3.

10.

11,

12.

v
LENEANTANDY

"PAL-Colour Pattern Generators", P 7-8 Philips Co, Holland 1968.
GEOFFREY H.HUTSON. "Colour Television Theory", P 35-39 Mc Graw -
Hill, 1971.

v

nr.a¥y LmthTIn uafuﬂugﬁiﬂ: ﬁqu: "1nnﬁnn?:%ﬂulnéﬂqfhiu:ﬁﬁﬁ: Wi
14-15 ihﬁuﬁﬁﬂuﬂnqnuﬁq1a?nnqqnigﬁuthnﬁnizn0ﬁ4ﬂr:LWﬁ W.f. 2513
CLYDE N.HERRICK, "Television Theory and Sevieving" P 434-440,
Reston Publishing Co, Inc.1976.

E.A. PARR, "Versatile Sync Pulse Genérator", P 410-415 Television
Volume 28 No 8, 1978.

M. KURITA and Prof. H.FUKUKITA "The Fundamental of Television
System", P 21-31 NHK Central Training Institute, 1963.

DON LANCASTER ."TTL Cook Book", P 193-196, Howard W.Sams, 1974.
WALTER G.JUNG, "IC Timer Cook Book", P 11-18 Howard W.Sams &

Co. ,Inc., 1977,

MITON WILCOX, "An Integrated TV Video Modutation System" P 69-77

IEEE Transaction on consumer Electronics volume CE-23, 1977.
"Semi conductor Data Libary", P 4-84 to 4-87, Motorola Semicon-
ductor Products Inc., Volume 6/series B, 1976. |

"Linear Databook", P 10-151 to 10-159, National Semiconductor
Corporation, Santa Clara, Cﬂifornia, 1978.

JOHN WRIGHT, "Audio Handbook", P 4-21 to 4-27 National Semicon—

-

ductor Corporation, Santa Clara, California, 1976.



13,

14

15.

16.

Wiley & Sons, 1978

66

BERNARD GROB, "Basic Teltvision Principles and Servicing", P 25,
Fourth Edition, McGraw-Hill, 1975.

GERALD E.WILLIAMS, "Practical Transister Circuit Design and
Analysis", P 310-316 McGraw-Hill, Inc., 1973.

JACOB MILLMAN, and CHRISTOS C.HALKIAS, "Integrated Electronics :
Analog And Digital Circuits And Systems", P 546, McGRAW-HILL,

Inc., 1972.
J.M. Calvert and M.A.H. McCausland,"Electronics" P 346-374, John

17. NNENI qﬂaurquum-ﬂu SRR ERL "1UTHTTﬂTlﬁﬂlﬁﬂT . Muﬁ 128-138

18,

190

auﬂnnaolarutmnTuTau (TMU—mﬂu) 1980

) M A
UU ﬂ?TQITm "lWﬂuﬂﬂﬁTﬂT ﬂﬂnuﬁ“qﬁﬂﬁu1ﬂﬁﬂﬂuﬂ W 68=T1 UTHN ﬁlﬂﬂy—
l

LT A70R W.Fl. 2521
"The TTL Data Book for Design Engineers" P 171-172,Texas Instru-

ments Incorporated",1973



aauun N,

Electrical data of Digital Integated Circuits.

QUAD 2- INPUT NAND GATE
7400

 TOP VIEW
All four positive-logic NAND gates may be used independently. On
any one gate, when either input is low the output is driven h:gh If

both inputs are high the output is fow.

Propagation delay .................. 10 nanoseconds average

Current per package ...... A SLIARVER , Yo 12 milliamperes average

) | ~8-INPUT NAND GATE.
- | 7430

TOP VIEW

drives the output hlgh When all inputs are h:gh the output is low.
Propagahon delay ...... AT PN ]0 nanoseconds typical

i " Current per pockGRe: i os«sde oo si e sbis 2 milliomperes average

There is only a single gate per package. Any input-low condition
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POSITIVE-NAND GATES AND INVERTERS WITH TOTEM-POLE OUTPUTS
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7476

DUAL JK LEVEL-TRIGGERED FLIP-FLOP
(With Preset and Preclear)

) 10 18 x xn A v
D=0=0=0=0=0=0=0
x| © = |sit axl oo sa

—u o> -
D==0=0=0=0=0=0
IO T U] 20k 2501 2008

v
TOP VIEW

Contains two independent level-clocked JK ﬂi'p-ﬂops. Note the un-
usual supply connections.

This is a clocked logic block and is covered in detail in Chapter 5.
There are two outputs: Q, and its complement Q.}

Under certain input conditions, Q and Q can change whenever the
Clock input goes to a low level. The Q and Q outputs do not change
for a change in the J and K inputs; the only time they can change is
as the input clock goes to a low level.

" If J and K are grounded, the clock does nothing. If J and K are made

positive, the clock changes the output states on Q and Q, or binarily

* divides. If J is high and K is low, clocking makes Q hlgh and Q low.

If J is low and K is high, clocking makes Q low and Q high.

. Information on the J and K inputs.can be changed only once im-

mediately after clocking. Further changes can bring about invalid
operation (see Chapter 5). The clock must be condmoned fo drop
very rapidly per desired operation.

The Clear and Set Inputs should be left, or tied positive for normal
operation. If the Clear input is grounded, the flip-flop immediately
goes into the state with Q low and Q high. If the Set input is
grounded, the flip-flop immediately goes into the state with Q high
and Q low. Set and Clear should never be simultaneously grounded
or a disallowed state will result.

Maximum toggle frequency .................... 20 megaheriz

Current per package ............ R o e e 20 milliamperes

70
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7445

BCD TO 1-OF-10 DECODER/DRIVER
(30-Volt, 80-mA Output)

+5V ©

INPUTS ouTRULY

OUTPUTS

- TOP VIEW

This package accepts a 1-2-4-8 Binary ‘Coded Decimal (BCD) input
code and provides a grounded output for the selected state. All other
outputs remain an open circuit: For instance, a 0111 input or
=1, “2*=1, “4"=1, and “8“ =0 gives outpul line No. 7 a
low state; all others remain open circvited. . Bl e

- Outputs can sink up to 80 milliamperes in the low state and withstand
up to 30 volts in the off state. An output-high condition can only be

_ obtained by a resistor or lamp load pulling up to some voltage less

than 30. Note that the supply voltage for this package must-be +5
volts. iy

The pockage can serve as a binary to 1-of-8 decoder b); grounding
pin No. 12,

Slight settling glitches and overlaps during address (input) changes
are possible. Any Input code over 1001 sends all inputs to the open-
clrcuit condition. 5

Propagation delay ......ooieiieiiiiiinnenn 45 nanoseconds

Current pér pockage .......iieeiieiininnn .. 43 milliamperes
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TYPES SN5445, S

BCD-TO DECIMAL DECODERS/DRIVERS

BULLETIN NO. DL:S 7211816, DECEMBEP 1972

T4

N7445

featuring

e Full Decoding of Input Logic
e 80-mA Sink-Current Capability
e All Outputs Are Off for Invalid
BCD Input Conditions
logic
FUNCTION TABLE
No.|—INPUTS OUTPUTS
DCBA|D 1 2 3 456 7.8°%9
DlL-L L L|L H H H H H-H HpH H
slL L L H/H LHHHHHHHH
2L L H L|H H/LA H/H H/H H H
3/t L H H/H HH LHHHHHH
4/t H L L|HHHHLHHHHH
5|L H L HIH HHMHHLHHHH
6l L' H H LIHHHHHHLHHH
2]lL HHH|HHHHHHHLHH
glH L L L|H HHHHHHHLH
olH L L H|H HHHHHHHHL
"W L H LI|H H H r H HHHHH
olH L HH[H HHHHHHHHH
2lnwH oL HWH HHHHHHHH
; HH L H|H H W v HHHMHHH
SlHHHL/HHHHRHHHHHH
H HHH|H H H = H H H H H H

H = high level (0ff), L = low level (ONn.

description

These monolithic BCD-to-decimal decoders/drivers
consist of eight inverters and ten four-input NAND
gates. The inverters are connected in: pairs to make
BCD input data available for decoding by the NAND
gates. Full decoding of valid BCD input logic ensures
that all outputs remain off fcr all invalid binary input
conditions. These decoders feature TTL inputs and
high-performance, n-p-n output transistors designed
for use as indicator/relay drivers or as open-collector
logic-circuit drivers. Each of the high-breakdown
output transistors (30 volts) will sink up to 80
milliamperes of current. Each input is one normalized
Series 54/74 load. Inputs and outputs are entirely
compatible for use with TTL or DTL logic circuits,
and the outputs are compatible for interfacing with
most MOS integrated circuits. Power dissipation is
typically 215 milliwatis.

FOR USE AS LAMP, RéLAY, OR MOS DRIVERS

J OR N DUAL-IN-LINE OR

W FLAT PACKAGE (TOP VIEW)

INPUTS OUTPUTS
vee T A B c D' "9 8 R
wijs ez ynijogls
A B Cc D
BCD-TO-DECIMAL
. N 123456 7 8 9
1 8
0 3 2 3 4 5 6 , GND
. N
OUTPUTS
positive logic: see function table

functional block diagram

%9

12)

J

13)

g

Bisel

6)

L1

INPUT C

(12)

®
EP

19

INPUT D

ﬁ

1

ouTPUT 9

OUTPUT D

OUTPUT 1

OUTPUT 2

OuUTPUT I

QUTPUT 4

OUTPUT S

QUTPUT &

ouUTPUT ?

OuUTPUT B
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TYPES SN5445, SN7445 N
BCD-TO-DECIMAL DECODERS/DRIVERS -

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)

|
|
|
|

supply vaitage, Veg:(seeNote 1) o i s i 0 a0 e i el e R A e e e s A"
INpULVOIERR .« 2 1o o e e s e E e R s B e b B G B R R m s o S E SR e - S5V
Maximum current into any output (off-state) . . . . . . . . . . .. ... ... ........1mA
Operating free-air temperature range: SN5445Circuits . . . . . . . . . . . . . . . . . =55°Ct0125°C

0°C 10 70°C

. SNZIBASCICUINS) &, . o & @ 6 & & & B 5 & o & 5.5 & % o
SIOrageIBMNpEraturerange. . . v ¢« s = 5 5 & © & % & @ Fe @ v 6 w8 8w % oo e s —557C10750°C

f NOTE 1: Voliage values are with respect to network ground terminal,

> recommended operating conditions

; SN5445 SN7445 o
é Y . MIN NOM MAX | MIN NOM MAX
| Supply voltsge, Voo 45 § 55 |475 5 525 | v
Otf-state output voliage 30 30 \"
Opersting free-sir tamperature, T 5 ~55 125 0 70 | °*C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER \ TEST CONDITIONST ~ MIN TYP! max |uNIT
ViH High-level input vol tage 2 v
ViL Low-level input voltage 08 v
! V) Input clamp voltage Vee =MIN, §p=—=12mA 1581 Vv
: Vee=MIN, V=2V, 10(on) = B0 mA 0.5 039
|V Onsta t vol . v
R B e b ViL =08V 10lon) = 20 mA 04
Veec=MIN, Vig=2V, ;
V, Off-state output voliage N .30 \"
i Ofotf) E » - {ViL=0.8V, Ig(off) = 250 uA <
; I Input current at maximum input volisge Vee = MAX, V=55V 1| mA
_': I High-level input current Vee = MAX, V=24V . 40 | wA
L RITE . Lowlevel input current 5 Vee = MAX, V=04V -1.6 | mA
' | Su v MAX, Note 2 s a = A
cc PPy cument 7]vee N SN7445 T a3 0] ™

1For conditions shown as MIN or MAX, use the appropriste value specified und-r recommended opoutlng conditions for the applicable typa.

$AN typical values are at Vee =5V, Ta= 25°C.
NOTE 2: 'CC Is measured with all inputs grounded and outputs open.

switching characteristics, Vec =5V, TA = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT

PLH Propagation delay time, low-to-high-level output.
PHL Propagation delay time, high-to-low-level output

- Ry =100 2, See Noiwe3 -
Cy = 15 pF, L 00 O, e = =

NOTE 3: Load circult and waveforms sre shown on pasge 148,

schematics of inputs and outputs

EQUIVALENT OF ALL INPUTS TYPICAL OF ALL OUTPUTS

Vee o

4xf OUTPUT

INPUT -—




[ ]
aMeLuIn N, (na)

76

TYPES SN5490A SN5492A, SN5493A, SK54L80, SN54193,
SN7480A, SN7492A, SN7493A, SN74L3C, SX74193
DECADE, DIVIDE BY-TWE!.VE AND BINARY COUNTERS

BULLETIN NO:.DL-S 7211807, CECEMBER 1972

“TTL
MSI

" "90A ... J. N, OR WPACKAGE
J. N, ORTPACKAGE “92A...J, N, OR WPACKAGE

‘80A, ‘L90... DECADE COUNTERS ’ " Le0...

(TOP VIEW) (TOP VIEW)

‘92 . .. DIVIDE- BY-TWELVE - e e N
COUNTER : ul.fa 14; i : *_-J-lITIJT Th'ilﬁl

’93A ‘L93...4 BIT BINARY . L= L -A] =
COUNTERS : T st 8 fo N

description S e 2 : s
¥ , : 1 [ e
Each of these monolithic counters contains four -I = ':' 4 4-i "'".‘" e R

master-silave flip-flops and additional

gating to

positive logic: see function tables

provide a divide-by-two counter and.a three-stage
binary counter for which the count cycle length ls

dmdmbwfnve for the ‘S80A and ‘LSO, divide- by-six .

“93A...J, N, OR W PACKAGE

‘L93..:4.N,ORT PACK_AGE

o R

(TOP VIEW) (TOP VIEW)
for the ‘92A, and davndebv-mght for the ‘93A and . s s -
L83, Inioioioininio Noininioioinin!
‘ oy W G Bl Ny o S e W I
All of these counters have a gated zero reset and the # S B i B
‘G0A and ‘L90 also have gated set-to-nine inputs for * | - 5 e T
use in BCD nine’s complement applications.

To use their maximum count length (detfade, divide-
by-twelve, or four-bit binary) of these counters, the
B input is connected to the Qa output. The input
-count pulses are applied 10 input A and the outputs _
are as described in the appropriate function table. A

positive logic: see function tables

NC~—No internal connection

TYPICAL

symmetrical divide-by-ten count can be obtained ‘TYPES N——"
from the “90A or ‘L90 counters by connecting the
3 - # “90A - | 145 mw
Qp output to tr_:e A input and applying the input et e iy il
count to the B input which gives a divide-by-ten )
square wave at output Q. fovindins 130 mw
’ . ‘Le3 o 16 mW
functional block diagrams
: “80A, °L90 3 *32A "83A, ‘L83
Byn o X
Ryzf
= f (121 oa y . [ >UVINE & H
weura L8 cx *
X
f 191 o ‘
Ut s L X

weuys AL &

d
cx
Tk Fex
. 1
N ‘17m
A (LL1PNS F
L 3

o O : ok D
nocn 42 o) =

1rom 8 high level 10 & tow level.

»
(-]
T

The J and K Inputs sh ] ] ore for referance only and are functionsily at a high level. ] § ‘ ce
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TYPES SN5430A, SN5492A, SN5493A,. SKT430A, SN7492A, SN7483A
DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS'

T

absolute maximum ratings over operating free-air mhpemmm tinge (unless otherwise ~czed)

Supply; volt;ge. Ve (see Note 1)
Inputvoltage . . . : . . . &
Interemitter voltage {see Note 2)

Operaung free-air temperature range: SN5490A, SN5492A SN5493A
SN7490A, SN7492A, SN7433A

Storage temperature range . . .

# e e e e e e

NOTES: 1. Voltage vaiues, except interemitter voltage, ar® with respect 10 network ground terminal.
2. This is the voltage between two emirtters of a I
inputs, end for the ‘SOA circuit, it also applies betwesn the two Rg inputs

recommended operating conditions

itter tra

« = TN
- 85V
. 55V

s -55°C10125°C

o e e o 026
—65°C t

10 70°C
0 150°C

. For these circuits, this rating applies between the two Rg

SNS490A, SN5492A,|SN74S0A, SN7492A,
SN5493A SN7493A UNIT
MIN NOM MAX | MIN NOM MAX
Supply voluage, Voo 4.5 5§ 55| 4.25 5 525 \"
High-level output current, Igy -800 —800 MA
Low-level output current, I 16 16 | mA
. A input o] 32 o] 32
Count frequency, fcount see Figure 1) Binpot o = o =2 MHz
A input 15 15
Pulse width, t,, B input 30 30 ns
Rese} inputs 15 15
Reset inactive-state setup, tsaup 25 25 ns
—55 125 C

Operating free-air temperature, Ta

0 70

electrical characteristics over recommended operating free-air tefnperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS? s —— = UNIT
MIN TYPE MaX | MIN TYPI MAX | MIN TYPI mMaXx
ViH High-level input voltage g4 2 2 v
V)L Low-level input voitage 0.8 0.8 0.8 v
V) Input clamp voltage Vee=MIN, I)=—-12mA -1.5 -1.5 -1.5 \"%
VOH High-level output voitage \\:::::-oh.ﬂx;t 1\2: :i:oo“A 24 34 24 34 24 34 v
VoL Lowdevel output voltage :f:f_':;'i'. Y(;T:Ts\,;ﬁAi 02 04 02 04 t2 o4 v
f | | CSTUMBHEE Vee = MAX, V| =55V 1 1 1] ma
maximum input voltage
. . Any reset 40 40 40
Gy e oo MAY, N2V 80 80 80 | wA
input current [ e 120 120 80
L Any reset ) -1.6 -1.6 -1.6
e . A input Vee = MAX, V=04V -3.2 -3.2 -3.2 | mA
input current S =25 28 32
Short-circuit SN54" | —20 -57 | —20 -57 | —20 —57
105 ipun conwarh Ve = Mad sN7a |18 57 | 18 —51 | =18 T
Icc Supplv current Vee = MAX, See Note 3 23 42 26 39 26 39 | mA

TFor condlllom shown as MIN or MAX, use the .ppvopnno value specifiead under ucomm.nd-d operating conditions for the applicsble type.

3A1 typlcal velues ars at Vee =5V, Ta= 25°C.

§Nol more than one outpul should be shored at a tima.
10uwuu are tested at 'OL = 16 mA plus the limit value for 1} for the B Input. This pnmlu driving the B mpul while m-mummg 1ull fan-cut

capabllity.

NOTE 3: Igc s m--uud with all outputs open, both Rp inpuu grounded following momomuy connection 10 4.5 V, onﬂ all o-m inputs

gprounded,

S
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TYPES SN5480A, SN5432A, SN5433A, SN54190, SN54193,
‘ SN7490A, SN7482A, SN7483A, SN74180, SN74193
. DECADE. DIVIDE-BY-TWELVE, AND BINARY COUNTERS
S04, ‘L0 ~0A, L80 schematics of inputs and outputs
BCD COUNT SEQUENCE BI-QUINARY (5-2} : ‘904, ‘924, ‘93A 5
(See Note A) (Ses Note B)
OUTPUT ouTPUT EQUIVALENT OF EACH INPUT
COUNT COUNT
Op Oc O Oa Oa Op Oc Og Vcce
) B %k 0 t & Lt
1 E L L R 1 £ ks E M
2 L L H L 2 L L H | 3 INPUT
3 L & N a8 3 L L u 9
) (S TR 4 £t ® R
s SN T M s H. L k2T
6 L n oWy 6 H L.L H
? L H W H 7 H L H L INPUT Req NOM
8 C S R U S 8 H L H H A 2.5k
9 $ Lo Lo M e o T e B (‘90A, "92A) 1.25kQ2
B ('93A) 2.5 kN
oA Al resets 6 k2
"S0A, ‘LSO .
RESET/COUNT FUNCTION TABLE *L90, ‘L93
4 RESET INFULS SuFrY) EQUIVALENT OF EACH INPUT
Ron) Roiz1 Re(1) Re(2){Op Oc Os Ga EXCEPT A AND B OF °L93
H H L X | LG X /A ‘ Vee
H H X L4 VYA
x x H HlH L L H
% L x L COUNT
L x |2 x COUNT INPUT
L x x L COUNT ’
X L ¢t X COUNT
count sEoUENCE " Coumrt skouENCE ' 44 Alaq NOM
. . : A ('L90) 13.3 k0
({See Note C) (See Note C) 8 (*LS0) 6.67 k01
OUTPUT OUTPUT 5 ¥ E Al resets 40 k02
= Op Qc Qg Oa Qp Oc Og Qa X ’
o L L .& L ) i e el L
| L L L w 1 L L L H EQUIVALENT OF AOR B
2 Lt L H v 2 T LW NN, o INPUT
3 fuve wom 3 et H W )
4 L H L L a (i ]
s L H L H 3 L H L H
6 L & & 6 0 SHLUHL
. 7 H L L H 7 L H H H
: 8 H L H L 8 < I O N
8 H L WY 9 GO Bt
10 H H L L 10 TR O VR
1" H H L H n H L H H
12 H H 3 (€
13 H H L H
14 H H H L
-1 15 H H H H ‘Q0A, ‘92A, "93A, ‘190, ‘L83
TYPICAL OF ALL
“92A, S3A, °L93 - OUTPUTS
RESET/COUNT FUNCTION TABLE Ve
RESET INPUTS OUTPUT
Rot1)  PRorz) |Op Oc Os Qa
H H L L L L
= x LS
X L COUNT
ouTPUT
NOTES: A. Output Op Is connecied 1o input B for BCD count.
B. Output Qp is connecied 10 input A tor bi-quinary
count.
C. Output Qp is connected to input B.
D. H = high level, L = low level, X ='irrelevant ‘90A, "92A, "93A: R =100 {2 NOM
S *L90, *L93: R = 500 §} NOM
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DUAL “4-INPUT NAND GATE |
e T yam0

TOP VIEW . W

Both 4-input gates(mdy be used independently. On either gate, any
Input-low condition drives the output high. When all inputs are high,

the output is low. - - .~ .

Propagation delay . .o7. / ///). \ad . 2o 10 nanoseconds typical

Current per packageZ. . /. /. b\ Spvetl s10050 4 milliamperes avera_ge'

HEXRVERTER S 00

ne

All six inverters may be used independenily. On any one inverter, .

the low-input condition drives the output high. The high-input con-
dition drives the output low. ’ '

Prépogaﬁon delay oo i maive b e 10 nanoseconds overage

Current per package ................ 12 milliampérés overasc‘

———— 4
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. any one gate, when any input is low, the output is driven to a high

7410

_ TRIPLE 3-INPUT NAND GATE

TOP VIEW

All three positive-logic NAND gates may be used independently. On

state. When all three inputs are high, the output is driven to o low
state.

Propagationdelay .................... 9 nanoseconds average

Current per packoge .........,...... 6 milllamperes average
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Electrical data of Linear Integrated Circuilt

m.
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LhﬂSSQ_lV'ﬁdeorncdum10t~ﬂ.'
generaldescnpuon t features '
The LM1889 is designed to mterface audio, color # dc channel switching
_difference, and luminance slgnals 10 the antenna temi- e S
" nals of a TV receiver. It consists of a sound subcarrier ' ~ 12V to 18V supply operation - -
* oscillator, ‘chroma : subcarrier oscillator, . quadrature : » 5 3 -
chroma modulators,. and RF oscillators and modula(ou. a Excellént oscillator stabifity
. for two Iow-VHF channels . : : .
The LM'IBBQ allows vndeo mformanon from VTR's, u Low intermodulation products
games test equipment, or snmvlar sources to be displayed
on black and white or color TV receivers. When used = 5VP p chroma reference 5'9"3'
with the MM57100 and MM53104 2 comp!e(e TV game;
is formed ' : » s May be used to encode compome vndeo
R i 7 i 3 -
block diagram’ : : “ dc test circuit -’
%id
Dual-In-Line Package
— - 108 ne
o~ ' v Lodk - L oo &
. l ¢ ' ‘A : WY\ = e —
e ey 2 e 5 N 17 CHAOMA OSC ~ O-l
eyt * (™ osc ourrut = swiz | "
3 2] i 2 »
a3 16 CHROMA 1w LS. _"_N’VV__—L.
sas” | y T surrLy n .
’ 1% 3 1 =
; = 13y O~V 5
sv ® = & souno 15 soun0 - - s o) - SR
mruy ,9::_ . TANK M :
- s X _. h i § é _L_! = A 1" =
= s A e ' e Fi g Vigs. & & IR
SROUAD — . “ : e =1 < s e
; . j__ O = ey L - ",O\l\o___: : %_ e
) B . 90 - L = ’ e . - # N
L S e g © 1 cumoma L xE b '_?2'“:\0__’. Sy R 12 ey . &
L. . . l SUBCARRIER ' ® X : y.oov oo
cH oo ) Sy il B sl ? _'-O*J\O—L -23\/'\"\——»——01n :
Taax a3y sk . s AR K s . 5 ' . . e
5 : {L_I'_ L @ 3 W vioen - A ' s : w " A P
- = / : s (e W INPUT - - - - oF -—N‘w——bL "
- sy i
] 3 o } B n“‘-_:‘;_. ) = -._C‘
s e ey 5 ) . ourrur - 5 .
Wil § ) o o ox —l :
TA™K , & E B . . 5 &
el t—'—uﬁ- = = Wenn: = 3 <
. s A 5 . 2 . ouTPUT - e
. P : 1 4 v
‘Order Numbor LM130SN_ -+ . . <
- Sea NS Pzckage N18A 3 5
o . . S g . € : e 3
' - B -_— ® .
. ) 4 o ‘ 3 ®
E' &5 o b - ot ee o @ ® s
H " . L 1 .
. : gy
3 : 1 ik . ¥ " - .

ol N Auc}id, ﬂa_dib"_;ﬁ_n‘gl

TV Cicuils

-




e catetes Mo b bheb . Mok oD e be aee® ——

A tbeem At - A

82

L1889

Note 1: Fov op
thermal resistance of 90° C/W junciion 10 ambient.

Ve

AMALUIN 9. - (nB)
e ‘ . ‘
absolute maximum ratings 2
Supply Voitage V14, V16 max 19 Vde
Power Dissipation Package (Note 1) 1390 mW *
Operating Temperature Range ! . 0°Ctwo+70°C
Storage Temperature Range -55°C 10 +150°C
" Chroma Osc Current 117 max 10 mAgc
(V16-V15) max *5 Vgc
(V14-V10) max - * v
(V14-V11) max 7V
Lead Temperature (Soldering, 10 seconds) © 300°C -
dc electrical cha racteristics (dc Test Circuit, All SW Normally Pos. 1\ ¢ =15V, Vg =VC =12V)
PARAMETER CONDITIONS - “min | TYP |'mMAX | UNITS
Supply Current, Is ’ I i 20 35 45 mA
Sound Oscillator, Current Change, Al15 Change VA From 12.5V 1o 0.3 ‘| .06 0.9 mA
. i N 17.5V 1
Chror.n.a Oscillator Balance, V17 95 1.0 125
Chroma Modula(or Balance, V13 7.0 7.4 7.8
R-Y Modulator Oumm Level, AV13 SW 3, Pos. 2, Change SW 1 06 | 09 1.2 )
From Pos. 1 10 Pos. 2
B-Y Modulator, Output Level, AV13 SW 3, Pos. 2, Change SW 2 0.6 09 1.2 4. Y
» ’ ¢ From Pos. 110 Pos. 2
Chroma Modulator Conversion Ratio, SW 3. Pos. 2, Change SW O 045 | 070 | 0.95 VIV
AV13/AV3 From Pos. 1 to Pos. 2. Divide ;
AV13by AV3 _ v
Ch A Oscillaior “OF F** Voliage, VB, V8 SW 4, Pos. 2 05 | 15 | 30 v
Ch. A .Osci||al0l Current Level, Ig » Vg =12V, Vc =13V 25 .1 35 5 mA
Ch. B Oscillator “OFF " Voliage, V6, V7 s ’ 0.5 15 30 v
C.h. B Oscillator Current Level, Ig ) SW 4, Pos. 2, VB = 12Y, + 25 3:5 5 mA
' 3 - Ve=13v : .
Ch. A Modulator Conversion Ratio, SW1,SW2, SW 3, Pos. 2, 0.40 0:55 0.70 vV
AV11/(V13-V12), ) 33) Vg = 12V, Change V¢ From
: ’ - 13V 10 11V For AV11 Divide
"By V13-V12 .
Ch. B Modulator Conversion Ratio, . All SW,. Pos. i vg =12V, 0.40 0.55 0.70 VN '
: 1
AVI(_)/(V’I3—V'I2) . Change V¢ From 13V 1o 11V ¥
9 Divide as Above X
e — 3
ac .electrical characteristics (ac Test Circuit, V ='15V)
PARAMETER 3 CONDITIONS . MIN TYP . MAX UNIT3 i
Chroma Oscillator Output Level, V17 CLoAD <20 pF e "4 5 vee .
Sound Carrier Oscillator Level, V15 Loaded by RC Coupling 2 . - 4 Ve
X . : Newwork '
Ch. 3 RF Oscillator. Level, V8, V9 .Ch.Sw.Pos.3.1=61.25 MHz, | 200 350 ° e i
o ’ Use FET Probe .
¥ - . N . > .
Ch. 4 RF Oscillator Level, V6,.V7 Ch. Sw. Pos. 4, f = 67.25 MHz, 200 350 mVe?
a ] Use FET Probe i |
. . . : uN"""'
eration in smbient temperatures sbove 25 C, the device must be d-rued butd on » 150" C maximum junction tempe

- ol
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- ‘design charactcnstlcs (ac Test Circuit, Vv =15V) - i i . S ’
* N PARAMETER - Ty UNITS . . PARAMETER TYP UNITS
Oscillator Supply Dependence . ) *RF Modulator 3
1 Chroma, 1 = 3.579545 MHz- ‘ ¢ 3" Hz/V Conversion Gain, 1 = 61.25 MHZ, 5 4
i Sound Carrier, RF ' GeeiCunaan | & T T vouT/(V13-V12) 10 mVim/V
x Oscillator Tempe;alu;e Dependence (IC Only) - L ) 345.B'M)-_(x Ditferential Gain S : %
H Chroma X - 0.05 * ppm/°C - = Ditferential Phase 3 degrees
i Sound Carrier -15 ppm/°C 2.5 Vp-p Video, 87.5% mod.
H :
' R_F .50 ppm/°C Output Harmonics Below Carrier
¢ Chroma Oscillator Output, Pin 17 R 2nd, 3rd S b 4 i}
" : tRISE. 10-90% = 20 ns ath and above ; -20 A1)
: ‘FA!-L' 90-10% : 30 z ns Input Impedances
) Duty Cvcl.e (+) Half Cycle S1 % Chroma Modulator. Pins 2.4 500k//2 pF
- ! it Cycle g a9 % RF Modulator, Pin 12 1M/72 pF
RF Oscillator Maximum Operating Frequency 100 MHz ' Pin 13 ° 250k //3.5 pF
(Temperature Stability Degraded) 5 i '
g Chroma Modulator (f = 358 MHz) .
8.Y Conversion Gain V13/(Va-V3) ; 0.6 Vp-plV S
R-Y Conversion Gain V13/(V2=V3) - s 0.6 Vpo/V :
Gain Balance 0.5 P dB
Bandwidth See Curve
ac test circuit : 3 -
g g \ . - /]

'
© et et B o BeSe —ant
N GUCRIRp o ot & st it

158 MH
= e —O gurrur
= : n
v v 3 " =
1 Ium,v —Luu.r -
; ) R T
l' , BIAS T . . o T
i - ? AN
: i 4 & t WV f
i 1 — s ‘
: E @ o " 5% Em,s
H - y i
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' 2
E o : \ % 0.001 uF .
H 1 = .
> e AAA—— 0 15V
b o . - .
: s
é i n "
— AAA—
V » VIDEQ
' BIAS
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" ANt
. ‘
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+
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’ % . . & . e
: T : e el L 3 % |
o0 “typical ‘performance characteristics .- .z« .00 W Oy
. . o = B 5 . % s 3 . 2 E iy %, - '3
2 ¢ . .. Sound Carrier Oscillator— "= °* - RF Oscillator Frequency - ses e ® Chroma Modulator - = 4
o < * . .- Supply Dependence _ : i . ¢ Supply Dependence T . SR ONNE - R P Transconductance Bandwidth - H
[3- '3 Plg=45 MHz) I'o - §7.25 MHz . i . i - lout 13/Vior 'I'B Se B e ::
‘.-, £ 4. . = : O ) o
. =z . g I 5
. E 3. 1.15 . i1 = I
3 ; : t A ‘:_ ! i.’\ A = = \
' w .1 o. .o - : .
! 5 gl wF T vz L
. .2 1 a = \
¢ g3 : AR L™ < 3 -
1 % x ! @
: 1t =8 v 2 & oy IS & \ =58
5 a &8 -8 - vy e s . .
: Ly Podrie £ o TS ;
i . = : .w =50 4 ‘
. B2t il \ oy i R
- . - . =B 5 P — - 4
. . 2 1011 12703 1 15 16 17 18 1920 .10 11 12 13 14 15 16 17 18 19 20 Ty tsl wan e e -
3 | F SUPPLY VOLTAGE (V) . - ' e i . CSUPPLY VOLTAGE (V) - ; .vhmd_(y::vjmml__\ [
b ~ Chroma Modulator Fy» ! RF Modulator ! y '
i y * . . Common-Mode input Range " -’ *:Common-Mods Input Range  ~° ”
h? i . .  ihine 23,8 o~ L I - Pins 12,13 (Applications Circuit) :
! % . . ! A IR LY 727777727 | A
o : = A4 % A NNy 7.7 7Y '
; i > g >4=..|‘ / 7 = "‘. / i *
v 8 - 2 1 % P77 3 z » Y SR .
i - . = 72 d : ¥ = K4 P : i A 9
i 3 1 ’ B 4 B4 » IR -~ F
: 2 B R B f
: g R
z S g 8
! x 4 =1 = A
- S 3 T2 g ¥ . 3 .1 '
i .2 o K4 A AR % o ¥ - 5 A A A I A A
: 8 4 7 7 : 8 K4 V4
5 ¢ o % VY. 2 . o Lz Y 7
= 3 10211 12 13 34 15 16 17 18 18 20 - e 11 12 13 1 5 1 11 1
- SuPPLY VOLTAGE (V) TNSS T s sumyvolagEw)  C - i
: ‘ C % :
i E i g & T
H ’ * . - % . eos 3 =
R - circuit description’: {Reter to Circuit Diagram) " th : :
3 RN =6 \ Sl I, < & AN . e X
¥ & ] 3 . ML e o .f_ ‘ _,'-_~_ o s s el *. P
i % ] _The sound carrier oscillator: is formed 'by differential - The channel B oscillator consists of devices Q56 and .~
amplifier Q3, Q4 operated with positive feedback from” .-~Q57 cross-coupled™-through level-shift - zener - diodes . !
+ the pin 15 tank to the base of 03.bl5°¢ 13AVIETH <054 and Q55.. A current regulator consisting of devices '
: Sy " . S = om0 .Q39—0Q43 is used to achieve good RF frequency stability © {
~ g 7 . AABE AT E BB i g over supply and temperature. The channel B modulator !
: 1 f.th rting amplifier 1 et > !
) The:chromalGsELIAIGx co_ns_ms .° the inverting amplitier ..., qts of ‘multiplier devices Qs58, Q59 and-Q50-Q53. H
.Q16, Q17 and Darlington emitter follower Q11, Q12. er ? H
. : = . The top quad is coupled to the channel B tank through -
An external RC and_crystal network from pin 1210 - o iing devices 048 .and:048. A o l
pin 18 provides an additional 180 degrees phase Jag back sina .'Inzg 3"?3‘ L pite 28N h' : . _<L§_2_S=l_b£_“l°£" N
* 1o the base of Q17 to produce oscillation atlthe crystal Bins and 13 offsers the jovier pair 10 produce an -
-r?‘sc;r;}';ée'f'requerﬁv (See ac test circuit) S output RF carrier at pin 10. That carrier is then modu- - |
S = ___,._ X o il lated by both the chroma signal -at pin 13 and the video i
. : R = : N Chmg i and .sound carvier isigndls .at_pin 12. The channel A .
: The feedback signal from the crysta __i_s-split in a lead-lag modulator ‘shares pin 12 and 13_buffers ‘D45 and Q4 .
metwork to pins 1:and 18, Tespectively, 10 generate the with channel B and-operates in an, identical manner.  §
:&ié}r_r_igr Jeference signals for:the chroma modulators. : n e e S g l
i The R-Y modulator con;ists-of-muhiplier- devices Q29, ' The curreni' flowing through channtl B oscillator diodes i
& s Q30 and Q21—Q24, while the B-Y '_no'dulawr coqsistsrol *.»Q54, OS5 s turned around in Q60, Q61 and Q62 t0 ’ :
P ¢ ] - 031,032 and Q25-Q28. The multiplier outputs ire - ..source current for'the channel B RF modulator. In the '
- coupled through 2 balanced summing amplific(.-037,” - same manner, the channel A oscillator Q71-Q74 uses” . l
038 1o.the input of the RF modulators ' at pin“13. - “wirn ‘_aro“u‘nd ‘Q77, Q78 and Q79 1o source the channel A !
. With O offset_at the lower ‘pairs_of -the _n_n.mipl‘ners, no - -1 -modulator. One oscillator_at a time.may be activated by -
_ chroma output is produced. However,:-when either . '_epnnecting its tank.to supply. (see:ac test circuit). The '
o pin 2 or pin-4 is offset relativetopin 3 2 subcarrier out<~, "’ corresponding modulator is then activated by its currént 9
.- put current of the sppropriate_phase is [produced ‘at “turn-around, -and the ‘other oscillator/modulator com: | e
! pin1d. . . G R L T " "bination remains “OFF®, "".*. - ." Slo Sl e l
i . ST R o e 8 & £ 4
1 T i W 2 o g o % % ;
| : . Aee o, SR 2 S 3 . AR
\
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LM380

AMMALUIN 7 (D)

iy =

F/V v nlatichel

1 Semiconductor
LM380 ,audio- power amplifier
general description ° K

The LM380 is a power audio amplifier for con-
sumer application.-In order to hold system cost to
a minimum, gain is internally ‘fixed at 34 dB. A
unique ‘input stage allows inputs to be ground
referenced. The output is automatically self ent-
ering to one:half the supply voltage.

The output is short circuit proof with internal .

thermal limiting. The. package outline is standard

dual-in-line. A copper lead frame is used with the -
center three pins on either side 'comprising a heat . |
- sink. This makes the device easy to use in standard " .

p-¢c layout.

Uses include simple phonograph amplifiers, inter-

. coms, ‘line drivers, teaching machine outputs,. @

alarms, ultrasonic drivei's, TV sound systems, AM-

*FM radio, small servo drivers, power converters,etc.

Audio, Radio an'd-_TV Circuits

v of .°

]
. a 3 ps

A ;elec(ed part for more power on_higher supply
- voltages is available ;as the LM384. For more
information see, AN-69. - ' .

R S ) .

features y
. m Wide supply voltage range -

= | ow quiescent power drain
_ ® Voltage gain fixed at 50
High peak current capability
Input referenced to GND

= High in'puv. impedance

L+ = .Lowdistortion .
. =" Quiescent output‘voltage is at one-half of the
", supply voltage q v

a Standard dual-in-line package

connaction diagrams |(Dual-in-Line Packages, Top View)

Sl

BYPASS )i )y & b— 10 v,
NOM INVERTING WPUT 2 i |- 1 uc e 1 — l_] —8 svrass
3 b—12 e
5 5 —— AT ] ] e —1 %
cup {4 i b—11}Gu0
5 -l 1 5 &
N INVERTING WpuT ) = 8 Vo
INVERTING inPuT 6= —9 uc
CND. )l 1 Vo Cnp -4 —i =15 Gn0
R oy
. Order Number LM380N Order Number LM380N-8
Ses NS Package N14A See NS Package NOBB
N eetls it el L T e e :
bloci: oo schernztic diagrams
LM380ON | D0 ¥, 38
sveass Vs [. 'J )
) , e N
eyt — ;
[
[
oy ——y — |
. I s
1 ouTruT
Oy
BYPASS .
o 0—————-——7 P . <3
LM3BCN-8 2 3 <
b
BYPASS Vg
i
—AAA
INPUT et 7
o
3 “
« IMPUY ————p
T 1K “

adLnin g

86
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amuuan 9 (nd)

- ‘Supply Voltage™ N 5

’ 22V

Peak Current it 1.3A

Package Dissipation 14-Pin DIP (Notes 6 and 7 10W - ol
+0.5V .

Input Voltage ” x . -

Storage Temperature © . —5°C 10 +150°C
,»Operating Temperature ©  0°Cto +70°C .J
Junction Temperature _+150°C .

Lead Temperature (Soldermg, 10 sec) 1+ 4300°C

electrical characteristics’ (Note 1)

" absolute maximum ratings oo PR IR LY Ll

08EW

. PARAMETER SYMBOL - CONDITIONS : . : MIN TYP MAX . UNITS
Output Powler Pouf‘n;,s. (Notes 3 4) RL = 89 THD 3% .12.5 oW
R Ay 2RO N ) 50| o | wv
Output Voltage Sw'ing Vour f : Ry N Bﬁ . . 14 Voo
inpul'Resis!anc.e, Zin \ 150k Q
Total Harmonic Distortion THD (Note 4,5) - : i 0.2 %
Power Supply Rejection Ratio PSRR- phl (Nmé NN\ Y S 38 dB
Supply Voltage - Vg * \éd: ’ b 8 ) 22 Vv
Gaolaety © . BW - | Pour=2w. R =80 100k Hz
Quiescent Supply Currer I'Q' ’ ' 2 25 mA
Quiescent Oulput.Vollage Vouta A = ¢ - 8 9.0 10 \Y
Bias Current lsias inputs Floating 100 - o
Short Circuit C}aéren! Isc 1 1 [ A

Nou 13 VS =18Vand Ty = S’C unless otherwiu.specihed
Note 2: Rejection ratio u'mtd 10 the output with CBYPASS 5 uF

Nots 3: With device Pins 3.4, 5 '|0 % 12 soldeu-d nmo » 1/16" epoxy glass board with 2 ounce copper foil with a minimum

surface of 6 square inches.

Note 4: f oscillation exists under some load conditions, add ¢ 3 79 lnd 0.1 ufd series nemork from Pin B 10 Gnd.

Note 52 Cgypass = 0.47 ufd on Pin 1.
Note 6: The maximum junction temperature of the LM380 is 150 €.
Note 7: The package is 10 be derated at 12 CIW luncnon 10 heat smk pins.

heat sink dimensions T
L ¥
>/. . .
(’omnml:l
2REOUIAED
- 18 SOLDERED 1O
. LTS AN N
woann
THICKNESS 0 04
[LI{1%]

.
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P!
M Semiconductor

LM555/LM555C timer
general’ descnptxon

The LM555 is a highly stable device for generatmg
accurate time delays or oscillation. Additional terminals
are provided for triggering or resetting if desired. In the

- time delay mode of- operation, the time is precnsely con-
- trolled by one external resistor and capacitor. For astable U

operation as an oscillator, the free running frequency and

duty cycle are accurately controlled with two" external'
resistors and one capacitor. "The circuit may be tnggered r
and.reset on falling waveforms, and the output circuit . -
can source or sink up to 200 mA or drive TTL circuits.

'features -

= Direct replacement for SESSS/NESSS
L Tnmmg from microseconds through hours !

R

Ed Operates in both astable -and mononable‘ modes

ViNaticnal lndustriaI/AUtomoiive/Funétionél
: -Biqclgs/ Telecommunications

i
= -l'\.dit:\st.able'duty cycle i "'.
‘m ’Outpul can source or sink 200 mA
.= Outpul and supply TTL compatible
L] Temperature stability’ better than 0.005% per- _C
Tm Normally on and normally off output - F
g ~.appl|cat|ons i Ko B

. Precision tnmmg
Pulse generation
Sequential timing .
-Time delay generation
Pulse width modulation . -
Pulse position modulation
" Linear ramp generator

schematic diagram

Vee ’
R2 >
R - i -\ RN <
i " a7, il s a2 % gns
os o6 on } g
> 3580 . ; [+
R . x < R . an
5 bR XY . (
: 2 X sm
> In .
THRESHOLD O .oc\' : o 1
2 - ¥ : on 5
conthoL 8 (23 Vec) RN 7 L o ™ e o JE
VOLTAGE - ; ;
a < Al s an A 3
END O—————— b . N o (100 kﬂ an p—=0 ouTPUT .
P——J ‘ (e -’_—guj‘_— :
? = (1) " * g
TRIGGER O] ane ':2 J{_Cm l_( Rie
s . =0 [T |
a1 -r——{z\x' et Risy 3
N o . bW i 1. Mg 3R -,
RESET azs ) = et A
7 ¢
DISCHARGE L ;
o } - o
L_ 2 \
connection diagrams . . Qustin:Line Paekive,
) . 1 .
Metal Can Package GND ——df —
Ve i
TRIGGER DISCHARGE
GND DISCHARGE .
ouTPUT — L S R
TRIGGER o THRESHOLD UITEY s N I
e L}
: contRoL 4 s contabt '
ouraL / voLTace £ anehes VOLTAGE &
RESEY Tor ViEW <
TOP VIEW Order Number LM555CN <
% See NS Package NOSB an s
Order Number LM555H, LM555CH 3 ’ Ordear Number LM555J or LM555CS * .
Ses NS Package HOBC € Gy J 3 See NS Package JOBA * LA
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absolute maximum ratinzs 5l B e e N 5 .
" PO “». . & - 1 .'.
Supply Voltage . = .. 1. . : o o S5 eada BBV 4 Ay 3 B :
Power Dissipation (Not 7 - 7 600 mW L
Operating Temperature Ranges . . .
LMss5C 1 .0°Ct0+70°C - ; ol [ P il Eee
LM555 T ~<56°C to +125°C ? il i W v i
. 3 ® .
Storage Temperature Range ~65°C to +150°C : = e e :
Lead Temperature (Soldering, 10 seconds) T 300°C .
. _." S e S SRt e O BRI S *
electrical characteristics (T, =25°C, Vee = +5V 10 +15V, unless otherwise specified) -
3 . S R ‘LIMITS
PARAMETER . .~ .|~ CONDITIONS . . |- - LMEss Lt AMsgsC UNITS
e ’ : [ ; - wmin .| TYP | .mAX MIN | TYP MAX
Supply Voltage X ) . o RN £ o R ‘a8 - as T - | 18 - s N
WV Current - Vee =5V, Ry = o B C B " : 3 T : sx 13 6 mA
e ¥, KD Vee = 15V, Ry ==’ “ _— 0 - | : 0 15 . mA
: s g . - | (LowState) (Note2) =" - . & - .
E Yiming Error, Monostable . s g o Wl ST o X! - ¢ ; ‘
| ivial Accuracy 4 LT Ny W4 s A 05 2 - el I e o %
1 Drift with Temperature . .| Ra.Rg =1k 10 100k,",° ‘9 \ 30 . = | so ) ppm/°C
| » o bt C=0.14F, (Nowe3) . SINNG Y o ’ cams
Accuracy over Temperature. e 35 - ; A X 15. 30 - 15 oy " %
Drift with Supply . L/ N b\ 0.05 0.2 0.1, = %Y
Tuming Error, Astable A ¢ R\ \ : )
§ Initial Accuracy o ) T Lo lasy s 225 7 %
i Drift with Temperature . * ® v a0 ) - 150 ° ppm/°C
Accuracy over Temperature . Sh ' y ) 41 =6 3.0 %
‘ Drift with Supply = - 0.15° 0.2 0.30 05 %V
3 ivesnold Vottage o ‘ . ’ X ‘0667 T 0667 . xVee
1 Togger Voltage . | vee =185V a8 &l 82 5 - v
‘ k . . | Vee =5V g 1.45 167 1.9 2 1.67 v
Yogeer Current ity = == 001 | 05 ~los | os HA
et Voltage i . 04 g5 | 04 .05 | 1 v
et Current’ . g : 01 04 < Eut o o) o4 c mA
Twsshold Current * T e {Note 4) , - 3 0.1 0.25 1 ot . 0.25 T pA
Conol Voltage Level - © il i hsVEINL ! b 9.6 10 11104 9 10 n \
s Vee =5V R g 29 333 - 38 26 333 ¢ & = v
2a 7 Lepkage Output High * - . : \ : |y ] e 1 100 nA
# 75at [Note 5) A e ) ot . Vs B ) -
Output Low , 7 Vee = 15V, 1, = 15mA © 150 SR 180 e mv
Output Low y . Vee =4.5V, 13 =4.5mA T <100 - 80 |:" 200 : mV
ot Voltage Drop (Low) 7| Vee =18V ¥ 5 ' : R g % =
. lsink = 10 A 01 | 015 0.1 025 v
lsink = 50mA ) 04 05 : 04 * 075 v
Isinx = 100 mA § 2 22 7 2 25 v
3 lsink =200mA 25 ) 25 .- ; v
' Vee = 5V . i
. sk = 8 MA 0.1 0.25 v
%) vo el gk = B MA iy L 025 0.35 v
t B eavoluge Diop (High) . | lsounce = 200 mA, Vee = 15V 12,5 128 © v
3 v | sounce = 100 mA, Ve = 15V 13 13.3. . 12.75 133 v
19 " . Vee =5V 3 33 275 33 v
5. B s Turw of Output ’ _ 100 E 100 s
;’, & Tes of Output d 100 100 . ns
W -
i .. = ' ° & 7y '
¥ as 1: For Operating at.elevated temperatures the “ewcr must be derated based on a +150°C maximum junction temperature and a thermal
st of +45° C/W junction 10 case for TO-5 ana +150°C/W junciion 1o smbient for both packages.
3 asm T Supply current when output high typically 1 mA less at Vg = 5V. .
{Sm 3: Tested 2t Vg = 5V and Vee = 15V. E .
om & This will determine the maximum value of Rp + Rg for 15V operation. The maximum total (Rp + Rg) is 20 MA.
‘: e §: No protection apainil'uiczui.v- pin 7 current is necessary providing the package dissipation rating will not be excecdod.
d X4
\ ¥— e b T s v S
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applications information .
MONOSTABLE OPERATION

In thls mode of operation, the timer functions as a

one-shot {Figure.1). The external capacitor is initially .

held discharged by a transistor inside the timer; Upon ap-
plication of a negative trigger pulse of less than 1/3 Ve

1o pin 2, the flip-flop.is set which both releases the short

circuit across the capacitor and drives the output high.

o TH <15V

—0 e

.:n. i’

<

<

' ]
5 |prszmance

M THRESHOLD

[
I
TRIGGER
. WMORMALLY [ o b x
BN~ LOAD ¥
|

\
. *CONTADL
ouTrUT 3 LS. __‘

0 D_—F" -.; '

Tu.s
\',..f-'

monmaLLY S
~0FF- L0AD q; L

FIGURE 1. Monestabls -

The voltage across the capacitor then increases exponen-
tially for a period of t = 1.1 R4 C, at the end of which
time the volitage equals 2/3 V. The comparator then

resets the flip-flop which in turn discharges the capacitor

and drives the output to its low state. Figure 2 shows
the waveforms generated in this mode of operation.
Since the charge and the threshold level of the com-
parator are both directly proportional to supply voltage,
the timing internal is independent of supply.

& 3 _ -

/ A /)
/
Vee o WV Top Truen: lngut $V/D4v.

T TME = 01 sw/DIV. Mus@e Troca: Qutpat SV/Om.
Ra s 0001 Botiom Toaen: Capacitor Volioge IV/Di.
[ 33 TIW

FIGURE 2. Monostable Waveforms

During the timing cycle when the output is high, the
further application of a trigger. pulse will not effect the
circuit. However the circuit can be reset during this time
by the application of a negative pulse to the reset
terminal (pin 4). The output will then remain in the low
state until a trigger pulse is 2gain applied.

When the reset function is not in use, it is recommended
that it be connected to V¢ to avoid any possibility of
false triggering.

Figure 3 is.a nomograph for easy determination of R, C
values for various time delays.

ASTABLE OPERATION

f the circuit is connected as shown in Figure 4 (rins 2
and 6 connected) it .will trigger itself and free run as a

_fore the frequency a

1

£
/

€ = CAPACITANCE (4F)

44454
4444

C Mhsitlas Jes 10 msiMme 15 (108 100
&~ VIME DELAY.
" FIGURE 3. Time Delay
multivibrator. The external capacitor charges 'through

Ra + Rg and discharges through Rg. Thus the duty.

cycle. may be pru:asely szt by the nuo of these two
nsmors.

3 s

“ |
| <h
l. e <

- I
p 2 1
>
] i:~
[T )

' 3 ¥ P ) —_—
$u i T
SN
1 T T

FIGURE 4. Astzble

“In this mode-of operatioh, the capacitor charges and

discharges between 1/3 V¢ and 2/3 Vee- As in the
triggered mode, theﬁarge and discharge times, and there-
independent of the supply voltage.

Figure 5 shows 1he waveforms generaled in this mode
of operation. i

)/ / 1/

Vec =8V Yop Tresa: Bwtput B¥/Der.

TRl = Zha/DIY.  Sonom Tommn: Copmimer Vohogs 1V/Be
A, =280

Rg =300

Consnf

FIGURE 6. Astable Wavelorms

The charge time (output high) is given by:
.~ 1, =0693(Rs +Rp)C

S .

And the discharge lima {output low) by:
= 0.693 (Rg) C

Thus the total penod is:
T=t, +1 -9693(RA +2R,)C

~

~_OSSSW1/SSSIT
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appIica,tions information {con’t)

The frequency ‘of oscnllatlon i

’ g 144
i (Ra+2Re) C

F/gum 6 may be used for qulck deterrmnauon of these
“ RC values. ; 2

.:- ‘-:.:_‘ , o ~ RB' ) .
The duty cycle is: —_—

€ = CAPACITANCE (uF)
-
% :
\J
<3
oy
7

on AN
o \\ N
0.001° I e
o1 1 38 100 k. a0k 100 ; S

1~ FREE-RUNNING FREQUENCY Ale)

FIGURE 6. Fres Running Fraquency

FREQUENCY DIVIDER

The monostable - circuit of Figure 1 can be used as a
frequency divider by adjusting the length of the timing
cycle Figure 7 shows the waveforms generated |n a
.. divide by three circuit. . .. . . >

+«&

i |
: . 1] IJ_
.
i
=
P 5
oo tons Vee = ¥ " Tos Tiace® fapurdV/Dn. ¢
TIME = 20201V, Migtie Tinca: Durput IV/Dwv

LY RITE.
Ce0df

_ FIGURE 7. Frsquency Divider

. Bottom Tosce: Copmitar 2V/Dm. * -

PULSE WIDTH MODULATOR

When the timer is connected in the mono;tabIe mode
and triggered with a continuoLs pulse train, the output
pulse width can be modulated by a signal applied to pin

5. Figure 8 shows the circuit, and in Figure 9 are some -

N

waveform examples. |

A -
<
>
0 ' - T
DISCHARGE
TNECERO—2 )
PR LCLTITED G
" Imoouration
. ey
ouTPUT O—vd ib—0 ——¢ -
'

FIGURE 8. Pulre Width Modulstor

SRS e

. S - e . B
. g8 T -
- .
W gl KR ot e ot '
3 ‘-/ - ¥ .
- . N
i \‘
¢ Pl e
. 3 r '
Ao nidn .
{
- w
ST NG e WL L T T Medslauen 1V/Dn,
4 . TIME = 02 mUDIV.

Bonom Teace: Dutpet IV/Dw. *

Tis TRataibm
t-nm

: FIGURE 9. Pulu W-dlh Modulnar

PULSE POSITION MODULATOR

This’ applu:a'uon uses the timer eonnected Ior astable
_ nperation, & in Figure 10, wn a modulating signal
again apphed 1o The conuoi voltage terminal. The pulse
position varies with- the modulating signal, since the
threshold voltage .and hence the 1ime delay is varied.

_“Figure 17 shows ghe waveforms generated for a triangle

wave modulation signal.
dpte,

AAA
V

AAA
¢ g

wmsss g

MODULATION

\

R

Top Troce: Modulstion Input 1V/Dw.

o S ' Veees¥ - 5
e DEEes) eDlV. Berem Time: Deipwt 2V/0m. .
LAES OIS . 4
Auedan '

coans

-FIGURE 11. Pulss Position Modulator

LINEAR RAMP

When the pullup resistor, R4, in the monostable circuit
is replaced by a constant current source, a linear rarhp is

9N

B s e b

- T e o e 4
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MC7800C SERIES THREE-TERMINAL

| E E G THREE-TERMINAL
-.POS TIVE VOLTAGE RE jULATQRS - : POSITIVE FIXED
The MC7800C Series of three-terminal positive voltage regula- 3 " VOLTAGE REGULATORS

tors are monolithic integrated circuits designed as fixed-voltage regu-. -
lators for a wide variety of applications including local, on-card - -
regulation. Available in seven fixed output voltage options from 5.0- - - -
10-24 volts, these regulators employ internal.current limiting, thermal ‘ I -
shutdown, and safe area compensation — making them essentially -
blow-out proof. With adequate heatsinking they can deliver output
currents in excess of 1.0 ampere. The last two digits of the part
number indicate nominal output voltage.

INPUT DUTPUT

. @ Qutput Current in Excess of 1.0 Ampere . KSUFFIX
B 5 i METAL PACKAGE
e No External Components Required / R, : CASE 11-01
. ® Internal Thermal Overload Protection | \ FOITYEE) .  ©
@ Internal Short-Circuit Current Limiting e
2 2 o % . Pins 1 ano 2 electrically isolated from case.
® Output Transistor Safe-Area Compensation . Case is thira slectrical connection. i
® Packaged in the Plastic Case 313 and Case 11
5 (TO-_220 and Hermetic TO-3) . 5 : T SUFFIX
> . PLASTIC PACKAGE
4 " CASE 313
- T0-220 Type
SCHEMATIC DIAGRAM
O inpast Mn 3. nows
" 3 . 8 2. Ground
100 100 10 k:: — e, B 3. Ouwpur
10043 5003 — '
ks b4 l]:
il = 8 220 ; STANDARD APPLICATION
™ Ty - il
> §
200 . 200 0.32 o - .input MC78XXC Outut
< < . .
3.3k O Output @
< N | ~Cin . Cot*
g i 0.33 uF X o
L y { A \ ground is required between the
V= S2k input and the output voltages. The input volt-
1’ g age must remain typically 2.0 V above the out-
._-K ~ $ o025k put voltage even during the low point on the
8 S S SoRie > 4 input ripple voltage.
. < < .
< k < XX = these two digits of the type number indi-
cate voltage. )
- .::5 K * = C;n is required if regulator is located an
% ' spprecisble distance from power supply
Case is ground filter.
for Case 11,pIin3 . 5 ¥ -
5003 for Case 199-04. ** = CQo is not needed for stability: however,
< . it does improve transient response.
O Gnd XX indicaies nominal voltage
. ORDERING INFORMATION
) TYPE NOJ/VOLTAGE  * i DEVICE | TEMPERATURE RANGE [ PACKAGE
MC7805C 5.0 Vol MC780BC B.0 Volts MC7818C 18 Vol : MCTRENCK T, 0°C10+150°C | Matal Power
MC7806C 6.0 Volts MC7812C 12 Volt * MC7824C " 24 Volu
; MC7816C 16 Volu . 3 . | mcrexxer . Ty=0°C104160°C | Plasic Power
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MC7B00C Series MAXIMUM RATINGS (T. - +25°C unless otherwise noted.)

. Rating Symbol Value Unit
input Voliage (5.0 V - 18 V) Vin o35 Vdc
g - 124 V) 40
Power Dissipation and Thermal Characteristics .

Plastic Package "
Ta = +25°C PO Internally Limited Watts
Derate above Tp = +25°C 16 jA 15.4 mW/°C
Thermal Resistance, Junction to Air 6JA .65 o°cw
Tc=+25°C . Pp Internally Limited " Wats
Derate above T = +95°C (See Figure 1) 1/6 ¢ 200 mw/°C
Thermal Resistance, Junction to Case 6;c 5.0 °cw

Metal Package )

Ta = +25°C Pp Internally Limited Watts
Derate above Tp = +25°C 1/6 5 225 -mW/°C
Thermal Resistance, Junction to Air’ 63A 45 ocnw
Tg = +25°C Pp Internally Limited Wartts
Derate above Tc = +65°C (See Figure 2) 1/6,c 182 mw/°C
. Thermal Resistance, Junction to Case 0,¢ 5.5 °cw
Storage Junction Temperature Range Tsig 65 t0 +150 °c
Operating Junction Temperature Range Ty 0 to +150 °c
MC7805C ELECTRICAL CHARACTERISTICS (Vi, =10V, Ig = 500 mA, 0°C <T) < +125°C unless otherwiss noted.)
Characteristic Symbol Min Typ Max Unit
Outout Voiuage iTy = +25°C) VA - T 5% Vdc
Input Reguiauon Reg,n mV

(Ty=+25°C, Ig = 100 mA)

7.0 Vde <V, =25 Vdc - 7.0 50
8.0 Vdc <V, S12 Vdc - 2.0 25

(T = +25°C, 19 = 500 mA)

7.0 Vde €V;jn < 25 Vdc - 35 100
8.0 Vdc <€V, $12 Vdc - 8.0 50

Load Regulazon B Regioad ’ mV

Ty=+25°C,50mASIp<15 A - 19" 100

250 mA <10 < 750 mA - 4.0 50

Output Voltage ; Vo Vdc
{7.0 Vdc S V;, <20 Vdc, 5.0mA <19 < 1.0 A, P <15 W) 4.75 - 5.25
Quiescent Current (T j = +25°C) : g - 4.3 8.0 mA
Quiescent Current Change alg mA
7.0 Vdc SV, <25 Vdc - - - 1.3
50mASIn<10A - - 0.5
Output Noise Voltage (T4 = +25°C. 10 Hz <f <100 kHz) VN - 40 - BV
Long-Term Stability AVopl/at - - 20 mV/1.0k HRY
Ripple Rejection (Ig = 20 mA, f = 120 Hz) RR - 70 - dB
Input-Output Voltage Difierential Vin-Vo - Vdc

{lg=1.0A, Tj=+25°C) i - 2.0 -

Output Resistance {Ig = 500 mA) Ro - 30 - mi
Short-Circuit Current Limit (T = +25°C) Isc - 750 s mA
Average Temperature Coefficient of Output Voltage TCVo mv/°C

g = 5.0 mA, 0°C <Ta <+125°C - -1.0 -

. r——

s e
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MC7812C ELECTRICAL CHARACTERISTICS (Vin = 19 V, Ig = 500 mA, 0°C < Tj K +125°C, unless otherwise noted.)

10 =5.0mA, 0°C T <+125°C

Characteristic Symbol Min Typ Max Unit’
Output Voltage (T = +25°C) Vo 118 12 125 vdc:
Input Regulation Y Reg;n mV
{Ty=+25°C, I = 100 mA) . 5
14.5 Vdc <V;, < 30 Vdc — 13 120
16 Vdc SV;i, 22 Vdc - 6.0 60
(Ty = +25°C, 1g = 500 mA) )
14.5 Vdc <V, <30 Vdc - 55 240
16 Vdc <V;, <22 Vdc - 24 120
Load Regulation . . Regjoad mv
Ty=+25°C,5.0mAS<Ig< 1.5A - 46 240
250 mA <lg 750 mA - 17 120
Output Voltage ) ‘Vo " Vde
(14.5 Vdc <V;, 27 Vdc, 5.0 mA<Ig <1.0A,P <15W) 11.4 - 12.6
Quiescent Current (T = +25°C) " - 4.4 8.0 mA
Quiescent Current Change Alg mA
14.5 Vdc <V;, <30 Vdc - - 1.0
50mA<Ip<1.0A - - 0.5
Output Noise Voltage (T o = +25°C, 10 Hz <f <100 kHz) VN - 75 - uv
Long-Term Stability AVoplat - - 48 mV/1.0kHRS
Ripple Rejection (ig = 20 mA, f = 120 Hz) RR - 61 - dB
Input-Output Voltage Differential Vin-Vo Vdc
(10 = 1.0 A, T; = +25°C) - 2.0 -
Output Resistance (Ig = 500 mA) Ro - 75 - mQ
-Short-Circuit Current Limit (Ty = +25°C) Isc - 350 - mA
Average Temperature Coefficient of Output Voliage TCvp mv/°C
A5 =5.0mA, 0°C STp <+125°C) = -1.0 o3 .
MC7815C ELECTRICAL CHARACTERISTICS iVj, = 23 V, Ig = 500 mA, 0°C < T < +125°C, unless otherwise noted.)
Characteristic Symbol | Mia Typ Max Unit
Output Voltage (T = +25°C) Vo 144 15 15.6 Vdc
Input Regulation Reg;n mV
(Ty=+25°C, I = 100 mA)
175 Vdc SV;n s 30 Vdc - 14 150
20 Vdc <V;, €26 Vdc - 6.0 75
*{Ty=+25°C, Ig = 500 mA)
17.5 Vdc <V;, <30 Vdc - 57 300
20 Vdec <V;n <26 Vdc - 27 150
Load Regulation Regjoad mV
T;=+25°C,5.0mA <lg sS15A - 68 300
250 mA <Ig S 750 mA - 25 150
Output Voltage . Vo Vdc
(17.5 Vdc SV;, 30 Vdc, 5.0mA<Ig<1.0A,P<15W) 14.25 - 15.75
Quiescent Current (T3 = +25°C) g - 4.4 8.0 mA
Quiescent Current Change Alg mA
17.5 Vdc SV, £30 Vdc - - 1.0
S50mAS<In<S10A - - 05
Output Noise Voltage (T4 = +25°C, 10 Hz < f <100 kHz) VN - 90 - uVv
Long-Term Stability : avplat - - 60 mV/1.0k HRS
Ripple Rejection (Ig = 20 mA, f = 120 Hz) RR - 60 - dB
Input-Output Voltage Differential Vin-Vo Vdc
(lg=1.0A, Ty =+25°C) ) - 2.0 -
Output Resistance (Ig = 500 mA) Ro - 95 - mn
Short-Circuit Current Limit (T = +25°C) Isc - 230 - mA
Average Temperature Coefficient of Output Voltage TCVo mv/°C
- -1.0 e

9%
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Eleétr:lcai_l. data of Transistors. AR .

: Rk = B (T, = 25°C) x4 mnn (T, = 25°C) "
w o nlwz|m  w|W [ Veo| Ve | Tc | Pc | T | Jeo RAJURRB n Ahre] o< 4 T 2| b | ke ] R | b ] Co L TR
(V) | (V) | (ma) | (mw) | (°C) | (wA) [Ven(V) Vee(V)lctmA) Vin (V)] Ik (mA)] An® | (@) Jx10-) (wU) | (Mc) | @F) | (o) | ®
2scasz|= m|pa . |siTP| 100 | 4 [1.2a [ W | 200 | 500 | 28 | >15| 28 [ 350 { 28 | 10| 30 180°[ 20 [ 15°[n2
casaf o | - o | 0 | 4 [1.2a] BN [ 200 |50 | 28 | >10f 28 | 30 § 28 |-toof w* 20 | 15%[n2
cant|n w|REe=M=[sigp | 30 | 5 | 100 | 200 [ 125 [ 0.5 [ 18 T e | -e] e g 2207 1.8 [Gonis| w
ces| - |- | .| 30| 5 [100 | 200 225] 1 | 18 2 | -2 | @ | 230°| 1.8 [ 40 |37
. 45612 F|PA si.EP| 5 | 1.5 | 600 | 750 [ 125 | 1 | 12 [ 12 | 6 | 80 | 6 | -#0| 20 200°] 10 [Sopes|B4A
- 4s7|B ®|Diff « | 2 | s | 50|30 |75 01| 20| 8 | 1 1 6 | -2 hrer/hre=0.8~1.0 | 200° 4.5 | 40" |[s7B]2XFRS
- 4s8|B I[RF SiEPs| 30 s | 100 | 200 [ 125 [ 0.8 [ 18 | 40 | 6 2 5 |-0.1] f30 [16.5¢] 0.7 | 11 | 230°( 1.8 |00 |37
.asg| - [RECoMi| | 39 | 5 | 300 | 200 [ 325 | 1 | 18 [ 160 [ 12 | 2 12 | -2 | j10 | 2800 | 1.6 | 20 | 230°| 18 [ 10 | ¥
cagn| o | - sip| 30 | s | 100 | 200 [ 125 | 05| 18 2| -2]| & 230°[ 1.8 | 40 |3
o] e s} B | 30 | 5 | 100 | 200|125 05| 18 i : 12 | -2 | 8 i | 230 1.8 | 40 |3
+4c2| - |RF o | 40 | 4 50 .| 200 [ 200 | 0.5 [ 20 0 | -4 J_Nm_ e 600°| 0.9 9
1 — —~ e - e
Bk (T, =25C) W T (T, = 18°C) % .
W L &R & & 3| Vero | Vewo | Ic | Pe T | Jeso MKW RN en bx| 24 T 2| b hie f" Ree | Job | Cas T w A
=] . ks (V) | (V) | (mA) | (mW) | (°C) | (A} fVentV) Veatulis (oA Trmtv iztm)| Ape | %03 (R0 ?;‘u'; A
o= X[ Gr [siEp| 3 | ¢ | » |10 | | 0 [ | s | -1 | e 30°| 1.5 |Srynen] 40
EIIEE T3 | 2 | = |10 |10 o5 | 0| 4 | |0 |0 [-10]wn : %00°| 14| Sges|ua |
c741| + |PA . 4w 4 | 300 | 680 | 175 | 1 15 | s0 | 10 | 100 ; B isome, Voc=13.5V, Pam10mW) M| ME M
. 702 |DEA| - o | es | 4 [rsa[i23%l s | s | % \ 10 [-150| 30 w0’ 8 | 10°|m
RN E . [ es | 4 [3alB¥ s | 10| » 10 [ -300| 30 30" 16 | 7 °[m
o 744 \
«.745 [T+ | PA siEp| s0 | 4 [1.5A [J2:3%] 325 | 10 | 0 10 | -150 | 45 o'l 7 | 8°|m
cus| o | - e as | a4 [sa B8 s | 0| 0 10 | —300| 35 w"®| 20 | & °|m
« 747 ¢ -
748 |RE3E|PA SiEP| 36 | 4 | 3A [32:8%Wf s | a0 | 20 ! B ENRDIRS w00’ 36 | 7 °|m ]
R E |36 | o |2a| B8] 15| 2559m0 10 [-30| 2 30°| 32 | s |m
» 750
. 751 |x Z|RF SLEP| 20 | 2 | 20 [ 100 {150 | 1 | 10 10 | -8 | 50 650°| 1.9 | 30 |[46C
ez o« [T « |30 | « [ 00| 200 {12508 | 2 | 10 [ -10| 80 ’ 30" 4 30 |3
R e I IEEE 20 | 100 | 150 | 1 | 12 —1 W | -2 = N0’ | 0.7 |G| 2 T
«754| » |RF.AF - | 2 150 | 150 | 150 [ 1 | 20 |00 1 | 20| 6 |-1] 8 0" 65| 25 |2
EIEEG .| s 200 | 150 | 150 | o1 | 15 | z0 | s |08 | 3 [-05[ 300 [15kn| 16 | 3 | 200"[ & | 30°|2s
2756 |v=—|PA  |siE|100 | 6 | aA [JOW 175 | 3 | 50 | s [ 2 | 100 | 10 | -50] €0 65°| 35 |Sgua|mC
D X N m s 8 AL =) "
o gluzlm almal Voo | v [Tc | 1e | T | looRkWhi JlimRR B <nXhos] o< 47 2 e A,l:' Af.". ‘f‘... ,Jl'r.' Cay L w %
(V) | (v) | (mA) [(mw) | (°C) | (#A) |Ves(V) Ve Ic(mA Y Ve (V)] Ie(mA)| An* | () |ix104)| (u0) | (Me) | oF) | () | ®
sscizinl= %|RE.PA  |SiEr| 65 | 4 | 500 |soo | 125 | 1 | 25 |0 | 2 10 | 6 | -10 150°] a0 [SeE hagPeel,
Yoz z|RF Tl s | 4 1 1a |0 [aso | s | so s | 4« [ so | 4 |- 10| 30 | 4° [eo|mER
IR E v 3 | « |00 |40 | 125 |05 | 20 [as0 | 3 | 10 | 6 | -1 50| 5 | 9° |wo|isATE
Bt E . | 50 | « |00 |600 |125 |05 | 20 [0 | 3 |10 | 6 -1 50°| s 9 ° [170
ca215(2 Ff e w | 30 | s | 50 | 200 |25 | 100 | 30 [ 100 | 30 [ 2 | 30 |10 1200°| §7e | 30 |13
L1260 X|SW T e T T I m  mloi [ w1 | BB | ~w i ansa] (] § oc|.
27| - |RESW s T T 5 | 200 | 750 | 175 |01 | 200 | 20 [ 20 | so | 10 | —50 250°| 3.7 | 137 [&B
a8 - | - w80 | 5 |00 | 750 | 175 |02 | s0o | s | 10 | s0 | 10 | —s0 B ENEI N
2219 4a|RF  [SiEP| 30 | 5 |'s00 [ 200 | 125 | 1 12 [0 | 2 |00 | 6 | -1 60 °| 12 | 707 138
oox2| . . . 30 3A ""‘Z;‘; 125 JimA| 25 | 20 | 2 |24} 5 |-0.54 1207 100 | 35 |120
s 9m| » |RF.AF |siEP| s0 | 5 | 300 | 300 [ 225 | 1 | 4 Jas0 | 5 | 20 | 6 | =5 30°| 5 [Srops|138
som| o] ¢ e | 20| 5 |30 |30 |a2s| v [as [so] 5| 20| 6 |-5 00" s |Srops[138
+935[B X|PA sitme| %0 | 5 |25 [0 ] aso | it 300 [ n | 10§ 300 | 15 [-200 s 15 | 20 [w2
p9%| o | o e |woo| s | aa[zw | a2s [ 18] se0 | 45 | 10 | 200 | 15 |-200 7° s | 25 |z
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