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		  introduction the adc5020/adc5030 18-bit a/d converter, designed with a unique sub-ranging architecture, achieves excellent speed, accuracy, and lineari- ty. for digitizing fast time-varying signals, the adc5020 has a built-in sam- ple-and-hold amplifier. for applications with multiplexed dc signals or an external sample-and-hold, the more economical adc5030 is available with a high impedance input buffer in place of the sample-and-hold. with a 144 khz sampling rate, the adc5020 can digitize professional audio sig- nals (20 hz to 20 khz) at 3x oversampling, minimizing the design com- plexity of the anti-aliasing filters. the high sampling rate, low noise, low distortion and superior zero-crossing linearity of the adc5020 optimize this converter for professional audio and spectroscopic applications. the adc5020/adc5030s sub-ranging architecture uses a three-pass recycling technique in a design that both minimizes parts count and yields unprecedented stability, linearity, and accuracy. to achieve this su- perior performance, the adc5020/adc5030 relies on a proprietary refer- ence d/a converter that has inherent 18-bit accuracy and linearity. the d/a converter, in conjunction with logic circuitry in a specialized gate array, detects and corrects inaccuracies and linearity errors that could arise from the flash a/d converter and amplifier circuitry in the conversion path. for applications requiring fine offset and gain adjustments, the con- verter has provisions for dynamically setting these dc parameters. the adc5020/adc5030 also provides easily accessible offset-trim and gain- trim potentiometers. this truly unique product comes in a fully-shielded 3" x 4" module with 0.1" pin spacings for easy installation on printed circuit boards. the specifications of the adc5020/adc5030 are fully ensured by thorough, computer-controlled factory tests. features q 18-bit resolution q 5 ? conversion time (adc5030) q 144 khz throughput rate (adc5020) q no missing codes q wide dynamic range: 108 db q signal-to-noise ratio:  105 db (1 khz) q peak distortion: ?10 db  (1 khz) q total harmonic distortion:  ?05 db (1 khz) q ease of use q built-in s/h amplifier (adc5020) q ttl compatibility q low cost q low power q electromagnetic/electrostatic shielding applications q professional audio encoding q spectroscopy q digital telecommunications q automatic test equipment q high-resolution imaging q seismic instrumentation q medical data acquisition q satellite communications q multiplexed data acquisition b18 (msb) eoc ref out dig  gnd -5v +5v ref in s k k buffer s/h 38 b17 39 b16 40 b15 41 b14 42 b13 43 b12 44 b11 45 b10 46 b9 47 b8 48 b7 49 b6 50 b5 51 b4 52 b3 53 b2 54 b1 55 72 73 74 high byte  enable 61 mid byte enable 60 (msb) 57 b1 (lsb) 1 2 3 14 15 29 30 31 32 36 37 12 trig gain adj ref out ref in analog gnd vin analog gnd off adj analog gnd ?5v +15v 62 low byte enable +  s k 18-bit dac logic & timing control adc figure 1. adc5020 functional block diagram. wide dynamic range, high-speed, 18-bit sampling a/d converters with sub-ranging architecture adc5020/adc5030

 analog input input range 10v, ?v, 0 to +10v  (12) input bias current 500 na typ. input capacitance 10 pf typ. input impedance 100 k  typ. digital inputs logic levels logic ? 0.8v max. logic ? 2.0v min. logic currents logic ? ?.4 ma logic ? 20 ? trigger pulse width 50 ns min. high byte enable active low b1-b8, b1 mid byte enable active low b9-b16 low byte enable active low b17, b18 digital outputs fan-out 1 ttl load max. output coding  (12) offset binary, complementary offset binary, twos complement, binary, complementary binary output voltage logic ? 0.4v max. logic ? 2.4v min. end of conversion (eoc) high during conversion reference internal reference output voltage ?.5v typ. (1 ma dc external load) recommended input  (2) ?.5v input impedance 1.6 k  typ. dynamic characteristics maximum throughput rate adc5020 144 khz min. adc5030 200 khz min. a/d conversion time 5 ms max. signal-to-noise ratio  (3, 6, 7) dc to 10 khz 105 db typ. 100 db min. peak distortion  (4, 6, 7) 1 khz ?10 db typ., ?00 db min. 10 khz ?05 db typ., ?5 db min. total harmonic distortion  (5, 6, 7) 1 khz ?05 db typ., ?6 db min. 10 khz ?00 db typ., ?2 db min. s/h acquisition 1.9 ? typ. s/h aperture delay 30 ns typ., 60 ns max. s/h aperture jitter 0.2 ns typ., 0.4 ns max. rms s/h feedthrough  (8) ?00 db max. transfer characteristics resolution 18 bits quantization error ?.5 lsb integral nonlinearity 0.002% fsr max., 0.0005% fsr typ. differential nonlinearity ?.5 lsb typ., ?.8 lsb max. offset error  (9, 10) 1 mv max. gain error  (9, 10) 0.01% fsr max. no missing codes guaranteed from 0c to 60? a/d converter noise 40 ? rms adc5020  (11 ) 30 ? rms adc5030 stability (0? to 60?) differential nonlinearity ?.5 ppm fsr/? max. offset voltage 10 ppm fsr/? max. gain 10 ppm fsr/? max. warm-up time 5 minutes max. supply rejection offset ? ppm fsr/% typ. gain ? ppm fsr/% typ. power requirements (14) supply range 15v supplies  (13) 11.65v min., 15.45v max. 5v supplies 4.75v min., 5.25v max. 15v current drain adc5020 52 ma typ. adc5030 42 ma typ. +5v current drain 40 ma typ. ?v current drain 70 ma typ. power consumption adc5020 2.11w typ. adc5030 1.96w typ. environmental & mechanical temperature range rated performance 0? to 60? storage ?5? to 80? relative humidity 0 to 85% non-condensing up to 60? dimensions 3" x 4" x 0.44" shielding electromagnetic 5 sides, electrostatic 6 sides case potential ground adc5020/adc5030 specifications

 notes: 1. unless otherwise noted, all specifications apply at 25?. supplies are 15v and ?v. full scale range is ?v. 2. reference input is optional. if it is not used, ref in must be jumpered to ref out. 3. signal-to-noise ratio represents the ratio of the rms value of the signal to the total rms noise below the nyquist rate. the total rms noise is computed by: (1) summing the noise power in all frequency bins not corre- lated with the test signal; (2) estimating the total noise power contained in all harmonic frequency bins; and (3) computing the rms noise from the sum of (1) and (2). 4 peak distortion represents the ratio of the highest spurious frequency component below the nyquist rate to the signal. note that in computing peak distortion the estimated noise allocated to the harmonic frequency bins in computing snr is first removed. see note 3. 5. total harmonic distortion represents the ratio of the rms sum of all harmonics up to the 100th harmonic to the rms value of the signal. note that in computing total harmonic distortion the estimated noise allocated to the harmonic fre- quency bins in computing snr is first removed. see note 3. 6 analysis bandwidth is dc to 20 khz with 3.5v rms input signal. 7. adc5030 tested and guaranteed with analogic? sha2410 sample-and-hold. 8.  measured with 10v p-p at 25 khz. 9. refer to ?utput coding and trim procedure?for field ad- justable gain and offset procedures. 10.with use of internal reference only. 11. includes noise from s/h and a/d converter. 12.see ordering guide. 13.for 0 to 10v range (adc5020/adc5030-1) min. supplies are 14.55v. 14.analogic highly recommends the use of linear power sup- plies with its high performance, high resolution a/d convert- ers. however, if system requirements provide only a +5v supply and limited space, the use of the analogic sp7008 dc-to-dc converter will provide a low noise solution which will not degrade the adc5020/adc5030 performance. specifications subject to change without notice. adc5020/adc5030 specifications output coding and trim procedure figure 2 shows the output coding of the adc5020/ adc5030 a/d converter. the symbol * in figure 2 indi- cates a bit that is undergoing a 0/1 or 1/0 code transi- tion at the indicated analog input voltage. to trim the offset of the adc5020/adc5030, apply 19 ? to the analog input. adjust the offset trim poten- tiometer such that the digital output corresponds to the truth table of figure 2. to trim the gain of the adc5020/adc5030, apply +4.999981v for the bipolar option or +9.999943v for the unipolar option. adjust the gain trim potentiometer such that the digital output corresponds to the truth table of figure 2. in addition to the internal offset and gain potentiome- ters, provisions have been made to dynamically null out dc errors by use of external potentiometers or dacs. the ratio of a/d converter dc shift to the exter- nal control voltage is 500 ?/v. a 10v swing from a dac on pin 12 produces a 5 mv offset shift, a 10v swing on pin 32 produces a 5 mv gain shift. timing considerations the timing diagram in figure 3 shows the timing char- acteristics of the adc5020/adc5030 a/d converter. upon a low-to-high transition of the trigger input, the end of conversion (eoc) line also switches high. the eoc line in turn switches the internal sample-and-hold amplifier to hold mode; the s/h amplifier remains in hold mode for the 5 ? duration of the a/d conversion period. at the end of the 5 ? a/d conversion period, the eoc line goes low and switches the sample-and- hold amplifier to sample mode. at the 144 khz throughput rate shown in figure 3, the sample-and- hold amplifier then has 1.9 ? to sample (acquire) a new signal level for the next conversion cycle. the ttl-level trigger input should have a minimum pulse width of 50 ns. note that the data for a given conver- sion cycle becomes valid approximately 20 ns before the respective high-to-low transition of the eoc line. truth table input voltage  digital outputs comp. offset binary  straight offset binary msb                  lsb  msb                 lsb bipolar 5.000000v 0000000000000000 1111111111111111 4.999981v 000000000000000* 111111111111111* 4.999962v 0000000000000001 1111111111111110 +0.000038v 0111111111111111 1000000000000000 +0.000019v **************** **************** 0.000000v 1000000000000000 0111111111111111 ?.999924v 1111111111111110 0000000000000001 ?.999943v 111111111111111* 000000000000000* ?.999962v 1111111111111111 0000000000000000 unipolar 9.999962v 0000000000000000 1111111111111111 9.999943v 000000000000000* 111111111111111* 9.999924v 0000000000000001 1111111111111110 +5.000000v 0111111111111111 1000000000000000 +4.999981v **************** **************** +4.999962v 1000000000000000 0111111111111111 +0.000038v 1111111111111110 0000000000000001 +0.000019v 111111111111111* 000000000000000* +0.000000v 1111111111111111 0000000000000000 figure 2. output coding for the adc5020/adc5030.

 layout considerations because of the adc5020/adc5030 a/d converters extremely high resolution, it is necessary to pay careful attention to the printed circuit layout for the device. it is, for example, important to separate the analog and digi- tal grounds and to return them separately to the sys- tem power supply. digital grounds are often noisy or ?litchy? and these glitches can have adverse effects on the performance of the adc5020/adc5030 if they are introduced to the analog portions of the a/d con- verters circuitry. at 18-bit resolution, the size of the voltage step between one code transition and the suc- ceeding one is only 38 ?, so it is evident that any noise in the analog ground return can result in erro- neous or missing codes. it is therefore important to configure a low-impedance ground-plane return on the printed circuit board. note that the ground-potential metal case used for the adc5020/adc5030 provides shielding against electromagnetic interference on five sides and against electrostatic interference on six sides. principles of operation to understand the operating principles of the adc5020/adc5030 a/d converter, refer to figure 5. the simplified block diagrams in paths a, b, and c in figure 5 illustrate the three successive passes in the sub-ranging conversion scheme of the adc5020/ adc5030. for all three passes, the lines labeled ?rom input?come either from the output of the sam- ple-and-hold amplifier (in the adc5020) or from the output of the input buffer amplifier (in the adc5030). all three passes use the same 8-bit flash a/d converter with the first and second pass utilizing only the first six bits. in the first pass (a), a switched-gain amplifier at- tenuates the input signal by a factor of five. it thus con- verts the 10v full scale range of the input to the 2v full scale range of the 6-bit flash a/d converter. the 6-bit a/d converter then digitizes the six msbs of the input signal. the outputs of the a/d converter drive the six msbs of the d/a converter. the six output lines of the a/d converter are actually latched into the logic circuit- ry of a specialized gate array, which drives the input lines of the d/a converter. in the second pass (b), a difference amplifier subtracts the d/a converters output voltage from the input volt- age, then amplifies this difference by a factor of 3.2. the switched-gain amplifier now has a gain of two, and thus amplifies the difference voltage further. the output of the switched-gain amplifier again provides the input signal for the 8-bit flash a/d converter. the a/d con- verters outputs are latched into the gate array which supplies the next lower-order bits of the d/a converter. in the gate array, the a/d converters msb in the sec- ond pass ?verlaps?the lsb from the first pass. the resolution of the a/d conversion in the second pass is thus 11 bits (not 12). in the third pass (c), the gain-of-3.2 difference amplifier subtracts the d/a converters output voltage from the input voltage. in this pass, an amplifier with a gain of 32 provides additional amplification of the difference signal. the eight outputs of the 8-bit flash a/d convert- er are latched into the gate array; the msb of this con- version cycle ?verlaps?the lsb of the previous cycle. the effective resolution of the conversion is thus 6 + 5 + 7, or 18 bits. using the ?verlap?structure, logic cir- cuitry in the gate array adds the digital words produced in the three passes and produces the corrected output word. this digital error-correction technique thus pro- vides an output word that is accurate and linear to within the full resolution of the a/d converter. the method corrects for any gain and linearity errors in the amplifying circuitry, as well as in the 8-bit flash a/d t = n t = n + 1 0.05 to 2  m s 1.94  m s aperture delay 30 ns typ. 20 ns typ. n ?1 data valid n data valid trigger eoc s/h data 6.94  m s 5  m s figure 3. adc5020/adc5030 timing diagram. 0.1" (2.54 mm) 3.00" (76.2 mm) 74 73 72626160  57  55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 1 2 3       12 14 15                                          29 30 3132      3637 adc5020/adc5030 top view 4.00" (101.6 mm) offset adjust gain adjust 1.32" (3.35 mm) 1.19" (3.02 mm) 0.44" (11.2 mm) 0.2" min (5.1 mm) 0.2"  (5.1 mm) pin spacing 0.1" (2.54 mm) row-to-row spacing 2.80" (71.1 mm) pin dia. 0.025" (0.635 mm) figure 4. adc5020/adc5030 outline drawing & pinouts.

 converter. without the error-correction technique, it would be necessary that all the components in the adc5020/ adc5030 ?the difference amplifier, the switched-gain amplifier, and the 8-bit flash a/d con- verter ?be accurate and linear to an 18-bit level. while such a design might be possible to realize on a laboratory benchtop, it would be clearly impractical to achieve in production. the key to the adc5020/ adc5030s conversion scheme is the 18-bit-linear d/a converter, which serves as a reference element for the conversion passes as well as for the error-correction mechanism. the adc5020/adc5030 has a tri-state output struc- ture. users can enable the eight msbs, the eight mid- dle bits, the two lsbs, or all bits by using the high- byte enable, mid-byte enable, or the low-byte enable pins (all three are active low). this feature makes it possible to transfer data from the adc5020/adc5030 to an 8-bit microprocessor bus. however, to prevent the coupling of high frequency noise from the micro- processor bus into the a/d converter, the output data must be buffered (see figure 6). typical application figure 6 shows a typical application circuit for the adc5020/adc5030 a/d converter. this circuit pro- vides simultaneous sampling for two professional audio analog-input channels. simultaneous sampling is a necessity in conversion systems in which the phase, as well as amplitude relationship between dif- ferent signals, is an important parameter. one example is in seismic measurements where it is crucial to know the phase relationship between the signals generated by different sensors. another application where the phase and amplitude relationships are critical is profes- sional digital audio, described in figure 6. this applica- tion circuit performs simultaneous sampling by ?reez- ing?the signal levels of both analog-input channels at the same instant of time. the amplitude relationship is maintained by the input programmable gain amplifiers that are operated differentially to eliminate the possibili- ty of errors arising from common mode voltages. the anti-aliasing filters of figure 6 reduce the out-of-band products coming in the front end that would mix with the sampling frequency and create audible in-band by- products. a pair of low-noise, low-distortion sample-and-hold amplifiers that have been optimized for audio band- widths to obtain 18-bit linearity, analogics sha2410s simultaneously sample the analog inputs and multiplex these signal levels to the buffer stage. a high input impedance buffer stage is required following a multi- plexer to minimize the inherent nonlinearities of the switch-on-resistance with respect to current variations. the adc5020 sequentially digitizes the two channels and transmits the buffered data to the minicomputer or microprocessor. the data buffer is necessary to pre- vent the coupling of high frequency noise from the pro- cessor bus into the a/d converters. because the sha2410s provide the sample-and-hold function in this circuit, the adc5030, which does not include a sample-and-hold amplifier, is an appropriate choice. +  8-bit a/d converter +  6-bit a/d converter 6-bit a/d converter gate array 12-bit d/a converter 18-bit accuracy high byte mid byte low byte d/a output b1, b1-b8 b9-b16 b17, b18 a = 0.2 from input switched-gain amplifier a = 2 switched-gain amplifier a = 2 switched-gain amplifier a = 32 a = 3.2 a = 3.2 from input from d/a pass 1 output from input difference amplifier from d/a pass 2 output difference amplifier (a) (b) (c) figure 5. operating principle of the adc5020/adc5030.

 +  pga adc5030 18-bit adc vin ref in ref out trigger high, mid, low byte enables eoc +  buffer +  pga 18 b u f f e r 18 minicomputer or microprocessor control logic anti-aliasing filter sha2410 s/h amplifier anti-aliasing filter sha2410 s/h amplifier mux 2-channel differential analog inputs figure 6. typical application circuit for the adc5030. ordering guide adc50         ? 20 on-board s/h 30 buffered input 1  0 to +10v input 2 10v input 4 ?v input s straight data c complementary data dc-to-dc converter .............................................. sp7008
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