o . .
dinvemAnal NIIBHMMANTIN

d'l ar t T v ¥ 2
sﬂsmm-matuucgmmwmumuimsmmum

OPTICAL VIDEO TRANSMITTER-RECEIVER

JUMARALR)

Tag

Wi 7oAl pawasu

WiB au¥e A3IZIHY

= LK?) Jd
WiE 1y IWIIIAY
LU L eirereeeeresessseseressanassassasssaen T
Y . 3 Db b i
mwmuul%68ﬂ85552 Wnkbaeaans
'51.1,“'31'Em,’ﬂ.............E.]i.‘....'...?....... deeesssresranrarrossssarasanne

-y Ja 1 ar s
Bygniinusidudiuniveimmfnmmundngnsgamnnssumanioda
mivunaluladiniannnu

- <
AazinnTumand
antunaluladnszeeundudigunmsmanizla

Unsdnm 25388



@t - U A u T oo T o
Woligynfinug inIsaiu-aedyanamwrnudiloudniuas
OPTICAL VIDEO TRANSMITTER-RECEIYER
4 v
¥o1nANY Wi neaes  adwaew
W TURE AT
1 f g o
Wiy 13 PO EE LY
Ju: ) o o
pmiafilinn  ewidmidan  wanemlweiy
1013 TOINT  WINNASH
MAIN (mafingnmnniTi
UmsdAnm 2538 |
pazinanssumeand aotiumaluladnzeeumnd) gammimanszieyid

L7 o ¢ o : Y] v oo
Tt igenunusafuiidluauntsveansdnnaumdngagaamassumaaniodgia

o ¢
AanznITuMIaaTyaNiinus

teeerensrennsesnassaseeesensnsmresennsnaesees  UIZETHATIUNIT
reereeeennnnsasereensnssssenseresraneenenesre NTIUNTT

PRSPPI |k £ 11 11 b
( )
R UUURRRRPRI | . (11 B
( )
( )
PP UARUURORPRPPRRIS | k&£ 111 B b

( )

i
dvantvasnazinansiumand saiumalulaiinszesundudinemmimanszys



nFesiu-dedaygnammruduland e

Tay WY NodAd Adwaou THE 37012053
UMW AU ATTEUN WY 37012068
W wd ey IHA 37012080

oo a8 ¢ A -
psdnlTom 0l vida  wgewelszady
919150 ADIWT  WIHUQIA

Unsanu 2538

L) ¥
UNAAYD
d’ ] A & L] ’ ¥ ¥ a 1
Tnssanll  I&vinauemisafu-dedygranminadulondininas  Tasesrm
gunsalnfdowdyga i udyg anesdeuriudulondaiua dyanuamiazido
’ a 9 = d.'l T [ - v o d' f o
floudimadnibunaveunTedieingosuIdnnaoomiaTng il inTouduIA o),
L) A [-] =y o 1 W 1 s
nﬁ'anﬁTﬂuazmsmnnuﬂﬂtgupmmmm:ﬁuqmnm‘mﬂamnmmsmmsnsn-mﬁm“f.ym
=l ¥ o ¥ a A W 1 )
mwnaz@oruduloudnbuasldetnauda  annsafuduldnnnsnaasdelsesisy

naz g1 18054



OPTICAL VIDEO TRANSMITTER-RECEIVER

BY MR. THONGDEANG KLAYSON CODE 37012053
MR. SOMCHAI SRIRAHAENG  CODE 37012068
MR. SEREE ARUNRUNGRAT CODE 37012080

ADVISOR MR. CHAWALIT BENJANGKAPRASERT
MR. SATHAPORN PROMWONG

YEAR 2538

ABSTRACT

This project paper,optical video transmitter-receiver. By pass implementation
signal convert before pass optical fiber. Video signal and audio signal input, it can
take from antenna, videc tape, video camera and video, audio signal generator.
From circuit can receiver-transmitter video signal and audio signal pass optical

fiber. Confirm to demonstrate the circuit performance are included.
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Power budget calculation

maximum
allowed =  power from - sensitivity
system light source of
loss reciver
Point loss sich as connector or detect
LAUNCH

POWER

OPTICAL
POWER
(dBM)

NOISE
FLOOR

Slope represents fibre loss

MAXTMUM TRANSMISSION

DISTANCE

distance
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Cors
Diameter Loss A(UL) g XL Wavelegth

Description  ( um) NA (dB/&km) (ns/km) (Mmz X km) Source {nm)

Multimode
Glass

51 50 0.24 0.5 15 33 led 350

Grin 50 024 5 1 500 ld 850

Grin 50 020 1 0.5 1000 | led.ld 1300
PCS

SI 200 041 ¥ 50 10 led 500
Plastic

SI0 1000 048 200 - - led 580

Single Mide

Glass 5 001 4 <0.5 >1000 1d 850
Glass 10 310 05 0.006 83000 Id 1300
Glass 10 001 02 0.006 83000 1d 1550

=

miteh 2.1 manfSruivuguentianagueadulona

rise time Y84 ligth source Ynagivwiiavoaundatuiauas wu fu LED nie

r
=

Laser diode Faluans1afi 2.2 e anmaylivesm it uilauasmindg 199

rise time U84 Photo diode ¥uagiiuminuos Photo diode Ua¥3493 a19147
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Propercy LED Laser Diode Single-Mode
Laser Diode
Spetral width {(nm) 20-100 1-5 <0.2
Rise time (ns) 2-250 0.0-1 0.05-1
Moduration bandwidth (Mhz) <300 2000 6000
Coupling effeciency Very low Moderate High

Compatible fiber

Temperrature sensitivity

Circuit complexity
Lifetime (hours)
Costs

Primary use

Multimode Sl
Multimode Grin
Low
Simple
5
10
Low

Moddem paths

Multimode Grin
Single-mode
High
Complex

4 s
10 -10
High

Long paths

Moderate data rates High daa rates

Single-mode

High
Complex
El L]
10 -10
Highest
Very long paths

very high rates

¥
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Dark

Material  Structure  Rise Time Wavelength) Responsivity Current

(ns) {nm) (A/W) (na) Grin
Silicon Pin 0.5 300-1100 05 [ l
Germanium  Pin 0.1 500-1%00 0.7 200 1
InGaAs Pin 03 1000-1700 0.6 10 1
Silicon APD 0.5 +00- 1000 77 15 150
Germanium  APD [ 1000-1600 30 700 50

MW 2.3 mufTuifivunumnida1iques Photo Diode

. . £ ¥ -v; LK . - ¥ -~
rise time vouduloud1¥usgiu Dispersion vouduluudalaw
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parameter conditions symbol IImin. typ. 'max. # unit |
. i
Coincidence detector ! ‘ ; ;
voltage for: i \ i
synchronized condition : V22 Y ‘— v
no signal condition ‘ Vay - 15 I- \Y !
switching level to switch the phase | !
detector from fast to slow Vao 6.2 6.7 7.2 v i
Hysteresis slow ta fast ‘ Va2 - 0.5 _ ' v
gwitching level to activate the ‘ : :
mute function (transmitter |r | |
identification) j Vag 125 |28 |31 |v
: ) ) ! | ‘
Hysteresis mute function I Voo ! - r— | Vv ;
Delay time of mute releass afrer ’ i i
transmitter insartion | ’300 j s
* Allowable load on pin 22 10 JuA |
External video mode Voo - - ‘ 0.7 v l
: Current at pin 22 Vag =0V l22 - - 0B mA
' ;
' vertical cireuit | note 25 f
! Vertical ramp generator l
, Input current during scan I - - 2 uA |
E Discharge current during retrace I2 - 08 |- mA
‘ Sawtooth amplitude
(peak-to-peak value} V2ipp) 1= 19 - v
Interlace timing of the i‘
internai pulses i 30 i 32 34 s
| Vertical output | : |
; Available output current ‘V3=4V I3 | - i - 1’3 mA
i Maximum output voltage 13=0.1mA Vi3 ‘ 4.4 J 5 ‘... Y
i
Viertical feedback input ’ ; .‘
Input voitage f !
DC component V4 2.9 33 37 v
AC component I
(peak-to-peak valug} Vapp) | — 1 = v
Input current I4 - - 12 HA
Intermal precorrectian to sawtooth Aty - 3 | - %
Deviation amplitude 50/60 Hz - P = {2 %
Temperature dependence of the I l
amplitude Tamp =20°C to
B5 oC - - 2 %

——




parameter f conditions symbol [ min, | typ. |max. [unit
Temperature dependance of the | Tambp =20 2C to 65 °C; |
output signal amplitude ~30 dB volume control | '
and voltage of pin 11 '
fixed: note 27 V12 ' - 25 - dB
1
Veolume control ; note 17; see Fig.8 ‘ ‘
gxternal control resistor note 17 R1q ‘ - 4.7 LY
suppression output signat ' J
during mute candition 0SS ’ 80 | 66 - as
X i
Horizental synchronization circuit | see Fig.g :
Sync separator ‘ ' :
- Required sync pulse amplitude J note 20 Vo5 200,750 |- my
. Input current pin 25 | Vog > 5V Ing J — 2] - uA
f ‘V25=0V .I25 P -10 - mA
| First control loop |
Holding range PLL bxAf - 1500 | 2000| Hz
Catching range PLL + Af 600 | 1500 | — Hz
Control sensitivity to oscillator note 21 see Fig.10
IF input signal at which the
time constant is switched
(RMS vaiue) | strong to weak ] Vg.g - 2.2 - mV
F Second control /oop
. Contro! sensitivity note 22 | Atg/atg | — 00 (- |-
i Cantrol range 4 - 25 —  lus
i Cantrolled edge positive
i Phase adjustment
{via second controi loop)
3\ Control sensitivity ’ - 25 - uA/us
i . 1
. Maximum aitowed phase shift L - £2 - us
Horizonral oscillator (pin 23) !
Free running frequency R=343k{;C=27nF J fer - 15625| — Hz
Spread with fixed external ,
components Af - - 4 %
Frequency variation AVp=951013.2V afg - |- 2 %
Frequency variation with
temperature note 27 TC - —-16 |- |Hz/9C




CHARACTERISTICS {continued}

‘ parameter

rising edge

conditions. symbal min, | typ. | max. | unit

! Horizontal osciflator

| fpin 23) (continued)

* Maximum frequency deviation

at start of horizontal output Afgp — - 10 %

i Frequency variation when

only naise is received note 27 Afgp - - 500 | Hz
Harizental output !
Qutput limiting voltage Vag - - 165 | v
Output voltage LOW lsink = 10 mA Vg - 02 |05 v
Maximum sink currant I2g 10 - - mA
Duty cycle output signal - 45 - %

i Rise time of output puise tp - 260 | -~ ns
Fall time of output pulse tf - 100 | — ns
Flyback input and sandcastle output | nota 23
Input current required during

flyback puise I27 0.1 - 2 mA
Qutput voltage:
during burst key pulse Va7 8 - - \%
during harizontal blanking Va7 4 4.4 Vv
during vertical blanking V37 2.1 25 29 v
Pulse width:
burst key pulse 60 Hz W 2.9 33 3.7 | us
burst key pulse 50 Hz w 3.2 3.8 4.0 us
harizantal blanking pulsa flyback pulise width
Vertical blanking pulse:
50 Hz divider in search window — 21 - lines
60 Hz divider in search window - 17 - lines
50 Hz divider in narrow window - 25 - lines
60 Hz divider in narrow window — 21 - liney
Delay between start of sync puise
at the video output and the
burst key pulse
trailing edge 60 Hz — - 9.3 us
47 54 6.1 [S




parameter r conditions ’ symbol min, | typ. ‘ max. | unit J
Maximum source current i ‘ 7 10 - J - ‘ mA ’
Bandwidth of demadulated output | ' ! i i

signal ' ' B 5 7 {‘ - ’ MHz
Differentiat gain note 8 Gq7 - 4 |8 1% !
Qifferential phase note 8 @ - 2 ‘5 I deg,

| 1

Video non-linearity ‘note 9 | NL - 2 ’ 5 J’ %
Intermadulation note 10 ; : |

f = 1.1 MHz (blue} ! ’ 50 | 60 - |d8

f =11 MHz {yellow) J ! 50 ‘ 60 - |1 dB

f =3.3 MHz (blue) i ‘ 1 65 65 |- I dB

f =3.3 MHz (yellow) | i 55 165 | — [ dB
Signal-to-noise ratio note 11 F f . ‘ ;

Vi=10myv " S/N 50 57 | -~ dB

end of gain control range | S/N 50 62 | — dB
Residual carrier signal ‘ V17 - ' 2 | 10 imy
Residual 2nd harmonic of carriar !

signal i V17 - 2 10 my
Tuner AGC '
Minimum starting point tuner

taka-over (RMS value) . VB-9(rms) | — - 0.2 | mv
Maximum starting point tuner

take-over (RMS value) VBoirms) | 100 | 150 | — my
Maximum tuner AGC output swing Vg=3V |5(rnax) 4 - - mA
Qutput saturation voitage Is =2 mA V5{sat) - -~ 300 | mv
Leakage current {pin 5) fL - - 1 uA
Input signal variation compiete

tuner control AV 0.5 2 4 | dB
Minimum voitage tuner take-over Vi - - 1 v
Voitage to switch an tha X.ray harizontal !

protection output high |

resistance V1 - - 08 v
AFC circuit
AFC sample-and-hold switch
AFC switch-off current l1g 0.1 - - mA
Output current Vig=0V l1g - 0.1 0.3 mA
Leakage current at pin 19 I Lo - P = 2 HA
—




CHARACTERISTICS {continued)

| Parameter ; conditions | symbol imin. | YR ﬁ
. AFC circuit (continued) ! o o
. {
j AFC outpur f i ‘l l[ :
. AFC output vohage swing | notes 1B, 16 ! Vig ;10.5 = 11.5 v
© Available output current ‘ litg 02 - - o ma
i Control steepness J #-— f 100 - f ;:V
{ ‘ ! ¢ /khy
AFC output voftage with AFC off | : Vig ? 5.5 ! 6 85 | v
i AFC output resistance i J R1g - la - | K0
Measured with an input signal | : | ]
amplitude = 150 uV (AMS value) | | | f
Output voltage swing ; note 27 ‘Vig [ = l 1% - | v
Control steepness r note 27 !‘ i— 80  — f my
| ; r Ihiy:
Qutput voitage shift with respect ‘ J ‘ ]
10 Vi =10mVY {RMS value) | note 27 i - -2 - | v !
Sound circuit ' note 12 i | f |
tnput limiting voltage ' Vo(max) = ~34d8 [Vig - 860 . uv
Input resistance | | Ryg - 26 - l kil ’
input capacitance ! ' €15 - |8 —- | pF
AM suppression | note 13 [ AMS 53 ’ 58 : — . dB !
AF output signal (RMS value} note 14 ; V124rms) : 400 ’ 600 : s{e] ‘F my ‘
AF outpur signal when pin 11 is | ‘ ‘ :
+used as a starting pin or l ‘ : ; ,
connected to Ve {RMS value) ‘ Af = 50 kHz V12(rmsy (500 | 900 1500 | my |
AF output impedance | ’ Z17 - T 25 100 } Q
Totat harmonic distortion note 15 THD - jo5 2 %
Ripple rejection ' volume control 20 d8; 1 f :
! fic = 100 Hz | RR N | o
Qutput voltage when muted | Vq2 %— " 25 - 1 v 1
Qutput level shift due To muting { volume control —20 4B | V1o f— ’ - es |V E
Signai-ta-noise ratio note 16 S/N ‘— ‘ 47 - \ dB
Voltage with pin 11 disconnected Viq | = i 80  —~ %
Current with pin 11 short ‘
circuited to ground I.11 - l 1 - | TJ




CHARACTERISTICS fcanzinueq)

. .. ! . i
paramarter - canditians symool ! omin,  typ. | max, :r unit

i i ) : : ! ! | -

. Vertical circuit (continuea) : : i i i

! : i ' | ; '

" Verticai guarg nate 26 : ; : l

. ! i i :

- Active switching lave! ar 3 ; 3 ‘ | ;
deviation with respect o ! ' :
the DC fzedback level: Vaz=25Y | : ] f i
quard level LOW . Savg - if 21 - PV
guard level HIGH : AV, = 12 - ly

Notes o the characteristics

1.

11,

12,

13.
14.
15,
16.
17,

R N TR

Fin 11 has a aouale funczion, When during switch-on a current of 9.0 mA is supplied ta this pin,
T IS used o starr the harizontai oscillatar.

The main suppiy can *hen 92 oatained from the harizental deflection stage. When no current
is supplied to this pin it =an ce used as a volume control,

On set AGC.

The input impedance =ag asan chosen such rhat a SAW-filter can be applied,

Measured with 0 dB = 430 uY,

Measured at 10 mv {RMS vaiue) top syne input signal.

So-called projected zera paiNt; {8, with switched demodulatar,

White 10% of the oo sync amplitude,

Measured according to the ast iine illustrated oy Fig.2:

¢ The differential gain i éxaressed as 3 percencage of the difference in peak amplitudes berwesn
the iargest and smailest vaitue reiative to the subcarrier amplituda at blanking level,

® The differential phase is cefined 2s the difference in degrees berween the largest and smailest
pnase angie. The diffarentiat 94in and phase are measured with a DSB signal.

This figure is valid for w4 complete video signal ampiitude (peak white-to-black); see Fig.3.

The non-linearity is expressed as a percentage of the maximum deviation of a luminance STEp

from the mean step, with respect 10 the mean step.

The test set-up and input canditions are illustrazed by Fig.4, The figures are measured at an

iNpUT signal of 10 mY (3MS value),

Measured with a source impedance of 75 02,

Signal-ta-noise ratio = 20 fog Yaut biack to-white

Vn(r'msi at B =5 MHz
The sound circuit is Measured (unless otherwise specified) with an input signal of Vig50f 50 mv
{RMS value), a carrier frequency of 5.5 MMz at a Afof 27 5 kHz and an AF frequency of 1 kHz.
The QL af the demodularar uned circuit is 16 and the volume control is connected to the supply.
The reference cireuit must 5@ tuned in such a way that the output is symmetrical clipping at
maximum volyme,
The test set-up s illustrated by Fig.B. The aMm rejection curve (typicai) is illustrated by Fig.7.
The autput signal is measured at aAf = 7.5 kHz and maximum vafume control.
The demodulator tuned cireuit must be tuned at minimum distortion.
Weighted noise, measureg according to; CCIR 468.
See also note 1. The volume can be controlled by using a potentiometer canneczed to ground
tvalue 10 k) or by means of a variable direct voitage. (n the larter case the relatively Jow input
impedance (pin 11} must Se taken into account,



a7.

The AFC contrai voltage is abrained by muttinlying the | F output sigral fwhich is aisa used to
grive the synchranous oemodulator} with a reference carrier. This reference carrier is ootained
from the demodulator tuned circuit via a 90 degree phase shift nerwork. The |F output signal
nas an asymmetrical frequency spectrum with respect to the carriar frequency. To avaid
argalems due ta this asymmetricai signal the AFC circuit is foilowed oy a sampie-and-hald
circuit which samples during the sync level. As a resuit the AFC output voltage cantains ng
video information, The specified cantrol steepness is without using an external load resistor,
The control steepness decreases when the AFC output is loaded with two resistors between
+he voitage supply and ground,

At very weak input signais the drive signai for the AFC circuit will have g high noise content,
This noise input Nas an asymmerrical frequency spectrum which will cause an offser of the
AFC output voitage. To avoid problems due to this effect a notch filter can oe built in to the
demodulator tuned circuit. The characteristics given for weak input signals are measured without
a notch circuit, with @ SAW filter connected in front of the IC {input signal such that the input
signal of the 1C is 150 4V [AMS value).

The minimum value is obtained with a 1.8 ki series resistar connected between pin 17 and

pin 25. The slicing level can be varied by changing the value of this resistor {2 higher resistance
results in a larger vaiue of the minimum sync puise amplitude). The slicing level is independent
af the video information.

Frequency contreoi is obtained by supplying a correction current to the oscillator RC-network._
This is achieved via 4 resistor connectsd between the phasa 1 detector autput and the oscitlator
network. The ascillator can be adjusted to the correct frequency by:

¢ short-circuit the syne separator bias network (pin 25) to the voltage supgly.

To avoid the necessity of a VCR switch, the time constant of the phase cetector at strong input
signats is sufficiently short to comin a stable picture during VCR playback, During the vertical
retrace period the time constant is even shorter sa that VCR head errors are compensated for at
the beginning af the scan. During weak signal conditions {information derived from the AGC
cireuit} the time constant is increased to abtain a good noise immunity,

This figure is valid for an external load impedance of 82 k{2 connected between pin 28 and

the shift adjustment potentiometer.

The harizontal flyback input and the sandcastle output have been combined an pin 27. Tha
flyback pulse is clamped ta a level of 4.5 V. The minimum current to drive the second comtrol
ioop is 0.1 mA.,

The functions in-sync/out-of-sync and transmitter identification have been combined on pin 22.
The capacitor is charged during the sync pulse and discharged during the time difference
between gating and sync pulsa.

The vertical scart is synchronized by means of a divider system, therefore no adjustment is
required for the ramp generator. The divider detects whether the incoming signai has a vertical
frequency of 50 or 60 Hz and corrects the verticai amplitude.

Ta avoid screenourn due 1o a callapse of the vertical deflection, a continuous bianking level is
insarted into the sandcastle puise when the feedback voitage of the verticai deflection is not
within the specified {imits.

These figures are nased on sampied tests,
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High power emitter
(a) 50/125 um glass
(b) 200 um P.C.S.

10uW min (-20dBm)

160eW min (-8dBm)

SMA/ST Detectors/Receivers
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Supplied to RS by Honeywell aptoelectranics
A wide range of analouge and digiml receivers designed 10 match the low and high power

emirner

50 MHz PIN Diode
A planner silican PIN diode opdcally aligned in SMA/ST housing,citer bulkhead or PCB
mountng .The device features low juntion capacitance fast response and can be used ac upto

50 MHz.The active device is an HFD3022-002

Peak spectral response (tpy.) 850nm
Peak responsiviry 850nm (3Q0um) 0.85A/W
Dark current (max) 2nA
Capacitance 21pF




SMA/ ST Emitters/ Transmitters

:@f

PCR

1 -
1 P
3 NG

=

supplied to RS by Honeywell optolectronics

A range of GaAlAs surface emiming LED, optically slined in sitherr SMA or ST Nousings
offering PCB or bulkhead mounting options. The devicas are designed to provide direcr
connection o te RS range of terminated fiber optic leads or any otherr compatible SMA or

ST connector. The active device is an HFE4070 and is selected for output power.

‘tecnmical specificanion

Absolute max. raings
Forward curreat I 100mA
Reverse voltage V,, (at 10 HA) v
Operating emperamre range 40°Co+ 100°C
Optoelectronic characteristics at 25°C

min tvp. max
Ve, atle = 100mA 1.6V 1.8V
Peak emission wavelength 850nm-

(IF = 100maA)

Spectral bandwidth $0nm
Response tme T 4ns Sns
(Toxe = 100mA t. éns 10ns
Launch power=
low power emirer
(a) 301125 um glass 3uW min (-25¢Bm)

(®) 200w P.C5. 20uW min (-13dBm)




¥
[5,2 10 o8 syAchionizes candign
LA
6 : phase 1 slaw
phase 1 fast
muts off
[
'I mute an
z T nan-synchran:zed conditrn
I BxIaMai vioao source x-0.8 0.8~ internsl wamo source
0 ——
_.I_T‘—-L..._ ANt-1Dp=fluniar pulse
verical
i T2 1 T3 [T bianking
rZ24911. 1
i ; _ —
i condition control sensitivity ! vertical sync separation 1
horizantal escillatar {  pulse after i
| !
/ |
P T2~ [ Td=san i i
Vap > 87V |
strong signal 11.3 kHz/us ! 7.5 kHz/us i 16 us
| weak signal 1.3 kHz/ps | 1.3 kHz/us ; 16 us
!
1<Vop <37V i
strong signal 11.3 kHz/us i 7.6 kHzius 18 us
weak signai 11.3 kHz/us | 7.6 kHz/ps 16 us
| .
L Vo < 0.7V 11.3 kHaz/us | 7.6 kHz/us 16 us !
| .|

- Switching levels coincidence detector,



Reverse breakdown voltage (type) 250 vV
Rise/Fall time (5V) 17ns
(90 V) I ns
Operating temperture -40°Cto + 100 ° C

Fiber Optic Cable

50/125 1Im Teminalted Optical Leads

anvuzvouduloneg

Lengths of LSOH polyethyleng coated fiber optic cable having 50 Um core
diameter , 125 PIm cladding diameter and an overrall cable diameter of 32 mm
Terminated at each end with 9 mm SMA connecters. Numerical aperturee 0.2. Attenuation
(820nm) 3 dB/km typ., 4 dB/km max. Bandwidth 400 Mhz/km. minimum bend radius 3.

mm , maximum tensile load 100N. Operating temperature rang -15°C to + 60°C
Note : This caber is not suitable for use with RS in line connectors.

Caution : Do not exceed the minimum bend radius.

S.SM=1

length (m) stock no.

20 361-260

25 361-276



2218, A, :n2219, A 282221, Asiicony
2222, A, :n5581, 215582

NFN SILICON ANNULAR HERMETIC TRANSISTORS

frequencies.

» BC Current Gain Specified — 1.0 to 560 made

o Low Coliector-Emitter Saturation Voltage —
VEEisay @ I = 500 mAde
= 1.6 ¥dc (Max) ~ Non-A Suffin
= 1.0 Vd¢ (Max) — A-Sutfix
« High Current-Gain~Bandwidth Product =
f1 = 25C MHz (Min) @ i¢ = 20 mAde ~ All Types Except

. widely used “Industry Standard” transistors for applications
as medium-speed switches and as amplifiers from audio 1o VHF

= 300 MHz [Min) @ I¢ = 20 mAdc — 2N72194, 2N2222A, €
CASE 11 (11
2N5582 ro.5
o Complements to PNP ZN2904 A thry 2N2907 A IN2ZY8.A
o JAN/JANTX Available tor all devicas minA

NPN SILICON
SWITCHING AND AMFLIFIER
TRANSISTORS

r_iE_LECTION GUIDE
Charactaristic
BVeED hEE
Dwvica ic = 10 mAde Ic= 150 made [ I = 500 mAde
Type Volts Min/Max Min Pachoge
MINE 40/120 20 e
™79 0 100/300 2 TO-5
N2 40/120 20
INZ232 30 100/300 e T0-18
MNE584 40/120 Fo]
FN5582 40 100/100 40 To48 cast 7211
2N22184 a0 40120 25 To% To18
IN2Z10A 100/ 300 40 2N2221.A
™N2TITNA 40/120 F3 N222%.4
MN2272A 0 1007300 w0 1078
"MAXIMUM RATINGS
*
INZ218 | 2N271BA 1.7
. ZN2218 | 2M22104 | 25581 o b T BT
Hating Symbol| an2221| n22z1A | INssaz | U - n LR
N2222 | NzzIA L -
Callector-Emitter Voltme VEED 30 40 40 Vdc
Collector-Bate Voitage Veg 50 s 5 Ve
Emirrer-Base Voliage VE® 5.0 8o 4.0 Vde
Calisetar Currsnt - Caannugus I 80O 8OO 800°° | mage
2N2218,4] mmm[msm CASE 76
IN2219,Af 2N2222,4 ] 2NS58Z TO46
Tota Device Desipatian &7 4 » 259C Pn 08 0.5 05 want InGs81
Dwra1e sbave 2590 533 333 | 333 | mwroe Ns382
Tatal Device Oimipation @ Tc = 289C Po 2.0 18 2.0 wWarn
Oerace above 259C 20 12 11.43 | mweC
Operating and Siorage .. crion T3 Ts1g | = =65 10 4200 ——= | OC
Temperature Ranga .
JIndicates JEDEC Regisivrad Dats. The ibmecten JCDEL reqiurmeg
" "Motarois Guarentees the Dars in Adaitian t0 JEOELC Regutersdg Data. dimesiLy anel ATEL ApplY




2N2218,A,2N2219,A, 2N2221,A, 2N2222 A, 2N5581, 2NE582 {continued)

"ELECTRICAL CHARACTERISTICS (T, = 25°C unless atherwise nated]

Characteristic r Symbol ] Min l Max l Unilj
FFCHARACTERISTICS
Collsctor-Emitter Breakdown Voltaga BYCEQ Ve

g = 10 mAde, tg = 01 Non-A Sutfix 30 -

A-Suffiz, 2N5581,2N5582 40 -

Collecior. 3 pe Areak down Volrage a¥epo Ve
llg =10 uAdc, Ig = 0) Non-A Suffic -] -
A-Suffix, ZNS521,2N5582 75 -

Emitter-Base Breskdown Yaoltage BVegp Yde
flg =10 cAde, 1c = 0) Non-A Suffix 5.0 -
A-Suffix, ZN5581, ZNEEE2 6.0 -

Colfector Cutaff Current ICEx nAde

[Vee = 80 Vde, VEg(pn) = 3.0 vde} A-Suffix, INS581,2N5582 - 10

Collector Cutoff Current cBo wAdc

Vg = 50 Vdac, 1g = 0} Non-A Suffix - 0.0t

¥ = B0 Ve, Ig = 0) ASuffix, ZN5581,2N5582 - Q.01

\¥rg =50 Vde, Ig = 0, Ta = 150°C) Nom-A Sutfix - 10

{VeR = 60 Vde, Ig =0, Ta = 1509C) A-Suftin, 2N5581,2N5582 - 10

Emitter Cutatf Current lEBD nAde

[Veg = 3.0 Vde,ig = D) A-Suffix, 2N5581,2N5582 - m

Base CutoH Cyrreny gL nAdc
{VCE = BO Vde. VEp(of) ¥ 3.0 Vdcl A:-Sutfia - 20
A TACS
QC Current Gain hfE -

Iig = 0.1 madc, Vcg = 10 vde) INI218,4,IN2221,4,2N558111) 20 -
IN2219,A,2N2222,A,2NS582(1) 15 _

{ip = 1.0 maAde, YeE = 10 Vde) 2N2218,A 2N 2221,A IN5581 25 -

ZN22189.R, 2N 2222, A.2ZN5582 50 -

fig = 10 mAdc, VeE = 10 vae) IN221BAIZNZZ21 A 2NS5611) a5 -
2NZ218.A,2N 27224, 2N5582(1) 75 -

fic = 10 madc, Vog = 10 Vde, T, = -559C) IN2218A_2NZ221A 2NS581 15 -

IN2219A, 2N 22724, 2N5582 5 -

[lg = 150 mAge, Yee = 10 Vaclil) ZNZ218.A 2NZT21,A ZN558 40 120
INZ21D.A 2N 2222 A 2N5582 100 300

¢ = 150 mAde, Vog = 1.0 Vdcl{1) INZ218BA,2ZNZZI1A 2NS5B1 20 -
IN2219R,2NT222A 2N5582 50 -

g = 500 mAdc, Ve = 10 Vac 1) 2N2218.2N2221 20 -
2N32219.2N2222 30 -
2N2218A,2NZ221A ZN5S581 25 -

INZ219A 2N2222A,2N5582 40 -
Colleczor-Emitter Saturation Voltage!1) VCE (rat) Vdc

{Ig = 150 mAac, lg = 15 mAdc) Non-A Suffix - 04
A-Suffix, 2N5581,2N5582 - 0.3

(Mg = 500 mAde, g = 50 madgc) Non-A Suffix - 1.6
A-Sulfix, 2N5581.2NS582 - 1.0

Base-Emitter Saturation Voitage(1) VBE (sat} Vde

llg = 150 mAde, g = 15 mAac) Nom-A Suffix 0.5 2.0
A-Suffix, 2N5581,2N5582 0.6 1.2

{lg = 500 madc, ig = 50 madc) Non-A Sutfix - 26
A-Sulfin, 2NSE81T,2N5562 - 2.0




2N2218,A,2N2219,A, 2N2221,A,2N2222 A, 2N5581, 2N5582 (continued}

*ELECTRICAL CHARACTERISTICS (Continued)

l Charactarigtic Symbol I Min [ Mau l Unit J
s ALL-SIGNAL CHARACTERISTICS
Current-Gain—Bandwidth Producti2) t+ P
g = 20 mAdc, Vo = 20 Vde, f = 100 MHz) Alf Types, Exceot 250 -
2N22194,2N2222A ZNS582 200 -
Output Capacitanceld) Cob - BO pf
{Veg = 10 Voc, Ig = 0. f =100 kHz)
Input Capacitancel3) Cip of
{Vgp = 0.5 Vdc, Ic =0, f = 100 kHz) Non-A Sutfix - 't ]
A-Sutfix, ZNS5B1,2NE582 — 25
Input Impedance hig k ahmg
llg = 1.0mAde, Vo = 10 Vde, f = 1.0 kHzl 2N22tBA IN2221A,2NEEBY 1.0 a5
2N2219A4 2N2222A,2NS5E2 2.0 8.0
lIg* 10mAde, VCE = 10 Vde, f=1.0kHz! 2N221BA IN2221A 2NEEB1 Q.2 1.0
2N2210A IN2Z22A ZNG582 0.25 1.2%
Voliage Feedback Ratio hry x 107
flg = 1.0mAgc, Vo = 10 Ve, f = 1.0 kHz) 2N221B4,2NZ221A 2NESB1 - 5.0
IN2219A, INT222A INSEE? - B.O
llg=10mAde, Vg = 10 Vde, f = 1.0kHz) ZNZ2VBA2NZ221A INSEBT - 25
N2Z219A 2NZ222A INSEB2 - 4.0
Smali-Signal Current Gan hig -
g =1 0mAgc, Vg = 10 Vde, f ~ 1.0 kHz) 2N221BA, ZNZ221 A 2NS5E1 30 150
2N2I219A 2N2222A,2NE582 50 300
llg = 10 mAde, Ve = 10 Vde, f= 1.0 kHz) 2N221BA.ZNI221A 2NSEBY 50 00
2N2219A 2NT2224 INEEB2 75 375
Qutput Aamittance hge umhos
(lg=10mAde. Vo * 10 Ve, ¢ = 1.0 kHz) INI21BAINZ21A INSEEY 3.0 15
IN2210A,2N2222A 2N55B2 5.0 kL
(g = 10 made, Vg =10 Vde, 1= 1.0 kHzl IN221BA,ZNZ2214,2NS5E1 10 100
ZNZZ19A,2NT222A INS582 5 200
Colisctor-Bass Time Constant ' Ce ps
Hg =20 made, Vog = 20 vae, { = 31.8 MH1) A-Suffix, 2N5581.2N5582 - 150
Noiw Figure NF d8
g =100 uAde. Vg = 10 Vdc,
Rg=10kohm, ¢n1.0kHz| INZ219A,2N2222A - 4.0
SWITCHING CHARACTERISTICS (A-Suffix, ZNS5B1 and INS582)
Delay Time g - 10 ns
{Vee = 30 vde, Vg (gify = 0.5 Vde,
Ic = 150maAde. fgy = 15 mAdc}
(Figure 14}
Rise Time ty - 25 ns
Storage Time ty - 225 ns
{Vee = 30 Voc, I o = 150 mAac,
ig1 * 1g3 = 15 mAdc)
{Figure 15|
Fall Time t - &0 ns
Active Asgion Time Constant** Ta - 25 n$
Ml = 150 mAde, Vo = 30 Vacl

"Indi¢ates JEDEC Ragistared Oatas.

“ "Moiorola Guarsntess this Data 1n Addilion 16 JEDEC Reginred Osta.

11)Pyise Tasi: Puise Width % 300 s, Duty Cytle < 2.0%.

{2}ty is defined as the frequency st which |hy i extrapplates to unity.
1313NB581 andd INS5E2 are Listed Coy #nd Cap for thesa conditions and valuss,



2N2218,A,2N2219,A, 2N2221 A, 2N2222 A, 2N5581, 2N5582 (continued)

BFE.MORMALIZED DL CURNENT GAIN
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FIGURE 1 - NORMALIZED DC CURRENT GAIN

4 | T T
ST T T 1] I
T I - e | — e VrE=10V
20 1] | — 0 S S S | ot L [ }
o | — S )i " =
i _T" t f I ] f —— ]
b - i
]i] oo N I8 PR SR S S D \.".:.\ - M i
= ——— — . = x
| P L
. 1 I 1 I o T
= L ssor 1 = < —-X
Y o o _T!._.‘_;‘_ L R A 3 e
I g NS k-
i RN l ! || NN
CTTo 17 f 8 ] f
Y O A 0 I Y S RS S o 0 S A L N
05 07 10 n 30 50 10 2 30 50 H e e 300 500
{C.COLLECTOR CURRENT imA)
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FIGURE & — SOUACE RESISTANCE EFFECTS

NOISE FIGURE
VEE =10V, T4 = 25%C

FIGURE § = FREQUENCY EFFECTS

2N2218,A,2N2219,A, 2N2221 A, 2N2222 AL 2NE581, 2N5582 (continued)
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b Ly, STORAGE AND FALL TIME it

2N2218,A, 2N2219,A, 2N2221.A,2N2222 A, 2N5581, 2N5582 (continued)

SWITCHING TIME CHARACTERISTICS

FIGURE 11 - TURN-ON TIME
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FIGURE 12 —« CHARGE DATA
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FIGURE 13 - TURN OFF BEHAVIOR
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FIGURE 14 — DELAY AND RISE TIME
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2N2218,A, 2N2219,A,2N2221,A,2N2222 A, 2N5581, 2NB5B2 (continued)

(. NORMALIZEDEFFECTIVE TRANSIENT

FIGLURE 16 — CURRENT-GAIN-BANDWIDTHPROOUCT ANO

COLLECTOR-BASE TIME CONSTANT OATA

FIGURE 17 — CAPACITANCES
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