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ACADEMIC YEAR : 1992

ABSTRACT

This project presents a design of graphic equalizer circuit
utilizing the digital system control to change resistance value of
IC LMC 835 for change various gain level and operate to stereo 7-
band equalizer syatem (CHA), (CHB) which be designed to control 8
bit Binary number as specific of IC for band selection, each band
operate to bandpass filters and calculationvalue must be correct
with center frequency of IC LM. 835. The results obtained from
this project deviates from the required specification by the cause
deviation is due to the problem at obtaining the required circuit

component. sizes. '
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#Hlx]LlLdL L H L} OfA21200 RANGE, CH B 212d8 RANGE, BAND 2
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National
Semiconductor

LMC835 Digital Controlled Graphic Equalizer

General Description

The LMCB835 is a monolithic, digitally-controlled graphic
equalizer CMOS LSI for Hi-Fi audio. The LMCB835 consists
of a Logic section and a Signal Path section made of analog
switches and thin-film silicon-chromium resistor networks.
The LMCB835 is used with external resonator circuits to
make a stereo equalizer with seven bands, +12 dB or +6
dB gain range and 25 steps each. Only three digital inputs
are neaded to contro! the equalization. The LMC835 makes
it easy to build a pP-controlled equalizer.

The signal path is designed for very low noise and distor-
tion, resulting in very high performance, compatible with
PCM audio.

Features

No volume controls required
Three-wire interface

14 bands, 25 steps each

+12 dB or 16 dB gain ranges
Low noise and distortion

TTL, CMOS logic compatible

Applications
Hi-Fi equalizer
Receiver

Car stereo
Musical instrument
Tape equalization
Mixer

Volume controllor

Connection Diagram

Dual-In-Line Package
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Absolute Maximum Ratings Operating Ratings
It Military/Aerospace specified devices are required, Supply Voltage, Vop—Vss 5Vio 16V
please contact the National Semiconductor Sales Digltal Ground (Pin 13) Vss to Vpp
Office/Distributors for avallabliity and specifications. Digital Input (Pins 14, 15, 16) Vss 10 Voo
S"P"':b‘.'°"‘°9°- Voo~ Vss v O’B\‘; Analog Input (Pins 1, 2, 3, 4, 25, 26, 27)
Alowable Input Voltage (Note 1) ss—0.3 (Note 1) Vss to Voo
toVpp +0.3V Operating Temperature, Topr ~40°Cto +85°C
Storage Temperature, Tgyg =60°Cto +150°C
Lead Temperature (Soldering, 10 sec), T +260°C
Electrical Characteristics (ote 2) vpg=7.5v, Vsg = - 7.5v, A.GND=0V a
.| LOGIC SECTION
Tested Dpsign Unit
| Symbol Parameter Test Conditions Typ Limit Limit (Limit)
(Note 3) | (Note 4)
loor Supply Current Pins 14, 15, 16 are OV 0.01 0.5 0.5 mA (Max)
| lsst Pins 14, 15, 16 are OV 0.01 0.5 0.5 mA (Max)
Yoo Pins 14, 15, 16 are 5V 1.3 5 5 mA (Max)
Ison Pins 14, 15, 16 are 5V 0.9 5 5 mA (Max)
1V High-Level Input Voltage @Pins 14, 15, 16 1.8 23 25 V (Min)
Vv Low-Level Input Voltage ®Pins 14, 15, 16 09 06 0.4 V (Max)
fo Clock Frequency @Pin 14 2000 500 500 kHz (Max)
AETE | Width of BTB Input See Figure 1 0.25 1 1 s (Min)
5 Data Setup Time See Figure 1 0.25 1 1 us (Min)
' hoid Data Hold Time See Figure 1 0.25 1 1 ns (Min)
ks Delay from Rising Edge of CLOCK | See Figure 1 0.25 1 1 £ (Min)
to 5TB
W Input Current @Pins 14, 15, 16 OV<V|iy<5V | £0.01 11 pA (Max)
Oy Input Capacitance @Pins 14, 15, 16 =1 MHz 5 pF
Wote 1: Pins 2, 3 and 26 have a maximum input voltage range of £ 22V for the typicel spplication shown in Figure 7.
Note 2: Bold numbers apply at temp Al other numbers apply at Tx = 25°C, Vpp = 7.5V, Vgg = — 7.5V,D.GND = A.GND = OV as shown in the test
daeuit, Fipwres 3 and 4,
Mote 3: Guarantesd end 100% production tested.
( Nots 4: Guaranteed (but not 100% production testad) over the operating temperature range. These limits are not used to calculate outgoing quality fevels.
Timing Diagram
[ 2
. sV
J cLOCK INPUT _—\_Jl .
1 ov A1)
' tgeTur—=f=—"Thnto
5V e emem e e ——— -
OATA INPUT
[ L X S G b e — — = ®
sy
STROBE INPUT
ov
TLWETS3D
TU/H/8753-3
Note: To change the gain of the presently selected band, It is not necessary to send DATA 1 (Band Selection) each time.
FIGURE 1
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Electrical Characteristics (Note 2) Vpp=7.5V, Vsg= ~ 7.5V, D.GND = A.GND =0V
SIGNAL PATH SECTION

Tested Design Unit
Symbol Parameter Test Conditions Typ Limit Limit (Limiy
(Note 3) (Note 4)
Ea Gain Error - Ay=0dB @ t 12dB Range 0.1 0.5 0.5 dB (Ma}
Ay=0dB @ + 6 dB Range 0.1 1 1 dB (M}
Ay= 11dB @ & dB Range 0.1 0.5 0.8 dB (Med
(Rsp, or Rsg Is ON)
Ay= 1+2dB @t 12 dB Range 0.1 0.5 0.6 dB (Mad
(R4p or Ryc is ON)
Ay= 13dB @+ 12 dB Range 0.1 0.5 0.6 dB (Ma}
(Rap or Rac is ON)
Ay= +4dB @t 12dB Range 0.1 0.5 *0.7 dB (Me}
(Rap or Rac is ON)
Ay= +5dB @+ 12 dB Range 0.1 0.5 0.7 dB (Mad
{R4p Or Rycis ON) ’
Ay=19dB @+ 12 dB Range 0.2 1 1.3 dB (Msl
{Rgp or Rge is ON)
THD Total Harmonic Ay=0dB @+ 12 dB Range 0.0015 %
' Distortion VIN= 4Vims, == 1 kHz
Ay=12dB @ * 12dB Range
VIN= WVyms, =1 kHz 0.01 0.1 % (Mat
VIN= Vs, 1= 20 kHz 0.1 0.5 % (M
Ay=~12dB @ + 12 dB Range
VIN= 4Vyms. [ =1 kHZ 0.01 0.1 % (Mat
VIN - 4V,ms, {20 kHz 0.1 0.5 Yo (Mﬂ
VO Max Maximum Output Voltage Ay=0dB @ 12 dB Range 55 5.1 5 Vims (Mr.
THD <1%, f=1kHz .
S/N Signal to Noise Ratio Ay=0dB @ %12 dB Range 114 a8
Viet=1Vims
Ay= 12dB @ +12dB Range 106 d8
Vret=1Vims
Ay=—12dB @ %12 dB Range 118 d8
Vret=1Vrms
ILEAK Leakage Current Ay=0dB @ £12 dB Range
' {All internal switches are OFF)
Pin2+3, Pin 26 500 nA (Maf
Pin 5~ Pin 11, Pin 18 ~ Pin 24 50 nA (M
Note 2; Boldf! bers apply at temp ARl other numbers apply at T = 25°C, Vpp= 7.5V, Vsg= — 7.5V, D.GND=A.GND =0V as shownhh
test circult, Figures 3 and 4.
Note 3: G d and 100% prod tested.

Nots 4: Guaranteed (but not 100% production tested) over the operating temperature range. These limits are not used to calcutate outgoing quality levels.
Timing Diagrams

DATA SETS J

DATA § {BAND SELECTION) DATA 1 (BAIN SELECTION) 1

|
= - il
cLocx

000000006000 000004
sivame L Lrl

TL/H/8T

Note: To change the gain of the presently selected band, it is not necessary to send DATA 1 (Band Selection) each time.
FIGURE 2




MOTOROLA .

1 SEMICONDUCTOR s LM833
TECHNICAL DATA

DUAL OPERATIONAL
. AMPLIFIER
DUAL, LOW NOISE, AUDIO
A OPERATIONAL AMPLIFIER SILICON MONOLITHIC
INTEGRATED CIRCUIT

The LMB33 is a standard low-cost monolithic dual general-
purpose operational amplifier employing Bipolar technology with
innovative high-performance concepts for audio systems appli- :
cations. With high frequency PNP transistors, the LM833 offers
low voltage noise {4.5 nV/\-Hz), 15 MHz gain bandwidth product,
7.0 Vius slew rate, 0.3 mV input offset voltage with 2.0 uV/°C
temperature coefficient of input offset voltage. The LM833 output
stage exhibits no deadband crossover distortion, large output
voltage swing, excellent phase and gain margins, low open-loop 8
high frequency output impedance and symmetrical source/sink 1
ac frequency response. N SUFFIX

The LM833 is specified over the vehicular temperature range PLASTIC PACKAGE
and is available in the plastic DIP and SO-8 packages (P and D CASE 626
suffixes). For an improved performance dual/quad version, see
the MC33079 family. .
® Low Voltage Noise: 4.5 nv/\ Hz %
¢ High Gain Bandwidth Product: 15 MHz { 3
¢ High Slew Rate: 7.0 V'us
¢ Low Input Offset Voitage: 0.3 mV ~ PLASPI’IEZUP’::(':)D(MGE
® Low T.C. of Input Offset Voltage: 2.0 uVi"C CASE 751
® Low Distortion: 0.002° {SO-8)
® Excellent Frequency Stability
® Dual Supply Operati

A4 Sl PIN ASSIGNMENTS

./

Output 1 E :8:] vee
E Output 2

Inputs 1
& (6]
MAX }lnpu(s 2
AXIMUM RATINGS
Vee [2] 5]
Rating Symbol Value Unit
Supply Voltage (Ve to Veg) Vs +36 Voits Dual, Top View
Input Differential Voltage Range VIDR 30l Volts
Input Voltage Range ViR = 15(} Volts
Output Short-Circuit Duration(2) g Indefinite |Seconds
Operating Ambisnt Temperature Range Ta -40to +85 °C ORDERING INFORMATION
Operating Junction Temperature” Ty +150 °C Device Temperature Range Packsge
Storage Temperature Ts(_g ~60to +150 °C LMB33N Plastic DIP
—— —— -40to +85°C
Power Dissip 2) Pp 500(3) mwW LM833D So-8
NOTES:
1. Either or both input voitages must not exceed the magnitude of Vce or VEg
2. Power dissipation must be idered 1o ensure i j i {14} is not
ded [See power dissipation perf char istic)

3. Marimum vatue at Tp < 85°C.

MOTOROLA LINEAR/INTERFACE DEVICES




LM833

DC ELECTRICAL CHARACTERISTICS (Vo = +15V, VEg = - 15V, TA = 25°C unless otherwise noted).

Characteristics Symbol Min Typ Max Unit
Input Offset Voltage (Rg = 10, Vg = 0 V) Vio — 0.3 5.0 mV
Average Temperature Coefficient of Input Offset Voltage AVio/AT —_ 2.0 -— uvrce
Rg = 104, Vg = 0V, TA = Tiow 10 Thigh
input Offset Current (Vepm = 0V, Vo = 0 V) ho — 10 200 nA
Input Bias Current (Vcpm = 0V, Vg = 0 V) is - 300 1000 nA
Common Mode Input Voltage Range VicrR —_ +14 +12 \'4
-12 -14 —
Large Signal Voltage Gain (R = 2.0kf}, Vg = 210 V) AvoL 90 110 - dB8
Output Voltage Swing: R = 2.0 ki1, Vip = 1.0V Vo+ " 10 13.7 - \Y
RL = 2.0k{}, Vip = 1.0V Vo - b -14. -10 v
R = W0k, Vip = 1.0V Vo+ 12 139 - v
RL = 10k, Vip = 1.0V » VO- — ~-147 | -12 v
Common Mode Rejection (Vi = +12V) CMR 80 100 - dB
Power Supply Rejection (Vg = 151050V, ~16to -5.0V) PSR 80 115 - d8
Power Supply Current (Vo = 0V, Both Amplifiers) L) - 4.0 8.0 mA
AC ELECTRICAL CHARACTERISTICS (Vcc = 115V, Vgg * -15V, Tp = 25°C unless otherwise noted).
72 Characteristics | symbal | min | Typ | Max | unn
ﬂE;v:;lnln (VIN WVie 110V, RE 2.0k, Ay 1.0} SH 50 7..0 -— Vips
—a;;\ .Bandwilllh Product {f 100 kH2) GBW 10 15 - '—M-Hl
Unity Gain Frequency (Opm; L'onopl @EPA -~—-~—’L<,- Y/ = 8.0 _ MHz )
Unity Gain Phase Margin {Open Loop} s _ 60 —_ Deg
Equivalent Input Noise Voltage {Rg = 100 {1, f = 1.0 kHz} en = 45 — nvn\ Hz
Equivatent Input Noise Current {f - 1.0 kHz) in = 0.5 — pAVHZ
Power Bandwidth (Vg = 27 V.. Ry = 2.0 ki), THD = 1.0%!} swpP — 120 — kHz
Distortion (R, = 2.0 k{}, I = 20 Hz to 20 kHz, Vg = 3.0 Vyms. Ay = +1.0) THD - 0.002 — %
Channetl Separation (f = 20 Hz to 20 kHz} — — -120 —_ dB

Pp. MAXIMUM POWER DISSIPATION (mW)

FIGURE 1 - MAXIMUM POWER DISSIPATION

FIGURE 2 — INPUT BIAS CURRENT versus TEMPERATURE

versus TEMPERATURE
800 F 1000 | I
v I 1
. cc = +15V
600 w Veg = 15V
. ‘% Vem = 0V
s £ 60 .
a0 N @
N\, )
20 N\ s =
N 20
N\
0 AN 0
-5 150 -5 -25 0 %

0
Ta, AMBIENT TEMPERATURE {°C}

50

7

T AMBIENT TEMPERATURE (*C}
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FAGURE 3 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE
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FIGURE 5 — DC VOLTAGE GAIN versus TEMPERATURE
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FIGURE 7 — OPEN-LOOP VOLTAGE GAIN AND PHASE
versus FREQUENCY
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FIGURE 4 - SUPPLY CURRENT versus SUPPLY VOLTAGE
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FIGURE 6 — DC VOLTAGE GAIN versus SUPPLY VOLTAGE
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GBW, GAIN BANDWIDTH PRODUCT {MHz)

SR, SLEW RATE (Vips)

V(. OUTPUT VOLTAGE (V!

LM833
FIGURE 9 — GAIN BANDWIDTH PRODUCT versus
SUPPLY VOLTAGE FIGURE 10 — SLEW RATE versus TEMPERATURE
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FIGURE 11 — SLEW RATE versus SUPPLY VOLTAGE FIGURE 12 — OUTPUT VOLTAGE versus FREQUENCY
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FIGURE 13 — MAXIMUM OUTPUT VOLTAGE
versus SUPPLY VOLTAGE
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FIGURE 15 — POWER SUPPLY REJECTION FIGURE 16 — COMMON MODE REJECTION
versus FREQUENCY versus FREQUENCY
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MOS TMS 2716 JL
LSt 2048-WORD BY 8-BIT ERASABLE
PROGRAMMABLE READ-ONLY MEMORY

-\ DECEMBER 1979
e 2048 X 8 Organization 24-PIN CERPAK
. DUAL-IN-LINE PACKAGE
¢ All Inputs and Outputs Fully TTL Compatible (TOP VIEW)
e Static Operation (No Clocks, No Refresh)
. . A7 1 24 VCIPE)
o Maximum Access Time . . . 450 ns A6 2 23 A8
® Minimum Cycle Time ...450 ns &S 22 As
A4 4 21 Vg
e 3-State Outputs for OR-Ties A3 5 20 A10
e N-Channel Silicon-Gate Technology A2 6 319 Voo
Al 7 18 CS(program}
e 8.-Bit Output for Use in Microprocessor- AD 8 17, a8
Based Systems - a1 9 16 Q7
. Q2 10 15 Q6
e Low Power .. .315 mW (Typical) 2 - %
Vss 12 13 04

description

The TMS 2716JL is an ultra-violet light-erasahle, electrically programmable read only memory. It has 16,384 bits
orgénized as 2048 words of 8-bit length. The device is fabricated using N-channel silicon-gate technology for high speed
and simple interface with MOS and bipolar circuits. All inputs {including program data inputs) can be driven by Series 74
circuits without the use of external pull-up resistors and each output can drive one Series 74 or 74LS TTL circuit with-
out external resistors. The TMS 2716 guarantees 260 mV dc noise immunity in the low state. Data outputs are threes
state for OR-tying multiple devices on a common bus. The TMS 2716 is plug-in compatible with the TMS 2708 and the
™S 27L.08. Pin compatible mask programmed ROMs are available for large volume requirements.

This EPROM is designed for high-density fixed-memory applications where fast turn arounds and/or program changes
are required. It is supplied in a 24-pin dual-in-line cerpak (JL suffix) package designed for insertion in mounting-hole
rows on 600-mil {15.2 mm) centers. it is designed for operation from 0°C to 70°C.

operation (read mode)

address (AD-A10)

The address-valid interval determines the device cycle time. The 11-bit positive-logic address is decoded on-chip to
select one of 2048 words of 8-bit length in the memory array. AQ is the least-significant bit and A10 most-significant
bit of the word address.

chip select, program [CS {Program)]

When the chip select is low, all eight outputs are enabled and the eight-bit addressed word can be read. When the chip
select is high, all eight outputs are in a high-impedance state.

program

In the program mode, the chip select feature does not function as pin 18 inputs only the program pulse. The program
mode is selected by the VGIPE) pin. Either 0 V or +12 V on this pin will cause the TMS 2716 to assume program
cycle.

data out (Q1-Q8)

The chip must be selected before the eight-bit output word can be read. Data will remain valid until the address is
changed or the chip is deselected. When deselected, the three-state outputs are in a high-impedance state. The out-
puts will drive TTL circuits without external components.




TMS 2716 JL
2048-WORD BY 8-BIT ERASABLE
PROGRAMMABLE READ-ONLY MEMORY

Y

operation {program mode)

erase

Before programming, the TMS 2716 is erased by exposing the chip through the transparent lid to high
intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose
(= UV intensity x exposure time) is fifteen watt-seconds per square centimeter. Thus, a typical 12
milliwatt per square centimeter, filterless UV lamp will erase the device in a minimum of 21 minutes. The

lamp should be located about 2.5 centimeters above the chip during erasure. After erasure, all bits are in
the "'1" state.

B
programming
Programming consists of successively depositing a small amount of charge to a selected memory cell
that is to be changed from the erased high state to the low state. A low can be changed to a high only by
erasure. Programming is normally accomplished on a PROM or EPROM Programmer, an example of
which is TI's Universal PROM Programming Modute in conjunction with the 990 prototyping system,
Programming must be done at room temperature {25°C) only.

to start programming (see program cycle timing diagram)

First bring the VCC(PE) pin to +12 V or 0 V to disable the outputs and convert them to inputs. This pin is
held high for the duration of the programming sequence. The first word to be programmed is addressed
{itis customary to begin with the 0" address) and the data to be stored is placed on the Q1-Q8 program
inputs. Then a +26V program pulse is applied to the program pin. After 0.1 to 1.0 milliseconds the
program pin is brought back to 0 V. After at least one microsecond the word address is sequentially
changed to the next location, the new data is set up and the program pulse is applied.

Programming continues in this manner until all words have been programmed. This constitutes one of N
Jrogram loops. The entire sequence is then repeated N times with N x tw(PR) = 100 ms. Thus, if tw(PR) =
1 ms; then N = 100, the minimum number of program loops required to program the EPROM.

to stop programming

After cycling through the N program loops, the last program pulse is brought to 0V, then Program Enable
VCCI(PE) is brought back to +5 volts which takes the device out of the program mode. The data supplied
by the programmer must be removed before the address is changed since the program inputs are now
data outputs and a change of address could cause a voltage conflict on the output buffer. Q1-Q8 outputs
are invalid up to 10 microseconds after the program enable pin is brought from VIH(PE) to VIL{PE)-

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

Supply voltage, VCC (see NOte 1) ..ottt e e e e e -038to 15V
Supply voltage, Vpp (seeNote 1) ................ T —-03to20V
Supply voltage, VGG {see NOte 1) ... ... ittt —-03to 15V
Allinput voltage {except program) (see Note 1) ...........ooerurueieeinniin, —-0.3to 20V
Program Input(see NOte 1) ... ...t e e e, . -03t035V -
Output voltage (operating, with respectto VSS) .......cooevieriiieriiiiineeeeininninns ~-2to7V
Operating free-air temperaturerange ...............coovvevennnn.. e et 0°Cto 70°C
S10rage temMPerature FANGE . .....v'eeeseeie ettt e tnesee e iaeeenaennns —55°Cto 125°C
NOTE 1: Under absolute maximum ratings, voltage values are with respect 1o the most-negative supply voltage, Vgg (substrate), unless otherwise noted.

Throughout the remainder of this data sheet, voltage values are with respect to Vgs.

*Stresses beyond those fisted under “Absolute Maximum Ratings™ may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of this specification is
notimplied. Exp e to absolut i n-rated conditions for extended periods may affect device reliability.




TMS 2716 JL
2048-WORD BY 8-BIT ERASABLE
PROGRAMMABLE READ-ONLY MEMORY

functional block diagram* s D
e
a3 (L
™ 1
13
:: &) "ﬁ.t'i
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A0 o 10 )
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t1o) 02 )
it
—0
[ik)]
* This symbol is in accordance with tEEE Std 91/ANS! WL
Y 32.14 and current discussions In JEEE and 1EC, See |13 g
explanation on page 183. Y
on o8
recommended operating conditions
’ PARAMETER MIN NOM MAX |UNIT
Supply voltage, Vpp -4.75 -5 -5.25 v
Supply voltage, Vce 4.75 5 625(| V
Supply voltage, Vpp 14 12 126| Vv*
Supply voitage, Vgg 0 \'
High-level input voltage, V| (except program and program enable) 24 Vee+ \
High-level program enable input voltage, Vi1 (pPE) 114 12 128} V
High-level program input voltage, V)H(PR) 25 26 27| VvV
Low-level input voltage, Vy_{except program) Vgs 065 V
Low-level porgram input voltage, Vi (PR) Vss 1l
Note: Vi (pR) max = ViH(PR) ~25 V
High-level program pulse input current {sink), i4{PR) 40 | mA
Low-level program pulse input current {source), i (PR} 3| mA
Operating free-air temperature, TA 0 70| °C

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX|UNITS
) IOH = ~ 100 pA 37
High-level \

VoH igh-level output voltage Ion=—TmA 24 A

VoL Low-level output voltage loL = 1.6 mA 045{ V

[ Input current {leakage) Vi=0Vto5.25V 1 10] pA

lo Output current (leakage) CS (Program) =5V 1 10 pA

88, Supply current from Vgg Allinputs high 10 20| mA

Icc Supply current from Ve CS (Program) =5V 1 8| mA

Ta =0C

oo Supply current from Vpp For Ipp MAX, (v?orst case) 26 45| mA

-7 Supply current from PE on V¢ Pin VPE = VDD 2 4| mA
TA =70°C 540

PD{AV) Power Dissipation Ta=0C CS=o0v 315 595 | mW
Ta=0C CE- 4BV 3715 720

TAll typical values are st Ta = 25°C and nominal voltages.

~



LM3915

National
Semiconductor

General Description

The LM3915 is a monolithic integrated circuit that senses
andlog voltage levels and drives ten LEDs, LCDs or vacuum
fludrescent displays, providing a logarithmic 3 dB/step ana-
log display. One pin changes the disptay from a bar graph to
& moving dot display. LED current drive Is regulated and
programmable, eliminating the need for current limiting re-
sistors. The whole display system can operate from a single
supply as low as 3V or as high as 25V,

The IC contains an adjustable voltage reference and an ac-
curate ten-step voltage divider. The high-impedance input
butfer accepts signals down to ground and up to within 1.5V
of the positive supply. Further, it needs no protection
against inputs of +35V. The input buffer drives 10 individual
comparators referenced to the precision divider. Accuracy is
typically better than 1 dB.

The LM3915's 3 dB/step display s suited for signals with
wide dynamic range, such as audio level, power, light inten-
sity or vibration. Audio applications include average or peak
level indicators, power meters and RF signal strength me-
ters. Replacing conventional meters with an LED bar graph
results in a faster responding, more rugged display with high
visibility that retains the ease of interpretation of an analog
display.

The LM3915 is extromely easy to apply. A 1.2V full-scale
meter requires only one resistor in addition to the ten LEDs.
One more resistor programs the full-scale anywhere from
1.2V 1o 12V independent of supply voltage. LED brightness
Is easily controlled with a single pot.

LM3915 Dot/Bar Display Driver

The LM3915 Is very versatile. The outputs can drive LCDs,
vacuum fluorescents and Incandescent bulbs as well as
LEDs of any color. Multiple devices can be cascaded for a
dot or bar mode display with a range of 60 or 80 dB.
LM3915s can also be cascaded with LM3914s for a linear/
log display or with LM3916s for an extended-range VU me-
ter.

Features '

3 dB/step, 30 dB range

Drives LEDs, LCDs, or vacuum fluorescents

Bar or dot display mode externally selectable by user
Expandable to displays of 90 dB

Internal voltage reference from 1.2V to 12V

Operates with single supply of 3V to 25V

Inputs operate down to ground

Output current programmable from 1 mA to 30 mA
Input withstands 35V without damage or false outputs
Outputs are current regulated, open collectors

Directly drives TTL or CMOS *

The Internal 10-step divider is floating and can be refer-
enced to a wide range of voltages

The LM3915 is rated for operation from 0°C to +70°C. The
LM3915N is available in an 18-lead molded DIP package.

Typlcal Applications

0V to 10V Log Display

VA WA W W A W

. 4 WLVgp<v*
4 4
LED
NO. 18
12 1 10

LED
| mor
e | .
2.2 uf
TANTALUM L -
OR 10 uf
ALUMINGM | - -
ELECTROLYTIC
v vt ALo SIG AHs ouY ADJ  MODE
. | 1 2 3 . 5 3 7 ' Jo
L —— —— — S
>
pJEL]
o Note 1: Capacitor C1 is re-
- Vaer quired If leads to the LED sup-
+ ply are 8 or longer,
12V T0 20V s m Note 2: Circult as shown Is
R2 s.08x wied for dot mode. For bar
VREP-Y.ZSV(1+H)+R2:80M mode, connect pin 98 to pin 3,
SIGNAL —— Viep must be kept balow 7V or
hep = 123V 4 Veee SOURCE = dropping resistor should be
21} 22k0 used to imit IC power dissipa-

ton. TUHIS104-1




Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Power Dissipation (Note 5)
Molded DIP(N)

Supply Voltage
Voltage on Output Drivers

Office/Distributors for avallablity and specifications.

Input Signal Overvoltage (Note 3) +35v
Divider Voitage —100mVtoV+
Reference Load Current 10mA
1365 mW Storage Temperature Range —55°Cto +150°C
25v Lead Temperature (Soldering, 10 sec.) 260°C
25V

Electrical Characteristics (otes 1 and 3)

Parameter l Conditions (Note 1) , Min I Typ l Max l Units
Comparators >
Otiset Vohtage, Butfer and First OV < VRio = Vau < 12V, . 10 v
Comparator Iiep = 1mMA .
Offset Voltage, Buffer and Any Other OV < VRio = VR < 12V,
Comparator Itep = 1 mA 3 § mv
Gain (Al g¢o/AViN) W(REF) = 2mA, I gp = 10mA 3 ] mA/mV
Input Bias Current (at Pin 5) OV < Viy < (VH — 1.5V) 25 100 nA
Input Signal Overvoltage No Change in Display ~35 35 \
' Voltage-Divider
Divider Resistance Total, Pin6 to 4 16 28 36 k)
% Absolute Accuracy at Each Threshold Point (Note 2)
§ Vin= -3, -6dB -0.5 +0.5 dB
Vin= -9dB ~0.5 +0.65 ds
. ViN = —12, —15, —18dB -05 +1.0 dB
¢ Vig = —21, —-24, —27d8B -0.5 +1.5 dB
Voltage Reference
; Output Voitage 31 r:AvT_EI;(Ff?vS 4mA, 12 1.28 134 v
Line Reguiation VsVt <igy 0.01 0.03 %/V
Load Flegtjlation 31 n;AVsL ,;:;(Ff?vs 4mA, 0.4 2 %
: Output Voltage Change with Temperature 0°C £ Tp < +70°C, ILrern = 1 mA, 1 %
V+ = Vigp5V A
: Adjust Pin Current 75 120 pA

SL6ENN
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Electrical Characteristics (ote 1) (Continued)

Parameter l Conditions (Note 1) | Min l Typ l Max I Units
Output Drivers ‘
LED Current V+ = Vigp = 5V. L rep = 1MA 7 10 13 mA
LED Current Difference (Between Largest Viep = 5V, lLep = 2mA 0.12 0.4 mA
and Smallest LED Currents) Viep = 5V, ILep 20 MA 1.2 3 mA
LED Current Regulation 2V < Vigp < 17V, Igp = 2MA 0.1 0.25 mA
ILgp = 20 mA 1 3 mA
Dropout Voltage ILeooN) = 20MA @ Vigp = 5V,
15 \
Allgp = 2mMA

Saturation Voltage ILep = 2.0 MA, i rer) = 0.4 mA 015 | 04 \
Output Leakags, Each Collector Bar Mode (Note 4) 0.1 10 pA
Output Leakage Dot Modse (Note 4)

Pins 10-18 0.1 10 nA

Pin1 60 150 450 pA
Supply Current
Standby Supply Current V+ = +5V, I rer) = 0.2mA 24 4.2 mA
(All Outputs Off) V4 = 420V, lReR) ~ 1.0MA o1 02 A
Note 1: Unlass otherwise statod, all spacilications apply with the following conditions:

3Vpc < V' $20Vpe ~0.015V % Vao = 12 Voe Ta - 25°C, lyrery ~ 0.2 mA, pin 9 connocted 10 pin 3 (bar mode).

3Vpe S iep s V* Vagr. Van, VRLo 5 (V* ~ 1.5V)  For higher power dissipations, puise tesiing Is used.
_0015V € Va € 12Vpc OV < Viy s VP — 18V

.

Note 2: Accuracy is measured reforred 100 dB — + 10.000 Vpc at pin 5, with + 10.000 Vpc at pin 6, and 0.000 Vpc at pin 4. At tower full scale volteges, bufter

and comparator offset voltage may add significant error. See table lor threshold voltages.

Note 3: Pin § input current must be limited to +3 mA, The addition of a 39k resistor in series with pin 5 aftows 1 100V signals without damage.
Note 4: Bar mode results whan pin 9 is within 20 mV of V* . Dot mode results when pin 9 Is putied at least 200 mV below V+. LED # 10 {pin 10 output current) is

isabled if pin 9 is pullad 0.8V or more below Vieo-

Note 5: Tha maximum junction temperature of the LM3915is 100°C. Devices must be d for operation at elevated temp:
resistance is 55°C/W for the molded DIP {N package).

THRESHOLD VOLTAGE (Note 2)

Output dB Min Typ Max Output daB Min Typ Max
R -27 0.422 0.447 0.531 6 -12 2372 2512 2.819

2 —-24 0.596 0.631 0.750 7 -9 3.350 3.548 3.825

3 -21 0.841 0.891 1.059 8 ~6 4.732 5.012 5.309

4 -18 1.189 1.259 1.413 9 -3 6.683 7.079 7.498

5 —-15 1.679 1.778 1.995 10 0 9.985 10 10.015




LM3915

Block Diagram (Showing Simplest Application)

____________ LED
- L3815 3 v
l COMPARATOR | Y
10F18 " A
Put | o _ q
+ +
|| .63k % - nl s/ »
+
| r
| 45% ;’ ~ " I n |
l +
s | 331k & ™ - V24
' LED PROGAAM + (
CURRENT
l 2.30¢ ‘L '
| . - ] (4 ]
+
| |
156k
“"‘ REFERENCE % - 15 l v Y
s .
nzTIHEl:ulnt:«Asg <L l 12v
LED 1Ak N W
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S nee | I
ADJ, g , 0.83k ™ s Y7 ;
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| ) |
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161A*163A
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54F/74F161A ¢ 54F/74F163A

General Description

The 'F161A and 'F163A are high-speed synchronous modu-
+10-16 binary counters. They are synchronously presettable
for application in programmable dividers and have two types
of Gount Enable inputs plus a Terminal Count output for
versatility in forming synchronous multi-stage counters. The
*F161A has an asynchronous Master-Reset input that over-
rides all other inputs and forces the outputs LOW. The
“F163A has a Synchronous Reset input that overrides
counting and paralle! loading and allows the outputs to be
, simultaneously reset on the rising edge of the clock. The
'F161A and 'F163A are high-speed versions of the 'F161
and 'F163.

Synchronous Presettable Binary Counter

Features

= Synchronous counting and loading
®m High-speed synchronous expansion
B Typical count frequency of 120 MHz

Ordering Code: see Section s

(4

t Connection Diagrams

Pin Assignment

for DIP, SOIC and Fiatpak
'F161A
= -/
MR —11 16 1—Vee
cr—2 15}-1cC
Po—3 1410,
P4 130,
Py—5 12}—0,
Py—{6 110y
ceP—7 10 |—cer
GND—{8 9t—FE

TL/IF/9486-1

Pin Assignment
for DIP, SOIC and Flatpak

'F163A
— -/
SR—1 16 = Vee
P2 15f-1c
Po—s 140,
P14 13}-0,
P,—5 121=0,
Py—{s 110y
cer—7 10 p-cev
GND~—{8 ] 13

TL/F/9488-7

Plin Assignment

for LCC and PCC
'F161A
Py P, NC Py Py
BEOEEE
ceP @
GND T3
N
PEMD
CETEY
D]yl ]
Q3 0 NC Gy Q

Pin Assignment

for LCC and PCC
'F163A
Py Py NC Py Py
EADEHE
cep (3]
GND (9
He @
PEDD
CET Y
i@ i3 68 2 8
03 0; NC 0y &

Fce
G R
{ne
Ve
@

TL/F/9488-2

Blcp

Rk
[OnNe
BVee
Erc

TL/F/9488-8




- Logic Symbols
F161A 'F163A
—Olre Fo P1 P2 Py —Olpr Po P1 P2 Ps
—1CEP —jCepP
| | —cer t— —dcer 1c—
—c —cr
—OPR 0y 0y 0, 0y —Os? g q, q, 0
TULIF/9486-3 TU/E/0488-9
1EEE/IEC IEEE/IEC
'F161A 'F163A .
_ CTROIV16 SO
MR o= SR —24cr=0
PE t M1 PE t i
M2
3CT=15 frmmem—e TC M2
JRE— 3CT=15 pomem— TC
cer & cer—63
P — P cep —— 64
ce P: €5/2.3. 4+ cp > C5/2,3, 4+
Py 1,50 (1) 0 % R 1330,
P ] — n—_ @&  }—o
G Tl p—1 W 0
PTT—8 Py 0@ 3 =0
TL/F/9486-6 L
Unit Loading/Fan Out: ses section 2 for U.L. definitions
54F/74F
Pin Names Description u.L. Input b/,

. HIGH/LOW Output lgn/loL
CEP Count Enable Parallel input 1.0/1.0 20 pA/—0.6 mA
CET Count Enable Trickle Input 1.0/2.0 20 pA/—-1.2mA
cP Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—-0.6 mA

. MA(F161A) Asynchronous Master Reset input (Active LOW) 1.0/1.0 20 pA/-0.6 MA
3R ('F163A) Synchronous Reset Input (Active LOW) 1.0/2.0 20 pA/—1.2mA
Po-P3 Parallel Data Inputs 1.0/1.0 20 pA/~06mA |
PE Parallel Enable Input (Active LOW) 1.0/2.0 20 uA/—1.2mA
Qo-Qa Flip-Flop Outputs 50/33.3 —1 mA/20 mA
TC Terminal Count Output 50/33.3 —1mA/20 mA

vESLevIOL
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54F/74F74
Dual D-Type Positive Edge-Triggered Flip-Flop

General Description
The 'F74 is a dual D-type flip-flop with Direct Clear and Set  Asynchronous Inputs:

inputs and complementary (Q, O) outputs. Information at the LOW input to Sp sets Q to HIGH lavel
input is transferred to the outputs on the positive edge of LOW input to Cp sets Q to LOW level
the clock pulse. Clock triggering occurs at a voltage level of Clear and Set are independent of clock
the clock pulse and is not directly related to the transition Simultaneous LOW on Cp and Sp

time of the positive-going pulse. After the Clock Pulse input makes both Q and O HIGH

threshold voltage has been passed, the Data input is focked
out and information present will not be transferred to the
outputs until the next rising edge of the Clock Pulse input.

Ordering Code: see Section s
Connection Diagrams

Logic Symbols
Pin Assignment
J) $ for DIP, SOIC, and Flatpak
So1 Sp2
—% q— D, QM Eor— ~ Y vee
2 13 =
0 — Co2
—cr o 2 e O \
! 2 ”1‘—i r somcg :: 32
o 0— 00— Spt - —CPy
Co1 Coz Q‘JJ‘J LR
= 6 9
? ? 01'7 r:‘gui I—r A Q,
TL/F19489-3 TUIFI9469-4 GND = %0 J‘_Qz
TL/F/9A69-1
{EEE/IEC
Sor—BYs Lo, Pin Assignment
cPi—I>C, for LCC and PCC
0—10. - < -
R P 0y NC Spy NC CPy
G —4R BOEEME
sm._h [ Ny
Py — 2
P— G
Epp > %

TL/F/9469-6

TL/F/9469-2




:

Unit Loading/Fan Out: see Section 2 for U.L. definitions

Lower case letters indicate the state of the referenced input or oulput one

54F/74F
Pin Names B Description u.L Input /N,
HIGH/LOW | Output lon/loL
Dy, Dz Data Inputs 1.0/1.0 20 pA/—0.6 mA
CP4,CP2 Clock Pulse Inputs (Active Rising Edge) 1.071.0 20 pA/—-0.6 mA
Co1.Cp2 Direct Clear Inputs (Active LOW) 1.0/3.0 20 pA/—-1.8mA
501.502 Direct Set Inputs (Active LOW) 1.0/3.0 20 pA/~1.8mA
Qy,04,Q2, G, | Outputs 50/33.3 —1mA/20 mA
Truth Table
inputs Outputs H (h} = HIGH Voltage Level
= —= L (1) = LOW Voltage Level
SD’ CD cp P a a X = tmmaterial
L H X X H L Qg = Previous Q (0) before LOW-to-HIGH Clock Transition
H L X X L H
L L X X H H setup time prior to the LOW-to-HIGH ctock transition.
o H / h H L
H H e I L H
H H L X Qg Qo
Logic Diagram
&t et
~N

cp
So
%

Pleasa note that this diagram is provided only for the

N

[>o

ding of logic op:

TL/F/9469-5

and should not be used 1o estimate propagation delays.
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Decoders/Demultiplexers

General Description

Each of these 4-line-to-16-line decoders utilizes TTL circuit-
ry to decode four binary-coded inputs into one of sixteen
mutually exclusive outputs when both the strobe inputs, G1
and G2, are low. The demultiplexing function is performed
by using the 4 input lines to address the output line, passing
data from one of the strobe inputs with the other strobe
input low. When either strobe input is high, all outputs are
high. These demultiplexers are ideatly suited for implement-
ing high-performance memory decoders. All inputs are buff-
ered and input clamping diodes are provided to minimize
transmission-line effects and thereby simplify system de-
sign.

DM54LS154/DM74LS154 4-Line to 16-Line

Features

8 Decodes 4 binary-coded inputs into one of 16 mutually
exclusive outputs

w Performs the demultiplexing function by distributing data
from one input line to any one of 16 outputs

® Input clamping diodes simplify system design

@ High fan-out, low-impedance, totem-pole outputs

m Typical propagation delay:
3 levels of logic 23 ns
Strobe 19 ns

® Typical power dissipation 45 mW

Connection and Logic Diagrams

Dual-in-Line Package

WNPUTS ouTPUTS
Vee A B C D G2 Gt 15 14 13 12 %
1:4 23 |22 |21 |20 lw lw In Ixs IIS Iu Iva

l
(RRRARERREN

lv l: I: Ic |5 Is |1 Ie Is Ivo In lu
O 1 2 3 4 5 & 7 B 9 10GND

OUTPUTS

INPUTS

TL/F/6394-1
Order Number DM54LS154J,
DM74LS 154WM or DM74LS 154N
See NS Package Number J24A, M24B or N24A
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A ibsolute Maximum Ratings (Note)

¥ Mifitary/Aerospace specified devices are required,
pease contact the National Semiconductor Sales
¢iftce/Distributors for availabliity and specifications.
Supply Violtage v
out Voltage v
Operating Free Air Temperature Range

DM54LS
DM74LS

Siorage Temperature Range

Recommended Operating Conditions

-865°Cto +125°C
0°Cto +70°C
~65°Cto +150°C

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

l;mbo‘ parameter DM54LS154 DM74LS154 Units
Min Nom Max Min Nom Max

{v Supply Voltage 45 5 55 475 5 5.25 v
Vi High Level Input Voltage 2 2 . v
Vi Low Level Input Voltage 0.7 0.8 v
oM High Level Output Current -0.4 —-04 mA
o, Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —~55 125 (1} 70 *C

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

Symbol Parameter Conditions Min (sz 1) Max Unite
Vi Input Clamp Voltage Vce = Min, Ij = —18 mA -1.5 v
You High Leve! Output Vce = Min, loy = Max DM54 25 34 v
Voltage Vi = Max, Vig = Min DM74 27 a4
You Low Level Output Veg = Min, gL = Max DM54 0.25 0.4
Voltage Vi, = Max, Viy = Min DM74 0.35 05 v
oL = 4mA, Voo = Min DM74 0.25 0.4
¥ Input Current @ Max Vee = Max, Vy = 7V
Input Voltage o mA
% High Level Input Current Veg = Max, vy = 27V 20 pA
W Low Levs! Input Current Vco = Max, Vp = 0.4V -0.4 mA
los Short Circuit Vg = Max DM54 —-20 ~100 mA
Output Current {Note 2) DM74 20 ~100
ke Supply Current Vo = Max (Note 3) ] 14 mA
Nt 1: AT typicals are at Veg = 5V, Ta = 25°C.
Kote 2 Not more than ons output should be shorted at a time, and the duration should not exceed one second.
Note %: I Is measured with all outputs open and afl inputs grounded. N

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

Ry = 2k
From (Input)
Symbol Parameter To (Output) C = 15pF Cp = 50pF Units
] Min Max Min Max

oLH Propagation Delay Time Datato

Low to High Level Output Output 30 35 ns
o Propagation Delay Time Data to

High to Low Level Output Output 30 35 ns
oy Propagation Delay Time Strobe to 20 25 ns

Low to High Level Output Output
-8 Propagation Delay Time Strobe to 25 a5 ns

High to Low Leve! Output Output
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54LS83A/DM54LS83A/DM74LS83A
4-Bit Binary Adders with Fast Carry

General Description

These full adders perform the addition of two 4-bit binary
nymbers. The sum (Z) outputs are provided for each bit and
the resultant carry (C4) is obtained from the fourth bit.
These adders feature full internal look ahead across all four
bits. This provides the system designer with partial look-
ahead performance at the economy and reduced package
count of a ripple-carry implementation.

The adder logic, including the carry, is implemented in its
true form meaning that the end-around carry can be accom-
pﬁ%hed without the need for logic or level inversion.

Features
® Fuli-carry look-ahead across the four bits
m Systoms achieve partial look-ahead performance with
the economy of ripple camry
® Typical add times
Two 8-bit words 25 ns
Two 16-bit words 45 ns
® Typical power dissipation per 4-bit adder 95 mW
® Alternate Military/Aerospace device (54LS83A) is avail-
able. Contact a National Semiconductor Sales Office/
Distributor for specifications.

Connection Diagram

Dual-In-Line Package
B4 L4 C4 CO GND BI Al 3]

16 15 14 13

12 11 10 °

4 Cc4 co
— B4
1 A4

3 A3 B3

B8t Al
1
A2
r2 B2

1 2 3 4

A4 L3 A3 B3

Is e |7 8

Vee I2 B2 A2

TU/F/8378-1

Order Number 54L.S83ADMQB, 54LS83AFMQB,
DMS54L.S83AJ, DM54LS83AW, DM74LS83AWM or DM74LS83AN
See NS Package Number J16A, M16B, N16E or W16A



Absolute Maximum Ratings (Note)

#t Military/Aerospace specified devices are required,
pleas® contact the National Semiconductor Sales
Office/Distributors for avallablilty and specifications.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range .

DM54LS and 54LS —55Cto +125°C

DM74LS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

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

Symbol . Parameter DMS‘LSNA e A Units
Min Nom Max Min Nom Max
Veo Supply Voltage 45 5 55 475 5 5.25 v
Vin High Level Input Voltage 2 2 \"
Vit Low Level Input Voltage 0.7 0.8 \
lon High Level Qutput Current —-0.4 —0.4 mA
o, Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature -55 125 0 70 *C
Electrical Characteristics overrecommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max {nits
(Note 1)
Vi Input Clamp Voltage Voo = Min, | = —18mA -15 \
Von High Level Output Vee = Min, log = Max DM54 25 34
. v
Voltage ViL = Max, Viy = Min DM74 27 3.4
Vou Low Level Output Vee = Min, lg. = Max DM54 0.25 0.4
Voltage ViL = Max, Vi = Min DM74 0.35 05 v
f loL = 4 mA, V¢ = Min DM74 0.25 0.4
h Input Current @ Max Vec = Max AorB 0.2
mA
Input Voltage vi=7V co 0.4
'!;1 High Level Input Vec = Max AorB 40 pA
Current Vi =27V co 20
'} Low Level Input Vcc = Max AorB -0.8
Current V| = 0.4V co —04 .
los Short Circult Vec = Max DM54 -20 -100
Qutput Current (Note 2) DM74 —20 ~100 mA
lect Supply Current Vce = Max (Note 3) 19 34 mA
o2 Supply Current Vce = Max (Note 4) 22 39 mA

Note 1: All typicals are at Vg = 5V, Tp = 25C.

Note 2: Not more than one cutput should be shorted at a time, and the duration should not exceed one second.
Note 3: Icc; is meesured with all outputs open, all B inputs low and all other inputs at 4.5V, or aff inputs at 4.5V.

Note & locz is moasured with aft outputs open and all inputs grounded.




Switching Characteristics atvce = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)
v ’ AL = 2k
. From (Input) - -
Symbol v Parameter To (Output) CL = 15pF C = 50 pF Units
Min Max Min Max
oL Propagation Delay Time COto 24 28 e
Low to High Level Output Zfori2
tehL Propagation Delay Time COto 24 30 ns
High to Low Level Output X1orZ2
I .
teihH Propagal.lon Delay Time Coto 24 8 ns
Low to High Level Output 3
tPHL Propagation Delay Time COto
High to Low Level Output 23 24 30 il
teLH Propagation Delay Time COto
Low to High Level Output 4 24 28 ns
tPHL Propagation Delay Time Coto
) High to Low Leve! Output 34 - - s
teLH Propagation Delay Time A; B; 24 28 ns
Low to High Level Output to I
tPHL Propagation Delay Time A;, B
High to Low Level Output to %; A i s
toLH Propagation Delay Time COto
’ Low to High Level Output C4 B g4 s
tont Propagation Delay Time COto 17 25 ns
High to Low Leve! Output C4 3
pLH Propagation Defay Time A B; 17 24 ns
Low to High Level Output to C4
tomL Propagation Delay Time A, B; 17 26 ns
High to Low Level Output to C4
Truth Table
Outputs
inputs WhenCO = L When CO = H
WhenC2 = L WhenC2 =k
At B1 A2 B2 z1 52 c2 1 32 c2
A3 B3 A4 B4 23 34 C4 23 4 ]
it L L L L L L H L L
H L L L H L L L H L
L H L L H L L L H L
H H L L L H L H H L
L L H L L H L H H L
H L H L H H L [ L H
L H ] L H H L L L H
- H H H L L L H H L H
L L L H L H L H H L
H L L H H H L L L H
L H L H H H L L L H
H H L H L L H H L H
L L H H L L H H L H
H L H H H L H L H H
7 L H H H H L H L H H
H H 'H H L H H H H H ]
H = High Level, L. = Low Level TL/F/8370-) B
Note: input conditions at A1, B1, A2, 82, and CO are used to determine outputs 1 and 22 and the value of the infernal carry C2. The values at C2, A3, B3, Ad, ¢
B4 are then used to determine outputs 23, 24, and C4.

| 9
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54LS165/DM74LS165 8-Bit Parallel
In/Serial Output Shift Registers

General Description

This device is an 8-bit serial shift register which shifts data in
thé direction of Qa toward Qy when clocked. Parallel-in ac-
cess is made available by eight individua! direct data inputs,
which are enabled by a low level at the shift/load input.
These registers also feature gated clock inputs and comple-
mentary outputs from the eighth bit.

Clocking is accomplished through a 2-input NOR gate, per-
mitting one input to be used as a clock-inhibit function. Hold-
ing either of the clock inputs high inhibits clocking, and hold-
ing either clock input low with the load input high enables
the other clock input. The clock-inhibit input should be
changed to the high tevel only while the clock input is high.
Parallel loading is inhibited as long as the load input is high.

Data at the parallel inputs are loaded directly into the regis-
ter on a high-to-low transition of the shift/load input, regard-
less of the logic levels on the clock, clock inhibit, or serial
inputs.

Features

® Complementary outputs

= Direct overriding (data) inputs
# Gated clock inputs

w Parallel-to-serial data conversion
B Typical frequency 35 MHz

= Typical power dissipation 105 mW

Connection Diagram

Dual-in-Line Package
PARALLEL INPUTS

CLOCK

SERIAL OUTPUT

vce wBIT “p C
. lm llS 14 13

N

8 A INUT Oy
12 |11 | lo

Wal
1 2 3 4 5 6 7 l 8
SHIFT/ CLOCK  E F (] H OUTPUT GNO
LOAD ~ O
PARALLEL INPUTS
o TL/F/8390-1
Order Number 54LS165DMQB, 54LS165FMQB, DM74LS165WM or DM74LS165N
See NS Package Number J16A, M16B, N16E or W16A .
Function Table
Inputs Internal
shity/ Clock Parale) Outputs Output
Load Inhibit Clock Serlal Qy
A..H Qa Qg
L X X X a..h a b h
H L L X X Qao Qgo Qno
H L 1 H X H Qan Qan
H L T L X L Qan Qan
H H X X X Qao Qgo QHo

H = High Level (steady state), L = Low Leve! (stoady state)

X = Den't Care (any input, Including transitions)

1 = Transition from low-to-high lovel

a..h = The leve! of steady-state Input at Inputs A through H, respectively.

Qpo. Opo- Qo = The level of Oa, Qg, of Oy, respactively, belore the indicated steady-state input conditions were established.
Oane Qgn = The level of Qu or Og, tespectively, before the most recent T transition of the clock.

§9151




AF

LS165

Absolute Maximum Ratings (vote)

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

Supply Voltage ’ v
Input Voltage v

Note: The “Absolute Maximum Ratings” are those vaha
bsyond which the safely of the device cannot be guarah
teed. The davice should not be operated at these limils. Th
parametric values defined in the Electrical Characteristics
table are not guaranteed at the absolute maximum rating
The “Recommended Operating Conditions" table will defm

Operating Free Air Temperature Range

54LS
DM74LS

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 5415165 DM?‘LSWS Unhy
Min Nom Max Min Nom Max
Ve Supply Voltage 45 5 55 475 5 5.25 v
Viy High Level Input Voltage 2 v 2 \
ViL Low Leve! Input Voitage 0.7 0.8 v
loH High Level Output Current -0.4 -0.4 mh
loL Low Level Output Current 4 8 m
foik Clock Frequency (Note 1) 30 0 25 MH
foLk Clock Frequency (Note 2) 0 20 M
tw Pulse Width Clock 18 25 "
{Note 2) Load 15 15 |
tsy Setup Time Parallel 10 10 |
' (Note 6) Serial 10 20 m
Enable 10 30
Shift 10 45
tH Hold Time (Note 6) 5 0 [
Ta Free Air Operating Temperature —55 125 0 70 C
Electrical Characteristics over recommended operating tree air temperature range (untess otherwise noted) |
Symbol Parameter Conditions Min (sz 3) Max Unb;l
Vi Input Clamp Voltage | Veo = Min, = —18mA —1.5 v}
Vox High Level Output Vee = Min, Igy = Max 54LS 2.5 v
Voltage Vi = Max, Viy = Min DM74 27 3.4
VoL Low Leve! Output Vec = Min, g = Max 54LS 0.4
Voltage VL = Max, Vi = Min DM74 0.35 05 "
loL = 4 mA, Vg = Min 0.25 0.4 }
] Input Current @ Max Ve = Max, V) = 7V (DM74) Shift/Load . 0.3 ml"
Input Voltage V| = 10V (54LS) Others 0.1
I High Level Input Vee = Max Shift/Load 60
Current V=27V Others 20 ¥
i Low Level Input Vee = Max Shift/Load —-1.2
Current Vi = 0.4V Others “os |
los Short Circuit Ve = Max 541L.S —-20 ~100 "
Output Current (Note 4) DM74 ~20 ~300 )
Icc Supply Current Ve = Max (Note 5) 21 36 m

Note 1: C| = 15§ pF, Ry = 2k, Ty = 25°C and Vgg = SV
Note 2: C_ = 50 pF, Ry = 2k}, Tp = 256°C and Vg = 5V
Note 3: All typicals are at Voo = 5V, Ty = 26°C.

Note 4: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 5: With al outputs open, clock Inhibit and shift/icad at 4.5V, and a clock pulse applied to the CLOCK Input, icg is measured first with the paralle! inpsr

4.5V, then again grounded.
Note 6: T = 25°C and Vg ~ 5V.
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Switching CharacteristiCs atvcc =5V and Ta = 25°C (Ses Section 1 for Test Wavelorms and Output Load)

54LS DM74LS
. From (Input) - Ry = 2k
$ymbol Parameter To (Output) C_ = 15pF CL = 50 pF Units
Min Max Min Max
Qaax Maximum Clock Frequency 25 20 MHz
ot Propagation Delay Time Load to 30 a7 ns
| Low to High Level Output Any Q
o Propagation Delay Time Load to 30 42 ns
High to Low Level Output Any Q
P Propagation Delay Time Clock to 30 42 ns
Low to High Leve! Output Any Q
oL Propagation Delay Time Clock to 30 47 ns
High to Low Level Output Any Q
717} Propagation Delay Time H '
Low to High Level Output to Qn p ¥ ns
| Propagation Delay Time H
High to Low Level Output to Qn %X 37 ns
o Propagation Delay Time H
Low to High Level Output to Oy 0 32 ns
ot Propagation Delay Time H
High to Low Level Output to Oy " 52 [y
Timing Dilagram
Typical Shift, Load, and Inhibit Sequences .
cmcxlll‘l"]l"]]_]mr'lr—lﬂr‘ln
CLOCK INHIBIT 1
SERIAL INPUT L
SHIFT/LOAD L_f
W\ ]
L
c [In]
. "] L
DATA
E ICR
F L
G lIER
‘ Gy
‘ outPuT Oy _ ] NN N R R N
outPuT @y | v e R e e
|_-— INHIBIT SERIAL SHIFT
LOAD
TUF/6399-3

o "3
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SCL4514B ' &
SCL4515B

CMOS 4-T0-16 LINE
DECODERS WITH LATCH

FEATURES

4 Strobed Input Latch

4 Inhibit Control

4 Seiected Output Active High {SCL4514B) or
Active Low (SCL45158)

DESCRIPTION

The SCL4514B and SCL4515B are two out- ~
put options of a 4to-16 Line Decoder with
Latched Inputs. The SCL4514B presents a logic
14" gt the selected output, and the SCL45158
presents a logic 'O’ at the selected output, The
latches hold the last input data presented prior to
the Strobe transition from “1” to 0", Inhibit

[7yed

allows all outputs to be placed at

{SCLA45148B), or 1" {SCLA4515B), regardless of

‘the state of the Data or Strobe inputs

Applications include code conversion, address
decoding, memory selection control, demultiplex-

ing, and readout decoding.

TRUTH TABLE (Strobe = 1)

Data Inputs Selected Output

Inhibit cB

SCLA4514B = Logic 1"
SCLA4515B = Logic “0”

s9
S10
S11

S12
813
s14
$15

+loocoojoocoooloocoolocoo
|2 2w alsawwsloooolocooce |O
x|+~ o=0o|lto=0|s0c-20|sc=0 |>»
»
-3

All Outputs
= 0Q’, SCL45148

All Outputs
= 1", SCLA516B

X|»=200c|=sw00|==00|2=00

X = Don’t Care

~

CONNECTION DIAGRAM s
. {all packages)

Data

Inputs . Qutputs
——
D4 S10 sS14 S
INH I D3 l
1 }

Vpp s8 12
| sln l slg I s15 l sl13
|

24 2322 21 20719 18 17 16 15 14 13
SCL4514B  SCL4515B
1 23 4 5 6 7 8 9 101112
L 1 J i ! 1
ST ' D2 l S6 l 54 ] S1 I S0 I
01 s7 S5 S3 §2 Vgs

S
Data Outputs

Inputs

Add suffix for package:
D 24-pin Ceramic
E 24-pin Epoxy
H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage VpD - Vss 3t0 16 Vdo

Operating Temperature Ta
D, H Device -55 to +1256 -OC
E Device 40 to0 +85 OC

BLOCK DIAGRAM

so}—o0ABE
® oadd

Vpp = Pin 24 s2t 20z e

Vgg = Pin 12
i LYY

saf—o ABcD
A -

Oots 1 O—2 ss—s—o:ecb
a 8 ss—‘—onscﬁ
Dsts 2 0—— Loreh 418 SO Aanch
atc! c . i
Dete 3 21 Decoder SOT;OAESD
22 o solcoABEO
Dets 4 O—— stoZan
sn—-4" ABCO
SHOMO——J1 su-?ozﬁco
- si:l-:—;-OAﬁcn
3 AeCcoO

stef o

515—OCABCD

1nhibit VE




3CL4514B, SCL4515B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

) 2 L 2
PARAMETER Voo | cONDITIONS | TLOW +%C Tign” .| Units
. | tvde) > [ Min. | Max.| Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE CURRENT | lop,
' I .5 (Un=VesorVpp | - 5 — | 0.5 5 — 150 | pAde
10 |Atvatidinput. | ~ | 10} - [0 y 10f - ]300
15 {combinations - 20 - (02 20 - 600

NOTES: ! Remalning Static Electrical Characteristics are listed under “SCL40008 Series Family Specifications”.
2 T, ow = -56°C for C, D, F, H device.

= -40°C for E device.

Tiign ™ +125°C for C, D, F, H device.

=+ 85°C for E davice.

DYNAMIC CHARACTERISTICS (C, = 50pF, Ta= 25°C)

PARAMETER (‘\’,gg‘ Min. Typ. Max. | Units
PROPAGATION DELAY TIME tpLH, TPHL
From Data Inputs ) - 550 1100 ns
10 - 225 450
15 - 150 300
From Inhibit Input _' 5 - 400 800 ns
10 - 150 300
15 - 100 200
OUTPUT TRANSITION TIME trims tra
. 5 - 130 260 ns
10 - 65 130
. 15 = 50 100
MINIMUM DATA INPUT SETUP TIME RL{A
5 - 125 250 ns
10 - 50 100
15 - 40 80
MINIMUM STROBE PULSE WIDTH PWsy
: A . 5 - 175 350 ns
10 - 50 100
15 - 40 80
Voo, DRAIN VOLTAGE (Vde)
20 -18 16 14 12 -10 8 -6 -4 20 0 .
T T 43
d Ves ==5 Vi —F>5 & %
] /,/ .10 §° g
- ] 45 =
Vo =10 Ve - E E‘ » LT
25 € 92 t
Ve =—15 Vdc 3 5 )z L TR L
1 Rl t
2 £ S V=5Vl nl=25‘c—
‘e a L 3 1
Tu=2°C4 =2 0 2 4 6 8 10 12 14 16 18 20
Voo, DRAIN VOLTAGE (Vdc)

Typical P-Channel
Sourcé Current Characteristics

Typical N-Channel
Sink Current Characteristics




SCLA45148, SCL4515B

LOGIC DIAGRAM

'—:D_D'_D'—K—'L" s0
>-:{::> D D LY 1-1- B

- Aol

10 32

Aslh
1
A $ 83

Wr 54
»—@ D D ABcD s
E D D RecD s ss
D D D Apch .« 8

E8CD

Dats ¥ 2

85

Oste2 I

:
5

058

HW" 0

W:o ste.

A 3 z
»Wn 1
HD_D._D.__‘_'_&*’_.,.. "™

C21R W)
tn SCL45158 Only

:

Datad 2V

L}

:
(?tﬁ

Date 4 22

J

Sreobe

H%lﬁmg
;

Intwbir 23




SCL4502B S%

CMOS STROBED
HEX INVERTER /BUFFER

FEATURES

& 3-State Outputs with Separate Disable Control
4 Common Input Inhibit Line

¢ TTL Output Drive Guaranteed Over

L4

Temperature Range
Output Impedance < 200§ @ 5Vdc Guaranteed

Over Temperature Range

DESCRIPTION

The SCLA45028B is a Strobed Hex Inverter/Buf-
for with a common Data Input Inhibit Control and
a common Output Disable Control. The 3-state
output allows common bus configurations.

TRUTH TABLE

Dn Inhibit | Disable | Qq
0 . 0 0 1
1 0 0 0
X 1 0 0
X X 1 High
Impedance

X = Don’t Care

SCHEMATIC DIAGRAM (1 of 6 buffers)

e ﬁLD—I

"

wamt

Voo, DRAIN VOLTAGE (Vde)
.20 -18 16 -14 12 10 8 -6 4 -2 0

1 L
=-5Vd
lvu 1 — // 10

.

N
Vogm-10 Vi T/
| . S 3

8
{spvw) IN3UBND NVHQ %

Vou=—15 Vdc | 40
i —4—4/ 7“zsoc_ '45,
I} 1

11

-50

Typical P-Channel
Source Current Characteristics

CONNECTION DIAGRAM
(all packages)

Vpp D6 Q6 D6 Inh Q5 D4 Q4

[ (S T IS N

16 15 14 13 12 11 16 8
SCL4502B

1 2 3 4 5 6 71 8

T o

‘'D3 Q3 D1 Dis Q1 D2 Q2 Vgg

Add suffix for package:
C  16-pin Cerdip F  16-pin Flat
D 16-pin Ceramic H Chip
E  16-pin Epoxy

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
OC Supply Voltage Vpp-Vss 31015 Vde

Operating Temperature Ta
C, D, F, H Device 55 to +125 °C
E Device < 40 to +85 °C

LOGIC DIAGRAM

3%ww a .
nni 120y o8 o
ot 30—
o WIS ter @
o3 tD—:’y—‘” 2
- .»_:[52_.. 4
So. 130 i—o1t OF
oe 18 14 O
Voo =P 18
Vag =P 8
5 T ]
E 160 — Vos = 15 Vde| |
= 140
§ 120
£ 10p 7 Vos = 10 Vic
2 180
2 oA
Q7 40 Y.
Ves = 6 Vde
2 had f T, =25 C
1L L1
1468101214161820
Voe. DRAIN VOLTAGE (Vdc)

Typical N-Channel
Sink Current Characteristics



SCL45028

S ELECTRICAL CHARACTERISTICS
. STATIC CHARACTERISTICS ' '
- 2 T 2
PARAMETER Voo | conpiTioNs |_TLOW t5¢C Twien_ [ ynies
- {Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo] ”
CURRENT 5 {Vin=VggorVpop| - 1.0 — | 0.005} 1.0 - 30 jpuAde
, : 10 | All valid input - 120 - 1001 |20 - 60
15 | combinations - 140 — (002140 — 120
OUTPUT LOW (SINK) loL
CURRENT . 5 | VoL = 0.4V 35 | - 28| 5.7 - 20| -~ |mAdc
C, D, F, H device" 10 |VorL = 0.5V 7.8 - 6.3 [12.5 - 44) -
. 16 |VoL = 1.5V 29 - 240 |49 - 16 -
V|N = \@500’ VDD
Edevics 5 |VoL = 0.4V’ 33 | - 28 |67 - 23| - |mAde
10 |V = 0.5V 7.4 - 6.3 {12.5 - 5.2 -
15 Vo, = 1.5V 28 - ] 240 ja0 - |19 -
N Vin = Vss or Vop
3STATE OUTPUT iz
LEAKAGE CURRENT 15 - |20.1 — +10° [20.1 - $1.0 {uAde
NOTES: ' Remaining Static Electrical Characteristics afe listed under “SCL40008 Series Famil‘y Specifications”.
? T_ow =-55°C for C, D, F, H device. .
= -40°C for E device.
Trign = +125°C for C, D, F, H device.
=+ 85°C for E device.
3 This device has been designed to meet the balanced output drive current specification for
Output High (Source) Current. Consult Family Specifications.
DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C)
Vpo i i
PARAMETER (vde) Min. Typ. Max. Units
PROPAGATION DELAY TIME
From Data Inputs tPLH
5 = 125 250 ns
10 - 60 120
15 — 45 90
i tpHL
5 - 100 200 ns
10 - 50 100
15 - 40 80
From Disable tprz. trLz
tezn. lpzL
5 - . 65 130 ns
10. - 30 60
i 15 - 25 50
OUYTPUT TRANSITION TIME tren :
5 - 100 200 ns
10 - 50 100
15 - 40 80
true
5 - 80 120 ns
10 - 30 60
15 - 20 40
1
u?voo 21.;:»-— '__
Switch Posnons for 3 State Test I Gamerres | —O{0nsmte o Voo
1€sT | st 52 53 sa Voo v e2p—oCtL l et -
Ty Ouen | Closent | Cio-cu | Oven L l 03}-—o I " sok— Vow
[y Cioses | Oven Oocen L:-..... 3 Qa}—o T s —J
:'n Cm": ‘?""‘ Osen | Clowes se as}—o o N °.:‘»',..:f.°a'v b
N Ove Closet Croses Open asl—o s2 O Outeuts Iz oam, .
53 - I o {: E:E;g::'::
[ v =V W « 15V

3-State AC Test Circuit and Waveforms (tphz tpzy, tpLZ, tPZL)
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CDA401 QZBM/ CD40192BC Synchronous 4-Bit Up/Down

Decade Counter

CD40193BM/CD40193BC Synchronous 4-Bit Up/ Down

Binary Counter

géneral description

These up/down counters are monolithic complementary
MOS (CMOS) integrated circuits. The CD40192BM and
CD40192BC are BCD counters. While the CD40193BM
and CDA0193BC are binary counters.

Counting up and counting down is performed by two
count inputs, one being held high while the other is
clocked. The outpufs change on the positive-going
transition of this clock.

These counters feature preset inputs that are enabled
when load is a logical 0" and a clear which forces all
outputs to 0" when it is at logical *1”. The counters
also have carry and borrow outputs so that they can be
cascaded using no external circuitry.

All inputs are protected against damage due to static
discharge by clamps to Vpp and Vss.

features

® Wide supply voltage range . 3V to 15V

® High noise immuﬁity 0.45 Vpp typ

s Low power TTL compatibility fan out of 2
driving 74L

or 1 driving 74LS

® Carry and borrow outputs for easy e_xpansion to N-bit
by cascading

® Asynchronous clear

MM54C192/MM74C192
and MM54C193/MM74C193

® Equivalent to

connection diagram

Dual-in-Line Package
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timing diagrams
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OUTPUTS

Hgigipupiy

L. 1 M
I

U

CARRY

L

BORROW

SEQUENCE
ILLUSTRATED

cLEAR |

1 (] 9 [ 1 H 1 [} L) [} ?
=l i ’-—-‘ COUNT UP COUNT DOWN —
CLEAR PRESET

Sequence:
1. Clear outputs to zero.

2. Load {preset) to BCD seven.
3. Count up 10 eight, nine, carry, 2ero, one and two.
4. Count down 10 one, zero, borrow, nine, eight and seven.

C€D401928M/CD40192BC

LOAD

A

DATA

eI

COUNT
! ur

COURT
DOWN

oa” ] I O

]
0UTPUTS

—— 1

CARRY

o

BORROW

SEQUENCE
LLUSTRATED

k] " 1 0 1 H 1 0 15 w13
- COUNT.UP COUNT DOWN ——=1

ELEAR FRESET
Sequence:
1. Clear outputs to zero.

2. Load (preset) 10 binary thirteen.
3. Count up to fourteen, fifteen, carry, zero, one and two.
4. Count down to one, zero, borrow, fifteen, fourteen and thirteen.

CD401938M/CD40193BC
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