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ABSTRACT
The subject of this project is " A study on design and fabrication of optical 4

channel multiplexing” When 4 channels signal enter to multiplexing. its type is
TDM (time devition multiplexer) after signal passed through equipment, electrical
signa| change {o light signal, and after that, this signal send to a receiver, through
optical fiber. after light signal passed though this receiver, it change to electrical
signal again. at |ast, after signal passed though D-multiplexing circuit 4 channel
signal. video signal and audio; when signal eater to multiplexing FDM (Frequency
devition rnultiplexer) » through coaxial appear completly as same as pefore it anter to

mutiplexing
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for accurately splicing optical fibers [Ref. 24).
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receiving one ([Ref. 74]; (b) moulded plastic lens connector assembly [Ref. 76].
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(a) Frequency-Division Multiplexing
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(b) Time-Division Multiplexing
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Channel Designation

Band

Frequency (MHz)

2

ow Band

54 - 60
60 - 66
66 - 72
76 - 82
82 - 88

I @ M m O O @ >»|o 0 &~ W

Mid Band

120 - 126
126 - 132
132 - 138
138 - 144
144 - 150
150 - 156
156 - 162
162 - 168
168 - 174

10
1
12
13

High Band

174 - 180
180 - 186
i86 - 192
192 - 198
198 - 204
204 -210
210 - 216

O v o ZzA M R —

Super Band

216 - 222
222 - 228
228 - 234
234 - 240
240 - 246
246 - 252
252 - 258
258 - 264




a1 2.2 (AB)

Channel Designation Band Frequency (MHZ)
R 264 - 270
S 270 - 276
T Super Band 276 - 282
v 282 - 288
v 288 - 294

P 4 .
A1THN 2.3 MTULIUTBURaRITH mﬂﬂ’lTEl anan ﬂ’lﬁtﬂ?ﬁﬂ'ﬁ

Channel Band Channel Band Channel Band
Number (MHz) Number (MHz) Number (MHz)
2 54 - 60 25 536 - 542 48 674 - 680
3 60 - 66 26 542 - 548 44 680 - 686
4 66 - 72 27 548 - 554 50 686 - 692
5 76 - 82 ’ 28 554 - 560 51 692 - 698
6 82 - 88 29 560 -~ 566 52 698 - 704
7 174 - 180 30 566 - 572 53 704 - 740
8 180 - 186 31 572 - 578 54 710 - 716
9 186 - 192 32 578 - 584 b5 716 - 722
10 192 - 198 33 584 - 590 56 722 - 728
11 198 - 204 34 590 - 596 57 728 - 734
12 204 - 210 35 596 - 602 58 734 - 740
13 210 - 216 36 602 - 608 59 740 - 746
14 470 - 476 37 608 - 614 60 746 - 752
15 476 - 482 38 614 - 620 61 752 - 758
16 482 - 488 39 620 - 626 62 758 - 764
17 488 - 494 40 626 - 632 63 764 - 770
18 494 - 500 41 632 - 638 64 770 - 776
19 500 - 506 42 638 - 644 65 776 - 782
20 | 506 -512 43 644 - 650 66 782 - 788




a7 23 (da)

4
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Channel Band Channel Band Channel Band
Number (MHz) Number (MHz) Numbet (MHz)
21 512 - 518 A4 650 - 656 67 788 - 794
22 518 - 524 45 656 - 662 68 794 - 80O
23 524 - 530 46 662 - 668 69 800 - 806
24 530 - 536 47 668 - 674
. . Vs Sync pulse
I Jﬁ "
—White level

g

I Video signal !
52,5 usec

(3) Amplitude modulation with video signal

Video carrier
Jev

Color subcarrier Audio carrier

]
N

Sfca

©  10.75 MAz N
| e— Lo
- L .
2 .

—1.25 MHz 4.2 MHz .
: 4799515 MHz - , : :
i - 5.75 MHz .

|

6 MHz

{b) .\lagnilud'c spectrum of RF video signal
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Amuald s () Husggrafiieniymeudaueagineed Suaaslan

t
S1 (t) = A1 COSs [271; f1l+ 27T kf om (t) dt] '—‘_(9)

A8 - & A . & 3 A 4
lunft £, Jwanudves crystal - controlled oscillator uge k, 1lusinnan nyd

o . I 4 o [y o o &
fi modulating wave LIunRUANBTIEIUE Lmﬁvgﬂ S; (1) iduasib
S(¢t) = A,cos[27tf1{+ﬁ1sin(27tfmt)] - (10)
A - o A A, o o ’ A d
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Wmswiwiouiesfige Woswimlilds freduency multiplier 926
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C(t) = Co + Crcos (27 t) — (19
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31]‘?‘1 2.54 Harlly oscillator
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S = Acsin [2mEt + &, ] —(20)
B9 Ac Lﬂuﬁwﬂﬁgﬂmaaﬂsumﬁ a3l modulate wave m ® i
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b, ) = 27 kfjom(t) dt SE— T )

= ® wge . 1 A

@3 k1ilu frequency sensitivity va3nRagIaaa’ Mmualiewiynues vco
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tluasdt

FM wave o{t) Loop filter :(t)
= o0
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controlied
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r() = Avcosf2mht + ¢, ] )

A as o A A o A’
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lun® k,, W multipier gain fmsiaeilu 17 volt pensznaunnudigIesgn
o  Or o) [ L4 A o [ t:l [ Y-
fdalasRawwaiues VCO WmMzaziuu mamamﬂ‘sznaum‘mngaaan‘lﬂum aUnN
- Y
vasgUiainaFozfeeai

e® = kmAcAvysin [$o® ] S—"Y )

A A o 9 o X
@9 G, (t) Iu phase error GarvualWilluasi

o) - b

s ()

t
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¢ o ¢d o o [J o g
La'mvgﬂhammmaﬂamasmmﬂmnauvm e () sxiluasi
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J2uu PAL (Phase Alternating Line)
JG A ] A :! . As (3
syvihiurzvunud lutafionsenasszuy  NTSC mn.ﬂm:uunlﬁnuag'lu
=3 - Jv o
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[ 3 [ =) ~

SmmnsaIwf 25 MW
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c‘ ar =
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A ar 1 a *
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INDUSTRIAL FIBER OPTICS

1F-D91 .
PLASTIC FIBER OPTIC PHOTODIODE

FEATURES

* Mates with Standard, 1000 um Core,
Plastic Fiber Cable

* Intemal Micro-lens for Efficient
Coupling

* Inexpensive Plastic Connector
Housing

* Connector-less interface

¢ Interference-free Transmission from
Light-tight Housing

* Simple Fiber Termination and
Connection

* Excellent Linearity

APPLICATIONS

Household Appliances
Power Electronics
Optical Networks
Medical Instruments
Automotive Electranics
Audio Systems
£lectronic Games

DESCRIPTION
%’W is the_active photodicde

evice in Industrial Fiber Optics' family
of low-cost, medium-frequency, short-
distance fiber optic emitters and
detectors. Each emitter and detector
consists of a PVC housing, an intemnal
active element such as an LED or
photodetector, and a cinch nut to hold
the fiber in place. The PVC housing
retains the active element and the cinch
nut while optimizing coupling between
the active element and the jacketed
1000 um plastic fiber. '

Working with this family of fiber optics is
simple: No special tools or training
required. Only a sharp knife or razor
blade is needed to terminate the plastic
fiber. When the fiber is inserted in the

emitter or detector, tighten the cinch nut.

Thereafter, the fiber can be removed
simply by loosening the nut.

1. Ancde
2. Cathode

Orange dot on package

Maximum Ratings (T ,=25°C)
Operating and Storage

Temperature Range (T op.T §TG) - rrreeseerromesceeeecssasesssrsresnes -40° to 85°C
JUNCHION TEMPEratUre (T g).cueceeeeeeeeiererirneereeenerenssessensereesssoessensnnns 85¢
Soldering Temperature
(2mm from case bottom) (Tg) LS5S..imeueririvirerneeeeeeesreenseseseens 240°C
Power Dissipation (P1or) TAZ25%C.e e eerereveeeesrereeesseeeneesessoesssosns 100 mwW
De-rate ADOVE 25°C....crivenrrreererreieeceseseeneeseecesesessensesesseoses 1.33mWrG
Characteristics (T ,=25°C)
| Parameter | Symbol | Value Unit |
Maximum Photosensitivity Apeak | 850 nm i
Spectral Bandwidth (S=10% of SMaAx) | Ak | 400-1100| nm |
Rise and Fall Times (10% to 90% et 5 ns
and 90% to 10%) (R, =50Q,V =20 V, §
=850 nm)
Total Capacitance | Cr | 4 pF
+ Responsivity @ 860 nm ' R 04 HA/UW |
[ @ 632 nm 0.2 pA/UW |
" Dark Current (V=30 volts, Ez=0) | o | <60 nA |
Reverse Breakdown Voitage | VemR | 60 v |
Forward Voltage | Vi | 1.2 |V |
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Figure 1. Circuit diagram for measuring rise and tall
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angie (square),

micro-lens,

1. Cutoff the ends of the cap!
blace or snaro knife, T

f 3. Screw the connector lockin
| fit. locking tne fiber in place,

POSITIONING  FOQ(

Fiber termination instructions:

e with a single-edge razor
fy lo obtamn a precise 90-degree

2. Insen the fiber througn the locking nut and into the
connector unul the core lip seats against the internal

g nut down to a snug

Figure 3. Cross-section of fiber optic device.
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1. Y AND Z ARE DATUM DRENSIONS AND
TIS A DATUN SURFACE
POSITORAL TOLERANCE FOR D 8 (2 PL:
219 0.2570.010) O T B 12 O]

3. POSITONAL TOUERANCE FOR F Dod (2 L)
$10.25(0.010) BT IY S IZ

4. POSIONAL TOUERANCE FOR H 0& (2 FL):
[»i0:25(0.010) BTTIY B 7 8]

5. POSITIONAL TOLERAMCE ROR Q 8¢
t¢le 025(0.010) BTTIY B2 8]

& POSINONAL TOLERANCE FOR &
[¢fs 0.25{(0.010) & 17]

7. DAENSIONNG AXD TOLERANCING PER ANS
Y1454, 1982

& CONTROLLING DOLENSION: NCH

STHE 1:
PR 1. ANOOE
PN 2. CATHOOE

| MUSETTRS | woEs |

O WM T M T RN X
LA 12324 12577 71915 195
| B (884 (9.4 1340 [380
C 1991 11041 1350 410
0 1152 1.8 1.050 1064
E 419 1470 1165 j12s
Flo43 1058 1017 .03
C! 2%48C | 100 BSC

H 1043 1083 017 L[oz3
J 1 7.628C | 300 BT

XK 11035 1137 1408 1488
LI 18 048 1,088
K | 254 B5C 100 BSC

Q1305 138 120 1%
R 11048 11099 1413 403
S| es8BSC | 272 e

U083 108 032 047
v isss 211 T2 120

Y sosesc | 200 ssC

X [10.10 (10.68 1337 J.477

Figure 4. Case outline.
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INDUSTRIAL FIBER OPTICS

IF-E91
PLASTIC FIBER OPTIZ EMITTER

FEATURES

* Mates with Standard, 1000 um Core,
Plastic Fiber Cable

* Intemal Micro-lens for Efficient
Coupling

* Inexpensive Plastic Connector
Housing

* Connector-less Interface

* Interference-free Transmission from
Light-tight Housing

+ Simple Fiber Termination and
Connection

» Excellent Lineanty

APPLICATIONS

Household Appliances
Power Electronics
Optical Networks
Medical Instruments
Automotive Electronics
Audio Systems
Electronic Games

DESCRIPTION

The IF-E91A and IF-E91B are the
infrared LEDs in Industrial Fiber Optics'
family of low-cost, medium-frequency,
short-distance fiber optic emitters and
detectors. Each emitter and detector
consists of a PVC housing, an internal
active element such as an LED or
photodetector and a cinch nut to hold the
fiber in place. The PVC housing retains
the active element and the cinch nut
while optimizing coupling between the
active element and the jacketed 1000 ym
plastic fiber.

Working with this family of fiber optics is
simple: No special tools or training
required. Only a sharp knife or razor
blade is needed to terminate the plastic
fiber. When the fiber is inserted in the
emitter or detector, tighten the cinch nut,
Thereatfter, the fiber can be removed
simply by loosening the nut.

Blue dot on package
Green dot on package

E91 A
E918

1. Cathode
2. Anode

Maximum Ratings (T ,=25°C)
Operating and Storage

Temperature RANGe (T op, T STG ) erersrerrerreseeserserssessersssesras -40°t0 85° C
Junction Temperature (T j)....ccccemesreresmrrernerserescrsenns ...85°C
Soldering Temperature
(2mm from case bottom) (T g) tS5S..cvuvureererrererrerrsrerersensnnns 240° C
REVErse VOIAGE (VR)...ccourmecrereraenrersrssemnrsssessseremssssensessessesssssssmsenssens 3V
Power Dissipation (P o) TAT25%C..mirerccseseremsreonesssesssivnsens 100 mwW
De-rate Above 25°C.... ...1.33 mW/rC
IF-E91A IF-E91B
Forward Current, DC (Ig) SO MA.rereerr e 100 mA
Surge Current (I gy ) t$10 usec 2A 2A
Characteristics (T ,=25°C)
Parameter Symbol | IF-E31A | |IF-ES1B | Unit
Peak Wavelength ApEax 950 380 nm
Spectral Bandwidth, 50% Iyax | ax 40 80 “ nm
Output Power Coupled into Prmin 50 100 Hw
Plastic Fiber (1 mm core
diameter). Distance lens to
fiber 0.1 mm, 10 cm polished
fiber, Ig=100 mA
Switching Times (10% to 90% | t,, t, 1.0 0.5 us
and 90% to 10%) (R =47 Q,
Ig=10 mA)
Capacitance Co 25 25 pF
Forward Voltage (Ig=50 mA) Vi 1.5max {1.7max |V |
Temperature Coefficient, peax | TC; | 0.3 0.3 nm/K |
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Figure 1. Circuit diagram for measuring rise and fall

angle (square).
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Fiber termination instructions:

1. Cutoff the ends of tha cable with a single-edge razor
blade or sharp knife. Try to obtain a precise 90-dagree

2. Insert the fiber through the locking nut and into the
connector untl the core tip seats against the internal

3. Screw the connector locking nut down to a snug
fit, Jocking the fiber in place.

Figure 2. Typical detector response versus wavelength.

Figure 3. Cross-section of fiber optic device.

B PN 2. CATHOCE

NOTES R LETERS NOES
1. Y A0 7 ARE DATUM DRENSIONS MO oo TN T MAC [ N | W
TIS A DATUM SURFACE. A (2324 [25.77 1515 1998
2. POSTIONAL TOLERANCE FOR 0 ¢ (2 PL): 3 T8e 946 1380 130,
+[¢ 0.25(0.0100Q(TIYO |z ¢ |98 1041 1330 410
3. POSITONAL TOUERANCE FOR F DM (2 PL): 0 [152 1.6 [.050 1064
$[0.25(0.010) @ T Y12 E [419 |40 |.185 188
4. POSITONAL TOLERAMCE FOR H 084 (2 PL: F (043 loss lo17 |03
Qe BT 8] R R TR O]
5. POSITORAL TOLERANCE FOR Q #: T B T BT
@]¢_0.25(0.010 TIT 12 038 T T408 48
§ POSITIONAL TOLERANCE FOR B L1114 165 [045  |oas
|’;‘¢ 0.2_530.0105 E ITI N 254 85C 100 8T
7. DRENSIONNG AND TOLERMICING PER ARSI Q1365 [330 120 1%
1450, 1952 R [10.48 |19 |41 433
& CONTROLLING DOMENSON: INCH S | 698 BC 275 B
U {083 1.08 032 042
- v (688 (7.11 [270 |280
R Y| 508 &¢ 200 B5C
X [10.10 [10.68 [.397 (427

Figure 4. Case outline.
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Sem:conductors

BOX 209 2 PHOEN!X

RIZONA 85036

MC1733
MC1733¢

from 10 to 400.

DIFFERENTIAL VIDEO AMPLIFIER

a wideband amplifier with differential input and differential out-
put. Gain is fixed a1t 10, 100, or 400 without external components
or, with the addition of one external resistor, gain becomes adjustable

® Bandwidth ~ 120 MHz2 typical @ Ayg = 10
® Rise Time — 2.5 ns typical @ Ayg =10
® Propagation Delay Time — 3.6 ns typical @ Ayd =10

DIFFERENTIAL VIDEO
WIDEBAND AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

FIGURE 1 — BASIC CIRCUIT

GAINSELECT
vee Sia G
9
NPUT | @0l QuTRuT ¢
MC1133
(L5 14]
INPUT 2 .—01 outeut 2
[
VEEGA G
o
GAln SELECT

FIGURE 2 — VOLTAGE GAIN
ADJUST CIRCUIT

outruy
3

MC1 33
M0

ouTRUT

VEe Gaa G

G SUFFiX
METAL PACKAGE
CASE 603
T0-100

L SUFFIX
CEHAMIC PACKAGE
CASE 632
TO-11%

FIGURE 3 ~ EQUIVALENT CIRCUIT SCHEMATIC
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CONNECTION DIAGRAMS

Gia
GAIN SE LECT

GzA
GAIN SELECT (O

OUTPUT 2

{10p view}

GAIN SELECT

G SUFFIX, METAL PACKAGE
Pin 5 connected to case.

[\

whut 2 Ll
NC |2 1aag.

G2g GAIN SELECT | 3 12| Gz GAIN SELECT
615 GAIN SELECT | ¢ \\/ 11{ 614 GAIN SELECT
Veg | 5 16fvee

N6 glne e
outpuT 2} —ouTpuT
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MAXIMUM RATINGS (T, = +25°C unless otherwise noted)

-
a

Rating Symbol Value Unit
Power Supply Voltage vece 480 + Volts
. VEE -80 *
Ditferential input Voltage Vin 5.0, Voltz
Common-Mode Input Voltage Viem 6.0 Volts
Output Current 19 10 - mA
internal Power Dissipation (Note 1) *p
Metal Can Package 5Q0 mwW
Ceramic Dual In-Line Package 500
Operating Temperature Range MC1733C Ta 010 +70 °c
MC1733 -55 10 +125
Storage Temperature Range Tstg -65 10 +150 °c
ELECTRICAL CHARACTERISTICS (Veg = +6.0 Vde, Ve = -6.0 Vdc, 3t T4 = +25°C unless otherwise noted.)
MC1733 MC1733C
Characteristic Symbol Min Typ Max Min Typ Max Units
Differential Voltage Gain VIV
Garn 1 (Note 2) Avg 300 400 500 250 400 600
Gain 2 (Note 3} 90 100 110 80 100 120
Gain 3 (Note 4) 9.0 10 1 8.0 10 12
Bandwidth {Rg=500) BW ’ MHz
Gain 1 - a0 - - 40 -
Gain 2 - 90 - - 90 -
Gain 3 - 120 - - 120 -
Rise Time (Ry =509, Vg = 1 Vp-pl tTLH n
Gain 1 THL - 105 - - 105 -
Gain 2 - 45 10 - 4.5 12
Gain 3 - 25 - - 2.5 -
Propagation Delay (R =501, Vy =1 Vp-p) tPLH ns
Gamnn 1 WPHL - 75 C- - 1.5 -
Gain 2 - 6.0 10 - 6.0 10
Gain 3 - 36 | - - 3.6 -
Input Resistance Rin (24
Gain 1 - 4.0 - - 4.0 -
Gain 2 20 30 - 10 30 -
Gan 3 - 250 - - 250 -
Input Capacitance (Gain 2) Cin - 2.0 - - 2.0 - pf
Input Otffset Current (Gain 3} Mol - 0.4 3.0 - 0.4 s.Cc uA
Input Bias Current {Gain 3) Iig - 9.0 20 - 9.0 30 uA
Input Nosse Voltage (R = 50 0, Va - 12 - - 12 - wV(rms)
BW = 1 kHz 10 10 MH2z
Input Voltage Range {Gain 2} Vin +1.0 - - £1.0 - - v
Common-Mode Rejection Ratio CMRR dB
Gamn 2 {(Vem =21V, t S100kH2) 60 86 - 60 B6 -
Gain 2 (Vom = 21V, f = § MHz} - 60 - - 60 -
Supply Voltage Rejection Ratio PSRR , dB8
Gain 2 {aVy =205 V) 50 70 - 50 70 -
Output OHset Voltage Voo \
Gan t - 0.6 1.5 - 0.6 1.5
Gain 2 and Gain 3 - 0.35 1.0 - 0.35 1.5
Output Common-Mode Voitage {Gain3) veMo 24 29 34 24 29 3.4 \
Output Voltage Swing (Gain 2) Vo 3.0 40 - 30 4.0 ~ Vp-p
Output Sink Current (Gain 2) o 2.5 3.6 - 2.5 36 - mA
Output Resistance Rout - 20 - - 20 - 2]
Power Supply Current (Gain 2 o - 18 24 - 18 24 mA

Circuit diagrams utthizing Motorols products sre nciuced as a mesns
ot dlustrating typical semiconductor applications, consequently,
compiete nformation sutficient for construction purposes is not

necessarity given,

The nformation hay been caretully checked and

it believed 10 be entirely reliable.
assumad for snaccuracios

Howewer, no respontibitity is

Furthermore, tuch information does not

convey 10 the purchater of the semiconductor devices described any
licenss undes the patent rights of Motorois Inc. or ot .

\__/
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Analog
Multiplexers/Demultipiexers

The MC14051B, MC14052B, and MC14053B analog multiplexers are
digitally—controlied analog switches. The MC14051B effectively implements
an SP8T solid state switch, the MC140528 a DP4T, and the MC14053B a
Triple SPDT. All three devices feature low ON impedance and very low OFF
leakage current. Control of analog signals up to the complete supply voltage
range can be achieved.

o Triple Diode Protection on Control Inputs
¢ Switch Function is Break Before Make
¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc
» Analog Voltage Range (Vpp — VEE}=3.0to 18V
Note: VEE must be < Vgg
¢ Linearized Transfer Characteristics
¢ Low-noise — 12 nVANCycle, f > 1.0 kHz Typical
¢ Pin—for-Pin Replacement for CD4051, CD4052, and CD4053
e For 4PDT Switch, See MC14551B

MC14051B
MC140528
MC14053B

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

D SUFFIX
SoIC

For Lower RoON, Use the HC4051, HC4052, or HC4053 High—Speed
CMOS Devices

MAXIMUM RATINGS*

Symbol

Parameter Value Unit

VoD DC Supply Voltage (Referenced to VEE,

Vgs 2 VEE) -0.5t0 +18.0 v

Vin: Vout | Input or Output Voltage (DC or Transient)

(Referenced to Vgg for Control Inputs and

VEE for Switch I/O) -05tVpp+05|( V

lin Input Current (DC or Transient),
per Control Pin +10 mA
lsw Switch Through Current 25 mA
Pp Power Dissipation. per Packaget 500 mW
Tstg Storage Temperature - 6510 + 150 °C
TL Lead Temperature (8~Second Soldering) 260 °C

* Maximum Ratings are those values beyond which damage to the device may occur.
t Temperature Derating:*P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C

Ceramic “L" Packages: — 12 mW/°C From 100°C To 125°C

MC14051B MC14052B
8-Channel Analog Dual 4-Channel Analog
Multiplexer/Demultiplexer Multiplexer/Demultiplexer

6 0—]INHIBIT [ 6 0—] INHIBIT
11 o—{A 'CONTROLS { 100—{A
CONTROLS § o 12 ; sods Xbor1s
8 0—C 12 o—{ X0
:43 o—| )):? :g o— i; COMMONS
o— o— OUT/N
15o—xs X _CgN?M on SWITCHES | 11 0—{X3
SWITCHES | 12 o{xa oUTIN INOUT 10— Y0
INOUT 1 o—{X4 so—{y1r Y[o3
5 o—|x5 20—{ Y2
2 0—{X6 40— Y3
4 o—{x7
VDD=P|N15 VDD= PIN 16
Vgg=PIN8 Vgg=PINg
VEg=PIN7 VEE=PINT

\ﬁ{@

ORDERING INFORMATION

CASE 751B

MC14XXXBCP Plastic
MC14XXXBCL. Ceramic
MC14XXXBD SQOIC

Ta =~ 55“ to 125°C for all packages.

H
CONTROLS 10

SWITCHES

MC140538
Triple 2-Channel Analog
Multiplexer/Demultiplexer

6
X}—o 14

9

12 [ 015 | coMMONS

OUT/IN

INvouT
-0 4

2
1
5
3

Vpp=FIN16
Vgg=PIN3
VEg=PIN7

Note: Control Inouts referenced to Vae. Analoa Inouts and Outouts reference to Vee. Vee must be < Vea,

REV 3
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ELECTRICAL CHARACTERISTICS

-55°C 25°C 125°C
Characteristic Symbol | Vpp Test Conditions Min | Max | Min l Typ # | Max | Min | Max | Unit
SUPPLY REQUIREMENTS (Voltages Referenced to Vgg)
Power Supply Voltage Vpp — |VpD-3.02Vgg2VEg| 3.0 18 3.0 = 18 3.0 18 v
Range
Quiescent Current Per IbD 5.0 | Control Inputs: — 5.0 — 0.005 5.0 - 150 | pA
Package 10 Vin = Vssg or Vpp. - 10 — 0.010 10 —_ 300
16 | Switch IO:VEg s Vijo | — 20 — 0.015 20 —_ 600
< Vpp. and '
Aszitch < 500 mV**
oo | 59 [Tz o e "
yna ' Typical (0.20 pA/KHZ) f + Ipp
Quiescent, Per Package 15 (Vin = Vout¥Ron is
not included.) (0.36 VkH2) f + IpD
CONTROL INPUTS — INHIBIT, A, B, C (Voltages Referenced to Vgg)
Low—Level Input Voltage ViL 5.0 | Rop = per spec, — 1.5 — 2.25 15 — 15 v
10 | loff = per spec — 3.0 —_ 4.50 3.0 —_ 3.0
15 —_ 4.0 — 6.75 4.0 - 4.0
High~Level Input Voltage VIH 5.0 [ Rop = per spec, 3.5 — 3.5 2.75 — 3.5 — \Y
10 | loff = per spec 7.0 - 7.0 5.50 — 7.0 —_
15 1 — 1 8.25 — 11 —
Input Leakage Current lin 15 1Vin=0o0rVpp — |01 — [ £0.00001 [ £C.1 — 1.0 pPA
Input Capacitance Cin — — — - 5.0 7.5 —_ — pF
SWITCHES IN/JOUT AND COMMONS OUT/IN — X, Y, Z (Voltages Referenced to VEg)
Recommended Viro — | Channel On or Off 0 Vpo 0 - VDD 0 Voo | Vpp
Peak-to—Peak Voltage
Into or Out of the Switch .
Recommended Static or  |AVgwitch| — | Channel On 0 600 0 — 600 0 300 | mV
Dynamic Voltage Across
the Switch** (Figure 5)
Output Offset Voltage Voo — | Vin=0V, No Load — —_ — 10 — - — Y
ON Resistance Ron 5.0 {AVgwitch < 500 mV**, — 800 — 250 1050 | — 11200 | Q
10 | Vin=VjLorViH — | 400 | — 120 500 | — | 520
is5 (Control), and Vi, = — 220 — 80 280 — 300
0 to Vpp (Switch)
AON Resistance Between | ARgq 5.0 — 70 — 25 70 —_ 135 Q
Any Two Channels in the 10 — 50 —_ 10 50 — 95
Same Package 15 —_ 45 - 10 45 — 65
Off-Channel Leakage loff 15 [Vin=ViLorViH — |[£100] — 005 |+100 | — [+1000f nA
Current (Figure 10) (Control) Channel to
Channel or Any One
Channel
Capacitance, Switch I/O Cro — | Inhibit=Vpp — — — 10 —_ — — pF
Capacitance, Common O/l | Cpyj — [ Inhibit=Vpp pF
(MC14051B) —_ — _ 60 — — —
(MC14052B) — — —_ 32 — — —
(MC14053B) — — — 17 - - _
Capacitance, Feedthrough Cio — | Pins Not Adjacent — — — 0.15 — — —_ pF
(Channel Off) — | Pins Adjacent — —_ - 0.47 — — —

#Dala labeled “Typ" is not to be used for design purposes, but is intended as an indication of the IC's potential performance.
* For voltage drops across the switch (AVgyitch) > 600 mV { > 300 mV at high temperatura), excessive Vpp current may be drawn, i.e. the
current out of the switch may contain both Vpp and switch input components. The reliability of the device will be unaffected unless the Maximum
Ratings are exceeded. (See first page of this data sheet.)

MC14051B MC14052B-MC14053B
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ELECTRICAL CHARACTERISTICS* (CL = 50 pF, Ta = 25°C) (VEE < Vgg unless otherwise indicated)

VoD - VEE Typ # _
Characteristic Symbol Vde All Types Max Unit
Propagation Delay Times (Figure 6) tpLH: tPHL ns
Switch Input to Switch Output (R = 10 kQ)
MC14051
tPLH, tPHL = (0.17 ns/pF) C|_ + 26.5 ns 5.0 35 90
tpLH, tPHL = (0.08 ns/pF) C|_ + 11 ns 10 15 40
tPLH. tPHL = (0.06 ns/pF) C_ + 9.0 ns 15 12 30
MC14052 ns
tPLH: tPHL = (0.17 ns/pF) C|_ + 21.5 ns 5.0 30 75
tPLH, tPHL = (0.08 ns/pF) C+ 8.0 ns 10 12 30
tPLH: tPHL = (0.06 ns/pF) C| + 7.0 ns 15 10 25
MC14053 ns
tPLH. tPHL = (0.17 ns/pF) C + 16.5ns 5.0 25 65
tPLH. tPHL = (0.08 ns/pF) CL + 4.0 ns 10 8.0 20
tPLH, tPHL = (0.06 ns/pF) C|_ + 3.0 ns 15 6.0 15
Inhibit to Output (R = 10 kQ, VEE = Vss) tPHZ. tPLZ, ns
Output "1" or "0" to High Impedance, or tpzH: tPZL
High Impedance to "1" or “0" Level
MC140518 5.0 350 700
: 10 170 340
15 140 280
MC14052B 5.0 300 600 ns
10 155 310
15 125 250
MC14053B 5.0 275 550 ns
10 140 280
15 110 220
Control Input to Output (R = 10kQ, VEE = Vgs) tPLH. tPHL ns
MC14051B 5.0 360 720
10 160 320
15 120 240
MC140528 5.0 325 650 ns
10 130 260
15 90 180 |
MC14053B 5.0 300 600 ns |
10 120 240
15 80 160 !
Second Harmonic Distortion - 10 0.07 — %
(RL = 10K, f =1 kHz) Vi =5 Vpp
Bandwidth (Figure 7) BW 10 17 — MHz |
(RL =1k, Vin = 1/2 (VpD-VEE) p-p. CL = 50pF
20 Log (Vout/Vin) = -3 dB)
Off Channel Feedthrough Attenuation (Figure 7) — 10 - 50 — dB
RL = 1KQ, Vin = 1/2 (VDD — VEE) P—R:
fin = 4.5 MHz — MC14051B ;
fin = 30 MHz — MC14052B
fin = 55 MHz — MC140538B
Channel Separation (Figure 8) — 10 - 50 — dB
(RL = 1KQ, Vin = 1/2 (VDD-VEE) PP,
fin = 3.0 MHz
Crosstalk, Control Input to Common O/l (Figure 9) — 10 75 —_ mV
(R1 =1k R = 10kQ
Control tT| H = tTHL = 20 ns, Inhibit = Vgg)
* The formulas given are for the typical characteristics only at 25°C.
#Data labelled “Typ" is not lo be used for design purposes but In intended as an indication of the IC’s potential performance,

MOTOROLA CMOS 'LOGIC DATA MC14051B-MC 140528 MC14053B
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L Vpp Vop Vop —
INOUT (1]__ [ OUTIN
o ¢ 0
WL T g
= Vee
11!
1
=
LEVEL
CONVERTED -
IN/OUT QUT/N
CONTROL %
g CONTROL
= VEg
Figure 1. Switch Circuit Schematic
TRUTH TABLE 16 ? VoD
Control Inputs INH 6 0— | BINARY TO 1-OF-8
Select ON Switches A 11 o— LEVEL — DECODER WITH
- B 10 0— CONVERTER HIBIT
Inhibit | C* B A | MC14051B MC14052B MC14053B C 9 INHIBI
0 0 0 0 X0 Yo Xo [Z0 Yo Xo $ HHH
0 0 0 1 X1 Y1 X1 {20 YO Xi 80OVgs 70OVge
X0 13 o
0 0 1 0 X2 Y2 X2 |Z0 Y1 Xo YN
o |o 1 1 X3 Y3 X3 (20 Y1 X1 X1 14 o- ST
0 1 0 O X4 Zt YO Xo X W
o |1 o 1 X5 Z1 Yo Xi $12o L T I e
0 1 1 0 X6 Z1 Y1 Xo X4 10— T
0 11 1 X7 Zt Yt Xi X5 50— 1
1 X X X None None None X6 20 j#ﬁz]
* Not applicable for MC14052 X7 4o
x = Don't Care Figure 2. MC14051B Functional Diagram
160 VDD
160 VDD
INH §0— LeveL || BINARYTO 1-OF—  —
A 10 0— CONVERTER [ DECODER WITH INH 60— =1 BINARY TO 1-OF-2
B 90— INHIBIT Atto— LEVEL 14 e COnERWITH
B B 100~ CONVERTER }—
— C 9o ] INHIBIT
8$Vss 70 VEg I l , l i
X0 12 0- B T 8$Vss . g———’VEE l ! l
X1 140 ,
X2 15 0— |_gomx X0 120 ' I |
[ 3%
X3 11 I 1" %J X1 13 o 111 $p—oux
R P T ]
YO to 1944 0 Y0 20~ I
Yi 50- % Y1 1o Y o5y
% | ¢o03 v LV
Y2 20~ ) 0 50 ;
Y3 40 g—' 721 30 4
Figure 3. MC14052B Functional Diagram Figure 4. MC14053B Functional Diagram
MC14051B MC14052B MC14053B MOTOROI.A CMOS'LOGIC DATA
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/ ON SWITCH
CONTAOL |
SECTION
ic
o LOAD
SOURCE

Figure 5. AV Across Switch

A, B, and C Inputs used to turn ON or OFF
the switch under tesl.

o—A
o—iB
¢ Vout
VSS_L_O_— INH A ICL =50 pF

Vin

Voo - VEE M\
: U

Figure 7. Bandwidth and Off-Channel
Feedthrough Attenuation

I

INH

i

Figure 9. Crosstalk, Control Input to
Common O/l

NOTE: See also Figures 7 and 8 on Page 6~51.

TEST CIRCUITS

PULSE
GENERATOR

B

INH

Voo Vee Vee Voo

Figure 6. Propagation Delay Times,
Control and Inhibit to Output

O o>

o—
O
o—

ro— INH

Voo - Vee m Vin
. T J

Figure 8. Channel Separation
(Adjacent Channels Used For Setup)

OFF CHANNEL UNDER TEST
VoD
oV
CONTROL | EE
SECTION - 8:«2:52&(3) |
OFIC Ve
) O’VO EE
| | oVpp
|
COMMON Vee
[o] VDU

Figure 10. Off Channel L.eakage

MOTOROLA CMOS LOGIC DATA

MC14051B.MC14052B MC14053B
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1

Voo

0k S=

VEE=Vss

Vop 0—{>0-J

KEITHLEY 160
DIGITAL
MULTIMETER
1kQ
RANGE X-Y
N PLOTTER

=

Figure 11. Channel Resistance (RgN) Test Circuit

350
_. 300
(%)
=
I
S 250
B
= 200
7
9150
; Tp = 125°C
S 00 - l
> i === 25°C
o) ——e
o gy - 55°C
0
-10 -80 -60 -40 -20 0 02 40 60 80 10

Vin, INPUT VOLTAGE (VOLTS)

Figure 12.Vpp =75V, VEg=~-7.5V

700
—. 600
%)
=
I
Q. 500
L
2
E 400
B 300 ANIRN
o /1] N
. ™ _ {9£9
pd 4 TA-125C
8 / N\ |
€ 200 7 N——+
> / I\ 25c
L 4 N
100 -55°C
|
0 I
-10 ~80 -60 -40 -20 0 02 40 60 80

Vin, INPUT VOLTAGE (VOLTS)

Figure 14.Vpp=25V,VEg=-25V

MC14051B

Xa(] 1e 16 J Vpp
X6 ] 2 15 ] X2
X(Qs 14 J X1
X7['4 13 1 X0
Xs5[ s 121X3
INH[ 6 HpOA
VEE(Q 7 0B
Vss [ 8 sfc

10

TYPICAL RESISTANCE CHARACTERISTICS

PIN ASSIGMENT

MC14052B

Yo 1e 16 J Vpp
Yo [} 2 15 [] X2
Y[ 3 14 ] X1
Y3 4 133X
Yi{]s 12 J X0
INH( 6 11} X3
Veg [ 7 107 A
Ves [] 8 9ls

Vin, INPUT VOLTAGE (VOLTS)
Figure 15. Comparison at 25°C, Vpp = ~VEE

350
~ 300
w
=
xI
S 250
Ly
e
z 200
7
w
w150 s \‘T/}=125°C~—
= — |
€ 100 i =T g5ec
8 - -85°C
50
0
-10 -80 -60 -40 ~20 0 02 40 €0 80 10
Vin, INPUT VOLTAGE (VOLTS)
Figure 13. Vpp=5.0V, VEg=~5.0V
350 T T
Tp =25°C
. 300 TAN
2 |
=2
5 /
% 250 \ Voo =25V
2 200 /A \
5 /
&8
150
S 10 D <ihn — N i
2 P B B 75V
o
< 50
0
-10 ~80 -6.0 -40 -20 ¢ 02 40 60 60 10

MC14053B
YI[]1e 16 1 Vpp
Yo 2 B50Y
rANI K WX
Z0 4 130X1
20(] s 12 1 Xo
INH[] 6 1A

Ve 7 i0fe
Vgs(l 8 9fic

MC14051B MC14052B:MC14053B
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APPLICATIONS INFORMATION

Figure A illustrates use of the on—chip level converter de-
tailed in Figures 2, 3, and 4. The 0-to~5 V Digital Control sig-
nal is used to directly control a 9 Vp—p analog signal.

The digital control logic levels are determined by Vpp and
Vss. The Vpp voltage is the logic high voltage; the Vsg volt-
age is logic low. For the example, Vpp = + 5 V = logic high at
the control inputs; Vs = GND = 0 V = logic low.

The maximum analog signal level is determined by VDD
and VEE. The Vpp voltage determines the maximum recom-
mended peak above Vgg. The VEE voltage determines the
maximum swing below Vgg. For the example, Vpp - Vss =
5 Vmaximum swing above Vgs; Vg5 - VEE =5 V maximum
swing below Vgg. The example shows a + 4.5 V signal which
allows a 1/2 volt margin at each peak. If voltage transients

R

above Vpp and/or below VEE are anticipated on the analog
channels, external diodes (Dx) are recommended as shown
in Figure B. These diodes should be small signal types able
to absorb the maximum anticipated current surges during
clipping.

The absolute maximum potential difference tetween Vpp
and VEE is 18.0 V. Most parameters are specified upto 15V
which is the recommended maximum difference betwsen
VDD and VEE.

Balanced supplies are not required. However, Vgs must
be greater than or equal to VEE. For example, Vpop=+10V,
Vss =+ 5V, and VEE - 3 V is acceptable. See the Table
below.

-

Voo Vss VEE
+45V
9Vp o SWITCH
ANALOG SIGNAL 1o COMMON 9 Vp—p GND
+5V Mc140518 O/l ANALOG SIGNAL
MC140528
MC140538
— 45V
Exg;g’;“ 0-TO-5 V DIGITAL INHIBIT
DIGITAL CONTROL SIGNALS ABC
CIRCUITRY

L

Figure A. Application Example

VoD Voo
Dx Ox
ANALOG COMMON
110 o/ —0
-, Dy Dx
VEE VEE

Figure B. External Germanium or Schottky Clipping Diodes

POSSIBLE SUPPLY CONNECTIONS

Control Inputs

Vbbb Vss VEE Logic High/Logic Low | Maximum Analog Signal Range ’
In Volts In Volts In Volts In Volts In Volts

+8 0 -8 +8/0 +8to—8=16Vp_p

+5 0 -12 + 5/0 +5to—12=17Vp_p

+5 0 0 +5/0 +5t00=5Vp_p

+5 0 -5 +5/0 +5to—5=10Vp_p

+10 +5 -5 +10/+5 +10to-—5=15Vp_p

MOTOROLA CMOS LOGIC DATA

MC14051B MC14052B MC14053B
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OUTLINE DIMENSIONS

L SUFFIX
CERAMIC DIP PACKAGE
CASE 620-10
ISSUEV
(=A-] ’ NOTES:
ey 1. DIMENSIONING AND TOLEAANCING PER
S " ANSI Y14.5M, 1962.
16 8 2. CONTROLLING DIMENSION: INCH,
[CB-) 3, DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.
1. ¢ 4, DIMENSION F MAY NARPOW TO 0.76 (0.030)
= v = v v v g WHERE THE LEAD ENTERS THE CERAMIC
Cc— - | —> BODY.
INCHES MILLIMETERS
[ DM MIN | max | MiN | mAX
I‘ i A_| 0750 | 0785 | 1605 | 19.03
L/ B | 0240 [ 0205 | 640 | 749
' NGk 3 MM T8 R
SaTma . il 3 M 12785 |
u :
—f F | 0055 ] 0065 | 140 [ 1665 |
P o G | 0100BSC 254 BSC
E—™ M H_| 0008 [ 0015 | 02 | 038
|— K| 0425 | 0470 | 3.18 | 431
F > Gl J 16PL L | 03008sC 1626
D 1sPL [®]o.25 0010)®[T]B 9] M| _o0°] 15°] o°] %0
N 10020 [0080 {051 | 100
(@025 0010@[T]A ©)]
P SUFFIX
PLASTIC DIP PACKAGE
CASE 648-08
ISSUER
A NOTES:
r* (=A-] > 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1962,
hAanAannad 2. CONTROLLING DIMENSION: INCH.
16 » } 3. DIMENSION L TO CENTER CF LEADS WHEN
b B FORMED PARALLEL,
o 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
4 8 * 5. ROUNDED CORNERS OPTIONAL.
PITIIIIIITY INCHES | WILLMETERS
_J L F DIM[ MIN | MAX | MIN | MAX
—C - L—> A [ 0740 | 0.770 | 1880 | 19.55
B | 0250 | 0270 | 6.35 | 6.5
[ Ll \ S 4 C | 0145 ] 0475 | 369 | 444
__{ , D | 0015 | 0.021 | 039 | 0.3
SEATING F | 0040 a.7¢ 1.02 1.77
f PLANE \ G | 0.1008SC 251BSC
——t—— H 0.050 BSC 1.27 BSC
H ~-K J \1 M J 10008 | 00te| u2t ] o33
G K 10410 | 0430 | 280 | 830
D 16 PL L | 0205 [ 0305 | 750 | 7.74
M 0°] 10°] 0°] 10°
I@I 0.25 (0.010)®|T] A @I s 1 0020 [ 0.040 | 081 | 1,08

MC14051B MC14052B-MC140538
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OUTLINE DIMENSIONS

D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751B-05
ISSUE J

A}
———y— NOTES:
H_H—— H—H— H H H . DIMENSIONING AND TOLERANCING FER ANSI
Y14.5M, 1082,
* i 2. CONTROLLING DIMENSION: MILLIMETER,

3. DIMENSIONS A AND B DO HOT INCLUDE

MOLD PROTRUSION,
PerL 4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
125 (0.01 B PER SIDE.
D 8 i [$lo (© 0)®I ©] 5, DIMENSION D DOES NOT INCLUDE DAMBAR
H H H H H_H PROTRUSION. ALLOWABLE DAMBAR
—g—-p-u0-0_-0— PROTRUSION SHAL!. BE G127 10.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
G MAXIMUM MATERIAL CONDITION.
MILLIMETERS INCHES
_J L_ D[ MIN_| MAX | MIN | MAX
F A_| 980 | 10.00 | 0.386 | 0393
K‘] i I‘— R x4s° B | 380 | 400 | 0.150 | 0457
C | 135 ] 175 | 0.054 | 0.068
I ] C D | 035 049 | 0014 | 00t9
liI=I=I=l=I=1=I=I: SE=N F 1 oo |25 oo Lo
ET=Tseatmg =~ ) oo N G 12785C 0.050 BSC
SEPLTANE M J J [ 0491 025 | 0,008 | 0.009
K | 010 025 | 0.004 | 0009
D 1spL M 0°] 3¢ oS 7%
P | 580 | 020|220 | 0244
[@] 025 0.010)@] 7] 8 ©]A©, R [ 025 | 050 | coic | oote

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warianty, representation orguarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any fiability arising out of the application or use of any product or circull,
and speclfically disclaims any and all llability, including without fimitation consequential or incidental damages. *Typical” parameters which may be provided
in Motorola data sheets and/or specifications can and do vary In different applications and actual performance may vary over time. All operating parameters,
including “Typicals” must be validated for each customer application by customer’s technical experts. Motorola does not convey any license under its patent
rights nor the rights of others. Motorola products are not designed, intended, cr authorized for use as components in systems intended for surgical implant
into the body, or other applications intended to support or sustain life, or for any other application in which the failure of the Motorota product could creale a
sltuation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application,
Buyer shall indemnity and hold Motorola and its officers, employees, subsidiaries, aftiliates, and distributors harmiess against all clalms, costs, damages, and
expenses, and reasonable attomey fees arlsing out of, directly or indireclly, any claim of personal injury or death assoclated with such unintended or
unauthorized use, even If such claim alleges that Molorola was negligent regarding the design or manufacture of the part. Motorola and . M. are registered
trademarks of Motorola, inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.
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National

LM555/LMS55C Timer

General Description

The LMS555 is a highly stable device for generating 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 precisely controlled by one external
resistor and capacitor. For astable operation as an oscilla-
tor, the free running frequency and duty cycle are accurately
controlied with two external resistors and one capacitor.
The circuit may be triggered and reset on falling waveforms,
and the output circuit can source or sink up to 200 mA or
drive TTL circuits.

Features

m Direct replacement for SE555/NE555

& Timing from microseconds through hours

m Operates in both astable and monostable modes

Fabruary 1995

Semiconductor

® Adjustable duty cycle

u QOutput can source or sink 200 mA

® Output and supply TTL compatible

u Temperature stabllity better than 0.005% per °C
u Normally on and normally off output

Applications
Precision timing

Pulse generation
Sequentia! timing

Time delay generation
Pulse width medulation
Pulse position modulation
Linear ramp generator

Schematic Diagram
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Absolute Maximum Ratings

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

Supply Voltage +18V
Power Dissipation (Note 1)
LMS55H, LM555CH 760 mW
LM555, LM555CN 1180 mW

Operating Temperature Ranges

Storage Temperature Range ~65°Cto +150°C

Soldering Information
Dual-In-Line Package

Soldering (10 Seconds) 260°C
Small Outline Package

Vapor Phase (60 Seconds) 215°C

Infrared (15 Seconds) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability"” for other methods of soldering sur-

LM555C 0°Cto +70°C \
LM555 —55°Cto + 125°C face mount devices.
Electrical Characteristics (Ta = 25°C, Ve = +5V to + 15V, unless othewise specified)
Limits
Parameter Conditions LM555 LM555C Units
Min Typ Max Min Typ Max
Supply Voltage 4,5 18 4.5 16 \"
Supply Current Ve =~ 5V,RL = = 3 5 3 6 mA
Vee = 15V,RL = o 10 12 10 15 mA
(Low State) (Note 2)
Timing Error, Monostable
Initial Accuracy 0.5 1 %
Drift with Temperature Ra = 1kto 100 kQ, 30 50 ppm/°C
C = 0.1 pF, (Note 3)
Accuracy over Temperature 1.5 1.5 %
Drift with Supply 0.05 0.1 %IV
Timing Error, Astable '
Initial Accuracy 1.5 2.25 %
Drift with Temperature Ra.Rg = 1k to 100 k0, 90 150 ppm/°C
C = 0.1 uF, (Note 3)
Accuracy over Temperature 2.5 3.0 %
Drift with Supply 0.15 0.30 % iV
Threshold Voltage 0.667 0.667 xVee
Trigger Voltage Vee = 15V 4.8 5 5.2 5 \
Vee = 5V 1.45 1.67 1.9 1.67 v
Trigger Current 0.01 0.5 0.5 0.9 HA
Reset Voltage 0.4 0.5 1 0.4 0.5 1 \
Reset Current 0.1 0.4 0.1 0.4 mA
Threshold Current {Note 4) 0.1 0.25 0.1 0.25 nA
Control Voltage Level Vee = 15V 9.6 10 10.4 9 10 11 v
Ve = 5V 2.9 3.33 3.8 2.6 3.33 4 v
Pin 7 Leakage Output High 1 100 1 100 nA
Pin 7 Sat (Note 5) .
Output Low Voo = 15V, 17 = 15 mA 150 180 mv
Output Low Vee = 4.5V, 17 = 45mA 70 100 80 200 mV




Electrical Characteristics Ta = 25°C,Vee = +5V 10 +15V, (unless othewise specified) (Continued)

Limits
Parameter Conditions LM555 LM555C Units
Min Typ Max Min Typ Max
Output Voltage Drop (Low) Vee = 15V
ISINK = 10 mA 0.1 0.15 0.1 0.25 Vv
ISINK = 50 mA 0.4 05 04 ‘| 075 v
Isink = 100 mA 2 2.2 2 2.5 v
Ising = 200 mA 2.5 2.5 v
Vee = 5V
IsiNk = B mA 0.1 0.25 \
Ising = 5 mA 0.25 0.35 \
Output Voltage Drop (High) ISOURCE = 200 mA, Voo = 15V 12.5 12.5 \
IsouRce = 100 mA, Vg = 15V 13 13.3 12.75 13.3 \
Vee = 5V 3 3.3 2.75 3.3 \
Rise Time of Output 100 100 ns
Fall Time of Output 100 100 ns

Note 1: For operating at elevated temperatures the device must be derated above 25°C based on & + 150°C maximum junction temperature and a thermal

resistance of 164°c/w (T0-5), 106°c/w (DIP) and 170°c/w (S0-8) junction to ambient.

Note 2: Supply curent when output high typically 1 mA less at Voo = 5V,
Note 3: Tested at Vgc = 5V and Vg = 15V.

Note 4: This will determine the maximum value of Rx + Rg for 15V operation. The maximum total {Ra + Rpg)is 20 MQ.

Note 5: No protection againat excessiva pin 7 cument is necessary providing the package dissipation rating witl not be exceeded.
Note 6: Refer to RETS555X drawing of military LM555R and LM555J versions for specifications.

Connection Diagrams
Metal Can Package

(1) oischance
(1)) hresnoro

CONTRUL
VOLTAGE

Top View

Order Number LM555H or LM555CH
See NS Package Number H08C

TL/H/TB51-2

Dual-In-Line and Small Qutline Packages
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2 7
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OUTPUY g ['—- THRESHOLD
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RESET VOLTAGE

Top View

TL/H/7851-2

Order Number LM555J, LM555CJ,
LMS55CM or LM555CN
See NS Package Number JO8A, M0BA or NOSE




Typical Performance Characteristics
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Applications Information

MONOSTABLE OPERATION

In this 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 application of a nega-
tive trigger pulse of less than 1/3 Vg to pin 2, the flip-flop is
set which both releases the short circuit across the capaci-
tor and drives the output high.

$5V 10 418V
*—O v
i RESET u
[ T .
<
0 )
TRIGGER DISCHARGE
NORMALLY S O——{2 U
“on" 100 S P
THRESH
' LM385 6 o
| CONTROL
ouTPUT VOLTAGE
 ga— TL T
NORMALLY S !
o & 't
0FF 104D Fnu
— 7 |
g
TL/H/7851-6

FIGURE 1. Monostable
The voltage across the capacitor then increases exponen-
tially for a period of t = 1.1 Ra C, at the end of which time
the voitage equals 2/3 Vgc. 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 wave-
forms generated in this mode of operation. Since the charge
and the threshold level of the comparator are both directly
proportional to supply voltage, the timing internal is inde-
pendent of supply.
T TT

A AT TATTA
JAREAN

TLA78591-6
Vee = 5v Top Trace: input 5v/Div.
TIME « 0.1 mg/Div. Middle Trace. Output 5V/Div,
Aa =~ 9.1 kN Bottom Trace: Capacitor Voltage 2v/Div,
C = 0.01 uF

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 so
long as the trigger input is returned high at least 10 us be-
fore the end of the timing interval, 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 re-
main in the low state until a trigger pulse is again applied.

0031 ms

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

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

NOTE: In monostable operation, the trigger should be driv-
en high before the end of timing cycle.

100

b=

€~ CAPACITANCE (iF)
o

o
=4

0.001
1043100 st ms 10ms 100ms ts 105 1005
{4 = TIME DELAY

TL/H/7851-7
FIGURE 3. Time Delay

ASTABLE OPERATION R
If the circuit is connected as shown in Figure 4 (pins 2 and 6
connected) it will trigger itself and free run as a multivibraior.
The external capacitor charges through Ry + Rg and dis-
charges through Rg. Thus the duty cycle may be precisely
set by the ratio of these two resistors,
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[

TL/H/7851-8
FIGURE 4. Astable
In this mode of operation, the capacitor charges and dis-
charges between 1/3 Vg and 2/3 Vce. As in the triggered
mode, the charge and discharge times, and therefors the
frequency are independent of the supply voltage,




Applications Information (continued)

Figure 5 shows the waveforms generated in this mode of
operation.

/ / 1 \\v/ -

TL/H/7851-9

Vge = 5V Top Trace: Output 5V/Div.

TIME = 20 us/0lv.  Bottom Trace: Capacitor Voltags 1V/Dlv.
Rp = 3.9 k2

Rg = kN

C = 0.01 uF

FIGURE §. Astable Waveforms
The charge time (output high) is given by:
ty = 0.693 (Rp + R)C
And the discharge time {output low) by:
t; = 0.693 (Rg) C
Thus the total period is:
T=t; + 1 = 0.693(Ry +2Rg) C
The frequency of oscillation is:
(- _1__ - 1.44
T (Ra+ 2Rg)C
Figure 6 may be used for quick determination of these RC
values.

Ag
The duty cycle is: D= o
ty cy Ra + 2Rp
NN [
10 \, A N,
AN N
- B, N B D
= 2 z, 2
s 0‘?, f\$‘, ",J .
< W N N N\
: NN
S o — N R
{Ry + 2R,) \
0.001 | ho A
01110 100 b 10k 100k
t— FREE-RUNNING FREQUENCY (H2)
’ TL/H/7851-10

FIGURE 6. Free Running Frequency

FREQUENCY DIVIDER

The monostable circuit of Figure 1 can be used as a fre-
quency divider by adjusting the length of the timing cycie.
Figure 7 shows the waveforms generated in a divide by
three circuit.

) e
=

TL/H/7851-11
Voo = 5V Top Trace: Input 4V/Div.
TIME ~ 20 ps/DiV Middle Trace: Output 2V/Div.
Ra = 3.1 kf) Bottom Trace: Capacitor 2V/Div.
C = 0.01 uF
FIGURE 7. Frequency Divider

PULSE WiDTH MODULATOR

When the timer is connected in the monostable mode and
triggered with a continuous 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 waveform

examples.
1 o
[}
‘ ! DISCHARGE 'S )
ISCHA
TRIGGER O—d 2 1
s ¢ |THRESHOLO
MOOULATION
INPUT
OUTPUT O3 sl0 ==,
1
TL/H/785) 12
FIGURE 8. Pulse Width Modulator
—
o A 1l l
PN
- T
\‘
Y ey 2 q -
TL/H/TB 113
Vee =~ 5V Top Trace: Modutation 1v/0Oiv

TIME = 02 ms/DIV  Bottom Trace: Output Volage 2V/Dw
Ra = 3.1k}
C = 0.0t uF

FIGURE 9. Pulse Width Modulator

PULSE POSITION MODULATOR

This application uses the timer connected for astable opera-
tion, as in Figure 10, with a modulating signat again applied
to the control voltage terminal. The puise position varies
with the modulating signal, since the threshold voltage and
hence the time delay is varied. Figure 17 shows the wave-
forms generated for a triangle wave modulation signal,




Applications Information (continued)

0 Ve,
% "
E R'
LM5SS 3
MODULATION |
QUTPUT O—{) § —=0 c

TL/H/1851-14
FIGURE 10. Pulse Position Modulator
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TL/H/7851-15
Ve = 5V Top Trace: Modutation Input 1V/Div
TIME ~ 0.1 ms/DIV. Bottom Trace: Qutput 2v/Div
A = 3.9 kD
Rg = 3kN
C ~ 0.01 uF

FIGURE 11. Pulse Position Modulator

LINEAR RAMP

When the pullup resistor, Ra, in the monostable circuit is
replaced by a constant current source, a linear ramp is gen-
erated. Figure 12 shows a circuit configuration that will per-
form this function.

At
TRIGGER ? H

pLTIY]
OR EQuUIV

LMSS5

R?
QUTPUT O—d4

TL/11/7851-16

FIGURE 12
Figure 13 shows waveforms generated by the linear ramp.
The time interval is given by:
_ 2/3VccRe (R + R)C

T

" RyVcc — Vee (Ry + Ry)
Vgg = 0.6V

// //
d P

e W

Vee = 5V Top Trace: input 3V/Div.

TIME = 20 ps/DIV. Middle Trace: Output 5V/Div.

Ry = 47k Bottom Trace: Capacitor Voltage 1V/Div.
Ry = 100 k2

Rg = 2.7 kN

C = 0.01 uF

TL/H/7851-17

FIGURE 13. Linear Ramp

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors Rp and Rg may te
connected as in Figure 14. The time period for the out-




Applications Information (continued)

put high is the same as previous, ty = 0.693 Ra C. For the
output low it is ty =
2RA]

Rg —
RaRp)/(Ra + Rp)| C #n | =——2
{(RaRg)/(Ra B)] n[2Ra-RA

Thus the frequency of oscillationis f =
ty +t2

*+Vee

Aa
Stk

‘ s .

LMsss (]

QUTPUT Omemmy 3 H

TL/H/7851-18

FIGURE 14, 50% Duty Cycle Oscillator
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Physical Dimensions inches (milimeters)

-<- 0.350-0.370
{8.890 --9,398)
DIA

Note that this circuit will not oscillate if Rp is greater than
1/2 Ra because the junction of Ra and Rg cannot bring pin
2 down to 1/3 V¢ and trigger the lower comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to protect
associated circuitry. Minimum recommended is 0.1 uF in
parallel with 1 uF electrolytic.

Lower comparator storage time can be as long ‘as 10 us
when pin 2 is driven fully to ground for triggering. This limits
the monostable pulse width to 10 ps minimum.

Delay time reset to output is 0.47 us typical. Minimum reset
pulse width must be 0.3 us, typical.

Pin 7 current switches within 30 ns of the output (pin 3)
voltage.
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Order Number LM555H or LM555CH
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Physical Dimensions inches (milimeters) {Continued)
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LM555/LM555C Timer

Physical Dimensions inches (millimeters) (Continued)
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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

Molded Dual-In-Line

Package (N)

Order Number LM555CN

NS Package Num

SEMICONDUCTOR CORPORATION. As used herein:
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effectiveness.
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General Description

The LM565 and LM565C are general purpose phase locked
loops containing a stable, highly linear voltage controlled
oscillator for low distortion FM demodulation, and a double
balanced phase detector with good carrier suppression. The
VCO frequency is set with an external resistor and capaci-
tor, and a tuning range of 10:1 can be obtained with the
same capacitor. The characteristics of the closed loop Sys-
tem—bandwidth, response speed, capture and pull in
range—may be adjusted over a wide range with an external
resistor and capacitor. The loop may be broken between the
VCO and the phase detector for insertion of a digital fre-
quency divider to obtain frequency multiplication.

The LMS565H is specified for operation over the ~55°C to
+ 125°C military temperature range. The LM565CN is speci-
fied for operation over the 0°C to + 70°C temperature range.

Features

@ 200 ppm/*C frequency stability of the VCO

m Power supply range of +5 to *12 volts with
100 ppm/ % typical

m 0.2% linearity of demodulated output

&National Semiconductor

February 1695

LM565/LM565C Phase Locked Loop

® Linear triangle wave with in phase zero crossings
available

® TTL and DTL compatible phase detector input and
square wave output

® Adjustable hold in range from =1% to - t60%

Applications

Data and tape synchronization
Modems

FSK detnodulation

FM demodulation

Frequency synthesizer

Tone decoding

Frequency multiplication and division
SCA demodulators

Telemetry receivers

Signal regeneration

Coherent demodulators

Connection Diagrams
Metal Can Package

TIMING
CAPACITOR

VCO CONTROL

VOLTAGE
REFERENCE
VCO OUTPUT ouTPYT
PHASE COMPARATOR
VCO INPUT
TL/H/7853-2
Order Number LM565H

See NS Package Number H10C

Dual-In-Line Package
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Vveo q Bl
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VCO INPUT [ e
REFERENCE 6 9 TIMING
OUTPUT " CAPACITOR
VCO CONTROL __0 B _Timing
VOLTAGE RESISTOR

TL/H/7853-3
Order Number LM565CN
See NS Package Number N14A
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Absolute Maximum Ratings

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

Operating Temperature Range
LM565H
LM565CN

—-55°Cto +125°C
0°Cto +70°C

Supply Voltage Fia2v Storage Temperature Range ~65°C to +150°C

Power Dissipation (Note 1) 1400 mW Lead Temperature (Soldering, 10 sec.) 260°C

Ditferential Input Voltage 1V

Electrical Characteristics ac est Circuit, T4 = 25°C, Vg = *6v

Parameter Conditions LMS6S LMSesC Units
Min Typ Max Min Typ | Max
Power Supply Current 8.0 12.5 8.0 125 mA
Input Impedance (Pins 2, 3) —4V < Vo, Vg < OV 7 10 5 kQ
:__’igu'::’c‘;m“m Operating Co = 27pF 300 | 500 250 | 500 kHz
VCO Free-Running Co = 1.5nF
Frequency Ry = 20 kO -10 0 +10 | —-30 0 +30 %
fo = 10kHz

;L:‘L‘::'\‘/?;E;T with o1 | 10 0.2 | 15 %IV
Triangle Wave Output Voltage 2 24 3 2 2.4 3 Vp-p
Triangle Wave Output Linearity 0.2 0.5 %
Square Wave Output Level 4.7 5.4 4.7 5.4 Vpp
Output Impedance (Pin 4) 5 5 k)
Square Wave Duty Cycle 45 50 55 40 50 60 %
Square Wave Rise Time 20 20 ns
Square Wave Fall Time 50 50 ns
Output Current Sink (Pin 4) 0.6 1 0.6 1 mA
VCO Sensitivity fo = 10kHz 6600 6600 Hz/v
gierr]n;))dulated Output Voltage 1+ 10% Frequency Deviation 250 300 400" | 200 300 450 MVpp
Total Harmonic Distortion * 10% Frequency Deviation 0.2 0.75 0.2 1.5 %
Output Impedance (Pin 7) 3.5 3.5 k)
DC Level (Pin 7) 4.25 4.5 4.75 4.0 4.5 5.0 \
I?/‘;t'i"tvz; fset Voltage 30 | 100 50 | 200 nv
Temperature Drift of {V7 ~ Vgl 500 500 pv/*C
AM Rejection 30 40 40 dB
Phase Detector Sensitivity Kp .68 .68 V/radian

Note 1: The maximum Junction temperature of the LM565 and LMS65C is + 150°C, For operation at elevated temperatures, devices in the TO-5 package must be
derated based on a thermal resistance of + 150°C/W junction to ambisnt or +45°C/W junction to case. Thermal resls(anci of the duakin-tine package Is

+85°C/w.




Typical Performance Characteristics
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AC Test Circuit

-8V
Q
SAWTOO0TH
oureyt ©
INPUT
(FREQUENCY
MODULATED
SIGNAL) 1of
10,F \L

8

Note: 4 open for output ofiset voltage (V7 ~ Vg) measurement,

Typical Applications

COMPOSITE
INPUT

n1uf

SOUARE WAVE
outPUY

2400 Hz Synchronous AM Demodulator

|||-—E—

?'_J: i

OFFSET
b—0 yoTace
Wy -Vl
OFMODULATED
ouTrUT

TL/H/7853-6

TU/H/7653-5




Typical Applications (continued)

FSK Demodulator (2025-2225 cps)
"2

?
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<

15

10.f

\ 4

<
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L
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INPUT
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QUTPUT TO
PRINTER
MAGNET
DRIVER

TL/H/7863-7
FSK Demodulator with DC Restoration
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PRINTER
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INFUT

TL/H/7853-8




Typical Applications (continued)

Frequency Multiplier (X 10)
+6v

470 nf

N

—100 nf

—O fpyrpyr = 100 kHz

1 [=

14 13 12 1110 9 8

;N

) MMT4C80

1 2 3 4 5 6 7

L———O+8Y

TL/H/7853-9
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IRIG Channel 13 Demodulator
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470k

!
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380x
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O -8V
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250k |
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Applications Information
In designing with phase locked loops such as the LM565,
the important parameters of interest are:
FREE RUNNING FREQUENCY
0.3

o= RoCa
LOOP GAIN: relates the amount of phase change between
the input signal and the VCO signal for a shift in input signal
frequency (assuming the loop remains in iock). In servo the-
ory, this is cailed the “velocity error coefficient.”

Loop gain = KyKp (L)

sec

radlans/sec)

Ko -+ oscillator sensitivity (
volt

K h delector sensitivit ( volts )
i ase delector sei Vi -
D~P Y radian

The loop gain of the LM565 is dependent on supply voltage,
and may be found from:
3361,
c

fo = VCO frequency in Hz

V¢ = total supply voltage to circuit
Loop gain may be reduced by connecting a resistor be-
tween pins 6 and 7; this reduces the load impedance on the
output amplifier and hence the loop gain.
HOLD IN RANGE: the range of frequencies that the loop will
remain in lock after initially being locked.

= ie—fo

VC
fo = free running frequency of VCO
Ve = total supply voltage to the circuit

THE LOOP FILTER

In almost all applications, it will be desirable to filter the
signal at the output of the phase detector (pin 7); this filter
may take one of two forms:

Ko Kp =

Simple Lag Filter

Vee

TL/H/7853-11

R1 = 38k

LM565

TL/H/7853-12
A simple lag filter may be used for wide closed loop band-
width applications such as modulation following where the
frequency deviation of the carrier is fairly high (greater than
10%), or where wideband modulating signals must be fol-
lowed.

The natural bandwidth of the closed loop response may be
found from:

1 [KoKp
2r VR,C,

fn

Associated with this is a damping factor

1 1
8 2 \/R1C,K°KD
For narrow band applications where a narrow noise band-
width is desired, such as applications involving tracking a
slowly varying carrier, a lead lag filler should be used. in
general, if 1/R4Cy < K4 Kp, the damping factor for the loop
becomes quite small resulting in large overshoot and possi-
ble instability in the transient response of the loop. In this
case, the natural frequency of the loop may be found from

1 [ KoKp
fp = = [—=——
2r N7y + 72
71+ 72 = (Ry +Rp) Cy
Ry is selected to produce a desired damping factor 8, usual-

ly between 0.5 and 1.0. The damping factor is found from
the approximation:

8 = a7aly
These two equations are plotted for convenience.

Filter Time Constant vs Natural Frequency
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TL/MI7853-13
Damping Time Constant vs Natural Frequency
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TL/H/ 785314
Capacitor C;, should be much smaller than C4 since its func-
tion is to provide filtering of carrier. In general C2 £0.1Cy.




Physical Dimensions inches (millimeters)
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LM565/LM565C Phase Locked Loop

Physical Dimensions inches (milimeters) (Continued)

s.740-0170
L ETRRIXTT) |
-

woLx _
ARES
"oy _ PNRD 4
O Py
0082 o, 9030 MAx
12 334) 18 762} OeFe
QPIIOA 1 OPTIIN 82
£135 20 008 X000
5-0.204 pamis.un 0w {Fee-aim 0063
1502 Ve
— e S TIP g4 TYP A%
am-son) 524 A7 oo O rn
v Y
T f \ —

! ' ; [T 1Y L. L4 KLY
LA} 1 WoTes 1w Jod s ERI= a8
o5 ® 4’ ] ]

LI ELU 1 0.073 10.018 !

o .
ton -0en ' -
w—» 1
16 386 ~0.584] ! | e blROON L)
I aaspepen . FANEI Y -
.857 1 —
TPy LR :::m
TG
{1 25

Dual-In-Line Package (N)
Order Number LM565CN
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
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure 1o 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 10 perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.
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&National Semiconduc

DM5490/DM7490A, DM7493A
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 90A and divide-
by-eight for the 93A.

All of these counters have a gated zero reset and the S0A
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 Qa output. The input
count pulses are applied to input A and the outputs are as

July 1992
tor

’

described in the appropriate truth table. A symmestrical di-
vide-by-ten count can be obtained from the 90A 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

®» Typical power dissipation
— 90A 145 mwW
—93A 130 mW

® Count frequency 42 MHz

Connection Diagrams

Dual-In-Line Package

INPUT
A NC Qp Op GND Qg O¢
14 113 12 11 ]10 1 8
Qa Qp Qp
- 4 ac p—d
P> 8 Rg(2) [—
Rog1) Rogz) Roy1)
1 2 3 4 [ [] T
m:UT Ro(1) Ro(z NC  Vce Rg(1) Rg(z)

Order Number DM5490J, DM5490W or DM7490AN
See NS Package Number J14A, N14A or W14B

Dual-In-Line Package

TL/F/6533-1

NPUT
A NC 0), Op GND Qg Q¢
14 In 12 |n IIO 9 8
0 QG Cp
D A
Qc
—p 8
Ro(1) Ro(2)
1 ' E |4 [s le |7
ms;ur Rofy) Rog2) NC  Voe NG NC
TL/F/6533-2
Order Number DM7493AN

See NS Package Number N14A
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RRO-B30M105/Printed in U, 5. A,

sJ9juno) Aieuig pue apeosa(q
VE6Y.LNG ‘Y06 .INA/06VSING



Absolute Maximum Ratings (Note)

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

Supply Voltage A%
input Voltage 5.5V

Note: The "Absolute Maximum Ratings” are those valuves
beyond which the safety of the device cannot be guaran-
tead. 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

Operating Free Air Temperature Range
DM54
DM74

Storage Temperature Range

—55°Cto +125°C
0°Cto +70°C
~65°Cto +150°C

Recommended Operating Conditions

the conditions for actual device operation.

Symbol Parameter DM5490 PM749°A Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4,75 5 5.25 \
ViH High Level Input Voltage 2 2 \
Vit Low Level Input Voltage 0.8 0.8 \
loH High Level Output Current -0.8 -0.8 mA
loL Low Level Output Current 16 16 mA
foLk Clock Frequency A 0 32 0 32 MHz
(Note 5) B 0 16 0 16
tw Pulse Width A 15 15
(Note 5) B 30 30 ns
Reset 15 15
1REL Reset Release Time (Note §) 25 25 ns
Ta Free Air Operating Temperature ~55 125 0 70 °C
"80A Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min (NKEU Max Units
\ Input Clamp Voltage Vee = Min, I = —12mA -1.5 \
VoH High Level Output Vee = Min, loy = Max 24 3.4 v
Voltage ViL = Max, Viy = Min
Vou Low Level Output Vee = Min, loL = Max 0.2 04 v
Voltage Vi = Min, V)L = Max (Note 4) ’
Iy input Current @ Max Ve = Max, V| = 55V
Input Voltage 1 mA
W High Level Input Vee = Max A 80
Current Vy = 27V Reset 40 A
B 120
'R Low Level Input Vee = Max A -3.2
Current V| = 0.4V Reset —16 mA
B —~4.8
los Short Circuit Vee = Max DM54 -20 -57 A
Output Current (Note 2) DM74 18 = m
lee Supply Current Vee = Max (Note 3) 29 42 mA

Note 1: Al typicals are at Ve ~ 5V, Tp = 25°C

Note 2: Not more than one output should be shorted at a tima.
Note J: Icc is measured with all outputs opsn, both RO nputs grounded loliowing momentary connection 1o 4.5V, and all other inputs grounded.

Note 4: Qa outputs are tested at g = Max plus the limit value of |y for the B input, This permis driving the B input while maintaining full fan-out capability.
Note 5: T4 = 25°C and Vg¢ = 5V




'80A Switching Characteristics

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

R = 4000
Symbol Parameter ?‘;)TO(&:?:&:]:)) Cy = 15pF Units
Min Max

fMAX Maximum Clock AtoQa 32 MH2

Frequency BtoQg 16
tpLH Propagation Delay Time .

Low to High Levet Output AtoQa 16 ns
tPHL Propagation Delay Time

High to Low Level Output AtoQa 18 ns
tpLH Propagation Delay Time R

Low to High Level Output AtoQp 48 ns
1pPHL Propagation Delay Time

High to Low Level Output AtoQp 50 ns
tpLH Propagation Delay Time

Low to High Level Output BtoQs 18 ns
tPHL Propagation Delay Time ~

High to Low Level Output BtoQg 2 ns
PLH Propagation Delay Time

Low to High Level Output BloQc 82 rs
tPHL Propagation Delay Time

High to Low Level Output BloQc 35 ne
tpLH Propagation Delay Time

Low to High Level Output BloQo 32 ns
tPHL Propagation Delay Time

High to Low Level Output BtoQo _ 35 ns
lpLH Propagation Delay Time SET-9to 10 ns

Low to High Level Output Qa Qp
tPHL Propagation Delay Time SET-91t0 & 40 ns

High to Low Level Output Qg. Qc K
tPHL Propagation Delay Time SET-0 40 ns

High to Low Level Output Any Q




Recommended Operating Conditions

DM7493A

Symbol Parameter Units
Min Nom Max
Vee Supply Voltage 4.75 5 5.25 \
Vid High Level Input Voltage 2 \
viL Low Level Input Voltage 0.8 v
loH High Level Output Current -0.8 mA
oL Low Level Output Current 16 mA
fcLk 8\11(;?: ;requency A 0 32 MHz
B 0 16
tw Pulse Width A 15
(Note 5) B 30 ns
Reset 15
IREL Reset Release Time (Note 5) 25 ns
Ta Free Alr Operating Temperature 0 70 °C
'93A Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Unlts
v (Note 1)
\7 input Clamp Voltage Vece = Min, || = —12mA -1.5 \%
VoK High Level Output Ve = Min, lopy = Max 24 3.4 v
Voltage VL = Max, Vi = Min
VoL Low Level Output Vee = Min, loL = Max 02 04 v
Voltage Viy = Min, V| = Max (Note 4)
I Input Current @ Max Voo = Max, V) = 5.5V 1 mA
Input Voltage
IH High Leve! Input Vce = Max Reset 40
Current V) = 2.4V A 80 A
B 80
IiL Low Level Input Vee = Max Reset —-1.6
Current V| = 0.4V A 3.2 mA
B -3.2
los gzgtu?gﬁg:(ent zl/\?:te 2)Max —18 —57 mA
Icc Supply Current Vee = Max (Note 3) 26 39 mA

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

Nots 2: Not more than one output should be shorted at a time.
Note 3: lc is meaaured with all outputs open, both RO Inputs grounded lollowing momentary connection to 4.5V and all other inputs grounded,
Note 4: Q, outputs are tested at log = Max plus the limit value of fy for the B Input. This permits driving the B input while maintaining full fan-out capability.
Note 5: Tp = 25°C and Vg = 5V.




'93A Switching Characteristics

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

From (Input) Ry = 4000
Symbol Parameter To (Output) Cp = 15pF Units
Min Max

fMAX Maximum Clock AtoQp 32 MHz
Frequency BtoQg 16

tPLH Propagation Delay Time Ato 16 ns
Low to High Level Output Qa

PHL Propagation Delay Time Ato 18 ns
High to Low Level Output Qa

tPLH Propagation Delay Time Ato 70 ns
Low to High Level Output Qp

tPHL Propagation Delay Time Ate 70 ns
High to Low Level Output Qp

tpLH Propagation Delay Time Bto 16 ns
Low to High Level Output Qg

tPHL Propagation Delay Time Bte 21 ns
High to Low Level Output Qg

tPLH Propagation Delay Time Bto 32 ns
Low to High Level Output Qc

tPHL Propagation Delay Time Bto 35 ns
High to Low Level Output Q¢

tPLH Propagation Delay Time Bto 51
Low to High Level Output Qp ns

tPHL Propagation Delay Time Bto 51
High to Low Level Qutput Qp ns

tPHL Propagation Delay Time SET-0
High to Low Level Output to 40 ns

AnyQ




Function Tables (vote D)

90A 90A 93A
BCD Count Sequence BCD Bi-Quinary (5-2) Count Sequence
(See Note A) (See Note B) (See Note C)
Count Outputs Count Qutputs Count OQutputs
Qp Qc Qs Qa Qs Qp Q¢ Qp Gp Qc Qs  Qa
0 L L L L 0 L L L L 0 L L L L
1 L L L H 1 L L L H 1 L L L H
2 L L H L 2 L L H L 2 L L H L
3 L L H H 3 L L H H 3 L L H H
4 L H L L 4 L H L L 4 L H L L
5 L H L H 5 H L L L 5 L H L H
6 L H H L 6 H L L H 6 L H H L
7 L H H H 7 H L H L 7 L H H H
8 H L L L 8 H L H H 8 H L L L
9 H L L H 9 H H L L 9 H L L H
10 H L H L
11 H L H H
12 H H L L
13 H H L H
14 H H H L
15 H H H H
90A 93A
Resget/Count Function Table Reset/Count Function Table
Reset Inputs OQutputs Reset Inputs Outputs
RO(1) RO(2) Re(1) Re(2) | Qp Q¢ Qg Qa RO(1) RO(2) Qp Q¢ Qp Qp
H H L X L L L L H H L L L L
H H X L L L L L L X COUNT
X X H H H L L H X L COUNT
)L< )L( )L( )L( ggld:; Note A: Output Qy s connacted 1o input B for BCD count
L X X L COUNT Note B: Output Qp is connected to input A for bi-quinary count.
X L L X COUNT Note C: Output Q4 is connacted to Input B.

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




Logic Diagrams
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DM5490/DM7490A, DM7493A
Decade and Binary Counters

Physical Dimensions inches (millimeters) (Continued)

0.080

= o050 |—0.385 MAX —»|
0.045 - e~ 0.005 IN TYP
00261 1 o.osoto.org.; -
Tre w T 8 f
.I I 0.370
i 0.250
n -
- 0.280 MAX ) 0.260
L GLASS 0.235
l r 0.012
L t 0.008
( DETAIL A
DETAIL A —/l/ 0.370
_/ ! 0.250
PIN #1 |
IDENT |17 I
0.006 0.019 TYP -»l L— = 0,045 MAX w148 (REV J)
0.004 0.015 Ve
TYP
14-Lead Ceramic Flat Package (W)
Order Number DM5490W
NS Package Number W14B
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Philips Semiconductors RF Communications Products - Product specification

Video amplifier NE592

M

DESCRIPTION PIN CONFIGURATION
The NE592 is a monolithic, two-stage, differential output, wideband |'_ N Packages o]
video amplifier. It offers fixed gains of 100 and 400 without external - _—wﬁ
components and adjustable gains from 400 to 0 with one extemal | INPUTZ 1~ T4 iNeuT
resistor. The input stage has been designed so that with the addition ’ 1 |

" . NC "2 ! _ﬂ NC
of a few external reactive elements between the gain select o —
terminals, the circuit can function as a high-pass, low-pass, or G2B GAIN SELECT LL | ’ E Gop GAIN SELECT
band-pass filter, This feature makes the circuit ideal for use as a — m
video or pulse amplifier in communications, magnetic memories, G1g GAIN SELECT 4 V | 1!} G1p GAIN SELECT
display, video recorder systems, and fioppy disk head amplifiers. v. 5 T} Ve
Now available in an 8-pin version with fixed gain of 400 without il ! TR sy
external components and adjustable gain from 400 to 0 with one Ne 6 [ |°) ~e
external resistor. ouTPUTZ2 7| -~ ;.--E OUTPUT 1

TOP VIEW
FEATURES
® 120MHz unity gain bandwidth
O, N Packages
® Adjustable gains from 0 to 400 .
INPUT2 [ INPUT 1
° Adi -
Adjustable pass band G1p GAINSELECT [2 @1 GAIN SELECT
® No frequency compensation required v- [3 Vs
® Wave shaping with minimal external components OUTPUT2 OUTPUT 1
® MIL-STD processing available TOP VIEW
APPLICATIONS

® Floppy disk head amplifier

® Video amplifier

® Pulse amplifier in communications
® Magnetic memory

® Video recorder systems

2 4 O +V
R % R2 %Rs %10 R9 J
7\65
‘J ﬁ as

'—‘—W\v L4 —O OUTPUT 1
INPUT 2

INPUT 1 a1l a2 AN
ala a1s R12 $——0 OUTPUT2
R3 RS
G2A G28
B as 1 I/ Qg o1o|)
a7A | [P at
g:m

BLOCK DIAGRAM

Q7
R7A R1S R16 R13 R14

& ® & 9 -0 -V
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Philips Semiconductors RF Communications Products Product specification

Video amplifier NE5S92

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
14-Pin Plastic Dual In-Line Package (DIP) 0to +70°C NE592N14 0405B
14-Pin Small Outline (SO) package 0to +70°C ~ NE592D 14 0175D
8-Pin Plastic Dual In-Line Package (DIP) 0to +70°C NE592N8 0404B
8-Pin Small Outline (SO) package 0to +70°C NE592D8 0174C

NOTES:
N8, N14, D8 and D14 package parts also available in “High” gain version by adding "H" before
package designation, i.e., NE592HDB

ABSOLUTE MAXIMUM RATINGS

Ta=+25°C, unless otherwise specified.

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 18 v
VIN Differential input voltage 5 \
Veum Common-mode input voltage 6 v
lout Output current 10 mA
Ta Operating ambient temperature range 0to +70 °C
Tsta Storage temperature range -65 to +150 °C
Pb mMax Maximum power dissipation,

Ta=25°C (still air)!
D-14 package 0.98 W
D-8 package 0.79 w
N-14 package 1.44 W
N-8 package 1.17 W
NOTES:

1. Derate above 25°C at the following rates:
D-14 package at 7.8mW/rC
D-8 package at 6.3mW/»C
N-14 package at 11.5mW/rC
N-8 package at 9.3mW/rC
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Philips Semiconductors RF Communications Products

Product specification

Video amplifier

NE592

DC ELECTRICAL CHARACTERISTICS

Ta=+25°C Vgg=16V, Veou=0, unless otherwise specified. Recommended operating supply voitages Vg=16.0V. All specifications apply to both

standard and high gain parts unless noted differently.

symBoL PARAMETER TEST CONDITIONS NESS2 UNIT
Min Typ Max
AvoL Differential voltage gain,
standard part
. Gain 1! Ri=2kQ, VouT=3Vp.p 250 400 600 4%
Gain 22. 4 80 100 120 A%
Rin Input resistance
Gain 1! 40 kQ
Gain 22.4 10 30 kQ
CiN Input capacitance? Gain 24 2.0 pF
los Input offset current 0.4 5.0 HA
Igias Input bias current 90 3¢ LA
VNOISE Input noise voltage BW 1kHz to 10MHz 12 uVams
Vin Input voltage range +1.0 \
CMRR Common-mode rejection ratio
Gain 24 Vemt1V, f<100kHz 60 86 dB
Gain 2¢ VomtV, f=5MHz 60 dB
PSRR Supply voltage rejection ratio
Gain 24 AVg=+0,5V 50 70 dB
Vos Output offset voltage
Gain 1 Ry =e 1.5 \Y
Gain 24 Ry =c0 1.5 v
Gain 38 Ri=e 0.35 0.75 \
Vewm Output common-mode voltage Ri=ee 2.4 2.9 3.4 v
VouTt Output voltage swing R(=2kQ 3.0 4.0 \
differential
Rout Output resistance 20 )
lee Power supply current Ry =eo 18 24 mA
NOTES:
1. Gain select Pins G4 and G,g connected together.
2. Gain select Pins Gypa and Gog connected together.
3. All gain select pins open.
4. Applies to 14-pin version only.
April 15, 1992 252




Philips Semiconductors RF Communications Products - Product specification

Video amplifier NES92

DC ELECTRICAL CHARACTERISTICS
DC Electrical CharacteristicsVgg=16V, V=0, 0°C <Tp<70°C, unless otherwise specified. Recommended operating supply voltages Vg=16.0V.
All specifications apply to both standard and high gain parts unless noted differently.

SYMBOL PARAMETER TEST CONDITIONS - NES92 UNIT
Min Typ Max
Avor Differential voltage gain,
standard part ,

Gain 1! R =2kQ, Voyt=3Vp.p 250 600 Vv

Gain 22. 4 80 120 4%
Rin Input resistance

Gain 22, 4 8.0 kQ |
los Input offset current 6.0 pA '
lBlAS input bias current 40 pA
Vin Input voltage range 1.0 \Y |
CMRR Common-mode rejection ratio .

Gain 24 Veut1V, f<100kHz 50 dB
PSRR Supply voltage rejection ratio

Gain 24 AVg=10.5V 50 dB

Output offset voltage
Vos Gain2¢ A= s v
Gain 3° 1.0
VouTt Output voltage swing differential R =2kQ 2.8 \
lee Power supply current Ry = 27 mA
NOTES:

1. Gain select Pins Gy, and Gyg connected together.
2. Gain select Pins Goa and Gag connected together,
3. All gain select pins open.

4. Applies to 14-pin versions only.

AC ELECTRICAL CHARACTERISTICS
Ta=+256"C Vgg=16V, V=0, unless otherwise specified. Recommended operating supply voltages Vg=16.0V. All specifications apply to both
standard and high gain parts unless noted differently.

SYMBOL PARAMETER TEST CONDITIONS NE/SA592 UNIT
Min Typ Max
Bandwidth
BW Gain 1! 40 MHz
Gain 22.4 90 MHz
Rise time
ta Gain 1! Vour=1Ve.p 10.5 12 ns
Gain 22.4 4,5 ns
Propagation delay
tpp Gain 1! Vour=1Vp.p 7.5 10 ns
Gain 22. 4 6.0 ns
NOTES:

1. Gain select Pins Gy and Gg connected together.
2. Gain select Pins Gy, and Gyg connected together.
3. All gain select pins open.

4. Applies to 14-pin versions only.
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NESS2

TYPICAL PERFORMANCE CHARACTERISTICS

Common-Mode Rejection Ratio Output Voltage Swing as
as a Function of Frequency a Function of Frequency Pulse Response
m
2 100 T T 7.0 —rTT 1.6 o
0' 90 GAIN 2 a Vg = +6V 1.4 S':ﬂo ]
5 Vg = 6V t>:- 6.0 TA = 25°C H— 2 TA= .? C ]
& 80 N Ta = 25°C H— ‘5 R = 10 >| . RL= 1%
5 10 N z 50 S0
B N £ ¢ s N
g ® 40 g 77
g s0 g N 3 06|l camnz Y 4
N < >
w40 N =30 - o4 1/
a 3] 2 / GAIN 1
g % o \ £ o2
= =20 5 % /,
2z a °
en 5 1o
= 10 o ) -0.2
o]
©c 0 0 -0.4
10k 100k 1™ 10M  100M 1 5 10 50 100 5001000 1510 -5 0 5 10 15 20 25 S0 35
FREQUENCY - Hz FREQUENCY - MHz TIME - ns
Supply Current as a Pulse Response as a Pulse Response as a
Function of Temperature Function of Supply Voltage Function of Temperature
28 1.6 L 1.8
T T AL
TA=25°C | | 14| SAINZ 4 GAIN 2
Ta = 25°C 14 - Vg = gy
A 12 - R =1k Vg =48V =
g v > L=1k0 Vg =28 5 12 RL = 1kQ
1 '/ Ao = 110 e
- w // Vg = +6V w
z / i (0] T, p=0°C
&, 20 : 0.8 I ot S 0.8 |- 'am M —+—
- =
c v g o6 / Vg=23V | § 08 | Ta=250C | |
Q 3
> 16 va 5 o4 5 04 [ ]
& / £ 02 / £ o2 Ta=70%
> v 2 5 o
? Y, o °
12 v 0 0
/ -0.2 -0.2
8 -0.4 0.4
3 4 5 6 7 8 -15-10-5 0 5 10 15 20 25 30 35 <1510 5 0 5 10 15 20 25 30 35
SUPPLY VOLTAGE = 4V TIME  ns TIME - ns
Voltage Gain as a Gain vs. Frequency as a Voltage Gain as a
Function of Temperature Function of Temperature Function of Supply Voltage
1.10 1 60 T ‘ L I —
8 GAIN 2
1.08 Vg =#gy ° 1.3 Tamb = 25°C
! 50 Vs =gy +4—
Z 106 ] z
Z < RL=1kQ 3 1.2 /
S 104 o 4o SRR A
w
2 102 \\ 9 N S 4o GAIN 2 LA
= = 30 = Y
3 1.00 ]y 4] Ta = b5oC | 3 o8 ol
> \'\\\ GAIN 2 2, A=- AV LY >
Y 098 AN g 2 - \ w 08 p
g oss s TA =25% R \ E o7 PATY
2 w Tt \\ 3 A
« 0.94 GAIN 1 2 o Ta = 125°C \ Y oos
0.92 | I z /
[ N : 1NN
0.80 -10 0.4
0 10 20 30 40 50 &0 70 1 5 10 50 100 500 1000 3 4 G 6 7 o
TEMPERATURE - °C FREQUENCY -~ MHz SUPPLY VOLTAGE - £V
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Video amplifier NE5S92

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Gain vs. Frequency as a Voltage Gain \{oltage Gain as a
Function of Supply Voltage Adjust Circuit Function of RADJ (Figure 3)
] 60 IR 1000 | T T T
© GAIN 2 0.2uF 2 [ Vg=#tV  ——f
( 3 =St 7= ook —J
50 TA =250C ~—of - o , = =]
é RL = 1kQ _‘”—‘ Z 100 TA=25°C —o
o < \— FIQURE3 ~——
w40 (¢} X, h—
u 0.2uF o =\
2 g 10 N
’g 30 N i 5 Y
> \\\ Vg = 18V g =8
g 2 ST R AN
a E. \\
§ Vg =46V —] 1 Sk E -
Y ITRA\ g N
<] w AY
g 0 Vs =13V Y = = & , L
= Tp = 25° Q i
" LI V=48V Tp=25% o 1
1 5 10 50 100 500 1000 119 100 1K 10K 100K 1M
FREQUENCY - MHz RADJ - 0
Output Voltage and Current
Supply Current as a Differential Overdrive Swing as a Function of
Function of Temperature Recovery Time Supply Voitage
@ T A " T
= é =4 « Tp =25°C
L Vg =16V FE] e V4 S ¥ 6o A
E = GAIN 2 / [ L~
119 = 50 8 z 50
= > 4 Z o //
5 x /] £ VOLTAGE L1
w w49 o & ]
c 18 S > o3 4,0
g - \\\\ ] // g o P
g 17 W 30 v g Z 30 A2 CURRENT -~
Fy N w 4 g2 /5/
a 2 2 / 25 20
S 16 i 4 = a &P
7] Q D e L1
19 & p=]
15 g 10 59 10
o] [}
14 0 0
60 20 20 60 100 140 0 20 40 60 B8O 100120 140 160 180 200 30 40 50 60 70 80
TEMPERATURE - °C DIFFERENTIAL INPUT VOLTAGE - my SUPPLY VOLTAGE ~ 4V
Output Voltage Swing as a Input Resistance as a Input Noiss Voltage
Function of Load Resistance Function of Temperature as a Function of
Source Resistance
7.0 70 100
I TTI A T T 117
GAIN 2 ~
g so Vs=a6V | Vg = 16V g o0 :AI_N 25\,
8 Tp=250C g °° T s ve 2
! ) // 80 TA=25°C
g so0 w50 T 2 BW = 10MHz ||
2 g
2 -1 / < 60
w 4.0 = 40 5
3 @ 3 so /
2 & o Y
51 3.0 / c 30 &J 40 /
[ P44 y
: 2.0 / a 20 pd g 30 /
2 * F4 -
= / = d 2> 20 L4
3 40 A 10 1] s ot "]
o = 4 : £ 10
0 0 0
10 50 100 500 1K 5K 10K 60 20 0 20 60 100 140 1 10 100 1K 10K
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NES92

Phase Shiftas a
{ Function of Frequency

° G2
i Al —]
; s N Vg= 46V
| ﬁ - \\ Ta=25°C T |
' a \
| g N
o -10 N
t
.=
w
z .15
w A
(77}
< ~N
Z a2 AN
-25
01 2 3 4 58 7 8 9 10
FREQUENCY - MHz
Voltage Gain as a
Function of Frequency
60
| Vg = 46V
so— GAINT 4 b=250C
| Ry = 1K
€ w
T 40— gaiN2 N\
L}
' 2 % \‘\
(&)
: \\
g 2
: \
g 10 \\
0
\
1 10 100 1000
FREQUENCY ~ MHz

T_E—ST CIRCUITS T,;'= 2—5‘—’a—unless otherwise specified.

o
VIN 592 AL Vourt
o ‘
510i 510
0.2uF
If4
€in i\
o927 0.24F
Jeout @out
51()‘% 510 1* 1k_]i) )
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PHASE SHIFT - DEGREES
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NE592

TYPICAL APPLICATIONS L
—
|
i
| o
Vi
NOTE:
Vots) 1.4 10 o
vist T ST ¢ 2rg
14 104
= us) + 32

Baslc Conflguration

I
|
I
I
!
I
I
|
I

g

AMPLITUDE: 1-10 mV p-p l
FREQUENCY: 1-4 MHz ]
|
I

READ HEAD DIFFERENTIATOR/AMPLIFIER

ZERO CROSSING DETECTOR

Disc/Tape Phase-Modulated Readback Systems

+6
0.2pF
—II——T—ﬂ
1
9 2 10 s K0
L]
Vi 592 L VY
o—rt-1! 7 02
' q s L'“_'”_
—ﬁ— 2Kn
-6

NOTE:
For frequency Fy << 1/2n(32) C
dvi

- 40 ==
Vo 1.4X1OCdT

Differentietion with High
Common-Mnde Nolse Rejectlon

]

FILTER NETWORKS

l

FILTER Vo (s) TRANSFER
NETWOR
Z NETWORK TYPE V1 (s} FUNCTION
R L 1.4 x 104 1
AT LOW PASS L s+ AL
X R ﬁ 1.4 x 104 _s
o WA/ i} 0 HIGH PASS R s+ 1/RC
R L c 1.4 x 104
4 x ]
o—AM—MM— Lo BAND PASS L [52 +R/Ls + 1/LC

c

o

BAND REJECT

1.4 x 104 s + 1/LC
R s2 +1/LC + s/AC

NOTES:

S=ejm

In the networks above, the R value used is assumed lo include 2rq, or approximately 32Q0.

w=2n

April 15, 1992
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&National Semiconductor

LM566C Voltage Controlled Oscillator

General Description

The LM566CN is a general purpose voltage controlled oscil-
lator which may be used to generate square and triangular
waves, the frequency of which is a very linear function of a
controt voltage. The frequency is also a function of an exter-
nal resistor and capacitor.

The LMS66CN is specified for operation over the 0°C to
+70°C temperature range.

Features
® Wide supply voltage range: 10V to 24V
m Very linear modulation characteristics

February 1995

¥ High temperature stability

m Excallent supply voltage rejection )

8 10 to 1 frequency range with fixed capacitor

W Frequency programmable by means of current, voltage,
resistor or capacitor

Applications

® FM modulation

® Signal generation

® Function generation

m Frequency shift keying
m Tone generation

Connection Diagram

Dual-In-Line Package

GND

}—— 1 Ve
TIMING CAPACITOR

SQUARE WAVE TIMING RESISTOR

ouTPUT
TRIANGLE s MOOULATION
WAVE OUTPUT INPUT

LNISEOCN

TL/H/7854-2
Order Number LM566CN
See NS Package Number NOSE

Typical Application

1 kHz and 10 kHz TTL Compatible
Voltage Controlled Oscillator

M2 o
A\ I
-4y T : wssscn 24 <
700 arnn
=7 4 )
U SO
s s e

-3 101 1umg

»n may ~tv for $0KHs

= yar
. s
-GV
COMIROL
L v

P
3 70 aav
ouspmite
T COMPATLL
oyt
W s
TN, COMPATIHLE
amys

TL/H/7854-0

103e}{tosQ pajlofue) abejjoA 295N

©1995 Natonal Semiconduciar Cosporation

TL/H/7854

HED - HIOM15/Printed in U. S, A,



Absolute Maximum Ratings

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

Power Supply Voltage
Power Dissipation (Note 1)

Operating Temperature Range, LMS66CN
Lead Temperature (Soldering, 10 sec.)

26V

1000 mW
0°Cto +70°C
1 260°C

Electrical Characteristics v = 12v, T4 = 25°C. AC Test Circuit

LM566C ;
Parameter Conditions 1 Units
Min Typ Max
Maximum Operating RO - 2k 0.5 1 MRz
Frequency CO = 2.7 pF
VCO Free-Running Co = 1.5nF
Frequency Ro = 20k -30 0 1 30 %
fo = 10kHz
Input Voltage Range Pin § YaVeo Vee
Average Temperature Coefficient 200 ppm/*C
of Operating Frequency
Supply Voltage Rejection 10-20V 0.1 2 T %V
Input impedance Pin 5 0.5 1 M
VCO Sensitivity For Pin 5, From
6.0 .6 7. Hz/V
B-10V, fo = 10 kHz 6 2 kHz
FM Distortion 1 10% Deviation 0.2 1.5 %
Maximum Sweep Rate 1 MHz
Sweep Range 10:1
Output Impedance
Pin 3 50 1]
Pin 4 50 N
Square Wave Output Level Ryy = 10k 5.0 5.4 Vp-p
Triangle Wave QOutput Level Rz = 10k 2.0 2.4 Vp-p
Square Wave Duty Cycle 40 50 60 %
Square Wave Rise Time 20 ns
Square Wave Fall Time 50 ns
Triangte Wave Linearity + 1V Segment at
. 05 %
V2 Vce

Note t: The maximum junction temperature of the LMS66CN is 150°C For operation at elevated junction temperatures, maximum power dissipation must be

derated based on & thermal resistance of 115°C/W, junction to ambient,

Applications Information

The LM566CN may be operated from either a single supply
as shown in this test circuit, or from a split (+) power sup-
ply. When operating from a split supply, the square wave
output (pin 3) is TTL compatible (2 mA current sink) with the
addition of a 4.7 k) resistor from pin 3 1o ground.

A 0.001 puF capacitor is connected between pins § and 6 to
prevent parasitic oscillations that may occur during YCO
swilching.

_24{Vt — Vg

f
0 RoCoV*

where
2K < Rg < 20K
and Vg is voltage between pin 5 and pin 1,
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Typical Performance Characteristics

RESISTANCE R 1)

SUPPLY CURRENT {mAl

FREQUENCY CHANGE (X)

100K

Operating Frequency as a
Function of Timing Resistor

Operating Frequency as a
Function of Timing Capacitor

Normalized Frequency as a
Function of Control Voitage
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LM566C Voltage Controlled Oscillator

Physical Dimensions inches (millimeters)

OPTI
0.145-10.200

0473 -0.400
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DESCRIPTION

The NE564 contains the functional blocks shown in Figure 1. In
addition to the normal PLL functions of phase comparator, VCO,
amplifier and low-pass filter, the NE564 has internal circuitry for an
input signal fimiter, a DC retriever, and a Schmitt trigger. The
complete circuit for the NE564 is shown in Figure 1.

Limiter

The input functions to produce a near constant amplitude output that
serves as the input for the phase comparator. Eliminating amplitude
vaniations in the FM input signa!l improves the AM rejection of the
PLL. Additional features of the NE564's limiter are that it is capable
of accepting TTL signals, operates at high frequencies up to 50MHz,
and remains functional with variable supply voltages between 5 and
12V

Signal limiting is accomplished in the NE564 with a differential
amplifier whose output is clipped by diodes Dy and D, (see Figure
2). Schottky diodes are used because their limiting occurs between
0.3 to 0.4V instead of the 0.6 to 0.7V for regular IC diodes. This
lower limiting level is helpful in biasing, especially for 5V operation.
When limiting, the DC voltage across R, R3 remains at the Schottky

diode voltage. Good high frequency performance for Q, and Qg is
achieved with current levels in the low mA range. Current-sourcs
biasing is established via the current mirror of Dg and Q4 (see
Figure 1).

Base biasing for Qg is of concern because of the nattire of the input
signal which can be either a TTL digital signal of 0 to 5V amplitude
or a low-level, AC coupled analog signal. Compalibility for either
type is achieved by modifying the limiter of Figure 2 with tne
addition of the vertical Schottky PNP transistors Q; and Qs as
shown in Figure 3. The input signal voltage appears as a
collector-base voltage for Q;, which presents no problems for either
high TTL level inputs or low-level analog inputs. Qg is in turn
diode-based by D3 and D, (see Figure 1) which places the base
voltages of Q4 and Qg at approximately 1.0V, This same biasing
network establishes a 1.3V bias at the base of Q.5 for biasing the
phase comparator section. A differential output signal from the input
limiter is applied to one input of the phase comparator (Qg through
Qj2) after buffering the leve! shifting through the Q; - Qg
emitter-followers,

“Note: When operating above 6Vpg, a limiting resistor must be used from Vg to Pin 10 of
the NE564.
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Figure 1. Schematic Diagram of NE564

1991 Dec



Philips Semiconductors

Application note

Circuit description of the NE564

AN179

+Vee
R4
900
m* %Rz Hs% }Dz
2k 2k
L 0 [
Vo

VIN *'»)02
R
'Il 21
o o Bias

—O BIAS

conversion gain, Kyq. The nominal current injected into this node by
the internal current source is 0.75mA for 5V operation. If the current
is externally removed by gating, the phase comparator can be
disabled and the VCO will operate at its free-running frequency.
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Figure 2. Basic Limiter Stage
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Figure 3. Limiter Stage with Input Buffering
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Figure 4. Phase Comparator Section

Phase Comparator

The phase comparator section of the NE564 is shown in Figure 4.
{tis basically the conventional, double-balanced mixer commonly
used in PLL circuits, with a few exceptions. The transconductance,
gu. for the Qq3 - Q4 differential amplifier is directly proportional to
the mirror current in Q5. Thus, by externally sifiking or sourcing
current at Pin 2, g4 can be changed to alter ttze phase comparator's
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Figure 6. VCO Section of NE564
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Figure 7. VCO Waveshapes

The variation of K4 with bias current at Pin 2 is shown in the
experimenta!l results of Figure 5. Note that the inherent 900 phase
error in the loop produces an approximate zero-phase comparator
output voltage. For any particular bias current, the slope of the line
is the Ky conversion gain for the phase comparator. Numerically the
data of Figure 5 can be expressed as: .

/
K= 0.66 (VQ".S>
rad

+92x10% ( E%%%) x Igias (HA) m

Equation 1 is valid for bias current less than 800JLA where saturation
oceurs within the phase comparator.

The current level established in Qg of Figure 3 determines all other
quiescent currents in the phase comparator {Qg through Q44).
Currents through Ry, and Ry set the common-mode output voltage
from the phase comparator (Pins 4 and 5). Since this
common-mode voltage is applied to the VCO to establish its
quiescent currents, the VCO conversion gain (Kg) also depends
upon the bias current at Pin 2.

VCO

The VCO is of the basic emitter-coupled astable type with several
modifications included to achieve the high frequency, TTL
compatible operation while maintaining low frequency drift with
temperature changes. The basic oscillator in Figure 6 consists of
Qyg. Qq0, Qa4 and Q3 with current sinks of Q5 and Qpg. The
master current sink of Qog keeps the total current constant by
altering the ratio of currents in Qa5 - Qg and the dummy current
sink of 027.

The input drive voltage for the VCO is made up of common-mode
and difference-mode components from the phase comparator. After
buffering the level shifting through Q¢7 - Qg and Rys - Ryg, the VCO
control voltage is applied differentially to the base of Qp7 and to the
common bases of Qy5 and Qyg. .

The VCO control voltages from the phase comparator are the Pin 4
and Pin 5 voltages or

V4 = ch = VBiB = VCM + 1/2VDM (2)

1991 Dec

Vs = Vcig = Vgy7 = Vo + 1/2Vpy (3

where Ve and Vpy are the respective common-mode and
difference-mode voltages.

Emitter-followers Q7 and Q,g convert these control voltages into
control currents through Dg and Dy of the form

i
lg = (R—‘s) [Vewm - 1/72Vpm - 3 Vge | (4)

1 .
Iz = (ﬁ;é) [VCM' 1/2Vpm - 3 Ve ] (5)

These individual currents are summed in Dg and become with Ry =
R16 = R.

|3=l=]5+'7=2/R (VCM'SVBE) (5)

Writing lg and |7 as functions of the total I current gives

e
e (3)(+ )

VCO FREQUENCY
IN MHz
1 1.6 'BIAS = 800pA
IBIAS = 0nA
fo = 1.0MHz 14
T 12
4 R 74 ,
T T L) T L3 L}
—400 —200 X 0 200 400 600 800
Vpinmv
T-6
/ T8
SL01037

Figure 8. VCO Out'put as a Function of Input Voltage
and Bias Current

Now consider variations in Ig and 1; while | remains constant

|ﬁ=(1-x)l=<%,>(1-%’l (9)

ami= () (12 Y24) o

where 0 < x < 1. Thus x is defined to be

(2 =)
=2/ R (1)
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Currents Ig and I; establish proportional currents in Qpz, Qy6 and
Q37 in a manner similar to the analysis above since the current in
Qggq is a constant, or

lo=lcaa = leas + lg2s + E27A + E£27B

It can be shown that the D7 - Dg diode pair will cause identical
differential currents to be reflected in both the Qu5 - Qg and the
Qg74 - Qa7 differential amplifier pairs. Consequently, the
constant-current of lo, jointly shared by the differential amplifier
pairs, will divide in each pair with the same x factor imbalance as in
Equation 11.

lgas + le26 = Xlo (12)
X
le2s = lg2s =<-*2—) lo (13)
lg27a + lg278 = (1-%) lo (14)
1-x
leo7a = lg278 = (—5 ) lo (15)

Now consider placing a capacitor between the collectors of Q,5 and
Q6 (Pins 12 and 13). Oscillation will occur with the capacitor
alternately being charged by Q;; and Q3 and constantly discharged
by Qz5 and Q26. When the Qy4 and Qy; pair conducts, Qa3 and
Qo4 will be off, causing a negative ramp voltage to appear at Pin 13
and a constant voltage at Pin 12 as shown in Figure 7. During the
next half-cycle, the transistor roles and voltages are reversed.
Capacitor discharge is via Qpg and Qqg, Which act as
constant-current sinks with current amplitudes as in Equation 13.

During each half-cycle, the capacitor voltage changes linearity by
2AV volts in AT seconds, where

X t-x
AV = 2R20 |o *'5 + —‘2— = R20 IO (16)
and
C2AV
= T— 17
AT= . (17)

Combining these two equations with Equation 13 gives a half period

of
4C Ryg
= "—x-' (18)

Utilizing Equation 11 with the AT expression gives the desired VCO
frequency expression of

YERY VoM.
©% 0\ R/ | 2(Vem -3 Vee) (9
where fg' is the VCO's free-running frequency given by

1
0= 2Ryc (20)

Equation 19 shows that the oscillator frequency is a linear function
of the differential voltage from the phase
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Figure 9. Post Detection Processor tor FSK

comparator. Resistors R35 and Rag function to insure that an initial
current imbalance exists between the Qp5 - Qg transistor pair and
the dummy Qq7. This imbalance insures that the oscillator is
self-starting when power is first applied to the circuit.

The VCO conversion gain is determined as

afo f
= — = -
0 = aVDM Rl Hz/v (21)

which is valid as long as the transistor's Vg changes are small with
respect to the common-mode voltage. both fg and Kg are inversely
proportional to R, which has a strong positive temperature
coefficient. An internal current g having an equal and opposite
negative temperatuyre coefficient is inserted into the VCO as shown
in Figure 6.

Experimental determination of Kq can be found from the data of
Figure 8 where Kq is the slope of either line. Numerically these
results are for Igjag = 0.

MHz rad

Ko=095—" =59x 106 ——
0 \ 5.9x volt/sec (22)

and for Igjag = 800LLA

MHz rad
=17 -5 =10, 08—
Ko=1.7 \ 45x volt/sec (23)

It must be noted that the specific values obtained for Kq in the
manner above are valid only for the 1.0MHz Iree-running frequency
where the data was taken. However, good estimates for Ky at other
free-running frequencies can be obtained by linearly scaling Kg to
the desired fg'. Thus, it is sometimes convenient to define a
normalized Kg as

K rad
KO(norm)=“'Qf r =59 = (s =0)
0

rad (24)
= 1045~ ('Bias = BOOHLA)

The K estimate for any bias then can be obtained by multiplying
the normalized conversion gain by the desired free-running
frequency, or

Ko (any fo') = KO(norm) fo' (25)

The additional VCO circuitry of Qgg through Qag functions to
produce the TTL and ECL compatible outputs at Pins 9 and 11.
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Ampilifier

The difference-mode voltage from the phase comparator is
extracted and amplified by the amplifier in Figure 1. The
single-ended output from this amplifier serves as input signals for
both the Schmitt Trigger and a second differential amplifier.
Low-pass filtering with a large capacitance at Pin 14 produces a
stable DC reference level as the second input to the Schmitt Trigger,
When the PLL is locked. the voltage at Pin 14 is directly proportional
to the difference between the input frequency and fo'. thus Pin 14
provides the demodulated output for an FM input signal.

Schmitt Trigger

In FSK applications, the Pin 14 voltage will assume two different
voltage levels corresponding to the mark and space input
frequencies. A voltage comparator could be used to sense and
convert these two voltage levels to logic compatible levels.
However, at high data rates, Vpyy will contain a considerable amount
of carrier signal which can be removed by extensive filtering.
Normally this complex filtering requires quite a few components,
most all of which are extemal to the monolithic PLL. Also, since the
control voitage for the comparator depends upon Kg and the
deviations of the mark and space frequenciss from fo', the filtering
has to be optimized for each different system utilized. However, the
necessary DC reference level for the comparator is present in the
PLL. but buried in carrier-frequency feedthrough which appears as

noise in the system. A Schmitt Trigger with variable hysteresis can
be used successfully to decode the FSK data without the need for
extensive filtering.

Consider the system shown in Figure 9 where the input signal is the
single-ended output derived from the amplifier section of the NE564.
The DC retriever functions to establish a DC reference voltage for
the Schmitt Trigger. The upper and lower trigger points are
adjustable extemally around the reference voltage giving the
variable hysteresis. For very low data rates, carrier feedthrough will
be negligible and the ideal situation depicted in Figure 10 results.
Increased data rate produces the carrier feedthrough shown in
Figure 10b, where false FSK outputs result because the
feedthrough amplitude exceeds the hysteresis voltage. Having the
capability to increase the hysteresis, as in Figure 10c, produces the
desired FSK output in the presence of carrier feedthrough.

Another important factor to be considered is the temperature drift of
the fg' in the VCO. Small changes in fo' will change the DC level of
the input voltage to the Schmitt trigger. this DC voltage shift would
produce errors in the FSK output in narrowband systems where the
mark and space deviations in fyy are less than the fg' change with
temperature. However, this effact can be eliminaled if the DC or
average value of the amplifier signal is retrieved and used as the
reference voltage for the Schmitt trigger. In this manner, variations
in the fo' with temperature do not affect the FSK output.
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Figure 10. Waveshapes for FSK Decoding in the Post Detection Processor
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