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Abstract

This project is on +the study and design of the speech
scrambler in snslog processing which can be use in communicstion
network such as telephone and radic communicstion. This technique
is based on spectrum inversion of the input sudio signal of
distfoy the intelligible trend in resultance signal, sc by this
method, the frequency spectrum of audio signal will bhe
interchange from +the low to high and vice versa. This principle
employs balance modulator as the key—-equipment to moduiste the
agdio signal with carrier in order to produce the desirable
frequency spectrum. The spectrum demodulation at the receiver the
receiving signal by the same principle as that of the transmitter.
But in the modulation process spectrum will be inversed opposite

to that of transmitter. So the original signal will be obtained.
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a @ vy v ° ' av v TR

INAUNITR 6. 998 17U 1AI7187 LT IMINITR L NAATAI NG A K_ 919981 NRARI LAY
v ] . ﬂ’ﬂl o 1 a a ( ud |- B ¥ )

15¥an38A1 17K _ LwanazsanﬂWﬂuWﬂﬂaaauwuﬂuﬁuacmvLnuﬂ1331§manﬁua1w7u
9

Tunsdyosarnaiiumuie aus IsivansenusestnTariag fauu3 e N9 98 L naan

9
A0

R =R e e (6.10)

Nnew old

AININNITN 6.7 URE 6.8 2y 1671

L =L 60.0'0(6011)

new o ld

[1/K 1C
£ old

c

new

a a Y
NMNJIVNITN 6.3,6.4,6.5 Uxvdun1Tn 6.10,6.11,6.12 LTWQ&kéaNﬂWTﬂWT

¢ v oo
ALnNaoUnTai(Element scaling squation) 9%
-

= K R terer e (6.13)
N w m ald
L = [K /K 1L veress (B6,14)
new m L > ld
C = [1l/K K 1C veeas s (6,18)
new m f old
36 T
i
24 ;,:. -
2 J T
: JT“ e N !
3 12 Magnttude scaling # .
s |l
N 1A 13
. !th‘\
. il | Tl |
RS S i
0.1 { 10 100 1000 10t
w, radfs

zﬂ% 6.2 UANINITALNATUG



36
A R A
’y l ’\\ Frequency scaling J{\ m
= ‘ N l il N i
: TG ;
§ 12 —Mar:mtlzlciic scaling i i
X . 'S m‘ N ;
6 ! il PN I m
{illi - ISR i

0.1 ] 10 100 1000 10*
w, rad/s ’

1M 6.3 WANINITALNAAINNG
Y

§.2) 293TNTDIAINNONIUTUMINL MBI L 2TN(Bulterworth lowpass filbter)

INHULULABUD 173 99TNTD I TN LAD LITDATILLHUD I5UUR L T HINNAI W aR
uey !
' I’UC‘:' K; ﬂlﬂg r- v 17} ' o 17} ’Q‘
druls fetutionTs ioan AnTussiatoanin tulainisaTnTestiain ot S4g
IAIUTIVL THUTD ILAUAINAE 9TIEA | 13 997N T2 9T UAAN 9
u 9

SALLEN AND KEY CIRCUIT

10@71uzﬂ 6.16 11w 99Thanesuzlag Sallen and Key 1u799717
u

1IN189 op-amp 2w 1RANTe1L TuArudaTusTERTA 9 V. uay V_ A

VZ/Vil = 1+(Rb/R ) = K veesea(6.16)

H-o1 N +1



31
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6.3) 2497079913614 BWITUQUADUD ( BAND-REJECT FILTER)
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National

Semiconductor |
CD4013BM/CD4013BC Dual D Flip-Flop

General Description

The CD40138 dual D {lip-flop is a monolithic complementa-
ry MOS (CMOS) integrated circuit constructed with N- and
P.channel enhancement mode transistors. Each flip-flop
has independent data, sat, reset, and clock inputs and “Q"
and "3G" outputs. Thesa devices can be usad for shift regis-
ter applications, and by connecting 0" output to the data
input, for counter and toggle applications. The logic level
prosunt at thy “0" Input1s ransforrod to the Q output during
the positlve-going transition of the clock pulse. Settng or
resetting is independent of the clock and is accomplished
by a high level on the sat of reset line respectvely.

Features

® Wide supply voitage range

u High noisa immunity ’

» Low power TTL
compatibility

Applications

W Automotive

u Data torminals

® Instrumentation

& Medical electronics

3.0V 1o 15V

0.45 Vpp (typ.)
fan out of 2 dniving 74L
or 1 driving 74LS

8 Alarm sysiem

u Industnal vluctronics
% Remote metering

u Computers

Connection Diagram

Duai-In-Line Package
RESET 2

Voo az iV cLock 2

AL 13 12

10

DATA2

SET2?

FIF

1

Fif

| |

1 2 ) 4 s 6 ] 1
a1 3] CLOCK 1 RESET1  OATA! SET 1 Vss
TUF/5946-1
Top View
Truth Table
cL! D R S Q [
S 0 [¢] o] 0 1
e 1 0 0 1 0
~ x ] 0 Q a
X X 1 0 0 1
x X 0 1 1 0
X X 1 1 1 |
No change
1 = tovel change

x = Don'l care case

Order Number CD4013B*

Pl1oase sue Secuon 8, Appendia O
106 AVANACHLIY Of YANMOUS PECRAQE TyDes




Abgolute Maximum Ratings (s 185
it Milltary/Aerospace specilied davices are required,
contact’ the National Semiconductor Saies Oftfics/

Dlstributors for avallablility and specitications.

OC Supply Voltage (Vpp)
Input Voltage (Vi)
Storage Temp. Range (Tg)

power Dissipation (Pp)
Dual-in-Line
Small Outline

Lead Temperature (T\)
(Soldering, 10 seconds)

—-0.5Vpcto +18Vpc
—-0.5VpctoVpp +0.5Vpe
-65'Cto +150°C’

700 mwW
500 mW

260°C

Recommended Operating
Condltions (note 2)

OC Supply Voitage (Vpp) +3Vpctlo +15Vpe
Input Voltage (Vin) 0 Vpc to Vpo.Voe
Operating Temperature Range (Ta)
CD40138M -55'Cto +125°C
CD4013BC =40°Clo +85°C

DC Electrical Characteristics coso13am (Note 2)

symbotl Parameter Conditiona Z55¢ +25°C +125°C Unita
Min Max Min Typ Max Min Max
oo Quiescent Device | Vop = 5V, Vin = Vpp or Vgs 1.0 1.0 30 pA
Current Voo = 10V, Vi = Vppor Vss 2.0 2.0 60 pA
Voo = 15V, VN = Vpp of Vss 4.0 4.0 120 pA
vou Low Level liol < 1.0 A
OuputVoltage | Vpg = 5V 0.05 0.05 005 | v
Vpp = 10V 0.05 0.05 005 | Vv
Vop = 15V 0.05 0.05 005 Vv
Vo High Level ol < 1.0 pA
Qutput Voltage Vop = SV 4.95 4.95 4.95 Y
Voo = 10V 9.95 9.95 9.95 v
Vpop = 15V 14.95 14.95 14.95 \i
Vi Low Leve! llol < 1.0 A
Inpul Voltage Voo = SV.Vp = 0.5V or 4.5V 1.5 1.5 1.5 v
Voo = 10V, Vg = 1.0V or 9.0V 3.0 3.0 3.0 v
Ypp = 15V, Vg = 1.5V or 13.5V 4.0 Ly 4.0 v
Vir High Level ltol < 1.0 pA
Input Voltage Voo = 5V.Vp = 0.5V or 4.5V 35 35 35 v
Vpp = 10V,Vg = 1.0Vorg.ov | 7.0 70 7.0 v
Vop = 15V, Vg = 1.5Vor13.5vV | 11.0 11.0 11.0 v
loL Low Luvul Qutput | Vgp = 5V, Vg = 0.4V 0.84 0.51 04y 0.38 mA
Current (Note 3) | Vpg = 10V, Vg = 0.5V 1.6 1.3 2.25 0.9 mA
Vpo = 15V. Vg = 1.5V 42 3.4 8.8 2.4 mA
low High Levet Output | Vpp = 5V, Vg = 4.6V ~0.64 -051| -0.88 -0.36 mA
Current (Note 3) | Vpp = 10V, Vg = 9.5V -1.6 -13 | -225 -0.9 mA
Vpo = 15V, Vg = 13.5V -4.2 -3.4 -£.6 -2.4 mA
hN Input Current Vop = 15V.Viy = OV -0.1 -10-5| -0 -1.0] upA
Vpp = 15V, Vi = 15V 0.1 10-5 | 0. 1.0 | pA
DC Electrical Characteristics co0138c (Note 2)
Symbol Paramater Conditions —s0C T25°C r85°C Units
Min Max Min Typ | Max Min Max
oo Quioscent Davice | Vpp = 5V, Viy = Vpp of Vss 4.0 40 | J0 nA
Curront Voo = 10V, V|y = Vpp Of Vss 8.0 8.0 60 KA
Voo = 15V, Vin = Vpp 0ot Vss 16.0 16.0 120 pA
Voo Low Level llol < 1.0 pA )
Qutput Voltage Voo = 5V 0.05 0.05 0.05 v
Voo = 10V 0.05 0.05 005| Vv
Vop = 15V 0.05 0.05 005| V
Von High Level llo] € 1.0 pA
Qutput Voltage Vop = 5V 4.95 4,95 4.95 v
Vpo = 10V 9.95 9.95 9.95 v
Vop = 15V 14.95 14.95 14,95 \J
Vie Low Levei llol € 1.0 kA
Input Voltage Vpp = 5V.Vp = 0.5Vor 4.5V 1.5 1.5 1.5 v
Voo = 10V.Vg = 1.0V or 9.0V 3.0 3.0 3.0 v
Vpp = 15V, Vg = 1.5V or 13.5V 4.0 4.0 0 | v




DC Electrical Characteristics co«0138c (Note 2) (Contnued)

-40°C +25°C +85°
Symbol Parameter Conditions 2 ¢ Unity
Min Max | Min Typ Max Min Max
ViH High Level llol < 1.0 pA
Input Voltage Vpp = 5V, Vg = 0.5V or 4.5V 35 as as v
Vpp = 10V, Vg = 1.0V or 9.0V 7.0 7.0 7.0 v
Vpp = 15V, Vg = 1.5Vor13.5vV | 11.0 11.0 1.0 v
oL Low Level Qutput { Vpp = 5V, Vg = 0.4V 0.52 0.44 0.88 0.36 mA
Current (Note 3) | Vpp = 10V, Vg = 0.5V 1.3 iR 2.25 0.9 mA
Vop = 15V, Vg = 1.5V 3.6 3.0 8.8 2.4 mA
lon High Level Output | Vpp = 5V, Vg = 4.6V -0.52 -0.44| -0.88 -0.36 mA
Curtant(Note 3) | Vpp = 10V, Vg = 9.5V -1.3 =11 =225 -0.9 mA
Voo = 15V, Vo = 13.5V -3.6 -3.0 -4.8 -24 mA
™ Input Current Vop = 15V, Viy = OV -03 -10-5| -03 -1.0| nA
Voo = 15V, ViN = 15V 0.3 10-5 0.3 1.0 pA

Note 1; “Absohute Maxmum Ratings” are 1nos4 values bayond wiuch the salely of e dewic
‘ snoula be operaled al these mits, The tadles of "R

QP AUON.

Oc

Note 2: Vg5 = OV unless olwiwiss specitied.
Note 3 lon and lo #76 Measwed one OUlpul at & tma,

wed Op:

.g{‘

" and

“ provxie

AC Electrical Characteristics® 1, = 25'c.c_ = 50 pF. A, = 200k, unless othenwise noted

@ CANNOL DY QuUasaNiesd, Iney &r6 NOL Maant 10 imply that 1ha Gevices
regm, tor actual Sevice

Symbol I

] Conditions

]
]
| Parameter Min Typ \ Max Unlts
| CLOCK OPERATION
l tPHL. IPUR Propagation Dalay Time Vpp = 5V 200 350 ns
| Vpp = 10V 80 160 ns
[ Voo = 15V 65 120 ny
YHL ITWR Transition Time Vpp = 5V 100 200 ns
Vop = 10V 50 100 ns
Vop = 15V 40 80 ns
twi 'wH Minimum Clock Vpp = 5V 100 200 ns
Pulse Width Vop = 10V 40 80 ns
Vpp = 15V 32 65 ns
AcL 'FCL Maxmum Clock Rise and Voo = SV 15 HS
Fall Time Voo = 10V 10 us
Vpp = 15V 5 HS
sy Minimum Sat-Up Time Vpp = 5V 20 40 ns
Vop = 10V s 30 *ns
Vop = 15V 12 25 ns
foL Maximum Clock Voo = 5V 2.5 H MHz
Frequency Vpp = 10V 6.2 12.5 MHZz
Voo = 15V 7.6 155 MHz
SET AND RESET QPERATION
PHLR) Propagation Delay Time Vpp = 5V 150 300 ns
PLH(S) Vop = 10V 65 130 ns
Voo = 15V 45 90 ns
WHEA) - Minimum Set and Vop = 5V 90 180 as
YWH(S) Resel Pulse Width Voo = 10V 40 80 ns
Voo = 15V 25 50 ns
Cin Average Input Capacitance Any input 5 7.5 pF
*AC Par iy d oy OC estng,



Schematic Diagram
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National
Semiconductor

LM158/LM258/L.LM358, LM158A/LM258A/LM358A,
LM2904 Low Power Dual Operational Amplifiers

General Description

The LM158 series consists of two independent, high gain,
internally Irequency compensated operational ampifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power sup-
ply current drain is independent of the magnitude of the
power supply voltage.

Apphcalion aroas include transducer amplifiers, dc gain
plocks and all the convontional op amp CICuits which Now
cun bu moro casily implomontod in singiu powor supply sys-.
toms. For uxamplo, thu LM 158 sunes can bu directly opurite
od off of the standard +5 Vp¢ power supply voltage which
15 used in digital systems ana will easily provide the required
interface electronics without requiring the additionat £ 15
Vpg power supplies.

Unique Characteristics

® In the linear mode the input common-mode voitage
range includes ground and the output voltage can also
swing to ground, even though operated from only a sin-
gle pawer supply voitage.

& The unity gain cross frequency is temperature
compensated.

® Tha input bias current is also temperature
compensated.

Advantages
B Efiminates need for dual supplies

8 Two internally compensated op amgps in a single
package

» Allows directly sensing nuar GND and Voyr also gous
to GND

a Compatible with all forms of logic

" Power drain suitable tor bartery operation

= Pin-out same as LM1558/LM1458 dual operational
amplifier

Features
® internally trequency compensated for unily gain
8 Largo dc voltago gain
u Wido bandwigth (unity gaun)
{tumpuratury computisaiud)
= Wide power supply range:
Single supply 3 Vpg 10 32 Vpe
or dual supplies t1.5Vpgto & 16 Vpg
® Very low supply current drain (500 pA)—essentally in.
dependent of supply voltage

100 uB
1 MHz

2 Low input biasing current 45 nApc
(temperature compensatedq)

u Low input offset voitage 2 mVpe
and olfset current 5 nApc

Input common-mode voltage range includes ground

Differential input voltage range equal to the power sup-
ply voltage

® Large oulpul voitage swing

0VpctoV* - 1.5 Vpe

Connection Diagrams (rop views)

Metal Can Package

NON-INVERTING NON INVERTING

INPUT A LU
GNO
TLr/ 77873
Order Number LM158AH, LM158H, L M258AH,
LM258H, LM3S8AH or LMasgH

See NS Package Number HosC

1
INVERTING INPUT A ~—

1
QUTPUT A =y

KONANVERTING _ )
INPUT A

WMYERTING iNPUT B

3 KONAKVLRIING
L]

Gr

tuinsl7ar -2
Order Number LM158J, LM158AJ or LM358J
See NS Package Number JOBA
Order Number LM358M, LM358AM or LM2904M
See NS Package Number MOSA
Order Number LM358AN, LM358N or LM2904N
See NS Package Number NOSE

-



Electrical Characteristics (Continued) V4 = + 5.0 Vpc, Note 4, unless otherwise stated

M358A LM158/LM258 LM358 LM2904
Parameler Conditions LM158A LM258A LM3 Units
. Min Typ Max|Min Typ Msax|Min Typ Max|Mn Typ Max |Min Typ Max |Min Typ Max
Large Signal Voltage | V+ = 15 vpe, Ta = 25°C,
Gein Rz 2k, (ForVo = 1Vpc | S0 100 50 100 25 100 50 100 25 100 25 100 vimv
1o 11 Vpe)
oo.aa.o:.:&o DC, Tp = 25°C, 70 85 70 85 65 85 B85 85 65 B85 50 70 dJB
Rejection Ratio Vem = OVioV* —1.5Vpe
Power Supply DC, VY = 5Vpc 1030 Vpe :
Rejection Ratio {LM2904,V*+ = 5Vpe 65 100 65 100 65 100 65 100 65 100 50 100 dB
1026 Vpg), Ta = 25°C .
>3u£.m.._o.>3v==m- f= 1kHz10 20 kHz, Ty = 25°C _ 120 120 ~120 —120 -120 —120 -
Coupling (Input Referred), (Note 8) .
Output Current Vin' = 1Vpe. A
Source Vin = 0 Voc. 20 40 20 40 20 40 20 40 20 40 20 40 mApG
V* = 15Vpc.
Vo = 2Vpg, Ta = 25°C .
Sink ViN® = 1Vpe.Vin® = 0Vpe
V4 = 15Vpe, Ty = 25°C, 10 20 10 20 10 20 10 20 10 20 10 20 mApc
Vo = 2Vpe
Vin~ = 1Vpe. .
ViNt =0 <UO
12 50 12 50 12 50 12 50 12 50 12 50 A
T4 = 25'C, Vo = 200 mVpg, nAoc
vt = 15Vpe
Shor Circuit to Ground | Ty = 25°C, (Note 2). 40 60 40 60 40 60 40 60 40 60 40 60 | mApc
V4 - 15V
Input Ottset Voltage (Note 5) 14 14 15 17 19 10| mVpe
Input Olisel Voltage Rg = 0N 7 15 7 15 7 20 7 7 7 WVIC
Dnft
laput Offset Cunient Inge) = hing-) 130 130 175 1100 1150 +45 2200 nApc
w_a.._.. OttsetCurrent 1Rs = 0N 10 200 10 200 10 300 10 10 10 pApc/"C
¥
i
InpJt Er2s Current rag+ ) O ling - ) £0 100 40 100 40 200 40 300 | 40 500 40 500 | nApg




Electrical Characteristics (Continued) v+ = 4 5.0 Vpg. Hole 4, unless otherwise stated

Parasmeler Conditions LM158A LM258A LM358A LM158/LM258 LM358 LM2904 Unlts
Min Typ Max [Min Typ Max |Min Typ Max {Min Typ Max |[Min Typ Max [Min Typ Max
Input Common-Mode | V+* = 30 Vpc. (Note 7) v
vi-210 v+-210 v+-210 v+ - 4+ P oC
voltage Range (LM2904, V¢ = 26 Vpg) 0 2|0 v 2|0 v 2
Large Signal Voltage |V* = 415Vpc
Gain . (Vo = 1Vpcto 11 Vpg) 25 25 15 25 15 15 v/mV
AL 2 2kNn
Oulpul Vollage Swing )
Vou V4 = 430Vpc. A = 2kN 26 26 % 26 26 22 Voe
AL 2 10kN
27 28 27 28 27 28 27 28 27 28
{LM2904,V* = 26 Vpg) _ B u Voc
Vou Vi = 5Vpc, R 2 10kN! 5 20 5 20 5 20 5 20 5 20 5 100 {mVpe
Output Cursent Vo = 2Vpe
Source Vint = +1Vpc.Vin~ = 0Vpe.
1 10 0 10 20 10 20 10
V4 = 15Vpe 0 20 2 20 10 20 mApg
Sink <_Z| = +1 <8. <_Z.. =0 <°0.
10 15 5 8 5 6 5 & 5 6 5 8
V+ = 15Vpe . mApc
Note 1: For operating 82 *wph iemporatutes, the LM358/LM358A, LMP804 must be derated based on a 4 125°C marimum jenchon lemporature and 3 the—a’ resisiance of 120°C/W which aophes for the device soldered in a printed
cucui board, op g v & SUH Bk sont. The LM258/LM25BA snd LM158/LM158A can bo deraled based on e 4 150°C maximum junction tomp re The ipation Is the total of both s mokers—usa external resistors, where

possblo, 1o allow the s—cifhor 10 saturate o to reduco the power which is dissipated in the Integrated circull.
Note 2: Short ciecuits o the oulpul o V¢ can caust oxcossve haating anc eventual dostruchon When considering short cvucils to ground, The mac—w output Current is approsimalely 40 mA indepondent of tho gnilude of
V* Alvalues of supphy wohege in excess of 4 15 Vpc, continuous short-creuits can excred the power dissipation ratings end cause eventual destrucicr. Destructive dissipation can result trom srruftaneous shors on all amptifiors,
Note 3: This inpul Currer wall only eus) when the voltagn 81 8ny of the Input foads is drivon negative. It is duo (o the colleckv-hasa functon of the ks PNT ransisiors bocoming forward binsed and thershy acting as input dude
clamps In addion 1D Bva tode action, thare 1 M0 Intoral NPN parastic triansisior achon on the IC chin Thes transistor eckon can cause the oulput vivages of the op ampx 1o go 1o the V * voltage level (ox to ground Tor & large
overdive) lot the ime auraton that 8n nput it drven negatve Thes 1s nol dostruciive and noimal oulpul slales will re-esteblsh when the inpul vollape, »~wc™ was negative, 8gan relums 10 8 valse graater than ~ 0.3 Vpc (81 25°C).
1125°C tor the tMISE/LMISBA Wiih the LM2SRZEMPLEA. ol lemporature RPOCHcatos s-e bmiflad to 25°C s Ta = 4 BSTC, the LMISA/LMISAA temperalute

Hote 4; Thesa spocifcabons are kmaled 1o 55°C - T4 -
specihcalions are hewtec 10 0°C Tx », ¢ 70°C. and the LMP934 spocibeabons are binitod 1o 40°C - 1, - 1 85°C

Mote §: Vg & 1.4 Vpc. Ky = Ol with V* trom § Vi, 10 30 Vi, 81 over the full spul common-mode tange (0 Vpc W V* 1.5 Vpe) 81 25°C For (W04, V1 Trom § Ve 10 26 Vo

fly constang ssdopendont of the stale of T outul 20 0o loading change exisls o the input bnes,

Note 6: Tha droection of T mywt current 1s out of Ihe IC due 1o the PNP inpul stagn This curtent is
Note 7: The input comn— ~2:de vollagn of cithet inpul signal voltinge shauld not bo altowed 10 o nogative by more than 03V (sl 257C) The uppet 002 =° e common-mods vci'age range ik V* - 1.5V (al 25°C), but either or both
mputs ean po to 432 ~ thout damage 1 26 Vpc for LM?2804), indnpendent of the magmiudo of V*

cternal components, msure thal Couphng 15 ROt OHQINATING viA S118y CAPACHANCE betwaon thesa external parts This lyprcaly 2a- be delecled as 1. ype of A 08 ir 81 higher lreq

Note 8: Due 1o pioxirsry ©°
Note ®: Roler 10 RETS 1SSAX Jor LM1SBA mibtary specifications and o AETS 158X lor LMISE miitary speciicatons

Nole 10: Human bodv —odel. 15 k) in sencs wath 100 pF



National ;
Semiconductor

CD4066BM/CD4066BC Quad Bilateral Switch

General Description

The CDA40668BM/CD4066BC is a quad bilateral switch in- B Extremely low “OFfF" 0.1 nA (typ.)

tanded for the ransmssion or multiplexing of analog or digi- switch leakage @ Vpp—Vsg= 10V, To=25C

tal signals. It is pin-for-pin compatible with CO4016BM/ = Exwremely high control input impedance 1012} (typ.)

CD40168C, but has a much lower “ON" resistance, and g Low crosstalk ~50 d8 (typ.)

“ON" rasistance is relatively constant over the input-signal between switches @ (3=0.9 MHz, Ry =1 k{l

range. m Frequency response, switch “ON" 40 MHz (typ.) }
{

Features Applications

& Wida supply voltage range WiV, Analog signal swilching/multiplexing

u High noise immunity 0.45 Vpp (typ.) * Signat gaung

m Wide range of digital and © £7.5 Vegak « Squeich control

analog swilching « Chopper
u "ON" resistance for 15V operation aon « Modulator/Demodulator
& Matched "ON" resistance ARpN = 511 (lyp.)

* Commutating switch
u Digital signai switching/multiplexing
» CMOS logic implementauon

over 15V signal input
m “ON" resistance flal over paak-to-peak signal range

u High “ON"/"OFF" 6548 typ) Analog-to-digital/digital-to-analog conversion

output voltage ratio @ tis=10 kH?‘ RL‘B 10 k2 u Digital control of frequency, impedancs, phase, and an-
1 High degree linearity 0.1% distortion (typ.) alog-signal-gain

High degree lineanty @-1s=1kHz, Vig=5Vp,,

High degree linearity Vop—Vss= 10V, R =10 k2

Schematic and Connection Diagrams
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“  *Pluass 1ok N0 S6cuon 8, Appendix O
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Absolute Maximum Ratings (Notes 14 2)

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

Dlstributors for avallability and speclifications.

Supply Voitage (Vpg)
input Voltage (Vi)

-0.5V1io + 18V
—0.5V to Vpp + 0.5V

Recommended Operating

Conditions (note 2)
Supply Voltage (Vop)
Input Voltage (Vi)

Operating Temperatura Range (T )

V1o 15V
0V 1o Vpg

CD40668M —55Ctlo +125°C
Storage Temperature Range (Tg) ~65'Cto +150°C CD40668C ~40°C 10 +85°C
Powar Dissipation (Pgp)
Dual-in-Line 700 mw
Small Qutline 500 mw
Lead Temperature (T,)
{Soldering, 10 seconds) 300°C
DC Electrical Characteristics cosossam Note 2)
Symbol Parameter Conditions -ssC r28'c T 125°C Units
Min | Max | Min Typ Max | Min | Max
loo Quiescent Device Cutrent | Vgp =5V 0.25 0.01 0.25 75 pA
Vpo= 10V 0.5 0.01 0.5 15 BA
Vop ™ 15V 1.0 0.01 1.0 30 A
SIGNAL INPUTS AND QUTPUTS
Voo—V
Ron “ON" Resistance R =10k 10 ~0" 7SS
Ve =Vpo. Vis= Vss lo Vpp
Voo= 5V 800 270 1050 1300 1
Vpp = 10V 310 120 100 550 il
Vpp =15V 200 80 240 320 f
Vpo-V
ARonN A"ON" Resistance R =10kN to 0 ¥ss
Between any 2 of Ve =Vpo. Vis = Vss 1o Vpp
4 Switches Voo =10V 10 1l
Vpp =15V 5 1
Ls Input or Output Leakage | Vg=0 150 =01 | :50 1500 | nA
Switch “OFF” Vig = 15V and OV,
Vos =0V and 15V |
CONTROL INPUTS
Viee Low Lovel Input Voltage | Vig = Vss and Voo i
Vos =Vpp and Vsg
hs= 210 pA
Vop =5V 1.5 225 15 1.5 v
Vpp =10V 3.0 45 30 30 v
Vpp = 15V 4.0 6.75 40 4.0 v
ViKe Hign Level input Voltage | Vpp =5V 35 3.5 2.78 35 v
Voo = 10V (see note 6) .10 7.0 5.5 7.0 v
Vop = 15V 11.0 11.0| 8.25 11.0 v
lin input Current Vpp=Vsg= 15V 0.1 z10°3} zoa z1.0 pA
Voo2Vis2Vss
Vpo2Vc2Vsg
DC Electrical Characteristics co0ssac (Note 2)
Symbol Parameter Conditions —4oc v 25°¢ - 8s°¢ Units
Min Max Min Typ Max Min Max
[3%) Quiascent Device Current Voo =5V 1.0 0.01 1.0 7.5 BA
Vpo =10V 20 0.01 2.0 15 pA
Vpo= 15V 4.0 0.01 40 30 nA




DC Electrical Characteristics (Conunuea) CD40658C Note 2)

-40°C * +8s°
Symbol Parameter Conditions T n25¢C sc Unity
Min | Max | Min [ Typ [ Max | Min | Max
SIGNAL INPUTS AND QUTPUTS
Vop—VY
Ron “ON" Resistance A= 10kt to 20— Y38
Vc=Vpo. Vss to Vpp
Voo =5V 850 270 1050 1200 n
Voo =10V 330 120 Rty 520 n
Vop= 15V 210 80 2¢ 300 n
Vop—V
ARoN | A"ON" Resistance Ry=10kn 1020 S8
Between Any 2 of Vec=Vpo. Vis =Vss 10 Vop
4 Switches Vpp =10V 10 1l
Vpo= 15V S n
s Input or Qutput Leakage | Vo=0 x50 z0.1 x50 $200{ nA
Switch “OFF™
CONTROL INPUTS
ViLe Low Level Input Voltage | Vis=Vggand Vgp
Vos = Vpp and Vsg
lis= £10pA
Voo =5V 1.5 2.25 1.5 1.5 v
Voo = 10V 3.0 4.5 3.0 3.0 v
Vpp =15V 4.0 6.75 4.0 4.0 \
Vine High Level input Voltage | Vpg =5V 3.5 3.5 2.75 3.5 v
Vpo = 10V (Sea note 6) 7.0 7.0 5.5 7.0 "
Voo =15V 11.0 11.0 8.25 11.0 v
N Input Current Vpp—Vss = 15V 03 $10-51 -03 1.0 | uA
-1 Voo2 Vig2Vss
Vop2Vc2Vss
AC Electrical Characteristics® Ta=25'C. t, = (= 20 ns and Vgg = OV unless otherwise notea
Symbot Parameter Conditions Min Typ |  Max Units
tPHL. tPLH Propagation Delay Time Signal Ve = Voo, CL = 50 oF, (Figure 1)
Input to Signal Output R =200k -
Vop =5V 25 S5 ns
Vpp= 10V 15 35 ns
Voo =15V 10 25 ns
prm. p2L Propagation Detay Time Ry = 1.0 kft, C_ = 50 pF, (Figures 2 ana 3)
Control Input to Signal Vpo = 5V 125 ns
Output High Impedance to Vop= 10V 60 ns
Logical Lovol Voo = 15V 40 ({13
P2, ez Propagation Delay Time Ry = 1.0k, C_ = §0 pF, (Figures 2 ana 3)
Control input to Signal Voo =5V 125 ns
Output Logical Levei to Voo =10V i 60 ns
High impedance Voo= 15V 'AO B 50 ns
Sine Wave Distortion Ve=Vpp =5V, Vgg= -5V 0.1 %
Ry=10k0, Vig =5V, 1= 1 kHz,
(Figure 4
Frequency Response-Switch Vc=Vpp=5V, Vgg = -5V, 40 MHZz
“ON" (Frequency at —3 dB) RL=1kn Vig= 5Vp.p.
20 Logyg Vos/Vos (1 kHz) ~d8,
{Figure 4




AC Electrical CharacteristiCs® (Continued) Ta=25'C, 4= 4= 20 ns and Vss = OV unless otherwise noted

Note 1 “ADsOlle Mazumum Ralungs™ ark INOsu valuws DIyONd whach e raioty Ol Nw GuviCu CANNOL Uy Yuel
Jouid D8 Opuraled &t tness wmuts. The taies of "R )

operavon,
Nols T Vgg = OV unitss otherwise specihed.

dad O

« and “E

Nots 3: Those devicas shoukd Ot D3 CONNECad 1o CrQusts with e powed “ON*

Symbool Parameter Conditions Min Typ Max Units
Feedthrough — Switch “OFF* Vpo=5.0V, Veg = Vgs = —5.0V, 1.28
(Frequency at-—50 a8) R =1k, Vijg=5.0Vp.p, 20 LOgy0.
Vos/Vis= —50 a8, (Figure 4)
Crosstalk Between Any Two Voo = Vea) = 5.0V: Vss = Veygy = S.0V. 0.9 MHz
Switches (Frequency at —50 dB) A1 KN, Vigia = §.0 Vo.p. 20 Logyo.
Vosig)/ Visiay = — 50 a8 (Figure 5)
Crosstaik; Control Input 10 - Voo =10V, Ry = 10k, Ry = 1.0KkQ, - 150 mVp.p
Signat Output Ve = 10V Square Wave, G =50 pF
(Figura 6)
Maximum Control Input Ry = 1.0k}, C = 50 pF, (Figure 7)
Vosin= Y2 Vos(1.0 kHz)
Vpo=5.0v 6.0 MHz
Vpp =10V 8.0 MHz
Voo =15V 8.5 MHz
Cis Signal Input Capacitance 8.0 pF
Cos Signal Output Capacitance Vpp = 10V 8.0 pF
Cios Feedthrough Capacitance Ve=0v 0.5 pF
Cin Control Input Capacitance 5.0 7.5 “pF
‘ACP s are g by OC tesng.

cantuud Thuy aru NOt Meant 10 wly that 1hy duvicus
Charactenaucs’ provios cONGILONS 107 aciual gevice

Note 4: In all Cases. here & Appronmalsly 5 pF of PrODe 8nd pg CAPATIANCE 1 NS OulpuL L Mg . 18 0d w1 Gy Wi
Note §: Vig 13 the voilage al Lhe wi/oul g 8nd Vog 18 Uhe voildge al e oul/in gan Vg 18 Uhae vOIlBgu ol iNe CONLL INDul
Nots §1 Conaiions 1o Ying: 8} Vig = YOO log = Sandira B senes lon 0) Vig =~ OV, Kk ~ slencard B surien Iy
AC Test Clrcuits and Switching Time Waveforms
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FIGURE 1. tpuy, tpLi Propagation Delay Time Signal input to Signal Output
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FIGURE 2. tpzy, tpnz Propagation Delay Time Control to Signal Output

— T I

TS

"~ () LX R

e ity

1

o

IR R TR D

2L
.n
vee
L)
[
w |-

"

N

PL2

FIGURE 3. tpzy, tpLz Propagtion Delay Time Control to Signal Output
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National
Semiconductor

LM386 Low Voltage Audio Power Amplifier

General Description

The LM386 is a power amplifier designed for use in low
voltage consumer applicauons. The gain is internaliy set to
20 to keep axternal part count low, but the addition of an
oxternal 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 auto-
matically biased to one half the supply voitage. The quies-
Cent power drain is only 24 milliwafls when operating trom a
6 volt supply, making the LM386 ideal for battery operation,

Features

= Banery operation

% Minimum external parts

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

& Voitage gains from 20 lo 200

% Ground referenced input

u Self<centering output quiescent voltage
¥ Low distoruon

a Eight pin dual-in-line package

Applications

¥ AM-FM radio amplifiers

¥ Portable tape piayer amplifiers
® Intercoms

» TV sound systems

® Line dnvers

Ulirasonic drivers

Small servo drivers

Power convertars

Equivalent Schematic and Connection Diagrams

Dual-in-Line and Small Qutline

)
AL Packages

O

T ]
CAIN g — GAlN

5 Your aL1 1 —]1 .‘—— N

Z ; “INPUT oy e SYPASS
4

' [
CAU — p—e Yooy

-8

TL/RI6876-2
Top View

Order Humber LM386M-1,
LM38EN-1, LM386N-3 or LM386N-4
30 sas See NS Package Number

Typical Applications

Amplitier with Gain = 20
Minltmum Parts

s

TL rr6376-3

*Requeea 10r LMISSN oy

i e e

B VT MOBA or NOBE™

Amplifier with Gain = 200
1.9

TLIF/8976-4
*Requed 1or LM336N-4 only.
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Absolute Maximum Ratings

1t Military/Aeraspace specified devices are required, Junction Temperature +150°C
please contact the Natlonal Semiconductor Sales Soldering Information
Office/Distributors for avallablillty and specifications. Dual-in-Line Package. .
Supply Voitage (LM3BEN-1, -3, LM3BEM-1) 15V Soldering (10 sec) +260°C
Supply Voltage (LM38EN-4) 22v Sﬂ\\laﬂ Ou;!;‘ne P?scokage) 215G
i apor Phase (60 sac *
package Dissipation (Note 1) (LM386N) 1.25W
(LM386M) 0.73W Infrared (15 sec) . A+220'C
voltage i £0.4V See AN-450 "“Surface Mounting Methods and Their Eftect
input Voltag o - on Product Reliability”” for other mathods of soldering sur-
Storage Temperature -65'Ctlo.+150°C tace mount devices.
Operating Temperature 0*Cto +70°C
Electrical Characteristics 1. =2sc
Parameter Conditions Min Tye Max Units
Opaorating Supply Voltage (Vs)
LM386N-1, -3, LM386M-1 4 12 v
LM3BEN-<4 5 18 v
Quiescent Current (i) Vg = 6V, Viy = 0 4 8 mA
Output Power (Poyt)
LM386N-1, LM386M-1 Vs = 6V,Rg = 80, THD = 10% 250 32s mwW
LM386N-3 Vg = 9V, R = 80, THD = 10% 500 700 mw
LM386N~4 Vg = 16V, R = 320, THD = 10% 700 1000 mw
Voitage Gain (Ay) Vg = 6V, ! = 1 kHz 26 a8
10 uF tromPin 1108 46 ull
Bandwidih (UW) Vy = oV, Pina t and 8 Open JU0 [SRY]
Total Harmonic Distortion (THD) Vg = 6V,RL = 80, Poyr = 125 mW - 0.2 %
. f = 1 kHz, Pins 1 and 8 Open )
Power Supply Rejection Rauo (PSAR) Vg = 6V, = 1 kHz, Cgypags = 10 uF 50 a8
Pins 1 and 8 Open, Reterred to Output
Input Resistance (Ryy) ' 50 L33
Input Blas Current {igjas) Vs = 6V, Pins 2 and 3 Open 250 nA
Note 1 For operauon 1t ament lempesatures above 25°C, the oevice mual be oaatsd Dased on 8 150°C uncLon and V) a

reusLanca of BO°C/W junCLON 1O AMOWNt 16/ INe Cudi-+i-une PACKAQS and 2) & thermal renislance of 170°C/W lor tne smau oulne package.

Application Hints

GAIN CONTROL

To mako the LM386 a more versatile amplifier, two pins {1
and 8) are provided for gain control. With pins 1 and 8 open
the 1.35 kN resistor sets the gain at 20 (26 aB). If a capaci-
1or 1§ put from pin 1 10 8, bypassing the 1.35 k1 resistor, the
gain will go up to 200 (46 dB). il a resistor is placed in series
witn, the capacitor, the gain can be set 1o any value from 20
lo 200. Gan control can also be done by capacitively cou-
phng a resistor (or FET) from pin 1 to ground.

Adaitional external components can be placed in parallel
with the internal feedback resistors o lalor the gain and
trequency responsa for individual applications. For example,
. we can compensate poor speaker bass response by ire-
quency shaping the feedback path. This is done with a se-
ries RC from pin 1 to 5 {paralieling the internal 15 kN resis-
tor). For 6 dB etlective bass boost: R = 15 k{1, the iowast
value for good stable operaton is R = 10 k) if pin 8 is
open. I pins 1 and 8 are bypassed then R as low as 2 kN
¢an be used. This restriction is because the amplifier is only
compensated lor closed-ioop gains greater than 9,

INPUT BIASING

The schematic shows that bo.. .puts are biased o ground
with a 50 k{} resistor. The base current of the input transis-
tors is about 250 nA, so the inputs are at aboul 12.5 mV
when left open. If the dc source resistance dnving the

-LM386 is higher than 250 k1 it will contribute very little

additonal oftset (about 2.5 mV at the input, 50 mV at the
output). if the dc source resistance is less than 10 kQ1, then
shoning the unused input to ground will keep the otfsel low
{about 2.5 mV at the Input, 5C mV at the output). For dc
source resistances pelween these values we can eliminate
excess offset by putling a resistor from the unused input 16
ground, equal in value 10 the dc source resistance, Of
course all offset problems are aliminated il the input 1s ca-
pacitively coupled.

When using the LM386 with higher gains (bypassing the
1.35 k2 resistor between pins 1 and 8) it i3 necessary 0
bypass the unused inpul, prevenung degradauon of gain
and possible instabilities. This 1s done with a 0.1 uF capaci-
tos or & short 1o ground depending on the dc Source ras:st-
ance on the driven input.





