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Vedio and Sound Transceiver using by Laser

Chaowalit Bunphomarsa

Pornsak Watmano

Dr.Suripon ~ Somkuamnpanit Advisor
1996

Abstrack

This thesis presented the Vedio and Sound Transceiver using by Laser,which is used
for transmitted and received vedio and audio signal. These signal are transmitted pass free
space which is a medium,replaced the waveguide sush as optical fiber. Advantage this system
is it essy to propagation and it not involve with waveguide mode which have a difficult to
control in optical fiber. Principle this system is bringed the audio signal modulated with the
sub carrier frequency 5.5 MHz and then mixed with vedio signal. That modulated signal is

drived by Laser diode which have a red colour (}\.=670 nm) for transmit in free space.
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Ionized Argon Anas 488(1{1;‘314) HaT 51401087)
Ionized Krypton e 10,600(8UN5 U3 A)
Helium Neon e 632.8(11A3)
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Ruby YOI 694(IAIT )
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Indium Arsenide i 3,200(8UNTUTA)
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ndusasaIvnunssud ludadswazidoavesnese Idesuneluundaly
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11U 2.8 nansasiuTIUms Vinaes luaiada
a s J
2.6 matamstlounduvesiaives ( Laser Feedback Techniques )
Undudalugalugamiaes ( laser module ) v2alszneudavglnsel 2 dafe M
o o ot o o o
weilalen  warddmamessuiluginselddalunsnuquasiloundy  uazumas

Fodnualldaesd 2.0

310 29 uansdydnusivesya lugamiaes
ar .-L' Y o ° v 4‘ <o - T - d e dy 3/ 0o A
duiulunmiageiynimihiduednseduiiauasshnSyginusavuiivedediiii
ar Yar ar 4 @ o '4 & 1 < o
mstlounduldiuduawesindroniimanos Faae lisnzaandimsiiounduves
iowed lanndszilinstloundung 2 wuundng fe
1. mytloundumanasnaugums luse ( Opticcal-feedback bias control )
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Tei 1d fusslszneunszuaiia
M 11U avalance gain 484 APD (M =1 &3 PIN)
Fd lﬂ‘u excess noise factor 483 APD ( Fd = 1 #1451 PIN )
B iy uuudisd

- a’a’ ' o o o -4 a o .
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mudnnudeunnaudumy Inaaiszen Wsmnaseundoud 1dotedasy (Move-
randomly) Fuzhidfanssuauuudass (Random current)

2.11.4 FYAIUTUNIUTIM (Total noise)
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Rise- Dark

5 time  Wavelength  Responsivity  Current .

Material  Structure  (ns) (nm) (AIW) (nA) Gain
Silicon PIN 0.5  300-1100 0.5 ! 1
Germanium PIN 0.1 500-1800 0.7 200 !
[nGaAsP PIN <1.0  1000-1700 0.6 15-30 l
Silicon APD 0.5 4001000 77 3 150
Germanium APD 1.0 1000-1600 30 700 30
InGaAsp APD 0.2 1060-1700 —_ 100 10-30

M3eH 2.3 AUANYULYBIRIAT IS UNLLTBUAB(Characteristics of junction
photodiodes)
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DATA SHEET ‘ }‘.

" NDL3220, NDL322(

'VISIBLE LASER DI

i
:

670 nm BAR:CODE READER, POINTER APPLICATION
AlGainP MQW VISIBLE LASER DIODE

¢
1
'

¢
‘
B

DESCRIPTION

NDL3220 is an AlGalnP 670 nm visible laser diode and especially developed for Bar Code Reader anc

Peinter.

FEATURES

+ Low Operating Current (icp = 30 mA TYP.) |

s Low Operating Volitage (Vop = 2.1 VTYP.}
s Wide Operating Case Temperature |
(Tc = ~10 to +60 °C) :

e Peak Emission Wavelength (A = 670 nm TYP.)

« Fundamental Transverse Mode

ABSOLUTE MAXIMUM RATINGS (Tc = 25 'C)

Optical Output Power Po 6.0
Reverse Voltage Va 2.0
Operating Case Temperature Te -10to +60
Storage Temperature Tsg -40 to +85
Monitor PD

Reverse Voitage Va 30
Forward Current IF 20

5

RECOMMENDED OPERATING

mwW
v
\(¢4
‘c

mA

CONDITIONS ( Tc = 25 °C)

NDL3220 PACKAGE DIMENSIONS

in millimeters

Junction Plane

_ . Chip Location
3 1aX,1a1150.05
= 1aZ1,£0.05

2 1A8.1, 180,18 T
| S

Kover Glass
LD Chip

g

Reference Plane

(3.6)

1113-90.45

A 3 (CASE)

4
=]

H
0
g

PD LD

1 2
RECOMMENDED VOLTAGE
POLALITY CONNECTION
1. PD ANODE
2. LD CATHODE
3. CASE COMMON

CHARACTERISTIC SYMBOL

- MIN.

TYP. MAX. UNIT

Optical Qutput Power Po

5.0 mw

Document No. P10255EJ2V0DS00 (2nd edition)
(Previous No. LD-3287)

Date Published August 1995 P
Printed in Japan

© NEC Corporatic




R NDL3220, NDL3220S:

#=7*¥ ELECTRO-OPTICAL CHARACTERISTICS (Tc=25Cj ™ "~

e * CHARACTERISTIC SYMBOL | "MIN. | TYyP. T MAX. | UNIT TEST CONDITIONS
Operating Voltage Voo 2.1 2.3 \ Po = 5.0 mwW
Threshold Current I . 20 30 mA cw

_; o7 | Operating Current . loo . - 30 40 mA | Po =50 mwW

- - " | Monitor Current NDL3220 * m §0.0S 0.1 0.2 mA Po=50mWVrx5V
Monitor Current NDL3220S lm "0.1 03 | os mA Po = 5.0 mwW

-—- - | Peak Emission Wavelength X ’ 660 670 680 nm Po = 5.0 mW
Vertical Beam Angle 9. 25 30 35 deg. Po = 5.0 mW, FAHM*
Lateral Beam Angle 8, "6 8 10 deg. Po = 5.0 mW, FAHM*

* FAHM: Full Angle at Half Maximum

NDL3220S PACKAGE DIMENSIONS

in millimeters

¢5.6-'g.ozs
4.4
Kovar Glass 3.55 :
ﬂ\ 1.0 L[l)nchlp
© \ o
c{.;{ ™~ Z o
t —~m S ‘ . 0.75 MAX.
o~ <+
! H |||
o~ i
A i
H
: © [Li1.3-90.45
. © ] 3 (CASE)
R PD LD
2 .1 1 2
IF - RECOMMENDED VOLTAGE
. T PQLALITY CONNECTION
: : 1."PD - ANODE
! 2. LD - CATHODE

3. CASE GROUND
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Sead .;g e sa' 2o
’ TYPICAL™ CHARACTERISTICS (Tc ...25 C) SRS ,,~_;=f-‘_ TOADS. L O ?%'1
e e i el e R
—- e ---OPTICAL OUTPUT POWER vs. < 7L 7 FORWARD CURRENTVS..-  «weeme’
6 FORWARD CURRENT . 6 FORWARD VOLTAGE , .
Lo 5 :'i‘i g w. .
;;;° ! = v rof Rk aliid e - ®
E | R s
i ; ' Te =60 C]
4 ;D 4 - [=4 . .
a.—-g- -l m—Tez25°C — ] — e -25°C.
@ : 3
< Te=0'C g 30 10°C
[=% = =
© 5 Te=-=10"C s /
¥e} : : g
! (@) H : 3
o
Q.
/// // 0 1.0 2.0 3.0
A 1
0 20 30 40 50 Vr - Fprward Voltage - V
* Ir = Forward Current - mA %
MONITOR CURRENT vs.
: OPTICAL OUTPUT POWER
RELATIVE THRESHOLD CURRENT vs. 0.3
- CASE TEMPERATURE Va=5V
S 5.0 Te=25°C
£ cw 0.25
3 NDL3220S é
3 30 g y
£
o <1 0.2 7
£ 20 §
_°>> 5. / .
2 21 € Q0.1 .
< 40 L] g NDL3220
w 0.7 ) _‘E ’ / /
I ¥ A /
2 05 - A 0.05 -
Z 03 ' : . .
IR I 0 205 30.:40 . 50 60 ‘_;* o =07 1 "2 3 4 5
¢ - Case TempeératuréL'C" -~ -~  ©¥% 7= 77 Po - Optical Output Power - mW
e S SR
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FAR FIELD PATTERN

Tc=25°C
Po=5mW
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Relative Intensity

o
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T
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Ar -~ Peak Wavelength - nm
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CASE TEMPERATURE

NDL3220, NDL3220S!
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Tc - Case Temperature - °C
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PiN SILICON PHOTO DIODES
PHOTO DIODES

PIN SILICON

100 voLTs ) ... designed for application in laser d ion, hgnt ¢ ion,
100 MILLIWATTS detection of visible and near infrared light-emitting diodes, shaft or
position encoders, switching and logic circuits, or any design requiring

diation itivity, ultra high-speed, and stable characteristics.

MRDSO0
(CONVEX LENS] _
CASE 20901 ® Ultra Fast Response ~ (<1.0 ns Typ)
MROSO00 (1.2 uA/mW/em2 Min)

MRDS10 (0.3 yA/mW/cm2 Min)
MRD510

(FLAT GLASS} ® Availabie With Convex Lens (MRD500} or Flat Glass {MRD510) for
CASE 21001 Design Flexibility

® Popular TO-18 Type Package for Easy Handling and Mounting e e s

® Sensitive Throughout Visible and Near Infrared Spectral Range
for Wide Application

® High Sensitivity —

TYPICAL OPERATING CIRCUIT ® Annular Passivated Structure for Stability and Reliability

MAXIMUM RATINGS (T4 = 25°C unless otherwise noted)

\ . Rating Symbol Vaiue Unit

Aeverse Voitage VR 100 Volts
Vogeat Total Power Dissipation @ T, + 25°C o 100 ™
w0 Derate sbove 25°C 0.57 mW/OC
Operating and Storage Juncti T3 Tag -65 to +i00 °c
Temperature Range N

STATIC ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

Charsctaristic Fig. No. Symbol Min Typ Max Unht
Derk Current tp nA
(VR = 20V, R = 1.0 megohm; Note 2} . T |} . . -
Ta = 25°C - - 2.0
4dnd5
’/ Ta = 100°C - 14 -
Reverse Breskcown Voltsge - Vigaia - 100 00 - Voits
(IR = 10uA)
Forwerd Voitage - Ve - 0.82 11 Voits
{ig = SOmA)
Setwes Revistance - Ry - 1.2 10 ohms
(iF = 50 mA}
Totsl Capacitance 6 (= 4 - 25 4 [13
(VR = 20 V1= 1,0 MHZ}

OPTICAL CHARACTERISTICS (Tx = 25°C)

Characteristic Fig. No. Symbol Min Typ Max Unit
Pactistion Sensitivity SR sAlmWNicms
(VR s 20V, Note 1} MRDS500 1.2 30 =
MRD510 2 =g 03 0.42 -
Sensitivity 01 0.8 ym SIA « 0.8 umi uAlmWiem2
(VR = 20 V, Note 3} MRDS00 - - 6.6 -
MADS10 - 1.5 -
Resoonme Time - trespl 1.0 ‘ "
VR = 20V, Ay_ * 50 ohms) =
Waveiength of Peak Soectral Response 7 A - o8 - B

FIG. 4-2 Photodiode characteristics of the MRD500.

100
S0 4

80 V4

" \

3’; 70 / \

< 60

S / \

& 50 - ,

g \

P 40 /

2 30 /

=2 74

= 20 4 - N

o< N

c)0.2 03 04 05 06 07 08 09 1.0 11 1.2

Y

A wavelength, um

FIG. 4-3 Spectral response of photodiode MRD500. .



2n3903 (siLicon)
2n3904

NPN SILICON ANNULAR TRANSISTORS

... designed for general purpose switching and amplifier applications
and for complementary circuitry with types 2N3905 and 2N3906.

Collector-Emitter Breakdown Voltage — BVCEQ = 40 Vdc (Min)
Current Gain Specified from 100 #A to 100 mA
Complete Switching and Amplifier Specifications

Low Capacitance — Cop = 4.0 pF (Max)

NPN SILICON
SWITCHING & AMPLIFIER
TRANSISTORS

FMAXIMUM RATINGS

Rating Symbol Value Unit
Coltector-8ase Voltage vee 60 Vde
Collector-Emitter Voltage VCEO 40 Vdc
Emitter-Base Voltage VEB 6.0 Vde
Collector Current — Continuous e 200 mAdc
Totat Power Dissipation @ T4 = 25°C Pp 350 mw
Derate above 25°C 2.8 mW/eC
Total Power Dissipation @ T¢ = 25°C Pp 1.0 Watts
Derate above 25°C 8.0 mW/°C
Junction Operating Temperature Ty 150 °c
Storage Temperature Range Tag -5510+150 oc

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
T hermal Resistance, Junction to Ambient RgIA 357 ocm
T hermai Resistance, Junction to Case RgJc 125 ocw

*indi JEDEC Regi ed Data

-l |
]
P c
Ll
ssnmc,jl N'l—‘ "‘i

PLane

|

o il Y

—~{ R f—

Q

_t
<K
o |

STYLE ¥
PINT EMITTER
7 BASE
1 COLLECTOA

[
5

MILLIMETERS | __INCHES
DM MIN MAX | MIN MAX
A | 4450 | £200 . 0175 | 0.205 |
B_| 31 T190 0125 | G185 |
€ | 4320 | 5330, 0170 | 0210 |
D | 02407 | 0533 ;0016 { 0021
a7 | 0467 ;0016 | 0019 |
R_11T. SN | <
T [ 1150 | 1390 ;0045 | 0055
N - 1210 1 - 0050
3 30 |- 0450 -
[¢] 430 - ] -
R 10 | 7670 10095 | 0105
S 030 | 2670 10080 | 07105 |

CASE 29-02
TO-92

163
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2N3903, 2N3904 (continued)

* ELECTRICAL CHARACTERISTICS (1.=25"c uniess otherwise noted)

L Characteristic

Fig. No. [ Symbol I Min L Max [ Unit - l .
OFF CHARACTERISTICS A _ i
Collector-Base Breakdown Voltage Bvcao Ve
o - 10 wAcc, 1, - 0) to N
Collector-Emitter Breakdown Voltage {1} BYero Ve
(I + 1.0mAde, 1 - 0) 40 *
Emitter-Base Breakdown Voltage Bv ve
. EBO
(g * 10 uacc, 1, - 0) 6.0 -
Collector Cutolf Current Teev nade
(Veg » 30 Vde. vy o +3.0 Vi) - 5o
Base Cutoff Corrent ! EV e
(Vog * 30 Ve, Vi oo v3.0 vak) B - 50
ON CHARACTERISTICS
DC Current Gain (1) 13 hep -
(1o = 0.1 mAde, Vop * 1.0 Vo) 2N3903 20 -
IN3904 © -
(1o 1.0mAde, V__ < 1,0 Vdc) 2N23903 38 -
¢ ce 283904 70 -
(g - 10 mAde, Ve, = 1.0 Vee) 2N3903 50 150
E 2N3904 100 300
(I~ = 50 mAde, V.. = 1.0 Vde) 2N3903 30 -
¢ CE 2N3904 60 -
(Is = 100 mAde, V__ = 1.0 Vdc) 2N3903 18 -
c CE 2N3904 30 -
Collectlor-Emitter Saturation Voltage (1} 16, 17 \/ vee
(I * 10 mAde, 1 » 1.0 mAdc) Rl . 0.2
(I * 50 mAde, 1+ 5.0 made) - 0.3
Base-Emitter Saturation Voltage (1) n v Ve
T = 10 mAde, 1+ 1.0 mAde) BE(sa) 0.65 0.85
(Ig * 50 made, 1. + 5.0 mAc) : e
SMALL-SIGNAL CHARACTERISTICS
Current-Gain-Bandwidth Product 'T Mz
(I = 10 mAdc, Vi « 20 Vde, { = 100 MHz) 2N3903 e 250 -
2N3904 300 -
Output Capacitance 3 Cob ¥
Vg = 5-0Vee, T, + 0, £« 100 kHz) - 4.0
Input Capacitance 3 S PF
(Vg * 0.5 Vdc, 1_ 0, { + 100 kHz) y 8.0
Input Impedance n e k ohms
(g = 1.0 mAde, V.o = 10Vée, { = 1.0kH2) 2N3903 0.5 8.0
2N3904 1.0 10
Voltage Feedback Ratio 14 bre X104
(i = 1.0 mAgc, Vog = 10 Vée, {= 1.0 kHz) 2N3903 0.1 5.0
2N3904 0.5 8.0
Small-Signal Current Gain 1 fe )
U = 1.0 mAd, Veg * 10 Vee, = 1.0XHz) 2N3903 50 200
. 2N3504 100 400
Output Admittance 12 o, pmhos
(Ig * 1.0 mAde, Vg =10 Vée, £ = 1.0 kiz) 1.0 40
Noise Figure 9, 10 NF dB
(1o = 100 pAde, V., =5.0 Vde, R, = 1.0 k ohms, 2N3903 - - 6.0
CE s 2N3904 - 5.0
f = 10 Hx to 15.7 kNg) )
SWITCHING CHARACTERISTICS
Del. - . - 3% ns
ay Time (Vo = 3.0 Vde, Vagrm * %5 Vée 13 Yy
Rise Time I * 10 mAce, Iy = 1.0 mAdc) 1,5, 6 t - 3 ns
Storage Time 2N3903 3,7 t - 115 bd
(vcc = 3.0 Vic, 1, = 10 mAd, 2IN3904 & - 200
Fall Time Ip1 * Ipg = 1-0 mAdc) 28 Y z s nd
(1) Pulse Test: Pulse Width » 300us, Duty Cycle = 2.0%.
*Indicates JEDEC Renstered Data
FIGURE 1~ DELAY AND RISE TIME FIGURE 2 — STORAGE AND FALL TIME
EQUIVALENT TEST CIRCUIT EQUIVALENT TEST CIRCUIT
300 nsoy 1<t <500 ps—{ Y e
DUTY CYSLE = 2% =108V +3ov DUTY CYCLE = 2% +iosv
~05V J ' 0
< 40pF*
< 10w L AR < A0H
VT s

*Totai shunt capacitance of test jig and connectors




IN3905
2N3906

PNP SILICON

SWITCHING & AMPLIFIER
PNP SILICON ANNULAR* TRANSISTORS TRANSISTORS

.. .. designed for general purpose switching and amplifier applica-
tions and for complementary circuitry with types 2N3903 and
2N3904.

High Voltage Ratings — BV cgQ = 40 Voits (Min)
Current Gain Specified from 100 uA to 100 mA
Complete Switching and Amplifier Specifications
Low Capacitance — Cop = 4.5 pF (Max)

.
T
c
11
VAN 1
SEAUNG < P ] T £l
PLANE t &
*MAXIMUM RATINGS D—‘—.‘_!L
Rating Symbol Value Unit : R l‘:'.
a
Collector-Base Voitage Ver 40 Vde l | _J.
L
Collector-Emitter Voltage VCEO 40 Vde @ ®
3B
Emitter-Base Voltage Ves 5.0 Vde STYLE1: ; D"T
2 s
Collector Current Ic 200 mAdc PIN ; EX;PER -
Total Power Dissipation @ Ty = 60°C Pp 250 mw - 3. COLLECTOR
Total Power Dissipation @ T = 25°C Pp 350 mw .
Derate above 25°C 2.8 mw/°C i M;;.';meLi&;s% M‘;’ncnsax
Total Power Dissipation @ T¢ = 25°C Pp 1.0 Watt A_| 2850 5700 3 0775 | 0.765
§ B8 | 3180 | €130 017 | 0.18% ]
[ Derate above 25°C 8.0 mw/°C T ] 4320 | 5330 0170 | 0910
] 407_] 0533 10016 | 6021
Junction Operating Temperature Ty +150 °C 'mr 0487 ; 0076 ] 0079
R IIT = =
Storage Temperature Range Ts‘g -55 to +1580 oc t 1150 |.J?g ;0045 | 005%
N - 1770 - 5050 ]
THERMAL CHARACTERISTICS ; Aﬁ: - : %ﬂ .
Characteristic Symbol Max Unit 2 ;;3 ;%;g_ll_ g__ﬁ‘____m
Thermal Resistance, Junction 1o Ambient RgJA 357 o°cw .
Thermal Resistance, Junction to Case Rgic 125 ocw
CASE 2902
(10. 92}
*indicates JEDEC Registered Data.
®Annuisr semiconductors patented by Motorola Inc. © MOTOROLA INC.. 1973 DS 5128 R2
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*ELECTRICAL CHARACTERISTICS (T = 25°C uniess otherwise noted.)
Characteristic | Feno. | symbot | Min | M ] wair |
OFF CHARACTERISTICS
Cotlector-Base Breakdown Voitage BVeso 40 - Vde
e = 10 uAde, Ig = 0)
Collecror-Emitrer Breakdown Voitage (1) BVcEO 40 - Vde
{ic = 1.0 mAdc, Ig = O}
Emitter-Base Breakdown Voitage BVEBO 5.0 - Vde
{Ig = 10 pAde, Ic = O)
Coliector Cutoff Current lcex - 50 nAdc
{VCE = 30 Vde, Vge (otf) = 3.0 Vdc)
Base Cutotf Current gL - 50 nAdc
(VCE = 30 Vde, Vgg(otf) * 3.0 Vde)
ON CHARACTERISTICS (1}
DC Current Gain hfE
{ic = 0.1 mAde, Vg = 1.0 Vdc} 2N3905 15 30 -
2N3906 60 -
{Ig = 1.0 mAde, Vg = 1.0 Vde) 2N3905 40 -
2N3906 80 -
{ic = 10 mAde, Veg = 1.0 Vde) 2N3905 . 50 150
2N3906 100 300
{1¢ = 50 mAde, Vg = 1.0 Vde) 2N3905 30 -
2N3906 60 -
l1c = 100 mAdc, Veg = 1.0 Vdcl 2N3905 15 -
2N3906 30 -
Colil -Emitter S Voltage 16, 17 VCE(sat) Vde
fic = 10 mAdc, Ig = 1.0 mAdc) - 0.25
{1 = 50 mAdc, Ig = 5.0 mAdc) - 0.4
Base-Emitter Saturation Voitage 17 VBE(sat) Vde
{ic ='10 mAde, ig = 1.0 mAdc} 0.65 085
(e = 50 mAdc, Ig = 5.0 mAdc) - 0.95
SMALL-SIGNAL CHARACTERISTICS
Current-Gain ~ Bandwidth Product fr MHz
{ic = 10 mAde, VcE = 20 Vde, f = 100 MHz) 2N3905 200 -
. . 2N3906 250 -
Output Capacitance 3 Cob - 4.5 pF
{(Veg = 6.0 Vdc, Ig = 0, f = 100 kHz)
tnput Capacitance 3 Cib - 1.0 pF
(Vgg = 0.5 Vde, Ic = 0, f = 100 kHz)
Input impedance i 13 hia k ohms
{Ic = 1.0 mAdc, Veg = 10 Vde, = 1.0 kH2) 2N3906 0.5 8.0
2N3906 2.0 12
Voltage Feedback Ratio 14 hre X 10~4
{ic = 1.0 mAdc, Vg = 10 Vde, f = 1.0 kHz) 2N3905 0.1 5.0
2N3906 1.0 10
Small-Signal Current Gain 1 hea -
{Ic = 1.0 mAde, Vg = 10 Vdc, f = 1.0 kHz} 2N3905 50 200
. 2N3906 100 400
Output Admittance 12 hog umhos
{lc = 1.0 mAde, Vg = 10 Ve, f = 1.0 kHz) 2N3905 1.0 40
2N3306 3.0 60
Noise Figure 9,10 NF - ds8
{Ig = 100 pAdc, Vg = 5.0 Vde, Rg = 1.0 k ohm, 2N3305 - 5.0
f =10 Hz 10 15.7 kHz) 2N3906 - 4.0
SWITCHING CHARACTERISTICS
4 Delay Time (Ve = 3.0 Vde, VgE(otf) = 0.5 Vde 1,5 S tg ‘- 35 ns
Rise Time ic = 10 mAdc, Igy = 1.0 mAdc) 1,5.6 t — ag ns
Storage Time 2N3905 2.7 t - 200 ns
(Ve = 3.0 Vde, Ic = 10 mAde, 2N3906 - 225
JFall Time 1817 g2 = 1.0mAdc) 2N3905 2.8 Y - 60 s
2N3906 - 75 N
“Indicates JEDEC Registered Data. {1) Pulse Width = 300 s, Duty Cycle = 2.0 %.
FIGURE 1~ DELAY AND RISE TIME FIGURE 2 — STORAGE AND FALL TIME
EQUIVALENT TEST CIRCUIT EQUIVALENT TEST CIRCUIT
~30v +oavSibe<ions g9y
-, r-< 10 ns 25
! +05V
' 0
AG<40pF
Ts
—108Y e 300ms 10 < t, < 500 ps
DUTY CYCLE = 2% ouTYCYCE = 2% 7 b
*Total shunt capacitance of test jig and connectors
Y ¥
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TRANSIENT CHARACTERISTICS
— T, =25°C— T, = 125°C
FIGURE 3 — CAPACITANCE FIGURE 4 — CHARGE DATA
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LM386

Nah‘onél
Semiconductor

Audio/Radio Circuits

LM386 Low Voltage Audio Power Amplifier

General Description

The LM386 is a power amplifier designed for use in low
voltage consurmer applications. The gain is internally
set to 20 to keep external part count low, but the
addition of an exigmal resistor and capacitor between
pins 1 and 8 will increase the gain to any value up
to 200.

The inputs are ground referenced while the output is
automatically biased to one half the supply voltage. The
quiescent power drain is only 24 milliwatts when oper-
ating from a 6 volt supply, making the LM386 ideal
for battery operation. .

Features

= Battery operation

B Minimum external parts

® Wide supply voltage range 4V~12V or 5V-18V
® Low quiescent current drain 4 mA

® Voltage gains from 20 to 200

® Ground referenced input

®  Self-centering output quiescent voltage

® Low distortion
8 Eight pin dual-in-line package

Applications
AM-FM radio amplifiers

Intercoms

TV sound systems
Line drivers
Ultrasonic drivers
Srail servo drivers

Power converters |

Portable tape player amplifiers

—1-r~ -

Equivalent Schematic and Connection Diagrams

GAIN

tens e ln.

Typical Applications

Amplifier with Gsin = 20
Minimum Parts

Dual-in-Line Peckage - .
' o
GAIR =t oy
et ! errass
" s,
N ] L s
0P VIEW
Order Number LM386N,
LM3B6N:3 or LM386N-4"

See NS Package NOgB

Amplifier with Gain = 200
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Absolute Maximum Ratings

Supply Volitage (LM386N) 15V Storage Temperature —65°Q to +150°C
Supply Voltage (LM386N-4) 22V Operating Temperature . 0°C 10 +70°C
Package Dissipation {Note 1) (LM386N-4) 1.25W Junction Temperature +150°C
Package Dissipation {Note 2) (LM386) ‘660 mW Lead Temperature (Solidering, 10 seconds) +300°C
input Voltage 0.4V
Electrical Characteristics 7, = 25°c
PARAMETER CONDITIONS MIN TYP MAX UNITS
Operating Supply Voltage (Vg)
LM386 4 12 v
LM385N4 5 18 A
Quiescent Current {lq) Vg =6V, V=0 4 8 mA
Output Power (Poy7)
LM386N-1 Vg = 6V, Ry = 802, THD = 10% 250 a2s mw
LM386N-3 Vg =9V, R, =8Q, THD = 10% 500 700 mwW
LM386N4 Vg = 16V, Ry = 320, THD = 10% 700 1000 mW
Voltage Gain {Ay/) Vg =6V, f=1kHz 26 d8
10uF fromPin 1 10 8 46 d8
Bandwidth (BW) Vg =6V, Pins 1 and 8 Open 300 kHz
Total Harmonic Distortion (THD) Vg =6V, R, =88, Poyr =125mW 0.2 %
4' = 1 kHz, Pins 1 and 8 Open
Power Supply Rejection Ratio (PSRR) Vg =6V, f= 1 kHz, Caypass = 10uF 50 dB
- Pins 1 and 8 Open, Referred to Output |. Ll N
Input Resistance (Ryy) 50 kQ
Input Bias Current {lg;ag) Vg = 6V, Pins 2 and 3 Open — T 250 nA

Note 1: For operstion in ambient temperatures above 25°C, the device must be derated based on 8 150°C maximum junction temperature and 3

thermal resistance of 100°C/W junction to ambient.

Nots 2: For operstion in smbient temperatures above 25°C, the device must be derated based on a 150° C maximum junction temperature and a

thermal resistance of 187°C junction to smbient.

Application Hints
GAIN CONTROL

To make the LM386 a more versatile amplifier, two pins
{1 and B) are provided for gain control. With pins 1 and
8 open the 1.35 k{2 resistor sets the gain at 20 (26 dB).
If a capacitor is put from pin 1 to 8, bypassing the
1.35 kS2 resistor, the gain will go up to 200 (46 dB). if
a resistor is placed in series with the capacitor, the gain
can be set to any value from 20 to 200. Gain control can
also be done by capacitively coupling a resistor {or FET)
from pin 1 to ground.

Additional external components can be placed in parallel
with the internal feedback resistors to tailor the gain and
frequency response for individual applications. For ex-
ample, we tan compensate poor speaker bass response
by frequency shaping the feedback path. This is done
with a series RC from pin 1 10 5 {paralleling the internal
15k resistor). For 6 dB effective bass boost: R = 15k§2,
the lowest value for good stable operation is R = 10 k§2
if pin 8 is open. If_pins 1 and 8 are bypassed then R as
low as 2 k§2 can be used, This restriction is because the
amplifier is only compensated for closed-loop gains
greater than 9.

INPUT BIASING

The schematic shows that both inputs are biased to
ground with a 50 k§2 resistor. The base current of the
input transistors is about 250 nA, so the inputs are at
about 12.5 mV when left open. If the dc source re-
sistance driving the LM386 is higher than 250 k2 it will
contribute very littie additional offset {about 2.5 mV at
the input, 50 mV at the output). if the dc source
resistance is less than 10 k§2, then shorting the unused
input to ground will keep the offset low (about 2.5 mV
at the input, 50 mV at the output). For dc source
resistances between these values we can eliminate excess
offset by putting a resistor from the unused input to
ground, equal in value to the dc source resistance, Of
course all offset problems are eliminated if the input is
capacitively coupled.

When using the LM386 with higher gains (bypassing
the 1.35 k2 resistor between pins 1 and B) it is necessary
to bypass the unused input, preventing degradation of
gain and possible instabilities. This is done with a 0.1uF
capacitor or a short to ground depending on the dc
source resistance on the driven input.

98CINT .





