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Circuit Requirements/Description

The circuit to be designed will detect the amplitude of an incoming sinusoid and linearly drive the
current through an LED in proportion to the amplitude of the incoming sinusoid. In parallel with this
capability, the circuit shall detect when the amplitude is above a given threshold, which will be
considered a logical “1” and when the amplitude is below a given threshold, which will be considered a
logical “0”. When the amplitude of the input sinusoid is varied with respect to time to create a “0 10"
sequence, the circuitry will detect the sequence and provide a logical “1” for this condition.

1.

The circuit shall have an input capable of receiving an analog signal comprising a sinusoid with a
max amplitude of +/-2volts.
The frequency of the sinusoid shall be 2 KHz.
The amplitude of the input sinusoid shail vary from +/-1volts to +/- 2 volts.
The circuit shall linearly detect the amplitude of the sinusoid as it varies from +/- 1 volts to +/- 2
volts. Using this detected amplitude (voltage), the circuit shall provide a current drive that
linearly tracks the detected amplitude according to the following boundary conditions and
accuracy:

a. Sinusoid peak = +/- 1 volts the current drive shall supply 5 to 7 milliamps

b. When the sinusoid peak = +/- 2 volts, the current drive shall supply 10 to 13 mifliamps
The current drive shall light an LED. Therefore, the LED intensity should change in “brightness”
as the amplitude of the sinusoid.s varied.
In parallel with the current drive, the circuit shall detect when the amplitude of the sinusoid
exceeds +/- 1.5 volts and generate a logical “1” for this condition. When the amplitude is below
+/- 1.5 volts, the circuit will generate a logical “0” for this condition.
As an additional requirement, a clock circuit shail be built with a frequency of 0.5 to 1 Hz.
When the amplitude of the sinusoid is manually varied close to the frequency of the clock, a
sequence of “0 10" shall be detectable using the criteria of #6 above.

Function
generator

Linear amplitude —> |ED driver
2KHz to current converter E

sinusoid

Threshold detector Above threshold = “1”

Below threshold = “0”

ﬂbit se ue”ce»
Clk detectgr Based on threshold,

circuit —— Detect “0 1 0” pattern




Circuit elements provided:

Various resistors

Various capacitors

TLO82 dual op amps

741 op amps

LM393 comparators
MC74HC175 Quad D type FF
SN54HCT32 OR logic gates
SN54HC14 Hex Schmitt-Trigger inverters
. SN7408 2 input AND logic gates
10. LEDs

11. Breadboard, wires, etc,
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TLOB00 JFET-nput Operational Amplifiers

Check for Samples: TLO&T, TLOBTA, TLOBTE, TLGAZ, TLOB2A, TLOBZB, TLOBA, TLOBAA, TLOSAD

FEATURES

»  Low Power Consumption: 1.4 mAjch Typ
o Wide Common-Mode and Differential Voltage

Ranges

*  Low wput Bias Current: 30 pA Typ

«  Low Ilnput Dffset Current: 5 pA Typ

= Output Short-Circuit Protection

¢« Low Total Harmonic Distortion: 0.003% Typ

« High nput Impedance; JFET Input Stage

«  Latch-Up-Free Operation

©  High Slew Rate: 13 V/jis Typ

o Common-Mode lnput Voltage Range Includes

Vg

TLOBT, TLOG1A, 'l‘L[JU"iB
D, P, OR P& PACKAGI

{TOP VIEW)

TLOGZ, TLOBRA, TLOS2E
D, 4G, P, PS, OR PW PACKAGE
(TOP VIEW)

DESCRIPTION

The TLOBxx JFET-Inpul operational ampllfier family is
designed lo offer a wider selection than any
previously developed operalional amplifier family.
Each of these JFET-inpui eperational ampliliers
incorporates well-maiched,” high-vollage JFET and
hipolar lransistors in a_monolithic iflegraled circuil,
The devices fealure high slew rales, low inpul bias
and offsel  currents, and < low ofiset-vollage
temperaiure  coeflicient. Ofset  adjusimen! and
exlernat compensalion oplions are. available wilhin
the TLO8x famtly:

The C-suffix devices are characierized for operation
from 0°C o 70°C.. The d-sufiix devices are
characierized for operalion from ~40°C {o 85°C. The
Chsuflix devices are characlerized for operation from
—40°C. to 125"C. The M-suffix devices are
characlerized for operation over the full millary
temperature range of ~55"C lo 125°C.

TLOB4, TLOBAA, TLOBAR
2, J, N, NS, OR PW PACKAGE
(TOP VIEZW)
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Wil com
This inlegraled slreuit can be damaged by (5[0 Texns Inslruments recommends that ai nfegrated circulls be handled with
apprapriate preceutions. Fallgre lo abiserve proper handling and ing

taliation procedures tan catise damage:,

ESD damage can range from sublle perlormance daegradalion (o complele device fallure. Freclsion inlegraled clreudls m
susceplible 1o damage hacause vory small paramelric o

ay he more
hanges could causa the dovice nol to meel ils publishad specilic

ations,
Symbols

TLOos1 TLOB2 (EACH AMPLIFIER)

TLOB4 {EACH AMPLIFIER)

INE = [
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OFFSET M2 —

Schematic (Fach Amplifier)
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TLOB Only

Componen! values shown are nommei,
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Absolute Mantinmm Ratings (!
over operaling free-air Ienme:‘alt_n‘e range { ur'|lq_s_,j_5_ g_l_l}g!‘gyi'selolggj

rL0G_C
TLOO_AC
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Caso lomperature for 60 sononds
——— i WDV BO
Laad lemperature 1.6 mm (116 Ineh) from

Easn for 10 seconds

FIC packaga

401 G packag:

-G8 050 [ -66 to 150 =68 0 150 {65 ju 150

Sloraga amperiure rangs

(1) Siresses beyond those listed under "absoluje iaEximum raiings” Thaty caltse permanan) damage 1o {he davice, These gre stress ratings
oy, and funclionaf operalion of the device a) ihese or any olher canditions heyond fhose indicated under “recontmended apetaling
condfifons* is not impliec. Exposure 1o al)soluteﬂaaxfmum—raied condifions for extended periods may affect device refiabitily.

2y A vallage values, excepl differantia) vollages, are with fespecl to the midpoing belween Ve, and Voi-.

(3) Ditterential vollages are al IN+, wilh respec(.to -,

{4)  The magnitude of the inpul vollage must never exeeed ihe magniiude of the supply vollage o 15 v, whichever Is logs.

(8) The outpul may be shorted o ground or {o eilher suppty. Tomperature andfor supply vollages mus! be timited lo ensure hat the
dissipation fatlng is not exceedad,

{6} Maximum nower dissipation is a function of ‘I",(,,,;,x), Oy, and T The maxium allowable power dissipalion ai any allowable ambiey
lemperaitre |s Pp = ('I'J“,,,,,,,; = Taly,, Operaling al {he absolule maximum Ty 0l 150°C can allect reliabitity.

(7) The package thormmg| impedance Is tafcufaie inaceordance with JESD 51-7.

Dissipation Rating Table

Ta'S 25°C DERATING DERATE Tp = 70°C Tp = B5°C Tp = 1250
POWER RATING FACTOR ABOVE T, | PowER RATING | POWER RATING | POWER RaTING
7.6 mw/C 60°C 604 miw ~ 480 mw 86 mw

i1.0 mW{C 8.'3"6
11,0 ml{W'fC

4.4 mV\_/_;f‘fC

680 mw
GB_O W
GAOn n_}W

880 miw_
580 miw
672 miw

) Gt__}_[J_ l]_]_Wi
[513]1] _mW
546 mw

27§_1_HW
210 mw
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Electricai Characteristics
Voo = 215 V (unless olherwise noled) ]
TLOBIC TLOBIAC TL.o81BC TLOB1)
) TEST - TLoG2C TLOOZAC TLONZBC TLOBZ )
PARAMETER CONDITIONS Ta TLOBAC 7 TLOB4AC TLEIABC TLODAI unint
B ) _MIN TYE _MAX MIN TY_P MAX | MIN 1_'YF‘ MAX | MIN  TYP  WMAX
v npul ptset Voo 0, | 2ve | O L b 6 2 3 3 G
o voltage Ry =601 Full rangee 20 75 5
Temporature
Ay :J;::l’f’:)'{ri"('“m :i': : En 0 Fult rangn 14 in 14
vollage R ] )
put oo | R 5 w00 5100 5 oo 5 100 PA
currentt) " | Fult e ? 2 2 10 nA
lpsit blas 20 A aon 300 st 30 200 s ved A
AR e VoeD - — e — — e B
aonl Fill range 6 7 7 20 nA
Commaon- .
-12 ~12 =12 =12
s : — e = - o e L e
[YP— I3y 0 I;I)ﬁ_‘ 25 Cm 112 436 1z 4 13.5 = z2 I.i.:':__k e DEAAL
Ving peak oulpl Ry 210 kD Ful 412 112 1z +17
A 1 — —_ I FiEnepe - N Y I " —
vollag: swing R 2 k0 M0 a2 110 44z 0 1z i 12
Lawgo-signat *C ) 200 i) 2490 al) 200 i) 200
dlllerantial V=410V, - . P,
Ao vaitoge Ry & 2kt Fill rango 5 15 25 25 Vimy
ampti “”","
Unilly-gaain 25c 3 3
By handwltth - 3 3 Mz
inpul £ 12 2 12 12
f rasislance } 245°C 10 10 160 10 a
Common- Vic = Vicrmin,
CMRR  muode Vg =1, 25°C 75 {516] 75 it 75 86 i
rojoction ratin | Ry, = 50 0
Supply-
vollage .
v mjm‘.ﬂun ratio Ao Bl B ba i
BV Vi) iRy =600
o eeaE Vi, - i
Supply Vo= 0
curenl (eich 47 L 25°C 1.4 2.8 1.4 28 1.4 2.8 1.4 248 nA

amplifier) Mo Joud
VoV  Crosstalk - N ) . ] .
2 attosuation Avo = 100 25°C 120 20 120 120 i3 _

(1} Alf characteristics are measured under epen-luop conditions with ze1o conrnon-motle vollage, unless olherwise specilied. Fult range for
TAis 0"C lo 70°G for TLOB G, TLO8_AC, TILOB_BC and -40°C lo 85°C for TLOB .

(2} Inpud blas curgents of an FET-inpul operational ampldior are normal junction reverse currents, which are temperalure senslive, as
shown in Flgure 17. Pulse technigues must be used lhat maintain the: junciion femperalure as close Lo e ambient lemperalure as

passible.
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LM741 Operational Amplifier
Check for Samyples: Livivay
FEATURES DESCRIPTION

° Overload Protection on the Inpui and Outpu

®  No Latch-Up When the Common Wode Range
is Exceeded

Connection Diagrams
LM741H is available ber JM38510/10101

OFFSIT ML {7
WVERTING 1w () “S—(E)outryr

NON-MViRTHIG hipur 0 OFFSET UL

Figure 1, T0-99 Package
See Package Number Liicoossc

The LM741 series are general purpose Operationaf
amplifiers which feature improved performance over
industry standards like lhe LM709, They are divect,
Plug-in replacements for the 709, LM201, MC1439
and 748 in mos| applications,

The amplifiers ofier many fealies which make theiy
application nearly foolproof: overload prolection o
the npud and autpul, ne lalch—up when the cammon
mode range is exceaded, as well gg Ireedom from
oscillalions,

The LM741C is ientical {o {he LM7491.M7414
exceplthal the (M741C has the Performance
ensurerd over a 0°C g +70°C emperature range,
instead of ~55°G i +125"C,

OFFSET NuLL N
INVERHIG INeuT ] 2 vt
ROU-HVLITHG - 3 6 f=0uTpur

hipir

v

-

FOVESIT LY,

R |

Figure 2, chip or PDiR Pachage
See Package Mumbey NAB00OSA, POR0SE

o] vy

HOPFSLY pULL
~IHuT -
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V-

- ez

.“’_'?‘::] He

_ﬂ:_] e

:;”_T:l L]

‘ﬁ:‘_:l uTPUT
I -0rFSIT HULL

Figure 3. CLGA Package
See Package Number NADDO10A
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Typical Application

== (TP

Inkn

|

Ve

Figure 4, Offset Nuliing Circuit

A“d These deviens have limilad Buill-in =80 prolection. The leads should he shored logother of e device nlatad in condusive foum

4 ,-bf’x chaing storage or handling 1o praven aleclrostatic: damage 1o the MOS galas,
e L2,

Absolute Maximum Ratings ")

l 1A LM74

f 22V £

] 500 SO0 myy

LT
+ 1_QV
500 mw

Powor Dissipation

_Dif[qrc—ml_!_'fa_l ,",”P_‘_f! V(.Jll_a_ge H30V £330V 30V
inpuf Voltage 115V, +i5V 15y
OUI_]__JUl'JSh_(_Jr! Cfrc_L__Jl_! Dur;;!_i_un Continuous Conlinuons Cordtnuoys

~55°C o +125"C
-65°Co +150:C

~05"C o +126"C
~65"C lo 4 1ht°C
150°C

260°C ] 260°C
300°C 00C

215°C
215'C

0"C o +70C
~G5"C 1o +150°C
10¢

260°C
J00°C

NABODOA.
A —
VH;E Phag—_‘,_g {60 soconds}) 215°C
l_nl-rfjrt;dﬁ_" {1£ sgc:u_nds) 215°C

ESD Tolerunca

LMCL}EJUUC--I-"F}(;R.’;:Q@ (10 seconds)

{1} "Absolule Maximum Ratings" indicate findis heyand whicl damage 1o the devico may aceur. Operating Rattngs indicale conditions for
which the device is functional, bl da not ensure speciic perormance iy,

{(2) For milary specifications sao RETS741X for 1LM74% and RETS741AX fot LM741A.

(3) n Military/Aarospaca specified devices are redutred, please comac! he T Sates Olfteu/Distribulors for avaitahility and specilicallons,

(4} For operation af elevated loinporatures, these devicss must be derated based oy thormal rasislance, and T max. (lislod undes “Mhsolule
Maxhnurn Retings”), Tp=Tpt (0)a Pp).

() For supply vollages less than +15V, the absolute maximum irpul voliage is equal 1o fhe supply vollage,

(6} Human bodyameded, 1.5 k0 i serios wilh 100 pF,

Electrical Characteristics ("

Lv741a

LM_?MC

Parameler

Test Conditions

Typ { Max | Win

Th = 25°C
Ry < 10 e}
Rg £ 600
Tami < Ta € Tagax
R, 500
Rg 510 kQ

Input Ofiset Vollage

myv

vicrC

Average Inpul Offset Vollage
Drift

(1) Unless otherwise spediliod, these specificalions apply for Vg = £15V, =65°C < Ta s +125°C {LM741/LIM741A). For he LMZ41CAMIA4E,
these spechlications are imiled 1o 0°C = Ta = 470°C,

2 Submilt Doctimentation Feadback Copyiiyht 2 1900-2017, Texas Istiuments Miconoralodg
Product Fofdey Links: LM747
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Electrical Characteristics!!) {continued)

Paraimeter Tesi Conditions

inpul Offset Vollage Ta = 25°C, Vy = 120V
Adjustment Range

Inpt Offsel Currand T'_'\ = )5(;

Yo = T % Tagen

Avarage Inpul Ofisol
Curront Drift
Inpd Btas CGurrenl TA: 26"C

| Tamain = Ta 5 T aaax

L0744
Typ

Lv7a1c _

8o | s00 |
[Xi]

|I'II}I.ITR.(!S'S_—iiu’:lll.ﬂ(-?— T T = 25"C, Vg = :1;2()\;;_
T = Ta 5 Taga,
o = 20V
i Volago Ry - —
Langa Signal Vollage Gan [Th=26°C, 1 2 2 k0 T
Vg = 220V, Vg, = 116V
\{'5 = fL’iV, \{'Q__: 110V 50 200 . 200
Tawi = T = Tapgas, T
R 22 kD,
Vg = 120V, Vy = +15v Vi
Vg = 215V, Vg = 410V 26
Vi = 8V, Vi, = 42V
Oulpul Vallage Swing Vy = 420V
Ry & 10 ki v
Ry &2 k0
Vg = 16V T T
R 210 k0 +12 1 14 y
R 22k0 |ﬂ +13
Owlput Short Circult Ta =25°C 25
Cuirran| Taiaitd 5 Ta S Tapian mA
Cunnl-alorrMnde Tamm 5 Ty < Tamax
Rejection Ralio g =30 kO, Ve, = #12V 70 a0 70 BRI} [i]E]
Ry 5 50Q, Vi = 112V
Stpply Vollage Roujection Tamit S Ta S Tauax,
Reio Vg = 420V {o Vg = +5v
Re <500 4B
Rs =490 k0 77 06 77 96
S5 2 Y e il o
Transion! Rosponse Ta = 25°C, Unily Gain
Rise Tima 0.3 0.3 HS
qurshnn! . 5 5 o,
Bandwidit ©) [T\ = 25°¢ Mz
Slew Rate I T4 = 25°C, Uniity Gan 5 0.5 Vips
Supply Curront | Ta = 25°C 7| 28 17 128 ma
FPower Cornsumplion Ta=25°C
Vg = £20V mvy
V_{_,-_ =15V ! 50 85 1] Bh
{2) Catculated vadua from; BW (MHz} = 0.35/Rise Time {(1s).
Copyright € 199820114, Texas Insinmenls Inearporalod Subimlt Doctimeitation Feodback -3
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Dual Differential Comparator

Features

o Single Supply Opcration: 2V m 36V

= Dt Supply Opernlion 11V (g +18V

° Al Comparison of Vollages Near Ground Pevtentiaf
= Low Corrent Drain 8O0 A Typ.

o Compatible with all Forms of Logie

o Low Input Bias Curront 2504 Typ.

© Low bapot OfTsel Current 450 A Typ.

* Low Offset Voliape 1 Tmy Typ.

Internal Block Diagram

OUTPUT1 { 1

www.fairchildsemi.com

D34, LI

Description

The LM 2903, LMBY/ALMIUIA, LMZOIA comnsis ol tbwo
independen vollnpe comparalors designed operale fron
single power supply over a wide voltage rnpe,

B-DIP

N2 ()

INZ (+)

Rev. 2.0.2

©2(12 Fairchild Semiconduclar Corpoialion




LM2903,1LM393/LM303A,LM293A

Schematic Diagram

vee o—

Absolute Maximum Ratings

Parameter Symbol Value Unit
Fower Supply Voltage Veo +18 or 36 Vv
Differential Input Voltage VI(DIFF) 36 Vv
Input Voitage Vi -0.3t0+36 v
Output Short Circuit to GND - Continuous -
Power Dissipation, T = 25°C
8-DIP PD 1040 mw
8-S0IC 480
Operating Temperature
LM393/L323A 0~+70
LM2903 TOPR -40 ~ +105 °C
LM293A -25 ~ +85
LStorage Temperature ’ TSTG -85 ~ +150 °C ‘J
Thermal Data
, Parameter ] Symbol Value | [ Unit
Thermal Resistance Junction-Ambient Max,
8-DIP Roja 120 “CAN
8-50iC 260




T-1 (3mm) soLip STATE LAmpP

Farl Numbey- WP71DA10LSECK/J3 Hyper Red

Features Dascription

® Low power consumption, The Hyper Reg device Is based on light emitting diode chip
@ Popular T-1 diameter packags, made from AlGainp,

® Gengra) Purpose leads.

© Reliable and rigged,

® Lang life - solid state reliability,

@ Available on tape and ree|,
© Law current IF=gma operafing.

© RoHS comptiant,

Package Dimensions

4.5(0.181)+0/3

-063)MiIN.

1.5(0.050)4 1

o 7
CATHODE

#3.2(0.12g)

5.4(0.213Y4p,5

D0.5(0.02)*0.25 ﬂ

Noles: G Y
1. Al ditmensions are I Milimeters {inches). @ "C@‘ ]
2, Tolerance js £0.25(0.01") unless olfierwise noted, I

3. Lead Spacing Is measured wheve Ihe lea
4. The specificalions, chaya,

SPEC NO; DSANB279 REV NO: v.24 DATE: JAN/21/2015 PAGE: 1 oF g
APPROVED: WyNEC CHECKED: Alen Liu DRAWN: L.t Xje ERP: 1101033250




Selection Guide

Iv (med) [2] Viewing

Part No. Dice Lens Type @ 2mA Angle [1
Min, Typ. 20112
180 550
WP710A10LSECK/J3 Hyper Rad {AlGainP) Water Clear ; ﬁ 34°
*120 320

Noles:
1. 81/2 is the angle from oplical centertine where the luminous intensily is 1/2 of the oplical peak value.
2. Luminous fntensily/ tuminous Flux: +-15%,

* Luminous Intensity value is traceable to the CIE127-2007 compliant national slandards.

Electrical / Optical Characteristics at TA=25°C

1.Wavelenglh: +/~-1nm, -
2,Forward Voltage: +-0.1v,
3.Wavelenglh value is traceable fo the CIE127-2007 compliant nationa) standards,

premature fallure.

Absolute Maximum Ratings at TA=25°C

bymhnl ’ Parameter l Device Min. Typ. Max. Units Test Conditions
L Apeak I Peak Wavelength { Hyper Red G40 nm IF=2mA

AD [1] I Dominant Wavelengih Hyper Red 625 nm IF=2mA T

AA172 ’ Spectral Line Half-widih Hyper Red 20 nm IF=2mA

C I Capacitance Hyper Red 27 pF VF=0Vf=1MHz

VF [2] I Forward Voltage Hyper Rad 1.5 1.8 2.1 v IF=2mA
L IR ] Reverse Current Hyper Red 10 UA VR = 5V j
Nolas;

4.Excess drving cument andfor operaling femperature higher than recommended condilions may result in severe fight degradation ar

Parameter Hyper Red Units
Power dissipation 83 mw
DC Forward Gurrent ) 30 mA
Peak Forward Current 1] 150 mA
Reverse Voltage 5 v
Operating/Siorage Temperatura -40°C To +85°C
Lead Solder Temperature 2] 260°C For 3 Seconds
Lead Solder Temperature i3] 280°C For 5 Seconds ‘_‘
Notes:
1. 1/1@ Duty Cycle, 0.1ms Pulse Widih,
2. 2mm below package base.
2. 5mm below package base.

SPEC NO: DSANB279 REV NO:; V.2A DATE: JAN/21/2D15 FPAGE: 2 OF & —J

APPROVED; WYNEC CHECKED: Allen Liu DRAWN: L.Q.Xie

ERFP: 1101033250




S/ 4 M74HC175
QUAD D-TYPE FLIP FLOP WITH CLEAR
g HIGH SPEED : 7

tPD =18 ns (TYP) at VCC =8V

8 LOW POWER DISSIPATION:
ICC =4,U'.A(MAX.) at TA=25°C

e HIGH NOISE IMMUNITY:
YNIH = Vi = 28 % Ve (MIN.)

o SYMMETRICAL QUTPUT IMPEDANCE:
“OH, = IOL = 4dmA (M]N)

8 BALANCED PROPAGATION DELAYS:
toLp = tppy

o WIDE OPERATING VOLTAGE RANGE:
VCC (OPR) =2V fo 8V

@ PIN AND FUNCTION COMPATIBLE WITH
74 SERIES 175

ORDER CODES

| M74HC175B1R ]
M74HC175M1R M74HC175RM13TR
M74HC175TTR

DESCRIPTION \
The M74HC175 is an high speed CMOS HEX 4Q} on the positive-going edge of the clock pulse,
D-TYPE FLIP FLOP WITH CLEAR fabricated with The reset function is accomplished when the
silicon gate C2MOg technology. CLEAR input is Jow and all Q outputs are low

These four flip-flops are controlied by a clock input regardless of other input conditions.
(CLOCK) and a clear input {CLEAR). The Al inputs are equipped with protection circuits
information data applied io the D inputs (1D to  40) against static discharge and transfent excess

are transferred io the outputs (1Q to 4Q and 1Q 1o voltage.

PIN CONNECTION AND IEC LOGIC SYMBOLS

LETIsS0

July 2001 11




M74HC175

INPUT AND OUTPUT EQUIVALENT CiRCUIT

PiN DESCRIPTION

] 3
L I OUTPUT
3

ETD5650

TRUTH TABLE

SYMBOL | NAME AND FUNCTION

Asynchronous Master
Reset {Active Low)
| Flip-Fiop Outpuis

Complementary Fiip-Fiop
Outputs

CLEAR
2,7,10,15 | iQto4q
3,6.1,14 ] 104G

Clock Input (LOW 1o
HIGH, edge figgered}

X : Don't Care

LOGIC DIAGRAM

Lt

1D 20
4 5
e 1
&LErR
b Fy D
[T 3] CH
tLooy 2
2 s
S-71%5 10 1—9

1] 40

5l

2q g g 5§ 49

This logic diagram has not be used {o estimate propagation delays
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M74HC175

ABSOLUTE MAXIMUM RATINGS

Symbol ! Parameter Value m
Vec | Supply Voltage -0.510 +7 v
Vi [DCInput Voltage -0.5t0 Vg + 0.5 v
Vo  |DC Output Voltage 0510 Ve + 0.5 v
[ I [DC Input Diode Current +20 mA
L lok [ DC Gutput Diode Current +£20 mA
la DC Output Current +25 mA
Igg or lgnp | DG Ve of Ground Gurrent +50 mA
Po Power Disslpation S00(*) m
E Tslg Starage Temperature -65 to +150 °C
300 °C

L T fLead Temperature (10 sec)

Absolule Maximum Ratings are those values beyond which damage to the device Mmay accur. Fupclional

nol implied

(*) 500mW at 65 °C; derale to 300mW by 1OmW/°C from 65°C to 85°C

RECOMMENDED OPERATING CONDITIONS

operation under these conditiong js

‘ Symbol I Parameter Value m
L Voo Supply Voltage 2to6 \Y
I_ Vi Input Voltage 0to Ve v
Vo Output Voltage Oto Vo v
t Top  |Operating Temperature -55 to 125 °C
Input Rise and Fall Time Vg =2.0v 0 to 1000 ns
t b }VT;C =45V 0to 500 ns
[Veg = 6.0V 0 fo 400 ns |

311




N54HCT32, SN74HCT32

S
QUADRUPLE 2-inpyT POSITIVE-OR GATES

SCLS0B4E - NOVEWBER 7988 — REVISED ALIGUST 2603

@ Operating Voltage Range of 4,5V t0 5.5 v
© Outputs Can Dyive UpToioLSTTL Loads
© Low Power Consumption, 20-pA Max lpe

SN54HCT32... J OR W PACKAGE
SN74HCT32... D, DB, N, NS, OR iy PACKAGE
(TOP VIEW)

2a (] 4 11( 4y
28{js 10l] 38
2y (ls 93A

descripﬂonlordering information

The "HCT32 devices contain four independent 2-

Y=AeBorY=4A+8 in pasitive logic.

Typical thy =13

@ @ o g

SN54HCT32

ns

+4-mA Output Drive ats vy
Low input Current of T 1A Max
Inputs Are TTL-VoItage Conmmpatible

- .FK PACKAGE

(TOP VIEW)

1Y f]4
NCI]s
2A 16
NC[]7
28(]s

4A
17[J NC
16(f 4y
15(f NC
14} 3B

NC - No internal connection

input OR gates. They

ORDERING INFORMATION

perform the Boolean function

L w | o e
BDIP —N Tube of 25 SN74HCT32N SN74HCT32N
Tube of 50 SN74HCTa2p
S0IC~D Reelof 2500 | sN74HCT320R HCT32
Reel of 250 SN74HCT32DT
—40°C to 85°C @P — NS Reelof 2000 | SN74HCTIoNSR HCT32
’ESOP - DB | Reel of 2000 SN74HCT32DBR HT32 —I
Tube of 90 SN74HCT32PW
TSSOP — Py Reel of 2000 | SN74HCTI2PWR HT32
Reat of 250 SN74HCT32PWT )
CBIP - J Tube of 25 SNJ54HCT32 SNJ54HCT 324 [
-55°C40125°C  [CFR_w Tube of 150 SNJS4HCT32\ SNJS4HCTI2W
lLececc ZFk Tube of 55 SNJS4HCT32FK SNJ54HCT32FK;[

T Package drawings, standard packing quanfities, thermal data, symbolization, angd PCBd

available at Www._ti.com/sc/pa ckage,

Flease be aware that an imporiant notice concerning availability, standard warranty,
Texas Instruments semiconductar products and disclaimers thereto appears at the end of

. and use in critical applications of
this daia sheet,

UNLESS OTHERWISE NOTED Ifis document comzins PRODUCTION
DATA infotmation current as of ublication dale. Products canform to

Gopyright € 2003, Texas Instruments Incorparated

:r:szz'aa,";s";,gfzsﬂ:;ea':::z.,f*::;';z';z?;ﬂ;,::,::.mr:sz;;a::?";f e TEXAS
arameters.
P HNSTRUMIEN’JI‘S

FOST OFFICE BOX 655303 © DALLAS, TEXAS 75265




SN54HCT32, SN74HCT32
QUADRUPLE 2-INPUT POSITIVE-OR GATES

SCLSNG4E ~ NOVEMBER 1988 - REVISED AUGUIST 2003

FUNCTION TaBLE
{each gatg)

L INPUTS ouTPUT
LA B8] v

H X H
X H H
L L L
A

Y
S ) S—

absolute maximum ratings over opelating free-air temperature Fange (unless otherwise noted)T

logic diagram (positive logic)

Supply voltage range, Voo oo S -05Vto7vy
Input clamp current, hk (Vi<0orv»> vec)(seeNolo 1) ., iy Tt 0 20 mA
Output clamp current, log (Vo < 0 or Vo > Ve (see Note Do +20 mA
Continuous output current, lg (Vo =0 to Vee) w 125 mA
Continuous current et GCOTOND ... SO 150 mA
Package thermal impedancs, 8Ja (see Note 2): Dpackage ..o 86°C/w
DBpackage .. T 98°C/w
Npackage ... .o, . e 80°C/w
NS package "o, .00 76°Can
PWpackage ..., [/ 113°C/vy
Storage temperature 10 Tatg o g WL —65°C to 150°C

t Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device, These are sfress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions” js not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability,

NOTES: 1. Theinput and output voltage ratings may be exceeded if the Input and output current ratings are observed.

2. The package thermal impedance is caleulated in accordance with JESD 51.7.

recommended operating conditions (see Note 3)

SN54HCT32 SN74HCT32

L MIN - NOM  MAX | wmiN NOM  MAX NI

| Vco  Supply voltage 4.5 5 55| 45 5 55| v
VIH High-level input voltage ] Vec=45Vin55y 2 C2 v
ViL Low-levelinput voltage Voo =45Vios5y 0.8 0.8 v
\/ Input voltage 0 Ve 0 Veo v

,_VO Output voltage 0 Vee 0 Voo v

LAUAV Input transition rise/falf time 500 500 ns

LT A Opsrating free-air femperaiture -5 125 —40 85 °C

NOTE 3: Al unused inputs of the device must bg held at Ve or GND 1o ensure proper device operalion.’ Refer 1o the T) application repory,
Implications of Siow ar Floating cMOS Inputs, lilerature number SCBAQ04.

PRODUCT PREVIEW Inlprmation toncems protucls in the formative o

design phase of develnplment. C'haraclarislic dala |ajl11d r;llher
specificalions are desfar goals. Texas nsiuments resenvgs e right ko
ehange or disconlinue these produsts withgu nofice, H E}{AS

2 POST OFFICE BOX 655303 © DALLAS. TEXAS 75265
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SNEAHC14, SN74HC14

SCLE0BHG - DECEMBER 1082 .- REVISED JAMUARY 2044

www L, com
SNX4HC14 Hex Schmitt-Trigger Inverters
Check for Bamples; SN541C14, SNTAHCTA
FEATURES DESCRIPTION
*  Wide Operating Voltage Range of 2V to 6 V lejese . Sehmill-trigger clevicefs cordain  six
. . independenl inverfers, They perform (he Boolean
Outpuis Can Drive Up’to 10 LSTTL Loads funclion Y = A in positive logic.
°  lLow Power Consumption, 20-pA Max lgc
> Typical {,; = 11 ns
o kd-mA Ouipui Drive at 5 ¥

iy

l.ow Input Current of 1 pA Max

SH5AHCHA , ., J OR W PACKAGE
SN74HCA4,,.D, DB, N, NS, OR PW PACKAGE

(TOP VIEW)
1AL v ] Ve
1 [j2 131} 6A
2a[13 12]] 8y
2y {j4 11} 5A
3alls 104] 5y
3y [fo 9f] 44
GND [f7 8H 4v

Please ba aware thal an imporianl nolice concerning availabifity,
Texas Inslruments semiconductor products and disclaimers there

SNEAHC14 , . FK PACKAGE
(TOP VIEW)

[
- O
LR

o

MV 2 T Y 7 1 | D
24 ]4 3 2 120 19'”3'[ GY
NC [T 5 17{f NC
26 16} 5a
NG ] 7 153 Ne
3a s 14[] 5y

—
—

ay s
AATTS

3y e
GND {2
NC ]

NC = No internal conneclion

slandard warranly, and use in critical applications of
lo appeais al {he end of this dala sheel.

PROEUICTION BATA indermation s avent os ol pullicalion date.
Prothuniy confonm 1o speeilcattens por he ooms of b Teras
Instments standard warranty. Prodoction processing does
neesmsilly include desting of IIH

Pillillll!l[(!l!-

Copyright € 19822014, Texas Instroments lncorporstod
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SNSAHC14, SN74HC 14

sl ‘wl@mg{ EMBER 19080 1y VISELS 'Jf\NUAR:’:M::Qlﬂ,,wmmmwWww,ﬂ,mwm,,;wmw

This inlegrated Cireuil can e damagec by ESD, Taxas Instruments fecommends that ay integrated circuity be handled wiin
appropriale precaions, Falfure 1o obsarve Proper handiing and installation Procedures can eayse damage,

Alan  FsD damage sap rANge front supbile nerformance degradalion 1o complele device lailure. Precision Integrated clrcufls may ke more
susceplible 1o damage hecayse very small paramedric changes coulg cairse the device niof (o meat s publishad Specilicalions,

Function Taple
(Each Inverter)

INPUTS OuUTPUT
A Y
——
H i
L i
— _r

Logic Diagram {Positive Logic)

Absolute Maximum Ratings!1)
over o_peram]g nfree»zur Iglnpera[ure range (unlesy olherwisa ngladjl

—_—
Voo Supply yallage rang

Te npud clamp curre

—— . T2 SR Clrren e i
fo,__Oulput clamp cttrren( ]
Conlinuous aulpud curren

2

00V = Vi

VU =)
e T
V(J =0 o V[JC

e |

D package

lo

Conrinuc_)us current !hrough Voe oF GND

D3 paq_lsﬂg_e

Package therma linpedance 3} N pack_age

B4a e
NS Packag

T,

sy, Slorage temperature range

{1) Slesses Beyond those lisjag under "absolc maximum raiings? Ay cause permapen damage io fhe tdevice, These are sHoss ralings
oaly, and funclionat operalion af the devicg al these or any other condllions beyond those indicaled ungey “racommendey Operaling
conelifions” is noy implied. Exposure to aleolule-maxinum'r—mIﬂ{l sondilions for exlended periods may aflect device roliabilily,

(2} The inpur angd oulpul volfage ratings may be exceeded if {he input and oufpu eurrent rallngs are obsarver,

(3) The Package thermaf Impedance jg caleufaled iy accordance with JESD 51-7,

Recommended Operating Conditions

Ve

Inpuf voua_ge

Ouipual vollage
Operaling Iree-air lemperatire

Ta

(1} Al unuseg inpuls of tha device must be held g Viee or GND (o ensure proper device operation, Refer to the T appliealion reporf,
mpliations of Slow or Floating cmog pdis, lleralure numbrer SCBADD4.

o e e, e ot i e

2 Suthnilt Davinnentation Feedbank Copyright ¢ 1on9-20 14, Tonas, stremongs Incomoriog
Praduct Folder Links SNELHC 4 SNFAHCT 4

e e
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SNBAHC14, SN74HC14

SCLEONGG DECEMBER 1uny. REVISED SANUARY 2014

www,ll.com

Electrical Characteristics
aver operating free-afr temparsdure ran

ge (unless offierwise holed}

i

PARAMETER TESY CONDITIONS Ve — . Tamase SHHCI SHTAlC
R fme N TR max] MAX MIN  max
T 2y a7 1y 15 07 5[ 0 T g
iy sy s s T am 155 d15] 155 44g
av 1T 0 T 42 29 az] T a2
i v 03 0.6 A s
Vo ‘_1.‘;\_,-_- 09 g pasl T 0y 24 0y pam
o tiV: 12 CR 12 T
av 02 05 1o 0.2 6y 12
Ay 0.4 0.9 71 04 9y G4 o |
. ) [iRY 1.5 B 1.3 .)5 0.4 4.5 T4
B T T 2y 0 1y 0 |
st = 200 1 sy Ad 4400 44
Vi Vi or vy . Gy 5.9
o dma T Ty T aan
=5, i v sa g T e
T v won: T oql
b = 20 45V Doot aal
Va Vi=Vior v, Gy N 1 A -
o = 4 mA __4" 097 posl
ot = 5.2 mA 6V 015 09| 0,33
Vi= Vi or 0 5 01 pion, 1000 |
E V=V 6, oo G I . |
Vi= vy _ I R ]y

Switching Characteristics
over operaling _free-_air le:__a:lperaiure range, Gy =
FROM

PARAMETER

(INPUT)

Operating Characteristics
Ta = 25°C

Mt

inverier

S0pF (unless other\rgise_ .'JOEG_d),(see Fi
Ta = 25°C

gure 1),

SN541C0g
N wax

e

SN74HC08
MIN WAX

1655

TP max

TEST COND__I___TEONS
No toad

Copyrght i TOB2-2014, Texas

Instrmenls Ineosporafed

Procduct FQI(IUJ Links ;

Submii Boctmentation Feodback ) 3

SNEAHCTS SN7ARCT 4




SN5408, SN54LS08, SN54508
SN7408, SN74L.508, SN74S08
QUADRUPLE 2-INPUT POSITIVE-AND GATES

SDLS033 - DECEMBER 1983 — REVISED MARCH 1988

e Package Options include Plastic “‘Small SN5408, SNE4LS0B, SNBAS08 . . . J OR W PACKAGE
Qutline” Pachages, Ceramic Chip Carrlers SN7408 ... J OR N PACKAGE
and Flat Packages, and Plastie and Ceramic SN74L508, SN74508. . . D, J OR N PACKAGE
DIPs {TOP VIEW)

¢ Dependsble Texas Instruments Quality and
Reliabliity

description
These devices contain four independent 2-input

AND gates.

The SN6408, SN54LS08, and SN54508 are

characterized for operation over the full military SN54LS08, SNB4S0B . . . FK PACKAGE
temperature range of —55°C to 125°C. The {TOP VIEW)

SN7408, SN74LS08 and SN74508 are
characterized for operation from 0° to 70°C,

FUNCTION TABLE (each gata)

INPUTS oUTRUT
A B v
H H H
L X L
¢ L L
logic symbolt
A {3 & @) NC—No internal connection
1p—t2) 1Y
pa (@) 5 logic diagram {positive {ogic)

2Y

v
3032, ., 13————4 )
e 3 Y

112 ay

LA el ] ““4\-’ 28—

48 (13} A 7
3

38—

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and Yy — i
IEC Publication 617-12; ﬂ:).____ 4y

Fin numbers shown are for D, J, N, and W packages. 48

————

Y=A-Bor Y=54+

PRODUCTIGN DATA information is cument as of Jublicatian date. Copyright £ 1988, Texas Instrumants Incorporated
[}

Products conform to specificalions per the ferms of Texas hslruments
slandard warranity. Praduction processing does net mecessarly inciuds
testing of all parameters,

& TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 © DALLAS, TEXAS 75265 1




SN5408, SH541.508, SN54S08
SN7408, SN74LS08, SN74S08
QUADRUPLE 2-INPUT POSITIVE-AND GATES

SDLS033 - DECEMBER 1583 — REVISED MARCH 1g88

schematies {each gate}
L50B
Veo
120 2
INPUTS
A
B
QUTPUT
¥
S GiND
508
& Vee
s0 82
INPUTS
A
B ou1;PUT
,'7]; : S——GND
Resistor values are naminal,
absolute maximum ratings over operating frea.ajr temparature range (unfess otherwise noted)
Supply voltage, Voo {see Note 0w...... R T P v
input voltage: 08,808 .. ........ . e L e e cai .., . 55V
‘LS8 ..., ... ... s e e, Cer e, Ve Y AT
Operating free-air temperature range: SNS4° ..., . .. e, Crreecesiciiiiii L. —B5%C 1o 125%
SN74 e, el <evvevs 0%Ct0 70°%
Storage temperature range.....,,. . e, R R —656°Cto 150°¢C

TExAs
INSTRUMENTS

POST OFFICE Box 655303 © DALLAS, TEXAS 75265




SN5408, SHI54L.S08, SN54508

SN7408, SN74L508, SN74S08
QUADRUPLE 2-iNPUT POSITIVE-AND GATES
SDLS033 - DECEMBER 1983 — REVISED MARCH 1388
recommanded operating conditions
SME4DB 8NN¥408
unsT
I ROM  MAX | Mg NOM  MAX
Vee  Supply voltage 4.54 5 56 { 4,76 5 525 v
ViH High-level input voltage 2 2
VL Low~leval input voltage 0.8 0.8
loH High-leval output current -0.B —-0.8 maA,
lor, Lowtievel output currant 16 6] ma
TaA  Operating free-sir temperature — 5% 125 0 70 °c

electrical characteristics over recommandad oparating free-air tem

perature rangs (U

niess otherwiss noted)

SN5408 SN7463
PARAMETER TEST CONDITIONS T UNIT
MIN. TYPE MaX | min TYPE MAX
Vi Voo = MIN, if=2—12mA -1.5 ~ 15
Vor Voo = MIN, Vig=2V, {oH = - 0.8 mA 24 3.4 2.4 3.4
VoL Ve = MIN, Vip=08V, 0L =16 mA 0.2 0.4 Q.2 04
i Voo = MAK, Vi=b5vV 1 1 mA
[577] Voo =MAX, Vi=24v , 40 40 L HA
I8 Voo =MAX, Vvi=p4v -1.6 -1.8{ mA
log§ Vo = MAX - 20 -85 | — 18 =5 | ma
oo Voo =MAX, Vi=45vV 11 21 1 21 mA
iceL Vee = MAX, Vi=ov 20 33 20 33 mA
t For conditions shaown ag MIN or MAX, use the approprinte velug specifiad under racommended pperpting conditions.
1 At typical values aro at Ve =5 V. T4 = 26°C,
§ Not more then ©one output shouid bo shorted at s time.
switching characteristics, Viog = 5 V, Ta = 25°C (sse note 2}
FROM TO
PARAMETER TEST CONDITIONS MIN  TYP MAX | uniT
{INPUT} {OUTPUT)
tPLH 17.5 27 ns
AarB Y R =400 q, Ci =15pF .
tPHL 12 19 ns

NOTE 2: Load circuits and voltage waveforms are shown in Section 1,

IN

TExAs
STRUMENTS
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