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£ Tay
ww§ae ndusuns 38012073
WA qugias 38012076
Wgns andgaiiy 38012079

Su Fau 1.....21.8@ 254y

wunzilon.....}.3.8.0.4.4.......
wudunniida 1. 29004, 4540

Ty a o ¥ 1 £ [Y a o a
WSganfiwusiidudumilwesmsinnaundngasiSayggaamnssumans tuda
a1v1Irunalulad Insauuny
aaniuma lulabwszveundudganmsmanszls

Umsfnmn 2539

038074



Wadougyaniinug “aevsudaiivl 1ieida Tarf srelamed
Tay

L wwdewr  nduuni 38012073

2. WM quaiing 38012076

3. wwgni anBgudu 38012079

P @ oY o
2191597USnYT FALAT.AUN IRUITENIANY

MATPUNALAYATINATIY

msdnw 2539

< [4 LY s aray
augdmnssuenans aonfumaTulaiwszesuindudgunmsmianszlie eyl@ld
Y = o o y [ 4 Y o a
uuﬂsmutymwuﬁﬂlﬂumuﬁuwaamsﬁﬂmmunanqmqmmnﬂssumﬁmummm

= 4

AN TUNs AR VLT YR HNUT

<

.............................................. sesunssunms

( )
............................. pereeresseseene. AITUATS

( )
.............................................. NSNS

( )
.............................................. NSTUATS

( )
.............................................. ASINMS

( )

a a o o o L% L) o
dudntvesnnzimanssumans aoiumalulatnszeoundl igunmisaiansziia



= a: 4
1903usand 2131010 1avl Bnde lawed

wodaen  ndusung
wedmMmn quaiag
UG ansgaiv
- 4 /12
SALAT.AUA  IDUTTZNIAMIY ©19138MY TN

Umsdnun 2539

unfinge
o a ¢ o dy 9 ad d o - : 4
Ysyaniinusatvil lA@usitaslumsesnuuy 2eesutafiv 1Seda lavl
< 4 97 1 ° £ LY o s d’,
gadelawed Tavldlasstie vvumstlowihmiduazastleundy Taverdondanmsfiugiu
b
o 1 'y a a Y a1
494 H.W. Bode 293Adnanszinnldudnnudaiisunisvinavesdygnugiuuudgde
=y ' 1 as o I A :; 4” v d‘ Y] P}
Tasiunug lumsdsdyanaInsfiaid deesfissnuuuilamnsoliunssnssaunioan
ar 4 H ad o 3 =1
SEAUHAABLAUBINNVIIATIANND 4.43 WANITIN vosdganuadumia
a [ ' ° as do o
msnaaaunednle laes dinanldihmdyyiunaseuionganlaisdares
y
o a o 1 v o
s lumsiaanuAafisumesuavesdaanud luszvumsdeInsimid simsnaassld

walndiRosiungufnisfiin

Abstract

This Project describes the method of design an active variable line equalizers by using
network with feedback and feedforward. that are based on H.-W. Bode Principle. This type of
equalizer is to correct the amplitude distortion of luminance to chrominance in television signal
transmission. The chroma amplitude characteristic of this equlizer can be adjusted to increase or
decrease at 4.43 MHz of color subcarrier signal.

Herein, the modulated sine squared test signal are used to measure the amplitude of the
chrominance distortion in color television transmission system. It is show that the experimental is

agree with the calculated theory.
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49

- -2 -1 ’
a =Jfa2 +/. (3.2.7)
add :: Y a d'
Fmsvesmsyawei ldesuelugiiz.al

anItmsveamssaself 1A shaping network @89 network Wouaun1sh (3.2.1)
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B X+Y(jo)
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[k+Y2R2'
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‘Appendix Vi’

- - :}RC Circuit
Gharacterlstlcs
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This appéndu: is hseful for c{eveloping circmts havmg a wide variety of gain-
vs-ﬁ'eqixency cha:actensncs :.This procedure was described in detail in
Sec. 2.3."‘In orderto save space, only gain-vs. -ﬁ'equency plots are shoivn.
' Plots of phase vs. frequehicy can be conistiucted using thé nethod described
in Sec. 1.9. In the following pages -

Wiy (| b s-=0'+jm ahd o=2%nf !

Numbers next to each slape on the ga.m-vs —fnequency plots mdlcate multi-
ples of +20 dB/decide (i.e., 1 =+20 dBIdmde, =3 =—60 dB/decade. ete.).
Whensver possible; the magmtude of each plateaii is also given.
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vi-4

RC CIRCUIT CHARACTERISTICS

TWO-ELEMENT NE TWORKS

——1
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VI.§  RC CIRCUIT CHARACTERISTICS
THREE-ELEMENT NETWORKS
Open circuit Short circuit
Network voltoge gain tronsier admittance
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V-8 RC CIRCUIT CHARACTERISTICS

THREE~ELEMENT NETWORKS
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Vi-10  RC CIRCUIT CHARACTERISTICS

THREE-ELEMENT NETWORKS

Open circuit Short_circuit
Network volloge gain transfer admittonce
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RC CIRCUIT CHARACTERISTICS

FOUR-ELEMENT NETWORKS
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Yi-14  RC CIRCUIT CHARACTERISTICS,

FOUR-ELEMENT NETWORKS

Open circuit Short cirguit
Network voltage qain transfer odmittance
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RC CIRCUIT CHRARACTERISTICS  VI-13
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vi-18 RC CIRCUIT CHARACTERISTICS
FOUR-ELEMENT NETWORKS
Open circuit Shor) circuit
Network voltoge goin tronsfer admillonce
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Vi-18  RC CIRCUIT CHARACTERISTICS

FOUR-ELEMENT NETWORKS
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vI-20 RC CIRCUIT CHARACTERISTICS

FOUR-ELEMENT NE TWORKS
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RC CIRCUIT CHARACTERISTICS

FOUR-ELEMENT NETWORKS
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vi24  RC CIRCUIT cmu;rmsms ,

FOUR-ELEMENT NETWORKS
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RC CIRCUIT CHARACTERISTICS  VI-23
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Manutacturers' Data Sheets

TYPES 2N2217 THRU 2N2222, 2N2218A, 2N2218A, 2N2221A, 2N2222A
N-P-N SILICON TRANSISTORS

BULLETIN NO DL S 7311816, MARCH 1973

DESIGNED FOR HIGH-SPEED, MEDIUM-POWER SWITCHING
AND GENERAL PURPOSE AMPLIFIER APPLICATIONS

® hFE...Guaranteed from 100 zA to 500 mA

® Highfrat20V,20 mA ... 300 MHz (2N2219A, 2N2222A)
250 MHz (all others)

® 2N2218, 2N2221 for Complementary Use with 2N2504, 2N2906
e 2N2219, 2N2222 for Complementary Use with 2N2905, 2N2906

*mechanical data

Device types 2N2217, 2N2218, 2N221BA, 2N2219, and 2N2219A are in JEDEC TO-5 packages.
Device types 2N2220, 2N2221, 2N2221A, 2N2222, and 2N2222A are in JEDEC TO-IB.paduges.

THE (OLLECTOR IS 1K ELECTRICAL CONTACT WiTR INE CASE
e -----_.-.‘...... - §* W/ e 1 e il
H temrgoa; j Y o & ore o
AN W |
- >0r e [
T N E S E
2z _‘ 002
oio0 mue o = i b I!Am"-; s e N\ do dh '_._J
OUISNS OF OUtimel aay ~amud LU N B A A o= )
Turg 1Ot OP1OMAL - Matmg 000
Navg .
10-5 DINENSIONS ALE IN INCKES URLESS OTRERWISE SPECIFIED T0-18 L
{31 1
“absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)
] e e
' 22210 2N2219A 2112222 2N2222A
Collector-Base Voltage 60 75 60 75 v
Collector-Emitter Voliage [See Note 1) 30 40 30 40 v
Emitter-Base Voltage 5 6 5 6 v
Continuous Collector Current 0.8 0.8 0.8 0.8 A
Continuous Device Dissipation at (or below)
. . . .5 w
25°C Free-Air Temperature (See Notes 2 and 3) va 08 05 0
- | Continuous Device Dissipation at {or below) P
- 1. 1. w
} 25°C Cage Tempersture {See Notes 4 and 5) i 3 8 8
Operating Collectur Junction Tepaperature Range =65 t0 175 °c
Storage Temperature Range —65 t0 200 °C
Lead Temperature 1/16 Inch from Case for 10 Seconds 230 °C

NOTES: 1. These vatues apply betwesn 0 and 500 mA collecior current when the base-emitter diods is open-cireuited.

2. Derste 2N2217, 2N2218, 2N2218A, 7N2219, and 2N2219A linesrly 10 175°C troe-air temparature st the rote of §.33 mW/°C.
3. Derste 2N2220, 2N2221, 2N2721A, 2N2222, end 2N2222A Hinesriy 1o 175°C tree-me Temperature st the rate of 3.33 mwW/*C.
4. Derare 2N2297 2N2218, 2N2218A, 2N2219, ana 2N2219A hineprly 10 175°C cose temperature st the rate o 20.0 mW/'C.

5. Derste 2N2220, 2N2221, 2N2221A, 2N2222, snd 2N2222A tinearty 10 175°C case tempeteture st the rate of 12,0 mW/°C.

*JEDEC rayistered cota. This data sheat €ON1sinI all applicabin ragisterad data in effect at the time of ublicetion.
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D.2: Transistors
TYPES 2N2217 THRU 2N2222, 2N2218A, 2N2219A, 2N2221A, 2N2222A
2N2218A, 2N2219A, 2N2221A, 2N2222A
*electrical characteristics at 25°C free-air temperature (Unless otherwise noted)
TO-5 ~ 2N2218A 2N2219A
. PARAMETER TEST CONDITIONS TO-18 ~ ZN2221A 2N2222A UNIT
MIN MAX MIN MAX
VigRicao Cotlector-Base Breakdown Voltage Ic=10uA, IE=0 75 7% v
V(BR)CEQ Collector-Emitier Breakdown Voltage{Ic = 10mA, 1g =0, See Note 6 40 40 V)
V(BRIEBO Emitter-Base Breakdown Voltege Ig= 10uA, Ic=0 3 6 v
Veg=60V., lg=0
Iceo Collector Cutotf Current Cs £ = 10 10] na
Veg =60V, lg=0, Ta=150°C 10 10 { pA
Icev Coltector Cutoff Current VCe=60V, Vgg» -3V 10 10| nA
Y Base Cutot! Current VCeg~" 60V, Vgg = -3V -~20 <20 nA
IeEgO Emitter Cutoff Current VEg=3V, Ic=0 10 10| nA
VCe =10V, Ig =100 4A 20 35
Vee =10V, Ic=1mA 25 50 1
Vee=10V, ic= 10mA 35 75
N Sttic Forwsrd Current Vee = 10V, Ig= 150 mA 40 120 | 100 300
FE A
Vg = 10V - 3
Transter Ratio ce= 10V, Ic=500 mA‘ See Note 6 25 40
“IVCE= 1V, +lc= 150 mA 20 S0
Vg =10V, ic= 10mA, ;
Tav —55C 15 35
Ig=15mA, Ic=150mA 0.6 1.2 06 1.2
i Vol N
Vae Base-Emitter Voltage 15 = 50mA, lo = S00mA See Note 6 2 > v
y A lg=15mA, Ic=150mA 03 0.3
VCE(sat)  Collector-Emitter Saturation Voltage T5 = 50mA, g = 500 mA See Note 6 3 T v
N Small-Signal Common-Emitter VCE= 10V, lIg= 1mA 1 3.5 2 8 K i
'S Input Impedance Ve =10V, Ic= 10mA 0.2 11025 1.25
n Small-Signal Forward Current Veg=10V, ic=imA 30 150 | 50 300
te Teanster Ratio Veg= 10V, Ig=0mA | 50 300 | 75 375
h Small-Signal Common-Emitter VCE= 10V, Ic= 1 mA 5x10—4 8x 104
e Reverse Voltage Transfer Ratio Ve =10V, ic= 10mA 2.5x10—4 2x10—4
A Small-Signal Common-Emitter VCg* 10V, Ic= 1 mA 3 15 5 35 h
oe Output Admittance VeE= 10V, Ic= 10mA 10 100 | 25 200 |“"°
Smalil-Signal Common-Emitter ;
Veg =20V, Ic=20mA, f= 100 MH )
F‘"I Forward Current Transfer Ratio ce & - % x| 28 3
T Transition Frequency VCE= 20V, Ic = 20mA, See Note? 250 300 MHz
Common-Base Open-Circuit
C Vep® 10V, Ig =0, f= 100 kH.
obo Ovutput Capacitance ce E A 8 81 pF
Common-Base Open-Circuit r
[o VEg=05V,Ic=0, f=100kH 2!
ibo Input Capacitance €S ¢ i b 5| oF .
Real Part of SmallSignal A -
h; VEe® 20V, igc=20mA, (= 300MH
Vielreal) . Common-Emitter Input Impedance - | °F c b ” i 50 60| a2
n'Ce Collector-Base Time Constant VCE=20V, Ic=20mA, {=31.8MH: 150 150 | ps
NOTES: 6. These parsmeters must be measured uiing puise techniques, T, = 300 u3, duty cycte € 2%, -
7. To obuwsin g, the h,,] response with frequency it extrapoisted st the rawe of ~6dB per octave from f = 100 MH2 t0 the
fraquency st which heg =1,
"JEDEC regizteced data



Manufacturers' Data Sheets

" TYPES 2N2217 THRU 2'N2222, 2N2218A, 2N2219A, 2N2221A, 2N2222A
N-P-N SILICON TRANSISTORS

2N2217 THRU 2N2222

“electrical characteristics at 25°C free-air temperature (unless otherwise noted)

TO-5 — 2N2217 2N22138 2N2219
PARAMETER TEST CONDITIONS TO-18 —~ 2N2220 2N2221 2N2222 UNIT
MIN _ MAX | MIN _MAX | MIN MAX
V{BRICBO s::’:;:v:'\z"* Ic=104A, Ig=0 60 60 60" v
ViBRICEO :::'::;:’:’::; Ic-10mA, Ig=0, SeeNotes | 30 30 30 v
ViBRIEBD ::'_'::::;wm lg=104A, 1o 0 5 s 5 v
Icso Collectior Cutott Veg =50V, 1g=0 10 10 10 | nA
Current Veg =50V, Ig =0, Ta=150°C 10 10 10 | wA
(3o} Ernitter Cutoft Current Vgg=3V, Ic=0 10 10 10 | nA
VCg = 10V, 1g= 100 A - . 20 35
Veg= 10V, lg= 1 mA 12 25 50
heg Static Forward Current Veg =10V, Ic* 10mA Y — EXY 35 75 .
Transfer Ratio- Veg =10V, g = 150mA SedlNote 6 T20 .60 40 120 100 300
Ve = 10V, I = 500mA 20 30
Veg =1V, lg=150mA .10 20 S0 Y
VBe Base-Emitter Volisge :2 : ;: ::' :g: x :: See Note 6 i ;: ;2 v
ellag Colloctfx-Emhnr Ig=15mA, tc= 150 mA Ses'Note 6 0.4 04 04 v
Saturation Voltage lg=50mA, Igc=500mA 1.6 1.6
Small-Signal
P! ::':::’":u':::' VCE =20V, 1g=20mA, =100 MHz | 2.5 25 25
Transfer Ratio
fr Transition Frequency VCE =20V, Ig = 20 mA, See Note 7 250 250 250 MHz
Cobo Open-Circuit Veg =10V, Ig~D0, 1= 1MHz 8 8 8| of’
Output Capacitance
Real Part of
Smail-Signal s I .
Mislreal} Common-Emitter Ve =20V, Ic=20mA, =300 MH2 60 60 60 n
1nput Impedance
NOTES: 6. Thess paramaters must be messured vsing pulse tschniques. L, * 300 us, duty cycle € 2%.

7. To obisin f1, the Nyl remonss with frequency is extrapolated st the rate of —6 dB per octeve from { = 100 MHz to the

frequency st which hygle 1,

switching characteristics at 25°C free-air temperature

B PARAMETER 5 TEST CONDITIONS? TYP JUNIT
tg Oetay Time Veg= 30V, Ic= 150mA, Ig(q) = 15mA, 51| ns
tr © Rise Time Vagiot) = 0.5V, ~ See Figure 1 15 | ns
Y Storage Time Vee=30V, Ic = 150 mA, Ig(q) = 15mA, 190 | ns
1y Fall Time lg(2) = =15 mA, See Figure 2 23 ns

'Volug- ang currant values shown a7e nominal, exact values vary shghtly with 12ansistor parameters,

*JEDEC rogivtered data
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D.Z: Transistors

*operating characteristics at 25°C free-air temperature

TO-5- | 2N2218A | 2N2219A

PARAMETER TEST CONDITIONS TO-18 ~ | 2N2221A | 2N2222A [ UNIT
MAX MAX
F Spot Noise Figure Vg =10V, ic=100kA, Rg=1kN, 1= 1kHz 4 o8

*switching characteristics at 25°C free-sir temperature

Y05~ | 2N2218A | 2N221SA

PARAMETER TEST CONDITIONS? TO-18 — | 2N2221A | 2N2222A | UNIT
MAX MAX
Delay Time 10 10 ns
e Time veeriov, lewisoma e A I T T
tA Active Region Time Constant} . 2.5 2.5 ns
t;  Storage Time Vee=30V, Ic=150mA, lg(1) = 15 mA, 225 225 ns
y  Fall Time Ig{2) = =15 mA, See Figure 2 ‘60 60 ns

'Vollm and cutrent values shown are nominal; sxact values vary slightly with transistor parameters.

2uUnder the given conditions v l; equal 10 ;‘LO . T e~ - - - [ N PP
- ¥ 4N *PARAMETER MEASUREMENT-INFORMATION .. - et s e
5 X TR LT et T S T e e e el TRt e Soam oae aalm et
. : 499V memm
430V =
f 200 & Tt AR I e
OUTPUT
6199
INPUT
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 1-DELAY AND RISE TIMES
4162V =-=
30— INPUT
-138V
]
]
i
20 k2 - lh-
INPUT [
QUTPUT . -': 1y re—
]
50 1 )
TEST CIRCUIT VOLTAGE WAVEFORMS
’ FIGURE 2-STORAGE AND FALL TIMES

NOTES: ». The input wavelorms have the following characterstics: For Figure 1, 1, € 2 ns_ 1, < 200 ns, duty cycle o 2%; for Figure 2,

1y € 5 n1, 1, = 100 us, duty cycle < 17%.
b. All wavelorms are monitored on an 03C1H03cOpe with the {ollowing characterstics: 1, X S ny, R, o0 100 882, €, & 12 pF

*JEDEC registersd cata
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