Note 5) +1100V
Differential Input Voltage (Note 2) 8V
Common-Mode Input Voltage (V*-0.7V) to Operating Ratings
(Note 3) (V™ +0.7V)
Output Short Circuit to GND Temperatiire Range:(Note 6) ’ .
(Note 4) P — LM6162 -55'C<T,<+125°C

Supply Voltage Range 4.75V to 32V

Soldering Information
Dual-in-Line Package (N)

Soldering (10 seconds) 260'C
Small Outline Package (M)

Vapor Phase (60 seconds) Z15°C

Infrared (15 seconds) 220°C

DC Electrical Characteristics
These limits apply for supply voltage = £15V, V,, = OV, and R_ 2 100 k€, unless otherwise specified. Limits in standard
typeface are for T, = T, = 25'C; limits in boldface type apply over the Operating Temperature Range.

Typical LM6162
Symbol Parameter Conditions (Note 7) Limit Units
(Note 8)
Vos Input Offset Voltage 13 243 mV
8 max
AVos Input Offset Voltage 7 pvrc
ATemp Average Drift
loias Input Bias Current 22 3 HA
6 max
los Input Offset Current +150 +350 nA
+800 max
Alos Input Offset Current 0.8 nAI'C
m Average Drift
Ry Input Resistance Differential 180 kQ
Cin Input Capacitance 2.0 pF
Avor Large Signal Vour = 210V, R = 2 kQ 1400 1000 VIV
Voltage Gain (Note 9) 500 min
R = 10kQ 6500 Vv
Vem input Common-Mode Supply = £15V +14.0 +13.9 \
Voltage Range +13.8 min
' 132 -12.9 v
sN2.7 max
Supply = +5V 4.0 39 v
(Note 10) 3.8 min
1.6 1.8 \%
2.0 max
CMRR Common-Mode =10V £ Ve < +10V 100 83 dB
Rejection Ratio 79 min
PSRR Power Supply £10V < Vg < 216V 93 83 dB
Rejection Ratio 79 min

3 J www.national.com



DC Electrical Characteristics (continued)

These limits apply for supply voltage = 15V, V¢ = 0V, and R, 2 100 kQ, unless otherwise specified. Limits in standard
typeface are for T, = T, = 25°C; limits in boldface type apply over the Operating Temperature Range.

Typical LM6162
Symbol Parameter Conditions (Note 7) Limit Units
' (Note 8)
Vo Output Voltage Supply = 215V, R_ = 2 kQ +14.2 +13.5 \
Swing +13.3 min
-13.4 -13.0 \
=12.7 max
Vo Output Voltage Swing Supply = +5V and 4.2 35 \Y
R_ = 2 kQ (Note 10) T 33 min
143, 1.7 \
2.0 max
losc Output Short Sourcing 65 30 mA
Circuit Current 20 min
Sinking 65 30 mA
20 min
lg Supply Current 5.0 6.5 mA
6.8 max

AC Electrical Characteristics

These limits apply for supply voltage = *15V, V¢, = 0V, R 2 100 k€, and C_ < 5§ pF, unless otherwise specified. Limits
in standard typeface are for T, = T, = 25°C; limits in boldface type apply over the Operating Temperature Range.

Typical LM6162
Symbol Parameter Conditions (N7o)le Limit Units
(Note 8)
GBW Gain-Bandwidth Product f =20 MHz 100 80 MHz
55 min
Supply = 5V 70 MHz
SR Slew Rate A, = +2 (Note 11) 300 200 Vius
180 min
Supply = 5V 200 Vips
PBW Power Bandwidth Vour = 20 Vee 45 MHz
193 Settling Time 10V step, to 0.1% 100 ns
Ay = -1, R = 2kQ
O Piase Margin A, = +2 45 deg
Dillerential Gain NTSC, A,/=%2 <0.1 %
Differentia: Phase NTSC, A, = +. <0.1 deg
e, | Input Noise Voltage f =10 kHz 10 nVIVHz
in | input Noise Current f= 10 kHz ros 12 pANHzZ

Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the de-
vice beyond its rated operating conditions.

Note 2: The ESD protection circuitry between the inputs will begin to conduct when the cifferential input voltage reaches 8V.

Note 3: a) In addition, the voltage between the V™ pin and either input pin must not exceed 36V.

b) When the voltage applied to an input pin is driven more than 3V below the negative supply pin voltage, a substrate diode begins to concuct. Curr~nt through this
pin must then be kept less than 20 mA to limit damage from seli-heating

Note 4: Although the output current is internally limited, continuous short-circuit operation at elevated ambient temperature can resultin exceeding the maximum al-
lowed junction temperature of 150°C

Note 5: This value is the average voltage that the weakest pin combinations can withstanc and still conform to the datasheet limits. The test circuit used consists
of the human body model, 100 pF in series with 15004

Note 6: The typical thermal resistance, junction-to-ambient, of the molded plastic DIP (N package) is 105'C/W. For the molded plastic SO (M package). use
155°C/W. All numbers apply for packages soldered directly into a printed circutt board

Note 7: Typical values are for T; = 25°C, and represent the most likely parametric norm

Note 8: Limits are guaranteed, by lesting or correlation

www.national.com’ 4



AC Electrical Characteristics (continued)

Note 9: Voltage Gain is the total output swing (20V) divided by the magnitude of the input signal required tc produce that swing.

Note 10: For single-supply operation, the following conditions apply: V' = 5V, V™ = OV, Vcy = 2.5V, Vour = 2.5V. Pin 1 and Pin B (Vs Adjust pins) are each con-
nected to pin 4 (V") to realize maximum output swing. This connection will increase the offset voltage.

iote 11: Vi = 10V step. For 5V supplies, Vy = 1V step.

Note 12: A military RETS ical test

on request

Typical Performance Characteristics r_= 10k, T, = 25°C unless otherwise noted
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Typlcal Performance Characteristics r_ = 10 ka. T, = 25°C unless otherwise noted (Continued)

Output Impedance
(Open-Loop)
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Differential Gain (Note 13)
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Differential Gain (Note)

DS011061-5

Note 13: Differential gain and differential phase measured for four series LM6162 op amps configured with gain of +2 each. in series with a 1:16 attenuator and an
LM6321 buffer. Eror added by LM6321 is negligible. Test performed using Tektronix Type 520 NTSC test system

Step Response; Av = +2

OUTPUT (V1 div)

INPUT (1V/div)
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Typical Performance Characteristics r_= 10k, T, = 25'C unless otherwise noted (Continued)
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Simplified Schematic

Application Tips

The LM6162 has been decompensated for a wider
gain-bandwidth product than the LM6361. However, the
LM6162 still offers stability at gains of 2 (and —1) or greater
over the specified ranges of temperature, power supply volt-
age, and load. Since this decompensation involved reducing
the emitter-degeneration resistors in the op amp's input
stage, the DC precision has been increased in the form of
lower offset voltage and higher open-loop gain.

Other op amps in this family include the LM6361, LM6364,
and LM6365. If unity-gain stability is required, the LM6361
should be used. The LM6364 has been decompensated for
operation at gains of 5 or more, with corresponding greater
gain-bandwidth product (125 MHz, typical) and DC preci-
sion. The fully-uncompensated LM6365  offers
gain-bandwidth product of 725 MHz, typical, and is stable for
gains of 25 or more. All parts in this family, regardless of
compensation, have the same high slew rate of 300 V/us
(typ).

The LM6162 is unusually lolerant of capacitive loads. Most
op amps tend to oscillate when their load capacitance is
greater than about 200 pF (in low-gain circuits). However,
load capacitance on the LM6162 effectively increases its
compensation capacitance, thus slowing the op amp's re-
sponse and reducing its bandwidth. The compensation is not
ideal, though, and ringing may occur in low-gain circuits with
large capacitive loads.

0S011061-1

Power supply bypassing is not as critical for LM6162 as it is
for other op amps in its speed class. However, bypassing will
improve the stability and transient response of the LM6162,
and is recommended for every design. 0.01 pF to 0.1 pF ce-
ramic capacitors should be used (from each supply “rail” to
ground); if the device is far away from its power supply
source, an additional 2.2 pF to 10 pF of tantalum may be re-
quired for extra noise reduction.

Keep all leads short to reduce stray capacitance and lead in-
ductance, and make sure ground paths are low-impecance,
especially where heavier currents will be flowing. Stray ca-
pacitance in the circuit layout can cause signal coupling from
one pin, input or lead to another, and can cause circuit gain
to unintentionally vary with frequency.

Breadboarded circuits will work best if they are built using
generic PC boards with a good ground plane. If the op amps
are used with sockets, as opposed to being soldered into the
circuit, the 3dditional input capacitance may degrade circuit
frequency response. At low gains (+2 or —1), a feedback ca-
pacitor C, from output ‘o inverting input will compens te for
the phase lag c2used by capacitance at the inv2rting input.
Typically, values from 2 pF ¢> 5 pF work .vell; " owever, best
results can be obtained by observing the amplifier pulse re-
sponse and optimizing C, for the particular layout.

www.national.com




Typical Applications

Offset Voltage Adjustment

100k
0S011061-11

+15V

Inverting Amplifier, 30 MHz Bandwidth

0.01 uf

+5V

I”——“—l

S pF
1

A

Vin —AMWA— o
162 Vour

"_J_c_l.m uf
P

05011061.12

£ 4

Operation on *15V supplies results in wider bandwidth, 50 MHz (typ).

Video Cable Driver

r
—

0.01 uTI

* Network required when operating on supply vo!
output of LM6162 directly to input of LME321

2k
p= LME321 Vour
Vin 500
100k* 2R
0.01 yr:—E
= W5y
0S011061-13

ttage over 5V, for overvoltage protection of LM6321. If =5V supplies are used. omit network and connect

www.national.com




0.290
0.320
4
0.180
MAX
‘
50450
959 £5° TYP ”\/’}« _—
c.410
\ 0.006
o012

R0.025 TYP

Physical Dimensions inches (millimeters) unless otherwise noted

0.400 MAX

m\rﬁTm m‘rs‘l1

o

0.220 0.310 WAX
0.291 GLASS

P

| K N R EL R

0.045
=] 0.065 1"
l=— 0.005 GLASS
MIN SEALANT
(L <
0.2¢0 S 2:020
ok 0.060
L=
f T o150
d . 0.125  uIN
| 0.200
90° £ 4° TYP
0.055 uAY — ~
BOTH ENDS |
0.018 £0.032 TYP
e 0.100 £ 0.010 TYF Josa (v 1)

Ceramic Dual-In-Line Package (J)
Order Number LM6162J/883
NS Package Number JOBA

0.373-0.400 B
(9.474 - 10.18)

0.090

0.082 ) 7 0.032 =0 005
23T 4 e13=0127j
AN 02500005 REO N
PIN NO. 1 memN R (6.35+0.127)
Y 1

OPTION 1

Molded Dual-In-Line Package (N)
Order Number LM6162N
NS Package Number NOSE

PINNO 1IDENT—-
Y e

0.040
et e OPTION 2
. .03 0.145-0.200
1a)S {0.991) (3.683 - 5.080)
i
nr A 7 K] L 0il3+0.005
TR ¥ 8302 0477) v
i L gaes—riw g
g50 = & 1 $ (3.175-3.55¢,
. _ / 0.020
0.003-0.015 z : T0E P
{0.229-0.381) i3 b 4
: | 0.018+0.003
] i e
{0.457=0.076)
] e om0 e
(s Zssu.me)  0.100+0.010
EC g (25400.254)
0520015 |
(1.14340.381) 0.060
| |~ 2
0.050 0:
— pains:
o OB eV F1

www.national.com




Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.
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safety or effectiveness.
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Discrete POWER & Signal
‘ Technologies

2N3904 MMBT3904

SOT-23 B
Mark: 1A

PZT3904

soic16 SOT-223

NPN General Purpose Amplifier

This device is designed as a general purpose amplifier and switch.
The useful dynamic range extends to 100 mA as a switch and to
100 MHz as an amplifier. Sourced from Process 23.

Absolute Maximum Ratings* TA = 25°C unless otherwise noted
Symbol Parameter Value Units
Vceo Collector-Emitter Voltage 40 ! Vv
Vceo Collector-Base Voltage 60 \
Veso Emitter-Base Voitage 6.0 \
lc Collector Current - Continuous 200 mA
Ty Tsig Operating and Storage Junction Temperature Range -65 to +150 °C

*. . " . .
These ratings are limiting values above which the serviceability of any semiconductor device may be impaired.

1) These ratings are based on a maximum junction temperature of 150 degrees C. .
2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations.
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NPN General Purpose Amplifier

(continued)
Electrical Characteristics TA = 25°C unless otherwise noted
Symbol Parameter Test Conditions Min Max | Units
OFF CHARACTERISTICS
Viericeo Collector-Emitter Breakdown Voltage lc=10mA,lg=0 40 \Y
Vigriceo Collector-Base Breakdown Voltage lc=10pA, le=0 60 V;
Visrjeso Emitter-Base Breakdown Voltage le=10pA, Ic =0 6.0 Vv
laL Base Cutoff Current Vee=30V, Vg =0 50 nA
lcex Collector Cutoff Current Vce=30V,Vegg=0 50 nA
ON CHARACTERISTICS*
hee DC Current Gain lc=0.1mA, Vee = 1.0V 40
lc=1.0mA, Ve = 1.0V 70
lc=10mA, Vce = 1.0V 100 300
lc=50mA, Ve = 1.0V 60
Ilc=100 mA, Ve = 1.0V 30
Vee(san Collector-Emitter Saturation Voltage lc=10mA, lg=1.0mA 0.2 \%
Ic =50 mA, lg = 5.0 mA 0.3 \Y
Vae(sat) Base-Emitter Saturation Voltage lc=10mA, lg=1.0mA 0.65 0.85 \
Ic =50 mA, lg = 5.0 mA 0.95 V
SMALL SIGNAL CHARACTERISTICS
fr Current Gain - Bandwidth Product lc=10mA, Vce =20V, 300 MHz
f= 100 MHz
Cobo Output Capacitance Vee=5.0V, =0, 4.0 pF
f=1.0 MHz
Ciba Input Capacitance Veg=0.5V, Ic =0, 8.0 pF
f=1.0 MHz
NF Noise Figure (except MMPQ3904) lc = 100 MA, Ve = 5.0V, 5.0 dB
Rs =1.0kW, f=10 Hz to 15.7 kHz
SWITCHING CHARACTERISTICS  (except MMPQ3904)
ty Delay Time Vee=3.0V, Vge =05V, 36 ns
A Rise Time le =10 mA, lg1 = 1.0 mA 35 ns
& Storage Time Vee =3.0Y, Ic = 10mA | 200 ns
Fall Time g1 = In> = 1.0 MA l 5C ns

*Pulse Test: Pulse Width< 300 ps, Duty Cycle< 2.0%

Spice Model

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

(continued)
Thermal Characteristics TA = 25°C unless otherwise noted
Symbol Characteristic Max Units
2N3904 *PZT3904
Po Total Device Dissipation 625 1,000 mwW
Derate above 25°C 5.0 8.0 mW/°C
Rq,c Thermal Resistance, Junction to Case 83.3 °C/W
Rd“ Thermal Resistance, Junction to Ambient 200 125 °C/W
Symbol Characteristic Max Units
“*MMBT3904 MMPQ3904
Po Total Device Dissipation 350 1,000 mw
Derate above 25°C 2.8 8.0 mW/°C
Rd" Thermal Resistance, Junction to Ambient 357 °CW
Effective 4 Die 125 ‘Cw
Each Die 240 °C/W

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

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

Typical Characteristics
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NPN General Purpose Amplifier

(continued)
Typical Characteristics (continued)
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NPN General Purpose Amplifier

(continued)

Typical Characteristics (continued)

Tum-On Time vs Collector Current Rise Time vs Collector Current
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NPN General Purpose Amplifier

(continued)

Test Circuits
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— 106V
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FIGURE 1: Delay and Rise Time Equivalent Test Circuit
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FIGURE 2: Storage and Fall Time Equivalent Test Circuit
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OTOROLA |
SEMICONDUCTOR TECHNICAL DATA 2.% \.l’ .o,

Phase-Locked Loop MC74HC4046A

High—Performance Silicon—Gate CMOS

The MC574HC4046A is similar in function to the MC14046 Metal gate
CMOS device. The device inputs are compatible with standard CMOS ‘K PLAS%%:U:::;):(AGE
. . . - 16
outputs; with pullup resistors, they are compatible with LSTTL outputs. CASE 64808
The HC4046A phase—locked loop contains three phase comparators, a 1
voltage—controlied oscillator:(VCO) and unity gain op-amp DEMQyT. The
comparators have two common signal inputs, COMP|N, and SIG|N. Input :
SIG|N and COMP N can be used directly coupled to large voltage signals, or % D SUFFIX
indirectly coupled (with a series capacitor to small voltage signals). The 16\@&’“ SOIC PACKAGE
self-bias circuit adjusts small voltage signals in the linear region of the 1 CASE 751B-05

amplifier. Phase comparator 1 (an exclusive OR gate) provides a digital error
signal PC1oyT and maintains 90 degrees phase shift at the center
frequency between SIG|N and COMP| signals (both at 50% duty cycle). )
- Phase comparator 2 (with leading—edge sensing logic) provides digital error MOTAHCAXXXAN  Plastic
signals PC2oyT and PCPoUT and maintains a 0 degree phase shift MEAHCeoonD  SOI0
between SIG|N and COMP signals (duty cycle is immaterial). The linear

ORDERING INFORMATION

VCO produces an output signal VCOQ T whose frequency is determined by

the voltage of input VCO | signal and the capacitor and resistors connected
to pins C1A, C1B, R1 and R2. The unity gain op—amp output DEMoyT with PIN ASSIGNMENT
an external resistor is used where the VCO|p signal is needed but no loading

can be tolerated. The inhibit input, when high, disables the VCO and all PCPou [} 6§ vec
op—amps to minimize standby power consumption. PClou [ 2 15 [ PC34y

Applications include FM and FSK modulation and demodulation, frequen- compi, [ 3 14 [ SIGjq
cy synthesis and multiplication, frequency discrimination, tone decoding, VCOu Il 130 pC
data synchronization and conditioning, voltage-to—frequency conversion ol Zout
and motor speed control. INH [ 5 12 [J.R2
e Output Drive Capability: 10 LSTTL Loads CiA[] 6 11 ] Rt
o Low Power Consumption Characteristic of CMOS Devices cisl 7 10 [ DEMgys
¢ Operating Speeds Similarto LSTTL

A 4 ) GND ] 8 9 [ veop,

< Wide Operating Voltage Range: 3.0t0 6.0 V

¢ Low Input Current: 1.0 pA. Maximum (except SIGjy and COMP|N)

e In Compliance with the Requirements Defined by JEDEC Standard
No. 7A

« Low Quiescent Current: 80 pA Maximum (VCO disabled)
o High Noise Immunity Characteristic of CMOS Devices
< Diode Protection on all Inputs

Chip Complexity: 279 FETs or 70 Equivalent Gates

Pin No. Symbol Name and Function
1 PCPayUT Phase Comparator Pulse Cutput
2 PClouT Phase Cemparator 1 Output
3 COMPN Comparator Input
4 VCOouT VCO Output
S INH Inhibit Input
6 C1A Capacitor C1 Connection A
7 c1B Capacitor C1 Connection B
8 GND Grouna (0 V) Vgg
9 VCON VCO Input
10 DEMouT Demodulator Output
11 R1 Resistor R1 Connectinr
12 R2 Resistor R2 Connection
13 PC20uT Phase Cemparator 2 Output
14 SIGIN Signal Input
15 PC30ouUT Phase Comparator 3 Output
16 Vce Positive Supply Voltage

10/95
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VAXIMUM RATINGS*

MC74HC4046A

Symbol Parameter Value Unit This device contains protection
v DC Supply Voltage (Referenced to GND ~051t0+7.0 v circuitry to guard against damage
8 cc BPY ge ) 2Je te high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15toVgc+15]| V fields. However, precautions must
i be taken to avoid applications of any
tput Vol -0. Vv 0.5 \ -
Vout | DC Output Voltage (Referenced to GND) 0.5to Ve + voltage higher fhan masximum raled
lin DC Input Current, per Pin +20 mA voltages to this high—impedance cir-
8 - cuit. For proper operation, Vi and
] lout DC Output Current, per Pin +25 mA Vout should be constrained to the
Icc DC Supply Current, Vo and GND Pins ‘*+50 mA range GND < (Vi or Vout) < V.
- A s g W Unused inputs must always be
Pp ‘Power Dissipation in Still Air .P(asttc DIPt 750 m tied to an appropriate logic voltage
SOiC Packaget 500 level (e.g., either GND or V).
Tstg | Storage Temperature -65t0 + 150 °C Unused outputs must be left open.
T Lead Temperature, 1 mm from Case for 10 Seconds °C
‘\ Plastic DIP and SOIC Packaget 260
" Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
il Derating — Plastic DIP: — 10 mW/°C from 65° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
irer nigh frequency or heavy load considerations, see Chapter 2.
FRECOMMENDED OPERATING CONDITIONS
| Symbol Parameter Min Max | Unit
| Ve | DC Supply Voltage (Referenced to GND) Bl \ B -
] Voo DC Supply Voltage (Referenced to GND) NON-VCO 2.0 6.0 \
| Vin. Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vce \%
1 Ta Operating Temperature, All Package Types 001 26\ 0 C
1 tr 4 Input Rise and Fall Time Vecc=20V 0 1000 ns
(Pin 5) Vec=45V | 0 500
Vcc =60V 0 400
|
[Phase Comparator Section]
v
iDC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
: ‘ Guaranteed Limit
Vce -55to
'Symbol Parametar Test Conditions Volts 25°C <85°C <125°C | Unit
| Vin | Minimum High—Level Input Vout=0.1VorVes- 04V 2.0 75 1.5 15 v
Voltage 0~ Coupled loyut! €20 pA 4.5 3.15 3.15 3.15
SIG|N, COMP 6.0 42 42 4.2
ViL Maximum Low-Level Input Vout=0.1VorVec-0.1V 2.0 0.5 0:5 0.5 v
Voltage DC Coupled llout! €20 pA 4.5 135 1.35 1.35
SIG|N, COMPp; 6.0 1.8 1.8 1.8
VOH | Minimum High-Level Vin = Vi or Vi 2.0 1.9 1.9 1.9 v
Output Voltage loyut! €20 pA 4.5 4.4 4.4 4.4
PCPoyT, PCnoyT 6.0 5.3 5.9 59
Vin = ViH or Vi
lout! <4.0mA 45 3.98 3.84 3.7
lout! £5.2mA 6.0 5.48 5.34 5.2
(continued)

ligh-Speed CMOS [ ogic Data
)| 190 Clyserd
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L |

hase Comparator Section]
. ELECTRICAL CHARACTERISTICS — continued (Voltages Referenced to GND)

Guaranteed Limit
Vce -55to
ymbol Parameter Test Conditions Volts 25°C <85°C <125°C | Unit
VoL Maximum Low—Level Vout=0.1VorVgg-0.1V 20 0.1 0.1 0.1 \Y
Output Voltage Qa—-Qh llout! £20 pA 4.5 0.1 0.1 0.1
PCPouUT. PCnouT 6.0 0.1 0.1 0.1
Vin=VIH orViL
ligytl <4.0 mA 4.5 0.26 0.33 0.4
lloyt! £5.2mA 6.0 0.26 0.33 0.4
lin Maximum Input Leakage Current | Vijq = Vcc or GND 2.0 +3.0 +4.0 +5.0 HA
SIG|N. COMPN 3.0 +7.0 +9.0 +11.0
45 +18.0 +23.0 +27.0
6.0 +30.0 +38.0 +45.0
ioz Maximum Three—State Output in High—Impedance State 6.0 +0.5 +5.0 +10 pHA
Leakage Current Vin=ViH or Vi
PC20UT Vout = Vo or GND
o Maximum Quiescent Supply Vin = Vcc or GND 6.0 4.0 40 160 HA
Current (per Package) Hout! =0 pA
(VCO disabled)
Pins 3,5and 14 at Ve
Pin 9 at GND; Input Leakage at
{ Pins 3 and 14 to be excluded
E)"FE: Infdrmation on typical parametric values can be found in Chapter P
phase Comparator Section]
> ELECTRICAL CHARACTERISTICS (C(_= 50 pF, Input {; = t; = 6.0 ns)
Guaranteed Limit
Vce
3ymbol Parameter Volts —-55t025°C <85°C <125°C | Unit
tPLH. Maximum Propagation Delay, SIGiN/COMP N to PCI1oUT 2.0 175 220 265 ns
tPHL (Figure 1) 4.5 35 44 53
6.0 30 37 45
tPLH. Maximum Propagation Delay, SIG|n/COMP N to PCPoUT 2.0 340 425 510 ns
BHL (Figqure 1) 4.5 68 85 102
6.0 58 72 87
PLH. Maximum Propagation Delay, SIGIN/COMPn to PC3ouT 2.0 270 340 405 ns
PHL (Figure 1, : 4.5 54 68 81
6.0 46 58 69
pLz. Maximum Propagation Delay. SIG|n/COMP |y Output 2.0 200 250 300 ns
tPHZ Disable Time to PC2qyT (Figures 2 and 3) 4.5 40 50 60
6.0 34 43 S
tPZH. Maximum Propagation Delay, SIG|nN/COMP Outpat 2.0 230 290 345 ns
tpZL Enable Time to PC2oyT (Figures 2 and 3) 4.5 46 58 69
6.0 39 49 59
TLH Maximum Output Transition Time 2.0 75 95 110 ns
tTHL (Figure 1) 45 15 19 22
‘ 6.0 13 16 19
|
AOTOROLA 3-592 High-Speed CMOS Logic Data
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ICO Section]
'C ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)

Guaranteed Limit
Vce -55to
Symbol Parameter Test Conditions Volts 25°C <85°C <125°C Unit
ViIH Minimum High-Level Vout=0.1VorVoc-0.1V 3.0 21 2.1 2.1 \
Input Voltage lloutl €20 pA 4.5 3.15 3.15 3.156
INH 6.0 4.2 4.2 4.2
ViL Maximum Low-Level Vout=0.1VorVcc-0.1V 3.0 0.90 0.9 0.9 \
Input Voltage llgut! €20 pA 4.5 1.35 1.35 1.35
INH 6.0 1.8 1.8 : 1.8
VoH | Minimum High-Level Vin=ViHqor V|L . 3.0 1.9 1.9 1.9 \
Output Voltage llout! €20 pA 45 4.4 4.4 44
VCOouT 6.0 5.9 5.9 5.9
Vin = Vi or Vi
llout! £4.0mA 4.5 3.98 3.84 37
llout! £5.2mA 6.0 5.48 5.34 5.2
VoL | Maximum Low-Level Vout=0.1VorVcc-0.1V 3.0 0.1 0.1 0.1 \
Output Voltage llout! €20 pA 45 0.1 0.1 0.1
VCOQUT 6.0 0.1 0.1 0.1
Vin = ViH or ViL
lloutl £4.0mA 4.5 0.26 0.33 04
llout! €5.2mA 6.0 0.26 0.33 0.4
lin W Maximum Input Vin = Vo or GND 6.0 0.1 1.0 1.0 uA
Leakage Current
INH, VCOyny e
Min | Max | Min Max | Min | Max g
Vo Operating Voltage Range at INH =V 3.0 0.1 1.0 0.1 1.0 0.1 1.0 v T
‘ IN VCOyn over the range 4.5 0.1 253 0.1 2% 0.1 25
specified for R1; For linearity 6.0 0.1 4.0 0.1 4.0 0.1 4.0
see Fig. 15A, Parallel value of
R1 and R2 should be > 2.7 kQ
|R1 Resistor Range 3.0 3.0 300 3.0 300 3.0 300 KQ
45 3.0 300 3.0 300 3.0 30C
6.0 3.0 300 3.0 300 3.0 300
‘ R2 3.0 3.0 300 3.0 300 3.0 300
‘ 4.5 3.0 | 300 | 3.0 | 300 | 3.0 | 300
1 6.0 3.0 300 3.0 300 3.0 300
|C1 Capacitor Range 3.0 40 .—N: pF
4.5 40 Limit
6.0 40
{igh-Speed CMOS Loaic Data 39593 MOTOROLA ‘
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[VCO Section]
AC ELECTRICAL CHARACTERISTICS (C|_ = 50 pF, Input t; = t{ = 6.0 ns)

Guaranteed Limit
--55 ta 25°C <85°C <125°C
Yoo
Symbol Parameter Volts | Min | Max | Min | Max | Min | Max | Unit
AT Frequency Stability with 3.0 YolK
Temperature Changes 4.5
(Figure 13A, B, C) 6.0
fo VCO Center Frequency 3.0 3 MHz
(Duty Factor = 50%) 4.5 11
(Figure 14A, B, C, D) 6.0 13
AIVCO | VCO Frequency Linearity 3.0 See Fio_-es 15A, B, C %
4.5
6.0
dVCO | Duty Factor at VCOQuT 3.0 Typeal 50% %
4.5
6.0
[Democdulator Section]
DC ELECTRICAL CHARACTERISTICS
Guaranteed Limit
-55t025°C <85°C <125°C
Vee
Sy?ﬁbol Parameter Test Conditions Volts | Min | Max | Min | Max | Min | Max | Unit
RS Resistor Range At RS > 300 kQ the 3.0 50 300 kQ
Leakage Current can 4.5 50 300
Influence VDEMoyT 6.0 50 300
VOFE Offset Voltage Vi=VVCO|N = 1/2 Vs 3.0 See Figure 12 ' mV
VCO|N to VDEMoyT Values taken over RS 4.5
Range. 6.0
RD Dynamic Output VDEMouT=1/2 Ve 3.0 Typical 25 Q Q
Resistance at DEMgoyT 4.5
6.0

MOTOROLA 3+594 High=Speed CMOS Logic Data
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SWITCHING WAVEFORMS

e Mg
vee SIGN
SIGn, COMPIN INPUT 7 50%
INPUTS 50% —— GND
— GND — Vee
PLH [<— COMP|N

— INPUT | g
PCPouT. PClouT —
PC3OUT FeR —— Vo
OUTPUTS Fi : PC2out 90%
OUTPUT HIGH
THE—> == ==Y — — IMPEDANCE

Figure 1. Figure 2.

SIGiN V o

INPUT ]P0 TEST POINT
GND
N OUTPUT
Vee DEVICE
COMP UNDER

TEST o
= A\ ) €MD I
‘PZL"’ Lz L

HIGH
IMPEDANCE
PC20UT 50% *INCLUDES ALL PROBE AN CAP. E
OUTPUT r % INCL ALL PROBE AND JIG CAPACITANCE
— VoL
Figure 3. Figure 4. Test Circuit
High--Speed CMOS Logic Data 3-595
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DETAILED CIRCUIT DESCRIPTION

Voltage Controlled Oscillator/Demodulator Outnet

The VCO requires two or three external components i up-
erate. These are R1, R2, C1. Resistor R1 and Capacitor C1
are selected to determine the center frequency of the VCO
(see typical performance curves Figure 14). R}R2 can be used
to set the offset frequency with 0 volts at VCO input. For ex-
ample. if R2 is decreased, the offset frequency is increased.
If R2 is omitted the VCO range is from 0 Hz. The effect of R2
is shown in Figure 24, typical performance curves. By in-
creasing the value of R2 the lock range of the PLL is in-
creased and the gain (volts/Hz) is decreased. Thus, for 2
narrow lock range, large swings on the VCO input will cause
less frequency variation. )

Internally, the resistors set a currentin a current mirror, as
shown in Figure 5. The mirrored current drives one side of

the capacitor. Once the voltage across the capacitor charges
up to Vet of the comparafors, the oscillator logic flips the ca-
pacitor which causes the mirror to charge the opposite side
of the capacitor. The output from the internal logic is then tak-
an to VCO output (Pin 4).

The input to the VCO is a very high impedance CMOS in-
put and thus will not load down the loop filter, easing the fil-
ters design. In order to make signals at the VCO input
accessible without degrading the loop performance, the VCO
input voltage is buffered through a unity gain Op—amp to De-
mod Output. This Op—amp can drive loads of 50K ohms or
more and provides no loading effects to the VCO input volt-
age (see Figure 12).

An inhibit input 1s provided to allow disabling of the VCO
and all Op—-amps (see Figure 5). This is useful if the internal
VCO is not being used. A logic high on inhiLit disables the
VCO and all Op—amps. minimizing standby power consump-
tion.

CURRENT
MIRROR

li-lp=l3

E=IDEty

Ci
(EXTERNAL)

s)HE(7

Vret

Fiqure 5. Logic Diagram for VCO
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The output of the VCO is a standard high speed CMOS
output with an equivaient LS-TTL fan out of 10. The VCO
cutput is approximately a square wave. This output can ei-
ther directly feed the COMPy of the phase comparators or
ieed external prescalers (counters) to enable frequency syn-
thesis.

Phase Comparators

Al! three phase comparators have two inputs, SIG|n and

fMC74HC4046A

COMPyy. The SIG|y and COMPpy have a special DC bias
network that enables AC coupling of input signals. If the sig-
nals are not AC coupled. standard 54HC/74HC input levels
are required. Both input structurec are shown in Figure 6.
The outputs of these comparaiurs are essentially standard
54HC/74HC outputs (comparator 2 is TRI-STATEABLE). In
normal operation Vo and ground voltage levels are fed to
the loop filter. This diifers from some phase detectors which
supply a current to the loop tuter and should be considered in
the design. (The 1.'C14046 also provides a voltage).

Figure 6. Logic Diagram for Phase Comparators

Phase Comparator 1

This comparator s a stmple XOR cate similar to the
ox ey

54/74HC86. Its operation 1S simiizr 10 an cverdriven bal-
anced modulator. To maximize lock nge the input frequen-
cies must have a 50°- duty cycle. Typical input and output
waveforms are shov 1 in Figure 7. The output of the phase
detector feeds the loop filter which averages the output volt-
age. The frequency range upon vhicr ifie PLL will lock onto
it initially out of lock is definec as the casture range. The cap-
ture range for phase detecior 1 is dependent on the loop filter
design. The capture range can be as iarge as the lock range,
which is equal to the VCO frequency

To see how the detector oper Ficure 7. When
w0 square wave signais are applis ccmparator. an
output wavetorm (whose duty cycie is cdependent on the

VCO input voitage must increase znd the phase difference
between COMPy and SIG will increase. At an input fre-
quency equal to fmjn, the VCO input is at 0 V. This requires
the phase detector output to be grounded: hencc. the two in-
out signals must be in phase. When the input frequency is
{max. the VCO input must be VCC and the phase detector ui-
puts must be 180 degrees out of pnzase.

ALY~ N e
co— 4 L] L
PCigy; ml_jﬁl_[_‘i_

VCOp \/\/\/\/\ - J.l

g st
phase difference between the two sicnals resuits. As the o
phase difference increases, the out v Cycle increases

and the voltaye after the loco filier mcreases. In order to Figure 7. Typical Waveforms for PLL Using
achieve tock whei ths FLL input frzcuency increases. the Phase Comparator 1
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The XOR is more susceptible to locking onto harmonics of
e SIGIN than the digital phase detector 2. For instance, a
sgnal 2 times the VCO frequency results in the same output
duty cycle as a signal equal to the VCO frequency. The differ-
ence is that the output frequency of the 2f example is twice
that of the other example. The loop filter and VCO range
$hould be designed to prevent locking on to harmonics.

Fhase Comparator 2

This detector is a digital memory network. It consists of
four flip—flops and some gating logic, a three state output and
&@phase pulse output as shown in Figure 6. This comparator
acts only on the positive edges of the input signals and is in-
dependent of duty cycle.

Phase comparator 2 operates in such a way as to force the
~'LL into lock with O phase difference between the VCO out-
put and the signal input positive waveform edges. Figure 8
shows some typical loop waveforms. First assume that SIGiN
is leading the COMP|. This means that the VCO's frequen-
¢y must be increased to bring its leading edge into proper
rhase alignment. Thus the phase detector 2 output is set
<igh. This will cause the loop filter to charge up the VCO in-
+ i, increasing the VCO frequency. Once the leading edge of
the COMPyy is detected, the output goes TRI-STATE hold-
-+ the VCO input at the loop filter voltage. If the VCO still
lags the SIG|N then the phase detector will again charge up
the VCO input for the time between the leading edges of both
wavefolms.

If the VCO leads the SIG|N then when the leading edge of
the VCO is seen; the output of the phase comparator goes
I-w. This discharges the loop filter until the leading edge of
the SIG| is detected at which time the output disables itself
again. This has the effect of slowing down the VCO to again
rnake the rising edges of both waveforms coincidental.

When the PLL is out of lock, the VCO will be running either
vlower or faster than the SIG|N. If it is running slower the
1 hase detector will see more SIG|y rising edges and sc the
Cutput of the phase comparator will be high a majority of the
tme, raising the VCO's frequency. Conversely, if the VCO is
running {aster thar the SIGN, the output of the detector will
be low most of the time and the VZO's output frequency will
be decreased.

As one can see, when the PLL is lucked, the output of
phase comparator 2 wili be dizabled except for minor correc-
tions at the leading edge o the waveforms. When PCo is
TRI-STATED, the PCP output is high. This output can be
U 3ed to determine when the PLL is in the locked condition.

This detector has several interesting characteristics. Over
the entire VCO frequency range there is no phase difference
between the COMP | and the SIG|N. The lock range of the
PLL is the same as the capture range. Minimal power was
consumed in the loop filter since in lock the detector output is
a high impedance. When no SIGN is present, the detector
will see only VCO leading edges, so the comparator output
will stay low, forcing the VCO to fmin-

_Phase comparator 2 is more susceptible to noise, causing
the PLL to unlock. If a noise pulse is seen on the SIG|y, the
comparator treats it as another positive edge of the SIG|y
and will cause the output to go high until the VCO leading
edge is seen, potentially for an entire SIGjN period. This
would cause the VCO to speed up during that time. When us-
ing PC1, the output of that phase detector would be disturbed
for only the short duration of the noise spike and would cause
less upset.

Phase Comparator 3

This is a positive edge—triggered sequential phase detec-
tor using an RS flip—flop as shown in Figure 6. When the PLL
is using this comparator, the loop is controlled by positive sig-
nal transitions and the duty factors of SIGy and COMP|N
are not important. It has some similar characteristics to the
edge sensitive comparator. To see how this detector works,
assume input pulses are applied to the SIG|n and COM PIN's
as shown in Figure 9. When the SIG| leads the COMP|N,
the flop is set. This will charge the loop filter and cause the
VCO to speed up, bringing the comparator into phase with
the SIG|N. The phase angle between SIGy and COMP N va-
ries from 0° to 360° and is 180° at fo. The voltage swing for
PCgis greater than for PCo but consequently has more ripple
in the signal to the VCO. When no SIGp is present the VCO
will be forced to fmax as opposed to fmin when PCois used.

The operating characteristics of all three phase compara-
tors should be compared to the requirements of the system
design and the appropriate one should be used.

g LB © ) £
COMP|Nﬂ__ﬂ_-ﬂ

' —Vee
PCQOUT——IL 1L S VR __l ——
— GND
HIGH IMPEDANCE OFF-STATE
VCON . .
PeRour 7 | L
Figure 8. Typical Waveforms for PLL Using
Phase Comparator 2
sey—=__~1__ & | & |
= il L4 L4
PC3ouT l L m
VCOIN\\/\/\/\* vCC
—— GND

Figure 9. Typical Waveform for PLL Using
Phase Comparator 3
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T 1
800 VCC:G.O \'
N Vec=3.0V
N 40 Veg=4.5V
N o A S
// v ] Vee=3.0V
- Y / _ Ll )
g N L/ - |
W 400 N = - /4
. i V/ Veg=45V o0 A
\\\ \\ / ,l/ — ——
B L—T
0
12 Ngc-1.0V 12V¢ge 12 Voc+1.0V —4.0
1/2V¢c - 500 mV 12Vee 12V + 500 mV
VI(V)
Vi)
Figure 10. Input Resistance at SIG|N, COMP|N with Figure 11. Input Current at SIG|N, COMP N with
AV =1.0 V at Self-Bias Point AV] =590 mV at Self-Bias Point
DEMOD OUT
15
Bl RT30 kO
10
® /,/,» R1=I1oo KQ
=
L E 50 // /}Zm:wem
= | Vog=60V Rs=300k 2 S
3 V=60V Rg=50k S0 [ L
& 4___=_i__,__ € g 12 R
= Vei=4.5 VRg=300 k 5 ¢ | R1=300k2 P
/ Voo=45 VRg=50k S Sy
¢ ¢ A
l " ]
Voe30V Rs=300k ald / C1 = 100 pF; F\%/zcgh?\'/ov 13V
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; e A |
' ! -100 -50 0 50 100 15C
0
0 3.0 6.0 AMBIENT TEMPERATURE (°C)
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Figrire 12. Nffset Voltage at Demodulator Output as Figure 13A. Frequency Stability versus Ambient
a Functlion of VCOn and Rg Temperature: Vcc =3.0V
15 R1=3.0 kQ -
| W R1=3.0kQ
1 Ris0k — T R1=300kQ
o 10 oo &2 1 !
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Figure 13B. Frequency Stability versus Ambient Figure 13C. Frequency Stability versus Ambient
Temperature: Vcc =45V Temperature: Vcc=6.0V
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11 ll <L Ve =30V
R1=30kQ |
9 C1=39pF
70 -t { {
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Vvcomn (V)
Figure 14A. VCO Frequency (fyco) as a Function
of the VCO Input Voltage (VyCOIN)
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Figure 14C. VCO Frequency (fycQ) as a Function
of the VCO Input Voltage (Vy<QOIN)
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Figure 15A. Frequency Linearity versus
R1, Ctand Vcc
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Figure 14B. VCO Frequency (fycQ) as a Function
of the VCO !nput Voltage (VYCOIN)
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Figure 14D. VCO Frequency (fyco) as a Function
of the VCO Input Voltage (VY COIN)
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Figure 15B. Definition of VCO Frequency Linearity
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106 C - 50 pF A2 2o V. 12V FORY, ; 108
| = 50 pF; R2 = o Voo = 12 Ve FOR Vg = 45V AND6O V:

Vycoin = 18 Vge FOR Vec=30V: Tamb =25°C

CL=50pF R =e; Vycon=0V; Tamp = 25°C
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Figure 16. Power Dissipation versus R1 Figure 17. Power Dissipation versus R2
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Figure 18. DC Power Dissipation of Figure 19. VCO Center Frequency versus C1
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Figure 22. R2 versus frmax Figure 23. R2 versus fqin
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APPLICATION INFORMATION

The following information is a guide for approximate values of R1, R2, and C1. Figures 19, 20, and 21 should be used as

references as indicated below, also the values of R1, R2, and C1 should not violate the Maximum values indicated in the DC
ELECTRICAL CHARACTERISTICS tables.

R1and C1.

(see Figure 23 for
characteristics of
the VCO operation)

¢ Determine values
of C1 and R2 from
Figure 20.

» Determine R1-C1
from Figure 21.

» Calculate value of
R1 from the value
of C1 and the
product of R1C1
from Figure 21.

(see Figure 24 for
characteristics of the
VCO operation)

C1 using Figure 19
and use Figure 21
to obtain 2fL. and
then use this to
calculate fmin.

¢ Determine values
of C1 and R2 from
Figure 20.

e Determine R1-C1
from Figure 21.

» Calculate value of
R1 from the value
of C1 and the
product of R1C1
from Figure 21.

(see Figure 24 for
characteristics of the
VCO operation)

C1 using Figure 19
and Figure 21 to
obtain 2fL and
then use this to
calculate frpjn.

k- Phase Comparator 1 Phase Comparator 2 Phase Comparator 3
Ro = Ro = o Ro = Rp = o Ro = Ro # o
« Given {0 * Given f0 and fL * Given fmax and f0 | « Given 0 and fL * Given fmay and f0 | « Given fO and iL T
» Use f0 with Figure |  Calculate fmin * Determine the « Calculate fryin e Determine the * Calculate frpjp:
19 to determine fmin = fO—fL value of R1 and fmin = fO—fL value of R1 and - fmin = fO-fL

e Determine values
of C1and R2 from
Figure 20.

* Determine R1-C1
from Figure 21.

e Calculate value of
R1 from the value
of C1andthe
product of R1C1
from Figure 21.

(see Figure 24 for
characteristics of the
VCO operation)

High-Speed CMOS Logwe Data
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FAIRCHILD

SEMICONDUCTAOR m

MPSH10 MMBTH10

SOT-23 B
Mark: 3E

NPN RF Transistor

This device is designed for use in low noise UHF/VHF amplifiers,
with collector currents in the 100 pA to 20 mA range in common
emitter or common base mode of operations, and in low frequency

Absolute Maximum Ratings*

drift, high output UHF oscillators. Sourced from Process 42.

TA = 25°C unless otherwise noted

Symbol Parameter Value Units
Veeo Collector-Emitter Voltage 25 A"
Veso Collector-Base Voltage 30 "
Veso Emitter-Base Voltage 3.0 \
lc Coflector Current - Continuous 50 mA
T, Tsg Operating and Storage Junction Temperature Range -55 to +150 gC

* These ratings are limiting vaities above which the serviceabiity of any semiconductor device may be impaired.

NOTES:

1) These ratings are based on a maximum junction temperature of 150 degrees C.

2) These are steady state limits. The factory should be consulted on applications involving putsed or low duty cyde operations.

Thermal Characteristics =25 uniess otherwise noted
Symbol Characteristic Max Units

MPSH10 *MMBTH10
Pp Total Device Dissipation 350 225 mw
Derate above 25°C 2.8 1.8 mwW/°C

Rasxc Thermal Resistance, Junction to Case 125 °C/W
Rasa Thermal Resistance, Junction to Ambient 357 556 °C/wW

*Device mounted on FR4 PCB 1.6 X 1.6 X 0.06.

01997 Fairchdd Semiconductor Corporation
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NPN RF Transistor

(continued)
Electrical Characteristics  1a-25+cuness otherwise noted
Symbol Parameter Test Conditions Min Max | Units
OFF CHARACTERISTICS
Vigriceo Collector-Emitter Sustaining Voltage® | Ic=1.0mA, lg=0 25 v
V(ericso Collector-Base Breakdown Voitage lc=100 uA, le=0 30 Vv
Verjeso Emitter-Base Breakdown Voltage le=10pA, Ic=0 3.0 \'
leso Coliector Cutoff Current V=25V, =0 100 nA
leso Emitter Cutoff Current Veg=20V,Ic=0 100 nA
ON CHARACTERISTICS
hee DC Current Gain Ic=40mA, Ve =10V 60
Vegsay Coflector-Emitter Saturation Voltage Ic=4.0mA, Ig=0.4 mA 0.5 v
Vieion) Base-Emitter On Voltage lc=40mA, Ve =10V 0.95 \
SMALL SIGNAL CHARACTERISTICS
fr Current Gain - Bandwidth Product Ic=40mA,Vee=10V, 650 MHz
f=100 MHz
Cep Collector-Base Capacitance Ve =10V, I=0,f=1.0 MHz 0.7 pF
Cw Common-Base Feedback Capacitance | Vg =10V, [ =0, f= 1.0 MHz 0.35 0.65 pF
m'Ce Collector Base Time Constant Ic=40mA, V=10V, 9.0 pS
f=231.8 MHz

*Puise Test: Pulse Width < 300 s, Dty Cydle < 2.0%

Spice Model

NPN (Is=69.28E-18 Xti=3 Eg=1.11 Vaf=100 Bf=308.6 Ne=1.197 1se=69.28E-18 |kf=22.83m Xtb=1.5 Br=1.11
Nc=2 Isc=0 lkr=0 Rc=4 Cjc=1.042p Mjc=.2468 Vjc=.75 Fc=.5 Cje=1.52p Mje=.3223 Vje=.75 Tr=1.558n
Tf=135.8p Itf=27 Vif=10 Xtf=30 Rb=10)

OLHLEWN / 0LHSdIN



NPN RF Transistor
(continued)

Typical Characteristics

Typical Pulsed Curmrent Gain
vs Collector Current
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NPN RF Transistor
(continued)

Common Base Y Parameters vs. Frequency
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NPN RF Transistor

(continued)
Common Emitter Y Parameters vs. Frequency
Input Admittance Output Admittance
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NPN RF Transistor
(continued)

Test Circuits

L1-L3tums No. 16 wire, 1/2inch L x 1/4 inch ID
tapped 1 1/2 tums from cold side

L2-16 tums No. 14 wire, 1inch L x 1/4 mch ID
tapped 1 1/2 tums from cold side

T1-Pri. 1 tum No. 16 wire

Sec. 1tum No. 18 wire

FIGURE 1: Neutralized 200 MHz PG and NF Circuit

175 pF
A 500 mHz Output
i \ into 500
(NOTE 1) NOTE 1: 2 tums No. 16 AWG wire, 3/8inch OD, 1 14 inch long
NOTE 2: 9turns Na. 22 AWG wire, 3/16inch OD, 112 inch fong
1000 pF
RFC

FIGURE 2: 500 MHz Oscillator Circuit
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