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ABTRACT

This thesis presents the Video Descramble System. Generally, The broadcasting
signal of Cable T.V. For examples |.B.C. cable T.V. and Thai Sky cable T.V. were
scrambled by cuting out the Vertical Sync. and Horizontal Sync.. How to Descramble?
there are two types of descramble. First, Descramble at RF signal and Descramble at
V.D.O. signal. This thesis presents the Descramble at V.D.O. By seperating the burst
signal transmitted from transmitting station to be referencing signal. From this reference
signal the Vertical Sync. and Horizontal Sync. were regenerated and then remixed to the

scrambled signal which has no Synchronize signal.
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WABANISLENSUA (Scrambling)

N3 Scrambling fAS AN mnede nsulAeuuladiayaannuuy
Undildeglugtuuuiiay ﬁﬂﬁmuwn%’uﬂﬁﬁqmzuuu.azmmmLﬂi\‘ﬂuuﬂmﬁ’ﬂqamn
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3.1 nenaugtutu1a Video (Video Inversion)

WANNTT 3EN15USMNINAUR Y QUI0S Video, Synch Pulse, Burst $9u%4 Blinking
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gUN 3.1 uannaTed Video Inversion
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3.2 nsunu Synch (Synch Replacement)

uﬁnmi‘%ﬁmﬂmuﬁmmﬁm Synch Pulse nuwuau (Horizontal Synch) Wae
RRITILY. 0 (Vertical Synch) ﬁwﬁmmqmgﬂwu‘ﬂ‘u

wATliANTs Scrambling wuvRnisWlueninile wasylsl wandudauniiilu
wane 7 mAlAREin1sMsL1L OAK Orion waz Video Cipher Il Hadaaszan tuszuy Orion
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Scrambling WUY Video Inversion (WUt 1) vinlfi&nansosianas Desrambling &4l Fat
% 2 wude

1. wuui@ednidarei a1 380 Detect fyqyrnuitelIdd ey Synch I
14943¢ Monostable

2. u.uuﬁl.aﬂﬂ"ﬂ‘ﬁdwgq arl9947 Synch Regeneration lael¥&tycyrns Color

L] A‘-I' P A’ * '
Burst radtycyrtudaudu  Wunis Lock iivagiedaiayrnd Synch Junnng
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¥l 3.2 uamINATE3 Synch Replacement

3.3 Active Inversion
v
nanNN1FATNINITNALT9898 1y ty1od Video WL Active
v v

n1s Scrambling WUy Active Inversion ¥ himzndudresdayanimaes Video
= . J L % v [ [ J-l ] .J ] ] ' -3
fiar Line TWinaluiunisinmanulssaseiandrssouncmmn wistdwlsfinin u
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gﬂﬂ 3.3 uAMINATEI Active Inversion TusELL OAK Orion
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3.4 AAwATn@ULa (Cut and invert)

uannis foyayrnd Line Video azgnuiseaniiudoutien fiFundn “Segment”
{IUMUNATE ] Segment pamfInag uazw"m'waﬁu%wmﬁ’rum'\m Line Video lugau
989 Segment 1a Segment ik aasiwianAuTIREITaznany “ Segment \aafild
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Cut Point

U7l 3.4 UAAINATEY Cut and Invert

J 1 1 . . °
ANgUR 3.4 azwuanfiniswiadnyoynd Line Video aaniilu 2 Segment uazinnng
naud98f Yyt Line Video Tug29 Segment #49
wAliANTT Scrambling wuuil adliimuneiaamiainu Analog InszasannuLy
| o [ v : L4 ) - J
enunn widuazwmunzAiunisaenuuumie Digital Seasinlfdne wazfitsr@ninniin
. d o oy o X 4 .
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3.5 ARWAZNU (Cut and Rotate)

wanmearadeiuiun1g Scrambling Wuu Cut and invert Tugaudisinisuris
Aeyeyrcuaeanidlu segment want 9 Segment uimaTiatiazinasiden Segment N14#
Segment Wazi@ny Segment usnhlfi Segment Raesliides 1 AR FLAUATLIRANLA B9
sianwousidlunvi Segment Wuasnanlng -Segment gavinearsiaagiu Segment

] v
usnlusuEwLL Cut and Invert aznduda Segment 184 Line Video
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1. nisAwnsuARU LY (Sinewave Scrambling)
d - 4 Ay cd @ da . .

nsaunsuadulnidmatiannsdausauled dudunfionldiunn wazaaunsam
e Waeusindygruadulniaaudsing 4 daminissaun (Summing) Muidggau
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Y X d e e dX . 4 Y
walalidladhamazannudiiasinduauisasduninasssuuiy 9 lunmu
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4. nsadaunsuAauldn (Sinewave Descrambling)
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5. NMSAAWNTHUWLINNWARS (Gated Pulse Descrambling)
< [ [ al J L3 ] o [
ﬂq?ﬂﬂllﬂ?NLLUULﬂﬂWﬂd— '-zzﬂf'hﬂnum?mun?uuuumu‘l'nuumzm2’\"1\1m‘nwm(
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SUING
DETECTOR AMPLVIER

gl 3.13 uamq Block Diagram 183 Gate Pulse Descrambling

6. NITAAUNTNULULNAS (Telease Descrambling)
nspaunsuuuumag  Wunasindasdulniaindaunmuazidasina ludiuses
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21 4.2 uamaAnatiNeeas Low Pass Filter uuuiugu ‘ﬂqlﬁfaaﬂuauﬂqumﬂ
1 4
ludnwourearemuusaiy uazldudnnisuriussusisuen o 49 Input van tneldans

mJ I J t J o/ (-3 o
anBndIANDIaity I Input axiinasan Impedance sa9saLiuIlsyq Asannig

X, = 1/ (® = 27tf)

1/2 TfC

Tne f Aapanufsasdeynns input Asudledtyqrniitandan x, axdidngs i
'lﬁu.Nﬁutﬁauﬁ’wummnmnm‘auﬁ'uﬁuﬂsm C uanflunal¥useiu Output Vv, Hen
Usranauintu v, e luanefidyqnuiiaonidge asinli X, S dusslifiy
Usyquailaugndnnsas fatu Vo AxfiFdindon azagulédn drraedeyarnuiiipann
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angUf 4.7 azwudn o Al Output Hawnagege iBandnAuBlauuu
(Resonant Frequency, f.) URERAINETIUTIFY Output aARANARWNAL 70.7 % Fadd
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PD FILTER
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o°C

Imeinnsld Laplace Transform avlé
de,(t)
| 2o
dt

eg(s) =

seg(s) = KyVe (s)

Wiusdaafurasesdtycyrns Output 199 VCO aziianndiiusuundaduiu
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e (s) - E‘M’_(S_)

S
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e, (s) K K F(s)
o] = B(s) = o~d
e4(s) S + K K4F(s)
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e4(s)-e,(s)ey(s) e4(s) s
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VC (s) —d W - Rt At
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° AN L 4 *
R2
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T C
R2 C
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sT, + 1
sT; +1

] @ o [ ¥ A‘ e~ O aay . ] A
aznaiafamafgUasiiudaniuaAnantisingg Dynamic  T9FSLLNBUNAY

- o ! - r-J 1 3 [ A
frnsannenauaaguaell Rawesnldaseglugluuuiugi 3 g Mg 5.3

T, = (R+R)C = T, = RyC
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- A(sCR, +1)
sCR, + 1+ (1+ A)(sCR,)

Fs) =

[ 4

i A Haualugguan 4 aeldanntsdail

-sCR +1 -sT, +1
Fs)y = —mm— = —
SCR1 ST1
T = R C . T, = RyC

o [ . . - J . &~ -1
#1115 Passive Filter 18a% 2 2% Transfer Function 984 Closed Loop fatl

B1(S) = 2
s +s(1+ KoKde)/ T + (KoKd /T1)

d [ A o -1
Weudlenisnduwaudn azl¥ Transfer Function 1984 Closed Loop Aatl

KoKq(sTy + 1),

Bz (s) = 2
s +s(1+ KoKdT2 /T1) + (KoKd / T2)

o

Transfer Function Ygaagm aunsodsudnuuylifieil
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&National Semiconductor une 1999
541L.S02/DM54L.S02/DM74LS02
Quad 2-Input NOR Gates
General Description' Features
This device conta'ss four independent gates each of which @ Alternate Military/Aerospace device (54LS02) is avail-
performs the logic NOR function. able. Contact a National Semiconductor Sales Office/

Distributor for specifications

Connection Diagram

Duatl-In-Line Package

A L1} vz A2 a2 (1)
TUL/F/6441-1

Order Number 54LS02DMQB, 54LS02FMQB, 54L.S02L.MQB, DM54LS02J, DMS54LS02W, DM74LS02M or DM74LS02N
See NS Package Number E20A, J14A, M14A, N14A or W14B

Function Table

Y=A+B
Inputs Output
A 8 Y
L L H
L H L
H L L
H H L

H = High Loglc Level
L = Low Logic Leve!

#1955 Nationa Semiconducior Caparasan 1L/F/6a81
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Absolute Maximum Ratings note)

if Mifitary/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage ra's
input Voltage ra'
Operating Free Air Temperature Range

DM54LS and S4LS —5§5Cto +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
—65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
paramelric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions" table will define
the conditions for actual device operation.

Symbol Parameter DMs4LS02 DM74tS02 Units
Min Nom Max Min Nom * Max

Vee Supply Voltage 4.5 S 55 4.75 S 5.25 \
Vi High Level Input Volitage 2 2 v
Vi Low Level input Voltage 0.7 0.8 \
foH High Level Output Current —~0.4 -0.4 mA
log Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —-55 125 0 70, *C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (Nzr: 1 Max Units
Vi Input Clamp Voltage Vee = Min i = —18 mA -1.5 \
Vo High Level Output Ve = Min, loy = Max, DM54 2.5 3.4 v
Voltage ViL = Max DM74 27 3.4
VoL Low Level Output Ve = Min, Ig = Max, DMS54 0.25 0.4
Voltage Vin = Min DM74 035 05 v
loL = 4 mA, Ve = Min DM74 0.25 0.4
4 input Current @ Max Vg = Max, Vy = 7V N 0.1 mA
Input Voltage
(7] High Level Input Current Ve = Max, Vp = 2.7V 20 nA
e Low Level Input Current Vee = Max, Vy = 0.4V —0.40 mA
los g:c‘m Circuit Voo = Max DM54 -20 —100 mA
put Current (Note 2) DM74 ~20 —100
lceH g:?:zs C':ir;:nl with Vce = Max 16 3.2 mA
lect gt‘:]?g:’);s C&r“e’nt with Vce = Max 28 5.4 mA

Switchmg Characteristics atve; = 5vand T4 = 25°C (See Section 1 for Test Waveforms and Output Load)

RL =2k
Symbol Parameter Cy = 15pF Cg = 50 pF Units
Min Max Min Max
tpLH Propagation Delay Time
1

Low to High Level Output 13 8 ns
tPHL Propagation Delay Time 10 15 ns

High to Low Level Output

Nole t: All typicals are at Vo, = 5V, T, = 25°C.
Note 2: Not more than one oulput should be shorted at a tme, and tha duraronSheutd not excaed ona second

2
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Ceramic Leadless Chip Carrier Package (E)
Order Number 54L.S02L.MQB
NS Package Number E20A
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Physical Dimensions inches (milimeters) (Continued)
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14-Lead Small Outline Molded Package (M)
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Physical Dimensions inches (milimeters) (Continued)
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54L.S02/DM541.502/DM74LS02 Quad 2-input NOR Gates

P hysical Dimensions inches {millimeters) (Continued)
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14-Lead Ceramic Flat Package (W)
Order Number 54L.S02FMQB cr DM54LS02W
NS Package Number W14B

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A crtical component is any component of a life

systems which, (a)} are intended for surgical implant
into the body, or {b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can

support device or system whose failure to perforrn can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effecliveness.

be reasonably expected to resuit in a significant injury
to the user.

National Semiconductor National Seml conductor
Corporation Eurcpe
1111 West Bardin Road Fax: (~43) 0-180-520 S 66

Artington, TX 76017
Tet: 1{800) 272.9959
Fax 1(800) 737.7018

Emait. cnwge @tevim2.nsc.com
Ouutsch Tet (+29) 0-180-530 85 65
Engish Tet (+<3) 0-180-532 78 32
Frangais Tel (~49) 0.180-532 43 58
itakano Tel {+49) 0-180-53¢ 16 80

Nationat Semiconductor
Hong Kong ttd.

13th Floor, Straight Block,
Ocean Cenva, § Canton Rd,
Tsimshatsu, Kowloon

Hong Kong
Tal (RS2) 2737-1600
Fax- 1§52) 27329960

National Semiconductor
Japan Ltd.

Tet 81.0£3-233-230%
Fax: 81.0¢3-299-2408
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54L.S04/DM541.S04/DM74L.S04 Hex Inverting Gates

General Description Features

performs the logic INVERT function.
Distributor for specifications.

. . June 1989
National Semiconductor

This device contains six independent gates each of which & Alternate Military/Aerospace device (54LS04) is avail-
able. Contact a National Semiconductor Sales Office/

Connection Diagram

Dual-In-Line Package
Vee Ag Y6 AS vs A¢ vé

||l |u Ilz |n Iw Ie ln

II |z lx I 4 ls !s ]'1
at ' A2 v2 a3 %) GNO
TUF76345-1
Order Number 54LS04DMQB, 54LS04FMQB, 54LS04LMQB, DMS4LS04J, DMS4LS04W, DM74LS04M or DM74LS04N

See NS Package Number E20A, J14A, M14A, N14A or W14B

Function Table

Y=A
Input Qutput
A Y
L H
H L

H = High Logic Leval
L = Low Logic Leval

&1995 Natncal Sumesnnductorn Corparakon 177 t5ed

I}
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Absolute Maximum Ratings mote)

It Mifitary/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Otfice/Distributors for availability and specifications.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range
DOMS54LS and 54LS —55'Cto +125°C
DM74LS 0°Cto +70°C

Storage Temperature Range —65°Cto +150°C

Note: The “Absolute Maximum Ratings” are those valuves
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Recommended Operating Conditions

Symbol Parameter DMS4LS04 DM74tSo4 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
Vi High Level input Voitage 2 2 \Y
Vie Low Level Input Voltage 0.7 0.8 \
oM High Level Output Current -0.4 -0.4 mA
oL Low Level Output Current 4 8- mA
Ta Free Air Operating Temperature -55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (Nz: " Max Units
Vi Input Clamp Voltage Vce = Min, [ = —18 mA . -1.5 \
Vou High Level Output Vee = Min, lgy = Max, DM54 25 3.4 v
Voltage Vi = Max DM74 27 3.4
Vou Low Level Output Vee = Min, o = Max, DM54 0.25 0.4
Voltage Vin = Min DM74 0.35 0.5 v
loL = 4 mA, Vge = Min DM74 0.25 0.4
N Input Current @ Max Vce = Max, V| = 7V . o1 mA
Input Voltage
e High Level Input Current Voo = Max, V) = 2.7V 20 pA
W Low Level input Current Voo = Max, V; = 0.4V —0.36 mA
los Short Circuit Ve = Max DM54 -20 —100
Output Current (Note 2) OM74 —20 ~100 mA
lccK g:?gzs C:ir;:m with Vee = Max 1.2 2.4 mA
lccL gt;rt):lll);s Ctl;r:nt with Vee = Max 26 66 mA

Switching Characteristics at Ve = 5V and T, = 25°C (See Section 1 for Test Waveforms and Output Load)

R = 2kN
Symbol Parameter Cy = 15pF Cy =50 pF Units
Min Max Min Max
tPLH Propagation Detay Time .
Low to High Level Output 2 10 4 15 ns
oHL Propagation Delay Time .
High to Low Leve! Output 3 10 4 15 ns

Nole 1: All typicais are at Voo = 5V, Ty = 25°C.

Note 2: Not more than one output shoulk! be shorted at 8 tme, and tha duration should not exceed one second.

2
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Physical Dimensions inches (millimeters) (Continued)
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54L.S04/DM54LS04/DM74LS04 Hex Inverting Gates

Physical Dimensions inches (mitimeters) (Continued)

LIFE SUPPORT POLICY
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AN G

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

to the user.

2. A critical component is any component of a life

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

effectiveness.

Hational Semiconductor
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ﬂNatzonal Semiconductor

54L.S08/DM541L.S08/DM74LS08 Quad 2-Input AND Gates

General Description Features

This device contains four independent gates each of which  ® Alternate Military/Aerospace device (54LS08) is avail-

performs the fogic AND function. able. Contact a National Semiconductor Sales Office/
Distributor for specifications.

Connection Diagram

Dual-in-Line Package

Vee 84 At ve 83 a3 %)

Ill 12 IIZ n 0 H [}

' lz l 3 4 s 3 Ir
Al 81 vi A2 82 7] GNO
. TUF/6347-1
Order Number 54LS08DMQB, 54LS08FMQB, 54L.S08LMQB, DM54LS08J, DM54LS08W, DM74LS08M or DM74LS08N
See NS Package Number E20A, J14A, M14A, N14A or W14B

Function Table

Y = AB
Inputs Output
A B Y
L L L
L H L
H L L
H H H

H = Hgh Logic Levet
L = Low Logic Level

selen gNV indul-z penp goSTvZINA/80STHSINA/80STVS

i
!
1}

£1995 Natmnal Swmizangudtor Comaraann TL/R 76327 HAD-AZOVI05/Pnnindn U § &



ol

W

Absolute Maximum Ratings ote)

if Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voitage v
Input Voltage : v
Operating Free Air Temperature Range

DMSALS and 54LS —55°Cto +125°C

0°Cto +70°C
-~65°Cto +150°C

DM74LS
Storage Temperature Range

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values ’
beyond which the safety of the device cannot be guaran-
teed. The device should niot be operated at these limits. The
parametric values defined in the “Electrical Characteristics’
table are not guarantsed at the absolute maximum ratings.
The “Recommended Operating Conditions" table will define
the conditions for actual device operation.

Symbol Parameter DMS4LS08 DM74L508 Units
Min Nom Max Min * Nom Max

Vee Supply Voitage 45 s 5.5 4.75 5 5.25 v
Vi High Level Input Voltage 2 2 \Z
Vie Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current -0.4 ' ~0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —-55 125 0 70 C

Electrical Characte ristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (N::: 1) Max Units
Vi Input Clamp Voltage Vee = Min, || = —18 mA -15 \
Vor High Level Output Vce = Min, g = Max, DMS4 2.5 3.4 v
Voltage Vin = Min DM74 | 27 3.4
VoL Low Level Output Ve = Min, lgg = Max, DM54 . |+ 025 0.4
Voltage ViL = Max DM74 0.35 05 v
lot. = 4 mA, Vce = Min DM74 0.25 0.4
[ Input Current @ Max Vce = Max, V| = 7V 0.1 mA
Input Voltage
™) High Level input Current Ve = Max, V) = 2.7V 20 pA
e Low Level Input Current Vee = Max, Vi = 0.4V —0.36 mA
bs Short Gircuit Vee = Max DM54 —-20 —100 mA
Qutput Current . (Note.2) . DM74 | —20° N —100
lecH Supply Current with. Ve = Max
.4 8
Qutputs High 2 4 mA
locL Supply Current with Vee = Max a4 ’ - mA
Outputs Low ) i

SWitChlng Characteristics a Vee = 5V and Ta = 25°C (See Section 1 for Test Waveforms and Output-Load)

Ry =2k
Symbol’ Parameter Cy = 15pF CL = 50 pF - Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Levei Output 4 13 6 18 ns
tPHL Propagation Delay Time
High 1q Low Level Output 3 " 5 18 ns

Note 1: All typicals ara at Vo » 5V, To = 25°C.

Note 2: Not more than one output should be shored at a uma. and the durauon should not exceed one second
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Physical Dimensions inches (millimeters) (Continued)
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541.508/DM54L.S08/DM74LS08 Quad 2-Input AND Gates

™

Physical Dimensions inches (millimeters) (Continued)

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN UFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
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14-L.ead Ceramic Flat Package (W)
Ocder Number S4L.S08FMQB or DM54LS08W
NS Package Number W14B

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or

systems which, (a) are intended for surgical impiant
into the body, or (b) support or sustain life. and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

to the user.

2. A critical component is any component ot a life
support device or system whose failure to perform can
be reasonably expected 1o cause the failure of the life
support device or system, or to affect its safety or

effectiveness.
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&National Semiconductor

54L.520/DM54L.520/DM74L.S20 Dual 4-Input NAND Gates

General Description Features
This device contains two independent gates each of which ™ Alternate Military/Aerospace device (54LS20) is avail-
performs the logic NAND function. able. Contact a National Semiconductor Sales Office/

Distributor for specifications

Connection Diagram

Dual-in-Line Package

v, 02 c2 NC 82 A2 Y2
T

1 2 I: a 5 3 )
At 13 NC 1 ot Y1 GNO
TUF/6355-1
Order Number 54LS20DMQB, 54L.S20FMQB, 541L.520L.MQ8B,
DM541L.520J, DMS4LS20W, DM74LS20M or DM74LS20N
See NS Package Number E20A, J14A, M14A, N14A or W148

Function Table
Y = ABCD
Inputs Output

=<

Tr XX X|{>»

T XX XxX|®
I x>Xr X|O
TXXXr|O
~rIITXIX

H = High Logic Level
L = Low Logic Level
X = Elther Low or High Logic Level
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Absolute Maximum Ratings mote)

If Mifitary/Aerospace specified devices are required,
please contact the Nationai Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage v
input Voltage v
Operating Free Air Temperature Range
OMS4LS and 54LS ~55'Cto +125°C
DM74LS 0*Cto +70°C

Note: The “Absolute Maximum Raltings” are those values
beyond which the safely of the device cannot be guaran-
teed. The device should not be operated at these liniits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operaling Conditions" table will define
the conditions for actual device operation.

Storage Temperature Range

-65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter DMS4LS20 DM74tS20 Units
Min Nom Max Min Nom Max

Vee Suppty Voltage 4.5 S 5.5 4.75 S 5.25 \
Vi High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 v
lox High Level Output Current -0.4 -0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 *C

Electrical CharacteristiCs over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (N:Ls " Max Units
Vi Input Clamp Voltage Ve = Min, |f = —18 mA —-1.5 v
VoH High Level Qutput Vec = Min, lopy = Max, DMS4 2.5 3.4
v
Voltage ViL = Max DM74 27 3.4
VoL ' Low Level Output Vece = Min, IoL = Max, DMS4 0.25 0.4
Voltage ViH = Min DM74 0.35 0.5 v
oL = 4 mA, Ve = Min DM74 0.25 0.4
(] Input Current @ Max Vee = Max, Vy = 7V
0.1 mA
Input Voltage
fiH High Level Input Current Vec = Max, V| = 2.7V 20 pA
W Low Level Input Current Vee = Max, V| = 0.4V —0.36 mA
los Short Circuit Ve = Max DM54 -20 - 100 mA
Qutput Current (Note 2) DM74 —20 —100
lccH Suppty Current with Ve = Max
.4 . A
Outputs High 0 0.8 m
lccL Supply Current with Voo = Max 1.2 2.2 mA
Outputs Low i )

SWitChlng Characteristics atvas = 5vVand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

Ry = 2k0)
Symbol Parameter CL = 15pF C = 50 pF Units
Min Max Min Max
tpLH Propagation Delay Time
1 1
Low to High Level Output 3 ° 4 5 ns
tPHL Propagation Delay Time
1
High to Low Leve! Output 3 10 4 3 ns

Note 1: All typica!s are at Vg = 5V, Ta = 25C

Note 2: Not mcre than one outout should he snorted ot @ time

. and the duraticn should nct exceed one second

2




Physical Dimensions inches (mitimeters)
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Physical Dimensions inches (millmeters) (Continued)
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54L.S20/DM54L.S20/DM74LS20 Dual 4-Input NAND Gates

Physical Dimensions inches (mitiimeters) (Continued)
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14-Lead Ceramic Flat Package (W)
Order Number 54LS20FMQB or DM54LS20W
NS Package Number W148

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2.

systems which, (a) are intended for surgical implant
into the body, or (b} support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the. life
support device or system, or 1o affect its safety or
effectiveness.

to the user.
National Sesniconductor National Semiconductor Natlonal Semiconductor National Semiconductor
Corporation Europe Hong Kong Ltd. Japan ttd.
1111 West Bardin Road Fax. (+29) 0-180-530 RS HE 134, Floor, Svaight Block, Tal: 81.0£3.239-2309
Adington, TX 76017 Email cawge@tevm2.nse com Qcasn Centre, 5 Canton Rd. Fax: 81-043-233.2408
Tek 1{80)) 272.9958 Dausch Tet: (+29) 0-180-53) H5 85 Teimshaisu, Kowloon
Fax 1(800) 737-7018 English Tet {+43) 0-140-532 7H 32 Hong Kong

Frangais Tal: (+29) 0-180-532 33 56
Hafano Tek (- £9) O-1H0-532 15 80

Tel (852) 2737.1630
Fan: (652} 2735.2950
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&National Semiconductor

DM74LS90/DM74LS93
Decade and Binary Counters

General Description

Each of these monolithic counters contains four master-
slave flip-flops and additional gating to provide a divide-by-
two counter and a three-stage binary counter for which the
count cycle length is divide-by-five for the ‘LSS0 and divide-
by-eight for the ‘LS93.

All of these counters have a gated zero reset and the LS90
also has gated set-to-nine inputs for use in BCD nine's com-
plement applications.

To use their maximum count length (decade or four bit bina-
ry), the B input is connected to the Q, output. The input

June 1989

count pulses are appfied to input A and the outputs are as
described in the appropriate truth table. A symmetrical di-
vide-by-ten count can be obtained from the 'LS90 counters
by connecting the Qp output to the A input and applying the
input count to the B input which gives a divide-by-ten square
wave at output Qa.

Features
m Typical power dissipation 45 mW
u Count frequency 42 MHz

Connection Diagrams {DuatIn-Line Packages)

»outT
A NC  Qp Qp GND Qg Oc
1
14 J 13 12 1" I 10 ° 6
> ]
—cb -
1 2 3 |4 s 6 7

INPUT RO(1) RO{2) NC vce R9(1)  R9(2)
e

TUF/6381-1
Order Number DM74LSSOM or DM74LSSON
See NS Package Number M14A or N14A

INPUT
A NC Qp Qo GND Qg [o7o}

14 I|3 12 " ||0 9 lﬂ

:

1 2 3 l . ] 3 6 I 7
INPUT  RO(1} RO(2) NC vee NC NC
8
TL/F/6381-2
Order Number DM74LS93M or DM74LS93N
See NS Package Number M14A or N14A
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Absolute Maximum Ratings (ote)

if Mikitary/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availabllity and specifications.

Supply Voltage v
Input Voltage (Reset) rA'
Input Voltage (A or B) 5.5V
Operating Free Air Temperature Range

DM74LS 0°Cto +70°C

Storage Temperature Range —65'Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions™ table will define
the conditions for actual device operation.

Symbol Parameter DM74L590 Units
Min Nom Max
Vee Supply Voltage 475 5 5.25 \
Vi High Level Input Voltage 2 ’ v
ViL Low Level Input Voltage 0.8 \
loH High Level Output Current -0.4 mA
loe Low Level Output Current 8 mA
fax Clock Frequency (Note 1) AtoQp 0 32 MHz
BtoQg 0 16
fox Clock Frequency (Note 2) AtoQp 0 20 MHz
B1loQg 0 10 .
tw Pulse Width (Note 1) A 15
8 30 ns
Reset 15
tw Pulse Width (Note 2) A 25
B S0 ns
Reset 25
ReL Reset Release Time (Note 1) 25 ns
tREL Reset Release Time (Note 2) 35 ns
Ta Free Air Operating Temperature 0 70 *‘C
Note 1:Cp = 15pF, R = 2kf}, T4 = 25°C and Voo = 5V.
Note 2: C = 50 pF, Ay = 2k}, T = 25°C and Vog = 5V.
'LS90 Electrical Characteristics
+ over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min ) (N?;:” Max Units
Vi Input Clamp Voltage Vee = Min, |; = —18 mA -1.5 \
VoH High Level Output Voo = Min, lgy = Max 27 3.4 Y
Voltage ViL = Max, Viy = Min
Vou Low Level Output Ve = Min, g = Max
Voltage ViL = Max, Vil = Min 0.35 0.5 Y
(Note 4)
loL = 4 mA Ve = Min 0.25 0.4
Iy Input Current @ Max Vece = Max, V| = 7v Reset 0.1
Input Voltage Vce = Max A 0.2 mA
V| = 5.5V B 04




'LS90 Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted) (Continued)

Symbol Parameter Conditions Min (N:{“: 1) Max Units
hy High Level Input Voo = Max, Vyp = 2.7V Reset 20
Current A 40 nA
B8 80
i Low Leve! Input Ve = Max, V; = 0.4V Reset —-0.4
Current A -24 mA
8 -3.2
los gt::u ?g:lt:le N Vce = Max (Note 2) ~20 ~100 mA
lec Supply Current Vec = Max (Note 3) 9 15 mA

Note 1: Al typicats are #t Vg = 5V, Tp = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration ghould not exceed one second.
Note 3: icc is messured with il outputs open, both RO inputs gr tobh

4l

¥y

to 4.5V and afl othar inputs grounded.

Note 4: Qp outputs are tested 8t i = Max ptus the Amit value of {y_for the B input. This penmits driving the B input while malntaining tull fan-out capability.

'LS90 Switching Characteristics

atVeg = 5V and T = 25°C (See Section 1 for Test Waveforms and Output Load)

From (Input) Ry = 2kA
Symbol Parameter To (Output) CL = 15pF Cp = 50 pF Units
Min Max Min Max

TMAX Maximum Clock AtloQp 32 20 MHz

Frequency B0 Qs 16 10
tPLH Propagation Delay Time

Low to High Level Output AtoQa 16 20 ns
tPHL Propagation Delay Time

High to Low Level Output AtoQp 18 24 ns
LM Propagation Delay Time

Low to High Level Output AtoQp 48 52 ns
tpHL Propagation Delay Time

High to Low Level Output AtQp 50 60 ns
oL Propagation Defay Time

Low to High Leve! Output 81 Qa 16 z ns
tpHL Propagation Delay Time

High to Low Level Output BloQs 21 & ns
tpLi Propagation Delay Time

Low to High Level Output BloQc 32 a7 ns
PHL Propagation Delay Time

High to Low Level Output BloQc 3 44 ns
toLH Propagation Delay Time

Low to High Level Output BtoQp 32 36 ns
PHL Propagation Delay Time

High to Low Level Output BloQp 35 44 ns
L Propagation Delay Time SET-9to 20 as n

Low to High Level Output Qa. Qp S
PHL Propagation Delay Time SET-9to 40 P

High to Low Level Output Qp. Q¢ ns
tpHL Propagatioﬁ Delay Time SET-0to 40 52

High to Low Level Output Any Q ns




Recommended Operating Conditions

DM74LS93

Symbol Parameter Units
Min Nom Max
Ve Supply Voltage 4.75 5 5.25 \
Vin High Level Input Voltage 2 v
Viu Low Level Input Voltage 0.8 \
loH High Level Output Current -0.4 mA
for Low Level Output Current 8 mA
fax Clock Frequency (Note 1) AtoQp [o] 32
Bto Q 0 16
© Qs MHz
fox Clock Frequency (Note 2) AtoQp 0 20
BtoQg 0 10
tw Pulse Width (Note 1) A’ 15
B 30 ns
Reset 15
W Puise Width (Note 2) A 25
]
B 50 ns
Reset 25
REL Reset Release Time (Note 1) 25 ns
tReL Reset Release Time (Note 2) 35 ns
Ta Free Air Operating Temperature 0 70 *C
Note 1:C = 15 pF, Ry = 2Kk}, Tp = 25°C and Vcg = SV.
Mote 2: C_ = 50 pF, A = 2kf1, Ty = 25°C and Vog = SV.
'LS93 Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Vi Input Clamp Voltage Vee = Min, Ij = —18 mA -15 \
VoH High Level Output Ve = Min, loy = Max 27 3.4 v
Voltage Vi = Max, Vi = Min . ’
VoL Low Level Output Vce = Min, ig, = Max
Voltage Vi = Max, Vg = Min 0.35 0.5 \
(Note 4)
log = 4 ™A, Vg = Min 0.25 0.4
h irput Current @Max Vog = Max, V) = 7V Reset 0.1
Input Voltage Voo = Max A 0.2 mA
V| = 55V 8 0.4
hi High Level Input Ve = Max Reset 20
Current V) =27V A 40 A
B 80




'LS93 Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted} (Continued)

" . Typ .
Symbol Parameter Conditions Min (Note 1) Max Units
I Low Level Input Ve = Max, V) = 0.4V Reset —-04
Curent A —24 mA
B -1.6
los Short Circuit Vce = Max (Note 2)

Output Current 20 —100 mA
lcc Suppty Current Ve = Max (Note 3) 9 .15 mA
Note 1: Alt typicals sre st Voo = 5V, Tp = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note X (g is messured with all outputs open, both RO inputs grounded following Y 16 4.5V and all other inputs grounded.
Note 4: O, outputs are tested at o = max phus the fmit value of ty_for the B input, This permits driving the B input while g full fan-out
'L.S93 Switching Characteristics
at Voo ~ 5V and Tp = 25°C (See Section 1 for Test Waveforms and Output Load)
From (Input) AL =2k
Symbol Parameter . To (Output) CL =15pF Cy = 59 pF Units
Min Max Min Max

TMAX Maximum Clock Ao Qp 32 20

E MHz

fequency BtoQp 16 10

P Propagation Delay Time .

Low to High Level Output AtoQp 6 20 ns
PHL Propagation Defay Time .

High to Low Level Output AtoQs '8 24 ns
tpLH Propagation Delay Time

Low to High Level Output AtoQp 70 85 ns
PHL Propagation Delay Time

A

High to Low Level Output Qo 0 g0 ns
tPLH Propagation Delay Time

Low to High Level Output BtoQg 16 z ns
toHL Propagation Delay Time

High to Low Level Output BloQg 2 30 ns
oK Propagation Delay Time

Low to High Level Output BloQc 32 37 ns
PHL Propagation Delay Time -

High to Low Level Output BtoQc % 4 ns
LK Propagation Delay Time .

Low to High Level Output BloQp 51 80 ns
tpHL Propagation Delay Time o

1

High to Low Level Output BtoQp 5 0 ns
PHL Propagation Delay Time SET-0to 20 59

High to Low Level Output AnyQ ne




Function Tables

LS90 LS9
BCD Count Sequence Bi-Quinary (5-2)
(See Note A) (See Note B)
Count Output Count Output
Qp Qc Qg Qa Qa Qp Q¢ Qg
0 L L L L 0 L L L L
1 L L L H 1 L L L H
2 L L H L 2 L L H L
3 L L H H 3 L L H H
4 L H L L 4 L H L L
5 L H L H 5 H L L L
6 L H H L 6 H L L H
7 L H H H 7 H L H L
8 H L L L 8 H L H H
9 H L L H 9 H H L L
1S93 LSS0
Count Sequence Reset/Count Truth Table
(See Note C) Reset Inputs Output
Count Output RO(1) RO(2) RS(1) R9(2) |Gp Qc Qg Qa
G OGc Qs 0Ga H H L X L L L L
0 L L L L H H X L L L L L
1 L L % H X X H H H L L H
2 L L H L X L X L COUNT
3 L L H H L X L X COUNT
4 L H L L L X X L COUNT
5 L H L H X L L X COUNT
6 L H H L
7 L H H H
8 H L L L LS93
9 H L L H Reset/Count Truth Table
:? :, t : :_'{ Reset inputs OQutput
12 H H L L Ro(1) Ro(2) Qp Q¢ Qg Qa
13 H H L H H H L L L L
14 H H H L L X COUNT
15 H H H H X L COUNT

Note A: Output Q4 s connected to input B for BCD count.
Note B: Output Op is connacted to input A for bl-quinary count.

Note C: Output Oy is connectad to inpit B.

Note D: H = High Level, L =~ Low Level, X = Don't Care.




Logic Diagrams
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The J and K inputs shown without connection are for reference only and are functionally at a high level.




Physical Dimensions inches (mitimeters)
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14-Lead Smalt Outline Molded Package (M)
Order Number DM74LS90M or DM74LS93M
NS Package Number M14A




DM74L.S90/DM74LS93 Decade and Binary Counters

Physical Dimensions inches (miimeters) (Continued)
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14-Lead Molded Dual-in-Line Package (N}
Order Number DM74LS90N or DM74LS93N
NS Package Number N14A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2,

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

to the user.
Natonal Semiconductor Natdonal Semiconductor National Sesniconductor Nationa! Semiconductor
Corporstion Ewrope Hong Kong Ltd. Japan Ltd.
1111 Wesl Bardin Road Fax' {«&9) 0-180-50 85 86 13th Floor, Straight Block, Tet 81.043-293-2309
Afinglon, TX 76017 Emait cnjwge@tevm2nsc.com Ocesn Cenve, S Canton Rd. Fax' 81-043-299-2408
Tet: 1800} 272-9959 Deutsch Tet {+ 28} 0-180-530 65 85 Tsmshatau, Kowloon
Fax 1(800) 737-7018 English Tek (+48) 0-180-532 78 32 Kong

Frangais Tel. {+48) 0-180-532 23 56
iakano Tel (+<3) 0-180-532 16 RO

Tet (852} 2737-1600
Fax: (852) 2735-9980
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