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2- On considÃ¨re Z' un nombre signÃ© en complÃ©ment Ã  2 exprimÃ© sur 4 bits ; ... 3- Reprenons la figure 8 (p5 datasheet) et Vout n'est plus rebouclÃ© sur la broche (16) .... Î¸JA is measured with the component mounted on a low effective thermal conductivity test board in free air. ..... In case of conflict between English and. 
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TD CAN / CNA



TD n°1 : TD sur la conversion NA pour des nombres signés : 1- Rappeler la définition des nombres en compléments à 2. ? Effectuer les opérations suivantes 3+5 en nombres non signés et 3-5 en nombres signés ? En déduire l’intérêt du complément à 2? 2- On considère Z’ un nombre signé en complément à 2 exprimé sur 4 bits ; Représenter Z’ et donner son équivalent décimal ? Comment transformer cette représentation d’un nombre Z’ en une représentation d’un nombre Z non signée en effectuant une translation ? 3- Nous disposons maintenant d’un nombre positif Z’ non signé sur 4 bits que l’on converti à l’aide d’un convertisseur en échelle et l’on obtient une tension en sortie z' continue U O = VREF ⋅ . 16 Rappeler l’équation de Q (quantum) ? Donner l’équivalent analogique U O en fonction de Q pour les différentes valeurs de Z’ ? En déduire les valeurs extrêmes de U O ? Donner l’équation de U OMAX dans le cas général en fonction de n (nombres de bits) et Q (quantum) ?



TD n°2 : TD CNA basé sur le CI AD7520 (cf doc constructeur): Analyse du CI AD7520 : 1- Schéma p3 du datasheet : Donner l’expression des courants Iout1 et Iout2 en fonction des entrées numériques Bit1(MSB), Bit2, …, Bit10(LSB), de Vref et de R. (les broches (1) et (2) sont à la masse et la broche (16) en l’air).



Applications : 2- Figure 8 (p5 datasheet) : Donner Vout en fonction de Rfeedback et de Iout1 ? Quel est le code correspondant à cette configuration ? Valeur pleine échelle PE et du Quantum ? 3- Reprenons la figure 8 (p5 datasheet) et Vout n’est plus rebouclé sur la broche (16) mais sur Vref broche (15) et une tension analogique Ve attaque la broche (16).



Intervenants : Camps T. / Leymarie H. et Périssé T.



TD CAN / CNA Donner la relation entre Vout, Ve et les entrées numériques ? 4- Figure 9 (p6 datasheet) : Quel est le code correspondant à cette configuration de câblage ? Expliquer le rôle des différents éléments. ?



TD n°3 : TD CNA basé sur le CI DAC0800 (cf doc constructeur): Analyse du CI DAC0800 : 1- A l’aide de la figure 7 du datasheet ; Donner l’expression de la tension de sortie E 0 en fonction de I ref , R0 , V0 et de la valeur numérique N présente sur les entrées du CNA. Applications : 2- Calculer Rref pour avoir I ref =2Ma ? ( Vref =15v.) Proposer un schéma complet de câblage complet (CNA + composants externes) d’un convertisseur dont la tension de sortie varie entre -5v et +5v. 3- Tracer la caractéristique théorique E 0 =f(N). E 0 n’est pas symétrique / à 0 . Proposer un montage permettant d’avoir une symétrie en sortie. 4- Calculer la valeur de la résolution du CNA ? 5- Donner le temps de conversion ? Le temps de propagation ?



Bibliographie : -



Principes de conversions Jean-Paul Troadec Dunod Acquisition de données Georges Asch Dunod Traitement des signaux et acquisition de données (cours et exercices résolus) Francis Cottet Dunod. Techniques de l’ingénieur Claude Prévot E370, E371, E372. Datasheet des composants étudiés AD7520 et DAC0800.



Intervenants : Camps T. / Leymarie H. et Périssé T.



TD CAN / CNA



TD n°4 : TD CAN à intégration numérique :



La figure ci-dessous donne le schéma d’un convertisseur numérique-analogique R-2R de n bits. Les interrupteurs sont représentés pour les entrées numériques a1, a2,…, an à l’état bas. R
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a   a1 a 2 1- Montrer que VS = Vref *  + 2 + .... + nn  ? 2  2 2 2- On donne n=8 et Vref =10 V. Quelle est la valeur de la pleine échelle PE ? du quantum Q ? Représenter schématiquement la caractéristique de transfert du convertisseur ? 3- Le convertisseur R-2R précédent constitue la chaîne de retour d’un convertisseur analogique-numérique selon la figure ci-dessous. Le signal d’horloge H est un signal carré de période T. Le compteur (8 bits) travaille en code binaire naturel, il commute sur les fronts négatifs des créneaux appliqués à son entrée d’horloge, sa remise à zéro est active au niveau haut. Le monostable qui déclanche sur front positif délivre une brève impulsion qui remet à zéro les bascules D. La conversion débute lorsqu’une brève impulsion est appliquée sur l’entrée OC. On suppose que la tension à convertir Ve est constante et positive.



Intervenants : Camps T. / Leymarie H. et Périssé T.



TD CAN / CNA
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3- 1 En supposant qu’initialement Q1=Q2=0. Représenter graphiquement l’évolution, à partir du moment où un ordre de conversion OC est donné, des signaux H, Q1, Q2, H’ ,Ve et Vs (ces 2 derniers dans le même système d’axes), et des signaux en sortie du comparateur et du monostable. 3- 2 On désigne par N l’état du compteur lorsque la sortie du comparateur passe à 1. Pour quel intervalle de valeur de Ve cet état est-il obtenu ? En déduire le quantum Q’ du CAN proposé ? Quelle est la valeur maximale de Ve qui peut être convertie ? Représenter schématiquement la caractéristique de transfert du CAN ? Que faudrait-il faire pour obtenir la caractéristique de transfert classique d’un CAN ? 4- Dans le CAN ci-dessus, on suppose maintenant que la tension Ve varie lentement durant la conversion, tout en restant dans les limites de fonctionnement du convertisseur. Donner, en fonction de la période T de l’horloge H, la vitesse maximale admissible de variation de Ve si on veut limiter à ½ LSB l’incertitude correspondante sur le résultat de la conversion ?



Intervenants : Camps T. / Leymarie H. et Périssé T.



TD CAN / CNA Pb n°5 : TD CAN double rampe :



Intervenants : Camps T. / Leymarie H. et Périssé T.



TD CAN / CNA



Intervenants : Camps T. / Leymarie H. et Périssé T.



TD CAN / CNA



TD n°6 : TD CAN delta-sigma :



Intervenants : Camps T. / Leymarie H. et Périssé T.
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Bibliographie : -



Principes de conversions Jean-Paul Troadec Dunod Acquisition de données Georges Asch Dunod Traitement des signaux et acquisition de données (cours et exercices résolus) Francis Cottet Dunod. Techniques de l’ingénieur Claude Prévot E370, E371, E372. Datasheet des composants étudiés AD7520 et DAC0800.
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AD7520, AD7521



®



Data Sheet



August 2002



FN3104.4



10-Bit, 12-Bit, Multiplying D/A Converters



Features



The AD7520 and AD7521 are monolithic, high accuracy, low cost 10-bit and 12-bit resolution, multiplying digital-to-analog converters (DAC). Intersil’s thin-film on CMOS processing gives up to 10-bit accuracy with TTL/CMOS compatible operation. Digital inputs are fully protected against static discharge by diodes to ground and positive supply.



• AD7520, 10-Bit Resolution; 8-Bit Linearity



Typical applications include digital/analog interfacing, multiplication and division, programmable power supplies, CRT character generation, digitally controlled gain circuits, integrators and attenuators, etc.



• AD7521, 12-Bit Resolution; 10-Bit Linearity • Low Power Dissipation (Max). . . . . . . . . . . . . . . . . 20mW • Low Nonlinearity Tempco at 2ppm of FSR/oC • Current Settling Time to 0.05% of FSR . . . . . . . . . . 1.0µs • Supply Voltage Range . . . . . . . . . . . . . . . . . ±5V to +15V • TTL/CMOS Compatible • Full Input Static Protection



Ordering Information LINEARITY (INL, DNL)



TEMP. RANGE (oC)



PACKAGE



AD7520JN



0.2% (8-Bit)



0 to 70



16 Ld PDIP E16.3



AD7521LN



0.05% (10Bit)



0 to 70



18 Ld PDIP E18.3



PART NUMBER



PKG. NO.



Pinouts AD7520 (PDIP) TOP VIEW



AD7521 (PDIP) TOP VIEW



IOUT1 1



16 RFEEDBACK



IOUT2 2



15 VREF 14 V+



GND 3



13 BIT 10 (LSB)



BIT 1 (MSB) 4 BIT 2 5



12 BIT 9



BIT 3 6



11 BIT 8



BIT 4 7



10 BIT 7



BIT 5 8



9 BIT 6



1



IOUT1



1



18 RFEEDBACK



IOUT2



2



17 VREF



GND



3



16 V+



BIT 1 (MSB)



4



15 BIT 12 (LSB)



BIT 2



5



14 BIT 11



BIT 3



6



13 BIT 10



BIT 4



7



12 BIT 9



BIT 5



8



11 BIT 8



BIT 6



9



10 BIT 7



CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures. 1-888-INTERSIL or 321-724-7143 | Intersil (and design) is a registered trademark of Intersil Americas Inc. Copyright © Intersil Americas Inc. 2002. All Rights Reserved



AD7520, AD7521 Absolute Maximum Ratings



Thermal Information



Supply Voltage (V+ to GND) . . . . . . . . . . . . . . . . . . . . . . . . . . .+17V VREF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ±25V Digital Input Voltage Range . . . . . . . . . . . . . . . . . . . . . . . V+ to GND Output Voltage Compliance . . . . . . . . . . . . . . . . . . . . . -100mV to V+



Thermal Resistance (Typical, Note 1) θJA (oC/W) 16 Ld PDIP Package 90 18 Ld PDIP Package



θJC (oC/W) N/A



80



N/A



Maximum Junction Temperature (Plastic Packages) . . . . . . .150oC Maximum Storage Temperature Range . . . . . . . . . . -65oC to 150oC Maximum Lead Temperature (Soldering 10s) . . . . . . . . . . . . .300oC



Operating Conditions Temperature Ranges JN, LN Versions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0oC to 70oC



CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. The digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high energy electrostatic fields. Keep unused units in conductive foam at all times. Do not apply voltages higher than VDD or less than GND potential on any terminal except VREF and RFEEDBACK.



1. θJA is measured with the component mounted on a low effective thermal conductivity test board in free air. See Tech Brief TB379 for details. V+ = +15V, VREF = +10V, TA = 25oC Unless Otherwise Specified



Electrical Specifications



AD7520 PARAMETER



TEST CONDITIONS



MIN



TYP



AD7521 MAX



MIN



TYP



MAX



UNITS



SYSTEM PERFORMANCE (Note 2) Resolution



10



10



10



12



12



12



Bits



J



(Note 3) (Figure 2) -10V ≤ VREF ≤ +10V



-



-



±0.2 (8-Bit)



-



-



-



% of FSR



L



-10V ≤ VREF ≤ +10V (Figure 2)



-



-



±0.05 (10-Bit)



-



-



±0.05 (10-Bit)



% of FSR



-10V ≤ VREF ≤ +10V (Notes 3, 4)



-



-



±2



-



-



±2



ppm of FSR/oC



Gain Error



-



±0.3



-



-



±0.3



-



% of FSR



Gain Error Tempco



-



-



±10



-



-



±10



ppm of FSR/oC



Over the Specified Temperature Range



-



-



±200



-



-



±200



nA



Output Current Settling Time



To 0.05% of FSR (All Digital Inputs Low To High And High To Low) (Note 4) (Figure 7)



-



1.0



-



-



1.0



-



µs



Feedthrough Error



VREF = 20VP-P , 100kHz All Digital Inputs Low (Note 4) (Figure 6)



-



-



10



-



-



10



mVP-P



All Digital Inputs High IOUT1 at Ground



5



10



20



5



10



20



kΩ



IOUT1 All Digital Inputs High (Note 4) (Figure 5) I



-



200



-



-



200



-



pF



-



75



-



-



75



-



pF



IOUT1 All Digital Inputs Low (Note 4) (Figure 5) I



-



75



-



-



75



-



pF



Nonlinearity



Nonlinearity Tempco



Output Leakage Current (Either Output) DYNAMIC CHARACTERISTICS



REFERENCE INPUT Input Resistance ANALOG OUTPUT Output Capacitance



OUT2



-



200



-



-



200



-



pF



Both Outputs (Note 4) (Figure 4)



-



Equivalent to 10kΩ



-



-



Equivalent to 10kΩ



-



Johnson Noise



Over the Specified Temperature Range VIN = 0V or +15V



-



-



0.8



-



-



0.8



V



OUT2



Output Noise DIGITAL INPUTS Low State Threshold, VIL High State Threshold, VIH Input Current, IIL, IIH Input Coding



See Tables 1 and 2



2



2.4



-



-



2.4



-



-



V



-



-



±1



-



-



±1



µA



Binary/Offset Binary



AD7520, AD7521 V+ = +15V, VREF = +10V, TA = 25oC Unless Otherwise Specified (Continued)



Electrical Specifications



AD7520 PARAMETER



TEST CONDITIONS



AD7521



MIN



TYP



MAX



MIN



TYP



MAX



UNITS



V+ = 14.5V to 15.5V (Note 3) (Figure 3)



-



±0.005



-



-



±0.005



-



% FSR/% ∆V+



All Digital Inputs at 0V or V+ Excluding Ladder Network



-



±1



-



-



±1



-



µA



All Digital Inputs High or Low Excluding Ladder Network



-



-



2



-



-



2



mA



Including the Ladder Network



-



20



-



-



20



-



mW



POWER SUPPLY CHARACTERISTICS Power Supply Rejection



Power Supply Voltage Range



+5 to +15



I+



Total Power Dissipation



+5 to +15



V



NOTES: 2. Full Scale Range (FSR) is 10V for Unipolar and ±10V for Bipolar modes. 3. Using internal feedback resistor RFEEDBACK . 4. Guaranteed by design, or characterization and not production tested. 5. Accuracy not guaranteed unless outputs at GND potential. 6. Accuracy is tested and guaranteed at V+ = 15V only.



Functional Diagram 10kΩ



VREF 20kΩ



10kΩ



20kΩ



10kΩ



20kΩ



10kΩ 20kΩ



20kΩ



20kΩ GND



SPDT NMOS SWITCHES



IOUT2 IOUT1



NOTES:



MSB



BIT 2



BIT 3



10kΩ



Switches shown for Digital Inputs “High”. Resistor values are typical.



RFEEDBACK



Pin Descriptions AD7520



AD7521



PIN NAME



1



1



IOUT1



2



2



IOUT2



Current Out virtual ground, return path for the R2R ladder network.



3



3



GND



Digital Ground. Ground potential for digital side of D/A.



4



4



Bits 1(MSB)



5



5



Bit 2



Digital Bit 2.



6



6



Bit 3



Digital Bit 3.



7



7



Bit 4



Digital Bit 4.



8



8



Bit 5



Digital Bit 5.



9



9



Bit 6



Digital Bit 6.



10



10



Bit 7



Digital Bit 7.



11



11



Bit 8



Digital Bit 8.



12



12



Bit 9



Digital Bit 9.



13



13



Bit 10



Digital Bit 10 (AD7521). Least Significant Digital Data Bit (AD7520).



-



14



Bit 11



Digital Bit 11 (AD7521).



-



15



Bit 12



Least Significant Digital Data Bit (AD7521).



14



16



V+



15



17



VREF



16



18



RFEEDBACK



3



DESCRIPTION Current Out summing junction of the R2R ladder network.



Most Significant Digital Data Bit.



Power Supply +5V to +15V. Voltage Reference Input to set the output range. Supplies the R2R resistor ladder. Feedback resistor used for the current to voltage conversion when using an external Op Amp.



AD7520, AD7521 Definition of Terms Nonlinearity: Error contributed by deviation of the DAC transfer function from a “best straight line” through the actual plot of transfer function. Normally expressed as a percentage of full scale range or in (sub)multiples of 1 LSB. Resolution: It is addressing the smallest distinct analog output change that a D/A converter can produce. It is commonly expressed as the number of converter bits. A converter with resolution of N bits can resolve output changes of 2-N of the full-scale range, e.g., 2-N VREF for a unipolar conversion. Resolution by no means implies linearity. Settling Time: Time required for the output of a DAC to settle to within specified error band around its final value (e.g., 1/2 LSB) for a given digital input change, i.e., all digital inputs LOW to HIGH and HIGH to LOW. Gain Error: The difference between actual and ideal analog output values at full scale range, i.e., all digital inputs at HIGH state. It is expressed as a percentage of full scale range or in (sub)multiples of 1 LSB. Feedthrough Error: Error caused by capacitive coupling from VREF to IOUT1 with all digital inputs LOW.



current reference and an operational amplifier are all that is required for most voltage output applications. A simplified equivalent circuit of the DAC is shown in the Functional Diagram. The NMOS SPDT switches steer the ladder leg currents between IOUT1 and IOUT2 buses which must be held either at ground potential. This configuration maintains a constant current in each ladder leg independent of the input code. Converter errors are further reduced by using separate metal interconnections between the major bits and the outputs. Use of high threshold switches reduce offset (leakage) errors to a negligible level. The level shifter circuits are comprised of three inverters with positive feedback from the output of the second to the first, see Figure 1. This configuration results in TTL/CMOS compatible operation over the full military temperature range. With the ladder SPDT switches driven by the level shifter, each switch is binarily weighted for an ON resistance proportional to the respective ladder leg current. This assures a constant voltage drop across each switch, creating equipotential terminations for the 2R ladder resistors and highly accurate leg currents.



Output Capacitance: Capacitance from IOUT1 and IOUT2 terminals to ground.



V+



1 3 4



Output Leakage Current: Current which appears on IOUT1 terminal when all digital inputs are LOW or on IOUT2 terminal when all digital inputs are HIGH.



The AD7520 and AD7521 are monolithic, multiplying D/A converters. A highly stable thin film R-2R resistor ladder network and NMOS SPDT switches form the basis of the converter circuit, CMOS level shifters permit low power TTL/CMOS compatible operation. An external voltage or



Test Circuits



2



7



FIGURE 1. CMOS LEVEL SHIFTER AND SWITCH



The following test circuits apply for the AD7520. Similar circuits are used for the AD7521.



VREF



CLOCK



5



9



IOUT2 IOUT1



+15V



BIT 1 (MSB) 10-BIT BINARY COUNTER



TO LADDER 8



DTL/TTL/ CMOS INPUT



Detailed Description



6



RFEEDBACK 4 15 16 IOUT1 1 5 AD7520 HA2600 I BIT 10 + 13 3 2 OUT2 (LSB) GND



BIT 1 (MSB) BIT 10 BIT 11



+15V



10kΩ 0.01% 1MΩ



-



VREF 10kΩ 0.01% 12-BIT REFERENCE DAC



HA2600 + LINEARITY ERROR x 100



VREF



+10V BIT 1 (MSB)



BIT 10 (LSB)



UNGROUNDED SINE WAVE GENERATOR 40Hz 1VP-P 5K 0.01% 5kΩ 0.01%



14 RFEEDBACK 16 I OUT1 1 5 AD7520 I OUT2 HA2600 13 3 2 + 15 4



500kΩ



HA2600 + VERROR x 100



GND



BIT 12



FIGURE 2. NONLINEARITY



4



FIGURE 3. POWER SUPPLY REJECTION



AD7520, AD7521 Test Circuits



The following test circuits apply for the AD7520. Similar circuits are used for the AD7521. (Continued)



+11V (ADJUST FOR VOUT = 0V) +15V 1K



15µF



15 4



100Ω



14 IOUT2 2



BIT 1 (MSB)



10kΩ QUAN TECH MODEL 134D 101ALN WAVE VOUT ANALYZER +



5 AD7520 IOUT1 13 3 1 50kΩ



1kΩ



NC +15V



+15V



f = 1kHz BW = 1Hz



BIT 10 (LSB)



15 14 4 16 5 AD7520 1 13 3 2



NC 1kΩ



SCOPE



100mVP-P 1MHz



-50V



0.1µF



FIGURE 4. NOISE



+15V



VREF = 20VP-P 100kHz SINE WAVE BIT 1 (MSB)



BIT 10 (LSB)



FIGURE 5. OUTPUT CAPACITANCE



15 14 4 16 5 IOUT1 AD7520 1 IOUT2 13 3 2



+10V



BIT 1 (MSB) 3



6 HA2600 2 +



VOUT



GND



FIGURE 6. FEEDTHROUGH ERROR



+5V 0V DIGITAL INPUT BIT 10 (LSB)



BIT 10 (LSB)



IOUT2



2



100Ω



GND



DIGITAL INPUT



The circuit configuration for operating the AD7520 in unipolar mode is shown in Figure 8. Similar circuits can be used for AD7521. With positive and negative VREF values the circuit is capable of 2-Quadrant multiplication. The Digital Input Code/Analog Output Value table for unipolar mode is given in Table 1.



DIGITAL INPUT



13 3



SCOPE



+100mV



TABLE 1. CODE TABLE - UNlPOLAR BINARY OPERATION



Unipolar Binary Operation



BIT 1 (MSB)



15 14 4 5 AD7520 1



FIGURE 7. OUTPUT CURRENT SETTLING TIME



Applications



VREF



VREF



5t: 1% SETTLING (1mV) EXTRAPOLATE 8t: 0.03% SETTLING t = RISE TIME +15V



+15V



ANALOG OUTPUT



1111111111



-VREF (1-2-N)



1000000001



-VREF (1/2 + 2-N)



1000000000



-VREF/2



0111111111



-VREF (1/2-2-N)



0000000001



-VREF (2-N)



0000000000



0



NOTES: 15 14 4 16 5 AD7520 1 13 3



2



1. LSB = 2-N VREF.



RFEEDBACK IOUT1 IOUT2



6 +



VOUT



GND



2. N = 8 for 7520 N = 10 for 7521.



Zero Offset Adjustment 1. Connect all digital inputs to GND.



FIGURE 8. UNIPOLAR BINARY OPERATION (2-QUADRANT MULTIPLICATION)



2. Adjust the offset zero adjust trimpot of the output operational amplifier for 0V at VOUT.



Gain Adjustment 1. Connect all digital inputs to V+. 2. Monitor VOUT for a -VREF (1-2-N) reading. (N = 8 for AD7520 and N = 10 for AD7521).



5



AD7520, AD7521 3. To decrease VOUT, connect a series resistor (0 to 250Ω) between the reference voltage and the VREF terminal. 4. To increase VOUT, connect a series resistor (0 to 250Ω) in the IOUT1 amplifier feedback loop.



Bipolar (Offset Binary) Operation The circuit configuration for operating the AD7520 in the bipolar mode is given in Figure 9. Similar circuits can be used for AD7521. Using offset binary digital input codes and positive and negative reference voltage values, 4-Quadrant multiplication can be realized. The “Digital Input Code/Analog Output Value” table for bipolar mode is given in Table 2. +15V



BIT 10 (LSB)



3. Adjust IOUT2 amplifier offset adjust trimpot for 0V ±1mV at IOUT2 amplifier output.



10MΩ 15 14 RFEEDBACK 4 16 5 IOUT1 AD7520 1 13 3



2



IOUT2



-



-



R1 10K R2 10K 0.01% 0.01%



6 +



4. Connect MSB (Bit 1) to “Logic 1” and all other bits to “Logic 0”. VOUT



DIGITAL INPUT



BIT 1 (MSB)



Offset Adjustment 1. Adjust VREF to approximately +10V. 2. Connect all digital inputs to “Logic 1”.



R3



VREF



A “Logic 1” input at any digital input forces the corresponding ladder switch to steer the bit current to IOUT1 bus. A “Logic 0” input forces the bit current to IOUT2 bus. For any code the IOUT1 and IOUT2 bus currents are complements of one another. The current amplifier at IOUT2 changes the polarity of IOUT2 current and the transconductance amplifier at IOUT1 output sums the two currents. This configuration doubles the output range. The difference current resulting at zero offset binary code, (MSB = “Logic 1”, all other bits = “Logic 0”), is corrected by using an external resistor, (10MW), from VREF to IOUT2 .



5. Adjust IOUT1 amplifier offset adjust trimpot for 0V ±1mV at VOUT.



Gain Adjustment



6 +



1. Connect all digital inputs to V+.



FIGURE 9. BIPOLAR OPERATION (4-QUADRANT MULTIPLICATION) TABLE 2. BlPOLAR (OFFSET BINARY) CODE TABLE DIGITAL INPUT



ANALOG OUTPUT



1111111111



-VREF (1-2-(N-1))



1000000001



-VREF (2-(N-1))



1000000000



0



0111111111



VREF (2-(N-1))



0000000001



VREF (1-2-(N-1))



0000000000



VREF



NOTES: 2. N = 8 for 7520 N = 10 for 7521.



1. LSB = 2-(N-1) VREF.



6



2. Monitor VOUT for a -VREF (1-2-(N-1) volts reading. (N = 8 for AD7520, and N = 10 for AD7521.). 3. To increase VOUT, connect a series resistor of up to 250Ω between VOUT and RFEEDBACK . 4. To decrease VOUT, connect a series resister of up to 250Ω between the reference voltage and the VREF terminal.



AD7520, AD7521 Die Characteristics DIE DIMENSIONS:



PASSIVATION:



101 mils x 103 mils (2565µm x 2616µm)



Type: PSG/Nitride PSG: 7 ±1.4kÅ Nitride: 8 ±1.2kÅ



METALLIZATION: Type: Pure Aluminum Thickness: 10 ±1kÅ



PROCESS: CMOS Metal Gate



Metallization Mask Layout AD7520



PIN 7 BIT 4



PIN 6 BIT 3



PIN 5 BIT 2



PIN 4 BIT 1 (MSB) PIN 3 GND



PIN 2 IOUT2



PIN 8 BIT 5



PIN 1 IOUT1



PIN 9 BIT 6



PIN 10 BIT 7



PIN 16 RFEEDBACK PIN 11 BIT 8



PIN 15 VREF PIN 14 V+



PIN 12 BIT 9



PIN 13 BIT 10 (LSB)
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NC



NC



AD7520, AD7521 Die Characteristics DIE DIMENSIONS:



PASSIVATION:



101 mils x 103 mils (2565µm x 2616µm)



Type: PSG/Nitride PSG: 7 ±1.4kÅ Nitride: 8 ±1.2kÅ



METALLIZATION: Type: Pure Aluminum Thickness: 10 ±1kÅ



PROCESS: CMOS Metal Gate



Metallization Mask Layout AD7521



PIN 7 BIT 4



PIN 6 BIT 3



PIN 5 BIT 2



PIN 4 BIT 1 (MSB) PIN 3 GND



PIN 2 IOUT2



PIN 8 BIT 5



PIN 1 IOUT1



PIN 9 BIT 6



PIN 10 BIT 7



PIN 18 RFEEDBACK PIN 11 BIT 8



PIN 17 VREF PIN 16 V+



PIN 12 BIT 9



PIN 13 BIT 10
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PIN 14 BIT 11



PIN 15 BIT 12 (LSB)



AD7520, AD7521 Dual-In-Line Plastic Packages (PDIP) E16.3 (JEDEC MS-001-BB ISSUE D)



N



16 LEAD DUAL-IN-LINE PLASTIC PACKAGE



E1



INDEX AREA



1 2 3



INCHES



N/2 -B-



-AE



D BASE PLANE



-C-



SEATING PLANE



A2



A L



D1



e



B1



D1



A1



eC



B 0.010 (0.25) M



C A B S



MILLIMETERS



SYMBOL



MIN



MAX



MIN



MAX



NOTES



A



-



0.210



-



5.33



4



A1



0.015



-



0.39



-



4



A2



0.115



0.195



2.93



4.95



-



B



0.014



0.022



0.356



0.558



-



C L



B1



0.045



0.070



1.15



1.77



8, 10



eA



C



0.008



0.014



C



D



0.735



0.775



eB



NOTES: 1. Controlling Dimensions: INCH. In case of conflict between English and Metric dimensions, the inch dimensions control.



0.005



-



0.13



-



5



0.300



0.325



7.62



8.25



6



E1



0.240



0.280



6.10



7.11



5



e



0.100 BSC



eA



0.300 BSC



eB



-



4. Dimensions A, A1 and L are measured with the package seated in JEDEC seating plane gauge GS-3.



L



0.115



N



8. B1 maximum dimensions do not include dambar protrusions. Dambar protrusions shall not exceed 0.010 inch (0.25mm). 9. N is the maximum number of terminal positions. 10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm).
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5



E



2. Dimensioning and tolerancing per ANSI Y14.5M-1982.



7. eB and eC are measured at the lead tips with the leads unconstrained. eC must be zero or greater.



0.355 19.68



D1



3. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of Publication No. 95.



5. D, D1, and E1 dimensions do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 6. E and eA are measured with the leads constrained to be perpendicular to datum -C- .



0.204 18.66



16



2.54 BSC 7.62 BSC



0.430



-



0.150



2.93 16



6



10.92



7



3.81
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AD7520, AD7521 Dual-In-Line Plastic Packages (PDIP) E18.3 (JEDEC MS-001-BC ISSUE D)



N



18 LEAD DUAL-IN-LINE PLASTIC PACKAGE



E1



INDEX AREA



1 2 3



INCHES



N/2 -B-



-AD



E



BASE PLANE



-C-



SEATING PLANE



A2



A L



D1



e



B1



D1



A1



eC



B 0.010 (0.25) M



C A B S



MILLIMETERS



SYMBOL



MIN



MAX



MIN



MAX



NOTES



A



-



0.210



-



5.33



4



A1



0.015



-



0.39



-



4



A2



0.115



0.195



2.93



4.95



-



B



0.014



0.022



0.356



0.558



-



C L



B1



0.045



0.070



1.15



1.77



8, 10



eA



C



0.008



0.014



C



D



0.845



0.880



eB



NOTES: 1. Controlling Dimensions: INCH. In case of conflict between English and Metric dimensions, the inch dimensions control.



0.204



0.355



21.47



22.35



5



D1



0.005



-



0.13



-



5



E



0.300



0.325



7.62



8.25



6



E1



0.240



0.280



6.10



7.11



5



e



0.100 BSC



2. Dimensioning and tolerancing per ANSI Y14.5M-1982.



eA



0.300 BSC



3. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of Publication No. 95.



eB



-



4. Dimensions A, A1 and L are measured with the package seated in JEDEC seating plane gauge GS-3.



L



0.115



N



18



2.54 BSC 7.62 BSC



0.430



-



0.150



2.93



6



10.92



7



3.81



4



18



5. D, D1, and E1 dimensions do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 6. E and eA are measured with the leads constrained to be perpendicular to datum -C- .
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7. eB and eC are measured at the lead tips with the leads unconstrained. eC must be zero or greater. 8. B1 maximum dimensions do not include dambar protrusions. Dambar protrusions shall not exceed 0.010 inch (0.25mm). 9. N is the maximum number of terminal positions. 10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm).



All Intersil products are manufactured, assembled and tested utilizing ISO9000 quality systems. Intersil Corporation’s quality certifications can be viewed at website www.intersil.com/design/quality Intersil products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design and/or specifications at any time without notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by Intersil is believed to be accurate and reliable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries.



For information regarding Intersil Corporation and its products, see web site www.intersil.com 10



This datasheet has been download from: www.datasheetcatalog.com Datasheets for electronics components.



DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog Converters General Description The DAC0800 series are monolithic 8-bit high-speed current-output digital-to-analog converters (DAC) featuring typical settling times of 100 ns. When used as a multiplying DAC, monotonic performance over a 40 to 1 reference current range is possible. The DAC0800 series also features high compliance complementary current outputs to allow differential output voltages of 20 Vp-p with simple resistor loads as shown in Figure 1 . The reference-to-full-scale current matching of better than g 1 LSB eliminates the need for full-scale trims in most applications while the nonlinearities of better than g 0.1% over temperature minimizes system error accumulations. The noise immune inputs of the DAC0800 series will accept TTL levels with the logic threshold pin, VLC, grounded. Changing the VLC potential will allow direct interface to other logic families. The performance and characteristics of the device are essentially unchanged over the full g 4.5V to g 18V power supply range; power dissipation is only 33 mW with g 5V supplies and is independent of the logic input states.



The DAC0800, DAC0802, DAC0800C, DAC0801C and DAC0802C are a direct replacement for the DAC-08, DAC08A, DAC-08C, DAC-08E and DAC-08H, respectively.



Features Y Y Y Y Y Y Y Y Y Y Y



Fast settling output current 100 ns g 1 LSB Full scale error g 0.1% Nonlinearity over temperature g 10 ppm/§ C Full scale current drift b 10V to a 18V High output compliance Complementary current outputs Interface directly with TTL, CMOS, PMOS and others 2 quadrant wide range multiplying capability g 4.5V to g 18V Wide power supply range Low power consumption 33 mW at g 5V Low cost



Typical Applications



TL/H/5686 – 1



FIGURE 1. g 20 VP-P Output Digital-to-Analog Converter (Note 4)



Ordering Information Non-Linearity g 0.1% FS g 0.19% FS g 0.19% FS g 0.39% FS



Temperature Range



Order Numbers J Package (J16A)*



N Package (N16A)*



0§ C s TA s a 70§ C DAC0802LCJ DAC-08HQ DAC0802LCN DAC-08HP b 55§ C s TA s a 125§ C DAC0800LJ DAC-08Q 0§ C s TA s a 70§ C DAC0800LCJ DAC-08EQ DAC0800LCN DAC-08EP 0§ C s TA s a 70§ C DAC0801LCN DAC-08CP



SO Package (M16A) DAC0802LCM DAC0800LCM DAC0801LCM



*Devices may be ordered by using either order number.



C1995 National Semiconductor Corporation



TL/H/5686



RRD-B30M115/Printed in U. S. A.



DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog Converters



January 1995



Absolute Maximum Ratings (Note 1) Lead Temp. (Soldering, 10 seconds) Dual-In-Line Package (plastic) Dual-In-Line Package (ceramic) Surface Mount Package Vapor Phase (60 seconds) Infrared (15 seconds)



If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/Distributors for availability and specifications. g 18V or 36V Supply Voltage (V a b Vb) Power Dissipation (Note 2) 500 mW Reference Input Differential Voltage (V14 to V15) Vb to V a Reference Input Common-Mode Range (V14, V15) Vb to V a Reference Input Current 5 mA Logic Inputs Vb to Vb plus 36V Analog Current Outputs (VSb e b15V) 4.25 mA ESD Susceptibility (Note 3) TBD V b 65§ C to a 150§ C Storage Temperature



260§ C 300§ C 215§ C 220§ C



Operating Conditions (Note 1) Temperature (TA) DAC0800L DAC0800LC DAC0801LC DAC0802LC



Min



Max



Units



b 55



a 125 a 70 a 70 a 70



§C §C §C §C



0 0 0



Electrical Characteristics The following specifications apply for VS e g 15V, IREF e 2 mA and TMIN s TA s TMAX unless otherwise specified. Output characteristics refer to both IOUT and IOUT. Symbol



Parameter



Min 8 8



Resolution Monotonicity Nonlinearity ts



Settling Time



DAC0800L/ DAC0800LC



DAC0802LC



Conditions



To g (/2 LSB, All Bits Switched ‘‘ON’’ or ‘‘OFF’’, TA e 25§ C DAC0800L DAC0800LC



Typ 8 8



Max Min 8 8 8 8 g 0.1



100



135



tPLH, tPHL



Propagation Delay Each Bit All Bits Switched



TCIFS



Full Scale Tempco



VOC



Output Voltage Compliance Full Scale Current Change k (/2 LSB, ROUT l 20 MX Typ



IFS4



Full Scale Current



VREF e 10.000V, R14 e 5.000 kX 1.984 1.992 2.000 1.94 R15 e 5.000 kX, TA e 25§ C



IFSS



Full Scale Symmetry



IFS4 b IFS2



IZS



Zero Scale Current



IFSR



Output Current Range



VIL VIH



Logic Input Levels Logic ‘‘0’’ Logic ‘‘1’’



VLC e 0V



IIL IIH



Logic Input Current Logic ‘‘0’’ Logic ‘‘1’’



VLC e 0V b 10V s VIN s a 0.8V 2V s VIN s a 18V



VIS



Logic Input Swing



V b e b 15V



b 10



VTHR



Logic Threshold Range



VS e g 15V



b 10



I15



Reference Bias Current



dl/dt



Reference Input Slew Rate (Figure 12)



Typ 8 8



DAC0801LC



Max Min 8 8 8 8 g 0.19



100 100



135 150



35 35



60 60



g 10



g 50



Units



Typ 8 8



Max 8 8 g 0.39



Bits Bits %FS



100



150



ns ns ns



TA e 25§ C 35 35



60 60



g 10



g 50



b 10



V b e b 5V V b e b 8V to b 18V



0 0



18



b 10



18 1.99



g 10



b 10



2.04 1.94



60 60



ns ns



g 80 ppm/§ C



18



V



1.99



2.04



mA mA



g 0.5



g 4.0



g1



g 8.0



g2



g 16



0.1



1.0



0.2



2.0



0.2



4.0



mA



2.0 2.0



2.1 4.2



2.0 2.0



2.1 4.2



2.0 2.0



2.1 4.2



mA mA



0.8



V V



b 10



mA mA



0 0



0.8 2.0



2.0 b 2.0 0.002



18 b 10 13.5 b 10 b 1.0 b 3.0



8.0



0 0



0.8 2.0



b 2.0 b 10 0.002 10



4.0



35 35



b 2.0 0.002



10 18 b 10 13.5 b 10



b 1.0



4.0



b 10



b 3.0



8.0



b 1.0



4.0



10 18



V



13.5



V



b 3.0



8.0



mA mA/ms



PSSIFS a Power Supply Sensitivity



4.5V s V a s 18V



0.0001 0.01



0.0001 0.01



0.0001 0.01



%/%



PSSIFS b



b 4.5V s V b s 18V IREF e 1mA



0.0001 0.01



0.0001 0.01



0.0001 0.01



%/%



Power Supply Current



VS e g 5V, IREF e 1 mA 2.3



Ia Ib



3.8



b 4.3 b 5.8



2.3



3.8



2.3



3.8



b 4.3



b 5.8



b 4.3



b 5.8



mA mA



VS e 5V, b 15V, IREF e 2 mA 2.4



Ia Ib



3.8



b 6.4 b 7.8



2.4



3.8



2.4



3.8



b 6.4



b 7.8



b 6.4



b 7.8



mA mA



VS e g 15V, IREF e 2 mA 2.5



Ia Ib



3.8



b 6.5 b 7.8



2



2.5



3.8



2.5



3.8



b 6.5



b 7.8



b 6.5



b 7.8



mA mA



Electrical Characteristics (Continued) The following specifications apply for VS e g 15V, IREF e 2 mA and TMIN s TA s TMAX unless otherwise specified. Output characteristics refer to both IOUT and IOUT. Symbol



Parameter



DAC0802LC



Conditions



Min PD



Power Dissipation



g 5V, IREF e 1 mA 5V, b 15V, IREF e 2 mA g 15V, IREF e 2 mA



Typ



Max



33 108 135



48 136 174



DAC0800L/ DAC0800LC Min



Typ



Max



33 108 135



48 136 174



DAC0801LC Min



Units



Typ



Max



33 108 135



48 136 174



mW mW mW



Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating the device beyond its specified operating conditions. Note 2: The maximum junction temperature of the DAC0800, DAC0801 and DAC0802 is 125§ C. For operating at elevated temperatures, devices in the Dual-In-Line J package must be derated based on a thermal resistance of 100§ C/W, junction-to-ambient, 175§ C/W for the molded Dual-In-Line N package and 100§ C/W for the Small Outline M package. Note 3: Human body model, 100 pF discharged through a 1.5 kX resistor. Note 4: Pin-out numbers for the DAC080X represent the Dual-In-Line package. The Small Outline package pin-out differs from the Dual-In-Line package.



Connection Diagrams Small Outline Package



Dual-In-Line Package



TL/H/5686 – 14



Top View



TL/H/5686 – 13



Top View See Ordering Information



Block Diagram (Note 4)



TL/H/5686 – 2
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Typical Performance Characteristics Full Scale Current vs Reference Current



LSB Propagation Delay Vs IFS



Reference Input Frequency Response



Curve 1: CC e 15 pF, VIN e 2 Vp-p centered at 1V. Curve 2: CC e 15 pF, VIN e 50 mVp-p centered at 200 mV. Curve 3: CC e 0 pF, VIN e 100 mVp-p at 0V and applied through 50 X connected to pin 14.2V applied to R14.



Reference Amp Common-Mode Range



Logic Input Current vs Input Voltage



VTH b VLC vs Temperature



Output Voltage Compliance vs Temperature



Bit Transfer Characteristics



Note. Positive common-mode range is always (V a ) b 1.5V



Output Current vs Output Voltage (Output Voltage Compliance)



TL/H/5686 – 3



Note. B1–B8 have identical transfer characteristics. Bits are fully switched with less than (/2 LSB error, at less than g 100 mV from actual threshold. These switching points are guaranteed to lie between 0.8 and 2V over the operating temperature range (VLC e 0V).
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Typical Performance Characteristics Power Supply Current vs a V



(Continued)



Power Supply Current vs bV



Power Supply Current vs Temperature



TL/H/5686 – 4



Equivalent Circuit



TL/H/5686 – 15



Typical Applications



FIGURE 2 (Continued) IFS &



a VREF



255 256



c



RREF



IO a IO e IFS for all logic states For fixed reference, TTL operation, typical values are: VREF e 10.000V RREF e 5.000k R15 & RREF CC e 0.01 mF VLC e 0V (Ground) TL/H/5686 – 5



FIGURE 3. Basic Positive Reference Operation (Note 4)



TL/H/5686 – 16 TL/H/5686 – 21



IFS &



FIGURE 4. Recommended Full Scale Adjustment Circuit (Note 4)



b VREF



RREF



c



255 256



Note. RREF sets IFS; R15 is for bias current cancellation



FIGURE 5. Basic Negative Reference Operation (Note 4) 5



Typical Applications (Continued)



TL/H/5686 – 17



B1 B2 B3 B4 B5 B6 B7 B8 IO mA IO mA



EO



EO



Full Scale Full ScalebLSB Half Scale a LSB



1 1 1



1 1 0



1 1 0



1 1 0



1 1 0



1 1 0



1 1 0



1 0 1



1.992 1.984 1.008



0.000 0.008 0.984



b 9.960 0.000 b 9.920 b 0.040 b 5.040 b 4.920



Half Scale Half ScalebLSB Zero Scale a LSB Zero Scale



1 0 0 0



0 1 0 0



0 1 0 0



0 1 0 0



0 1 0 0



0 1 0 0



0 1 0 0



0 1 1 0



1.000 0.992 0.008 0.000



0.992 1.000 1.984 1.992



b 5.000 b 4.960 b 4.960 b 5.000 b 0.040 b 9.920 0.000 b9.960



FIGURE 6. Basic Unipolar Negative Operation (Note 4)



TL/H/5686 – 6



B1 B2 B3 B4 B5 B6 B7 B8 Pos. Full Scale Pos. Full ScalebLSB Zero Scale a LSB Zero Scale Zero ScalebLSB Neg. Full Scale a LSB Neg. Full Scale



1 1 1 1 0 0 0



1 1 0 0 1 0 0



1 1 0 0 1 0 0



1 1 0 0 1 0 0



1 1 0 0 1 0 0



1 1 0 0 1 0 0



1 1 0 0 1 0 0



EO



EO



1 b9.920 0 b9.840 1 b0.080 0 0.000 1 a 0.080 1 a 9.920 0 a 10.000



a 10.000 a 9.920 a 0.160 a 0.080



0.000 b 9.840 b 9.920



FIGURE 7. Basic Bipolar Output Operation (Note 4)



TL/H/5686 – 18



If RL e RL within g 0.05%, output is symmetrical about ground



B1 B2 B3 B4 B5 B6 B7 B8 Pos. Full Scale Pos. Full ScalebLSB ( a )Zero Scale (b)Zero Scale Neg. Full Scale a LSB Neg. Full Scale



1 1 1 0 0 0



1 1 0 1 0 0



1 1 0 1 0 0



1 1 0 1 0 0



1 1 0 1 0 0



1 1 0 1 0 0



1 1 0 1 0 0



1 0 0 1 1 0



EO a 9.960 a 9.880 a 0.040 b 0.040 b 9.880 b 9.960



FIGURE 8. Symmetrical Offset Binary Operation (Note 4)
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Typical Applications (Continued)



TL/H/5686 – 19



For complementary output (operation as negative logic DAC), connect inverting input of op amp to IO (pin 2), connect IO (pin 4) to ground.



FIGURE 9. Positive Low Impedance Output Operation (Note 4)



TL/H/5686 – 20



For complementary output (operation as a negative logic DAC) connect non-inverting input of op am to IO (pin 2); connect IO (pin 4) to ground.



FIGURE 10. Negative Low Impedance Output Operation (Note 4)



VTH e VLC a 1.4V 15V CMOS, HTL, HNIL VTH e 7.6V



TL/H/5686 – 10



Typical values: RIN e 5k, a VIN e 10V



TL/H/5686 – 9



Note. Do not exceed negative logic input range of DAC.



FIGURE 11. Interfacing with Various Logic Families



FIGURE 12. Pulsed Reference Operation (Note 4)
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Typical Applications



(Continued)



(a) IREF t peak negative swing of IIN



(b) a VREF must be above peak positive swing of VIN



TL/H/5686 – 12



TL/H/5686 – 11



FIGURE 13. Accommodating Bipolar References (Note 4)



TL/H/5686 – 7



FIGURE 14. Settling Time Measurement (Note 4)



8



Typical Applications



(Continued)



Note. For 1 ms conversion time with 8-bit resolution and 7-bit accuracy, an LM361 comparator replaces the LM319 and the reference current is doubled by reducing R1, R2 and R3 to 2.5 kX and R4 to 2 MX. TL/H/5686 – 8



FIGURE 15. A Complete 2 ms Conversion Time, 8-Bit A/D Converter (Note 4)



Physical Dimensions inches (millimeters)



Molded Dual-In-Line Package Order Numbers DAC0800 or DAC0802 NS Package Number J16A
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DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog Converters



Physical Dimensions inches (millimeters) (Continued)



Molded Small Outline Package (SO) Order Numbers DAC0800LCM, DAC0801LCM or DAC0802LCM NS Package Number M16A



LIFE SUPPORT POLICY



Molded Dual-In-Line Package Order Numbers DAC0800, DAC0801, DAC0802 NS Package Number N16A



NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein: 1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected to result in a significant injury to the user. National Semiconductor Corporation 1111 West Bardin Road Arlington, TX 76017 Tel: 1(800) 272-9959 Fax: 1(800) 737-7018



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



National Semiconductor Europe Fax: (a49) 0-180-530 85 86 Email: cnjwge @ tevm2.nsc.com Deutsch Tel: (a49) 0-180-530 85 85 English Tel: (a49) 0-180-532 78 32 Fran3ais Tel: (a49) 0-180-532 93 58 Italiano Tel: (a49) 0-180-534 16 80



National Semiconductor Hong Kong Ltd. 13th Floor, Straight Block, Ocean Centre, 5 Canton Rd. Tsimshatsui, Kowloon Hong Kong Tel: (852) 2737-1600 Fax: (852) 2736-9960



National Semiconductor Japan Ltd. Tel: 81-043-299-2309 Fax: 81-043-299-2408



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



This datasheet has been download from: www.datasheetcatalog.com Datasheets for electronics components.
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Untitled - SITE WEB UPS Thierry Perisse 

Jan 2, 1995 - Fig.4 Typical waveforms for phase-locked loop employing phase comparator 1 in locked condition of fo. January 1995. 4 ...
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AD7520, AD7521 - SITE WEB UPS Thierry Perisse 

... These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures. .... current reference and an operational amplifier are all that is.










 


[image: alt]





Compilers IDE - SITE WEB UPS Thierry Perisse 

SOFTWARE AND HARDWARE SOLUTIONS FOR THE EMBEDDED WORLD ... mikroElektronika compilers allows you to quickly develop and deploy .... .c. mikroPascal for dsPIC: .dpas. mikroBasic for dsPIC: .dbas. mikroPascal for AVR: .apas.
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Compiler's IDE - SITE WEB UPS Thierry Perisse 

Code Explorer enables easy code writing;. Project Settings allows general project settings;. Code Editor advanced text editor;. Watch Values allows register and ...
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travaux pratiques - SITE WEB UPS Thierry Perisse 

Documentation CI : MF10. AnnÃ©e 2012-13 ..... connected through the IC substrate and therefore VAa ..... MODE 3a HP BP LP and Notch with External Op Amp.










 


[image: alt]





Precision Instrumentation Amplifier - SITE WEB UPS Thierry Perisse 

T Specification same as INA114BP/BU. NOTE: (1) Temperature coefficient of the â€œ50kÎ©â€� term in the gain equation. INA114BP, BU. INA114AP, AU. PARAMETER.
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mikroC Users Manual - SITE WEB UPS Thierry Perisse 

The PDF-edition of the ... Projects. 22. Source Files. 24. Search Paths. 24. Managing Source Files. 25 ..... Consult the Error Messages for more information about errors recognized by the ... If there is a new user code to be downloaded, the ... mikr
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Precision Instrumentation Amplifier - SITE WEB UPS Thierry Perisse 

Time from Power Supply Turn-on (s) ... INA114. 6. NEGATIVE SIGNAL SWING vs TEMPERATUE (RL = 2kÎ©) ..... ECG Amplifier With Right-Leg Drive. FIGURE 12.
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Corel Ventura - 05TITLE.CHP - SITE WEB UPS Thierry Perisse 

Programmer's Reference online help file in Microsoft Windows, and explains help file navigation. Chapter 8 lists all the commands and queries available for.
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TPs CESI Electronique non linÃ©aire - SITE WEB UPS Thierry Perisse 

Expliquer le fonctionnement a partir du schÃ©ma fonctionnel du CAN ? A quel timing ..... 5 VDC and b12 VDC. Y Resolution .... operated in the free running mode by connecting the Start. Conversion ..... This datasheet has been download from:.
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TPs CESI Electronique non linÃ©aire - SITE WEB UPS Thierry Perisse 

Thierry PERISSE [email protected] http://thierryperisse.free.fr/. 1. TP CESI. Electronique .... A l'aide de la documentation constructeur et du schÃ©ma Ã©lectrique du can : ...... 5 VDC and b12 VDC ..... This datasheet has been download from:.
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Creating First Project in mikroC for PIC - SITE WEB UPS Thierry Perisse 

mikroC IDE (Integrated Development Environment) will appear. ... SOFTWARE AND HARDWARE SOLUTIONS FOR THE EMBEDDED WORLD ... ProjName.c.
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Quick Reference Guide for C language - SITE WEB UPS Thierry Perisse 

language syntax with the aim to easily start programming micro- controllers along with other ... unmatched power and flexibility in programming microcontrollers.
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danse cna 

for the CBC Television show, Arctic Air. Tagaq's most recent album, Animism won the 2014 Polaris Prize. Tanya Tagaq. InterprÃ¨te de chant de gorge inuite.
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danse cna 

1 mars 2016 - Mrs. Cissy Pao Watari, BBS, Mr. John Jeffrey Ying. Executive Committee .... Ã€ la mÃ©moire de Geoffrey F. Bruce .... Jennifer Moore & Ken Kaitola.
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danse cna 

lumiÃ¨re. Le chorÃ©graphe soumet les. 12 danseurs Ã  la vitesse vertigineuse et Ã  l'extrÃªme prÃ©cision de sa gestuelle vive, angulaire et ondulatoire. La lenteur et la.
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danse cna 

12 fÃ©vr. 2016 - In Memory of Geoffrey F. Bruce /. Ã€ la mÃ©moire de Geoffrey F. Bruce. Adrian Burns & Gregory Kane, Q.C. .... Jennifer Moore & Ken Kaitola.
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danse cna 

3 nov. 2015 - Vernon G. & Beryl Turner. Dave & Megan Waller. Donna & Henry Watt. James Whitridge. Anonymous / Donateurs anonymes (3). Denis Labrie.
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Charlotte's web - Thierry Sageaux 

Fern's sneakers were sopping by the time she caught up with her father ... â€œYou go back to the house and ... life and death, and you talk about controlling myself.â€� ...
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danse cna 

Anna, James's mother / la mÃ¨re de James. Rebekah ... Une vieille femme du nom de Madge est entrÃ©e ..... commerciaux au Canada et aux Ã‰tats-Unis. Elle s'est ...










 


[image: alt]





danse cna 

avec le Clavier bien tempÃ©rÃ© de J.-S. Bach que la musique semblait transcender son Ã¢me. Dans certaines parties de l'Å“uvre, on entend une interprÃ©tation du ...
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danse cna 

Ford Foundation, the Andrew W. Mellon. Foundation, and Altria ... la Ford Foundation, l'Andrew W. Mellon. Foundation et de l'Altria ...... Donna & Henry Watt.
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danse cna 

22 oct. 2015 - In Memory of Geoffrey F. Bruce /. Ã€ la mÃ©moire de Geoffrey F. Bruce. Adrian Burns & Gregory ... Heather Moore. Jane E. Moore. Kari Cullen ...
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start-ups 

Ã©conomique, leur technologie ou leurs produits Ã  l'Ã©preuve des marchÃ©s qu'elles .... dans une matrice prenant en compte ses objectifs Ã  court, moyen et long ...
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