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1. Γενικές Πληροφορίες 
 

Το εργαστήριο Ηλεκτρονικής ΙΙ, είναι μάθημα του τετάρτου εξαμήνου και 
διεξάγεται στον εργαστηριακό χώρο απέναντι από την γραμματεία της σχολής, 
δηλαδή στον ίδιο χώρο που διεξάγονταν και το εργαστήριο της Ηλεκτρονικής Ι. 

Το εργαστήριο διεξάγεται σε ομάδες των δύο ατόμων, και κάθε ομάδα θα 
εκπονήσει συνολικά πέντε εργαστηριακές ασκήσεις. Κάθε ομάδα θα προσέρχεται για 
εκπόνηση άσκησης, κάθε δεύτερη εβδομάδα σύμφωνα με το πρόγραμμα που έχει 
ανακοινωθεί. Για το ακαδημαϊκό έτος 2009-2010, τα εργαστήρια θα αρχίσουν από 
την Δευτέρα 1η Μαρτίου. 

Είναι προφανές ότι για να συμμετάσχει κάποιος με αξιώσεις στην διεξαγωγή 
του εργαστηρίου Ηλεκτρονικής ΙΙ, θα πρέπει να έχει συμμετάσχει με σχετική επιτυχία 
στην διεξαγωγή του εργαστηρίου Ηλεκτρονικής Ι, ώστε να γνωρίζει τον τρόπο 
σύνδεσης των στοιχείων, λειτουργία των γεννητριών και του παλμογράφου καθώς και 
την εν γένει λογική του εργαστηριακού εξοπλισμού. Σε κάθε περίπτωση όποιος δεν 
γνωρίζει τα παραπάνω, θα πρέπει να καταβάλει σημαντικό κόπο, πριν την αρχή του 
εργαστηρίου, ώστε να διαβάσει τα αντίστοιχα εγχειρίδια χρήσης και να κατατοπιστεί 
κατάλληλα. Ειδάλλως δεν θα είναι εφικτό για αυτόν να διενεργήσει της 
εργαστηριακές ασκήσεις. 
 
 
 
2. Προεργασία Εργαστηριακών Ασκήσεων  
 

Οι φοιτητές που θα προσέρχονται στο εργαστήριο για την διεξαγωγή της 
εργαστηριακής άσκησης είναι υποχρεωμένοι να έχουν μελετήσει την άσκηση πιο 
πριν. Θα πρέπει να έχουν μελετήσει τα κυκλώματα που θα υλοποιήσουν. Επειδή το  
εργαστήριο Ηλεκτρονικής ΙΙ, έχει να κάνει με την χρήση ολοκληρωμένων 
κυκλωμάτων οι φοιτητές πρέπει από το σπίτι τους να έχουν διαβάσει τα datasheets 
των αντίστοιχων ολοκληρωμένων που θα χρησιμοποιήσουν ώστε να ξέρουν  τι 
λειτουργίες αυτό επιτελεί, ποιο ποδαράκι του ολοκληρωμένου αντιστοιχεί σε ποιον 
ακροδέκτη του κυκλώματος, τι πρέπει να συνδεθεί που και γιατί,  κ.ο.κ. Σε αντίθετη 
περίπτωση δεν θα φτάσει ο χρόνος για να βρεθεί αυτή η πληροφορία κατά την 
διάρκεια εκπόνησης του εργαστηρίου και επίσης να φτιαχτούν τα κυκλώματα που 
προβλέπονται και να ληφθούν οι απαραίτητες μετρήσεις. 

Επίσης θα πρέπει να έχετε προετοιμάσει το θεωρητικό κομμάτι της άσκησης, 
στο οποίο εν δυνάμει θα εξετάζεστε, σύμφωνα με αυτά που περιγράφονται στο 
εδάφιο 3. Κατόπιν παρατηρήσεων πολλών φοιτητών που συμμετείχαν στο 
εργαστήριο Ηλεκτρονικής Ι (ότι δεν έχουν διαβάσει τα αντίστοιχα θεωρητικά 
μαθήματα στα οποία βασίζεται το εργαστήριο, και για αυτό δεν μπορούσαν να 
κατανοήσουν την αντίστοιχη θεωρητική σημασία της), προσδιορίσαμε το 
εκπαιδευτικό υλικό και της πηγές του ώστε να έρχεστε προετοιμασμένοι κατάλληλα 
στα εργαστήρια (εδάφιο 3). Το υλικό αυτό προέρχεται είτε από το βιβλίο του 
μαθήματος των Ψηφιακών Ηλεκτρονικών που διδάσκεται στο Γ εξάμηνο ή από 
ελεγμένες πηγές του διαδικτύου. Αυτό το υλικό θα δίνεται και σαν παράρτημα στο 
τέλος αυτού του οδηγού για όσους από εσάς δεν έχετε συνεχή  πρόσβαση στο 
διαδίκτυο. 

 
 



 Στο σύγγραμμα που θα προμηθευτείτε στο τέλος κάθε εργαστηριακής άσκησης 
υπάρχουν τα datasheets των περισσοτέρων από τα ολοκληρωμένα που θα 
χρησιμοποιήσετε στα πλαίσια των εργαστηριακών ασκήσεων. Υπάρχουν όμως και 
άλλα που αν και θα χρειαστείτε δεν υπάρχουν μέσα στο σύγγραμμα. Αυτά θα τα 
βρείτε πολύ εύκολα κάνοντας μια αναζήτησης στο διαδίκτυο (π. μέσω google),  με 
όρους αναζήτησης τον τύπο του ολοκληρωμένου κυκλώματος , ακολουθούμενο από 
την λέξη datasheet. Π.χ. για το χρονιστή (timer) 555, που όπως αναφέρεται στην 
εργαστηριακή άσκηση 5, χρησιμοποιείται μέσω του ολοκληρωμένου LM555, αρκεί 
να γράψουμε σαν όρο αναζήτησης το “LM555 datasheet”. Λογικά το datasheet που 
ψάχνεται θα βρίσκεται στη πρώτες επιλογές. Στα πλαίσια του εν λόγω οδηγού 
«Μελέτης και εκπόνησης Εργαστηρίου Ηλεκτρονικής ΙΙ», θα γίνει προσπάθεια ώστε 
στο τέλος του να υπάρχουν τα datasheets όλων των ολοκληρωμένων που θα 
χρειαστείτε.  

Είναι πολύ ΣΗΜΑΝΤΙΚΟ, να έχετε μελετήσει τα datasheet των 
ολοκληρωμένων κάθε άσκησης πιο πριν, ώστε να ξέρετε σε τι αντιστοιχεί ο κάθε 
ακροδέκτης του ολοκληρωμένου και να μπορέσετε να φτιάξετε έστω τα κυκλώματα 
των εργαστηριακών ασκήσεων.  Τα  εν λόγω datasheet, δεν είναι ανάγκη να τα 
διαβάζετε στο σύνολο τους. Απλά να παίρνεται μόνο της απαραίτητες πληροφορίες 
για αυτά που αναφέρθηκαν πιο πάνω ώστε να μπορείτε να ανταποκριθείτε στης 
ανάγκες του εργαστηρίου σύμφωνα με τα ζητούμενα σε κάθε άσκηση. 
 
 
 
3. Διδακτικό Υλικό Προεργασίας ανά Εργαστηριακή Άσκηση  
 

 Η εργαστηριακή άσκηση 1, περιέχει κυκλώματα που περιλαμβάνουν 
τελεστικούς ενισχυτές. Όλες της απαραίτητες πληροφορίες που θα χρειαστείτε τόσο 
για τα πρακτικά όσο για τα θεωρητικά ζητήματα του εργαστηρίου που αφορούν τους 
τελεστικούς ενισχυτές, θα της βρείτε στα ακόλουθα δύο links: 

 
http://en.wikipedia.org/wiki/Operational_amplifier
http://en.wikipedia.org/wiki/Operational_amplifier_applications
 
Σε αυτά τα links, εξηγούνται εύκολα και κατανοητά όλα όσα απατούνται. 
Τελεστικούς ενισχυτές έχετε διδαχθεί και σε μαθήματα προηγούμενων εξαμήνων 
οπότε προφανώς σας καλύπτουν και τα αντίστοιχα συγγράμματα που 
χρησιμοποιήσατε σε αυτά τα μαθήματα. Θα χρειαστεί επίσης να μελετήσατε τα 
datasheets των ολοκληρωμένων LF411 και 741 που χρησιμοποιούνται στα πλαίσια 
της άσκησης. 
 
 
 
 
 
 
 
 
 
 
 

http://en.wikipedia.org/wiki/Operational_amplifier
http://en.wikipedia.org/wiki/Operational_amplifier_applications


Η εργαστηριακή άσκηση 2, περιέχει κυκλώματα που περιλαμβάνουν ψηφιακές 
πύλες, ταλαντωτές δακτυλίου (ring oscillators), πύλες TTL, πύλες CMOS και πύλες 
CMOS τριών καταστάσεων. Από άποψη υλικού που πρέπει να μελετήσετε είναι η 
πλέον εκτενής. Αυτό όμως θα το βρείτε μπροστά σας αφού και οι υπόλοιπες 
εργαστηριακές ασκήσεις στηρίζονται σε αυτές της γνώσεις. Έτσι εάν καταλάβετε της 
βασικές έννοιες αυτής της άσκησης θα έχετε ένα πολύ καλό εφόδιο για την συνέχεια 
του εργαστηρίου και λιγότερο διάβασμα στης επόμενες εργαστηριακές ασκήσεις. 

Αυτά που θα χρειαστεί να μελετήσετε είναι τα αντίστοιχα εδάφια από το βιβλίο 
του μαθήματος των Ψηφιακών Ηλεκτρονικών του Γ εξαμήνου. Σε σχέση με το βιβλίο 
του κ. Λιούπη για τα Ψηφιακά Ηλεκτρονικά, θα πρέπει να μελετήσετε της σελίδες 23 
έως 38 και  59 έως 63. το εν λόγω βιβλίο μπορεί να βρεθεί στην ηλεκτρονική 
διεύθυνση: 

http://aiolos.cti.gr/gr/faculty/psifil/
 

και οι σελίδες που αναφέρονται πιο πάνω προς μελέτη ανήκουν στα κεφάλαια 2 και 3 
αντίστοιχα. Πολλές και χρήσιμες πληροφορίες σχετικά με της λογικές πύλες, της 
πύλες τριών καταστάσεων κ.ο.κ, τους ταλαντωτές δακτυλίου κ.α. μπορείτε να βρείτε 
και στης ακόλουθες ιστοσελίδες: 
 

http://en.wikipedia.org/wiki/Logic_gate
http://en.wikipedia.org/wiki/Ring_oscillator

 
 
Προφανώς μπορείτε να χρησιμοποιήσετε και συγγράμματα που έχετε πάρει από την 
σχολή και καλύπτουν τα παραπάνω θεματικά αντικείμενα. Θα χρειαστεί επίσης να 
μελετήσατε τα datasheets των ολοκληρωμένων 74LS00, 74HC00,  και CD4007 που 
χρησιμοποιούνται στα πλαίσια της άσκησης. 
 
 

Η εργαστηριακή άσκηση 3, περιέχει κυκλώματα που περιλαμβάνουν στοιχεία 
αποθήκευσης όπως latches, flip-flop τύπου D, T και J-K. Αυτά που θα χρειαστεί να 
διαβάσετε και να ξέρετε για την εκπόνηση του εργαστηρίου, βρίσκονται στης 
ακόλουθες ιστοσελίδες 

 
http://en.wikipedia.org/wiki/Latch_(electronics)

http://en.wikipedia.org/wiki/Flip-flop_(electronics)
 
 
Προφανώς μπορείτε να χρησιμοποιήσετε και συγγράμματα που έχετε πάρει από την 
σχολή και καλύπτουν τα παραπάνω θεματικά αντικείμενα. Θα χρειαστεί επίσης να 
μελετήσατε τα datasheets των ολοκληρωμένων 74HC00, 74HC74, 74LS112, 
74HC175, και 74HC08 που χρησιμοποιούνται στα πλαίσια της άσκησης. 
 
 
 
 
 
 
 
 

http://aiolos.cti.gr/gr/faculty/psifil/
http://en.wikipedia.org/wiki/Logic_gate
http://en.wikipedia.org/wiki/Ring_oscillator
http://en.wikipedia.org/wiki/Latch_(electronics)
http://en.wikipedia.org/wiki/Flip-flop_(electronics)


Η εργαστηριακή άσκηση 4,  διαπραγματεύεται την διασύνδεση λογικών 
πυλών ίδιων και διαφορετικών οικογενειών π.χ. διασύνδεση πυλών CMOS και TTL. 
Σε αυτή την άσκηση είναι απαραίτητο να γνωρίζετε αυτά που αναφέρθηκαν στην 
εργαστηριακή άσκηση 2 για της πύλες TTL και πύλες CMOS δηλαδή από το βιβλίο 
του μαθήματος των Ψηφιακών Ηλεκτρονικών του κ. Λιούπη της σελίδες 23 έως 38 
και  59 έως 63. που ανήκουν στα κεφάλαια 2 και 3 αντίστοιχα. 

Το μόνο νέο κομμάτι που θα πρέπει να μελετήσετε έχει να κάνει με το 
αντίστοιχο 4ο κεφάλαιο του ίδιου βιβλίου που αφορά ακριβώς την διασύνδεση 
λογικών πυλών διαφορετικών οικογενειών. Έτσι  πρέπει να διαβάσετε  της σελίδες 
91-95 από το αντίστοιχο τέταρτο κεφάλαιο. 

Θα χρειαστεί επίσης να μελετήσατε τα datasheets των ολοκληρωμένων   
74LS00, 74HC00, 74HCT00, 74LS04, 74HC04, CD4001B και CD400, που 
χρησιμοποιούνται στα πλαίσια της άσκησης. 
 

Η εργαστηριακή άσκηση 5, περιέχει κυκλώματα που περιλαμβάνουν 
σκανδαλιστές Schmitt trigger και κυκλώματα χρονιστών. Για τον σκανδαλιστή 
Schmitt trigger, μπορείτε να διαβάσετε αρκετά πράγμα από της σελίδες 69-70 του 
βιβλίου του κ. Λιούπη για τα Ψηφιακά Ηλεκτρονικά καθώς επίσης και από την 
ακόλουθη ιστοσελίδα: 

 
http://en.wikipedia.org/wiki/Schmitt_trigger

 
Όσον  αφορά τον χρονιστή 555, υλικό προς μελέτη υπάρχει στης παρακάτω 

ιστοσελίδες: 
 

http://en.wikipedia.org/wiki/555_timer_IC
http://www.doctronics.co.uk/555.htm

 
Προφανώς μπορείτε να χρησιμοποιήσετε και συγγράμματα που έχετε πάρει από 

την σχολή και καλύπτουν τα παραπάνω θεματικά αντικείμενα. Θα χρειαστεί επίσης 
να μελετήσατε τα datasheets των ολοκληρωμένων  74HC14, LM555, 7400,  74LS00, 
74AS00, 74ALS00, 74HC00, 74AC00, 74LS04, CD4007, CD4001B και CD4050B, 
που χρησιμοποιούνται στα πλαίσια της άσκησης. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://en.wikipedia.org/wiki/Schmitt_trigger
http://en.wikipedia.org/wiki/555_timer_IC
http://www.doctronics.co.uk/555.htm


4. Εκπαιδευτικό Λογισμικό Εξομοίωσης Εργαστηριακών Ασκήσεων   
 

Στα πλαίσια του εργαστηρίου θα δοθούν οδηγίες για την χρήσης εκπαιδευτικού  
λογισμικού για την εξομοίωση των εργαστηριακών ασκήσεων σε υπολογιστή κατ’ 
οίκον. Αυτό θα μπορείτε να το χρησιμοποιείτε τόσο στο σπίτι για εξάσκηση, καθώς 
επίσης και για την περίπτωση όπου στα πλαίσια του εργαστηρίου κάποιοι από εσάς 
δεν προλάβουν να εκτελέσουν όλες της πειραματικές διατάξεις και να πάρουν όλες 
της μετρήσεις. Ο τρόπος αξιοποίησης αυτής της πρακτικής θα αναφερθεί στο 
εργαστήριο ώστε να εξασφαλιστεί ότι δεν θα υπάρχει περίπτωση όπου μια ομάδα θα 
πάρει απλά τα κυκλώματα και της μετρήσεις από κάποια άλλη ομάδα.  

Το εκπαιδευτικό λογισμικό που συνίσταται αν χρησιμοποιήσετε είναι το 
“PSpice 9.1 Student Version”, για το οποίο πιο κάτω θα αναφερθεί πιο συγκεκριμένο 
στοιχείο  θα πρέπει να χρησιμοποιείται για κάθε ένα από τα ολοκληρωμένα 
κυκλώματα που χρησιμοποιούνται στα πλαίσια των εργαστηριακών ασκήσεων. 

Το “PSpice 9.1 Student Version”, μπορείτε να το κατεβάσετε από κάποια από 
τα δύο ακόλουθα links: 
 

http://www.electronics-lab.com/downloads/schematic/013/
http://www.electronics-lab.com/downloads/cnt/fclick.php?fid=513

 
Για την χρήση του “PSpice 9.1 Student Version”, θα βρείτε έναν τεράστιο όγκο 

πληροφοριών στο διαδίκτυο.  Κατόπιν αναζήτησης στο διαδίκτυο, βρήκαμε ότι 
υπάρχει εξαιρετικό ελληνικό εκπαιδευτικό υλικό διαφόρων συναδέλφων που θα σας 
βοηθήσουν να μάθετε εύκολα και γρήγορα το εν λόγω εργαλείο. Αυτό το 
εκπαιδευτικό υλικό βρίσκεται στης ακόλουθες ιστοσελίδες: 
 

http://www.ellab.physics.upatras.gr/content/view/162/2/lang,greek/
http://vergina.eng.auth.gr/kontoleon/Page-SPE.htm
http://vergina.eng.auth.gr/kontoleon/Page-SPD.htm

 
 

Παράλληλα  στην προσωπική ιστοσελίδα του διδάσκοντα  Χ. Μιχαήλ, υπάρχει 
οπτικοακουστικό υλικό ( video-tutorials) για τον τρόπο χρήσης του συγκεκριμένου 
εργαλείου σε κυκλώματα vlsi. Ο τρόπος λειτουργίας του εργαλείου είναι ίδιος και 
απλά εσείς θα πρέπει να επιλέγετε τα κατάλληλα εξαρτήματα για τα κυκλώματα σας. 
 

http://www.vlsi.ece.upatras.gr/~michail/vlsi/vlsi2.htm
 
 

Επίσης  πολύ κατατοπιστικά, είναι και το ακόλουθα δύο εισαγωγικά κείμενα 
στην χρήση του “PSpice 9.1 Student Version”. 

 
www.ee.sharif.ir/~zandi/PSpice_Handbook.pdf

http://userweb.elec.gla.ac.uk/j/jdavies/orcad/spiceintro.pdf
http://denethor.wlu.ca/PSpice/pspice_tutorial.html#HI

 
 
 
 
 

http://www.electronics-lab.com/downloads/schematic/013/
http://www.electronics-lab.com/downloads/cnt/fclick.php?fid=513
http://www.ellab.physics.upatras.gr/content/view/162/2/lang,greek/
http://vergina.eng.auth.gr/kontoleon/Page-SPE.htm
http://vergina.eng.auth.gr/kontoleon/Page-SPD.htm
http://www.vlsi.ece.upatras.gr/%7Emichail/vlsi/vlsi2.htm
http://www.ee.sharif.ir/%7Ezandi/PSpice_Handbook.pdf
http://userweb.elec.gla.ac.uk/j/jdavies/orcad/spiceintro.pdf
http://denethor.wlu.ca/PSpice/pspice_tutorial.html#HI


Επιπλέον εκπαιδευτικό υλικό  για την χρήση του “PSpice 9.1 Student Version”, 
μπορείτε να βρείτε  και στης ακόλουθες ιστοσελίδες, της οποίες ελέγξαμε και το 
υπάρχον υλικό είναι πολύ υψηλού επιπέδου: 
 

http://www.ee.nmt.edu/~rison/ee321_fall02/Tutorial.html
http://cobweb.ecn.purdue.edu/~ee255/lecturesupp_files/PSpice-Tutorial.pdf

http://www.engr.colostate.edu/ECE562/Pspicetutorial.pdf
http://www.uta.edu/ee/hw/pspice/

http://ewh.ieee.org/soc/es/Nov1999/02/BEGIN.HTM
 

Πιο κάτω θα βρείτε της αντιστοιχίες μεταξύ των στοιχείων κάθε εργαστηριακής 
άσκησης και του αντίστοιχου στοιχείου που θα πρέπει να χρησιμοποιηθεί από τα 
διαθέσιμα στο “PSpice 9.1 Student Version”, ώστε να μπορείτε εύκολα και γρήγορα 
να υλοποιείστε τα απαιτούμενα κυκλώματα. 
 

 
 
 

ΑΣΚΗΣΗ 1 
   
ΟΛΟΚΛΗΡΩΜΕΝΟ ΕΡΓΑΣΤΗΡΙΟΥ ΜΟΝΤΕΛΟ ΤΟΥ SPICE 
OPAMP LF411 LF411 
OPAMP LM 741CN uA741 
Ροοστάτης R_var 
 
 
 

ΑΣΚΗΣΗ 2 
   
ΟΛΟΚΛΗΡΩΜΕΝΟ ΕΡΓΑΣΤΗΡΙΟΥ ΜΟΝΤΕΛΟ ΤΟΥ SPICE 
SN74LS00 7400 
SN74HC00 7400 
D1N4148 D1N4148 
CD4007 Χρησιμοποιήσατε τα MOSFET 

τρανζίστορς MbreakN3D και 
MbreakP3D για να οργανώσετε τη 
συνδεσμολογία που απαιτείται 

 
 
 

ΑΣΚΗΣΗ 3 
   
ΟΛΟΚΛΗΡΩΜΕΝΟ ΕΡΓΑΣΤΗΡΙΟΥ ΜΟΝΤΕΛΟ ΤΟΥ SPICE 
SN74HC00 7400 
SN74HC74 7474 
SN74LS112 74111 
SN74HC08 7408 
SN74HC175 74175 
 
 

http://www.ee.nmt.edu/%7Erison/ee321_fall02/Tutorial.html
http://cobweb.ecn.purdue.edu/%7Eee255/lecturesupp_files/PSpice-Tutorial.pdf
http://www.engr.colostate.edu/ECE562/Pspicetutorial.pdf
http://www.uta.edu/ee/hw/pspice/
http://ewh.ieee.org/soc/es/Nov1999/02/BEGIN.HTM


ΑΣΚΗΣΗ 4 
   
ΟΛΟΚΛΗΡΩΜΕΝΟ ΕΡΓΑΣΤΗΡΙΟΥ ΜΟΝΤΕΛΟ ΤΟΥ SPICE 
SN74LS00 7400 
SN74HC00 7400 
D1N4148 D1N4148 
SN74HC08 7408 
SN74LS04 7404 
SN74HC04 7404 
CD4050B 7433 ή 7402 
 
 
 

ΑΣΚΗΣΗ 5 
   
ΟΛΟΚΛΗΡΩΜΕΝΟ ΕΡΓΑΣΤΗΡΙΟΥ ΜΟΝΤΕΛΟ ΤΟΥ SPICE 
SN74HC00 7400 
SN74HC14 7414 
Zener Diode DIN750 Ή 1N4370A  
LM555 555D 
SN74LS00 7400 
SN74HC00 7400 
CD4050B 7433 ή 7402 
CD4001B 7433 ή 7402 
CD4007 Χρησιμοποιήσατε τα MOSFET 

τρανζίστορς MbreakN3D και 
MbreakP3D για να οργανώσετε τη 
συνδεσμολογία που απαιτείται 

 
 
Σημ: 
 Στην περίπτωση που εισάγετε Flip-Flop στο schematics για να πραγματοποιηθεί η 
εξομοίωση θέσατε την αρχική τους κατάσταση ως ακολούθως: 
 
Analysis->Digital Setup και επιλέγετε> Flip-Flop Initialization All 1 Default A/D 
interface ->Level 
 

Κατόπιν όλων αυτών που έχουν αναφερθεί πιο πάνω θεωρούμε ότι πλέον έχετε 
όλα τα απαραίτητα εφόδια, ανεξαρτήτως των μαθημάτων προηγούμενων εξαμήνων 
που έχετε ή δεν έχετε διαβάσει, ώστε να εκτελέσετε σωστά της εργαστηριακές 
ασκήσεις κατανοώντας και το αντίστοιχο θεωρητικό υπόβαθρο. 
 
Σας ευχόμαστε καλή επιτυχία… 
 
 

                                                                                           Οι Διδάσκοντες 
 

Δρ. Χαράλαμπος Μιχαήλ 
Δρ. Φώτιος Γκιουλέκας 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ΠΑΡΑΡΤΗΜΑΤΑ ΜΕΛΕΤΗΣ 
ΕΡΓΑΣΤΗΡΙΟΥ 

ΗΛΕΚΤΡΟΝΙΚΗΣ ΙΙ 



Operational amplifier

Various op-amp ICs in eight-pin dual in-line packages
("DIPs")

From Wikipedia, the free encyclopedia

An operational amplifier, which is often called an
op-amp, is a DC-coupled high-gain electronic
voltage amplifier with a differential input and,
usually, a single-ended output.[1] An op-amp
produces an output voltage that is typically millions
of times larger than the voltage difference between
its input terminals.

Typically the op-amp's very large gain is controlled
by negative feedback, which largely determines the
magnitude of its output ("closed-loop") voltage gain
in amplifier applications, or the transfer function
required (in analog computers). Without negative
feedback, and perhaps with positive feedback for
regeneration, an op-amp essentially acts as a comparator. High input impedance at the input terminals (ideally
infinite) and low output impedance at the output terminal(s) (ideally zero) are important typical characteristics.

Op-amps are among the most widely used electronic devices today, being used in a vast array of consumer,
industrial, and scientific devices. Many standard IC op-amps cost only a few cents in moderate production
volume; however some integrated or hybrid operational amplifiers with special performance specifications may
cost over $100 US in small quantities. Op-amps sometimes come in the form of macroscopic components, (see
photo) or as integrated circuit cells; patterns that can be reprinted several times on one chip as part of a more
complex device.

The op-amp is one type of differential amplifier. Other types of differential amplifier include the fully
differential amplifier (similar to the op-amp, but with two outputs), the instrumentation amplifier (usually built
from three op-amps), the isolation amplifier (similar to the instrumentation amplifier, but which works fine with
common-mode voltages that would destroy an ordinary op-amp), and negative feedback amplifier (usually built
from one or more op-amps and a resistive feedback network).
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Circuit notation



Circuit  diagram symbol
for an op-amp

With no negative feedback, the
op-amp acts as a switch. The
inverting input is held at  ground (0 V)
by the resistor, so if the Vin applied to
the non-inverting input is positive,
the output will be maximum positive,
and if Vin is negative, the output will
be maximum negative. Since there is
no feedback from the output to either
input, this is an open loop circuit .
The circuit 's gain is just the Gopen-loop
of the op-amp.

The circuit symbol for an op-amp is shown to the right, where:

: non-inverting input
: inverting input

: output
: positive power supply
: negative power supply

The power supply pins (  and ) can be labeled in different ways (See IC
power supply pins). Despite different labeling, the function remains the same — to
provide additional power for amplification of signal. Often these pins are left out of
the diagram for clarity, and the power configuration is described or assumed from the circuit.

Operation

The amplifier's differential inputs consist of a  input and a  input, and ideally the op-amp amplifies only
the difference in voltage between the two, which is called the differential input voltage. The output voltage of the
op-amp is given by the equation,

where  is the voltage at the non-inverting terminal,  is the voltage at the inverting terminal and

Gopen-loop is the open-loop gain of the amplifier. (The term open-loop refers to the absence of a feedback

loop from the output to the input.)

The magnitude of Gopen-loop is typically very large—seldom less

than a million—and therefore even a quite small difference between
 and  (a few microvolts or less) will result in amplifier

saturation, where the output voltage goes to either the extreme
maximum or minimum end of its range, which is set approximately
by the power supply voltages. Finley's law states that "When the
inverting and non-inverting inputs of an op-amp are not equal, its
output is in saturation." Additionally, the precise magnitude of

Gopen-loop is not well controlled by the manufacturing process,

and so it is impractical to use an operational amplifier as a
stand-alone differential amplifier. If linear operation is desired,
negative feedback must be used, usually achieved by applying a
portion of the output voltage to the inverting input. The feedback
enables the output of the amplifier to keep the inputs at or near the
same voltage so that saturation does not occur. Another benefit is
that if much negative feedback is used, the circuit's overall gain and
other parameters become determined more by the feedback network
than by the op-amp itself. If the feedback network is made of
components with relatively constant, predictable, values such as
resistors, capacitors and inductors, the unpredictability and
inconstancy of the op-amp's parameters (typical of semiconductor
devices) do not seriously affect the circuit's performance.



Adding negative feedback via Rf
reduces the gain. Equilibrium will be
established when Vout is just sufficient
to reach around and pull the inverting
input to the same voltage as Vin. As a
simple example, if Vin = 1 V and Rf =
Rg, Vout will be 2 V, the amount
required to keep V– at  1 V. Because of
the feedback provided by Rf, this is a
closed loop circuit . Its over-all gain
Vout / Vin is called the closed-loop
gain Gclosed-loop. Because the feedback
is negative, in this case Gclosed-loop is
less than the Gopen-loop of the op-amp.

Equivalent circuit of an operational amplifier.

If no negative feedback is used, the op-amp functions as a switch or
comparator.

Positive feedback may be used to introduce hysteresis or oscillation.

Returning to a consideration of linear (negative feedback) operation,
the high open-loop gain and low input leakage current of the op-amp
imply two "golden rules" that are highly useful in analysing linear
op-amp circuits.

Golden rules of op-amp negative feedback

If there is negative feedback and if the output is not saturated,

both inputs are at the same voltage;1.

no current flows in or out of either input.[2]2.

These rules are true of the ideal op-amp and for practical purposes
are true of real op-amps unless very high-speed or high-precision
performance is being contemplated (in which case account must be
taken of things such as input capacitance, input bias currents and
voltages, finite speed, and other op-amp imperfections, discussed in
a later section.)

As a consequence of the first rule, the input impedance of the two inputs will be nearly infinite. That is, even if
the open-loop impedance between the two inputs is low, the closed-loop input impedance will be high because
the inputs will be held at nearly the same voltage. This impedance is considered as infinite for an ideal opamp
and is about one megohm in practice.

Real and Ideal op-amps

Shown on the right is an equivalent circuit model of an
operational amplifier. The main part in the amplifier is the
dependent voltage source that increases in relation to the

voltage across Rin, thus amplifying the voltage difference

between  and .

Supply voltages  and  are used internally to power
the dependent voltage source. The positive supply  sets
an upper bound on the output, and the negative source 
sets a lower bound on the output.

More sophisticated equivalent circuit models can also be
constructed which include things such as input capacitance
and input bias. On the other hand, one can imagine an even

simpler "ideal" op-amp by assuming Rin to be infinite and

Rout = 0.



GAP/R's K2-W: a
vacuum-tube

op-amp (1953).

ADI's HOS-050: a
high speed hybrid

IC op-amp
(1979).

An op-amp in a
modern DIP.

An ideal op-amp is usually considered to have the following properties, and they are considered to hold for any
input voltages:

Infinite open-loop gain (i.e., when doing theoretical analysis, limit should be taken as open loop gain

Gopen-loop goes to infinity)

Infinite bandwidth (i.e., the frequency magnitude response is flat everywhere with zero phase shift).
Infinite input impedance (so, in the diagram, , and zero current flows from  to  )
Zero input current (i.e., there is no leakage or bias current into the device)
Zero input offset voltage (i.e., when the input terminals are shorted so that , the output is a
virtual ground).
Infinite slew rate (i.e., the rate of change of the output voltage is unbounded) and power bandwidth (full
output voltage and current available at all frequencies).

Zero output impedance (i.e., Rout = 0, and so output voltage does not vary with output current)

Zero noise
Infinite Common-mode rejection ratio (CMRR)
Infinite Power supply rejection ratio for both power supply rails.

Because of these properties, an op-amp can be modeled as a nullor.

History

1941: First (vacuum tube) op-amp

An op-amp, defined as a general-purpose, DC-coupled, high
gain, inverting feedback amplifier, is first found in US Patent
2,401,779 "Summing Amplifier" filed by Karl D. Swartzel Jr. of
Bell labs in 1941. This design used three vacuum tubes to
achieve a gain of 90dB and operated on voltage rails of ±350V. It
had a single inverting input rather than differential inverting and
non-inverting inputs, as are common in today's op-amps.
Throughout World War II, Swartzel's design proved its value by
being liberally used in the M9 artillery director designed at Bell
Labs. This artillery director worked with the SCR584 radar
system to achieve extraordinary hit rates (near 90%) that would
not have been possible otherwise.[3]

1947: First op-amp with an explicit non-inverting
input

In 1947, the operational amplifier was first formally defined and named in a paper by
Professor John R. Ragazzini of Columbia University. In this same paper a footnote
mentioned an op-amp design by a student that would turn out to be quite significant.
This op-amp, designed by Loebe Julie, was superior in a variety of ways. It had two major innovations. Its
input stage used a long-tailed triode pair with loads matched to reduce drift in the output and, far more
importantly, it was the first op-amp design to have two inputs (one inverting, the other non-inverting). The
differential input made a whole range of new functionality possible, but it would not be used for a long time due



GAP/R's model
P45: a solid-state,
discrete op-amp

(1961).

GAP/R's model
PP65: a solid-state

op-amp in a
potted module

(1962).

to the rise of the chopper-stabilized amplifier.[4]

1949: First chopper-stabilized op-amp

In 1949, Edwin A. Goldberg designed a chopper-stabilized op-amp.[5] This set-up uses a normal op-amp with
an additional AC amplifier that goes alongside the op-amp. The chopper gets an AC signal from DC by
switching between the DC voltage and ground at a fast rate (60 Hz or 400 Hz). This signal is then amplified,
rectified, filtered and fed into the op-amp's non-inverting input. This vastly improved the gain of the op-amp
while significantly reducing the output drift and DC offset. Unfortunately, any design that used a chopper
couldn't use their non-inverting input for any other purpose. Nevertheless, the much improved characteristics of
the chopper-stabilized op-amp made it the dominant way to use op-amps. Techniques that used the
non-inverting input regularly would not be very popular until the 1960s when op-amp ICs started to show up
in the field.

In 1953, vacuum tube op-amps became commercially available with the release of the model K2-W from George
A. Philbrick Researches, Incorporated. The designation on the devices shown, GAP/R, is a contraction for the
complete company name. Two nine-pin 12AX7 vacuum tubes were mounted in an octal package and had a
model K2-P chopper add-on available that would effectively "use up" the non-inverting input. This op-amp was
based on a descendant of Loebe Julie's 1947 design and, along with its successors, would start the widespread
use of op-amps in industry.

1961: First discrete IC op-amps

With the birth of the transistor in 1947, and the silicon transistor in 1954, the concept of
ICs became a reality. The introduction of the planar process in 1959 made transistors
and ICs stable enough to be commercially useful. By 1961, solid-state, discrete op-amps
were being produced. These op-amps were effectively small circuit boards with
packages such as edge-connectors. They usually had hand-selected resistors in order to
improve things such as voltage offset and drift. The P45 (1961) had a gain of 94 dB and
ran on ±15 V rails. It was intended to deal with signals in the range of ±10 V.

1962: First op-amps in potted modules

By 1962, several companies were producing modular potted
packages that could be plugged into printed circuit boards.[citation needed] These packages
were crucially important as they made the operational amplifier into a single black box
which could be easily treated as a component in a larger circuit.

1963: First monolithic IC op-amp

In 1963, the first monolithic IC op-amp, the μA702 designed by Bob Widlar at Fairchild
Semiconductor, was released. Monolithic ICs consist of a single chip as opposed to a
chip and discrete parts (a discrete IC) or multiple chips bonded and connected on a
circuit board (a hybrid IC). Almost all modern op-amps are monolithic ICs; however,
this first IC did not meet with much success. Issues such as an uneven supply voltage,
low gain and a small dynamic range held off the dominance of monolithic op-amps until
1965 when the μA709[6] (also designed by Bob Widlar) was released.



1968: Release of the μA741 – would be seen as a nearly ubiquitous chip

The popularity of monolithic op-amps was further improved upon the release of the LM101 in 1967, which
solved a variety of issues, and the subsequent release of the μA741 in 1968. The μA741 was extremely similar
to the LM101 except that Fairchild's facilities allowed them to include a 30 pF compensation capacitor inside
the chip instead of requiring external compensation. This simple difference has made the 741 the canonical
op-amp and many modern amps base their pinout on the 741s.The μA741 is still in production, and has become
ubiquitous in electronics—many manufacturers produce a version of this classic chip, recognizable by part
numbers containing 741.

1966: First varactor bridge op-amps

Since the 741, there have been many different directions taken in op-amp design. Varactor bridge op-amps
started to be produced in the late 1960s; they were designed to have extremely small input current and are still
amongst the best op-amps available in terms of common-mode rejection with the ability to correctly deal with
hundreds of volts at their inputs.

1970: First high-speed, low-input current FET design

In the 1970s high speed, low-input current designs started to be made by using FETs. These would be largely
replaced by op-amps made with MOSFETs in the 1980s. During the 1970s single sided supply op-amps also
became available.

1972: Single sided supply op-amps being produced

A single sided supply op-amp is one where the input and output voltages can be as low as the negative power
supply voltage instead of needing to be at least two volts above it. The result is that it can operate in many
applications with the negative supply pin on the op-amp being connected to the signal ground, thus eliminating
the need for a separate negative power supply.

The LM324 (released in 1972) was one such op-amp that came in a quad package (four separate op-amps in one
package) and became an industry standard. In addition to packaging multiple op-amps in a single package, the
1970s also saw the birth of op-amps in hybrid packages. These op-amps were generally improved versions of
existing monolithic op-amps. As the properties of monolithic op-amps improved, the more complex hybrid ICs
were quickly relegated to systems that are required to have extremely long service lives or other specialty
systems.

Recent trends

Recently supply voltages in analog circuits have decreased (as they have in digital logic) and low-voltage
opamps have been introduced reflecting this. Supplies of ±5V and increasingly 5V are common. To maximize the
signal range modern op-amps commonly have rail-to-rail inputs (the input signals can range from the lowest
supply voltage to the highest) and sometimes rail-to-rail outputs.

Classification of Operational Amplifiers

Op-amps may be classified by their construction:



DIP pinout for 741-type
operational amplifier

discrete (built from individual transistors or tubes/valves)
IC (fabricated in an Integrated circuit) - most common
hybrid

IC op-amps may be classified in many ways, including:

Military, Industrial, or Commercial grade (for example: the LM301 is the commercial grade version of the
LM101, the LM201 is the industrial version). This may define operating temperature ranges and other
environmental or quality factors.
Classification by package type may also affect environmental hardiness, as well as manufacturing options;
DIP, and other through-hole packages are tending to be replaced by Surface-mount devices.
Classification by internal compensation: op-amps may suffer from high frequency instability in some
negative feedback circuits unless a small compensation capacitor modifies the phase- and frequency-
responses; op-amps with capacitor built in are termed compensated, or perhaps compensated for
closed-loop gains down to (say) 5, others: uncompensated.
Single, dual and quad versions of many commercial op-amp IC are available, meaning 1, 2 or 4 operational
amplifiers are included in the same package.
Rail-to-rail input (and/or output) op-amps can work with input (and/or output) signals very close to the
power supply rails.
CMOS op-amps (such as the CA3140E) provide extremely high input resistances, higher than
JFET-input op-amps, which are normally higher than bipolar-input op-amps.
other varieties of op-amp include programmable op-amps (simply meaning the quiescent current, gain,
bandwidth and so on can be adjusted slightly by an external resistor).
manufacturers often tabulate their op-amps according to purpose, such as low-noise pre-amplifiers, wide
bandwidth amplifiers, and so on.

Applications

Main article: Operational amplifier applications

Use in electronics system design

The use of op-amps as circuit blocks is much easier and clearer than
specifying all their individual circuit elements (transistors, resistors,
etc.), whether the amplifiers used are integrated or discrete. In the first
approximation op-amps can be used as if they were ideal differential gain
blocks; at a later stage limits can be placed on the acceptable range of
parameters for each op-amp.

Circuit design follows the same lines for all electronic circuits. A specification is drawn up governing what the
circuit is required to do, with allowable limits. For example, the gain may be required to be 100 times, with a
tolerance of 5% but drift of less than 1% in a specified temperature range; the input impedance not less than one
megohm; etc.

A basic circuit is designed, often with the help of circuit modeling (on a computer). Specific commercially
available op-amps and other components are then chosen that meet the design criteria within the specified
tolerances at acceptable cost. If not all criteria can be met, the specification may need to be modified.



An op-amp connected in the non-inverting
amplifier configuration

A prototype is then built and tested; changes to meet or improve the specification, alter functionality, or reduce
the cost, may be made.

Positive feedback configurations

Another typical configuration of op-amps is the positive feedback, which takes a fraction of the output signal
back to the non-inverting input. An important application of it is the comparator with hysteresis (i.e., the
Schmitt trigger).

Basic single stage amplifiers

Non-inverting amplifier

The gain equation for the op-amp is:

However, in this circuit V– is a function of Vout because of

the negative feedback through the R1R2 network.  R1 and

R2 form a voltage divider with reduction factor

Since the V– input is a high-impedance input, it does not load the voltage divider appreciably, so:

Substituting this into the gain equation, we obtain:

Solving for Vout:

If Gopen-loop is very large, this simplifies to

   .

Inverting amplifier



An op-amp connected in the inverting
amplifier configuration

Because it does not require a differential input, this negative feedback connection was the most typical use of an
op-amp in the days of analog computers.[citation needed] It remains very popular.[citation needed]

This circuit is easily analysed with the help of the two
"golden rules".

Since the non-inverting input is grounded, rule 1 tells us that
the inverting input will also be at ground potential (0 Volts):

The current through Rin is then:

Rule 2 tells us that no current enters the inverting input.

Then, by Kirchoff's current law the current through Rf must be the same as the current through Rin. The

voltage drop across Rf is then given by Ohm's law:

Since V- is zero volts, Vout is just − VRf:

[7]

Some Variations:
A resistor is often inserted between the non-inverting input and ground (so both inputs "see"
similar resistances), reducing the input offset voltage due to different voltage drops due to bias
current, and may reduce distortion in some op-amps.
A DC-blocking capacitor may be inserted in series with the input resistor when a frequency
response down to DC is not needed and any DC voltage on the input is unwanted. That is, the
capacitive component of the input impedance inserts a DC zero and a low-frequency pole that gives
the circuit a bandpass or high-pass characteristic.

Other applications

audio- and video-frequency pre-amplifiers and buffers
voltage comparators
differential amplifiers
differentiators and integrators
filters
precision rectifiers



precision peak detectors
voltage and current regulators
analog calculators
analog-to-digital converters
digital-to-analog converter
voltage clamps
oscillators and waveform generators

Most single, dual and quad op-amps available have a standardized pin-out which permits one type to be
substituted for another without wiring changes. A specific op-amp may be chosen for its open loop gain,
bandwidth, noise performance, input impedance, power consumption, or a compromise between any of these
factors.

Limitations of real op-amps

Real op-amps differ from the ideal model in various respects.

IC op-amps as implemented in practice are moderately complex integrated circuits; see the internal circuitry for
the relatively simple 741 op-amp below, for example.

DC imperfections

Real operational amplifiers suffer from several non-ideal effects:

Finite gain 
Open-loop gain is infinite in the ideal operational amplifier but finite in real operational amplifiers.
Typical devices exhibit open-loop DC gain ranging from 100,000 to over 1 million. So long as the loop
gain (i.e., the product of open-loop and feedback gains) is very large, the circuit gain will be determined
entirely by the amount of negative feedback (i.e., it will be independent of open-loop gain). In cases where
closed-loop gain must be very high, the feedback gain will be very low, and the low feedback gain causes
low loop gain; in these cases, the operational amplifier will cease to behave ideally.

Finite input impedance 
The input impedance of the operational amplifier is defined as the impedance between its two inputs. It is
not the impedance from each input to ground. In the typical high-gain negative-feedback applications, the
feedback ensures that the two inputs sit at the same voltage, and so the impedance between them is made
artificially very high. Hence, this parameter is rarely an important design parameter. Because
MOSFET-input operational amplifiers often have protection circuits that effectively short circuit any
input differences greater than a small threshold, the input impedance can appear to be very low in some
tests. However, as long as these operational amplifiers are used in a typical high-gain negative feedback
application, these protection circuits will be inactive and the negative feedback will render the input
impedance to be practically infinite. The input bias and leakage currents described below are a more
important design parameter for typical operational amplifier applications.

Non-zero output impedance 
Low output impedance is important for low resistance loads; for these loads, the voltage drop across the
output impedance of the amplifier will be significant. Hence, the output impedance of the amplifier
reflects the maximum power that can be provided. If the output voltage is fed back negatively, the output



impedance of the amplifier is effectively lowered; thus, in linear applications, op-amps usually exhibit a
very low output impedance indeed. Negative feedback can not, however, reduce the limitations that Rload

in conjunction with Rout place on the maximum and minimum possible output voltages; it can only reduce
output errors within that range.

Low-impedance outputs typically require high quiescent (i.e., idle) current in the output stage and will dissipate
more power. So low-power designs may purposely sacrifice low-impedance outputs.

Input current 
Due to biasing requirements or leakage, a small amount of current (typically ~10 nanoamperes for bipolar
op-amps, tens of picoamperes for JFET input stages, and only a few pA for MOSFET input stages)
flows into the inputs. When large resistors or sources with high output impedances are used in the circuit,
these small currents can produce large unmodeled voltage drops. If the input currents are matched and the
impedance looking out of both inputs are matched, then the voltages produced at each input will be equal.
Because the operational amplifier operates on the difference between its inputs, these matched voltages
will have no effect (unless the operational amplifier has poor CMRR, which is described below). It is
more common for the input currents (or the impedances looking out of each input) to be slightly
mismatched, and so a small offset voltage can be produced. This offset voltage can create offsets or
drifting in the operational amplifier. It can often be nulled externally; however, many operational
amplifiers include offset null or balance pins and some procedure for using them to remove this offset.
Some operational amplifiers attempt to nullify this offset automatically.

Input offset voltage 
This voltage, which is what is required across the op-amp's input terminals to drive the output voltage to

zero,[8][nb 1] is related to the mismatches in input bias current. In the perfect amplifier, there would be no
input offset voltage. However, it exists in actual op-amps because of imperfections in the differential
amplifier that constitutes the input stage of the vast majority of these devices. Input offset voltage creates
two problems: First, due to the amplifier's high voltage gain, it virtually assures that the amplifier output
will go into saturation if it is operated without negative feedback, even when the input terminals are wired
together. Second, in a closed loop, negative feedback configuration, the input offset voltage is amplified
along with the signal and this may pose a problem if high precision DC amplification is required or if the

input signal is very small.[nb 2]

Common mode gain 
A perfect operational amplifier amplifies only the voltage difference between its two inputs, completely
rejecting all voltages that are common to both. However, the differential input stage of an operational
amplifier is never perfect, leading to the amplification of these identical voltages to some degree. The
standard measure of this defect is called the common-mode rejection ratio (denoted CMRR).
Minimization of common mode gain is usually important in non-inverting amplifiers (described below)
that operate at high amplification.

Temperature effects 
All parameters change with temperature. Temperature drift of the input offset voltage is especially
important.

Power-supply rejection 
The output of a perfect operational amplifier will be completely independent from ripples that arrive on
its power supply inputs. Every real operational amplifier has a specified power supply rejection ratio
(PSRR) that reflects how well the op-amp can reject changes in its supply voltage. Copious use of bypass



capacitors can improve the PSRR of many devices, including the operational amplifier.
Drift 

Real op-amp parameters are subject to slow change over time and with changes in temperature, input
conditions, etc.

AC imperfections

The op-amp gain calculated at DC does not apply at higher frequencies. To a first approximation, the gain of a
typical op-amp is inversely proportional to frequency. This means that an op-amp is characterized by its
gain-bandwidth product. For example, an op-amp with a gain bandwidth product of 1 MHz would have a gain
of 5 at 200 kHz, and a gain of 1 at 1 MHz. This low-pass characteristic is introduced deliberately, because it
tends to stabilize the circuit by introducing a dominant pole. This is known as frequency compensation.

Typical low cost, general purpose op-amps exhibit a gain bandwidth product of a few megahertz. Specialty and
high speed op-amps can achieve gain bandwidth products of hundreds of megahertz. For very high-frequency
circuits, a completely different form of op-amp called the current-feedback operational amplifier is often used.

Other imperfections include:

Finite bandwidth — all amplifiers have a finite bandwidth. This creates several problems for op amps.
First, associated with the bandwidth limitation is a phase difference between the input signal and the
amplifier output that can lead to oscillation in some feedback circuits. The internal frequency
compensation used in some op amps to increase the gain or phase margin intentionally reduces the
bandwidth even further to maintain output stability when using a wide variety of feedback networks.
Second, reduced bandwidth results in lower amounts of feedback at higher frequencies, producing higher
distortion, noise, and output impedance and also reduced output phase linearity as the frequency
increases.
Input capacitance — most important for high frequency operation because it further reduces the open
loop bandwidth of the amplifier.
Common mode gain — See DC imperfections, above.

Nonlinear imperfections

Saturation — output voltage is limited to a minimum and maximum value close to the power supply

voltages.[nb 3] Saturation occurs when the output of the amplifier reaches this value and is usually due to:
In the case of an op-amp using a bipolar power supply, a voltage gain that produces an output that
is more positive or more negative than that maximum or minimum; or
In the case of an op-amp using a single supply voltage, either a voltage gain that produces an output
that is more positive than that maximum, or a signal so close to ground that the amplifier's gain is

not sufficient to raise it above the lower threshold.[nb 4]

Slewing — the amplifier's output voltage reaches its maximum rate of change. Measured as the slew rate,
it is usually specified in volts per microsecond. When slewing occurs, further increases in the input signal
have no effect on the rate of change of the output. Slewing is usually caused by internal capacitances in
the amplifier, especially those used to implement its frequency compensation.
Non-linear transfer function — The output voltage may not be accurately proportional to the difference
between the input voltages. It is commonly called distortion when the input signal is a waveform. This



A component level diagram of the common 741 op-amp. Dotted lines outline:
current mirrors (red); differential amplifier (blue); class A gain stage (magenta);

voltage level shifter (green); output stage (cyan).

effect will be very small in a practical circuit if substantial negative feedback is used.

Power considerations

Limited output current — the output current must obviously be finite. In practice, most op-amps are
designed to limit the output current so as not to exceed a specified level — around 25 mA for a type 741
IC op-amp — thus protecting the op-amp and associated circuitry from damage. Modern designs are
electronically more rugged than earlier implementations and some can sustain direct short circuits on their
outputs without damage.

Limited dissipated power — an op-amp is a linear amplifier. It therefore dissipates some power as heat,
proportional to the output current, and to the difference between the output voltage and the supply
voltage. If the op-amp dissipates too much power, then its temperature will increase above some safe
limit. The op-amp may enter thermal shutdown, or it may be destroyed.

Modern integrated FET or MOSFET op-amps approximate more closely the ideal op-amp than bipolar ICs
when it comes to input impedance and input bias and offset currents. Bipolars are generally better when it
comes to input voltage offset, and often have lower noise. Generally, at room temperature, with a fairly large
signal, and limited bandwidth, FET and MOSFET op-amps now offer better performance.

Internal circuitry of 741 type op-amp

Though designs vary between products and manufacturers, all op-amps have basically the same internal
structure, which consists of three stages:

Differential amplifier –
provides low noise
amplification, high
input impedance,
usually a differential
output.

1.

Voltage amplifier –
provides high voltage
gain, a single-pole
frequency roll-off,
usually single-ended
output.

2.

Output amplifier –
provides high current
driving capability, low
output impedance,
current limiting and
short circuit
protection circuitry.

3.

Input stage



Constant-current stabilization system

The input stage DC conditions are stabilized by a high-gain negative feedback system whose main parts are the
two current mirrors on the left of the figure, outlined in red. The main purpose of this negative feedback
system—to supply the differential input stage with a stable constant current—is realized as follows.

The current through the 39 kΩ resistor acts as a current reference for the other bias currents used in the chip.
The voltage across the resistor is equal to the voltage across the supply rails ( ) minus two
transistor diode drops (i.e., from Q11 and Q12), and so the current has value

. The Widlar current mirror built by Q10, Q11, and the 5 kΩ

resistor produces a very small fraction of Iref at the Q10 collector. This small constant current through Q10's

collector supplies the base currents for Q3 and Q4 as well as the Q9 collector current. The Q8/Q9 current mirror
tries to make Q9's collector current the same as the Q3 and Q4 collector currents. Thus Q3 and Q4's combined
base currents (which are of the same order as the overall chip's input currents) will be a small fraction of the
already small Q10 current.

So, if the input stage current increases for any reason, the Q8/Q9 current mirror will draw current away from the
bases of Q3 and Q4, which reduces the input stage current, and vice versa. The feedback loop also isolates the

rest of the circuit from common-mode signals by making the base voltage of Q3/Q4 follow tightly 2Vbe below

the higher of the two input voltages.

Differential amplifier

The blue outlined section is a differential amplifier. Q1 and Q2 are input emitter followers and together with the
common base pair Q3 and Q4 form the differential input stage. In addition, Q3 and Q4 also act as level shifters
and provide voltage gain to drive the class A amplifier. They also help to increase the reverse Vbe rating on the
input transistors (the emitter-base junctions of the NPN transistors Q1 and Q2 break down at around 7 V but
the PNP transistors Q3 and Q4 have breakdown voltages around 50 V)[9].

The differential amplifier formed by Q1–Q4 drives a current mirror active load formed by transistors Q5–Q7
(actually, Q6 is the very active load). Q7 increases the accuracy of the current mirror by decreasing the amount
of signal current required from Q3 to drive the bases of Q5 and Q6. This configuration provides differential to
single ended conversion as follows:

The signal current of Q3 is the input to the current mirror while the output of the mirror (the collector of Q6) is
connected to the collector of Q4. Here, the signal currents of Q3 and Q4 are summed. For differential input
signals, the signal currents of Q3 and Q4 are equal and opposite. Thus, the sum is twice the individual signal
currents. This completes the differential to single ended conversion.

The open circuit signal voltage appearing at this point is given by the product of the summed signal currents and
the paralleled collector resistances of Q4 and Q6. Since the collectors of Q4 and Q6 appear as high resistances to
the signal current, the open circuit voltage gain of this stage is very high.

It should be noted that the base current at the inputs is not zero and the effective (differential) input impedance
of a 741 is about 2 MΩ. The "offset null" pins may be used to place external resistors in parallel with the two 1
kΩ resistors (typically in the form of the two ends of a potentiometer) to adjust the balancing of the Q5/Q6
current mirror and thus indirectly control the output of the op-amp when zero signal is applied between the
inputs.



Class A gain stage

The section outlined in magenta is the class A gain stage. The top-right current mirror Q12/Q13 supplies this
stage by a constant current load, via the collector of Q13, that is largely independent of the output voltage. The
stage consists of two NPN transistors in a Darlington configuration and uses the output side of a current mirror
as its collector load to achieve high gain. The 30 pF capacitor provides frequency selective negative feedback
around the class A gain stage as a means of frequency compensation to stabilise the amplifier in feedback
configurations. This technique is called Miller compensation and functions in a similar manner to an op-amp
integrator circuit. It is also known as 'dominant pole compensation' because it introduces a dominant pole (one
which masks the effects of other poles) into the open loop frequency response. This pole can be as low as 10
Hz in a 741 amplifier and it introduces a −3 dB loss into the open loop response at this frequency. This internal
compensation is provided to achieve unconditional stability of the amplifier in negative feedback configurations
where the feedback network is non-reactive and the closed loop gain is unity or higher. Hence, the use of the
operational amplifier is simplified because no external compensation is required for unity gain stability;
amplifiers without this internal compensation may require external compensation or closed loop gains
significantly higher than unity.

Output bias circuitry

The green outlined section (based around Q16) is a voltage level shifter or rubber diode (i.e., a VBE multiplier); a

type of voltage source. In the circuit as shown, Q16 provides a constant voltage drop between its collector and
emitter regardless of the current through the circuit. If the base current to the transistor is assumed to be zero,
and the voltage between base and emitter (and across the 7.5 kΩ resistor) is 0.625 V (a typical value for a BJT in
the active region), then the current through the 4.5 kΩ resistor will be the same as that through the 7.5 kΩ, and
will produce a voltage of 0.375 V across it. This keeps the voltage across the transistor, and the two resistors at
0.625 + 0.375 = 1 V. This serves to bias the two output transistors slightly into conduction reducing crossover
distortion. In some discrete component amplifiers this function is achieved with (usually two) silicon diodes.

Output stage

The output stage (outlined in cyan) is a Class AB push-pull emitter follower (Q14, Q20) amplifier with the bias

set by the Vbe multiplier voltage source Q16 and its base resistors. This stage is effectively driven by the

collectors of Q13 and Q19. Variations in the bias with temperature, or between parts with the same type
number, are common so crossover distortion and quiescent current may be subject to significant variation. The

output range of the amplifier is about one volt less than the supply voltage, owing in part to Vbe of the output

transistors Q14 and Q20.

The 25 Ω resistor in the output stage acts as a current sense to provide the output current-limiting function
which limits the current in the emitter follower Q14 to about 25 mA for the 741. Current limiting for the
negative output is done by sensing the voltage across Q19's emitter resistor and using this to reduce the drive
into Q15's base. Later versions of this amplifier schematic may show a slightly different method of output
current limiting. The output resistance is not zero, as it would be in an ideal op-amp, but with negative feedback
it approaches zero at low frequencies.

Note: while the 741 was historically used in audio and other sensitive equipment, such use is now rare because of
the improved noise performance of more modern op-amps. Apart from generating noticeable hiss, 741s and
other older op-amps may have poor common-mode rejection ratios and so will often introduce cable-borne
mains hum and other common-mode interference, such as switch 'clicks', into sensitive equipment.



The "741" has come to often mean a generic op-amp IC (such as uA741, LM301, 558, LM324, TBA221 - or a
more modern replacement such as the TL071). The description of the 741 output stage is qualitatively similar
for many other designs (that may have quite different input stages), except:

Some devices (uA748, LM301, LM308) are not internally compensated (require an external capacitor
from output to some point within the operational amplifier, if used in low closed-loop gain applications).
Some modern devices have rail-to-rail output capability (output can be taken to positive or negative
power supply rail within a few millivolts).

See also

Operational amplifier applications
Differential amplifier
Instrumentation amplifier
Active filter
Current-feedback operational amplifier
Operational transconductance amplifier
George A. Philbrick
Analog computer
Negative feedback amplifier

Notes

^ This definition hews to the convention of measuring op-amp parameters with respect to the zero voltage
point in the circuit , which is usually half the total voltage between the amplifier's positive and negative power
rails.

1.

^ Many older designs of operational amplifiers have offset null inputs to allow the offset to be manually
adjusted away. Modern precision op-amps can have internal circuits that automatically cancel this offset using
choppers or other circuits that measure the offset voltage periodically and subtract it  from the input voltage.

2.

^ That the output cannot reach the power supply voltages is usually the result  of limitations of the amplifier's
output stage transistors. See "Output stage," below.

3.

^ The output of older op-amps can reach to within one or two volts of the supply rails. The output of newer
so-called "rail to rail" op-amps can reach to within millivolts of the supply rails when providing low output
currents.

4.
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Operational amplifier applications
From Wikipedia, the free encyclopedia

This article illustrates some typical applications of operational amplifiers. A simplified schematic notation is
used, and the reader is reminded that many details such as device selection and power supply connections are
not shown.
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Practical circuits

It is important to note that the equations shown below, pertaining to each type of circuit, assume that an ideal
op amp is used. Those interested in construction of any of these circuits for practical use should consult a more
detailed reference. See the External links and Further reading sections.

Resistors used in practical solid-state op-amp circuits are typically in the kΩ range. Resistors much greater than
1 MΩ cause excessive thermal noise and make the circuit operation susceptible to significant errors due to bias
or leakage currents.

Practical operational amplifiers draw a small current from each of their inputs due to bias requirements and
leakage. These currents flow through the resistances connected to the inputs and produce small voltage drops
across those resistances. In AC signal applications this seldom matters. If high-precision DC operation is
required, however, these voltage drops need to be considered. The design technique is to try to ensure that these
voltage drops are equal for both inputs, and therefore cancel. If these voltage drops are equal and the
common-mode rejection ratio of the operational amplifier is good, there will be considerable cancellation and
improvement in DC accuracy.

If the input currents into the operational amplifier are equal, to reduce offset voltage the designer must ensure
that the DC resistance looking out of each input is also matched. In general input currents differ, the difference
being called the input offset current, Ios. Matched external input resistances Rin will still produce an input
voltage error of  Rin·Ios .  Most manufacturers provide a method for tuning the operational amplifier to balance
the input currents (e.g., "offset null" or "balance" pins that can interact with an external voltage source attached
to a potentiometer). Otherwise, a tunable external voltage can be added to one of the inputs in order to balance
out the offset effect. In cases where a design calls for one input to be short-circuited to ground, that short circuit
can be replaced with a variable resistance that can be tuned to mitigate the offset problem.

Note that many operational amplifiers that have MOSFET-based input stages have input leakage currents that
will truly be negligible to most designs.

Power supply effects

Although the power supplies are not shown in the operational amplifier designs below, they can be critical in
operational amplifier design.

Power supply imperfections (e.g., power signal ripple, non-zero source impedance) may lead to noticeable
deviations from ideal operational amplifier behavior. For example, operational amplifiers have a specified power
supply rejection ratio that indicates how well the output can reject signals that appear on the power supply
inputs. Power supply inputs are often noisy in large designs because the power supply is used by nearly every
component in the design, and inductance effects prevent current from being instantaneously delivered to every
component at once. As a consequence, when a component requires large injections of current (e.g., a digital
component that is frequently switching from one state to another), nearby components can experience sagging at
their connection to the power supply. This problem can be mitigated with copious use of bypass capacitors
placed connected across each power supply pin and ground. When bursts of current are required by a
component, the component can bypass the power supply by receiving the current directly from the nearby
capacitor (which is then slowly charged by the power supply).

Additionally, current drawn into the operational amplifier from the power supply can be used as inputs to



Comparator

Inverting amplifier

external circuitry that augment the capabilities of the operational amplifier. For example, an operational amplifier
may not be fit for a particular high-gain application because its output would be required to generate signals
outside of the safe range generated by the amplifier. In this case, an external push–pull amplifier can be
controlled by the current into and out of the operational amplifier. Thus, the operational amplifier may itself
operate within its factory specified bounds while still allowing the negative feedback path to include a large
output signal well outside of those bounds.[1]

Linear circuit applications

Comparator

Main article: Comparator

Compares two voltages and switches its output to indicate which voltage is
larger.

(where Vs  is the supply voltage and the opamp is powered by + Vs  and − Vs .)

Inverting amplifier

An inverting amplifier uses negative feedback to invert and
amplify a voltage. The Rf resistor allows some of the output
signal to be returned to the input. Since the output is 180°
out of phase, this amount is effectively subtracted from the
input, thereby reducing the input into the operational
amplifier. This reduces the overall gain of the amplifier and
is dubbed negative feedback.[2]

Zin = Rin (because V − is a virtual ground)

A third resistor, of value , added between the non-inverting input and

ground, while not necessary, minimizes errors due to input bias currents.

[3]

The gain of the amplifier is determined by the ratio of Rf to Rin. That is:

The presence of the negative sign is a convention indicating that the output is inverted. For example, if Rf is

10,000 Ω and Rin is 1,000 Ω, then the gain would be -10000Ω/1000Ω, which is -10. [4]



Non-inverting amplifier

Non-inverting amplifier

Amplifies a voltage (multiplies by a constant greater than 1)

Input impedance 
The input impedance is at least the impedance

between non-inverting ( + ) and inverting ( − )

inputs, which is typically 1 MΩ to 10 TΩ,

plus the impedance of the path from the inverting ( − ) input to ground (i.e., R1 in parallel with

R2).
Because negative feedback ensures that the non-inverting and inverting inputs match, the input
impedance is actually much higher.

Although this circuit has a large input impedance, it suffers from error of input bias current.

The non-inverting ( + ) and inverting ( − ) inputs draw small leakage currents into the operational

amplifier.
These input currents generate voltages that act like unmodeled input offsets. These unmodeled
effects can lead to noise on the output (e.g., offsets or drift).
Assuming that the two leaking currents are matched, their effect can be mitigated by ensuring the
DC impedance looking out of each input is the same.

The voltage produced by each bias current is equal to the product of the bias current with the
equivalent DC impedance looking out of each input. Making those impedances equal makes
the offset voltage at each input equal, and so the non-zero bias currents will have no impact
on the difference between the two inputs.
A resistor of value

which is the equivalent resistance of R1 in parallel with R2, between the Vin source and the

non-inverting ( + ) input will ensure the impedances looking out of each input will be

matched.
The matched bias currents will then generate matched offset voltages, and their effect will be
hidden to the operational amplifier (which acts on the difference between its inputs) so long
as the CMRR is good.

Very often, the input currents are not matched.
Most operational amplifiers provide some method of balancing the two input currents (e.g.,
by way of an external potentiometer).
Alternatively, an external offset can be added to the operational amplifier input to nullify the
effect.



Differential amplifier

Another solution is to insert a variable resistor between the Vin source and the non-inverting

( + ) input. The resistance can be tuned until the offset voltages at each input are matched.

Operational amplifiers with MOSFET-based input stages have input currents that are so
small that they often can be neglected.

Differential amplifier

Main article: Differential amplifier

The circuit shown is used for finding the difference of two
voltages each multiplied by some constant (determined by
the resistors).

The name "differential amplifier" should not be confused
with the "differentiator", also shown on this page.

Differential Zin (between the two input pins) =

R1 + R2 (Note: this is approximate)

For common-mode rejection, anything done to one input must be done to the other. The addition of a
compensation capacitor in parallel with Rf, for instance, must be balanced by an equivalent capacitor in parallel
with Rg.

The "instrumentation amplifier", which is also shown on this page, is another form of differential amplifier that
also provides high input impedance.

Amplified difference

Whenever  and ,

   and   

Difference amplifier

When  and :

Voltage follower



Voltage follower

Summing amplifier

Used as a buffer amplifier to eliminate loading effects (e.g., connecting a
device with a high source impedance to a device with a low input
impedance).

 (realistically, the differential input impedance of the
op-amp itself, 1 MΩ to 1 TΩ)

Due to the strong (i.e., unity gain) feedback and certain non-ideal
characteristics of real operational amplifiers, this feedback system is prone to have poor stability margins.
Consequently, the system may be unstable when connected to sufficiently capacitive loads. In these cases, a lag
compensation network (e.g., connecting the load to the voltage follower through a resistor) can be used to restore
stability. The manufacturer data sheet for the operational amplifier may provide guidance for the selection of
components in external compensation networks. Alternatively, another operational amplifier can be chosen that
has more appropriate internal compensation.

Summing amplifier

A summing amplifer sums several (weighted) voltages:

When , and Rf
independent

When 

Output is inverted

Input impedance of the nth input is Zn = Rn (V − is a virtual ground)

Integrator



Integrating amplifier

Differentiating amplifier

Integrates the (inverted) signal over time

(where Vin and Vout are functions of time, Vinitial is the

output voltage of the integrator at time t = 0.)

Note that this can also be viewed as a low-pass
electronic filter. It is a filter with a single pole at DC

(i.e., where ω = 0) and gain.

There are several potential problems with this circuit.

It is usually assumed that the input Vin has zero DC component (i.e., has a zero average value).

Otherwise, unless the capacitor is periodically discharged, the output will drift outside of the
operational amplifier's operating range.

Even when Vin has no offset, the leakage or bias currents into the operational amplifier inputs can

add an unexpected offset voltage to Vin that causes the output to drift. Balancing input currents

and replacing the non-inverting ( + ) short-circuit to ground with a resistor with resistance R can

reduce the severity of this problem.
Because this circuit provides no DC feedback (i.e., the capacitor appears like an open circuit to

signals with ω = 0), the offset of the output may not agree with expectations (i.e., Vinitial may be

out of the designer's control with the present circuit).

Many of these problems can be made less severe by adding a large resistor RF in parallel with the

feedback capacitor. At significantly high frequencies, this resistor will have negligible effect. However, at
low frequencies where there are drift and offset problems, the resistor provides the necessary feedback to
hold the output steady at the correct value. In effect, this resistor reduces the DC gain of the

"integrator" – it goes from infinite to some finite value RF / R.

Differentiator

Differentiates the (inverted) signal over time.

The name "differentiator" should not be confused with
the "differential amplifier," which is also shown on
this page. The former takes a derivative and the latter
takes a difference (i.e., does subtraction). This is a
circuit that could be used in an analog computer, but
in practice these circuits are difficult to keep stable
and noise-free, so often the problem can be rearranged
to use an integrator instead.



Instrumentation amplifier

Schmitt trigger with non-inverting hysteretic
switching characteristic

Note that this can also be viewed as a high-pass electronic filter. It is a filter with a single zero at DC (i.e.,

where ω = 0) and gain.

Instrumentation amplifier

Main article: Instrumentation amplifier

Combines very high input impedance, high common-mode
rejection, low DC offset, and other properties used in
making very accurate, low-noise measurements

Is made by adding a non-inverting buffer to each input
of the differential amplifier to increase the input
impedance.

Schmitt trigger

Main article: Schmitt trigger

A bistable multivibrator implemented as a comparator with hysteresis.

In this configuration, the hysteresis curve is non-inverting
(i.e., very negative inputs correspond to a negative output
and very positive inputs correspond to a positive output),

and the switching thresholds are  where Vsat is

the greatest output magnitude of the operational amplifier.



Schmitt trigger with inverting hysteretic
switching characteristic

Relaxation oscillator implemented with
inverting Schmitt  trigger and RC network

Alternatively, the input and the ground may be swapped. In
this configuration, the hysteresis curve is inverting (i.e.,
very negative inputs correspond to a positive output and
vice versa), and the switching thresholds are

. Such a configuration is used in the

relaxation oscillator shown below.

Relaxation oscillator

Main article: Relaxation oscillator

By using an RC network to add slow negative feedback to
the inverting Schmitt trigger, a relaxation oscillator is
formed. The feedback through the RC network causes the
Schmitt trigger output to oscillate in an endless symmetric
square wave (i.e., the Schmitt trigger in this configuration is
an astable multivibrator).

Inductance gyrator



Inductance gyrator

Negative impedance converter

Main article: Gyrator

Simulates an inductor (i.e., provides inductance without the
use of a possibly costly inductor).

Zero level detector

Voltage divider reference

Zener sets reference voltage

Negative impedance converter (NIC)

Main article: Negative impedance converter

Creates a resistor having a negative value for any signal
generator

In this case, the ratio between the input voltage and
the input current (thus the input resistance) is given
by:

In general, the components R1, R2, and R3 need not be

resistors; they can be any component that can be described
with an impedance.

Wien bridge oscillator



Wien bridge oscillator

Precision rectifier

Logarithmic configuration

Main article: Wien bridge oscillator

Produces a pure sine wave.

Non-linear configurations

Precision rectifier

Main article: Precision rectifier

Although there are some limitations, this super diode circuit

behaves like an ideal diode for the load RL.

Logarithmic output

See also: Log amplifier

The relationship between the input voltage vin and

the output voltage vout is given by:

where IS is the saturation current and VT is the

thermal voltage.



Exponential configuration

If the operational amplifier is considered ideal, the negative pin is virtually grounded, so the current
flowing into the resistor from the source (and thus through the diode to the output, since the op-amp
inputs draw no current) is:

where ID is the current through the diode. As known, the relationship between the current and the voltage

for a diode is:

This, when the voltage is greater than zero, can be approximated by:

Putting these two formulae together and considering that the output voltage is the negative of the voltage

across the diode (Vout = − VD), the relationship is proven.

Note that this implementation does not consider temperature stability and other non-ideal effects.

Exponential output

The relationship between the input voltage vin and

the output voltage vout is given by:

where IS is the saturation current and VT is the thermal

voltage.

Considering the operational amplifier ideal, then the
negative pin is virtually grounded, so the current
through the diode is given by:

when the voltage is greater than zero, it can be approximated by:

The output voltage is given by:



Other applications

audio and video
pre-amplifiers and buffers
voltage comparators
differential amplifiers
differentiators and integrators
filters
precision rectifiers

voltage regulator and current
regulator
analog-to-digital converter
digital-to-analog converter
voltage clamps
oscillators and waveform
generators

Schmitt trigger
Gyrator
Comparator
Active filter
Analog computer
Capacitance multiplier

See also

Operational amplifier
Current-feedback operational amplifier
Operational transconductance amplifier
Frequency compensation
George A. Philbrick
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Logic gate
From Wikipedia, the free encyclopedia

A logic gate performs a logical operation on one or more logic inputs and produces a single logic output. The
logic normally performed is Boolean logic and is most commonly found in digital circuits. Logic gates are
primarily implemented electronically using diodes or transistors, but can also be constructed using
electromagnetic relays, fluidics, optics, molecules, or even mechanical elements.

In electronic logic, a logic level is represented by a voltage or current, (which depends on the type of electronic
logic in use). Each logic gate requires power so that it can source and sink currents to achieve the correct output
voltage. In logic circuit diagrams the power is not shown, but in a full electronic schematic, power connections
are required.
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Truth table

Main article: Truth table

A truth table is a table that describes the behaviour of a logic gate. It lists the value of the output for every
possible combination of the inputs and can be used to simplify the number of logic gates and level of nesting in
an electronic circuit. In general the truth table does not lead to an efficient implementation; a minimization
procedure, using Karnaugh maps, the Quine–McCluskey algorithm or an heuristic algorithm is required for
reducing the circuit complexity.

Background



Main article: Logic family

The simplest form of electronic logic is diode logic. This allows AND and OR gates to be built, but not
inverters, and so is an incomplete form of logic. Further, without some kind of amplification it is not possible to
have such basic logic operations cascaded as required for more complex logic functions. To build a functionally
complete logic system, relays, valves (vacuum tubes), or transistors can be used. The simplest family of logic
gates using bipolar transistors is called resistor-transistor logic (RTL). Unlike diode logic gates, RTL gates can be
cascaded indefinitely to produce more complex logic functions. These gates were used in early integrated
circuits. For higher speed, the resistors used in RTL were replaced by diodes, leading to diode-transistor logic
(DTL). It was then discovered that one transistor could do the job of two diodes in the space of one diode even
better, by more quickly switching off the following stage, so transistor-transistor logic, or TTL, was created. In
virtually every type of contemporary chip implementation of digital systems, the bipolar transistors have been
replaced by complementary field-effect transistors (MOSFETs) to reduce size and power consumption still
further, thereby resulting in complementary metal–oxide–semiconductor (CMOS) logic.

For small-scale logic, designers now use prefabricated logic gates from families of devices such as the TTL 7400
series by Texas Instruments and the CMOS 4000 series by RCA, and their more recent descendants.
Increasingly, these fixed-function logic gates are being replaced by programmable logic devices, which allow
designers to pack a large number of mixed logic gates into a single integrated circuit. The field-programmable
nature of programmable logic devices such as FPGAs has removed the 'hard' property of hardware; it is now
possible to change the logic design of a hardware system by reprogramming some of its components, thus
allowing the features or function of a hardware implementation of a logic system to be changed.

Electronic logic gates differ significantly from their relay-and-switch equivalents. They are much faster, consume
much less power, and are much smaller (all by a factor of a million or more in most cases). Also, there is a
fundamental structural difference. The switch circuit creates a continuous metallic path for current to flow (in
either direction) between its input and its output. The semiconductor logic gate, on the other hand, acts as a
high-gain voltage amplifier, which sinks a tiny current at its input and produces a low-impedance voltage at its
output. It is not possible for current to flow between the output and the input of a semiconductor logic gate.

Another important advantage of standardised integrated circuit logic families, such as the 7400 and 4000
families, is that they can be cascaded. This means that the output of one gate can be wired to the inputs of one
or several other gates, and so on. Systems with varying degrees of complexity can be built without great concern
of the designer for the internal workings of the gates, provided the limitations of each integrated circuit are
considered.

The output of one gate can only drive a finite number of inputs to other gates, a number called the 'fanout limit'.
Also, there is always a delay, called the 'propagation delay', from a change in input of a gate to the
corresponding change in its output. When gates are cascaded, the total propagation delay is approximately the
sum of the individual delays, an effect which can become a problem in high-speed circuits. Additional delay can
be caused when a large number of inputs are connected to an output, due to the distributed capacitance of all the
inputs and wiring and the finite amount of current that each output can provide.

Logic gates



Venn Diagrams for Logic Gates

All other types of Boolean logic gates (i.e., AND, OR, NOT, XOR,
XNOR) can be created from a suitable network of NAND gates.
Similarly all gates can be created from a network of NOR gates.
Historically, NAND gates were easier to construct from MOS
technology and thus NAND gates served as the first pillar of Boolean
logic in electronic computation.

For an input of 2 variables, there are 16 possible boolean algebraic
functions. These 16 functions are enumerated below, together with their
outputs for each combination of inputs variables.

INPUT
A 0 0 1 1

Meaning
B 0 1 0 1

OUTPUT

FALSE 0 0 0 0
Whatever A and B, the output
is false. Contradiction.

A AND
B

0 0 0 1
Output is true if and only if
(iff) both A and B are true.

A  B 0 0 1 0
A doesn't imply B. True iff A
but not B.

A 0 0 1 1 True whenever A is true.

A  B 0 1 0 0
A is not implied by B. True iff
not A but B.

B 0 1 0 1 True whenever B is true.

A XOR
B

0 1 1 0 True iff A is not equal to B.

A OR B 0 1 1 1
True iff A is true, or B is true,
or both.

A NOR
B

1 0 0 0 True iff neither A nor B.

A
XNOR

B
1 0 0 1 True iff A is equal to B.

NOT B 1 0 1 0 True iff B is false.

A  B 1 0 1 1
A is implied by B. False if not
A but B, otherwise true.

NOT A 1 1 0 0 True iff A is false.

A  B 1 1 0 1
A implies B. False if A but not
B, otherwise true.



A synchronous 4-bit up/down
decade counter symbol (74LS192)
in accordance with ANSI/IEEE Std.

91-1984 and IEC Publication
60617-12.

INPUT OUTPUT

A B A AND B

A
NAND

B
1 1 1 0 A and B are not both true.

TRUE 1 1 1 1
Whatever A and B, the output
is true. Tautology.

The four functions denoted by arrows are the logical implication functions. These functions are generally less
common, and are usually not implemented directly as logic gates, but rather built out of gates like AND and OR.

Symbols

There are two sets of symbols in common use, both now defined by
ANSI/IEEE Std 91-1984 and its supplement ANSI/IEEE Std 91a-1991.
The "distinctive shape" set, based on traditional schematics, is used for
simple drawings and is quicker to draw by hand. It is sometimes
unofficially described as "military", reflecting its origin if not its modern
usage. The "rectangular shape" set, based on IEC 60617-12, has
rectangular outlines for all types of gate, and allows representation of a
much wider range of devices than is possible with the traditional
symbols. The IEC's system has been adopted by other standards, such
as EN 60617-12:1999 in Europe and BS EN 60617-12:1999 in the
United Kingdom.

The goal of IEEE Std 91-1984 was to provide a uniform method of
describing the complex logic functions of digital circuits with schematic
symbols. These functions were more complex than simple AND and OR
gates. They could be medium scale circuits such as a 4-bit counter to a
large scale circuits such as a microprocessor. The 1984 version did not
include the "distinctive shape" symbols.[1] (http://focus.ti.com/lit/ml/sdyz001a/sdyz001a.pdf) These were
added to the 1991 supplement with this note: "The distinctive-shape symbol is, according to IEC Publication
617, Part 12, not preferred, but is not considered to be in contradiction to that standard."

In the 1980s, schematics were the predominant method to design both circuit boards and custom ICs known as
gate arrays. Today custom ICs and the field-programmable gate array are typically designed with Hardware
Description Languages (HDL) such as Verilog or VHDL. The need for complex logic symbols has diminished
and distinctive shape symbols are still the predominant style.[citation needed]

Type Distinctive shape Rectangular shape
Boolean algebra
between A & B

Truth table

AND



0 0 0

0 1 0

1 0 0

1 1 1

INPUT OUTPUT

A B A OR B

0 0 0

0 1 1

1 0 1

1 1 1

INPUT OUTPUT

A NOT A

0 1

1 0

INPUT OUTPUT

A B A NAND B

0 0 1

0 1 1

1 0 1

1 1 0

INPUT OUTPUT

A B A NOR B

0 0 1

OR A + B

NOT

In electronics a NOT gate is more commonly called an inverter. The circle on the symbol is called a bubble,

and is generally used in circuit diagrams to indicate an inverted (active-low) input or output.[1]

NAND

NOR



0 1 0

1 0 0

1 1 0

INPUT OUTPUT

A B A XOR B

0 0 0

0 1 1

1 0 1

1 1 0

INPUT OUTPUT

A B A XNOR B

0 0 1

0 1 0

1 0 0

1 1 1

XOR

XNOR

In practice, the cheapest gate to manufacture is usually the NAND gate. Additionally, Charles Sanders Peirce
(1880) showed that NAND gates alone (as well as NOR gates alone) can be used to reproduce the functions of
all the other logic gates, but his work on it was unpublished until 1935. The first published proof was by Henry
M. Sheffer in 1913.



The 7400 chip, containing
four NANDs. The two

additional pins supply power
(+5 V) and connect the

ground.

Two more gates are the exclusive-OR or XOR function and its inverse,
exclusive-NOR or XNOR. The two input Exclusive-OR is true only when the
two input values are different, false if they are equal, regardless of the value. If
there are more than two inputs, the gate generates a true at its output if the
number of trues at its input is odd ([2] (http://www-inst.eecs.berkeley.edu
/~cs61c/resources/dg-BOOL-handout.pdf) ). In practice, these gates are built
from combinations of simpler logic gates.

De Morgan equivalent symbols

By use of De Morgan's theorem, an AND gate can be turned into an OR gate by
inverting the sense of the logic at its inputs and outputs. This leads to a
separate set of symbols with inverted inputs and the opposite core symbol.
These symbols can make circuit diagrams for circuits using active low signals
much clearer and help to show accidental connection of an active high output
to an active low input or vice-versa.

Symbolically, a NAND gate can also be shown using the OR shape with
bubbles on its inputs, and a NOR gate can be shown as an AND gate with
bubbles on its inputs. The bubble signifies a logic inversion. This reflects the equivalency due to De Morgans
law, but it also allows a diagram to be read more easily, or a circuit to be mapped onto available physical gates in
packages easily, since any circuit node that has bubbles at both ends can be replaced by a simple bubble-less
connection and a suitable change of gate. If the NAND is drawn as OR with input bubbles, and a NOR as AND
with input bubbles, this gate substitution occurs automatically in the diagram (effectively, bubbles "cancel").
This is commonly seen in real logic diagrams - thus the reader must not get into the habit of associating the
shapes exclusively as OR or AND shapes, but also take into account the bubbles at both inputs and outputs in
order to determine the "true" logic function indicated.

All logic relations can be realized by using NAND gates (this can also be done using NOR gates). De Morgan's
theorem is most commonly used to transform all logic gates to NAND gates or NOR gates. This is done mainly
since it is easy to buy logic gates in bulk and because many electronics labs stock only NAND and NOR gates.

Storage of bits

Main article: sequential logic

Related to the concept of logic gates (and also built from them) is the idea of storing a bit of information. None
of the gates discussed up to here can store a value by itself: when the inputs change, the outputs immediately
react. It is possible to make a storage element either through a capacitor (which stores charge due to its physical
properties) or by feedback. Connecting the output of a gate to the input causes it to be put through the logic
again, and choosing the feedback correctly allows it to be preserved or modified through the use of other inputs.
A set of gates arranged in this fashion is known as a "latch", and more complicated designs that utilize clock
signals and change only on the rising edge are called edge-triggered "flip-flops". The combination of multiple
flip-flops in parallel, to store a multiple-bit value, is known as a register. When using any of these gate setups
the overall system has memory; it is then called a sequential logic system since its output can be influenced by
its previous state(s).

These registers or capacitor-based circuits are known as computer memory. They vary in performance, based on
factors of speed, complexity, and reliability of storage, and many different types of designs are used based on



A tristate buffer can be thought of as a switch. If B
is on, the switch is closed. If B is off, the switch is

open.

the application.

Three-state logic gates

Main article: Tri-state buffer

Three-state, or 3-state, logic gates are a type of logic
gates that have three states of the output: high (H), low
(L) and high-impedance (Z). The high-impedance state
plays no role in the logic, which remains strictly binary.
These devices are used on buses also known as the Data
Buses of the CPU to allow multiple chips to send data.
A group of three-states driving a line with a suitable
control circuit is basically equivalent to a multiplexer, which may be physically distributed over separate devices
or plug-in cards.

In electronics, a high output would mean the output is sourcing current from the positive power terminal
(positive voltage). A low output would mean the output is sinking current to the negative power terminal (zero
voltage). High impedance would mean that the output is effectively disconnected from the circuit.

'Tri-state', a widely-used synonym of 'three-state', is a trademark of the National Semiconductor Corporation.

Miscellaneous

Logic circuits include such devices as multiplexers, registers, arithmetic logic units (ALUs), and computer
memory, all the way up through complete microprocessors, which may contain more than 100 million gates. In
practice, the gates are made from field-effect transistors (FETs), particularly MOSFETs.

Compound logic gates AND-OR-Invert (AOI) and OR-AND-Invert (OAI) are often employed in circuit design
because their construction using MOSFET's is simpler and more efficient than the sum of the individual gates.[2]

In reversible logic, Toffoli gates are used.

History and development

The earliest logic gates were made mechanically. Charles Babbage, around 1837, devised the Analytical Engine.
His logic gates relied on mechanical gearing to perform operations. Electromagnetic relays were later used for
logic gates. In 1891, Almon Strowger patented a device containing a logic gate switch circuit (U.S. Patent
0,447,918 (http://www.google.com/patents?vid=447918) ). Strowger's patent was not in widespread use until
the 1920s. Starting in 1898, Nikola Tesla filed for patents of devices containing logic gate circuits (see List of
Tesla patents). Eventually, vacuum tubes replaced relays for logic operations. Lee De Forest's modification, in
1907, of the Fleming valve can be used as AND logic gate. Ludwig Wittgenstein introduced a version of the
16-row truth table, which is shown above, as proposition 5.101 of Tractatus Logico-Philosophicus (1921).
Claude E. Shannon introduced the use of Boolean algebra in the analysis and design of switching circuits in 1937.
Walther Bothe, inventor of the coincidence circuit, got part of the 1954 Nobel Prize in physics, for the first
modern electronic AND gate in 1924. Active research is taking place in molecular logic gates.

Implementations



As of 2008, most logic gates are made of CMOS transistors. Often millions of logic gates are packaged in a single
integrated circuit.

There are several logic families with different characteristics ( power consumption, speed, cost, size) such as:
RDL (resistor-diode logic), RTL (resistor-transistor logic), DTL (diode-transistor logic), TTL (transistor-
transistor logic) and CMOS (complementary metal oxide semiconductor).

Many early electromechanical digital computers, such as the Harvard Mark I, were built from relay logic gates,
using electro-mechanical relays.

It is also possible to make logic gates out of pneumatic devices, such as the Sorteberg relayor mechanical logic
gates, including on a molecular scale.[3] Logic gates have been made out of DNA (see DNA nanotechnology)[4]

and used to create a computer called MAYA (see MAYA II).

Additionally, logic gates can be made from quantum mechanical effects (though quantum computing usually
diverges from boolean design).

It is also possible to make photonic logic gates using non-linear optical effects.[citation needed]

See also

And-inverter graph
Boolean algebra topics
Boolean function
Digital circuit
Espresso heuristic logic minimizer
Fanout
Flip-flop (electronics)
Karnaugh map
Logic family
Logical graph
NMOS logic
Propositional calculus
Race hazard
Reversible computing
Truth table
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Ring oscillator

Ring oscillators fabricated on silicon using p-type MOSFETs.

A schematic of a simple 3-inverter ring
oscillator whose output frequency is

1/(6×inverter delay).

From Wikipedia, the free encyclopedia

A ring oscillator is a device composed of an
odd number of NOT gates whose output
oscillates between two voltage levels,
representing true and false. The NOT gates, or
inverters, are attached in a chain; the output of
the last inverter is fed back into the first.

Applications

The voltage-controlled oscillator in most phase
locked loops is built from a ring oscillator.[1]

A ring oscillator is often used to demonstrate a
new hardware technology, analogous to the
way a hello world program is often used to demonstrate a new software technology.[2][3]

Many wafers include a ring oscillator as part of the scribe line test structures. They are used during wafer testing
to measure the effects of manufacturing process variations.[4]

Ring oscillators can also be used to measure the effects of voltage and temperature on a chip.[5]

Details

Because a single inverter computes the logical NOT of its
input, it can be shown that the last output of a chain of an
odd number of inverters is the logical NOT of the first
input. This final output is asserted a finite amount of time
after the first input is asserted; the feedback of this last
output to the input causes oscillation.

A circular chain composed of an even number of inverters
cannot be used as a ring oscillator; the last output in this
case is the same as the input. However, this configuration of inverter feedback can be used as a storage element;
it is the basic building block of static random access memory, or SRAM.

A real ring oscillator only requires power to operate; above a certain threshold voltage, oscillations begin
spontaneously. To increase the frequency of oscillation, two methods may be used. Firstly, the applied voltage
may be increased; this increases both the frequency of the oscillation and the power consumed, which is
dissipated as heat. The heat dissipated limits the speed of a given oscillator. Secondly, a smaller ring oscillator
may be fabricated; this results in a higher frequency of oscillation given a certain power consumption.

To understand the operation of a ring oscillator, one must first understand gate delay. In a physical device, no



A transistor level schematic of a three stage ring oscillator with delay in
a .25u CMOS process.

gate can switch instantaneously; in a device fabricated with MOSFETs, for example, the gate capacitance must
be charged before current can flow between the source and the drain. Thus, the output of every inverter of a ring
oscillator changes a finite amount of time after the input has changed. From here, it can be easily seen that adding
more inverters to the chain increases the total gate delay, reducing the frequency of oscillation.

The ring oscillator is a member of
the class of time delay oscillators. A
time delay oscillator consists of an
inverting amplifier with a delay
element between the amplifier
output and its input. The amplifier
must have a gain of greater than 1.0
at the intended oscillation frequency.
Consider the initial case where the
amplifier input and output voltages
are momentarily balanced at a stable
point. A small amount of noise can
cause the amplifier output to rise
slightly. After passing through the
time delay element, this small
output voltage change will be presented to the amplifier input. The amplifier has a negative gain of greater than
1, so the output will change in the direction opposite to this input voltage. It will change by an amount larger
than the input value, for a gain of greater than 1. This amplified, reversed signal propagates from the output
through the time delay and back to the input, where it is amplified and inverted again. The result of this
sequential loop is a square wave signal at the amplifier output with the period of each half of the square wave
equal to the time delay. The square wave will grow until the amplifier output voltage reaches its limits, where it
will stabilize. A more exact analysis will show that the wave that grows from the initial noise may not be square
as it grows, but it will become square as the amplifier reaches its output limits.

The ring oscillator is a distributed version of the delay oscillator. The ring oscillator uses an odd number of
inverters to give the effect of a single inverting amplifier with a gain of greater than one. Rather than having a
single delay element, each inverter contributes to the delay of the signal around the ring of inverters, hence the
name ring oscillator. Adding pairs of inverters to the ring increases the total delay and thereby decreases the
oscillator frequency. Changing the supply voltage changes the delay through each inverter, with higher voltages
typically decreasing the delay and increasing the oscillator frequency.
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Latch (electronics)
From Wikipedia, the free encyclopedia

In electronics, a latch is a kind of bistable multivibrator, an electronic circuit which has two stable states and
thereby can store one bit of information. Today the word is mainly used for simple transparent storage
elements, while slightly more advanced non-transparent (or clocked) devices are described as flip-flops.
Informally, as this distinction is quite new, the two words are sometimes used interchangeably.

A circuit incorporating latches has state; its output may depend not only on its current input, but also on its
previous inputs. Such a circuit is described as sequential logic.
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Simple set-reset latches



SR latch

Illustration of SR latch operation.
Red and black mean logical '1' and

'0', respectively.

The symbol for
an SR latch.

When using static gates as building blocks, the most fundamental latch is the
simple SR latch, where S and R stand for set and reset. It can be constructed
from a pair of cross-coupled NOR (Not OR) logic gates. The stored bit is
present on the output marked Q.

Normally, in storage mode, the S and R inputs are both low, and feedback
maintains the Q and Q outputs in a constant state, with Q the complement
of Q. If S (Set) is pulsed high while R (Reset) is held low, then the Q output
is forced high, and stays high when S returns to low; similarly, if R is
pulsed high while S is held low, then the Q output is forced low, and
stays low when R returns to low.

SR latch operation

S R Action

0 0 Keep state

0 1 Q = 0

1 0 Q = 1

1 1 Restricted combination

The R = S = 1 combination is called a restricted combination or a forbidden state because, as both NOR gates
then output zeros, it breaks the logical equation Q = not Q. The combination is also inappropriate in circuits
where both inputs may go low simultaneously (i.e. a transition from restricted to keep). The output would lock
at either 1 or 0 depending on the propagation time relations between the gates (a race condition). In certain
implementations, it could also lead to longer ringings (damped oscillations) before the output settles, and
thereby result in undetermined values (errors) in high-frequency digital circuits. This condition is therefore
usually avoided.

To overcome the restricted combination, one can add gates to the inputs that would convert (S,R) = (1,1)
to one of the non-restricted combinations. That can be:

Q = 1 (1,0) – referred to as an S-latch
Q = 0 (0,1) – referred to as an R-latch
Keep state (0,0) – referred to as an E-latch

Alternatively, the restricted combination can be made to toggle the output. The result is the JK latch.

Characteristic: Q+ = R'Q + R'S or Q+ = R'Q + S[1]

SR NAND latch



SR latch

Symbol for an
SR NAND

latch

This is an alternate model of the simple SR latch built with NAND (not
AND) logic gates. Set and reset now become active low signals, denoted S
and R respectively. Otherwise, operation is identical to that of the SR latch.
Historically, SR-latches have been predominant despite the notational
inconvenience of active-low inputs. This is because NAND gates are
cheaper to produce than NOR gates in the diode-transistor logic (DTL) and
transistor-transistor logic (TTL) families, which were the basis of early
integrated circuits before the complementary metal–oxide semiconductor
(CMOS) family attained widespread use. Since the 1970s and still as of
2009, most integrated circuits are built using CMOS technology, where
NAND gates are also preferred.

SR latch operation

S R Action

0 0 Restricted combination

0 1 Q = 1

1 0 Q = 0

1 1 Keep state

JK latch

The JK latch is much less used than the JK Flip-flop. The JK latch follows the following state table:

JK Latch truth table

J K Qnext Comment

0 0 Qprev No change

0 1 0 Reset

1 0 1 Set

1 1 Qprev Toggle

Hence, the JK latch is identical to an SR latch that is made to toggle its output when passed the restricted
combination.

Gated latches and conditional transparency

Latches are designed to be transparent. That is, input signal changes cause immediate changes in output.[nb 1]

Alternatively, additional logic can be added to a simple transparent latch to make it non-transparent or opaque
when another input (e.g., an "enable" input) is not asserted. By following a transparent-high latch with a
transparent-low (or opaque-high) latch, a simple edge-triggered flip-flop can be implemented.[citation needed]



A gated SR latch circuit  diagram constructed
from NOR gates.

symbol for a
gated SR latch

Gated SR latch

A synchronous SR latch (sometimes clocked SR flip-flop)
can be made by adding a second level of NAND gates to the
inverted SR latch (or a second level of NOR gates to the
direct SR latch). The extra gates further invert the inputs so
the simple SR latch becomes a gated SR latch (and a simple
SR latch would transform into a gated SR latch with
inverted enable).

With E high (enable true), the signals can pass through the
input gates to the encapsulated latch; all signal combinations
except for (0,0) = hold then immediately reproduce on the
(Q,Q) output, i.e. the latch is transparent.

With E low (enable false) the latch is closed (opaque) and remains in the state it was left the last time E was
high.

The enable input is sometimes a clock signal, but more often a read or write strobe.

Gated SR latch operation

E/C Action

0 No action (keep state)

1 The same as non-clocked SR latch

Gated D-latch



A D-type transparent latch

D Input

E Enable/clock

Q Output

Q Inverse of Q

A gated D latch based on SR (NOR) latch

Symbol for a
gated D latch

This latch is closely related to the gated SR latch and can be
similarly constructed. It is also known as transparent latch,
data latch, or simply gated latch. It has a data input and an
enable signal (sometimes named clock, or control). The
word transparent comes from the fact that, when the enable
input is on, the signal propagates directly through the
circuit, from the input D to the output Q.

Transparent latches are typically used as I/O ports or in
asynchronous systems.[nb 2] They are available as integrated
circuits, usually with multiple latches per circuit. For
example, 74HC75 is a quadruple transparent latch in the
ubiquitous 7400 series.

D-latch truth table

E/C D Q Q Comment

0 X Qprev Qprev No change

1 0 0 1 Reset

1 1 1 0 Set

The truth table shows that when the enable/clock input is 0,
the D input has no effect on the output. When E/C is high, the output equals D.

Gated T-Latch

This is another synchronous SR latch that toggles the previous output. If the toggle (T) input is high, the T latch
(well known as T flip-flop) changes state ("toggles") whenever the clock input is strobed. If the T input is low,
it holds the previous value. Characteristic equation is; Qnext = T ⊕ Qpre, where Qnext is the next state and Qprev
is the previous state.

T Qprev Qnext Comment

0 0 0
Hold state

0 1 1

1 0 1
Toggle state

1 1 0

A T flip-flop can also be built using a JK flip-flop (i.e., with T implemented by connecting J & K pins together)
or D flip-flop (T input and Qprevious is connected to the D input through an XOR gate).
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Notes

^ Note that when several transparent latches follow each other, signals propagate through all of them.1.
^ T ransparent latches are also sometimes used in synchronous two-phase systems (for reduced transistor
count); however, in single-phase synchronous systems with direct feedback, master-slave devices (often
edge-triggered) must be used to avoid analog oscillations.

2.
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Flip-flop (electronics)

Flip-flop schematics from the Eccles and Jordan
patent filed 1918, one drawn as a cascade of
amplifiers with a positive feedback path, and
the other as a symmetric cross-coupled pair

From Wikipedia, the free encyclopedia

In digital circuits, a flip-flop is a term referring to an
electronic circuit (a bistable multivibrator) that has two
stable states and thereby is capable of serving as one bit of
memory. Today, the term flip-flop has come to mostly
denote non-transparent (clocked or edge-triggered) devices,
while the simpler transparent ones are often referred to as
latches; however, as this distinction is quite new, the two
words are sometimes used interchangeably (see history).

A flip-flop is usually controlled by one or two control
signals and/or a gate or clock signal. The output often
includes the complement as well as the normal output. As
flip-flops are implemented electronically, they require
power and ground connections.
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14 Notes
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History

The first electronic flip-flop was invented in 1918 by William Eccles and F. W. Jordan.[1][2] It was initially
called the Eccles–Jordan trigger circuit and consisted of two active elements (electron tubes). The name



flip-flop was later derived from the sound produced on a speaker connected to one of the back-coupled
amplifiers outputs during the trigger process within the circuit.[citation needed] This original electronic
flip-flop—a simple two-input bistable circuit without any dedicated clock (or even gate) signal, was
transparent, and thus a device that would be labeled as a "latch" in many circles today.

The flip-flop types discussed below (D, RS, JK, T) were first discussed in a 1954 UCLA course on computer
design by Montgomery Phister,[citation needed] and in his book Logical Design of Digital Computers.[3] The
author was at the time working at Hughes Aircraft under Dr. Eldred Nelson, who had coined the term JK for a
flip-flop which changed states when both inputs were on.[citation needed] The other names were coined by
Phister. They differ slightly from some of the definitions given below.

The origin of the name for the JK flip-flop is detailed by P. L. Lindley, a JPL engineer, in a letter to EDN, an
electronics design magazine. The letter is dated June 13, 1968, and was published in the August edition of the
newsletter. In the letter, Mr. Lindley explains that he heard the story of the JK flip-flop from Dr. Eldred
Nelson, who is responsible for coining the term while working at Hughes Aircraft. Flip-flops in use at Hughes at
the time were all of the type that came to be known as J-K. In designing a logical system, Dr. Nelson assigned
letters to flip-flop inputs as follows: #1: A & B, #2: C & D, #3: E & F, #4: G & H, #5: J & K.

Implementation

Flip-flops can be either simple (transparent) or clocked. Simple flip-flops can be built around a pair of cross-
coupled inverting elements: vacuum tubes, bipolar transistors, field effect transistors, inverters, and inverting
logic gates have all been used in practical circuits—perhaps augmented by some gating mechanism (an
enable/disable input). The more advanced clocked (or non-transparent) devices are specially designed for
synchronous (time-discrete) systems; such devices therefore ignore its inputs except at the transition of a
dedicated clock signal (known as clocking, pulsing, or strobing). This causes the flip-flop to either change or
retain its output signal based upon the values of the input signals at the transition. Some flip-flops change
output on the rising edge of the clock, others on the falling edge.

Clocked flip-flops are typically implemented as master–slave devices[4] where two basic flip-flops (plus some
additional logic) collaborate to make it insensitive to spikes and noise between the short clock transitions; they
nevertheless also often include asynchronous clear or set inputs which may be used to change the current output
independent of the clock.

Flip-flops can be further divided into types that have found common applicability in both asynchronous and
clocked sequential systems: the SR ("set-reset"), D ("data" or "delay"[5]), T ("toggle"), and JK types are the
common ones; all of which may be synthesized from (most) other types by a few logic gates. The behavior of a
particular type can be described by what is termed the characteristic equation, which derives the "next" (i.e.,

after the next clock pulse) output, Qnext, in terms of the input signal(s) and/or the current output, Q.

SR flip-flops



The symbol for
an SR latch

The fundamental latch is the simple SR flip-flop (also commonly known as RS flip-flop),
where S and R stand for set and reset, respectively. It can be constructed from a pair of
cross-coupled NAND or NOR logic gates. The stored bit is present on the output marked
Q.

Normally, in storage mode, the S and R inputs are both low, and feedback maintains the Q
and Q outputs in a constant state, with Q the complement of Q. If S is pulsed high while R
is held low, then the Q output is forced high, and stays high even after S returns low;
similarly, if R is pulsed high while S is held low, then the Q output is forced low, and stays
low even after R returns low.

The next-state equation of the SR flip-flop is

where Q is the current state .Qnext becomes Q (the stored value) at clock edge.

SR Flip-Flop operation (BUILT WITH NOR GATES) [6]

Characteristic table Excitation table

S R Action Q(t) Q(t+1) S R Action

0 0 Keep state 0 0 0 X No change

0 1 Q = 0 1 0 0 1 reset

1 0 Q = 1 0 1 1 0 set

1 1 Race Condition 1 1 X 0 No Change

('X' denotes a Don't care condition; meaning the signal is irrelevant)

T flip-flops



A circuit
symbol for a

T-type
flip-flop, where
> is the clock
input, T  is the
toggle input
and Q is the
stored data

output

JK flip-flop timing diagram

If the T input is high, the T flip-flop changes state ("toggles") whenever the clock input is
strobed. If the T input is low, the flip-flop holds the previous value. This behavior is
described by the characteristic equation:

 expanding the XOR operator

and can be described in a truth table:

T Flip-Flop operation [6]

Characteristic table Excitation table

T Q Qnext Comment Q Qnext T Comment

0 0 0 hold state (no clk) 0 0 0 No change

0 1 1 hold state (no clk) 1 1 0 No change

1 0 1 toggle 0 1 1 Complement

1 1 0 toggle 1 0 1 Complement

When T is held high, the toggle flip-flop divides the clock frequency by two; that is, if clock frequency is
4 MHz, the output frequency obtained from the flip-flop will be 2 MHz. This "divide by" feature has
application in various types of digital counters. A T flip-flop can also be built using a JK flip-flop (J & K pins
are connected together and act as T) or D flip-flop (T input and Qprevious is connected to the D input through an
XOR gate).

JK flip-flop

The JK flip-flop augments the behavior of the SR flip-flop (J=Set, K=Reset)
by interpreting the S = R = 1 condition as a "flip" or toggle command.
Specifically, the combination J = 1, K = 0 is a command to set the flip-flop;
the combination J = 0, K = 1 is a command to reset the flip-flop; and the
combination J = K = 1 is a command to toggle the flip-flop, i.e., change its
output to the logical complement of its current value. Setting J = K = 0 does
NOT result in a D flip-flop, but rather, will hold the current state. To
synthesize a D flip-flop, simply set K equal to the complement of J. The JK flip-flop is therefore a universal
flip-flop, because it can be configured to work as an SR flip-flop, a D flip-flop, or a T flip-flop.

NOTE: The flip-flop is positive-edge triggered (rising clock pulse) as seen in the timing diagram.



A circuit
symbol for a

negative edge
triggered JK

flip-flop, where
> is the clock
input, J and K

are data inputs,
Q is the stored

data output,
and Q' is the
inverse of Q

The characteristic equation of the JK flip-flop is:

and the corresponding truth table is:

JK Flip Flop operation [6]

Characteristic table Excitation table

J K Qnext Comment Q Qnext J K Comment

0 0 Qprev hold state 0 0 0 X No change

0 1 0 reset 0 1 1 X Set

1 0 1 set 1 0 X 1 Reset

1 1 Qprev toggle 1 1 X 0 No change

More to JK flip-flops

In literature and on the internet it is generally assumed that
JK flip-flops need a clock signal. This needs not to be so. A
non-clocked JK flip-flop circuit was developed by Klaus-
Eckart Schulz in the years 1980/1981. The circuit is pictured
on the left, based on NOR gates. This circuit implements the
typical characteristics of a JK flip-flop: a change from 0 to 1
at the J input sets the flip-flop (Q = 1), a change from 0 to 1
at the K input resets the flip-flop (Q = 0). If both inputs are
combined, with every change of 0 to 1 at the inputs, the
flip-flop output Q will be inverted. That is, the flip-flop
operates as a frequency divider.

Moreover,
this
flip-flop
has some
more
special
features.
When the
signal changes from 0 -> 1 at the inputs J and K, ie when
setting and resetting of flip-flops, it is irrelevant what signal

(0 or 1) at the other input (stable) is present.
A full explanation of this circuit can be found in the article "Ideal pulse circuit without RC-combination and
non-clocked JK flip-flops (http://www.klaus-e-schulz.de/dokumente/flipflop_en.pdf) ".
There you can find also a simple but very clear simulation of this circuit.



D flip-flop
symbol

4-bit serial-in, serial-out
(SISO) shift  register

The basis for the function of this JK flip-flop is the novel realization of a pulse
circuit (IIG).
The IIG has the following characteristics:
1. Only if input E changes its signal from 0 to 1, while the feedback Rm is 0, the
output A will activated(0 -> 1)).
2. Immediately after receiving the feedback (Rm = 1) the output A will deactivated
(0) again.

3. A signal change at Rm from 0 -> 1, during input E has 1-signal, the output A does
not changes its state.
As result a puls with an optimal length was generated.

Rm is a feedback signal. Normally it is 0. It will be 1 when a triggered event - as
result of the signal change from 0->1 at output A - has occurred.

D flip-flop

The D ip-op is the most common flip-flop in use today. It is better known as delay
flip-flop

The Q output always takes on the state of the D input at the moment of a positive edge (or
negative edge if the clock input is active low).[7] It is called the D flip-flop for this reason,
since the output takes the value of the D input or Data input, and Delays it by one clock
count. The D flip-flop can be interpreted as a primitive memory cell, zero-order hold, or
delay line. Whenever the clock pulses, the value of Qnext is D and Qprev otherwise.

Truth table:

Clock D Q Qprev

Rising edge 0 0 X

Rising edge 1 1 X

Non-Rising X Qprev

('X' denotes a Don't care condition, meaning the signal is irrelevant)

These flip-flops are very useful, as they form the basis for shift registers,
which are an essential part of many electronic devices. The advantage of the D
flip-flop over the D-type latch is that it "captures" the signal at the moment
the clock goes high, and subsequent changes of the data line do not influence Q
until the next rising clock edge. An exception is that some flip-flops have a
"reset" signal input, which will reset Q (to zero), and may be either
asynchronous or synchronous with the clock.



A master–slave D flip-flop.
It  responds on the negative

edge of the enable input
(usually a clock).

An implementation of a
master–slave D flip-flop
that is triggered on the

positive edge of the clock

A positive-edge-triggered D
flip-flop

The above circuit shifts the contents of the register to the right, one bit position on each active transition of the
clock. The input X is shifted into the leftmost bit position.

Master–slave (pulse-triggered) D flip-flop

A master–slave D flip-flop is created by connecting two gated D latches in series, and inverting the enable input
to one of them. It is called master–slave because the second latch in the series only changes in response to a
change in the first (master) latch.

The term pulse-triggered means that data is entered on the rising edge of the clock pulse, but the output does
not reflect the change until the falling edge of the clock pulse.

For a positive-edge triggered master–slave D flip-flop, when the clock signal is
low (logical 0) the "enable" seen by the first or "master" D latch (the inverted
clock signal) is high (logical 1). This allows the "master" latch to store the
input value when the clock signal transitions from low to high. As the clock
signal goes high (0 to 1) the inverted "enable" of the first latch goes low (1 to 0)
and the value seen at the input to the master latch is "locked". Nearly
simultaneously, the twice inverted "enable" of the second or "slave" D latch
transitions from low to high (0 to 1) with the clock signal. This allows the
signal captured at the rising edge of the clock by the now "locked" master latch
to pass through the "slave" latch. When the clock signal returns to low (1 to 0),
the output of the "slave" latch is "locked", and the value seen at the last rising edge of the clock is held while the
"master" latch begins to accept new values in preparation for the next rising clock edge.

By removing the leftmost inverter in the above circuit, a D-type flip flop that
strobes on the falling edge of a clock signal can be obtained. This has a truth
table like this:

D Q > Qnext

0 X Falling 0

1 X Falling 1

Most D-type flip-flops in ICs have the capability to be set and reset, much
like an SR flip-flop. Usually, the illegal S = R = 1 condition is resolved in
D-type flip-flops.

Inputs Outputs

S R D > Q Q'

0 1 X X 0 1

1 0 X X 1 0

1 1 X X 1 1



A CMOS IC Implementation of a True Single
Phase Edge Triggered Flip Flop with Reset

By setting S = R = 0, the flip-flop can be used as described above.

Edge-triggered D flip-flop

A more efficient way to make a D flip-flop is not so easy to
understand, but it works the same way. While the
master–slave D flip-flop is also triggered on the edge of a
clock, its components are each triggered by clock levels. The
"edge-triggered D flip-flop" does not have the master–slave
properties.

Edge Triggered D flip flops are often implemented in
integrated high speed operations using dynamic logic. This
means that the digital output is stored on parasitic device
capacitance while the device is not transitioning. This design of dynamic flip flops also enable simple resetting
since the reset operation can be performed by simply discharging one or more internal nodes. A common
dynamic flip flop variety is the True Single Phase Clock (TSPC) which performs the flip flop operation with
little power and at high speeds.

Uses

A single flip-flop can be used to store one bit, or binary digit, of data. See preset.
Any one of the flip-flop type can be used to build any of the others.
Many logic synthesis tools will not use any other type than D flip-flop and D latch.
Level sensitive latches cause problems with Static Timing Analysis (STA) tools and Design For Test
(DFT). Therefore, their usage is often discouraged.
Many FPGA devices contain only edge-triggered D flip-flops
The data contained in several flip-flops may represent the state of a sequencer, the value of a counter, an
ASCII character in a computer's memory or any other piece of information.
One use is to build finite state machines from electronic logic. The flip-flops remember the machine's
previous state, and digital logic uses that state to calculate the next state.
The T flip-flop is useful for constructing various types of counters. Repeated signals to the clock input
will cause the flip-flop to change state once per high-to-low transition of the clock input, if its T input is
"1". The output from one flip-flop can be fed to the clock input of a second and so on. The final output of
the circuit, considered as the array of outputs of all the individual flip-flops, is a count, in binary, of the

number of cycles of the first clock input, up to a maximum of 2n-1, where n is the number of flip-flops
used. See: Counters

One of the problems with such a counter (called a ripple counter) is that the output is briefly invalid
as the changes ripple through the logic. There are two solutions to this problem. The first is to
sample the output only when it is known to be valid. The second, more widely used, is to use a
different type of circuit called a synchronous counter. This uses more complex logic to ensure that
the outputs of the counter all change at the same, predictable time. See: Counters

Frequency division: a chain of T flip-flops as described above will also function to divide an input in

frequency by 2n, where n is the number of flip-flops used between the input and the output.

A flip-flop in combination with a Schmitt trigger can be used for the implementation of an arbiter in



Flip-flop setup, hold and
clock-to-output t iming

parameters

asynchronous circuits.

Clocked flip-flops are prone to a problem called metastability, which happens when a data or control input is
changing at the instant of the clock pulse. The result is that the output may behave unpredictably, taking many
times longer than normal to settle to its correct state, or even oscillating several times before settling.
Theoretically it can take infinite time to settle down. In a computer system this can cause corruption of data or a
program crash.

The metastability in flip-flops can be avoided by ensuring that the data and
control inputs are held valid and constant for specified periods before and after
the clock pulse, called the setup time (tsu) and the hold time (th)
respectively. These times are specified in the data sheet for the device, and are
typically between a few nanoseconds and a few hundred picoseconds for
modern devices.

Unfortunately, it is not always possible to meet the setup and hold criteria,
because the flip-flop may be connected to a real-time signal that could change
at any time, outside the control of the designer. In this case, the best the
designer can do is to reduce the probability of error to a certain level,
depending on the required reliability of the circuit. One technique for
suppressing metastability is to connect two or more flip-flops in a chain, so
that the output of each one feeds the data input of the next, and all devices
share a common clock. With this method, the probability of a metastable event
can be reduced to a negligible value, but never to zero. The probability of metastability gets closer and closer to
zero as the number of flip-flops connected in series is increased.

So-called metastable-hardened flip-flops are available, which work by reducing the setup and hold times as much
as possible, but even these cannot eliminate the problem entirely. This is because metastability is more than
simply a matter of circuit design. When the transitions in the clock and the data are close together in time, the
flip-flop is forced to decide which event happened first. However fast we make the device, there is always the
possibility that the input events will be so close together that it cannot detect which one happened first. It is
therefore logically impossible to build a perfectly metastable-proof flip-flop.

Another important timing value for a flip-flop (F/F) is the clock-to-output delay (common symbol in data
sheets: tCO) or propagation delay (tP), which is the time the flip-flop takes to change its output after the clock
edge. The time for a high-to-low transition (tPHL) is sometimes different from the time for a low-to-high
transition (tPLH).

When cascading F/Fs which share the same clock (as in a shift register), it is important to ensure that the tCO of
a preceding F/F is longer than the hold time (th) of the following flip-flop, so data present at the input of the
succeeding F/F is properly "shifted in" following the active edge of the clock. This relationship between tCO and
th is normally guaranteed if the F/Fs are physically identical. Furthermore, for correct operation, it is easy to
verify that the clock period has to be greater than the sum tsu + th.

Chaos

Balthasar van der Pol was one of the first people to show electronic circuits may exhibit chaos in 1927, with the
introduction of the Van der Pol oscillator. Then, Leon O. Chua showed circuits may exhibit chaos in 1983
through the introduction of Chua's circuit. Due to the qualitative nature of flip-flops, especially the Set/Reset
Flip-Flop, one may intuitively feel it can exhibit chaos. This has been suggested in the works of Danca et al.[8]



and of Hamill et al.,[9] which discusses the qualitative nature of circuits:

Voltages or currents may increase exponentially with time until limited, perhaps by power supply clipping,
when the circuit may latch up. This type of instability is put to good use in circuits such as Schmitt  triggers

and flip-flops.[9]

and

The waveforms may be noise like or chaotic, in which case they never repeat or latch up; as yet this type of

behavior has few applications and is the least well understood.[9]

More recently in Blackmore et al.[10] it is shown that discrete models of the Set/Reset Flip-Flop can exhibit
chaos.

Generalizations

Flip-flops can be generalized in at least two ways: by making them 1-of-N instead of 1-of-2, and by adapting
them to logic with more than two states. In the special cases of 1-of-3 encoding, or multi-valued ternary logic,
these elements may be referred to as flip-flap-flops.[11]

In a conventional flip-flop, exactly one of the two complementary outputs is high. This can be generalized to a
memory element with N outputs, exactly one of which is high (alternatively, where exactly one of N is low).
The output is therefore always a one-hot (respectively one-cold) representation. The construction is similar to a
conventional cross-coupled flip-flop; each output, when high, inhibits all the other outputs.[12] Alternatively,
more or less conventional flip-flops can be used, one per output, with additional circuitry to make sure only one
at a time can be true.[13]

Another generalization of the conventional flip-flop is a memory element for multi-valued logic. In this case the
memory element retains exactly one of the logic states until the control inputs induce a change.[14] In addition, a
multiple-valued clock can also be used, leading to new possible clock transitions.[15]

Flip-flop integrated circuits

Integrated circuits (ICs) exist that provide one or more flip-flops. For example, the 7473 dual JK master–slave
flip-flop, or the 74374 octal D flip-flop, in the 7400 series.

See also

Astable
Deadlock
Monostable
Pulse transition detector
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Schmitt trigger

The effect of using a
Schmitt trigger (B)

instead of a
comparator (A).

From Wikipedia, the free encyclopedia

In electronics, a Schmitt trigger is a comparator circuit that incorporates positive
feedback.

When the input is higher than a certain chosen threshold, the output is high; when
the input is below another (lower) chosen threshold, the output is low; when the
input is between the two, the output retains its value. The trigger is so named
because the output retains its value until the input changes sufficiently to trigger a
change. This dual threshold action is called hysteresis, and implies that the Schmitt
trigger has some memory. In fact, the Schmitt trigger is a bistable multivibrator.

Schmitt trigger devices are typically used in open loop configurations for noise
immunity and closed loop positive feedback configurations to implement
multivibrators.
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Invention

The Schmitt trigger was invented by US scientist Otto H. Schmitt in 1934 while he was still a graduate
student,[1] later described in his doctoral dissertation (1937) as a "thermionic trigger".[2] It was a direct result of
Schmitt's study of the neural impulse propagation in squid nerves.[2]

Symbol



The symbol for Schmitt triggers in circuit diagrams is a triangle with an inverting or non-inverting hysteresis
symbol. The symbol depicts the corresponding ideal hysteresis curve.

Standard Schmitt  trigger

   

Inverting Schmitt  trigger

Implementation

A Schmitt trigger can be implemented with a simple tunnel diode, a diode with an "N"-shaped current–voltage
characteristic in the first quadrant. An oscillating input will cause the diode to move from one rising leg of the
"N" to the other and back again as the input crosses the rising and falling switching thresholds. However, the
performance of this Schmitt trigger can be improved with transistor-based devices that make explicit use of
positive feedback to implement the switching.

Comparator implementation

Schmitt triggers are commonly implemented using a comparator[nb 1] connected to have positive feedback (i.e.,
instead of the usual negative feedback used in operational amplifier circuits). For this circuit, the switching
occurs near ground, with the amount of hysteresis controlled by the resistances of R1 and R2:

The comparator extracts the sign of the difference between its two inputs. When the non-inverting (+) input is
at a higher voltage than the inverting (-) input, the comparator output switches to +VS, which is its high supply
voltage. When the non-inverting (+) input is at a lower voltage than the inverting (-) input, the comparator
output switches to -VS, which is its low supply voltage. In this case, the inverting (-) input is grounded, and so
the comparator implements the sign function – its 2-state output (i.e., either high or low) always has the same
sign as the continuous input at its non-inverting (+) terminal.

Because of the resistor network connecting the Schmitt trigger input, the non-inverting (+) terminal of the
comparator, and the comparator output, the Schmitt trigger acts like a comparator that switches at a different
point depending on whether the output of the comparator is high or low. For very negative inputs, the output
will be low, and for very positive inputs, the output will be high, and so this is an implementation of a



Typical hysteresis curve (which
matches the curve shown on a Schmitt

trigger symbol)

"non-inverting" Schmitt trigger. However, for intermediate inputs, the state of the output depends on both the
input and the output. For instance, if the Schmitt trigger is currently in the high state, the output will be at the
positive power supply rail (+VS). V+ is then a voltage divider between Vin and +VS. The comparator will
switch when V+=0 (ground). Current conservation shows that this requires

and so Vin must drop below  to get the output to switch. Once the comparator output has switched to

−VS, the threshold becomes  to switch back to high.

So this circuit creates a switching band centered around zero, with

trigger levels . The input voltage must rise above the top of

the band, and then below the bottom of the band, for the output to
switch on and then back off. If R1 is zero or R2 is infinity (i.e., an
open circuit), the band collapses to zero width, and it behaves as a
standard comparator. The output characteristic is shown in the

picture on the right. The value of the threshold T is given by 

and the maximum value of the output M is the power supply rail.

A practical Schmitt trigger configuration is shown below.

The output characteristic has exactly the same shape of the previous basic configuration, and the threshold
values are the same as well. On the other hand, in the previous case, the output voltage was depending on the
power supply, while now it is defined by the Zener diodes (which could also be replaced with a single
double-anode Zener diode). In this configuration, the output levels can be modified by appropriate choice of
Zener diode, and these levels are resistant to power supply fluctuations (i.e., they increase the PSRR of the
comparator). The resistor R3 is there to limit the current through the diodes, and the resistor R4 minimizes the
input voltage offset caused by the comparator's input leakage currents (see Limitations of real op-amps).



Schmitt trigger with two transistors

In the positive-feedback configuration used in the implementation of a Schmitt trigger, most of the complexity of
the comparator's own implementation is unused. Hence, it can be replaced with two cross-coupled transistors
(i.e., the transistors that would otherwise implement the input stage of the comparator). An example of such a
2-transistor-based configuration is shown below. The chain RK1 R1 R2 sets the base voltage for transistor T2.
This divider, however, is affected by transistor T1, providing higher voltage if T1 is open. Hence the threshold
voltage for switching between the states depends on the present state of the trigger.

For NPN transistors as shown, when the input voltage is well below the shared emitter voltage, T1 does not
conduct. The base voltage of transistor T2 is determined by the mentioned divider. Due to negative feedback, the
voltage at the shared emitters must be almost as high as that set by the divider so that T2 is conducting, and the
trigger output is in the low state. T1 will conduct when the input voltage (T1 base voltage) rises slightly above
the voltage across resistor RE (emitter voltage). When T1 begins to conduct, T2 ceases to conduct, because the
voltage divider now provides lower T2 base voltage while the emitter voltage does not drop because T1 is now
drawing current across RE. With T2 now not conducting the trigger has transitioned to the high state.

With the trigger now in the high state, if the input voltage lowers enough, the current through T1 reduces,
lowering the shared emitter voltage and raising the base voltage for T2. As T2 begins to conduct, the voltage
across RE rises, further reducing the T1 base-emitter potential and T1 ceases to conduct.

In the high state, the output voltage is close to V+, but in the low state it is still well above V−. This may not be
low enough to be a "logical zero " for digital circuits. This may require additional amplifiers following the trigger
circuit.

The circuit can be simplified: R1 can be omitted, connecting the T2 base directly to the T1 collector, and the
connection of the T2 base to V- via R2 can be completely omitted. When T1 conducts, it connects the T2 base
to the T2 emitter so that T2 does not conduct. When T1 does not conduct, RK1 pulls up the T2 base and T2
conducts.

Applications

Schmitt triggers are typically used in open loop configurations for noise immunity and closed loop positive
feedback configurations to implement multivibrators.



Noise immunity

One application of a Schmitt trigger is to increase the noise immunity in a circuit with only a single input
threshold. With only one input threshold, a noisy input signal near that threshold could cause the output to
switch rapidly back and forth from noise alone. A noisy Schmitt Trigger input signal near one threshold can
cause only one switch in output value, after which it would have to move beyond the other threshold in order to
cause another switch.

For example, in Fairchild Semiconductor's QSE15x family of infrared photosensors[3], an amplified infrared
photodiode generates an electric signal that switches frequently between its absolute lowest value and its
absolute highest value. This signal is then low-pass filtered to form a smooth signal that rises and falls
corresponding to the relative amount of time the switching signal is on and off. That filtered output passes to
the input of a Schmitt trigger. The net effect is that the output of the Schmitt trigger only passes from low to
high after a received infrared signal excites the photodiode for longer than some known delay, and once the
Schmitt trigger is high, it only moves low after the infrared signal ceases to excite the photodiode for longer than
a similar known delay. Whereas the photodiode is prone to spurious switching due to noise from the
environment, the delay added by the filter and Schmitt trigger ensures that the output only switches when there
is certainly an input stimulating the device.

Devices that include a built-in Schmitt trigger

As discussed in the example above, the Fairchild Semiconductor QSE15x family of photosensors use a Schmitt
trigger internally for noise immunity. Schmitt triggers are common in many switching circuits for similar reasons
(e.g., for switch debouncing).

The following 7400 series devices include a Schmitt trigger on their input or on each of their inputs:

7413: Dual Schmitt trigger 4-input NAND Gate
7414: Hex Schmitt trigger Inverter
7419: Hex Schmitt trigger Inverter
74121: Monostable Multivibrator with Schmitt Trigger Inputs
74132: Quad 2-input NAND Schmitt Trigger
74221: Dual Monostable Multivibrator with Schmitt Trigger Input
74232: Quad NOR Schmitt Trigger
74240: Octal Buffer with Schmitt Trigger Inputs and Three-State Inverted Outputs
74241: Octal Buffer with Schmitt Trigger Inputs and Three-State Noninverted Outputs
74244: Octal Buffer with Schmitt Trigger Inputs and Three-State Noninverted Outputs
74310: Octal Buffer with Schmitt Trigger Inputs
74540: Octal Buffer with Schmitt Trigger Inputs and Three-State Inverted Outputs
74541: Octal Buffer with Schmitt Trigger Inputs and Three-State Noninverted Outputs

A number of 4000 series devices include a Schmitt trigger on inputs, for example:

14093: Quad 2-Input NAND
40106: Hex Inverter
14538: Dual Monostable Multivibrator
4020: 14-Stage Binary Ripple Counter
4024: 7-Stage Binary Ripple Counter



Output and capacitor waveforms
for comparator-based relaxation

oscillator.

4040: 12-Stage Binary Ripple Counter
4017: Decade Counter with Decoded Outputs
4022: Octal Counter with Decoded Outputs
4093: Quad Dual Input NAND gate

Dual Schmitt input configurable single-gate CMOS logic, AND, OR, XOR, NAND, NOR, XNOR

NC7SZ57 Fairchild
NC7SZ58 Fairchild
SN74LVC1G57 Texas Instruments
SN74LVC1G58 Texas Instruments

Use as an oscillator

Main article: Relaxation oscillator

A Schmitt trigger is a bistable multivibrator, and it can be used to implement another type of multivibrator, the
relaxation oscillator. This is achieved by connecting a single resistor–capacitor network to an inverting Schmitt
trigger – the capacitor connects between the input and ground and the resistor connects between the output and
the input. The output will be a continuous square wave whose frequency depends on the values of R and C, and
the threshold points of the Schmitt trigger. Since multiple Schmitt trigger circuits can be provided by a single
integrated circuit (e.g. the 4000 series CMOS device type 40106 contains 6 of them), a spare section of the IC
can be quickly pressed into service as a simple and reliable oscillator with only two external components.

For example, the comparator-based implementation of a relaxation
oscillator is shown below.

Here, a comparator-based Schmitt trigger is used in its inverting configuration. That is, the input and ground are
swapped from the Schmitt trigger shown above, and so very negative signals correspond to a positive output
and very positive signals correspond to a negative output. Additionally, slow negative feedback is added with an
RC network. The result, which is shown on the right, is that the output automatically oscillates from VSS to
VDD as the capacitor charges from one Schmitt trigger threshold to the other.
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Notes

^ Operational amplifiers sometimes may be used to implement comparators. However, many operational
amplifiers are designed to be used only in negative-feedback configurations that enforce a negligible difference
between the inverting and non-inverting inputs. Some operational amplifiers incorporate input-protection
circuitry that prevent the inverting and non-inverting inputs from operating far away from each other. For
example, clipper circuits made up of two general purpose diodes with opposite bias in parallel or two Zener
diodes with opposite bias in series (i.e., a double-anode Zener diode) are sometimes used internally across the

two inputs of the operational amplifier.[citation needed] In these cases, the operational amplifiers will fail to
function well as comparators. Conversely, comparators are designed under the assumption that the input
voltages can differ significantly.
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555 timer IC

NE555 from Signetics in
dual-in-line package

Internal block diagram

From Wikipedia, the free encyclopedia

The 555 Timer IC is an integrated circuit (chip) implementing a variety
of timer and multivibrator applications. The IC was designed by Hans R.
Camenzind in 1970 and brought to market in 1971 by Signetics (later
acquired by Philips). The original name was the SE555 (metal
can)/NE555 (plastic DIP) and the part was described as "The IC Time
Machine"[1]. It has been claimed that the 555 gets its name from the
three 5 kΩ resistors used in typical early implementations,[2] but Hanz
Camenzind has stated that the number was arbitrary [3]. The part is still
in wide use, thanks to its ease of use, low price and good stability. As of
2003, it is estimated that 1 billion units are manufactured every year[3].

Depending on the manufacturer, the standard 555 package includes over
20 transistors, 2 diodes and 15 resistors on a silicon chip installed in an
8-pin mini dual-in-line package (DIP-8).[4] Variants available include the
556 (a 14-pin DIP combining two 555s on one chip), and the 558 (a
16-pin DIP combining four slightly modified 555s with DIS & THR
connected internally, and TR falling edge sensitive instead of level
sensitive).

Ultra-low power versions of the 555 are also available, such as the 7555
and TLC555.[5] The 7555 requires slightly different wiring using fewer
external components and less power.

The 555 has three operating modes:

Monostable mode: in this mode, the 555 functions as a "one-shot". Applications include timers, missing
pulse detection, bouncefree switches, touch switches, frequency divider, capacitance measurement,
pulse-width modulation (PWM) etc
Astable - free running mode: the 555 can operate as an oscillator. Uses include LED and lamp flashers,
pulse generation, logic clocks, tone generation, security alarms, pulse position modulation, etc.
Bistable mode or Schmitt trigger: the 555 can operate as a flip-flop, if the DIS pin is not connected and no
capacitor is used. Uses include bouncefree latched switches, etc.
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Usage

The connection of the pins is as follows:

Nr. Name Purpose

1 GND Ground, low level (0 V)

2 TRIG A short pulse high-to-low on the trigger starts the timer

3 OUT During a timing interval, the output stays at +VCC

4 RESET
A timing interval can be interrupted by applying a reset
pulse to low (0 V)

5 CTRL
Control voltage allows access to the internal voltage
divider (2/3 VCC)

6 THR
The threshold at which the interval ends (it ends if the
voltage at THR is at least 2/3 VCC)

7 DIS
Connected to a capacitor whose discharge time will
influence the timing interval

8
V+,
VCC

The positive supply voltage which must be between 3
and 15 V

Monostable mode



Schematic of a 555 in monostable
mode

The relationships of the trigger
signal, the voltage on C and the
pulse width in monostable mode

Standard 555 Astable Circuit

In the monostable mode, the 555
timer acts as a “one-shot” pulse
generator. The pulse begins when
the 555 timer receives a trigger
signal. The width of the pulse is
determined by the time constant
of an RC network, which
consists of a capacitor (C) and a
resistor (R). The pulse ends
when the charge on the C equals
2/3 of the supply voltage. The
pulse width can be lengthened or
shortened to the need of the
specific application by adjusting

the values of R and C.[6]

The pulse width of time t, which is the time it takes to charge C to 2/3 of the supply voltage, is given by

where t is in seconds, R is in ohms and C is in farads. See RC circuit for an explanation of this effect.

Astable mode

In astable mode, the '555 timer' puts out a continuous stream of
rectangular pulses having a specified frequency. Resistor R1 is connected
between VCC and the discharge pin (pin 7) and another resistor (R2) is
connected between the discharge pin (pin 7), and the trigger (pin 2) and
threshold (pin 6) pins that share a common node. Hence the capacitor is
charged through R1 and R2, and discharged only through R2, since pin 7
has low impedance to ground during output low intervals of the cycle,
therefore discharging the capacitor.

In the astable mode, the frequency of the pulse stream depends on the
values of R1, R2 and C:

[7]

The high time from each pulse is given by

and the low time from each pulse is given by

where R1 and R2 are the values of the resistors in ohms and C is the value of the capacitor in farads.



Specifications

These specifications apply to the NE555. Other 555 timers can have better specifications depending on the
grade (military, medical, etc).

Supply voltage (VCC) 4.5 to 15 V

Supply current (VCC = +5 V) 3 to 6 mA

Supply current (VCC = +15 V) 10 to 15 mA

Output current (maximum) 200 mA

Power dissipation 600 mW

Operating temperature 0 to 70 °C

Derivatives

Many pin-compatible variants, including CMOS versions, have been built by various companies. Bigger
packages also exist with two or four timers on the same chip. The 555 is also known under the following type
numbers:

Manufacturer Model Remark

Custom Silicon Solutions
(http://www.customsiliconsolutions.com)

CSS555/CSS555C
CMOS from 1.2 V,
IDD < 5 µA

ECG Philips ECG955M

Exar XR-555

Fairchild Semiconductor NE555/KA555

Harris HA555

IK Semicon ILC555 CMOS from 2 V

Intersil SE555/NE555/ICM7555

Lithic Systems LC555

Maxim ICM7555 CMOS from 2 V

Motorola MC1455/MC1555

National Semiconductor
LM1455/LM555
/LM555C

National Semiconductor LMC555 CMOS from 1.5 V

NTE Sylvania NTE955M

Raytheon RM555/RC555



RCA CA555/CA555C

STMicroelectronics NE555N/ K3T647

Texas Instruments
SN52555/SN72555;
TLC555

latter: CMOS from 2 V

USSR K1006ВИ1

Zetex ZSCT1555 down to 0.9 V

Dual timer 556

The dual version is called 556. It features two complete 555s in a 14 pin DIL package.

Quad timer 558

The quad version is called 558 and has 16 pins. To fit four 555's into a 16 pin package the control voltage and
reset lines are shared by all four modules. Also for each module the discharge and threshold are internally wired
together and called timing.

Example applications

Joystick interface circuit using quad timer 558

The original IBM personal computer used a quad timer 558 in monostable (or "one-shot") mode to interface up
to two joysticks to the host computer.[8] In the joystick interface circuit of the IBM PC, the capacitor (C) of
the RC network (see Monostable Mode above) was generally a 10 nF capacitor. The resistor (R) of the RC
network consisted of the potentiometer inside the joystick along with an external resistor of 2.2 kilohms.[9] The
joystick potentiometer acted as a variable resistor. By moving the joystick, the resistance of the joystick
increased from a small value up to about 100 kilohms. The joystick operated at 5 V.[10]

Software running in the host computer started the process of determining the joystick position by writing to a
special address (ISA bus I/O address 201h).[11][12] This would result in a trigger signal to the quad timer, which
would cause the capacitor (C) of the RC network to begin charging and cause the quad timer to output a pulse.
The width of the pulse was determined by how long it took the C to charge up to 2/3 of 5 V (or about 3.33 V),
which was in turn determined by the joystick position.[13][14]

Software running in the host computer measured the pulse width to determine the joystick position. A wide
pulse represented the full-right joystick position, for example, while a narrow pulse represented the full-left
joystick position.[10]
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1. Pin connections
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555 timer pin connections

The 555 timer  is an extremely versatile integrated circuit which can be used to
build lots of different circuits. You can use the 555 effectively without understanding
the function of each pin in detail.

Frequently, the 555 is used in astable mode to generate a continuous series of
pulses, but you can also use the 555 to make a one-shot or monostable circuit. The
555 can source or sink 200 mA of output current, and is capable of driving wide range
of output devices.

  

2. Astable circuits

Astable circuits produce pulses. The circuit most people use to make a 555 astable
looks like this:

 555 astable circuit

The  button allows you to open a simulation of this circuit in Yenka©, the new
electronics simulation program from Crocodile Clips Limited. To use the program, you
need to download and install the Yenka© plug-in.

At the moment, Yenka is available for free download to home users from
http://www.yenka.com/. This is a fantastic offer from the creators of Yenka©: don't
miss it!

As you can see, the frequency, or repetition rate, of the output pulses is determined
by the values of two resistors, R1 and R2 and by the timing capacitor, C.

The design formula for the frequency of the pulses is:

The period, t, of the pulses is given by:

The HIGH and LOW times of each pulse can be calculated from:



 

The duty cycle of the waveform, usually expressed as a percentage, is given by:

An alternative measurement of HIGH and LOW times is the mark space ratio:

Before calculating a frequency, you should know that it is usual to make R1=1 kΩ
because this helps to give the output pulses a duty cycle close to 50%, that is, the
HIGH and LOW times of the pulses are approximately equal.

Remember that design formulae work in fundamental units. However, it is often more
convenient to work with other combinations of units:

resistance capacitance period frequency

Ω F s Hz

MΩ μF s Hz

kΩ μF ms kHz

With R values in MΩ and C values in μF, the frequency will be in Hz. Alternatively, with
R values in kΩ and C values in μF, frequencies will be in kHz.

Suppose you want to design a circuit to produce a frequency of approximately 1 kHz
for an alarm application. What values of R1, R2 and C should you use?

R1 should be 1kΩ, as already explained. This leaves you with the task of selecting
values for R2 and C. The best thing to do is to rearrange the design formula so that
the R values are on the right hand side:

Now substitute for R1 and f :

You are using R values in kΩ and f values in kHz, so C values will be in μF.

To make further progress, you must choose a value for C. At the same time, it is
important to remember that practical values for R2 are between 1 kΩ and 1MΩ.
Suppose you choose C = 10 nF = 0.01 μF:

That is:

and:



Buy from Rapid...

PROTOBLOC 1
BREADBOARD

£2.98 
Available from Rapid

Online - Rapid
Electronics Ltd.

This is within the range of practical values and you can choose values from the E12
range of 68 kΩ or 82 kΩ. (The E12 range tells you which values of resistor are
manufactured and easily available from suppliers.)

A test circuit can be set up on prototype board, as follows:

   Prototype board layout for 555 astable circuit

With the values of R1, R2 and C shown, the LED should flash at around 10 Hz. How
would you slow the rate of flashing to 1 Hz? Experiment to find a solution.

What happens if you replace R2 with an LDR or a thermistor? This gives an astable
which changes frequency in response to light intensity, or with temperature.

Clicking the  button under the diagram moves you on to the next prototype board
layout on this page. Clicking  opens the drawing in a new window which you can
maximise to fill the screen: there's no excuse for putting a wire link in the wrong
place! Clicking  opens a small window showing the pin layout for the 555, so that
you can remind yourself which pin is which. The pins window remains open and can
be brought to the front from the task bar at the bottom of the screen, unless you
choose to close it.

Astables turn up in all sorts of places, as you can see from the Halloween toy skull
with flashing red LED eyes.

  

3. Astable component selection

With a little practice, it is quite easy to choose appropriate values for a 555 timer
astable. To make things even easier, you might like to download the DOCTRONICS
555 timer component selection program.

The program works with all versions of Windows™ from Windows 95™ through to
Windows Vista™ and looks like this:

Ads by Google In Circuit Programmer 555 Timer Voltage Control Automotiv e Circuit



To download the program (~210K), click on its image. You can save the program to
your own computer to use whenever you want.

  

4. More astables

4.1. Extended duty cycle astable

An extremely useful variation of the standard astable circuit involves adding a diode
in parallel with R2:

 Extended duty cycle astable

This simple addition has a dramatic effect on the behaviour of the circuit. The timing
capacitor, C, is now filled only through R1 and emptied only through R2.

The design equation for the output pulse frequency is:

HIGH and LOW times are calculated from:

 

With this circuit, the duty cycle can be any value you want. If R1 > R2, the duty cycle
will be greater than 50% (equivalent to a mark space ratio of more than 1.0). On the
other hand, if R1 < R2, the duty cycle will be less than 50% (mark space ratio less
than 1.0).



This is the version of the 555 astable is used in the DOCTRONICS safety lights
project:

Buy using PayPal™
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DOCTRONICS safety lights construction kit

You can see the extended duty cycle astable in action by building it on prototype
board:

   Extended duty cycle astable

The components used here are not the same as those in the test circuit for the
normal version of the astable. R1=10 kΩ, R2=47 kΩ, and the timing capacitor
C=22 μF.

With the diode in place, the HIGH time, when the LED is ON, should be around
0.69(0.01x22)=0.15 s (0.01 is 10 kΩ converted to MΩ). The LOW time should be
visibly longer, 0.69(0.047x22)=0.71 s (0.047 is 47 kΩ converted to MΩ). What
happens if you temporarily remove the diode from the circuit?

Replace the diode and then replace R2 with a 100 kΩ or a 1 MΩ potentiometer as
indicated in the next prototype board layout:



   Adding a potentiometer

The 1 kΩ in series with the potentiometer, used here as a variable resistor, prevents
you from adjusting R2 to zero. You need to solder single core wire to the
potentiometer terminals: twisting the wire round the terminal doesn't make an
effective connection.

As you adjust R2, the ON time of the LED remains constant, while the OFF time
varies. Unlike the normal version of the 555 astable, the ON time can be short
compared with the OFF time.

4.2 Minimum component astable

This is a cheap and cheerful astable using just one resistor and one capacitor as the
timing components:

 Minimum component astable

Note that there is no connection to pin 7 and that R1 is linked to the output, pin 3.

The design equation for the circuit is:

The HIGH and LOW times are supposed to be equal, giving a duty cycle of 50%
(equivalent to a mark space ratio of 1.0):



However, if you build this circuit, it is probable that the HIGH time will be longer than
the LOW time. (This happens because the maximum voltage reached by the output
pulses is less than the power supply voltage.) Things will get worse if the output
current increases.

On protoytpe board, the circuit looks like this:

   Minimum component astable

With the values shown, the frequency should be around 2.2 Hz.

If you need an astable circuit which can be adjusted to give an accurate frequency,
this circuit is not the one to choose.

4.3 Diminishing frequency astable

The excitement and realism of electronic games, including roulette, can be increased
using an astable circuit which is triggered to produce rapid pulses initially, but which
then slows down and eventually stops altogether.

It is easy to modify the basic 555 astable circuit to produce this result:

 Diminishing frequency astable

When the 'go' button is pressed, the 47 µF capacitor in parallel with the timing
network, R1, R2 and C, charges up very quickly through the 100 Ω resistor. When the
button is released, the astable continues to oscillate but the charge stored slowly
leaks away, with the result that it takes longer and longer to charge up the timing
capacitor. To trigger the next pulse, the voltage across C must increase to two thirds



of the power supply voltage. After a while, the voltage across the 47 μF drops below
this value and the pulses stop.

With the values shown, the initial frequency is about 100 Hz and the output pulses
coast to a stop after around 40 seconds:

   Diminishing frequency astable

The initial frequency can be calculated from the design equation for the basic 555
astable. To give a realistic coasting time, you should use large values for the
resistors R1 and R2. The coasting time is determined by the 47 μF capacitor.
Experiment with different values until you get the effect you want.

  

5. RESET input



If the RESET input, pin 4, is held HIGH, a 555 astable circuit functions as normal.
However, if the RESET input is held LOW, output pulses are stopped. You can
investigate this effect by connecting a switch/pull down resistor voltage divider to
pin 4:

 Investigating the RESET input

Here is the circuit on prototype board:

   Investigating the RESET input

Use the design formula, or the DOCTRONICS component selector program to
calculate the frequency of pulses you would expect to obtain with this circuit. Monitor
the output pulses with an oscilloscope to check that your calculation is correct.

In an electronic die, provided the output pulses are fast enough, it is impossible to
'cheat' by holding down the button for a definite length of time. This is the circuit
used in the DOCTRONICS electronic die construction kit:

 

Think about how you could use this circuit together with a bistable as part of a
burglar alarm. Under normal conditions, the output of the bistable is LOW and the
astable is stopped. If the alarm is triggered, the output of the bistable goes HIGH
and the pulses start, sounding the alarm.
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6. CONTROL VOLTAGE input

By applying a voltage to the CONTROL VOLTAGE input, pin 5, you can alter the timing
characteristics of the device. In the astable mode, the control voltage can be varied
from 1.7 V to the power supply voltage, producing an output frequency which can be
higher or lower than the frequency set by the R1, R2, C timing network.

The CONTROL VOLTAGE input can be used to build an astable with a frequency
modulated output. In the circuit below, one astable is used to control the frequency
of a second, giving a 'police siren' sound effect:

UK police siren sound effect

Here is the prototype board layout:

   UK police siren sound effect

In most applications, the CONTROL VOLTAGE input is not used. It is usual to connect
a 10 nF capacitor between pin 5 and 0 V to prevent interference. You don't need to
do this in building a test circuit, although it is shown in the prototype board layouts,
but this 'bypass' capacitor should be included in your final circuit.

  

7. Monostable circuits

A monostable, or one-shot, circuit produces a single pulse when triggered. The two
questions about monostables you immediately need to ask are:

How can the circuit be triggered to produce an output pulse?

How is the duration, or period, of the output pulse determined?

Ads by Google Fuel Gauge Resistor Thick Film Resistor Electronic Control Unit Magny  Cours Circuit



The circuit used to make a 555 timer monostable is:

 555 monostable circuit

As you can see, the trigger input is held HIGH by the 10 kΩ pull up resistor and is
pulsed LOW when the trigger switch is pressed. The circuit is triggered by a falling
edge, that is, by a sudden transition from HIGH to LOW.

The trigger pulse, produced by pressing the button, must be of shorter duration than
the intended output pulse.

The period, t, of the output pulse can be calculated from the design equation:

Remember again about compatible measurement units:

resistance capacitance period

Ω F s

MΩ μF s

kΩ μF ms

With R1 = 1 MΩ and C = 1 μF, the output pulse will last for 1.1 s.

You can build a test version of the 555 monostable as follows:

    555 monostable circuit

By clicking on the monostable tab, the 555 component selection program can be used



to investigate the effect of different R1 and C values:

To download the program (~210K), click on its image.

  

8. More about triggering

For a simple 555 monostable, the trigger pulse must be shorter than the output
pulse. Sometimes you want to trigger the monostable from a longer pulse:

Adding a trigger network

As you can see in the V/t graphs below, the voltage at X is normally held HIGH. A
positive-going 'spike' would be generated on the rising edge of the Vin signal, but
this is suppressed by the diode. On the other hand, the trigger network detects the
falling edge at the end of each Vin pulse, producing a short negative-going spike
which triggers the monostable:



V/t graphs for monostable with trigger network

The period of the monostable pulse is shorter than the period of the Vin pulses.

If you want to trigger the monostable from a rising edge, you need to add a
transistor NOT gate to the trigger circuit:

Triggering from a rising edge

If you build these circuits, it is interesting to investigate the action of the trigger
network using an oscilloscope.

  

9. Retriggerable monostable

Another version of the monostable circuit allows you to initiate a new monstable
pulse before any ongoing pulse has been completed:



Retriggerable monostable

As you can see, a PNP transistor, BC557B, has been added to the trigger circuit. To
understand how the circuit works click 'play' in the animation:

Waveforms for retriggerable monostable

The first trigger pulse results in a normal ouput pulse with a period determined by
t=1.1RC. Note that the timing capacitor is fully discharged during the trigger pulse:
the timing period starts when the trigger input goes HIGH.

The second trigger pulse is followed by a third and then a fourth before the normal
output period has been completed. The additional trigger pulses discharge the timing
capacitor, giving an extended output pulse.

To see this circuit in action, the prototype board layout for the standard 555
monostable can be modified, as follows:

   Retriggerable monostable circuit

Operate the push switch. The normal output of the monostable should be around
5 s. When the LED switches OFF, press the push switch again and then press is once
more after 2-3 s.

Provided you keep pressing the switch at intervals of less than 5 s, the output LED
remains ON.

If the input voltage divider is replaced by a source of pulses, this circuit can be used



as a 'missing pulse' or 'low rate' detector. Any decrease in the frequency of the input
pulses below the design level, will allow the monostable to complete its cycle, driving
the output LOW.

  

10. 555 as a transducer driver

A transducer is a subsytem which converts energy from one form into another, where
one of the forms is electrical. In an output transducer, for example, electrical energy
can be converted into light, sound, or movement.

The output of a 555 timer can source or sink up to 200 mA of current. This means
that output transducers including buzzers, filament lamps, loudspeakers and small
motors can be connected directly to the output of the 555, pin 3.

You can use the 555 as a transducer driver, that is, as an electronic switch which
turns the transducer ON or OFF:

555 as a transducer driver

This circuit has an inverting Schmitt trigger action. The 'inverting' part of this
description means that when Vin is LOW, the output is HIGH, and when Vin is HIGH,
the output is LOW.

In a Schmitt trigger circuit there are two different switching thresholds. If Vin is slowly
increased starting from 0 V, the output voltage snaps from HIGH to LOW when Vin
reaches a level equal to 2/3 of the power supply voltage. Once this level has been
exceeded, decreasing Vin does not affect the output until Vin drops below 1/3 of the
power supply voltage. (If an input change in one direction produces a different result
from a change in the opposite direction, the circuit is said to show hysteresis.)

If a filament lamp is connected between the positive power supply rail and the
output, as shown above, current flows through the lamp when the output voltage is
LOW. In other words, the lamp lights when the input voltage is HIGH.

If you connect the lamp between the output and 0 V, the circuit will still work, but the
lamp will light when the input voltage is LOW:

Ads by Google
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555 as a transducer driver

Note that, in both versions of the circuit pins 2 and 6 are joined together. The circuit
can be simplified by omitting the 10 nF bypass capacitor, and will continue to work
when the RESET input, pin 4 is left unconnected.

Some people are very fond of this circuit and use it whenever a transducer driver is
required. However, with a HIGH/LOW digital input signal the same result can be
achieved more obviously and at lower cost using a transistor switch circuit.

  

11. Inside the 555

You can use the 555 timer without knowing anything at all about its internal circuit.
On the other hand, you might like to know something about what is going on inside.

The diagram below shows the 555 timer in astable mode with the internal circuit
shown in block diagram form:

555 Internal block diagram

Inside the 555 you can see three resistors, labelled R. These resistors are equal in
value and form a voltage divider, providing reference voltages at 1/3 and 2/3 of the
power supply voltage, VCC.

The reference voltages are connected to one input of each of two comparators,
which in turn control the logic state of a bistable, or flip flop stage.

Pin 2 of the 555 is the trigger input. When the voltage connected to pin 2 is less than
1/3 of the power supply voltage, the output of the lower comparator forces the logic
state of the flip flop to LOW. The output stage has an inverting action. In other
words, when the output of the flip flop is LOW, the output of the 555 goes HIGH.

Now think about what happens when the power supply is first connected to the
astable circuit. Initially, timing capacitor C is discharged. The voltage at pin 2 is 0 V
and the output of the 555 is driven HIGH. C starts to charge through resistors R1 and
R2. Note that C is also connected to pin 6, the threshold input of the 555.

When the voltage across C goes past 1/3 of the power supply voltage, the output of
the lower comparator snaps a new level. This doesn't change the logic state of the
flip flop: its output remains LOW.

The inputs to the second comparator are the voltage at pin 6, the threshold input,
and 2/3 VCC from the internal voltage divider.

When the voltage across C goes past 2/3 of the power supply voltage, the output of
the second comparator snaps to a new level, the flip flop changes state, its output
becomes HIGH and the output of the 555 goes from HIGH to LOW.

Inside the 555, the flip flop is connected to an NPN transistor, the collector of which is
connected to pin 7, the discharge pin of the 555. When the output of the flip flop



goes HIGH, the transistor is switched ON, providing a low resistance path from the
discharge pin to 0 V. The timing capacitor, C, starts to empty through R2 and the
voltage across it decreases.

Note that the capacitor charges through R1 and R2, but discharges only through R2.

When the voltage across C decreases below 1/3 of the power supply voltage, the
lower comparator snaps to a new level, the flip flop changes state and the output of
the 555 goes HIGH once again.

The graph below shows how the voltage across the timing capacitor, VC , changes
with the output voltage of the 555, Vout:

555 astable voltages

The initial ouptut pulse is longer than subsequent pulses because C is completely
discharged when the power supply is first connected. Subsequent HIGH and low
times correspond to half-charge/discharge times, either from 1/3 to 2/3 of the power
supply voltage, or from 2/3 to 1/3 of the power supply voltage.

The HIGH time is given by:

Remember, C charges through both R1 and R2.

The LOW time is given by:

C discharges only through R2.

The period, t, of the 555 astable is given by:

The frequency, f, is given by:

Try 1÷0.69 on your calculator to confirm that it does equal 1.44.

The design formula for the 555 astable follows from the behaviour of RC networks
and from the two switching thresholds of the voltage divider inside the device.

In a 555 monostable, only the upper threshold is used to determine the period, so
the formula corresponds to a 2/3 charge time:
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You can find further details about the internal circuit of the 555 in the data sheets
provided in the next section.

  

12. Links

10. 1 Data sheets

The links below allow you to download documents in  Adobe Acrobat ©, PDF, format.
In the unlikely event that you don't already have Acrobat Reader, you can download
the latest version direct from Adobe:

 555 data sheet (Phillips Semiconductors, 1994)

 555 application note (Philips Semiconductors AN 170, 1988)

10. 2 Internet resources

 555 Timer Tutorial (Tony van Roon, University of Guelph, Canada)

 555 timer IC (from Wikipedia, the free encyclopaedia)
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LF411
Low Offset, Low Drift JFET Input Operational Amplifier
General Description
These devices are low cost, high speed, JFET input opera-
tional amplifiers with very low input offset voltage and guar-
anteed input offset voltage drift. They require low supply
current yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
LF411 is pin compatible with the standard LM741 allowing
designers to immediately upgrade the overall performance of
existing designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold
circuits and many other circuits requiring low input offset
voltage and drift, low input bias current, high input imped-
ance, high slew rate and wide bandwidth.

Features
n Internally trimmed offset voltage: 0.5 mV(max)
n Input offset voltage drift: 10 µV/˚C(max)
n Low input bias current: 50 pA
n Low input noise current: 0.01 pA/√Hz
n Wide gain bandwidth: 3 MHz(min)
n High slew rate: 10V/µs(min)
n Low supply current: 1.8 mA
n High input impedance: 1012Ω
n Low total harmonic distortion: ≤0.02%
n Low 1/f noise corner: 50 Hz
n Fast settling time to 0.01%: 2 µs

Typical Connection

00565501

Ordering Information
LF411XYZ

X indicates electrical grade

Y indicates temperature range

“M” for military

“C” for commercial

Z indicates package type

“H” or “N”

Connection Diagrams
Metal Can Package

00565505

Note: Pin 4 connected to case.

Top View
Order Number LF411ACH
or LF411MH/883 (Note 11)

See NS Package Number H08A

Dual-In-Line Package

00565507

Top View
Order Number LF411ACN, LF411CN

See NS Package Number N08E

BI-FET II™ is a trademark of National Semiconductor Corporation.

August 2000
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Absolute Maximum Ratings (Note 1)

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

LF411A LF411

Supply Voltage ±22V ±18V

Differential Input Voltage ±38V ±30V

Input Voltage Range

(Note 2) ±19V ±15V

Output Short Circuit

Duration Continuous Continuous

H Package N Package

Power Dissipation

(Notes 3, 10) 670 mW 670 mW

H Package N Package

Tjmax 150˚C 115˚C

θjA 162˚C/W (Still Air) 120˚C/W

65˚C/W (400
LF/min

Air Flow)

θjC 20˚C/W

Operating Temp.

Range (Note 4) (Note 4)

Storage Temp.

Range −65˚C≤TA≤150˚C −65˚C≤TA≤150˚C

Lead Temp.

(Soldering,
10 sec.)

260˚C 260˚C

ESD Tolerance Rating to be determined.

DC Electrical Characteristics (Note 5)

Symbol Parameter Conditions LF411A LF411 Units

Min Typ Max Min Typ Max

VOS Input Offset Voltage RS=10 kΩ, TA=25˚C 0.3 0.5 0.8 2.0 mV

∆VOS/∆T Average TC of Input RS=10 kΩ (Note 6) 7 10 7 20 µV/˚C

Offset Voltage (Note 6)

IOS Input Offset Current VS=±15V Tj=25˚C 25 100 25 100 pA

(Notes 5, 7) Tj=70˚C 2 2 nA

Tj=125˚C 25 25 nA

IB Input Bias Current VS=±15V Tj=25˚C 50 200 50 200 pA

(Notes 5, 7) Tj=70˚C 4 4 nA

Tj=125˚C 50 50 nA

RIN Input Resistance Tj=25˚C 1012 1012 Ω
AVOL Large Signal Voltage VS=±15V, VO=±10V, 50 200 25 200 V/mV

Gain RL=2k, TA=25˚C

Over Temperature 25 200 15 200 V/mV

VO Output Voltage Swing VS=±15V, RL=10k ±12 ±13.5 ±12 ±13.5 V

VCM Input Common-Mode ±16 +19.5 ±11 +14.5 V

Voltage Range −16.5 −11.5 V

CMRR Common-Mode RS≤10k 80 100 70 100 dB

Rejection Ratio

PSRR Supply Voltage (Note 8) 80 100 70 100 dB

Rejection Ratio

IS Supply Current 1.8 2.8 1.8 3.4 mA

AC Electrical Characteristic (Note 5)

Symbol Parameter Conditions LF411A LF411 Units

Min Typ Max Min Typ Max

SR Slew Rate VS=±15V, TA=25˚C 10 15 8 15 V/µs

GBW Gain-Bandwidth Product VS=±15V, TA=25˚C 3 4 2.7 4 MHz

en Equivalent Input Noise Voltage TA=25˚C, RS=100Ω,
f=1 kHz

25 25

in Equivalent Input Noise Current TA=25˚C, f=1 kHz 0.01 0.01

LF
41

1

www.national.com 2



AC Electrical Characteristic (Note 5) (Continued)

Symbol Parameter Conditions LF411A LF411 Units

Min Typ Max Min Typ Max

THD Total Harmonic Distortion AV=+10, RL=10k,
VO=20 Vp-p,
BW=20 Hz−20 kHz

<0.02 <0.02 %

Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of θjA.

Note 4: These devices are available in both the commercial temperature range 0˚C≤TA≤70˚C and the military temperature range −55˚C≤TA≤125˚C. The
temperature range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an “M”
indicates the military temperature range. The military temperature range is available in “H” package only.

Note 5: Unless otherwise specified, the specifications apply over the full temperature range and for VS=±20V for the LF411A and for VS=±15V for the LF411. VOS,
IB, and IOS are measured at VCM=0.

Note 6: The LF411A is 100% tested to this specification. The LF411 is sample tested to insure at least 90% of the units meet this specification.

Note 7: The input bias currents are junction leakage currents which approximately double for every 10˚C increase in the junction temperature, Tj. Due to limited
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, PD. Tj=TA+θjA PD where θjA is the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be kept to a minimum.

Note 8: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice, from
±15V to ±5V for the LF411 and from ±20V to ±5V for the LF411A.

Note 9: RETS 411X for LF411MH and LF411MJ military specifications.

Note 10: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate
outside guaranteed limits.

Typical Performance Characteristics
Input Bias Current Input Bias Current

00565511 00565512

LF411
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Typical Performance Characteristics (Continued)

Supply Current
Positive Common-Mode

Input Voltage Limit

00565513
00565514

Negative Common-Mode
Input Voltage Limit Positive Current Limit

00565515 00565516

Negative Current Limit Output Voltage Swing

00565517
00565518

LF
41
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Typical Performance Characteristics (Continued)

Output Voltage Swing Gain Bandwidth

00565519 00565520

Bode Plot Slew Rate

00565521 00565522

Distortion vs Frequency
Undistorted Output

Voltage Swing

00565523 00565524

LF411
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Typical Performance Characteristics (Continued)

Open Loop Frequency
Response

Common-Mode Rejection
Ratio

00565525 00565526

Power Supply
Rejection Ratio

Equivalent Input Noise
Voltage

00565527 00565528

Open Loop Voltage Gain Output Impedance

00565529 00565530

LF
41
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Typical Performance Characteristics (Continued)

Inverter Settling Time

00565531

Pulse Response RL=2 kΩ, CL10 pF

Small Signal Inverting

00565539

Small Signal Non-Inverting

00565540

Large Signal Inverting

00565541

Large Signal Non-Inverting

00565542

LF411
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Pulse Response RL=2 kΩ, CL10 pF (Continued)

Current Limit (RL=100Ω)

00565543

Application Hints
The LF411 series of internally trimmed JFET input op amps
( BI-FET II™ ) provide very low input offset voltage and
guaranteed input offset voltage drift. These JFETs have
large reverse breakdown voltages from gate to source and
drain eliminating the need for clamps across the inputs.
Therefore, large differential input voltages can easily be
accommodated without a large increase in input current. The
maximum differential input voltage is independent of the
supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will
cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output. Exceeding the negative
common-mode limit on both inputs will force the amplifier
output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a normal
operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier may be
forced to a high state.

The amplifier will operate with a common-mode input voltage
equal to the positive supply; however, the gain bandwidth
and slew rate may be decreased in this condition. When the
negative common-mode voltage swings to within 3V of the
negative supply, an increase in input offset voltage may
occur.

The LF411 is biased by a zener reference which allows
normal circuit operation on ±4.5V power supplies. Supply
voltages less than these may result in lower gain bandwidth
and slew rate.

The LF411 will drive a 2 kΩ load resistance to ±10V over the
full temperature range. If the amplifier is forced to drive
heavier load currents, however, an increase in input offset
voltage may occur on the negative voltage swing and finally
reach an active current limit on both positive and negative
swings.

Precautions should be taken to ensure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
socket as an unlimited current surge through the resulting
forward diode within the IC could cause fusing of the internal
conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in order
to ensure stability. For example, resistors from the output to
an input should be placed with the body close to the input to
minimize “pick-up” and maximize the frequency of the feed-
back pole by minimizing the capacitance from the input to
ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capacitance
from the input of the device (usually the inverting input) to AC
ground set the frequency of the pole. In many instances the
frequency of this pole is much greater than the expected
3 dB frequency of the closed loop gain and consequently
there is negligible effect on stability margin. However, if the
feedback pole is less than approximately 6 times the ex-
pected 3 dB frequency, a lead capacitor should be placed
from the output to the input of the op amp. The value of the
added capacitor should be such that the RC time constant of
this capacitor and the resistance it parallels is greater than or
equal to the original feedback pole time constant.

LF
41
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Typical Applications

High Speed Current Booster

00565509

PNP=2N2905

NPN=2N2219 unless noted

TO-5 heat sinks for Q6-Q7

LF411
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Typical Applications (Continued)

10-Bit Linear DAC with No VOS Adjust

00565532

where AN=1 if the AN digital input is high

AN=0 if the AN digital input is low

Single Supply Analog Switch with Buffered Output

00565533

LF
41
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Simplified Schematic

00565506

Note 11: Available per JM38510/11904

Detailed Schematic

00565534

LF411
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Physical Dimensions inches (millimeters) unless otherwise noted

Metal Can Package (H)
Order Number LF411MH/883 or LF411ACH

NS Package Number H08A

Molded Dual-In-Line Package (N)
Order Number LF411ACN or LF411CN

NS Package Number N08E

LF
41
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Notes

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 AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

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

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

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification
(CSP-9-111S2) and contain no ‘‘Banned Substances’’ as defined in CSP-9-111S2.

National Semiconductor
Americas Customer
Support Center
Email: new.feedback@nsc.com
Tel: 1-800-272-9959

National Semiconductor
Europe Customer Support Center

Fax: +49 (0) 180-530 85 86
Email: europe.support@nsc.com

Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
Français Tel: +33 (0) 1 41 91 8790

National Semiconductor
Asia Pacific Customer
Support Center
Email: ap.support@nsc.com

National Semiconductor
Japan Customer Support Center
Fax: 81-3-5639-7507
Email: jpn.feedback@nsc.com
Tel: 81-3-5639-7560

www.national.com
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LM741
Operational Amplifier
General Description
The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their appli-
cation nearly foolproof: overload protection on the input and

output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

The LM741C is identical to the LM741/LM741A except that
the LM741C has their performance guaranteed over a 0˚C to
+70˚C temperature range, instead of −55˚C to +125˚C.

Features

Connection Diagrams

Metal Can Package Dual-In-Line or S.O. Package

00934102

Note 1: LM741H is available per JM38510/10101

Order Number LM741H, LM741H/883 (Note 1),
LM741AH/883 or LM741CH

See NS Package Number H08C

00934103

Order Number LM741J, LM741J/883, LM741CN
See NS Package Number J08A, M08A or N08E

Ceramic Flatpak

00934106

Order Number LM741W/883
See NS Package Number W10A

Typical Application

Offset Nulling Circuit

00934107

August 2000
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Absolute Maximum Ratings (Note 2)

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

(Note 7)

LM741A LM741 LM741C

Supply Voltage ±22V ±22V ±18V

Power Dissipation (Note 3) 500 mW 500 mW 500 mW

Differential Input Voltage ±30V ±30V ±30V

Input Voltage (Note 4) ±15V ±15V ±15V

Output Short Circuit Duration Continuous Continuous Continuous

Operating Temperature Range −55˚C to +125˚C −55˚C to +125˚C 0˚C to +70˚C

Storage Temperature Range −65˚C to +150˚C −65˚C to +150˚C −65˚C to +150˚C

Junction Temperature 150˚C 150˚C 100˚C

Soldering Information

N-Package (10 seconds) 260˚C 260˚C 260˚C

J- or H-Package (10 seconds) 300˚C 300˚C 300˚C

M-Package

Vapor Phase (60 seconds) 215˚C 215˚C 215˚C

Infrared (15 seconds) 215˚C 215˚C 215˚C

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

surface mount devices.

ESD Tolerance (Note 8) 400V 400V 400V

Electrical Characteristics (Note 5)

Parameter Conditions LM741A LM741 LM741C Units

Min Typ Max Min Typ Max Min Typ Max

Input Offset Voltage TA = 25˚C

RS ≤ 10 kΩ 1.0 5.0 2.0 6.0 mV

RS ≤ 50Ω 0.8 3.0 mV

TAMIN ≤ TA ≤ TAMAX

RS ≤ 50Ω 4.0 mV

RS ≤ 10 kΩ 6.0 7.5 mV

Average Input Offset 15 µV/˚C

Voltage Drift

Input Offset Voltage TA = 25˚C, VS = ±20V ±10 ±15 ±15 mV

Adjustment Range

Input Offset Current TA = 25˚C 3.0 30 20 200 20 200 nA

TAMIN ≤ TA ≤ TAMAX 70 85 500 300 nA

Average Input Offset 0.5 nA/˚C

Current Drift

Input Bias Current TA = 25˚C 30 80 80 500 80 500 nA

TAMIN ≤ TA ≤ TAMAX 0.210 1.5 0.8 µA

Input Resistance TA = 25˚C, VS = ±20V 1.0 6.0 0.3 2.0 0.3 2.0 MΩ
TAMIN ≤ TA ≤ TAMAX, 0.5 MΩ
VS = ±20V

Input Voltage Range TA = 25˚C ±12 ±13 V

TAMIN ≤ TA ≤ TAMAX ±12 ±13 V

LM
74
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Electrical Characteristics (Note 5) (Continued)

Parameter Conditions LM741A LM741 LM741C Units

Min Typ Max Min Typ Max Min Typ Max

Large Signal Voltage Gain TA = 25˚C, RL ≥ 2 kΩ
VS = ±20V, VO = ±15V 50 V/mV

VS = ±15V, VO = ±10V 50 200 20 200 V/mV

TAMIN ≤ TA ≤ TAMAX,

RL ≥ 2 kΩ,

VS = ±20V, VO = ±15V 32 V/mV

VS = ±15V, VO = ±10V 25 15 V/mV

VS = ±5V, VO = ±2V 10 V/mV

Output Voltage Swing VS = ±20V

RL ≥ 10 kΩ ±16 V

RL ≥ 2 kΩ ±15 V

VS = ±15V

RL ≥ 10 kΩ ±12 ±14 ±12 ±14 V

RL ≥ 2 kΩ ±10 ±13 ±10 ±13 V

Output Short Circuit TA = 25˚C 10 25 35 25 25 mA

Current TAMIN ≤ TA ≤ TAMAX 10 40 mA

Common-Mode TAMIN ≤ TA ≤ TAMAX

Rejection Ratio RS ≤ 10 kΩ, VCM = ±12V 70 90 70 90 dB

RS ≤ 50Ω, VCM = ±12V 80 95 dB

Supply Voltage Rejection TAMIN ≤ TA ≤ TAMAX,

Ratio VS = ±20V to VS = ±5V

RS ≤ 50Ω 86 96 dB

RS ≤ 10 kΩ 77 96 77 96 dB

Transient Response TA = 25˚C, Unity Gain

Rise Time 0.25 0.8 0.3 0.3 µs

Overshoot 6.0 20 5 5 %

Bandwidth (Note 6) TA = 25˚C 0.437 1.5 MHz

Slew Rate TA = 25˚C, Unity Gain 0.3 0.7 0.5 0.5 V/µs

Supply Current TA = 25˚C 1.7 2.8 1.7 2.8 mA

Power Consumption TA = 25˚C

VS = ±20V 80 150 mW

VS = ±15V 50 85 50 85 mW

LM741A VS = ±20V

TA = TAMIN 165 mW

TA = TAMAX 135 mW

LM741 VS = ±15V

TA = TAMIN 60 100 mW

TA = TAMAX 45 75 mW

Note 2: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

LM
741
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Electrical Characteristics (Note 5) (Continued)
Note 3: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and Tj max. (listed under “Absolute Maximum
Ratings”). Tj = TA + (θjA PD).

Thermal Resistance Cerdip (J) DIP (N) HO8 (H) SO-8 (M)

θjA (Junction to Ambient) 100˚C/W 100˚C/W 170˚C/W 195˚C/W

θjC (Junction to Case) N/A N/A 25˚C/W N/A

Note 4: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage.

Note 5: Unless otherwise specified, these specifications apply for VS = ±15V, −55˚C ≤ TA ≤ +125˚C (LM741/LM741A). For the LM741C/LM741E, these
specifications are limited to 0˚C ≤ TA ≤ +70˚C.

Note 6: Calculated value from: BW (MHz) = 0.35/Rise Time(µs).

Note 7: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.

Note 8: Human body model, 1.5 kΩ in series with 100 pF.

Schematic Diagram

00934101
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Physical Dimensions inches (millimeters)
unless otherwise noted

Metal Can Package (H)
Order Number LM741H, LM741H/883, LM741AH/883, LM741AH-MIL or LM741CH

NS Package Number H08C

LM
741
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

Ceramic Dual-In-Line Package (J)
Order Number LM741J/883
NS Package Number J08A

Dual-In-Line Package (N)
Order Number LM741CN

NS Package Number N08E

LM
74
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

10-Lead Ceramic Flatpak (W)
Order Number LM741W/883, LM741WG-MPR or LM741WG/883

NS Package Number W10A

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

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 AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR
CORPORATION. As used herein:

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

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

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products Stewardship
Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-111S2) and contain no ‘‘Banned
Substances’’ as defined in CSP-9-111S2.

National Semiconductor
Americas Customer
Support Center
Email: new.feedback@nsc.com
Tel: 1-800-272-9959

National Semiconductor
Europe Customer Support Center

Fax: +49 (0) 180-530 85 86
Email: europe.support@nsc.com

Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
Français Tel: +33 (0) 1 41 91 8790

National Semiconductor
Asia Pacific Customer
Support Center
Email: ap.support@nsc.com

National Semiconductor
Japan Customer Support Center
Fax: 81-3-5639-7507
Email: jpn.feedback@nsc.com
Tel: 81-3-5639-7560

www.national.com
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DATA SHEET

Product specification
File under Integrated Circuits, IC06

December 1990

INTEGRATED CIRCUITS

74HC/HCT00
Quad 2-input NAND gate

For a complete data sheet, please also download:

• The IC06 74HC/HCT/HCU/HCMOS Logic Family Specifications

• The IC06 74HC/HCT/HCU/HCMOS Logic Package Information

• The IC06 74HC/HCT/HCU/HCMOS Logic Package Outlines



December 1990 2

Philips Semiconductors Product specification

Quad 2-input NAND gate 74HC/HCT00

FEATURES

• Output capability: standard

• ICC category: SSI

GENERAL DESCRIPTION

The 74HC/HCT00 are high-speed Si-gate CMOS devices and are pin compatible with low power Schottky TTL (LSTTL).
They are specified in compliance with JEDEC standard no. 7A.

The 74HC/HCT00 provide the 2-input NAND function.

QUICK REFERENCE DATA
GND = 0 V; Tamb = 25 °C; tr = tf = 6 ns

Notes

1. CPD is used to determine the dynamic power dissipation (PD in µW):

PD = CPD × VCC
2 × fi + ∑ (CL × VCC

2 × fo) where:

fi = input frequency in MHz

fo = output frequency in MHz

CL = output load capacitance in pF

VCC = supply voltage in V

Σ (CL × VCC
2 × fo) = sum of outputs

2. For HC the condition is VI = GND to VCC
For HCT the condition is VI = GND to VCC − 1.5 V

ORDERING INFORMATION

See “74HC/HCT/HCU/HCMOS Logic Package Information”.

SYMBOL PARAMETER CONDITIONS
TYPICAL

UNIT
HC HCT

tPHL/ tPLH propagation delay nA, nB to nY CL = 15 pF; VCC = 5 V 7 10 ns

CI input capacitance 3.5 3.5 pF

CPD power dissipation capacitance per gate notes 1 and 2 22 22 pF
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PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1, 4, 9, 12 1A to 4A data inputs

2, 5, 10, 13 1B to 4B data inputs

3, 6, 8, 11 1Y to 4Y data outputs

7 GND ground (0 V)

14 VCC positive supply voltage

Fig.1  Pin configuration. Fig.2  Logic symbol. Fig.3  IEC logic symbol.

Fig.4  Functional diagram. Fig.5  Logic diagram (one gate).

FUNCTION TABLE

Note

1. H = HIGH voltage level
L = LOW voltage level

INPUTS OUTPUT

nA nB nY

L
L
H
H

L
H
L
H

H
H
H
L
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DC CHARACTERISTICS FOR 74HC

For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.

Output capability: standard
ICC category: SSI

AC CHARACTERISTICS FOR 74HC
GND = 0 V; tr = tf = 6 ns; CL = 50 pF

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.

Output capability: standard
ICC category: SSI

Note to HCT types
The value of additional quiescent supply current (∆ICC) for a unit load of 1 is given in the family specifications.
To determine ∆ICC per input, multiply this value by the unit load coefficient shown in the table below.

AC CHARACTERISTICS FOR 74HCT
GND = 0 V; tr = tf = 6 ns; CL = 50 pF

SYMBOL PARAMETER

Tamb (°C)

UNIT

TEST CONDITIONS

74HC
VCC
(V)

WAVEFORMS+25 −40 to +85 −40 to +125

min. typ. max. min. max. min. max.

tPHL/ tPLH
propagation delay

nA, nB to nY

25
9
7

90
18
15

115
23
20

135
27
23

ns
2.0
4.5
6.0

Fig.6

tTHL/ tTLH
output transition
time

19
7
6

75
15
13

95
19
16

110
22
19

ns
2.0
4.5
6.0

Fig.6

INPUT UNIT LOAD COEFFICIENT

nA, nB 1.50

SYMBOL PARAMETER

Tamb (°C)

UNIT

TEST CONDITIONS

74HCT
VCC
(V)

WAVEFORMS+25 −40 to +85 −40 to +125

min. typ. max. min. max. min. max.

tPHL/ tPLH propagation delay
nA, nB to nY

12 19 24 29 ns 4.5 Fig.6

tTHL/ tTLH output transition time 7 15 19 22 ns 4.5 Fig.6
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AC WAVEFORMS

PACKAGE OUTLINES

See “74HC/HCT/HCU/HCMOS Logic Package Outlines”.

Fig.6 Waveforms showing the input (nA, nB) to output (nY) propagation delays and the output transition times.

HC : VM = 50%; VI = GND to VCC
HCT: VM = 1.3 V; VI = GND to 3 V.
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Dual D-type flip-flop with set and reset;
positive-edge trigger

74HC74; 74HCT74

FEATURES

• Wide supply voltage range from 2.0 to 6.0 V

• Symmetrical output impedance

• High noise immunity

• Low power dissipation

• Balanced propagation delays

• ESD protection:
HBM EIA/JESD22-A114-A exceeds 2000 V
MM EIA/JESD22-A115-A exceeds 200 V.

GENERAL DESCRIPTION

The 74HC/HCT74 is a high-speed Si-gate CMOS device
and is pin compatible with low power Schottky TTL
(LSTTL). They are specified in compliance with JEDEC
standard no. 7A.

The 74HC/HCT74 are dual positive-edge triggered, D-type
flip-flops with individual data (D) inputs, clock (CP) inputs,
set (SD) and reset (RD) inputs; also complementary
Q and Q outputs.

The set and reset are asynchronous active LOW inputs
and operate independently of the clock input. Information
on the data input is transferred to the Q output on the
LOW-to-HIGH transition of the clock pulse. The D inputs
must be stable one set-up time prior to the LOW-to-HIGH
clock transition for predictable operation.

Schmitt-trigger action in the clock input makes the circuit
highly tolerant to slower clock rise and fall times.

QUICK REFERENCE DATA
GND = 0 V; Tamb = 25 °C; tr = tf = 6 ns

Notes

1. CPD is used to determine the dynamic power dissipation (PD in µW).

PD = CPD × VCC
2 × fi × N + Σ(CL × VCC

2 × fo) where:

fi = input frequency in MHz;

fo = output frequency in MHz;

CL = output load capacitance in pF;

VCC = supply voltage in Volts;

N = total load switching outputs;

Σ(CL × VCC
2 × fo) = sum of the outputs.

2. For 74HC74 the condition is VI = GND to VCC.

For 74HCT74 the condition is VI = GND to VCC − 1.5 V.

SYMBOL PARAMETER CONDITIONS
TYPICAL

UNIT
HC HCT

tPHL/tPLH propagation delay CL = 15 pF; VCC = 5 V

nCP to nQ, nQ 14 15 ns

nSD to nQ, nQ 15 18 ns

nRD to nQ, nQ 16 18 ns

fmax maximum clock frequency 76 59 MHz

CI input capacitance 3.5 3.5 pF

CPD power dissipation capacitance per flip-flop notes 1 and 2 24 29 pF
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74HC74; 74HCT74

FUNCTION TABLES

Table 1 See note 1

Table 2 See note 1

Note

1. H = HIGH voltage level;

L = LOW voltage level;

X = don’t care;

↑ = LOW-to-HIGH CP transition;

Qn+1 = state after the next LOW-to-HIGH CP transition.

ORDERING INFORMATION

INPUT OUTPUT

SD RD CP D Q Q

L H X X H L

H L X X L H

L L X X H H

INPUT OUTPUT

SD RD CP D Qn+1 Qn+1

H H ↑ L L H

H H ↑ H H L

TYPE NUMBER

PACKAGE

TEMPERATURE
RANGE

PINS PACKAGE MATERIAL CODE

74HC74N −40 to +125 °C 14 DIP14 plastic SOT27-1

74HCT74N −40 to +125 °C 14 DIP14 plastic SOT27-1

74HC74D −40 to +125 °C 14 SO14 plastic SOT108-1

74HCT74D −40 to +125 °C 14 SO14 plastic SOT108-1

74HC74DB −40 to +125 °C 14 SSOP14 plastic SOT337-1

74HCT74DB −40 to +125 °C 14 SSOP14 plastic SOT337-1

74HC74PW −40 to +125 °C 14 TSSOP14 plastic SOT402-1

74HCT74PW −40 to +125 °C 14 TSSOP14 plastic SOT402-1

74HC74BQ −40 to +125 °C 14 DHVQFN14 plastic SOT762-1

74HCT74BQ −40 to +125 °C 14 DHVQFN14 plastic SOT762-1



2003 Jul 10 4

Philips Semiconductors Product specification
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positive-edge trigger

74HC74; 74HCT74

PINNING

PIN SYMBOL DESCRIPTION

1 1RD asynchronous reset-direct input (active LOW)

2 1D data input

3 1CP clock input (LOW-to-HIGH, edge-triggered)

4 1SD asynchronous set-direct input (active LOW)

5 1Q true flip-flop output

6 1Q complement flip-flop output

7 GND ground (0 V)

8 2Q complement flip-flop output

9 2Q true flip-flop output

10 2SD asynchronous set-direct input (active LOW)

11 2CP clock input (LOW-to-HIGH, edge-triggered)

12 2D data input

13 2RD asynchronous reset-direct input (active LOW)

14 VCC positive supply voltage

handbook, halfpage

MNA417

74

1

2

3

4

5

6

7 8

14

13

12

11

10

9

1RD

1D

1CP

1SD

1Q

1Q

GND 2Q

2Q

2SD

2CP

2D

2RD

VCC

Fig.1 Pin configuration DIP14, SO14 and
(T)SSOP14.

handbook, halfpage

1 14

GND(1)

1RD VCC

7

2

3

4

5

6

1D

1CP

1SD

1Q

1Q

13

12

11

10

9

2RD

2D

2CP

2SD

2Q

8

GNDTop view 2Q
MNB038

Fig.2  Pin configuration DHVQFN14.

(1) The die substrate is attached to this pad using conductive die
attach material. It can not be used as a supply pin or input.
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MNA418

handbook, halfpage

RD

FF

SD

4 10

Q
1Q
2Q

1Q

2Q

5
9

2
12

3
11

6

8
Q

1SD

CP
2CP
1CP

2D
1D

D

2SD

1 13

1RD 2RD

Fig.3  Logic symbol.

handbook, halfpage

MNA419

6

3

2
C1

4
S

1D
1

R

5

8

11

12
C1

10
S

1D
13

R

9

Fig.4  IEC logic symbol.

handbook, halfpage

RD

FF

SD

4

Q
1Q

1Q

52

3

6Q

1SD

CP
1CP

1D
D

1 1RD

MNA420

RD

FF

SD

10

Q
2Q

2Q

912

11

8Q

2SD

CP
2CP

2D
D

13
2RD

Fig.5  Functional diagram.
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handbook, full pagewidth

MNA421
SD

CP

RD

D

C

C

Q

C

C
C

C

C

C

Q

C

C

Fig.6  Logic diagram (one flip-flop).
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positive-edge trigger

74HC74; 74HCT74

RECOMMENDED OPERATING CONDITIONS

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 60134); voltages are referenced to GND (ground = 0 V).

Notes

1. The input and output voltage ratings may be exceeded if the input and output current ratings are observed.

2. For SO14 packages: above 70 °C derate linearly with 8 mW/K.

For SSOP14 and TSSOP14 packages: above 60 °C derate linearly with 5.5 mW/K.

For DHVQFN14 packages: above 60 °C derate linearly with 4.5 mW/K.

For DIP14 packages: above 70 °C derate linearly with 12 mW/K.

SYMBOL PARAMETER CONDITIONS
74HC74 74HCT74

UNIT
MIN. TYP. MAX. MIN. TYP. MAX.

VCC supply voltage 2.0 5.0 6.0 4.5 5.0 5.5 V

VI input voltage 0 − VCC 0 − VCC V

VO output voltage 0 − VCC 0 − VCC V

Tamb operating ambient
temperature

−40 +25 +125 −40 +25 +125 °C

tr, tf input rise and fall
times

VCC = 2.0 V − − 1000 − − 500 ns

VCC = 4.5 V − 6.0 500 − 6.0 500 ns

VCC = 6.0 V − − 400 − − 500 ns

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT

VCC supply voltage −0.5 +7.0 V

IIK input diode current VI < −0.5 V or VI > VCC + 0.5 V;
note 1

− ±20 mA

IOK output diode current VO < −0.5 V or VO > VCC + 0.5 V;
note 1

− ±20 mA

IO output source or sink current −0.5 V < VO < VCC + 0.5 V; note 1 − ±25 mA

ICC, IGND VCC or GND current − ±100 mA

Tstg storage temperature −65 +150 °C
Ptot power dissipation Tamb = −40 to +125 °C; note 2 − 500 mW
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positive-edge trigger

74HC74; 74HCT74

DC CHARACTERISTICS

Family 74HC
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).

Note

1. All typical values are measured at Tamb = 25 °C.

SYMBOL PARAMETER
TEST CONDITIONS

MIN. TYP. MAX. UNIT
WAVEFORMS VCC (V)

Tamb = −40 to +85 °C; note 1

VIH HIGH-level input
voltage

2.0 1.5 1.2 − V

4.5 3.15 2.4 − V

6.0 4.2 3.2 − V

VIL LOW-level input voltage 2.0 − 0.8 0.5 V

4.5 − 2.1 1.35 V

6.0 − 2.8 1.8 V

VOH HIGH-level output
voltage

VI = VIH or VIL

IO = −4.0 mA 4.5 3.84 4.32 − V

IO = −5.2 mA 6.0 5.34 5.81 − V

VOL LOW-level output
voltage

VI = VIH or VIL

IO = 4.0 mA 4.5 − 0.15 0.33 V

IO = 5.2 mA 6.0 − 0.16 0.33 V

ILI input leakage current VI = VCC or GND 6.0 − − ±1.0 µA

ICC quiescent supply
current

VI = VCC or GND;
IO = 0

6.0 − − 40 µA

Tamb = −40 to +125 °C

VIH HIGH-level input
voltage

2.0 1.5 − − V

4.5 3.15 − − V

6.0 4.2 − − V

VIL LOW-level input voltage 2.0 − − 0.5 V

4.5 − − 1.35 V

6.0 − − 1.8 V

VOH HIGH-level output
voltage

VI = VIH or VIL

IO = −4.0 mA 4.5 3.7 − − V

IO = −5.2 mA 6.0 5.2 − − V

VOL LOW-level output
voltage

VI = VIH or VIL

IO = 4.0 mA 4.5 − − 0.4 V

IO = 5.2 mA 6.0 − − 0.4 V

ILI input leakage current VI = VCC or GND 6.0 − − ±1.0 µA

ICC quiescent supply
current

VI = VCC or GND;
IO = 0

6.0 − − 80 µA
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Family 74HCT
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).

Note

1. All typical values are measured at Tamb = 25 °C.

Remark to HCT types
The value of additional quiescent supply current (∆ICC) for a unit load of 1 is given here. To determine ∆ICC per input,
multiply this value by the unit load coefficient shown in the table.

SYMBOL PARAMETER
TEST CONDITIONS

MIN. TYP. MAX. UNIT
WAVEFORMS VCC (V)

Tamb = −40 to +85 °C; note 1

VIH HIGH-level input
voltage

4.5 to 5.5 2.0 1.6 − V

VIL LOW-level input voltage 4.5 to 5.5 − 1.2 0.8 V

VOH HIGH-level output
voltage

VI = VIH or VIL;
IO = −4.0 mA

4.5 3.84 4.32 − V

VOL LOW-level output
voltage

VI = VIH or VIL;
IO = 4.0 mA

4.5 0.33 0.15 − V

ILI input leakage current VI = VCC or GND 5.5 − − ±1.0 µA

ICC quiescent supply
current

VI = VCC or GND;
IO = 0

5.5 − − 40 µA

∆ICC additional quiescent
supply current per input

VI = VCC −2.1 V other
inputs at VCC or GND;
IO = 0

4.5 to 5.5 − 100 450 µA

Tamb = −40 to +125 °C

VIH HIGH-level input
voltage

4.5 to 5.5 2.0 − − V

VIL LOW-level input voltage 4.5 to 5.5 − − 0.8 V

VOH HIGH-level output
voltage

VI = VIH or VIL;
IO = −4.0 mA

4.5 3.7 − − V

VOL LOW-level output
voltage

VI = VIH or VIL;
IO = 4.0 mA

4.5 − − 0.4 V

ILI input leakage current VI = VCC or GND 5.5 − − ±1.0 µA

ICC quiescent supply
current

VI = VCC or GND;
IO = 0

5.5 − − 80 µA

∆ICC additional quiescent
supply current per input

VI = VCC −2.1 V other
inputs at VCC or GND;
IO = 0

4.5 to 5.5 − − 490 µA

INPUT UNIT LOAD COEFFICIENT

nD 0.70

nRD 0.70

nSD 0.80

nCP 0.80



2003 Jul 10 10

Philips Semiconductors Product specification

Dual D-type flip-flop with set and reset;
positive-edge trigger
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AC CHARACTERISTICS

Family 74HC
GND = 0 V; tr = tf = 6 ns; CL = 50 pF.

SYMBOL PARAMETER
TEST CONDITIONS

MIN. TYP. MAX. UNIT
WAVEFORMS VCC (V)

Tamb = −40 to +85 °C

tPHL/tPLH propagation delay
nCP to nQ, nQ

see Fig.7 2.0 − 47 220 ns

4.5 − 17 44 ns

6.0 − 14 37 ns

propagation delay
nSD to nQ, nQ

see Fig.8 2.0 − 50 250 ns

4.5 − 18 50 ns

6.0 − 14 43 ns

propagation delay
nRD to nQ, nQ

see Fig.8 2.0 − 52 250 ns

4.5 − 19 50 ns

6.0 − 15 43 ns

tTHL/tTLH output transition time see Fig.7 2.0 − 19 95 ns

4.5 − 7 19 ns

6.0 − 6 16 ns

tW clock pulse width
HIGH or LOW

see Fig.7 2.0 100 19 − ns

4.5 20 7 − ns

6.0 17 6 − ns

set or reset pulse width
LOW

see Fig.8 2.0 100 19 − ns

4.5 20 7 − ns

6.0 17 6 − ns

trem removal time set or
reset

see Fig.8 2.0 40 3 − ns

4.5 8 1 − ns

6.0 7 1 − ns

tsu set-up time nD to nCP see Fig.7 2.0 75 6 − ns

4.5 15 2 − ns

6.0 13 2 − ns

th hold time nCP to nD see Fig.7 2.0 3 −6 − ns

4.5 3 −2 − ns

6.0 3 −2 − ns

fmax maximum clock pulse
frequency

see Fig.7 2.0 4.8 23 − MHz

4.5 24 69 − MHz

6.0 28 82 − MHz
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Tamb = −40 to +125 °C

tPHL/tPLH propagation delay
nCP to nQ, nQ

see Fig.7 2.0 − − 265 ns

4.5 − − 53 ns

6.0 − − 45 ns

propagation delay
nSD to nQ, nQ

see Fig.8 2.0 − − 300 ns

4.5 − − 60 ns

6.0 − − 51 ns

propagation delay
nRD to nQ, nQ

see Fig.8 2.0 − − 300 ns

4.5 − − 60 ns

6.0 − − 51 ns

tTHL/tTLH output transition time see Fig.7 2.0 − − 110 ns

4.5 − − 22 ns

6.0 − − 19 ns

tW clock pulse width HIGH
or LOW

see Fig.7 2.0 120 − − ns

4.5 24 − − ns

6.0 20 − − ns

tW set or reset pulse width
LOW

see Fig.8 2.0 120 − − ns

4.5 24 − − ns

6.0 20 − − ns

trem removal time set or
reset

see Fig.8 2.0 45 − − ns

4.5 9 − − ns

6.0 8 − − ns

tsu set-up time nD to nCP see Fig.7 2.0 90 − − ns

4.5 18 − − ns

6.0 15 − − ns

th hold time nCP to nD see Fig.7 2.0 3 − − ns

4.5 3 − − ns

6.0 3 − − ns

fmax maximum clock pulse
frequency

see Fig.7 2.0 4.0 − − MHz

4.5 20 − − MHz

6.0 24 − − MHz

SYMBOL PARAMETER
TEST CONDITIONS

MIN. TYP. MAX. UNIT
WAVEFORMS VCC (V)
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Family 74HCT
GND = 0 V; tr = tf = 6 ns; CL = 50 pF.

SYMBOL PARAMETER
TEST CONDITIONS

MIN. TYP. MAX. UNIT
WAVEFORMS VCC (V)

Tamb = −40 to +85 °C

tPHL/tPLH propagation
delay nCP to nQ, nQ

see Fig.7 4.5 − 18 44 ns

propagation
delay nSD to nQ, nQ

see Fig.8 4.5 − 23 50 ns

propagation
delay nRD to nQ, nQ

see Fig.8 4.5 − 24 50 ns

tTHL/tTLH output transition time see Fig.7 4.5 − 7 19 ns

tW clock pulse width HIGH
or LOW

see Fig.7 4.5 23 9 − ns

set or reset pulse width
LOW

see Fig.8 4.5 20 9 − ns

trem removal time set or
reset

see Fig.8 4.5 8 1 − ns

tsu set-up time nD to nCP see Fig.7 4.5 15 5 − ns

th hold time nCP to nD see Fig.7 4.5 +3 −3 − ns

fmax maximum clock pulse
frequency

see Fig.7 4.5 22 54 − MHz

Tamb = −40 to +125 °C

tPHL/tPLH propagation
delay nCP to nQ, nQ

see Fig.7 4.5 − − 53 ns

propagation
delay nSD to nQ, nQ

see Fig.8 4.5 − − 60 ns

propagation
delay nRD to nQ, nQ

see Fig.8 4.5 − − 60 ns

tTHL/tTLH output transition time see Fig.7 4.5 − − 22 ns

tW clock pulse width HIGH
or LOW

see Fig.7 4.5 27 − − ns

set or reset pulse width
LOW

see Fig.8 4.5 24 − − ns

trem removal time set or
reset

see Fig.8 4.5 9 − − ns

tsu set-up time nD to nCP see Fig.7 4.5 18 − − ns

th hold time nCP to nD see Fig.7 4.5 3 − − ns

fmax maximum clock pulse
frequency

see Fig.7 4.5 18 − − MHz
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AC WAVEFORMS

handbook, full pagewidth

MNA422

th
tsu

th

tPHL

tPHL

tW

tPLH

tPLH

tsu
1/fmax

VM

VM

VM

VM

VI

GND

VI

GND

nCP input

nD input

VOH

VOL

nQ output

VOH

VOL

nQ output

Fig.7 The clock (nCP) to output (nQ, nQ) propagation delays, the clock pulse width, the nD to nCP set-up,
the nCP to nD hold times, the output transition times and the maximum clock pulse frequency.

The shaded areas indicate when the input is permitted to change for predictable output performance.

74HC74: VM = 50%; VI = GND to VCC.

74HCT74: VM = 1.3 V; VI = GND to 3 V.
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handbook, full pagewidth

MNA423

trem

tPHL

tPHL

tW

tPLH

tPLH

VM

VM

VM

tW

VM

VM

VI

GND

VI

GND

nSD input

VI

GND

nRD input

nCP input

VOH

VOL

nQ output

VOH

VOL
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Fig.8 The set (nSD) and reset (nRD) input to output (nQ, nQ) propagation delays, the set and reset pulse widths
and the nRD, nRD to nCP removal time.

74HC74: VM = 50%; VI = GND to VCC.

74HCT74: VM = 1.3 V; VI = GND to 3 V.
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handbook, full pagewidth

open
GND

VCC

VCC

VI VO

MNA183

D.U.T.

CLRT

RL =

1 kΩ
PULSE

GENERATOR

S1

Fig.9  Load circuitry for switching times.

Definitions for test circuit:

RL = Load resistor.

CL = Load capacitance including jig and probe capacitance.

RT = Termination resistance should be equal to the output impedance Zo of the pulse generator.

TEST S1

tPZH GND

tPZL VCC

tPHZ GND

tPLZ VCC
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PACKAGE OUTLINES

UNIT A
max.

1 2 (1) (1)b1 c D
(1)ZE e MHL

 REFERENCESOUTLINE
VERSION

EUROPEAN
PROJECTION ISSUE DATE

 IEC  JEDEC  JEITA

mm

inches

DIMENSIONS (inch dimensions are derived from the original mm dimensions)

SOT27-1
99-12-27
03-02-13

A  
min.

A  
max. b max.

wMEe1

1.73
1.13

0.53
0.38

0.36
0.23

19.50
18.55

6.48
6.20

3.60
3.05 0.2542.54 7.62

8.25
7.80

10.0
8.3 2.24.2 0.51 3.2

0.068
0.044

0.021
0.015

0.77
0.73

0.014
0.009

0.26
0.24

0.14
0.12 0.010.1 0.3

0.32
0.31

0.39
0.33 0.0870.17 0.02 0.13

050G04 MO-001 SC-501-14

MH

c

(e  )1

ME

A

L

se
at

in
g 

pl
an

e

A1

w M
b1

e

D

A2

Z

14

1

8

7

b

E

pin 1 index

0 5 10 mm

scale

Note

1. Plastic or metal protrusions of 0.25 mm (0.01 inch) maximum per side are not included. 

DIP14: plastic dual in-line package; 14 leads (300 mil) SOT27-1
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UNIT
A

max. A1 A2 A3 bp c D(1) E(1) (1)e HE L L p Q Zywv θ

 REFERENCESOUTLINE
VERSION

EUROPEAN
PROJECTION ISSUE DATE

 IEC  JEDEC  JEITA

mm

inches

1.75
0.25
0.10

1.45
1.25 0.25

0.49
0.36

0.25
0.19

8.75
8.55

4.0
3.8

1.27
6.2
5.8

0.7
0.6

0.7
0.3 8

0

o

o

0.25 0.1

DIMENSIONS (inch dimensions are derived from the original mm dimensions)

Note

1. Plastic or metal protrusions of 0.15 mm (0.006 inch) maximum per side are not included. 

1.0
0.4

 SOT108-1

X

w M

θ

AA1

A2

bp

D

HE

Lp

Q

detail X

E

Z

e

c

L

v M A

(A  )3

A

7

8

1

14

y

 076E06  MS-012

pin 1 index

0.069
0.010
0.004

0.057
0.049 0.01

0.019
0.014

0.0100
0.0075

0.35
0.34

0.16
0.15

0.05

1.05

0.041
0.244
0.228

0.028
0.024

0.028
0.0120.01

0.25

0.01 0.004
0.039
0.016

99-12-27
03-02-19

0 2.5 5 mm

scale

SO14: plastic small outline package; 14 leads; body width 3.9 mm SOT108-1
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UNIT A1 A2 A3 bp c D (1) E (1) e HE L L p Q Zywv θ

 REFERENCESOUTLINE
VERSION

EUROPEAN
PROJECTION ISSUE DATE

 IEC  JEDEC  JEITA

mm 0.21
0.05

1.80
1.65 0.25

0.38
0.25

0.20
0.09

6.4
6.0

5.4
5.2 0.65 1.25 0.2

7.9
7.6

1.03
0.63

0.9
0.7

1.4
0.9

8
0

o

o0.13 0.1

DIMENSIONS (mm are the original dimensions)

Note

1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 

 SOT337-1
99-12-27
03-02-19

(1)

w M
bp

D

HE

E

Z

e

c

v M A

X
A

y

1 7

14 8

θ

A
A1

A2

Lp

Q

detail X

L

(A  )3

 MO-150

pin 1 index

0 2.5 5 mm

scale

SSOP14: plastic shrink small outline package; 14 leads; body width 5.3 mm SOT337-1

A
max.

2



2003 Jul 10 19

Philips Semiconductors Product specification

Dual D-type flip-flop with set and reset;
positive-edge trigger

74HC74; 74HCT74

UNIT A1 A2 A3 bp c D (1) E (2) (1)e HE L L p Q Zywv θ

 REFERENCESOUTLINE
VERSION

EUROPEAN
PROJECTION ISSUE DATE

 IEC  JEDEC  JEITA

mm 0.15
0.05

0.95
0.80

0.30
0.19

0.2
0.1

5.1
4.9

4.5
4.3 0.65

6.6
6.2

0.4
0.3

0.72
0.38

8
0

o

o0.13 0.10.21

DIMENSIONS (mm are the original dimensions)

Notes

1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.

2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.

0.75
0.50

 SOT402-1  MO-153
99-12-27
03-02-18

w M
bp

D

Z

e

0.25

1 7

14 8

θ

A
A1

A2

Lp

Q

detail X

L

(A  )3

HE

E

c

v M A

X
A

y

0 2.5 5 mm

scale

TSSOP14: plastic thin shrink small outline package; 14 leads; body width 4.4 mm SOT402-1

A
max.

1.1

pin 1 index
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terminal 1
index area

0.51

A1 EhbUNIT ye

0.2

c

 REFERENCESOUTLINE
VERSION

EUROPEAN
PROJECTION ISSUE DATE

 IEC  JEDEC  JEITA

mm 3.1
2.9

Dh

1.65
1.35

y1

2.6
2.4

1.15
0.85

e1

2
0.30
0.18

0.05
0.00

0.05 0.1

DIMENSIONS (mm are the original dimensions)

 SOT762-1 MO-241 - - -- - -

0.5
0.3

L

0.1

v

0.05

w

0 2.5 5 mm

scale

SOT762-1
DHVQFN14: plastic dual in-line compatible thermal enhanced very thin quad flat package; no leads;
14 terminals; body 2.5 x 3 x 0.85 mm

A(1)

max.

A
A1

c

detail X

yy1 Ce

L

Eh

Dh

e

e1

b

2 6

13 9

8

71

14

X

D

E

C

B A

02-10-17
03-01-27

terminal 1
index area

AC
C

Bv M

w M

E(1)

Note

1. Plastic or metal protrusions of 0.075 mm maximum per side are not included. 

D(1)
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DATA SHEET STATUS

Notes

1. Please consult the most recently issued data sheet before initiating or completing a design.

2. The product status of the device(s) described in this data sheet may have changed since this data sheet was
published. The latest information is available on the Internet at URL http://www.semiconductors.philips.com.

3. For data sheets describing multiple type numbers, the highest-level product status determines the data sheet status.

LEVEL
DATA SHEET

STATUS(1)
PRODUCT

STATUS(2)(3) DEFINITION

I Objective data Development This data sheet contains data from the objective specification for product
development. Philips Semiconductors reserves the right to change the
specification in any manner without notice.

II Preliminary data Qualification This data sheet contains data from the preliminary specification.
Supplementary data will be published at a later date. Philips
Semiconductors reserves the right to change the specification without
notice, in order to improve the design and supply the best possible
product.

III Product data Production This data sheet contains data from the product specification. Philips
Semiconductors reserves the right to make changes at any time in order
to improve the design, manufacturing and supply. Relevant changes will
be communicated via a Customer Product/Process Change Notification
(CPCN).

DEFINITIONS

Short-form specification  The data in a short-form
specification is extracted from a full data sheet with the
same type number and title. For detailed information see
the relevant data sheet or data handbook.

Limiting values definition  Limiting values given are in
accordance with the Absolute Maximum Rating System
(IEC 60134). Stress above one or more of the limiting
values may cause permanent damage to the device.
These are stress ratings only and operation of the device
at these or at any other conditions above those given in the
Characteristics sections of the specification is not implied.
Exposure to limiting values for extended periods may
affect device reliability.

Application information  Applications that are
described herein for any of these products are for
illustrative purposes only. Philips Semiconductors make
no representation or warranty that such applications will be
suitable for the specified use without further testing or
modification.

DISCLAIMERS

Life support applications  These products are not
designed for use in life support appliances, devices, or
systems where malfunction of these products can
reasonably be expected to result in personal injury. Philips
Semiconductors customers using or selling these products
for use in such applications do so at their own risk and
agree to fully indemnify Philips Semiconductors for any
damages resulting from such application.

Right to make changes  Philips Semiconductors
reserves the right to make changes in the products -
including circuits, standard cells, and/or software -
described or contained herein in order to improve design
and/or performance. When the product is in full production
(status ‘Production’), relevant changes will be
communicated via a Customer Product/Process Change
Notification (CPCN). Philips Semiconductors assumes no
responsibility or liability for the use of any of these
products, conveys no licence or title under any patent,
copyright, or mask work right to these products, and
makes no representations or warranties that these
products are free from patent, copyright, or mask work
right infringement, unless otherwise specified.
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FAST AND LS TTL DATA

DUAL JK NEGATIVE
EDGE-TRIGGERED FLIP-FLOP

The SN54 /74LS112A dual JK flip-flop features individual J, K, clock, and
asynchronous set and clear inputs to each flip-flop. When the clock goes
HIGH, the inputs are enabled and data will be accepted. The logic level of the
J and K inputs may be allowed to change when the clock pulse is HIGH and
the bistable will perform according to the truth table as long as minimum set-up
and hold time are observed. Input data is transferred to the outputs on the
negative-going edge of the clock pulse.

LOGIC DIAGRAM (Each Flip-Flop)
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MODE SELECT — TRUTH TABLE

OPERATING MODE
INPUTS OUTPUTS

OPERATING MODE
SD CD J K Q Q

Set
Reset (Clear)
*Undetermined
Toggle
Load “0” (Reset)
Load “1” (Set)
Hold

L
H
L
H
H
H
H

H
L
L
H
H
H
H

X
X
X
h
l
h
l

X
X
X
h
h
l
l

H
L
H
q
L
H
q

L
H
H
q
H
L
q

* Both outputs will be HIGH while both SD and CD are LOW, but the output states
are unpredictable if SD and CD go HIGH simultaneously.

H, h = HIGH Voltage Level
L, I = LOW Voltage Level
X = Don’t Care
l, h (q) = Lower case letters indicate the state of the referenced input (or output)
l, h (q) = one set-up time prior to the HIGH to LOW clock transition.

SN54/74LS112A

DUAL JK NEGATIVE
EDGE-TRIGGERED FLIP-FLOP

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC

CASE 620-09

N SUFFIX
PLASTIC

CASE 648-08

16
1

16

1

ORDERING INFORMATION

SN54LSXXXJ Ceramic
SN74LSXXXN Plastic
SN74LSXXXD SOIC

16
1

D SUFFIX
SOIC

CASE 751B-03

LOGIC SYMBOL
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SN54/74LS112A

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit

VCC Supply Voltage 54
74

4.5
4.75

5.0
5.0

5.5
5.25

V

TA Operating Ambient Temperature Range 54
74

–55
0

25
25

125
70

°C

IOH Output Current — High 54, 74 –0.4 mA

IOL Output Current — Low 54
74

4.0
8.0

mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Symbol Parameter

Limits

Unit Test ConditionsSymbol Parameter Min Typ Max Unit Test Conditions

VIH Input HIGH Voltage 2.0 V
Guaranteed Input HIGH Voltage for
All Inputs

VIL Input LOW Voltage
54 0.7

V
Guaranteed Input LOW Voltage for
All InputsVIL Input LOW Voltage

74 0.8
V

Guaranteed Input LOW Voltage for
All Inputs

VIK Input Clamp Diode Voltage –0.65 –1.5 V VCC = MIN, IIN = –18 mA

VOH Output HIGH Voltage
54 2.5 3.5 V VCC = MIN, IOH = MAX,  VIN = VIH

or VIL per Truth Table
VOH Output HIGH Voltage

54 2.5 3.5 V VCC = MIN, IOH = MAX,  VIN = VIH
or VIL per Truth Table

VOH Output HIGH Voltage
74 2.7 3.5 V

VCC = MIN, IOH = MAX,  VIN = VIH
or VIL per Truth Table

VOL Output LOW Voltage
54, 74 0.25 0.4 V IOL = 4.0 mA VCC = VCC MIN,

VIN = VIL or VIH
per Truth Table

VOL Output LOW Voltage
74 0.35 0.5 V IOL = 8.0 mA

VIN = VIL or VIH
per Truth Table

IIH Input HIGH Current

J, K
Set, Clear
Clock

20
60
80

µA VCC = MAX, VIN = 2.7 V

IIH Input HIGH Current
J, K
Set, Clear
Clock

0.1
0.3
0.4

mA VCC = MAX, VIN = 7.0 V

IIL
Input LOW Current J, K

Clear, Set, Clk
–0.4
–0.8 mA VCC = MAX, VIN = 0.4 V

IOS Short Circuit Current (Note 1) –20 –100 mA VCC = MAX

ICC Power Supply Current 6.0 mA VCC = MAX

Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.

AC CHARACTERISTICS (TA = 25°C, VCC = 5.0 V)

Symbol Parameter

Limits

Unit Test ConditionsSymbol Parameter Min Typ Max Unit Test Conditions

fMAX Maximum Clock Frequency 30 45 MHz
VCC = 5.0 V
CL = 15 pFtPLH

tPHL

Propagation Delay, Clock
Clear, Set to Output

15 20 ns
VCC = 5.0 V
CL = 15 pFtPLH

tPHL

Propagation Delay, Clock
Clear, Set to Output 15 20 ns

CL = 15 pF

AC SETUP REQUIREMENTS (TA = 25°C, VCC = 5.0 V)

Symbol Parameter

Limits

Unit Test ConditionsSymbol Parameter Min Typ Max Unit Test Conditions

tW Clock Pulse Width High 20 ns

VCC = 5.0 V
tW Clear, Set Pulse Width 25 ns

VCC = 5.0 V
ts Setup Time 20 ns

VCC = 5.0 V

th Hold Time 0 ns
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Motorola reserves the right to make changes without further notice to any products herein.  Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential or incidental damages.  “Typical” parameters can and do vary in different
applications.  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, or 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 Motorola product could create a situation where personal injury or death may occur.  Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
Motorola and    are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

Literature Distribution Centers:
USA: Motorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036.
EUROPE: Motorola Ltd.; European Literature Centre; 88 Tanners Drive, Blakelands, Milton Keynes, MK14 5BP, England.
JAPAN: Nippon Motorola Ltd.; 4-32-1, Nishi-Gotanda, Shinagawa-ku, Tokyo 141, Japan.
ASIA PACIFIC: Motorola Semiconductors H.K. Ltd.; Silicon Harbour Center, No. 2 Dai King Street, Tai Po Industrial Estate, Tai Po, N.T., Hong Kong.
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INTEGRATED CIRCUITS

74HC/HCT175
Quad D-type flip-flop with reset;
positive-edge trigger

For a complete data sheet, please also download:

• The IC06 74HC/HCT/HCU/HCMOS Logic Family Specifications

• The IC06 74HC/HCT/HCU/HCMOS Logic Package Information

• The IC06 74HC/HCT/HCU/HCMOS Logic Package Outlines
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Philips Semiconductors Product specification

Quad D-type flip-flop with reset; positive-edge trigger 74HC/HCT175

FEATURES

• Four edge-triggered D flip-flops

• Output capability: standard

• ICC category: MSI

GENERAL DESCRIPTION

The 74HC/HCT175 are high-speed Si-gate CMOS devices
and are pin compatible with low power Schottky TTL
(LSTTL). They are specified in compliance with JEDEC
standard no. 7A.

The 74HC/HCT175 have four edge-triggered, D-type
flip-flops with individual D inputs and both Q and Q
outputs.
The common clock (CP) and master reset (MR) inputs load
and reset (clear) all flip-flops simultaneously.
The state of each D input, one set-up time before the
LOW-to-HIGH clock transition, is transferred to the
corresponding output (Qn) of the flip-flop.

All Qn outputs will be forced LOW independently of clock
or data inputs by a LOW voltage level on the MR input.

The device is useful for applications where both the true
and complement outputs are required and the clock and
master reset are common to all storage elements.

QUICK REFERENCE DATA
GND = 0 V; Tamb = 25 °C; tr = tf = 6 ns

Notes

1. CPD is used to determine the dynamic power dissipation (PD in µW):

PD = CPD × VCC
2 × fi + ∑ (CL × VCC

2  × fo) where:

fi = input frequency in MHz

fo = output frequency in MHz

∑ (CL × VCC
2 × fo) = sum of outputs

CL = output load capacitance in pF

VCC = supply voltage in V

2. For HC  the condition is VI = GND to VCC
For HCT the condition is VI = GND to VCC − 1.5 V

SYMBOL PARAMETER CONDITIONS
TYPICAL

UNIT
HC HCT

tPHL propagation delay CL = 15 pF; VCC = 5 V

CP to Qn, Qn 17 16 ns

MR to Qn 15 19 ns

tPLH propagation delay

CP to Qn, Qn 17 16 ns

MR to Qn 15 16 ns

fmax maximum clock frequency 83 54 MHz

CI input capacitance 3.5 3.5 pF

CPD power dissipation capacitance per flip-flop notes 1 and 2 32 34 pF
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ORDERING INFORMATION

PIN DESCRIPTION

TYPE
NUMBER

PACKAGE

NAME DESCRIPTION VERSION

74HC175N;
74HCT175N

DIP16 plastic dual in-line package; 16 leads (300 mil); long body SOT38-1

74HC175D;
74HCT175D

SO16 plastic small outline package; 16 leads; body width 3.9 mm SOT109-1

74HC175DB;
74HCT175DB

SSOP16 plastic shrink small outline package; 16 leads; body width 5.3 mm SOT338-1

74HC175PW;
74HCT175PW

TSSOP16 plastic thin shrink small outline package; 16 leads; body width 4.4 mm SOT403-1

PIN NO. SYMBOL NAME AND FUNCTION

1 MR master reset input (active LOW)

2, 7, 10, 15 Q0 to Q3 flip-flop outputs

3, 6, 11, 14 Q0 to Q3 complementary flip-flop outputs

4, 5, 12, 13 D0 to D3 data inputs

8 GND ground (0 V)

9 CP clock input (LOW-to-HIGH, edge-triggered)

16 VCC positive supply voltage

Fig.1  Pin configuration. Fig.2  Logic symbol. Fig.3  IEC logic symbol.
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FUNCTION TABLE

Note

1. H = HIGH voltage level
h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition
L = LOW voltage level
I = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition
↑ = LOW-to-HIGH CP transition
X = don’t care

OPERATING MODES
INPUTS OUTPUTS

MR CP Dn Qn Qn

reset (clear) L X X L H

load “1” H ↑ h H L

load “0” H ↑ I L H

Fig.4  Functional diagram.

Fig.5  Logic diagram.
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DC CHARACTERISTICS FOR 74HC

For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.

Output capability: standard
ICC category: MSI

AC CHARACTERISTICS FOR 74HC
GND = 0 V; tr = tf = 6 ns; CL = 50 pF

SYMBOL PARAMETER

Tamb (°C)

UNIT

TEST CONDITIONS

74HC
VCC
(V)

WAVEFORMS
+25 −40 to +85 −40 to +125

min. typ. max. min. max. min. max.

tPHL/ tPLH propagation delay
CP to Qn, Qn

55 175 220 265 ns 2.0 Fig.6

20 35 44 53 4.5

16 30 37 45 6.0

tPHL/ tPLH propagation delay
MR to Qn, Qn

50 150 190 225 ns 2.0 Fig.8

18 30 38 45 4.5

14 26 33 38 6.0

tTHL/ tTLH output transition time 19 75 95 110 ns 2.0 Fig.6

7 15 19 22 4.5

6 13 16 19 6.0

tW clock pulse width
HIGH or LOW

80 22 100 120 ns 2.0 Fig.6

16 8 20 24 4.5

14 6 17 20 6.0

tW master reset pulse width
LOW

80 19 100 120 ns 2.0 Fig.8

16 7 20 24 4.5

14 6 17 20 6.0

trem removal time
MR to CP

5 −33 5 5 ns 2.0 Fig.8

5 −12 5 5 4.5

5 −10 5 5 6.0

tsu set-up time
Dn to CP

80 3 100 120 ns 2.0 Fig.7

16 1 20 24 4.5

14 1 17 20 6.0

th hold time
CP to Dn

25 2 30 40 ns 2.0 Fig.7

5 0 6 8 4.5

4 0 5 7 6.0

fmax maximum clock pulse
frequency

6.0 25 4.8 4.0 MHz 2.0 Fig.6

30 75 24 20 4.5

35 89 28 24 6.0
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DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.

Output capability: standard
ICC category: MSI

Note to HCT types

The value of additional quiescent supply current (∆ICC) for a unit load of 1 is given in the family specifications.
To determine ∆ICC per input, multiply this value by the unit load coefficient shown in the table below.

AC CHARACTERISTICS FOR 74HCT
GND = 0 V; tr = tf = 6 ns; CL = 50 pF

INPUT UNIT LOAD COEFFICIENT

MR 1.00

CP 0.60

Dn 0.40

SYMBOL PARAMETER

Tamb (°C)

UNIT

TEST CONDITIONS

74HCT
VCC
(V)

WAVEFORMS
+25 −40 to +85 −40 to +125

min. typ. max. min. max. min. max.

tPHL/ tPLH propagation delay
CP to Qn, Qn

19 33 41 50 ns 4.5 Fig.6

tPHL propagation delay
MR to Qn

22 38 48 57 ns 4.5 Fig.8

tPLH propagation delay
MR to Qn

19 35 44 53 ns 4.5 Fig.8

tTHL/ tTLH output transition time 7 15 19 22 ns 4.5 Fig.6

tW clock pulse width
HIGH or LOW

20 12 25 30 ns 4.5 Fig.6

tW master reset pulse width
LOW

20 11 25 30 ns 4.5 Fig.8

trem removal time
MR to CP

5 −10 5 5 ns 4.5 Fig.8

tsu set-up time
Dn to CP

16 5 20 24 ns 4.5 Fig.7

th hold time
CP to Dn

5 0 5 5 ns 4.5 Fig.7

fmax maximum clock pulse
frequency

25 49 20 17 MHz 4.5 Fig.6
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AC WAVEFORMS

Fig.6 Waveforms showing the clock (CP) to
outputs (Qn, Qn) propagation delays, the
clock pulse width, output transition times
and the maximum clock pulse frequency.

(1) HC : VM = 50%; VI = GND to VCC.
HCT : VM = 1.3 V; VI = GND to 3 V.

Fig.7 Waveforms showing the data set-up and
hold times for the data input (Dn).

The shaded areas indicate when the input is
permitted to change for predictable output
performance.

(1) HC : VM = 50%; VI = GND to VCC.
HCT : VM = 1.3 V; VI = GND to 3 V.

Fig.8 Waveforms showing the master reset (MR)
pulse width, the master reset to outputs
(Qn, Qn) propagation delays and the master
reset to clock (CP) removal time.

(1) HC : VM = 50%; VI = GND to VCC.
HCT : VM = 1.3 V; VI = GND to 3 V.
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PACKAGE OUTLINES

UNIT A
max.

1 2 b1 c E e MHL

 REFERENCESOUTLINE
VERSION

EUROPEAN
PROJECTION ISSUE DATE

 IEC  JEDEC  EIAJ

mm

inches

DIMENSIONS (inch dimensions are derived from the original mm dimensions)

SOT38-1
92-10-02
95-01-19

A  
min.

A  
max. b max.wMEe1

1.40
1.14

0.055
0.045

0.53
0.38

0.32
0.23

21.8
21.4

0.86
0.84

6.48
6.20

0.26
0.24

3.9
3.4

0.15
0.13

0.2542.54 7.62

0.30

8.25
7.80

0.32
0.31

9.5
8.3

0.37
0.33

2.2

0.087

4.7 0.51 3.7

0.15
0.021
0.015

0.013
0.009 0.010.100.0200.19

050G09 MO-001AE

MH

c

(e  )1

ME

A

L

se
at

in
g 

pl
an

e

A1

w M
b1

e

D

A2

Z

16

1

9

8

b

E

pin 1 index

0 5 10 mm

scale

Note

1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 

(1) (1)D
(1)Z

DIP16: plastic dual in-line package; 16 leads (300 mil); long body SOT38-1
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X

w M

θ

AA1

A2

bp

D

HE

Lp

Q

detail X

E

Z

e

c

L

v M A

(A  )3

A

8

9

1

16

y

pin 1 index

UNIT
A

max. A1 A2 A3 bp c D(1) E(1) (1)e HE L Lp Q Zywv θ

 REFERENCESOUTLINE
VERSION

EUROPEAN
PROJECTION ISSUE DATE

 IEC  JEDEC  EIAJ

mm

inches

1.75
0.25
0.10

1.45
1.25 0.25

0.49
0.36

0.25
0.19

10.0
9.8

4.0
3.8

1.27
6.2
5.8

0.7
0.6

0.7
0.3 8

0

o

o

0.25 0.1

DIMENSIONS (inch dimensions are derived from the original mm dimensions)

Note

1. Plastic or metal protrusions of 0.15 mm maximum per side are not included. 

1.0
0.4

 SOT109-1
95-01-23
97-05-22 076E07S  MS-012AC

0.069
0.010
0.004

0.057
0.049 0.01

0.019
0.014

0.0100
0.0075

0.39
0.38

0.16
0.15

0.050

1.05

0.041
0.244
0.228

0.028
0.020

0.028
0.0120.01

0.25

0.01 0.004
0.039
0.016

0 2.5 5 mm

scale

SO16: plastic small outline package; 16 leads; body width 3.9 mm SOT109-1
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UNIT A1 A2 A3 bp c D(1) E (1) e HE L Lp Q Zywv θ

 REFERENCESOUTLINE
VERSION

EUROPEAN
PROJECTION ISSUE DATE

 IEC  JEDEC  EIAJ

mm 0.21
0.05

1.80
1.65 0.25

0.38
0.25

0.20
0.09

6.4
6.0

5.4
5.2 0.65 1.25

7.9
7.6

1.03
0.63

0.9
0.7

1.00
0.55

8
0

o

o0.130.2 0.1

DIMENSIONS (mm are the original dimensions)

Note

1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 

 SOT338-1
94-01-14
95-02-04

(1)

w M
bp

D

HE

E

Z

e

c

v M A

X
A

y

1 8

16 9

θ

A
A1

A2

Lp

Q

detail X

L

(A  )3

 MO-150AC

pin 1 index

0 2.5 5 mm

scale

SSOP16: plastic shrink small outline package; 16 leads; body width 5.3 mm SOT338-1

A
max.

2.0
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UNIT A1 A2 A3 bp c D (1) E (2) (1)e HE L Lp Q Zywv θ

 REFERENCESOUTLINE
VERSION

EUROPEAN
PROJECTION ISSUE DATE

 IEC  JEDEC  EIAJ

mm 0.15
0.05

0.95
0.80

0.30
0.19

0.2
0.1

5.1
4.9

4.5
4.3 0.65

6.6
6.2

0.4
0.3

0.40
0.06

8
0

o

o0.13 0.10.21.0

DIMENSIONS (mm are the original dimensions)

Notes

1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.

2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.

0.75
0.50

 SOT403-1  MO-153
94-07-12
95-04-04

w M
bp

D

Z

e

0.25

1 8

16 9

θ

A
A1

A2

Lp

Q

detail X

L

(A  )3

HE

E

c

v M A

X
A

y

0 2.5 5 mm

scale

TSSOP16: plastic thin shrink small outline package; 16 leads; body width 4.4 mm SOT403-1

A
max.

1.10

pin 1 index
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SOLDERING

Introduction

There is no soldering method that is ideal for all IC
packages. Wave soldering is often preferred when
through-hole and surface mounted components are mixed
on one printed-circuit board. However, wave soldering is
not always suitable for surface mounted ICs, or for
printed-circuits with high population densities. In these
situations reflow soldering is often used.

This text gives a very brief insight to a complex technology.
A more in-depth account of soldering ICs can be found in
our “Data Handbook IC26; Integrated Circuit Packages”
(order code 9398 652 90011).

DIP

SOLDERING BY DIPPING OR BY WAVE

The maximum permissible temperature of the solder is
260 °C; solder at this temperature must not be in contact
with the joint for more than 5 seconds. The total contact
time of successive solder waves must not exceed
5 seconds.

The device may be mounted up to the seating plane, but
the temperature of the plastic body must not exceed the
specified maximum storage temperature (Tstg max). If the
printed-circuit board has been pre-heated, forced cooling
may be necessary immediately after soldering to keep the
temperature within the permissible limit.

REPAIRING SOLDERED JOINTS

Apply a low voltage soldering iron (less than 24 V) to the
lead(s) of the package, below the seating plane or not
more than 2 mm above it. If the temperature of the
soldering iron bit is less than 300 °C it may remain in
contact for up to 10 seconds. If the bit temperature is
between 300 and 400 °C, contact may be up to 5 seconds.

SO, SSOP and TSSOP

REFLOW SOLDERING

Reflow soldering techniques are suitable for all SO, SSOP
and TSSOP packages.

Reflow soldering requires solder paste (a suspension of
fine solder particles, flux and binding agent) to be applied
to the printed-circuit board by screen printing, stencilling or
pressure-syringe dispensing before package placement.

Several techniques exist for reflowing; for example,
thermal conduction by heated belt. Dwell times vary
between 50 and 300 seconds depending on heating
method.

Typical reflow temperatures range from 215 to 250 °C.
Preheating is necessary to dry the paste and evaporate
the binding agent. Preheating duration: 45 minutes at
45 °C.

WAVE SOLDERING

Wave soldering can be used for all SO packages. Wave
soldering is not  recommended for SSOP and TSSOP
packages, because of the likelihood of solder bridging due
to closely-spaced leads and the possibility of incomplete
solder penetration in multi-lead devices.

If wave soldering is used - and cannot be avoided for
SSOP and TSSOP packages  - the following conditions
must be observed:

• A double-wave (a turbulent wave with high upward
pressure followed by a smooth laminar wave) soldering
technique should be used.

• The longitudinal axis of the package footprint must be
parallel to the solder flow and must incorporate solder
thieves at the downstream end.

Even with these conditions:

• Only consider wave soldering SSOP packages that
have a body width of 4.4 mm, that is
SSOP16 (SOT369-1) or SSOP20 (SOT266-1).

• Do not consider wave soldering TSSOP packages
with 48 leads or more, that is TSSOP48 (SOT362-1)
and TSSOP56 (SOT364-1).

During placement and before soldering, the package must
be fixed with a droplet of adhesive. The adhesive can be
applied by screen printing, pin transfer or syringe
dispensing. The package can be soldered after the
adhesive is cured.

Maximum permissible solder temperature is 260 °C, and
maximum duration of package immersion in solder is
10 seconds, if cooled to less than 150 °C within
6 seconds. Typical dwell time is 4 seconds at 250 °C.

A mildly-activated flux will eliminate the need for removal
of corrosive residues in most applications.
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REPAIRING SOLDERED JOINTS

Fix the component by first soldering two diagonally- opposite end leads. Use only a low voltage soldering iron (less
than 24 V) applied to the flat part of the lead. Contact time must be limited to 10 seconds at up to 300 °C. When using a
dedicated tool, all other leads can be soldered in one operation within 2 to 5 seconds between 270 and 320 °C.

DEFINITIONS

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.

Data sheet status

Objective specification This data sheet contains target or goal specifications for product development.

Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.

Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.
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FEATURES

• Output capability: standard

• ICC category: SSI

GENERAL DESCRIPTION

The 74HC/HCT08 are high-speed Si-gate CMOS devices and are pin compatible with low power Schottky TTL (LSTTL).
They are specified in compliance with JEDEC standard no. 7A. The 74HC/HCT08 provide the 2-input AND function.

QUICK REFERENCE DATA
GND = 0 V; Tamb = 25 °C; tr = tf = 6 ns

Notes

1. CPD is used to determine the dynamic power dissipation (PD in µW):

PD = CPD × VCC
2 × fi + ∑ (CL × VCC

2 × fo) where:

fi = input frequency in MHz

fo = output frequency in MHz

CL = output load capacitance in pF

VCC = supply voltage in V

∑ (CL × VCC
2 × fo) = sum of outputs

2. For HC the condition is VI = GND to VCC
For HCT the condition is VI = GND to VCC −1.5 V

ORDERING INFORMATION

See “74HC/HCT/HCU/HCMOS Logic Package Information”.

SYMBOL PARAMETER CONDITIONS
TYPICAL

UNIT
HC HCT

tPHL/ tPLH propagation delay nA, nB to nY CL = 15 pF; VCC = 5 V 7 11 ns

CI input capacitance 3.5 3.5 pF

CPD power dissipation capacitance per gate notes 1 and 2 10 20 pF
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PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1, 4, 9, 12 1A to 4A data inputs

2, 5, 10, 13 1B to 4B data inputs

3, 6, 8, 11 1Y to 4Y data outputs

7 GND ground (0 V)

14 VCC positive supply voltage

Fig.1  Pin configuration. Fig.2  Logic symbol. Fig.3  IEC logic symbol.

Fig.4  Functional diagram.

Fig.5 HC logic diagram
(one gate).

Fig.6 HCT logic diagram
(one gate).

FUNCTION TABLE

Note

1. H = HIGH voltage level
L = LOW voltage level

INPUTS OUTPUT

nA nB nY

L
L
H
H

L
H
L
H

L
L
L
H
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DC CHARACTERISTICS FOR 74HC

For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.

Output capability: standard
ICC category: SSI

AC CHARACTERISTICS FOR 74HC
GND = 0 V; tr = tf = 6 ns; CL = 50 pF

SYMBOL PARAMETER

Tamb (°C)

UNIT

TEST CONDITIONS

74HC
VCC
(V)

WAVEFORMS+25 −40 to +85 −40 to +125

min. typ. max. min. max. min. max.

tPHL/ tPLH propagation delay
nA, nB to nY

25
9
7

90
18
15

115
23
20

135
27
23

ns
2.0
4.5
6.0

Fig.7

tTHL/ tTLH output transition
time

19
7
6

75
15
13

95
19
16

110
22
19

ns
2.0
4.5
6.0

Fig.7
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DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.

Output capability: standard
ICC category: SSI

Note to HCT types
The value of additional quiescent supply current (∆ICC) for a unit load of 1 is given in the family specifications.
To determine ∆ICC per input, multiply this value by the unit load coefficient shown in the table below.

AC CHARACTERISTICS FOR 74HCT
GND = 0 V; tr = tf = 6 ns; CL = 50 pF

AC WAVEFORMS

PACKAGE OUTLINES

See “74HC/HCT/HCU/HCMOS Logic Package Outlines”.

INPUT UNIT LOAD COEFFICIENT

nA, nB 0.6

SYMBOL PARAMETER

Tamb (°C)

UNIT

TEST CONDITIONS

74HCT
VCC
(V)

WAVEFORMS+25 −40 to +85 −40 to +125

min. typ. max. min. max. min. max.

tPHL/ tPLH propagation delay
nA, nB to nY

14 24 30 36 ns 4.5 Fig.7

tTHL/ tTLH output transition
time

7 15 19 22 ns 4.5 Fig.7

Fig.7  Waveforms showing the input (nA, nB) to output (nY) propagation delays and the output transition times.

(1) HC : VM = 50%; VI = GND to VCC.
HCT: VM = 1.3 V; VI = GND to 3 V.
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� Package Options Include Plastic
Small-Outline (D, NS, PS), Shrink
Small-Outline (DB), and Ceramic Flat (W)
Packages, Ceramic Chip Carriers (FK), and
Standard Plastic (N) and Ceramic (J) DIPs

� Also Available as Dual 2-Input
Positive-NAND Gate in Small-Outline (PS)
Package

SN5400 . . . J PACKAGE
SN54LS00, SN54S00 . . . J OR W PACKAGE

SN7400, SN74S00 . . . D, N, OR NS PACKAGE
SN74LS00 . . . D, DB, N, OR NS PACKAGE

(TOP VIEW)

1

2

3

4

5

6

7

14

13

12

11

10

9

8

1A
1B
1Y
2A
2B
2Y

GND

VCC
4B
4A
4Y
3B
3A
3Y

SN5400 . . . W PACKAGE
(TOP VIEW)

1

2

3

4

5

6

7

14

13

12

11

10

9

8

1A
1B
1Y

VCC
2Y
2A
2B

4Y
4B
4A
GND
3B
3A
3Y

SN74LS00, SN74S00 . . . PS PACKAGE
(TOP VIEW)

1

2

3

4

8

7

6

5

VCC
2B
2A
2Y

1A
1B
1Y

GND

3 2 1 20 19

9 10 11 12 13

4

5

6

7

8

18

17

16

15

14

4A
NC
4Y
NC
3B

1Y
NC
2A
NC
2B
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2Y
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SN54LS00, SN54S00 . . . FK PACKAGE
(TOP VIEW)

C
C

NC − No internal connection

 

description/ordering information

These devices contain four independent 2-input NAND gates. The devices perform the Boolean function
Y = A • B or Y = A + B in positive logic.

Copyright  2003, Texas Instruments Incorporated���
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Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

�� %��(#"�! "��%'���� �� /����0�12�1�� �'' %����$�$�! ��$ �$!�$(
#�'$!! ��*$�,�!$ ���$() �� �'' ��*$� %��(#"�!� %��(#"����
%��"$!!��. (�$! ��� �$"$!!���'- ��"'#($ �$!���. �� �'' %����$�$�!)



������� ��������� �������
������� ��������� �������
	
��
��� �����
� ������������� �����
SDLS025B − DECEMBER 1983 − REVISED OCTOBER 2003

2 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265

description/ordering information (continued)

ORDERING INFORMATION

TA PACKAGE † ORDERABLE
PART NUMBER

TOP-SIDE
MARKING

SN7400N SN7400N

PDIP − N Tube SN74LS00N SN74LS00NPDIP − N Tube

SN74S00N SN74S00N

Tube SN7400D
7400

Tape and reel SN7400DR
7400

SOIC − D
Tube SN74LS00D

LS00SOIC − D
Tape and reel SN74LS00DR

LS00

0°C to 70°C Tube SN74S00D
S00

0 C to 70 C

Tape and reel SN74S00DR
S00

SN7400NSR SN7400

SOP − NS Tape and reel SN74LS00NSR 74LS00SOP − NS Tape and reel

SN74S00NSR 74S00

SOP − PS Tape and reel
SN74LS00PSR LS00

SOP − PS Tape and reel
SN74S00PSR S00

SSOP − DB Tape and reel SN74LS00DBR LS00

SNJ5400J SNJ5400J

CDIP − J Tube SNJ54LS00J SNJ54LS00JCDIP − J Tube

SNJ54S00J SNJ54S00J

−55°C to 125°C
SNJ5400W SNJ5400W

−55°C to 125°C
CFP − W Tube SNJ54LS00W SNJ54LS00WCFP − W Tube

SNJ54S00W SNJ54S00W

LCCC − FK Tube
SNJ54LS00FK SNJ54LS00FK

LCCC − FK Tube
SNJ54S00FK SNJ54S00FK

† Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines
are available at www.ti.com/sc/package.

FUNCTION TABLE
(each gate)

INPUTS OUTPUT
A B

OUTPUT
Y

H H L

L X H

X L H

logic diagram, each gate (positive logic)

A

B
Y
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schematic

’00

GND

Y

130 Ω

VCC

4 kΩ

A

1.6 kΩ

1 kΩ

B

VCC

Resistor values shown are nominal.

Y

GND

3 kΩ

4 kΩ

120 Ω8 kΩ20 kΩ

1.5 kΩ

12 kΩ

A

B

2.8 kΩ 900 Ω

B

A

500 Ω 250 Ω

3.5 kΩ

’LS00 ’S00

VCC

Y

GND

50 Ω
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absolute maximum ratings over operating free-air temperature (unless otherwise noted) †

Supply voltage, VCC (see Note 1) 7 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Input voltage: ’00, ’S00 5.5 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

’LS00 7 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Package thermal impedance, θJA (see Note 2): D package 86°C/W. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

DB package 96°C/W. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
N package 80°C/W. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
NS package 76°C/W. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
PS package 95°C/W. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Storage temperature range, Tstg −65°C  to 150°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

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

NOTES: 1. Voltage values are with respect to network ground terminal.
2. The package termal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Note 3)

SN5400 SN7400
UNIT

MIN NOM MAX MIN NOM MAX
UNIT

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V

VIH High-level input voltage 2 2 V

VIL Low-level input voltage 0.8 0.8 V

IOH High-level output current −0.4 −0.4 mA

IOL Low-level output current 16 16 mA

TA Operating free-air temperature −55 125 0 70 °C

NOTE 3: All unused inputs of the device must be held at VCC or GND to ensure proper device operation. Refer to the TI application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

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

PARAMETER TEST CONDITIONS‡
SN5400 SN7400

UNITPARAMETER TEST CONDITIONS‡
MIN TYP§ MAX MIN TYP§ MAX

UNIT

VIK VCC = MIN, II = −12 mA −1.5 −1.5 V

VOH VCC = MIN, VIL = 0.8 V, IOH = −0.4 mA 2.4 3.4 2.4 3.4 V

VOL VCC = MIN, VIH = 2 V, IOL = 16 mA 0.2 0.4 0.2 0.4 V

II VCC = MAX, VI = 5.5 V 1 1 mA

IIH VCC = MAX, VI = 2.4 V 40 40 µA

IIL VCC = MAX, VI = 0.4 V −1.6 −1.6 mA

IOS¶ VCC = MAX −20 −55 −18 −55 mA

ICCH VCC = MAX, VI = 0 V 4 8 4 8 mA

ICCL VCC = MAX, VI = 4.5 V 12 22 12 22 mA

‡ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
§ All typical values are at VCC = 5 V, TA = 25°C.
¶ Not more than one output should be shorted at a time.
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switching characteristics, V CC = 5 V, TA = 25°C (see Figure 1)

PARAMETER
FROM

(INPUT)
TO

(OUTPUT)
TEST CONDITIONS

SN5400
 SN7400 UNITPARAMETER

(INPUT) (OUTPUT)
TEST CONDITIONS

MIN TYP MAX

UNIT
(INPUT) (OUTPUT)

MIN TYP MAX

tPLH
A or B Y RL = 400 Ω, CL = 15 pF

11 22
ns

tPHL
A or B Y RL = 400 Ω, CL = 15 pF

7 15
ns

recommended operating conditions (see Note 4)

SN54LS00 SN74LS00
UNIT

MIN NOM MAX MIN NOM MAX
UNIT

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V

VIH High-level input voltage 2 2 V

VIL Low-level input voltage 0.7 0.8 V

IOH High-level output current −0.4 −0.4 mA

IOL Low-level output current 4 8 mA

TA Operating free-air temperature −55 125 0 70 °C

NOTE 4: All unused inputs of the device must be held at VCC or GND to ensure proper device operation. Refer to the TI application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

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

PARAMETER TEST CONDITIONS†
SN54LS00 SN74LS00

UNITPARAMETER TEST CONDITIONS†
MIN TYP‡ MAX MIN TYP‡ MAX

UNIT

VIK VCC = MIN, II = −18 mA −1.5 −1.5 V

VOH VCC = MIN, VIL = MAX, IOH = −0.4 mA 2.5 3.4 2.7 3.4 V

VOL VCC = MIN, VIH = 2 V
IOL = 4 mA 0.25 0.4 0.25 0.4

VVOL VCC = MIN, VIH = 2 V
IOL = 8mA 0.35 0.5

V

II VCC = MAX, VI = 7 V 0.1 0.1 mA

IIH VCC = MAX, VI = 2.7V 20 20 µA

IIL VCC = MAX, VI = 0.4 V −0.4 −0.4 mA

IOS§ VCC = MAX −20 −100 −20 −100 mA

ICCH VCC = MAX, VI = 0 V 0.8 1.6 0.8 1.6 mA

ICCL VCC = MAX, VI = 4.5 V 2.4 4.4 2.4 4.4 mA

† For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
‡ All typical values are at VCC = 5 V, TA = 25°C.
§ Not more than one output should be shorted at a time.

switching characteristics, V CC = 5 V, TA = 25°C (see Figure 1)

PARAMETER
FROM

(INPUT)
TO

(OUTPUT)
TEST CONDITIONS

SN54LS00
 SN74LS00 UNITPARAMETER

(INPUT) (OUTPUT)
TEST CONDITIONS

MIN TYP MAX

UNIT
(INPUT) (OUTPUT)

MIN TYP MAX

tPLH
A or B Y RL = 2 kΩ, CL = 15 pF

9 15
ns

tPHL
A or B Y RL = 2 kΩ, CL = 15 pF

10 15
ns
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recommended operating conditions (see Note 5)

SN54S00 SN74S00
UNIT

MIN NOM MAX MIN NOM MAX
UNIT

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V

VIH High-level input voltage 2 2 V

VIL Low-level input voltage 0.8 0.8 V

IOH High-level output current −1 −1 mA

IOL Low-level output current 20 20 mA

TA Operating free-air temperature −55 125 0 70 °C

NOTE 5: All unused inputs of the device must be held at VCC or GND to ensure proper device operation. Refer to the TI application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

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

PARAMETER TEST CONDITIONS†
SN54S00 SN74S00

UNITPARAMETER TEST CONDITIONS†
MIN TYP‡ MAX MIN TYP‡ MAX

UNIT

VIK VCC = MIN, II = −18 mA −1.2 −1.2 V

VOH VCC = MIN, VIL = 0.8 V, IOH = −1 mA 2.5 3.4 2.7 3.4 V

VOL VCC = MIN, VIH = 2 V, IOL = 20 mA 0.5 0.5 V

II VCC = MAX, VI = 5.5 V 1 1 mA

IIH VCC = MAX, VI = 2.7 V 50 50 µA

IIL VCC = MAX, VI = 0.5V −2 −2 mA

IOS§ VCC = MAX −40 −100 −40 −100 mA

ICCH VCC = MAX, VI = 0 V 10 16 10 16 mA

ICCL VCC = MAX, VI = 4.5 V 20 36 20 36 mA

† For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
‡ All typical values are at VCC = 5 V, TA = 25°C.
§ Not more than one output should be shorted at a time.

switching characteristics, V CC = 5 V, TA = 25°C (see Figure 1)

PARAMETER
FROM

(INPUT)
TO

(OUTPUT)
TEST CONDITIONS

SN54S00
SN74S00 UNITPARAMETER

(INPUT) (OUTPUT)
TEST CONDITIONS

MIN TYP MAX

UNIT
(INPUT) (OUTPUT)

MIN TYP MAX

tPLH
A or B Y RL = 280 Ω, CL = 15 pF

3 4.5
ns

tPHL
A or B Y RL = 280 Ω, CL = 15 pF

3 5
ns

tPLH
A or B Y RL = 280 Ω, CL = 50 pF

4.5
ns

tPHL
A or B Y RL = 280 Ω, CL = 50 pF

5
ns
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PARAMETER MEASUREMENT INFORMATION
SERIES 54/74 DEVICES

tPHL tPLH

tPLH tPHL

LOAD CIRCUIT
FOR 3-STATE OUTPUTS

High-Level
Pulse

Low-Level
Pulse

VOLTAGE WAVEFORMS
PULSE DURATIONS

Input

Out-of-Phase
Output

(see Note D)

3 V

0 V

VOL

VOH

VOH

VOL

In-Phase
Output

(see Note D)

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

VCC

RL

Test 
Point

From Output
Under Test

CL
(see Note A)

LOAD CIRCUIT
FOR OPEN-COLLECTOR OUTPUTS

LOAD CIRCUIT
FOR 2-STATE TOTEM-POLE OUTPUTS

(see Note B)

VCC

RL
From Output

Under Test

CL
(see Note A)

Test
Point

(see Note B )

VCC
RL

From Output
Under Test

CL
(see Note A)

Test
Point

1 kΩ

NOTES: A. CL includes probe and jig capacitance.
B. All diodes are 1N3064 or equivalent.
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
D. S1 and S2 are closed for tPLH, tPHL, tPHZ, and tPLZ; S1 is open and S2 is closed for tPZH; S1 is closed and S2 is open for tPZL.
E. All input pulses are supplied by generators having the following characteristics: PRR ≤ 1 MHz, ZO ≈ 50 Ω; tr and tf ≤ 7 ns for Series

54/74 devices and tr and tf ≤ 2.5 ns for Series 54S/74S devices.
F. The outputs are measured one at a time with one input transition per measurement.

S1

S2

tPHZ

tPLZtPZL

tPZH

3 V

3 V

0 V

0 V

th
tsu

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Timing
Input

Data
Input

3 V

0 V

Output
Control

(low-level
enabling)

Waveform 1
(see Notes C

and D)

Waveform 2
(see Notes C

and D)
≈1.5 V

VOH − 0.5 V

VOL + 0.5 V

≈1.5 V

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

1.5 V 1.5 V

1.5 V 1.5 V

1.5 V

1.5 V 1.5 V

1.5 V 1.5 V

1.5 V

1.5 V

tw

1.5 V 1.5 V

1.5 V 1.5 V

1.5 V 1.5 V

VOH

VOL

Figure 1. Load Circuits and Voltage Waveforms



PACKAGING INFORMATION

Orderable Device Status (1) Package
Type

Package
Drawing

Pins Package
Qty

Eco Plan (2) Lead/Ball Finish MSL Peak Temp (3)

JM38510/00104BCA ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type

JM38510/00104BDA ACTIVE CFP W 14 1 TBD A42 N / A for Pkg Type

JM38510/07001BCA ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type

JM38510/07001BDA ACTIVE CFP W 14 1 TBD A42 N / A for Pkg Type

JM38510/30001B2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N / A for Pkg Type

JM38510/30001BCA ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type

JM38510/30001BDA ACTIVE CFP W 14 1 TBD A42 N / A for Pkg Type

JM38510/30001SCA ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type

JM38510/30001SDA ACTIVE CFP W 14 1 TBD A42 N / A for Pkg Type

SN5400J ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type

SN54LS00J ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type

SN54S00J ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type

SN7400D ACTIVE SOIC D 14 50 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN7400DE4 ACTIVE SOIC D 14 50 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN7400DG4 ACTIVE SOIC D 14 50 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN7400N ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type

SN7400N3 OBSOLETE PDIP N 14 TBD Call TI Call TI

SN7400NE4 ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type

SN74LS00D ACTIVE SOIC D 14 50 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS00DBLE OBSOLETE SSOP DB 14 TBD Call TI Call TI

SN74LS00DBR ACTIVE SSOP DB 14 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS00DBRE4 ACTIVE SSOP DB 14 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS00DBRG4 ACTIVE SSOP DB 14 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS00DE4 ACTIVE SOIC D 14 50 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS00DG4 ACTIVE SOIC D 14 50 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS00DR ACTIVE SOIC D 14 2500 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS00DRE4 ACTIVE SOIC D 14 2500 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS00DRG4 ACTIVE SOIC D 14 2500 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS00J OBSOLETE CDIP J 14 TBD Call TI Call TI

SN74LS00N ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type

SN74LS00NE4 ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type
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Orderable Device Status (1) Package
Type

Package
Drawing

Pins Package
Qty

Eco Plan (2) Lead/Ball Finish MSL Peak Temp (3)

SN74LS00NSR ACTIVE SO NS 14 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS00NSRG4 ACTIVE SO NS 14 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS00PSR ACTIVE SO PS 8 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS00PSRE4 ACTIVE SO PS 8 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS00PSRG4 ACTIVE SO PS 8 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74S00D ACTIVE SOIC D 14 50 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74S00DE4 ACTIVE SOIC D 14 50 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74S00DG4 ACTIVE SOIC D 14 50 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74S00DR ACTIVE SOIC D 14 2500 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74S00DRE4 ACTIVE SOIC D 14 2500 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74S00DRG4 ACTIVE SOIC D 14 2500 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74S00N ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type

SN74S00N3 OBSOLETE PDIP N 14 TBD Call TI Call TI

SN74S00NE4 ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type

SN74S00NSR ACTIVE SO NS 14 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74S00NSRE4 ACTIVE SO NS 14 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74S00NSRG4 ACTIVE SO NS 14 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SNJ5400J ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type

SNJ5400W ACTIVE CFP W 14 1 TBD A42 N / A for Pkg Type

SNJ5400WA OBSOLETE CFP WA 14 TBD A42 N / A for Pkg Type

SNJ54LS00FK ACTIVE LCCC FK 20 1 TBD POST-PLATE N / A for Pkg Type

SNJ54LS00J ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type

SNJ54LS00W ACTIVE CFP W 14 1 TBD A42 N / A for Pkg Type

SNJ54S00FK ACTIVE LCCC FK 20 1 TBD POST-PLATE N / A for Pkg Type

SNJ54S00J ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type

SNJ54S00W ACTIVE CFP W 14 1 TBD A42 N / A for Pkg Type

(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in
a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.
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(2) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.
Green (RoHS & no Sb/Br): TI defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

(3) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. TI bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI
to Customer on an annual basis.
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TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

SN74LS00DBR SSOP DB 14 2000 330.0 16.4 8.2 6.6 2.5 12.0 16.0 Q1

SN74LS00DR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1

SN74LS00NSR SO NS 14 2000 330.0 16.4 8.2 10.5 2.5 12.0 16.0 Q1

SN74LS00PSR SO PS 8 2000 330.0 16.4 8.2 6.6 2.5 12.0 16.0 Q1

SN74S00DR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1

SN74S00NSR SO NS 14 2000 330.0 16.4 8.2 10.5 2.5 12.0 16.0 Q1

PACKAGE MATERIALS INFORMATION

www.ti.com 10-Feb-2010

Pack Materials-Page 1



*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

SN74LS00DBR SSOP DB 14 2000 346.0 346.0 33.0

SN74LS00DR SOIC D 14 2500 346.0 346.0 33.0

SN74LS00NSR SO NS 14 2000 346.0 346.0 33.0

SN74LS00PSR SO PS 8 2000 346.0 346.0 33.0

SN74S00DR SOIC D 14 2500 346.0 346.0 33.0

SN74S00NSR SO NS 14 2000 346.0 346.0 33.0

PACKAGE MATERIALS INFORMATION

www.ti.com 10-Feb-2010

Pack Materials-Page 2



MECHANICAL DATA

MSSO002E – JANUARY 1995 – REVISED DECEMBER 2001

POST OFFICE BOX 655303 •  DALLAS, TEXAS 75265

DB (R-PDSO-G**)   PLASTIC SMALL-OUTLINE

4040065 /E 12/01

28 PINS SHOWN

Gage Plane

8,20
7,40

0,55
0,95

0,25

38

12,90

12,30

28

10,50

24

8,50

Seating Plane

9,907,90

30

10,50

9,90

0,38

5,60
5,00

15

0,22

14

A

28

1

2016

6,506,50

14

0,05 MIN

5,905,90

DIM

A  MAX

A  MIN

PINS **

2,00 MAX

6,90

7,50

0,65 M0,15

0°–�8°

0,10

0,09
0,25

NOTES: A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion not to exceed 0,15.
D. Falls within JEDEC MO-150



 MECHANICAL DATA
 
 

 MLCC006B – OCTOBER 1996

POST OFFICE BOX 655303 •  DALLAS, TEXAS 75265

FK (S-CQCC-N**)     LEADLESS CERAMIC CHIP CARRIER

4040140/D 10/96

28 TERMINAL SHOWN

B

0.358
(9,09)

MAX

(11,63)

0.560
(14,22)

0.560

0.458

0.858
(21,8)

1.063
(27,0)

(14,22)

ANO. OF

MINMAX

0.358

0.660

0.761

0.458

0.342
(8,69)

MIN

(11,23)

(16,26)
0.640

0.739

0.442

(9,09)

(11,63)

(16,76)

0.962

1.165

(23,83)
0.938

(28,99)
1.141

(24,43)

(29,59)

(19,32)(18,78)

**

20

28

52

44

68

84

0.020 (0,51)

TERMINALS

0.080 (2,03)
0.064 (1,63)

(7,80)
0.307

(10,31)
0.406

(12,58)
0.495

(12,58)
0.495

(21,6)
0.850

(26,6)
1.047

0.045 (1,14)

0.045 (1,14)
0.035 (0,89)

0.035 (0,89)

0.010 (0,25)

121314151618 17

11

10

8

9

7

5

432

0.020 (0,51)
0.010 (0,25)

6

12826 27

19

21
B SQ

A SQ
22

23

24

25

20

0.055 (1,40)
0.045 (1,14)

0.028 (0,71)
0.022 (0,54)

0.050 (1,27)

NOTES: A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a metal lid.
D. The terminals are gold plated.
E. Falls within JEDEC MS-004















IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI’s standard
warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other TI intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of TI information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of TI products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. TI is not
responsible or liable for any such statements.

TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.

TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom

DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals

Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps

Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense

RF/IF and ZigBee® Solutions www.ti.com/lprf Video and Imaging www.ti.com/video

Wireless www.ti.com/wireless-apps

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2010, Texas Instruments Incorporated
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FAST AND LS TTL DATA

HEX INVERTER

14 13 12 11 10 9

1 2 3 4 5 6

VCC

8

7

GND

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit

VCC Supply Voltage 54
74

4.5
4.75

5.0
5.0

5.5
5.25

V

TA Operating Ambient Temperature Range 54
74

–55
0

25
25

125
70

°C

IOH Output Current — High 54, 74 –0.4 mA

IOL Output Current — Low 54
74

4.0
8.0

mA

SN54/74LS04

HEX INVERTER

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC

CASE 632-08

N SUFFIX
PLASTIC

CASE 646-06

14
1

14

1

ORDERING INFORMATION

SN54LSXXJ Ceramic
SN74LSXXN Plastic
SN74LSXXD SOIC

14
1

D SUFFIX
SOIC

CASE 751A-02
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FAST AND LS TTL DATA

SN54/74LS04

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Symbol Parameter

Limits

Unit Test ConditionsSymbol Parameter Min Typ Max Unit Test Conditions

VIH Input HIGH Voltage 2.0 V
Guaranteed Input HIGH Voltage for
All Inputs

VIL Input LOW Voltage
54 0.7

V
Guaranteed Input LOW Voltage for
All InputsVIL Input LOW Voltage

74 0.8
V

Guaranteed Input LOW Voltage for
All Inputs

VIK Input Clamp Diode Voltage –0.65 –1.5 V VCC = MIN, IIN = –18 mA

VOH Output HIGH Voltage
54 2.5 3.5 V VCC = MIN, IOH = MAX, VIN = VIH

or VIL per Truth TableVOH Output HIGH Voltage
74 2.7 3.5 V

VCC = MIN, IOH = MAX, VIN = VIH
or VIL per Truth Table

VOL Output LOW Voltage
54, 74 0.25 0.4 V IOL = 4.0 mA VCC = VCC MIN,

VIN = VIL or VIH
per Truth Table

VOL Output LOW Voltage
74 0.35 0.5 V IOL = 8.0 mA

VIN = VIL or VIH
per Truth Table

IIH Input HIGH Current
20 µA VCC = MAX, VIN = 2.7 V

IIH Input HIGH Current
0.1 mA VCC = MAX, VIN = 7.0 V

IIL Input LOW Current –0.4 mA VCC = MAX, VIN = 0.4 V

IOS Short Circuit Current (Note 1) –20 –100 mA VCC = MAX

ICC

Power Supply Current
Total, Output HIGH 2.4 mA VCC = MAXICC
Total, Output LOW 6.6

mA VCC = MAX

Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.

AC CHARACTERISTICS (TA = 25°C)

Symbol Parameter

Limits

Unit Test ConditionsSymbol Parameter Min Typ Max Unit Test Conditions

tPLH Turn-Off Delay, Input to Output 9.0 15 ns VCC = 5.0 V
CL = 15 pFtPHL Turn-On Delay, Input to Output 10 15 ns

VCC = 5.0 V
CL = 15 pF



This datasheet has been download from:
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© 1999 Fairchild Semiconductor Corporation DS005939.prf www.fairchildsemi.com

CD4001BC/CD4011BC
Quad 2-Input NOR Buffered B Series Gate •
Quad 2-Input NAND Buffered B Series Gate

General Description
The CD4001BC and CD4011BC quad gates are monolithic
complementary MOS (CMOS) integrated circuits con-
structed with N- and P-channel enhancement mode tran-
sistors. They have equal source and sink current
capabilities and conform to standard B series output drive.
The devices also have buffered outputs which improve
transfer characteristics by providing very high gain.

All inputs are protected against static discharge with diodes
to VDD and VSS.

Features
■ Low power TTL: 

Fan out of 2 driving 74L compatibility: or 1 driving 74LS

■ 5V–10V–15V parametric ratings

■ Symmetrical output characteristics

■ Maximum input leakage 1 µA at 15V over full 
temperature range

 

Ordering Code:

Devices also available in Tape and Reel. Specify by appending the suffix letter “X” to the ordering code.

Connection Diagrams

Pin Assignments for DIP, SOIC and SOP
CD4001BC

Top View

Pin Assignments for DIP and SOIC
CD4011BC

Top View

Order Number Package Number Package Description

CD4001BCM M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150” Narrow

CD4001BCSJ M14D 14-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide

CD4001BCN N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide

CD4011BCM M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150” Narrow

CD4011BCN N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide
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Schematic Diagrams
 

CD4001BC

1/4 of device shown

J = A + B

Logical “1” = HIGH

Logical “0” = LOW

All inputs protected by standard

CMOS protection circuit.

 
CD4011BC

1/4 of device shown

J = A • B

Logical “1” = HIGH

Logical “0” = LOW

All inputs protected by standard

CMOS protection circuit.
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Absolute Maximum Ratings(Note 1)

(Note 2)

Recommended Operating
Conditions

Note 1: “Absolute Maximum Ratings” are those values beyond which the
safety of the device cannot be guaranteed. Except for “Operating Tempera-
ture Range” they are not meant to imply that the devices should be oper-
ated at these limits. The Electrical Characteristics tables provide conditions
for actual device operation.

Note 2: All voltages measured with respect to VSS unless otherwise speci-

fied.

DC Electrical Characteristics  (Note 2)

Note 3: IOL and IOH are tested one output at a time.

AC Electrical Characteristics  (Note 4)

CD4001BC: TA = 25°C, Input tr; tf = 20 ns. CL = 50 pF, RL = 200k. Typical temperature coefficient is 0.3%/°C.

Note 4: AC Parameters are guaranteed by DC correlated testing.

Voltage at any Pin −0.5V to VDD +0.5V

Power Dissipation (PD)

Dual-In-Line 700 mW

Small Outline 500 mW

VDD Range −0.5 VDC to +18 VDC

Storage Temperature (TS) −65°C to +150°C
Lead Temperature (TL)

(Soldering, 10 seconds) 260°C

Operating Range (VDD) 3 VDC to 15 VDC

Operating Temperature Range

CD4001BC, CD4011BC −40°C to +85°C

Symbol Parameter Conditions
−40°C +25°C +85°C

Units
Min Max Min Typ Max Min Max

IDD Quiescent Device VDD = 5V, VIN = VDD or VSS 1 0.004 1 7.5 µA

Current VDD = 10V, VIN = VDD or VSS 2 0.005 2 15 µA

VDD = 15V, VIN = VDD or VSS 4 0.006 4 30 µA

VOL LOW Level VDD = 5V 0.05 0 0.05 0.05 V

Output Voltage VDD = 10V |IO| < 1 µA 0.05 0 0.05 0.05 V

VDD = 15V 0.05 0 0.05 0.05 V

VOH HIGH Level VDD = 5V 4.95 4.95 5 4.95 V

Output Voltage VDD = 10V |IO| < 1 µA 9.95 9.95 10 9.95 V

VDD = 15V 14.95 14.95 15 14.95 V

VIL LOW Level VDD = 5V, VO = 4.5V 1.5 2 1.5 1.5 V

Input Voltage VDD = 10V, VO = 9.0V 3.0 4 3.0 3.0 V

VDD = 15V, VO = 13.5V 4.0 6 4.0 4.0 V

VIH HIGH Level VDD = 5V, VO = 0.5V 3.5 3.5 3 3.5 V

Input Voltage VDD = 10V, VO = 1.0V 7.0 7.0 6 7.0 V

VDD = 15V, VO = 1.5V 11.0 11.0 9 11.0 V

IOL LOW Level Output VDD = 5V, VO = 0.4V 0.52 0.44 0.88 0.36 mA

Current VDD = 10V, VO = 0.5V 1.3 1.1 2.25 0.9 mA

(Note 3) VDD = 15V, VO = 1.5V 3.6 3.0 8.8 2.4 mA

IOH HIGH Level Output VDD = 5V, VO = 4.6V −0.52 −0.44 −0.88 −0.36 mA

Current VDD = 10V, VO = 9.5V −1.3 −1.1 −2.25 −0.9 mA

(Note 3) VDD = 15V, VO = 13.5V −3.6 −3.0 −8.8 −2.4 mA

IIN Input Current VDD = 15V, VIN = 0V −0.30 −10−5 −0.30 −1.0 µA

VDD = 15V, VIN = 15V 0.30 10−5 0.30 1.0 µA

Symbol Parameter Conditions Typ Max Units

tPHL Propagation Delay Time, VDD = 5V 120 250 ns

HIGH-to-LOW Level VDD = 10V 50 100 ns

VDD = 15V 35 70 ns

tPLH Propagation Delay Time, VDD = 5V 110 250 ns

LOW-to-HIGH Level VDD = 10V 50 100 ns

VDD = 15V 35 70 ns

tTHL, tTLH Transition Time VDD = 5V 90 200 ns

VDD = 10V 50 100 ns

VDD = 15V 40 80 ns

CIN Average Input Capacitance Any Input 5 7.5 pF

CPD Power Dissipation Capacity Any Gate 14 pF
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AC Electrical Characteristics  (Note 5)

CD4011BC: TA= 25°C, Input tr; tf = 20 ns. CL = 50 pF, RL = 200k. Typical Temperature Coefficient is 0.3%/°C.

Note 5: AC Parameters are guaranteed by DC correlated testing.

Typical Performance Characteristics
 

Typical
Transfer Characteristics

Typical
Transfer Characteristics

Typical
Transfer Characteristics

Symbol Parameter Conditions Typ Max Units

tPHL Propagation Delay, VDD = 5V 120 250 ns

HIGH-to-LOW Level VDD = 10V 50 100 ns

VDD = 15V 35 70 ns

tPLH Propagation Delay, VDD = 5V 85 250 ns

LOW-to-HIGH Level VDD = 10V 40 100 ns

VDD = 15V 30 70 ns

tTHL, tTLH Transition Time VDD = 5V 90 200 ns

VDD = 10V 50 100 ns

VDD = 15V 40 80 ns

CIN Average Input Capacitance Any Input 5 7.5 pF

CPD Power Dissipation Capacity Any Gate 14 pF
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Typical Transfer Characteristics
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Physical Dimensions inches (millimeters) unless otherwise noted

14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150” Narrow
Package Number M14A

14-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
Package Number M14D



Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and Fairchild reserves the right at any time without notice to change said circuitry and specifications.
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LIFE SUPPORT POLICY

FAIRCHILD’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 FAIRCHILD
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 (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide
Package Number N14A
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Product specification
File under Integrated Circuits, IC06

September 1993

INTEGRATED CIRCUITS

74HC/HCT14
Hex inverting Schmitt trigger

For a complete data sheet, please also download:

• The IC06 74HC/HCT/HCU/HCMOS Logic Family Specifications

• The IC06 74HC/HCT/HCU/HCMOS Logic Package Information

• The IC06 74HC/HCT/HCU/HCMOS Logic Package Outlines
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Philips Semiconductors Product specification

Hex inverting Schmitt trigger 74HC/HCT14

FEATURES

• Output capability: standard

• ICC category: SSI

GENERAL DESCRIPTION

The 74HC/HCT14 are high-speed Si-gate CMOS devices and are pin compatible with low power Schottky TTL (LSTTL).
They are specified in compliance with JEDEC standard no. 7A.

The 74HC/HCT14 provide six inverting buffers with Schmitt-trigger action. They are capable of transforming slowly
changing input signals into sharply defined, jitter-free output signals.

QUICK REFERENCE DATA
GND = 0 V; Tamb = 25 °C; tr = tf = 6 ns

Notes

1. CPD is used to determine the dynamic power dissipation (PD in µW):

PD = CPD × VCC
2 × fi + ∑ (CL × VCC

2 × fo) where:

fi = input frequency in MHz

fo = output frequency in MHz

CL = output load capacitance in pF

VCC = supply voltage in V

∑ (CL × VCC
2 × fo) = sum of outputs

2. For HC the condition is VI = GND to VCC
For HCT the condition is VI = GND to VCC − 1.5 V

ORDERING INFORMATION

See “74HC/HCT/HCU/HCMOS Logic Package Information”.

SYMBOL PARAMETER CONDITIONS
TYPICAL

UNIT
HC HCT

tPHL/ tPLH propagation delay nA to nY CL = 15 pF; VCC = 5 V 12 17 ns

CI input capacitance 3.5 3.5 pF

CPD power dissipation capacitance per gate notes 1 and 2 7 8 pF
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Philips Semiconductors Product specification

Hex inverting Schmitt trigger 74HC/HCT14

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1, 3, 5, 9, 11, 13 1A to 6A data inputs

2, 4, 6, 8, 10, 12 1Y to 6Y data outputs

7 GND ground (0 V)

14 VCC positive supply voltage

Fig.1  Pin configuration. Fig.2  Logic symbol. Fig.3  IEC logic symbol.

Fig.4  Functional diagram. Fig.5 Logic diagram
(one Schmitt trigger).

FUNCTION TABLE

Notes

1. H = HIGH voltage level
L = LOW voltage level

APPLICATIONS

• Wave and pulse shapers

• Astable multivibrators

• Monostable multivibrators

INPUT OUTPUT

nA nY

L
H

H
L
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Philips Semiconductors Product specification

Hex inverting Schmitt trigger 74HC/HCT14

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”. Transfer characteristics are
given below.

Output capability: standard
ICC category: SSI

Transfer characteristics for 74HC
Voltages are referenced to GND (ground = 0 V)

AC CHARACTERISTICS FOR 74HC
GND = 0 V; tf = tf = 6 ns; CL = 50 pF

SYMBOL PARAMETER

Tamb (°C)

UNIT

TEST CONDITIONS

74HC
VCC
(V)

WAVEFORMS+25 −40 to +85 −40 to +125

min. typ. max. min. max. min. max.

VT+ positive-going
threshold

0.7
1.7
2.1

1.18
2.38
3.14

1.5
3.15
4.2

0.7
1.7
2.1

1.5
3.15
4.2

0.7
1.7
2.1

1.5
3.15
4.2

V 2.0
4.5
6.0

Figs 6 and 7

VT− negative-going
threshold

0.3
0.9
1.2

0.52
1.40
1.89

0.90
2.00
2.60

0.3
0.90
1.20

0.90
2.00
2.60

0.30
0.90
1.2

0.90
2.00
2.60

V 2.0
4.5
6.0

Figs 6 and 7

VH hysteresis
(VT+ − VT−)

0.2
0.4
0.6

0.66
0.98
1.25

1.0
1.4
1.6

0.2
0.4
0.6

1.0
1.4
1.6

0.2
0.4
0.6

1.0
1.4
1.6

V 2.0
4.5
6.0

Figs 6 and 7

SYMBOL PARAMETER

Tamb (°C)

UNIT

TEST CONDITIONS

74HC
VCC
(V)

WAVEFORMS+25 −40 to +85 −40 to +125

min. typ. max. min. max. min. max.

tPHL/ tPLH propagation delay
nA to nY

41
15
12

125
25
21

155
31
26

190
38
32

ns 2.0
4.5
6.0

Fig.8

tTHL/ tTLH output transition
time

19
7
6

75
15
13

95
19
15

110
22
19

ns 2.0
4.5
6.0

Fig.8
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Hex inverting Schmitt trigger 74HC/HCT14

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”. Transfer characteristics are
given below.

Output capability: standard
ICC category: SSI

Note to HCT types
The value of additional quiescent supply current (∆ICC) for a unit load of 1 is given in the family specifications.
To determine ∆ICC per input, multiply this value by the unit load coefficient shown in the table below.

Transfer characteristics for 74HCT
Voltages are referenced to GND (ground = 0 V)

AC CHARACTERISTICS FOR 74HCT
GND = 0 V; tr = tf = 6 ns; CL = 50 pF

INPUT UNIT LOAD COEFFICIENT

nA 0.3

SYMBOL PARAMETER

Tamb (°C)

UNIT

TEST CONDITIONS

74HCT
VCC
(V)

WAVEFORMS+25 −40 to +85 −40 to +125

min. typ. max. min. max. min. max.

VT+ positive-going
threshold

1.2
1.4

1.41
1.59

1.9
2.1

1.2
1.4

1.9
2.1

1.2
1.4

1.9
2.1

V 4.5
5.5

Figs 6 and 7

VT− negative-going
threshold

0.5
0.6

0.85
0.99

1.2
1.4

0.5
0.6

1.2
1.4

0.5
0.6

1.2
1.4

V 4.5
5.5

Figs 6 and 7

VH hysteresis
(VT+ −VT−)

0.4
0.4

0.56
0.60

−
−

0.4
0.4

−
−

0.4
0.4

−
−

V 4.5
5.5

Figs 6 and 7

SYMBOL PARAMETER

Tamb (°C)

UNIT

TEST CONDITIONS

74HCT
VCC
(V)

WAVEFORMS+25 −40 to +85 −40 to +125

min. typ. max. min. max. min. max.

tPHL/ tPLH propagation delay
nA, to nY

20 34 43 51 ns 4.5 Fig.8

tTHL/ tTLH output transition
time

7 15 19 22 ns 4.5 Fig.8
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TRANSFER CHARACTERISTIC WAVEFORMS

Fig.6  Transfer characteristic.

Fig.7 Waveforms showing the definition of VT+,
VT− and VH; where VT+ and VT− are
between limits of 20% and 70%.

Fig.8  Typical HC transfer characteristics; VCC = 2 V. Fig.9  Typical HC transfer characteristics; VCC = 4.5 V.

Fig.10  Typical HC transfer characteristics; VCC = 6 V. Fig.11  Typical HCT transfer characteristics; VCC = 4.5 V.
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AC WAVEFORMS

Fig.12  Typical HCT transfer characteristics; VCC = 5.5 V.

Fig.13 Waveforms showing the input (nA) to
output (nY) propagation delays and
output transitions times.

(1) HC : VM = 50%; VI = GND to VCC.
HCT: VM = 1.3 V; VI = GND to 3 V.
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APPLICATION INFORMATION

The slow input rise and fall times cause additional power
dissipation, this can be calculated using the following
formula:

Pad = fi × (tr × ICCa + tf × ICCa) × VCC.

Where:

Average ICCa differs with positive or negative input
transitions, as shown in Figs 14 and 15.

Pad = additional power dissipation (µW)

fi = input frequency (MHz)

tr = input rise time (µs); 10% − 90%

tf = input fall time (µs); 10% − 90%

ICCa = average additional supply current (µA)

Fig.14 Average ICC for HC Schmitt trigger devices;
linear change of Vi between 0.1 VCC to
0.9 VCC

Fig.15 Average ICC for HCT Schmitt trigger devices;
linear change of Vi between 0.1 VCC to
0.9 VCC.

HC/HCT14 used in a relaxation oscillator circuit, see
Fig.16.

Fig.16  Relaxation oscillator using HC/HCT14.

HC : f 1
T
---

1
0.8 RC
-------------------≈=

HCT : f 1
T
---

1
0.67 RC
----------------------≈=

Note to Application information

All values given are typical unless otherwise specified.

PACKAGE OUTLINES

See “74HC/HCT/HCU/HCMOS Logic Package Outlines”.
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LM555
Timer
General Description
The LM555 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 oscillator,
the free running frequency and duty cycle are accurately
controlled 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 200mA or drive
TTL circuits.

Features
n Direct replacement for SE555/NE555
n Timing from microseconds through hours
n Operates in both astable and monostable modes
n Adjustable duty cycle
n Output can source or sink 200 mA
n Output and supply TTL compatible
n Temperature stability better than 0.005% per ˚C
n Normally on and normally off output
n Available in 8-pin MSOP package

Applications
n Precision timing
n Pulse generation
n Sequential timing
n Time delay generation
n Pulse width modulation
n Pulse position modulation
n Linear ramp generator

Schematic Diagram

00785101

July 2006
LM
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Connection Diagram
Dual-In-Line, Small Outline

and Molded Mini Small Outline Packages

00785103

Top View

Ordering Information
Package Part Number Package Marking Media Transport NSC Drawing

8-Pin SOIC LM555CM LM555CM Rails
M08A

LM555CMX LM555CM 2.5k Units Tape and Reel

8-Pin MSOP LM555CMM Z55 1k Units Tape and Reel
MUA08A

LM555CMMX Z55 3.5k Units Tape and Reel

8-Pin MDIP LM555CN LM555CN Rails N08E

LM
55

5
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Absolute Maximum Ratings (Note 2)

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

Supply Voltage +18V

Power Dissipation (Note 3)

LM555CM, LM555CN 1180 mW

LM555CMM 613 mW

Operating Temperature Ranges

LM555C 0˚C to +70˚C

Storage Temperature Range −65˚C to +150˚C

Soldering Information

Dual-In-Line Package

Soldering (10 Seconds) 260˚C

Small Outline Packages

(SOIC and MSOP)

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
surface mount devices.

Electrical Characteristics (Notes 1, 2)

(TA = 25˚C, VCC = +5V to +15V, unless othewise specified)

Parameter Conditions Limits Units

LM555C

Min Typ Max

Supply Voltage 4.5 16 V

Supply Current VCC = 5V, RL = ∞
VCC = 15V, RL = ∞
(Low State) (Note 4)

3
10

6
15 mA

Timing Error, Monostable

Initial Accuracy 1 %

Drift with Temperature RA = 1k to 100kΩ, 50 ppm/˚C

C = 0.1µF, (Note 5)

Accuracy over Temperature 1.5 %

Drift with Supply 0.1 %/V

Timing Error, Astable

Initial Accuracy 2.25 %

Drift with Temperature RA, RB = 1k to 100kΩ, 150 ppm/˚C

C = 0.1µF, (Note 5)

Accuracy over Temperature 3.0 %

Drift with Supply 0.30 %/V

Threshold Voltage 0.667 x VCC

Trigger Voltage VCC = 15V 5 V

VCC = 5V 1.67 V

Trigger Current 0.5 0.9 µA

Reset Voltage 0.4 0.5 1 V

Reset Current 0.1 0.4 mA

Threshold Current (Note 6) 0.1 0.25 µA

Control Voltage Level VCC = 15V
VCC = 5V

9
2.6

10
3.33

11
4

V

Pin 7 Leakage Output High 1 100 nA

Pin 7 Sat (Note 7)

Output Low VCC = 15V, I7 = 15mA 180 mV

Output Low VCC = 4.5V, I7 = 4.5mA 80 200 mV

LM
555
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Electrical Characteristics (Notes 1, 2) (Continued)
(TA = 25˚C, VCC = +5V to +15V, unless othewise specified)

Parameter Conditions Limits Units

LM555C

Min Typ Max

Output Voltage Drop (Low) VCC = 15V

ISINK = 10mA 0.1 0.25 V

ISINK = 50mA 0.4 0.75 V

ISINK = 100mA 2 2.5 V

ISINK = 200mA 2.5 V

VCC = 5V

ISINK = 8mA V

ISINK = 5mA 0.25 0.35 V

Output Voltage Drop (High) ISOURCE = 200mA, VCC = 15V 12.5 V

ISOURCE = 100mA, VCC = 15V 12.75 13.3 V

VCC = 5V 2.75 3.3 V

Rise Time of Output 100 ns

Fall Time of Output 100 ns

Note 1: All voltages are measured with respect to the ground pin, unless otherwise specified.

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which
guarantee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where no limit
is given, however, the typical value is a good indication of device performance.

Note 3: For operating at elevated temperatures the device must be derated above 25˚C based on a +150˚C maximum junction temperature and a thermal
resistance of 106˚C/W (DIP), 170˚C/W (S0-8), and 204˚C/W (MSOP) junction to ambient.

Note 4: Supply current when output high typically 1 mA less at VCC = 5V.

Note 5: Tested at VCC = 5V and VCC = 15V.

Note 6: This will determine the maximum value of RA + RB for 15V operation. The maximum total (RA + RB) is 20MΩ.

Note 7: No protection against excessive pin 7 current is necessary providing the package dissipation rating will not be exceeded.

Note 8: Refer to RETS555X drawing of military LM555H and LM555J versions for specifications.

LM
55

5
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Typical Performance Characteristics
Minimuim Pulse Width
Required for Triggering

Supply Current vs.
Supply Voltage

00785104 00785119

High Output Voltage vs.
Output Source Current

Low Output Voltage vs.
Output Sink Current

00785120 00785121

Low Output Voltage vs.
Output Sink Current

Low Output Voltage vs.
Output Sink Current

00785122 00785123

LM
555
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Typical Performance Characteristics (Continued)

Output Propagation Delay vs.
Voltage Level of Trigger Pulse

Output Propagation Delay vs.
Voltage Level of Trigger Pulse

00785124 00785125

Discharge Transistor (Pin 7)
Voltage vs. Sink Current

Discharge Transistor (Pin 7)
Voltage vs. Sink Current

00785126 00785127

LM
55

5
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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 VCC to pin 2, the flip-flop is
set which both releases the short circuit across the capacitor
and drives the output high.

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
voltage equals 2/3 VCC. The comparator then resets the
flip-flop which in turn discharges the capacitor and drives the
output to its low state. Figure 2 shows the waveforms gen-
erated in this mode of operation. Since the charge and the
threshold level of the comparator are both directly propor-
tional to supply voltage, the timing interval is independent of
supply.

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 10µs before 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 remain in the low
state until a trigger pulse is again applied.

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

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

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

ASTABLE OPERATION

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

In this mode of operation, the capacitor charges and dis-
charges between 1/3 VCC and 2/3 VCC. As in the triggered
mode, the charge and discharge times, and therefore the
frequency are independent of the supply voltage.

00785105

FIGURE 1. Monostable

00785106

VCC = 5V Top Trace: Input 5V/Div.

TIME = 0.1 ms/DIV. Middle Trace: Output 5V/Div.

RA = 9.1kΩ Bottom Trace: Capacitor Voltage 2V/Div.

C = 0.01µF

FIGURE 2. Monostable Waveforms

00785107

FIGURE 3. Time Delay

00785108

FIGURE 4. Astable

LM
555
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Applications Information (Continued)

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

The charge time (output high) is given by:

t1 = 0.693 (RA + RB) C

And the discharge time (output low) by:

t2 = 0.693 (RB) C

Thus the total period is:

T = t1 + t2 = 0.693 (RA +2RB) C

The frequency of oscillation is:

Figure 6 may be used for quick determination of these RC
values.

The duty cycle is:

FREQUENCY DIVIDER

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

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.

00785109

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

TIME = 20µs/DIV. Bottom Trace: Capacitor Voltage 1V/Div.

RA = 3.9kΩ

RB = 3kΩ

C = 0.01µF

FIGURE 5. Astable Waveforms

00785110

FIGURE 6. Free Running Frequency

00785111

VCC = 5V Top Trace: Input 4V/Div.

TIME = 20µs/DIV. Middle Trace: Output 2V/Div.

RA = 9.1kΩ Bottom Trace: Capacitor 2V/Div.

C = 0.01µF

FIGURE 7. Frequency Divider

00785112

FIGURE 8. Pulse Width Modulator

LM
55
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Applications Information (Continued)

PULSE POSITION MODULATOR

This application uses the timer connected for astable opera-
tion, as in Figure 10, with a modulating signal again applied
to the control voltage terminal. The pulse position varies with
the modulating signal, since the threshold voltage and hence
the time delay is varied. Figure 11 shows the waveforms
generated for a triangle wave modulation signal.

LINEAR RAMP

When the pullup resistor, RA, in the monostable circuit is
replaced by a constant current source, a linear ramp is
generated. Figure 12 shows a circuit configuration that will
perform this function.

Figure 13 shows waveforms generated by the linear ramp.

The time interval is given by:

VBE . 0.6V

00785113

VCC = 5V Top Trace: Modulation 1V/Div.

TIME = 0.2 ms/DIV. Bottom Trace: Output Voltage 2V/Div.

RA = 9.1kΩ

C = 0.01µF

FIGURE 9. Pulse Width Modulator

00785114

FIGURE 10. Pulse Position Modulator

00785115

VCC = 5V Top Trace: Modulation Input 1V/Div.

TIME = 0.1 ms/DIV. Bottom Trace: Output 2V/Div.

RA = 3.9kΩ

RB = 3kΩ

C = 0.01µF

FIGURE 11. Pulse Position Modulator

00785116

FIGURE 12.

LM
555
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Applications Information (Continued)

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors RA and RB may be
connected as in Figure 14. The time period for the output
high is the same as previous, t1 = 0.693 RA C. For the output
low it is t2 =

Thus the frequency of oscillation is

Note that this circuit will not oscillate if RB is greater than 1/2
RA because the junction of RA and RB cannot bring pin 2
down to 1/3 VCC and trigger the lower comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to protect
associated circuitry. Minimum recommended is 0.1µF in par-
allel with 1µF electrolytic.

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

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

Pin 7 current switches within 30ns of the output (pin 3)
voltage.

00785117

VCC = 5V Top Trace: Input 3V/Div.

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

R1 = 47kΩ Bottom Trace: Capacitor Voltage 1V/Div.

R2 = 100kΩ

RE = 2.7 kΩ

C = 0.01 µF

FIGURE 13. Linear Ramp

00785118

FIGURE 14. 50% Duty Cycle Oscillator

LM
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Physical Dimensions inches (millimeters) unless otherwise noted

Small Outline Package (M)
NS Package Number M08A

8-Lead (0.118” Wide) Molded Mini Small Outline Package
NS Package Number MUA08A

LM
555
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

Molded Dual-In-Line Package (N)
NS Package Number N08E

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

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 AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR
CORPORATION. As used herein:

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

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

BANNED SUBSTANCE COMPLIANCE

National Semiconductor follows the provisions of the Product Stewardship Guide for Customers (CSP-9-111C2) and Banned Substances
and Materials of Interest Specification (CSP-9-111S2) for regulatory environmental compliance. Details may be found at:
www.national.com/quality/green.

Lead free products are RoHS compliant.

National Semiconductor
Americas Customer
Support Center
Email: new.feedback@nsc.com
Tel: 1-800-272-9959

National Semiconductor
Europe Customer Support Center

Fax: +49 (0) 180-530 85 86
Email: europe.support@nsc.com

Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
Français Tel: +33 (0) 1 41 91 8790

National Semiconductor
Asia Pacific Customer
Support Center
Email: ap.support@nsc.com

National Semiconductor
Japan Customer Support Center
Fax: 81-3-5639-7507
Email: jpn.feedback@nsc.com
Tel: 81-3-5639-7560

www.national.com
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 SN54ALS00A, SN54AS00, SN74ALS00A, SN74AS00
 QUADRUPLE 2-INPUT POSITIVE-NAND GATES

  
 SDAS187A – APRIL 1982 – REVISED DECEMBER 1994

Copyright   1994, Texas Instruments Incorporated

1POST OFFICE BOX 655303 •  DALLAS, TEXAS 75265

• Package Options Include Plastic
Small-Outline (D) Packages, Ceramic Chip
Carriers (FK), and Standard Plastic (N) and
Ceramic (J) 300-mil DIPs

 

description

These devices contain four independent 2-input
positive-NAND gates. They perform the Boolean
functions Y = A •  B or Y = A + B in positive logic.

The SN54ALS00A and SN54AS00 are
characterized for operation over the full military
temperature range of –55°C to 125°C. The
SN74ALS00A and SN74AS00 are characterized
for operation from 0°C to 70°C.

FUNCTION TABLE
      (each gate)

INPUTS OUTPUT
A B Y

H H L

L X H

X L H

logic symbol †

1
1A

2
1B

4
2A

5
2B

9
3A

10
3B

12
4A

13
4B

&
1Y

3

2Y
6

3Y
8

4Y
11

† This symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.

Pin numbers shown are for the D, J, and N packages.

SN54ALS00A, SN54AS00 . . . J PACKAGE
SN74ALS00A, SN74AS00 . . . D OR N PACKAGE

(TOP VIEW)

1

2

3

4

5

6

7

14

13

12

11

10

9

8

1A
1B
1Y
2A
2B
2Y

GND

VCC
4B
4A
4Y
3B
3A
3Y

SN54ALS00A, SN54AS00 . . . FK PACKAGE
(TOP VIEW)

3 2 1 20 19

9 10 11 12 13

4

5

6

7

8

18

17

16

15

14

4A
NC
4Y
NC
3B

1Y
NC
2A
NC
2B

1B 1A N
C

3Y 3A

V 4B

2Y N
C

C
C

NC – No internal connection

G
N

D

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include
testing of all parameters.



SN54ALS00A, SN54AS00, SN74ALS00A, SN74AS00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES
 
SDAS187A – APRIL 1982 – REVISED DECEMBER 1994

2 POST OFFICE BOX 655303 •  DALLAS, TEXAS 75265

logic diagram (positive logic)

1Y
3

1
1A

2
1B

2Y
6

4
2A

5
2B

3Y
8

9
3A

10
3B

4Y
11

12
4A

13
4B

Pin numbers shown are for the D, J, and N packages.

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

Supply voltage, VCC  7 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Input voltage, VI  7 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Operating free-air temperature range, TA: SN54ALS00A  –55°C to 125°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

SN74ALS00A  0°C to 70°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Storage temperature range  –65°C to 150°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

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

recommended operating conditions

SN54ALS00A SN74ALS00A
UNIT

MIN NOM MAX MIN NOM MAX
UNIT

VCC Supply voltage 4.5 5 5.5 4.5 5 5.5 V

VIH High-level input voltage 2 2 V

VIL Low level input voltage
0.8‡ 0.8

VVIL Low-level input voltage
0.7§

V

IOH High-level output current –0.4 –0.4 mA

IOL Low-level output current 4 8 mA

TA Operating free-air temperature –55 125 0 70 °C
‡ Applies over temperature range –55°C to 70°C
§ Applies over temperature range 70°C to 125°C
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS
SN54ALS00A SN74ALS00A

UNITPARAMETER TEST CONDITIONS
MIN TYP† MAX MIN TYP† MAX

UNIT

VIK VCC = 4.5 V, II = –18 mA –1.2 –1.5 V

VOH VCC = 4.5 V to 5.5 V, IOH = –0.4 mA VCC –2 VCC –2 V

VOL VCC = 4 5 V
IOL = 4 mA 0.25 0.4 0.25 0.4

VVOL VCC = 4.5 V
IOL = 8 mA 0.35 0.5

V

II VCC = 5.5 V, VI = 7 V 0.1 0.1 mA

IIH VCC = 5.5 V, VI = 2.7 V 20 20 µA

IIL VCC = 5.5 V, VI = 0.4 V –0.1 –0.1 mA

IO‡ VCC = 5.5 V, VO = 2.25 V –20 –112 –30 –112 mA

ICCH VCC = 5.5 V, VI = 0 0.5 0.85 0.5 0.85 mA

ICCL VCC = 5.5 V, VI = 4.5 V 1.5 3 1.5 3 mA

† All typical values are at VCC = 5 V, TA = 25°C.
‡ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, IOS.

switching characteristics (see Figure 1)

PARAMETER
FROM

(INPUT)
TO

(OUTPUT)

VCC = 4.5 V to 5.5 V,
CL = 50 pF,
RL = 500 Ω,
TA = MIN to MAX § UNIT(INPUT) (OUTPUT)

SN54ALS00A SN74ALS00A

MIN MAX MIN MAX

tPLH
A or B Y

3 15 3 11
ns

tPHL
A or B Y

2 9 2 8
ns

§ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) †

Supply voltage, VCC  7 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Input voltage, VI  7 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Operating free-air temperature range, TA: SN54AS00  –55°C to 125°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

SN74AS00  0°C to 70°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Storage temperature range  –65°C to 150°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

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

recommended operating conditions

SN54AS00 SN74AS00
UNIT

MIN NOM MAX MIN NOM MAX
UNIT

VCC Supply voltage 4.5 5 5.5 4.5 5 5.5 V

VIH High-level input voltage 2 2 V

VIL Low-level input voltage 0.8 0.8 V

IOH High-level output current –2 –2 mA

IOL Low-level output current 20 20 mA

TA Operating free-air temperature –55 125 0 70 °C

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

PARAMETER TEST CONDITIONS
SN54AS00 SN74AS00

UNITPARAMETER TEST CONDITIONS
MIN TYP‡ MAX MIN TYP‡ MAX

UNIT

VIK VCC = 4.5 V, II = –18 mA –1.2 –1.2 V

VOH VCC = 4.5 V to 5.5 V, IOH = –2 mA VCC –2 VCC –2 V

VOL VCC = 4.5 V, IOL = 20 mA 0.35 0.5 0.35 0.5 V

II VCC = 5.5 V, VI = 7 V 0.1 0.1 mA

IIH VCC = 5.5 V, VI = 2.7 V 20 20 µA

IIL VCC = 5.5 V, VI = 0.4 V –0.5 –0.5 mA

IO§ VCC = 5.5 V, VO = 2.25 V –30 –112 –30 –112 mA

ICCH VCC = 5.5 V, VI = 0 2 3.2 2 3.2 mA

ICCL VCC = 5.5 V, VI = 4.5 V 10.8 17.4 10.8 17.4 mA

‡ All typical values are at VCC = 5 V, TA = 25°C.
§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, IOS.

switching characteristics (see Figure 1)

PARAMETER
FROM

(INPUT)
TO

(OUTPUT)

VCC = 4.5 V to 5.5 V,
CL = 50 pF,
RL = 500 Ω,
TA = MIN to MAX ¶ UNIT(INPUT) (OUTPUT)

SN54AS00 SN74AS00

MIN MAX MIN MAX

tPLH
A or B Y

1 5 1 4.5
ns

tPHL
A or B Y

1 5 1 4
ns

¶ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
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PARAMETER MEASUREMENT INFORMATION
SERIES 54ALS/74ALS AND 54AS/74AS DEVICES

tPHZ

tPLZ

tPHL
tPLH

0.3 V

tPZL

tPZH

tPLH
tPHL

LOAD CIRCUIT
FOR 3-STATE OUTPUTS

From Output
Under Test

Test 
Point

R1

S1

CL
(see Note A)

7 V

1.3 V

1.3 V1.3 V

3.5 V

3.5 V

0.3 V

0.3 V

thtsu

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Timing
Input

Data
Input

1.3 V 1.3 V
3.5 V

3.5 V

0.3 V

0.3 V

High-Level
Pulse

Low-Level
Pulse

tw

VOLTAGE WAVEFORMS
PULSE DURATIONS

Input

Out-of-Phase
Output

(see Note C)

1.3 V 1.3 V

1.3 V1.3 V

1.3 V 1.3 V

1.3 V1.3 V

1.3 V

1.3 V

3.5 V

3.5 V

0.3 V

0.3 V

VOL

VOH

VOH

VOL

Output
Control

(low-level
enabling)

Waveform 1
S1 Closed

(see Note B)

Waveform 2
S1 Open

(see Note B)
�0 V

VOH

VOL

�3.5 V

In-Phase
Output

0.3 V

1.3 V 1.3 V

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

R2

VCC

RL

Test 
Point

From Output
Under Test

CL
(see Note A)

LOAD CIRCUIT
FOR OPEN-COLLECTOR OUTPUTS

LOAD CIRCUIT FOR 
BI-STATE

TOTEM-POLE OUTPUTS

From Output
Under Test

Test 
Point

CL
(see Note A)

RL

RL = R1 = R2

NOTES: A. CL includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. When measuring propagation delay items of 3-state outputs, switch S1 is open.
D. All input pulses have the following characteristics: PRR ≤ 1 MHz, tr = tf = 2 ns, duty cycle = 50%.
E. The outputs are measured one at a time with one transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms
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PACKAGING INFORMATION

Orderable Device Status (1) Package
Type

Package
Drawing

Pins Package
Qty

Eco Plan (2) Lead/Ball Finish MSL Peak Temp (3)

CD4007UBE ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU Level-NC-NC-NC

CD4007UBF ACTIVE CDIP J 14 1 None Call TI Level-NC-NC-NC

CD4007UBF3A ACTIVE CDIP J 14 1 None Call TI Level-NC-NC-NC

CD4007UBF3A116 OBSOLETE CDIP J 14 None Call TI Call TI

CD4007UBM ACTIVE SOIC D 14 50 Pb-Free
(RoHS)

CU NIPDAU Level-2-260C-1 YEAR/
Level-1-235C-UNLIM

CD4007UBM96 ACTIVE SOIC D 14 2500 Pb-Free
(RoHS)

CU NIPDAU Level-2-260C-1 YEAR/
Level-1-235C-UNLIM

CD4007UBMT ACTIVE SOIC D 14 250 Pb-Free
(RoHS)

CU NIPDAU Level-2-260C-1 YEAR/
Level-1-235C-UNLIM

CD4007UBNSR ACTIVE SO NS 14 2000 Pb-Free
(RoHS)

CU NIPDAU Level-2-260C-1 YEAR/
Level-1-235C-UNLIM

CD4007UBPW ACTIVE TSSOP PW 14 90 Pb-Free
(RoHS)

CU NIPDAU Level-1-250C-UNLIM

CD4007UBPWR ACTIVE TSSOP PW 14 2000 Pb-Free
(RoHS)

CU NIPDAU Level-1-250C-UNLIM

(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in
a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.

(2) Eco Plan - May not be currently available - please check http://www.ti.com/productcontent for the latest availability information and additional
product content details.
None: Not yet available Lead (Pb-Free).
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Green (RoHS & no Sb/Br): TI defines "Green" to mean "Pb-Free" and in addition, uses package materials that do not contain halogens,
including bromine (Br) or antimony (Sb) above 0.1% of total product weight.

(3) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDECindustry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. TI bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI
to Customer on an annual basis.

PACKAGE OPTION ADDENDUM

www.ti.com 28-Feb-2005

Addendum-Page 1

http://www.ti.com/productcontent










 MECHANICAL DATA
 
 

 MTSS001C – JANUARY 1995 – REVISED FEBRUARY 1999

POST OFFICE BOX 655303 •  DALLAS, TEXAS 75265

PW (R-PDSO-G**)   PLASTIC SMALL-OUTLINE PACKAGE
14 PINS SHOWN

0,65 M0,10

0,10

0,25

0,50
0,75

0,15 NOM

Gage Plane

28

9,80

9,60

24

7,90

7,70

2016

6,60

6,40

4040064/F 01/97

0,30

6,60
6,20

8

0,19

4,30
4,50

7

0,15

14

A

1

1,20 MAX

14

5,10

4,90

8

3,10

2,90

A  MAX

A  MIN

DIM
PINS **

0,05

4,90

5,10

Seating Plane

0°–8°

NOTES: A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion not to exceed 0,15.
D. Falls within JEDEC MO-153



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI’s terms
and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI’s standard warranty. Testing and other quality control techniques are used to the extent TI
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right,
copyright, mask work right, or other TI intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by TI regarding third-party products or services
does not constitute a license from TI to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of information in TI data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. TI is not responsible or liable for
such altered documentation.

Resale of TI products or services with statements different from or beyond the parameters  stated by TI for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. TI is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security

Telephony www.ti.com/telephony

Video & Imaging www.ti.com/video

Wireless www.ti.com/wireless

Mailing Address: Texas Instruments

Post Office Box 655303 Dallas, Texas 75265

Copyright  2005, Texas Instruments Incorporated
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Semiconductor

CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.
Copyright © Harris Corporation 1998

CD4049UB, CD4050B

CMOS Hex Buffer/Converters

The Harris CD4049UB and CD4050B are inverting and
non-inverting hex buffers, respectively, and feature logic-
level conversion using only one supply voltage (VCC). The
input-signal high level (VIH) can exceed the VCC supply
voltage when these devices are used for logic-level
conversions. These devices are intended for use as CMOS
to DTL/TTL converters and can drive directly two DTL/TTL
loads. (VCC = 5V, VOL ≤ 0.4V, and IOL ≥ 3.3mA.)

The CD4049UB and CD4050B are designated as
replacements for CD4009UB and CD4010B, respectively.
Because the CD4049UB and CD4050B require only one
power supply, they are preferred over the CD4009UB and
CD4010B and should be used in place of the CD4009UB
and CD4010B in all inverter, current driver, or logic-level
conversion applications. In these applications the
CD4049UB and CD4050B are pin compatible with the
CD4009UB and CD4010B respectively, and can be
substituted for these devices in existing as well as in new
designs. Terminal No. 16 is not connected internally on the
CD4049UB or CD4050B, therefore, connection to this
terminal is of no consequence to circuit operation. For
applications not requiring high sink-current or voltage
conversion, the CD4069UB Hex Inverter is recommended.

Features
• CD4049UB Inverting

• CD4050B Non-Inverting

• High Sink Current for Driving 2 TTL Loads

• High-To-Low Level Logic Conversion

• 100% Tested for Quiescent Current at 20V

• Maximum Input Current of 1µA at 18V Over Full Package
Temperature Range; 100nA at 18V and 25oC

• 5V, 10V and 15V Parametric Ratings

Applications
• CMOS to DTL/TTL Hex Converter

• CMOS Current “Sink” or “Source” Driver

• CMOS High-To-Low Logic Level Converter

Pinouts

Ordering Information

PART NUMBER
TEMP.

RANGE (oC) PACKAGE
PKG.
NO.

CD4049UBE -55 to 125 16 Ld PDIP E16.3

CD4050BE -55 to 125 16 Ld PDIP E16.3

CD4049UBF -55 to 125 16 Ld CERDIP F16.3

CD4050BF -55 to 125 16 Ld CERDIP F16.3

CD4050BM -55 to 125 16 Ld SOIC M16.3

NOTE: Wafer and die for this part number is available which meets
all electrical specifications. Please contact your local sales office or
Harris customer service for ordering information.

CD4049UB (PDIP, CERDIP)
TOP VIEW

CD4050B (PDIP, CERDIP, SOIC)
TOP VIEW
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Functional Block Diagrams
CD4049UB CD4050B

3 2
A G = A

5 4
B H = B

7 6
C I = C

9 10
D J = D

11 12
E K = E

14 15
F L = F

1

8

VCC

VSS

NC = 13
NC = 16

3 2
A G = A

5 4
B H = B

7 6
C I = C

9 10
D J = D

11 12
E K = E

14 15
F L = F

1

8

VCC

VSS

NC = 13
NC = 16

Schematic Diagrams

FIGURE 1A. SCHEMATIC DIAGRAM OF CD4049UB, 1 OF 6
IDENTICAL UNITS

FIGURE 1B. SCHEMATIC DIAGRAM OF CD4050B, 1 OF 6
IDENTICAL UNITS
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CD4049UB, CD4050B
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Absolute Maximum Ratings Thermal Information
Supply Voltage (V+ to V-). . . . . . . . . . . . . . . . . . . . . . .  -0.5V to 20V
DC Input Voltage . . . . . . . . . . . . . . . . . . . . . . . . -0.5V to VDD +0.5V
DC Input Current, Any One Input. . . . . . . . . . . . . . . . . . . . . . ±10mA

Operating Conditions
Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . -55oC to 125oC

Thermal Resistance (Typical, Note 1) θJA (oC/W) θJC (oC/W)
PDIP Package  . . . . . . . . . . . . . . . . . . . 90 N/A
CERDIP Package. . . . . . . . . . . . . . . . . 130 55
SOIC Package . . . . . . . . . . . . . . . . . . . 100 N/A

Maximum Junction Temperature (Plastic Package)  . . . . . . . .150oC
Maximum Storage Temperature Range . . . . . . . . . . -65oC to 150oC
Maximum Lead Temperature (Soldering 10s) . . . . . . . . . . . . .265oC

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

1. θJA is measured with the component mounted on an evaluation PC board in free air.

DC Electrical Specifications

PARAMETER

TEST CONDITIONS

LIMITS AT INDICATED TEMPERATURE ( oC)

UNITS-55 -40 85 125

25

VO
(V)

VIN
(V) VCC (V) MIN TYP MAX

Quiescent Device Current
IDD (Max)

- 0,5 5 1 1 30 30 - 0.02 1 µA

- 0,10 10 2 2 60 60 - 0.02 2 µA

- 0,15 15 4 4 120 120 - 0.02 4 µA

- 0,20 20 20 20 600 600 - 0.04 20 µA

Output Low (Sink) Current
IOL (Min)

0.4 0,5 4.5 3.3 3.1 2.1 1.8 2.6 5.2 - mA

0.4 0,5 5 4 3.8 2.9 2.4 3.2 6.4 - mA

0.5 0,10 10 10 9.6 6.6 5.6 8 16 - mA

1.5 0,15 15 26 25 20 18 24 48 - mA

Output High (Source) Current
IOH (Min)

4.6 0,5 5 -0.81 -0.73 -0.58 -0.48 -0.65 -1.2 - mA

2.5 0,5 5 -2.6 -2.4 -1.9 -1.55 -2.1 -3.9 - mA

9.5 0,10 10 -2.0 -1.8 -1.35 -1.18 -1.65 -3.0 - mA

13.5 0,15 15 -5.2 -4.8 -3.5 -3.1 -4.3 -8.0 - mA

Out Voltage Low Level
VOL (Max)

- 0,5 5 0.05 0.05 0.05 0.05 - 0 0.05 V

- 0,10 10 0.05 0.05 0.05 0.05 - 0 0.05 V

- 0,15 5 0.05 0.05 0.05 0.05 - 0 0.05 V

Output Voltage High Level
VOH (Min)

- 0,5 5 4.95 4.95 4.95 4.95 4.95 5 - V

- 0,10 10 9.95 9.95 9.95 9.95 9.95 10 - V

- 0,15 15 14.95 14.95 14.95 14.95 14.95 15 - V

Input Low Voltage, VIL (Max)
CD4049UB

4.5 - 5 1 1 1 1 - - 1 V

9 - 10 2 2 2 2 - - 2 V

13.5 - 15 2.5 2.5 2.5 2.5 - - 2.5 V

Input Low Voltage, VIL (Max)
CD4050B

0.5 - 5 1.5 1.5 1.5 1.5 - - 1.5 V

1 - 10 3 3 3 3 - - 3 V

1.5 - 15 4 4 4 4 - - 4 V

Input High Voltage, VIH Min
CD4049UB

0.5 - 5 4 4 4 4 4 - - V

1 - 10 8 8 8 8 8 - - V

1.5 - 15 12.5 12.5 12.5 12.5 12.5 - - V

CD4049UB, CD4050B
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Input High Voltage, VIH Min
CD4050B

4.5 - 5 3.5 3.5 3.5 3.5 3.5 - - V

9 - 10 7 7 7 7 7 - - V

13.5 - 15 11 11 11 11 11 - - V

Input Current, IIN Max - 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 µA

DC Electrical Specifications  (Continued)

PARAMETER

TEST CONDITIONS

LIMITS AT INDICATED TEMPERATURE ( oC)

UNITS-55 -40 85 125

25

VO
(V)

VIN
(V) VCC (V) MIN TYP MAX

AC Electrical Specifications TA = 25oC, Input tr, tf = 20ns, CL = 50pF, RL = 200kΩ

PARAMETER

TEST CONDITIONS LIMITS (ALL PACKAGES)

UNITSVIN VCC TYP MAX

Propagation Delay Time
Low to High, tPLH
CD4049UB

5 5 60 120 ns

10 10 32 65 ns

10 5 45 90 ns

15 15 25 50 ns

15 5 45 90 ns

Propagation Delay Time
Low to High, tPLH
CD4050B

5 5 70 140 ns

10 10 40 80 ns

10 5 45 90 ns

15 15 30 60 ns

15 5 40 80 ns

Propagation Delay Time
High to Low, tPHL
CD4049UB

5 5 32 65 ns

10 10 20 40 ns

10 5 15 30 ns

15 15 15 30 ns

15 5 10 20 ns

Propagation Delay Time
High to Low, tPHL
CD4050B

5 5 55 110 ns

10 10 22 55 ns

10 5 50 100 ns

15 15 15 30 ns

15 5 50 100 ns

Transition Time, Low to High, tTLH 5 5 80 160 ns

10 10 40 80 ns

15 15 30 60 ns

Transition Time, High to Low, tTHL 5 5 30 60 ns

10 10 20 40 ns

15 15 15 30 ns

Input Capacitance, CIN
CD4049UB

- - 15 22.5 pF

Input Capacitance, CIN
CD4050B

- - 5 7.5 pF

CD4049UB, CD4050B
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Typical Performance Curves

FIGURE 2. MINIMUM AND MAXIMUM VOLTAGE TRANSFER
CHARACTERISTICS FOR CD4049UB

FIGURE 3. MINIMUM AND MAXIMUM VOLTAGE TRANSFER
CHARACTERISTICS FOR CD4050B

FIGURE 4. TYPICAL OUTPUT LOW (SINK) CURRENT
CHARACTERISTICS

FIGURE 5. MINIMUM OUTPUT LOW (SINK) CURRENT DRAIN
CHARACTERISTICS

FIGURE 6. TYPICAL OUTPUT HIGH (SOURCE) CURRENT
CHARACTERISTICS

FIGURE 7. MINIMUM OUTPUT HIGH (SOURCE) CURRENT
CHARACTERISTICS
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FIGURE 8. TYPICAL VOLTAGE TRANSFER CHARACTERISTICS
AS A FUNCTION OF TEMPERATURE FOR CD4049UB

FIGURE 9. TYPICAL VOLTAGE TRANSFER CHARACTERISTICS
AS A FUNCTION OF TEMPERATURE FOR CD4050B

FIGURE 10. TYPICAL POWER DISSIPATION vs FREQUENCY
CHARACTERISTICS

FIGURE 11. TYPICAL POWER DISSIPATION vs INPUT RISE
AND FALL TIMES PER INVERTER FOR CD4049UB

FIGURE 12. TYPICAL POWER DISSIPATION vs INPUT RISE
AND FALL TIMES PER INVERTERFOR CD4050B

Typical Performance Curves  (Continued)
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Test Circuits

FIGURE 13. QUIESCENT DEVICE CURRENT TEST CIRCUIT

NOTE: Test any one input with other inputs at VCC or VSS.

FIGURE 14. INPUT VOLTAGE TEST CIRCUIT

NOTE: Measure inputs sequentially, to both VCC and VSS connect
all unused inputs to either VCC or VSS.

FIGURE 15. INPUT CURRENT TEST CIRCUIT

In Terminal - 3, 5, 7, 9, 11, or 14
Out Terminal - 2, 4, 6, 10, 12 or 15
VCC Terminal - 1
VSS Terminal - 8

FIGURE 16. LOGIC LEVEL CONVERSION APPLICATION

FIGURE 17. DYNAMIC POWER DISSIPATION TEST CIRCUITS
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CD4049UB, CD4050B
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CD4049UB, CD4050B

Dual-In-Line Plastic Packages (PDIP)

NOTES:

1. Controlling Dimensions: INCH. In case of conflict between English and
Metric dimensions, the inch dimensions control.

2. Dimensioning and tolerancing per ANSI Y14.5M-1982.

3. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of
Publication No. 95.

4. Dimensions A, A1 and L are measured with the package seated in JE-
DEC seating plane gauge GS-3.

5. D, D1, and E1 dimensions do not include mold flash or protrusions.
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm).

6. E and are measured with the leads constrained to be perpendic-
ular to datum .

7. eB and eC are measured at the lead tips with the leads unconstrained.
eC must be zero or greater.

8. B1 maximum dimensions do not include dambar protrusions. Dambar
protrusions shall not exceed 0.010 inch (0.25mm).

9. N is the maximum number of terminal positions.

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, E28.3,
E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm).

eA
-C-

CL

E

eA

C

eB

eC

-B-

E1
INDEX

1 2 3 N/2

N

AREA

SEATING

BASE
PLANE

PLANE

-C-

D1

B1
B

e

D

D1

AA2

L

A1

-A-

0.010 (0.25) C AM B S

E16.3 (JEDEC MS-001-BB ISSUE D)
16 LEAD DUAL-IN-LINE PLASTIC PACKAGE

SYMBOL

INCHES MILLIMETERS

NOTESMIN MAX MIN MAX

A - 0.210 - 5.33 4

A1 0.015 - 0.39 - 4

A2 0.115 0.195 2.93 4.95 -

B 0.014 0.022 0.356 0.558 -

B1 0.045 0.070 1.15 1.77 8, 10

C 0.008 0.014 0.204 0.355 -

D 0.735 0.775 18.66 19.68 5

D1 0.005 - 0.13 - 5

E 0.300 0.325 7.62 8.25 6

E1 0.240 0.280 6.10 7.11 5

e 0.100 BSC 2.54 BSC -

eA 0.300 BSC 7.62 BSC 6

eB - 0.430 - 10.92 7

L 0.115 0.150 2.93 3.81 4

N 16 16 9

Rev. 0 12/93
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CD4049UB, CD4050B

Ceramic Dual-In-Line Frit Seal Packages (CERDIP)

NOTES:

1. Index area: A notch or a pin one identification mark shall be locat-
ed adjacent to pin one and shall be located within the shaded
area shown. The manufacturer’s identification shall not be used
as a pin one identification mark.

2. The maximum limits of lead dimensions b and c or M shall be
measured at the centroid of the finished lead surfaces, when
solder dip or tin plate lead finish is applied.

3. Dimensions b1 and c1 apply to lead base metal only. Dimension
M applies to lead plating and finish thickness.

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a
partial lead paddle. For this configuration dimension b3 replaces
dimension b2.

5. This dimension allows for off-center lid, meniscus, and glass
overrun.

6. Dimension Q shall be measured from the seating plane to the
base plane.

7. Measure dimension S1 at all four corners.

8. N is the maximum number of terminal positions.

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982.

10. Controlling dimension: INCH.

bbb C A - BS

c

Q

L

A
SEATING

BASE

D

PLANE

PLANE

-D--A-

-C-

-B-

α

D

E

S1

b2
b

A

e

M

c1

b1

(c)

(b)

SECTION A-A

BASE

LEAD FINISH

METAL

eA/2

A

M

S S

ccc C A - BM DS S aaa C A - BM DS S

eA

F16.3 MIL-STD-1835 GDIP1-T16 (D-2, CONFIGURATION A)
16 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE

SYMBOL

INCHES MILLIMETERS

NOTESMIN MAX MIN MAX

A - 0.200 - 5.08 -

b 0.014 0.026 0.36 0.66 2

b1 0.014 0.023 0.36 0.58 3

b2 0.045 0.065 1.14 1.65 -

b3 0.023 0.045 0.58 1.14 4

c 0.008 0.018 0.20 0.46 2

c1 0.008 0.015 0.20 0.38 3

D - 0.840 - 21.34 5

E 0.220 0.310 5.59 7.87 5

e 0.100 BSC 2.54 BSC -

eA 0.300 BSC 7.62 BSC -

eA/2 0.150 BSC 3.81 BSC -

L 0.125 0.200 3.18 5.08 -

Q 0.015 0.060 0.38 1.52 6

S1 0.005 - 0.13 - 7

α 90o 105o 90o 105o -

aaa - 0.015 - 0.38 -

bbb - 0.030 - 0.76 -

ccc - 0.010 - 0.25 -

M - 0.0015 - 0.038 2, 3

N 16 16 8

Rev. 0 4/94
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CD4049UB, CD4050B

Small Outline Plastic Packages (SOIC)

NOTES:

1. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of
Publication Number 95.

2. Dimensioning and tolerancing per ANSI Y14.5M-1982.

3. Dimension “D” does not include mold flash, protrusions or gate burrs.
Mold flash, protrusion and gate burrs shall not exceed 0.15mm (0.006
inch) per side.

4. Dimension “E” does not include interlead flash or protrusions. Interlead
flash and protrusions shall not exceed 0.25mm (0.010 inch) per side.

5. The chamfer on the body is optional. If it is not present, a visual index
feature must be located within the crosshatched area.

6. “L” is the length of terminal for soldering to a substrate.

7. “N” is the number of terminal positions.

8. Terminal numbers are shown for reference only.

9. The lead width “B”, as measured 0.36mm (0.014 inch) or greater above
the seating plane, shall not exceed a maximum value of 0.61mm (0.024
inch)

10. Controlling dimension: MILLIMETER. Converted inch dimensions are
not necessarily exact.

INDEX
AREA

E

D

N

1 2 3

-B-

0.25(0.010) C AM B S

e

-A-

L

B

M

-C-

A1

A

SEATING PLANE

0.10(0.004)

h x 45o

C

H 0.25(0.010) BM M

α

M16.3 (JEDEC MS-013-AA ISSUE C)
16 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE

SYMBOL

INCHES MILLIMETERS

NOTESMIN MAX MIN MAX

A 0.0926 0.1043 2.35 2.65 -

A1 0.0040 0.0118 0.10 0.30 -

B 0.013 0.0200 0.33 0.51 9

C 0.0091 0.0125 0.23 0.32 -

D 0.3977 0.4133 10.10 10.50 3

E 0.2914 0.2992 7.40 7.60 4

e 0.050 BSC 1.27 BSC -

H 0.394 0.419 10.00 10.65 -

h 0.010 0.029 0.25 0.75 5

L 0.016 0.050 0.40 1.27 6

N 16 16 7

α 0o 8o 0o 8o -

Rev. 0 12/93
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74AC00 • 74ACT00
Quad 2-Input NAND Gate

General Description
The AC/ACT00 contains four 2-input NAND gates.

Features
■ ICC reduced by 50%

■ Outputs source/sink 24 mA

■ ACT00 has TTL-compatible inputs

 

Ordering Code: 

Device also available in Tape and Reel. Specify by appending suffix letter “X” to the ordering form. (PC not available in Tape and Reel.)

Logic Symbol

IEEE/IEC

Connection Diagram

Pin Descriptions

FACT  is a trademark of Fairchild Semiconductor Corporation.

Order Number Package Number Package Description

74AC00SC M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150” Narrow Body

74AC00SJ M14D 14-Lead Small Outline Package (SOP), EIAJ Type II, 5.3mm Wide

74AC00MTC MTC14 14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide

74AC00PC N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide

74ACT00SC M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150” Narrow Body

74ACT00SJ M14D 14-Lead Small Outline Package (SOP), EIAJ Type II, 5.3mm Wide

74ACT00MTC MTC14 14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide

74ACT00PC N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide

Pin Names Description

An, Bn Inputs

On Outputs
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00 Absolute Maximum Ratings(Note 1) Recommended Operating

Conditions

Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, with-
out exception, to ensure that the system design is reliable over its power
supply, temperature, and output/input loading variables. Fairchild does not
recommend operation of FACT  circuits outside databook specifications.

DC Electrical Characteristics for AC

Note 2: All outputs loaded; thresholds on input associated with output under test.

Note 3: IIN and ICC @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V VCC.

Note 4: Maximum test duration 2.0 ms, one output loaded at a time.

Supply Voltage (VCC) −0.5V to +7.0V

DC Input Diode Current (IIK)

VI = −0.5V  −20 mA

VI = VCC + 0.5V +20 mA

DC Input Voltage (VI) −0.5V to VCC + 0.5V

DC Output Diode Current (IOK) 

VO = −0.5V −20 mA

VO = VCC + 0.5V +20 mA

DC Output Voltage (VO) −0.5V to VCC + 0.5V

DC Output Source

or Sink Current (IO)  ±50 mA

DC VCC or Ground Current

per Output Pin (ICC or IGND) ±50 mA

Storage Temperature (TSTG) −65°C to +150°C
Junction Temperature (TJ)

PDIP 140°C

Supply Voltage (VCC)

 AC 2.0V to 6.0V

 ACT 4.5V to 5.5V

Input Voltage (VI) 0V to VCC

Output Voltage (VO) 0V to VCC

Operating Temperature (TA) −40°C to +85°C
Minimum Input Edge Rate (∆V/∆t)

AC Devices

VIN from 30% to 70% of VCC

VCC @ 3.3V, 4.5V, 5.5V  125 mV/ns

Minimum Input Edge Rate (∆V/∆t) 

ACT Devices

VIN from 0.8V to 2.0V

VCC @ 4.5V, 5.5V  125 mV/ns

Symbol Parameter
VCC TA = +25°C TA = −40°C to +85°C

Units Conditions
(V) Typ Guaranteed Limits 

 VIH Minimum HIGH Level 3.0 1.5  2.1 2.1 VOUT = 0.1V

Input Voltage  4.5 2.25 3.15 3.15 V  or VCC − 0.1V

 5.5 2.75 3.85 3.85

VIL Maximum LOW Level  3.0 1.5 0.9 0.9 VOUT = 0.1V

 Input Voltage 4.5 2.25 1.35  1.35 V or VCC − 0.1V

5.5 2.75 1.65 1.65

 VOH Minimum HIGH Level 3.0 2.99  2.9 2.9

Output Voltage 4.5  4.49 4.4 4.4 V IOUT = −50 µA 

5.5 5.49 5.4 5.4

VIN = VIL or VIH

3.0 2.56 2.46 IOH = −12 mA

4.5 3.86 3.76 V IOH = −24 mA

5.5 4.86 4.76 IOH = −24 mA (Note 2)

 VOL Maximum LOW Level 3.0 0.002  0.1 0.1

Output Voltage 4.5  0.001 0.1 0.1 V IOUT = 50 µA

5.5 0.001 0.1  0.1

VIN = VIL or VIH

3.0 0.36 0.44 IOL = 12 mA

4.5  0.36 0.44 V IOL = 24 mA

5.5 0.36 0.44 IOL = 24 mA (Note 2)

IIN Maximum Input 
 5.5 ±0.1  ±1.0 µA VI = VCC, GND

(Note 3) Leakage Current

IOLD Minimum Dynamic  5.5 75 mA VOLD = 1.65V Max

IOHD Output Current (Note 4)  5.5 −75  mA VOHD = 3.85V Min

ICC Maximum Quiescent Supply Current 5.5  2.0 20.0 µA VIN = VCC or GND

(Note 3)
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DC Electrical Characteristics for ACT 

Note 5: All outputs loaded; thresholds on input associated with output under test.

Note 6: Maximum test duration 2.0 ms, one output loaded at a time.

AC Electrical Characteristics for AC

Note 7:  Voltage Range 3.3 is 3.3V ± 0.3V

Voltage Range 5.0 is 5.0V ± 0.5V

AC Electrical Characteristics for ACT

Note 8: Voltage Range 5.0 is 5.0V ±0.5V

Capacitance

Symbol Parameter
VCC TA = +25°C TA = −40°C to +85°C

Units Conditions
(V) Typ Guaranteed Limits 

 VIH Minimum HIGH Level 4.5 1.5 2.0 2.0
V

VOUT = 0.1V

Input Voltage 5.5 1.5 2.0 2.0 or VCC − 0.1V

VIL Maximum LOW Level 4.5 1.5 0.8 0.8
V

VOUT = 0.1V

Input Voltage 5.5 1.5 0.8 0.8 or VCC − 0.1V

VOH Minimum HIGH Level 4.5  4.49 4.4 4.4
V IOUT = −50 µA 

Output Voltage 5.5  5.49 5.4 5.4

VIN = VIL or VIH

4.5 3.86 3.76
V

IOH = −24 mA

5.5 4.86 4.76 IOH = −24 mA (Note 5)

VOL Maximum LOW Level 4.5 0.001 0.1 0.1
V IOUT = 50 µA

Output Voltage 5.5 0.001 0.1 0.1

VIN = VIL or VIH

4.5 0.36 0.44 V IOL = 24 mA

5.5 0.36 0.44 IOL = 24 mA (Note 5)

IIN Maximum Input
5.5 ±0.1 ±1.0 µA VI = VCC, GND

Leakage Current

ICCT Maximum ICC/Input 5.5 0.6 1.5 mA VI = VCC − 2.1V

IOLD Minimum Dynamic 5.5 75 mA VOLD = 1.65V Max

IOHD Output Current (Note 6) 5.5 −75  mA VOHD = 3.85V Min

ICC Maximum Quiescent
5.5 2.0 20.0 µA

VIN = VCC

Supply Current  or GND

 VCC TA = +25°C TA = −40°C to +85°C

Symbol  Parameter (V) CL = 50 pF CL = 50 pF Units

(Note 7) Min Typ Max Min Max

tPLH Propagation Delay 3.3 2.0 7.0 9.5 2.0 10.0
ns

5.0 1.5 6.0 8.0 1.5 8.5

tPHL Propagation Delay 3.3 1.5 5.5 8.0  1.0 8.5
ns

5.0 1.5 4.5 6.5  1.0 7.0

 VCC TA = +25°C TA = −40°C to +85°C

Symbol  Parameter (V) CL = 50 pF CL = 50 pF Units

(Note 8) Min Typ Max Min Max

tPLH Propagation Delay 5.0 1.5 5.5 9.0 1.0 9.5 ns

tPHL Propagation Delay 5.0 1.5  4.0 7.0 1.0 8.0 ns

Symbol  Parameter Typ Units Conditions

CIN Input Capacitance 4.5  pF VCC = Open

CPD Power Dissipation Capacitance 30.0 pF VCC = 5.0V
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LIFE SUPPORT POLICY

FAIRCHILD’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 FAIRCHILD
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 (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.
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Hex inverter 74HC04; 74HCT04

FEATURES

• Complies with JEDEC standard no. 8-1A

• ESD protection:
HBM EIA/JESD22-A114-A exceeds 2000 V
MM EIA/JESD22-A115-A exceeds 200 V.

• Specified from −40 to +85 °C and −40 to +125 °C.

DESCRIPTION

The 74HC/HCT04 are high-speed Si-gate CMOS devices
and are pin compatible with low power Schottky TTL
(LSTTL). They are specified in compliance with JEDEC
standard no. 7A. The 74HC/HCT04 provide six inverting
buffers.

QUICK REFERENCE DATA
GND = 0 V; Tamb = 25 °C; tr = tf ≤ 6.0 ns.

Notes

1. CPD is used to determine the dynamic power dissipation (PD in µW).

PD = CPD × VCC
2 × fi × N + Σ(CL × VCC

2 × fo) where:

fi = input frequency in MHz;

fo = output frequency in MHz;

CL = output load capacitance in pF;

VCC = supply voltage in Volts;

N = total load switching outputs;

Σ(CL × VCC
2 × fo) = sum of the outputs.

2. For 74HC04: the condition is VI = GND to VCC.

For 74HCT04: the condition is VI = GND to VCC − 1.5 V.

FUNCTION TABLE
See note 1.

Note

1. H = HIGH voltage level;

L = LOW voltage level.

SYMBOL PARAMETER CONDITIONS
TYPICAL

UNIT
HC04 HCT04

tPHL/tPLH propagation delay nA to nY CL = 15 pF; VCC = 5 V 7 8 ns

CI input capacitance 3.5 3.5 pF

CPD power dissipation capacitance per gate notes 1 and 2 21 24 pF

INPUT OUTPUT

nA nY

L H

H L



2003 Jul 23 3

Philips Semiconductors Product specification

Hex inverter 74HC04; 74HCT04

ORDERING INFORMATION

TYPE NUMBER
PACKAGE

TEMPERATURE RANGE PINS PACKAGE MATERIAL CODE

74HC04N −40 to +125 °C 14 DIP14 plastic SOT27-1

74HCT04N −40 to +125 °C 14 DIP14 plastic SOT27-1

74HC04D −40 to +125 °C 14 SO14 plastic SOT108-1

74HCT04D −40 to +125 °C 14 SO14 plastic SOT108-1

74HC04DB −40 to +125 °C 14 SSOP14 plastic SOT337-1

74HCT04DB −40 to +125 °C 14 SSOP14 plastic SOT337-1

74HC04PW −40 to +125 °C 14 TSSOP14 plastic SOT402-1

74HCT04PW −40 to +125 °C 14 TSSOP14 plastic SOT402-1

74HC04BQ −40 to +125 °C 14 DHVQFN14 plastic SOT762-1

74HCT04BQ −40 to +125 °C 14 DHVQFN14 plastic SOT762-1

PINNING

PIN SYMBOL DESCRIPTION

1 1A data input

2 1Y data output

3 2A data input

4 2Y data output

5 3A data input

6 3Y data output

7 GND ground (0 V)

8 4Y data output

9 4A data input

10 5Y data output

11 5A data input

12 6Y data output

13 6A data input

14 VCC supply voltage

handbook, halfpage

MNA340

04

1

2

3

4

5

6

7 8

14

13

12

11

10

9

1A

1Y

2A

2Y

3A

3Y

GND 4Y

4A

5Y

5A

6Y

6A

VCC

Fig.1 Pin configuration DIP14, SO14 and
(T)SSOP14.
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handbook, halfpage

1 14

GND(1)

1A VCC

7

2

3

4

5

6

1Y

2A

2Y

3A

3Y

13

12

11

10

9

6A

6Y

5A

5Y

4A

8

GNDTop view 4Y
MBL760

Fig.2  Pin configuration DHVQFN14.

(1) The die substrate is attached to this pad using conductive die
attach material. It can not be used as a supply pin or input.

Fig.3  Logic symbol.

handbook, halfpage

MNA342

1A 1Y1 2

2A 2Y3 4

3A 3Y5 6

4A 4Y9 8

5A 5Y11 10

6A 6Y13 12

handbook, halfpage
1

1
2

MNA343

3
1

4

5
1

6

9
1

8

11
1

10

13
1

12

Fig.4  IEC logic symbol. Fig.5  Logic diagram (one inverter).

handbook, halfpage

MNA341

A Y
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RECOMMENDED OPERATING CONDITIONS

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 60134); voltages are referenced to GND (ground = 0 V).

Notes

1. For DIP14 packages: above 70 °C derate linearly with 12 mW/K.

2. For SO14 packages: above 70 °C derate linearly with 8 mW/K.

For SSOP14 and TSSOP14 packages: above 60 °C derate linearly with 5.5 mW/K.

For DHVQFN14 packages: above 60 °C derate linearly with 4.5 mW/K.

SYMBOL PARAMETER CONDITIONS
74HC04 74HCT04

UNIT
MIN. TYP. MAX. MIN. TYP. MAX.

VCC supply voltage 2.0 5.0 6.0 4.5 5.0 5.5 V

VI input voltage 0 − VCC 0 − VCC V

VO output voltage 0 − VCC 0 − VCC V

Tamb ambient temperature see DC and AC
characteristics per
device

−40 +25 +125 −40 +25 +125 °C

tr, tf input rise and fall times VCC = 2.0 V − − 1000 − − − ns

VCC = 4.5 V − 6.0 500 − 6.0 500 ns

VCC = 6.0 V − − 400 − − − ns

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT

VCC supply voltage −0.5 +7.0 V

IIK input diode current VI < −0.5 V or VI > VCC + 0.5 V − ±20 mA

IOK output diode current VO < −0.5 V or VO > VCC + 0.5 V − ±20 mA

IO output source or sink
current

−0.5 V < VO < VCC + 0.5 V − ±25 mA

ICC, IGND VCC or GND current − ±50 mA

Tstg storage temperature −65 +150 °C
Ptot power dissipation

DIP14 package Tamb = −40 to +125 °C; note 1 − 750 mW

other packages Tamb = −40 to +125 °C; note 2 − 500 mW
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DC CHARACTERISTICS

Type 74HC04
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).

SYMBOL PARAMETER
TEST CONDITIONS

MIN. TYP. MAX. UNIT
OTHER VCC (V)

Tamb = 25 °C

VIH HIGH-level input voltage 2.0 1.5 1.2 − V

4.5 3.15 2.4 − V

6.0 4.2 3.2 − V

VIL LOW-level input voltage 2.0 − 0.8 0.5 V

4.5 − 2.1 1.35 V

6.0 − 2.8 1.8 V

VOH HIGH-level output voltage VI = VIH or VIL

IO = −20 µA 2.0 1.9 2.0 − V

IO = −20 µA 4.5 4.4 4.5 − V

IO = −4.0 mA 4.5 3.98 4.32 − V

IO = −20 µA 6.0 5.9 6.0 − V

IO = −5.2 mA 6.0 5.48 5.81 − V

VOL LOW-level output voltage VI = VIH or VIL

IO = 20 µA 2.0 − 0 0.1 V

IO = 20 µA 4.5 − 0 0.1 V

IO = 4.0 mA 4.5 − 0.15 0.26 V

IO = 20 µA 6.0 − 0 0.1 V

IO = 5.2 mA 6.0 − 0.16 0.26 V

ILI input leakage current VI = VCC or GND 6.0 − 0.1 ±0.1 µA

IOZ 3-state output OFF current VI = VIH or VIL;
VO = VCC or GND

6.0 − − ±.0.5 µA

ICC quiescent supply current VI = VCC or GND; IO = 0 6.0 − − 2 µA
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Tamb = −40 to +85 °C

VIH HIGH-level input voltage 2.0 1.5 − − V

4.5 3.15 − − V

6.0 4.2 − − V

VIL LOW-level input voltage 2.0 − − 0.5 V

4.5 − − 1.35 V

6.0 − − 1.8 V

VOH HIGH-level output voltage VI = VIH or VIL

IO = −20 µA 2.0 1.9 − − V

IO = −20 µA 4.5 4.4 − − V

IO = −4.0 mA 4.5 3.84 − − V

IO = −20 µA 6.0 5.9 − − V

IO = −5.2 mA 6.0 5.34 − − V

VOL LOW-level output voltage VI = VIH or VIL

IO = 20 µA 2.0 − − 0.1 V

IO = 20 µA 4.5 − − 0.1 V

IO = 4.0 mA 4.5 − − 0.33 V

IO = 20 µA 6.0 − − 0.1 V

IO = 5.2 mA 6.0 − − 0.33 V

ILI input leakage current VI = VCC or GND 6.0 − − ±1.0 µA

IOZ 3-state output OFF current VI = VIH or VIL;
VO = VCC or GND

6.0 − − ±.5.0 µA

ICC quiescent supply current VI = VCC or GND; IO = 0 6.0 − − 20 µA

SYMBOL PARAMETER
TEST CONDITIONS

MIN. TYP. MAX. UNIT
OTHER VCC (V)
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Tamb = −40 to +125 °C

VIH HIGH-level input voltage 2.0 1.5 − − V

4.5 3.15 − − V

6.0 4.2 − − V

VIL LOW-level input voltage 2.0 − − 0.5 V

4.5 − − 1.35 V

6.0 − − 1.8 V

VOH HIGH-level output voltage VI = VIH or VIL

IO = −20 µA 2.0 1.9 − − V

IO = −20 µA 4.5 4.4 − − V

IO = −20 µA 6.0 5.9 − − V

IO = −4.0 mA 4.5 3.7 − − V

IO = −5.2 mA 6.0 5.2 − − V

VOL LOW-level output voltage VI = VIH or VIL

IO = 20 µA 2.0 − − 0.1 V

IO = 20 µA 4.5 − − 0.1 V

IO = 20 µA 6.0 − − 0.1 V

IO = 4.0 mA 4.5 − − 0.4 V

IO = 5.2 mA 6.0 − − 0.4 V

ILI input leakage current VI = VCC or GND 6.0 − − ±1.0 µA

IOZ 3-state output OFF current VI = VIH or VIL;
VO = VCC or GND

6.0 − − ±10.0 µA

ICC quiescent supply current VI = VCC or GND; IO = 0 6.0 − − 40 µA

SYMBOL PARAMETER
TEST CONDITIONS

MIN. TYP. MAX. UNIT
OTHER VCC (V)
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Type 74HCT04
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).

SYMBOL PARAMETER
TEST CONDITIONS

MIN. TYP. MAX. UNIT
OTHER VCC (V)

Tamb = 25 °C

VIH HIGH-level input voltage 4.5 to 5.5 2.0 1.6 − V

VIL LOW-level input voltage 4.5 to 5.5 − 1.2 0.8 V

VOH HIGH-level output voltage VI = VIH or VIL

IO = −20 µA 4.5 4.4 4.5 − V

IO = −4.0 mA 4.5 3.84 4.32 − V

VOL LOW-level output voltage VI = VIH or VIL

IO = 20 µA 4.5 − 0 0.1 V

IO = 4.0 mA 4.5 − 0.15 0.26 V

ILI input leakage current VI = VCC or GND 5.5 − − ±0.1 µA

IOZ 3-state output OFF current VI = VIH or VIL;
VO = VCC or GND;
IO = 0

5.5 − − ±0.5 µA

ICC quiescent supply current VI = VCC or GND;
IO = 0

5.5 − − 2 µA

∆ICC additional supply current per input VI = VCC − 2.1 V;
IO = 0

4.5 to 5.5 − 120 432 µA

Tamb = −40 to +85 °C

VIH HIGH-level input voltage 4.5 to 5.5 2.0 − − V

VIL LOW-level input voltage 4.5 to 5.5 − − 0.8 V

VOH HIGH-level output voltage VI = VIH or VIL −
IO = −20 µA 4.5 4.4 − − V

IO = −4.0 mA 4.5 3.84 − − V

VOL LOW-level output voltage VI = VIH or VIL −
IO = 20 µA 4.5 − − 0.1 V

IO = 4.0 mA 4.5 − − 0.33 V

ILI input leakage current VI = VCC or GND 5.5 − − ±1.0 µA

IOZ 3-state output OFF current VI = VIH or VIL;
VO = VCC or GND;
IO = 0

5.5 − − ±5.0 µA

ICC quiescent supply current VI = VCC or GND;
IO = 0

5.5 − − 20 µA

∆ICC additional supply current per input VI = VCC − 2.1 V;
IO = 0

4.5 to 5.5 − − 540 µA
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Tamb = −40 to +125 °C

VIH HIGH-level input voltage 4.5 to 5.5 2.0 − − V

VIL LOW-level input voltage 4.5 to 5.5 − − 0.8 V

VOH HIGH-level output voltage VI = VIH or VIL

IO = −20 µA 4.5 4.4 − − V

IO = −4.0 mA 4.5 3.7 − − V

VOL LOW-level output voltage VI = VIH or VIL

IO = 20 µA 4.5 − − 0.1 V

IO = 4.0 mA 4.5 − − 0.4 V

ILI input leakage current VI = VCC or GND 5.5 − − ±1.0 µA

IOZ 3-state output OFF current VI = VIH or VIL;
VO = VCC or GND;
IO = 0

5.5 − − ±10 µA

ICC quiescent supply current VI = VCC or GND;
IO = 0

5.5 − − 40 µA

∆ICC additional supply current per input VI = VCC − 2.1 V;
IO = 0

4.5 to 5.5 − − 590 µA

SYMBOL PARAMETER
TEST CONDITIONS

MIN. TYP. MAX. UNIT
OTHER VCC (V)
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AC CHARACTERISTICS

Family 74HC04
GND = 0 V; tr = tf ≤ 6.0 ns; CL = 50 pF.

SYMBOL PARAMETER
TEST CONDITIONS

MIN. TYP. MAX. UNIT
WAVEFORMS VCC (V)

Tamb = 25 °C

tPHL/tPLH propagation delay
nA to nY

see Figs 6 and 7 2.0 − 25 85 ns

4.5 − 9 17 ns

6.0 − 7 14 ns

tTHL/tTLH output transition time see Figs 6 and 7 2.0 − 19 75 ns

4.5 − 7 15 ns

6.0 − 6 13 ns

Tamb = −40 to +85 °C

tPHL/tPLH propagation delay
nA to nY

see Figs 6 and 7 2.0 − − 105 ns

4.5 − − 21 ns

6.0 − − 18 ns

tTHL/tTLH output transition time see Figs 6 and 7 2.0 − − 95 ns

4.5 − − 19 ns

6.0 − − 16 ns

Tamb = −40 to +125 °C

tPHL/tPLH propagation delay
nA to nY

see Figs 6 and 7 2.0 − − 130 ns

4.5 − − 26 ns

6.0 − − 22 ns

tTHL/tTLH output transition time see Figs 6 and 7 2.0 − − 110 ns

4.5 − − 22 ns

6.0 − − 19 ns
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Family 74HCT04
GND = 0 V; tr = tf ≤ 6.0 ns; CL = 50 pF.

AC WAVEFORMS

SYMBOL PARAMETER
TEST CONDITIONS

MIN. TYP. MAX. UNIT
WAVEFORMS VCC (V)

Tamb = 25 °C

tPHL/tPLH propagation delay
nA to nY

see Figs 6 and 7 4.5 − 10 19 ns

tTHL/tTLH output transition time see Figs 6 and 7 4.5 − 7 15 ns

Tamb = −40 to +85 °C

tPHL/tPLH propagation delay
nA to nY

see Figs 6 and 7 4.5 − − 24 ns

tTHL/tTLH output transition time see Figs 6 and 7 4.5 − − 19 ns

Tamb = −40 to +125 °C

tPHL/tPLH propagation delay
nA to nY

see Figs 6 and 7 4.5 − − 29 ns

tTHL/tTLH output transition time see Figs 6 and 7 4.5 − − 22 ns

handbook, halfpage

MNA722

tPLHtPHL

VMVM

90%

10%

VM VM

nY output

nA input

VI

GND

VOH

VOL

tTLHtTHL

Fig.6 Waveforms showing the data input (nA) to data output (nY) propagation delays and the output transition
times.

For 74HC04: VM = 50%; VI = GND to VCC.

For 74HCT04: VM = 1.3 V; VI = GND to 3.0 V.
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handbook, halfpage

MGK565

PULSE
GENERATOR D.U.T

VCC

VI VO

RT CL 50 pF

Fig.7  Load circuitry for switching times.

Definitions for test circuit:

CL = Load capacitance including jig and probe capacitance.

RT = Termination resistance should be equal to the output impedance Zo of the pulse generator.
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PACKAGE OUTLINES

UNIT A
max.

1 2 (1) (1)b1 c D
(1)ZE e MHL

 REFERENCESOUTLINE
VERSION

EUROPEAN
PROJECTION ISSUE DATE

 IEC  JEDEC  JEITA

mm

inches

DIMENSIONS (inch dimensions are derived from the original mm dimensions)

SOT27-1
99-12-27
03-02-13

A  
min.

A  
max. b max.

wMEe1

1.73
1.13

0.53
0.38

0.36
0.23

19.50
18.55

6.48
6.20

3.60
3.05 0.2542.54 7.62

8.25
7.80

10.0
8.3 2.24.2 0.51 3.2

0.068
0.044

0.021
0.015

0.77
0.73

0.014
0.009

0.26
0.24

0.14
0.12 0.010.1 0.3

0.32
0.31

0.39
0.33 0.0870.17 0.02 0.13

050G04 MO-001 SC-501-14

MH

c

(e  )1

ME

A

L

se
at

in
g 

pl
an

e

A1

w M
b1

e

D

A2

Z

14

1

8

7

b

E

pin 1 index

0 5 10 mm

scale

Note

1. Plastic or metal protrusions of 0.25 mm (0.01 inch) maximum per side are not included. 

DIP14: plastic dual in-line package; 14 leads (300 mil) SOT27-1
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UNIT
A

max. A1 A2 A3 bp c D(1) E(1) (1)e HE L L p Q Zywv θ

 REFERENCESOUTLINE
VERSION

EUROPEAN
PROJECTION ISSUE DATE

 IEC  JEDEC  JEITA

mm

inches

1.75
0.25
0.10

1.45
1.25 0.25

0.49
0.36

0.25
0.19

8.75
8.55

4.0
3.8

1.27
6.2
5.8

0.7
0.6

0.7
0.3 8

0

o

o

0.25 0.1

DIMENSIONS (inch dimensions are derived from the original mm dimensions)

Note

1. Plastic or metal protrusions of 0.15 mm (0.006 inch) maximum per side are not included. 

1.0
0.4

 SOT108-1

X

w M

θ

AA1

A2

bp

D

HE

Lp

Q

detail X

E

Z

e

c

L

v M A

(A  )3

A

7

8

1

14

y

 076E06  MS-012

pin 1 index

0.069
0.010
0.004

0.057
0.049 0.01

0.019
0.014

0.0100
0.0075

0.35
0.34

0.16
0.15

0.05

1.05

0.041
0.244
0.228

0.028
0.024

0.028
0.0120.01

0.25

0.01 0.004
0.039
0.016

99-12-27
03-02-19

0 2.5 5 mm

scale

SO14: plastic small outline package; 14 leads; body width 3.9 mm SOT108-1
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UNIT A1 A2 A3 bp c D (1) E (1) e HE L L p Q Zywv θ

 REFERENCESOUTLINE
VERSION

EUROPEAN
PROJECTION ISSUE DATE

 IEC  JEDEC  JEITA

mm 0.21
0.05

1.80
1.65 0.25

0.38
0.25

0.20
0.09

6.4
6.0

5.4
5.2 0.65 1.25 0.2

7.9
7.6

1.03
0.63

0.9
0.7

1.4
0.9

8
0

o

o0.13 0.1

DIMENSIONS (mm are the original dimensions)

Note

1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 

 SOT337-1
99-12-27
03-02-19

(1)

w M
bp

D

HE

E

Z

e

c

v M A

X
A

y

1 7

14 8

θ

A
A1

A2

Lp

Q

detail X

L

(A  )3

 MO-150

pin 1 index

0 2.5 5 mm

scale

SSOP14: plastic shrink small outline package; 14 leads; body width 5.3 mm SOT337-1

A
max.

2



2003 Jul 23 17

Philips Semiconductors Product specification

Hex inverter 74HC04; 74HCT04

UNIT A1 A2 A3 bp c D (1) E (2) (1)e HE L L p Q Zywv θ

 REFERENCESOUTLINE
VERSION

EUROPEAN
PROJECTION ISSUE DATE

 IEC  JEDEC  JEITA

mm 0.15
0.05

0.95
0.80

0.30
0.19

0.2
0.1

5.1
4.9

4.5
4.3 0.65

6.6
6.2

0.4
0.3

0.72
0.38

8
0

o

o0.13 0.10.21

DIMENSIONS (mm are the original dimensions)

Notes

1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.

2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.

0.75
0.50
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DHVQFN14: plastic dual in-line compatible thermal enhanced very thin quad flat package; no leads;
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DATA SHEET STATUS

Notes

1. Please consult the most recently issued data sheet before initiating or completing a design.

2. The product status of the device(s) described in this data sheet may have changed since this data sheet was
published. The latest information is available on the Internet at URL http://www.semiconductors.philips.com.

3. For data sheets describing multiple type numbers, the highest-level product status determines the data sheet status.

LEVEL
DATA SHEET

STATUS(1)
PRODUCT

STATUS(2)(3) DEFINITION

I Objective data Development This data sheet contains data from the objective specification for product
development. Philips Semiconductors reserves the right to change the
specification in any manner without notice.

II Preliminary data Qualification This data sheet contains data from the preliminary specification.
Supplementary data will be published at a later date. Philips
Semiconductors reserves the right to change the specification without
notice, in order to improve the design and supply the best possible
product.

III Product data Production This data sheet contains data from the product specification. Philips
Semiconductors reserves the right to make changes at any time in order
to improve the design, manufacturing and supply. Relevant changes will
be communicated via a Customer Product/Process Change Notification
(CPCN).

DEFINITIONS

Short-form specification  The data in a short-form
specification is extracted from a full data sheet with the
same type number and title. For detailed information see
the relevant data sheet or data handbook.

Limiting values definition  Limiting values given are in
accordance with the Absolute Maximum Rating System
(IEC 60134). Stress above one or more of the limiting
values may cause permanent damage to the device.
These are stress ratings only and operation of the device
at these or at any other conditions above those given in the
Characteristics sections of the specification is not implied.
Exposure to limiting values for extended periods may
affect device reliability.

Application information  Applications that are
described herein for any of these products are for
illustrative purposes only. Philips Semiconductors make
no representation or warranty that such applications will be
suitable for the specified use without further testing or
modification.

DISCLAIMERS

Life support applications  These products are not
designed for use in life support appliances, devices, or
systems where malfunction of these products can
reasonably be expected to result in personal injury. Philips
Semiconductors customers using or selling these products
for use in such applications do so at their own risk and
agree to fully indemnify Philips Semiconductors for any
damages resulting from such application.

Right to make changes  Philips Semiconductors
reserves the right to make changes in the products -
including circuits, standard cells, and/or software -
described or contained herein in order to improve design
and/or performance. When the product is in full production
(status ‘Production’), relevant changes will be
communicated via a Customer Product/Process Change
Notification (CPCN). Philips Semiconductors assumes no
responsibility or liability for the use of any of these
products, conveys no licence or title under any patent,
copyright, or mask work right to these products, and
makes no representations or warranties that these
products are free from patent, copyright, or mask work
right infringement, unless otherwise specified.



© Koninklijke Philips Electronics N.V. 2003 SCA75
All rights are reserved. Reproduction in whole or in part is prohibited without the prior written consent of the copyright owner.

The information presented in this document does not form part of any quotation or contract, is believed to be accurate and reliable and may be changed
without notice. No liability will be accepted by the publisher for any consequence of its use. Publication thereof does not convey nor imply any license
under patent- or other industrial or intellectual property rights.

Philips Semiconductors – a worldwide company

Contact information

For additional information please visit http://www.semiconductors.philips.com . Fax: +31 40 27 24825
For sales offices addresses send e-mail to: sales.addresses@www.semiconductors.philips.com .

Printed in The Netherlands 613508/03/pp20  Date of release: 2003 Jul 23 Document order number:  9397 750 11256



5-185

FAST AND LS TTL DATA

DUAL JK NEGATIVE
EDGE-TRIGGERED FLIP-FLOP

The SN54 /74LS112A dual JK flip-flop features individual J, K, clock, and
asynchronous set and clear inputs to each flip-flop. When the clock goes
HIGH, the inputs are enabled and data will be accepted. The logic level of the
J and K inputs may be allowed to change when the clock pulse is HIGH and
the bistable will perform according to the truth table as long as minimum set-up
and hold time are observed. Input data is transferred to the outputs on the
negative-going edge of the clock pulse.

LOGIC DIAGRAM (Each Flip-Flop)
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MODE SELECT — TRUTH TABLE

OPERATING MODE
INPUTS OUTPUTS

OPERATING MODE
SD CD J K Q Q

Set
Reset (Clear)
*Undetermined
Toggle
Load “0” (Reset)
Load “1” (Set)
Hold

L
H
L
H
H
H
H

H
L
L
H
H
H
H

X
X
X
h
l
h
l

X
X
X
h
h
l
l

H
L
H
q
L
H
q

L
H
H
q
H
L
q

* Both outputs will be HIGH while both SD and CD are LOW, but the output states
are unpredictable if SD and CD go HIGH simultaneously.

H, h = HIGH Voltage Level
L, I = LOW Voltage Level
X = Don’t Care
l, h (q) = Lower case letters indicate the state of the referenced input (or output)
l, h (q) = one set-up time prior to the HIGH to LOW clock transition.

SN54/74LS112A

DUAL JK NEGATIVE
EDGE-TRIGGERED FLIP-FLOP

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC

CASE 620-09

N SUFFIX
PLASTIC

CASE 648-08

16
1

16

1

ORDERING INFORMATION

SN54LSXXXJ Ceramic
SN74LSXXXN Plastic
SN74LSXXXD SOIC

16
1

D SUFFIX
SOIC

CASE 751B-03

LOGIC SYMBOL
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SN54/74LS112A

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit

VCC Supply Voltage 54
74

4.5
4.75

5.0
5.0

5.5
5.25

V

TA Operating Ambient Temperature Range 54
74

–55
0

25
25

125
70

°C

IOH Output Current — High 54, 74 –0.4 mA

IOL Output Current — Low 54
74

4.0
8.0

mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Symbol Parameter

Limits

Unit Test ConditionsSymbol Parameter Min Typ Max Unit Test Conditions

VIH Input HIGH Voltage 2.0 V
Guaranteed Input HIGH Voltage for
All Inputs

VIL Input LOW Voltage
54 0.7

V
Guaranteed Input LOW Voltage for
All InputsVIL Input LOW Voltage

74 0.8
V

Guaranteed Input LOW Voltage for
All Inputs

VIK Input Clamp Diode Voltage –0.65 –1.5 V VCC = MIN, IIN = –18 mA

VOH Output HIGH Voltage
54 2.5 3.5 V VCC = MIN, IOH = MAX,  VIN = VIH

or VIL per Truth Table
VOH Output HIGH Voltage

54 2.5 3.5 V VCC = MIN, IOH = MAX,  VIN = VIH
or VIL per Truth Table

VOH Output HIGH Voltage
74 2.7 3.5 V

VCC = MIN, IOH = MAX,  VIN = VIH
or VIL per Truth Table

VOL Output LOW Voltage
54, 74 0.25 0.4 V IOL = 4.0 mA VCC = VCC MIN,

VIN = VIL or VIH
per Truth Table

VOL Output LOW Voltage
74 0.35 0.5 V IOL = 8.0 mA

VIN = VIL or VIH
per Truth Table

IIH Input HIGH Current

J, K
Set, Clear
Clock

20
60
80

µA VCC = MAX, VIN = 2.7 V

IIH Input HIGH Current
J, K
Set, Clear
Clock

0.1
0.3
0.4

mA VCC = MAX, VIN = 7.0 V

IIL
Input LOW Current J, K

Clear, Set, Clk
–0.4
–0.8 mA VCC = MAX, VIN = 0.4 V

IOS Short Circuit Current (Note 1) –20 –100 mA VCC = MAX

ICC Power Supply Current 6.0 mA VCC = MAX

Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.

AC CHARACTERISTICS (TA = 25°C, VCC = 5.0 V)

Symbol Parameter

Limits

Unit Test ConditionsSymbol Parameter Min Typ Max Unit Test Conditions

fMAX Maximum Clock Frequency 30 45 MHz
VCC = 5.0 V
CL = 15 pFtPLH

tPHL

Propagation Delay, Clock
Clear, Set to Output

15 20 ns
VCC = 5.0 V
CL = 15 pFtPLH

tPHL

Propagation Delay, Clock
Clear, Set to Output 15 20 ns

CL = 15 pF

AC SETUP REQUIREMENTS (TA = 25°C, VCC = 5.0 V)

Symbol Parameter

Limits

Unit Test ConditionsSymbol Parameter Min Typ Max Unit Test Conditions

tW Clock Pulse Width High 20 ns

VCC = 5.0 V
tW Clear, Set Pulse Width 25 ns

VCC = 5.0 V
ts Setup Time 20 ns

VCC = 5.0 V

th Hold Time 0 ns
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Motorola reserves the right to make changes without further notice to any products herein.  Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
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