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ΠΕΡΙΛΗΨΗ ΠΤΥΧΙΑΚΗΣ 

Στα πλαίσια αυτής της εργασίας σχεδιάστηκε και κατασκευάστηκε µια 

µονάδα χρονικής καθυστέρησης παλµών TTL µε βήµα 1nsec και 

µέγιστη καθυστέρηση περίπου 1µsec.  Η υλοποίηση στηρίχτηκε σε 

ειδικά ολοκληρωµένα κυκλώµατα που κατασκευάζονται για να 

υλοποιούν χρονοκαθυστερήσεις. Το τελικό αποτέλεσµα είναι ένα 

κύκλωµα καθυστέρησης χρόνου παλµών, ικανό να παράγει 

προγραµµατιζόµενες χρονοκαθυστερήσεις ειδικά σχεδιασµένο και 

κατασκευασµένο για λειτουργία σε περιβάλλον µε υψηλό θόρυβο.  
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  ΕΕΙΙΣΣΑΑΓΓΩΩΓΓΗΗ  

Ένα σύστηµα του οποίου το σήµα εξόδου είναι καθυστερηµένο κατά 

ένα καθορισµένο χρονικό διάστηµα σε σχέση µε το σήµα εισόδου του 

ονοµάζεται κύκλωµα καθυστέρησης χρόνου. Στις πρώτες µορφές των 

κυκλωµάτων καθυστέρησης οι πληροφορίες εισάγονταν µε τη µορφή 

ηλεκτρικών σηµάτων και µετατρέπονταν σε µηχανικά κύµατα που 

µεταδίδονταν σχετικά αργά σε ένα µέσο, όπως ένα κύλινδρο γεµάτο 

µε υγρό, υδράργυρο, µαγνητικό πηνίο, ή πιεζοηλεκτρικό κρύσταλλο. 

Μόλις, τα κύµατα, έφταναν στο άλλο άκρο του µέσου µετάδοσης, 

µετατρέπονταν και πάλι σε ηλεκτρικά σήµατα, καθυστερηµένα κατά 

το χρόνο µετάδοσής τους στο µέσο. Σήµερα υπάρχουν ειδικά 

ολοκληρωµένα κυκλώµατα που κατασκευάζονται ειδικά για να 

υλοποιούν χρονοκαθυστερήσεις. Η συγκεκριµένη εργασία περιγράφει 

ένα κύκλωµα καθυστέρησης χρόνου παλµών, στηριγµένο σε τέτοια 

ολοκληρωµένα κυκλώµατα, ειδικά σχεδιασµένο και κατασκευασµένο 

για λειτουργία σε περιβάλλον µε υψηλό θόρυβο και παράγει 

προγραµµατιζόµενες χρονοκαθυστερήσεις. 

 

 ΑΝΤΙΚΕΙΜΕΝΟ ΤΗΣ ΕΡΓΑΣΙΑΣ 

 Στην συγκεκριµένη πτυχιακή εργασία σχεδιάστηκε και 

κατασκευάστηκε µία µονάδα καθυστέρησης παλµών τάσεως TTL 

διακριτικής ικανότητας του νανοδευτερολέπτου. Ακόµα 

πραγµατοποιήθηκαν πειραµατικές µετρήσεις στο εργαστήριο 

Οπτοηλεκτρονικής, Laser & Τεχνολογιών Πλάσµατος του Τµήµατος 

Ηλεκτρονικής στα Χανιά οι οποίες και παρουσιάζονται στη συνέχει 

αυτής της εργασίας.  



 

 

 ΣΚΟΠΟΣ ΤΗΣ ΕΡΓΑΣΙΑΣ 

Σκοπός της παρούσας πτυχιακής εργασίας είναι η εύρεση του 

καλύτερου δυνατού τρόπου για να πετύχουµε καθυστέρηση της 

τάξεως του νανοδευτερολέπτου ηλεκτρονικά. 

 ∆ΙΑΡΘΡΩΣΗ ΤΗΣ ∆ΙΠΛΩΜΑΤΙΚΗΣ 

  

Η διπλωµατική εργασία αποτελείται από 5 ακόµα κεφάλαια η 

διάρθρωση των οποίων έχει ως ακολούθως. Στο Κεφάλαιο 2 

παρατίθενται µία ιστορική αναδροµή σχετικά µε το πως 

δηµιουργήθηκε η ανάγκη για τα συστήµατα καθυστερήσεων (delay 

lines). Στο Κεφάλαιο 3 γίνεται αναφορά για ορισµένους από τους 

τρόπους που µπορούµε να επιτύχουµε χρονική καθυστέρηση στα 

ηλεκτρονικά. Στο Κεφάλαιο 4 γίνεται περιγραφή της µονάδας που 

κατασκευάσαµε ενώ στο Κεφάλαιο 5 παρουσιάζονται οι 

εργαστηριακές µετρήσεις που πραγµατοποιήθηκαν στο εργαστήριο 

Οπτοηλεκτρονικής, Laser & Τεχνολογιών Πλάσµατος του Τµήµατος 

Ηλεκτρονικής του ΤΕΙ Κρήτης στα Χανιά και αναφέρονται τα 

συµπεράσµατά µας. 
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  ΙΙΣΣΤΤΟΟΡΡΙΙΚΚΗΗ  ΑΑΝΝΑΑ∆∆ΡΡΟΟΜΜΗΗ
55  

 

Ένα σύστηµα του οποίου το σήµα εξόδου είναι καθυστερηµένο κατά 

ένα καθορισµένο χρονικό διάστηµα σε σχέση µε το σήµα εισόδου του 

ονοµάζεται κύκλωµα καθυστέρησης χρόνου. Στις πρώτες µορφές των 

κυκλωµάτων καθυστέρησης, οι πληροφορίες εισάγονταν µε τη µορφή 

ηλεκτρικών σηµάτων και µετατρέπονταν σε µηχανικά κύµατα που 

µεταδίδονταν σχετικά αργά µε ένα µέσο, όπως ένα κύλινδρο γεµάτο 

µε υγρό, υδράργυρο, µαγνητικό πηνίο, ή πιεζοηλεκτρικό κρύσταλλο. 

Το µέσο µετάδοσης θα µπορούσε να υποστηρίξει τη διάδοση 

εκατοντάδων ή χιλιάδων παλµών ανά πάσα στιγµή. Μόλις, τα 

κύµατα, έφταναν στο άλλο άκρο του µέσου µετάδοσης, 

µετατρέπονταν και πάλι σε ηλεκτρικά σήµατα, καθυστερηµένα κατά 

το χρόνο µετάδοσής τους στο µέσο. Ο χρόνος αναµονής που 

απαιτούνταν για να φθάσουν οι παλµοί του ενδιαφέροντός µας στο 

τέλος του µέσου ήταν συνήθως της τάξης των µικροδευτερολέπτων. 

 

Η βασική ιδέα του συστήµατος καθυστέρησης προέρχεται από τις 

έρευνες κατά την διάρκεια του  Β' Παγκόσµιου Πολέµου επάνω στα 

ραντάρ, ως ένα σύστηµα για τη µείωση των ακαταστασίας από 

αντανακλάσεις από το έδαφος και άλλα "σταθερά" αντικείµενα.  

 

 ∆ιάφοροι τύποι συστηµάτων καθυστέρησης εφευρέθηκαν για το 

σκοπό αυτό, µε κοινή αρχή ότι οι πληροφορίες  αποθηκεύονταν 

ηχητικά σε ένα µέσο. Το MIT πειραµατίστηκε µε διάφορα συστήµατα, 

συµπεριλαµβανοµένων γυαλί, χαλαζία, χάλυβα και  µόλυβδο. Η 

Ιαπωνία ανέπτυξε ένα σύστηµα που αποτελούνταν από ένα στοιχείο 
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χαλαζία µε επίστρωση σκόνης γυαλιού που µείωνε τα επιφανειακά 

κύµατα τα οποία ερχόντουσαν αντίθετα µέσω  µιας κατάλληλης 

υποδοχής. Στις Ηνωµένες Πολιτείες στο Ναυτικό ερευνητικό κέντρο 

χρησιµοποιούνταν ράβδοι χάλυβα τυλιγµένοι σε µια έλικα, αλλά αυτό 

ήταν χρήσιµο µόνο για χαµηλές συχνότητες κάτω του 1 MHz.  

 

Το πρώτο πρακτικό de-cluttering σύστηµα που βασίζεται στην έννοια 

αυτή αναπτύχθηκε από τον J. Presper Eckert στο Πανεπιστήµιο της 

Πενσυλβάνια στην σχολή Moore στο τµήµα  Ηλεκτρολόγων 

Μηχανικών. Η ιδέα του βασιζόταν σε µια στήλη υδραργύρου µε 

πιεζοηλεκτρικούς κρυστάλλους  σαν αισθητήρες (συνδυασµός ηχείου 

και µικροφώνου) στα δύο άκρα.  

 

Μετά τον πόλεµο ο Eckert έστρεψε την προσοχή του στην ανάπτυξη 

του υπολογιστή. Ένα πρόβληµα µε την πρακτική της ανάπτυξης ήταν 

η έλλειψη κατάλληλης συσκευής µνήµης, και το έργο Eckert σχετικά 

µε τις καθυστερήσεις ραντάρ σήµαινε ότι είχε ένα σηµαντικό 

πλεονέκτηµα σε σχέση µε άλλους ερευνητές στο θέµα αυτό. 

Σήµερα η αλµατώδης εξέλιξη των ηλεκτρονικών έχει προσφέρει µια 

πληθώρα λύσεων για τη δηµιουργία καθυστερήσεων χρόνου που 

σίγουρα καλύπτουν οποιαδήποτε ανάγκη. Τα κυκλώµατα αυτά 

χωρίζονται σε δύο µεγάλες κατηγορίες, αυτά που καθυστερούν 

αναλογικά ηλεκτρικά σήµατα και εκείνα που καθυστερούν παλµούς. 

Τα γνωστότερα τέτοια κυκλώµατα που ανήκουν στην πρώτη 

κατηγορία είναι αυτά που δηµιουργούν ηχώ και βάθος σε σήµατα 

ήχου. Στη δεύτερη κατηγορία ανήκουν κυρίως κυκλώµατα που 

δηµιουργούν διαδοχές παλµών για το συγχρονισµό συµβάντων. 

Το κύκλωµα που ασχολείται αυτή η εργασία είναι ένα κύκλωµα 

χρονικής καθυστέρησης παλµών. 
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  ΚΚΕΕΦΦΑΑΛΛΑΑΙΙΟΟ  33  

ΤΡΟΠΟΙ ΠΟΥ ΧΡΗΣΙΜΟΠΟΙΟΥΝΤΑΙ ΓΙΑ ΝΑ 

ΕΠΙΤΕΥΧΘΕΙ ΧΡΟΝΙΚΗ ΚΑΘΥΣΤΕΡΗΣΗ 

ΣΤΑ  ΗΛΕΚΤΡΟΝΙΚΑ 

 

 3.1 RC ΜΟΝΑ∆Α ΚΑΘΥΣΤΕΡΗΣΗΣ 

 

 

 

Σχ. 1. Κύκλωµα RC 

 

 

 Η πιο συνηθισµένη µέθοδος για τη παραγωγή χρονοκαθυστερήσεων 

παλµών στα ηλεκτρονικά χρησιµοποιεί ένα δικτύωµα αντίστασης – 

πυκνωτή (RC)1, όπως φαίνεται στο Σχ.1. Σήµερα είναι διαθέσιµη µια 

ποικιλία ολοκληρωµένων κυκλωµάτων που µπορούν να παραγάγουν 

καθυστέρηση  χρόνου χρησιµοποιώντας ένα δικτύωµα RC . Το πιο 

δηµοφιλές από αυτά είναι το 555 σε συνδεσµολογία µονοσταθούς 

πολυδονητή. 
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 3.2 RC ΜΟΝΟΣΤΑΘΗΣ ΠΟΛΥ∆ΟΝΗΤΗΣ 555 

 

 

 

 

 

 

 

 

Σχ. 2. RC 555  µονοσταθής πολυδονητής 
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Σε λειτουργία µονοσταθή πολυδονητή3, ο χρονιστής 555 λειτουργεί 

ως κύκλωµα «µίας βολής» (one-shot). Η συνδεσµολογία για να 

επιτευχθεί ένα τέτοιο κύκλωµα φαίνεται στο Σχ. 3.  Αρχικά ο 

πυκνωτής είναι πλήρως εκφορτισµένος και διατηρείται έτσι από τον 

ακροδέκτη “discharge”. Όταν στο κύκλωµα έλθει ένας παλµός 

ενεργοποίησης (αρνητικό µέτωπο στον ακροδέκτη  “trigger” ο 

πυκνωτής C αρχίζει να φορτίζει µέσω της αντίστασης  RA. Όταν η 

τάση στα άκρα του πυκνωτή φτάσει στα 2/3 της τάσης τροφοδοσίας 

τότε θα εµφανιστεί στην έξοδο του κυκλώµατος ένα αρνητικό µέτωπο. 

Η χρονική καθυστέρηση εξαρτάται από τη σταθερά χρόνου «τ» (τ= 

RC).  

 

Η χρονική καθυστέρηση t είναι ουσιαστικά ο χρόνος που χρειάζεται 

για να ανέβει η τάση στον πυκνωτή C στα 2/3 της τάσης τροφοδοσίας 

και δίνεται από τον τύπο: 

 

    t = 1,1 RC 

όπου t σε δευτερόλεπτα, R είναι σε Ohm και C είναι σε farads. 
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 Σχ. 3. Κύκλωµα RC 555 µονοσταθή πολυδονητή 

 

 

 

Σχ. 4. Οι σχέσεις του σήµατος ενεργοποίησης, η τάση για την Γ και του εύρους του 

παλµού στο µονοσταθής λειτουργία 
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Τα κυκλώµατα καθυστέρησης χρόνου RC αποτελούν µια απλή και 

αξιόπιστη λύση. Όµως στην επίτευξη πολύ µεγάλων και πολύ µικρών 

χρόνων καθυστέρησης παρουσιάζουν προβλήµατα. Στους πολύ 

µεγάλους χρόνους (>1hr) το ρεύµα φόρτισης της χωρητικότητας 

µικραίνει πολύ µε αποτέλεσµα η διαρροή της χωρητικότητας και η 

αντίσταση εισόδου του παράλληλου κυκλώµατος να δηµιουργούν 

σηµαντικά σφάλµατα στον χρόνο καθυστέρησης. Σε πολύ µικρούς 

χρόνους (της τάξης των nsec) ο έλεγχος του χρόνου καθυστέρησης, 

ο οποίος γίνεται συνήθως µε κάποια µεταβλητή αντίσταση, εισάγει 

προβλήµατα και καθώς η χωρητικότητα και η αντίσταση αποκτούν 

πολύ χαµηλές τιµές το κόστος του υπόλοιπου κυκλώµατος ανεβαίνει 

προκειµένου να διατηρηθεί η αξιοπιστία του. Έτσι για τους 

ζητούµενους χρόνους αυτής της εργασίας (της τάξεως του ns) η 

µέθοδος αυτή δεν κρίνεται κατάλληλη. 
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 3.3  ΧΡΟΝΙΣΤΕΣ (TIMERS) ΣΤΟΥΣ ΜΙΚΡΟΕΛΕΓΚΤΕΣ 

 

Μια ειδική κατηγορία ενσωµατωµένων περιφερειακών συσκευών 

στους µικροελεγκτές είναι οι χρονιστές. Στην ουσία πρόκειται για 

ενσωµατωµένους µετρητές στον µικροελεγκτή που αυξάνουν ή 

µειώνουν την τιµή του περιεχοµένου τους κατά µια µονάδα µε κάθε 

παλµό χρονισµού. Η µεταβολή αυτή γίνεται σε περιοδικά χρονικά 

διαστήµατα που ορίζει ο προγραµµατιστής. 

Στη λειτουργία του χρονιστή 4, ο προγραµµατιστής ορίζει το χρονικό 

διάστηµα κάθε παλµού τον οποίο µετρά ο µετρητής και όταν αυτό 

περατωθεί, ο χρονιστής αυξάνει (ή µειώνει) το περιεχόµενό του κατά 

1. Ο µετρητής συνήθως προφορτώνεται µε µια συγκεκριµένη τιµή και  

όταν αυτός γεµίσει πχ. µε την τιµή 0xFF τότε κατά την µετάβασή του 

στην επόµενη κατάσταση συµβαίνει υπερχείλιση (overflow) και 

µεταπίπτει στην τιµή η 0x00. Το συµβάν αυτό µπορεί να προκαλέσει 

ένα αίτηµα διακοπής (ιinterrupt) ή να αλλάξει την λογική κατάσταση 

σε ένα ακροδέκτη του µικροελεγκτή. 

µικροεπεξεργαστή του συστήµατος. 

Με χρήση των χρονιστών ο προγραµµατιστής, µπορεί να 

προγραµµατίσει λειτουργίες του µικροελεγκτή να γίνονται σε 

συγκεκριµένα χρονικά διαστήµατα που απαιτεί η εφαρµογή που θέλει 

να αναπτύξει. Το χρονικό διάστηµα ορίζεται µέσω επιλεγόµενων 

υποδιαιρέσεων του κυκλώµατος χρονισµού του µικροελεγκτή. 

Ουσιαστικά µετρά παλµούς ρολογιού. Ο προγραµµατιστής ορίζει 

κάθε πόσους παλµούς ρολογιού θα αυξάνει ο απαριθµητής την τιµή 

του κατά 1. 

Τα κυκλώµατα καθυστέρησης χρόνου που είναι στηριγµένα σε 

µικροελεγκτές είναι συνήθως φιλικά στον χρήστη και µπορούν µε 

άνεση και µε ακρίβεια να µετρήσουν πολύ µεγάλα διαστήµατα 

καθυστέρησης. Στα µικρά διαστήµατα καθυστέρησης παρουσιάζουν 

πρόβληµα γιατί υπάρχει άµεση εξάρτηση µε τον χρόνο περιόδου του 
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παλµού χρονισµού του µικροελεγκτή που περιέχει τους χρονιστές, µε 

αποτέλεσµα να χρειάζονται εξαιρετικά γρήγορα τέτοια ολοκληρωµένα 

κυκλώµατα. Ένα άλλο πρόβληµα είναι ο συγχρονισµός του σήµατος 

εισόδου µε τον παλµό χρονισµού (που είναι αναπόφευκτος στα 

σύγχρονα ψηφιακά κυκλώµατα) µε αποτέλεσµα την ύπαρξη χρόνου 

αβεβαιότητας (jitter) που µειώνει την ακρίβεια στα κυκλώµατα αυτά. 

Ένα ακόµα µειονέκτηµα των µικροελεγκτών, που στις συνηθισµένες 

τους χρήσεις δεν είναι εµφανές, είναι η ευαισθησία τους σε υψηλές 

τιµές ηλεκτροµαγνητικού θορύβου. Φυσικά το πρόβληµα είναι γνωστό 

στους κατασκευαστές που τους εφοδιάζουν πλέον µε ειδικά 

κυκλώµατα που ελέγχουν τη λειτουργία τους (π.χ. watchdog timer) 

και τους επαναφέρουν στην πρέπουσα κατάσταση αν 

παρουσιαστούν τέτοια προβλήµατα. Ακόµα και έτσι όµως η χρήση 

µικροελεγκτών σε εργαστήρια που παράγονται ηλεκτροµαγνητικοί 

παλµοί είναι προβληµατική. 

Για τα προβλήµατα που παρουσιάζουν τα κυκλώµατα χρονισµού που 

χρησιµοποιούν µικροελεγκτές, τα οποία είναι σηµαντικά για την 

εφαρµογή αυτής της εργασίας, η µέθοδος αυτή κρίθηκε ακατάλληλη 

για την υλοποίηση του κυκλώµατός µας. 
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  ΚΚΕΕΦΦΑΑΛΛΑΑΙΙΟΟ  44  

MONA∆Α ΚΑΘΥΣΤΕΡΗΣΗΣ (TTL) 

 

4.1 ΜΟΝΑ∆Α ΚΑΘΥΣΤΕΡΗΣΗΣ µε χρήση ολοκληρωµένων 

κυκλωµάτων γραµµής καθυστέρησης (Delay-Line): 

 

Το πρόβληµα της σύντοµης καθυστέρησης παλµών έχει 

απασχολήσει τις εταιρείες κατασκευής ολοκληρωµένων κυκλωµάτων 

που σήµερα διαθέτουν µια ποικιλία προγραµµατιζόµενων 

ολοκληρωµένων κυκλωµάτων που υλοποιούν γραµµές 

καθυστέρησης. Η γραµµή καθυστέρησης υλοποιείται σε αυτά τα 

ολοκληρωµένα από µια σειρά από λογικές πύλες που 

κατασκευάζονται να έχουν αυστηρά καθορισµένη καθυστέρηση 

διάδοσης. Μέσω του προγραµµατισµού ο χρήστης µπορεί να επιλέξει 

τον αριθµό των πυλών που θα έχει τοποθετηµένες σε σειρά και µε 

αυτό τον τρόπο καθορίζει και την επιθυµητή καθυστέρηση. Τα 

ολοκληρωµένα αυτά αποτελούν µια πολύ καλή και αξιόπιστη λύση 

στο πρόβληµα της χρονικής καθυστέρησης παλµών και για αυτό και 

επιλέχθηκαν για την υλοποίηση της συγκεκριµένης εργασίας. 

Η φιλοσοφία της µονάδας καθυστέρησης που κατασκευάσαµε 

παρουσιάζεται στο παρακάτω block διάγραµµα : 
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4.2 BLOCK ∆ΙΑΓΡΑΜΜΑ: 

 

Το σήµα εισόδου οδηγείται αρχικά σε ένα κύκλωµα ψαλιδιστή µε 

διόδους. Ο ψαλιδιστής αυτός ( input voltage limiter) περιορίζει την 

τάση εισόδου στο υπόλοιπο κύκλωµα έτσι ώστε αυτή να είναι πάντα 

µέσα στην περιοχή 0V µε 5V. Με τον τρόπο αυτό το υπόλοιπο 

κύκλωµα προστατεύεται από υπερτάσεις που µπορεί να 

δηµιουργηθούν στην είσοδο από ηλεκτροµαγνητικό θόρυβο. 

 Στην συνέχεια έχουµε το κύκλωµα καθυστέρησης (programmable 

delay line) το οποίο αποτελείται από δύο ολοκληρωµένα κυκλώµατα 

γραµµών καθυστέρησης (delay lines). Το ένα ολοκληρωµένο έχει 

βήµα καθυστέρησης 1ns και έχει συνδεσµολογηθεί Ο 

προγραµµατισµός του γίνεται απευθείας από ένα δεκαδικό 

περιστροφικό διακόπτη (thumb wheel) και έτσι µετράει το πολύ 10 

βήµατα  (0-9 ns).Το δεύτερο ολοκληρωµένο έχει βήµα καθυστέρησης 
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5ns και έχει συνδεσµολογηθεί µε τέτοιο τρόπο ώστε να µετρά ανά 

δύο βήµατα για να δώσει τελικά βήµα 10ns και συνδέεται σε σειρά µε 

το πρώτο µε σκοπό να δηµιουργήσει τις δεκάδες των 

καθυστερήσεων. Το ολοκληρωµένο παρέχει 256 βήµατα 

καθυστέρησης από τα οποία χάνονται τα µισά επειδή µετρά ανά δύο 

βήµατα και έτσι έχουµε διαθέσιµα 128 βήµατα. Ο προγραµµατισµός 

του µπορεί να επιτευχθεί µε δύο δεκαδικούς περιστροφικούς 

διακόπτες, µε µόνο πρόβληµα ότι η είσοδος προγραµµατισµού του 

ολοκληρωµένου είναι δυαδική ενώ η έξοδος των διακοπτών είναι 

τελικά BCD (Binary Coded Decimal).  Έτσι χρησιµοποιούνται δύο 

δεκαδικοί περιστροφικοί διακόπτες που  συνδέονται σε έναν 

µετατροπέα BCD σε ΒΙΝΑRΥ έτσι ώστε το δεύτερο ολοκληρωµένο να 

µετράει 100 βήµατα (0-990ns). Με αυτό το τρόπο το σήµα περνά από 

τα δύο ολοκληρωµένα κυκλώµατα γραµµών καθυστέρησης και 

παίρνει την επιθυµητή καθυστέρηση. Πριν όµως οδηγηθεί στην έξοδο 

(OUT) οδηγείται σε τρεις λογικές πύλες υψηλής ταχύτητας και 

δυνατότητας παροχής µεγάλου ρεύµατος, οι οποίες λειτουργούν 

παράλληλα και παρέχουν τα απαιτούµενα 100 mA στα 5 V για να έχει 

το κύκλωµα τη δυνατότητα οδήγησης φορτίων µε χαρακτηριστική 

αντίσταση τόσο χαµηλή όσο τα 50 Ω.  
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4.3 ΦΩΤΟΓΡΑΦΙΚΟ ΥΛΙΚΟ: 

 

 

 

 

 

 

Μονάδα καθυστέρησης όψη 1 
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Μονάδα καθυστέρησης όψη 2 
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∆ιαφάνεια κυκλώµατος όψη 1 
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∆ιαφάνεια κυκλώµατος όψη 2 
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  ΚΚΕΕΦΦΑΑΛΛΑΑΙΙΟΟ  55  

  EEΡΡΓΓΑΑΣΣΤΤΗΗΡΡΙΙΑΑΚΚΕΕΣΣ  ΜΜΕΕΤΤΡΡΗΗΣΣΕΕΙΙΣΣ  

 

 

 

 

Παρακάτω φαίνονται οι κυµατοµορφές των τάσεων εισόδου και 

εξόδου για διάφορες καθυστερήσεις. Επίσης πραγµατοποιείται 

σύγκριση της µονάδος καθυστέρησης που κατασκευάστηκε µε 

αντίστοιχη µονάδα καθυστέρησης που υπάρχει στο εργαστήριο. 
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5.1 ΤΑΣΕΙΣ ΕΙΣΟ∆ΟΥ - ΕΞΟ∆ΟΥ 

 

 

Οι τάσεις εισόδου (C1) – εξόδου (C2) χωρίς καθυστέρηση (ελάχιστη 

καθυστέρηση). 
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5.2 ΜΕΤΡΗΣΗ ΕΛΑΧΙΣΤΟΥ ΧΡΟΝΟΥ  

 

 

 

 

Τάσεις εισόδου (C1) – εξόδου (C2). Μέτρηση ελάχιστης καθυστέρησης 

(κυκλώµατος) 

 

-Εδώ παρατηρούµε ότι έχοντας ορίσει την καθυστέρηση µας στα 0 ns 

υπάρχει µία µικρή καθυστέρηση (39,4) ns η οποία ονοµάζεται 

ελάχιστη καθυστέρηση και οφείλεται στο κύκλωµα της µονάδας µας.   
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5.3 ΜΕΤΡΗΣΗ ΜΕΓΙΣΤΟΥ ΧΡΟΝΟΥ  

 

 

 

 

Τάσεις εισόδου (C1) – εξόδου (C2).Μέγιστη καθυστέρηση  

 

-Στη συνέχεια βλέπουµε την µέγιστη καθυστέρηση που µπορεί να 

πετύχει η µονάδα µας.Η οποία είναι 1038 ns.Είναι αναµενόµενο αυτό 

το αποτέλεσµα καθώς η µονάδα είναι κατασκευασµένη για να 

καλύπτει καθυστερήσης εύρους 0-1000 ns.Εποµένως αν 

υπολογίσουµε και την ελάχιστη καθυστέρηση λόγω κυκλώµατος που 

είχαµε παραπάνω η οποία ήταν 39,4 ns τελικά προκύπτει ότι θα 

έχουµε συνολική καθυστέρηση περίπου 1038 ns. 
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5.4  ΤΑΣΕΙΣ ΤΥΧΑΙΩΝ ΚΑΘΥΣΤΕΡΗΣΕΩΝ  

 

Παρακάτω θα δείξουµε µερικές κυµατοµορφές τάσεων για 

διαφορετικές τιµές καθυστερήσεων 

 

 

 

 

∆ιαδοχικές καθυστερήσεις τάσεως στην έξοδο ανά 1 ns (κλίµακα 5 

ns/υποδιαίρεση) 
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∆ιαδοχικές καθυστερήσεις τάσεως στην έξοδο ανά 100 ns (κλίµακα 50 ns/ 

υποδιαίρεση) 
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∆ιαδοχικές καθυστερήσεις τάσεως στην έξοδο ανά 100 ns (κλίµακα 100 ns/ 

υποδιαίρεση) 
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Τυχαίες διαδοχικές καθυστερήσεις τάσεως στην έξοδο (κλίµακα 5 ns/ 

υποδιαίρεση) 
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5.5 ΣΥΓΚΡΙΣΗ ΜΟΝΑ∆ΑΣ ΚΑΘΥΣΤΕΡΗΣΗΣ ΠΟΥ 

ΚΑΤΑΣΚΕΥΑΣΤΗΚΕ ΜΕ ΜΟΝΑ∆Α ΚΑΘΥΣΤΕΡΗΣΗΣ ΠΟΥ 

ΠΡΟΫΠΗΡΧΕ ΣΤΟ ΕΡΓΑΣΤΗΡΙΟ 

 

 

 

Σύγκριση µονάδων καθυστέρησης-Ελάχιστη καθυστέρηση µονάδας εργαστηρίου 

 

 

 

-Εδώ βλέπουµε την ελάχιστη καθυστέρηση (καθυστέρηση 

κυκλώµατος) της µονάδας που είχε κατασκευαστεί παλαιότερα στο 

εργαστήριο και συγκρίνεται µε την µονάδα που κατασκευάστηκε 

τώρα. Η συνολική ελάχιστη καθυστέρηση της µονάδας αυτής είναι 

περίπου 78 ns 
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Σύγκριση µονάδων καθυστέρησης-Ελάχιστη καθυστέρηση µονάδας που 

κατασκευάστηκε 

 

 

 

-Εδώ έχουµε την ελάχιστη καθυστέρηση (καθυστέρηση κυκλώµατος) 

της µονάδας που κατασκευάστηκε τώρα  στο εργαστήριο. Η συνολική 

ελάχιστη καθυστέρηση της µονάδας αυτής είναι περίπου 41 ns.. Σε 

προηγούµενη µέτρηση είχαµε βρει ότι ήταν 39,4 ns.Οι δυο µετρήσεις 

είναι πολύ κοντά και τα σφάλµατα του παλµογράφου δικαιολογούν 

αυτή την απόκλιση. 
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Σύγκριση µονάδων καθυστέρησης-∆ιαφορά ελάχιστων καθυστερήσεων 

 

 

 

-Εδώ παρατηρούµε ότι υπάρχει διαφορετική ελάχιστη καθυστέρηση 

ανάµεσα στις δύο µονάδες. Το παραπάνω διάγραµµα τάσεων µας 

δείχνει ότι η διαφορά των ελάχιστων καθυστερήσεων των δύο 

µονάδων είναι περίπου 36 ns  
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5.6  ΣΥΜΠΕΡΑΣΜΑΤΑ 

 

Με βάση τα αποτελέσµατα των µετρήσεων που πραγµατοποιήσαµε 

παρατηρούµε ότι το σύστηµά µας είναι ακριβές ενώ ταυτόχρονα το 

περιβάλλον για το χρήστη είναι πιο φιλικό δίνοντάς του παράλληλα 

µεγάλες δυνατότητες για καθυστερήσεις της τάξεως του 

νανοδευτερολέπτου. 
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CD4008BMS
CMOS 4-Bit Full Adder With

Parallel Carry Out

Pinout
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Features
• High-Voltage Type (20V Rating)

• 4 Sum Outputs Plus Parallel Look-ahead Carry-Output

• High-Speed Operation - Sum In-To-Sum Out, 160ns
Typ; Carry In-To-Carry Out, 5ns Typ. At VDD = 10V,
CL=50pF

• Standardized Symmetrical Output Characteristics

• 100% Tested For Quiescent Current At 20V

• Maximum Input Current of 1µa at 18V Over Full Pack-
age-Temperature Range;

- 100nA at 18V and 25oC

• Noise Margin (Over Full Package Temperature Range):
- 1V at VDD = 5V
- 2V at VDD = 10V
- 2.5V at VDD = 15V

• 5V, 10V and 15V Parametric Ratings

• Meets All Requirements of JEDEC Tentative Standard
No. 13B, “Standard Specifications for Description of
‘B’ Series CMOS Devices”

Applications
• Binary Addition/Arithmetic Units

Description
CD4008BMS types consist of four full adder stages with fast
look ahead carry provision from stage to stage. Circuitry is
included to provide a fast “parallel-carry-out” but to permit
high-speed operation in arithmetic sections using several
CD4008BMS’s.

CD4008BMS inputs include the four sets of bits to be added,
A1 to A4 and B1 to B4, in addition to the “Carry In” bit from a
previous section. CD4008BMS outputs include the four sum
bits, S1 to S4. In addition to the high speed “parallel-carry-
out” which may be utilized at a succeeding CD4008BMS
section.

The CD4008BMS is supplied in these 16-lead outline pack-
ages:

Braze Seal DIP H4T
Frit Seal DIP H1F
Ceramic Flatpack H6W

November 1994

File Number 3292
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Specifications CD4008BMS

Absolute Maximum Ratings Reliability Information
DC Supply Voltage Range, (VDD) . . . . . . . . . . . . . . . -0.5V to +20V

(Voltage Referenced to VSS Terminals)
Input Voltage Range, All Inputs  . . . . . . . . . . . . .-0.5V to VDD +0.5V
DC Input Current, Any One Input  . . . . . . . . . . . . . . . . . . . . . . . .±10mA
Operating Temperature Range. . . . . . . . . . . . . . . . -55oC to +125oC

Package Types D, F, K, H
Storage Temperature Range (TSTG) . . . . . . . . . . . -65oC to +150oC
Lead Temperature (During Soldering)  . . . . . . . . . . . . . . . . . +265oC

At Distance 1/16 ± 1/32 Inch (1.59mm ± 0.79mm) from case for
10s Maximum

Thermal Resistance  . . . . . . . . . . . . . . . . θja θjc
Ceramic DIP and FRIT Package . . . . . 80oC/W 20oC/W
Flatpack Package  . . . . . . . . . . . . . . . . 70oC/W 20oC/W

Maximum Package Power Dissipation (PD) at +125oC
For TA = -55oC to +100oC (Package Type D, F, K) . . . . . . 500mW
For TA = +100oC to +125oC (Package Type D, F, K)  . . . . .Derate

Linearity at 12mW/oC to 200mW
Device Dissipation per Output Transistor . . . . . . . . . . . . . . . 100mW

For TA = Full Package Temperature Range (All Package Types)
Junction Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +175oC

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS

PARAMETER SYMBOL CONDITIONS (NOTE 1)
GROUP A

SUBGROUPS TEMPERATURE

LIMITS

UNITSMIN MAX

Supply Current IDD VDD = 20V, VIN = VDD or GND 1 +25oC - 10 µA

2 +125oC - 1000 µA

VDD = 18V, VIN = VDD or GND 3 -55oC - 10 µA

Input Leakage Current IIL VIN = VDD or GND VDD = 20 1 +25oC -100 - nA

2 +125oC -1000 - nA

VDD = 18V 3 -55oC -100 - nA

Input Leakage Current IIH VIN = VDD or GND VDD = 20 1 +25oC - 100 nA

2 +125oC - 1000 nA

VDD = 18V 3 -55oC - 100 nA

Output Voltage VOL15 VDD = 15V, No Load 1, 3 +25oC, +125oC, -55oC - 50 mV

Output Voltage VOH15 VDD = 15V, No Load (Note 3) 1, 3 +25oC, +125oC, -55oC 14.95 - V

Output Current (Sink) IOL5 VDD = 5V, VOUT = 0.4V 1 +25oC 0.53 - mA

Output Current (Sink) IOL10 VDD = 10V, VOUT = 0.5V 1 +25oC 1.4 - mA

Output Current (Sink) IOL15 VDD = 15V, VOUT = 1.5V 1 +25oC 3.5 - mA

Output Current (Source) IOH5A VDD = 5V, VOUT = 4.6V 1 +25oC - -0.53 mA

Output Current (Source) IOH5B VDD = 5V, VOUT = 2.5V 1 +25oC - -1.8 mA

Output Current (Source) IOH10 VDD = 10V, VOUT = 9.5V 1 +25oC - -1.4 mA

Output Current (Source) IOH15 VDD = 15V, VOUT = 13.5V 1 +25oC - -3.5 mA

N Threshold Voltage VNTH VDD = 10V, ISS = -10µA 1 +25oC -2.8 -0.7 V

P Threshold Voltage VPTH VSS = 0V, IDD = 10µA 1 +25oC 0.7 2.8 V

Functional F VDD = 2.8V, VIN = VDD or GND 7 +25oC VOH >
VDD/2

VOL <
VDD/2

V

VDD = 20V, VIN = VDD or GND 7 +25oC

VDD = 18V, VIN = VDD or GND 8A +125oC

VDD = 3V, VIN = VDD or GND 8B -55oC

Input Voltage Low
(Note 2)

VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 1, 2, 3 +25oC, +125oC, -55oC - 1.5 V

Input Voltage High
(Note 2)

VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 1, 2, 3 +25oC, +125oC, -55oC 3.5 - V

Input Voltage Low
(Note 2)

VIL VDD = 15V, VOH > 13.5V,
VOL < 1.5V

1, 2, 3 +25oC, +125oC, -55oC - 4 V

Input Voltage High
(Note 2)

VIH VDD = 15V, VOH > 13.5V,
VOL < 1.5V

1, 2, 3 +25oC, +125oC, -55oC 11 - V

NOTES: 1. All voltages referenced to device GND, 100% testing being
implemented.

2. Go/No Go test with limits applied to inputs

3. For accuracy, voltage is measured differentially to VDD. Limit
is 0.050V max.
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS

PARAMETER SYMBOL CONDITIONS (NOTE 1, 2)
GROUP A

SUBGROUPS TEMPERATURE

LIMITS

UNITSMIN MAX

Propagation Delay
Sum In to Sum Out

TPHL1
TPLH1

VDD = 5V, VIN = VDD or GND 9 +25oC - 800 ns

10, 11 +125oC, -55oC - 1080 ns

Propagation Delay
 Carry In To Cum Out

TPHL2
TPLH2

VDD = 5V, VIN = VDD or GND 9 +25oC - 740 ns

10, 11 +125oC, -55oC - 999 ns

Propagation Delay
Sum In To Carry Out

TPHL3
TPLH3

VDD = 5V, VIN = VDD or GND 9 +25oC - 400 ns

10, 11 +125oC, -55oC - 540 ns

Propagation Delay
 Carry In To
Carry Out

TPHL4
TPLH4

VDD = 5V, VIN = VDD or GND 9 +25oC - 200 ns

10, 11 +125oC, -55oC - 270 ns

Transition Time TTHL
TTLH

VDD = 5V, VIN = VDD or GND 9 +25oC - 200 ns

10, 11 +125oC, -55oC - 270 ns

NOTES:
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns.
2. -55oC and +125oC limits guaranteed, 100% testing being implemented.

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS

PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE

LIMITS

UNITSMIN MAX

Supply Current IDD VDD = 5V, VIN = VDD or GND 1, 2 -55oC, +25oC - 5 µA

+125oC - 150 µA

VDD = 10V, VIN = VDD or GND 1, 2 -55oC, +25oC - 10 µA

+125oC - 300 µA

VDD = 15V, VIN = VDD or GND 1, 2 -55oC, +25oC - 10 µA

+125oC - 600 µA

Output Voltage VOL VDD = 5V, No Load 1, 2 +25oC, +125oC,
-55oC

- 50 mV

Output Voltage VOL VDD = 10V, No Load 1, 2 +25oC, +125oC,
-55oC

- 50 mV

Output Voltage VOH VDD = 5V, No Load 1, 2 +25oC, +125oC,
-55oC

4.95 - V

Output Voltage VOH VDD = 10V, No Load 1, 2 +25oC, +125oC,
-55oC

9.95 - V

Output Current (Sink) IOL5 VDD = 5V, VOUT = 0.4V 1, 2 +125oC 0.36 - mA

-55oC 0.64 - mA

Output Current (Sink) IOL10 VDD = 10V, VOUT = 0.5V 1, 2 +125oC 0.9 - mA

-55oC 1.6 - mA

Output Current (Sink) IOL15 VDD = 15V, VOUT = 1.5V 1, 2 +125oC 2.4 - mA

-55oC 4.2 - mA

Output Current (Source) IOH5A VDD = 5V, VOUT = 4.6V 1, 2 +125oC - -0.36 mA

-55oC - -0.64 mA

Output Current (Source) IOH5B VDD = 5V, VOUT = 2.5V 1, 2 +125oC - -1.15 mA

-55oC - -2.0 mA
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Output Current (Source) IOH10 VDD = 10V, VOUT = 9.5V 1, 2 +125oC - -0.9 mA

-55oC - -1.6 mA

Output Current (Source) IOH15 VDD =15V, VOUT = 13.5V 1, 2 +125oC - -2.4 mA

-55oC - -4.2 mA

Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V 1, 2 +25oC, +125oC,
-55oC

- 3 V

Input Voltage High VIH VDD = 10V, VOH > 9V, VOL < 1V 1, 2 +25oC, +125oC,
-55oC

+7 - V

Propagation Delay Sum
In To Sum Out

TPHL1
TPLH1

VDD = 10V 1, 2, 3 +25oC - 320 ns

VDD = 15V 1, 2, 3 +25oC - 230 ns

Propagation Delay Carry
In To Sum Out

TPHL2
TPLH2

VDD = 10V 1, 2, 3 +25oC - 310 ns

VDD = 15V 1, 2, 3 +25oC - 230 ns

Propagation Delay Sum
In To Carry Out

TPLH3
TPHL3

VDD = 10V 1, 2, 3 +25oC - 180 ns

VDD = 15V 1, 2, 3 +25oC - 130 ns

Propagation Delay Carry
In To Carry Out

TPHL4
TPLH4

VDD = 10V 1, 2, 3 +25oC - 100 ns

VDD = 15V 1, 2, 3 +25oC - 80 ns

Transition Time TTHL
TTLH

VDD = 10V 1, 2, 3 +25oC - 100 ns

VDD = 15V 1, 2, 3 +25oC - 80 ns

Input Capacitance CIN Any Input 1, 2 +25oC - 7.5 pF

NOTES:
1. All voltages referenced to device GND.
2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized

on initial design release and upon design changes which would affect these characteristics.
3. CL = 50pF, RL = 200K, Input TR, TF < 20ns.

TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS

PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE

LIMITS

UNITSMIN MAX

Supply Current IDD VDD = 20V, VIN = VDD or GND 1, 4 +25oC - 25 µA

N Threshold Voltage VNTH VDD = 10V, ISS = -10µA 1, 4 +25oC -2.8 -0.2 V

N Threshold Voltage
Delta

ΔVNTH VDD = 10V, ISS = -10µA 1, 4 +25oC - ±1 V

P Threshold Voltage VPTH VSS = 0V, IDD = 10µA 1, 4 +25oC 0.2 2.8 V

P Threshold Voltage
Delta

ΔVPTH VSS = 0V, IDD = 10µA 1, 4 +25oC - ±1 V

Functional F VDD = 18V, VIN = VDD or GND 1 +25oC VOH >
VDD/2

VOL <
VDD/2

V

VDD = 3V, VIN = VDD or GND

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued)

PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE

LIMITS

UNITSMIN MAX
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Propagation Delay Time TPHL
TPLH

VDD = 5V 1, 2, 3, 4 +25oC - 1.35 x
+25oC
Limit

ns

NOTES: 1. All voltages referenced to device GND.
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns.

3. See Table 2 for +25oC limit.
4. Read and Record

TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25OC

PARAMETER SYMBOL DELTA LIMIT

Supply Current - MSI-2 IDD ± 1.0µA

Output Current (Sink) IOL5 ± 20% x Pre-Test Reading

Output Current (Source) IOH5A ± 20% x Pre-Test Reading

TABLE 6. APPLICABLE SUBGROUPS

CONFORMANCE GROUP
MIL-STD-883

METHOD GROUP A SUBGROUPS READ AND RECORD

Initial Test (Pre Burn-In) 100% 5004 1, 7, 9 IDD, IOL5, IOH5A

Interim Test 1 (Post Burn-In) 100% 5004 1, 7, 9 IDD, IOL5, IOH5A

Interim Test 2 (Post Burn-In) 100% 5004 1, 7, 9 IDD, IOL5, IOH5A

PDA (Note 1) 100% 5004 1, 7, 9, Deltas

Interim Test 3 (Post Burn-In) 100% 5004 1, 7, 9 IDD, IOL5, IOH5A

PDA (Note 1) 100% 5004 1, 7, 9, Deltas

Final Test 100% 5004 2, 3, 8A, 8B, 10, 11

Group A Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11

Group B Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11

Subgroup B-6 Sample 5005 1, 7, 9

Group D Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1, 2 3

NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2.

TABLE 7. TOTAL DOSE IRRADIATION

CONFORMANCE GROUPS
MIL-STD-883

METHOD

TEST READ AND RECORD

PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD

Group E Subgroup 2 5005 1, 7, 9 Table 4 1, 9 Table 4

TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS

FUNCTION OPEN GROUND VDD 9V ± -0.5V

OSCILLATOR

50kHz 25kHz

Static Burn-In 1
Note 1

10 - 14 1 - 9, 15 16

Static Burn-In 2
Note 1

10 - 14 8 1 - 7, 9, 15, 16

Dynamic Burn-
In Note 1

- 8 16 10 - 14 2, 4, 6, 15 1, 3, 5, 7, 9

Irradiation
Note 2

10 - 14 8 1 - 7, 9, 15, 16

TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS

PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE

LIMITS

UNITSMIN MAX
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NOTE:
1. Each pin except VDD and GND will have a series resistor of 10K ± 5%, VDD = 18V ± 0.5V
2. Each pin except VDD and GND will have a series resistor of 47K ± 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD

= 10V ± 0.5V

TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS

FUNCTION OPEN GROUND VDD 9V ± -0.5V

OSCILLATOR

50kHz 25kHz

Typical Propagation Delay

FIGURE 1. PROPAGATION DELAY FOR A 16 BIT ADDER (10V OPERATION)

CD4008

CD4008

CD4008

CD4008

A13 - 16
B13 - 16

A9 - 12
B9 - 12

A5 - 8
A5 - 8

A1 - 4
B1 - 4

VSS
Ci

CO
Ci

CO
Ci

CO
Ci

CO

S13 - 16

S9 - 12

S5 - 8

S1 - 4

50 + 50 + 90 + 155 2(Ci - CO) + (Si - CO) + (Ci - SO) = 345
2(50) + 90 + 155

50 + 90 + 155 (Ci - CO) + (Si - CO) + (Ci - SO)
50 90 155

90 + 155 (Si - CO) + (Ci - SO) =90 + 155

160 (Si - SO)

ALL SUMS SETTLED AFTER 345ns
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Typical Performance Characteristics

FIGURE 2. TYPICAL SUM-IN TO SUM-OUT PROPAGATION
DELAY TIME vs LOAD CAPACITANCE

FIGURE 3. TYPICAL CARRY-IN TO CARRY-OUT PROPAGA-
TION DELAY TIME vs LOAD CAPACITANCE

FIGURE 4. TYPICAL CARRY-IN TO SUM-OUT PROPAGATION
DELAY TIME vs LOAD CAPACITANCE

FIGURE 5. TYPICAL SUM-IN TO CARRY-OUT PROPAGATION
DELAY TIME vs LOAD CAPACITANCE

FIGURE 6. TYPICAL OUTPUT HIGH (SOURCE) CURRENT
CHARACTERISTICS

FIGURE 7. MINIMUM OUTPUT HIGH (SOURCE) CURRENT
CHARACTERISTICS
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Typical Performance Characteristics  (Continued)

Chip Dimensions and Pad Layouts

FIGURE 8. TYPICAL OUTPUT LOW (SINK) CURRENT
CHARACTERISTICS

FIGURE 9. MINIMUM OUTPUT LOW (SINK) CURRENT
CHARACTERISTICS

FIGURE 10. TYPICAL DISSIPATION CHARACTERISTICS
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Dimensions in parentheses are in millimeters
and are derived from the basic inch dimensions
as indicated. Grid graduations are in mils (10-3 inch)

METALLIZATION: Thickness: 11kÅ − 14kÅ, AL.
PASSIVATION: 10.4kÅ - 15.6kÅ, Silane

BOND PADS: 0.004 inches X 0.004 inches MIN

DIE THICKNESS: 0.0198 inches - 0.0218 inches
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FEATURES
! Step sizes of 0.25 ns, 0.5 ns, 1 ns, 2 ns, 5 ns
! On-chip reference delay
! Configurable as delay line, pulse width

modulator, or free-running oscillator
! Can delay clocks by a full period or more
! Guaranteed monotonicity
! Parallel or serial programming
! Single 5V supply
! 16-pin DIP or SOIC package

PIN ASSIGNMENT

PIN DESCRIPTION
IN - Input
P0/Q - Parallel Input P0 (parallel mode)

- Serial Data Output (serial mode)
P1/CLK - Parallel Input P1 (parallel mode)

- Serial Input Clock (serial mode)
P2/D - Parallel Input P2 (parallel mode)

- Serial Data Input (serial mode)
P3 - P7 - Remaining Parallel Inputs
GND - Ground
OUT/ OUT  - Output
REF/PWM - Reference or PWM Output
P /S - Parallel / Serial Programming

Select
MS - Output Mode Select
LE - Input Latch Enable
VCC - Supply Voltage

DESCRIPTION
The DS1023 is an 8-bit programmable delay line similar in function to the DS1020/DS1021.

Additional features have been added to extend the range of applications:

The internal delay line architecture has been revised to allow clock signals to be delayed by up to a full
period or more.  Combined with an on-chip reference delay (to offset the inherent or “step zero” delay of
the device) clock phase can now be varied over the full 0-360 degree range.

DS1023
8-Bit Programmable Timing Element

www.dalsemi.com
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16
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REF/PWM
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8

DS1023 300-mil DIP
DS1023S 300-mil SOIC
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On-chip gating is provided to allow the device to provide a pulse width modulated output, triggered by
the input with duration set by the programmed value.

Alternatively the output signal may be inverted on chip, allowing the device to perform as a free-running
oscillator if the output is (externally) connected to the input.

PROGRAMMING
The device programming is identical to the DS1020/DS1021.  Note, however, that the serial clock and
data pins are shared with three of the parallel input pins.

The P /S pin controls the same function as “Mode Select” on the DS1020/DS1021 (but with reversed
polarity).  A low logic level on this pin enables the parallel programming mode.  LE must be at a high
logic level to alter the programmed value; when LE is taken low the data is latched internally and the
parallel data inputs may be altered without affecting the programmed value.  This is useful for
multiplexed bus applications.  For hard-wired applications LE should be tied to a high logic level.

When P /S is high serial programming is enabled.  LE must be held high to enable loading or reading of
the internal register, during which time the delay is determined by the previously programmed value.
Data is clocked in MSB to LSB order on the rising edge of the CLK input.  Data transfer ends and the
new value is activated when LE is taken low.

PARALLEL MODE (P /S = 0)
In the PARALLEL programming mode, the output of the DS1023 will reproduce the logic state of the
input after a delay determined by the state of the eight program input pins P0 - P7.  The parallel inputs
can be programmed using DC levels or computer-generated data.  For infrequent modification of the
delay value, jumpers may be used to connect the input pins to VCC or ground.  For applications requiring
frequent timing adjustment, DIP switches may be used.  The latch enable pin (LE) must be at a logic 1 in
hardwired implementations.

Maximum flexibility is obtained when the eight parallel programming bits are set using computer-
generated data.  When the data setup (tDSE) and data hold (tDHE) requirements are observed, the enable pin
can be used to latch data supplied on an 8-bit bus.  Latch enable must be held at a logic 1 if it is not used
to latch the data.  After each change in delay value, a settling time (tEDV or tPDV) is required before input
logic levels are accurately delayed.

SERIAL MODE (P /S = 1)
In the SERIAL programming mode, the output of the DS1023 will reproduce the logic state of the input
after a delay time determined by an 8-bit value clocked into serial port D.  While observing data setup
(tDSC) and data hold (tDHC) requirements, timing data is loaded in MSB-to-LSB order by the rising edge of
the serial clock (CLK).  The latch enable pin (LE) must be at a logic 1 to load or read the internal 8-bit
input register, during which time the delay is determined by the last value activated.  Data transfer ends
and the new delay value is activated when latch enable (LE) returns to a logic 0.  After each change, a
settling time (tEDV) is required before the delay is accurate.

As timing values are shifted into the serial data input (D), the previous contents of the 8-bit input register
are shifted out of the serial output pin (Q) in MSB-to-LSB order.  By connecting the serial output of one
DS1023 to the serial input of a second DS1023, multiple devices can be daisy-chained (cascaded) for
programming purposes (Figure 1).  The total number of serial bits must be eight times the number of units
daisy-chained and each group of 8 bits must be sent in MSB-to-LSB order.



DS1023

3 of 16

Applications can read the setting of the DS1023 Delay Line by connecting the serial output pin (Q) to the
serial input (D) through a resistor with a value of 1  to 10  kohms (Figure 2).  Since the read process is
destructive, the resistor restores the value read and provides isolation when writing to the device.  The
resistor must connect the serial output (Q) of the last device to the serial input (D) of the first device of a
daisy chain (Figure 1).  For serial readout with automatic restoration through a resistor, the device used to
write serial data must go to a high impedance state.

To initiate a serial read, latch enable (LE) is taken to a logic 1 while serial clock (CLK) is at a logic 0.
After a waiting time (tEQV), bit 7 (MSB) appears on the serial output (Q).  On the first rising (0 --> 1)
transition of the serial clock (CLK), bit 7 (MSB) is rewritten and bit 6 appears on the output after a time
tCQV.  To restore the input register to its original state, this clocking process must be repeated eight times.
In the case of a daisy chain, the process must be repeated eight times per package.  If the value read is
restored before latch enable (LE) is returned to logic 0, no settling time (tEDV) is required and the
programmed delay remains unchanged.

Since the DS1023 is a CMOS design, unused input pins (P3 - P7) must be connected to well-defined logic
levels; they must not be allowed to float.  Serial output Q/P0 should be allowed to float if unused.

CASCADING MULTIPLE DEVICES (DAISY CHAIN) Figure 1

SERIAL READOUT Figure 2

REFERENCE DELAY
In all delay lines there is an inherent, or “step zero”, delay caused by the propagation delay through the
input and output buffers.  In this device the step zero delay can be quite large compared to the delay step
size.  To simplify system design a reference delay has been included on chip which may be used to
compensate for the step zero delay.  In practice this means that if the device is supplied with a clock, for
example, the minimum programmed output delay is effectively zero with respect to the reference delay.
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For highest accuracy it is strongly recommended that the reference delay is used.  Variations in input
voltage levels and transition times can significantly alter the measured delay from input to output.  This
effect is totally removed if the reference delay output is used.  Furthermore, adverse effects on step zero
delay caused by process temperature coefficients are also cancelled out.

INPUT PULSE DURATION
The internal architecture of the DS1023 allows the output delay time to be considerably longer than the
input pulse width (see ac specifications).  This feature is useful in many applications, in particular clock
phase control where delays up to and beyond one full clock period can be achieved.

MODE SELECT
The DS1023 has four possible output functions but only two output pins. The functionality of the two
output pins is determined by the Mode Select (MS) pin.

MS = 0 Figure 3

Output Function Name Pin Number
Reference Output REF   9
Delayed Output OUT 15

OUT is a copy of the input waveform that is delayed by an amount set by the programmed values (Table
1). A programmed value of zero will still result in a non-zero delay as indicated in the Step Zero delay
specification. The signal on OUT is the same polarity as the input.

REF is a fixed reference delay. It also is a copy of the input waveform but the delay interval is fixed to a
value approximately equal to the Step Zero Value of the device (as shown in the Reference Delay
specification). In fact the device is trimmed to ensure that the Reference Delay is always slightly longer
than the Step Zero Value (by 1.5 ns typically).
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MS = 1 Figure 4

Output Function Name Pin Number
Pulse Width Modulated Output PWM   9
Delayed and Inverted Output OUT 15

PWM is an output triggered by the rising edge of the input waveform. After a time interval approximately
equal to the Step Zero delay of the device the PWM output will go high. The output will return to a low
level after a time interval determined by the programmed values (Table 1). Hence output pulse widths can
be obtained from (nearly) zero to the full delay range of the device. In practice the minimum output pulse
width is limited by the response time of the device to approximately 5ns. Programmed values less than
this will result in degradation of the output high level voltage until ultimately no discernible output pulse
is produced. The frequency/repetition rate of the output is determined by the input frequency. The input
pulse width can be shorter than the output pulse width, and is limited only by the minimum input pulse
width specification.  The PWM function is not “re-triggerable”, subsequent input trigger pulses should
not be present until the output has returned to a low level.

OUT  is an inverted copy of the input waveform that is delayed by an amount set by the programmed
values (Table 1). A programmed value of zero will still result in a non-zero delay as indicated in the Step
Zero delay specification. The OUT  pin may also be externally connected to the input pin to produce a
free-running oscillator. The frequency of oscillation is determined by the programmed delay value of the
device (see Table 2).
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FUNCTIONAL BLOCK DIAGRAM Figure 5

DELAY LINE DETAIL (CONCEPTUAL) - DS1023-200, DS1023-500 Figure 6
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DELAY LINE DETAIL (CONCEPTUAL) - DS1023-25, DS1023-50, DS1023-100
Figure 7

PART NUMBER TABLE Table 1
DELAYS RANGES AND TOLERANCE (all times measured in ns)

PART
NUMBER

STEP
SIZE

MAX.  DELAY TIME (1)/
MAX.  OUTPUT PULSE

WIDTH (2)
MAXIMUM

DEVIATION (3)
MAXIMUM
 I/P FREQ

MINIMUM I/P
 PULSE
WIDTH

DS1023-025 0.25 63.75 ±1 25 MHz 20
DS1023-050 0.50 127.5 ±2 25 MHz 20
DS1023-100 1.0 255 ±4 25 MHz 20
DS1023-200 2.0 510 ±8 25 MHz 20
DS1023-500 5.0 1275 ±20 10 MHz 50

1. In “Normal” mode (MS=0).  Measured with respect to REF output.  The minimum delay time is zero
(or less, by 1.5 ns typically)

2. In PWM mode (MS=1).  The minimum output pulse width for reliable operation is 5 ns; programmed
values less than this may produce reduced output voltage levels or no output at all.

3. This is the deviation from a straight line drawn between the step zero value and the maximum
programmed delay time.

OSCILLATOR CONFIGURATION Table 2

PART NUMBER
STEP

SIZE (4)
MINIMUM O/P

FREQUENCY (5)
MAXIMUM O/P
FREQUENCY (5)

DS1023-025 0.5 6.6 MHz 22 MHz
DS1023-050 1.0 3.6 MHz 22 MHz
DS1023-100 2.0 1.9 MHz 22 MHz
DS1023-200 4.0 0.98 MHz 22 MHz
DS1023-500 10.0 0.4 MHz 22 MHz

4. Step size in output period (in ns).

5. Maximum output frequency depends on the actual step zero delay value, worst case values are shown
in the table.  The output period is given by: 2 * tD where: tD = absolute delay value.
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DALLAS SEMICONDUCTOR TEST CIRCUIT Figure 8

TEST SETUP DESCRIPTION
Figure 8 illustrates the hardware configuration used for measuring the timing parameters of the DS1023.
The input waveform is produced by a precision pulse generator under software control.  Time delays are
measured by a time interval counter (20 ps resolution) connected to the output.  The DS1023 serial and
parallel ports are controlled by interfaces to a central computer.  All measurements are fully automated
with each instrument controlled by the computer over an IEEE 488 bus.

TEST CONDITIONS
INPUT:
Ambient Temperature: 25°C ±=3°C
Supply Voltage (VCC): 5.0V ±=0.1V
Input Pulse: High = 3.0V ±=0.1V

Low = 0.0V ±=0.1V
Source Impedance: 50 ohms max.
Rise and Fall Time: 3.0 ns max.

(measured between
0.6V and 2.4V)

Pulse Width: 500 ns
Period: 1 µs

NOTE: Above conditions are for test only and do not restrict the operation of the device under other data
sheet conditions.

OUTPUT:
Output is loaded with a 74F04.  Delay is measured between the 1.5V level of the rising edge of the input
signal and the 1.5V level of the corresponding edge of the output.
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin -1.0V to +7.0V
Operating Temperature Range 0°C to 70°C
Storage Temperature -55°C to +125°C
Soldering Temperature 260°C for 10 seconds
Short Circuit Output Current 50 mA for 1 second

* This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operation sections of this specification is not implied.  Exposure to absolute
maximum rating conditions for extended periods of time may affect reliability.

DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; VCC = 5V ± 5%)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Supply Voltage VCC 4.75 5 5.25 V
High Level Input Voltage VIH 2 VCC +0.5 V
Low Level Input Voltage VIL -0.5 0.8 V
Input Leakage Current
(0<VI <VCC ) II -1 +1 µA
Active Current ICC 30 60 mA
High Level Output Current
(VCC = Min, VOH = 2.7V)

IOH -1 mA

Low Level Output Current
(VCC = Min, VOL = 0.5V)
-Q output
-All other outputs

IOL
IOL

4
8

mA
mA

AC ELECTRICAL CHARACTERISTICS - CONTROL/INTERFACE
SPECIFICATIONS ALL SPEED OPTIONS    (TA= 0°°°°C to 70°°°°C; VCC= 5V ±±±±====5%)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Serial Clock Frequency fCLK 10 MHz
Input Pulse Width (LE, CLK) tW 50 ns
Data Setup to Clock tDSC 30 ns
Data Hold from Clock tDHC 0 ns
Data Setup to Enable tDSE 30 ns
Data Hold from Enable tDHE 0 ns
Enable Setup to Clock tES 0 ns
Enable Hold from Clock tEH 30 ns
LE to Q Valid tEQV 50 ns
LE to Q Hi-Z tEQZ 0 50 ns
CLK to Q Valid tCQV 50 ns
CLK to Q Invalid tCQX 0 ns
Parallel Input to Delay Valid tPDV 500 ns
Parallel Input to Delay Invalid tPDX 0 ns
LE to Delay Valid tEDV 500 ns
LE to Delay Invalid tEDX 0 ns
Power Up Time tPU 100 ms
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TIMING DIAGRAM: SILICON DELAY LINE Figure 9

AC ELECTRICAL CHARACTERISTICS -
DS1023-025 Delay Specifications  (TA = 0°°°°C to 70°°°°C; VCC = 5V ±±±±====5%)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Step Zero Delay
-absolute
-wrt REF

tD0
tDREF0 -2

16.5
-1.5

22
0

ns
ns

1, 13
2, 14

Reference Delay tREF 18 22 ns 3, 13
Delay Step Size tSTEP 0 0.25 0.75 ns 4
Maximum Delay
-absolute
-wrt REF

tDMAX
tDREF

75
60

80
63.75

89
67.5

ns
ns

5, 13
6, 14

Delay Matching, Rising Edge
to Falling Edge

-1 +1 ns 15

Integral Non-linearity
(deviation from straight line) terr -1 0 +1 ns 7
OUT  Delta Delay tINV0 0 1 2 ns 8
IN High to PWM High tPWM0 16.5 22 ns 9, 13
Minimum PWM Output
Pulse Width tPWM 5 ns 10
Minimum Input Pulse Width tWI 20 ns 11
Minimum Input Period 40 ns 12
Input Rise and Fall Times tr, tf 0 1 µs 16
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AC ELECTRICAL CHARACTERISTICS –
DS1023-050 Delay Specifications   (TA= 0°°°°C to 70°°°°C; VCC = 5V ±±±±====5%)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Step Zero Delay
-absolute
-wrt REF

tD0
tDREF0 -2

16.5
-1.5

22
0

ns
ns

1, 13
2, 14

Reference Delay tREF 18 22 ns 3, 13
Delay Step Size tSTEP 0 0.5 1.5 ns 4
Maximum Delay
-absolute
-wrt REF

tDMAX
tDREF

139
123

144
127.5

154
132

ns
ns

5, 13
6, 14

Delay Matching, Rising Edge
to Falling Edge

-1 +1 ns 15

Integral Non-linearity
(deviation from straight line) terr -2 0 +2 ns 7
OUT  Delta Delay tINV0 0 1 2 ns 8
IN High to PWM High tPWM0 16.5 22 ns 9, 13
Minimum PWM Output
Pulse Width tPWM 5 ns 10
Minimum Input Pulse Width tWI 20 ns 11
Minimum Input Period 40 ns 12
Input Rise and Fall Times tr, tf 0 1 µs 16

AC ELECTRICAL CHARACTERISTICS –
DS1023-100 Delay Specifications    (TA = 0°°°°C – 70°°°°C; VCC = 5V ±±±±====5%)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Step Zero Delay
-absolute
-wrt REF

tD0
tDREF0 -2

16.5
-1.5

22
0

ns
ns

1, 13
2, 14

Reference Delay tREF 18 22 ns 3, 13
Delay Step Size tSTEP 0 1 1.5 ns 4
Maximum Delay
-absolute
-wrt REF

tDMAX
tDREF

262
247

272
255

285
263

ns
ns

5, 13
6, 14

Delay Matching, Rising Edge
to Falling Edge

-1 +1 ns 15

Integral Non-linearity
(deviation from straight line)

terr -4 0 +4 ns 7

OUT  Delta Delay tINV0 0 1 2 ns 8
IN High to PWM High tPWM0 16.5 22 ns 9, 13
Minimum PWM Output
Pulse Width tPWM 5 ns 10
Minimum Input Pulse Width tWI 20 ns 11
Minimum Input Period 40 ns 12
Input Rise and Fall Times tr, tf 0 1 µs 16
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AC ELECTRICAL CHARACTERISTICS -
DS1023-200 Delay Specifications (TA = 0°°°°C - 70°°°°C; VCC = 5V ±±±±====5%)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Step Zero Delay
-absolute
-wrt REF

tD0
tDREF0 -2

16.5
-1.5

22
0

ns
ns

1, 13
2, 14

Reference Delay tREF 18 22 ns 3, 13
Delay Step Size tSTEP 1.5 2 2.5 ns
Maximum Delay
-absolute
-wrt REF

tDMAX
tDREF

509
494

527
510

548
526

ns
ns

5, 13
6, 14

Delay Matching, Rising Edge
to Falling Edge

-1 +1 ns 15

Integral Non- linearity
(deviation from straight line) terr -8 0 +8 ns 7
OUT  Delta Delay tINV0 0 1 2 ns 8
IN High to PWM High tPWM0 16.5 22 ns 9, 13
Minimum PWM Output
Pulse Width tPWM 5 ns 10
Minimum Input Pulse Width tWI 20 ns 11
Minimum Input Period 40 ns 12
Input Rise and Fall Times tr, tf 0 1 µs 16

AC ELECTRICAL CHARACTERISTICS –
DS1023-500 Delay Specifications (TA = 0°°°°C – 70°°°°C; VCC = 5V ±±±±====5%)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Step Zero Delay
-absolute
-wrt REF

tD0
tDREF0 -2

16.5
-1.5

22
0

ns
ns

1, 13
2, 14

Reference Delay tREF 18 22 ns 3, 13
Delay Step Size tSTEP 4 5 6 ns
Maximum Delay
-absolute
-wrt REF

tDMAX
tDREF

1250
1235

1292
1275

1337
1315

ns
ns

5, 13
6, 14

Delay Matching, Rising Edge
to Falling Edge

-1 +1 ns 15

Integral Non- linearity
(deviation from straight line) terr -20 0 +20 ns 7
OUT  Delta Delay tINV0 0 1 2 ns 8
IN High to PWM High tPWM0 16.5 22 ns 9, 13
Minimum PWM Output
Pulse Width tPWM 5 ns 10
Minimum Input Pulse Width tWI 50 ns 11
Minimum Input Period 100 ns 12
Input Rise and Fall Times tr, tf 0 1 µs 16
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NOTES:
1. Delay from input to output with a programmed delay value of zero.

2. This is the relative delay between REF and OUT.  The device is trimmed such that when programmed
to zero delay the OUT output will always appear before the REF output.  This parameter is
numerically equal to tD0-tREF.   (See Figure 15).

3. The reference delay is closely matched to the step zero delay to allow relative timings down to zero or
less.

4. This is the worst case condition when the SubDAC switches from its maximum to minimum value.
All other steps are ±0.5 lsb.  This comment does not apply to -200 and -500 devices which do not use
a SubDAC.  (See Figure 14)

5. This is the actual measured delay from IN to OUT.  This parameter will exhibit greater temperature
variation than the relative delay parameter.

6. This is the actual measured delay with respect to the REF output.  This parameter more closely
reflects the programmed delay value than the absolute delay parameter.  (See Figure 15).

7. This is the maximum deviation from a straight line response drawn between the step zero delay and
the maximum programmed delay.  Therefore it is indicative of the maximum error in the measured
delay versus the programmed delay with respect to the REF output.  The absolute delay measurement
from IN to OUT will in addition have an offset error equal to the step zero delay and its tolerance.
(See Figure 13).

8. Change in delay value when the inverted output is selected instead of the normal, non-inverting,
output.

9. In PWM mode the delay between the rising edge of the input and the rising edge of the output.

10. The minimum value for which the PWM pulse width should be programmed.  Narrower pulse widths
may be programmed but output levels may be impaired and ultimately no output pulse will be
produced.

11. This is the minimum allowable interval between transitions on the input to assure accurate device
operation.   This parameter may be violated but timing accuracy may be impaired and ultimately very
narrow pulse widths will result in no output from the device.

12. This parameter applies to normal delay mode only. When a 50% duty cycle input clock is used this
defines the highest usable clock frequency.  When asymmetrical clock inputs are used the maximum
usable clock frequency must be reduced to conform to the minimum input pulse width requirement. In
PWM mode the minimum input period is equal to the step zero delay and the programmed delay
(tDO + tD).

13. Measured from rising edge of the input to the rising edge of the output (tDR).

14. From rising edge to rising edge.

15. This is the difference in measured delay between rising edge (input to output), tDR and falling edges
(input to output), tDF.

16. Faster rise and fall times will give the greatest accuracy in measured delay. Slow edges (outside the
specification maximum) may result in erratic operations.
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TERMINOLOGY
Period: The time elapsed between the leading edge of the first pulse and the leading edge of the
following pulse.

tWI (Pulse Width): The elapsed time on the pulse between the 1.5V point on the leading edge and the 1.5V
point on the trailing edge, or the 1.5V point on the trailing edge and the 1.5V point on the leading edge.

tRISE (Input Rise Time): The elapsed time between the 20% and the 80% point on the leading edge of the
input pulse.

tFALL (Input Fall Time): The elapsed time between the 80% and the 20% point on the trailing edge of the
input pulse.

tD (Time Delay): The elapsed time between the 1.5V point on the edge of an input pulse and the 1.5V
point on the corresponding edge of the output pulse.

TIMING DIAGRAM: NON-LATCHED PARALLEL MODE
(P /S = 0, LE = 1) Figure 10

TIMING DIAGRAM: LATCHED PARALLEL MODE (P /S = 0) Figure 11
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TIMING DIAGRAM: SERIAL MODE (P /S = 1) Figure 12

DELAY vs PROGRAMMED VALUE Figure 13

tDO

tDMAX

(measured)
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DETAILED RESPONSE CHARACTERISTICS Figure 14

DELAY PARAMETERS Figure 15

NOTES:
1. The device is trimmed such that tDREF = 255 * (nominal step size).

2. Since tDO is trimmed to be less than tREF, the actual step size will be slightly above the nominal value.

3. Consequently the range of absolute delay values (tDMAX-tDO) will also exceed the nominal range by an
amount equal to tDREF0.
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_______________General Description
The MAX603/MAX604 low-dropout, low quiescent cur-
rent, linear regula tors supp ly 5V, 3.3V, or an ad justab le
output for currents up to 500mA . They are ava ilab le in a
1.8W SO package . Typ ica l dropouts are 320mV a t 5V
and 500mA , or 240mV a t 3.3V and 200mA . Quiescent
currents are 15µA typ and 35µA max. Shutdown turns
off a ll c ircuitry and puts the regula tor in a 2µA off mode .
A un ique pro t e c t ion scheme l im its reverse  curren ts
when the input voltage fa lls be low the output. O ther fea-
tures inc lud e  fo l d b a ck curren t l im it ing and therma l
overload protec tion.
The output is prese t a t 3.3V for the MAX604 and 5V for
the MAX603 . In a d d it ion , bo th d ev ic es emp loy Dua l
Mod e™ op era t ion , a l low ing user-a d jus t a b le ou t pu ts
from 1 .25V to 11V us ing externa l res istors . The input
voltage supp ly range is 2.7V to 11.5V.
Th e  M A X603/M A X604 f e a ture  a  500m A P-c h a nn e l
M O S F E T p a ss tra ns is tor .  Th is tra ns is tor a l lows th e
devices to draw less than 35µA over tempera ture , inde-
p e n d e n t  o f  th e  ou t p u t  c urre n t .  Th e  su p p ly c urre n t
rema ins low because the P-channe l MOSFET pass tran-
sistor draws no base currents (unlike the PNP transis-
tors o f conven t iona l b ipo lar l ine ar re gu la tors). A lso ,
when the input-to-output voltage d ifferentia l becomes
sma ll, the interna l P-channe l MOSFET does not suffer
from excessive base current losses tha t occur with sa t-
ura ted PNP transistors.

________________________Applications
5V and 3.3V Regula tors
1.25V to 11V Ad justab le Regula tors
Ba ttery-Powered Devices
Pagers and C e llular Phones
Portab le Instruments
Solar-Powered Instruments

____________________________Features
♦ 500mA Output Current, with Foldback Current

Limiting
♦ High-Power (1.8W) 8-Pin SO Package
♦ Dual Mode™ Operation: Fixed or Adjustable

Output from 1.25V to 11V
♦ Large Input Range (2.7V to 11.5V) 
♦ Internal 500mA P-Channel Pass Transistor
♦ 15µA Typical Quiescent Current
♦ 2µA (Max) Shutdown Mode
♦ Thermal Overload Protection
♦ Reverse-Current Protection

______________Ordering Information

* D ice are tested at TA = +25°C , D C parameters only.
** Contact factory for ava ilab ility.
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5V/3.3V or Adjustable, Low-Dropout, 
Low IQ, 500mA Linear Regulators

________________________________________________________________ Maxim Integrated Products 1

1

2

3

4

8

7

6

5

OUT 

GND 

GND 

SET

IN 

GND 

GND 

OFF

MAX603 
MAX604

DIP/SO

TOP VIEW

__________________Pin Configuration

MAX603 
MAX604

OUT

SETGND

IN

OFF COUT 
10µF

CIN 
10µF

BATTERY

OUTPUT 
VOLTAGE

__________Typical Operating Circuit

Call toll free 1-800-998-8800 for free samples or literature.

19-0269; Rev 0; 9/94

PART
MAX603CPA
MAX603CSA
MAX603C/D 0°C to +70°C

0°C to +70°C
0°C to +70°C

TEMP. RANGE PIN-PACKAGE
8 Plastic DIP
8 SO
D ice*

MAX603EPA
MAX603ESA -40°C to +85°C

-40°C to +85°C 8 Plastic DIP
8 SO

MAX603MJA -55°C to +125°C 8 C ERDIP**
MAX604CPA
MAX604CSA
MAX604C/D 0°C to +70°C

0°C to +70°C
0°C to +70°C 8 Plastic DIP

8 SO
D ice*

MAX604EPA
MAX604ESA -40°C to +85°C

-40°C to +85°C 8 Plastic DIP
8 SO

MAX604MJA -55°C to +125°C 8 C ERDIP**

™ Dua l Mode is a trademark of Maxim Integrated Products.
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2 _______________________________________________________________________________________

ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VIN = 6V (MAX603) or 4.3V (MAX604), CIN = C O UT = 10µF , O FF = VIN , SET = G ND , TJ = TMIN to TMAX, unless otherwise noted .
Typ ica l va lues are a t TJ = +25°C .) (Note 1)

Stresses beyond those listed under “Absolute Maximum Ra tings” may cause permanent damage to the device . These are stress ratings only, and functiona l
operation of the device at these or any other cond itions beyond those ind icated in the operationa l sections of the spec ifications is not imp lied . Exposure to
absolute maximum ra ting cond itions for extended periods may a ffect device re liab ility.

Supp ly Voltage (IN or O UT to G ND).......................-0.3V to +12V 
Output Short-C ircuit Dura tion ..............................................1 min
Continuous Output Current ...............................................600mA
SET, O FF Input Voltages ...........................-0.3V to the grea ter of 

(IN + 0.3V) or (O UT + 0.3V)
Continuous Power D issipa tion (TA = +70°C)

Plastic DIP (dera te 9.09mW/°C above +70°C) ............727mW
SO (dera te 23.6mW/°C above +70°C) .............................1.8W
C ERDIP (dera te 8.00mW/°C above +70°C) .................640mW

O pera ting Tempera ture Ranges
MAX60_C_A ........................................................0°C to +70°C
MAX60_E_A .....................................................-40°C to +85°C
MAX60_MJA ..................................................-55°C to +125°C

Junc tion Tempera ture ...................................................... +150°C
Storage Tempera ture Range .............................-65°C to +160°C
Lead Tempera ture (soldering , 10sec) ............................. +300°C

SET = O UT, RL = 1kΩ

VIN = 11.5V, SET = O UT

O FF ≤ 0.4V, RL = 1kΩ,
(VO UT + 1V) ≤ VIN ≤ 11.5V

IO UT = 500mA

IO UT = 200mA

3.0V ≤ VIN ≤ 11.5V, SET = O UT

IO UT = 1mA to 300mA

IO UT = 20µA to 500mA ,
6.0V < VIN < 11.5V

IO UT = 20µA to 300mA ,
4.3V < VIN < 11.5V

IO UT = 400mA

IO UT = 1mA to 500mA

IO UT = 200mA

mA
1200

ILIM
Foldback Current Limit 
(Note 4)

350

µA

20

IO UT MINMinimum Load Current 6

2

µA

20

IQ O FFO FF Quiescent Current 10

0.01 2

µA
40

IQQuiescent Current
15 35

mV

480 820

ΔVD ODropout Voltage (Note 3)
240 410

V

3.0 11.5

VINInput Voltage 2.9 11.5

2.7 11.5

320 550

130 220

mV7 40ΔVLNRLine Regula tion

mV

30 100

ΔVLDRLoad Regula tion

4.75 5.00 5.25
V

3.15 3.30 3.45
VO UTOutput Voltage (Note 2)

60 100

150

UNITSMIN TYP MAXSYMBOLPARAMETER

VO UT > 0.8V and VIN - VO UT > 0.7V

VO UT < 0.8V

MAX60_M

MAX60_M

MAX60_E

MAX60_E

MAX60_C

MAX60_C

MAX60_M

MAX60_E

MAX60_C

MAX603

MAX60_M

MAX60_C/E

(VO UT + 0.5V) ≤ VIN ≤ 11.5V, IO UT = 25mA

MAX604

MAX603

MAX604

MAX603C/E

MAX604

MAX603M

CONDITIONS

°C

10

160

°CTherma l Shutdown Hysteresis

TSDTherma l Shutdown Temperature

ΔTSD



Note 1: E lec trica l spec ifica tions are measured by pulse testing and are guaranteed for a junc tion tempera ture (TJ) equa l to the 
opera ting tempera ture range . C and E grade parts may be opera ted up to a TJ of +125°. Expec t performance similar to 
M grade spec ifica tions. For TJ be tween +125°C and +150°C , the output voltage may drift more .

Note 2: (VIN - VO UT) is limited to keep the produc t (IO UT x (VIN - VO UT)) from exceed ing the package power d issipa tion limits.
Note 3: Dropout Voltage is (VIN - VO UT) when VO UT fa lls to 100mV be low its nomina l va lue a t VIN = VO UT + 2V. For examp le , the

MAX603 is tested by measuring the VO UT a t VIN = 7V, then VIN is lowered until VO UT fa lls 100mV be low the measured va lue .
The d ifference (VIN - VO UT) is then measured and de fined as ΔVD O .

Note 4: Foldback Current Limit was charac terized by pulse testing to rema in be low the maximum junc tion tempera ture . 
Note 5: The Reverse-Current Protec tion Threshold is the output/input d ifferentia l voltage (VO UT - VIN) a t which reverse-current

protec tion switchover occurs and the pass transistor is turned off. 
Note 6: Noise is tested using a bandpass amp lifier with two poles a t 10Hz and two poles a t 10kHz .
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VO UT = 3.0V

VO UT = 4.5V

VIN = 11.5V, VO UT = 2V, 
SET = O UT

VIN = 0V, VO UT = 4.5V (MAX603)
VO UT = 3.0V (MAX604)

µVRMS250enOutput Noise (Note 6)

nA±0.01 ±10IO FFO FF Input Leakage Current

4.0

VIH O FF
O FF Threshold Voltage

3.0

2.0
V

0.4

20

IO UT LK GO UT Leakage Current 6 µA

0.01 2

nA±0.01 ±10ISETSET Input Leakage Current

V1.16 1.20 1.24VSETSET Re ference Voltage

150 80
VSET THDua l-Mode SET Threshold

µA

0.01 10

6 20
ΔVRTH mV

6 20Reverse-Current Protec tion
Threshold (Note 5)

mV
80 30

tSTART

%VO UT2VOSHStart-Up Overshoot

20

100

UNITSMIN TYP MAXSYMBOLPARAMETER

10Hz to 10kHz , SET = O UT, RL = 1kΩ, 
C O UT = 10µF

V O FF = VIN or G ND

MAX60_C

On, SET = O UT, VIN = 11.5V

On, SET = O UT, VIN = 6V

MAX604

On, SET = O UT, VIN = 4V

MAX603

O ff

MAX60_M

MAX60_E

For interna l feedback

VIN = 9V, RL = 18Ω, V O FF switched from 
0V to VIN , time from 0% to 95% of VO UT

MAX60_C

VSET = 1.5V or 0V

RL = 1kΩ, C O UT = 10µF , O FF rise time ≤ 1µs

MAX60_E

MAX60_M

SET = O UT, RL = 1kΩ

For externa l feedback

CONDITIONS

ELECTRICAL CHARACTERISTICS (continued)
(VIN = 6V (MAX603) or 4.3V (MAX604), CIN = C O UT = 10µF , O FF = VIN , SET = G ND , TJ = TMIN to TMAX, unless otherwise noted .
Typ ica l va lues are a t TJ = +25°C .) (Note 1)

VIL O FF

Reverse Leakage Current IRVL

µs200Time Required to Exit Shutdown
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__________________________________________Typical Operating Characteristics
(VIN = 7V for MAX603, VIN = 5.3V for MAX604, OFF = VIN, SET = GND, CIN = C OUT = 10µF, RL = 1kΩ, TJ = +25°C , unless otherwise noted.)
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DROPOUT VOLTAGE vs. LOAD CURRENT 
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LINE-TRANSIENT RESPONSE 

 

A: VIN = 8V (HIGH), VIN = 7V (LOW) 
B: OUTPUT VOLTAGE (50mV/div)
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VOUT = 5V 
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2ms/div

 
LOAD-TRANSIENT RESPONSE 

 

A: OUTPUT VOLTAGE (100mV/div) 
B: IOUT = 500mA (HIGH), IOUT = 5mA (LOW) 
 

A

B
MAX603 
VOUT = 5V

_____________________________Typical Operating Characteristics (continued)
(VIN = 7V for MAX603, VIN = 5.3V for MAX604, OFF = VIN, SET = GND, CIN = C OUT = 10µF, RL = 1kΩ, TJ = +25°C , unless otherwise noted.)

500µs/div

OVERSHOOT AND TIME 
EXITING SHUTDOWN MODE

A: OFF PIN VOLTAGE (1V/div) 
    RISE TIME = 13µs 
B: MAX603 OUTPUT VOLTAGE (1V/div) 
    DELAY = 4.936ms, OVERSHOOT = 1%, RISE TIME = 55µs 
 

A

0V

5V
B

 

 

 

 

______________________________________________________________Pin Description

PIN NAME DESCRIPTION 

1 IN Regula tor Input. Supp ly voltage can range from 2.7V to 11.5V.

2, 3, 6, 7 G ND Ground . These p ins function as heatsinks, only in the SOIC package . A ll G ND p ins must be soldered to the 
c ircuit board for proper power d issipation. Connect to large copper pads or p lanes to channe l heat from the IC .

4 O FF Shutdown, ac tive low. Switch log ic leve ls in less than 1µs with the high leve l above the O FF threshold .

5 SET Feedback for Se tting the Output Voltage . Connec t to G ND to se t the output voltage to the prese lec ted 3.3V 
or 5V. Connec t to an externa l resistor ne twork for ad justab le output opera tion.

8 O UT Regulator Output. F ixed or ad justab le from 1.25V to 11.0V. Sources up to 500mA for input voltages above 4V.

MAX603 
MAX604

OUT

GND

GND

SET

IN

OFF

COUT 
10µF

CIN 
10µF

VIN

VOUT

GND

GND
R1

R2

RL

1

2

3

4

8

7

6

5

F igure 1. Test C ircuit
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_______________Detailed Description
The MAX603/MAX604 are low-dropout, low-quiescent-
current linear regula tors designed primarily for ba ttery-
powered app lica tions. They supp ly an ad justab le 1.25V
to 11V output or a prese lec ted 5V (MAX603) or 3 .3V
(MAX604) output for loa d currents up to 500mA . As
illustra ted in F igure 2, they consist of a 1.20V re ference ,
error amp lifier, MOSFET driver, P-channe l pass transis-
tor, dua l-mode compara tor, and interna l feedback volt-
age d ivider.
The 1.20V bandgap re ference is connec ted to the error
amp lifier’s inverting input. The error amp lifier compares
this re ference with the se lec ted feedback voltage and
amp lifies the d ifference . The MOSFET driver reads the
error signa l and app lies the appropria te drive to the P-
channe l pass transistor. If the feedback voltage is lower
than the re ference , the pass transistor ga te is pulled
lower, a llowing more current to pass and increasing the
output voltage . If the feedback voltage is too high, the
pass transistor ga te is pulled up , a llowing less current
to pass to the output. 

The output voltage is fed back through either an internal
resistor voltage divider connected to the OUT pin, or an
externa l resistor network connected to the SET p in. The
dua l-mode compara tor examines the SET voltage and
se lects the feedback path used . If SET is be low 80mV,
internal feedback is used and the output voltage is regulat-
e d  to 5V for th e  M A X603 or 3 . 3V for th e  M A X604 .
Additional blocks include a foldback current limiter, reverse
current protection, thermal sensor, and shutdown logic.

Internal P-Channel Pass Transistor
Th e  M A X603/M A X604 f e a ture  a  500m A P-c h a nn e l
MOSFET pass transistor.  This provides severa l advan-
tages over similar designs using PNP pass transistors,
inc lud ing longer ba ttery life . 
The P-channe l MOSFET requires no base drive , which
re duc es qu iesc ent current cons id era b ly . PNP b ase d
re gu la tors waste cons id era b le amounts of current in
dropout when the pass transistor sa tura tes. They a lso
use h igh b ase-drive currents und er larg e loa ds . The
MAX603/MAX604 do not suffer from these prob lems
and consume on ly 15µA of qu iesc ent current und er
light and heavy loads, as we ll as in dropout.

5V/3.3V or Adjustable, Low-Dropout, 
Low IQ, 500mA Linear Regulators
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P

MOSFET DRIVER 
WITH FOLDBACK 
CURRENT LIMIT

THERMAL 
SENSOR

SHUTDOWN 
LOGIC

1.20V 
REFERENCE DUAL-MODE 

COMPARATOR

R1

R2

OUT
SET

REVERSE 
CURRENT 
PROTECTION

80mV

ERROR AMP

IN

OFF

GND
MAX603 
MAX604

SHUTDOWN

F igure 2. Func tiona l D iagram



Output Voltage Selection
The MAX603/MAX604 fea ture dua l-mode opera tion. In
prese t voltage mode , the output of the MAX603 is se t to
5V and the output of the MAX604 is se t to 3.3V using
interna l, trimmed feedback resistors. Se lec t this mode
by connec ting SET to ground .
In ad justab le mode , an output be tween 1.25V and 11V
is se lec ted using two externa l resistors connec ted as a
voltage d ivider to SET (F igure 3). The output voltage is
se t by the following equa tion:

where VSET = 1.20V. To simp lify resistor se lec tion: 

Since the input b ias current a t SET is nomina lly zero,
large resistance va lues can be used for R1 and R2 to
minimize power consumption without losing accuracy. Up
to 1.5MΩ is acceptab le for R2. Since the VSET tolerance
is less than ±40mV, the output can be se t using fixed
resistors instead of trim pots.
In prese t voltage mode , impedances be tween SET and
ground should be less than 10kΩ. O therwise , spurious
cond itions could cause the voltage a t SET to exceed
the 80mV dua l-mode threshold .

Shutdown
A low input on the O FF p in shuts down the MAX603/
MAX604. In the off mode , the pass transistor, control
c ircuit, re ference , and a ll b iases are turned off, reduc-
ing the supp ly current be low 2µA . O FF should be con-
nec ted to IN for norma l opera tion.
Use a fast compara tor, Schmitt trigger, or CMOS or TTL
log ic to drive the O FF p in in and out of shutdown. Rise
times should be shorter than 1µs. Do not use slow RC
c ircu its , le ave O F F op en , or a llow the input to ling er
b e twe en thresho lds; these me asures w ill prevent the
ou t p u t  from jum p in g  to th e  p os i t iv e  su p p ly ra i l  in
response to an inde termina te input sta te .
Since the O FF threshold varies with input supp ly volt-
age (see E lec trica l Charac teristics), do not derive the
drive vo lta g e from 3 .3V log ic . W ith VIN a t 11 .5V , the
high O FF log ic leve l needs to be above 4V.

Foldback Current Limiting 
The MAX603/MAX604 a lso inc lude a foldback current
lim iter. It mon itors and contro ls the p ass trans istor’s
ga te voltage , estima ting the output current and limiting
it to 1.2A for output voltages above 0.8V and VIN - VO UT

> 0.7V. For VIN - VO UT < 0.7V (dropout opera tion), there
is no current lim it. If the output vo lta g e drops b e low
0.8V, imp lying a short-c ircuit cond ition, the output cur-
rent is limited to 350mA . The output can be shorted to
ground for one minute without damag ing the device if
t h e  p a c k a g e  c a n  d i s s i p a t e  V I N  x  3 5 0 m A  w i t h o u t
exceed ing TJ = +150°C . 

Thermal Overload Protection
Therma l overload protec tion limits tota l power d issipa-
tion in the MAX603/MAX604. When the junc tion temper-
a ture exceeds TJ = +160°C , the therma l sensor sends a
signa l to the shutdown log ic , turning off the pass tran-
sistor and a llowing the IC to cool. The therma l sensor
will turn the pass transistor on aga in a fter the IC ’s junc-
tion tempera ture cools by 10°C , resulting in a pulsed
output during therma l overload cond itions.
Therma l overload protection is designed to protect the
MAX603/MAX604 in the event of fau lt cond itions . For
continua l operation, the absolute maximum junction tem-
perature rating of TJ = +150°C should not be exceeded .

Operating Region and Power Dissipation
Max imum power d iss ip a tion of the MAX603/MAX604
depends on the therma l resistance of the case and c ir-
cuit board , the temperature d ifference between the d ie
junc tion and amb ient a ir, and the ra te of a ir flow. The
power d issipa tion across the device is P = IO UT (VIN -
VO UT). The resulting maximum power d issipation is:

where (TJ - TA) is the tempera ture d ifference be tween
the MAX603/MAX604 d ie junction and the surround ing

P   
T  -  T

 +   MAX
J A

JB BA
=

( )
( )
⎛

⎝
⎜⎜
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⎟⎟θ θ

R1  R2 
V
V

 -  1O UT

SET
=
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⎝
⎜
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⎠
⎟

V   V 1 
R1
R2O UT SET= +
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MAX603 
MAX604

OUT

SET

GND

IN

OFF COUT 
10µF

CIN 
0.1µF to 
10µF

BATTERY

OUTPUT 
VOLTAGE

R1

R2

RL

Figure 3. Adjustable Output Using External Feedback Resistors
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a ir, θJB (or θJC) is the therma l resistance of the package
chosen, and θBA is the therma l resistance through the
printed c ircuit board , copper traces and other materia ls
to the surround ing a ir. The 8-p in SOIC package for the
MAX603/MAX604 fea tures a spec ia l lead frame with a
lower therma l res istanc e and h igher a llowab le power
d issipa tion. The therma l resistance of this package is
θJB = 42°C/W, compared with θJB = 110°C/W for an 8-
p in p lastic DIP package and θJB = 125°C/W for an 8-p in
ceramic DIP package .
The G ND p ins of the MAX603/MAX604 SOIC package
perform the dua l func tion of provid ing an e lec trica l con-
nec tion to ground and channe ling hea t away. Connec t
a ll G ND p ins to ground using a large pad or ground
p lane . Where this is impossib le , p lace a copper p lane
on a n a d j a c e n t  l a y er .  Th e  p a d  shou l d  e x c e e d  th e
d imensions in F igure 4.
F igure 4 assumes the IC is an 8-p in SOIC package , is
soldered d irec tly to the pad , has a +125°C maximum
junction temperature and a +25°C amb ient a ir tempera-
ture , and has no other he a t sourc es . Use larger pad
sizes for other packages, lower junc tion tempera tures,
higher amb ient temperatures, or cond itions where the IC
is not soldered d irectly to the heat-sinking ground pad .
Th e  M A X603/M A X604 c a n re g u l a t e  c urre n ts u p  to
500mA and opera te with input voltages up to 11.5V, but
not simultaneously. H igh output currents can only be
susta ine d when input-output d ifferentia l vo lta g es are

low, as shown in F igure 5. Maximum power d issipa tion
depends on packag ing , board layout, tempera ture , and
a ir flow. The maximum output current is: 

where PMAX is derived from F igure 4.

Reverse-Current Protection
The MAX603/MAX604 has a unique protec tion scheme
tha t limits reverse currents when the input voltage fa lls
b e low the output. It mon itors the vo lta g es on IN and
O UT and switches the IC ’s substra te and power bus to

I  
P   T  -  T

V  -  V   100 C
O UT max  

MAX J A

IN O UT
( ) =

× ( )
( ) × °
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the more positive of the two. The control c ircuitry can
then rema in func tioning and turn the pass transistor off,
limiting reverse currents back through the device . This
fe a ture a llows a b a ckup re gu la tor or b a ttery p a ck to
ma inta in VO UT when the supp ly a t IN fa ils.
Reverse-current protec tion ac tiva tes when the voltage
on IN fa lls 6mV (20mV maximum) be low the voltage on
O UT. Be fore this happens, currents as high as severa l
milliamperes can flow back through the device . A fter
sw i t c hov er ,  ty p i c a l  re v ers e  c urre n ts are  l im i t e d  to
0.01µA for as long as the cond ition exists. 

__________Applications Information
F i g ure  6  i l lus tr a t e s t h e  t y p i c a l  a p p l i c a t ion f or t h e
MAX603/MAX604. 

Capacitor Selection and 
Regulator Stability

Norma lly , use 0 .1µF to 10µF c a p a c itors on the input
and 10µF on the output of the MAX603/MAX604. The
larg er inpu t c a p a c itor va lues prov id e b e tter sup p ly-
no ise re je c t ion and line-trans ient response . Improve
loa d-trans ient response , sta b ility , and power-sup p ly
re jec tion by using large output c apac itors. For stab le
opera tion over the full tempera ture range and with load
currents up to 500mA , 10µF is recommended . Using
capac itors sma ller than 3.3µF can result in osc illa tion. 

Noise 
The MAX603/MAX604 exh ib it 3mVp-p to 4mVp-p o f
noise during norma l operation. This is neg lig ib le in most
app lications. When using the MAX603/MAX604 in app li-
c a t ions tha t inc lud e  ana log-to-d i g i t a l convert ers o f
greater than 12 b its, consider the AD C ’s power-supp ly
re jection spec ifications. Refer to the output noise p lot in
the Typ ica l O perating Characteristics.

PSRR and Operation from Sources 
Other than Batteries

Th e  M A X603/M A X604 are  d e s i g n e d  to d e l iv er low
dropout voltages and low quiescent currents in battery-
powered systems. Achieving these ob jec tives requires
tra d in g  o f f  p ow er-su p p ly no is e  re j e c t ion a n d  sw i f t
re s p ons e  to su p p ly v ar i a t ions a n d  lo a d  tra ns i e n ts .
Power-supp ly re jec tion is 80dB a t low freqenc ies and
rolls off above 10Hz . As the frequency increases above
10kHz , the output capac itor is the ma jor contributor to
the re jec tion of power-supp ly noise (F igure 7). Do not
use power supp lies with ripp le above 100kHz , espec ia l-
ly when the ripp le exceeds 100mVp-p . When operating
from sourc es other than b a tteries , improve d sup p ly-
noise re jection and transient response can be achieved
by increasing the va lues of the input and output capac i-
tors ,  and  through p ass ive  f i lt ering t e chn i ques .  The
Typ ic a l O p era ting C hara c teristics show the MAX603/
MAX604 supp ly and load-transient responses.

Transient Considerations
T h e  T y p i c a l  O p e r a t i n g  C h a r a c t e r i s t i c s s h o w t h e
MAX603/MAX604 load-transient response . Two compo-
nents of the output response can be observed on the
load-transient graphs—a D C shift from the output imped-
ance due to the d ifferent load currents, and the transient
response . Typ ica l transients for step changes in the load
current from 5mA to 500mA are 0.2V. Increasing the out-
put capac itor’s va lue attenuates transient sp ikes.
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F igure 6. 3.3V or 5V Linear-Regula tor App lica tion

F igure 7. Power-Supp ly Re jec tion Ra tio vs. Ripp le Frequency
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4 Input-Output (Dropout) Voltage

A regula tor’s minimum input-output voltage d ifferentia l,
or dropout voltage , determines the lowest usab le supp ly
voltage . In battery-powered systems, this will determine
th e  us e fu l e n d-o f- l i f e  b a t t ery vo l t a g e .  B e c a us e  th e
MAX603/MAX604 use a P-channe l MOSFET pass tran-
sistor, the ir dropout voltage is a function of rDS(O N) multi-
p lied by the load current (see E lectrica l Characteristics).
Quickly stepp ing up the input voltage from the dropout
voltage can result in overshoot. This occurs when the
pass transistor is fully on a t dropout and the IC is not
g iven time to respond to the supp ly voltage change .
Prevent this by slowing the input voltage rise time .

5V/3.3V or Adjustable, Low-Dropout, 
Low IQ, 500mA Linear Regulators
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___________________Chip Topography
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TRANSISTOR C O UNT: 111
N O DIRE CT SUBSTRATE C O NNE CTIO N . THE N-SUBSTRATE
IS INTERNALLY SWITC HED BETWEEN THE MORE POSITIVE
O F IN OR O UT.
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________________________________________________________Package Information

DIM  
A 
A1 
A2 
A3 
B 
B1 
C 
D1 
E 
E1 
e 

eA 
eB 
L

MIN 
– 

0.015 
0.125 
0.055 
0.016 
0.045 
0.008 
0.005 
0.300 
0.240 
0.100 
0.300 

– 
0.115

MAX 
0.200 

– 
0.175 
0.080 
0.022 
0.065 
0.012 
0.080 
0.325 
0.310 

– 
– 

0.400 
0.150

MIN 
– 

0.38 
3.18 
1.40 
0.41 
1.14 
0.20 
0.13 
7.62 
6.10 
2.54 
7.62 

– 
2.92

MAX 
5.08 

– 
4.45 
2.03 
0.56 
1.65 
0.30 
2.03 
8.26 
7.87 

– 
– 

10.16 
3.81

INCHES MILLIMETERS

P PACKAGE 
PLASTIC 

DUAL-IN-LINE

DIM  
D 
D 
D 
D 
D 
D

MIN 
0.348 
0.735 
0.745 
0.885 
1.015 
1.14

MAX 
0.390 
0.765 
0.765 
0.915 
1.045 
1.265

MIN 
8.84 
18.67 
18.92 
22.48 
25.78 
28.96

MAX 
9.91 
19.43 
19.43 
23.24 
26.54 
32.13

INCHES MILLIMETERS
PINS

8 
14 
16 
18 
20 
24

C

A A2

E1D

E

eA
eB

A3

B1
B

0° - 15°A1L

D1

 

e

DIM  
A 
A1 
B 
C 
E 
e 
H 
L

MIN 
0.053 
0.004 
0.014 
0.007 
0.150 

 
0.228 
0.016

MAX 
0.069 
0.010 
0.019 
0.010 
0.157 

 
0.244 
0.050

MIN 
1.35 
0.10 
0.35 
0.19 
3.80 

 
5.80 
0.40

MAX 
1.75 
0.25 
0.49 
0.25 
4.00 

 
6.20 
1.27

INCHES MILLIMETERS

21-0041A

S PACKAGE 
SMALL 

OUTLINE

DIM  
D 
D 
D

MIN 
0.189 
0.337 
0.386

MAX 
0.197 
0.344 
0.394

MIN 
4.80 
8.55 
9.80

MAX 
5.00 
8.75 
10.00

INCHES MILLIMETERS
PINS

8 
14 
16

1.270.050

L

0°-8°

HE

D

e

A

A1 C

0.101mm 
0.005in.

B



Maxim cannot assume responsib ility for use of any c ircuitry other than c ircuitry entire ly embod ied in a Maxim produc t. No c ircuit pa tent licenses are
imp lied . Maxim reserves the right to change the c ircuitry and spec ifica tions without notice a t any time .

12 __________________Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA  94086 (408) 737-7600
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___________________________________________Package Information (continued)

C

0°-15°

A D

B1
B

DIM  
A 
B 
B1 
C 
E 
E1 
e 
L 
L1 
Q 
S 
S1 

 

MIN 
– 

0.014 
0.038 
0.008 
0.220 
0.290 

 
0.125 
0.150 
0.015 

– 
0.005 

 

MAX 
0.200 
0.023 
0.065 
0.015 
0.310 
0.320 

 
0.200 

– 
0.070 
0.098 

– 
 

MIN 
– 

0.36 
0.97 
0.20 
5.59 
7.37 

 
3.18 
3.81 
0.38 

– 
0.13 

 

MAX 
5.08 
0.58 
1.65 
0.38 
7.87 
8.13 

 
5.08 

– 
1.78 
2.49 

– 
 

2.54 0.100 

Q
L

S1

e

J PACKAGE 
(0.300 in.) 
CERDIP 

DUAL-IN-LINE

S

L1

E

E1

PINS  
8 
14 
16 
18 
20 
24

DIM  
D 
D 
D 
D 
D 
D

MIN 
– 
– 
– 
– 
– 
–

MAX 
0.405 
0.785 
0.840 
0.960 
1.060 
1.280

MIN 
– 
– 
– 
– 
– 
–

MAX 
10.29 
19.94 
21.34 
24.38 
26.92 
32.51
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FEATURES

See mechanical drawings for dimensions.

NC – No internal connection
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DESCRIPTION/ORDERING INFORMATION

The SN74LVC1G32 performs the Boolean function Y = A + B or Y = •A B in positive logic.

SN74LVC1G32
SINGLE 2-INPUT POSITIVE-OR GATE

SCES219O–APRIL 1999–REVISED FEBRUARY 2007

• Available in the Texas Instruments • Ioff Supports Partial-Power-Down Mode
NanoStar™ and NanoFree™ Packages Operation

• Supports 5-V VCC Operation • Latch-Up Performance Exceeds 100 mA Per
JESD 78, Class II• Inputs Accept Voltages to 5.5 V

• ESD Protection Exceeds JESD 22• Max tpd of 3.6 ns at 3.3 V
– 2000-V Human-Body Model (A114-A)• Low Power Consumption, 10-µA Max ICC
– 200-V Machine Model (A115-A)• ± 24-mA Output Drive at 3.3 V
– 1000-V Charged-Device Model (C101)

This single 2-input positive-OR gate is designed for 1.65-V to 5.5-V VCC operation.

NanoStar™ and NanoFree™ package technology is a major breakthrough in IC packaging concepts, using the
die as the package.
This device is fully specified for partial-power-down applications using Ioff. The Ioff circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

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.

NanoStar, NanoFree are trademarks of Texas Instruments.

PRODUCTION DATA information is current as of publication date. Copyright © 1999–2007, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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SN74LVC1G32
SINGLE 2-INPUT POSITIVE-OR GATE
SCES219O–APRIL 1999–REVISED FEBRUARY 2007

ORDERING INFORMATION
TA PACKAGE(1) ORDERABLE PART NUMBER TOP-SIDE MARKING(2)

NanoFree™ – WCSP (DSBGA) Reel of 3000 SN74LVC1G32YZPR _ _ _CG_0.23-mm Large Bump – YZP (Pb-free)
SON – DRY Reel of 5000 SN74LVC1G32DRYR CG_

SN74LVC1G32DBVR
Reel of 3000 SN74LVC1G32DBVRE4

SOT (SOT-23) – DBV C32_
SN74LVC1G32DBVRG4

Tube of 250 SN74LVC1G32DBVT
–40°C to 85°C SN74LVC1G32DCKR

Reel of 3000 SN74LVC1G32DCKRE4
SOT (SC-70) – DCK SN74LVC1G32DCKRG4 CG_

SN74LVC1G32DCKT
Tube of 250

SN74LVC1G32DCKTE4
SN74LVC1G32DRLR

SOT (SOT-553) – DRL Reel of 4000 CG_
SN74LVC1G32DRLRG4

(1) Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/sc/package.

(2) DBV/DCK/DRL/DRY: The actual top-side marking has one additional character that designates the assembly/test site.
YZP: The actual top-side marking has three preceding characters to denote year, month, and sequence code, and one following
character to designate the assembly/test site. Pin 1 identifier indicates solder-bump composition (1 = SnPb, • = Pb-free).

FUNCTION TABLE
INPUTS OUTPUT

YA B
H X H
X H H
L L L

LOGIC DIAGRAM (POSITIVE LOGIC)

2 Submit Documentation Feedback



www.ti.com

Absolute Maximum Ratings(1)

SN74LVC1G32
SINGLE 2-INPUT POSITIVE-OR GATE

SCES219O–APRIL 1999–REVISED FEBRUARY 2007

over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT

VCC Supply voltage range –0.5 6.5 V
VI Input voltage range(2) –0.5 6.5 V
VO Voltage range applied to any output in the high-impedance or power-off state(2) –0.5 6.5 V
VO Voltage range applied to any output in the high or low state(2) (3) –0.5 VCC + 0.5 V
IIK Input clamp current VI < 0 –50 mA
IOK Output clamp current VO < 0 –50 mA
IO Continuous ouput current ±50 mA

Continuous current through VCC or GND ±100 mA
DBV package 206
DCK package 252

θJA Package thermal impedance(4) DRL package 142 °C/W
DRY package 234
YZP package 132

Tstg Storage temperature range –65 150 °C

(1) 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.

(2) The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.
(3) The value of VCC is provided in the recommended operating conditions table.
(4) The package thermal impedance is calculated in accordance with JESD 51-7.

3Submit Documentation Feedback
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Recommended Operating Conditions(1)

SN74LVC1G32
SINGLE 2-INPUT POSITIVE-OR GATE
SCES219O–APRIL 1999–REVISED FEBRUARY 2007

MIN MAX UNIT
Operating 1.65 5.5

VCC Supply voltage V
Data retention only 1.5
VCC = 1.65 V to 1.95 V 0.65 × VCC
VCC = 2.3 V to 2.7 V 1.7

VIH High-level input voltage V
VCC = 3 V to 3.6 V 2
VCC = 4.5 V to 5.5 V 0.7 × VCC
VCC = 1.65 V to 1.95 V 0.35 × VCC
VCC = 2.3 V to 2.7 V 0.7

VIL Low-level input voltage V
VCC = 3 V to 3.6 V 0.8
VCC = 4.5 V to 5.5 V 0.3 × VCC

VI Input voltage 0 5.5 V
VO Output voltage 0 VCC V

VCC = 1.65 V –4
VCC = 2.3 V –8

IOH High-level output current –16 mA
VCC = 3 V –24
VCC = 4.5 V –32
VCC = 1.65 V 4
VCC = 2.3 V 8

IOL Low-level output current 16 mA
VCC = 3 V 24
VCC = 4.5 V 32
VCC = 1.8 V ± 0.15 V, 2.5 V ± 0.2 V 20

Δt/Δv Input transition rise or fall rate VCC = 3.3 V ± 0.3 V 10 ns/V
VCC = 5 V ± 0.5 V 5

TA Operating free-air temperature –40 85 °C

(1) 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.
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Electrical Characteristics

Switching Characteristics

Switching Characteristics

Operating Characteristics

SN74LVC1G32
SINGLE 2-INPUT POSITIVE-OR GATE

SCES219O–APRIL 1999–REVISED FEBRUARY 2007

over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS VCC MIN TYP(1) MAX UNIT

IOH = –100 µA 1.65 V to 5.5 V VCC – 0.1
IOH = –4 mA 1.65 V 1.2
IOH = –8 mA 2.3 V 1.9

VOH V
IOH = –16 mA 2.4

3 V
IOH = –24 mA 2.3
IOH = –32 mA 4.5 V 3.8
IOL = 100 µA 1.65 V to 5.5 V 0.1
IOL = 4 mA 1.65 V 0.45
IOL = 8 mA 2.3 V 0.3

VOL V
IOL = 16 mA 0.4

3 V
IOL = 24 mA 0.55
IOL = 32 mA 4.5 V 0.55

II A or B inputs VI = 5.5 V or GND 0 to 5.5 V ±5 µA
Ioff VI or VO = 5.5 V 0 ±10 µA
ICC VI = 5.5 V or GND, IO = 0 1.65 V to 5.5 V 10 µA
ΔICC One input at VCC– 0.6 V, Other inputs at VCC or GND 3 V to 5.5 V 500 µA
Ci VI = VCC or GND 3.3 V 4 pF

(1) All typical values are at VCC = 3.3 V, TA = 25°C.

over recommended operating free-air temperature range, CL = 15 pF (unless otherwise noted) (see Figure 1 )
VCC = 1.8 V VCC = 2.5 V VCC = 3.3 V VCC = 5 VFROM TO ± 0.15 V ± 0.2 V ± 0.3 V ± 0.5 VPARAMETER UNIT(INPUT) (OUTPUT)
MIN MAX MIN MAX MIN MAX MIN MAX

tpd A or B Y 1.9 7.2 0.8 4.4 0.9 3.6 0.8 3.4 ns

over recommended operating free-air temperature range, CL = 30 pF or 50 pF (unless otherwise noted) (see Figure 2 )
VCC = 1.8 V VCC = 2.5 V VCC = 3.3 V VCC = 5 VFROM TO ± 0.15 V ± 0.2 V ± 0.3 V ± 0.5 VPARAMETER UNIT(INPUT) (OUTPUT)
MIN MAX MIN MAX MIN MAX MIN MAX

tpd A or B Y 2.8 8 1.2 5.5 1.1 4.5 1 4 ns

TA = 25°C
VCC = 1.8 V VCC = 2.5 V VCC = 3.3 V VCC = 5 VTESTPARAMETER UNITCONDITIONS TYP TYP TYP TYP

Cpd Power dissipation capacitance f = 10 MHz 20 20 21 22 pF
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PARAMETER MEASUREMENT INFORMATION
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D. The outputs are measured one at a time, with one transition per measurement.
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SCES219O–APRIL 1999–REVISED FEBRUARY 2007

Figure 1. Load Circuit and Voltage Waveforms
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C. All input pulses are supplied by generators having the following characteristics: PRR 10 MHz, Z = 50 .
D. The outputs are measured one at a time, with one transition per measurement.
E. t and t are the same as t .
F. t and t are the same as t .
G. t and t are the same as t .
H. All parameters and waveforms are not applicable to all devices.
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SN74LVC1G32
SINGLE 2-INPUT POSITIVE-OR GATE

SCES219O–APRIL 1999–REVISED FEBRUARY 2007

PARAMETER MEASUREMENT INFORMATION (continued)

Figure 2. Load Circuit 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)

SN74LVC1G32DBVR ACTIVE SOT-23 DBV 5 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G32DBVRE4 ACTIVE SOT-23 DBV 5 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G32DBVRG4 ACTIVE SOT-23 DBV 5 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G32DBVT ACTIVE SOT-23 DBV 5 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G32DBVTE4 ACTIVE SOT-23 DBV 5 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G32DBVTG4 ACTIVE SOT-23 DBV 5 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G32DCKR ACTIVE SC70 DCK 5 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G32DCKRE4 ACTIVE SC70 DCK 5 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G32DCKRG4 ACTIVE SC70 DCK 5 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G32DCKT ACTIVE SC70 DCK 5 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G32DCKTE4 ACTIVE SC70 DCK 5 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G32DCKTG4 ACTIVE SC70 DCK 5 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G32DRLR ACTIVE SOT DRL 5 4000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G32DRLRG4 ACTIVE SOT DRL 5 4000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G32DRYR ACTIVE SON DRY 6 5000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G32DRYRG4 ACTIVE SON DRY 6 5000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G32YZPR ACTIVE DSBGA YZP 5 3000 Green (RoHS &
no Sb/Br)

SNAGCU Level-1-260C-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 - 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
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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.

OTHER QUALIFIED VERSIONS OF SN74LVC1G32 :
• Automotive: SN74LVC1G32-Q1
• Enhanced Product: SN74LVC1G32-EP
NOTE: Qualified Version Definitions:

• Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
• Enhanced Product - Supports Defense, Aerospace and Medical Applications
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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

SN74LVC1G32DBVR SOT-23 DBV 5 3000 178.0 9.0 3.23 3.17 1.37 4.0 8.0 Q3
SN74LVC1G32DBVR SOT-23 DBV 5 3000 180.0 9.2 3.23 3.17 1.37 4.0 8.0 Q3
SN74LVC1G32DBVT SOT-23 DBV 5 250 178.0 9.0 3.23 3.17 1.37 4.0 8.0 Q3
SN74LVC1G32DBVT SOT-23 DBV 5 250 180.0 9.2 3.23 3.17 1.37 4.0 8.0 Q3
SN74LVC1G32DCKR SC70 DCK 5 3000 178.0 9.0 2.4 2.5 1.2 4.0 8.0 Q3
SN74LVC1G32DCKR SC70 DCK 5 3000 180.0 9.2 2.24 2.34 1.22 4.0 8.0 Q3
SN74LVC1G32DCKT SC70 DCK 5 250 180.0 9.2 2.24 2.34 1.22 4.0 8.0 Q3
SN74LVC1G32DCKT SC70 DCK 5 250 178.0 9.0 2.4 2.5 1.2 4.0 8.0 Q3
SN74LVC1G32DRLR SOT DRL 5 4000 180.0 9.2 1.78 1.78 0.69 4.0 8.0 Q3
SN74LVC1G32DRYR SON DRY 6 5000 179.0 8.4 1.2 1.65 0.7 4.0 8.0 Q1
SN74LVC1G32YZPR DSBGA YZP 5 3000 180.0 8.4 1.02 1.52 0.63 4.0 8.0 Q1
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*All dimensions are nominal
Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

SN74LVC1G32DBVR SOT-23 DBV 5 3000 180.0 180.0 18.0
SN74LVC1G32DBVR SOT-23 DBV 5 3000 205.0 200.0 33.0
SN74LVC1G32DBVT SOT-23 DBV 5 250 180.0 180.0 18.0
SN74LVC1G32DBVT SOT-23 DBV 5 250 205.0 200.0 33.0
SN74LVC1G32DCKR SC70 DCK 5 3000 180.0 180.0 18.0
SN74LVC1G32DCKR SC70 DCK 5 3000 205.0 200.0 33.0
SN74LVC1G32DCKT SC70 DCK 5 250 205.0 200.0 33.0
SN74LVC1G32DCKT SC70 DCK 5 250 180.0 180.0 18.0
SN74LVC1G32DRLR SOT DRL 5 4000 202.0 201.0 28.0
SN74LVC1G32DRYR SON DRY 6 5000 220.0 205.0 50.0
SN74LVC1G32YZPR DSBGA YZP 5 3000 220.0 220.0 34.0
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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 Broadband www.ti.com/broadband
DSP dsp.ti.com Digital Control www.ti.com/digitalcontrol
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Military www.ti.com/military
Logic logic.ti.com Optical Networking www.ti.com/opticalnetwork
Power Mgmt power.ti.com Security www.ti.com/security
Microcontrollers microcontroller.ti.com Telephony www.ti.com/telephony
RFID www.ti-rfid.com Video & Imaging www.ti.com/video
RF/IF and ZigBee® Solutions www.ti.com/lprf Wireless www.ti.com/wireless

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2009, Texas Instruments Incorporated
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DESCRIPTION/ORDERING INFORMATION

SN74LVC1G123
SINGLE RETRIGGERABLE MONOSTABLE MULTIVIBRATOR

WITH SCHMITT-TRIGGER INPUTS
SCES586B–JULY 2004–REVISED JANUARY 2007

• Retriggerable for Very Long Output Pulses, up
to 100% Duty Cycle• Available in the Texas Instruments

NanoFree™ Package • Overriding Clear Terminates Output Pulse
• Supports 5-V VCC Operation • Glitch-Free Power-Up Reset on Outputs
• Inputs Accept Voltages to 5.5 V • Ioff Supports Partial-Power-Down Mode

Operation• Max tpd of 8 ns at 3.3 V
• Latch-Up Performance Exceeds 100 mA Per• Supports Mixed-Mode Voltage Operation on

JESD 78, Class IIAll Ports
• ESD Protection Exceeds JESD 22• Schmitt-Trigger Circuitry on A and B Inputs

for Slow Input Transition Rates – 2000-V Human-Body Model (A114-A)
• Edge Triggered From Active-High or – 200-V Machine Model (A115-A)

Active-Low Gated Logic Inputs – 1000-V Charged-Device Model (C101)

The SN74LVC1G123 is a single retriggerable monostable multivibrator designed for 1.65-V to 5.5-V VCC
operation.
This monostable multivibrator features output pulse-duration control by three methods. In the first method, the A
input is low, and the B input goes high. In the second method, the B input is high, and the A input goes low. In
the third method, the A input is low, the B input is high, and the clear (CLR) input goes high.

ORDERING INFORMATION
TA PACKAGE(1) ORDERABLE PART NUMBER TOP-SIDE MARKING(2)

NanoFree™ – WCSP (DSBGA)
0.23-mm Large Bump – YZP Reel of 3000 SN74LVC1G123YZPR _ _ _ D8_
(Pb-free)

Reel of 3000 SN74LVC1G123DCTR–40°C to 85°C SSOP – DCT C23_
Reel of 250 SN74LVC1G123DCTT
Reel of 3000 SN74LVC1G123DCUR

VSSOP – DCU C23_
Reel of 250 SN74LVC1G123DCUT

(1) Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/sc/package.

(2) DCT: The actual top-side marking has three additional characters that designate the year, month, and assembly/test site.
DCU: The actual top-side marking has one additional character that designates the assembly/test site.
YZP: The actual top-side marking has three preceding characters to denote year, month, and sequence code, and one following
character to designate the assembly/test site. Pin 1 identifier indicates solder-bump composition (1 = SnPb, • = Pb-free).

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.

NanoFree is a trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date. Copyright © 2004–2007, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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DESCRIPTION/ORDERING INFORMATION (CONTINUED)
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SN74LVC1G123
SINGLE RETRIGGERABLE MONOSTABLE MULTIVIBRATOR
WITH SCHMITT-TRIGGER INPUTS
SCES586B–JULY 2004–REVISED JANUARY 2007

The output pulse duration is programmed by selecting external resistance and capacitance values. The external
timing capacitor must be connected between Cext and Rext/Cext (positive) and an external resistor connected
between Rext/Cext and VCC. To obtain variable pulse durations, connect an external variable resistance between
Rext/Cext and VCC. The output pulse duration also can be reduced by taking CLR low.
Pulse triggering occurs at a particular voltage level and is not directly related to the transition time of the input
pulse. The A and B inputs have Schmitt triggers with sufficient hysteresis to handle slow input transition rates
with jitter-free triggering at the outputs.
Once triggered, the basic pulse duration can be extended by retriggering the gated low-level-active (A) or
high-level-active (B) input. Pulse duration can be reduced by taking CLR low. CLR can be used to override A or
B inputs. The input/output timing diagram illustrates pulse control by retriggering the inputs and early clearing.
This device is fully specified for partial-power-down applications using Ioff. The Ioff circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.
NanoFree™ package technology is a major breakthrough in IC packaging concepts, using the die as the
package.

FUNCTION TABLE
INPUTS OUTPUTS

QCLR A B
L X X L
X H X L(1)

X X L L(1)

H L ↑

H ↓ H

↑ L H

(1) These outputs are based on the
assumption that the indicated
steady-state conditions at the A
and B inputs have been set up
long enough to complete any
pulse started before the setup.

LOGIC DIAGRAM (POSITIVE LOGIC)
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CLR
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SN74LVC1G123
SINGLE RETRIGGERABLE MONOSTABLE MULTIVIBRATOR

WITH SCHMITT-TRIGGER INPUTS
SCES586B–JULY 2004–REVISED JANUARY 2007

REQUIRED TIMING CIRCUIT

INPUT/OUTPUT TIMING DIAGRAM
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Absolute Maximum Ratings(1)

SN74LVC1G123
SINGLE RETRIGGERABLE MONOSTABLE MULTIVIBRATOR
WITH SCHMITT-TRIGGER INPUTS
SCES586B–JULY 2004–REVISED JANUARY 2007

over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT

VCC Supply voltage range –0.5 6.5 V
VI Input voltage range(2) –0.5 6.5 V
VO Voltage range applied to any output in the high-impedance or power-off state(2) –0.5 6.5 V
VO Voltage range applied to any output in the high or low state(2) (3) –0.5 VCC + 0.5 V
IIK Input clamp current VI < 0 –50 mA
IOK Output clamp current VO < 0 –50 mA
IO Continuous output current ±50 mA

Continuous current through VCC or GND ±100 mA
DCT package 220

θJA Package thermal impedance(4) DCU package 227 °C/W
YZP package 102

Tstg Storage temperature range –65 150 °C

(1) 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.

(2) The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
(3) The value of VCC is provided in the recommended operating conditions table.
(4) The package thermal impedance is calculated in accordance with JESD 51-7.
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Recommended Operating Conditions(1)

SN74LVC1G123
SINGLE RETRIGGERABLE MONOSTABLE MULTIVIBRATOR

WITH SCHMITT-TRIGGER INPUTS
SCES586B–JULY 2004–REVISED JANUARY 2007

MIN MAX UNIT
Operating 1.65 5.5

VCC Supply voltage V
Data retention only 1.5
VCC = 1.65 V to 1.95 V 0.65 × VCC
VCC = 2.3 V to 2.7 V 1.7

VIH High-level input voltage V
VCC = 3 V to 3.6 V 2
VCC = 4.5 V to 5.5 V 0.7 × VCC
VCC = 1.65 V to 1.95 V 0.35 × VCC
VCC = 2.3 V to 2.7 V 0.7

VIL Low-level input voltage V
VCC = 3 V to 3.6 V 0.8
VCC = 4.5 V to 5.5 V 0.3 × VCC

VI Input voltage 0 5.5 V
VO Output voltage 0 VCC V

VCC = 1.65 V –4
VCC = 2.3 V –8

IOH High-level output current –16 mA
VCC = 3 V –24
VCC = 4.5 V –32
VCC = 1.65 V 4
VCC = 2.3 V 8

IOL Low-level output current 16 mA
VCC = 3 V 24
VCC = 4.5 V 32
VCC = 2 V 5 k

Rext (2) External timing resistance Ω
VCC ≥ 3 V 1 k

TA Operating free-air temperature –40 85 °C

(1) 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.

(2) Rext/Cext is an I/O and must not be connected directly to GND or VCC.
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Electrical Characteristics

Timing Requirements

Switching Characteristics

SN74LVC1G123
SINGLE RETRIGGERABLE MONOSTABLE MULTIVIBRATOR
WITH SCHMITT-TRIGGER INPUTS
SCES586B–JULY 2004–REVISED JANUARY 2007

over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS VCC MIN TYP(1) MAX UNIT

IOH = –100 µA 1.65 V to 5.5 V VCC – 0.1
IOH = –4 mA 1.65 V 1.2
IOH = –8 mA 2.3 V 1.9

VOH V
IOH = –16 mA 2.4

3 V
IOH = –24 mA 2.3
IOH = –32 mA 4.5 V 3.8
IOL = 100 µA 1.65 V to 5.5 V 0.1
IOL = 4 mA 1.65 V 0.45
IOL = 8 mA 2.3 V 0.3

VOL V
IOL = 16 mA 0.4

3 V
IOL = 24 mA 0.55
IOL = 32 mA 4.5 V 0.55

Rext/Cext (2) B = GND, A = CLR = VCC ±0.25
II 1.65 V to 5.5 V µA

A, B, CLR VI = 5.5 V or GND ±1
Ioff A, B, Q, CLR VI or VO = 5.5 V 0 ±10 µA
ICC Quiescent VI = VCC or GND, IO = 0 5.5 V 20 µA

1.65 V 165
2.3 V 220

ICC Active state VI = VCC or GND, Rext/Cext = 0.5 VCC 3 V 280 µA
4.5 V 650
5.5 V 975

CI VI = VCC or GND 3.3 V 3 pF

(1) All typical values are at VCC = 3.3 V, TA = 25°C.
(2) This test is performed with the terminal in the off-state condition.

over recommended operating free-air temperature range (unless otherwise noted) (see Figure 1)
VCC = 1.8 V VCC = 2.5 V VCC = 3.3 V VCC = 5 V
± 0.15 V ± 0.2 V ± 0.3 V ± 0.5 VPARAMETER TEST CONDITIONS UNIT
MIN TYP MIN TYP MIN TYP MIN TYP

CLR 8 4 3 2.5
twIN Pulse duration ns

A or B trigger 8 4 3 2.5
Cext = 100 pF 5.5 4.5 ns

Rext = 1 kΩ Cext = 100 µF 1.4 1.1 µs
trr Pulse retrigger time

Cext = 100 pF 75 45 ns
Rext = 5 kΩ Cext = 100 µF 1.8 1.4 µs

over recommended operating free-air temperature range, CL = 15 pF (unless otherwise noted) (see Figure 1)
VCC = 1.8 V VCC = 2.5 V VCC = 3.3 V VCC = 5 VFROM TO ± 0.15 V ± 0.2 V ± 0.3 V ± 0.5 VPARAMETER UNIT(INPUT) (OUTPUT)

MIN TYP MAX MIN MAX MIN MAX MIN MAX
A or B 7 18.5 52 4 17 3 11.5 2 7.6

tpd CLR Q 5 12.4 34 3 11.5 2 8 1.5 5.5 ns
CLR trigger 7 17.4 54 4 15.5 3 10.5 2 7
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Switching Characteristics

Operating Characteristics

SN74LVC1G123
SINGLE RETRIGGERABLE MONOSTABLE MULTIVIBRATOR

WITH SCHMITT-TRIGGER INPUTS
SCES586B–JULY 2004–REVISED JANUARY 2007

over recommended operating free-air temperature range, CL = 50 pF (unless otherwise noted) (see Figure 2)
VCC = 1.8 V VCC = 2.5 V VCC = 3.3 V VCC = 5 VFROM TO TEST ± 0.15 V ± 0.2 V ± 0.3 V ± 0.5 VPARAMETER UNIT(INPUT) (OUTPUT) CONDITIONS

MIN TYP(1) MAX MIN MAX MIN MAX MIN MAX
A or B 6 18.6 57 3 18.5 2 12.5 1.5 8.2

tpd CLR Q 4 11.6 36.5 2 12.5 1.5 8.6 1.5 6 ns
CLR trigger 5 17.3 59 2.5 17 2 11.5 1.5 7.5

Cext = 28 pF, 225 600 190 220 170 200 150 180 nsRext = 2 kΩ
Cext = 0.01 µF,twOUT(2) Q 100 110 100 110 100 110 100 110 µsRext = 10 kΩ
Cext = 0.1 µF, 1 1.1 1 1.1 1 1.1 1 1.1 msRext = 10 kΩ

(1) TA = 25°C
(2) tw = Duration of pulse at Q output

TA = 25°C
VCC = 1.8 V VCC = 2.5 V VCC = 3.3 V VCC = 5 VPARAMETER TEST CONDITIONS UNIT

TYP TYP TYP TYP
Rext = 1 kΩ, 35 37No CextPower dissipation A = low, B = high,Cpd pFcapacitance CLR = 10 MHz Rext = 5 kΩ, 41 40No Cext
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PARAMETER MEASUREMENT INFORMATION
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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. All input pulses are supplied by generators having the following characteristics: PRR ≤ 10 MHz, ZO = 50 Ω.
D. The outputs are measured one at a time, with one transition per measurement.
E. tPLZ and tPHZ are the same as tdis.
F. tPZL and tPZH are the same as ten.
G. tPLH and tPHL are the same as tpd.
H. All parameters and waveforms are not applicable to all devices.
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SN74LVC1G123
SINGLE RETRIGGERABLE MONOSTABLE MULTIVIBRATOR
WITH SCHMITT-TRIGGER INPUTS
SCES586B–JULY 2004–REVISED JANUARY 2007

Figure 1. Load Circuit and Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION
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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. All input pulses are supplied by generators having the following characteristics: PRR ≤ 10 MHz, ZO = 50 Ω.
D. The outputs are measured one at a time, with one transition per measurement.
E. tPLZ and tPHZ are the same as tdis.
F. tPZL and tPZH are the same as ten.
G. tPLH and tPHL are the same as tpd.
H. All parameters and waveforms are not applicable to all devices.
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Figure 2. Load Circuit and Voltage Waveforms
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APPLICATION INFORMATION (1)
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Figure 3.

Figure 4.

(1) Operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not
implied.
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Figure 6.
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Figure 7.
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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)

74LVC1G123DCTRE4 ACTIVE SM8 DCT 8 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

74LVC1G123DCTRG4 ACTIVE SM8 DCT 8 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

74LVC1G123DCTTE4 ACTIVE SM8 DCT 8 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

74LVC1G123DCTTG4 ACTIVE SM8 DCT 8 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

74LVC1G123DCURE4 ACTIVE US8 DCU 8 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

74LVC1G123DCURG4 ACTIVE US8 DCU 8 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

74LVC1G123DCUTE4 ACTIVE US8 DCU 8 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

74LVC1G123DCUTG4 ACTIVE US8 DCU 8 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G123DCTR ACTIVE SM8 DCT 8 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G123DCTT ACTIVE SM8 DCT 8 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G123DCUR ACTIVE US8 DCU 8 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G123DCUT ACTIVE US8 DCU 8 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LVC1G123YZPR ACTIVE DSBGA YZP 8 3000 Green (RoHS &
no Sb/Br)

SNAGCU Level-1-260C-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 - 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
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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

SN74LVC1G123DCUR US8 DCU 8 3000 180.0 9.2 2.25 3.35 1.05 4.0 8.0 Q3
SN74LVC1G123YZPR DSBGA YZP 8 3000 180.0 8.4 1.02 2.02 0.63 4.0 8.0 Q1
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*All dimensions are nominal
Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

SN74LVC1G123DCUR US8 DCU 8 3000 202.0 201.0 28.0
SN74LVC1G123YZPR DSBGA YZP 8 3000 220.0 220.0 34.0
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MECHANICAL DATA

MPDS049B – MAY 1999 – REVISED OCTOBER 2002

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265

DCT (R-PDSO-G8) PLASTIC SMALL-OUTLINE PACKAGE
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M0,130,65

PIN 1
INDEX AREA

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
D. Falls within JEDEC MO-187 variation DA.





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 Broadband www.ti.com/broadband
DSP dsp.ti.com Digital Control www.ti.com/digitalcontrol
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Military www.ti.com/military
Logic logic.ti.com Optical Networking www.ti.com/opticalnetwork
Power Mgmt power.ti.com Security www.ti.com/security
Microcontrollers microcontroller.ti.com Telephony www.ti.com/telephony
RFID www.ti-rfid.com Video & Imaging www.ti.com/video
RF/IF and ZigBee® Solutions www.ti.com/lprf Wireless www.ti.com/wireless
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