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LMC660 CMOS Quad Operational Amplifier General Description The LMC660 CMOS Quad operational amplifier is ideal for operation from a single supply. It operates from +5V to +15V and features rail-to-rail output swing in addition to an input common-mode range that includes ground. Performance limitations that have plagued CMOS amplifiers in the past are not a problem with this design. Input VOS, drift, and broadband noise as well as voltage gain into realistic loads (2 kΩ and 600Ω) are all equal to or better than widely accepted bipolar equivalents. This chip is built with National’s advanced Double-Poly Silicon-Gate CMOS process. See the LMC662 datasheet for a dual CMOS operational amplifier with these same features.



Features n n n n n



Rail-to-rail output swing Specified for 2 kΩ and 600Ω loads High voltage gain: 126 dB Low input offset voltage: 3 mV Low offset voltage drift: 1.3 µV/˚C



Ultra low input bias current: 2 fA Input common-mode range includes V− Operating range from +5V to +15V supply ISS = 375 µA/amplifier; independent of V+ Low distortion: 0.01% at 10 kHz Slew rate: 1.1 V/µs Available in extended temperature range (−40˚C to +125˚C); ideal for automotive applications n Available to Standard Military Drawing specification



n n n n n n n



Applications n n n n n n n n



High-impedance buffer or preamplifier Precision current-to-voltage converter Long-term integrator Sample-and-Hold circuit Peak detector Medical instrumentation Industrial controls Automotive sensors



Connection Diagram 14-Pin DIP/SO



DS008767-1



© 1999 National Semiconductor Corporation
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LMC660 CMOS Quad Operational Amplifier



April 1998



Absolute Maximum Ratings (Note 3)



Operating Ratings



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



Temperature Range LMC660AMJ/883, LMC660AMD LMC660AI LMC660C LMC660E Supply Voltage Range Power Dissipation Thermal Resistance (θJA) (Note 11) 14-Pin Ceramic DIP 14-Pin Molded DIP 14-Pin SO 14-Pin Side Brazed Ceramic DIP



± Supply Voltage



Differential Input Voltage Supply Voltage Output Short Circuit to V+ Output Short Circuit to V− Lead Temperature (Soldering, 10 sec.) Storage Temp. Range Voltage at Input/Output Pins Current at Output Pin Current at Input Pin Current at Power Supply Pin Power Dissipation Junction Temperature ESD tolerance (Note 8)



16V (Note 12) (Note 1) 260˚C −65˚C to +150˚C (V+) + 0.3V, (V−) − 0.3V ± 18 mA ± 5 mA 35 mA (Note 2) 150˚C 1000V



−55˚C ≤ TJ ≤ +125˚C −40˚C ≤ TJ ≤ +85˚C 0˚C ≤ TJ ≤ +70˚C −40˚C ≤ TJ ≤ +125˚C 4.75V to 15.5V (Note 10) 90˚C/W 85˚C/W 115˚C/W 90˚C/W



DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for TJ = 25˚C. Boldface limits apply at the temperature extremes. V+ = 5V, V− = 0V, VCM = 1.5V, VO = 2.5V and RL > 1M unless otherwise specified. Parameter



Conditions



Input Offset Voltage



Typ (Note 4)



LMC660AMD



1



Input Offset Voltage



LMC660AI LMC660C LMC660E



Units



LMC660AMJ/883 Limit



Limit



Limit



Limit



(Notes 4, 9)



(Note 4)



(Note 4)



(Note 4)



3



3



6



6



mV



3.5



3.3



6.3



6.5



max



1.3



µV/˚C



Average Drift Input Bias Current



0.002



20 100



Input Offset Current



0.001



0V ≤ VCM ≤ 12.0V V+ = 15V



83 83



Rejection Ratio



5V ≤ V+ ≤ 15V VO = 2.5V



Negative Power Supply



0V ≤ V− ≤ −10V



94



Rejection Ratio Positive Power Supply



2



60



max



100



2



1



60



max



70



70



63



63



dB



68



68



62



60



min



70



70



63



63



dB



68



68



62



60



min



20



pA



>1



Input Resistance Common Mode



pA 4



TeraΩ



Rejection Ratio Input Common-Mode



V+ = 5V & 15V



Voltage Range



For CMRR ≥ 50 dB



−0.4 V+ − 1.9



Large Signal



RL = 2 kΩ (Note 5)



Voltage Gain



Sourcing



2000



84



84



74



74



dB



82



83



73



70



min



−0.1



−0.1



−0.1



−0.1



V



0



0



0



0



max



V+ − 2.3



V+ − 2.3



V+ − 2.3



V+ − 2.3



V



V+ − 2.6



V+ − 2.5



V+ − 2.4



V+ − 2.6



min



400



440



300



200



V/mV



300



400



200



100



min



180



90



90



V/mV



Sinking



500



180 70



120



80



40



min



RL = 600Ω (Note 5)



1000



200



220



150



100



V/mV



150



200



100



75



min



100



100



50



50



V/mV



35



60



40



20



min



Sourcing Sinking



250



3
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DC Electrical Characteristics



(Continued)



Unless otherwise specified, all limits guaranteed for TJ = 25˚C. Boldface limits apply at the temperature extremes. V+ = 5V, V− = 0V, VCM = 1.5V, VO = 2.5V and RL > 1M unless otherwise specified. Parameter



Output Swing



Conditions



Typ (Note 4)



V+ = 5V RL = 2 kΩ to V+/2



LMC660AMD Limit



Limit



Limit



Limit



(Note 4)



(Note 4)



(Note 4)



4.82



4.82



4.78



4.78



V



4.77



4.79



4.76



4.70



min



0.15



0.15



0.19



0.19



V



0.19



0.17



0.21



0.25



max



0.10 4.61 0.30 V+ = 15V RL = 2 kΩ to V+/2



14.63 0.26



V+ = 15V RL = 600Ω to V+/2



13.90 0.79



Output Current V+ = 5V



Sourcing, VO = 0V



Output Current V+ = 15V



4.41



4.41



4.27



4.27



V



4.24



4.31



4.21



4.10



min



0.50



0.50



0.63



0.63



V



0.63



0.56



0.69



0.75



max



14.50



14.50



14.37



14.37



V



14.40



14.44



14.32



14.25



min



0.35



0.35



0.44



0.44



V



0.43



0.40



0.48



0.55



max



13.35



13.35



12.92



12.92



V



13.02



13.15



12.76



12.60



min



1.16



1.16



1.45



1.45



V



1.42



1.32



1.58



1.75



max



16



16



13



13



mA



12



14



11



9



min



16



16



13



13



mA



12



14



11



9



min



19



28



23



23



mA



19



25



21



15



min



19



28



23



23



mA



19



24



20



15



min



2.2



2.2



2.7



2.7



mA



2.9



2.6



2.9



3.0



max



22



Sinking, VO = 5V



21



Sourcing, VO = 0V



40



Sinking, VO = 13V



39



(Note 12) Supply Current



All Four Amplifiers VO = 1.5V



Units



(Notes 4, 9) 4.87



V+ = 5V RL = 600Ω to V+/2



LMC660AI LMC660C LMC660E



LMC660AMJ/883



1.5



AC Electrical Characteristics Unless otherwise specified, all limits guaranteed for TJ = 25˚C. Boldface limits apply at the temperature extremes. V+ = 5V, V− = 0V, VCM = 1.5V, VO = 2.5V and RL > 1M unless otherwise specified. Parameter



Slew Rate



Conditions



(Note 6)



Typ (Note 4)



LMC660AMD



LMC660AI



LMC660C



LMC660E



Units



LMC660AMJ/883 Limit



Limit



Limit



Limit



(Notes 4, 9)



(Note 4)



(Note 4)



(Note 4)



0.8



0.8



0.8



0.8



0.5



0.6



0.7



0.4



1.1



min



Gain-Bandwidth Product



1.4



Phase Margin



50



Gain Margin



17



dB



130



dB



Input Referred Voltage Noise



(Note 7) F = 1 kHz



Input Referred Current Noise



F = 1 kHz



0.0002



Amp-to-Amp Isolation
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0.5



V/µs MHz Deg



22
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APPLICATION NOTE A V A I L A B L E AN20 • AN42–53 • AN71 • AN73 • AN88 • AN91–92 • AN115



Terminal Voltages ±5V, 100 Taps



X9C102/103/104/503 Digitally-Controlled (XDCP) Potentiometer FEATURES



DESCRIPTION



• Solid-State Potentiometer • Three-Wire Serial Interface • 100 Wiper Tap Points —Wiper Position Stored in Nonvolatile Memory and Recalled on Power-up • 99 Resistive Elements —Temperature Compensated —End to End Resistance, ±20% —Terminal Voltages, ±5V • Low Power CMOS —VCC = 5V —Active Current, 3mA Max. —Standby Current, 500µA Max. • High Reliability —Endurance, 100,000 Data Changes per Bit —Register Data Retention, 100 Years • X9C102 = 1 kW • X9C103 = 10 kW • X9C503 = 50 kW • X9C104 = 100 kW • Packages —8-Lead SOIC and DIP



The X9Cxxx are Xicor digitally-controlled (XDCP) potentiometers. The device consists of a resistor array, wiper switches, a control section, and nonvolatile memory. The wiper position is controlled by a three-wire interface. The potentiometer is implemented by a resistor array composed of 99 resistive elements and a wiper switching network. Between each element and at either end are tap points accessible to the wiper terminal. The position of the wiper element is controlled by the CS, U/D, and INC inputs. The position of the wiper can be stored in nonvolatile memory and then be recalled upon a subsequent power-up operation. The device can be used as a three-terminal potentiometer or as a two-terminal variable resistor in a wide variety of applications including: • control • parameter adjustments • signal processing



FUNCTIONAL DIAGRAMS



U/D INC CS



7-BIT UP/DOWN COUNTER



99



RH/VH



98



VCC (Supply Voltage) 97 Up/Down (U/D) Increment (INC)



RH/VH



7-BIT NONVOLATILE MEMORY



Control



and Memory



RW/VW



Device Select (CS) RL/VL



VSS (Ground) General



ONE 96 OF ONEHUNDRED DECODER



TRANSFER GATES



RESISTOR ARRAY



2



VCC GND



STORE AND RECALL CONTROL CIRCUITRY



1 0 RL/VL RW/VW Detailed



E2POT™ is a trademark of Xicor, Inc. 11/5/98 ©Xicor, Inc. 1994, 1995 Patents Pending 3863-2.4 2/12/99 T2/C0/D0 SH
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Characteristics subject to change without notice
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LMC6482 CMOS Dual Rail-To-Rail Input and Output Operational Amplifier General Description



Features



The LMC6482 provides a common-mode range that extends to both supply rails. This rail-to-rail performance combined with excellent accuracy, due to a high CMRR, makes it unique among rail-to-rail input amplifiers. It is ideal for systems, such as data acquisition, that require a large input signal range. The LMC6482 is also an excellent upgrade for circuits using limited common-mode range amplifiers such as the TLC272 and TLC277. Maximum dynamic signal range is assured in low voltage and single supply systems by the LMC6482’s rail-to-rail output swing. The LMC6482’s rail-to-rail output swing is guaranteed for loads down to 600Ω. Guaranteed low voltage characteristics and low power dissipation make the LMC6482 especially well-suited for battery-operated systems. LMC6482 is also available in MSOP package which is almost half the size of a SO-8 device.



(Typical unless otherwise noted) n Rail-to-Rail Input Common-Mode Voltage Range (Guaranteed Over Temperature) n Rail-to-Rail Output Swing (within 20 mV of supply rail, 100 kΩ load) n Guaranteed 3V, 5V and 15V Performance n Excellent CMRR and PSRR: 82 dB n Ultra Low Input Current: 20 fA n High Voltage Gain (RL = 500 kΩ): 130 dB n Specified for 2 kΩ and 600Ω loads n Available in MSOP Package



See the LMC6484 data sheet for a Quad CMOS operational amplifier with these same features.



Applications Data Acquisition Systems Transducer Amplifiers Hand-held Analytic Instruments Medical Instrumentation Active Filter, Peak Detector, Sample and Hold, pH Meter, Current Source n Improved Replacement for TLC272, TLC277 n n n n n



3V Single Supply Buffer Circuit Rail-To-Rail Input



Rail-To-Rail Output



DS011713-2 DS011713-3 DS011713-1



Connection Diagram



DS011713-4



© 1997 National Semiconductor Corporation
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LMC6482 CMOS Dual Rail-To-Rail Input and Output Operational Amplifier



November 1997



Absolute Maximum Ratings



(Note 1)



Storage Temperature Range Junction Temperature (Note 4)



If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ Distributors for availability and specifications. ESD Tolerance (Note 2) Differential Input Voltage Voltage at Input/Output Pin Supply Voltage (V+ − V−) Current at Input Pin (Note 12) Current at Output Pin (Notes 3, 8) Current at Power Supply Pin Lead Temperature (Soldering, 10 sec.)



−65˚C to +150˚C 150˚C



Operating Ratings



1.5 kV



(Note 1)



Supply Voltage Junction Temperature Range LMC6482AM LMC6482AI, LMC6482I Thermal Resistance (θJA) N Package, 8-Pin Molded DIP M Package, 8-Pin Surface Mount MSOP package, 8-Pin Mini SO



± Supply Voltage (V+) +0.3V, (V−) −0.3V 16V ± 5 mA



± 30 mA 40 mA



3.0V ≤ V+ ≤ 15.5V −55˚C ≤ TJ ≤ +125˚C −40˚C ≤ TJ ≤ +85˚C 90˚C/W 155˚C/W 194˚C/W



260˚C



DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for TJ = 25˚C, V+ = 5V, V− = 0V, VCM = VO = V+/2 and RL > 1M. Boldface limits apply at the temperature extremes. Symbol



VOS TCVOS



Parameter



Conditions



Typ (Note 5)



Input Offset Voltage



0.11



Input Offset Voltage



LMC6482AI



LMC6482I



LMC6482M



Limit



Limit



Limit



(Note 6)



(Note 6)



(Note 6)



0.750



3.0



3.0



mV



1.35



3.7



3.8



max



1.0



Units



µV/˚C



Average Drift IB



Input Current



(Note 13)



0.02



4.0



4.0



10.0



pA max



IOS



Input Offset Current



(Note 13)



0.01



2.0



2.0



5.0



pA max



CIN



Common-Mode



3



pF



Input Capacitance RIN



Input Resistance



CMRR



Common Mode



82



0V ≤ VCM ≤ 5.0V V+ = 5V



82



5V ≤ V+ ≤ 15V, V− = 0V VO = 2.5V



82 82



Input Common-Mode



−5V ≤ V− ≤ −15V, V+ = 0V VO = −2.5V V+ = 5V and 15V



Voltage Range



For CMRR ≥ 50 dB



Rejection Ratio



+PSRR Positive Power Supply Rejection Ratio −PSRR Negative Power Supply Rejection Ratio VCM



> 10 0V ≤ VCM ≤ 15.0V V+ = 15V



V− − 0.3 V+ + 0.3V



TeraΩ 70



65



65



67



62



60



70



65



65



67



62



60



70



65



65



dB



67



62



60



min



70



65



65



dB



67



62



60



min



− 0.25



− 0.25



− 0.25



V



0



0



0



max



V+ + 0.25



V+ + 0.25



V+ + 0.25



V



V



V+



min



140



120



120



V/mV



84



72



60



min



35



35



35



V/mV



20



20



18



min



80



50



50



V/mV



48



30



25



min



20



15



15



V/mV



13



10



8



min



V AV



Large Signal



RL = 2 kΩ



Voltage Gain



(Notes 7, 13)



RL = 600Ω



Sourcing



666



Sinking



75



Sourcing



300



Sinking



35



(Notes 7, 13)



3



+



+



dB min
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DC Electrical Characteristics



(Continued)



Unless otherwise specified, all limits guaranteed for TJ = 25˚C, V+ = 5V, V− = 0V, VCM = VO = V+/2 and RL > 1M. Boldface limits apply at the temperature extremes. Symbol



VO



Parameter



Output Swing



Conditions



Typ (Note 5)



V+ = 5V RL = 2 kΩ to V+/2



4.9 0.1



V+ = 5V RL = 600Ω to V+/2



4.7 0.3



V+ = 15V RL = 2 kΩ to V+/2



14.7 0.16



V+ = 15V RL = 600Ω to V+/2



14.1 0.5



ISC



Output Short Circuit Current V+ = 5V



ISC



Sourcing, VO = 0V



20



Sinking, VO = 5V



Output Short Circuit Current V+ = 15V



15



Sourcing, VO = 0V



30



Sinking, VO = 12V



30



(Note 8) IS



Supply Current



Both Amplifiers V+ = +5V, VO = V+/2



1.0



Both Amplifiers V+ = 15V, VO = V+/2



1.3



LMC6482AI



LMC6482I



LMC6482M



Limit



Limit



Limit



Units



(Note 6)



(Note 6)



(Note 6)



4.8



4.8



4.8



V



4.7



4.7



4.7



min



0.18



0.18



0.18



V



0.24



0.24



0.24



max



4.5



4.5



4.5



V



4.24



4.24



4.24



min



0.5



0.5



0.5



V



0.65



0.65



0.65



max



14.4



14.4



14.4



V



14.2



14.2



14.2



min



0.32



0.32



0.32



V



0.45



0.45



0.45



max



13.4



13.4



13.4



V



13.0



13.0



13.0



min



1.0



1.0



1.0



V



1.3



1.3



1.3



max



16



16



16



mA



12



12



10



min



11



11



11



mA



9.5



9.5



8.0



min



28



28



28



mA



22



22



20



min



30



30



30



mA



24



24



22



min



1.4



1.4



1.4



mA



1.8



1.8



1.9



max



1.6



1.6



1.6



mA



1.9



1.9



2.0



max



AC Electrical Characteristics Unless otherwise specified, all limits guaranteed for TJ = 25˚C, V+ = 5V, V− = 0V, VCM = VO = V+/2, and RL > 1M. Boldface limits apply at the temperature extremes. Symbol



SR



Parameter



Slew Rate



Typ (Note 5)



(Note 9)



1.3



V+ = 15V



LMC6482AI



LMC6482I LMC6482M



Limit



Limit



Limit



(Note 6)



(Note 6)



(Note 6)



1.0



0.9



0.9



0.7



0.63



0.54



Units



V/µs min



1.5



MHz



Phase Margin



50



Deg



Gain Margin



15



dB



GBW



Gain-Bandwidth Product



φm Gm



Amp-to-Amp Isolation en



Conditions



Input-Referred



(Note 10) F = 1 kHz



Voltage Noise



Vcm = 1V
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150



dB



37



nV/√Hz
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19-1082; Rev 1; 9/96



+5V, Serial-Input, Voltage-Output, 16-Bit DACs



The MAX541/MAX542 are serial-input, voltage-output, 16-bit digital-to-analog converters (DACs) that operate from a single +5V supply. They provide 16-bit performance (±1LSB INL and DNL) over temperature without any adjustments. The DAC output is unbuffered, resulting in a low supply current of 0.3mA and a low offset error of 1LSB. The DAC output range is 0V to VREF. For bipolar operation, matched scaling resistors are provided in the MAX542 for use with an external precision op amp (such as the MAX400) generating a ±V REF output swing. The MAX542 also includes Kelvin-sense connections for the reference and analog ground pins to reduce layout sensitivity. A 16-bit serial word is used to load data into the DAC latch. The 6.25MHz, 3-wire serial interface is compatible with SPI™/QSPI™/Microwire™, and it also interfaces directly with optocouplers for applications requiring isolation. A power-on reset circuit clears the DAC output to 0V (unipolar mode) when power is initially applied. The MAX541 is available in 8-pin plastic DIP and SO packages. The MAX542 is available in 14-pin plastic DIP and SO packages.



________________________Applications High-Resolution Offset and Gain Adjustment



____________________________Features ♦ Full 16-Bit Performance Without Adjustments ♦ +5V Single-Supply Operation ♦ Low Power: 1.5mW ♦ 1µs Settling Time ♦ Unbuffered Voltage Output Directly Drives 60kΩ Loads ♦ SPI/QSPI/Microwire-Compatible Serial Interface ♦ Power-On Reset Circuit Clears DAC Output to 0V (unipolar mode) ♦ Schmitt Trigger Inputs for Direct Optocoupler Interface



______________Ordering Information INL (LSB)



PART



TEMP. RANGE



PIN-PACKAGE



MAX541ACPA



0°C to +70°C



8 Plastic DIP



±1



MAX541BCPA



0°C to +70°C



8 Plastic DIP



±2



MAX541CCPA



0°C to +70°C



8 Plastic DIP



±4



MAX541ACSA



0°C to +70°C



8 SO



±1



MAX541BCSA



0°C to +70°C



8 SO



±2



MAX541CCSA



0°C to +70°C



8 SO



±4



Ordering Information continued at end of data sheet.



Industrial Process Control Automated Test Equipment



_______________Functional Diagrams



Data Acquisition Systems



_________________Pin Configurations



VDD



TOP VIEW



MAX542



RFB RFB INV



OUT 1 AGND 2 REF 3 CS 4



8 VDD



MAX541



7 DGND



RFB 1



14 VDD



OUT 2



13 INV



AGNDF 3 6 DIN



AGNDS 4



5 SCLK



REFS 5 REFF 6 CS 7



MAX542



REFF



RINV 16-BIT DAC



AGNDF



12 DGND 11 LDAC 10 DIN 9 N.C.



OUT



REFS



CS LDAC SCLK DIN



16-BIT DATA LATCH



AGNDS



CONTROL LOGIC SERIAL INPUT REGISTER



8 SCLK



DGND



DIP/SO



Functional Diagrams continued at end of data sheet.



SPI and QSPI are trademarks of Motorola, Inc. Microwire is a trademark of National Semiconductor Corp. ________________________________________________________________ Maxim Integrated Products
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For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800



MAX541/MAX542



_______________General Description



MAX541/MAX542



+5V, Serial-Input, Voltage-Output, 16-Bit DACs ABSOLUTE MAXIMUM RATINGS VDD to DGND ...........................................................-0.3V to +6V CS, SCLK, DIN, LDAC to DGND ..............................-0.3V to +6V REF, REFF, REFS to AGND_..........................-0.3V to VDD +0.3V AGND, AGNDF, AGNDS to DGND........................-0.3V to +0.3V OUT, INV to AGND_, DGND ....................................-0.3V to VDD RFB to AGND_, DGND ................................................-6V to +6V Maximum Current into Any Pin............................................50mA Continuous Power Dissipation (TA = +70°C) 8-Pin Plastic DIP (derate 9.09mW/°C above +70°C) .....727mW 8-Pin SO (derate 5.88mW/°C above +70°C) .................471mW



14-Pin Plastic DIP (derate 10.00mW/°C above +70°C) ...800mW 14-Pin SO (derate 8.33mW/°C above +70°C) ...............667mW 14-Pin Ceramic SB (derate 10.00mW/°C above +70°C ..800mW Operating Temperature Ranges MAX541 _C_ A/MAX542_C_D. .............................0°C to +70°C MAX541 _E_ A/MAX542_E_D............................-40°C to +85°C MAX542CMJD .................................................-55°C to +125°C Storage Temperature Range .............................-65°C to +150°C Lead Temperature (soldering, 10sec) .............................+300°C



Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.



ELECTRICAL CHARACTERISTICS (VDD = +5V ±5%, VREF_ = 2.5V, AGND_ = DGND = 0V, TA = TMIN to TMAX, unless otherwise noted.) PARAMETER



SYMBOL



CONDITIONS



MIN



TYP



MAX



MAX54_A



±0.5



±1.0



MAX54_B



±0.5



±2.0



MAX54_C



±0.5



±4.0



±0.5



±1.0



UNITS



STATIC PERFORMANCE—ANALOG SECTION (RL = ∞) Resolution Integral Nonlinearity



N INL



Differential Nonlinearity



DNL



Zero-Code Offset Error



ZSE



Zero-Code Tempco



ZSTC



Gain Error (Note 1)



16 VDD = 5V Guaranteed monotonic TA = +25°C



±1



TA = TMIN to TMAX



±2



TA = TMIN to TMAX



±0.05



ROUT



±5



TA = TMIN to TMAX



±10



Bipolar Resistor Matching



MAX542



Bipolar Zero Offset Error Bipolar Zero Tempco



(Note 2)



MAX542 BZSTC



RFB/RINV



LSB



LSB



±0.1



ppm/°C



6.25



kΩ



Ratio error



±0.015



TA = +25°C



±10



TA = TMIN to TMAX



±20



MAX542



±0.5



PSR



4.75V ≤ VDD ≤ 5.25V



REFERENCE INPUT Reference Input Range



VREF



(Note 3)



2.0



Unipolar Mode



11.5



MAX542, Bipolar Mode



9.0



RREF



LSB



1.0



Power-Supply Rejection



Reference Input Resistance (Note 4)



LSB



ppm/°C



TA = +25°C



Gain-Error Tempco DAC Output Resistance



Bits



% LSB ppm/°C



±1.0



LSB



3.0



V kΩ



DYNAMIC PERFORMANCE—ANALOG SECTION (RL = ∞, unipolar mode) Voltage-Output Slew Rate Output Settling Time



2



SR



CL = 10pF (Note 5)



25



V/µs



to ±1/2LSB of FS, CL = 10pF



1



µs



_______________________________________________________________________________________



+5V, Serial-Input, Voltage-Output, 16-Bit DACs MAX541/MAX542



ELECTRICAL CHARACTERISTICS (continued) (VDD = +5V ±5%, VREF_ = 2.5V, AGND_ = DGND = 0V, TA = TMIN to TMAX, unless otherwise noted.) PARAMETER



SYMBOL



CONDITIONS



MIN



TYP



MAX



UNITS



DAC Glitch Impulse



Major-carry transition



10



nV-s



Digital Feedthrough



Code = 0000hex; CS = VDD; LDAC = 0V; SCLK, DIN = 0V to VDD levels



10



nV-s



1



MHz



1



mVp-p



92



dB



DYNAMIC PERFORMANCE—REFERENCE SECTION Reference -3dB Bandwidth



BW



Reference Feedthrough Signal-to-Noise Ratio Reference Input Capacitance



Code = FFFF hex Code = 0000 hex, VREF = 1Vp-p at 100kHz



SNR CIN



Code = 0000 hex



75



Code = FFFF hex



120



pF



STATIC PERFORMANCE—DIGITAL INPUTS Input High Voltage



VIH



Input Low Voltage



VIL



2.4



Input Current



IIN



VIN = 0V



Input Capacitance



CIN



(Note 6)



Hysteresis Voltage



VH



V 0.8



V



±1



µA



10



pF



0.40



V



POWER SUPPLY Positive Supply Range



VDD



Positive Supply Current



IDD



4.75 0.3



Power Dissipation



PD



1.5



5.25



V



1.1



mA mW



TIMING CHARACTERISTICS (VDD = +5V ±5%, VREF_ = 2.5V, AGND_ = DGND = 0V, CMOS inputs, TA = TMIN to TMAX, unless otherwise noted.) PARAMETER



SYMBOL



CONDITIONS



MIN



TYP



MAX



UNITS



6.25



MHz



SCLK Frequency



fCLK



SCLK Pulse Width High



tCH



80



ns



SCLK Pulse Width Low



tCL



80



ns



tCSS0



50



ns



50



ns



30



ns



CS Low to SCLK High Setup CS High to SCLK High Setup



tCSS1



SCLK High to CS Low Hold



tCSH0



SCLK High to CS High Hold



tCSH1



80



ns



DIN to SCLK High Setup



tDS



40



ns



DIN to SCLK High Hold



tDH



0



ns



(Note 6)



LDAC Pulse Width



tLDAC



MAX542



50



ns



CS High to LDAC Low Setup



tLDACS



MAX542 (Note 6)



50



ns



VDD High to CS Low (power-up delay) Note 1: Note 2: Note 3: Note 4: Note 5: Note 6:



20



µs



Gain Error tested at VREF = 2.0V, 2.5V, and 3.0V. ROUT tolerance is typically ±20%. Min/max range guaranteed by gain-error test. Operation outside min/max limits will result in degraded performance. Reference input resistance is code dependent, minimum at 8555 hex. Slew-rate value is measured from 0% to 63%. Guaranteed by design. Not production tested. _______________________________________________________________________________________
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a FEATURES 12-Bit Accuracy in an 8-Pin Mini-DIP Fast Serial Data Input Double Data Buffers Low 61/2 LSB Max INL and DNL Max Gain Error: 61 LSB Low 5 ppm/8C Max Tempco ESD Resistant Low Cost Available in Die Form



12-Bit Serial Input Multiplying CMOS D/A Converter DAC8043 FUNCTIONAL BLOCK DIAGRAM



APPLICATIONS Autocalibration Systems Process Control and Industrial Automation Programmable Amplifiers and Attenuators Digitally-Controlled Filters



PIN CONNECTIONS GENERAL DESCRIPTION



The DAC8043 is a high accuracy 12-bit CMOS multiplying DAC in a space-saving 8-pin mini-DIP package. Featuring serial data input, double buffering, and excellent analog performance, the DAC8043 is ideal for applications where PC board space is at a premium. Also, improved linearity and gain error performance permit reduced parts count through the elimination of trimming components. Separate input clock and load DAC control lines allow full user control of data loading and analog output. The circuit consists of a 12-bit serial-in, parallel-out shift register, a 12-bit DAC register, a 12-bit CMOS DAC, and control logic. Serial data is clocked into the input register on the rising edge of the CLOCK pulse. When the new data word has been clocked in, it is loaded into the DAC register with the LD input pin. Data in the DAC register is converted to an output current by the D/A converter. The DAC8043’s fast interface timing may reduce timing design considerations while minimizing microprocessor wait states. For applications requiring an asynchronous CLEAR function or more versatile microprocessor interface logic, refer to the PM-7543. Operating from a single +5 V power supply, the DAC8043 is the ideal low power, small size, high performance solution to many application problems. It is available in plastic and cerdip packages that are compatible with auto-insertion equipment.



8-Pin Epoxy DIP (P-Suffix) 8-Pin Cerdip (Z-Suffix)



16-Lead Wide-Body SOL (S-Suffix) N.C. 1



16 N.C.



N.C. 2



15 N.C.



VREF 3



14 VDD



RFB 4



DAC8043 13 CLK



TOP VIEW IOUT 5 (Not to Scale) 12 SRI GND 6



11 LD



GND 7



10 N.C.



N.C. 8



9 N.C.



NC = NO CONNECT



REV. C Information furnished by Analog Devices is believed to be accurate and reliable. However, no responsibility is assumed by Analog Devices 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 Analog Devices.
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DAC8043 PARAMETER DEFINITIONS INTEGRAL NONLINEARITY (INL)



This is the single most important DAC specification. ADI measures INL as the maximum deviation of the analog output (from the ideal) from a straight line drawn between the end points. It is expressed as a percent of full-scale range or in terms of LSBs. Refer to PMI 1988 Data Book section 11 for additional digitalto-analog converter definitions. INTERFACE LOGIC INFORMATION



The DAC8043 has been designed for ease of operation. The timing diagram illustrates the input register loading sequence. Note that the most significant bit (MSB) is loaded first.



Figure 1. Digital Input Protection



The digital circuitry forms an interface in which serial data can be loaded under microprocessor control into a 12-bit shift register and then transferred, in parallel, to the 12-bit DAC register.



Once the input register is full, the data is transferred to the DAC register by taking LD momentarily low. DIGITAL SECTION



A simplified circuit of the DAC8043 is shown in Figure 2. An inverted R-2R ladder network consisting of silicon-chrome, highly-stable (+50 ppm/°C) thin-film resistors, and twelve pairs of NMOS current-steering switches.



The DAC8043’s digital inputs, SRI, LD, and CLK, are TTL compatible. The input voltage levels affect the amount of current drawn from the supply; peak supply current occurs as the digital input (VIN) passes through the transition region. See the Supply Current vs. Logic Input Voltage graph located under the typical performance characteristics curves. Maintaining the digital input voltage levels as close as possible to the supplies, VDD and GND, minimizes supply current consumption.



These switches steer binarily weighted currents into either IOUT or GND; this yields a constant current in each ladder leg, regardless of digital input code. This constant current results in a constant input resistance at VREF equal to R. The VREF input may be driven by any reference voltage or current, ac or dc that is within the limits stated in the Absolute Maximum Ratings.



The DAC8043’s digital inputs have been designed with ESD resistance incorporated through careful layout and the inclusion of input protection circuitry. Figure 1 shows the input protection diodes and series resistor; this input structure is duplicated on each digital input. High voltage static charges applied to the inputs are shunted to the supply and ground rails through forward biased diodes. These protection diodes were designed to clamp the inputs to well below dangerous levels during static discharge conditions.



The twelve output current-steering NMOS FET switches are in series with each R-2R resistor, they can introduce bit errors if all are of the same RON resistance value. They were designed such that the switch “ON” resistance be binarily scaled so that the voltage drop across each switch remains constant. If, for example, switch 1 of Figure 2 was designed with an “ON” resistance of 10 Ω, switch 2 for 20 Ω, etc., a constant 5 mV drop will then be maintained across each switch.



GENERAL CIRCUIT INFORMATION



The DAC8043 is a 12-bit multiplying D/A converter with a very low temperature coefficient. It contains an R-2R resistor ladder network, data input and control logic, and two data registers.



Write Cycle Timing Diagram



–6–
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DAC8043 To further insure accuracy across the full temperature range, permanently “ON” MOS switches were included in series with the feedback resistor and the R-2R ladder’s terminating resistor. The “Simplified DAC Circuit,” Figure 2, shows the location of the series switches. These series switches are equivalently scaled to two times switch 1 (MSB) and to switch 12 (LSB) respectively to maintain constant relative voltage drops with varying temperature. During any testing of the resistor ladder or RFEEDBACK (such as incoming inspection), VDD must be present to turn “ON” these series switches.



DYNAMIC PERFORMANCE OUTPUT IMPEDANCE



The DAC8043’s output resistance, as in the case of the output capacitance, varies with the digital input code. This resistance, looking back into the IOUT terminal, may be between 10 kΩ (the feedback resistor alone when all digital inputs are LOW) and 7.5 kΩ (the feedback resistor in parallel with approximate 30 kΩ of the R-2R ladder network resistance when any single bit logic is HIGH). Static accuracy and dynamic performance will be affected by these variations. This variation is best illustrated by using the circuit of Figure 4 and the equation: 



R







VERROR = VOS 1+ FB  RO   where RO is a function of the digital code, and: RO = 10 kΩ for more than four bits of logic 1. RO = 30 kΩ for any single bit of logic 1. Therefore, the offset gain varies as follows: at code 0011 1111 1111,  



VERROR1 = VOS 1+



10 kΩ = 2 VOS 10 kΩ



at code 0100 0000 0000,  



VERROR2 = VOS 1+



Figure 2. Simplified DAC Circuit EQUIVALENT CIRCUIT ANALYSIS



Figure 3 shows an equivalent analog circuit for the DAC8043. The (D × VREF)/R current source is code dependent and is the current generated by the DAC. The current source ILKG consists of surface and junction leakages and doubles approximately every 10°C. COUT is the output capacitance; it is the result of the N-channel MOS switches and varies from 80 pF to 110 pF depending on the digital input code. RO is the equivalent output resistance that also varies with digital input code. R is the nominal R-2R resistor ladder resistance.



10 kΩ  = 4/3 VOS 30 kΩ



The error difference is 2/3 VOS. Since one LSB has a weight (for VREF = +10 V) of 2.4 mV for the DAC8043, it is clearly important that VOS be minimized, either using the amplifier’s nulling pins, an external nulling network, or by selection of an amplifier with inherently low VOS. Amplifiers with sufficiently low VOS include ADI’s OP77, OP07, OP27, and OP42.



Figure 3. Equivalent Analog Circuit Figure 4. Simplified Circuit
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DAC8043 The gain and phase stability of the output amplifier, board layout, and power supply decoupling will all affect the dynamic performance. The use of a small compensation capacitor may be required when high-speed operational amplifiers are used. It may be connected across the amplifier’s feedback resistor to provide the necessary phase compensation to critically damp the output. The DAC8043’s output capacitance and the RFB resistor form a pole that must be outside the amplifier’s unity gain crossover frequency. The considerations when using high-speed amplifiers are: 1. Phase compensation (see Figures 5 and 6). 2. Power supply decoupling at the device socket and use of proper grounding techniques.



Figure 6. Unipolar Operation with Fast Op Amp and Gain Error Trimming (2-Quadrant)



the analog output is shown in Table I. The limiting parameters for the VREF range are the maximum input voltage range of the op amp or ± 25 V, whichever is lowest.



APPLICATIONS INFORMATION APPLICATION TIPS



In most applications, linearity depends upon the potential of IOUT and GND (pins 3 and 4) being exactly equal to each other. In most applications, the DAC is connected to an external op amp with its noninverting input tied to ground (see Figures 5 and 6). The amplifier selected should have a low input bias current and low drift over temperature. The amplifier’s input offset voltage should be nulled to less than +200 µV (less than 10% of 1 LSB).



Gain error may be trimmed by adjusting R1 as shown in Figure 6. The DAC register must first be loaded with all 1s. R1 may then be adjusted until VOUT = –VREF (4095/4096). In the case of an adjustable VREF, R1 and R2 may be omitted, with VREF adjusted to yield the desired full-scale output.



The operational amplifier’s noninverting input should have a minimum resistance connection to ground; the usual bias current compensation resistor should not be used. This resistor can cause a variable offset voltage appearing as a varying output error. All grounded pins should tie to a single common ground point, avoiding ground loops. The VDD power supply should have a low noise level with no transients greater than +17 V.



Table I. Unipolar Code Table



In most applications the DAC8043’s negligible zero scale error and very low gain error permit the elimination of the trimming components (R1 and the external R2) without adverse effects on circuit performance.



Digital Input MSB LSB



Nominal Analog Output (VOUT as shown in Figures 5 and 6)



1111 1111 1111



 4095  –VREF    4096 



1000 0000 0001



–VREF    4096 



1000 0000 0000



 2048 VREF –VREF  = –  4096 2



0111 1111 1111



 2047 –VREF    4096



0000 0000 0001



–VREF  1  4096



0000 0000 0000



–VREF



UNIPOLAR OPERATION (2-QUADRANT)



The circuit shown in Figures 5 and 6 may be used with an ac or dc reference voltage. The circuit’s output will range between 0 V and approximately –VREF (4095/4096) depending upon the digital input code. The relationship between the digital input and



 2049 



   0   4096  = 0  



NOTES 1 Nominal full scale for the circuits of Figures 5 and 6 is given by



 4095   4096 



FS = –VREF 



Figure 5. Unipolar Operation with High Accuracy Op Amp (2-Quadrant)



2



Nominal LSB magnitude for the circuits of Figures 5 and 6 is given by



 1   or VREF (2–n).  4096 



LSB = VREF 



–8–
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DAC8043 Table II. Bipolar (Offset Binary) Code Table



Digital Input MSB LSB



Nominal Analog Output (VOUT as Shown in Figure 7)



1111 1111 1111



 2047  +VREF  2048   



1000 0000 0001



 1  +VREF  2048   



1000 0000 0000



0



0111 1111 1111



–VREF  2048   



0000 0000 0001



–VREF  2048   



0000 0000 0000



 2048  –VREF  2048   



 1 



2



Calibration is performed by loading the DAC register with 1000 0000 0000 and adjusting R1 until VOUT = 0 V. R1 and R2 may be omitted, adjusting the ratio of R3 to R4 to yield VOUT = 0 V. Full scale can be adjusted by loading the DAC register with 1111 1111 1111 and either adjusting the amplitude of VREF or the value of R5 until the desired VOUT is achieved. ANALOG/DIGITAL DIVISION



The transfer function for the DAC8043 connected in the multiplying mode as shown in Figures 5, 6 and 7 is:



 2047 



NOTES 1 Nominal full scale for the circuit of Figure 7 is given by FS = VREF



Resistors R3, R4, and R5 must be selected to match within 0.01% and must all be of the same (preferably metal foil) type to assure temperature coefficient matching. Mismatching between R3 and R4 causes offset and full scale errors while an R5 to R4 and R3 mismatch will result in full-scale error.



 2047   2048  .



 A1 A2 A3 A12  VO = –VIN  1 + 2 + 3 +... 12  2  2 2 2



where AX assumes a value of 1 for an “ON” bit and 0 for an “OFF” bit. The transfer function is modified when the DAC is connected in the feedback of an operational amplifier as shown in Figure 8 and becomes:   –V IN   VO =  A1 A2 A3 A12   1 + 2 + 3 +... 4  2 2 2 2 



Nominal LSB magnitude for the circuit of Figure 7 is given by LSB = VREF



 1   2048  .



BIPOLAR OPERATION (4-QUADRANT)



Figure 7 details a suggested circuit for bipolar, or offset binary operation. Table II shows the digital input to analog output relationship. The circuit uses offset binary coding. Two’s complement code can be converted to offset binary by software inversion of the MSB or by the addition of an external inverter to the MSB input.



The above transfer function is the division of an analog voltage (VREF) by a digital word. The amplifier goes to the rails with all bits “OFF” since division by zero is infinity. With all bits “ON,” the gain is 1 (± 1 LSB). The gain becomes 4096 with the LSB, bit 12 “ON.”



Figure 7. Bipolar Operation (4-Quadrant, Offset Binary)
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DAC8043 DAC8043 INTERFACE TO THE 8085



The DAC8043’s interface to the 8085 microprocessor is shown in Figure 10. Note that the microprocessor’s SOD line is used to present data serially to the DAC. Data is clocked into the DAC8043 by executing memory write instructions. The clock input is generated by decoding address 8000 and WR. Data is loaded into the DAC register with a memory write instruction to address A000. Serial data supplied to the DAC8043 must be present in the right justified format in registers H and L of the microprocessor.



Figure 8. Analog/Digital Divider INTERFACING TO THE MC6800



As shown in Figure 9, the DAC8043 may be interfaced to the 6800 by successively executing memory WRITE instructions while manipulating the data between WRITEs, so that each WRITE presents the next bit. In this example the most significant bits are found in memory location 0000 and 0001. The four MSBs are found in the lower half of 0000, the eight LSBs in 0001. The data is taken from the DB7 line. The serial data loading is triggered by the CLK pulse which is asserted by a decoded memory WRITE to memory location 2000, R/W, and φ2. A WRITE to address 4000 transfers data from input register to DAC register.



Figure 10. DAC8043-8085 Interface DAC8043 TO 68000 INTERFACING



The DAC8043 interfacing to the 68000 microprocessor is shown in Figure 11. Again, serial data to the DAC is taken from one of the microprocessor’s data bus lines.



Figure 11. DAC8043–68000 µ P Interface



Figure 9. DAC8043–MC6800 Interface
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LM78LXX Series 3-Terminal Positive Regulators General Description The LM78LXX series of three terminal positive regulators is available with several fixed output voltages making them useful in a wide range of applications. When used as a zener diode/resistor combination replacement, the LM78LXX usually results in an effective output impedance improvement of two orders of magnitude, and lower quiescent current. These regulators can provide local on card regulation, eliminating the distribution problems associated with single point regulation. The voltages available allow the LM78LXX to be used in logic systems, instrumentation, HiFi, and other solid state electronic equipment. The LM78LXX is available in the metal three-lead TO-39(H) package, the plastic TO-92 (Z) package, and the plastic SO-8 (M) package. With adequate heat sinking the regulator can deliver 100 mA output current. Current limiting is included to limit the peak output current to a safe value. Safe area protection for the output transistors is provided to limit



internal power dissipation. If internal power dissipation becomes too high for the heat sinking provided, the thermal shutdown circuit takes over preventing the IC from overheating.



Features n Output voltage tolerances of ± 5% (LM78LXXAC) over the temperature range n Output current of 100 mA n Internal thermal overload protection n Output transistor safe area protection n Internal short circuit current limit n Available in plastic TO-92 and metal TO-39 and plastic SO-8 low profile packages n No external components n Output voltages of 5.0V, 6.2V, 8.2V, 9.0V, 12V, 15V



Connection Diagrams (TO-39) Metal Can Package (H)



SO-8 Plastic (M) (Narrow Body)



DS007744-2 DS007744-1



Bottom View Order Number LM78L05ACH, LM78L12ACH or LM78L15ACH See NS Package Number H03A



© 1999 National Semiconductor Corporation



DS007744



Top View Order Number LM78L05ACM, LM78L12ACM or LM78L15ACM See NS Package Number M08A
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LM78LXX Series 3-Terminal Positive Regulators



April 1998



Absolute Maximum Ratings (Note 1)



Storage Temperature Operating Junction Temperature Lead Temperature (Soldering, 10 seconds) ESD Susceptibility (Note 2)



If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ Distributors for availability and specifications. Power Dissipation (Note 5) Input Voltage



Internally Limited 35V



−65˚C to +150˚C 0˚C to +125˚C 265˚C 2 kV



LM78LXXAC Electrical Characteristics Limits in standard typeface are for TJ = 25˚C, bold typeface applies over the 0˚C to +125˚C temperature range. Limits are guaranteed by production testing or correlation techniques using standard Statistical Quality Control (SQC) methods. Unless otherwise specified: IO = 40 mA, CI = 0.33 µF, CO = 0.1 µF. LM78L05AC Unless otherwise specified, VIN = 10V Symbol



Parameter



Conditions



Output Voltage



VO



Min



Typ



Max



Units



4.8



5



5.2



V



7V ≤ VIN ≤ 20V 1 mA ≤ IO ≤ 40 mA



4.75



5.25



4.75



5.25



(Note 3) 1 mA ≤ IO ≤ 70 mA (Note 3) ∆VO ∆VO



Line Regulation Load Regulation



7V ≤ VIN ≤ 20V



18



75



8V ≤ VIN ≤ 20V



10



54



1 mA ≤ IO ≤ 100 mA



20



60



1 mA ≤ IO ≤ 40 mA



5



30



IQ



Quiescent Current



∆IQ



Quiescent Current Change



8V ≤ VIN ≤ 20V



Vn



Output Noise Voltage



1 mA ≤ IO ≤ 40 mA f = 10 Hz to 100 kHz



Ripple Rejection



(Note 4) f = 120 Hz



3



5



mV



mA



1.0 0.1



47



40



µV



62



dB



140



mA



−0.65



mV/˚C



8V ≤ VIN ≤ 16V IPK



Peak Output Current Average Output Voltage Tempco



VIN



Minimum Value of Input Voltage



(Min)



Required to Maintain Line Regulation



IO = 5 mA



6.7



7



V



Min



Typ



Max



Units



5.95



6.2



6.45



V



LM78L62AC Unless otherwise specified, VIN = 12V Symbol VO



Parameter



Conditions



Output Voltage 8.5V ≤ VIN ≤ 20V 1 mA ≤ IO ≤ 40 mA



5.9



6.5



5.9



6.5



(Note 3) 1 mA ≤ IO ≤ 70 mA (Note 3) ∆VO ∆VO



Line Regulation Load Regulation



8.5V ≤ VIN ≤ 20V



65



175



9V ≤ VIN ≤ 20V



55



125



1 mA ≤ IO ≤ 100 mA



13



80



1 mA ≤ IO ≤ 40 mA



6



40



3



mV
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Typical Performance Characteristics Maximum Average Power Dissipation (Z Package)



Maximum Average Power Dissipation (H Package)



Peak Output Current



DS007744-16 DS007744-15



DS007744-14



Dropout Voltage



Ripple Rejection



Output Impedance



DS007744-17



DS007744-18



Quiescent Current



DS007744-19



Quiescent Current



DS007744-20



DS007744-21
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FINAL



COM’L: H-15/25



PALCE610 Family EE CMOS High Performance Programmable Array Logic DISTINCTIVE CHARACTERISTICS ■ AMD’s Programmable Array Logic (PAL) architecture



■ Asynchronous clocking via product term or bank register clocking from external pins



■ Electrically-erasable CMOS technology providing half power (90 mA ICC) at high speed



■ Register preload for testability



— -15 = 15-ns tPD



■ Power-up reset for initialization ■ Space-saving 24-pin SKINNYDIP and 28-pin PLCC packages



— -25 = 25-ns tPD ■ Sixteen macrocells with configurable I/O architecture



■ Fully tested for 100% programming yield and high reliability



■ Registered or combinatorial operation ■ Registers programmable as D, T, J-K, or S-R



■ Extensive third-party software and programmer support through FusionPLD partners



GENERAL DESCRIPTION The PALCE610 is a general purpose PAL device and is functionally and fuse map equivalent to the EP610. It can accommodate logic functions with up to 20 inputs and 16 outputs. There are 16 I/O macrocells that can be individually configured to the user’s specifications. The macrocells can be configured as either registered or combinatorial. The registers can be configured as D, T, J-K, or S-R flip-flops. The PALCE610 uses the familiar sum-of-products logic with programmable-AND and fixed-OR structure. Eight product terms are brought to each macrocell to provide logic implementations.



The PALCE610 is manufactured using advanced CMOS EE technology providing low power consumption. Moreover, it is a high-speed device having a worstcase tPD of 15 ns. Space-saving 24-pin SKINNYDIP and 28-pin PLCC packages are offered. This device can be quickly erased and reprogrammed providing for easy prototyping. Once a device is programmed the security bit can be used to provide protection from copying a proprietary design.



BLOCK DIAGRAM I



I/O16



I/O15



2 8



I/O14



I/O13



I/O12



I/O11



I/O10



I/O9



2 8



2 8 2 8 2 8 Programmable AND Array 40 x 160



2 8



2 8



2 8



2 8



2 8



2 8



2 8



2 8



2 8



2 8



2 8



I/O8



I/O7



I/O6



I/O5



I/O4



I/O3



I/O2



I/O1



CLK1



4



CLK2



2-374
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12950G-1 Amendment /0



AMD



CONNECTION DIAGRAMS Top View SKINNYDIP



I/O9



3



22



I/O1



I/O10



4



21



I/O2



I/O11



5



20



I/O3



I/O12



6



19



I/O13



7



I/O14



4



3



2



1 28 27 26



I/O1



I



I



23



VCC



VCC



2



VCC



24



I



CLK1



1



I



CLK1



I/O9



PLCC/LCC



I/O10



5



25



I/O2



I/O4



I/O11



6



24



I/O3



18



I/O5



I/O12



7



23



I/O4



8



17



I/O6



I/O13



8



22



I/O5



I/O15



9



16



I/O7



I/O14



9



21



I/O6



I/O16
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PIN DESIGNATIONS CLK



=



Clock



GND



=



Ground
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=



Input
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=



Input/Output



NC



=



No Connect
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=



Supply Voltage
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FUNCTIONAL DESCRIPTION The PALCE610 is a general purpose programmable logic device. It has 16 independently-configurable macrocells. Each macrocell can be configured as either combinatorial or registered. The registers can be D, T, J-K, or S-R type flip-flops. The device has 4 dedicated input pins and 2 clock pins. Each clock pin controls 8 of the 16 macrocells. The programming matrix implements a programmable AND logic array which drives a fixed OR logic array. Buffers for device inputs have complementary outputs to provide user-programmable input polarity. Unused input pins should be tied to VCC or ground.



asynchronous configuration, the clock input is controlled by the product term. The output is always enabled. In The D and T configurations, feedback can be either from Q or the output pin. This allows D and T configurations to be either outputs or I/O. In the J-K and S-R configurations, feedback is only from Q; therefore, J-K and S-R configurations are strictly outputs.



D Flip-Flop All 8 product terms are available to the OR gate. The D input polarity is controlled by an exclusive-OR gate. For the D flip-flop, the output level is the D-input level at the rising edge of the clock.



The array uses AMD’s electrically erasable technology. An unprogrammed bit is disconnected and a programmed bit is connected. Product terms with all bits unprogrammed assume the logical-HIGH state and product terms with both the TRUE and Complement bits programmed assume the logical-LOW state. The programmable functions in the PALCE610 are automatically configured from the user’s design specifications, which can be in a number of formats. The design specification is processed by development software to verify the design and create a programming file. This file, once downloaded to the programmer, configures the design according to the user’s desired function.



Each macrocell can select as its clock either the corresponding clock pin or the CLK/OE product term. If the clock pin is selected, the output enable is controlled by the CLK/OE product term. If the CLK/OE product term is selected, the output is always enabled.
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T Flip-Flop All 8 product terms are available to the OR gate. The T input polarity is controlled by an exclusive-OR gate. For the T register, the output level toggles when the T input is HIGH and remains the same when the T input is LOW.



Macrocell Configurations The PALCE610 macrocell can be configured as either combinatorial or registered. Both the combinatorial and registered configurations have output polarity control. The register can be configured as a D, T, J-K, or S-R type flip-flop. Figure 1 shows the possible configurations.
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J-K Flip-Flop The 8 product terms are divided between the J and K inputs. N product terms go to the J input and 8-N product terms go to the K input, where N can range from 0 to 8. Both the J and K inputs to the flip-flop have polarity control via exclusive-OR gates. The J-K flip-flop operation is shown below.
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All 8 product terms are available to the OR gate. The output-enable function is performed by the CLK/OE product term.
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Registered Configurations
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There are 4 flip-flop types available: D, T, J-K and S-R.
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The registers can be configured as synchronous or asynchronous. In the synchronous configuration, the clock is controlled by the clock input pin. The output enable is controlled by the product term function. In the
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S-R Flip-Flop



Security Bit



The 8 product terms are divided between the S and R inputs. N product terms go to the S input and 8-N product terms go to the R input, where N can range from 0 to 8. Both the S and R inputs to the flip-flop have polarity control via exclusive-OR gates. The S-R flip-flop operation is shown below.



After programming and verification, a PALCE610 design can be secured by programming the security bit. Once programmed, this bit defeats readback of the internal programmed pattern by a device programmer, securing proprietary designs from competitors. However, programming and verification are also defeated by the security bit. The bit can only be erased in conjunction with the array during the erase cycle. Preload is not affected by the security bit.
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Technology



All flip-flops have an asynchronous-reset product-term input. When the product term is true, the flip-flop will reset to a logic LOW, regardless of the clock and data inputs.



The PALCE610 is manufactured using AMD’s advanced Electrically Erasable (EE) CMOS process. This technology uses an EE cell to replace the fuse link in bipolar parts, and allows AMD to offer lower-power parts of high complexity. In addition, since the EE cells can be erased and reprogrammed, these devices can be 100% factory tested before being shipped to the customer. Inputs and outputs are designed to be compatible with TTL devices. This technology provides strong input clamp diodes, output slew-rate control, and a grounded substrate for clear switching.



Power-Up Reset



Programming and Erasing



All flip-flops power up to a logic LOW for predictable system initialization. Outputs of the PALCE610 depend on whether they are selected as registered or combinatorial. If registered is selected, the output will be LOW. If combinatorial is selected, the output will be a function of the logic. The VCC rise must be monotonic and the reset delay time is 1000 ns maximum.



The PALCE610 can be programmed on standard logic programmers. It also may be erased to reset a previously configured device back to its virgin state. Bulk erase is automatically performed by the programming hardware. No special erase operation is required.



Register Preload



The PALCE610 has CMOS-compatible outputs. The output voltage (VOH) is 3.85 V at –2.0 mA.



1 Not Allowed



Asynchronous Reset



The register on the PALCE610 can be preloaded from the output pins to facilitate functional testing of complex state machine designs. This feature allows direct loading of arbitrary states, making it unnecessary to cycle through long test vector sequences to reach a desired state. In addition, transitions from illegal states can be verified by loading illegal states and observing proper recovery.



CMOS Compatibility
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PALCE610 LOGIC DIAGRAM DIP (PLCC) Pinouts 40 CLK1



24 VCC (1, 28)



1 (2) 2 (3)
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LM2907/LM2917 Frequency to Voltage Converter Y



General Description



Y



The LM2907, LM2917 series are monolithic frequency to voltage converters with a high gain op amp/comparator designed to operate a relay, lamp, or other load when the input frequency reaches or exceeds a selected rate. The tachometer uses a charge pump technique and offers frequency doubling for low ripple, full input protection in two versions (LM2907-8, LM2917-8) and its output swings to ground for a zero frequency input.



Y Y Y



Applications Y



Advantages Y Y Y Y



Y



Output swings to ground for zero frequency input Easy to use; VOUT e fIN c VCC c R1 c C1 Only one RC network provides frequency doubling Zener regulator on chip allows accurate and stable frequency to voltage or current conversion (LM2917)



Y Y Y Y Y Y



Features Y



Y Y



Y



Ground referenced tachometer input interfaces directly with variable reluctance magnetic pickups Op amp/comparator has floating transistor output 50 mA sink or source to operate relays, solenoids, meters, or LEDs



Frequency doubling for low ripple Tachometer has built-in hysteresis with either differential input or ground referenced input Built-in zener on LM2917 g 0.3% linearity typical Ground referenced tachometer is fully protected from damage due to swings above VCC and below ground



Y Y



Over/under speed sensing Frequency to voltage conversion (tachometer) Speedometers Breaker point dwell meters Hand-held tachometer Speed governors Cruise control Automotive door lock control Clutch control Horn control Touch or sound switches



Block and Connection Diagrams Dual-In-Line and Small Outline Packages, Top Views
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Order Number LM2907M-8 or LM2907N-8 See NS Package Number M08A or N08E



TL/H/7942 – 3



Order Number LM2907N See NS Package Number N14A C1995 National Semiconductor Corporation



TL/H/7942
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Order Number LM2917M-8 or LM2917N-8 See NS Package Number M08A or N08E
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Order Number LM2917M or LM2917N See NS Package Number M14A or N14A RRD-B30M115/Printed in U. S. A.



LM2907/LM2917 Frequency to Voltage Converter



February 1995



Absolute Maximum Ratings (Note 1) Power Dissipation LM2907-8, LM2917-8 LM2907-14, LM2917-14 (See Note 1) Operating Temperature Range



If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/Distributors for availability and specifications. Supply Voltage Supply Current (Zener Options) Collector Voltage Differential Input Voltage Tachometer Op Amp/Comparator Input Voltage Range Tachometer LM2907-8, LM2917-8 LM2907, LM2917 Op Amp/Comparator



28V 25 mA 28V



1200 mW 1580 mW b 40§ C to a 85§ C



Storage Temperature Range Soldering Information Dual-In-Line Package Soldering (10 seconds) Small Outline Package Vapor Phase (60 seconds) Infrared (15 seconds)



28V 28V g 28V 0.0V to a 28V 0.0V to a 28V



b 65§ C to a 150§ C



260§ C 215§ C 220§ C



See AN-450 ‘‘Surface Mounting Methods and Their Effect on Product Reliability’’ for other methods of soldering surface mount devices.



Electrical Characteristics VCC e 12 VDC, TA e 25§ C, see test circuit Symbol



Parameter



Conditions



Min



Typ



Max



Units



g 10



g 25



g 40



mV



TACHOMETER Input Thresholds



VIN e 250 mVp-p



@



1 kHz (Note 2)



Hysteresis



VIN e 250 mVp-p



@



1 kHz (Note 2)



Offset Voltage LM2907/LM2917 LM2907-8/LM2917-8



VIN e 250 mVp-p



@



1 kHz (Note 2)



Input Bias Current



VIN e g 50 mVDC



VOH



Pin 2



VIN e a 125 mVDC (Note 3)



8.3



V



VOL



Pin 2



VIN e b125 mVDC (Note 3)



2.3



V



I2, I3



Output Current



V2 e V3 e 6.0V (Note 4)



I3



Leakage Current



I2 e 0, V3 e 0



K



Gain Constant



(Note 3)



Linearity



fIN e 1 kHz, 5 kHz, 10 kHz (Note 5)



30



140



mV



3.5 5



10 15



mV mV



0.1



1



mA



180



240



mA



0.1



mA



0.9



1.0



1.1



b 1.0



0.3



a 1.0



%



OP/AMP COMPARATOR VOS



VIN e 6.0V



3



10



mV



IBIAS



VIN e 6.0V



50



500



nA



Input Common-Mode Voltage



0



Voltage Gain



VCCb1.5V 200



40



V V/mV



Output Sink Current



VC e 1.0



50



mA



Output Source Current



VE e VCC b2.0



10



mA



Saturation Voltage



ISINK e 5 mA



0.1



ISINK e 20 mA ISINK e 50 mA



1.0



2



0.5



V



1.0



V



1.5



V



Electrical Characteristics VCC e 12 VDC, TA e 25§ C, see test circuit (Continued) Symbol



Parameter



Conditions



Min



Typ



Max



Units



15



X



ZENER REGULATOR Regulator Voltage



RDROP e 470X



7.56



Series Resistance



10.5



Temperature Stability



a1



TOTAL SUPPLY CURRENT



3.8



V



mV/§ C 6



mA



Note 1: For operation in ambient temperatures above 25§ C, the device must be derated based on a 150§ C maximum junction temperature and a thermal resistance of 101§ C/W junction to ambient for LM2907-8 and LM2917-8, and 79§ C/W junction to ambient for LM2907-14 and LM2917-14. Note 2: Hysteresis is the sum a VTH b ( b VTH), offset voltage is their difference. See test circuit. Note 3: VOH is equal to */4 c VCC b 1 VBE, VOL is equal to (/4 c VCC b 1 VBE therefore VOH b VOL e VCC/2. The difference, VOH b VOL, and the mirror gain, I2/I3, are the two factors that cause the tachometer gain constant to vary from 1.0. Note 4: Be sure when choosing the time constant R1 c C1 that R1 is such that the maximum anticipated output voltage at pin 3 can be reached with I3 c R1. The maximum value for R1 is limited by the output resistance of pin 3 which is greater than 10 MX typically. Note 5: Nonlinearity is defined as the deviation of VOUT ( @ pin 3) for fIN e 5 kHz from a straight line defined by the VOUT C1 e 1000 pF, R1 e 68k and C2 e 0.22 mFd.



General Description (Continued) The op amp/comparator is fully compatible with the tachometer and has a floating transistor as its output. This feature allows either a ground or supply referred load of up to 50 mA. The collector may be taken above VCC up to a maximum VCE of 28V. The two basic configurations offered include an 8-pin device with a ground referenced tachometer input and an internal connection between the tachometer output and the op amp non-inverting input. This version is well suited for single speed or frequency switching or fully buffered frequency to voltage conversion applications.



@



1 kHz and VOUT



@



10 kHz.



The more versatile configurations provide differential tachometer input and uncommitted op amp inputs. With this version the tachometer input may be floated and the op amp becomes suitable for active filter conditioning of the tachometer output. Both of these configurations are available with an active shunt regulator connected across the power leads. The regulator clamps the supply such that stable frequency to voltage and frequency to current operations are possible with any supply voltage and a suitable resistor.



Test Circuit and Waveform



Tachometer Input Threshold Measurement
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Typical Performance Characteristics Total Supply Current



Zener Voltage vs Temperature



Normalized Tachometer Output vs Temperature



Normalized Tachometer Output vs Temperature



Tachometer Currents I2 and I3 vs Supply Voltage



Tachometer Currents I2 and I3 vs Temperature



Tachometer Linearity vs Temperature



Tachometer Linearity vs Temperature



Tachometer Linearity vs R1



Tachometer Input Hysteresis vs Temperature



Op Amp Output Transistor Characteristics



Op Amp Output Transistor Characteristics
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Applications Information The size of C2 is dependent only on the amount of ripple voltage allowable and the required response time.



The LM2907 series of tachometer circuits is designed for minimum external part count applications and maximum versatility. In order to fully exploit its features and advantages let’s examine its theory of operation. The first stage of operation is a differential amplifier driving a positive feedback flip-flop circuit. The input threshold voltage is the amount of differential input voltage at which the output of this stage changes state. Two options (LM2907-8, LM2917-8) have one input internally grounded so that an input signal must swing above and below ground and exceed the input thresholds to produce an output. This is offered specifically for magnetic variable reluctance pickups which typically provide a single-ended ac output. This single input is also fully protected against voltage swings to g 28V, which are easily attained with these types of pickups. The differential input options (LM2907, LM2917) give the user the option of setting his own input switching level and still have the hysteresis around that level for excellent noise rejection in any application. Of course in order to allow the inputs to attain common-mode voltages above ground, input protection is removed and neither input should be taken outside the limits of the supply voltage being used. It is very important that an input not go below ground without some resistance in its lead to limit the current that will then flow in the epi-substrate diode. Following the input stage is the charge pump where the input frequency is converted to a dc voltage. To do this requires one timing capacitor, one output resistor, and an integrating or filter capacitor. When the input stage changes state (due to a suitable zero crossing or differential voltage on the input) the timing capacitor is either charged or discharged linearly between two voltages whose difference is VCC/2. Then in one half cycle of the input frequency or a time equal to 1/2 fIN the change in charge on the timing capacitor is equal to VCC/2 c C1. The average amount of current pumped into or out of the capacitor then is: DQ V e ic(AVG) e C1 c CC c (2fIN) e VCC c fIN c C1 T 2



CHOOSING R1 AND C1 There are some limitations on the choice of R1 and C1 which should be considered for optimum performance. The timing capacitor also provides internal compensation for the charge pump and should be kept larger than 500 pF for very accurate operation. Smaller values can cause an error current on R1, especially at low temperatures. Several considerations must be met when choosing R1. The output current at pin 3 is internally fixed and therefore VO/R1 must be less than or equal to this value. If R1 is too large, it can become a significant fraction of the output impedance at pin 3 which degrades linearity. Also output ripple voltage must be considered and the size of C2 is affected by R1. An expression that describes the ripple content on pin 3 for a single R1C2 combination is: VCC C1 c c VRIPPLE e 2 C2



#1



V c fIN c C1 b CC I2



J pk-pk



It appears R1 can be chosen independent of ripple, however response time, or the time it takes VOUT to stabilize at a new voltage increases as the size of C2 increases, so a compromise between ripple, response time, and linearity must be chosen carefully. As a final consideration, the maximum attainable input frequency is determined by VCC, C1 and I2: I2 fMAX e C1 c VCC USING ZENER REGULATED OPTIONS (LM2917) For those applications where an output voltage or current must be obtained independent of supply voltage variations, the LM2917 is offered. The most important consideration in choosing a dropping resistor from the unregulated supply to the device is that the tachometer and op amp circuitry alone require about 3 mA at the voltage level provided by the zener. At low supply voltages there must be some current flowing in the resistor above the 3 mA circuit current to operate the regulator. As an example, if the raw supply varies from 9V to 16V, a resistance of 470X will minimize the zener voltage variation to 160 mV. If the resistance goes under 400X or over 600X the zener variation quickly rises above 200 mV for the same input variation.



The output circuit mirrors this current very accurately into the load resistor R1, connected to ground, such that if the pulses of current are integrated with a filter capacitor, then VO e ic c R1, and the total conversion equation becomes: VO e VCC c fIN c C1 c R1 c K Where K is the gain constantÐtypically 1.0.



Typical Applications Minimum Component Tachometer
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! PC16550D



(10 pages)



PC16550D Universal Asynchronous Receiver/Transmitter with FIFOs ² General Description



Features



The PC16550D is an improved version of the original 16450 Universal Asynchronous Receiver/Transmitter (UART). Functionally identical to the 16450 on powerup (CHARACTER mode)* the PC16550D can be put into an alternate mode (FIFO mode) to relieve the CPU of excessive software overhead. In this mode internal FIFOs are activated allowing 16 bytes (plus 3 bits of error data per byte in the RCVR FIFO) to be stored in both receive and transmit modes. All the logic is on chip to minimize system overhead and maximize system efficiency. Two pin functions have been changed to allow signalling of DMA transfers. The UART performs serial-to-parallel conversion on data characters received from a peripheral device or a MODEM, and parallel-to-serial conversion on data characters received from the CPU. The CPU can read the complete status of the UART at any time during the functional operation. Status information reported includes the type and condition of the transfer operations being performed by the UART, as well as any error conditions (parity, overrun, framing, or break interrupt). The UART includes a programmable baud rate generator that is capable of dividing the timing reference clock input by divisors of 1 to (216b1), and producing a 16 c clock for driving the internal transmitter logic. Provisions are also included to use this 16 c clock to drive the receiver logic. The UART has complete MODEM-control capability, and a processor-interrupt system. Interrupts can be programmed to the user’s requirements, minimizing the computing required to handle the communications link. The UART is fabricated using National Semiconductor’s advanced M2CMOS process.



Y Y



Y



Y



Y



Y



Y



Y



Y Y



Y



Y Y Y Y Y



*Can also be reset to 16450 Mode under software control. ² Note: This part is patented. Y



Capable of running all existing 16450 software. Pin for pin compatible with the existing 16450 except for CSOUT (24) and NC (29). The former CSOUT and NC pins are TXRDY and RXRDY, respectively. After reset, all registers are identical to the 16450 register set. In the FIFO mode transmitter and receiver are each buffered with 16 byte FIFO’s to reduce the number of interrrupts presented to the CPU. Adds or deletes standard asynchronous communication bits (start, stop, and parity) to or from the serial data. Holding and shift registers in the 16450 Mode eliminate the need for precise synchronization between the CPU and serial data. Independently controlled transmit, receive, line status, and data set interrupts. Programmable baud generator divides any input clock by 1 to (216 b 1) and generates the 16 c clock. Independent receiver clock input. MODEM control functions (CTS, RTS, DSR, DTR, RI, and DCD). Fully programmable serial-interface characteristics: Ð 5-, 6-, 7-, or 8-bit characters Ð Even, odd, or no-parity bit generation and detection Ð 1-, 1(/2-, or 2-stop bit generation Ð Baud generation (DC to 1.5M baud). False start bit detection. Complete status reporting capabilities. TRI-STATEÉ TTL drive for the data and control buses. Line break generation and detection. Internal diagnostic capabilities: Ð Loopback controls for communications link fault isolation Ð Break, parity, overrun, framing error simulation. Full prioritized interrupt system controls.



Basic Configuration



TL/C/8652 – 1 TRI-STATEÉ is a registered trademark of National Semiconductor Corp. C1995 National Semiconductor Corporation
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PC16550D Universal Asynchronous Receiver/Transmitter with FIFOs



June 1995



5.0



Block Diagram
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Note: Applicable pinout numbers are included within parenthesis.
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6.0 Pin Descriptions The following describes the function of all UART pins. Some of these descriptions reference internal circuits. In the following descriptions, a low represents a logic 0 (0V nominal) and a high represents a logic 1 ( a 2.4V nominal). A0, A1, A2, Register Select, Pins 26–28: Address signals connected to these 3 inputs select a UART register for the CPU to read from or write to during data transfer. A table of registers and their addresses is shown below. Note that the state of the Divisor Latch Access Bit (DLAB), which is the most significant bit of the Line Control Register, affects the selection of certain UART registers. The DLAB must be set high by the system software to access the Baud Generator Divisor Latches.



D7 –D0, Data Bus, Pins 1 – 8: This bus comprises eight TRISTATE input/output lines. The bus provides bidirectional communications between the UART and the CPU. Data, control words, and status information are transferred via the D7 –D0 Data Bus. DCD, Data Carrier Detect, Pin 38: When low, indicates that the data carrier has been detected by the MODEM or data set. The DCD signal is a MODEM status input whose condition can be tested by the CPU reading bit 7 (DCD) of the MODEM Status Register. Bit 7 is the complement of the DCD signal. Bit 3 (DDCD) of the MODEM Status Register indicates whether the DCD input has changed state since the previous reading of the MODEM Status Register. DCD has no effect on the receiver.



Register Addresses



Note: Whenever the DCD bit of the MODEM Status Register changes state, an interrupt is generated if the MODEM Status Interrupt is enabled.



DLAB



A2



A1



A0



Register



0



0



0



0



0 X X X X X X X 1



0 0 0 0 1 1 1 1 0



0 1 1 1 0 0 1 1 0



1 0 0 1 0 1 0 1 0



1



0



0



1



Receiver Buffer (read), Transmitter Holding Register (write) Interrupt Enable Interrupt Identification (read) FIFO Control (write) Line Control MODEM Control Line Status MODEM Status Scratch Divisor Latch (least significant byte) Divisor Latch (most significant byte)



DDIS, Driver Disable, Pin 23: This goes low whenever the CPU is reading data from the UART. It can disable or control the direction of a data bus transceiver between the CPU and the UART. DSR, Data Set Ready, Pin 37: When low, this indicates that the MODEM or data set is ready to establish the communications link with the UART. The DSR signal is a MODEM status input whose condition can be tested by the CPU reading bit 5 (DSR) of the MODEM Status Register. Bit 5 is the complement of the DSR signal. Bit 1 (DDSR) of the MODEM Status Register indicates whether the DSR input has changed state since the previous reading of the MODEM Status Register. Note: Whenever the DDSR bit of the MODEM Status Register changes state, an interrupt is generated if the MODEM Status Interrupt is enabled.



DTR, Data Terminal Ready, Pin 33: When low, this informs the MODEM or data set that the UART is ready to establish a communications link. The DTR output signal can be set to an active low by programming bit 0 (DTR) of the MODEM Control Register to a high level. A Master Reset operation sets this signal to its inactive (high) state. Loop mode operation holds this signal in its inactive state. INTR, Interrupt, Pin 30: This pin goes high whenever any one of the following interrupt types has an active high condition and is enabled via the IER: Receiver Error Flag; Received Data Available: timeout (FIFO Mode only); Transmitter Holding Register Empty; and MODEM Status. The INTR signal is reset low upon the appropriate interrupt service or a Master Reset operation. MR, Master Reset, Pin 35: When this input is high, it clears all the registers (except the Receiver Buffer, Transmitter Holding, and Divisor Latches), and the control logic of the UART. The states of various output signals (SOUT, INTR, OUT 1, OUT 2, RTS, DTR) are affected by an active MR input (Refer to Table I.) This input is buffered with a TTLcompatible Schmitt Trigger with 0.5V typical hysteresis. OUT 1, Output 1, Pin 34: This user-designated output can be set to an active low by programming bit 2 (OUT 1) of the MODEM Control Register to a high level. A Master Reset operation sets this signal to its inactive (high) state. Loop mode operation holds this signal in its inactive state. In the XMOS parts this will achieve TTL levels.



ADS, Address Strobe, Pin 25: The positive edge of an active Address Strobe (ADS) signal latches the Register Select (A0, A1, A2) and Chip Select (CS0, CS1, CS2) signals. Note: An active ADS input is required when the Register Select (A0, A1, A2) and Chip Select (CS0, CS1, CS2) signals are not stable for the duration of a read or write operation. If not required, tie the ADS input permanently low.



BAUDOUT, Baud Out, Pin 15: This is the 16 c clock signal from the transmitter section of the UART. The clock rate is equal to the main reference oscillator frequency divided by the specified divisor in the Baud Generator Divisor Latches. The BAUDOUT may also be used for the receiver section by tying this output to the RCLK input of the chip. CS0, CS1, CS2, Chip Select, Pins 12–14: When CS0 and CS1 are high and CS2 is low, the chip is selected. This enables communication between the UART and the CPU. The positive edge of an active Address Strobe signal latches the decoded chip select signals, completing chip selection. If ADS is always low, valid chip selects should stabilize according to the tCSW parameter. CTS, Clear to Send, Pin 36: When low, this indicates that the MODEM or data set is ready to exchange data. The CTS signal is a MODEM status input whose conditions can be tested by the CPU reading bit 4 (CTS) of the MODEM Status Register. Bit 4 is the complement of the CTS signal. Bit 0 (DCTS) of the MODEM Status Register indicates whether the CTS input has changed state since the previous reading of the MODEM Status Register. CTS has no effect on the Transmitter. Note: Whenever the CTS bit of the MODEM Status Register changes state, an interrupt is generated if the MODEM Status Interrupt is enabled.
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6.0 Pin Descriptions (Continued) OUT 2, Output 2, Pin 31: This user-designated output that can be set to an active low by programming bit 3 (OUT 2) of the MODEM Control Register to a high level. A Master Reset operation sets this signal to its inactive (high) state. Loop mode operation holds this signal in its inactive state. In the XMOS parts this will achieve TTL levels. RCLK, Receiver Clock, Pin 9: This input is the 16 c baud rate clock for the receiver section of the chip. RD, RD, Read, Pins 22 and 21: When RD is high or RD is low while the chip is selected, the CPU can read status information or data from the selected UART register.



TXRDY, Mode 0: In the 16450 Mode (FCR0 e 0) or in the FIFO Mode (FCR0 e 1, FCR3 e 0) and there are no characters in the XMIT FIFO or XMIT holding register, the TXRDY pin (24) will be low active. Once it is activated the TXRDY pin will go inactive after the first character is loaded into the XMIT FIFO or holding register. TXRDY, Mode 1: In the FIFO Mode (FCR0 e 1) when FCR3 e 1 and there are no characters in the XMIT FIFO, the TXRDY pin will go low active. This pin will become inactive when the XMIT FIFO is completely full. VDD, Pin 40: a 5V supply.



Note: Only an active RD or RD input is required to transfer data from the UART during a read operation. Therefore, tie either the RD input permanently low or the RD input permanently high, when it is not used.



VSS, Pin 20: Ground (0V) reference. WR, WR, Write, Pins 19 and 18: When WR is high or WR is low while the chip is selected, the CPU can write control words or data into the selected UART register.



RI, Ring Indicator, Pin 39: When low, this indicates that a telephone ringing signal has been received by the MODEM or data set. The RI signal is a MODEM status input whose condition can be tested by the CPU reading bit 6 (RI) of the MODEM Status Register. Bit 6 is the complement of the RI signal. Bit 2 (TERI) of the MODEM Status Register indicates whether the RI input signal has changed from a low to a high state since the previous reading of the MODEM Status Register.



Note: Only an active WR or WR input is required to transfer data to the UART during a write operation. Therefore, tie either the WR input permanently low or the WR input permanently high, when it is not used.



XIN (External Crystal Input), Pin 16: This signal input is used in conjunction with XOUT to form a feedback circuit for the baud rate generator’s oscillator. If a clock signal will be generated off-chip, then it should drive the baud rate generator through this pin. XOUT (External Crystal Output), Pin 17: This signal output is used in conjunction with XIN to form a feedback circuit for the baud rate generator’s oscillator. If the clock signal will be generated off-chip, then this pin is unused.



Note: Whenever the RI bit of the MODEM Status Register changes from a high to a low state, an interrupt is generated if the MODEM Status Interrupt is enabled.



RTS, Request to Send, Pin 32: When low, this informs the MODEM or data set that the UART is ready to exchange data. The RTS output signal can be set to an active low by programming bit 1 (RTS) of the MODEM Control Register. A Master Reset operation sets this signal to its inactive (high) state. Loop mode operation holds this signal in its inactive state. SIN, Serial Input, Pin 10: Serial data input from the communications link (peripheral device, MODEM, or data set). SOUT, Serial Output, Pin 11: Composite serial data output to the communications link (peripheral, MODEM or data set). The SOUT signal is set to the Marking (logic 1) state upon a Master Reset operation. TXRDY, RXRDY, Pins 24, 29: Transmitter and Receiver DMA signalling is available through two pins (24 and 29). When operating in the FIFO mode, one of two types of DMA signalling per pin can be selected via FCR3. When operating as in the 16450 Mode, only DMA mode 0 is allowed. Mode 0 supports single transfer DMA where a transfer is made between CPU bus cycles. Mode 1 supports multitransfer DMA where multiple transfers are made continuously until the RCVR FIFO has been emptied or the XMIT FIFO has been filled. RXRDY, Mode 0: When in the 16450 Mode (FCR0 e 0) or in the FIFO Mode (FCR0 e 1, FCR3 e 0) and there is at least 1 character in the RCVR FIFO or RCVR holding register, the RXRDY pin (29) will be low active. Once it is activated the RXRDY pin will go inactive when there are no more characters in the FIFO or holding register. RXRDY, Mode 1: In the FIFO Mode (FCR0 e 1) when the FCR3 e 1 and the trigger level or the timeout has been reached, the RXRDY pin will go low active. Once it is activated it will go inactive when there are no more characters in the FIFO or holding register.
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Connection Diagrams Dual-In-Line Package
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Top View Order Number PC16550DN See NS Package Number N40A 12
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Data Bit 4



Data Bit 5



Data Bit 6



Data Bit 7



4



5



6



7



Data Bit 7



Data Bit 6



Data Bit 5



Data Bit 4



Data Bit 3



Data Bit 2



0



0



0



0



Enable MODEM Status Interrupt (EDSSI)



Enable Receiver Line Status Interrupt (ELSI)



Enable Transmitter Holding Register Empty Interrupt (ETBEI)



IER Enable Received Data Available Interrupt (ERBFI)



Interrupt Enable Register



1 DLAB e 0



2



FIFOs Enabled (Note 2)



FIFOs Enabled (Note 2)



0



0



Interrupt ID Bit (2) (Note 2)



Interrupt ID Bit (1)



Interrupt ID Bit (0)



IIR ‘‘0’’ if Interrupt Pending



Interrupt Ident. Register (Read Only)



Note 2: These bits are always 0 in the 16450 Mode.



Note 1: Bit 0 is the least significant bit. It is the first bit serially transmitted or received.



Data Bit 3



Data Bit 2



2



3



Data Bit 1



1



Data Bit 1



THR Data Bit 0



RBR Data Bit 0 (Note 1)



0



0 DLAB e 0 Transmitter Holding Register (Write Only)



0 DLAB e 0



Receiver Buffer Register (Read Only)



Bit No.



RCVR Trigger (MSB)



RCVR Trigger (LSB)



Reserved



Reserved



DMA Mode Select



XMIT FIFO Reset



RCVR FIFO Reset



FCR FIFO Enable



FIFO Control Register (Write Only)



Divisor Latch Access Bit (DLAB)



Set Break



Even Parity Select (EPS) Stick Parity



Parity Enable (PEN)



Number of Stop Bits (STB)



Word Length Select Bit 1 (WLS1)



LCR Word Length Select Bit 0 (WLS0)



Line Control Register



0



0



0



Loop



Out 2



Out 1



Request to Send (RTS)



MCR Data Terminal Ready (DTR)



MODEM Control Register



TABLE II. Summary of Registers Register Address 2 3 4



Error in RCVR FIFO (Note 2)



Transmitter Empty (TEMT)



Transmitter Holding Register (THRE)



Break Interrupt (BI)



Framing Error (FE)



Parity Error (PE)



Overrun Error (OE)



LSR Data Ready (DR)



Line Status Register



5



Data Carrier Detect (DCD)



Ring Indicator (RI)



Clear to Send (CTS) Data Set Ready (DSR)



Delta Data Carrier Detect (DDCD)



Trailing Edge Ring Indicator (TERI)



Delta Data Set Ready (DDSR)



MSR Delta Clear to Send (DCTS)



MODEM Status Register



6



Bit 7



Bit 6



Bit 5



Bit 4



Bit 3



Bit 2



Bit 1



SCR Bit 0



Scratch Register



7



Bit 7



Bit 6



Bit 5



Bit 4



Bit 3



Bit 2



Bit 1



DLL Bit 0



Divisor Latch (LS)



0 DLAB e 1



Bit 15



Bit 14



Bit 13



Bit 12



Bit 11



Bit 10



Bit 9



DLM Bit 8



Divisor Latch (MS)



1 DLAB e 1



8.0



Registers Bit 3: This bit is the Parity Enable bit. When bit 3 is a logic 1, a Parity bit is generated (transmit data) or checked (receive data) between the last data word bit and Stop bit of the serial data. (The Parity bit is used to produce an even or odd number of 1s when the data word bits and the Parity bit are summed.) Bit 4: This bit is the Even Parity Select bit. When bit 3 is a logic 1 and bit 4 is a logic 0, an odd number of logic 1s is transmitted or checked in the data word bits and Parity bit. When bit 3 is a logic 1 and bit 4 is a logic 1, an even number of logic 1s is transmitted or checked. Bit 5: This bit is the Stick Parity bit. When bits 3, 4 and 5 are logic 1 the Parity bit is transmitted and checked as a logic 0. If bits 3 and 5 are 1 and bit 4 is a logic 0 then the Parity bit is transmitted and checked as a logic 1. If bit 5 is a logic 0 Stick Parity is disabled. Bit 6: This bit is the Break Control bit. It causes a break condition to be transmitted to the receiving UART. When it is set to a logic 1, the serial output (SOUT) is forced to the Spacing (logic 0) state. The break is disabled by setting bit 6 to a logic 0. The Break Control bit acts only on SOUT and has no effect on the transmitter logic.



The system programmer may access any of the UART registers summarized in Table II via the CPU. These registers control UART operations including transmission and reception of data. Each register bit in Table II has its name and reset state shown. 8.1 LINE CONTROL REGISTER The system programmer specifies the format of the asynchronous data communications exchange and set the Divisor Latch Access bit via the Line Control Register (LCR). The programmer can also read the contents of the Line Control Register. The read capability simplifies system programming and eliminates the need for separate storage in system memory of the line characteristics. Table II shows the contents of the LCR. Details on each bit follow: Bits 0 and 1: These two bits specify the number of bits in each transmitted or received serial character. The encoding of bits 0 and 1 is as follows: Bit 1



Bit 0



Character Length



0 0 1 1



0 1 0 1



5 Bits 6 Bits 7 Bits 8 Bits



Note: This feature enables the CPU to alert a terminal in a computer communications system. If the following sequence is followed, no erroneous or extraneous characters will be transmitted because of the break. 1. Load an all 0s, pad character, in response to THRE.



Bit 2: This bit specifies the number of Stop bits transmitted and received in each serial character. If bit 2 is a logic 0, one Stop bit is generated in the transmitted data. If bit 2 is a logic 1 when a 5-bit word length is selected via bits 0 and 1, one and a half Stop bits are generated. If bit 2 is a logic 1 when either a 6-, 7-, or 8-bit word length is selected, two Stop bits are generated. The Receiver checks the first Stopbit only, regardless of the number of Stop bits selected.



2. Set break after the next THRE. 3. Wait for the transmitter to be idle, (TEMT e 1), and clear break when normal transmission has to be restored. During the break, the Transmitter can be used as a character timer to accurately establish the break duration.



TABLE III. Baud Rates, Divisors and Crystals 1.8432 MHz Cystal Baud Rate



Decimal Divisor for 16 c Clock



50 75 110 134.5 150 300 600 1200 1800 2000 2400 3600 4800 7200 9600 19200 38400 56000 128000



2304 1536 1047 857 768 384 192 96 64 58 48 32 24 16 12 6 3 2 Ð



3.072 MHz Crystal



Percent Error



Decimal Divisor for 16 c Clock



Ð Ð 0.026 0.058 Ð Ð Ð Ð Ð 0.69 Ð Ð Ð Ð Ð Ð Ð 2.86 Ð



3840 2560 1745 1428 1280 640 320 160 107 96 80 53 40 27 20 10 5 Ð Ð



Percent Error



Percent Error



Ð Ð 0.026 0.034 Ð Ð Ð Ð 0.312 Ð Ð 0.628 Ð 1.23 Ð Ð Ð Ð Ð



23040 15360 10473 8565 7680 3840 1920 920 640 576 480 320 240 160 120 60 30 21 9



Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð 2.04 Ð



Note: For baud rates of 250k, 300k, 375k, 500k, 750k and 1.5M using a 24 MHz crystal causes minimal error.
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18.432 MHz Crystal Decimal Divisor for 16 c Clock
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Registers (Continued)



Bit 7: This bit is the Divisor Latch Access Bit (DLAB). It must be set high (logic 1) to access the Divisor Latches of the Baud Generator during a Read or Write operation. It must be set low (logic 0) to access the Receiver Buffer, the Transmitter Holding Register, or the Interrupt Enable Register. 8.2



8.4



TYPICAL CLOCK CIRCUITS



TL/C/8652–19



TL/C/8652–20



Typical Crystal Oscillator Network (Note) CRYSTAL



RP



RX2



C1



C2



3.1 MHz



1 MX



1.5k



10-30 pF



40-60 pF



1.8 MHz



1 MX



1.5k



10-30 pF



40-60 pF



LINE STATUS REGISTER



This register provides status information to the CPU concerning the data transfer. Table II shows the contents of the Line Status Register. Details on each bit follow. Bit 0: This bit is the receiver Data Ready (DR) indicator. Bit 0 is set to a logic 1 whenever a complete incoming character has been received and transferred into the Receiver Buffer Register or the FIFO. Bit 0 is reset to a logic 0 by reading all of the data in the Receiver Buffer Register or the FIFO. Bit 1: This bit is the Overrun Error (OE) indicator. Bit 1 indicates that data in the Receiver Buffer Register was not read by the CPU before the next character was transferred into the Receiver Buffer Register, thereby destroying the previous character. The OE indicator is set to a logic 1 upon detection of an overrun condition and reset whenever the CPU reads the contents of the Line Status Register. If the FIFO mode data continues to fill the FIFO beyond the trigger level, an overrun error will occur only after the FIFO is full and the next character has been completely received in the shift register. OE is indicated to the CPU as soon as it happens. The character in the shift register is overwritten, but it is not transferred to the FIFO. Bit 2: This bit is the Parity Error (PE) indicator. Bit 2 indicates that the received data character does not have the correct even or odd parity, as selected by the even-parityselect bit. The PE bit is set to a logic 1 upon detection of a parity error and is reset to a logic 0 whenever the CPU reads the contents of the Line Status Register. In the FIFO mode this error is associated with the particular character in the FIFO it applies to. This error is revealed to the CPU when its associated character is at the top of the FIFO. Bit 3: This bit is the Framing Error (FE) indicator. Bit 3 indicates that the received character did not have a valid Stop bit. Bit 3 is set to a logic 1 whenever the Stop bit following the last data bit or parity bit is detected as a logic 0 bit (Spacing level). The FE indicator is reset whenever the CPU reads the contents of the Line Status Register. In the FIFO mode this error is associated with the particular character in the FIFO it applies to. This error is revealed to the CPU when its associated character is at the top of the FIFO. The UART will try to resynchronize after a framing error. To do this it assumes that the framing error was due to the next start bit, so it samples this ‘‘start’’ bit twice and then takes in the ‘‘data’’. Bit 4: This bit is the Break Interrupt (BI) indicator. Bit 4 is set to a logic 1 whenever the received data input is held in the Spacing (logic 0) state for longer than a full word transmission time (that is, the total time of Start bit a data bits a Parity a Stop bits). The BI indicator is reset whenever the CPU reads the contents of the Line Status Register. In the FIFO mode this error is associated with the particular character in the FIFO it applies to. This error is revealed to the CPU when its associated character is at the top of the FIFO. When break occurs only one zero character is loaded into the FIFO. The next character transfer is enabled after SIN goes to the marking state and receives the next valid start bit.



Note: These R and C values are approximate and may vary 2x depending on the crystal characteristics. All crystal circuits should be designed specifically for the system.



8.3 PROGRAMMABLE BAUD GENERATOR The UART contains a programmable Baud Generator that is capable of taking any clock input from DC to 24 MHz and dividing it by any divisor from 2 to 216b1. The output frequency of the Baud Generator is 16 c the Baud [divisor Ý e (frequency input) d (baud rate c 16)]. Two 8-bit latches store the divisor in a 16-bit binary format. These Divisor Latches must be loaded during initialization to ensure proper operation of the Baud Generator. Upon loading either of the Divisor Latches, a 16-bit Baud counter is immediately loaded. Table III provides decimal divisors to use with crystal frequencies of 1.8432 MHz, 3.072 MHz and 18.432 MHz, respectively. For baud rates of 38400 and below, the error obtained is minimal. The accuracy of the desired baud rate is dependent on the crystal frequency chosen. Using a divisor of zero is not recommended.



Note: Bits 1 through 4 are the error conditions that produce a Receiver Line Status interrupt whenever any of the corresponding conditions are detected and the interrupt is enabled.
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8.0



Registers (Continued) TABLE IV. Interrupt Control Functions



FIFO Mode Only



Interrupt Identification Register



Bit 3 Bit 2 Bit 1 Bit 0



Interrupt Set and Reset Functions Priority Level Ð



Interrupt Type None



Interrupt Source



Interrupt Reset Control



0



0



0



1



0



1



1



0



Highest Receiver Line Status



None



Ð



0



1



0



0



Second Received Data Available Receiver Data Available or Trigger Level Reached



Reading the Receiver Buffer Register or the FIFO Drops Below the Trigger Level



1



1



0



0



Second Character Timeout Indication



No Characters Have Been Removed From or Input to the RCVR FIFO During the Last 4 Char. Times and There Is at Least 1 Char. in It During This Time



Reading the Receiver Buffer Register



0



0



1



0



Third



Transmitter Holding Register Empty



Transmitter Holding Register Empty



Reading the IIR Register (if source of interrupt) or Writing into the Transmitter Holding Register



0



0



0



0



Fourth



MODEM Status



Clear to Send or Data Set Ready or Ring Indicator or Data Carrier Detect



Reading the MODEM Status Register



Overrun Error or Parity Error or Framing Error or Break Interrupt



Reading the Line Status Register



When changing from the FIFO Mode to the 16450 Mode and vice versa, data is automatically cleared from the FIFOs. This bit must be a 1 when other FCR bits are written to or they will not be programmed. Bit 1: Writing a 1 to FCR1 clears all bytes in the RCVR FIFO and resets its counter logic to 0. The shift register is not cleared. The 1 that is written to this bit position is self-clearing. Bit 2: Writing a 1 to FCR2 clears all bytes in the XMIT FIFO and resets its counter logic to 0. The shift register is not cleared. The 1 that is written to this bit position is self-clearing. Bit 3: Setting FCR3 to a 1 will cause the RXRDY and TXRDY pins to change from mode 0 to mode 1 if FCR0 e 1 (see description of RXRDY and TXRDY pins). Bit 4, 5: FCR4 to FCR5 are reserved for future use. Bit 6, 7: FCR6 and FCR7 are used to set the trigger level for the RCVR FIFO interrupt.



Bit 5: This bit is the Transmitter Holding Register Empty (THRE) indicator. Bit 5 indicates that the UART is ready to accept a new character for transmission. In addition, this bit causes the UART to issue an interrupt to the CPU when the Transmit Holding Register Empty Interrupt enable is set high. The THRE bit is set to a logic 1 when a character is transferred from the Transmitter Holding Register into the Transmitter Shift Register. The bit is reset to logic 0 concurrently with the loading of the Transmitter Holding Register by the CPU. In the FIFO mode this bit is set when the XMIT FIFO is empty; it is cleared when at least 1 byte is written to the XMIT FIFO. Bit 6: This bit is the Transmitter Empty (TEMT) indicator. Bit 6 is set to a logic 1 whenever the Transmitter Holding Register (THR) and the Transmitter Shift Register (TSR) are both empty. It is reset to a logic 0 whenever either the THR or TSR contains a data character. In the FIFO mode this bit is set to one whenever the transmitter FIFO and shift register are both empty. Bit 7: In the 16450 Mode this is a 0. In the FIFO mode LSR7 is set when there is at least one parity error, framing error or break indication in the FIFO. LSR7 is cleared when the CPU reads the LSR, if there are no subsequent errors in the FIFO. Note: The Line Status Register is intended for read operations only. Writing to this register is not recommended as this operation is only used for factory testing. In the FIFO mode the software must load a data byte in the Rx FIFO via Loopback Mode in order to write to LSR2–LSR4. LSR0 and LSR7 can’t be written to in FIFO mode.
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6



RCVR FIFO Trigger Level (Bytes)



0 0 1 1



0 1 0 1



01 04 08 14



8.6 INTERRUPT IDENTIFICATION REGISTER In order to provide minimum software overhead during data character transfers, the UART prioritizes interrupts into four levels and records these in the interrupt Identification Register. The four levels of interrupt conditions in order of priority are Receiver Line Status; Received Data Ready; Transmitter Holding Register Empty; and MODEM Status.



8.5 FIFO CONTROL REGISTER This is a write only register at the same location as the IIR (the IIR is a read only register). This register is used to enable the FIFOs, clear the FIFOs, set the RCVR FIFO trigger level, and select the type of DMA signalling. Bit 0: Writing a 1 to FCR0 enables both the XMIT and RCVR FIFOs. Resetting FCR0 will clear all bytes in both FIFOs. 17



8.0



Registers (Continued) Bit 3: This bit controls the Output 2 (OUT 2) signal, which is an auxiliary user-designated output. Bit 3 affects the OUT 2 output in a manner identical to that described above for bit 0. Bit 4: This bit provides a local loopback feature for diagnostic testing of the UART. When bit 4 is set to logic 1, the following occur: the transmitter Serial Output (SOUT) is set to the Marking (logic 1) state; the receiver Serial Input (SIN) is disconnected; the output of the Transmitter Shift Register is ‘‘looped back’’ into the Receiver Shift Register input; the four MODEM Control inputs (DSR, CTS, RI, and DCD) are disconnected; and the four MODEM Control outputs (DTR, RTS, OUT 1, and OUT 2) are internally connected to the four MODEM Control inputs, and the MODEM Control output pins are forced to their inactive state (high). In the loopback mode, data that is transmitted is immediately received. This feature allows the processor to verify the transmit-and received-data paths of the UART. In the loopback mode, the receiver and transmitter interrupts are fully operational. Their sources are external to the part. The MODEM Control Interrupts are also operational, but the interrupts’ sources are now the lower four bits of the MODEM Control Register instead of the four MODEM Control inputs. The interrupts are still controlled by the Interrupt Enable Register. Bits 5 through 7: These bits are permanently set to logic 0.



When the CPU accesses the IIR, the UART freezes all interrupts and indicates the highest priority pending interrupt to the CPU. While this CPU access is occurring, the UART records new interrupts, but does not change its current indication until the access is complete. Table II shows the contents of the IIR. Details on each bit follow: Bit 0: This bit can be used in a prioritized interrupt environment to indicate whether an interrupt is pending. When bit 0 is a logic 0, an interrupt is pending and the IIR contents may be used as a pointer to the appropriate interrupt service routine. When bit 0 is a logic 1, no interrupt is pending. Bits 1 and 2: These two bits of the IIR are used to identify the highest priority interrupt pending as indicated in Table IV. Bit 3: In the 16450 Mode this bit is 0. In the FIFO mode this bit is set along with bit 2 when a timeout interrupt is pending. Bits 4 and 5: These two bits of the IIR are always logic 0. Bits 6 and 7: These two bits are set when FCR0 e 1. 8.7 INTERRUPT ENABLE REGISTER This register enables the five types of UART interrupts. Each interrupt can individually activate the interrupt (INTR) output signal. It is possible to totally disable the interrupt system by resetting bits 0 through 3 of the Interrupt Enable Register (IER). Similarly, setting bits of the IER register to a logic 1, enables the selected interrupt(s). Disabling an interrupt prevents it from being indicated as active in the IIR and from activating the INTR output signal. All other system functions operate in their normal manner, including the setting of the Line Status and MODEM Status Registers. Table II shows the contents of the IER. Details on each bit follow. Bit 0: This bit enables the Received Data Available Interrupt (and timeout interrupts in the FIFO mode) when set to logic 1. Bit 1: This bit enables the Transmitter Holding Register Empty Interrupt when set to logic 1. Bit 2: This bit enables the Receiver Line Status Interrupt when set to logic 1. Bit 3: This bit enables the MODEM Status Interrupt when set to logic 1. Bits 4 through 7: These four bits are always logic 0.



8.9 MODEM STATUS REGISTER This register provides the current state of the control lines from the MODEM (or peripheral device) to the CPU. In addition to this current-state information, four bits of the MODEM Status Register provide change information. These bits are set to a logic 1 whenever a control input from the MODEM changes state. They are reset to logic 0 whenever the CPU reads the MODEM Status Register. The contents of the MODEM Status Register are indicated in Table II and described below. Bit 0: This bit is the Delta Clear to Send (DCTS) indicator. Bit 0 indicates that the CTS input to the chip has changed state since the last time it was read by the CPU. Bit 1: This bit is the Delta Data Set Ready (DDSR) indicator. Bit 1 indicates that the DSR input to the chip has changed state since the last time it was read by the CPU. Bit 2: This bit is the Trailing Edge of Ring Indicator (TERI) detector. Bit 2 indicates that the RI input to the chip has changed from a low to a high state. Bit 3: This bit is the Delta Data Carrier Detect (DDCD) indicator. Bit 3 indicates that the DCD input to the chip has changed state.



8.8 MODEM CONTROL REGISTER This register controls the interface with the MODEM or data set (or a peripheral device emulating a MODEM). The contents of the MODEM Control Register are indicated in Table II and are described below. Bit 0: This bit controls the Data Terminal Ready (DTR) output. When bit 0 is set to a logic 1, the DTR output is forced to a logic 0. When bit 0 is reset to a logic 0, the DTR output is forced to a logic 1.



Note: Whenever bit 0, 1, 2, or 3 is set to logic 1, a MODEM Status Interrupt is generated.



Bit 4: This bit is the complement of the Clear to Send (CTS) input. If bit 4 (loop) of the MCR is set to a 1, this bit is equivalent to RTS in the MCR. Bit 5: This bit is the complement of the Data Set Ready (DSR) input. If bit 4 of the MCR is set to a 1, this bit is equivalent to DTR in the MCR. Bit 6: This bit is the complement of the Ring Indicator (RI) input. If bit 4 of the MCR is set to a 1, this bit is equivalent to OUT 1 in the MCR.



Note: The DTR output of the UART may be applied to an EIA inverting line driver (such as the DS1488) to obtain the proper polarity input at the succeeding MODEM or data set.



Bit 1: This bit controls the Request to Send (RTS) output. Bit 1 affects the RTS output in a manner identical to that described above for bit 0. Bit 2: This bit controls the Output 1 (OUT 1) signal, which is an auxiliary user-designated output. Bit 2 affects the OUT 1 output in a manner identical to that described above for bit 0.
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8.0



Registers (Continued) B. The transmitter FIFO empty indications will be delayed 1 character time minus the last stop bit time whenever the following occurs: THRE e 1 and there have not been at least two bytes at the same time in the transmit FIFO, since the last THRE e 1. The first transmitter interrupt after changing FCR0 will be immediate, if it is enabled. Character timeout and RCVR FIFO trigger level interrupts have the same priority as the current received data available interrupt; XMIT FIFO empty has the same priority as the current transmitter holding register empty interrupt.



Bit 7: This bit is the complement of the Data Carrier Detect (DCD) input. If bit 4 of the MCR is set to a 1, this bit is equivalent to OUT 2 in the MCR. 8.10 SCRATCHPAD REGISTER This 8-bit Read/Write Register does not control the UART in anyway. It is intended as a scratchpad register to be used by the programmer to hold data temporarily. 8.11 FIFO INTERRUPT MODE OPERATION When the RCVR FIFO and receiver interrupts are enabled (FCR0 e 1, IER0 e 1) RCVR interrupts will occur as follows:



8.12 FIFO POLLED MODE OPERATION With FCR0 e 1 resetting IER0, IER1, IER2, IER3 or all to zero puts the UART in the FIFO Polled Mode of operation. Since the RCVR and XMITTER are controlled separately either one or both can be in the polled mode of operation. In this mode the user’s program will check RCVR and XMITTER status via the LSR. As stated previously: LSR0 will be set as long as there is one byte in the RCVR FIFO. LSR1 to LSR4 will specify which error(s) has occurred. Character error status is handled the same way as when in the interrupt mode, the IIR is not affected since IER2 e 0. LSR5 will indicate when the XMIT FIFO is empty. LSR6 will indicate that both the XMIT FIFO and shift register are empty. LSR7 will indicate whether there are any errors in the RCVR FIFO. There is no trigger level reached or timeout condition indicated in the FIFO Polled Mode, however, the RCVR and XMIT FIFOs are still fully capable of holding characters.



A. The receive data available interrupt will be issued to the CPU when the FIFO has reached its programmed trigger level; it will be cleared as soon as the FIFO drops below its programmed trigger level. B. The IIR receive data available indication also occurs when the FIFO trigger level is reached, and like the interrupt it is cleared when the FIFO drops below the trigger level. C. The receiver line status interrupt (IIR e 06), as before, has higher priority than the received data available (IIR e 04) interrupt. D. The data ready bit (LSR0) is set as soon as a character is transferred from the shift register to the RCVR FIFO. It is reset when the FIFO is empty. When RCVR FIFO and receiver interrupts are enabled, RCVR FIFO timeout interrupts will occur as follows: A. A FIFO timeout interrupt will occur, if the following conditions exist: Ð at least one character is in the FIFO Ð the most recent serial character received was longer than 4 continuous character times ago (if 2 stop bits are programmed the second one is included in this time delay). Ð the most recent CPU read of the FIFO was longer than 4 continuous character times ago. The maximum time between a received character and a timeout interrupt will be 160 ms at 300 baud with a 12-bit receive character (i.e., 1 Start, 8 Data, 1 Parity and 2 Stop Bits). B. Character times are calculated by using the RCLK input for a clock signal (this makes the delay proportional to the baudrate). C. When a timeout interrupt has occurred it is cleared and the timer reset when the CPU reads one character from the RCVR FIFO. D. When a timeout interrupt has not occurred the timeout timer is reset after a new character is received or after the CPU reads the RCVR FIFO. When the XMIT FIFO and transmitter interrupts are enabled (FCR0 e 1, IER1 e 1), XMIT interrupts will occur as follows: A. The transmitter holding register interrupt (02) occurs when the XMIT FIFO is empty; it is cleared as soon as the transmitter holding register is written to (1 to 16 characters may be written to the XMIT FIFO while servicing this interrupt) or the IIR is read.



9.0



Typical Applications Typical Interface for a High-Capacity Data Bus
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