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Πεξίιεςε  

Ο ζθνπφο ηεο δηπισκαηηθήο εξγαζίαο ήηαλ ε θαηαζθεπή ηξνθνδνηηθνχ πνπ παξέρεη 

ηάζε 0-30V θαη ξεχκα 0-5Α. Δπίζεο, δίλεηαη ε δπλαηφηεηα ζην ρξήζηε λα παξάγεη δχν 

ηάζεηο αληίζεηεο πνιηθφηεηαο θαη ίζνπ κέηξνπ, κε εχξνο 0-15V, δηαηεξψληαο θπζηθά ηνλ 

πεξηνξηζκφ ξεχκαηνο 0-5Α. 

Ο ρεηξηζκφο ηνπ ηξνθνδνηηθνχ πξαγκαηνπνηείηαη ςεθηαθά κέζσ ελφο θσδηθνπνηεηή. 

Ζ απεηθφληζε ησλ επηζπκεηψλ ηηκψλ ξεχκαηνο θαη ηάζεο, ηεο ηξέρνπζαο ιεηηνπξγίαο θαη  

ηεο ηηκήο ηνπ ξεχκαηνο εμφδνπ γίλεηαη κέζσ νζφλεο LCD. Ζ επηθνηλσλία ηεο νζφλεο θαη 

ηνπ θσδηθνπνηεηή κε ην αλαινγηθφ θχθισκα ηνπ ηξνθνδνηηθνχ πξαγκαηνπνηείηαη κέζσ ηνπ 

κηθξνεπεμεξγαζηή Arduino UNO R3, ν πξνγξακκαηηζκφο ηνπ νπνίνπ έγηλε κε ηελ νκψλπκε 

πιαηθφξκα αλνηθηνχ θψδηθα γηα πξνηππνπνίεζε ειεθηξνληθψλ θπθισκάησλ. 

 Ζ δπλαηφηεηα αλάιπζεο ηεο επηζπκεηήο ηάζεο, ηφζν ζηελ θαλνληθή ιεηηνπξγία φζν 

θαη ζηε ζπκκεηξηθή, είλαη κε βήκα ηα 0,1V. Αληίζηνηρα, ε αλάιπζε ηνπ επηζπκεηνχ 

πεξηνξηζκνχ ξεχκαηνο θαη ηνπ ξεχκαηνο εμφδνπ είλαη 0,01Α. 
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Abstract 

The scope of this thesis was the construction of a power supply unit that provides 

voltage 0-30V and current 0-5A. It also enables the user to produce two voltages of opposite 

polarity and equal magnitude, range of 0-15, while keeping the current limitation 0-5A. 

The power supply unit is controlled digitally by an encoder. The display of the desired 

current and voltage values, the present operation and the magnitude of the output current is 

via LCD Screen. The LCD screen and the encoder communicate with the analog circuit of 

the power supply unit via the microprocessor Arduino UNO R3, which was programmed 

with the use of Arduino’s open source electronics prototyping platform. 

The desired voltage, both in normal operation mode and symmetric, is analyzed with 

0,1V step. Accordingly, the analysis of the desired current and of the output current 

limitation is 0,01A. 
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1     

Δηζαγσγή 

Γηα ηελ ιεηηνπξγία ησλ ειεθηξνληθψλ ζπζθεπψλ θαη φισλ ησλ ειεθηξνληθψλ ζπζηεκάησλ 

απαηηείηαη ε ηξνθνδφηεζή ηνπο κε ζπλερή ηάζε. Απηφ νθείιεηαη ζην γεγνλφο φηη ηα βαζηθά 

ειεθηξνληθά ζηνηρεία ησλ θπθισκάησλ ρξεηάδνληαη ζηαζεξή παξνρή ηάζεο γηα ηελ 

δηαρείξηζε ησλ ζεκάησλ ή ηελ εθηέιεζε ειεθηξνληθψλ ιεηηνπξγηψλ. Σα δίθηπα δηαλνκήο 

ειεθηξηθήο ελέξγεηαο παξέρνπλ ελαιιαζζφκελε ηάζε. Γηα ην ιφγν απηφ νη ειεθηξνληθέο 

ζπζθεπέο θέξνπλ ηηο πεξηζζφηεξεο θνξέο ελζσκαησκέλε κηα δηάηαμε πνπ θάλεη ηε 

κεηαηξνπή ζε ζπλερή ηάζε θαη θαιείηαη ηξνθνδνηηθφ. Έλα απιφ ηξνθνδνηηθφ απνηειείηαη 

απφ ηέζζεξηο βαζηθέο δηαηάμεηο: 

 

 Μεηαζρεκαηηζηήο, ν νπνίνο αλπςψλεη ή ππνβηβάδεη ηελ ελαιιαζζφκελε 

ηάζε, αλάινγα κε ηελ ζπλερή ηάζε ηελ νπνία επηζπκνχκε ζηελ έμνδν 

 Αλνξζσηήο, φπνπ θαηαξγεί ηηο αξλεηηθέο εκηπεξηφδνπο ηεο 

ελαιιαζζφκελεο ηάζεο 

 Φίιηξν, πνπ εμνκαιχλεη ηηο θπκαηψζεηο ηελ αλνξζσκέλεο ηάζεο 

 ηαζεξνπνηεηήο, ν νπνίνο δηαηεξεί ηε ζπλερή ηάζε ζηαζεξή αλεμάξηεηα 

απφ ηελ αληίζηαζε ηεο ηξνθνδνηνχκελεο βαζκίδαο.  

 

Οη δηαηάμεηο απηέο ζα αλαιπζνχλ ζην επφκελν θεθάιαην. 
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1.1 Ιζηνξηθή αλαδξνκή 

Ζ ηζηνξία ησλ ηξνθνδνηηθψλ είλαη δχζθνιν λα παξνπζηαζηεί θαη λα κειεηεζεί ελ ζπληνκία 

(θαη δελ απνηειεί βαζηθφ ζθνπφο ηεο παξνχζαο δηπισκαηηθήο εξγαζίαο), θαζψο ππάξρνπλ 

δηάθνξνη ηχπνη ηξνθνδνηηθψλ πνπ ρξεζηκνπνηήζεθαλ θαηά θαηξνχο μεθηλψληαο απφ ηηο απιέο 

κπαηαξίεο θαη θηάλνληαο κέρξη ηελ πξνγξακκαηηδφκελε παξνρή ηξνθνδνζίαο. Αξθεηνχο απφ 

απηνχο ηνπ ηχπνπο ζα ηνπο εμεηάζνπκε ζηελ επφκελε παξάγξαθν. 

  

Όπσο αλαθέξζεθε, σο πξψην ηξνθνδνηηθφ κπνξεί λα ζεσξεζεί ε κπαηαξία. Ζ αλάπηπμε ησλ 

κπαηαξηψλ μεθίλεζε ζηα ηέιε ηνπ δέθαηνπ φγδννπ αηψλα. Ωζηφζν, κεξηθά αξραηνινγηθά 

επξήκαηα ζέηνπλ ηελ εκεξνκελία απηή κέρξη θαη 2.000 έηε πξηλ. Σν 1938, ν Wilhelm Konig 

αλαθάιπςε, ζην Ηξάθ, έλα πήιηλν δνρείν 5 ηληζψλ ην νπνίν πεξηείρε έλαλ ράιθηλν θχιηλδξν 

πνπ πεξηέθιεηε κηα ζηδεξέληα ξάβδν. Ο Koniq θαη πνιχ αθφκα ηζηνξηθνί ζεψξεζαλ φηη απηφ 

ήηαλ κηα αξραία κπαηαξία. 

 

Ζ βηνκεραλία ησλ ηξνθνδνηηθψλ ρξνλνινγείηαη ζηηο αξρέο ηνπ 1920, φηαλ νη πξψηεο 

ζπζθεπέο αλαπηχρζεθαλ σο battery eliminators γηα λα ηξνθνδνηήζνπλ ξαδηφθσλα ηφζν γηα 

βηνκεραληθή φζν θαη γηα εκπνξηθή ρξήζε. Σν 1926 κηα κηθξή ηνπηθή επηρείξεζε κπαηαξηψλ 

ηνπ Illinois, ε Storage Battery Co. (αξγφηεξα γλσζηή θαη σο Motorola) θαηαζθεχαζε ην "B" 

battery eliminator 1926 Ad πνπ θπξηάξρεζε ζηελ αγνξά θαη επέδεημε απφ λσξίο ην ιακπξφ 

κέιινλ ηεο εηαηξίαο. 

 

Ζ αλάγθε χπαξμεο δηαθξηηήο ζπζθεπήο γηα ηξνθνδνζία απφ ην ξαδηφθσλν εμαιείθζεθε 

πεξίπνπ ην 1929, φηαλ ηα πεξηζζφηεξα ξαδηφθσλα πνπ θαηαζθεπάδνληαλ πεξηειάκβαλαλ κηα 

ελζσκαησκέλε παξνρή ειεθηξηθνχ ξεχκαηνο. Ζ ίδηα αλάγθε παξέκεηλε ζρεηηθά κηθξή θαηά 

ηηο δεθαεηίεο 1930 θαη 1940, φπνηε θαη ε θπξίαξρε ηερλνινγία εμππεξεηείην απφ γξακκηθνχο 

ξπζκηζηέο κε ιπρλίεο θελνχ. 

  

Σα ηξνθνδνηηθά, επίζεο, ρξεζηκνπνηνχζαλ ιπρλίεο θελνχ ηφζν γηα ηα ζηνηρεία παξνρήο φζν 

θαη γηα ηα ζηνηρεία ειέγρνπ. Σππηθά, έλαο ξπζκηζηήο ηάζεο (VR) κε ιπρλίεο θελνχ, ν 

πξνπνκπφο ηεο ζεκεξηλήο δηφδνπ zener, ρξεζηκνπνηήζεθε γηα λα παξάγεη κία ζηαζεξή ηάζε 

αλαθνξάο. Ο έιεγρνο ησλ ηξνθνδνηηθψλ πεξηνξηδφηαλ θπξίσο ζηα ρεηξνθίλεηα ζηξεθφκελα 

θνκβία. Έλα απφ ηα ζεκαληηθφηεξα πξνβιήκαηα πνπ παξνπζίαδε ε ηερλνινγία ησλ ιπρληψλ 

θελνχ θαη ηαπηφρξνλα ν ιφγνο πνπ εγθαηαιείθζεθε, ήηαλ ε ππεξζέξκαλζε. ε κηα πεξίνδν, 

φκσο, πνπ ε απαγσγή ζεξκφηεηαο ήηαλ αδηάθνξε, ελδηαθέξνλ γηα ηε ππεξβνιηθή 
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ζεξκνθξαζία πνπ έπηαλε (ππφ θαλνληθέο ζπλζήθεο) κηα ιπρλία θελνχ πξνέθππηε κφλν αλ ε 

πιάθα ζσιήλσλ γηλφηαλ θφθθηλε ή ην γπαιί ηεο ιπρλίαο άξρηδε λα ιηψλεη. 

 

 

 

 

  

 

 

 

Φσηνγξαθία 1. Σξνθνδνηηθφ ιπρληψλ θελνχ  

 

ηα κέζα ηεο δεθαεηίαο ηνπ 1940 , ηξεηο εηαηξίεο άλνημαλ απφ θνηλνχ θαηάζηεκα ζηε ζρεηηθά 

αθαλή θνηλφηεηα ηνπ Queens ηεο Νέαο Τφξθεο . Οη εηαηξείεο απηέο, πνπ ηειηθά έγηλαλ νη 

εγέηεο ηνπ θιάδνπ ζηε βηνκεραλία ήηαλ ε Lambda, ε Sorenson θαη ε Kepco. 

 

Γεθαεηία νξφζεκν γηα ηε βηνκεραλία ηξνθνδνηηθψλ απνηειεί ε δεθαεηία ηνπ 1950, νπφηε θαη 

νη εκηαγσγνί εηζήρζεζαλ ζην ζρεδηαζκφ θαη θαηαζθεπή ηξνθνδνηηθψλ. Ζ επαλαζηαηηθή λέα 

ηερλνινγία ησλ εκηαγσγψλ αληηθαηέζηεζε πιήξσο ηηο ιπρλίεο θελνχ. Οη εκηαγσγνί 

θαηαιάκβαλαλ κηθξφηεξν ρψξν, ήηαλ πην νηθνλνκηθνί θαη πην αμηφπηζηνη. Σν κεγαιχηεξν 

πξφβιεκα πνπ έθεξαλ καδί ηνπο νη εκηαγσγνί ήηαλ ε απαγσγή ηεο ζεξκφηεηαο. Σα 

ηξαλδίζηνξ Γεξκαλίνπ, ηα πιένλ πην δηαδεδνκέλα ηξαλδίζηνξ ηεο επνρήο, δελ είραλ ηε 

δπλαηφηεηα λα ιάκπνπλ ζην ζθνηάδη, φπσο έθαλαλ νη ιπρλίεο θελνχ θαηά ηελ ππεξζέξκαλζε, 

κε απνηέιεζκα λα ιηψλνπλ. Οη ζρεδηαζηέο ησλ ηξνθνδνηηθψλ έπξεπε μαθληθά λα πάξνπλ ζηα 

ζνβαξά ηε ζεξκνδπλακηθή. 

 

 

 

 

 

  

Φσηνγξαθία 2. Σν πξψην ηξνθνδνηηθφ κε ηξαλδίζηνξ  

 

Σα πξντφληα πνπ ρξεζηκνπνηνχζαλ ηξαλδίζηνξ πεξηνξίδνληαλ ζε κνληέια ρακειήο ηάζεο, ζε 
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αληίζεζε κε ηα ζρέδηα γηα κέηξηα επίπεδα ηζρχνο ή πβξηδηθά κνληέια, πνπ ρξεζηκνπνηνχζαλ  

εκηαγσγνχο ζην θχθισκα ειέγρνπ θαη ιπρλίεο θελνχ ζην ζηάδην ηνπ θπθιψκαηνο ηζρχνο, 

ψζηε λα θαζηζηνχλ δπλαηή ηελ παξαγσγή πςειφηεξεο ηάζεο. Σε δεθαεηία ηνπ 1950 θαη ζηηο 

αξρέο ηεο δεθαεηίαο ηνπ 1960 , ηα ηξνθνδνηηθά πηνζέηεζαλ ηελ ηερλνινγίαο Mag - Amp γηα 

λα είλαη ζπκβαηά κε ζπζθεπέο πνπ απαηηνχζαλ ζεκαληηθά κεγαιχηεξε ηζρχ. 

 

 .  

 

 

 

 

Φσηνγξαθία 3. Σξνθνδνηηθφ ηερλνινγίαο Mag - Amp  

 

Σελ ίδηα πεξίνδν, ζπιιήθζεθε ε ηδέα ησλ πξψησλ εμ’ απνζηάζεσο πξνγξακκαηηδφκελσλ 

ηξνθνδνηηθψλ. 

 

Σε δεθαεηία ηνπ 1960 , ν θφζκνο ήηαλ αθφκα αλαινγηθφο . Οη ππνινγηζηέο ήηαλ αθφκε ζε 

πξψηκν ζηάδην αλάπηπμεο. Ζ κεγάιε ζπδήηεζε επηθεληξψζεθε ζηελ αληηπαξάζεζε ηεο 

αλαινγηθήο ινγηθήο κε ηελ, πξσηφγλσξε κέρξη ηφηε, ςεθηαθή.  ε απηή ηε ζηηγκή, ηα 

ηξνθνδνηηθά ζεσξνχληαη πεξηζζφηεξν σο εληζρπηέο ηζρχνο παξά σο κηα πεγή ελέξγεηαο. 

Απηή ε ζεψξεζε σο εληζρπηή βαζηδφηαλ ζην πςειφ θέξδνο θαη ηε γξακκηθφηεηα ησλ 

ηξαλδίζηνξ, ελψ νδήγεζε θαη παξαζθεπή ιεηηνπξγηθνχο εληζρπηέο πςειήο ηζρχνο. Έηζη, ηα 

ηξνθνδνηηθά πνπ θαηαζθεπάδνληαλ ψζηε λα εληζρχνπλ, λα πξνζζέηνπλ, λα ελζσκαηψλνπλ ή 

λα ρεηξίδνληαη ζήκαηα. Γηα λα επηηεπρζεί απηφ, ηα ηξνθνδνηηθά πνπ επηθξάηεζαλ ζηελ αγνξά 

ήηαλ απηά πνπ επέηξεπαλ ζην ρξήζηε (είηε θαηαλαισηή είηε βηνκεραλία) λα έρεη πξφζβαζε 

ζε φινπο ηνπο επηκέξνπο θφκβνπο ειέγρνπ. Σφζν ηα ζηνηρεία εηζφδνπ φζν θαη ηα ειέγρνπ 

αλάδξαζεο κπνξνχζαλ λα αθαηξεζνχλ θαη λα ππνθαηαζηαζνχλ απφ ην ρξήζηε γηα λα είλαη 

δπλαηφο ν ρεηξηζκφο ηεο εμφδνπ θαη ε ηθαλνπνίεζε πνιιψλ δηαθνξεηηθψλ εθαξκνγψλ. 

 

Μέρξη ην 1960, ηα ηξνθνδνηηθά κπνξνχζαλ λα κεηξήζνπλ θαη λα αλαπαξαζηήζνπλ κφλν 

ζεηηθέο ηηκέο ηάζεο θαη ξεχκαηνο. Με ηελ αλάπηπμε ηεο ηερλνινγίαο four quadrant, ηα 

ηξνθνδνηηθά έρνπλ ηε δπλαηφηεηα κέηξεζεο ζεηηθψλ θαη αξλεηηθψλ ηηκψλ ηάζεο θαη 

ξεχκαηνο, είηε ζηελ πεγή είηε ζην θνξηίν.  
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Φσηνγξαθία 4. Σξνθνδνηηθφ Bipolar 4-Quadrant Power 

 

Σε δεθαεηία ηνπ 1970, κε ηελ ελεξγεηαθή θξίζε πνπ επεξέαζε ην ζχλνιν ηνπ βηνκεραληθνχ 

θφζκνπ, θαηαζθεπάζηεθαλ ηξνθνδνηηθά κε ξπζκηζηή κεηαγσγήο (switching power supply), 

βειηίσζε πνπ ηα εδξαίσζε ζε ζεκαληηθή ζέζε ηεο αγνξάο ειεθηξνληθψλ. 

  

Ο ζρεδηαζκφο θαη ε θαηαζθεπή ηξνθνδνηηθψλ κε ξπζκηζηή κεηαγσγήο ήηαλ εμειηζζφκελε 

ηερλνινγία απφ ην 1950. Σα πξντφληα απηά παξήρζεζαλ ζε ηεξάζηηεο πνζφηεηεο, σο επί ην 

πιείζηνλ γηα ηελ αληηθαηάζηαζε ησλ vibrators. Οη vibrators κεηέηξεπαλ ηα 12V  ελφο 

απηνθίλεηνπ ζε πςειήο ηάζεο ζπλερνχο ξεχκαηνο κε κεραληθή κεηαγσγή. Αξγφηεξα, 

ρξεζηκνπνηήζεθαλ ηξαλδίζηνξ Γεξκαλίνπ γηα λα γίλεηαη ε κεηαγσγή ειεθηξηθά . 

 

Σν ζεκειηψδεο πξφβιεκα πνπ αλέζηεηιε ηελ πξφνδν θαη κεγαιχηεξε ρξήζε απηήο ηεο 

ηνπνινγίαο, ήηαλ ην ζρεηηθά ρακειφ εχξνο ζπρλνηήησλ, ην νπνίν πξνθαινχζε ζηα 

ηξνθνδνηηθά έλα ελνριεηηθφ ζφξπβν. 

 

Ζ κεγάιε αλαθάιπςε ηε δεθαεηίαο ηνπ 1970 ήηαλ ε αλάπηπμε ελφο ρακειήο απψιεηαο 

θεξξίηε (πιηθφ ηνπ ππξήλα ηνπ κεηαζρεκαηηζηή), ζε ζπλδπαζκφ κε ηα άκεζα δηαζέζηκα, 

πςειφηεξεο ηαρχηεηαο ηξαλδίζηνξ ππξηηίνπ, πξάγκα πνπ θαηέζηεζε δπλαηή ηελ πξαθηηθή 

πινπνίεζε ησλ πξντφλησλ πςειήο ζπρλφηεηαο πνπ ζα κπνξνχζαλ λα ιεηηνπξγήζνπλ ζε 

ζπρλφηεηεο άλσ ησλ 20KHz, αιιά ηαπηφρξνλα παξέκελαλ αζφξπβα. 

  

Σελ ίδηα δεθαεηία, ηα πςεινχ θέξδνπο series pass linear ηξνθνδνηηθά εληζρχζεθαλ κε έλα λέν 

επίπεδν λνεκνζχλεο, ηελ ηθαλφηεηα λα αθνινπζνχλ ηηο εληνιέο απφ έλαλ θεληξηθφ 

ππνινγηζηή ζε έλα πξφηππν δπγφ επηθνηλσλίαο. 

  

Ο ςεθηαθφο έιεγρνο είρε κπνιηαζζεί ζηα πξντφληα γξακκηθήο ηξνθνδνζίαο. Οη πξψηεο 

δηαζπλδέζεηο απνηεινχληαλ απφ αιπζίδεο αληηζηάζεσλ νη νπνίεο ήηαλ παξάιιεια κε reed 

relays γηα λα δεκηνπξγεζεί BCD ςεθηαθφο έιεγρνο. ηε ζπλέρεηα, εκθαλίζηεθε ςεθηαθφ-ζε-



 

10 

 

αλαινγηθφ κεηαηξνπέαο (DAC), γηα ηνλ έιεγρν ηεο ηάζεο, θαη ηέινο, ζηα κέζα ηεο δεθαεηίαο, 

ε βηνκεραλία παξνρήο ξεχκαηνο εμέδσζε ην πξφηππν δπγνχ νξγάλσλ πνπ παξνπζηάζηεθε 

απφ ηελ Hewlett Packard Company σο HPIB. Ζ ζρεηηθή απφθαζε ειήθζε σο IEEE - 488 απφ 

ην Ηλζηηηνχην Ζιεθηξνιφγσλ θαη Ζιεθηξνληθψλ Μεραληθψλ, ελψ αξγφηεξα κεηνλνκάζηεθε 

GPIB απφ θαηαζθεπαζηέο νξγάλσλ. Πξηλ απφ απηφ ην βηνκεραληθφ πξφηππν, ε βηνκεραλία 

ήηαλ πεξηνξηζκέλε ζην ζεηξηαθνχ δηαχινπ RS232 πνπ ήηαλ πνιχ αξγφο θαη πεξηνξηδφηαλ ζε 

ζρεηηθά πεξηνξηζκέλεο απνζηάζεηο κεηαμχ ειεγθηή θαη κέζνπ. 

 

ηελ Δπξψπε, απηφ είλαη γλσζηφ σο IEC δεχθηεο. 

 

Σν 1980 άλζηζαλ πνιιέο λενζχζηαηεο εηαηξίεο πνπ εηζήιζαλ ζηελ αγνξά ηέηνησλ πξντφλησλ. 

Πνιιέο απφ απηέο ηηο λέεο εηαηξίεο είραλ βάζε ζην Δηξεληθνχ , γηα πξψηε θνξά ζηελ 

Ηαπσλία, θαη ηειηθά ε ζηξνθή έγηλε πξνο ηελ Σατβάλ θαη ην Υνλγθ Κνλγθ . 

 

Καηά ηε δηάξθεηα απηήο ηεο δεθαεηίαο, ε πνηφηεηα θαη νη επηδφζεηο ησλ κεηαγσγέσλ 

βειηηψζεθαλ ζεκαληηθά. Οη ζπρλφηεηεο ιεηηνπξγίαο απμήζεθαλ επίζεο θαη απφ ην εχξνο 25 - 

50 KHz , γηα κέρξη 100 kHz θαη αθφκε 1 MΖz. 

 

Έηζη, ε βηνκεραλία παξάγεη πξντφληα κεηαγσγήο πνπ ιεηηνπξγνχλ ζε φιν θαη πςειφηεξεο 

ζπρλφηεηεο θαη είλαη θαηαζθεπαζκέλα ρξεζηκνπνηψληαο ηερλνινγία επηθαλεηαθήο 

ηνπνζέηεζεο (SMT), κεηψλνληαο ζεκαληηθά ην κέγεζνο ηνπο. Σα πξντφληα πξνζθέξνπλ 

ραξαθηεξηζηηθά φπσο κεγάιν εχξνο, ελεξγή δηφξζσζε ζπληειεζηή ηζρχνο (ψζηε λα 

ειαρηζηνπνηεζεί ε αξκνληθή παξακφξθσζε ησλ γξακκψλ ηνπ ειεθηξηθνχ ξεχκαηνο) θαη 

ηθαλφηεηα αλνρήο ζθαικάησλ ιεηηνπξγίαο. 

 

Σα θαηλνχξγηα ζπζηήκαηα ηξνθνδνζίαο κε αλνρή ζθάικαηνο ζπλήζσο ρξεζηκνπνηνχλ κηα 

ηερληθή πνπ είλαη γλσζηή σο Ν + 1 παξάιιειεο ηξνθνδνζίεο (N + 1 redundancy). Σν 

πιενλέθηεκα απηήο ηεο κεζφδνπ έλαληη ηνπ παξαδνζηαθνχ ζπζηήκαηνο παξαιιειηζκνχ, είλαη 

ε ηθαλφηεηα λα ηεο δηαλνκήο ηάζεσλ θαη ε ειαρηζηνπνίεζε ηεο πίεζεο ησλ κεκνλσκέλσλ 

κνλάδσλ . Ζ δεκνηηθφηεηα ηνπ Ν + 1 redundant ζπζηήκαηνο απμήζεθε ηφζν γξήγνξα πνπ 

έγηλε έλα de facto πξφηππν ζηε βηνκεραλία. 
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Φσηνγξαθία 5. Σξνθνδνηηθφ N + 1 redundancy 

 

Έλα άιιν πξφηππν πνπ έρεη γλσξίζεη απμεκέλν ελδηαθέξνλ είλαη απηφ πνπ αλαθέξεηαη σο 

ζεκείν-ηεο-ρξήζεο ζηαζεξνπνίεζεο (point-of-use stabilization), φπνπ ε δηαλνκή ηεο 

ειεθηξηθήο ελέξγεηαο γίλεηαη ζε θάπνηα ελδηάκεζε ηάζε (48V , 150V, 400V). Απηή ε ηερληθή 

είλαη επίζεο γλσζηή σο «θαηαλεκεκέλε ηζρχο». ηεξίδεηαη ζηε κεηαηξνπή κηαο πνζφηεηαο 

ελαιιαζζφκελνπ ξεχκαηνο απφ ην δίθηπν, ζε DC, ην νπνίν ζηε ζπλέρεηα, κε ηε ζεηξά ηνπ, 

ηξνθνδνηεί θαζέλαλ απφ ηνπο κηθξφηεξνπο κεηαηξνπείο DC ζε DC ξεχκαηνο. Οη κεηαηξνπείο 

ηνπνζεηνχληαη απεπζείαο ζην ζεκείν ηνπ θνξηίνπ. Απηή ε ηερληθή ηεο δηαλνκήο ειεθηξηθήο 

ελέξγεηαο έρεη κεηψζεη ηελ θαισδίσζε θαη ην ζπλνιηθφ κέγεζφο ηνπο. 

 

 

 

 

 

 

 

Φσηνγξαθία 6. Σξνθνδνηηθφ - Ζ δηαζχλδεζε νδεγεί έσο 27  

απνκαθξπζκέλα ηξνθνδνηηθά 

1.2 Σύπνη ηξνθνδνηηθώλ 

Όπσο αλαθέξακε θαη παξαπάλσ, ηα ηξνθνδνηηθά ρξεζηκνπνηνχληαη φπνπ απαηηείηαη 

ηξνθνδφηεζε κε ζπλερή ηάζε θαη θπξίσο γηα ηελ ηξνθνδφηεζε ειεθηξνληθψλ ζπζηεκάησλ. 

  

Οη θπξηφηεξνη ηχπνη ηξνθνδνηηθψλ παξνπζηάδνληαη ζπλνπηηθά παξαθάησ. 
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1.2.1 Μπαηαξία 

Ζ κπαηαξία είλαη κηα ζπζθεπή πνπ κεηαηξέπεη απνζεθεπκέλε ρεκηθή ελέξγεηα ζε ειεθηξηθή 

ελέξγεηα. Οη κπαηαξίεο ρξεζηκνπνηνχληαη ζπλήζσο σο πεγέο ελέξγεηαο ζε πνιιέο νηθηαθέο 

θαη βηνκεραληθέο εθαξκνγέο. 

 

Τπάξρνπλ δχν ηχπνη κπαηαξηψλ: πξσηνγελείο κπαηαξίεο (κίαο ρξήζεο) , νη νπνίεο έρνπλ 

ζρεδηαζηεί γηα λα ρξεζηκνπνηνχληαη κία θνξά θαη έπεηηα λα μεθνξηίδνπλ, θαη νη 

δεπηεξνβάζκηεο κπαηαξίεο (επαλαθνξηηδφκελεο κπαηαξίεο), νη νπνίεο έρνπλ ζρεδηαζηεί γηα λα 

επαλαθνξηίδνληαη θαη λα ρξεζηκνπνηνχληαη πνιιέο θνξέο. Οη κπαηαξίεο παξάγνληαη ζε 

δηάθνξα κεγέζε, απφ κηθξνζθνπηθά θχηηαξα πνπ ρξεζηκνπνηνχληαη ζε αθνπζηηθά βαξεθνΐαο 

θαη ηα ξνιφγηα ρεηξφο κέρξη ζε κπαηαξίεο ζην κέγεζνο δσκαηίνπ πνπ ιεηηνπξγνχλ σο 

εθεδξηθέο παξνρέο ειεθηξηθνχ ξεχκαηνο ζε ηειεθσληθά θέληξα ή θέληξα δεδνκέλσλ 

ππνινγηζηψλ. 

1.2.2 Σξνθνδνηηθό ζπλερνύο ηάζεο 

Έλα ηξνθνδνηηθφ ζπλήζσο δέρεηαη είζνδν απφ κηα άλαξρε AC παξνρή ειεθηξηθνχ ξεχκαηνο 

θαη ζπλήζσο ρξεζηκνπνηεί έλα κεηαζρεκαηηζηή γηα ηε κεηαηξνπή ηεο ηάζεο απφ ηελ πξίδα 

(θεληξηθφ δίθηπν) ζε κηα δηαθνξεηηθή, ζπλήζσο ρακειφηεξε, ηάζε. Αλ ρξεζηκνπνηείηαη γηα 

ηελ παξαγσγή ζπλερνχο ηάζεο, ρξεζηκνπνηείηαη έλαο αλνξζσηήο γηα ηε κεηαηξνπή ηεο 

ελαιιαζζφκελεο ηάζεο ζε  γξακκηθφ παικφ ζπλερνχο ηάζεο, θαη αθνινπζείηαη απφ έλα 

θίιηξν, ην νπνίν πεξηιακβάλεη έλα ή πεξηζζφηεξνπο ππθλσηέο, αληηζηάζεηο θαη πελία γηα λα 

θηιηξάξεη ην κεγαιχηεξν κέξνο ηεο παικηθήο θίλεζεο . Έλα κηθξφ ππφινηπν αλεπηζχκεην 

ζπζηαηηθφ ελαιιαζζφκελεο ηάζεο παξακέλεη θαη πξνζηίζεηαη ζηελ ηάζε εμφδνπ (θαηλφκελν 

ripple). 

 

Γηα ηνπο ζθνπνχο φπσο ε θφξηηζε ησλ κπαηαξηψλ to ripple δε δεκηνπξγεί πξφβιεκα. Σν 

απινχζηεξν DC θχθισκα ηξνθνδνζίαο απνηειείηαη απφ έλα κεηαζρεκαηηζηή πνπ νδεγείηαη 

ζε κία κνλαδηθή δίνδν ζε ζεηξά κε κηα αληίζηαζε. 

1.2.3 Σξνθνδνηηθό ελαιιαζζόκελεο ηάζεο 

Έλα ηξνθνδνηηθφ AC ζπλήζσο ηξνθνδνηείηαη απφ κία πξίδα (παξνρή ξεχκαηνο) θαη κεηψλεη 

ηε ηάζε δηθηχνπ ζηελ επηζπκεηή ηηκή, κε έλα κεηαζρεκαηηζηή ππνβηβαζκνχ θαη ελδερνκέλσο 

θάπνην θίιηξν. 
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1.2.4 Σξνθνδνηηθό γξακκηθήο ξύζκηζεο (Linear regulated power supply) 

Ζ ηάζε πνπ παξάγεηαη απφ κηα αλεμέιεγθηε παξνρή ηζρχνο πνηθίιεη αλάινγα κε ην θνξηίν 

θαη ηηο δηαθπκάλζεηο ηεο ηάζεο ηξνθνδνζίαο ελαιιαζζφκελνπ ξεχκαηνο. Γηα θξίζηκεο 

εθαξκνγέο ηεο ειεθηξνληθήο, έλαο γξακκηθφο ξπζκηζηήο κπνξεί λα ρξεζηκνπνηεζεί ψζηε λα 

είλαη δπλαηή ε ξχζκηζε ηεο ηάζεο ζε θάπνηα ζπγθεθξηκέλε ηηκή. Ζ ηάζε απηή δηαηεξείηαη 

ζηαζεξή παξά ηηο δηαθπκάλζεηο ηεο ηάζεο εμφδνπ θαη ηνπ θνξηίνπ. Ο ξπζκηζηήο, επίζεο, 

κεηψλεη ζεκαληηθά ην θαηλφκελν ripple θαη ην ζφξπβν ζηελ έμνδν ζπλερνχο ξεχκαηνο. Οη 

γξακκηθνί ξπζκηζηέο ζπρλά παξέρνπλ πεξηνξηζκφ ξεχκαηνο, πξνζηαηεχνληαο ην θχθισκα 

απφ ππεξεληάζεηο. 

1.2.5 Σξνθνδνηηθό AC/DC  

ην παξειζφλ, ην ειεθηξηθφ δίθηπν ηξνθνδνηνχζε κε DC νξηζκέλεο πεξηνρέο θαη κε AC 

άιιεο. Οη κεηαζρεκαηηζηέο δελ κπνξνχζαλ λα ρξεζηκνπνηεζνχλ γηα ηελ DC ηάζε, αιιά κηα 

απιή, θζελή αλεμέιεγθηε παξνρή ειεθηξηθνχ ξεχκαηνο ζα κπνξνχζε λα ηξέμεη άκεζα είηε 

απφ ην AC ζχζηεκα είηε ην DC ρσξίο ηε ρξήζε κεηαζρεκαηηζηή. Σν ηξνθνδνηηθφ απνηειείην 

απφ έλαλ αλνξζσηή θαη έλαλ ππθλσηή αληί θίιηξνπ. Όηαλ ιεηηνπξγεί απφ DC, ν αλνξζσηήο 

ιεηηνπξγνχζε νπζηαζηηθά ζαλ αγσγφο, πνπ δελ επεξέαδε ην ζχζηεκα. Υξεζηκνπνηήζεθε γηα 

λα είλαη δπλαηή ε ιεηηνπξγία απφ AC ή DC δίθηπν ρσξίο ηξνπνπνηήζεηο . 

1.2.6 Σξνθνδνηηθό κεηαγσγήο (Switched-mode power supply)  

ε ηξνθνδνηηθφ κεηαγσγήο (SMPS), ε AC ηάζε εηζφδνπ άκεζα αλνξζψλεηαη θαη ζηε 

ζπλέρεηα θηιηξάξεηαη γηα λα ιεθζεί ηάζε DC. Ζ πξνθχπηνπζα ηάζε DC ζηε ζπλέρεηα 

ελεξγνπνηείηαη θαη απελεξγνπνηείηαη κε πςειή ζπρλφηεηα απφ ην θχθισκα ειεθηξνληθήο 

κεηαγσγήο, παξάγνληαο έηζη έλα ελαιιαζζφκελν ξεχκα πνπ ζα πεξάζεη κέζα απφ έλα 

κεηαζρεκαηηζηή πςειήο ζπρλφηεηαο ή έλαλ επαγσγέα. Ζ κεηαγσγή πξαγκαηνπνηείηαη ζε 

πνιχ πςειή δηαθνπηθή ζπρλφηεηα (ζπλήζσο 10 kHz-1 MHz), επηηξέπνληαο έηζη ηε ρξήζε 

πνιχ κηθξφηεξσλ, ειαθξχηεξσλ θαη θζελφηεξσλ κεηαζρεκαηηζηψλ θαη ππθλσηψλ ηνπ 

θίιηξνπ απφ φηη εθείλα πνπ ρξεζηκνπνηνχληαλ ζε γξακκηθά ηξνθνδνηηθά θαη ιεηηνπξγνχλ 

ζηε ζπρλφηεηα ηνπ δηθηχνπ. Αλ ην SMPS ρξεζηκνπνηεί θαηαιιήισο κνλσκέλν 

κεηαζρεκαηηζηή πςειήο ζπρλφηεηαο, ε έμνδνο ζα είλαη ειεθηξηθά απνκνλσκέλε απφ ην 

δίθηπν, ραξαθηεξηζηηθφ πνπ είλαη ζπρλά απαξαίηεην γηα αζθάιεηα. 

 

Σν ηξνθνδνηηθφ κεηαγσγήο ζπλήζσο ξπζκίδεηαη, θαη γηα λα δηαηεξήζεη ηελ ηάζε εμφδνπ 

ζηαζεξή, ρξεζηκνπνηεί ζηελ παξνρή ειεθηξηθνχ ξεχκαηνο έλαλ ειεγθηή αλάδξαζεο. Ο 

ειεγθηήο παξαθνινπζεί ην ξεχκα πνπ ηξαβάεη ην θνξηίν θαη ν θχθινο ηεο κεηαγσγήο 

απμάλεηαη φηαλ απμάλνληαη νη απαηηήζεηο ηζρχνο εμφδνπ. 
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Σα SMPSs ζπρλά πεξηιακβάλνπλ ραξαθηεξηζηηθά αζθαιείαο, φπσο πεξηνξηζκφ ξεχκαηνο γηα 

λα βνεζήζνπλ ζηελ πξνζηαζία ηεο ζπζθεπήο θαη ηνπ ρξήζηε. 

  

Σα SMPSs έρνπλ απφιπην φξην γηα ειάρηζην ξεχκα εμφδνπ. Έηζη, κπνξνχλ λα εμάγνπλ κφλν 

πάλσ απφ έλα ζπγθεθξηκέλν επίπεδν ηζρχνο θαη δελ κπνξνχλ λα ιεηηνπξγήζνπλ θάησ απφ 

απηφ. ε πεξίπησζε πνπ δελ έρνπλ ζπλδεδεκέλν θνξηίν, ε ζπρλφηεηα ηεκαρηζκνχ ηεο ηζρχνο 

απμάλεη ζε ηφζν κεγάιν βαζκφ, ψζηε λα νδεγεί ηνλ απνκνλσκέλν κεηαζρεκαηηζηή λα 

ιεηηνπξγεί σο πελίν Σέζια. 

 

Ο ζπληειεζηήο ηζρχνο έρεη εμειηρζεί ζε ζέκα αλεζπρίαο γηα ηνπο θαηαζθεπαζηέο 

ππνινγηζηψλ. Σα ηξνθνδνηηθά κεηαγσγήο έρνπλ παξαδνζηαθά κηα πεγή αξκνληθψλ γξακκψλ 

ειεθηξηθήο ελέξγεηαο θαη έρνπλ πνιχ ρακειφ ζπληειεζηή ηζρχνο. Σν ζηάδην εηζφδνπ 

αλφξζσζεο δηαζηξεβιψλεη ηελ θπκαηνκνξθή ηνπ ξεχκαηνο πνπ πξνέξρεηαη απφ ηελ παξνρή, 

πξάγκα πνπ ελδέρεηαη λα έρεη αξλεηηθέο επηπηψζεηο ζε άιια θνξηία. Σν δηαζηξεβισκέλν 

ξεχκα πξνθαιεί επηπιένλ ζέξκαλζε ζηα θαιψδηα θαη ην ζχζηεκα δηαλνκήο. 

 

Μεξηθά ηξνθνδνηηθά κεηαγσγήο ρξεζηκνπνηνχλ θίιηξα ή πξφζζεηα ζηάδηα κεηαγσγήο ζην 

θχθισκα γηα λα βειηησζεί ε θπκαηνκνξθή ηνπ ξεχκαηνο πνπ ιακβάλεηαη απφ ηε γξακκή 

ελαιιαζζφκελνπ ξεχκαηνο. Απηφ απμάλεη ηελ πνιππινθφηεηα ηνπ θπθιψκαηνο. Πνιιά 

ηξνθνδνηηθά ππνινγηζηψλ πνπ δεκηνπξγήζεθαλ ηα ηειεπηαία ρξφληα πεξηιακβάλνπλ πιένλ 

δηφξζσζε ζπληειεζηή ηζρχνο φηαλ ιεηηνπξγνχλ ζηελ παξνρή κεηαγσγήο. ε νξηζκέλεο 

πεξηπηψζεηο ζπληειεζηή ηζρχνο 1. 

1.2.7 Πξνγξακκαηηδόκελν Σξνθνδνηηθό  

Σα πξνγξακκαηηδφκελα ηξνθνδνηηθά επηηξέπνπλ ηνλ απνκαθξπζκέλν έιεγρν ηεο ηάζεο 

εμφδνπ κέζσ ελφο αλαινγηθνχ ζήκαηνο εηζφδνπ ή κε κηα δηεπαθή ππνινγηζηψλ φπσο RS232 

ή GPIB. Σα ζηνηρεία πξνο κεηαβνιή είλαη ε ηάζε, ην ξεχκα θαη ε ζπρλφηεηα (γηα ηηο κνλάδεο 

παξαγσγήο ξεχκαηνο). Απηά ηα ηξνθνδνηηθά απνηεινχληαη  απφ έλαλ επεμεξγαζηή, 

θπθιψκαηα πξνγξακκαηηζκνχ ηάζεο/ ξεχκαηνο, κεηαζρεκαηηζηέο ξεχκαηνο θαη θπθιψκαηα 

αλάγλσζεο ηάζεο/ ξεχκαηνο. Δπηπξφζζεηα, δχλαληαη λα πεξηιακβάλνπλ πξνζηαζία απφ 

ππεξέληαζε, ππέξηαζε θαη βξαρπθχθισκα. Σα πξνγξακκαηηδφκελα ηξνθνδνηηθά 

ρξεζηκνπνηνχλ γεληθά ηελ SCPI σο γιψζζα πξνγξακκαηηζκνχ. 

 

Σα πξνγξακκαηηδφκελα ηξνθνδνηηθά κπνξεί λα έρνπλ DC, AC ή AC κε DC offset. Ζ έμνδνο 

AC κπνξεί λα είλαη είηε κνλνθαζηθή ή ηξηθαζηθή. Μνλνθαζηθή ρξεζηκνπνηείηαη γεληθά γηα 
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θπθιψκαηα ρακειήο ηάζεο, ελψ ε ηξηθαζηθή ιεηηνπξγία είλαη πην ζπλήζεο γηα θπθιψκαηα 

πςειήο ηάζεο.  

 

ήκεξα ρξεζηκνπνηνχληαη ζε πνιιέο εθαξκνγέο. Μεξηθά παξαδείγκαηα πεξηιακβάλνπλ ηελ 

απηνκαηνπνηεκέλε δνθηκή ηνπ εμνπιηζκνχ , ηελ παξαθνινχζεζε ηεο αλάπηπμεο θξπζηάιισλ 

θαη ηε δηαθνξηθή ζεξκηθή αλάιπζε.  

1.2.8 Σξνθνδνηηθό αδηάιεηπηεο ηάζεο 

Μηα αδηάιεηπηε παξνρή ξεχκαηνο (UPS) αληιεί ηζρχ απφ δχν ή πεξηζζφηεξεο πεγέο 

ηαπηφρξνλα. πλήζσο ηξνθνδνηείηαη απεπζείαο απφ ηελ πξίδα ελαιιαζζφκελνπ ξεχκαηνο, 

ελψ ηαπηφρξνλα θνξηίδεη κηα κπαηαξίαο απνζήθεπζεο ελέξγεηαο. Όηαλ ππάξρεη πηψζε ζην 

δίθηπν, ε κπαηαξία ακέζσο εθθηλεί ηελ απνθφξηηζε, ηξνθνδνηψληαο έηζη ην θνξηίν ρσξίο λα 

δηαθνπή ηεο ιεηηνπξγίαο ηνπ. ε κηα εγθαηάζηαζε ππνινγηζηή, απηφ δίλεη ην ρξφλν ζηνλ 

ρξήζηε λα απελεξγνπνηήζεη ην ζχζηεκα κε κεζνδεπκέλν ηξφπν. Άιια ζπζηήκαηα UPS 

κπνξνχλ λα ρξεζηκνπνηνχλ έλαλ θηλεηήξα εζσηεξηθήο θαχζεο ή ζηξνβίινπ γηα ζπλερή 

ηξνθνδφηεζε ξεχκαηνο ζε έλα ζχζηεκα, παξάιιεια κε ηελ ηζρχ πνπ πξνέξρεηαη απφ ην AC. 

Οη γελλήηξηεο κε θηλεηήξα ζα έπξεπε θαλνληθά λα ιεηηνπξγνχλ ζην ξειαληί, αιιά ζα έπξεπε 

λα έξζνπλ ζε πιήξε ηζρχ κέζα ζε ιίγα δεπηεξφιεπηα, πξνθεηκέλνπ λα θξαηήζεη δσηηθήο 

ζεκαζίαο εμνπιηζκφ ρσξίο δηαθνπή. Έλα ηέηνην ζχζηεκα ζα κπνξνχζε λα εληνπηζηεί ζε 

λνζνθνκεία ή ηειεθσληθά θεληξηθά γξαθεία. 

1.2.9 Πνιιαπιαζηαζηήο ηάζεο 

Πνιιαπιαζηαζηήο ηάζεο είλαη έλα ειεθηξηθφ θχθισκα πνπ κεηαηξέπεη ελαιιαζζφκελν 

ξεχκα απφ κηα ρακειφηεξε ηάζε ζε κηα πςειφηεξε ηάζε DC, ηππηθά κέζσ ελφο θπθιψκαηνο 

κε ππθλσηέο θαη δηφδνπο. Ζ ηάζε εηζφδνπ κπνξεί λα δηπιαζηαζηεί, ηξηπιαζηαζηεί, 

ηεηξαπιαζηαζηεί, θαη νχησ θαζεμήο.  

 

Σππηθά, νη πνιιαπιαζηαζηέο ηάζεο απνηεινχληαη απφ εκηαλνξζσηέο , ππθλσηέο θαη δηφδνπο. 

Γηα παξάδεηγκα, έλαο ηξηπιαζηαζηήο ηάζεο απνηειείηαη απφ ηξείο εκηαλνξζσηέο, ηξεηο 

ππθλσηέο θαη ηξεηο δηφδνπο (φπσο ζηνλ πνιιαπιαζηαζηή Cockcroft Walton). ε κηα 

δηαθνξεηηθή δηακφξθσζε γηα ηελ επίηεπμε αθφκα πςειφηεξσλ ηάζεσλ, ζα κπνξνχζε λα 

ρξεζηκνπνηεζεί αλνξζσηήο πιήξνπο θχκαηνο. Ζ νλνκαζηηθή ηάζε ησλ ππθλσηψλ θαζνξίδεη 

ηε κέγηζηε ηάζε εμφδνπ. 

 

Οη πνιιαπιαζηαζηέο ηάζεο έρνπλ πνιιέο εθαξκνγέο . Γηα παξάδεηγκα, νη πνιιαπιαζηαζηέο 

ηάζεο κπνξνχλ λα βξεζνχλ ζε ζπζθεπέο θαζεκεξηλήο ρξήζεο, φπσο ηειενξάζεηο θαη 
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θσηνηππηθά. Άιιεο εθαξκνγέο εξγαζηεξηαθνχ ηχπνπ είλαη νη ιπρλίεο θαζνδηθψλ αθηηλψλ, νη 

παικνγξάθνη θαη νη θσηνπνιιαπιαζηαζηέο . 

1.3 Δθαξκνγέο ηξνθνδνηηθώλ 

Παξαθάησ παξνπζηάδνληαη θάπνηεο εθαξκνγέο φπνπ ρξεζηκνπνηνχληαη ηα ηξνθνδνηηθά. 

1.3.1 Παξνρή γηα ειεθηξνληθό ππνινγηζηή 

Έλα ζχγρξνλν ηξνθνδνηηθφ ππνινγηζηή είλαη έλα ηξνθνδνηηθφ κεηαγσγήο πνπ κεηαηξέπεη 

ηελ ελαιιαζζφκελε παξνρή δηθηχνπ ζε δηάθνξεο ηάζεηο DC. Σα ηξνθνδνηηθά κεηαγσγήο 

αληηθαηέζηεζαλ ην γξακκηθφ ηξνθνδνηηθφ ιφγσ θφζηνπο, βάξνπο θαη κεγέζνπο.  

1.3.2 Σξνθνδνηηθό ζπγθόιιεζεο 

Ζ ζπγθφιιεζε ηφμνπ απαηηεί κεγάια πνζά ειεθηξηθήο ελέξγεηαο ψζηε λα ιηψζεη ηηο 

επηθάλεηεο ησλ κεηάιισλ, πξνθεηκέλνπ λα ελσζνχλ. Ζ ειεθηξηθή ελέξγεηα παξέρεηαη απφ κία 

παξνρή ξεχκαηνο ζπγθφιιεζεο θαη κπνξεί λα είλαη είηε AC ή DC. Ζ ζπγθφιιεζε ηφμνπ 

ζπλήζσο απαηηεί πςειά ξεχκαηα ζπλήζσο κεηαμχ 100 θαη 350Α. Οξηζκέλνη ηχπνη 

ζπγθφιιεζεο κπνξεί λα ρξεζηκνπνηνχλ ιηγφηεξν απφ 10Α, ελψ κεξηθέο εθαξκνγέο 

ζπγθφιιεζεο απαηηνχλ ξεχκαηα πςειφηεξα απφ 60.000Α γηα έλα εμαηξεηηθά ζχληνκν 

ρξνληθφ δηάζηεκα. Παιαηφηεξα, ηα ηξνθνδνηηθά ζπγθφιιεζεο απνηεινχληαλ απφ 

κεηαζρεκαηηζηέο ή θηλεηήξεο πνπ θηλνχζαλ ειεθηξνγελλήηξηεο. Σα ηειεπηαία ρξφληα, φκσο, 

ηα ηξνθνδνηηθά ρξεζηκνπνηνχλ εκηαγσγνχο θαη κηθξνεπεμεξγαζηέο, κεηψλνληαο ην κέγεζνο 

θαη ην βάξνο ηνπο. 

1.3.3 Πξνζαξκνγέαο AC 

Μηα παξνρή ειεθηξηθνχ ξεχκαηνο , πνπ είλαη ρηηζκέλε ζε έλα AC θηο ξεχκαηνο είλαη γλσζηή 

σο «κεηαζρεκαηηζηή » ή « πξνζαξκνγέαο plug-in». Τπάξρνπλ πνιιά δηαθνξεηηθά είδε 

πξνζαξκνγέσλ είηε κε ην ίδην είδνο βχζκαηνο DC λα πξνζθέξεη δηαθνξεηηθή ηάζε ή πφισζε, 

είηε κε δηαθνξεηηθά βχζκαηα πνπ παξέρνπλ ηελ ίδηα ηάζε  Οη universal πξνζαξκνγείο 

πξνζπαζνχλ λα αληηθαηαζηήζνπλ φινπο ηνπο παξαπάλσ, κε ηε ρξήζε πνιιαπιψλ βπζκάησλ 

θαη επηινγέσλ γηα δηάθνξεο ηάζεηο θαη πνιηθφηεηεο.  

 

Οη θζελφηεξεο AC κνλάδεο απνηεινχληαη κφλν απφ έλα κηθξφ κεηαζρεκαηηζηή, ελψ νη DC 

πξνζαξκνγείο πεξηιακβάλνπλ κεξηθέο πξφζζεηεο δηφδνπο. Ο κεηαζρεκαηηζηήο παξέρεη έλα 

καγλεηηθφ πεδίν ζπλερψο ελεξγφ, ην νπνίν θαηά θαλφλα δελ κπνξεί λα θιείζεη εληειψο, εθηφο 

εάλ απνζπλδεζεί. 
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Δπεηδή θαηαλαιψλνπλ αξθεηφ ξεχκα αθφκα θαη ζε θαηάζηαζε αλακνλήο, νη πξνζαξκνγείο 

AC είλαη γλσζηνί θαη σο "βακπίξ ειεθηξηθήο ελέξγεηαο". 

 

Αληίζεηα, ηα ηξνθνδνηηθά κεηαγσγήο κπνξνχλ λα θφςνπλ δηαξξνή απφ ππθλσηέο, 

ρξεζηκνπνηψληαο MOSFETs ρακειήο ηζρχνο. 

1.3.4 Πξνζηαζία ππεξθόξηηζεο 

Σα ηξνθνδνηηθά ζπρλά έρνπλ πξνζηαζία απφ βξαρπθχθισκα ή ππεξθφξηηζε πνπ κπνξεί λα 

βιάςεη ηελ παξνρή ή λα πξνθαιέζεη ππξθαγηά. Οη αζθάιεηεο θαη νη δηαθφπηεο ηνπ 

θπθιψκαηνο είλαη δχν επξέσο ρξεζηκνπνηνχκελνη κεραληζκνί γηα ηελ πξνζηαζία απφ 

ππεξθνξηίζεηο. 

 

Οξηζκέλα ηξνθνδνηηθά ρξεζηκνπνηνχλ ζεξκηθφ δηαθφπηε ζην κεηαζρεκαηηζηή αληί 

αζθάιεηαο. Σν πιενλέθηεκα απηήο ηεο κεηαηξνπήο είλαη φηη επηηξέπεηαη ζηε κνλάδα λα 

ηξαβήμεη πεξηζζφηεξν ξεχκα γηα πεξηνξηζκέλν ρξνληθφ δηάζηεκα απφ φηη κπνξεί λα παξέρεη. 

1.3.5 Πεξηνξηζηήο ξεύκαηνο 

Μεξηθά ηξνθνδνηηθά ρξεζηκνπνηνχλ πεξηνξηζηή ξεχκαηνο αληί λα θφβνπλ ηελ παξνρή, γηα 

απνηξνπή ηεο ππεξθφξηηζεο. Οη δχν ηχπνη πεξηνξηζκνχ ξεχκαηνο πνπ ρξεζηκνπνηνχληαη είλαη 

κέζσ ειεθηξνληθνχ πεξηνξηζκνχ ή πεξηνξηζκνχ κε ζχλζεηε αληίζηαζε. 

1.3.6 Μεηαηξνπή ελέξγεηαο 

Ο φξνο "παξνρή ειεθηξηθνχ ξεχκαηνο" κεξηθέο θνξέο πεξηνξίδεηαη ζε απηέο ηηο ζπζθεπέο 

πνπ κεηαηξέπνπλ θάπνηα άιιε κνξθή ελέξγεηαο ζε ειεθηξηζκφ (φπσο θχηηαξα ειηαθήο 

ελέξγεηαο, θαπζίκσλ ή γελλήηξηεο). Έλαο πην αθξηβήο φξνο γηα ηηο ζπζθεπέο πνπ κεηαηξέπνπλ 

κηα κνξθή ειεθηξηθήο ελέξγεηαο ζε κηα άιιε κνξθή είλαη ν κεηαηξνπέαο ξεχκαηνο. Ζ πην 

ζπλεζηζκέλε κεηαηξνπή είλαη απφ AC ζε DC. 
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2  

Θεσξεηηθό ππόβαζξν 

ην παξφλ θεθάιαην πξαγκαηνπνηείηαη αλάιπζε βαζηθψλ θπθισκάησλ θαη δηαηάμεσλ, πνπ 

θξίλνληαη απαξαίηεηα λα γλσξίδεη ν αλαγλψζηεο ψζηε λα είλαη εμνηθεησκέλνο κε ηηο έλλνηεο 

θαη λα έρεη πιήξε εηθφλα γηα ηνλ ηξφπν ζρεδίαζεο θαη πινπνίεζεο ηνπ ηξνθνδνηηθνχ αλά 

πάζα ζηηγκή. 

 

2.1 Μεηαζρεκαηηζηήο 

Ωο κεηαζρεκαηηζηή νξίδνπκε ηελ ειεθηξηθή ζπζθεπή ε νπνία, κέζσ ειεθηξνκαγλεηηθήο 

επαγσγήο δχν ζπδεπγκέλσλ ειεθηξηθψλ αγσγψλ, κεηαθέξεη ελέξγεηα κεηαμχ δχν 

θπθισκάησλ.  

 

ην θχθισκα ηνπ ηξνθνδνηηθνχ πνπ θαηαζθεπάζακε, ρξεζηκνπνηήζακε κεηαζρεκαηηζηή 

ππνβηβαζκνχ. Ο κεηαζρεκαηηζηήο κεηαθέξεη ηζρχ απφ ην δίθηπν πξνο ην θχθισκα ηνπ 

ηξνθνδνηηθνχ  ζπλαξηήζεη ηεο επηζπκεηήο ηάζεο ζην δεπηεξεχνλ πελίν, ελψ ηαπηφρξνλα 

απνκνλψλεη ην θχθισκά καο απφ ην δίθηπν. Δπίζεο, ππνβηβάδεη ηελ ηάζε ηξνθνδνζίαο 230V 

ζε ρακειφηεξεο ηηκέο, ψζηε λα κε δεκηνπξγεί πξνβιήκαηα ππεξηάζεσλ ζην ειεθηξνληθφ 

θχθισκα. 
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ρήκα 1 . Μεηαζρεκαηηζηήο ππνβηβαζκνχ ζπλδεδεκέλνο κε ην δίθηπν 

 

Ζ ζρέζε ηεο ηάζεσο ηνπ πξσηεχνληνο πελίνπ VP κε ηε ηάζε ηνπ δεπηεξεχνληνο VS, φπσο 

πξνθχπηεη απφ ην λφκν ηνπ Faraday, είλαη: 

 

  
  
 
  
  

 

 

Όπνπ NP θαη NS ηα ηπιίγκαηα ηνπ πξσηεχνληνο θαη ηνπ δεπηεξεχνληνο πελίνπ αληίζηνηρα. 

 

2.2 Αλόξζσζε 

Αλνξζψζεηο είλαη νη ειεθηξνληθέο δηαηάμεηο νη νπνίεο κεηαηξέπνπλ ηελ ελαιιαζζφκελε ηάζε 

ζε ζπλερή. ηα πιαίζηα ηεο παξνχζαο δηπισκαηηθήο εξγαζίαο ζα εμεηάζνπκε κφλν κε 

ειεγρφκελεο αλνξζψζεηο. Ζ πινπνίεζή ηνπο γίλεηαη κέζσ δηφδσλ θαη ε ηάζε εμφδνπ ηνπο 

κεηαβάιιεηαη ζχκθσλα κε ηηο κεηαβνιέο ηεο ηάζεο ηξνθνδνζίαο. 
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2.2.1 Γηπιή αλόξζσζε κε γέθπξα 

Ζ δηπιή αλφξζσζε κε γέθπξα πινπνηείηαη κε ηέζζεξηο δηφδνπο ζπλδεδεκέλεο φπσο ην 

παξαθάησ ζρήκα: 

 

ρήκα 2. Γηπιή αλφξζσζε κε γέθπξα 

Καηά ηε ζεηηθή εκηπεξίνδν άγνπλ νη δίνδνη D2 θαη D3, ελψ θαηά ηελ αξλεηηθή εκηπεξίνδν 

άγνπλ νη D1 θαη D4. 

 

ρήκα 3. Θεηηθή εκηπεξίνδνο αγσγήο 
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ρήκα 4. Αξλεηηθή εκηπεξίνδνο αγσγήο 

 

ρήκα 5. Έμνδνο δηπιήο αλφξζσζεο κε γέθπξα 

Ζ ζπγθεθξηκέλε ζπλδεζκνινγία αλφξζσζεο νλνκάδεηαη επίζεο αλνξζσηήο πιήξνπο θχκαηνο, 

θαζψο νη δίνδνη άγνπλ αλά δχν ζε θάζε πεξίνδν ηεο εηζφδνπ. Ζ κέζε ηηκή ηεο ηάζεο εμφδνπο 

δίλεηαη απφ ηε ζρέζε: 

    ̅̅ ̅̅ ̅̅  
 

 
∫ √    

   
 

 

   ( )   ⇒     ̅̅ ̅̅ ̅̅  
 √    

   

 
 

2.2.2 Γηπιή αλόξζσζε κε ππθλσηή εμνκάιπλζεο 

Λφγσ απσιεηψλ απφ πηψζε ηάζεο ζηηο δηφδνπο, ζην παξαπάλσ θχθισκα ρξεηάδεηαη λα 

πξνζζέζνπκε έλαλ ππθλσηή κεγάιεο ρσξεηηθφηεηαο παξάιιεια κε ην θνξηίν. Καηά ηε 

πεξίνδν αγσγήο, ν ππθλσηήο απνζεθεχεη ελέξγεηα, ηελ νπνία απνδίδεη ζην θνξηίν θαηά ηε 

δηάξθεηα ηεο πεξηφδνπ κε αγσγήο. Έηζη, ελψ νη απψιεηεο απφ θάζε δίνδν είλαη πεξίπνπ 

0,66V, ε κέζε ηάζε εμφδνπ ηεο αλφξζσζεο απμάλεηαη. Ζ κέζε ηάζε κεηά απφ ην 
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θηιηξάξηζκα ηνπ ππθλσηή είλαη          ̅̅ ̅̅ ̅̅  , φπνπ      ̅̅ ̅̅ ̅̅  ε κέζε ηάζε εμφδνπ ηεο αλφξζσζεο. 

Ζ δηαδηθαζία απηή θαιείηαη εμνκάιπλζε. 

 

ρήκα 6. Γηπιή αλφξζσζε κε ππθλσηή εμνκάιπλζεο 

 

ρήκα 7 . Σάζε εμφδνπ αλφξζσζεο κε ππθλσηή εμνκάιπλζεο 

2.3 ηαζεξνπνηεηήο 

Ζ ηάζε εμφδνπ ηνπ ζπζηήκαηνο αλφξζσζεο κε ππθλσηή εμνκάιπλζεο, φπσο είδακε 

παξαπάλσ, δελ είλαη ζηαζεξή. Γηα λα εμαιείςνπκε ηηο θπκαηψζεηο απηέο ζα  

ρξεζηκνπνηήζνπκε έλα θχθισκα ζηαζεξνπνίεζεο, ην νπνίν θαίλεηαη ζηελ παξάγξαθν 3.2. 

Σν θχθισκα απηφ είλαη πξνξπζκηζκέλν ζε νξηζκέλεο ηηκέο ηάζεο θαη ξεχκαηνο, ελψ ε 

είζνδφο ηνπ είλαη ζε θάζε πεξίπησζε ηάζε πςειφηεξε απφ ηε ζηαζεξή ηάζε εμφδνπ. Έηζη, κε 

ηελ εθαξκνγή ηνπ ζηαζεξνπνηεηή κεηά ηνλ ππθλσηή εμνκάιπλζεο, ε έμνδφο καο έρεη ηε 

κνξθή: 
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ρήκα 8. Έμνδνο ζηαζεξνπνηεηή 

2.4 πλδεζκνινγία Darlington 

Ζ ζπλδεζκνινγία Darlington απνηειείηαη απφ έλα δεχγνο δηπνιηθψλ ηξαλδίζηνξ ζπλδεδεκέλα 

ψζηε λα δηακνηξάδνληαη ην ζπιιέθηε θαη ν εθπνκπφο ελφο λα είλαη βάζε ηνπ άιινπ. Έηζη, 

ζρεκαηίδεηαη έλα θχθισκα κε αθξνδέθηεο ηξαλδίζηνξ (βάζε, ζπιιέθηε, εθπνκπφ). Δθηφο απφ 

ην ιηγφηεξν ρψξν πνπ θαηαιακβάλεη θαηαζθεπαζηηθά ε ζπλδεζκνινγία απηή, αληί ησλ δχν 

ηζνδχλακσλ ηξαλδίζηνξ, καο πξνζθέξεη ηε δπλαηφηεηα λα έρνπκε πςειή ζχλζεηε αληίζηαζε 

εηζφδνπ θαη θπξίσο πςειφ θέξδνο ξεχκαηνο. πγθεθξηκέλα, γηα βΑ θαη βΒ ην θέξδνο ησλ 

επηκέξνπο ηξαλδίζηνξ, ην Darlington έρεη θέξδνο βDar=βΑ βΒ. 

 

ρήκα 9. Εεχγνο ηξαλδίζηνξ NPN ζε ζπλδεζκνινγία Darlington 
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2.5 πλδεζκνινγίεο Σ.Δ. 

2.5.1 Αθόινπζνο ηάζεο 

Ζ κηθξφηεξε δπλαηή ελίζρπζε πνπ κπνξεί λα επηηεπρζεί κε έλαλ ηειεζηηθφ εληζρπηή είλαη 

κέζσ ηεο ζπλδεζκνινγίαο αθνινχζνπ ηάζεο θαη είλαη ίζε κε 1. 

 

ρήκα 10. Αθφινπζνο ηάζεο 

 

Ζ ζρέζε ηάζεσλ εηζφδνπ - εμφδνπ είλαη: 

         

2.5.2 Οινθιεξσηήο 

Γηα λα πξαγκαηνπνηήζνπκε ηε καζεκαηηθή νινθιήξσζε κηαο θπκαηνκνξθήο, 

ρξεζηκνπνηνχκε ηε ζπλδεζκνινγία ηνπ νινθιεξσηή εληζρπηή. 

 

ρήκα 11. Οινθιεξσηήο 
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Ζ ζρέζε ηάζεσλ εηζφδνπ - εμφδνπ είλαη: 

      
 

   
∫      

 

2.6 Γηαηξέηεο ηάζεο 

Ωο δηαηξέηε ηάζε νξίδνπκε ηε δηάηαμε δχν ελ ζεηξά αληηζηάζεσλ. ηα άθξα ηνπο 

εθαξκφδεηαη ε ηάζε εηζφδνπ θαη ζην κέζν ηνπο ε ηάζε εμφδνπ. 

 

 

ρήκα 13. Γηαηξέηεο ηάζεο 

 

Ζ ζρέζε κεηαμχ ηάζεσλ εηζφδνπ - εμφδνπ είλαη ε εμήο: 
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3  

Τινπνίεζε θαη θαηαζθεπή 

Έρνληαο κειεηήζεη βαζηθέο θπθισκαηηθέο έλλνηεο γηα ηελ θαηαλφεζε ηεο θαηαζθεπήο, 

κπνξνχκε λα μεθηλήζνπκε ηελ θαηαζθεπή ηνπ ζπκκεηξηθνχ ηξνθνδνηηθνχ 0-30V, 0-5A. 

3.1 Σξνθνδνηηθό 

Όπσο έρεη ήδε γίλεη αληηιεπηφ, έλα ζηνηρεηψδεο ηξνθνδνηηθφ αθνινπζεί ην παξαθάησ 

δηάγξακκα ξνήο: 

 

ρήκα 14. Γηάγξακκα ξνήο ηξνθνδνηηθνχ 

Οη πξνζζήθεο πνπ πξαγκαηνπνηήζεθαλ ζην παξαπάλσ δηάγξακκα γηα λα πινπνηήζνπκε ην 

ηξνθνδνηηθφ ήηαλ: 

 χζηεκα αλαθνξάο θαη ειέγρνπ ηνπ ξεχκαηνο 

 χζηεκα αλαθνξάο θαη ειέγρνπ ηεο ηάζεο 

 Ρειέ επηινγήο αλάκεζα ζε θαλνληθή θαη ζπκκεηξηθή ιεηηνπξγία 
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 Γηαθνξεηηθφ ππνθχθισκα ζηαζεξνπνίεζεο γηα ηελ θαλνληθή ηάζε εμφδνπ θαη ηηο 

ζπκκεηξηθέο 

 Μηθξνεπεμεξγαζηήο Arduino UNO R3 γηα ξχζκηζε ξεπκάησλ θαη ηάζεσλ αλαθνξάο 

κέζσ encoder θαη αλαπαξάζηαζε επηινγψλ-απνηειεζκάησλ ζε νζφλε LCD 

 ON-OFF Switch 

 Αζθάιεηα γηα πξνζηαζία ηνπ ζπζηήκαηνο 

3.2 Ηιεθηξνληθό θύθισκα 

Σν ειεθηξνληθφ ζρεκαηηθφ πνπ θαηαζθεπάζηεθε θαίλεηαη ζηελ παξαθάησ ζειίδα, φπσο θαη 

ην PCB. Σα παζεηηθά ζηνηρεία, ηξαλδίζηνξ, δίνδνη θαη ηειεζηηθνί εληζρπηέο πνπ επηιέρζεθαλ 

είλαη ηα εμήο: 

Αληηζηάζεηο 

 
Ππθλσηέο 

 
Σειεζηηθνί εληζρπηέο 

R1 100Ω 

 

C1 2200κF 

 

IC1A LT1490 

R2 100Ω 

 

C2 10nF 

 

IC2A LT1490 

R3 10kΩ 

 

C3 1nF 

 

IC2B LT1490 

R4 100Ω 

 

C4 10nF 

 

IC3A LT1490 

R5 1Ω 

 

C5 10nF 

 

IC3B LT1490 

R6 1Ω 

 

C6 10000κF 

 

IC4 7824T 

R7 47Ω 

 

C7 10000κF 

 

IC5 7808T 

R8 10kΩ 

 

C8 100nF 

   R9 9kΩ 

 

C9 100nF 

 
Οινθιεξσκέλα 

R10 1kΩ 

 

C10 47κF 

 

LTC6101 

R11 10kΩ 

 

C11 47κF 

 

REF195 

R12 10kΩ 

 

C12 100nF 

 

REF198 

R13 100Ω 

 

C13 47κF 

 

AD5323 

R14 100Ω 

 

C14 100nF 

   R15 10kΩ 

 

C15 100nF 

 
Ρειέ 

R16 10kΩ 

 

C16 47κF 

 

K1 G2R2A 

R17 4,88kΩ 

 

C17 330nF 

   R18 10kΩ 

 

C18 330nF 

 
Σξαλδίζηνξ 

R19 10kΩ 

 

C19 47κF 

 

Q1 MJE15030 

R20 10kΩ 

 

C20 330nF 

 

Q2 MG6330 

R21 1kΩ 

 

C21 100κF 

 

Q3 MG6330 

R22 1kΩ 

 

C22 330nF 

 

Q4 MG6330 

R23 33kΩ 

    

Q5 MG6330 

R24 2,2kΩ 

 
Γίνδνη 

 

Q6 MJE15030 

R25 20mΩ 

 

D1 1N4148 

 

Q7 MJE15031 

   

D2 1N4148 

 

Q8 BC547 

   

D3 1N4148 

 

Q9 BC547 

   

D4 1N4148 

 

Q10 BC557B 

   

D5 BYT08P 

    

Πίλαθαο 1. Δμαξηήκαηα ηξνθνδνηηθνχ 
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ρήκα 15. Ζιεθηξνληθφ θχθισκα 
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ρήκα 16. PCB
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3.3 Δπεμήγεζε θπθιώκαηνο 

Απφ Bridge Rectifier έξρεηαη ε ηάζε κεηά απφ ην κεηαζρεκαηηζηή θαη ηε δηπιή αλφξζσζε. Οη 

ππθλσηέο C1, C6 θαη C7 ρξεζηκνπνηνχληαη ζαλ ππθλσηέο εμνκάιπλζεο.  

 

ρήκα 17. Δμνκνίσζε LTspiceIV  

Ζ δίνδνο D5 πξνθαιεί πηψζε ηάζεο. Έηζη, έρνπκε ηάζε GND-0,6V πάλσ ζηε δίνδν, πνπ ζα 

ρξεζηκνπνηεζεί ζαλ αξλεηηθή ηάζε ηξνθνδνζίαο ζηνπο ηειεζηηθνχο εληζρπηέο γηα λα 

κπνξνχλ λα παξάγνπλ ηάζε 0V ζηελ έμνδν.  

Σα ζηνηρεία IC4 θαη IC5 καδί κε ηνπο ππθλσηέο C17, C18, C20, C21 θαη C22 ιεηηνπξγνχλ 

ζαλ έλα βνεζεηηθφ θχθισκα ζηαζεξνπνίεζεο. Ο IC4 βγάδεη ζηαζεξνπνηεκέλα 24V γηα λα 

ηξνθνδνηήζεη ην ξειέ. Σα 24V έπεηηα ππνβηβάδνληαη ζε 8V απφ ηνλ IC5, γηα λα 

ηξνθνδνηήζνπλ κέζσ ησλ decoupling ππθλσηψλ C12, C13 θαη C14 ηα ςεθηαθά θπθιψκαηα 

παξαγσγήο ηάζεσλ αλαθνξάο. Οη ππθλσηέο ηνπ ππνθπθιψκαηνο επίζεο ιεηηνπξγνχλ ζαλ 

decoupling πςειψλ θαη παξαζηηηθψλ ζπρλνηήησλ. 

Σν ππνθχθισκα 1 πξφθεηηαη γηα πεγή ξεχκαηνο. Πνιψλνληαο ηηο δηφδνπο D3, D4 κε ηελ 

αληίζηαζε R7, έρνπκε ζηε βάζε ηνπ ηξαλδίζηνξ ηάζε 1,4V. Έπεηηα, ην ξεχκα πνπ παξάγεηαη 

είλαη (δηαθνξά δπλακηθνχ βάζεο-εθπνκπνχ=0,7V) 5,833mΑ. Ζ ιεηηνπξγία ηνπ ππθλσηή C5 

είλαη λα βξαρπθπθιψλεη ηελ πεγή ξεχκαηνο πνπ ζεσξεηηθά έρεη άπεηξε ζχλζεηε αληίζηαζε 

(εκπέδεζε). 

Σν ξεχκα απηφ νδεγείηαη ζηα Darlington ηξαλδίζηνξο Q1, Q2 θαη Q3 ηα νπνία καο δίλνπλ ηελ 

θαλνληθή καο ηάζε. Οη αληηζηάζεηο πνπ είλαη ζπλδεδεκέλεο ζε ζεηξά κε ηνπο εθπνκπνχο ησλ 

ηξαλδίζηνξ (R5 θαη R6) ιεηηνπξγνχλ ζαλ έλαο ηνπηθφο βξφρνο αλάδξαζεο. Γηα ιφγνπο 

θαηαζθεπαζηηθψλ ζθαικάησλ, ηα ηξαλδίζηνξ ζίγνπξα δελ έρνπλ ίδην θέξδνο. Σν ηξαλδίζηνξ 



 

31 

 

πνπ ηξαβάεη πεξηζζφηεξν ξεχκα ζα έρεη θαη κεγαιχηεξε πηψζε ηάζεο ζηελ αληίζηνηρε 

αληίζηαζε. 

Οη ηειεζηηθνί εληζρπηέο IC2A θαη IC2B ιεηηνπξγνχλ ζαλ ξπζκηζηέο ηνπ επηζπκεηνχ ξεχκαηνο 

θαη ηάζεο αληίζηνηρα, δερφκελνη σο αλαθνξά ηηκέο απφ ην DAC. Δλψ ην θχθισκά καο είλαη 

(ζρεδφλ) DC θαη ζα κπνξνχζακε λα ρξεζηκνπνηνχζακε ζπγθξηηέο εληζρπηέο γηα ηελ ίδηα 

δνπιεηά, πξνηηκήζεθαλ νινθιεξσηέο. Ο ιφγνο είλαη πσο ζε DC ιεηηνπξγία νη νινθιεξσηέο 

δνπιεχνπλ ζαλ ζπγθξηηέο θαη απνδίδνπλ θέξδνο αλνηρηνχ βξφρνπ. ε AC ιεηηνπξγία νη 

ζπγθξηηέο ιεηηνπξγνχλ ζαλ αλαζηξέθνληεο εληζρπηέο, ελψ φζν απμάλεη ε ζπρλφηεηα 

κεηψλεηαη ην κέηξν ηεο ελαιιαζζφκελεο εμφδνπ (ripple). Έηζη, νη ηηκέο ησλ ππθλσηψλ C3, 

C4 έρνπλ νξηζηεί βάζεη ηνπ ρξφλνπ απφθξηζεο (εηδηθά ζηνλ C4 θαζψο καο ελδηέθεξε λα θάλεη 

ιείν πεξηνξηζκφ ξεχκαηνο). 

 

ρήκα 18. Δμνκνίσζε LTspiceIV  

ην παξαπάλσ ζρήκα παξαηεξνχκε ηνλ ιφγν πνπ έρνπλ ηνπνζεηεζεί νη δίνδνη ζηελ έμνδν 

ησλ ηειεζηηθψλ εληζρπηψλ γηα έιεγρν. Παξαηεξνχκε πσο φηαλ ε ηάζε εμφδνπ μεπεξλάεη ηελ 

επηζπκεηή, ν ππθλσηήο αξρίδεη λα απνθνξηίδεη έσο φηνπ λα αξρίζεη λα άγεη ε δίνδνο θαη λα 

έρνπκε δηφξζσζε ηεο ηάζεο εμφδνπ. ε αληίζηνηρν γξάθεκα φπνπ δελ ζα ρξεζηκνπνηνχζακε 

νινθιεξσηέο θαη δηφδνπο, ζα παξαηεξνχζακε πνιιά spikes θαηά ηηο κεηαβάζεηο. 

Οη αληηζηάζεηο R9, R10 ρξεζηκεχνπλ ζαλ δηαηξέηεο ηάζεο ζηελ ηάζε εμφδνπ (Vout/10), ελψ νη 

R21, R22 ζαλ feedback ηεο ηάζεο εμφδνπ πξνο ηνλ κηθξνεπεμεξγαζηή. 

Σν ππνθχθισκα 2 απνηειεί κηα αληίζηαζε (4-wire) Kelvin. Ζ ζπλδεζκνινγία απηή 

ιεηηνπξγεί ζαλ εληζρπηήο ξεχκαηνο shunt (current sense amplifier) θαη δίλεη ζηελ έμνδν ηάζε 

αλάινγε ηνπ ξεχκαηνο πνπ δηαξξέεη ηελ αληίζηαζε 20mΩ. Ζ ηάζε απηή ρξεζηκεχεη ζαλ ηάζε 

εηζφδνπ ζην LTC, ε έμνδνο ηνπ νπνίνπ θαηαιήγεη ζηνλ αλαζηξέθνληα αθξνδέθηε εηζφδνπ 

ηνπ Σ.Δ. IC2A. 

Σα νινθιεξσκέλα AD5323 θαη REF195, REF198 ρξεζηκνπνηήζεθαλ γηα επηθνηλσλία κε ηνλ 

κηθξνεπεμεξγαζηή θαη έιεγρν ησλ αλαθνξψλ αληίζηνηρα. Σν AD5323 απνηειεί DAC (digital 

to analog converter), ην θχθισκα Α ηνπ νπνίνπ ρξεζηκνπνηείηαη γηα έιεγρν ηάζεο θαη ην Β 

γηα έιεγρν ηνπ ξεχκαηνο. Έηζη, ε VOUTA δίλεη ηελ ηάζε αλαθνξάο, VOUTB ην ξεχκα 

εμφδνπ (νπζηαζηηθά ηελ ηάζε πνπ αληηζηνηρεί ζε ξεχκα), VREFA ηελ κέγηζηε ηάζε ζηελ 

έμνδν θαη VREFB ην κέγηζην ξεχκα ζηελ έμνδν. Σν REF195 ρξεζηκνπνηείηαη γηα ξχζκηζε 



 

32 

 

ησλ ζηαζκψλ θσδηθνπνίεζεο ηεο ηάζεο, ελψ ην REF198 ηνπ ξεχκαηνο. Οη δχν 

ζηαζεξνπνηεηέο αθξηβείαο δίλνπλ ζαλ output 0-4,096V θαη 0-5V αληίζηνηρα. Ο ιφγνο πνπ 

επηιέρζεθαλ νη ηηκέο απηέο είλαη φηη ε θσδηθνπνίεζε ηνπ Arduino έρεη 12-bit θσδηθνπνίεζε 

θαη άξα 2
12

=4096 ζηάζκεο. Γηα ηελ ηάζε ρξεζηκνπνηήζακε 0-3.000 ζηάζκεο θαη γηα ην ξεχκα 

0-4.000 ζηάζκεο. Ζ αλαινγία γηα ηε ξχζκηζε ηεο ηάζεο είλαη 4,096V / 4.096ζηάζκεο. Γηα 

θάζε έλα δπαδηθφ ςεθίν ζην DAC, αληηζηνηρεί 1mV αλαθνξάο πνπ αληηζηνηρνχλ ζε 10mV 

ηάζεο εμφδνπ ηνπ ηξνθνδνηηθνχ. Όκνηα γηα ην ξεχκα ε αλαινγία είλαη 5Α / 4.096ζηάζκεο. Σν 

έλα δπαδηθφ ςεθίν DAC, αληηζηνηρεί ζε 1,221mV αλαθνξάο θαη 1,25mA ξεχκα εμφδνπ 

(αθνχ γίλεη πνιιαπιαζηαζκφο x8 πξηλ ηελ έμνδν γηα λα επηηεπρζεί ε δπλαηφηεηα ξχζκηζεο 

10mA). Λφγσ ηεο αλαθνξάο 1,221mV, ε αληίζηαζε R17 επηιέρζεθε 4,88kΩ (δπζηπρψο δελ 

ππάξρεη ζην εκπφξην 4,884kΩ πνπ ζα ήηαλ βέιηηζηε επηινγή, ζα δνχκε ηη απνθιίζεηο 

πξνθαιεί απηή ε κηθξή δηαθνξά ζην θεθάιαην 5). Οη ππθλσηέο C8, C9, C10, C11 θαη C2 

είλαη decoupling ππθλσηέο, πνπ βνεζνχλ ζε ηνπηθή απνζχδεπμε. 

Οη αθφινπζνη ηάζεο IC3A θαη IC3B θάλνπλ απνκφλσζε ζε παξάζηηα. Όζν κηθξφηεξε 

εκπέδεζε εμφδνπ ηφζν ε έμνδνο δελ επεξεάδεηαη απφ ηπρφλ ζνξχβνπο πνπ πξνέξρνληαη απφ 

ηα δηάθνξα ζηνηρεία ηνπ ηξνθνδνηηθνχ (πρ κηθξή απφζηαζε απφ ην κεηαζρεκαηηζηή, 

θαισδηψζεηο θηι). Ζ έμνδνο ησλ δχν αθφινπζσλ ρξεζηκνπνηείηαη ζαλ είζνδνο ζηνλ 

κηθξνεπεμεξγαζηή γηα έιεγρν ηεο ηάζεο εμφδνπ θαη ηεο ηάζεο πνπ αληηζηνηρεί ζην ξεχκα 

εμφδνπ. 

Σν ππνθχθισκα 3 απνηειεί θιαζζηθή δηάηαμε νδήγεζεο ξειέ. 

Σν ππνθχθισκα 4 θαιείηαη quasi complementary current follower θαη απνηειεί κε γξακκηθφ 

ζηνηρείν. Ζ κε γξακκηθφηεηά ηνπ δηνξζψλεηαη κέζσ ηνπ IC1A, ν νπνίνο ιεηηνπξγεί ζαλ 

βξφρνο αλάδξαζεο ηνπ θπθιψκαηνο. θνπφο ηνπ φινπ θπθιψκαηνο είλαη ε αχμεζε ηνπ 

ξεχκαηνο εμφδνπ, φηαλ γίλεηαη απνκφλσζε κέζσ ηνπ ξειέ. 

Γηα ηελ αζθάιεηα ηνπ θπθιψκαηνο, έπξεπε λα ςχμνπκε ηα ηξαλδίζηνξ θαηαιιήισο. ε 

θαλνληθή ιεηηνπξγία, βξαρπθχθισκα ζα πξνθαινχζε θαηαλάισζε (γηα 0V εμφδνπ, 

36Vx5A=) 180W έσο (γξακκηθά, 30V εμφδνπ, 6Vx5A=) 30W. Αληίζηνηρα, γηα ηε 

ζπκκεηξηθή ιεηηνπξγία (γηα 0V κέζε εμφδνπ)  0W έσο (γξακκηθά, 30V νλνκαζηηθφ, 

15Vx5A=) 75W. Σα MG6330 έρνπλ αληνρή έσο 200W, άξα θαηαζθεπαζηηθά δελ ππάξρεη 

ζέκα, ελψ γηα ηα Q1, Q6, Q7 πνπ δελ έρνπλ κεγάιε θαηαλάισζε, δελ ππάξρεη ζέκα 

παξφκνηνπ ειέγρνπ. Γηα ιεηηνπξγία βάζεη πξνδηαγξαθψλ, ηα ηξαλδίζηνξ ζα πξέπεη λα 

ιεηηνπξγνχλ ζε 60-70
ν
C. Με δηαθνξηθφ ζεξκνθξαζίαο 45

ν
C, ε ςήθηξα πνπ επηιέμακε έρεη 

rating (45
o
C/180W=) 0,25.  
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3.4 Λεπηνκέξεηεο θαηαζθεπήο 

ηελ παξνχζα παξάγξαθν ζεκεηψλνληαη ιεπηνκέξεηεο ηεο θαηαζθεπήο, βειηηζηνπνηήζεηο 

θαζψο θαη πξνβιήκαηα πνπ εληνπίζηεθαλ θαη επηιχζεθαλ θαηά ηελ πινπνίεζε. 

 Σν ζαζί πνπ επηιέρζεθε είλαη δηαζηάζεσλ 32x16x15 cm 

 Γηα ηελ ηξνθνδνζία ηεο ζπζθεπήο απφ ην δίθηπν επηιέρζεθε C14 IEC δεχθηεο. Ζ 

ζειπθή βάζε ηνπ IEC πεξηέρεη θαη αζθάιεηα πνπ πξνζθέξεη επηπιένλ πξνζηαζία ζην 

θχθισκά καο. 

 Ο κεηαζρεκαηηζηήο ππνβηβαζκνχ πνπ επηιέρζεθε είλαη ηνξνεηδνχο ππξήλα θεξξίηε, 

θαηαζθεπαζκέλνο απφ ηελ εηαηξία Σηκφζενο Γ. Γηαηξάο (300VA, 50H, 230V/2x28V). 

 Ο κηθξνεπεμεξγαζηήο είλαη Arduino UNO R3. 

 Γηα απνθπγή ππεξζέξκαλζεο ησλ ηξαλδίζηνξ Q1 έσο Q7 ρξεζηκνπνηήζεθε κεγάιε 

ςήθηξα (12x6x15cm) πνπ ηνπνζεηήζεθε εμσηεξηθά ηεο ζπζθεπήο ζην πίζσ κέξνο, 

ελψ φια ηα ππφινηπα ςχρνληαη κε κηθξέο ςήθηξεο. 

 Σα ηξαλδίζηνξ Q2 έσο Q5 θαξθψζεθαλ ζηελ ςήθηξα κε κεηαιιηθέο αιελφβηδεο Μ3, 

ελψ ηα Q1, Q6 θαη Q7 κε πιαζηηθέο βίδεο επίζεο Μ3. 

 Ζ ςήθηξα είλαη βηδσκέλε ζην ζαζί κε αιελφβηδεο Μ5. Γηα ηε δηάλνημε ησλ ηξππψλ 

πνπ βηδψζεθαλ ηα ηξαλδίζηνξ Q1 έσο Q7, ρξεζηκνπνηήζεθε ζηδεξνηξχπαλν αέξνο 

θαη έπεηηα θνιανχδα Μ3. 

 Ζ επαθή ησλ παξαπάλσ ηξαλδίζηνξ έγηλε κε ηελ ςήθηξα έγηλε σο εμήο: πιάηε 

ηξαλδίζηνξ - πάζηα - κίθεο Σ.Ο. 220 θαη Σ.Ο. 247 αληίζηνηρα (ζηιηθφλεο, δελ 

ππήξραλ θιαζηθέο ζην εκπφξην εηδηθά γηα Σ.Ο. 247) - πάζηα -ςήθηξα. 

 Γηα ηα παξάζπξα ζηελ πξφζνςε θαη ην πίζσ κέξνο ρξεζηκνπνηήζεθε Dremel ηφζν 

γηα ην θφςηκν (δηζθνπξίνλν ζηδήξνπ) φζν θαη γηα ηε ιείαλζε ηνπ πιαηζίνπ πνπ 

δεκηνπξγήζεθε. 

 αλ βάζε ηνπ κηθξνεπεμεξγαζηή θαη ηνπ LCD Screen, ρξεζηκνπνηήζεθε Γ 

αινπκηλίνπ δηαζηάζεσλ 5x10x12 cm. Γηα ζηεξέσζε ηεο βάζεσο απηήο, δηαλνίρζεθαλ 

ηξχπεο ζηε βάζε ηνπ ζαζί θαη κε πξηηζηλαδφξν ηνπνζεηήζεθαλ πξηηζίληα κε ζηξνθέο 

(ζπείξσκα). 

 Γηα ηηο ζηξνγγπιέο ηξχπεο ζηελ πξφζνςε ηνπ ζαζί ρξεζηκνπνηήζεθε πνηεξνηξχπαλν 

κεηάιινπ γηα ην encoder θαη θνπθνπλάξη (step drill bit) γηα ην On-Off switch. Γηα ηηο 

ηξχπεο γηα ηηο κπφξλεο ρξεζηκνπνηήζεθε απιφ κεηαιιηθφ ηξππάλη δηαηνκήο 2cm θαη 

Dremel γηα δεκηνπξγία ηεο ππνδνρήο γηα ην stop πνπ έρνπλ. 

 Δπεηδή ην encoder έραλε θάπνηεο ξπζκίζεηο, ηνπνζεηήζεθαλ δχν θεξακηθνί ππθλσηέο 

10nF 63V. Έηζη, παξνπζηάδεηαη βειηίσζε ζηνλ αξηζκφ ηνλ ξπζκίζεσλ πνπ 



 

34 

 

πινπνηνχληαη αιιά θαη κηθξή θαζπζηέξεζε ζην ρξφλν πνπ ελεκεξψλεηαη ν 

κηθξνεπεμεξγαζηήο. 

 ε φια ηα θπθιψκαηα, εθηφο απφ ηα θαλνληθά ζεκεία ζηήξημήο ηνπο, πξνζηέζεθαλ 

απνζηάηεο γηα λα κελ έξρνληαη ζε επαθή κε ην ζαζί ή κε άιια θπθιψκαηα. 

 Γηα λα θσηίδεη ην LED πνπ έρεη ν On-Off Switch, πξνζηέζεθε απιφ θαιψδην ζηελ 

ηειεπηαία πίζηα ηνπ ειεθηξνληθνχ θπθιψκαηνο πνπ δελ εκθαλίδεηαη παξαπάλσ θαη 

δελ επεξεάδεη ηε ιεηηνπξγία ηνπ. 

 Γηα ηελ έλσζε ηνπ encoder θαη ηνπ ζπζηήκαηνο αλαθνξάο ηνπ ειεθηξνληθνχ 

θπθιψκαηνο κε ην κηθξνεπεμεξγαζηή πξνηηκήζεθε θαισδηνηαηλία. 

 Σα ππφινηπα θαιψδηα δέζεθαλ κε δεκαηηθφ θαισδίσλ νχησο ψζηε λα κελ 

κεηαθηλνχληαη θαηά ηε κεηαθνξά ηνπ ηξνθνδνηηθνχ θαη λα κε δεκηνπξγήζνπλ 

πξφβιεκα βξαρπθπθιψκαηνο. 

 Όια ηα θαιψδηα πνπ είλαη κεηαμχ δχν μερσξηζηψλ ηκεκάησλ ηνπ ζπλνιηθνχ 

θπθιψκαηνο μεθηλνχλ θαη θαηαιήγνπλ ζε θιέκεο. 

3.5 Φσηνγξαθίεο θαηαζθεπαζζέληνο ηξνθνδνηηθνύ 

 

Φσηνγξαθία 7. Κάηνςε ηξνθνδνηηθνχ 
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Φσηνγξαθία 8. Πξφζνςε ηξνθνδνηηθνχ 

 

Φσηνγξαθία 9. Πίζσ φςε ηξνθνδνηηθνχ 



 

36 

 

 

Φσηνγξαθία 10. Ζιεθηξνληθφ θχθισκα 

 

Φσηνγξαθία 11. Ζιεθηξνληθφ θχθισκα 
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Φσηνγξαθία 12. Φηο ηξνθνδνζίαο AC, ηνξνεηδήο θαη γέθπξα αλφξζσζεο 

 

Φσηνγξαθία 13. Κχθισκα encoder θαη κπφξλεο 
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Φσηνγξαθία 14. Ρχζκηζε θαλνληθήο ιεηηνπξγίαο (9,78V  3,13A) 

 

Φσηνγξαθία 15. Ρχζκηζε ζπκκεηξηθήο ιεηηνπξγίαο ( 4,89V  3,13A) 
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4  

Πξνγξακκαηηζκόο 

Αθνινπζεί ν θψδηθαο πξνγξακκαηηζκνχ ηνπ κηθξνεπεμεξγαζηή Arduino.  

4.1 Κώδηθαο θαη ζρόιηα 

#include <LiquidCrystal.h>  /*Δηζαγσγή βηβιηνζήθεο γηα ρεηξηζκό ηνπ 

LCD Screen*/ 

#include "SPI.h"    /*Δηζαγσγή βηβιηνζήθεο γηα ρεηξηζκό ηνπ SPI Bus*/ 

 

 

LiquidCrystal   lcd(7, 6, 5, 4, 3, 2);  /*Αξρηθνπνίεζε ησλ αθξνδεθηώλ 

ζύλδεζεο ηεο LCD Screen κε ηνλ κηθξνεπεμεξγαζηή*/ 

int voltage1;   // Οξηζκόο κεηαβιεηώλ // 

unsigned long   currentTime; 

unsigned long   loopTime; 

unsigned long   blinkTime; 

int flag;   /*Σεκαία νξηζκνύ ησλ πεξηπηώζεσλ digit πνπ κεηαβάιινπκε*/ 

int ivset[9] = { 0, 0, 0, 0, 0, 0, 0, 0, 0 }; /*Αξρηθνπνίεζε ησλ 

ζέζεσλ ηεο νζόλεο πνπ κπνξνύκε λα επεμεξγαζηνύκε*/ 

int ivlim[9] = { 0, 3, 9, 9, 9, 5, 9, 9, 1 }; /*Οξηζκόο κεγίζησλ 

ηηκώλ ησλ παξαπάλσ ζέζεσλ*/ 

int val_1;  //Βνεζεηηθέο κεηαβιεηέο ππνινγηζκνύ// 

int val_2;   

int val_3;   

int val_4;   

int valo;   // Τηκή εμόδνπ // 

int vali;   //Τηκή εηζόδνπ// 

int oldvalo = 1;    // Παιηά ηηκή εμόδνπ // 

int oldflag = 1;    // Παιηά ηηκή ζεκαίαο// 

int ss = 10;    // Slave selector // 

int del = 200;  // Δπηινγή θαζπζηέξεζεο // 
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const int   pin_A = 8;  // Οξηζκόο PIN, ζηαζεξό// 

const int   pin_B = 9;  // Οξηζκόο PIN, ζηαζεξό// 

const int   pin_c = 1;  // Οξηζκόο PIN, ζηαζεξό// 

unsigned char   encoder_A;  // Με πξνζεκαζκέλνη αξηζκνί, γηα ρεηξηζκό 

encoder // 

unsigned char   encoder_B;  // Με πξνζεκαζκέλνη αξηζκνί, γηα ρεηξηζκό 

encoder // 

unsigned char   encoder_A_prev = 0;  // Με πξνζεκαζκέλνη αξηζκνί, γηα 

ρεηξηζκό encoder // 

 

int vale = 0;    

 

/* 

 

=====================================================================

================================================== 

 

=====================================================================

================================================== 

 */ 

 

void setup()    //Αξρηθνπνίεζε νζόλεο// 

{ 

    pinMode(ss, OUTPUT);     

    pinMode(pin_c, OUTPUT);  

 

    SPI.begin();    // Αθύπληζε ηνπ SPI Bus θαη νξηζκόο ππνδνρήο ησλ 

Bit// 

    SPI.setBitOrder(MSBFIRST); 

    SPI.setDataMode(SPI_MODE1); 

    SPI.setClockDivider(8); 

 

    pinMode(pin_A, INPUT); 

    pinMode(pin_B, INPUT); 

    lcd.begin(16, 2);   /* Η νζόλε αληηκεησπίδεηαη ζαλ πίλαθαο 16x2. 

Γηα 1,2sec παξνπζηάδεηαη*/ 

    lcd.print("Isidoros Kollias"); /*κήλπκα Isidoros Kollias*/ 

    lcd.setCursor(0, 1);            /*NTUA 2013 PSU*/ 

    lcd.print("NTUA 2013 PSU"); 

    delay(1200); 

    lcd.setCursor(0, 0); 

 

    lcd.print("     .  V   .  A"); /* θαη έπεηηα παξακέλνπλ ζηαζεξέο 

νη ελδείμεηο V A θαη Α, όπσο θαη */ 

                                    /* νη ππνδηαζηνιέο κεηαμύ ησλ 

ξπζκίζεσλ*/ 

    lcd.setCursor(0, 1); 

    lcd.print("     .  A"); 

 

    currentTime = millis(); 

    loopTime = currentTime; 

    blinkTime = currentTime; 

    digitalWrite(pin_c, LOW); 

} 

 

/* 

 

=====================================================================

================================================== 
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=====================================================================

================================================== 

 */ 

void setValueA(int value) 

{ 

    int a;              /* Γηαδηθαζία ελεκέξσζεο θαη κεηαβνιήο 

εζσηεξηθνύ θπθιώκαηνο, αλαθνξώλ θηι*/ 

    int b; 

 

    a = value / 256; 

    b = value - (a * 256); 

    digitalWrite(ss, LOW); 

    SPI.transfer(a);     

    SPI.transfer(b);     

    digitalWrite(ss, HIGH); 

} 

 

/* 

 

=====================================================================

================================================== 

 

=====================================================================

================================================== 

 */ 

void setValueB(int value) 

{ 

    int a;              /* Γηαδηθαζία ελεκέξσζεο θαη κεηαβνιήο 

εζσηεξηθνύ θπθιώκαηνο, αλαθνξώλ θηι*/ 

    int b; 

     

    a = 128 + (value / 256); 

    b = value - (a * 256); 

    digitalWrite(ss, LOW); 

    SPI.transfer(a);     

    SPI.transfer(b);     

    digitalWrite(ss, HIGH); 

} 

 

/* 

 

=====================================================================

================================================== 

 

=====================================================================

================================================== 

 */ 

void loop() 

{ 

    currentTime = millis();             // Οξηζκόο ηνπ θύθινπ κεραλήο 

ζε 1msec // 

    if(currentTime >= (loopTime + 500)) 

    { 

        int reading = digitalRead(12); 

 

        if(reading == HIGH)         // Έιεγρνο αλ ε ζεκαία είλαη ζε 

κία από ηηο 8 πηζαλέο πεξηπηώζεηο // 

        { 

            if(flag < 8) 

                flag++; 
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            else 

                flag = 0; 

        } 

 

        loopTime = millis(); 

    } 

 

    encoder_A = digitalRead(pin_A);  // Αλάγλσζε ξπζκίζεσλ encoder // 

    encoder_B = digitalRead(pin_B); 

    if((!encoder_A) && (encoder_A_prev)) 

    { 

 

        if(encoder_B) //Δάλ ν encoder ζηέθεηαη δεμηόζηξνθα// 

        { 

 

            switch(flag)        /* Υπάξρνπλ 8 θαηαζηάζεηο πνπ κπνξνύλ 

λα ξπζκηζηνύλ, 4 γηα ην ξεύκα θαη 4 γηα ηε ηάζε */ 

            { 

            case 1: 

                if(valo * (1 + ivset[8]) < 2001)  

                    valo = valo + (1000 * (1 + ivset[8])); 

                break; 

 

            case 2: 

                if(valo < 2901) valo = valo + (100 * (1 + ivset[8])); 

 

                break; 

 

            case 3: 

                if(valo < 2991) valo = valo + (10 * (1 + ivset[8])); 

 

                break; 

 

            case 4: 

                if(valo < 3000) valo = valo + (1 * (1 + ivset[8])); 

 

                break; 

 

            case 5: 

                if(vali < 401) vali = vali + 100; 

 

                break; 

 

            case 6: 

                if(vali < 491) vali = vali + 10; 

 

                break; 

 

            case 7: 

                if(vali < 500) vali = vali + 1; 

 

                break; 

 

            case 8: 

                ivset[8] = 1; 

 

                break; 

            } 

        } 

        else        //Δάλ ν encoder ζηέθεηαη αξηζηεξόζηξνθα// 

        { 
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            switch(flag) 

            { 

            case 1: 

                if(valo > 999) valo = valo - (1000 * (1 + ivset[8])); 

                break; 

 

            case 2: 

                if(valo > 99) valo = valo - (100 * (1 + ivset[8])); 

 

                break; 

 

            case 3: 

                if(valo > 9) valo = valo - (10 * (1 + ivset[8])); 

 

                break; 

 

            case 4: 

                if(valo > 0) valo = valo - (1 * (1 + ivset[8])); 

 

                break; 

 

            case 5: 

                if(vali > 99) vali = vali - 100; 

 

                break; 

 

            case 6: 

                if(vali > 9) vali = vali - 10; 

 

                break; 

 

            case 7: 

                if(vali > 1) vali = vali - 1; 

 

                break; 

 

            case 8: 

                ivset[8] = 0; 

 

                break; 

            } 

        } 

    } 

 

    encoder_A_prev = encoder_A; /* Απνζήθεπζε ηεο ηηκήο ηνπ Α γηα 

αξγόηεξα */ 

 

    if(ivset[8]) 

    { 

        voltage1 = valo / 2; 

    } 

    else 

    { 

        voltage1 = valo; 

    } 

 

    ivset[1] = voltage1 / 1000; // Γηαηεξείηαη κόλν ην πξώην ςεθίν. 

Πρ γηα 1234/1000=1,234 -> 1 δηαηεξείηαη // 

 

    ivset[2] = (voltage1 - (1000 * ivset[1])) / 100; 
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    ivset[3] = (voltage1 - (1000 * ivset[1]) - (100 * ivset[2])) / 

10; 

 

    ivset[4] = (voltage1 - (1000 * ivset[1]) - (100 * ivset[2])) - 

(ivset[3] * 10); 

 

    ivset[5] = vali / 100; 

 

    ivset[6] = (vali - (100 * ivset[5])) / 10; 

 

    ivset[7] = (vali - (100 * ivset[5]) - (10 * ivset[6])); 

 

    val_1 = vale / 1000;     // Υπνινγηζκόο ξεύκαηνο εμόδνπ // 

 

    val_2 = (vale - (1000 * val_1)) / 100; 

 

    val_3 = (vale - (1000 * val_1) - (100 * val_2)) / 10; 

 

    val_4 = (vale - (1000 * val_1) - (100 * val_2)) - (val_3 * 10); 

    if((valo != oldvalo) | (flag != oldflag))       // Απόδνζε ζηελ 

νζόλε ησλ παξαπάλσ ππνινγηζκώλ // 

    { 

        lcd.setCursor(3, 0); 

        lcd.print(ivset[1]); 

        lcd.setCursor(4, 0); 

        lcd.print(ivset[2]); 

        lcd.setCursor(6, 0); 

        lcd.print(ivset[3]); 

        lcd.setCursor(7, 0); 

        lcd.print(ivset[4]); 

        lcd.setCursor(11, 0); 

        lcd.print(ivset[5]); 

        lcd.setCursor(13, 0); 

        lcd.print(ivset[6]); 

        lcd.setCursor(14, 0); 

        lcd.print(ivset[7]); 

        oldvalo = valo; 

        oldflag = flag; 

    } 

 

    lcd.setCursor(3, 1); 

    lcd.print(val_1); 

    lcd.setCursor(4, 1); 

    lcd.print(val_2); 

    lcd.setCursor(6, 1); 

    lcd.print(val_3); 

    lcd.setCursor(7, 1); 

    lcd.print(val_4); 

 

    if(currentTime >= (blinkTime + 200)) 

    { 

        switch(flag) 

        { 

        case 1: lcd.setCursor(3, 0); lcd.print(" "); break; 

        case 2: lcd.setCursor(4, 0); lcd.print(" "); break; 

        case 3: lcd.setCursor(6, 0); lcd.print(" "); break; 

        case 4: lcd.setCursor(7, 0); lcd.print(" "); break; 

        case 5: lcd.setCursor(11, 0); lcd.print(" "); break; 

        case 6: lcd.setCursor(13, 0); lcd.print(" "); break; 

        case 7: lcd.setCursor(14, 0); lcd.print(" "); break; 

        case 8: lcd.setCursor(10, 1); lcd.print("      "); break; 
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        } 

    } 

    else 

    { 

        lcd.setCursor(3, 0); 

        lcd.print(ivset[1]); 

        lcd.setCursor(4, 0); 

        lcd.print(ivset[2]); 

        lcd.setCursor(6, 0); 

        lcd.print(ivset[3]); 

        lcd.setCursor(7, 0); 

        lcd.print(ivset[4]); 

        lcd.setCursor(11, 0); 

        lcd.print(ivset[5]); 

        lcd.setCursor(13, 0); 

        lcd.print(ivset[6]); 

        lcd.setCursor(14, 0); 

        lcd.print(ivset[7]); 

        if(ivset[8]) 

        { 

            lcd.setCursor(10, 1); 

            lcd.print(" Symm "); 

        } 

        else 

        { 

            lcd.setCursor(10, 1); 

            lcd.print("Normal"); 

        } 

    } 

 

    if(currentTime >= (blinkTime + 400)) //Οξηζκόο επηινγήο πνηνύ 

digit ηεο νζόλεο κπνξνύκε λα επεξεάζνπκε// 

    { 

        blinkTime = currentTime; 

    } 

 

    if(ivset[8]) 

    { 

        digitalWrite(pin_c, HIGH); 

        lcd.setCursor(0, 0); 

        lcd.print("+/-"); 

    } 

    else 

    { 

        digitalWrite(pin_c, LOW); 

        lcd.setCursor(0, 0); 

        lcd.print("   "); 

    } 

 

    vale = analogRead(1) / 2; // Δλεκέξσζε ζπζηήκαηνο // 

    setValueA(valo); 

    setValueB(8 * vali); 

} 
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5  

Μεηξήζεηο 

Οη παξαθάησ πνηνηηθέο κεηξήζεηο έγηλαλ κε ρξήζε πνιπκέηξσλ (παξαθάησ νη ηηκέο 

εκθαλίδνληαη ζαλ κέζνο φξνο ησλ κεηξήζεσλ πνπ ιήθζεθαλ απφ δχν πνιχκεηξα, γηα θαηά ην 

δπλαηφλ κείσζε ησλ ζθαικάησλ πνπ νθείινληαη ζηα φξγαλα/probes θηι), κηιηβνιηφκεηξνπ 

αθξηβείαο θαη επηβεβαηψζεθαλ απφ παικνγξάθν, ελψ ε ίδηα δηαδηθαζία πξαγκαηνπνηήζεθε 

γηα ην ηξνθνδνηηθφ εκπνξίνπ Amrrad DF1730SBA Power Supply 0-30V, 0-5A.  

5.1 Μεηξήζεηο 

5.1.1 Σάζε εμόδνπ 

Ζ απφθξηζε ηάζεο DC ησλ δχν ηξνθνδνηηθψλ ρσξίο θνξηίν, είλαη νη  

Δπηζπκεηή 

ηηκή (V) 

Σξνθνδνηηθό 

(V) 

Σξνθνδνηηθό 

εκπνξίνπ (V) 

 

Δπηζπκεηή 

ηηκή (V) 

Σξνθνδνηηθό 

(V) 

Σξνθνδνηηθό 

εκπνξίνπ (V) 

0,1 0,05 0,16 

 

1,1 1,04 1,13 

0,2 0,15 0,23 

 

1,2 1,15 1,22 

0,3 0,25 0,35 

 

1,3 1,24 1,31 

0,4 0,35 0,42 

 

1,4 1,34 1,43 

0,5 0,45 0,51 

 

1,5 1,44 1,52 

0,6 0,55 0,65 

 

1,6 1,54 1,64 

0,7 0,64 0,74 

 

1,7 1,64 1,70 

0,8 0,74 0,89 

 

1,8 1,74 1,83 

0,9 0,84 0,95 

 

1,9 1,84 1,92 

1 0,94 1,05 

 

2 1,93 2,00 
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Δπηζπκεηή 

ηηκή (V) 

Σξνθνδνηηθό 

(V) 

Σξνθνδνηηθό 

εκπνξίνπ (V) 

 

Δπηζπκεηή 

ηηκή (V) 
Σξνθνδνηηθό 

(V) 

Σξνθνδνηηθό 

εκπνξίνπ (V) 

2,1 2,03 2,16 

 

7,1 6,99 7,10 

2,2 2,13 2,25 

 

7,2 7,09 7,23 

2,3 2,22 2,31 

 

7,3 7,19 7,32 

2,4 2,32 2,41 

 

7,4 7,29 7,41 

2,5 2,42 2,53 

 

7,5 7,39 7,51 

2,6 2,52 2,61 

 

7,6 7,48 7,61 

2,7 2,62 2,71 

 

7,7 7,58 7,70 

2,8 2,72 2,81 

 

7,8 7,68 7,84 

2,9 2,82 2,94 

 

7,9 7,78 7,92 

3 2,93 3,03 

 

8 7,89 7,99 

3,1 3,03 3,13 

 

8,1 7,99 8,14 

3,2 3,13 3,22 

 

8,2 8,09 8,21 

3,3 3,22 3,31 

 

8,3 8,19 8,28 

3,4 3,33 3,48 

 

8,4 8,29 8,42 

3,5 3,42 3,56 

 

8,5 8,39 8,52 

3,6 3,52 3,67 

 

8,6 8,49 8,64 

3,7 3,61 3,72 

 

8,7 8,59 8,74 

3,8 3,71 3,81 

 

8,8 8,69 8,82 

3,9 3,81 3,95 

 

8,9 8,79 8,93 

4 3,91 4,02 

 

9 8,89 9,03 

4,1 4,01 4,14 

 

9,1 8,99 9,08 

4,2 4,11 4,24 

 

9,2 9,09 9,22 

4,3 4,21 4,32 

 

9,3 9,19 9,34 

4,4 4,31 4,41 

 

9,4 9,29 9,39 

4,5 4,41 4,50 

 

9,5 9,39 9,48 

4,6 4,51 4,66 

 

9,6 9,49 9,58 

4,7 4,61 4,76 

 

9,7 9,59 9,69 

4,8 4,71 4,87 

 

9,8 9,69 9,86 

4,9 4,81 4,94 

 

9,9 9,79 9,91 

5 4,91 5,05 

 

10 9,89 9,99 

5,1 5,01 5,14 

 

10,1 9,99 10,13 

5,2 5,11 5,22 

 

10,2 10,09 10,22 

5,3 5,21 5,34 

 

10,3 10,19 10,28 

5,4 5,31 5,44 

 

10,4 10,29 10,38 

5,5 5,41 5,53 

 

10,5 10,39 10,51 

5,6 5,51 5,66 

 

10,6 10,49 10,66 

5,7 5,61 5,74 

 

10,7 10,59 10,73 

5,8 5,71 5,83 

 

10,8 10,69 10,83 

5,9 5,81 5,93 

 

10,9 10,78 10,91 

6 5,91 6,04 

 

11 10,88 10,98 

6,1 6,01 6,15 

 

11,1 10,98 11,11 

6,2 6,11 6,21 

 

11,2 11,08 11,19 

6,3 6,21 6,31 

 

11,3 11,18 11,28 

6,4 6,30 6,43 

 

11,4 11,28 11,38 

6,5 6,40 6,49 

 

11,5 11,38 11,51 

6,6 6,50 6,60 

 

11,6 11,47 11,61 

6,7 6,60 6,70 

 

11,7 11,57 11,68 

6,8 6,70 6,82 

 

11,8 11,67 11,76 

6,9 6,80 6,92 

 

11,9 11,77 11,87 

7 6,89 7,02 

 

12 11,87 12,03 
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Δπηζπκεηή 

ηηκή (V) 

Σξνθνδνηηθό 

(V) 

Σξνθνδνηηθό 

εκπνξίνπ (V) 

 

Δπηζπκεηή 

ηηκή (V) 

Σξνθνδνηηθό 

(V) 

Σξνθνδνηηθό 

εκπνξίνπ (V) 

12,1 11,96 12,08 

 

16,1 15,92 16,06 

12,2 12,06 12,15 

 

16,2 16,02 16,15 

12,3 12,16 12,29 

 

16,3 16,12 16,30 

12,4 12,26 12,35 

 

16,4 16,22 16,40 

12,5 12,36 12,49 

 

16,5 16,32 16,47 

12,6 12,46 12,56 

 

16,6 16,42 16,56 

12,7 12,56 12,65 

 

16,7 16,51 16,70 

12,8 12,66 12,75 

 

16,8 16,61 16,81 

12,9 12,76 12,85 

 

16,9 16,71 16,83 

13 12,86 12,96 

 

17 16,81 16,91 

13,1 12,96 13,05 

 

17,1 16,91 17,05 

13,2 13,06 13,14 

 

17,2 17,01 17,20 

13,3 13,16 13,30 

 

17,3 17,11 17,27 

13,4 13,26 13,35 

 

17,4 17,21 17,34 

13,5 13,36 13,46 

 

17,5 17,31 17,48 

13,6 13,46 13,58 

 

17,6 17,41 17,53 

13,7 13,56 13,66 

 

17,7 17,51 17,66 

13,8 13,66 13,76 

 

17,8 17,60 17,71 

13,9 13,76 13,88 

 

17,9 17,70 17,86 

14 13,86 13,96 

 

18 17,80 17,96 

14,1 13,95 14,05 

 

18,1 17,90 18,05 

14,2 14,05 14,20 

 

18,2 18,00 18,13 

14,3 14,15 14,29 

 

18,3 18,10 18,29 

14,4 14,25 14,35 

 

18,4 18,20 18,40 

14,5 14,35 14,44 

 

18,5 18,39 18,45 

14,6 14,45 14,59 

 

18,6 18,49 18,51 

14,7 14,54 14,68 

 

18,7 18,59 18,64 

14,8 14,64 14,80 

 

18,8 18,69 18,72 

14,9 14,74 14,87 

 

18,9 18,79 18,80 

15 14,84 15,01 

 

19 18,89 18,94 

15,1 14,94 15,10 

 

19,1 18,99 19,01 

15,2 15,03 15,15 

 

19,2 19,08 19,17 

15,3 15,13 15,26 

 

19,3 19,18 19,26 

15,4 15,23 15,36 

 

19,4 19,28 19,35 

15,5 15,33 15,43 

 

19,5 19,38 19,42 

15,6 15,43 15,59 

 

19,6 19,48 19,53 

15,7 15,53 15,70 

 

19,7 19,59 19,65 

15,8 15,62 15,79 

 

19,8 19,68 19,72 

15,9 15,72 15,83 

 

19,9 19,78 19,85 

16 15,82 15,93 

 

20 19,88 19,96 
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Δπηζπκεηή 

ηηκή (V) 

Σξνθνδνηηθό 

(V) 

Σξνθνδνηηθό 

εκπνξίνπ (V) 

 

Δπηζπκεηή 

ηηκή (V) 

Σξνθνδνηηθό 

(V) 

Σξνθνδνηηθό 

εκπνξίνπ (V) 

20,1 19,98 19,99 

 

24,1 23,80 24,00 

20,2 20,00 20,10 

 

24,2 23,90 24,10 

20,3 20,10 20,20 

 

24,3 24,00 24,20 

20,4 20,20 20,30 

 

24,4 24,10 24,30 

20,5 20,30 20,40 

 

24,5 24,20 24,40 

20,6 20,40 20,50 

 

24,6 24,30 24,50 

20,7 20,50 20,60 

 

24,7 24,40 24,60 

20,8 20,60 20,70 

 

24,8 24,50 24,70 

20,9 20,60 20,80 

 

24,9 24,60 24,80 

21 20,80 20,90 

 

25 24,70 24,90 

21,1 20,80 21,00 

 

25,1 24,80 25,00 

21,2 20,90 21,10 

 

25,2 24,90 25,10 

21,3 21,00 21,20 

 

25,3 25,00 25,20 

21,4 21,20 21,30 

 

25,4 25,10 25,30 

21,5 21,20 21,40 

 

25,5 25,20 25,40 

21,6 21,30 21,50 

 

25,6 25,30 25,50 

21,7 21,50 21,60 

 

25,7 25,40 25,60 

21,8 21,50 21,70 

 

25,8 25,50 25,70 

21,9 21,60 21,80 

 

25,9 25,60 25,80 

22 21,70 21,90 

 

26 25,70 25,90 

22,1 21,80 22,00 

 

26,1 25,80 26,00 

22,2 21,90 22,10 

 

26,2 25,90 26,10 

22,3 22,00 22,20 

 

26,3 26,00 26,20 

22,4 22,10 22,30 

 

26,4 26,10 26,30 

22,5 22,20 22,40 

 

26,5 26,20 26,40 

22,6 22,30 22,50 

 

26,6 26,30 26,50 

22,7 22,40 22,60 

 

26,7 26,40 26,60 

22,8 22,50 22,70 

 

26,8 26,50 26,70 

22,9 22,60 22,80 

 

26,9 26,60 26,80 

23 22,70 22,90 

 

27 26,70 26,90 

23,1 22,80 23,00 

 

27,1 26,80 27,00 

23,2 22,90 23,10 

 

27,2 26,90 27,10 

23,3 23,00 23,20 

 

27,3 27,00 27,20 

23,4 23,10 23,30 

 

27,4 27,10 27,30 

23,5 23,20 23,40 

 

27,5 27,20 27,40 

23,6 23,30 23,50 

 

27,6 27,30 27,50 

23,7 23,40 23,60 

 

27,7 27,40 27,60 

23,8 23,50 23,70 

 

27,8 27,50 27,70 

23,9 23,60 23,80 

 

27,9 27,60 27,80 

24 23,70 23,90 

 

28 27,70 27,90 
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Δπηζπκεηή 

ηηκή (V) 

Σξνθνδνηηθό 

(V) 

Σξνθνδνηηθό 

εκπνξίνπ (V) 

 

Δπηζπκεηή 

ηηκή (V) 

Σξνθνδνηηθό 

(V) 

Σξνθνδνηηθό 

εκπνξίνπ (V) 

28,1 27,80 28,00 

 

29,1 28,80 29,00 

28,2 27,90 28,10 

 

29,2 28,90 29,10 

28,3 28,00 28,20 

 

29,3 29,00 29,20 

28,4 28,10 28,30 

 

29,4 29,10 29,30 

28,5 28,20 28,40 

 

29,5 29,20   

28,6 28,30 28,50 

 

29,6 29,30   

28,7 28,40 28,60 

 

29,7 29,40   

28,8 28,50 28,70 

 

29,8 29,50   

28,9 28,60 28,80 

 

29,9 29,60   

29 28,70 28,90 

 

30 29,70   

 

Πίλαθαο 2. Σάζε εμφδνπ 

Παξαηεξνχκε πσο θαλέλα απφ ηα δχν ηξνθνδνηηθά δελ απέδσζε αλά ηηκή ηελ επηζπκεηή 

ηηκή. Δθηφο απφ ηνπο ζπλήζεηο ιφγνπο ζθαικάησλ (ζεξκνθξαζία πεξηβάιινληνο, κε ηδαληθά 

φξγαλα κέηξεζεο, ζθάικαηα ρεξηζκνχ ηξνθνδνηηθψλ θαη νξγάλσλ απφ ηνλ παξαηεξεηή, κε 

αθξηβήο απνηίκεζε κεηξήζεσλ) πνπ ζπλέβαιαλ ζηηο απνθιίζεηο απηέο, ζα πξέπεη λα 

απνδερζνχκε πσο δελ είλαη δπλαηφλ λα παξαρζνχλ νη επηζπκεηέο DC ηηκέο ηάζεο αθξηβψο, 

ιφγσ ηνπ θπθιψκαηνο ηνπ ζηαζεξνπνηεηή θαη ηνπ ζπζηήκαηνο αλαθνξάο ηνπ θπθιψκαηνο. 

πγθεθξηκέλα γηα ην ηξνθνδνηηθφ πνπ θαηαζθεπάζηεθε, κεγάιν κέξνο ηεο απφθιηζεο 

νθείιεηαη ζηηο ζπζηνηρίεο κε ηδαληθψλ ηειεζηηθψλ πνπ ρξεζηκνπνηήζεθαλ θαη ζε αδπλακία 

ηνπ κηθξνεπεμεξγαζηή, ε αλάιπζε ηνπ νπνίνπ είλαη 12-bit δειαδή έρεη (2
12

=) 4096 ζηάζκεο. 

5.1.1.1 Απόιπην ζθάικα ηάζεο εμόδνπ 

Ωο απφιπην ζθάικα νξίδνπκε ηε δηαθνξά κεηαμχ ηεο επηζπκεηήο ηάζεο εμφδνπ Vεπηζ θαη ηεο 

κεηξεζείζαο ηηκήο Vκεηξ: 

 

               

Ζ κέγηζηε ηηκή απφιπηνπ ζθάικαηνο γηα ην ηξνθνδνηηθφ πνπ θαηαζθεπάζακε εκθαλίδεηαη 

γηα ηηο επηζπκεηέο ηάζεηο 20,9V έσο 30V θαη είλαη 0,30V. Ζ κηθξφηεξε εκθαλίδεηαη γηα ηηο 

επηζπκεηέο ηάζεηο 0,1V έσο 0,6V θαη είλαη 0,052V. Ο κέζνο φξνο ηεο θαηαλνκήο είλαη 

0,1750V. 

 

Αληίζηνηρα γηα ην ηξνθνδνηηθφ εκπνξίνπ, ε κέγηζηε ηηκή είλαη 0,11V γηα ηε ηάζε 20,1V, ε 

κηθξφηεξε ηηκή είλαη 0 γηα 18,4V. Ο κέζνο φξνο ησλ απνθιίζεσλ είλαη 0,0543V. 
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Οη θαηαλνκέο εκθαλίδνληαη παξαθάησ: 

 

 

ρήκα 19. Απφιπην ζθάικα ηάζεο εμφδνπ 

 

5.1.1.2 ρεηηθό ζθάικα ηάζεο εμόδνπ 

Ωο ζρεηηθφ ζθάικα νξίδνπκε ην πειίθν ηνπ απνιχηνπ ζθάικαηνο κε ηελ επηζπκεηή ηηκή: 

 

  
  

     
 

Ζ κέγηζηε ηηκή ζρεηηθνχ ζθάικαηνο γηα ην ηξνθνδνηηθφ πνπ θαηαζθεπάζακε εκθαλίδεηαη γηα  

επηζπκεηή ηάζε 0,1V θαη είλαη 0,52. Ζ κηθξφηεξε εκθαλίδεηαη γηα ηηο επηζπκεηέο ηάζεηο 

18,9V έσο 19,1V θαη είλαη 0,0056. Ο κέζνο φξνο ηεο θαηαλνκήο είλαη 0,0185. 

 

Αληίζηνηρα γηα ην ηξνθνδνηηθφ εκπνξίνπ, ε κέγηζηε ηηκή είλαη 0,58 γηα ηε ηάζε 0,1V, ε 

κηθξφηεξε ηηκή είλαη 0 γηα 15,7V. Ο κέζνο φξνο ησλ απνθιίζεσλ είλαη 0,0087. 

 

Οη θαηαλνκέο ζρεηηθνχ ζθάικαηνο γηα ηα δχν ηξνθνδνηηθά, είλαη νη εμήο: 
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ρήκα 20. ρεηηθφ ζθάικα ηάζεο εμφδνπ 

5.1.2 Ρεύκα εμόδνπ 

Πξαγκαηνπνηψληαο έιεγρν ζην current limitation ησλ ηξνθνδνηηθψλ, πξνέθπςαλ νη 

παξαθάησ ζρεηηθέο κεηξήζεηο: 

Δπηζπκεηή 

ηηκή (A) 

Σξνθνδνηηθό 

(A) 

Σξνθνδνηηθό 

εκπνξίνπ (A) 

 

Δπηζπκεηή 

ηηκή (A) 

Σξνθνδνηηθό 

(A) 

Σξνθνδνηηθό 

εκπνξίνπ (A) 

0,05 0,04 0,05 

 

0,75 0,73 0,74 

0,1 0,09 0,09 

 

0,8 0,78 0,8 

0,15 0,14 0,14 

 

0,85 0,83 0,84 

0,2 0,19 0,2 

 

0,9 0,88 0,9 

0,25 0,24 0,25 

 

0,95 0,93 0,94 

0,3 0,29 0,3 

 

1 0,98 0,99 

0,35 0,34 0,34 

 

1,05 1,02 1,04 

0,4 0,38 0,39 

 

1,1 1,07 1,08 

0,45 0,43 0,44 

 

1,15 1,12 1,14 

0,5 0,48 0,49 

 

1,2 1,17 1,19 

0,55 0,53 0,53 

 

1,25 1,22 1,24 

0,6 0,58 0,59 

 

1,3 1,27 1,3 

0,65 0,63 0,64 

 

1,35 1,31 1,35 

0,7 0,68 0,69 

 

1,4 1,36 1,4 
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Δπηζπκεηή 

ηηκή (A) 

Σξνθνδνηηθό 

(A) 

Σξνθνδνηηθό 

εκπνξίνπ (A) 

 

Δπηζπκεηή 

ηηκή (A) 

Σξνθνδνηηθό 

(A) 

Σξνθνδνηηθό 

εκπνξίνπ (A) 

1,45 1,41 1,45 

 

3,25 3,16 3,25 

1,5 1,46 1,49 

 

3,3 3,21 3,3 

1,55 1,51 1,55 

 

3,35 3,26 3,35 

1,6 1,56 1,59 

 

3,4 3,32 3,4 

1,65 1,61 1,64 

 

3,45 3,36 3,45 

1,7 1,66 1,67 

 

3,5 3,41 3,49 

1,75 1,71 1,74 

 

3,55 3,42 3,55 

1,8 1,75 1,79 

 

3,6 3,5 3,6 

1,85 1,8 1,85 

 

3,65 3,55 3,64 

1,9 1,85 1,9 

 

3,7 3,61 3,68 

1,95 1,9 1,95 

 

3,75 3,66 3,75 

2 1,95 2 

 

3,8 3,7 3,8 

2,05 2 2,04 

 

3,85 3,75 3,85 

2,1 2,05 2,09 

 

3,9 3,8 3,9 

2,15 2,1 2,15 

 

3,95 3,85 3,95 

2,2 2,14 2,19 

 

4 3,89 3,99 

2,25 2,19 2,25 

 

4,05 3,94 4,05 

2,3 2,24 2,3 

 

4,1 3,99 4,1 

2,35 2,29 2,35 

 

4,15 4,04 4,15 

2,4 2,34 2,39 

 

4,2 4,09 4,2 

2,45 2,39 2,45 

 

4,25 4,14 4,25 

2,5 2,44 2,49 

 

4,3 4,18 4,29 

2,55 2,48 2,55 

 

4,35 4,23 4,35 

2,6 2,53 2,59 

 

4,4 4,28 4,39 

2,65 2,58 2,63 

 

4,45 4,33 4,43 

2,7 2,63 2,7 

 

4,5 4,38 4,5 

2,75 2,68 2,75 

 

4,55 4,43 4,55 

2,8 2,73 2,79 

 

4,6 4,48 4,57 

2,85 2,78 2,85 

 

4,65 4,53 4,64 

2,9 2,82 2,89 

 

4,7 4,56 4,7 

2,95 2,87 2,95 

 

4,75 4,62 4,75 

3 2,92 3 

 

4,8 4,67 4,8 

3,05 2,98 3,03 

 

4,85 4,72 4,84 

3,1 3,02 3,09 

 

4,9 4,77 4,89 

3,15 3,07 3,14 

 

4,95 4,82 4,95 

3,2 3,11 3,2 

 

5 4,87 5 

 

Πίλαθαο 3. Ρεχκα εμφδνπ 

Οη απνθιίζεηο απφ ηηο επηζπκεηέο ηηκέο, πέξα απφ ηηο ζπλήζεηο αηηίεο ζθαικάησλ, νθείινληαη 

ζηνλ ηξφπν θσδηθνπνίεζεο ησλ ζεκάησλ αλαθνξάο πνπ ρξεζηκνπνηεί ν κηθξνεπεμεξγαζηήο. 
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Γη’ απηφ ην ιφγν εκθαλίδνληαη θαη αξθεηέο απνθιίζεηο (κηθξνχ κέηξνπ) αλάκεζα ζην ξεχκα 

εμφδνπ θαη ην αλαγξαθφκελν ζηελ LCD screen. 

5.1.2.1 Απόιπην ζθάικα ξεύκαηνο εμόδνπ 

Δξγαδφκελνη φπσο ζηελ παξάγξαθν 5.1.1.1, πξνθχπηνπλ νη παξαθάησ θαηαλνκέο απφιπηνπ 

ζθάικαηνο ξεπκάησλ εμφδνπ. 

Ζ κέγηζηε απφθιηζε ηνπ θαηαζθεπαζζέληνο ηξνθνδνηηθνχ είλαη 0,14Α, ελψ ε ειάρηζηε 

0,01Α. Ο κέζνο φξνο ησλ απνθιίζεσλ είλαη 0,07Α 

Αληίζηνηρα γηα ην ηξνθνδνηηθφ εκπνξίνπ, ε κέγηζηε είλαη 0,03Α, ε ειάρηζηε 0 θαη ν κέζνο 

φξνο 0,01Α. 

 

ρήκα 21. Απφιπην ζθάικα ξεχκαηνο εμφδνπ 

5.1.2.2 ρεηηθό ζθάικα ξεύκαηνο εμόδνπ 

Όκνηα κε ηελ παξάγξαθν 5.1.1.2, παξαθάησ αλαπαξίζηαληαη νη θαηαλνκέο ησλ ζρεηηθψλ 

ζθαικάησλ ξεχκαηνο εμφδνπ. 

Ζ κέγηζηε ηηκή  γηα ην θαηαζθεπαζζέλ ηξνθνδνηηθφ είλαη 0,2 θαη ε ειάρηζηε 0,02. Ο κέζνο 

φξνο ηεο θαηαλνκήο είλαη 0,0302. 

Γηα ην ηξνθνδνηηθφ εκπνξίνπ, κέγηζηε ηηκή είλαη 0,1, ειάρηζηε 0 θαη κέζνο φξνο 0,0058. 
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ρήκα 22. ρεηηθφ ζθάικα ξεχκαηνο εμφδνπ 

5.1.3 Σάζε εμόδνπ ππό θνξηίν 

Σν θνξηίν πνπ ζπλδέζεθε κε ην ηξνθνδνηηθφ γηα ηελ πξαγκαηνπνίεζε ησλ παξαθάησ 

κεηξήζεσλ ήηαλ κηα σκηθή αληίζηαζε 7,3Ω. Γηα ηε δηαζθάιηζε ηεο ζπγθεθξηκέλεο ηηκήο, ε 

αληίζηαζε ηνπνζεηήζεθε ζε δνρείν θαη έπεηηα θαιχθζεθε πιήξσο κε ιηπαληηθφ ιάδη 

κεραλήο. Τπ’ απηέο ηηο ζπλζήθεο, ε αληίζηαζε κεηαβιήζεθε κφιηο θαηά 0,2Ω ζηε κέγηζηε 

ζεξκνθξαζία πνπ έθηαζε (40
ν
C). ε πεξίπησζε πνπ δελ γηλφηαλ ε παξαπάλσ πξνζζήθε θαη ε 

αληίζηαζε ήγε ξεχκα κε κφλν ζχζηεκα ςχμεο ηε θαηαζθεπαζηηθή ςήθηξα, ζηε κέγηζηε 

δπλαηή ηξνθνδνζία ηεο απφ ηε ζπζθεπή καο (30V, 4.11Α) ζα είρε κεηαβνιή πεξηζζφηεξν 

απφ 4Ω θαη νη ζεξκνθξαζίεο ιεηηνπξγίαο ζα ήηαλ πάλσ απφ 450
ν
C.  Αο ζεκεησζεί πσο ζε 

πεηξακαηηθέο κεηξήζεηο πνπ πξαγκαηνπνηήζεθαλ ρσξίο ιάδη κεραλήο, κεηά απφ θάπνηα 

δεπηεξφιεπηα ιεηηνπξγίαο ηεο αληίζηαζεο ζηα 30V, άξρηζαλ λα ιηψλνπλ νη θνιιήζεηο ηεο 

απφ θαιάη. 
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Φσηνγξαθία 16. Μέηξεζε θνξηίνπ ζηνλ αέξα (6,8V) 

 

Φσηνγξαθία 17. Μέηξεζε θνξηίνπ ζην ιάδη (6,8V) 
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Οη κεηξήζεηο πνπ ιήθζεθαλ γηα ηηο δηάθνξεο ηηκέο επηζπκεηήο ηάζεηο γηα ηα δχν 

ηξνθνδνηηθά: 

Δπηζπκεηή ηάζε (V) Σξνθνδνηηθό (V) Σξνθνδνηηθό εκπνξίνπ (V) 

1 0,83 0,92 

2 1,8 1,88 

3 2,78 2,52 

4 3,74 3,37 

5 4,71 4,32 

6 5,67 5,33 

7 6,62 6,27 

8 7,58 7,32 

9 8,56 8,21 

10 9,54 9,25 

11 10,5 10,2 

12 11,47 11,15 

13 12,45 12,09 

14 13,43 13,12 

15 14,39 14,05 

16 15,36 15,05 

17 16,33 16,07 

18 17,31 16,96 

19 18,28 17,84 

20 19,25 18,79 

21 20,1 19,7 

22 21,1 20,6 

23 22 21,7 

24 23 22,7 

25 24 23,7 

26 25 24,6 

27 25,9 25,6 

28 26,9 26,7 

29 27,5 27,6 

30 27,8   

 

Πίλαθαο 4. Σάζε εμφδνπ ππφ θνξηίν 

5.1.4 Ripple 

Ripple ή ηάζε θπκάησζεο (Vr) είλαη ε ελαιιαζζφκελε ζπληζηψζα ηεο ηάζεο εμφδνπ, ε νπνία 

θπζηθά είλαη αλεπηζχκεηε. Γηα λα ηε κεηξήζνπκε, ξπζκίδνπκε ηα φξγαλά καο 

(κηιηβνιηφκεηξν θαη παικνγξάθνο) ζηελ επηινγή AC ψζηε λα απνκνλσζεί ε DC ζπληζηψζα 

ηεο εμφδνπ. Σα απνηειέζκαηα πνπ πήξακε ήηαλ ηα παξαθάησ: 
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Δπηινγή εμόδνπ (V) Ripple ηξνθνδνηηθνύ (V) 
Ripple ηξνθνδνηηθνύ 

εκπνξίνπ (V) 

1 0,015 0,001 

2 0,016 0,002 

3 0,015 0,002 

4 0,014 0,003 

5 0,014 0,001 

6 0,014 0 

7 0,015 0,001 

8 0,015 0,001 

9 0,015 0 

10 0,013 0 

11 0,015 0,001 

12 0,015 0,002 

13 0,015 0,001 

14 0,015 0,001 

15 0,015 0,002 

16 0,015 0,002 

17 0,015 0,001 

18 0,016 0 

19 0,015 0 

20 0,016 0,001 

21 0,013 0 

22 0,01 0 

23 0,007 0 

24 0,005 0 

25 0,005 0 

26 0,008 0 

27 0,009 0 

28 0,009 0,001 

29 0,009 0,004 

30 0,009   

 

Πίλαθαο 5. Ripple voltage 

 

5.1.5 Σάζε εμόδνπ ζε ζπκκεηξηθή ιεηηνπξγία 

Οη ηάζεηο εμφδνπ γηα ηε ζπκκεηξηθή ιεηηνπξγία είλαη: 
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Δπηζπκεηή ηάζε(V) 
Θεηηθή ζπκκεηξηθή 

έμνδνο (V) 

Αξλεηηθή 

ζπκκεηξηθή έμνδνο 

(V) 

Μέζε ηάζε (V) 

0,5 0,38 -0,55 -0,17 

1 0,89 -1,03 -0,14 

1,5 1,38 -1,53 -0,15 

2 1,61 -2,00 -0,39 

2,5 2,08 -2,48 -0,40 

3 2,53 -2,83 -0,30 

3,5 3,00 -3,30 -0,30 

4 3,48 -3,78 -0,30 

4,5 3,97 -4,21 -0,24 

5 4,45 -4,71 -0,26 

5,5 4,94 -5,22 -0,28 

6 5,42 -5,72 -0,30 

6,5 5,91 -6,22 -0,31 

7 6,40 -6,72 -0,32 

7,5 6,88 -7,22 -0,34 

8 7,37 -7,72 -0,35 

8,5 7,86 -8,22 -0,36 

9 8,35 -8,72 -0,37 

9,5 8,85 -9,22 -0,37 

10 9,34 -9,71 -0,37 

10,5 9,83 -10,21 -0,38 

11 10,33 -10,70 -0,37 

11,5 10,82 -11,20 -0,38 

12 11,32 -11,70 -0,38 

12,5 11,84 -12,19 -0,35 

13 12,38 -12,69 -0,31 

13,5 12,98 -13,18 -0,20 

14 13,52 -13,68 -0,16 

14,5 14,18 -14,17 0,01 

15 14,74 -14,66 0,08 

 

Πίλαθαο 6. Σάζεηο εμφδνπ ζπκκεηξηθήο ιεηηνπξγίαο 
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ρήκα 23. Σάζεηο εμφδνπ ζπκκεηξηθήο ιεηηνπξγίαο 

 

 

ρήκα 24. Μέζε ηάζε εμφδνπ θαηά ηε ζπκκεηξηθή ιεηηνπξγία 

 

 

0

2

4

6

8

10

12

14

16

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Επιθυμητή τάςη 

Θετική ςυμμετρική ζξοδοσ 

Αρνητική ςυμμετρική ζξοδοσ 

-0,50

-0,40

-0,30

-0,20

-0,10

0,00

0,10

0,20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Series1



 

61 

 

5.2 ύγθξηζε κε ηξνθνδνηηθό εκπνξίνπ 

Με βάζε ηηο παξαπάλσ κεηξήζεηο, ζα πξαγκαηνπνηεζεί ζχγθξηζε ηεο ζπκπεξηθνξάο ηνπ 

θαηαζθεπαζζέληνο ηξνθνδνηηθνχ κε ην παξφκνην εκπνξίνπ, ζε δηάθνξνπο δείθηεο πνπ είλαη 

ελδεηθηηθνί ηεο ιεηηνπξγίαο ελφο ηξνθνδνηηθνχ. 

5.2.1 Σάζε θαη ξεύκα εμόδνπ 

 

ρήκα 25. Σάζεηο εμφδνπ 0-15V 

 

 

ρήκα 26. Σάζεηο εμφδνπ 16-30V 
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ρήκα 27. Ρεχκα εμφδνπ 0-5Α 

 

5.2.2 Σάζε εμόδνπ ππό θνξηίν 

 

ρήκα 28. Σάζε εμφδνπ ππφ θνξηίν 0-15V 
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ρήκα 29. Σάζε εμφδνπ ππφ θνξηίν 16-30V 

5.2.3 Ripple factor 

ε ζπλέρεηα ηεο παξαγξάθνπ 5.1.4, έλαο απφ ηνπο πην ραξαθηεξηζηηθνχο δείθηεο θαιήο 

ιεηηνπξγίαο είλαη ην ripple factor ή ζπληειεζηήο θπκάησζεο. Οξίδεηαη σο ην πειίθν ηεο 

ηάζεο θπκάησζεο πξνο ηελ ηάζε εμφδνπ: 

   
  

       
      

 

ρήκα 30. Ripple factor % γηα 0-30V 
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5.2.4 Load regulation 

Load regulation ή ζπληειεζηήο ξχζκηζεο θνξηίνπ δείρλεη ην πνζνζηφ κεηαβνιήο ηεο ηάζεο 

εμφδνπ αλαινγηθά κε ηε κεηαβνιή ηνπ θνξηίν πνπ ζπλδένπκε. Ο ππνινγηζκφο ηνπ γίλεηαη σο 

εμήο: 

   
                         

             
      

 

 ρήκα 31. Load regulation % γηα 0-30V  

 

5.3 πκπεξάζκαηα 

ε ζχγθξηζε φισλ ησλ παξαπάλσ ραξαθηεξηζηηθψλ παξαγφλησλ ιεηηνπξγίαο ελφο 

ηξνθνδνηηθνχ, παξαηεξνχκε πσο ην ηξνθνδνηηθφ πνπ θαηαζθεπάζηεθε είλαη πνιχ αμηφπηζην 

θαη πνιχ θνληά ζε πξνδηαγξαθέο ιεηηνπξγίαο κε έλα ηξνθνδνηηθφ εκπνξίνπ. Πνιιά απφ ηα 

παξαπάλσ, φπσο έλαο κηθξφο ζφξπβνο ζηελ έμνδν, ήηαλ αλακελφκελα, ιακβάλνληαο ππ’ φςε 

ηα πξναλαθεξζέληα. Οη κηθξέο απνθιίζεηο πνπ είραλ νη κεηξήζεηο κπνξνχλ λα ζεσξεζνχλ ηηο 

πεξηζζφηεξεο θνξέο ακειεηέεο. Δληππσζηαθφ παξακέλεη ην γεγνλφο φηη ην ηξνθνδνηηθφ 

εκπνξίνπ είρε ρεηξφηεξε ζπκπεξηθνξά φηαλ ζπλδεφηαλ κε θνξηίν απ’ φηη ην ηξνθνδνηηθφ πνπ 

θαηαζθεπάζακε. 
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5.4 Σερληθέο πξνδηαγξαθέο 

 

 

Παξάκεηξνο Σξνθνδνηηθό 

Αμηνινγήζεηο εμόδνπ (ζπλζήθεο 

δσκαηίνπ) 

Σάζε 0-30V 

Ρεχκα 0-5A 

Πξνζηαζία ρακειήο ηάζεο 0-31V 

πληειεζηήο ξύζκηζεο θνξηίνπ 
Σάζε 3,20% 

Ρεχκα 0,30% 

Κπκάησζε Σάζε 0,013 Vrms 

Αλάιπζε αλάγλσζε Ρεχκα 10mA 

Αλάιπζε ξύζκηζε 
Σάζε 100mV 

Ρεχκα 10mA 

 

 

 

 

  

Parameter PSU 

Output Ratings 

Voltage 0-30V 

Current 0-5A 

Low voltage protection 0-31V 

Load Regulation 
Voltage 3,20% 

Current 0,30% 

Ripple Voltage 0,013 Vrms 

Readback Resolution Current 10mA 

Programming Resolution 
Voltage 100mV 

Current 10mA 

 

Πίλαθαο 7. Σερληθέο πξνδηαγξαθέο 
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6  

Δπίινγνο 

6.1 ύλνςε θαη κειινληηθέο επεθηάζεηο 

Οη κεηξήζεηο πνπ πξαγκαηνπνηήζεθαλ θαη ε ζχγθξηζε κε ην ηξνθνδνηηθφ εκπνξίνπ 

ζπλεγνξνχλ ζην φηη ε θαηαζθεπή καο είλαη επηηπρεκέλε, κε πην εληππσζηαθή ηε ζχγθξηζε 

επηζπκεηψλ ηάζεσλ εμφδνπ ππφ θνξηίν, φπνπ ην Amrrad είρε πνιχ θαηψηεξεο επηδφζεηο απφ 

ην θαηαζθεπαζζέλ, ελψ φιεο νη ππφινηπεο κεηξήζεηο έδεημαλ πσο ε πνηφηεηα ηεο θαηαζθεπήο 

ήηαλ ηδηαηηέξσο πςειή. Ζ ζεκαληηθφηεξε βειηίσζε πνπ κπνξνχκε λα πξαγκαηνπνηήζνπκε 

ζην ηξνθνδνηηθφ καο είλαη ε αληηθαηάζηαζε ησλ αληηζηάζεσλ ησλ ηειεπηαίσλ δηαηξεηψλ 

ηάζεο θαη ηεο αληίζηαζεο κεηαμχ εμφδνπ LTC-γείσζεο, κε ηξίκκεξ γηα εμάιεηςε ηνπ offset 

πνπ εληνπίζακε ζηελ έμνδν. Καηάιιειε ξχζκηζή ηνπο ζα κπνξνχζε λα βειηηψζεη ηελ 

αθξίβεηα, εάλ απηφ ήηαλ επηζπκεηφ. Αξθεηέο βειηηψζεηο επηδέρεηαη θαη ν πξνγξακκαηηζκφο 

ηνπ κηθξνεπεμεξγαζηή γηα ηελ επηηπρία αθξηβέζηεξσλ κεηξήζεσλ ζην ξεχκα εμφδνπ. ε θάζε 

πεξίπησζε, ην ηξνδνηηθφ παξακέλεη πιήξσο ιεηηνπξγηθφ θαη αμηφπηζην. 
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+2.5 V to +5.5 V, 230 �A, Dual Rail-to-Rail
Voltage Output 8-/10-/12-Bit DACs
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FEATURES
AD5303: Two Buffered 8-Bit DACs in One Package
AD5313: Two Buffered 10-Bit DACs in One Package
AD5323: Two Buffered 12-Bit DACs in One Package
16-Lead TSSOP Package
Micropower Operation: 300 �A @ 5 V (Including

Reference Current)
Power-Down to 200 nA @ 5 V, 50 nA @ 3 V
+2.5 V to +5.5 V Power Supply
Double-Buffered Input Logic
Guaranteed Monotonic By Design Over All Codes
Buffered/Unbuffered Reference Input Options
Output Range: 0–VREF or 0–2 VREF

Power-On-Reset to Zero Volts
SDO Daisy-Chaining Option
Simultaneous Update of DAC Outputs via LDAC Pin
Asynchronous CLR Facility
Low Power Serial Interface with Schmitt-Triggered

Inputs
On-Chip Rail-to-Rail Output Buffer Amplifiers

APPLICATIONS
Portable Battery Powered Instruments
Digital Gain and Offset Adjustment
Programmable Voltage and Current Sources
Programmable Attenuators

GENERAL DESCRIPTION
The AD5303/AD5313/AD5323 are dual 8-, 10- and 12-bit
buffered voltage output DACs in a 16-lead TSSOP package that
operate from a single +2.5 V to +5.5 V supply consuming 230 µA
at 3 V. Their on-chip output amplifiers allow the outputs to
swing rail-to-rail with a slew rate of 0.7 V/µs. The AD5303/
AD5313/AD5323 utilize a versatile 3-wire serial interface that
operates at clock rates up to 30 MHz and is compatible with
standard SPI™, QSPI, MICROWIRE™ and DSP interface
standards.

The references for the two DACs are derived from two reference
pins (one per DAC). These reference inputs may be configured
as buffered or unbuffered inputs. The parts incorporate a power-
on-reset circuit that ensures that the DAC outputs power-up to
0 V and remain there until a valid write to the device takes place.
There is also an asynchronous active low CLR pin that clears
both DACs to 0 V. The outputs of both DACs may be updated
simultaneously using the asynchronous LDAC input. The
parts contain a power-down feature that reduces the current
consumption of the devices to 200 nA at 5 V (50 nA at 3 V) and
provides software-selectable output loads while in power-down
mode. The parts may also be used in daisy-chaining applications
using the SDO pin.

The low power consumption of these parts in normal operation
make them ideally suited to portable battery operated equip-
ment. The power consumption is 1.5 mW at 5 V, 0.7 mW at
3 V, reducing to 1 µW in power-down mode.

*Protected by U.S. Patent No. 5684481; other patents pending.
SPI is a trademark of Motorola, Inc.
MICROWIRE is a trademark of National Semiconductor Corporation.
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AD5303/AD5313/AD5323–SPECIFICATIONS
(VDD = +2.5 V to +5.5 V; VREF = +2 V; RL = 2 k� to GND; CL = 200 pF to GND; all specifications TMIN to TMAX unless otherwise noted.)

          B Version2

Parameter1 Min Typ Max Units Conditions/Comments

DC PERFORMANCE3, 4

AD5303
Resolution 8 Bits
Relative Accuracy ±0.15 ±1 LSB
Differential Nonlinearity ±0.02 ±0.25 LSB Guaranteed Monotonic by Design Over All Codes

AD5313
Resolution 10 Bits
Relative Accuracy ±0.5 ±3 LSB
Differential Nonlinearity ±0.05 ±0.5 LSB Guaranteed Monotonic by Design Over All Codes

AD5323
Resolution 12 Bits
Relative Accuracy ±2 ±12 LSB
Differential Nonlinearity ±0.2 ±1 LSB Guaranteed Monotonic by Design Over All Codes

Offset Error ±0.4 ±3 % of FSR See Figures 3 and 4
Gain Error ±0.15 ±1 % of FSR See Figures 3 and 4
Lower Deadband 10 60 mV See Figures 3 and 4
Offset Error Drift5 –12 ppm of FSR/°C
Gain Error Drift5 –5 ppm of FSR/°C
Power Supply Rejection Ratio5 –60 dB ∆VDD = ±10%
DC Crosstalk5 30 µV

DAC REFERENCE INPUTS5

VREF Input Range 1 VDD V Buffered Reference Mode
0 VDD V Unbuffered Reference Mode

VREF Input Impedance >10 MΩ Buffered Reference Mode
180 kΩ Unbuffered Reference Mode. 0–VREF Output Range,

Input Impedance = RDAC

90 kΩ Unbuffered Reference Mode. 0–2 VREF Output Range,
Input Impedance = RDAC

Reference Feedthrough –90 dB Frequency = 10 kHz
Channel-to-Channel Isolation –80 dB Frequency = 10 kHz

OUTPUT CHARACTERISTICS5

Minimum Output Voltage6 0.001 V min This is a measure of the minimum and maximum
Maximum Output Voltage6 VDD – 0.001 V max drive capability of the output amplifier.
DC Output Impedance 0.5 Ω
Short Circuit Current 50 mA VDD = +5 V

20 mA VDD = +3 V
Power-Up Time 2.5 µs Coming Out of Power-Down Mode. VDD = +5 V

5 µs Coming Out of Power-Down Mode. VDD = +3 V

LOGIC INPUTS5

Input Current ±1 µA
VIL, Input Low Voltage 0.8 V VDD = +5 V ±  10%

0.6 V VDD = +3 V ±  10%
0.5 V VDD = +2.5 V

VIH, Input High Voltage 2.4 V VDD = +5 V ±  10%
2.1 V VDD = +3 V ±  10%
2.0 V VDD = +2.5 V

Pin Capacitance 2 3.5 pF

LOGIC OUTPUT (SDO)5

VDD = +5 V ±  10%
Output Low Voltage 0.4 V ISINK = 2 mA
Output High Voltage 4.0 V ISOURCE = 2 mA

VDD = +3 V ±  10%
Output Low Voltage 0.4 V ISINK = 2 mA
Output High Voltage 2.4 V ISOURCE = 2 mA

Floating-State Leakage Current 1 µA DCEN = GND
Floating State O/P Capacitance 3 pF DCEN = GND

POWER REQUIREMENTS
VDD 2.5 5.5 V IDD Specification Is Valid for All DAC Codes
IDD (Normal Mode) Both DACs Active and Excluding Load Currents

VDD = +4.5 V to +5.5 V 300 450 µA Both DACs in Unbuffered Mode. VIH = VDD and
VDD = +2.5 V to +3.6 V 230 350 µA VIL = GND. In Buffered Mode, extra current is

typically x µA per DAC where x = 5 µA + VREF/RDAC.
IDD (Full Power-Down)

VDD = +4.5 V to +5.5 V 0.2 1 µA
VDD = +2.5 V to +3.6 V 0.05 1 µA
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AC CHARACTERISTICS1 (VDD = +2.5 V to +5.5 V; RL = 2 k� to GND; CL = 200 pF to GND; all specifications TMIN to TMAX unless
otherwise noted.)

        B Version3

Parameter2 Min Typ Max Units Conditions/Comments

Output Voltage Settling Time VREF = VDD = +5 V
AD5303 6 8 µs 1/4 Scale to 3/4 Scale Change (40 Hex to C0 Hex)
AD5313 7 9 µs 1/4 Scale to 3/4 Scale Change (100 Hex to 300 Hex)
AD5323 8 10 µs 1/4 Scale to 3/4 Scale Change (400 Hex to C00 Hex)

Slew Rate 0.7 V/µs
Major-Code Transition Glitch Energy 12 nV-s 1 LSB Change Around Major Carry

(011 . . . 11 to 100 . . . 00)
Digital Feedthrough 0.10 nV-s
Analog Crosstalk 0.01 nV-s
DAC-to-DAC Crosstalk 0.01 nV-s
Multiplying Bandwidth 200 kHz VREF = 2 V ±  0.1 V p-p. Unbuffered Mode
Total Harmonic Distortion –70 dB VREF = 2.5 V ±  0.1 V p-p. Frequency = 10 kHz

NOTES
1Guaranteed by design and characterization, not production tested.
2See Terminology.
3Temperature range: B Version: –40°C to +105°C.

Specifications subject to change without notice.

TIMING CHARACTERISTICS1, 2, 3

Limit at TMIN, TMAX

Parameter (B Version) Units Conditions/Comments

t1 33 ns min SCLK Cycle Time
t2 13 ns min SCLK High Time
t3 13 ns min SCLK Low Time
t4 0 ns min SYNC to SCLK Rising Edge Setup Time
t5 5 ns min Data Setup Time
t6 4.5 ns min Data Hold Time
t7 0 ns min SCLK Falling Edge to SYNC Rising Edge
t8 100 ns min Minimum SYNC High Time
t9 20 ns min LDAC Pulsewidth
t10 20 ns min SCLK Falling Edge to LDAC Rising Edge
t11 20 ns min CLR Pulsewidth
t12

4, 5 5 ns min SCLK Falling Edge to SDO Invalid
t13

4, 5 20 ns max SCLK Falling Edge to SDO Valid
t14

5 0 ns min SCLK Falling Edge to SYNC Rising Edge
t15

5 10 ns min SYNC Rising Edge to SCLK Rising Edge

NOTES
1Guaranteed by design and characterization, not production tested.
2All input signals are specified with tr = tf = 5 ns (10% to 90% of VDD) and timed from a voltage level of (VIL + VIH)/2.
3See Figures 1 and 2.
4These are measured with the load circuit of Figure 1.
5Daisy-Chain Mode only (see Figure 45).

Specifications subject to change without notice.

 (VDD = +2.5 V to +5.5 V; all specifications TMIN to TMAX unless otherwise noted.)

NOTES
1See Terminology.
2Temperature range: B Version: –40°C to +105°C.
3DC specifications tested with the outputs unloaded.
4Linearity is tested using a reduced code range: AD5303 (Code 8 to 248); AD5313 (Code 28 to 995); AD5323 (Code 115 to 3981).
5Guaranteed by design and characterization, not production tested.
6In order for the amplifier output to reach its minimum voltage, Offset Error must be negative. In order for the amplifier output to reach its maximum voltage, V REF =
VDD and “Offset plus Gain” Error must be positive.

Specifications subject to change without notice.
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Figure 1. Load Circuit for Digital Output (SDO) Timing Specifications
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CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the AD5303/AD5313/AD5323 features proprietary ESD protection circuitry, perma-
nent damage may occur on devices subjected to high energy electrostatic discharges. Therefore,
proper ESD precautions are recommended to avoid performance degradation or loss of functionality.

WARNING!

ESD SENSITIVE DEVICE

ABSOLUTE MAXIMUM RATINGS1, 2

(TA = +25°C unless otherwise noted)

VDD to GND  . . . . . . . . . . . . . . . . . . . . . . . . . . –0.3 V to +7 V
Digital Input Voltage to GND  . . . . . . . –0.3 V to VDD + 0.3 V
Digital Output Voltage to GND  . . . . . –0.3 V to VDD + 0.3 V
Reference Input Voltage to GND  . . . . –0.3 V to VDD + 0.3 V
VOUTA, VOUTB to GND  . . . . . . . . . . . –0.3 V to VDD + 0.3 V
Operating Temperature Range

Industrial (B Version)  . . . . . . . . . . . . . . . –40°C to +105°C
Storage Temperature Range  . . . . . . . . . . . . –65°C to +150°C
Junction Temperature (TJ Max)  . . . . . . . . . . . . . . . . .+150°C
16-Lead TSSOP Package

Power Dissipation  . . . . . . . . . . . . . . . . . . (TJ Max – TA)/θJA

θJA Thermal Impedance  . . . . . . . . . . . . . . . . . . . . 160°C/W
Lead Temperature, Soldering

Vapor Phase (60 sec)  . . . . . . . . . . . . . . . . . . . . . .+215°C
Infrared (15 sec)  . . . . . . . . . . . . . . . . . . . . . . . . . .+220°C

NOTES
1Stresses above those listed under Absolute Maximum Ratings may cause perma-

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

2Transient currents of up to 100 mA will not cause SCR latch-up.

PIN CONFIGURATION

TOP VIEW
(Not to Scale)
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ORDERING GUIDE

Model Temperature Range Package Description Package Option

AD5303BRU –40°C to +105°C Thin Shrink Small Outline Package (TSSOP) RU-16
AD5313BRU –40°C to +105°C Thin Shrink Small Outline Package (TSSOP) RU-16
AD5323BRU –40°C to +105°C Thin Shrink Small Outline Package (TSSOP) RU-16
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PIN FUNCTION DESCRIPTIONS

Pin No. Mnemonic Function

1 CLR Active low control input that loads all zeroes to both input and DAC registers.
2 LDAC Active low control input that transfers the contents of the input registers to their respective DAC

registers. Pulsing this pin low allows either or both DAC registers to be updated if the input regis-
ters have new data. This allows simultaneous update of both DAC outputs

3 VDD Power Supply Input. These parts can be operated from +2.5 V to +5.5 V and the supply should be
decoupled to GND.

4 VREFB Reference Input Pin for DAC B. This is the reference for DAC B. It may be configured as a buff-
ered or an unbuffered input, depending on the state of the BUF B pin. It has an input range from
0 V to VDD in unbuffered mode and from 1 V to VDD in buffered mode.

5 VREFA Reference Input Pin for DAC A. This is the reference for DAC A. It may be configured as a
buffered or an unbuffered input depending on the state of the BUF A pin. It has an input range
from 0 to VDD in unbuffered mode and from 1 V to VDD in buffered mode.

6 VOUTA Buffered Analog Output Voltage from DAC A. The output amplifier has rail-to-rail operation.
7 BUF A Control pin that controls whether the reference input for DAC A is unbuffered or buffered. If this

pin is tied low, the reference input is unbuffered. If it is tied high, the reference input is buffered.
8 BUF B Control pin that controls whether the reference input for DAC B is unbuffered or buffered. If this

pin is tied low, the reference input is unbuffered. If it is tied high, the reference input is buffered.
9 DCEN This pin is used to enable the daisy-chaining option. This should be tied high if the part is being

used in a daisy-chain. The pin should be tied low if it is being used in stand-alone mode.
10 PD Active low control input that acts as a hardware power-down option. This pin overrides any soft-

ware power-down option. Both DACs go into power-down mode when this pin is tied low. The
DAC outputs go into a high impedance state and the current consumption of the part drops to
200 nA @ 5 V (50 nA @ 3 V).

11 VOUTB Buffered Analog Output Voltage from DAC B. The output amplifier has rail-to-rail operation.
12 SYNC Active Low Control Input. This is the frame synchronization signal for the input data. When

SYNC goes low, it powers-on the SCLK and DIN buffers and enables the input shift register. Data
is transferred in on the falling edges of the following 16 clocks. If SYNC is taken high before the
16th falling edge, the rising edge of SYNC acts as an interrupt and the write sequence is
ignored by the device.

13 SCLK Serial Clock Input. Data is clocked into the input shift register on the falling edge of the serial clock
input. Data can be transferred at rates up to 30 MHz. The SCLK input buffer is powered-down
after each write cycle.

14 DIN Serial Data Input. This device has a 16-bit shift register. Data is clocked into the register on the
falling edge of the serial clock input. The DIN input buffer is powered-down after each write cycle.

15 GND Ground reference point for all circuitry on the part.
16 SDO Serial Data Output that can be used for daisy-chaining a number of these devices together or for

reading back the data in the shift register for diagnostic purposes. The serial data output is valid on
the falling edge of the clock.

TERMINOLOGY
RELATIVE ACCURACY
For the DAC, relative accuracy or integral nonlinearity (INL) is
a measure of the maximum deviation, in LSBs, from a straight
line passing through the actual endpoints of the DAC transfer
function. A typical INL vs. code plot can be seen in Figure 5.

DIFFERENTIAL NONLINEARITY
Differential nonlinearity (DNL) is the difference between the
measured change and the ideal 1 LSB change between any two
adjacent codes. A specified DNL of ±1 LSB maximum ensures
monotonicity. This DAC is guaranteed monotonic by design. A
typical DNL vs. code plot can be seen in Figure 8.

OFFSET ERROR
This is a measure of the offset error of the DAC and the output
amplifier. It is expressed as a percentage of the full-scale range.

GAIN ERROR
This is a measure of the span error of the DAC. It is the devia-
tion in slope of the actual DAC transfer characteristic from the
ideal expressed as a percentage of the full-scale range.

OFFSET ERROR DRIFT
This is a measure of the change in offset error with changes in
temperature. It is expressed in (ppm of full-scale range)/°C.

GAIN ERROR DRIFT
This is a measure of the change in gain error with changes in
temperature. It is expressed in (ppm of full-scale range)/°C.
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MAJOR-CODE TRANSITION GLITCH ENERGY
Major-code transition glitch energy is the energy of the impulse
injected into the analog output when the code in the DAC regis-
ter changes state. It is normally specified as the area of the glitch
in nV-secs and is measured when the digital code is changed by
1 LSB at the major carry transition (011 . . . 11 to 100 . . . 00 or
100 . . . 00 to 011 . . . 11).

DIGITAL FEEDTHROUGH
Digital feedthrough is a measure of the impulse injected into the
analog output of the DAC from the digital input pins of the
device, but is measured when the DAC is not being written to
(SYNC held high). It is specified in nV secs and is measured
with a full-scale change on the digital input pins, i.e., from all 0s
to all 1s and vice versa.

ANALOG CROSSTALK
This is the glitch impulse transferred to the output of one DAC
due to a change in the output of the other DAC. It is measured
by loading one of the input registers with a full-scale code
change (all 0s to all 1s and vice versa) while keeping LDAC
high. Then pulse LDAC low and monitor the output of the
DAC whose digital code was not changed. The area of the glitch
is expressed in nV-secs.

DAC-TO-DAC CROSSTALK
This is the glitch impulse transferred to the output of one DAC
due to a digital code change and subsequent output change of
the other DAC. This includes both digital and analog crosstalk.
It is measured by loading one of the DACs with a full-scale code
change (all 0s to all 1s and vice versa) while keeping LDAC low
and monitoring the output of the other DAC. The area of the
glitch is expressed in nV-secs.

DC CROSSTALK
This is the dc change in the output level of one DAC in re-
sponse to a change in the output of the other DAC. It is mea-
sured with a full-scale output change on one DAC while
monitoring the other DAC. It is expressed in µV.

POWER SUPPLY REJECTION RATIO (PSRR)
This indicates how the output of the DAC is affected by
changes in the supply voltage. PSRR is the ratio of the change in
VOUT to a change in VDD for full-scale output of the DAC. It is
measured in dBs. VREF is held at +2 V and VDD is varied ±10%.

REFERENCE FEEDTHROUGH
This is the ratio of the amplitude of the signal at the DAC out-
put to the reference input when the DAC output is not being
updated (i.e., LDAC is high). It is expressed in dBs.

TOTAL HARMONIC DISTORTION
This is the difference between an ideal sine wave and its attenu-
ated version using the DAC. The sine wave is used as the refer-
ence for the DAC and the THD is a measure of the harmonics
present on the DAC output. It is measured in dBs.

MULTIPLYING BANDWIDTH
The amplifiers within the DAC have a finite bandwidth. The
multiplying bandwidth is a measure of this. A sine wave on the
reference (with full-scale code loaded to the DAC) appears on
the output. The multiplying bandwidth is the frequency at
which the output amplitude falls to 3 dB below the input.

CHANNEL-TO-CHANNEL ISOLATION
This is a ratio of the amplitude of the signal at the output of one
DAC to a sine wave on the reference input of the other DAC. It
is measured in dBs.

GAIN ERROR
PLUS

OFFSET ERROR

OUTPUT
VOLTAGE

NEGATIVE
OFFSET
ERROR

DAC CODE

NEGATIVE
OFFSET
ERROR

AMPLIFIER
FOOTROOM

(1mV)

DEADBAND

IDEAL

ACTUAL

Figure 3. Transfer Function with Negative Offset

OUTPUT
VOLTAGE

POSITIVE
OFFSET
ERROR

DAC CODE

GAIN ERROR
PLUS

OFFSET ERROR

IDEAL

ACTUAL

Figure 4. Transfer Function with Positive Offset
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–Typical Performance Characteristics
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FUNCTIONAL DESCRIPTION
The AD5303/AD5313/AD5323 are dual resistor-string DACs
fabricated on a CMOS process with resolutions of 8, 10 and 12
bits respectively. They contain reference buffers, output buffer
amplifiers and are written to via a 3-wire serial interface. They
operate from single supplies of +2.5 V to +5.5 V and the output
buffer amplifiers provide rail-to-rail output swing with a slew
rate of 0.7 V/µs. Each DAC is provided with a separate refer-
ence input, which may be buffered to draw virtually no current
from the reference source, or unbuffered to give a reference
input range from GND to VDD. The devices have three pro-
grammable power-down modes, in which one or both DACs
may be turned off completely with a high-impedance output, or
the output may be pulled low by an on-chip resistor.

Digital-to-Analog Section
The architecture of one DAC channel consists of a reference
buffer and a resistor-string DAC followed by an output buffer
amplifier. The voltage at the VREF pin provides the reference
voltage for the DAC. Figure 27 shows a block diagram of the
DAC architecture. Since the input coding to the DAC is straight
binary, the ideal output voltage is given by:

    
V

V D
OUT

REF

N
=

×
2

where

D = decimal equivalent of the binary code, which is loaded to
the DAC register;

0–255 for AD5303 (8 Bits)
0–1023 for AD5313 (10 Bits)
0–4095 for AD5323 (12 Bits)

N = DAC resolution

RESISTOR
STRING

OUTPUT BUFFER
AMPLIFIER

INPUT
REGISTER

DAC
REGISTER

BUF A
REFERENCE

BUFFER

VOUTA

VREFA

Figure 27. Single DAC Channel Architecture

Resistor String
The resistor string section is shown in Figure 28. It is simply a
string of resistors, each of value R. The digital code loaded to
the DAC register determines at what node on the string the
voltage is tapped off to be fed into the output amplifier. The
voltage is tapped off by closing one of the switches connecting
the string to the amplifier. Because it is a string of resistors, it is
guaranteed monotonic.

R

R

R

R

R

TO OUTPUT
AMPLIFIER

Figure 28. Resistor String

DAC Reference Inputs
There is a reference input pin for each of the two DACs. The
reference inputs are buffered but can also be configured as un-
buffered. The advantage with the buffered input is the high
impedance it presents to the voltage source driving it. However,
if the unbuffered mode is used, the user can have a reference
voltage as low as GND and as high as VDD since there is no restric-
tion due to headroom and footroom of the reference amplifier.

If there is a buffered reference in the circuit (e.g., REF192), there
is no need to use the on-chip buffers of the AD5303/AD5313/
AD5323. In unbuffered mode the input impedance is still large
at typically 180 kΩ per reference input for 0–VREF mode and
90 kΩ for 0–2 VREF mode.

The buffered/unbuffered option is controlled by the BUF A and
BUF B pins. If the BUF pin is tied high, the reference input is
buffered, if tied low, it is unbuffered.

Output Amplifier
The output buffer amplifier is capable of generating output
voltages to within 1 mV of either rail which gives an output
range of 0.001 V to VDD – 0.001 V when the reference is VDD. It
is capable of driving a load of 2 kΩ in parallel with 500 pF to
GND and VDD. The source and sink capabilities of the output
amplifier can be seen in Figure 15.

The slew rate is 0.7 V/µs with a half-scale settling time to
±0.5 LSB (at 8 bits) of 6 µs.

POWER-ON RESET
The AD5303/AD5313/AD5323 are provided with a power-on
reset function, so that they power up in a defined state. The
power-on state is:

– Normal operation.
– 0–VREF output range.
– Output voltage set to 0 V.

Both input and DAC registers are filled with zeros and remain
so until a valid write sequence is made to the device. This is
particularly useful in applications where it is important to know
the state of the DAC outputs while the device is powering up.

Clear Function (CLR)
The CLR pin is an active low input which, when pulled low,
loads all zeros to both input registers and both DAC registers.
This enables both analog outputs to be cleared to 0 V.
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SERIAL INTERFACE
The AD5303/AD5313/AD5323 are controlled over a versatile,
3-wire serial interface, which operates at clock rates up to
30 MHz and is compatible with SPI, QSPI, MICROWIRE and
DSP interface standards.

Input Shift Register
The input shift register is 16 bits wide. Data is loaded into the
device as a 16-bit word under the control of a serial clock input,
SCLK. The timing diagram for this operation is shown in Fig-
ure 2. The 16-bit word consists of four control bits followed by
8, 10 or 12 bits of DAC data, depending on the device type.
The first bit loaded is the MSB (Bit 15), which determines
whether the data is for DAC A or DAC B. Bit 14 determines the
output range (0–VREF or 0–2 VREF). Bits 13 and 12 control the
operating mode of the DAC.

Table I. Control Bits

Power-On
Bit Name Function Default

15 A/B 0: Data Written to DAC A N/A
1: Data Written to DAC B

14 GAIN 0: Output Range of 0–VREF 0
1: Output Range of 0-2 VREF

13 PD1 Mode Bit 0
12 PD0 Mode Bit 0

The remaining bits are DAC data bits, starting with the MSB
and ending with the LSB. The AD5323 uses all 12 bits of DAC
data, the AD5313 uses 10 bits and ignores the two LSBs. The
AD5303 uses eight bits and ignores the last four bits. The data
format is straight binary, with all zeroes corresponding to 0 V out-
put, and all ones corresponding to full-scale output (VREF – 1 LSB).

The SYNC input is a level-triggered input that acts as a frame
synchronization signal and chip enable. Data can only be trans-
ferred into the device while SYNC is low. To start the serial
data transfer, SYNC should be taken low observing the mini-
mum SYNC to SCLK active edge setup time, t4. After SYNC
goes low, serial data will be shifted into the device’s input shift
register on the falling edges of SCLK for 16 clock pulses. Any
data and clock pulses after the 16th will be ignored, and no
further serial data transfer will occur until SYNC is taken high
and low again.

SYNC may be taken high after the falling edge of the 16th
SCLK pulse, observing the minimum SCLK falling edge to
SYNC rising edge time, t7.

After the end of serial data transfer, data will automatically be
transferred from the input shift register to the input register of
the selected DAC. If SYNC is taken high before the 16th falling
edge of SCLK, the data transfer will be aborted and the input
registers will not be updated.

When data has been transferred into both input registers, the
DAC registers of both DACs may be simultaneously updated,
by taking LDAC low. CLR is an active-low, asynchronous clear
that clears the input and DAC registers of both DACs to all zeroes.

Low Power Serial Interface
To reduce the power consumption of the device even further,
the interface only powers up fully when the device is being writ-
ten to. As soon as the 16-bit control word has been written to
the part, the SCLK and DIN input buffers are powered-down.
They only power-up again following a falling edge of SYNC.

Double-Buffered Interface
The AD5303/AD5313/AD5323 DACs all have double-buffered
interfaces consisting of two banks of registers—input registers
and DAC registers. The input register is connected directly to
the input shift register and the digital code is transferred to the
relevant input register on completion of a valid write sequence.
The DAC register contains the digital code used by the resistor
string.

Access to the DAC register is controlled by the LDAC function.
When LDAC is high, the DAC register is latched and the input
register may change state without affecting the contents of the
DAC register. However, when LDAC is brought low, the DAC
register becomes transparent and the contents of the input regis-
ter are transferred to it.

This is useful if the user requires simultaneous updating of both
DAC outputs. The user may write to both input registers indi-
vidually and then, by pulsing the LDAC input low, both outputs
will update simultaneously.

These parts contain an extra feature whereby the DAC register
is not updated unless its input register has been updated since
the last time that LDAC was brought low. Normally, when
LDAC is brought low, the DAC registers are filled with the

A/B GAIN PD1 PD0 D7 D6 D5 D4 D3 D2 D1 D0 X X X X

DB0 (LSB)DB15 (MSB)

DATA BITS

Figure 29. AD5303 Input Shift Register Contents

A/B GAIN PD1 PD0 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0 X X

DB0 (LSB)DB15 (MSB)

DATA BITS

Figure 30. AD5313 Input Shift Register Contents

A/B GAIN PD1 PD0 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0

DB0 (LSB)DB15 (MSB)

DATA BITS

Figure 31. AD5323 Input Shift Register Contents
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contents of the input registers. In the case of the AD5303/AD5313/
AD5323, the part will only update the DAC register if the input
register has been changed since the last time the DAC register
was updated thereby removing unnecessary digital crosstalk.

POWER-DOWN MODES
The AD5303/AD5313/AD5323 have very low power consump-
tion, dissipating only 0.7 mW with a 3 V supply and 1.5 mW
with a 5 V supply. Power consumption can be further reduced
when the DACs are not in use by putting them into one of three
power-down modes, which are selected by Bits 13 and 12 (PD1
and PD0) of the control word. Table II shows how the state of
the bits corresponds to the mode of operation of that particular
DAC.

Table II. PD1/PD0 Operating Modes

PD1 PD0 Operating Mode

0 0 Normal Operation
0 1 Power-Down (1 kΩ Load to GND)
1 0 Power-Down (100 kΩ Load to GND)
1 1 Power-Down (High Impedance Output)

When both bits are set to 0, the DACs work normally with their
normal power consumption of 300 µA at 5 V. However, for the
three power-down modes, the supply current falls to 200 nA at
5 V (50 nA at 3 V) when both DACs are powered down. Not
only does the supply current drop but the output stage is also
internally switched from the output of the amplifier to a resistor
network of known values. This has the advantage that the out-
put impedance of the part is known while the part is in power-
down mode and provides a defined input condition for whatever
is connected to the output of the DAC amplifier. There are
three different options. The output is connected internally to
GND through a 1 kΩ resistor, a 100 kΩ resistor or it is left in a
high impedance state (Three-State). The output stage is illus-
trated in Figure 32.

The bias generator, the output amplifier, the resistor string and
all other associated linear circuitry are all shut down when the
power-down mode is activated. However, the contents of the
registers are unaffected when in power-down. The time to exit
power-down is typically 2.5 µs for VDD = 5 V and 5 µs when
VDD = 3 V. See Figure 22 for a plot.

The software power-down modes programmed by PD0 and
PD1 are overridden by the PD pin. Taking this pin low puts
both DACs into power-down mode simultaneously and both
outputs are put into a high impedance state. If PD is not used it
should be tied high.

AMPLIFIER

POWER-DOWN
CIRCUITRY RESISTOR

NETWORK

RESISTOR
STRING DAC VOUT

Figure 32. Output Stage During Power-Down

MICROPROCESSOR INTERFACING
AD5303/AD5313/AD5323 to ADSP-2101/ADSP-2103 Interface
Figure 33 shows a serial interface between the AD5303/AD5313/
AD5323 and the ADSP-2101/ADSP-2103. The ADSP-2101/
ADSP-2103 should be set up to operate in the SPORT Trans-
mit Alternate Framing Mode. The ADSP-2101/ADSP-2103
SPORT is programmed through the SPORT control register
and should be configured as follows: Internal Clock Operation,
Active-Low Framing, 16-Bit Word Length. Transmission is
initiated by writing a word to the Tx register after the SPORT
has been enabled.

SCLK

DIN

SYNCTFS

DT

SCLK

ADSP-2101/
ADSP-2103*

*ADDITIONAL PINS OMITTED FOR CLARITY.

AD5303/
AD5313/
AD5323*

Figure 33. AD5303/AD5313/AD5323 to ADSP-2101/ADSP-
2103 Interface

AD5303/AD5313/AD5323 to 68HC11/68L11 Interface
Figure 34 shows a serial interface between the AD5303/AD5313/
AD5323 and the 68HC11/68L11 microcontroller. SCK of the
68HC11/68L11 drives the SCLK of the AD5303/AD5313/
AD5323, while the MOSI output drives the serial data line
(DIN) of the DAC. The SYNC signal is derived from a port line
(PC7). The setup conditions for correct operation of this inter-
face are as follows: the 68HC11/68L11 should be configured so
that its CPOL bit is a 0 and its CPHA bit is a 1. When data is
being transmitted to the DAC, the SYNC line is taken low
(PC7). When the 68HC11/68L11 is configured as above, data
appearing on the MOSI output is valid on the falling edge of
SCK. Serial data from the 68HC11/68L11 is transmitted in
8-bit bytes with only eight falling clock edges occurring in the
transmit cycle. Data is transmitted MSB first. In order to load
data to the AD5303/AD5313/AD5323, PC7 is left low after the
first eight bits are transferred, a second serial write operation is
performed to the DAC and PC7 is taken high at the end of this
procedure.

DIN

SCLK

SYNCPC7

SCK

MOSI

68HC11/68L11*

*ADDITIONAL PINS OMITTED FOR CLARITY.

AD5303/
AD5313/
AD5323*

Figure 34. AD5303/AD5313/AD5323 to 68HC11/68L11
Interface
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AD5303/AD5313/AD5323 to 80C51/80L51 Interface
Figure 35 shows a serial interface between the AD5303/AD5313/
AD5323 and the 80C51/80L51 microcontroller. The setup for
the interface is as follows: TXD of the 80C51/80L51 drives
SCLK of the AD5303/AD5313/AD5323, while RXD drives the
serial data line of the part. The SYNC signal is again derived
from a bit programmable pin on the port. In this case port line
P3.3 is used. When data is to be transmitted to the AD5303/
AD5313/AD5323, P3.3 is taken low. The 80C51/80L51 trans-
mits data only in 8-bit bytes; thus only eight falling clock edges
occur in the transmit cycle. To load data to the DAC, P3.3 is
left low after the first eight bits are transmitted, and a second
write cycle is initiated to transmit the second byte of data. P3.3
is taken high following the completion of this cycle. The 80C51/
80L51 outputs the serial data in a format that has the LSB first.
The AD5303/AD5313/AD5323 requires its data with the MSB
as the first bit received. The 80C51/80L51 transmit routine
should take this into account.

DIN

SCLK

SYNCP3.3

TXD

RXD

80C51/80L51*

*ADDITIONAL PINS OMITTED FOR CLARITY.

AD5303/
AD5313/
AD5323*

Figure 35. AD5303/AD5313/AD5323 to 80C51/80L51
Interface

AD5303/AD5313/AD5323 to MICROWIRE Interface
Figure 36 shows an interface between the AD5303/AD5313/
AD5323 and any MICROWIRE compatible device. Serial data
is shifted out on the falling edge of the serial clock and is clocked
into the AD5303/AD5313/AD5323 on the rising edge of the SK.

DIN

SCLK

SYNCCS

SK

SO

MICROWIRE*

*ADDITIONAL PINS OMITTED FOR CLARITY.

AD5303/
AD5313/
AD5323*

Figure 36. AD5303/AD5313/AD5323 to MICROWIRE
Interface

APPLICATIONS INFORMATION
Typical Application Circuit
The AD5303/AD5313/AD5323 can be used with a wide range
of reference voltages, especially if the reference inputs are con-
figured to be unbuffered, in which case the devices offer full,
one-quadrant multiplying capability over a reference range of
0 V to VDD.

More typically, the AD5303/AD5313/AD5323 may be used
with a fixed, precision reference voltage. Figure 37 shows a
typical setup for the AD5303/AD5313/AD5323 when using an
external reference. If the reference inputs are unbuffered, the
reference input range is from 0 V to VDD, but if the on-chip

reference buffers are used, the reference range is reduced. Suit-
able references for 5 V operation are the AD780 and REF192
(2.5 V references). For 2.5 V operation, a suitable external
reference would be the REF191, a 2.048 V reference.

1�F
VREFA
VREFB

SCLK

DIN

SYNC

VDD

GND

VOUTA

VOUTB

VDD = +2.5V TO +5.5V

VOUT
EXT
REF

AD780/REF192
WITH VDD = +5V

OR REF191 WITH
VDD = +2.5V

SERIAL
INTERFACE

BUF A BUF B

AD5303/
AD5313/
AD5323

Figure 37. AD5303/AD5313/AD5323 Using External
Reference

If an output range of 0 V to VDD is required when the reference
inputs are configured as unbuffered (for example 0 V to +5 V)
then the simplest solution is to connect the reference inputs to
VDD. As this supply may not be very accurate and may be noisy,
then the AD5303/AD5313/AD5323 may be powered from the
reference voltage, for example using a 5 V reference such as the
REF195, as shown in Figure 38. The REF195 will output a
steady supply voltage for the AD5303/AD5313/AD5323. The
current required from the REF195 is 300 µA supply current and
approximately 30 µA or 60 µA into each of the reference inputs
(if unbuffered). This is with no load on the DAC outputs. When
the DAC outputs are loaded, the REF195 also needs to supply
the current to the loads. The total current required (with a 10 kΩ
load on each output) is:

360 µA + 2 (5 V/10 kΩ) = 1.36 mA

The load regulation of the REF195 is typically 2 ppm/mA,
which results in an error of 2.7 ppm (13.5 µV) for the 1.36 mA
current drawn from it. This corresponds to a 0.0007 LSB error
at 8 bits and 0.011 LSB error at 12 bits.

1�F VREFA
VREFB

VDD

+15V

VOUT

VIN

GND

REF195

0.1�F 10�F

SCLK

DIN

SYNC

SERIAL
INTERFACE

GND

VOUTA

VOUTB

BUF A BUF B

AD5303/
AD5313/
AD5323

Figure 38. Using an REF195 as Power and Reference to the
AD5303/AD5313/AD5323
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Bipolar Operation Using the AD5303/AD5313/AD5323
The AD5303/AD5313/AD5323 has been designed for single
supply operation, but bipolar operation is also achievable using
the circuit shown in Figure 39. The circuit shown has been
configured to achieve an output voltage range of –5 V < VOUT <
+5 V. Rail-to-rail operation at the amplifier output is achievable
using an AD820 or OP295 as the output amplifier.

1�F
VREFA/B

VDD

VOUTA/B

0.1�F 10�F

VDD = +5V

AD820/
OP295

�5V

+5V
R1

10k�

R2
10k�

SCLK

DIN

SYNC

GND

SERIAL
INTERFACE

BUF A BUF B

AD5303/
AD5313/
AD5323

VOUT

VIN

GND

REF195

–5V

+6V TO +16V

Figure 39. Bipolar Operation Using the AD5303/AD5313/
AD5323

The output voltage for any input code can be calculated as
follows:

VOUT = [(VREF × D/2N) × (R1+R2)/R1 – VREF × (R2/R1)]

where:

D is the decimal equivalent of the code loaded to the DAC and
N is the DAC resolution.

VREF is the reference voltage input, and gain bit = 0.

with:

VREF = 5 V
R1 = R2 = 10 kΩ and VDD = 5 V
VOUT = (10 × D/2N) – 5 V

Opto-Isolated Interface for Process Control Applications
The AD5303/AD5313/AD5323 has a versatile 3-wire serial
interface making it ideal for generating accurate voltages in
process control and industrial applications. Due to noise, safety
requirements or distance, it may be necessary to isolate the
AD5303/AD5313/AD5323 from the controller. This can easily
be achieved by using opto-isolators, which will provide isolation
in excess of 3 kV. The serial loading structure of the AD5303/
AD5313/AD5323 makes it ideally suited for use in opto-isolated
applications. Figure 40 shows an opto-isolated interface to the
AD5303/AD5313/AD5323 where DIN, SCLK and SYNC are
driven from opto-couplers. The power supply to the part also
needs to be isolated. This is done by using a transformer. On
the DAC side of the transformer, a +5 V regulator provides the
+5 V supply required for the AD5303/AD5313/AD5323.

VDD

SCLK

10k�

VREFA

DIN

SYNC

VDD

GND

VOUTA

0.1�F10�F

BUF A BUF B

VREFB

VOUTB

SCLK

+5V
REGULATOR

POWER

VDD

SYNC

10k�

VDD

DIN

10k�

AD5303/
AD5313/
AD5323

Figure 40. AD5303/AD5313/AD5323 in an Opto-Isolated
Interface

Decoding Multiple AD5303/AD5313/AD5323s
The SYNC pin on the AD5303/AD5313/AD5323 can be used
in applications to decode a number of DACs. In this applica-
tion, all the DACs in the system receive the same serial clock
and serial data, but only the SYNC to one of the devices will be
active at any one time, allowing access to two channels in this
8-channel system. The 74HC139 is used as a 2-to-4 line de-
coder to address any of the DACs in the system. To prevent
timing errors from occurring, the enable input should be brought
to its inactive state while the coded address inputs are changing
state. Figure 41 shows a diagram of a typical setup for decoding
multiple AD5303/AD5313/AD5323 devices in a system.

74HC139

VCC

VDD

ENABLE

CODED
ADDRESS

1G

1A

1B

DGND

SYNC

DIN

SCLK

1Y0

1Y1

1Y2

1Y3

SYNC

DIN

SCLK

SYNC

DIN

SCLK

SYNC

DIN

SCLK

SCLK

DIN
AD5303/
AD5313/
AD5323

AD5303/
AD5313/
AD5323

AD5303/
AD5313/
AD5323

AD5303/
AD5313/
AD5323

Figure 41. Decoding Multiple AD5303/AD5313/AD5323
Devices in a System
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AD5303/AD5313/AD5323 as a Digitally Programmable
Window Detector
A digitally programmable upper/lower limit detector using the
two DACs in the AD5303/AD5313/AD5323 is shown in Figure
42. The upper and lower limits for the test are loaded to DACs
A and B which, in turn, set the limits on the CMP04. If the
signal at the VIN input is not within the programmed window, a
LED will indicate the fail condition.

VREFA

VREFB

SCLK

DIN
SYNC

VDD

GND

VOUTA

VOUTB

+5V
0.1�F 10�F

SCLK

DIN

SYNC

VREF

VIN

1/2
CMP04

1k�

FAIL

PASS/FAIL

1k�

PASS

1/6 74HC05

AD5303/
AD5313/
AD5323

Figure 42. Window Detector Using AD5303/AD5313/AD5323

Coarse and Fine Adjustment Using the AD5303/AD5313/
AD5323
The DACs in the AD5303/AD5313/AD5323 can be paired
together to form a coarse and fine adjustment function, as
shown in Figure 43. DAC A is used to provide the coarse ad-
justment while DAC B provides the fine adjustment. Varying
the ratio of R1 and R2 will change the relative effect of the
coarse and fine adjustments. With the resistor values and exter-
nal reference shown, the output amplifier has unity gain for the
DAC A output, so the output range is 0 V to 2.5 V – 1 LSB.
For DAC B the amplifier has a gain of 7.6 × 10–3, giving DAC B
a range equal to 19 mV.

The circuit is shown with a 2.5 V reference, but reference volt-
ages up to VDD may be used. The op amps indicated will allow a
rail-to-rail output swing.

1�F
VREFA

VDD

GND

VOUTB

0.1�F 10�F

VDD = +5V

VOUT

VIN

GND

EXT
REF AD820/

OP295

+5V

R3
51.2k�

R4
390�

AD780/REF192
WITH VDD = +5V

VOUTA

VREFB

R1
390�

R2
51.2k�

VOUT

AD5303/
AD5313/
AD5323

Figure 43. Coarse/Fine Adjustment

Daisy-Chain Mode
This mode is used for updating serially-connected or stand-
alone devices on the rising edge of SYNC. For systems that
contain several DACs, or where the user wishes to read back
the DAC contents for diagnostic purposes, the SDO pin may be
used to daisy-chain several devices together and provide serial
readback.

By connecting DCEN (Daisy-Chain Enable) pin high, the
Daisy-Chain Mode is enabled. It is tied low in the case of
Stand-Alone Mode. In Daisy-Chain Mode the internal gating
on SCLK is disabled. The SCLK is continuously applied to the
input shift register when SYNC is low. If more than 16 clock
pulses are applied, the data ripples out of the shift register and
appears on the SDO line. This data is clocked out after the
falling edge of SCLK and is valid on the subsequent rising and
falling edges. By connecting this line to the DIN input on the
next DAC in the chain, a multiDAC interface is constructed.
Sixteen clock pulses are required for each DAC in the system.
Therefore, the total number of clock cycles must equal 16N
where N is the total number of devices in the chain. When the
serial transfer to all devices is complete, SYNC should be taken
high. This prevents any further data being clocked into the input
shift register.

A continuous SCLK source may be used if it can be arranged
that SYNC is held low for the correct number of clock cycles.
Alternatively, a burst clock containing the exact number of clock
cycles may be used and SYNC taken high some time later.

When the transfer to all input registers is complete, a common
LDAC signal updates all DAC registers and all analog outputs
are updated simultaneously.

68HC11*

MISO

SYNC

DIN

SCLK

MOSI

SCK

PC7

PC6 LDAC

SDO

SYNC

SCLK

LDAC

SDO

SYNC

SCLK

LDAC

SDO

DIN

DIN

*ADDITIONAL PINS OMITTED FOR CLARITY

AD5303/
AD5313/
AD5323*
(DAC 1)

AD5303/
AD5313/
AD5323*
(DAC 2)

AD5303/
AD5313/
AD5323*
(DAC N)

Figure 44. Daisy-Chain Mode
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SCLK

SYNC

DIN

t2
t3

t5

t6

t4

t1

t14

DB15 DB0 DB15 DB0

DB15 DB0SDO

INPUT WORD FOR DAC N INPUT WORD FOR DAC (N+1)

UNDEFINED INPUT WORD FOR DAC N

SCLK

SDO

t13

t12

VIL

VIH

t8

t15

Figure 45. Daisy-Chaining Timing Diagram

Power Supply Bypassing and Grounding
In any circuit where accuracy is important, careful consideration
of the power supply and ground return layout helps to ensure
the rated performance. The printed circuit board on which the
AD5303/AD5313/AD5323 is mounted should be designed so
that the analog and digital sections are separated, and confined
to certain areas of the board. If the AD5303/AD5313/AD5323
is in a system where multiple devices require an AGND to
DGND connection, the connection should be made at one
point only. The star ground point should be established as close
as possible to the AD5303/AD5313/AD5323. The AD5303/
AD5313/AD5323 should have ample supply bypassing of 10 µF
in parallel with 0.1 µF on the supply located as close to the
package as possible, ideally right up against the device. The
10 µF capacitors are the tantalum bead type. The 0.1 µF
capacitor should have low Effective Series Resistance (ESR)
and Effective Series Inductance (ESI), like the common
ceramic types that provide a low impedance path to ground at
high frequencies to handle transient currents due to internal
logic switching.

The power supply lines of the AD5303/AD5313/AD5323 should
use as large a trace as possible to provide low impedance paths
and reduce the effects of glitches on the power supply line. Fast
switching signals such as clocks should be shielded with digital
ground to avoid radiating noise to other parts of the board, and
should never be run near the reference inputs. Avoid crossover
of digital and analog signals. Traces on opposite sides of the
board should run at right angles to each other. This reduces the
effects of feedthrough through the board. A microstrip tech-
nique is by far the best, but not always possible with a double-
sided board. In this technique, the component side of the board
is dedicated to ground plane while signal traces are placed on
the solder side.
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OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).
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LT1490/LT1491

Dual and Quad
Micropower Rail-to-Rail

Input and Output Op Amps

■ Rail-to-Rail Input and Output
■ Single Supply Input Range: –0.4V to 44V
■ Micropower: 50µµµµµA/Amplifier Max
■ MSOP Package
■ Specified on 3V, 5V and ±15V Supplies
■ High Output Current: 20mA
■ Output Drives 10,000pF with Output Compensation
■ Reverse Battery Protection to 18V
■ No Supply Sequencing Problems
■ High Voltage Gain: 1500V/mV
■ High CMRR: 98dB
■ No Phase Reversal
■ Gain Bandwidth Product: 200kHz

The dual LT®1490 and quad LT1491 op amps operate on all
single and split supplies with a total voltage of 2V to 44V
drawing only 40µA of quiescent current per amplifier. These
amplifiers are reverse supply protected; they draw no current
for reverse supply up to 18V. The input range of the LT1490/
LT1491 includes both supplies and the output swings to both
supplies. Unlike most micropower op amps, the LT1490/
LT1491 can drive heavy loads; their rail-to-rail outputs drive
20mA. The LT1490/LT1491 are unity-gain stable and drive all
capacitive loads up to 10,000pF when optional 0.22µF and
150Ω compensation is used.
The LT1490/LT1491 have a unique input stage that oper-
ates and remains high impedance when above the positive
supply. The inputs take 44V both differential and common
mode even when operating on a 3V supply. Built-in resis-
tors protect the inputs for faults below the negative supply
up to 22V. There is no phase reversal of the output for inputs
22V below V– or 44V above V–, independent of V+.
The LT1490 dual op amp is available in the 8-pin MSOP,
SO and PDIP packages. The quad LT1491 is available in
the 14-pin SO and PDIP packages.
For new designs it is recommended that the LT1490A/
LT1491A be used instead of the LT1490/LT1491. See the
LT1490A/LT1491A data sheet for details.

■ Battery- or Solar-Powered Systems
Portable Instrumentation
Sensor Conditioning

■ Supply Current Sensing
■ Battery Monitoring
■ Micropower Active Filters
■ 4mA to 20mA Transmitters

–
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+
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LT1490/LT1491

Junction Temperature ........................................... 150°C
Specified Temperature Range (Note 3) .. –40°C to 85°C
Storage Temperature Range ................. –65°C to 150°C
Lead Temperature (Soldering, 10 sec).................. 300°C

Total Supply Voltage (V + to V –) .............................. 44V
Input Differential Voltage ......................................... 44V
Input Current ...................................................... ±25mA
Output Short-Circuit Duration (Note 2) .........Continuous
Operating Temperature Range ................ –40°C to 85°C

PACKAGE/ORDER INFORMATION

W UU

ORDER PART
NUMBER

Consult factory for Military grade parts.

LT1491CN
LT1491CS
LT1491IN
LT1491IS

TOP VIEW

S PACKAGE
14-LEAD PLASTIC SO

N PACKAGE
14-LEAD PDIP

1

2

3

4

5

6

7

14

13

12

11

10

9

8

A

B C

OUT A

–IN A

+IN A

V+

+IN B

–IN B

OUT B

OUT D

–IN D

+IN D

V–

+IN C

– IN C

OUT C

D

TJMAX = 150°C, θJA = 110°C/ W (N)
TJMAX = 150°C, θJA = 150°C/ W (S)

TJMAX = 150°C, θJA = 250°C/ W (MS8)
TJMAX = 150°C, θJA = 130°C/ W (N8)
TJMAX = 150°C, θJA = 190°C/ W (S8)

1

2

3

4

8

7

6

5

TOP VIEW

MS8 PACKAGE
8-LEAD MSOP

N8 PACKAGE
8-LEAD PDIP

S8 PACKAGE
8-LEAD PLASTIC SO

V+

OUT B

–IN B

+IN B

A

B

OUT A

–IN A

+IN A

V–

S8 PART MARKING

MS8 PART MARKING

ORDER PART
NUMBER

LTBB

1490    1490I

LT1490CMS8
LT1490CN8
LT1490CS8
LT1490IN8
LT1490IS8

ABSOLUTE    AXI   U    RATI  GS

W WW U

(Note 1)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
VOS Input Offset Voltage LT1490 N Package 220 800 µV

0°C ≤ TA ≤ 70°C ● 1000 µV
–40°C ≤ TA ≤ 85°C ● 1100 µV
LT1490 S Package 220 950 µV
0°C ≤ TA ≤ 70°C ● 1200 µV
–40°C ≤ TA ≤ 85°C ● 1300 µV
LT1491 N Package 300 1100 µV
0°C ≤ TA ≤ 70°C ● 1350 µV
–40°C ≤ TA ≤ 85°C ● 1450 µV
LT1490CMS8 Package, LT1491 S Package 350 1450 µV
0°C ≤ TA ≤ 70°C ● 1650 µV
–40°C ≤ TA ≤ 85°C ● 1750 µV

VOS TC Input Offset Voltage Drift 0°C ≤ TA ≤ 70°C (Note 7) ● 2 4 µV/°C
–40°C ≤ TA ≤ 85°C (Note 7) ● 2 4 µV/°C

IOS Input Offset Current ● 0.2 0.8 nA
VCM = 44V (Note 4) ● 0.8 µA

IB Input Bias Current ● 4 8 nA
VCM = 44V (Note 4) ● 4 10 µA
VS = 0V 0.1 nA

Input Noise Voltage 0.1Hz to 10Hz 1 µVP-P

ELECTRICAL CHARACTERISTICS The ● denotes specifications which apply over the full operating temperature
range, otherwise specifications are at TA = 25°C. VS = 3V, 0V; VS = 5V, 0V; VCM = VOUT = half supply, unless otherwise noted. (Note 3)

(For new designs, use the LT1490A or LT1491A)
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SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
en Input Noise Voltage Density f = 1kHz 50 nV/√Hz
in Input Noise Current Density f = 1kHz 0.03 pA/√Hz
RIN Input Resistance Differential 6 17 MΩ

Common Mode, VCM = 0V to 44V 4 11 MΩ
CIN Input Capacitance 4.6 pF

Input Voltage Range ● 0 44 V
CMRR Common Mode Rejection Ratio VCM = 0V to VCC – 1V ● 84 98 dB

(Note 4) VCM = 0V to 44V ● 80 98 dB
AVOL Large-Signal Voltage Gain VS = 3V, VO = 500mV to 2.5V, RL = 10k 200 1500 V/mV

0°C ≤ TA ≤ 70°C ● 133 V/mV
–40°C ≤ TA ≤ 85°C ● 100 V/mV
VS = 5V, VO = 500mV to 4.5V, RL = 10k 400 1500 V/mV
0°C ≤ TA ≤ 70°C ● 250 V/mV
–40°C ≤ TA ≤ 85°C ● 200 V/mV

VOL Output Voltage Swing Low VS = 3V, No Load ● 22 50 mV
VS = 3V, ISINK = 5mA ● 250 450 mV
VS = 5V, No Load ● 22 50 mV
VS = 5V, ISINK = 5mA ● 250 500 mV
VS = 5V, ISINK = 10mA 330 500 mV

VOH Output Voltage Swing High VS = 3V, No Load ● 2.95     2.978 V
VS = 3V, ISOURCE = 5mA ● 2.55 2.6 V
VS = 5V, No Load ● 4.95     4.978 V
VS = 5V, ISOURCE = 10mA ● 4.30 4.6 V

ISC Short-Circuit Current (Note 2) VS = 3V, Short to GND 10 15 mA
VS = 3V, Short to VCC 10 30 mA
VS = 5V, Short to GND 15 25 mA
VS = 5V, Short to VCC 15 30 mA

PSRR Power Supply Rejection Ratio VS = 2.5V to 12.5V, VCM = VO = 1V ● 84 98 dB
Minimum Operating Supply Voltage ● 2 2.5 V
Reverse Supply Voltage IS = –100µA per Amplifier ● 18 27 V

IS Supply Current per Amplifier 40 50 µA
(Note 5) ● 55 µA

GBW Gain Bandwidth Product f = 1kHz 110 180 kHz
(Note 4) 0°C ≤ TA ≤ 70°C ● 100 kHz

–40°C ≤ TA ≤ 85°C ● 90 kHz
SR Slew Rate AV = –1, RL = ∞ 0.035 0.06 V/µs

(Note 6) 0°C ≤ TA ≤ 70°C ● 0.031 V/µs
–40°C ≤ TA ≤ 85°C ● 0.030 V/µs

ELECTRICAL CHARACTERISTICS The ● denotes specifications which apply over the full operating temperature
range, otherwise specifications are at TA = 25°C. VS = 3V, 0V; VS = 5V, 0V; VCM = VOUT = half supply, unless otherwise noted. (Note 3)
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LT1490/LT1491

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
VOS Input Offset Voltage LT1490 N, S Package 250 1200 µV

0°C ≤ TA ≤ 70°C ● 1400 µV
–40°C ≤ TA ≤ 85°C ● 1500 µV
LT1491 N Package 350 1250 µV
0°C ≤ TA ≤ 70°C ● 1500 µV
–40°C ≤ TA ≤ 85°C ● 1600 µV
LT1490CMS8 Package, LT1491 S Package 400 1600 µV
0°C ≤ TA ≤ 70°C ● 1850 µV
–40°C ≤ TA ≤ 85°C ● 1950 µV

VOS TC Input Offset Voltage Drift 0°C ≤ TA ≤ 70°C (Note 7) ● 3 6 µV/°C
–40°C ≤ TA ≤ 85°C (Note 7) ● 3 6 µV/°C

IOS Input Offset Current ● 0.2 0.8 nA
IB Input Bias Current ● 4 8 nA

Input Noise Voltage 0.1Hz to 10Hz 1 µVP-P

en Input Noise Voltage Density f = 1kHz 50 nV/√Hz
in Input Noise Current Density f = 1kHz 0.03 pA/√Hz
RIN Input Resistance Differential 6 17 MΩ

Common Mode, VCM = –15V to 14V 15000 MΩ
CIN Input Capacitance 4.6 pF

Input Voltage Range ● – 15 29 V
CMRR Common Mode Rejection Ratio VCM = – 15V to 29V ● 80 98 dB
AVOL Large-Signal Voltage Gain VO = ±14V, RL = 10k 100 250 V/mV

0°C ≤ TA ≤ 70°C ● 75 V/mV
–40°C ≤ TA ≤ 85°C ● 50 V/mV

VO Output Voltage Swing No Load ● ±14.9 ±14.978 V
IOUT = ±5mA ● ±14.5 ±14.750 V
IOUT = ±10mA ±14.5 ±14.670 V

ISC Short-Circuit Current (Note 2) Short to GND ±20 ±25 mA
0°C ≤ TA ≤ 70°C ● ±15 mA
–40°C ≤ TA ≤ 85°C ● ±10 mA

PSRR Power Supply Rejection Ratio VS = ±1.25V to ±22V ● 88 98 dB
IS Supply Current per Amplifier 50 70 µA

● 85 µA
GBW Gain Bandwidth Product f = 1kHz 125 200 kHz

0°C ≤ TA ≤ 70°C ● 110 kHz
–40°C ≤ TA ≤ 85°C ● 100 kHz

SR Slew Rate AV = –1, RL = ∞, VO = ±10V, 0.0375 0.07 V/µs
Measure at VO = ±5V
0°C ≤ TA ≤ 70°C ● 0.0330 V/µs
–40°C ≤ TA ≤ 85°C ● 0.0300 V/µs

Note 1:  Absolute Maximum Ratings are those values beyond which the
life of the device may be impaired.
Note 2: A heat sink may be required to keep the junction temperature
below absolute maximum. This depends on the power supply voltage
and how many amplifiers are shorted.
Note 3: The LT1490C/LT1491C are guaranteed to meet specified
performance from 0°C to 70°C. The LT1490C/LT1491C are designed,
characterized and expected to meet specified performance from –40°C
to 85°C but are not tested or QA sampled at these temperatures.

The LT1490I/LT1491I are guaranteed to meet specified performance from
–40°C to 85°C.
Note 4: VS = 5V limits are guaranteed by correlation to VS = 3V and
VS = ±15V tests.
Note 5:  VS = 3V limits are guaranteed by correlation to VS = 5V and
VS = ±15V tests.
Note 6:  Guaranteed by correlation to slew rate at VS = ±15V and GBW
at VS = 3V and VS = ±15V tests.
Note 7:  This parameter is not 100% tested.

ELECTRICAL CHARACTERISTICS The ● denotes specifications which apply over the full operating temperature
range, otherwise specifications are at TA = 25°C. VS = ±15V, VCM = 0V, VOUT = 0V, unless otherwise noted. (Note 3)
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LT1490/LT1491
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LT1490/LT1491

Open-Loop Gain Large-Signal Response Small-Signal Response

OUTPUT VOLTAGE (5V/DIV)
–10V 0V 10V 1490/91 G25

CH
AN

GE
 IN

 IN
PU

T 
OF

FS
ET

 V
OL

TA
GE

(1
00

µV
/D

IV
)

VS = ±15V

1490/91 G26 1490/91 G27

RL = 2k

RL = 50k

Undistorted Output Swing
vs Frequency

Settling Time to 0.1%
vs Output Step

Capacitive Load Handling,
Overshoot vs Capacitive Load

Total Harmonic Distortion + Noise
vs Frequency

Total Harmonic Distortion + Noise
vs Load Resistance

FREQUENCY (kHz)
0.1

20

OU
TP

UT
 S

W
IN

G 
(V

P-
P) 25

30

35

1 10 100

1490/91 G19

15

10

5

0

DISTORTION ≤1%
VS = ±15V

VS = ±2.5V

SETTLING TIME (µs)
0

–10

OU
TP

UT
 S

TE
P 

(V
)

–8

–4

–2

0

10

4

40 80 100

1490/91 F20

–6

6

8

2

20 60 120 140 160

VS = ±15V

AV = –1

AV = –1

AV = 1

AV = 1

FREQUENCY (kHz)

0.01

TH
D 

+ 
NO

IS
E 

(%
)

0.1

1

10

0.01 1 10

1490/91 G22

0.001
0.1

VS = 3V, 0V
VOUT = 2VP-P
VCM = 1.2V
RL = 50k

AV = –1

AV = 1

LOAD RESISTANCE TO GROUND (kΩ)

0.01

TH
D 

+ 
NO

IS
E 

(%
)

0.1

1

10

0.1 10 100

1490/91 G23

0.001
1

VS = 3V TOTAL
AV = 1
VIN = 2VP-P AT 1kHz

VS = ±1.5V
VIN = ±1V

VS = 3V, 0V
VIN = 0.5V TO 2.5V

VS = 3V, 0V
VIN = 0.2V TO 2.2V

OUTPUT VOLTAGE (VP-P)

0.01

TH
D 

+ 
NO

IS
E 

(%
)

1

10

0 2 3

1490/91 G24

0.001
1

0.1

RL = 10k
VCM = HALF SUPPLY
f = 1kHz

AV = 1
VS = 3V, 0V

AV = –1
VS = 3V, 0V

AV = –1
VS = ±1.5V

AV = 1
VS = ±1.5V

Total Harmonic Distortion + Noise
vs Output Voltage

RL = 10k

VS = ±15V
AV = –1

VS = ±15V
AV = 1

CAPACITIVE LOAD (pF)

20

OV
ER

SH
OO

T 
(%

)

40

60

50

80

100

10

30

70

90

10 100 1000 10000

1490/91 G21

0

VS = 5V, 0V
ISOURCE = 170µA

AV = 1 AV = 2 AV = 5
AV = 10

TYPICAL PERFOR   A  CE CHARACTERISTICS  

UW



8

LT1490/LT1491

Supply Voltage

The positive supply pin of the LT1490/LT1491 should be
bypassed with a small capacitor (about 0.01µF) within an
inch of the pin. When driving heavy loads an additional
4.7µF electrolytic capacitor should be used. When using
split supplies, the same is true for the negative supply pin.

The LT1490/LT1491 are protected against reverse battery
voltages up to 18V. In the event a reverse battery condition
occurs, the supply current is less than 1nA.

The LT1490/LT1491 can be shut down by removing V+. In
this condition the input bias current is less than 0.1nA,
even if the inputs are 44V above the negative supply.

When operating the LT1490/LT1491 on total supplies of
30V or more, the supply must not be brought up faster
than 1µs. This is especially true if low ESR bypass capaci-
tors are used. A series RLC circuit is formed from the
supply lead inductance and the bypass capacitor. 5Ω of
resistance in the supply or the bypass capacitor will
dampen the tuned circuit enough to limit the rise time.

Inputs

The LT1490/LT1491 have two input stages, NPN and PNP
(see the Simplified Schematic), resulting in three distinct
operating regions as shown in the Input Bias Current vs
Common Mode typical performance curve.

For input voltages about 0.8V or more below V +, the PNP
input stage is active and the input bias current is typically
–4nA. When the input voltage is about 0.5V or less from
V+, the NPN input stage is operating and the input bias
current is typically 18nA. Increases in temperature will
cause the voltage at which operation switches from the
PNP stage to the NPN stage to move towards V+. The input
offset voltage of the NPN stage is untrimmed and is
typically 600µV.

A Schottky diode in the collector of each NPN transistor of
the NPN input stage allows the LT1490/LT1491 to operate
with either or both of its inputs above V+. At about 0.3V
above V+ the NPN input transistor is fully saturated and the
input bias current is typically 4µA at room temperature.
The input offset voltage is typically 700µV when operating
above V+. The LT1490/LT1491 will operate with its inputs
44V above V – regardless of V+.

The inputs are protected against excursions as much as
22V below V – by an internal 1k resistor in series with each
input and a diode from the input to the negative supply.
There is no output phase reversal for inputs up to 22V
below V –. There are no clamping diodes between the
inputs and the maximum differential input voltage is 44V.

Output

The output voltage swing of the LT1490/LT1491 is af-
fected by input overdrive as shown in the typical perfor-
mance curves. When monitoring voltages within 100mV
of either rail, gain should be taken to keep the output from
clipping.

The output of the LT1490/LT1491 can be pulled up to 18V
beyond V+ with less than 1nA of leakage current,  provided
that V+ is less than 0.5V.

The normally reverse-biased substrate diode from the
output to V – will cause unlimited currents to flow when the
output is forced below V –. If the current is transient and
limited to 100mA, no damage will occur.

The LT1490/LT1491 is internally compensated to drive at
least 200pF of capacitance under any output loading
conditions. A 0.22µF capacitor in series with a 150Ω
resistor between the output and ground will compensate
these amplifiers for larger capacitive loads, up to 10,000pF,
at all output currents.

Distortion

There are two main contributors of distortion in op amps:
output crossover distortion as the output transitions from
sourcing to sinking current and distortion caused by
nonlinear common mode rejection. Of course, if the op
amp is operating inverting there is no common mode
induced distortion. When the LT1490 switches between
input stages there is significant nonlinearity in the CMRR.
Lower load resistance increases the output crossover
distortion, but has no effect on the input stage transition
distortion. For lowest distortion the LT1490/LT1491 should
be operated single supply, with the output always sourc-
ing current and with the input voltage swing between
ground and (V+ – 0.8V). See the Typical Performance
Characteristics curves.

APPLICATIO  S I  FOR   ATIO

WU UU
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LT1490/LT1491

Gain

The open-loop gain is almost independent of load when
the output is sourcing current. This optimizes perfor-

mance in single supply applications where the load is
returned to ground. The typical performance photo of
Open-Loop Gain for various loads shows the details.

–

+
VOUT

1490/91 TA02

100k

100k

C
0.1µF

VOUT = 5VP-P WITH 5V SUPPLY
IS = 200µA

59k

1/2 LT1490

5V

R
50k

f = 1
2RC

AT VS = 5V, R = 50k, C = 1nF
OUTPUT IS 5kHz SLEW LIMITED TRIANGLE WAVE

–

+VIN

1490/91 TA04

0.22µF

CL ≤ 10,000pF

150Ω

1/2 LT1490

Square Wave Oscillator Optional Output Compensation for
Capacitive Loads Greater Than 200pF

Q10

D5

Q9

Q1

Q7

R2
1k

R3
1k

R4
40k

Q8

Q5

–IN

+IN

Q11 Q12

D4

ONE AMPLIFIER

D2

Q2

D1

Q6

Q13 Q14

R1
30k

R5
40k

Q4

2µA

+
Q15

Q19

D3

Q3

Q16 Q18

Q22

V+

Q17 Q20

Q21

OUT

V–

1490/91 SS

APPLICATIO  S I  FOR   ATIO

WU UU

TYPICAL APPLICATIO  S

U

SI   PLIFIED SCHE   ATIC
W W



10

LT1490/LT1491

Dimensions in inches (millimeters) unless otherwise noted.

MS Package
8-Lead Plastic MSOP

(LTC DWG # 05-08-1660)

S8 Package
8-Lead Plastic Small Outline (Narrow 0.150)

(LTC DWG # 05-08-1610)

N8 Package
8-Lead PDIP (Narrow 0.300)

(LTC DWG # 05-08-1510)

MSOP (MS8) 1098

* DIMENSION DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS. MOLD FLASH, 
PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE

** DIMENSION DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSIONS. 
INTERLEAD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE

0.021 ± 0.006
(0.53 ± 0.015)

0° – 6° TYP

SEATING
PLANE

0.007
(0.18)

0.040 ± 0.006
(1.02 ± 0.15)

0.012
(0.30)
REF

0.006 ± 0.004
(0.15 ± 0.102)

0.034 ± 0.004
(0.86 ± 0.102)

0.0256
(0.65)
BSC

1 2 3 4

0.193 ± 0.006
(4.90 ± 0.15)

8 7 6 5

  0.118 ± 0.004*
(3.00 ± 0.102)

    0.118 ± 0.004**
(3.00 ± 0.102)

N8 1098

0.009 – 0.015
(0.229 – 0.381)

0.300 – 0.325
(7.620 – 8.255)

0.325
+0.035
–0.015
+0.889
–0.3818.255( ) 0.100

(2.54)
BSC

0.065
(1.651)

TYP

0.045 – 0.065
(1.143 – 1.651)

0.130 ± 0.005
(3.302 ± 0.127)

0.020
(0.508)

MIN0.018 ± 0.003
(0.457 ± 0.076)

0.125
(3.175)

MIN 1 2 3 4

8 7 6 5

  0.255 ± 0.015*
(6.477 ± 0.381)

  0.400*
(10.160)

MAX

*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
  MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm)

0.016 – 0.050
(0.406 – 1.270)

0.010 – 0.020
(0.254 – 0.508)

× 45°

0°– 8° TYP
0.008 – 0.010

(0.203 – 0.254)

SO8 1298

0.053 – 0.069
(1.346 – 1.752)

0.014 – 0.019
(0.355 – 0.483)

TYP

0.004 – 0.010
(0.101 – 0.254)

0.050
(1.270)

BSC

1 2 3 4

    0.150 – 0.157**
(3.810 – 3.988)

8 7 6 5

  0.189 – 0.197*
(4.801 – 5.004)

0.228 – 0.244
(5.791 – 6.197)

DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH 
SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE
DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD 
FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE

*

**

U

PACKAGE DESCRIPTIO
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LT1490/LT1491

Dimensions in inches (millimeters) unless otherwise noted.

N Package
14-Lead PDIP (Narrow 0.300)

(LTC DWG # 05-08-1510)

S Package
14-Lead Plastic Small Outline (Narrow 0.150)

(LTC DWG # 05-08-1610)

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
tation that the interconnection of its circuits as described herein will not infringe on existing patent rights.

N14 1098

0.020
(0.508)

MIN

0.125
(3.175)

MIN

0.130 ± 0.005
(3.302 ± 0.127)

0.045 – 0.065
(1.143 – 1.651)

0.065
(1.651)

TYP

0.018 ± 0.003
(0.457 ± 0.076)

0.100
(2.54)
BSC

0.005
(0.125)

MIN

  0.255 ± 0.015*
(6.477 ± 0.381)

  0.770*
(19.558)

MAX

31 2 4 5 6 7

891011121314

0.009 – 0.015
(0.229 – 0.381)

0.300 – 0.325
(7.620 – 8.255)

0.325
+0.035
–0.015
+0.889
–0.3818.255( )

*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
  MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm)

1 2 3 4

    0.150 – 0.157**
(3.810 – 3.988)

14 13

  0.337 – 0.344*
(8.560 – 8.738)

0.228 – 0.244
(5.791 – 6.197)

12 11 10 9

5 6 7

8

0.016 – 0.050
(0.406 – 1.270)

0.010 – 0.020
(0.254 – 0.508)

× 45°

0° – 8° TYP
0.008 – 0.010

(0.203 – 0.254)

S14 1298

0.053 – 0.069
(1.346 – 1.752)

0.014 – 0.019
(0.355 – 0.483)

TYP

0.004 – 0.010
(0.101 – 0.254)

0.050
(1.270)

BSC
DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH 
SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE
DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD 
FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE

*

**

U
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LT1490/LT1491

14901fb LT/LCG 0600 2K REV B • PRINTED IN USA

 LINEAR TECHNOLOGY CORPORATION 1996

PART NUMBER DESCRIPTION COMMENTS
LT1078/LT1079 Dual/Quad 55µA Max, Single Supply, Precision Op Amps Input/Output Common Mode Includes Ground, 70µV VOS(MAX)

and 2.5µV/°C Drift (Max), 200kHz GBW, 0.07V/µs Slew Rate

LTC1152 Rail-to-Rail Input, Rail-to-Rail Output, Zero-Drift Amplifier High DC Accuracy, 10µV VOS(MAX), 100nV/°C, 1MHz GBW,
1V/µs Slew Rate, Supply Current 2.2mA (Max), Single Supply,
Can Be Configured for C-LoadTM Operation

LT1178/LT1179 Dual/Quad 17µA Max, Single Supply, Precison Op Amps Input/Output Common Mode Includes Ground, 70µV VOS(MAX)
and 4µV/°C Drift (Max), 85kHz GBW, 0.04V/µs Slew Rate

LT1366/LT1367 Dual/Quad Precision, Rail-to-Rail Input and Output Op Amps 475µV VOS(MAX), 500V/mV AVOL(MIN), 400kHz GBW

LT1490A/LT1491A Dual/Quad Micropower Rail-to-Rail Precision Op Amps 500µV VOS(MAX), Improved Version of the LT1490/LT1491

C-Load is a trademark of Linear Technology Corporation.
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130k

R12
10k

R15
47k

R14
10k

R24
420

C7
47µF

LOAD
UP TO
TEN
PHONES

R23
4.7k

R26
2k

Q5
2N3904

Q4
2N3906

Q2
IRF9620

–180V

POWER AMPLIFIER

SMOOTHING FILTER

20Hz OSCILLATORCADENCE OSCILLATOR

*LED OF OPTO1 ILLUMINATES WHEN THE PHONE IS OFF THE HOOK
  SEE DESIGN NOTE DN134 FOR AN EXPLANATION OF THE CIRCUIT 

R18
100Ω

R17
620Ω

R16
100k

Z1
15V
100k

R25
4.7k

C6
0.033µF

R21
150Ω

R19
620Ω

Z2
15V

R9
300k

R11
10kD1

1N4148

C2
0.47µF

C1
1µF

2

3
1/4 LT1491

1/4 LT1491

12

4

11

13

Q1
IRF628 Q3

2N3904

60V

14
1/4 LT1491

1/4 LT1491

OPTO1*

R20
100k
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TYPICAL APPLICATION

 FEATURES

 APPLICATIONS

 DESCRIPTION

High Voltage,
High-Side Current Sense

Amplifi er in SOT-23

TO μP

6101 TA01

LTC2433-1

LTC6101HV

ROUT
4.99k

RIN
100Ω

VOUT

V+V–

OUT

–IN

+IN

VSENSEILOAD

5V TO 105V

1μF5V

L
O
A
D

–+

– +

VOUT =          • VSENSE = 49.9VSENSE
ROUT

RIN

16-Bit Resolution Unidirectional Output into LTC2433 ADC
Step Response

5.5V

5V

0.5V

0V
500ns/DIV

6101 TA01b

TA = 25°C
V+ = 12V
RIN = 100
ROUT = 5k
VSENSE

+ = V+
VOUT

VSENSE
–

ΔVSENSE
– = 100mV

IOUT = 100μA

IOUT = 0

The LTC®6101/LTC6101HV are versatile, high voltage, high 
side current sense amplifi ers. Design fl exibility is provided 
by the excellent device characteristics; 300μV Max offset 
and only 375μA (typical at 60V) of current consumption. 
The LTC6101 operates on supplies from 4V to 60V and 
LTC6101HV operates on supplies from 5V to 100V.

The LTC6101 monitors current via the voltage across an 
external sense resistor (shunt resistor). Internal circuitry 
converts input voltage to output current, allowing for a 
small sense signal on a high common mode voltage to 
be translated into a ground referenced signal. Low DC 
offset allows the use of a small shunt resistor and large 
gain-setting resistors. As a result, power loss in the shunt 
is reduced.

The wide operating supply range and high accuracy make 
the LTC6101 ideal for a large array of applications from 
automotive to industrial and power management. A maxi-
mum input sense voltage of 500mV allows a wide range 
of currents to be monitored. The fast response makes the 
LTC6101 the perfect choice for load current warnings and 
shutoff protection control.  With very low supply current, 
the LTC6101 is suitable for power sensitive applications.

The LTC6101 is available in 5-lead SOT-23 and 8-lead 
MSOP packages.

n Current Shunt Measurement
n Battery Monitoring
n Remote Sensing
n Power Management

n Supply Range:
  5V to 100V, 105V Absolute Maximum (LTC6101HV)
  4V to 60V, 70V Absolute Maximum (LTC6101)
n Low Offset Voltage: 300μV Max
n Fast Response: 1μs Response Time (0V to 2.5V on  
 a 5V Output Step)
n Gain Confi gurable with 2 Resistors
n Low Input Bias Current: 170nA Max
n PSRR: 118dB Min
n Output Current: 1mA Max
n Low Supply Current: 250μA, V S = 12V
n Specifi ed Temperature Range: –40°C to 125°C
n Operating Temperature Range: –55°C to 125°C
n Low Profi le (1mm) SOT-23 (ThinSOT™) Package

L, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks and 
ThinSOT is a trademark of Linear Technology Corporation. All other trademarks are the property 
of their respective owners.
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ABSOLUTE MAXIMUM RATINGS

ORDER INFORMATION

Total Supply Voltage (V+ to V–)
 LTC6101 ............................................................... 70V
 LTC6101HV ........................................................ 105V
Minimum Input Voltage (–IN Pin) .................... (V+ – 4V)
Maximum Output Voltage (Out Pin) ............................9V
Input Current ....................................................... ±10mA
Output Short-Circuit Duration (to V–) ..............  Indefi nite
Operating Temperature Range
 LTC6101C/LTC6101HVC .......................–40°C to 85°C

 LTC6101I/LTC6101HVI ......................... –40°C to 85°C
 LTC6101H/LTC6101HVH ...................  –55°C to 125°C
Specifi ed Temperature Range (Note 2)
 LTC6101C/LTC6101HVC ........................... 0°C to 70°C
 LTC6101I/LTC6101HVI ......................... –40°C to 85°C
 LTC6101H/LTC6101HVH ...................  –40°C to 125°C
Storage Temperature Range ..................  –65°C to 150°C
Lead Temperature (Soldering, 10 sec) .................  300°C

(Note 1)

PIN CONFIGURATION

LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION SPECIFIED TEMPERATURE RANGE

LTC6101ACMS8#PBF LTC6101ACMS8#TRPBF LTBSB 8-Lead Plastic MSOP 0°C to 70°C

LTC6101AIMS8#PBF LTC6101AIMS8#TRPBF LTBSB 8-Lead Plastic MSOP –40°C to 85°C

LTC6101AHMS8#PBF LTC6101AHMS8#TRPBF LTBSB 8-Lead Plastic MSOP –40°C to 125°C

LTC6101HVACMS8#PBF LTC6101HVACMS8#TRPBF LTBSX 8-Lead Plastic MSOP 0°C to 70°C

LTC6101HVAIMS8#PBF LTC6101HVAIMS8#TRPBF LTBSX 8-Lead Plastic MSOP –40°C to 85°C

LTC6101HVAHMS8#PBF LTC6101HVAHMS8#TRPBF LTBSX 8-Lead Plastic MSOP –40°C to 125°C

1

2

3

4

–IN

NC

NC

OUT

8

7

6

5

+IN

V+

NC

V–

TOP VIEW

MS8 PACKAGE
8-LEAD PLASTIC MSOP

TJMAX = 150°C, θJA = 300°C/ W

OUT 1

V– 2

TOP VIEW

S5 PACKAGE
5-LEAD PLASTIC TSOT-23

–IN 3

5 V+

4 +IN

TJMAX = 150°C, θJA = 250°C/ W
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ORDER INFORMATION
Lead Free Finish

TAPE AND REEL (MINI) TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION SPECIFIED TEMPERATURE RANGE

LTC6101ACS5#TRMPBF LTC6101ACS5#TRPBF LTBND 5-Lead Plastic TSOT-23 0°C to 70°C

LTC6101AIS5#TRMPBF LTC6101AIS5#TRPBF LTBND 5-Lead Plastic TSOT-23 –40°C to 85°C

LTC6101AHS5#TRMPBF LTC6101AHS5#TRPBF LTBND 5-Lead Plastic TSOT-23 –40°C to 125°C

LTC6101BCS5#TRMPBF LTC6101BCS5#TRPBF LTBND 5-Lead Plastic TSOT-23 0°C to 70°C

LTC6101BIS5#TRMPBF LTC6101BIS5#TRPBF LTBND 5-Lead Plastic TSOT-23 –40°C to 85°C

LTC6101BHS5#TRMPBF LTC6101BHS5#TRPBF LTBND 5-Lead Plastic TSOT-23 –40°C to 125°C

LTC6101CCS5#TRMPBF LTC6101CCS5#TRPBF LTBND 5-Lead Plastic TSOT-23 0°C to 70°C

LTC6101CIS5#TRMPBF LTC6101CIS5#TRPBF LTBND 5-Lead Plastic TSOT-23 –40°C to 85°C

LTC6101CHS5#TRMPBF LTC6101CHS5#TRPBF LTBND 5-Lead Plastic TSOT-23 –40°C to 125°C

LTC6101HVACS5#TRMPBF LTC6101HVACS5#TRPBF LTBSZ 5-Lead Plastic TSOT-23 0°C to 70°C

LTC6101HVAIS5#TRMPBF LTC6101HVAIS5#TRPBF LTBSZ 5-Lead Plastic TSOT-23 –40°C to 85°C

LTC6101HVAHS5#TRMPBF LTC6101HVAHS5#TRPBF LTBSZ 5-Lead Plastic TSOT-23 –40°C to 125°C

LTC6101HVBCS5#TRMPBF LTC6101HVBCS5#TRPBF LTBSZ 5-Lead Plastic TSOT-23 0°C to 70°C

LTC6101HVBIS5#TRMPBF LTC6101HVBIS5#TRPBF LTBSZ 5-Lead Plastic TSOT-23 –40°C to 85°C

LTC6101HVBHS5#TRMPBF LTC6101HVBHS5#TRPBF LTBSZ 5-Lead Plastic TSOT-23 –40°C to 125°C

LTC6101HVCCS5#TRMPBF LTC6101HVCCS5#TRPBF LTBSZ 5-Lead Plastic TSOT-23 0°C to 70°C

LTC6101HVCIS5#TRMPBF LTC6101HVCIS5#TRPBF LTBSZ 5-Lead Plastic TSOT-23 –40°C to 85°C

LTC6101HVCHS5#TRMPBF LTC6101HVCHS5#TRPBF LTBSZ 5-Lead Plastic TSOT-23 –40°C to 125°C

TRM = 500 pieces. *Temperature grades are identifi ed by a label on the shipping container.

Consult LTC Marketing for parts specifi ed with wider operating temperature ranges.

Consult LTC Marketing for information on lead based fi nish parts.

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifi cations, go to: http://www.linear.com/tapeandreel/
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SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

VS Supply Voltage Range ● 4 60 V

VOS Input Offset Voltage VSENSE = 5mV, Gain = 100, LTC6101A 

VSENSE = 5mV, Gain = 100, LTC6101AC, LTC6101AI

VSENSE = 5mV, Gain = 100, LTC6101AH

●

●

±85 ±300

±450

±535

μV

μV

μV

VSENSE = 5mV, Gain = 100, LTC6101B
●

±150 ±450

±810

μV

μV

VSENSE = 5mV, Gain = 100, LTC6101C
●

±400 800

1200

μV

μV

ΔVOS/ΔT Input Offset Voltage Drift VSENSE = 5mV, LTC6101A

VSENSE = 5mV, LTC6101B

VSENSE = 5mV, LTC6101C

●

●

●

±1

±3

±5

μV/°C

μV/°C

μV/°C

IB Input Bias Current RIN = 1M
●

100 170

245

nA

nA

IOS Input Offset Current RIN = 1M ● ±2 ±15 nA

VSENSE(MAX) Input Sense Voltage Full Scale VOS within Specifi cation, RIN = 1k (Note 3) ● 500 mV

PSRR Power Supply Rejection Ratio VS = 6V to 60V, VSENSE = 5mV, Gain = 100
●

118

115

140 dB

dB

VS = 4V to 60V, VSENSE = 5mV, Gain = 100

●

110

105

133 dB

dB

VOUT Maximum Output Voltage 12V ≤ VS ≤ 60V, VSENSE = 88mV

VS = 6V, VSENSE = 330mV, RIN = 1k, ROUT = 10k

VS = 4V, VSENSE = 550mV, RIN = 1k, ROUT = 2k

● 

● 

●

8

3

1

V

V

V

VOUT (0) Minimum Output Voltage VSENSE = 0V, Gain = 100, LTC6101A

VSENSE = 0V, Gain = 100, LTC6101AC, LTC6101AI

VSENSE = 0V, Gain = 100, LTC6101AH

● 

●

0 30

45

53.5

mV

mV

mV

VSENSE = 0V, Gain = 100, LTC6101B

●

0 45

81

mV

mV

VSENSE = 0V, Gain = 100, LTC6101C

●

0 150

250

mV

mV

IOUT Maximum Output Current 6V ≤ VS ≤ 60V, ROUT = 2k, VSENSE = 110mV, Gain = 20

VS = 4V, VSENSE = 550mV, Gain = 2, ROUT = 2k

● 

●

1

0.5

mA 

mA

tr Input Step Response 

(to 2.5V on a 5V Output Step)

ΔVSENSE = 100mV Transient, 6V ≤ VS ≤ 60V, Gain = 50

VS = 4V

1

1.5

μs

μs

BW Signal Bandwidth IOUT = 200μA, RIN = 100, ROUT = 5k

IOUT = 1mA, RIN = 100, ROUT = 5k

140

200

kHz

kHz

IS Supply Current VS = 4V, IOUT = 0, RIN = 1M
●

220 450

475

μA

μA

VS = 6V, IOUT = 0, RIN = 1M
●

240 475

525

μA

μA

VS = 12V, IOUT = 0, RIN = 1M
●

250 500

590

μA

μA

VS = 60V, IOUT = 0, RIN = 1M

LTC6101AI, LTC6101AC, LTC6101BI, LTC6101BC, 

LTC6101CI, LTC6101CC

LTC6101AH, LTC6101BH, LTC6101CH

●

●

375 640

690

720

μA

μA

μA

ELECTRICAL CHARACTERISTICS (LTC6101) The ● denotes the specifi cations which apply over the full 
specifi ed temperature range, otherwise specifi cations are at TA = 25°C, RIN = 100Ω, ROUT = 10k, VSENSE

+ = V+ (see Figure 1 for 
details), 4V ≤ VS ≤ 60V unless otherwise noted.
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SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

VS Supply Voltage Range ● 5 100 V

VOS Input Offset Voltage VSENSE = 5mV, Gain = 100, LTC6101HVA 

VSENSE = 5mV, Gain = 100, LTC6101HVAC, LTC6101HVAI

VSENSE = 5mV, Gain = 100, LTC6101HVAH

●

●

±85 ±300

±450

±535

μV

μV

μV

VSENSE = 5mV, Gain = 100, LTC6101HVB
●

±150 ±450

±810

μV

μV

VSENSE = 5mV, Gain = 100, LTC6101HVC
●

±400 800

1200

μV

μV

ΔVOS/ΔT Input Offset Voltage Drift VSENSE = 5mV, LTC6101HVA

VSENSE = 5mV, LTC6101HVB

VSENSE = 5mV, LTC6101HVC

●

●

●

±1

±3

±5

μV/°C

μV/°C

μV/°C

IB Input Bias Current RIN = 1M
●

100 170

245

nA

nA

IOS Input Offset Current RIN = 1M ● ±2 ±15 nA

VSENSE(MAX) Input Sense Voltage Full Scale VOS within Specifi cation, RIN = 1k (Note 3) ● 500 mV

PSRR Power Supply Rejection Ratio VS = 6V to 100V, VSENSE = 5mV, Gain = 100
●

118

115

140 dB

dB

VS = 5V to 100V, VSENSE = 5mV, Gain = 100

●

110

105

133 dB

dB

VOUT Maximum Output Voltage 12V ≤ VS ≤ 100V, VSENSE = 88mV

VS = 5V, VSENSE = 330mV, RIN = 1k, ROUT = 10k

● 

● 

8

3

V

V

VOUT (0) Minimum Output Voltage VSENSE = 0V, Gain = 100, LTC6101HVA

VSENSE = 0V, Gain = 100, LTC6101HVAC, LTC6101HVAI

VSENSE = 0V, Gain = 100, LTC6101HVAH

● 

●

0 30

45

53.5

mV

mV

mV

VSENSE = 0V, Gain = 100, LTC6101HVB

●

0 45

81

mV

mV

VSENSE = 0V, Gain = 100, LTC6101HVC

●

0 150

250

mV

mV

IOUT Maximum Output Current 5V ≤ VS ≤ 100V, ROUT = 2k, VSENSE = 110mV, Gain = 20 ● 1 mA 

tr Input Step Response 

(to 2.5V on a 5V Output Step)

ΔVSENSE = 100mV Transient, 6V ≤ VS ≤ 100V, Gain = 50

VS = 5V

1

1.5

μs

μs

BW Signal Bandwidth IOUT = 200μA, RIN = 100, ROUT = 5k

IOUT = 1mA, RIN = 100, ROUT = 5k

140

200

kHz

kHz

IS Supply Current VS = 5V, IOUT = 0, RIN = 1M
●

200 450

475

μA

μA

VS = 6V, IOUT = 0, RIN = 1M
●

220 475

525

μA

μA

VS = 12V, IOUT = 0, RIN = 1M
●

230 500

590

μA

μA

VS = 60V, IOUT = 0, RIN = 1M

LTC6101HVI, LTC6101HVC

LTC6101HVH

●

●

350 640

690

720

μA

μA

μA

VS = 100V, IOUT = 0, RIN = 1M

LTC6101HVAI, LTC6101HVAC, LTC6101HVBI, 

LTC6101HVBC, LTC6101HVCI, LTC6101HVCC

LTC6101HVAH, LTC6101HVBH, LTC6101HVCH

●

●

350 640

690

720

μA

μA

μA

ELECTRICAL CHARACTERISTICS (LTC6101HV) The ● denotes the specifi cations which apply over the full 
specifi ed temperature range, otherwise specifi cations are at TA = 25°C, RIN = 100Ω, ROUT = 10k, VSENSE

+ = V+ (see Figure 1 for 
details), 5V ≤ VS ≤ 100V unless otherwise noted.
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TYPICAL PERFORMANCE CHARACTERISTICS

ELECTRICAL CHARACTERISTICS
Note 1: Stresses beyond those listed under Absolute Maximum Ratings 

may cause permanent damage to the device. Exposure to any Absolute 

Maximum Rating condition for extended periods may affect device 

reliability and lifetime.

Note 2: The LTC6101C/LTC6101HVC are guaranteed to meet specifi ed 

performance from 0°C to 70°C. The LTC6101C/LTC6101HVC are designed, 

characterized and expected to meet specifi ed performance from –40°C to 

85°C but are not tested or QA sampled at these temperatures. LTC6101I/

LTC6101HVI are guaranteed to meet specifi ed performance from –40°C 

to 85°C. The LTC6101H/LTC6101HVH are guaranteed to meet specifi ed 

performance from –40°C to 125°C.

Note 3: ROUT = 10k for 6V ≤ VS ≤ 100V, ROUT = 2k for VS = 4V.

LTC6101: IOUT Maximum 
vs Temperature

Input VOS vs Temperature Input VOS vs Supply Voltage Input Sense Range

LTC6101: VOUT Maximum 
vs Temperature

LTC6101HV: VOUT Maximum 
vs Temperature
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TYPICAL PERFORMANCE CHARACTERISTICS

SUPPLY VOLTAGE (V)
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LTC6101: Supply Current 
vs Supply Voltage
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LTC6101HV: IOUT Maximum 
vs Temperature
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TYPICAL PERFORMANCE CHARACTERISTICS
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BLOCK DIAGRAM

OUT: Current Output. OUT will source a current that is 
proportional to the sense voltage into an external resistor.

V–: Negative Supply (or Ground for Single-Supply 
Operation).

–IN: The internal sense amplifi er will drive IN–  to the same 
potential as IN+. A resistor (RIN) tied from V+ to IN– sets 
the output current IOUT = VSENSE/RIN. VSENSE is the voltage 
developed across the external RSENSE (Figure 1).

+IN: Must be tied to the system load end of the sense 
resistor, either directly or through a resistor.

V+: Positive Supply Pin. Supply current is drawn through 
this pin. The circuit may be confi gured so that the 
LTC6101 supply current is or is not monitored along 
with the system load current. To monitor only system 
load current, connect V+ to the more positive side of the 
sense resistor. To monitor the total current, including the 
LTC6101 current, connect V+ to the more negative side 
of the sense resistor.

The LTC6101 high side current sense amplifi er (Figure 1) 
provides accurate monitoring of current through a user-
selected sense resistor. The sense voltage is amplifi ed by 
a user-selected gain and level shifted from the positive 
power supply to a ground-referred output. The output 
signal is analog and may be used as is or processed with 
an output fi lter.

Theory of Operation

An internal sense amplifi er loop forces IN– to have the 

same potential as IN+. Connecting an external resis-

tor, RIN, between IN– and V+ forces a potential across 

RIN that is the same as the sense voltage across 

RSENSE. A corresponding current, VSENSE/RIN, will 

fl ow through RIN. The high impedance inputs of the 

sense amplifi er will not conduct this input current, 

so it will fl ow through an internal MOSFET to the output pin.

The output current can be transformed into a voltage by 

adding a resistor from OUT to V–. The output voltage is 

then VO = V– + IOUT • ROUT.

–

+

V+

V–

10V
OUT

6101 BD

LTC6101/LTC6101HV

VBATTERY

IOUT

VSENSE

RSENSE

ILOAD

ROUT

RIN

– +

L
O
A
D

VOUT = VSENSE x 
ROUT

RIN

5k

5k

10V

–IN

+IN

Figure 1. LTC6101/LTC6101HV Block Diagram and Typical Connection

APPLICATIONS INFORMATION

PIN FUNCTIONS
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Figure 2. Kelvin Input Connection Preserves 
Accuracy Despite Large Load Current

LTC6101

ROUT

VOUT

6101 F02

RIN

V+

LOAD

RSENSE

–+

V+V–

OUT

–IN+IN

Useful Gain Confi gurations 

Gain RIN ROUT VSENSE at VOUT = 5V IOUT at VOUT = 5V

20 499 10k 250mV 500μA

50 200 10k 100mV 500μA

100 100 10k 50mV 500μA

Selection of External Current Sense Resistor

The external sense resistor, RSENSE, has a signifi cant effect 
on the function of a current sensing system and must be 
chosen with care.

First, the power dissipation in the resistor should be 
considered. The system load current will cause both heat 
and voltage loss in RSENSE. As a result, the sense resis-
tor should be as small as possible while still providing 
the input dynamic range required by the measurement. 
Note that input dynamic range is the difference between 
the maximum input signal and the minimum accurately 
reproduced signal, and is limited primarily by input DC 
offset of the internal amplifi er of the LTC6101. In addition, 
RSENSE must be small enough that VSENSE does not exceed 
the maximum input voltage specifi ed by the LTC6101, even 
under peak load conditions. As an example, an application 
may require that the maximum sense voltage be 100mV. 
If this application is expected to draw 2A at peak load, 
RSENSE should be no more than 50mΩ.

Once the maximum RSENSE value is determined, the mini-
mum sense resistor value will be set by the resolution or 
dynamic range required. The minimum signal that can be 
accurately represented by this sense amp is limited by the 
input offset. As an example, the LTC6101B has a typical 
input offset of 150μV. If the minimum current is 20mA, a 
sense resistor of 7.5mΩ will set VSENSE to 150μV. This is 
the same value as the input offset. A larger sense resistor 
will reduce the error due to offset by increasing the sense 
voltage for a given load current.

Choosing a 50mΩ RSENSE will maximize the dynamic range 
and provide a system that has 100mV across the sense 
resistor at peak load (2A), while input offset causes an 
error equivalent to only 3mA of load current. 

Peak dissipation is 200mW. If a 5mΩ sense resistor is 
employed, then the effective current error is 30mA, while 
the peak sense voltage is reduced to 10mV at 2A, dis-
sipating only 20mW.

The low offset and corresponding large dynamic range of 
the LTC6101 make it more fl exible than other solutions in 
this respect. The 150μV typical offset gives 60dB of dy-
namic range for a sense voltage that is limited to 150mV 
max, and over 70dB of dynamic range if the rated input 
maximum of 500mV is allowed.

Sense Resistor Connection

Kelvin connection of the IN– and IN+ inputs to the sense 
resistor should be used in all but the lowest power ap-
plications. Solder connections and PC board interconnec-
tions that carry high current can cause signifi cant error 
in measurement due to their relatively large resistances. 
One 10mm x 10mm square trace of one-ounce copper 
is approximately 0.5mΩ. A 1mV error can be caused by 
as little as 2A fl owing through this small interconnect. 
This will cause a 1% error in a 100mV signal. A 10A load 
current in the same interconnect will cause a 5% error 
for the same 100mV signal. By isolating the sense traces 
from the high-current paths, this error can be reduced 
by orders of magnitude. A sense resistor with integrated 
Kelvin sense terminals will give the best results. Figure 2 
illustrates the recommended method.
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6101 F03b

–+ –+
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+
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301301
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ILOAD
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100m

M1
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Q1
CMPT5551

40.2k

3

4

5

6
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8

7

619k

HIGH
RANGE

INDICATOR
(ILOAD > 1.2A)

VLOGIC
(3.3V TO 5V)

LOW CURRENT RANGE OUT
2.5V/A

(VLOGIC +5V) ≤ VIN ≤ 60V

0 ≤ ILOAD ≤ 10A

HIGH CURRENT RANGE OUT
250mV/A

301 301

LTC6101

RSENSE HI
10m

VLOGIC

BAT54C

LTC1540

V+V–

OUT

–IN+IN

V+V–

OUT

–IN+IN

Selection of External Input Resistor, RIN

The external input resistor, RIN, controls the transconduc-
tance of the current sense circuit. Since IOUT = VSENSE/RIN, 
transconductance gm = 1/RIN. For example, if RIN = 100, 
then IOUT = VSENSE/100 or IOUT = 1mA for VSENSE = 100mV.

RIN should be chosen to allow the required resolution 
while limiting the output current. At low supply voltage, 
IOUT may be as much as 1mA. By setting RIN such that 
the largest expected sense voltage gives IOUT = 1mA, then 
the maximum output dynamic range is available. Output 
dynamic range is limited by both the maximum allowed 
output current and the maximum allowed output voltage, as 
well as the minimum practical output signal. If less dynamic 
range is required, then RIN can be increased accordingly, 
reducing the max output current and power dissipation. 
If low sense currents must be resolved accurately in a 
system that has very wide dynamic range, a smaller RIN 
than the max current spec allows may be used if the max 
current is limited in another way, such as with a Schottky 
diode across RSENSE (Figure 3a). This will reduce the high 
current measurement accuracy by limiting the result, while 
increasing the low current measurement resolution.

Figure 3b. Dual LTC6101s Allow High-Low Current Ranging

V+

LOAD

DSENSE

6101 F03a

RSENSE

Figure 3a. Shunt Diode Limits Maximum Input Voltage to Allow 
Better Low Input Resolution Without Overranging

This approach can be helpful in cases where occasional 
large burst currents may be ignored. It can also be used 
in a multirange confi guration where a low current circuit 
is added to a high current circuit (Figure 3b). Note that 
a comparator (LTC1540) is used to select the range, and 
transistor M1 limits the voltage across RSENSE LO.

Care should be taken when designing the board layout 
for RIN, especially for small RIN values. All trace and inter-
connect impedances will increase the effective RIN value, 
causing a gain error. In addition, internal device resistance 
will add approximately 0.2Ω to RIN.
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Selection of External Output Resistor, ROUT

The output resistor, ROUT, determines how the output cur-
rent is converted to voltage. VOUT is simply IOUT • ROUT. 

In choosing an output resistor, the max output voltage 
must fi rst be considered. If the circuit that is driven by 
the output does not limit the output voltage, then ROUT 
must be chosen such that the max output voltage does 
not exceed the LTC6101 max output voltage rating. If the 
following circuit is a buffer or ADC with limited input range, 
then ROUT must be chosen so that IOUT(MAX) • ROUT is less 
than the allowed maximum input range of this circuit.

In addition, the output impedance is determined by ROUT. If 
the circuit to be driven has high enough input impedance, 
then almost any useful output impedance will be accept-
able. However, if the driven circuit has relatively low input 
impedance, or draws spikes of current, such as an ADC 
might do, then a lower ROUT value may be required in order 
to preserve the accuracy of the output. As an example, if 
the input impedance of the driven circuit is 100 times ROUT, 
then the accuracy of VOUT will be reduced by 1% since:

 

VOUT =IOUT •
ROUT •RIN(DRIVEN)

ROUT +RIN(DRIVEN)

=IOUT •ROUT • 100
101

=0.99 •IOUT •ROUT

Error Sources

The current sense system uses an amplifi er and resistors 
to apply gain and level shift the result. The output is then 
dependent on the characteristics of the amplifi er, such as 
gain and input offset, as well as resistor matching. 

Ideally, the circuit output is: 

  
VOUT = VSENSE •

ROUT
RIN

;VSENSE =RSENSE •ISENSE

In this case, the only error is due to resistor mismatch, 
which provides an error in gain only. However, offset 
voltage, bias current and fi nite gain in the amplifi er cause 
additional errors:

Output Error, EOUT, Due to the Amplifi er DC Offset 
Voltage, VOS

 EOUT(VOS) = VOS • (ROUT/RIN)

The DC offset voltage of the amplifi er adds directly to the 
value of the sense voltage, VSENSE. This is the dominant 
error of the system and it limits the available dynamic 
range. The paragraph “Selection of External Current Sense 
Resistor” provides details.

Output Error, EOUT, Due to the Bias Currents, 
IB(+) and IB(–) 

The bias current IB(+) fl ows into the positive input of the 
internal op amp. IB(–) fl ows into the negative input.

 EOUT(IBIAS) = ROUT((IB(+) • (RSENSE/RIN) – IB(–))

Since  IB(+) ≈ IB(–) = IBIAS, if RSENSE << RIN then,

 EOUT(IBIAS) ≈ –ROUT • IBIAS

For instance if IBIAS is 100nA and ROUT is 1kΩ, the output 
error is 0.1mV.

Note that in applications where RSENSE ≈ RIN, IB(+) causes 
a voltage offset in RSENSE that cancels the error due to 
IB(–) and EOUT(IBIAS) ≈ 0. In applications where RSENSE < 
RIN, the bias current error can be similarly reduced if an 
external resistor RIN(+) = (RIN – RSENSE) is connected as 
shown in Figure 4 below. Under both conditions:

 EOUT(IBIAS) = ± ROUT • IOS; IOS = IB(+) – IB(–)

LTC6101

ROUT

VOUT

6101 F04

RIN
–

V+

LOAD

RSENSE
RIN

+

–+

RIN
+ 

=
 RIN

– 
–

 RSENSE

V+V–

OUT

–IN+IN

Figure 4. Second Input R Minimizes 
Error Due to Input Bias Current
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If the offset current, IOS, of the LTC6101 amplifi er is 2nA, 
the 100 microvolt error above is reduced to 2 microvolts. 
Adding RIN

+ as described will maximize the dynamic 
range of the circuit. For less sensitive designs, RIN

+ is 
not necessary. 

Example: 

If an ISENSE range = (1A to 1mA) and (VOUT/ISENSE) = 
3V/1A

Then, from the Electrical Characteristics of the LTC6101, 
RSENSE ≈ VSENSE (max) / ISENSE (max) = 500mV/1A = 
500mΩ

Gain = ROUT/RIN = VOUT (max) / VSENSE (max) = 
3V/500mV = 6

If the maximum output current, IOUT, is limited to 1mA, 
ROUT equals  3V/1mA ≈ 3.01 kΩ (1% value) and RIN = 
3kΩ/6 ≈ 499Ω (1% value).

The output error due to DC offset is ±900μVolts (typ) and 
the error due to offset current, IOS is 3k x 2nA = ±6μVolts 
(typical), provided RIN

+ = RIN
–.

The maximum output error can therefore reach ±906μVolts 
or 0.03% (–70dB) of the output full scale. Considering 
the system input 60dB dynamic range (ISENSE = 1mA to 
1A), the 70dB performance of the LTC6101 makes this 
application feasible.

Output Error, EOUT, Due to the Finite DC Open Loop 
Gain, AOL, of the LTC6101 Amplifi er 

This error is inconsequential as the AOL of the LTC6101 
is very large.

Output Current Limitations Due to Power Dissipation 

The LTC6101 can deliver up to 1mA continuous current to 
the output pin. This current fl ows through RIN and enters the 
current sense amp via the IN(–) pin. The power dissipated 
in the LTC6101 due to the output signal is:

 POUT = (V–IN – VOUT) • IOUT

 Since V–IN ≈ V+, POUT ≈ (V+ – VOUT) • IOUT

There is also power dissipated due to the quiescent sup-
ply current:

 PQ = IDD • V+

The total power dissipated is the output dissipation plus 
the quiescent dissipation:

 PTOTAL = POUT + PQ

At maximum supply and maximum output current, the 
total power dissipation can exceed 100mW. This will 
cause signifi cant heating of the LTC6101 die. In order to 
prevent damage to the LTC6101, the maximum expected 
dissipation in each application should be calculated. This 
number can be multiplied by the θJA value listed in the 
package section on page 2 to fi nd the maximum expected 
die temperature. This must not be allowed to exceed 150°C, 
or performance may be degraded.

As an example, if an LTC6101 in the S5 package is to be 
run at 55V ±5V supply with 1mA output current at 80°C:

 PQ(MAX) = IDD(MAX) • V
+
(MAX) = 41.4mW

 POUT(MAX) = IOUT • V+
(MAX) = 60mW

 TRISE = θJA • PTOTAL(MAX)

 TMAX = TAMBIENT + TRISE

 TMAX must be < 150°C

 PTOTAL(MAX) ≈ 96mW and the max die temp 
 will be 104°C

If this same circuit must run at 125°C, the max die 
temp will increase to 150°C. (Note that supply current, 
and therefore PQ, is proportional to temperature. Refer 
to Typical Performance Characteristics section.) In this 
condition, the maximum output current should be reduced 
to avoid device damage. Note that the MSOP package 
has a larger θJA than the S5, so additional care must be 
taken when operating the LTC6101A/LTC6101HVA at high 
temperatures and high output currents.

The LTC6101HV can be used at voltages up to 105V. This 
additional voltage requires that more power be dissipated 
for a given level of current. This will further limit the allowed 
output current at high ambient temperatures.

It is important to note that the LTC6101 has been designed 
to provide at least 1mA to the output when required, and 
can deliver more depending on the conditions. Care must 
be taken to limit the maximum output current by proper 
choice of sense resistor and, if input fault conditions exist, 
external clamps.
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Output Filtering

The output voltage, VOUT, is simply IOUT • ZOUT. This 
makes fi ltering straightforward. Any circuit may be used 
which generates the required ZOUT to get the desired fi lter 
response. For example, a capacitor in parallel with ROUT 
will give a low pass response. This will reduce unwanted 
noise from the output, and may also be useful as a charge 
reservoir to keep the output steady while driving a switch-
ing circuit such as a mux or ADC. This output capacitor 
in parallel with an output resistor will create a pole in the 
output response at:

  
f–3dB = 1

2 • π •ROUT • COUT

Useful Equations

 

 

Input Voltage: VSENSE = ISENSE • RSENSE

Voltage Gain:
VOUT

VSENSE
=

ROUT
RIN

Current Gain:
IOUT

ISENSE
=

RSENSE
RIN

Transconductance:
IOUT

VSENSE
=

1
RIN

Transimpedance:
VOUT

ISENSE
= RSENSE •

ROUT
RIN

Figure 5. V+ Powered Separately from 
Load Supply (VBATT)

Figure 6. LTC6101 Supply Current 
Monitored with Load

LTC6101
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6101 F05

RIN

LOAD
V+

RSENSE
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–+

V+V–

OUT

–IN+IN

LTC6101

ROUT

VOUT

6101 F06

RIN

LOAD

V+

RSENSE

–+

V+V–

OUT

–IN+IN

Input Common Mode Range

The inputs of the LTC6101 can function from 1.5V below 
the positive supply to 0.5V above it. Not only does this 
allow a wide VSENSE range, it also allows the input refer-
ence to be separate from the positive supply (Figure 5). 
Note that the difference between VBATT and V+ must be no 
more than the common mode range listed in the Electrical 
Characteristics table. If the maximum VSENSE is less than 
500mV, the LTC6101 may monitor its own supply current, 
as well as that of the load (Figure 6).
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Reverse Supply Protection

Some applications may be tested with reverse-polarity 
supplies due to an expectation of this type of fault during 
operation. The LTC6101 is not protected internally from 
external reversal of supply polarity. To prevent damage that 
may occur during this condition, a Schottky diode should 
be added in series with V– (Figure 7). This will limit the 
reverse current through the LTC6101. Note that this diode 
will limit the low voltage performance of the LTC6101 by 
effectively reducing the supply voltage to the part by VD.

In addition, if the output of the LTC6101 is wired to a device 
that will effectively short it to high voltage (such as through 
an ESD protection clamp) during a reverse supply condi-
tion, the LTC6101’s output should be connected through 
a resistor or Schottky diode (Figure 8).

Response Time

The LTC6101 is designed to exhibit fast response to inputs 
for the purpose of circuit protection or signal transmission. 
This response time will be affected by the external circuit 
in two ways, delay and speed.

If the output current is very low and an input transient 
occurs, there may be an increased delay before the output 
voltage begins changing. This can be improved by increas-
ing the minimum output current, either by increasing 
RSENSE or decreasing RIN. The effect of increased output 
current is illustrated in the step response curves in the 
Typical Performance Characteristics section of this data 
sheet. Note that the curves are labeled with respect to the 
initial output currents.

The speed is also affected by the external circuit. In this 
case, if the input changes very quickly, the internal ampli-
fi er will slew the gate of the internal output FET (Figure 
1) in order to maintain the internal loop. This results in 
current fl owing through RIN and the internal FET. This 
current slew rate will be determined by the amplifi er and 
FET characteristics as well as the input resistor, RIN. Us-
ing a smaller RIN will allow the output current to increase 
more quickly, decreasing the response time at the output. 
This will also have the effect of increasing the maximum 
output current. Using a larger ROUT will decrease the re-
sponse time, since VOUT = IOUT • ROUT. Reducing RIN and 
increasing ROUT will both have the effect of increasing the 
voltage gain of the circuit.

Figure 7. Schottky Prevents Damage During Supply Reversal Figure 8. Additional Resistor R3 Protects 
Output During Supply Reversal
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Bidirectional Current Sense Circuit with Separate Charge/Discharge Output

LTC6101 Monitors Its Own Supply Current High-Side-Input Transimpedance Amplifi er
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TYPICAL APPLICATIONS
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TYPICAL APPLICATIONS
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MS8 Package
8-Lead Plastic MSOP

(Reference LTC DWG # 05-08-1660 Rev F)

MSOP (MS8) 0307 REV F 

0.53 ± 0.152
(.021 ± .006)

SEATING
PLANE

NOTE:
1. DIMENSIONS IN MILLIMETER/(INCH)
2. DRAWING NOT TO SCALE
3. DIMENSION DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.
    MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.152mm (.006") PER SIDE
4. DIMENSION DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSIONS.
    INTERLEAD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.152mm (.006") PER SIDE
5. LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING) SHALL BE 0.102mm (.004") MAX

0.18
(.007)

0.254
(.010)

1.10
(.043)
MAX

0.22 – 0.38
(.009 – .015)

TYP

0.1016 ± 0.0508
(.004 ± .002)

0.86
(.034)
REF

0.65
(.0256)

BSC

0° – 6° TYP

DETAIL “A”

DETAIL “A”

GAUGE PLANE

1 2 3 4

4.90 ± 0.152
(.193 ± .006)

8 7 6 5

3.00 ± 0.102
(.118 ± .004)

(NOTE 3)

3.00 ± 0.102
(.118 ± .004)

(NOTE 4)

0.52
(.0205)

REF

5.23
(.206)
MIN

3.20 – 3.45
(.126 – .136)

0.889 ± 0.127
(.035 ± .005)

RECOMMENDED SOLDER PAD LAYOUT

0.42 ± 0.038
(.0165 ± .0015)

TYP

0.65
(.0256)

BSC

PACKAGE DESCRIPTION
Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.
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1.50 – 1.75
(NOTE 4)2.80 BSC

0.30 – 0.45 TYP 
5 PLCS (NOTE 3)

DATUM ‘A’

0.09 – 0.20
(NOTE 3) S5 TSOT-23 0302 REV B

PIN ONE

2.90 BSC
(NOTE 4)

0.95 BSC

1.90 BSC

0.80 – 0.90

1.00 MAX
0.01 – 0.100.20 BSC

0.30 – 0.50 REF

NOTE:
1. DIMENSIONS ARE IN MILLIMETERS
2. DRAWING NOT TO SCALE
3. DIMENSIONS ARE INCLUSIVE OF PLATING
4. DIMENSIONS ARE EXCLUSIVE OF MOLD FLASH AND METAL BURR
5. MOLD FLASH SHALL NOT EXCEED 0.254mm
6. JEDEC PACKAGE REFERENCE IS MO-193

3.85 MAX

0.62
MAX

0.95
REF

RECOMMENDED SOLDER PAD LAYOUT
PER IPC CALCULATOR

1.4 MIN2.62 REF

1.22 REF

S5 Package
5-Lead Plastic TSOT-23

(Reference LTC DWG # 05-08-1635)

PACKAGE DESCRIPTION
Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.
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Information furnished by Linear Technology Corporation is believed to be accurate and reliable. 
However, no responsibility is assumed for its use. Linear Technology Corporation makes no representa-
tion that the interconnection of its circuits as described herein will not infringe on existing patent rights.

 REVISION HISTORY
REV DATE DESCRIPTION PAGE NUMBER

H 03/12 Updated Features

Updated Absolute Maximum Ratings and changed Order Information

Changed operating temperature range to specifi ed temperature range in Electrical Characteristics header

Changed TA value in curve G02 from 45°C to 25°C

1

2

4, 5

6

(Revision history begins at Rev H)
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1630 McCarthy Blvd., Milpitas, CA 95035-7417 
(408) 432-1900 ● FAX: (408) 434-0507  ●  www.linear.com © LINEAR TECHNOLOGY CORPORATION 2005

LT 0312 REV H • PRINTED IN USA

 RELATED PARTS
PART NUMBER DESCRIPTION COMMENTS

LT1636 Rail-to-Rail Input/Output, Micropower Op Amp VCM Extends 44V above VEE, 55μA Supply Current, 

Shutdown Function

LT1637/LT1638/

LT1639

Single/Dual/Quad, Rail-to-Rail, Micropower Op Amp VCM Extends 44V above VEE, 0.4V/μs Slew Rate, >1MHz 

Bandwidth, <250μA Supply Current per Amplifi er

LT1787/LT1787HV Precision, Bidirectional, High Side Current Sense Amplifi er 2.7V to 60V Operation, 75μV Offset, 60μA Current Draw

LTC1921 Dual –48V Supply and Fuse Monitor ±200V Transient Protection, Drives Three Optoisolators for Status

LT1990 High Voltage, Gain Selectable Difference Amplifi er ±250V Common Mode, Micropower, Pin Selectable Gain = 1, 10

LT1991 Precision, Gain Selectable Difference Amplifi er 2.7V to ±18V, Micropower, Pin Selectable Gain = –13 to 14

LTC2050/LTC2051/

LTC2052

Single/Dual/Quad Zero-Drift Op Amp 3μV Offset, 30nV/°C Drift, Input Extends Down to V–

LTC4150 Coulomb Counter/Battery Gas Gauge Indicates Charge Quantity and Polarity

LT6100 Gain-Selectable High-Side Current Sense Amplifi er 4.1V to 48V Operation, Pin-Selectable Gain: 10, 12.5, 20, 25, 40, 50V/V

TYPICAL APPLICATION

L
O
A
D

CHARGER

–+ – +

+

–

VOUT = IDISCHARGE • RSENSE (              ) WHEN IDISCHARGE ≥ 0DISCHARGING:
ROUT

RIN D

VOUT = ICHARGE • RSENSE (              ) WHEN ICHARGE ≥ 0CHARGING:
ROUT

RIN C

6101 TA05

VBATT

RIN C

LTC6101

RIN D RIN C

LTC6101

ROUTVOUT

RIN D

IDISCHARGE ICHARGERSENSE

V+V–

OUT OUT

–IN+IN

V+ V–

–IN +IN

Bidirectional Current Sense Circuit with Combined Charge/Discharge Output
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MG6330, MG6330-R 
 
• TO-3P Plastic Package 

• Complimentary PNP – MG9410 
 

• Designed specifically for audio power amplifier applications 
 

• High Current audio bipolar with wide Safe Operating Area 

 
 

 
ABSOLUTE MAXIMUM RATINGS (TA = 25°C unless otherwise stated) 

                           

  MG6330   MG6330-R 

VCBO Collector – Base Voltage 230V 260V 

VCEO Collector – Emitter Voltage  230V 260V 
VEBO Emitter – Base Voltage  5V 

IC Continuous Collector Current 15A 

IB Base Current 4A 

PD Total Power Dissipation at TA = 25°C 200W 

TJ Maximum Junction Temperature 150°C 

Tstg Storage Temperature Range -55 to +150°C 

 
THERMAL PROPERTIES 

Symbols Parameters Min. Typ. Max. Units 

RθJC Thermal Resistance, Junction To Case   0.63 °C/W 
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ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise stated) 

Symbols Parameters Test Conditions Min. Typ Max. Units 

ICBO Collector-Cut-Off Current 
MG6330 VCB = 230V 

  100 µA 
MG6330-R VCB = 260V 

IEBO Emitter-Cut-Off-Current VEB = 5V   100 µA 

V(BR)CEO 
Collector-Base Breakdown 
Voltage 

IC = 25mA MG6330 230 
  V 

MG6330-R 260 

VCE(sat)
(1)

 
Collector-Emitter Saturation 
Voltage 

IC = 5A IB = 0.5A   2.0 V 

hFE Forward-current transfer 
ratio 

IC = 5A VCE = 4V 70
 

 140 
 

 

 

DYNAMIC CHARACTERISTICS  

     
 

     

fT Transition Frequency IE = -2A VCE = 12V  60  MHz 

COB Output Capacitance VCB = 10V f = 1.0MHz  250  pF 

 
NotesNotesNotesNotes 
Pulse Width ≤ 300us, δ ≤ 2%t  
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TYPICAL CHARACTERISTICS CONTINUED

 
MECHANICAL DATA 
Dimensions in mm (inches) 

Pin1 Pin1 Pin1 Pin1 ––––    BaseBaseBaseBase

B

EPITAXIAL 

PNP TRANSISTOR 

MG6330-R 
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FEATURES 
Temperature coefficient: 5 ppm/°C maximum 
High output current: 30 mA 
Low supply current: 45 μA maximum 
Initial accuracy: ±2 mV maximum1 
Sleep mode: 15 μA maximum 
Low dropout voltage 
Load regulation: 4 ppm/mA 
Line regulation: 4 ppm/V 
Short-circuit protection 
 

APPLICATIONS 
Portable instruments 
ADCs and DACs  
Smart sensors 
Solar powered applications 
Loop-current-powered instruments 
 

GENERAL DESCRIPTION 
The REF19x series precision band gap voltage references use a 
patented temperature drift curvature correction circuit and 
laser trimming of highly stable, thin-film resistors to achieve a 
very low temperature coefficient and high initial accuracy. 

The REF19x series is made up of micropower, low dropout 
voltage (LDV) devices, providing stable output voltage from 
supplies as low as 100 mV above the output voltage and 
consuming less than 45 μA of supply current. In sleep mode, 
which is enabled by applying a low TTL or CMOS level to the 
SLEEP pin, the output is turned off and supply current is 
further reduced to less than 15 μA. 

The REF19x series references are specified over the extended 
industrial temperature range (−40°C to +85°C) with typical 
performance specifications over −40°C to +125°C for 
applications, such as automotive. 

All electrical grades are available in an 8-lead SOIC package; the 
PDIP and TSSOP packages are available only in the lowest 
electrical grade.  

TEST PINS 
Test Pin 1 and Test Pin 5 are reserved for in-package Zener zap. 
To achieve the highest level of accuracy at the output, the Zener 
zapping technique is used to trim the output voltage. Because 
each unit may require a different amount of adjustment, the 
resistance value at the test pins varies widely from pin to pin 
and from part to part. The user should leave Pin 1 and Pin 5 
unconnected. 

REF19x
SERIES
TOP VIEW

(Not to Scale)

TP 1

VS 2

SLEEP 3

GND 4

NC
NC
OUTPUT
TP

8

7

6

5

00
37

1-
00

1

NOTES
1. NC = NO CONNECT.
2. TP PINS ARE FACTORY TEST

POINTS, NO USER CONNECTION.  
Figure 1. 8-Lead SOIC_N and TSSOP Pin Configuration 

(S Suffix and RU Suffix) 

REF19x
SERIES
TOP VIEW

(Not to Scale)

TP 1

VS 2

SLEEP 3

GND 4

NC
NC
OUTPUT
TP

8

7

6

5

00
37

1-
00

2

NOTES
1. NC = NO CONNECT.
2. TP PINS ARE FACTORY TEST

POINTS, NO USER CONNECTION.  
Figure 2. 8-Lead PDIP Pin Configuration 

(P Suffix) 

Table 1. Nominal Output Voltage 
Part Number Nominal Output Voltage (V) 
REF191 2.048 
REF192 2.50 
REF193 3.00 
REF194 4.50 
REF195 5.00 
REF196 3.30 
REF198 4.096 

 

 
 
1 Initial accuracy does not include shift due to solder heat effect (see the 

Applications Information section). 
 

http://www.analog.com/REF191
http://www.analog.com/REF192
http://www.analog.com/REF193
http://www.analog.com/REF194
http://www.analog.com/REF195
http://www.analog.com/REF196
http://www.analog.com/REF198
http://www.analog.com
http://www.analog.com/REF19xSeries
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SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS—REF191 @ TA = 25°C 
@ VS = 3.3 V, TA = 25°C, unless otherwise noted. 

Table 2. 
Parameter Symbol Condition Min Typ Max Unit 
INITIAL ACCURACY1 VO      

E Grade  IOUT = 0 mA 2.046 2.048 2.050 V 
F Grade   2.043  2.053 V 
G Grade   2.038  2.058 V 

LINE REGULATION2 ΔVO/ΔVIN      
E Grade  3.0 V ≤ VS ≤ 15 V, IOUT = 0 mA  2 4 ppm/V 
F and G Grades    4 8 ppm/V 

LOAD REGULATION2 ΔVO/ΔVLOAD      
E Grade  VS = 5.0 V, 0 mA ≤ IOUT ≤ 30 mA  4 10 ppm/mA 
F and G Grades    6 15 ppm/mA 

DROPOUT VOLTAGE VS − VO VS = 3.0 V, ILOAD = 2 mA   0.95 V 
  VS = 3.3 V, ILOAD = 10 mA   1.25 V 
  VS = 3.6 V, ILOAD = 30 mA   1.55 V 
LONG-TERM STABILITY3 DVO 1000 hours @ 125°C  1.2  mV 
NOISE VOLTAGE eN 0.1 Hz to 10 Hz  20  μV p-p 
 
1 Initial accuracy does not include shift due to solder heat effect (see the Applications Information section). 
2 Line and load regulation specifications include the effect of self-heating. 
3 Long-term stability specification is noncumulative. The drift in subsequent 1000-hour periods is significantly lower than in the first 1000-hour period. 
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ELECTRICAL CHARACTERISTICS—REF191 @ −40°C ≤ +85°C 
@ VS = 3.3 V, −40°C ≤ TA ≤ +85°C, unless otherwise noted. 

Table 3. 
Parameter Symbol Condition Min Typ Max Unit 
TEMPERATURE COEFFICIENT1, 2 TCVO/°C      

E Grade  IOUT = 0 mA  2 5 ppm/°C 
F Grade    5 10 ppm/°C 
G Grade3    10 25 ppm/°C 

LINE REGULATION4 ΔVO/ΔVIN      
E Grade  3.0 V ≤ VS ≤ 15 V, IOUT = 0 mA  5 10 ppm/V 
F and G Grades    10 20 ppm/V 

LOAD REGULATION4 ΔVO/ΔVLOAD      
E Grade  VS = 5.0 V, 0 mA ≤ IOUT ≤ 25 mA  5 15 ppm/mA 
F and G Grades    10 20 ppm/mA 

DROPOUT VOLTAGE VS − VO VS = 3.0 V, ILOAD = 2 mA   0.95 V 
  VS = 3.3 V, ILOAD = 10 mA   1.25 V 
  VS = 3.6 V, ILOAD = 25 mA   1.55 V 

SLEEP PIN       

Logic High Input Voltage VH  2.4   V 
Logic High Input Current IH    −8 μA 
Logic Low Input Voltage VL    0.8 V 
Logic Low Input Current IL    −8 μA 

SUPPLY CURRENT  No load   45 μA 
Sleep Mode  No load   15 μA 

 
1 For proper operation, a 1 μF capacitor is required between the output pin and the GND pin of the device. 
2 TCVO is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C. 

TCVO = (VMAX − VMIN)/VO(TMAX − TMIN) 
3 Guaranteed by characterization. 
4 Line and load regulation specifications include the effect of self-heating. 
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ELECTRICAL CHARACTERISTICS—REF191 @ −40°C ≤ TA ≤ +125°C 

@ VS = 3.3 V, −40°C ≤ TA ≤ +125°C, unless otherwise noted. 

Table 4. 
Parameter Symbol Condition Min Typ Max Unit 
TEMPERATURE COEFFICIENT1, 2 TCVO/°C      

E Grade  IOUT = 0 mA  2  ppm/°C 
F Grade    5  ppm/°C 
G Grade3    10  ppm/°C 

LINE REGULATION4 ΔVO/ΔVIN      
E Grade  3.0 V ≤ VS ≤ 15 V, IOUT = 0 mA  10  ppm/V 
F and G Grades    20  ppm/V 

LOAD REGULATION4 ΔVO/ΔVLOAD      
E Grade  VS = 5.0 V, 0 mA ≤ IOUT ≤ 20 mA  10  ppm/mA 
F and G Grades    20  ppm/mA 

DROPOUT VOLTAGE VS − VO VS = 3.3 V, ILOAD = 10 mA   1.25 V 
  VS = 3.6 V, ILOAD = 20 mA   1.55 V 
 
1 For proper operation, a 1 μF capacitor is required between the output pin and the GND pin of the device. 
2 TCVO is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C. 

TCVO = (VMAX − VMIN)/VO(TMAX − TMIN) 
3 Guaranteed by characterization. 
4 Line and load regulation specifications include the effect of self-heating. 

 

ELECTRICAL CHARACTERISTICS—REF192 @ TA = 25°C 
@ VS = 3.3 V, TA = 25°C, unless otherwise noted. 

Table 5. 
Parameter Symbol Condition Min Typ Max Unit 
INITIAL ACCURACY1 VO      

E Grade  IOUT = 0 mA 2.498 2.500 2.502 V 
F Grade   2.495  2.505 V 
G Grade   2.490  2.510 V 

LINE REGULATION2 ΔVO/ΔVIN      
E Grade  3.0 V ≤ VS ≤ 15 V, IOUT = 0 mA  2 4 ppm/V 
F and G Grades    4 8 ppm/V 

LOAD REGULATION2 ΔVO/ΔVLOAD      
E Grade  VS = 5.0 V, 0 mA ≤ IOUT ≤ 30 mA  4 10 ppm/mA 
F and G Grades    6 15 ppm/mA 

DROPOUT VOLTAGE VS − VO VS = 3.5 V, ILOAD = 10 mA   1.00 V 
  VS = 3.9 V, ILOAD = 30 mA   1.40 V 
LONG-TERM STABILITY3 DVO 1000 hours @ 125°C  1.2  mV 
NOISE VOLTAGE  eN 0.1 Hz to 10 Hz  25  μV p-p 
 
1 Initial accuracy does not include shift due to solder heat effect (see the Applications Information section). 
2 Line and load regulation specifications include the effect of self-heating. 
3 Long-term stability specification is noncumulative. The drift in subsequent 1000-hour periods is significantly lower than in the first 1000-hour period. 
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ELECTRICAL CHARACTERISTICS—REF192 @ −40°C ≤ TA ≤ +85°C 

@ VS = 3.3 V, −40°C ≤ TA ≤ +85°C, unless otherwise noted. 

Table 6. 
Parameter Symbol Condition Min Typ Max Unit 
TEMPERATURE COEFFICIENT1, 2 TCVO/°C      

E Grade  IOUT = 0 mA  2 5 ppm/°C 
F Grade    5 10 ppm/°C 
G Grade3    10 25 ppm/°C 

LINE REGULATION4 ΔVO/ΔVIN      
E Grade  3.0 V ≤ VS ≤ 15 V, IOUT = 0 mA  5 10 ppm/V 
F and G Grades    10 20 ppm/V 

LOAD REGULATION4 ΔVO/ΔVLOAD      
E Grade  VS = 5.0 V, 0 mA ≤ IOUT ≤ 25 mA  5 15 ppm/mA 
F and G Grades    10 20 ppm/mA 

DROPOUT VOLTAGE VS − VO VS = 3.5 V, ILOAD = 10 mA   1.00 V 
  VS = 4.0 V, ILOAD = 25 mA   1.50 V 

SLEEP PIN       

Logic High Input Voltage VH  2.4   V 
Logic High Input Current IH    −8 μA 
Logic Low Input Voltage VL    0.8 V 
Logic Low Input Current IL    −8 μA 

SUPPLY CURRENT  No load   45 μA 
Sleep Mode  No load   15 μA 

 
1 For proper operation, a 1 μF capacitor is required between the output pin and the GND pin of the device. 
2 TCVO is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C. 

TCVO = (VMAX − VMIN)/VO(TMAX − TMIN) 
3 Guaranteed by characterization. 
4 Line and load regulation specifications include the effect of self-heating.  

ELECTRICAL CHARACTERISTICS—REF192 @ −40°C ≤ TA ≤ +125°C 

@ VS = 3.3 V, −40°C ≤ TA ≤ +125°C, unless otherwise noted. 

Table 7. 
Parameter Symbol Condition Min Typ Max Unit 
TEMPERATURE COEFFICIENT1, 2 TCVO/°C      

E Grade  IOUT = 0 mA  2  ppm/°C 
F Grade    5  ppm/°C 
G Grade3    10  ppm/°C 

LINE REGULATION4 ΔVO/ΔVIN      
E Grade  3.0 V ≤ VS ≤ 15 V, IOUT = 0 mA  10  ppm/V 
F and G Grades    20  ppm/V 

LOAD REGULATION4 ΔVO/ΔVLOAD      
E Grade  VS = 5.0 V, 0 mA ≤ IOUT ≤ 20 mA  10  ppm/mA 
F and G Grades    20  ppm/mA 

DROPOUT VOLTAGE VS − VO VS = 3.5 V, ILOAD = 10 mA   1.00 V 
  VS = 4.0 V, ILOAD = 20 mA   1.50 V 
 
1 For proper operation, a 1 μF capacitor is required between the output pin and the GND pin of the device. 
2 TCVO is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C. 

TCVO = (VMAX − VMIN)/VO(TMAX − TMIN) 
3 Guaranteed by characterization. 
4 Line and load regulation specifications include the effect of self-heating. 
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ELECTRICAL CHARACTERISTICS—REF193 @ TA = 25°C 
@ VS = 3.3 V, TA = 25°C, unless otherwise noted. 

Table 8. 
Parameter Symbol Condition Min Typ Max Unit 
INITIAL ACCURACY1 VO      

G Grade  IOUT = 0 mA 2.990 3.0 3.010 V 
LINE REGULATION2 ΔVO/ΔVIN      

G Grade  3.3 V, ≤ VS ≤ 15 V, IOUT = 0 mA  4 8 ppm/V 
LOAD REGULATION2 ΔVO/ΔVLOAD      

G Grade  VS = 5.0 V, 0 mA ≤ IOUT ≤ 30 mA  6 15 ppm/mA 
DROPOUT VOLTAGE VS − VO VS = 3.8 V, ILOAD = 10 mA   0.80 V 
  VS = 4.0 V, ILOAD = 30 mA   1.00 V 
LONG-TERM STABILITY3 DVO 1000 hours @ 125°C  1.2  mV 
NOISE VOLTAGE eN 0.1 Hz to 10 Hz  30  μV p-p 
 
1 Initial accuracy does not include shift due to solder heat effect (see the Applications Information section). 
2 Line and load regulation specifications include the effect of self-heating. 
3 Long-term stability specification is noncumulative. The drift in subsequent 1000-hour periods is significantly lower than in the first 1000-hour period. 
 

ELECTRICAL CHARACTERISTICS—REF193 @ −40°C ≤ TA ≤ +85°C 

@ VS = 3.3 V, TA = −40°C ≤ TA ≤ +85°C, unless otherwise noted. 

Table 9. 
Parameter Symbol Condition Min Typ Max Unit 
TEMPERATURE COEFFICIENT1, 2 TCVO/°C      

G Grade3  IOUT = 0 mA  10 25 ppm/°C 
LINE REGULATION4 ΔVO/ΔVIN      

G Grade  3.3 V ≤ VS ≤ 15 V, IOUT = 0 mA  10 20 ppm/V 
LOAD REGULATION4 ΔVO/ΔVLOAD      

G Grade  VS = 5.0 V, 0 mA ≤ IOUT ≤ 25 mA  10 20 ppm/mA 
DROPOUT VOLTAGE VS − VO VS = 3.8 V, ILOAD = 10 mA   0.80 V 
  VS = 4.1 V, ILOAD = 30 mA   1.10 V 

SLEEP PIN       
Logic High Input Voltage VH  2.4   V 
Logic High Input Current IH    −8 μA 
Logic Low Input Voltage VL    0.8 V 
Logic Low Input Current IL    −8 μA 

SUPPLY CURRENT  No load   45 μA 
Sleep Mode  No load   15 μA 

 
1 For proper operation, a 1 μF capacitor is required between the output pin and the GND pin of the device. 
2 TCVO is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C. 

TCVO = (VMAX − VMIN)/VO(TMAX − TMIN) 
3 Guaranteed by characterization. 
4 Line and load regulation specifications include the effect of self-heating. 
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ELECTRICAL CHARACTERISTICS—REF193 @ TA ≤ −40°C ≤ +125°C 

@ VS = 3.3 V, –40°C ≤ TA ≤ +125°C, unless otherwise noted. 

Table 10. 
Parameter Symbol Condition Min Typ Max Unit 
TEMPERATURE COEFFICIENT1, 2 TCVO/°C      

G Grade3  IOUT = 0 mA  10  ppm/°C 
LINE REGULATION4 ΔVO/ΔVIN      

G Grade  3.3 V ≤ VS ≤ 15 V, IOUT = 0 mA  20  ppm/V 
LOAD REGULATION4 ΔVO/ΔVLOAD      

G Grade  VS = 5.0 V, 0 mA ≤ IOUT ≤ 20 mA  10  ppm/mA 
DROPOUT VOLTAGE VS − VO VS = 3.8 V, ILOAD = 10 mA   0.80 V 
  VS = 4.1 V, ILOAD = 20 mA   1.10 V 
 
1 For proper operation, a 1 μF capacitor is required between the output pin and the GND pin of the device. 
2 TCVO is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C. 

TCVO = (VMAX − VMIN)/VO(TMAX − TMIN) 
3 Guaranteed by characterization. 
4 Line and load regulation specifications include the effect of self-heating. 
 

ELECTRICAL CHARACTERISTICS—REF194 @ TA = 25°C 
@ VS = 5.0 V, TA = 25°C, unless otherwise noted. 

Table 11. 
Parameter Symbol Condition Min Typ Max Unit 
INITIAL ACCURACY1 VO      

E Grade  IOUT = 0 mA 4.498 4.5 4.502 V 
G Grade   4.490  4.510 V 

LINE REGULATION2 ∆VO/∆VIN      
E Grade  4.75 V ≤ VS ≤ 15 V, IOUT = 0 mA  2 4 ppm/V 
G Grade    4 8 ppm/V 

LOAD REGULATION2 ∆VO/∆VLOAD      
E Grade  VS = 5.8 V, 0 mA ≤ IOUT ≤ 30 mA  2 4 ppm/mA 
G Grade    4 8 ppm/mA 

DROPOUT VOLTAGE VS − VO VS = 5.00 V, ILOAD = 10 mA   0.50 V 
  VS = 5.8 V, ILOAD = 30 mA   1.30 V 
LONG-TERM STABILITY3 DVO 1000 hours @ 125°C  2  mV 
NOISE VOLTAGE eN 0.1 Hz to 10 Hz  45  μV p-p 
 
1 Initial accuracy does not include shift due to solder heat effect (see the Applications Information section). 
2 Line and load regulation specifications include the effect of self-heating. 
3 Long-term stability specification is noncumulative. The drift in subsequent 1000-hour periods is significantly lower than in the first 1000-hour period. 
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ELECTRICAL CHARACTERISTICS—REF194 @ −40°C ≤ TA ≤ +85°C 
@ VS = 5.0 V, TA = −40°C ≤ TA ≤ +85°C, unless otherwise noted. 

Table 12. 
Parameter Symbol Condition Min Typ Max Unit 
TEMPERATURE COEFFICIENT1, 2 TCVO/°C      

E Grade  IOUT = 0 mA  2 5 ppm/°C 
G Grade3    10 25 ppm/°C 

LINE REGULATION4 ∆VO/∆VIN      
E Grade  4.75 V ≤ VS ≤ 15 V, IOUT = 0 mA  5 10 ppm/V 
G Grade    10 20 ppm/V 

LOAD REGULATION4 ∆VO/∆VLOAD      
E Grade  VS = 5.80 V, 0 mA ≤ IOUT ≤ 25 mA  5 15 ppm/mA 
G Grade    10 20 ppm/mA 

DROPOUT VOLTAGE VS − VO VS = 5.00 V, ILOAD = 10 mA   0.5 V 
  VS = 5.80 V, ILOAD = 25 mA   1.30 V 
SLEEP PIN       

Logic High Input Voltage VH  2.4   V 
Logic High Input Current IH    −8 μA 
Logic Low Input Voltage VL    0.8 V 
Logic Low Input Current IL    −8 μA 

SUPPLY CURRENT  No load   45 μA 
Sleep Mode  No load   15 μA 

 
1 For proper operation, a 1 μF capacitor is required between the output pin and the GND pin of the device. 
2 TCVO is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C. 

TCVO = (VMAX − VMIN)/VO(TMAX − TMIN) 
3 Guaranteed by characterization. 
4 Line and load regulation specifications include the effect of self-heating. 
 

ELECTRICAL CHARACTERISTICS—REF194 @ −40°C ≤ TA ≤ +125°C 
@ VS = 5.0 V, −40°C ≤ TA ≤ +125°C, unless otherwise noted. 

Table 13. 
Parameter Symbol Condition Min Typ Max Unit 
TEMPERATURE COEFFICIENT1, 2 TCVO/°C      

E Grade  IOUT = 0 mA  2  ppm/°C 
G Grade3    10  ppm/°C 

LINE REGULATION4 ΔVO/ΔVIN      
E Grade  4.75 V ≤ VS ≤ 15 V, IOUT = 0 mA  5  ppm/V 
G Grade    10  ppm/V 

LOAD REGULATION ΔVO/ΔVLOAD      
E Grade  VS = 5.80 V, 0 mA ≤ IOUT ≤ 20 mA  5  ppm/mA 
Grade    10  ppm/mA 

DROPOUT VOLTAGE VS − VO VS = 5.10 V, ILOAD = 10 mA   0.60 V 
  VS = 5.95 V, ILOAD = 20 mA   1.45 V 
 
1 For proper operation, a 1 μF capacitor is required between the output pin and the GND pin of the device. 
2 TCVO is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C. 

TCVO = (VMAX − VMIN)/VO(TMAX − TMIN) 
3 Guaranteed by characterization. 
4 Line and load regulation specifications include the effect of self-heating. 



Data Sheet   REF19x Series
 

Rev. L | Page 11 of 28 

ELECTRICAL CHARACTERISTICS—REF195 @ TA = 25°C 
@ VS = 5.10 V, TA = 25°C, unless otherwise noted. 

Table 14. 
Parameter Symbol Condition Min Typ Max Unit 
INITIAL ACCURACY1 VO      

E Grade  IOUT = 0 mA 4.998 5.0 5.002 V 
F Grade   4.995  5.005 V 
G Grade   4.990  5.010 V 

LINE REGULATION2 ΔVO/ΔVIN      
E Grade  5.10 V ≤ VS ≤ 15 V, IOUT = 0 mA  2 4 ppm/V 
F and G Grades    4 8 ppm/V 

LOAD REGULATION2 ΔVO/ΔVLOAD      
E Grade  VS = 6.30 V, 0 mA ≤ IOUT ≤ 30 mA  2 4 ppm/mA 
F and G Grades    4 8 ppm/mA 

DROPOUT VOLTAGE VS − VO VS = 5.50 V, ILOAD = 10 mA   0.50 V 
  VS = 6.30 V, ILOAD = 30 mA   1.30 V 
LONG-TERM STABILITY3 DVO 1000 hours @ 125°C  1.2  mV 
NOISE VOLTAGE eN 0.1 Hz to 10 Hz  50  μV p-p 
 
1 Initial accuracy does not include shift due to solder heat effect (see the Applications Information section). 
2 Line and load regulation specifications include the effect of self-heating. 
3 Long-term stability specification is noncumulative. The drift in subsequent 1000-hour periods is significantly lower than in the first 1000-hour period. 
 
ELECTRICAL CHARACTERISTICS—REF195 @ −40°C ≤ TA ≤ +85°C 
@ VS = 5.15 V, TA = −40°C ≤ TA ≤ +85°C, unless otherwise noted. 

Table 15. 
Parameter Symbol Condition Min Typ Max Unit 
TEMPERATURE COEFFICIENT1, 2 TCVO/°C      

E Grade  IOUT = 0 mA  2 5 ppm/°C 
F Grade    5 10 ppm/°C 
G Grade3    10 25 ppm/°C 

LINE REGULATION4 ΔVO/ΔVIN      
E Grade  5.15 V ≤ VS ≤ 15 V, IOUT = 0 mA  5 10 ppm/V 
F and G Grades    10 20 ppm/V 

LOAD REGULATION4 ΔVO/ΔVLOAD      
E Grade  VS = 6.30 V, 0 mA ≤ IOUT ≤ 25 mA  5 10 ppm/mA 
F and G Grades    10 20 ppm/mA 

DROPOUT VOLTAGE VS − VO VS = 5.50 V, ILOAD = 10 mA   0.50 V 
  VS = 6.30 V, ILOAD = 25 mA   1.30 V 
SLEEP PIN       

Logic High Input Voltage VH  2.4   V 
Logic High Input Current IH    −8 μA 
Logic Low Input Voltage VL    0.8 V 
Logic Low Input Current IL    −8 μA 

SUPPLY CURRENT  No load   45 μA 
Sleep Mode  No load   15 μA 

 
1 For proper operation, a 1 μF capacitor is required between the output pin and the GND pin of the device. 
2 TCVO is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C. 

TCVO = (VMAX − VMIN)/VO(TMAX − TMIN) 
3 Guaranteed by characterization. 
4 Line and load regulation specifications include the effect of self-heating. 
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ELECTRICAL CHARACTERISTICS—REF195 @ −40°C ≤ TA ≤ +125°C 

@ VS = 5.20 V, −40°C ≤ TA ≤ +125°C, unless otherwise noted. 

Table 16. 
Parameter Symbol Condition Min Typ Max Unit 
TEMPERATURE COEFFICIENT1, 2 TCVO/°C      

E Grade  IOUT = 0 mA  2  ppm/°C 
F Grade    5  ppm/°C 
G Grade3    10  ppm/°C 

LINE REGULATION4 ΔVO/ΔVIN      
E Grade  5.20 V ≤ VS ≤ 15 V, IOUT = 0 mA  5  ppm/V 
F and G Grades    10  ppm/V 

LOAD REGULATION4 ΔVO/ΔVLOAD      
E Grade  VS = 6.45 V, 0 mA ≤ IOUT ≤ 20 mA  5  ppm/mA 
F and G Grades    10  ppm/mA 

DROPOUT VOLTAGE VS − VO VS = 5.60 V, ILOAD = 10 mA   0.60 V 

  VS = 6.45 V, ILOAD = 20 mA   1.45 V 
 
1 For proper operation, a 1 μF capacitor is required between the output pin and the GND pin of the device. 
2 TCVO is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C. 

TCVO = (VMAX − VMIN)/VO(TMAX − TMIN) 
3 Guaranteed by characterization. 
4 Line and load regulation specifications include the effect of self-heating. 
 

ELECTRICAL CHARACTERISTICS—REF196 @ TA = 25°C 
@ VS = 3.5 V, TA = 25°C, unless otherwise noted. 

Table 17. 
Parameter Symbol Condition Min Typ Max Unit 
INITIAL ACCURACY1 VO      

G Grade  IOUT = 0 mA 3.290 3.3 3.310 V 
LINE REGULATION2 ΔVO/ΔVIN      

G Grade  3.50 V ≤ VS ≤ 15 V, IOUT = 0 mA  4 8 ppm/V 
LOAD REGULATION2 ΔVO/ΔVLOAD      

G Grade  VS = 5.0 V, 0 mA ≤ IOUT ≤ 30 mA  6 15 ppm/mA 
DROPOUT VOLTAGE VS − VO VS = 4.1 V, ILOAD = 10 mA   0.80 V 
  VS = 4.3 V, ILOAD = 30 mA   1.00 V 
LONG-TERM STABILITY3 DVO 1000 hours @ 125°C  1.2  mV 
NOISE VOLTAGE eN 0.1 Hz to 10 Hz  33  μV p-p 
 
1 Initial accuracy does not include shift due to solder heat effect (see the Applications Information section). 
2 Line and load regulation specifications include the effect of self-heating. 
3 Long-term stability specification is noncumulative. The drift in subsequent 1000-hour periods is significantly lower than in the first 1000-hour period. 
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ELECTRICAL CHARACTERISTICS—REF196 @ −40°C ≤ TA ≤ +85°C 

@ VS = 3.5 V, TA = –40°C ≤ TA ≤ +85°C, unless otherwise noted. 

Table 18. 
Parameter Symbol Condition Min Typ Max Unit 
TEMPERATURE COEFFICIENT1, 2 TCVO/°C      

G Grade3  IOUT = 0 mA  10 25 ppm/°C 
LINE REGULATION4 ΔVO/ΔVIN      

G Grade  3.5 V ≤ VS ≤ 15 V, IOUT = 0 mA  10 20 ppm/V 
LOAD REGULATION4 ΔVO/ΔVLOAD      

G Grade  VS = 5.0 V, 0 mA ≤ IOUT ≤ 25 mA  10 20 ppm/mA 
DROPOUT VOLTAGE VS − VO VS = 4.1 V, ILOAD = 10 mA   0.80 V 
  VS = 4.3 V, ILOAD = 25 mA   1.00 V 

SLEEP PIN       

Logic High Input Voltage VH  2.4   V 
Logic High Input Current IH    −8 μA 
Logic Low Input Voltage VL    0.8 V 
Logic Low Input Current IL    −8 μA 

SUPPLY CURRENT  No load   45 μA 
Sleep Mode  No load   15 μA 

 
1 For proper operation, a 1 μF capacitor is required between the output pin and the GND pin of the device. 
2 TCVO is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C. 

TCVO = (VMAX − VMIN)/V0(TMAX − TMIN) 
3 Guaranteed by characterization. 
4 Line and load regulation specifications include the effect of self-heating. 
 

ELECTRICAL CHARACTERISTICS—REF196 @ −40°C ≤ TA ≤ +125°C 

@ VS = 3.50 V, −40°C ≤ TA ≤ +125°C, unless otherwise noted. 

Table 19. 
Parameter Symbol Condition Min Typ Max Unit 
TEMPERATURE COEFFICIENT1, 2 TCVO/°C      

G Grade3  IOUT = 0 mA  10  ppm/°C 
LINE REGULATION4 ΔVO/ΔVIN      

G Grade  3.50 V ≤ VS ≤ 15 V, IOUT = 0 mA  20  ppm/V 
LOAD REGULATION4 ΔVO/ΔVLOAD      

G Grade  VS = 5.0 V, 0 mA ≤ IOUT ≤ 20 mA  20  ppm/mA 
DROPOUT VOLTAGE VS − VO VS = 4.1 V, ILOAD = 10 mA   0.80 V 
  VS = 4.4 V, ILOAD = 20 mA   1.10 V 
 
1 For proper operation, a 1 μF capacitor is required between the output pin and the GND pin of the device. 
2 TCVO is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C. 

TCVO = (VMAX − VMIN)/VO(TMAX − TMIN) 
3 Guaranteed by characterization. 
4 Line and load regulation specifications include the effect of self-heating. 
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ELECTRICAL CHARACTERISTICS—REF198 @ TA = 25°C 
@ VS = 5.0 V, TA = 25°C, unless otherwise noted. 

Table 20. 
Parameter Symbol Condition Min Typ Max Unit 
INITIAL ACCURACY1 VO      

E Grade  IOUT = 0 mA 4.094 4.096 4.098 V 
F Grade   4.091  4.101 V 
G Grade   4.086  4.106 V 

LINE REGULATION2 ΔVO/ΔVIN      
E Grade  4.5 V ≤ VS ≤ 15 V, IOUT = 0 mA  2 4 ppm/V 
F and G Grades    4 8 ppm/V 

LOAD REGULATION2 ΔVO/ΔVLOAD      
E Grade  VS = 5.4 V, 0 mA ≤ IOUT ≤ 30 mA  2 4 ppm/mA 
F and G Grades    4 8 ppm/mA 

DROPOUT VOLTAGE VS − VO VS = 4.6 V, ILOAD = 10 mA   0.502 V 
  VS = 5.4 V, ILOAD = 30 mA   1.30 V 
LONG-TERM STABILITY3 DVO 1000 hours @ 125°C  1.2  mV 
NOISE VOLTAGE eN 0.1 Hz to 10 Hz  40  μV p-p 
 
1 Initial accuracy does not include shift due to solder heat effect (see the Applications Information section). 
2 Line and load regulation specifications include the effect of self-heating. 
3 Long-term stability specification is noncumulative. The drift in subsequent 1000-hour periods is significantly lower than in the first 1000-hour period. 
 
 

ELECTRICAL CHARACTERISTICS—REF198 @ −40°C ≤ TA ≤ +85°C 
@ VS = 5.0 V, −40°C ≤ TA ≤ +85°C, unless otherwise noted. 

Table 21. 
Parameter Symbol Condition Min Typ Max Unit 
TEMPERATURE COEFFICIENT1, 2 TCVO/°C      

E Grade  IOUT = 0 mA  2 5 ppm/°C 
F Grade    5 10 ppm/°C 
G Grade3    10 25 ppm/°C 

LINE REGULATION4 ΔVO/ΔVIN      
E Grade  4.5 V ≤ VS ≤ 15 V, IOUT = 0 mA  5 10 ppm/V 
F and G Grades    10 20 ppm/V 

LOAD REGULATION4 ΔVO/ΔVLOAD      
E Grade  VS = 5.4 V, 0 mA ≤ IOUT ≤ 25 mA  5 10 ppm/mA 
F and G Grades    10 20 ppm/mA 

DROPOUT VOLTAGE VS − VO VS = 4.6 V, ILOAD = 10 mA   0.502 V 
  VS = 5.4 V, ILOAD = 25 mA   1.30 V 

SLEEP PIN       

Logic High Input Voltage VH  2.4   V 
Logic High Input Current IH    −8 μA 
Logic Low Input Voltage VL    0.8 V 
Logic Low Input Current IL    −8 μA 

SUPPLY CURRENT  No load   45 μA 
Sleep Mode  No load   15 μA 

 
1 For proper operation, a 1 μF capacitor is required between the output pin and the GND pin of the device. 
2 TCVO is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C. 

TCVO = (VMAX − VMIN)/VO(TMAX − TMIN) 
3 Guaranteed by characterization. 
4 Line and load regulation specifications include the effect of self-heating. 
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ELECTRICAL CHARACTERISTICS—REF198 @ −40°C ≤ TA ≤ +125°C 

@ VS = 5.0 V, −40°C ≤ TA ≤ +125°C, unless otherwise noted. 

Table 22. 
Parameter Symbol Condition Min Typ Max Unit 
TEMPERATURE COEFFICIENT1, 2 TCVO/°C      

E Grade  IOUT = 0 mA  2  ppm/°C 
F Grade    5  ppm/°C 
G Grade3    10  ppm/°C 

LINE REGULATION4 ΔVO/ΔVIN      
E Grade  4.5 V ≤ VS ≤ 15 V, IOUT = 0 mA  5  ppm/V 
F and G Grades    10  ppm/V 

LOAD REGULATION4 ΔVO/ΔVLOAD      
E Grade  VS = 5.6 V, 0 mA ≤ IOUT ≤ 20 mA  5  ppm/mA 
F and G Grades    10  ppm/mA 

DROPOUT VOLTAGE VS − VO VS = 4.7 V, ILOAD = 10 mA   0.60 V 
  VS = 5.6 V, ILOAD = 20 mA   1.50 V 
 
1 For proper operation, a 1 μF capacitor is required between the output pin and the GND pin of the device. 
2 TCVO is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C. 

TCVO = (VMAX − VMIN)/VO(TMAX − TMIN) 
3 Guaranteed by characterization. 
4 Line and load regulation specifications include the effect of self-heating. 
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ABSOLUTE MAXIMUM RATINGS 
Table 23. 
Parameter Rating 
Supply Voltage −0.3 V to +18 V 
Output to GND −0.3 V to VS + 0.3 V 
Output to GND Short-Circuit Duration Indefinite 
Storage Temperature Range  

PDIP, SOIC Package −65°C to +150°C 
Operating Temperature Range  

REF19x −40°C to +125°C 
Junction Temperature Range  

PDIP, SOIC Package −65°C to +150°C 
Lead Temperature (Soldering 60 sec) 300°C 

Stresses above those listed under Absolute Maximum Ratings 
may cause permanent damage to the device. This is a stress 
rating only; functional operation of the device at these or any 
other conditions above those indicated in the operational 
section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 

THERMAL RESISTANCE 
θJA is specified for worst-case conditions; that is, θJA is specified 
for the device in socket for PDIP and is specified for the device 
soldered in the circuit board for the SOIC and TSSOP packages. 

Table 24. 
Package Type θJA θJC Unit 
8-Lead PDIP (N) 103 43 °C/W 
8-Lead SOIC (R) 158 43 °C/W 
8-Lead TSSOP (RU) 240 43 °C/W 
 

ESD CAUTION 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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Figure 3. REF195 Output Voltage vs. Temperature 
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Figure 4. REF195 Load Regulator vs. ILOAD 
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Figure 5. REF195 Line Regulator vs. VIN 
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Figure 6. TCVOUT Distribution  
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Figure 7. Supply Current vs. Temperature 
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Figure 8. SLEEP Pin Current vs. Temperature 
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Figure 9. Ripple Rejection vs. Frequency 
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Figure 10. Ripple Rejection vs. Frequency Measurement Circuit 
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Figure 11. Output Impedance vs. Frequency 
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Figure 12. Load Transient Response 
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Figure 13. Load Transient Response Measurement Circuit 
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Figure 14. Power-On Response Time 
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Figure 15. Power-On Response Time Measurement Circuit 
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Figure 16. SLEEP Response Time Figure 18. Line Transient Response 
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Figure 17. SLEEP Response Time Measurement Circuit 

Figure 19. Load Current vs. REF195 Dropout Voltage 
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APPLICATIONS INFORMATION 
OUTPUT SHORT-CIRCUIT BEHAVIOR 
The REF19x family of devices is totally protected from damage 
due to accidental output shorts to GND or to VS. In the event of 
an accidental short-circuit condition, the reference device shuts 
down and limits its supply current to 40 mA. 

VS

OUTPUT

SLEEP (SHUTDOWN)

GND 00
37

1-
02

0

 
Figure 20. Simplified Schematic 

DEVICE POWER DISSIPATION CONSIDERATIONS 
The REF19x family of references is capable of delivering load 
currents to 30 mA with an input voltage that ranges from 3.3 V 
to 15 V. When these devices are used in applications with large 
input voltages, exercise care to avoid exceeding the maximum 
internal power dissipation of these devices. Exceeding the 
published specifications for maximum power dissipation or 
junction temperature can result in premature device failure.  
The following formula should be used to calculate the maximum 
junction temperature or dissipation of the device: 

JA

AJ
D

TT
P

θ
−

=  

where TJ and TA are the junction and ambient temperatures, 
respectively; PD is the device power dissipation; and θJA is the 
device package thermal resistance. 

OUTPUT VOLTAGE BYPASSING 
For stable operation, low dropout voltage regulators and references 
generally require a bypass capacitor connected from their VOUT 
pins to their GND pins. Although the REF19x family of references is 
capable of stable operation with capacitive loads exceeding 100 μF, 
a 1 μF capacitor is sufficient to guarantee rated performance. 
The addition of a 0.1 μF ceramic capacitor in parallel with the 
bypass capacitor improves load current transient performance. 
For best line voltage transient performance, it is recommended 
that the voltage inputs of these devices be bypassed with a 10 μF 
electrolytic capacitor in parallel with a 0.1 μF ceramic capacitor. 

 

 

SLEEP MODE OPERATION 
All REF19x devices include a sleep capability that is TTL/CMOS-
level compatible. Internally, a pull-up current source to VS is 
connected at the SLEEP pin. This permits the SLEEP pin to be 
driven from an open collector/drain driver. A logic low or a 0 V 
condition on the SLEEP pin is required to turn off the output 
stage. During sleep, the output of the references becomes a high 
impedance state where its potential would then be determined 
by external circuitry. If the sleep feature is not used, it is 
recommended that the SLEEP pin be connected to VS (Pin 2). 

BASIC VOLTAGE REFERENCE CONNECTIONS 
The circuit in Figure 21 illustrates the basic configuration for 
the REF19x family of references. Note the 10 μF/0.1 μF bypass 
network on the input and the 1 μF/0.1 μF bypass network on 
the output. It is recommended that no connections be made to 
Pin 1, Pin 5, Pin 7, and Pin 8. If the sleep feature is not required, 
Pin 3 should be connected to VS. 
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Figure 21. Basic Voltage Reference Connections 

MEMBRANE SWITCH-CONTROLLED POWER SUPPLY 
With output load currents in the tens of mA, the REF19x family of 
references can operate as a low dropout power supply in hand-held 
instrument applications. In the circuit shown in Figure 22, a 
membrane on/off switch is used to control the operation of the 
reference. During an initial power-on condition, the SLEEP pin is 
held to GND by the 10 kΩ resistor. Recall that this condition (read: 
three-state) disables the REF19x output. When the membrane on 
switch is pressed, the SLEEP pin is momentarily pulled to VS, 
enabling the REF19x output. At this point, current through the 10 kΩ 
resistor is reduced and the internal current source connected to the 
SLEEP pin takes control. Pin 3 assumes and remains at the same 
potential as VS. When the membrane off switch is pressed, the 
SLEEP pin is momentarily connected to GND, which once 
again disables the REF19x output. 
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Figure 22. Membrane Switch Controlled Power Supply 
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Figure 23. Classification Profile (Not to Scale) 

SOLDER HEAT EFFECT 
The mechanical stress and heat effect of soldering a part to a 
PCB can cause output voltage of a reference to shift in value. 
The output voltage of REF195 shifts after the part undergoes the 
extreme heat of a lead-free soldering profile, like the one shown 
in Figure 23. The materials that make up a semiconductor device 
and its package have different rates of expansion and contraction. 
The stress on the dice has changed position, causing shift on the 
output voltage, after exposed to extreme soldering temperatures. 
This shift is similar but more severe than thermal hysteresis. 

Typical result of soldering temperature effect on REF19x output 
value shift is shown in Figure 24. It shows the output shift due 
to soldering and does not include mechanical stress. 
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Figure 24. Output Shift due to Solder Heat Effect 

CURRENT-BOOSTED REFERENCES WITH CURRENT 
LIMITING 
Whereas the 30 mA rated output current of the REF19x series is 
higher than is typical of other reference ICs, it can be boosted to 
higher levels, if desired, with the addition of a simple external 
PNP transistor, as shown in Figure 25. Full-time current limiting is 
used to protect the pass transistor against shorts. 
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Figure 25. Boosted 3.3 V Referenced with Current Limiting 

In this circuit, the power supply current of reference U1 flowing 
through R1 to R2 develops a base drive for Q1, whose collector 
provides the bulk of the output current. With a typical gain of 100 
in Q1 for 100 mA to 200 mA loads, U1 is never required to furnish 
more than a few mA, so this factor minimizes temperature-related 
drift. Short-circuit protection is provided by Q2, which clamps 
the drive to Q1 at about 300 mA of load current, with values as 
shown in Figure 25. With this separation of control and power 
functions, dc stability is optimum, allowing most advantageous 
use of premium grade REF19x devices for U1. Of course, load 
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management should still be exercised. A short, heavy, low dc 
resistance (DCR) conductor should be used from U1 to 6 to the VOUT 
Sense Point S, where the collector of Q1 connects to the load, Point F. 

Because of the current limiting configuration, the dropout voltage 
circuit is raised about 1.1 V over that of the REF19x devices, due to 
the VBE of Q1 and the drop across Current Sense Resistor R4. 
However, overall dropout is typically still low enough to allow 
operation of a 5 V to 3.3 V regulator/reference using the REF196 for 
U1 as noted, with a VS as low as 4.5 V and a load current of 150 mA. 

The requirement for a heat sink on Q1 depends on the maximum 
input voltage and short-circuit current. With VS = 5 V and a 
300 mA current limit, the worst-case dissipation of Q1 is 1.5 W, 
less than the TO-220 package 2 W limit. However, if smaller TO-39 
or TO-5 package devices, such as the 2N4033, are used, the current 
limit should be reduced to keep maximum dissipation below 
the package rating. This is accomplished by simply raising R4. 

A tantalum output capacitor is used at C1 for its low equivalent 
series resistance (ESR), and the higher value is required for stability. 
Capacitor C2 provides input bypassing and can be an ordinary 
electrolytic. 

Shutdown control of the booster stage is an option, and when used, 
some cautions are needed. Due to the additional active devices 
in the VS line to U1, a direct drive to Pin 3 does not work as with an 
unbuffered REF19x device. To enable shutdown control, the 
connection from U1 to Q2 is broken at the X, and Diode D1 
then allows a CMOS control source, VC, to drive U1 to 3 for on/off 
operation. Startup from shutdown is not as clean under heavy 
load as it is in basic REF19x series, and can require several 
milliseconds under load. Nevertheless, it is still effective and 
can fully control 150 mA loads. When shutdown control is 
used, heavy capacitive loads should be minimized. 

NEGATIVE PRECISION REFERENCE WITHOUT 
PRECISION RESISTORS 
In many current-output CMOS DAC applications where the output 
signal voltage must be the same polarity as the reference voltage, it 
is often necessary to reconfigure a current-switching DAC into 
a voltage-switching DAC using a 1.25 V reference, an op amp, 
and a pair of resistors. Using a current-switching DAC directly 
requires an additional operational amplifier at the output to 
reinvert the signal. A negative voltage reference is then desirable 
because an additional operational amplifier is not required for 
either reinversion (current-switching mode) or amplification 
(voltage-switching mode) of the DAC output voltage. In general, 
any positive voltage reference can be converted into a negative 
voltage reference using an operational amplifier and a pair of 
matched resistors in an inverting configuration. The disadvantage 
to this approach is that the largest single source of error in the 
circuit is the relative matching of the resistors used. 
The circuit illustrated in Figure 26 avoids the need for tightly 
matched resistors by using an active integrator circuit. In this 
circuit, the output of the voltage reference provides the input 
drive for the integrator. To maintain circuit equilibrium, the 

integrator adjusts its output to establish the proper relationship 
between the VOUT and GND references. Thus, any desired negative 
output voltage can be selected by substituting for the appropriate 
reference IC. The sleep feature is maintained in the circuit with 
the simple addition of a PNP transistor and a 10 kΩ resistor. 
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Figure 26. Negative Precision Voltage Reference Uses No Precision Resistors 

One caveat to this approach is that although rail-to-rail output 
amplifiers work best in the application, these operational amplifiers 
require a finite amount (mV) of headroom when required to provide 
any load current; consider this issue when choosing the negative 
supply for the circuit. 

STACKING REFERENCE ICs FOR ARBITRARY 
OUTPUTS 
Some applications may require two reference voltage sources that 
are a combined sum of standard outputs. The circuit in Figure 27 
shows how this stacked output reference can be implemented. 
Two reference ICs are used, fed from a common unregulated input, 
VS. The outputs of the individual ICs are connected in series, as 
shown in Figure 27, which provide two output voltages, VOUT1 and 
VOUT2. VOUT1 is the terminal voltage of U1, whereas VOUT2 is the 
sum of this voltage and the terminal voltage of U2. U1 and U2 
are chosen for the two voltages that supply the required outputs 
(see Table 1). If, for example, both U1 and U2 are REF192s, the 
two outputs are 2.5 V and 5.0 V. 
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Figure 27. Stacking Voltage References with the REF19x 
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Although this concept is simple, some cautions are needed. Because 
the lower reference circuit must sink a small bias current from U2 
(50 μA to 100 μA), plus the base current from the series PNP output 
transistor in U2, either the external load of U1 or R1 must provide 
a path for this current. If the U1 minimum load is not well defined, 
Resistor R1 should be used, set to a value that conservatively passes 
600 μA of current with the applicable VOUT1 across it. Note that the 
two U1 and U2 reference circuits are locally treated as macrocells, 
each having its own bypasses at input and output for best stability. 
Both U1 and U2 in this circuit can source dc currents up to 
their full rating. The minimum input voltage, VS, is determined by 
the sum of the outputs, VOUT2, plus the dropout voltage of U2. 
A related variation on stacking two 3-terminal references is shown 
in Figure 28, where U1, a REF192, is stacked with a 2-terminal 
reference diode, such as the AD589. Like the 3-terminal stacked 
reference shown in Figure 27, this circuit provides two outputs, 
VOUT1 and VOUT2, which are the individual terminal voltages of D1 
and U1, respectively. Here this is 1.235 V and 2.5 V, which provides a 
VOUT2 of 3.735 V. When using 2-terminal reference diodes, such as 
D1, the rated minimum and maximum device currents must be 
observed, and the maximum load current from VOUT1 can be no 
greater than the current setup by R1 and VO (U1). When VO 
(U1) is equal to 2.5 V, R1 provides a 500 μA bias to D1, so the 
maximum load current available at VOUT1 is 450 μA or less. 
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Figure 28. Stacking Voltage References with the REF192 

PRECISION CURRENT SOURCE 
In low power applications, the need often arises for a precision 
current source that can operate on low supply voltages. As 
shown in Figure 29, any one of the devices in the REF19x family 
of references can be configured as a precision current source. 
The circuit configuration illustrated is a floating current source 
with a grounded load. The output voltage of the reference is 
bootstrapped across RSET, which sets the output current into the 
load. With this configuration, circuit precision is maintained for 
load currents in the range from the reference’s supply current 
(typically 30 μA) to approximately 30 mA. The low dropout 
voltage of these devices maximizes the current source’s output 
voltage compliance without excess headroom. 
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Figure 29. A Low Dropout, Precision Current Source 

SWITCHED OUTPUT 5 V/3.3 V REFERENCE 
Applications often require digital control of reference voltages, 
selecting between one stable voltage and a second. With the 
sleep feature inherent to the REF19x series, switched output 
reference configurations are easily implemented with little 
additional hardware. 

The circuit in Figure 30 shows the general technique, which takes 
advantage of the output wire-OR capability of the REF19x device 
family. When off, a REF19x device is effectively an open circuit 
at the output node with respect to the power supply. When on, a 
REF19x device can source current up to its current rating, but 
sink only a few μA (essentially, just the relatively low current of the 
internal output scaling divider). Consequently, when two devices 
are wired together at their common outputs, the output voltage 
is the same as the output voltage for the on device. The off state 
device draws a small standby current of 15 μA (maximum), but 
otherwise does not interfere with operation of the on device, which 
can operate to its full current rating. Note that the two devices in 
the circuit conveniently share both input and output capacitors, 
and with CMOS logic drive, it is power efficient. 
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Figure 30. Switched Output Reference 
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Using dissimilar REF19x series devices with this configuration 
allows logic selection between the U1/U2-specified terminal 
voltages. For example, with U1 (a REF195) and U2 (a REF196), 
as noted in the table in Figure 30, changing the CMOS-compatible 
VC logic control voltage from high to low selects between a nominal 
output of 5.0 V and 3.3 V, and vice versa. Other REF19x family 
units can also be used for U1/U2, with similar operation in a 
logic sense, but with outputs as per the individual paired devices 
(see the table in Figure 30). Of course, the exact output voltage 
tolerance, drift, and overall quality of the reference voltage is 
consistent with the grade of individual U1 and U2 devices. 

Figure 31. Low Dropout, Kelvin-Connected Voltage Reference 

FAIL-SAFE 5 V REFERENCE 
Some critical applications require a reference voltage to be 
maintained at a constant voltage, even with a loss of primary 
power. The low standby power of the REF19x series and the 
switched output capability allow a fail-safe reference con-
figuration to be implemented rather easily. This reference 
maintains a tight output voltage tolerance for either a primary 
power source (ac line derived) or a standby (battery derived) 
power source, automatically switching between the two as the 
power conditions change. 

Due to the nature of the wire-OR, one application caveat should 
be understood about this circuit. Because U1 and U2 can only 
source current effectively, negative going output voltage changes, 
which require the sinking of current, necessarily take longer than 
positive going changes. In practice, this means that the circuit is 
quite fast when undergoing a transition from 3.3 V to 5 V, but the 
transition from 5 V to 3.3 V takes longer. Exactly how much 
longer is a function of the load resistance, RL, seen at the output and 
the typical 1 μF value of C2. In general, a conservative transition 
time is approximately several milliseconds for load resistances 
in the range of 100 Ω to 1 kΩ. Note that for highest accuracy at 
the new output voltage, several time constants should be allowed 
(for example, >7.6 time constants for <1/2 LSB error @ 10 bits). 

The circuit in Figure 32 illustrates this concept, which borrows 
from the switched output idea of Figure 30, again using the 
REF19x device family output wire-OR capability. In this case, 
because a constant 5 V reference voltage is desired for all condi-
tions, two REF195 devices are used for U1 and U2, with their 
on/off switching controlled by the presence or absence of the 
primary dc supply source, VS. VBAT is a 6 V battery backup 
source that supplies power to the load only when VS fails. For 
normal (VS present) power conditions, VBAT sees only the 15 μA 
(maximum) standby current drain of U1 in its off state. 

KELVIN CONNECTIONS 
In many portable applications where the PCB cost and area go 
hand-in-hand, circuit interconnects are very often narrow. These 
narrow lines can cause large voltage drops if the voltage reference is 
required to provide load currents to various functions. The inter-
connections of a circuit can exhibit a typical line resistance of 
0.45 mΩ/square (for example, 1 oz. Cu). 

In operation, it is assumed that for all conditions, either U1 or 
U2 is on, and a 5 V reference output is available. With this 
voltage constant, a scaled down version is applied to the 
Comparator IC U3, providing a fixed 0.5 V input to the negative 
input for all power conditions. The R1 to R2 divider provides a 
signal to the U3 positive input proportionally to VS, which 
switches U3 and U1/U2, dependent upon the absolute level of 
VS. In Figure 32, Op Amp U3 is configured as a comparator 
with hysteresis, which provides clean, noise-free output 
switching. This hysteresis is important to eliminate rapid 
switching at the threshold due to VS ripple. Furthermore, the 
device chosen is the AD820, a rail-to-rail output device. This 
device provides high and low output states within a few mV of 
VS, ground for accurate thresholds, and compatible drive for U2 
for all VS conditions. R3 provides positive feedback for circuit 
hysteresis, changing the threshold at the positive input as a 
function of the output of U3. 

In applications where these devices are configured as low dropout 
voltage regulators, these wiring voltage drops can become a large 
source of error. To circumvent this problem, force and sense 
connections can be made to the reference through the use of an 
operational amplifier, as shown in Figure 31. This method provides 
a means by which the effects of wiring resistance voltage drops can 
be eliminated. Load currents flowing through wiring resistance 
produce an I-R error (ILOAD × RWIRE) at the load. However, the 
Kelvin connection overcomes the problem by including the 
wiring resistance within the forcing loop of the op amp. Because 
the op amp senses the load voltage, op amp loop control forces 
the output to compensate for the wiring error and to produce 
the correct voltage at the load. Depending on the reference 
device chosen, operational amplifiers that can be used in this 
application are the OP295, OP292, and OP183.  
 

www.analog.com/OP295
www.analog.com/OP292
www.analog.com/OP183
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Figure 32. Fail-Safe 5 V Reference  

For VS levels lower than the lower threshold, the output of U3 is 
low, thus U2 and Q1 are off and U1 is on. For VS levels higher 
than the upper threshold, the situation reverses, with U1 off and 
both U2 and Q1 on. In the interest of battery power conserva-
tion, all of the comparison switching circuitry is powered from 
VS and is arranged so that when VS fails, the default output 
comes from U1. 

For the R1 to R3 values, as shown in Figure 32, lower/upper VS 
switching thresholds are approximately 5.5 V and 6 V, respec-
tively. These can be changed to suit other VS supplies, as can the 
REF19x devices used for U1 and U2, over a range of 2.5 V to 
5 V of output. U3 can operate down to a VS of 3.3 V, which is 
generally compatible with all REF19x family devices. 

LOW POWER, STRAIN GAGE CIRCUIT 
As shown in Figure 33, the REF19x family of references can be 
used in conjunction with low supply voltage operational ampli-
fiers, such as the OP492 or the OP747, in a self-contained strain 
gage circuit in which the REF195 is used as the core. Other 
references can be easily accommodated by changing circuit 
element values. The references play a dual role, first as the 
voltage regulator to provide the supply voltage requirements of 
the strain gage and the operational amplifiers, and second as a 
precision voltage reference for the current source used to 
stimulate the bridge. A distinct feature of the circuit is that it 
can be remotely controlled on or off by digital means via 
the SLEEP pin. 
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Figure 33. Low Power, Strain Gage Circuit 
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OUTLINE DIMENSIONS 
 

COMPLIANT TO JEDEC STANDARDS MS-001
CONTROLLING DIMENSIONS ARE IN INCHES; MILLIMETER DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF INCH EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.
CORNER LEADS MAY BE CONFIGURED AS WHOLE OR HALF LEADS. 07
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Figure 34. 8-Lead Plastic Dual In-Line Package [PDIP] 

P-Suffix (N-8) 
Dimensions shown in inches and (millimeters) 
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COMPLIANT TO JEDEC STANDARDS MO-153-AA  
Figure 35. 8-Lead Thin Shrink Small Outline Package [TSSOP] 

(RU-8) 
Dimensions shown in millimeters 

CONTROLLING DIMENSIONS ARE IN MILLIMETERS; INCH DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF MILLIMETER EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.
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Figure 36. 8-Lead Standard Small Outline Package [SOIC_N] 
Narrow Body 
S-Suffix (R-8) 
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ORDERING GUIDE 
Model1 Temperature Range Package Description Package Option Ordering Quantity 
REF191ES −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF191ES-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF191ESZ −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF191ESZ-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF191GS −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF191GS-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF191GSZ −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF191GSZ-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF192ES −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF192ES-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF192ES-REEL7 −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000 
REF192ESZ −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF192ESZ-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF192ESZ-REEL7 −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000 
REF192FS −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF192FS-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF192FS-REEL7 −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000 
REF192FSZ −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF192FSZ-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF192FSZ-REEL7 −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000 
REF192GPZ −40°C to +85°C 8-Lead PDIP P-Suffix (N-8)  
REF192GRUZ −40°C to +85°C 8-Lead TSSOP RU-8  
REF192GRUZ-REEL7 −40°C to +85°C 8-Lead TSSOP RU-8 1,000 
REF192GS −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF192GS-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF192GS-REEL7 −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000 
REF192GSZ −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF192GSZ-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF192GSZ-REEL7 −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000 
REF193GSZ −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF193GSZ-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF194ES −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF194ESZ −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF194ESZ-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF194GS-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF194GS-REEL7 −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000 
REF194GSZ −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF194GSZ-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF194GSZ-REEL7 −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000 
REF195ES −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF195ES-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF195ESZ −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF195ESZ-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF195FS −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF195FS-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF195FSZ −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF195FSZ-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF195GPZ −40°C to +85°C 8-Lead PDIP P-Suffix (N-8)  
REF195GRU-REEL7 −40°C to +85°C 8-Lead TSSOP RU-8 1,000 
REF195GRUZ −40°C to +85°C 8-Lead TSSOP RU-8  
REF195GRUZ-REEL7 −40°C to +85°C 8-Lead TSSOP RU-8 1,000 
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Model1 Temperature Range Package Description Package Option Ordering Quantity 
REF195GS −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF195GS-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF195GS-REEL7 −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000 
REF195GSZ −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF195GSZ-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF195GSZ-REEL7 −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000 
REF196GRUZ-REEL7 −40°C to +85°C 8-Lead TSSOP RU-8 1,000 
REF196GSZ −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF196GSZ-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF196GSZ-REEL7 −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000 
REF198ES −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF198ES-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF198ESZ −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF198ESZ-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF198ESZ-REEL7 −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000 
REF198FS-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF198FSZ −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF198FSZ-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF198GRUZ −40°C to +85°C 8-Lead TSSOP RU-8  
REF198GRUZ-REEL7 −40°C to +85°C 8-Lead TSSOP RU-8 2,500 
REF198GS −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF198GS-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
REF198GSZ −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)  
REF198GSZ-REEL −40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500 
 
1 Z = RoHS Compliant Part. 
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