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COMPONENRT

MAIN BOARD
IC 6,7,9,10,11,14,15,16,17
IC 12

IC 1,2,4,5,13

Ic 3,8

IC REGULATOR

D 1,2,3

DR 1,2

Resister 1/4 Watt 5 %
R1 - R10

R 11

R 12

Condenser 16 Volts S %
C1

CF 1

CF 2

T1 Transformer 12 - 0 - 12 / 220 500 ma

Ch 4013 B
CD Lokh9
CD 4071
CD 4081

O w =

7812
IN L4148

1IN 4001

3¢3 M
5 K
15 K

33 uF
1000 uF

Oe1 uF



SELECTER SWITCH BOARD

IC1-ICk CD 4066 B

Q1-QB BC 134

Resister 3/4 Watt 5%

R1 -~ B4 10
R9 - R12 10
RS - R8 5
R13 - R16 %]
R? - R24 27 K
R25~ R32 22 K
R33 - R39 . g K
R4LO - R47 1K
R48 - RLY 330

Conderser 16 Volts 5 %

C1 - C8 2.2 uF



SYNC SEP

IC 1
Ic 2
R1,@3
Q2

Resister 3/4 Watt 5 %

R
R2
R3
R , RS

R6

R7,R11,R12,R13,R14

R8
R9
R10

BOARD

CD 4081 B

CD 4071 B
A k60
C 458

L7 K
390 K
3.9 K
8.2 X
ko7 K

1K
150
343K
15K



VDA AND AF AMP.

1, &G, &
Q2, @k, @6

IC1 -

Ressister 1/2 Watt 5 %
R1 , R2, R20, R21
R3, R4

R5

R6

R?7

R8

R9

R10 , R11

R12, R15

R16 - R19,R22,R23
R2k

R25

VR1 , VR 2

Condenser 16 Volts 5 %
¢1, C5, €7, C9

cz2 , C6

c3, Ch

c8

C10

A 673
C 1213

IM 388 N

39 K
ko7 K
220
220 K
150
470
100
56
()
560

10 K

1K

10 uF
10 =100 uF

100 uF

250 uF

0.05 uF



INDICTER AND TOUCH BOARD

Resister 3/4 Watt 5 %
R1 - R10

R11 - R25

p1,2,3,4,9,11,12,13,14,15

85,6,7,8,10

10 K

1K

RED LED,
GREEN LED,



@ MOTOROLA

MC140138B

DUAL TYPE D FLIP-FLOP

Tone MC 140138 auel type D 10p Hlop i constiucied with MOS
P cnennct end N chennel snhancemment mode iksviees 10 o Mifghs
munoithk struciute Eacte ip-lioyp has mucpenient Deta, (D),
Onect Set. (S). Diract Reset, (A}, atmd Cluch (C) inputs siuf comnple

nentel y vulpuls (O e

8). Thew dovies may be usen @ Bnti 1oy

wi etements of s type T Thp-flops tor counter et 1ogylt applice:

wons, ~

Static Operation

Single Supply Operation

Touygie Rate = 4 MHy typicol @ 6 Voc
Loy £dyge Clockes Flip-F lop Desgn

Qurescent Current « 2.0 nA/package typucel ¥ 5 Vae
Nune Immunity ~ 45% of Vi typcael
Diodae Protecton an All lngasts

Supity Voliege Renge = 3 0 Vuc 10 18 Vue

Loy stele i retamed indefinitely with clock level either hgh or
Ww, intulinalion o enalerred 10 1he Oulpul only LN the jrosIlve:

Ping sdge 01 the cluch pulse

o Lopabic U Diwing Two Luw-puwer TTL Loads, Oue Low-powsr
Schotthy TTL Lual of Two HTL Loals Over the Rauted Tempet -

sture Hanye

& Pin-for-Pin Replacement (v CD40138

CMOS SSI

(LOW POWL R COMPLEMLENTARY MOS)

DUAL YYPE D FLIP-FLOP

MAXIMUM RATINGS (vaiispes teterenced 10 Vg

\ .H-“l

L SUFFIX PSUFFIX
CtRAMIC PACKAGE PLASTIC PaCaant
CASEt 622 Cabé oeb

ORDERING INFORMATION

MCIAAXXS Sutiia Denviey
L Ces e Potrape
P Pigsin Pachoge

At alonueu Opeisting
Tanydiature Range

€ Lonuled Guorsting
Tony010 410 Agnge

Raung Sy mbol Vaiue Uit
UC Suppt, Vuilege Voo 05118 Voo
INPUt Voltege Al ingputy L LOSwovpn* 0b vou
UC Current Digun s Pin [} 1+ mAD, BLOCK DIAGARAM
Operating Temperaine honge AL Dovice Ta -5h W t12% oc o
CLICP Do ~40 (0 e85 l
S10i0ge Ternpetetuse Renge l“‘ 85 10 ¢ 150 ©¢ 1]
. D G
J i C Q fpr——— 2
"
TRUTH TABLE " _—]
INPUTS OUIPULS s —'———-l
| cowx! Joara| meser| sev a [ s
- ° ° ) o i » o Q p—— 13
- ) 0 t o
N\ [ [ ° [N ) :: -
N - T o o N bt w—yc  of—mu
L) A O 4 1 [] l
a [ ' [} ) ' ‘o
R * OuniCere Vop - Pin 14
te Lovel Cungs Vas * Pin?
4
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MC140138

ELECTHICAL CHARAL 1L IISTICS

Chaiaciornin Sy b (Y]
Vdebpral Veitighg -“V;-: 1 Vi
Vin Vijew 0
1 oLesd ‘en bo 49, LR Yl 4L vin
Vin v ol 1Y YUy IR L1 1w Yuy
139 TR+ 14 94 th 14 9¢,
\—.,I..Jp U savas Vo Vab
v Ao iV 0 1y KN [ X3 15
IR R TR i 30 40 su KN
Vi, M baa by vaod ty au [Tan 4 46
T v Sy
L N A BT tu [N 1% PRD] Ju
LV STV VR N W 1 m Gy ’m
.. [ EIIRE STN [ e ha n. Vlu M
rorties T Covernt tas Beames | tore | ~ N |
TR LI Svaice Lu LA -0 v - -1
Wi, A 0ovay LU By T vl -t U is
BT AR w U b TN (1 RINE]
Vi dab v 15 “bn 14 ER3 1
W, Davas s UL %0 Ul ("R V4] (U 1% " oenby
Ny, ULVl iv 16 13 PR Ly
NV, 1L van I 4 ] s 74
t trnewr Cuniens ILLLE 2 Devar, 104 b ban
g 28 Vi P P 10 Vh bt Wb
IV G Ve 2u v -u i -0 a0 R
Vi, 95 Vik) 1Y) L 04 TR w3l
IV 135 Vo 1 ci 4 12 3 -1 0
N, veval Sanb o Sv uss U 4e uby L3 Whi
tvii T US Yk w 13 (] s by
LY E 2| " 36 30 (3] 2a g
Howeot Cunent 1AL Uevne) [ 1% cul QUAVTVVIN RV - chu Pl
el Caorent i oo UP Uepnel LA 133 LR QAT VT VTN BV 1y we
Tt 4 spes 1hotn @ [ - 50 b wt
v, b
Joa menl Cunent AL Lnvndt (T377) S0 o 0.007 10 a PLYIN
tPe gt sm! . w 20 O uL4 20 : (]
" 40 U 0L 40 1200
s Coreens (LG Uewa el Y Su " v LL? a0 Ju Y N
e, Pns gt W . 80 iRV 8L A 6o
15 V6 0 b 16 - 12u
Tika) Supasty Cunsent® | 1y L0 N RPN TTN R YY) mhale
Dy nenis pius Uwiescent, W 1] {18 ~Aenaite Ipp
Pei Pacoogrl 1 1y 143 s&amnts ipp
Wy SULf on el uuiput, oh
Toutieid smalcinnn) /
o YU he AL Decan UM 1or CUICK Devine
a1 AL Dreae fHOVC e CLLE Deeue
B T TN U T U VR P R T PN e L T L
B bt b butts 1 0 "0 dever 1O Ve nunes v S0 VA
JUVe mnae Vi 10V
. IOV MR e V), 1 vis ‘
U haro s astate Soatar bamaioby taisemint at boaady ssthage thanr L0 pi
Ol e NIV RN (U N TR PY PR
e ) e s A ne pateel Ul mpl Vg Vi e e 8H o) gt oo ¢ .
T b e et s \ yasn # GChaem tesssin s Oy a8 29UC
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MOTOROLA

e

MC14049UB
MC140508

HEX BUFFERS

The MCIAGAOUB Ho a ineecter bt ter ang MC 140508 nuonnves tiog
her batler we combucbed owaitte MOS P channgd @l Ty chanied
cabatcement oode doviaees g aagle ool sEactone These
coiplementary MOL deowes bund ety use where low  flowet
Goaipation wndd 01 high nose iy 15 desred. These devices
provide logic fevel conversion usfnu unly o supply vollege, VCC-

The wptat sigoal tugh level (V) can eacecddhe Ve suply yoltoye

for oy level conversnms Two TTL OTL Loads Can be thven when

the devices wie used ay CMOS 10 TTL.OTL convertes (Ve - 50V,
VoL - 04 VoG - 32 mAT Note Thal g 16 o oot comeeched
inteinally Onthese devices ConseQquemtly Conmes lions 10 1his teningl
will 6ot attect cucun operation

Hogh Souce and S Cuprents

Hoyb 1o Low Level Converler

Ouiescent Cu rent * 2.0 0A pa.ksge typucal @ 5 Van

Supply Voltage Ratge < 30 Vac 1o 1B vae

Meets JEDEC UB Specilicanions =MC 140490k

Meets JEDEC B Specification~MC140508

CMOS SSI

ILOWPOWER COMPLEMENTARY MOS)

HEX BUF FERS

Inverting = MC140490U8
Nominverting — MC 140508

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASYIC PACKAGE
CASE 820 CASE sep

ORDERING INFORMA TION

MCIaxR X uB Sultin Dencres

 MCIuaxxXxs
% L Coamic Packoge
P Piestic Pochage

A Es18n9ed Opersting

- Tempersuwe Ronge
€ Limiwe Opersung

Tompe stuie Asnge

MAXIMUM RATINGS tvultages eterencen to Vigg Pin 81
r—_ Reting Symbol Value Uait
T2 8oy Votiege Voo 051010 vac
[ omat Vullege Al Inputs Vin ~05 10 +18 Ve
’—'mu Orain pei Input Pon | W mAac
m:r-;}:—m per OQuiput Pin ] a5 :&ax
e e Tempraturs Fange | AL Uevice Yi 5516 4125 <
CL/CP Device 40 w +bY
[Siorege Tonwe siure Fange Tug - 6510 4150 Wi
A

—
CIRCUIT SCHEMATIC

(V6 OF CHCUIT SHOWN)

MC 1404908
Yeu

LT .}—-o
= U

i

Vss

LOGIC DIAGRAMS

-
Lo
A
i
.
W




£ = S SRRSO, S
~
by
. ;"’
- ':
MC14049UB e MC 140508 s
y :
ELECTRICAL CHARACTERISTICS
Vbo Tiiw* 25°¢ Thigh®
——
e Chaisciwiisuc Symhol | Vac Min Men Min Tve Max Min Man Ut
Ociine: Viiiage 0 Lew Y Su - () - 0 0.08 - 005 | va
Vin*vppo U > w 0o - 0 00 - 005
poes 1% ['X7 - o 0 05 - 005
Ve | vou | b0 | a9y 495 50 e 495 - Veac &
10 995 994 0 . 89y -
e i 15 14 44 14 95 15 - 14 95 -

1oput Vitlage sMC1404008 i Lewer Vi Vac
V)~ 45 vac) Lo - ‘u 20 10 . 10
(vo * UO Vi) W0 2u - 450 20 . 20 e
WV - 1db v LN AR 0y )/ b 8 2t 25 T T

Tder Vi Vac .
Vg * 05 v 50 40 = 40 298 o 40 = 7.5 58
v = 1.0 vue) w s - 60 550 c 8o - i
ivpg = 1.5 vaa) 4 15 125 - 1256 8 26 - 125 -

Input Voiluge #MCI4UL0E 07 Lewrt Vi Ve .
(Vg * 05 Voe) : 50 LK - 224 16 - ‘5 v
Vg * 10 vac) W - 20 - 45 | 30 . 30 g
Ivg~18v.a 15 - 40 - 675 40 - 40

RV T Vo
IV =45 vucl »0 s 35 275 - 3s g
(g * 90 Vo ¢ W w0 . 70 550 - 10 - .
Vg * 135 vaer o 1 1 828 T " »

Quiput Diwe Curiem (AL Deviced 1OH mAag L=
(Vom * 25 Vool Souce S0 | 16 = l-r2s ] .28 - 09 -y 3
VoK =95 vaul 1w =16 - -1 -28 - -09 - 5
Von * 135 vae) 15 -4 - -37% -10 - -2 - ?

(VoL ~04 vac) Sinn oL 50 375 - 32 60 - 22 - mAac
VoL ~Ub Ve > 10} 10 -1 80 16 - 58 - R
(VoL * 1.5 v 3 15 k) . 24 |' a0 - 1.0 - vy,

Output Diive Current (CLCP Device) \oH MAGC SRy,

(VoK = 25 vde) Souice 50 =15 - -1.26 25 - -10 - ) o
(VOor - 98 voc) L] s - -1258) <25 - =10 - 5 T
(Vor * 138 Vac) 1% -4 ~ -3.26 -0 - ~30 - e

(VoL = 0.4 vac) Sk | oL L0 36 - 32 60 - 28 - | ;mAac $
Vo, ~05 vik) 0 96 - 80 16 - 66 -

(Vi = 16 vac) 15 2 - 24 40 C - "W -

Topt Curiznt (AL Device) Rt "w - 0) - +Q 0000 101 - 110

19put Cuttent (CL CP Device) hin 15 ~ 03 = |'0.00001| +0.3 - 10

Input Cepec iance Cin - - = - 10 0 - -

(V=01
- Quiescent Current AL Device) 0D 50 - 10 - 0002 10 - 30
(Pe: Pachagel 0 - 20 - 0.004 20 - 0
7 15 - 40 2 0008 | a0 - 120

Quiex ent Currem ICL/ICP Devicnl ‘op 50 < 40 - 0.002 <£ 3 bl

(Per Pachage) . 10 - 7Y - | ooos | 80 - ©
' ) - 16 - 0.006 16 - 120

Total Supply Current**y " 50 1T~ (18 uARHIM » igp i
(Dynamx plus Quicscent, Pei Pachage) e W Iy = (36 pa/nnz)i v app
IC 80 pF 0 sl ouiputs. sl butlers switchuy) % by = {53 uA/RMII 2 I

*Tion * B5YC lor AL Device, -40YC lur CL/CP Davice SNOWE UTMUITY mCifnd 10/ WOUSI Cote Input Combingisn
Tpugh * ¢ 126°C 101 AL Oevice, YB59C 101 CLICP Device 6 Suthis Nowe Mergn ler BUTh 17 0nd "0’ tovel » -
170 Calculste 1018/ supply Cuirent ot loads oiher then 50 pF : 10 Vac mn @ Vpp =50 Vi v
: < 2.0 (o mun @ Vo * 10 Vac '

1ICL) = 1 R0 pF) + 6 X 10°3(C, - 80) VD! 25 Vi min @ Vpp » 18 Vac
wheit 1) 50 wA Ipet pachage), C n bF, VD 0 Vax, nﬂlm . ucium-m-n&v»'um"l“ui" H!A a5
A2 1 input frequency DS vacmn® vpp » 60 Ve X R
**The formulas given are for the typxcsl characieinics only 10 Voc mn @ Vpp » 10 Vo per o ~

a 25°C 1.0 vac min ® vV * 16 Ve




.wnc.tbn hinu (Contin.ed)

16 kil, the lowest veiue tor good stable oprratiun is
R = 10 k2 H pin 2 Is open. 1 pins 2 and 6 wre bypassed
then R as low a1 2 k(2 can be used This restriction "

" bucause the smplifier is only compensated 101 closed
boop geins grester than 9 V/V.,

“input Biasing

The schematic shows that both input: are biased 10
ground with & 50 ki2 resistor. The base cutient of the
INpUt transistors is about 250 nA. s (h HpLS are at~
8hout 12.5mV when lett open. H the ic sour Crstance
diving the L M3BS s higher than 250 44 0 il Contig
bute very little sdcditional oituet (abonnn 2 5
inpos, 50 mV at the output) 1 the ofi o pespiiee
i less than 10 AS2, then shortimg e Gosed aipar 1o
ground will keep the oftset luw (about 2 & my ai the
input, 50 mV a1 the output] o de suutce (esistances
between these values we can ehminate ex» ress uffgel by
Putling a resistor from the wrused INPUT 10 grunnd, equal
" value 10 the GC source resistance. Ot couwrse all oftser
problems asre eliminated f the It g Capacitively
coupled.

W\ ui the

When using the LM388 with hwher gaing (bypassinig the
135 k2 resistor between pins 2.0 6) 1143 necessaly 1o
bypass the unused PUL preventing degoadation of gain
and possible instabilities  This s dpne with o 0. 1uF
Capacitor or a short 10 giound depending on the de
sourCe resistance on the driven inpui.

Booumin.

The base of the output trantistor of the LM388 is
brought out to pin 8 fur Bootstrapping. The output
stage of the amplifier during positive swing is shown in
Figure 3 with its external circuitry.

R1 + R2 set the amount of base current available 10 the
ouUtpUL transistor. The maximum outpul current divided
by Betws is the velue required foi the current in R1 gnd
R2:

typical applications (Continved)

FIGURE 2.

(Vg/2) = Ve

(R1+ R2) = B,
- lo Max

Good design values are Vee = 0.7V and f5 = 100.

Eximple 1yart 0to B2 load with Sl v i

/7"-0
B et e x
R

; (12:2) 07
(g R =100 | —— —— ]} = jbc £
05

500 mA

To keep the current i R2 constant during positive
swing capacitor Cy s adiled, Ag the OUTPUL sw.ngs
Positive Cg Wits Ri1-and A2 above the supply, man
thning a constent vollage across R2. To minimize the
valuc faf- Gy, 1= R2, The pole due 10 Cga and R1 and
R2.6s Gsually ser equal 1o the pole due 10 the ourpnn
Coiphing capaciton and the luad This gives:

“ C
CB ~ __(_:.‘.. ot —
Bo 25

Exemple for 100 Hz pole and R = BQ; C. = 200uF
and Cy' = BuF, it R is made & diode and R? increased
10 give the same curient, Cg can be decreased by about
a factor of 4, as in Figure 4. :

For reduced component count the load can replace R1.
The value of (R1 + R2) is the same, 50 R2 is increased
Now Cy is both the coupling and the
capacitor (see Figure 2).

bnouluppmg

FIGURE 4. Amplitiec with Gein = 200 and anmomca

10-54 o
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% - BE V.
~
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-
MC14049UB e MC 140508 4
i
ELECTRICAL CHARACTEHISTICS
Voo Tiow* 2°c Yoih'
s : Chaiaciwisuc Symbho! | Vac Min Ses | Min Tvp Max Min Man Unut
Ui Viiiage 0 Lew Ve S0 - ous - 0 0.0s - 005 | v
Vin*vupor U w 0oL - 0 00% - 0.05
3 15 U0y 0 005 - 005 :
Nevw | v | 50 | a9y 495 50 - 495 - Vac 2
10 995 99y 10 29y -
i = - 16| 1auy 1495 15 -~ 14 95 - R
Toput Vionage sMC1404008 7 Lewet Vi Ve
v~ 45 vac) Lo LY 20 10 10
(Vo * VO v w lu - 450 20 20 i
VG - b Vi rRN T TS VS en | 2p 28 e
1 Leww Vit Vac i
Ve 08 va) 50 40 40 276 - 40 -
Ivg = 1.0 V) w ) - 80 & 50 - @ >
o= ibvaciy & 1 2. 126 | 825 - 125 -
Input Voiuge #MC)4UL0H 07 Lawwt Vi Ve
Vo =05 vac) %0 5 < 224 16 - e "'
Vg * 1 0 Vo) w - 30 = 450 30 . 30 =
Ivg=186v. 15 > 40 - 675 40 - 4.0
“Vitewer| Vi Vao o
V=45 vucl 4“0 gy a5 215 - 35 ~ s
NG * 90 Vau) E 0 0 0 5 50 - 70 - ' :
Ivp * 138 voc) |9 " " 825 - " - Pt
Ouiput Dive Curvant 1AL Devicad oM mAag s _g'..?
Von * 25 Voo Source 50 (18 | - [-v2s | -28 - | -o9f -, 3 .
(VoK =95 vau w 1o ol o X -25 - -09 & '
Von * 135 vag) 1% -4 - -3 74 -10 - -212 s 4
(VoL ~04 vac) Son | oy 50 R LY v ras 60 - .22 - mAac
VoL ~bs vun : 1 10 - 80 16 - 56 - .
(Vo * 1.5 vau y 15 0 ol 24 40 - 170 - o
Output Diive Current 1CL.CP Device) oM A 0% y
(VoM » 25 Vde) Souice 50 Y - 326 -28 - =10 - A
(VOr - 85 voc) 10 <15 - -1.26 =25 - -0 - i
(Vom * 135 Vi) 16 | -av ] = J-3] -0 - | -30] -
VoL =04 Vo) Sk | Ao 40 36 - 32 60 - 28 A
(VoL ~05 voe) 10 96 - 80 16 - 65
Vi = 16 vao) 15 2 - 24 40 - L)
Ioput Cunient (AL Device! bir 1 - 01 +Q0000t| 01 -
1nput Cuntent (CL.CP Deviee) hin 15 - 013 - ~0.00001] +0.3 -
Input Capeciiance Cin # - < > 10 20 -
(Vin = 0)
Quiescent Current (AL Device) 0D 50 - 10 - 0002 10 -
(Per Pachagel 0 - 20 - 0004 | 20 -
15 - 40 - 0.00¢ 40 -
Quiescent Current ICL/CP Devicn) 'pp 50 - 40 -* 0.002 -
(Per Pachage) 10 - B0 . - 0.004 80 -
% - 16 - 0 006 16 -
Total Supply Current®*t 31 50 17~ QB uAKHI s i "
(Dynamx plus Quiescent, Per Pachage) > w0 Iy = 36 pA/kH2)! v inp
1Cy 50 pF 00 8l ouiputs. ol Dutlers switchung) % ty = 53 uA/RMI + I

*Tigw * B5UC tor AL Davice, -40%C lar CLICP Davice

Tpugh * ¢ 126°C 101 AL Device. 185°C 101 CLICP Device

170 Cakculete 1o1al supply Current @ loesds other then 50 pF :

1ICL) = Iy 0 pF) + 6 X 10°3iC, - 80) V! |

wihert 1y o0 uA Iper pachage), € in pF Vo i Ve, and i

Az 1 input frequancy

**The formuiss given are for The typxcsl chaiacieinsics only

a 25°C

BNOWS MIMLITY BaCilad I0¢ WOMSI Coee INpUl Combinatisn >

6 Suthia Nows Mergn bor BUTh 1" 8ng "0 lovel =
10 Vac mun @ Vo » 5.0 Ve
20 Yo mun @ V(o * 10 Vac
25 Ve min @ Vpp * 16 Vac
T UB Bulhia Noie Margin tor Both 1" and W o)
DS Vacmin ® Vpp » 50 Ve
1.0 Voc mwn @ Vpp * 10 Voc
10 vac min ® Vpp = 16 Vac

7-130
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ND MOTOROLA , KMC140668
i
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QUAD 2-INPUT “OR” GATE CMOS SSI
The MC14071 and MC140718B are constructed with P and N channel HLOW POWER COMPLEMENTARY MOS)
enhancement mode devices i a byl monohithic structurg (Comple
‘ mentary MOS). Their primary use 13 wheie low power dissipation QUAD 2 INPUT "OR" GATE
e s and/or hegh noise IMmmunity 13 desied <
il .
o Ouescent Current = 0 5 nA 1y ‘phg & 5V F R ]
Y ® Notse lm\mumly ~ 45% ot vy typ
o Supply Voltage Range = 3 0 Vdc to 18 Vdc
® Al Outputs Buftered g7
® Capable of Driving Two Low-power TTL Loads, Qne Low power AT, Frukiih
Schonky TTL Losd or Two HTL Loads Over the Rated Temper RSR Ty POARTIC PACKATE
” stwe Range (MC140718 onty) Cant €32 CASE 646
@ Double Diode Protection on All inputs ORDEARING INFORMATION
e Pi-for-Pin Replacements for CD407 1A and CD4D718 PPAZ X8 1+ ¢ SUIIG R O0res
L Ceramic Packoge
2 , Dejere b P Pigstic Pachage 1
s "e A Es y
MAXMUM RATINGS (Vi 1ot renced 10 Viss! M s
Rotong Symbol * Value Unat C Limited Operating
¥ Temperpiure Range
O\ Suppiy VOItage VYoo 0510418 vdr
gt Votioge. AN Inguts Vin 051 Vpp ‘0% Vi .
Tt Di o et Pin \ i 10 mAd LOGIC DIAGRAM
e vy Tempe1aiuie Range AL Deve 1a oW 128 Ve
€L /CP Device 4010 +88 b :D__ A
Brmem Temoe: sture Range o 65 0 + 150 ¢ 1 -
. . s
= 5 ~ .:D—.‘ Voo = P e
& Ty » 3 Vgs = Pin ?
5" = 3 See the MC14001B data sheet for complete characieristics of the »
5 ¢ v 8 Sevies device. 12
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QUAD 2 INPUT "AND" GATE

Tne MCI4UB1 and MCIAUBIH are cunstrocted witl, P and 14 channel
enhanccinent mode O aces w3 sngle mononilag stucture (Co, Hgibe
mentary MOS)
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National
Semiconductor

general description

The LM38B is an sudiv amplitier designed for use in
neGium  power consumer  apphicstions. The Gain s
mternally set to 20 16 keep external part count lov:
Lut the zddiion of an external resistor and cepacitor
Lwtween pins 2 and 6 wiill increase the @ain 10 any value
up 1o 200.

The inputs are giound reterenced while the output s
sulomaulically tuased 1o one hol!l the supply voliage,

features

Minimuim external parts
Wde supply vollage range
Excellent supply aejection

Ground relerenced niput .

Stil centenng vutpul gueescend voltage

Audio, Radio and TV Circuits

LM388 1.5 watt audio power amplifier

® Vansble voltage gain

® Low distortion

® Fourteen pun dual-in-line package
& Low voliage operation, 4V

applications

AM-FM radic amplifirs
Portabie tape player amplifipr,
liitercoms

TV sound sysiems

Lamp drivers

Ling drivers

Ultiasonic diwvers

Sinsll servu deivers

Power converters

equivalent schematic and connection diagram

“

Dusi-in-Line Package

-

FIGURE 1. Load Retwined to Ground
(Amplitier with Gain = 20)
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- -
sbaolute maximum ratings - :
: I
Supply Voltage 15v !
=1 ~Swply Voltage (LM388N-3 Only) 22v -
PaCKkiag. esknai... *4 Pin DIP (Note 1) 83w 4
Input Voltage L x 204V
Storage Tampersture ~65°C 10 +150°C
Opersting Temperature e 0°Cro+ 70fc :
Junction Temperature ; 190°C
Lead Temperature (Soldering, 10 seconds) sV e
electrical characteristics 1, « 24 ¢, Figwe 1)
gt PARAMETER T~ " conmitions. | _min_ | .- ARk
Uperating Suppty Voltsge (Ve ) '
“tmase . 4 Ly A
LM388N.-3 5 e
Quiescent Current (1) M 50
LM388 Vg =12V 16 73 :
LM388N 3 Vg = 16V 20 3¢ L
Output Power (P, y ). (Nois 2} HY = A2~ 1802, THD = 10'%
LM38BN 1 Vg =12V, R, « 8L 15 22 g
s 6V . R. » 4t
ey g “mv-u- 180:: b i 5
LM388N.2 Ve =6V, Ry~ atf 0.8 09 :
LM388N-3 Vs = 16V, R = 842 25 38 A
Voltage Gain (Ay) Vg = 12V, t= 1 kH; 23 26 30 *
. 10uF From Pin 2 10 6 46 -
Bandwidih (BW) Vs 12V, Pins 2 and 6 Dpen 300 i
Total Hermonic Distortion (THD) Vs = 12V. R, = BQ Py y = 500 mW, 01 1 \
7 f= 1 kHz, Pins 2 a:1d 6 Open
. Powe: Supply Rejection Ratio Vg = 12V (21 k2, Cyypass = 10uF, 50 P
(PSRR), (Note 3) Pins 2 and 6 Opeir, Retersed 1o Output
Input Resistance (R, ) 10 50 )
Input Bias Current (1y,.5) Vs = 12V, Pins 7 and 8 Open 250 ‘s
Nows 1: Pine 3,4, 6,10, 11, 12 01 26°C. Derate ot 16°C/AW sbove 25°C case.
Now 2: The emplifer should be in high gein for tull swing on higher supplies due to Input voltage limitarions.
Note 3: I load and bypes capecitor are returned to Vg (Figure 2), cathet thee ground (Figurs 1), PSRR & typicelly 30 dB,
typical performance characteristics
Power Supply Rejection Retio
Me s imum Device Dusipetion ve Ousescont Bupply Current v [Reterred to the Dutput) vy
Ambieni Temperature Supply Volege . Frequancy
" o 0
» HE ] i "
t T AT e g " |4 - f ” )
; P " T ;
g H J =i Rt H" i )
[ = \ > 3¢ & » |- : ’ i Ve ity
new ¥ id [ {]][Av * 20a8"
s 4244 b— i » |- A,
anbyy ‘e da [_ > L "
O Jeontnmacs—{comnran f--1-— - > M e Sy i< s A i '
g 3 e ! == g p—- n '* v
il 3 = e | T
B OIS bd o w i ety L] I1[
' e FA F— E ool y i
Leodnaren oc sounp. .1 ' . {l f
¢ NN BaMRNNNIn BRSO s e R " e " W .
::.. :.::-':::::‘:-:::Ln BUPPLY VOLYABE (v) ML QLEREY B
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spplication hints

; Gain Control

, To make the LM3B88 » more versatile amplifier, two pins

* (2 end 6) are provided for gsin control. With pins 2 and

; Gopen, the 1.36 k12 resistor sets the gain a1 20 (26 dB).
i a eapacitor is put from pin 2 1o 6, bypassing the
135 k2 resistor, the gain will go up 1o 200 (46 dB). I a
resistor is placed in serims with the capacitor, the gain can
be st 10 any vduolrm?Oto?WAAlowfrmncv

. pole In the gain response is ceuscd by the cauxilq
working against the external resistor in series with the

" 1507 intecnal resistor. If the capacitor is eliminaied and
4 mistor connects pin 2 1o 6 then the output de level

may shift due to the sdditional dc gain. Galn control’
€an 3150 be done by capacitively coupling s resistor (or
FET) from pin 6 10 ground, as in Figure 2.

Additionsl external components can be placed in parallel
with the internal feedback resistors 1o tailor the gain
and frequency response for individual applications. For
example, we can compensate poor speaker bass response
by frequency shaping the feedback path, This is done
with a series RC from pin 6 10 13 (paralieling the internal
15 ki) resistor), For 8 dB effective bass boost. R 2

w4
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hoop geins grester than 9 V/V.
‘input Biasing

application hints (Contin.ed)

15 kil, the lowest velue for good stable operation is
R = 10 k2 H pin 2 Is open. If pins 2 end 6 are bypassed
then R as low a5 2 k2 can be used. This restriction 1
bucause the amplifier is only compensated for closed

-

The schermatic shows that both input are biased 10
ground aith & 50 ki2 resistor. The base curtent ut the
INPUL transistors is about 250 NA, 0 the inputs are at~
8hout 12.5mV when left open. H the e sour CIrsistance
diving the L M3BS s hagher than 250 540 o ol Contng
buate very littde sdditional Gttuet oty 2 Loan\ aithe
inpsy, 50 mV a1 the output) T the o6 oo e pese tinee
i less than 10 AS2, then shOng e Gosed ot 10
ground will keep the oflset low (about 2 & vV ai the
input, 50 mV at the output) o de suutke (esistances
between these values we can ehminate excess offset by
putling a resistor trom the .uused input to gruand, equal
" value 10 the B¢ source resistance. Ut Course all ottset
problems sre eliminated f the 1NPIL s Capacitively
coupled,

When using the LM388 with higher_gains (bypassing the
135 k) resistor between pins 2 and 6) it 1 necessaly 1o
bypass the unused input, preventing degoadation of gain
e possible instabiliies  This s dyne with o 0 1uF
Capscitor or a short to ground depeniding on the de
source resistance on the driven inpul.

Bootstrapping

The base of the output transistor of the LM388 is
brought out to pin 9 fur Bootstrapping. The output
stage of the amplifier during positive swing is shown in
Figure 3 with its external Circuitry.

A1 + R2 set the amount of base current available 10 the
outputl transistor. The maximum output current divided
by Beta is the value required for the current.in R1 and
R2:

.

typical applications (Continved)

FIGURE 3.

Vg/2) =V
(R1 + n_z;-go ‘.._'..’*l‘_
: lo Max

Good design values are Vege = 0.7V and Bo = 100.

Exanple 1yarr 1o B load with Vs = 12V,

/2_'?
kS intias St
R,

(12/2) 07
—— —— )+ i0c0:
05

500 mA

(E¥4 R2) = 100 (

To kevp the current i R2 constant during positive
swig capacitor Cy 1y ackled, As the OUTPUL tw.nys
positive Cg Wity R1-and A2 above the supply, man
tning a constent vollage across R2. To minimize the
value of Gy, 71 = R2, The pole due 10 Cg and R1 and
A2 05 wsually set equal 1o the pole due 10 the output
copling capacino and the load This gives:

Ca:-:.& > E‘.
Bo 25

Example. for 100 Hz pole and Ry = 8Q;C_ = 200:F
and Cy = 8uF, it R is made & diode and R2 increased
10 give the same current, Cg can be decreased by about
8 factor of 4, as in Figure 4.

For reduced component count the load can replace R 1.
The value of (A1 + A2 s the same, 50 R2 15 increased
Now Cg is both the coupling and the bootstiapping
capacitor (see Figure 2).

FIGURE 4. Amplitier with Gain * 200 and Minimum Cg
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