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BURR-BROWNG®

ADS807
ADS808

12-Bit Resolution Sampling
A/D CONVERTER
WITH MICROPROCESSOR INTERFACE

FEATURES

® 100ksps SAMPLING RATE
® DC SPECS:
1/2L.SB Integral Linearity Error
1 LSB Differential Linearity Error
® AC SPECS:
82dB Spurious-Free Dynamic Range
72dB Signal-to-Noise Ratio
80dB Total Harmonic Distortion
75dB Two-Tone Intermodulation Distortion
® INTERNAL SAMPLE/HOLD, REFERENCE &
CLOCK
® PIN COMPATIBLE WITH INDUSTRY
STANDARD ADC574, ADC674, ADC774
A/D CONVERTERS
©® POWER DISSIPATION: 660mW

@ 28-PIN CERAMIC DIP

APPLICATIONS

® HIGH SPEED DATA ACQUISITION

® SPECTRUM ANALYSIS

® SPEECH SYNTHESIS AND RECOGNITION
@ DSP PROCESS AND MOTION CONTROL
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DESCRIPTION

ADS807 and ADS808 are complete 12-bit sampling A/D
converters. Each contain a sample/hold and a successive
approximation A/D converter with a buried zener reference,
2lock, and 574/674/774-type microprocessor interface.
ADS807 analog input pins can be connected for OV to +10V
or£5V analog input ranges. ADS808 has a+10V analog input
range.

The sample/hold has a 1.5us max acquisition time to £0.01%
for a full scale input step change. Aperture Time is 25ns and
Aperture Uncertainty is 300ps. The A/D converter alone
converts in 8us max.

DC performance is completely specified. 11-bit (J and S
grades) and 12-bit (K and T grades) integral linearity grades
are available.

SPECIFICATIONS

AC performance is completelv characterized: total harmonic
distortion, intermodulation distortion, signal-to-noise ratio
and spurious-free dynamic range at the rated 100ksps sam-
pling rate.

ADS807/808s ase packaged in a 28-pin side-braze, hermetic,

doubte-wide ceramic DIP and are specified over 0°C to
+70°C, and —55°C to +125°C temperawre ranges.

ADSB07/808s are excellent single-package replacements for
A/Dconverters that use the industry standard 574A/674A/774
pinout along with a separate sample/hold.

ELECTRICAL
T, = +25°C. Sampling Frequency: f; = 100kHz, +V . = +15V, V. = —15V, V, = +5V.
ADS807/808JH ADS807/808KH ADS807/808RH ADS807/808SH
PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 12 * ‘ BITS
INPUT
ANALOG INPUT
Voltage Range
ADS807 0 to +10V, 5V . M . v
ADS808 $10V N - : A
Impedance 100 150 - . . . - . MQ
8ias Current 400 . . nA
AT, or T 400 - " nA
DIGITAL INPUTS (Over Temperature Range)
Logic Levels {TTL Compatible}
v, -1.0 +0.8 . : . . . v
v, +2.0 +5.5 ¢ . . - . v
I AV = +0.4V) -5 . * - WA
IV = 2.7V +5 . . BA
DC ACCURACY
Fult Scale Error 3 0.3 - - * %
Tyn 10 Tp 20.5 0.4 0.8 £0.6 %
Integrai Linearity Error +0.024 +0.012 10.024 10.012 % FSR (4)
Ton 10 Tonx £0.024 10.012 +0.024 10.012 % FSR
Ditferential Linearity Error 10.024 10.012 10.024 10.012 % FSR
No Missing Codes Resolution 11 12 1 12 Bits
T 10 Than 11 12 1 12 Bits
Unipolar Zero {ADS807) 3 12 13 12 LS
Ton© T *2 1 3 2 Lse
Bipolar Zero 10 15 10 15 LS8
T @ Toaa 1 +1 4 £2 LSB
Power Supply Sensitivity
Change in Fuli-Scale Calibration
+145 <4V, < +185 05 LsB
-85 < -V, <~145 1.0 . . LSB
+45< V¥, <+55 i 05 . . LSB
AC CHARACTERISTICS ©
Spurious-tree Dynamic Range (SFOR)
£, = 10.TkHz (—0.5dB|| 82 * * - a8
Total Harmonic Distorton {THD)
f, = 10.7kHz {(-0.50B)| 80 . . . d8
Two-tone Intermodulation Distortion (IMD) =~
f., = 24.4kHz (~6.5dB)| t\, = 25.9kHz (~6.508)
ADS807 75 . * . dB
ADS808 72 i - . aB
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SPECIFICATIONS (CONT)

ELECTRICAL

T, = +25°C. Sampling Frequency: f, = 100kHz, +V_ = +15V, -V = ~15V, V_ = +5V.
ADS807/808JH ADS807/808KH ADS807/808RH ADS807/808SH
PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
AC CHARACTERISTICS (Cont.}
Signal to Noise Ratio (SNR)
f,, = 10.7kHz (-0.5dB) | 72 ¢ - - dB
Input Small Signal Bandwidth
(2Vp-p sinewave) 25 - - . MHz
SAMPLING DYMANICS
Sampling Rate 100 M " . kHz
Aper-ure Delay 25 * - N ns
Aperure Uncenrtainty (Jitter) 300 * - N ps, rms
Feecthrough (10Vp-p, 100kHz) * 0.02 * o * %
Transient Response ¥ 1.9 N . . us
Overvoltage Recovery "¢ 1.4 . - . HS
REF:ZRENCE QUTPUT
Voltzge 9.9 10.0 10.1 . . ‘ N - * * * * v
Sourze Current Available for
Extemnal Loads """ | 2 * " * mA
DIGITAL OUTPUTS (Over Temperature)
Form at | Parallel ¢ . -
Codig Bipolar Offset Binary (BOB) * . “
Logic. Levels (3-state output, TT1 compatible)
Vg, Ugp = 1.6MA) 0.0 +0.4 . . . . . . v
Vo, (lgounc: = 50008) | +24 +50 | - : : . . : v
b escace
(-igh-Z State) -5 0.1 +5 " o ¢ * * * * * ‘ pA
POWER SUPPLIES
Rate 1 Voltage
+V +14.5 +15 +16 - : ¢ - b - - * . \'
V. -14.5 -15 -16 . " ‘ b " ‘ - * b v
Vo +4.5 +5.0 +5.5 ‘ . * ‘ ‘ * * * * v
Current
Vo 15 18 - * b - - * v
-V 26 33 . . . . - - v
v, 9 15 . . . . . . v
Powrr Consumption 660 850 “ * b * * * mw
TEMPERATURE RANGE
Specitication 0 +70 - * -55 +125 - : °C
Storage -65 +150 * * * - N o °C

“Speci ication same as grade to the left.

NOTE!3: (1) ADS8Q7: For input ranges -5V to +5V, 0 to +10V; ADS808: For input range 10V (2) Adjustable to zero with extemal potentiometer. {3) Specifications
assum: a fixed 5042 resistor between Ref Out (Pin 8) and Ref in (Pin 10). This specification measured at the FFE | to FFF , transition, includes offset. (4) FSR
means Full Scale Range. For ADS807, FSR = 10V; for ADS808 FSA = 20V. {5) Change specifications for unipolar offset, bipolar zero and full-scale error correspond
to the change from the initial value (at25°C) to the value at T, or T,,,. (6) Refer to Discussion of Specifications section for definitions. (7} Intermodulation distortion
is refer-ed to the larger of the two input test signals. If referred to the peak envelope signal (approx. 0dB), the intermodulation products will be 6dB lower. (8) Sample/
Hold F zedthrough: Feedthrough to the output of the A/D converter of a 100kHz sinewave signal when the Sample/Hold is in the HOLD mode. (9) For a 10V step
input. - 2-bit accuracy attained in specified time. {10) Recovers to specihed performance in specified time atter 2 x Fuli-Scale input overvoltage. {11) External load
must te constant dunng conversion.

Burr-Brown IC Data Book Supplement, Vol. 33b 9.1-61

INSTRUMENTATION A/D CONVERTERS

ADS807/808



For Immediate Assistance, Confact Your Local Salesperson

MECHANICAL

H Package — 28-PIn Ceramic DIP

f A INCHES _| MILUMETERS NOTE: Leads in
NOoOommPmOoonmmeoon DiM MIN | MAX | MIN | MAX true position within
28 15 A_| 1.435 | 1.465] 36.45] 3721 0.01" (0.25mm) R at
B 610 BASIC [ 1549 BASIC MMC at seating
8 ¢ | 160 [ 205 [ 406 [521 plane. Pin numbers
Cl 1 14 l 0 015 | 019 | 038 | 048 shown for reference
2?,:“:” T OO OO OO T OO O F 045 | .055 | 1.4 | 1.40 only. Numbers may
Identitier G -100 BASIC 254 BASIC not be marked on
F—~ — N H 055 | 095 | 140 |241 package.
I | J 009 | .012 | 0.23 ] 0.30
c K 155 | 195 | 394 | 4.95
L .600 BASIC 15.24 BASIC
K N | .00 | .060 [1.02 J1.52
i J—sller
Seating
H L —o“-—D ——I L—G Plane L —
PIN CONFIGURATION
Voo +5Y Supply | 11— 28 | Status Output
p Successive
Data Mode Select 128 | 2 Approximation Register 27 | DB11(MSB)
Chip SelectCS | 3 26 | DB10
1] Timing
and
Byte Address A, | 4 Control a 25 | DB9
ReadiConvert RC | 5 J s L L] 24 oes
1
Chip Enable CE | 6 i 23 | DB?
(7] ¢ Lj
+Veo, +15V Supply | 7 —— 22 | DB6
o -
+10V RefOQut | 8 10V Ref r | 21 | DBS
[J—
Analog Common | 8 ——* ; 20 | DB4
B ' S i
+10VRetin | 10 19 | DB3
Ve —15V Supply | 11— . 18 | DB2
9.95k2 12 Bit
Bipolar Offset | 12 D/A Converter —— 17 | DB1
9.95kQ
10V Input ADS807 | 13 16 | DBO (LSB)
20V Input ADS808 | 14 15 | Digital Common
= Comparator

Status

NOTE: Pin 14 is a “No Connect” on the ADS807. Pin 13 is a “No Connect” on the ADS808.
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ABSOLUTE MAXIMUM RATINGS

+V,. to Digital Common +16.5V
-V, to Digital Common ........... -16.5V
V,, to Digital Common +7V

Input Specification

Range Linearity Temperature
Mod 1t W Error,%FSR Range
ADS307JH 510 +5 10.024 0°C to +70°C
ADS307KH or +0.012 0°C to +70°C
ADS307RH 010 +10 10.024 ~55°C to +125°C
ADS307SH 10.012 ~55°C to +125°C
ADS308JH -5t0+5 $0.024 0°C to +70°C
ADS 308KH or 10.012 0°C to +70°C
ADS308RH -1010 +10 10.024 —55°C to +125°C
ADS3085H 10.012 ~55°C to +125°C

BURN-IN SCREENING OPTION
See ext for details.

Analog Common to Digital Common ...
Control Inputs to Digital Common
Ref in. BIP Odd, to Analog Common
Analog tnput Voltage

Ref Out ..o

0510V, + 0.5V
v £16.6Y

. +V or -V .
< uer ... Indefinite Short to Common
Momentary Short to V.

Maximum Junction Temperature .... 160°C
Internal Power Dissipation 1000mwW
Lead Temperature (soldering, 10s) +300°C
Thermal ReSiStance, 8, ..ot 50°CW

Speclfication
Burn-in Temperature
Model Temperature Range
ADS307JH-BI +125°C 0°C to +70°C
ADS307KH-BI +125°C 0°C 1o +70°C
ADS307RH-BI +125°C -55°C to +125°C
ADSBO7SH-BI +125-C -55°C 16 +125°C
ADSB08JH-BI +125°C 0°C to +70°C
ADSHO8KH-BI +125°C 0°C 1o +70°C
ADSBOSRH-BI +125°C -55°C to +125°C
ADSH08SH-BI +125°C -55°C t0 +125°C

BURN-IN SCREENING

Bum-in screening is an option available for the ADS807/808.
Bum-in duration is 160 hours at the temperatures listed
below, or at an equivalent combination of time and tempera-
ture according to the Arrhenius equation using IeV activa-
tion energy.

All units are tested after burn-in to ensure that grade specifi-
cations are met. To order bum-in, add **-BI” to the base model
number as shown in the table.

TYPICAL PERFORMANCE CURVES

T, = +25°C, =V, = +15V, -V, =15V, V = +5V.

0
Samples: 4096
0} foumn et 100000.00Hz
Funa: 4956.05Hz
i~ | THD: -86.97560B
§ 40 SNR: 71.7081dB
3
2 80
=20 |
-100

-120

0
L Samples: 4096
-20 foppimest 100000.00HZ
1st Fund: 23999.92Hz
a 40 | 2nd Fund: 24975.59Hz
o IMD: —75.8614dB
4
2 80 |}
&
&
< 80 }
—100
-120

FULL-SCALE SINEWAVE RESPONSE. {. = SkHz

FULL-SCALE SINEWAVE RESPONSE, f, = 50kHz
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T PR TRy TRTHRY Y TRTIII N TN AT Y,
375 50
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TWO-TONE INTERMODULATION
RESPONSE. f, = 24kHz and 25kHz

!
0 12.5 25

Frequency (kHz)

37.5 50
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TYPICAL PERFORMANCE CURVES (CONT)

T, = +25°C, +V = <15V, V= 15V, V o = +5V.

DIFFERENTIAL LINEARITY
ERROR HISTOGRAM, f = SkHz

1.0
0.5
m
@ 00 _
-05 |
-1.0 1 i 1
0 1024 2048 3072 4096

Code

DISCUSSION OF
SPECIFICATIONS

BASIC DEFINITIONS

Dynamic Range—The ratio of the maximum input signal
to the smallest quantum the converter can produce. It is ex-
pressed in dB. For an ideal N-bit linear, binary-coded A/D
converter, the Dynamic Range is:

Dynamic Range = 20 log 2V = 6.02N dB

This ideal value is degraded by system noise, internal con-
verter noise. and differential linearity error.

Full Scale Range, FSR—The nominal range of the A/D
converter. ADS808 has a FSR of 20V for the ~10V 10 +10V
input range. ADS807 has a FSR of 10V for the 0V to +10V or
-3V to +3V input ranges.

L.east Significant Bit, LSB—The smallest analog input
change that is resolved by the A/D converter. For an A/D
converter with N bits output. the input value of the LSB is
FSR/2.

Most Significant Bit, MSB—That binary digit that has the
greatest value or weight. The MSB weight is FSR/2.
Resolution—An N-bit binary-coded A/D converter re-
solves the analog input into 2" values represented by the 2N
digital output codes.

DC ACCURACY

Refer to Figure 1 for an illustration of A/D converter DC
parameter terminology.

9.1-64

DIFFERENTIAL LINEARITY
ERROR HISTOGRAM, t, = 50kHz
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Code

Linearity Error, integral Linearity Error, (ILE)—Lin-
earity error is defined as the deviation of actual analog input
values from the ideal values about a straight line drawn
through the code mid-points near full scale (at +V  ~1LSB)
and at Zero input (at 1/2LSB below the first code transition,
i.e. at zero) or, in the case of bipolar operation, near minus full
scale (at 1/2LSB below the first code transition, i.e. at =V ).

Despite the definition, however, code transitions are easier to
measure than code midpoints. Therefore linearity is meas-
ured as the deviation of the analog input values from a line
drawn between the first and last code transitions. Linearity
Error specifications are expressed in % of Full Scale Range
(FSR). ADS807/808KH ILE is £0.012% of FSR which is 1/2
LSB at 12-bits.

FF! 7
P Gain
FFE, _| Error |
Rotates I |
FFD, the . |
802, % Line I |
3 1 |
=801, __| | |
Bsoo0, ! 1
| |
O7FF, |
" _‘ Offset Error 1 I !
7FE,,—{ Shifts the Line b | :
[
002, 4 1 | |
001 b i 1
! (Bipelar 1 | |
000 Oftset Midscale
" = Teanstony | |, (BpolarZes) | |
[ ) i
12088 =1 My - - 3/2LSB =
Zero (~Full-Scale 1/2LSB +Full-Scale +Full
(~Full Calibration Scale|
I Calibration Transition
Scale) Tranisition)
Analog Input

FIGURE 1. Transfer Characteristic Terminology.
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Differential Linearity Error, (DLE); No Missing
Codes—Differential Linearity Error is defined as the devia-
tion in code width from the ideal value of 1LSB. If the DLE is
greater than —1LSB anywhere along the range, the A/D will
have at least one missing code. ADS807/808KH are specified
to have a DLE of 30.024% of FSR which is £1LSB at 12 bits.
ADS807/808s are specified to have No Missing Codes for
12-bi: resolution over the specification temperature range.

Full Scale Error—The deviation from the ideal value of the
input at the last code midpoint (V, — 1LSB). As with the
linearity error measurements, code transiiion values are the
locations actually measured for this spec. The ideal Full Scale
transition value is FSR — 3/2LSB for unipolar input convert-
ers and FSR/2 — 3/2LSB for bipolar input A/D converters.
Full Scale Error is expressed in % of FSR or in LSBs. Referto
Figurz 1.

Full Scale Error of the ADS807/808 may be trimmed to zero
using external trim potentiometers.

Offset Error

Unipolar Offset Error is defined as the deviation of the actual
code-midpoint value of the first code from the ideal value
located at 1/2LSB below the ideal first transition value (i.e. at
zero volts).

Bipolar Offset Error is defined as the deviation of the actual
code-midpoint of the first code from the ideal value located at
1/2LSB below the ideal first transition value located at -V ¢
+1/21L.SB.

Again, transition values are the actual measured parameters.
Offset and Zero errors of the ADS807/808 may be trimmed to
zero using external trim potentiometers. Offset Error is ex-
pressed as a % of FSR.

Bipolar Zero Error is defined as the deviation of the actual
mid-scale-code midpoint value of the input from the ideal
mid-scale value (i.e. at ZERO volis). The transition value
actually measured is 1/2LSB below zero input and has a value
of FSR/2 — ILSB. Refer to Figure 1. Bipolar Zero Error is the
sum of the Bipolar Offset Error, 1/2 the Gain Error, and the
Linearity Error. It is measured. rather than calculated to avoid
tolerance buildup resulting from summing the tolerances of
each spec.

Power Supply Sensitivity (Rejection) [PSS, PSR]1—Power
Supply Sensitivity describes the maximum change in the full-
scale transition value from the initial value for a change in
each power supply voltage. It is specified in units of LSB over
the power supply range.

Burr-Brown IC Data Book Supplement, Vol. 33b

AC PERFORMANCE

Dynamic Differential Linearity Error—The deviation of
the frequency of occurence of output codes from the ideal
when the A/D converter is operated with an input of specified
frequency. If a particular code is wider than the ideal 1LSB
width, then more counts than the theoretical will accumulate
at that code. This characterization is done using a histogram
method.

Signal-to-Noise Ratio (SNR)—The ratio of the signal power
of a full-scale input sinewave to the RMS output noise power.

SNR ; = 10 log , Sinewave Signal Power
Output Noise Power )

For an ideal N-bit A/D converter (measured over an /2
bandwidth) the SNR is:

SNR,, =6.02N +1.76

This definition assumes that the output noise is described by
what remains after all fundamental, harmonic, DC and out-
standing spurious components have been removed. The noise
power that is left is a “noise floor” that appears across all
frequencies of the measured spectrum at some relatively flat
level. SNR is expressed in dB.

Effective Bits—The effective number of bits is calculated
using the rewritten formula above and the measured SNR.

Nege = ( SNRN:';)SZ_ 1.76)

Spurious-Free Dynamic Range (SFDR)}—The power of the
peak non-fundamental component (harmonic or spurious, in-
band or out-of-band) in the output specturm to the input signal
power. Some manufacurers data sheets label this spec as
“Harmonics and Spurious Noise” or “AC Linearity Error”.
SFDR is expressed in dB at specified input frequencies and
sampling rates.

SFDR . = 10 log s Power of Peak Spurious Component
a8 ( )
Sinewave Signal Power

INSTRUMENTATION A/D CONVERTERS

Total Harmonic Distortion (THD)—The ratio of power of m
the harmonic output to the sinewave input power. THD is

expressed in dB at specified input frequencies and sampling
rates.

THD,, = 10log (Harmonic Output Power (to 9 harmonics))
Sinewave Signal Power

Intermodulation Distortion (IMD)—The ratio of the power

of the intermodulation products to the input power of the sum

of two sinewaves of different frequency. IMD is expressed in

dB at specified input frequencies and sampling rates.

IMD, = 10 log (IMD Product Power (to Sth order products)
Sinewave Signal Power
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AC PERFORMANCE
CHARACTERIZATION

SPECTRAL CHARACTERIZATION

ADS807/808 are characterized for AC performance using
Fast Fourier Transform (FFT) techniques. Figure 2 shows a
typical equipment configuration for single-tone testing of

dow function is needed. This “rectangular window™ was used
to generate the spectral performance curves shown in the
Typical Performance Curves section of this data sheet. A

4096 point FFT was used for this 12-bit resolution converter
to assure that the majority of codes were exercised. If phase-
locked signal sources are not available, a windowing function
must be applied to the time-domain samples. The four-sample
Blackman-Harris window @ is recommended for evaluating
high-performance A/D converters.

THD, SNR and SFDR. Figure 3 shows the setup for Two-tone
IMD characterization.

Highly accurate phase-locked signal sources altow high reso-
lution FFT measurements to be made without using window
functions. By choosing appropriate signal frequencies and
sample rates, an integral number of signal frequency periods
can be sampled. ‘" Since no spectral leakage results, no win-

HP3325A TEK
Frequency
Synthezizer PG508

Convert
Command
!
| Bres ke a, ADS807/808 TEK HP330
Type 1051 Under Test DAS9200 Series 9000
Synthesizer Computer
FIGURE 2. Equipment Configuration for Single-Tone Spectral Characterization.
e
_— HP3325A
Frequency TEK
Synthesizer PG508
Y Convert
Bruel & Kjaer Command
™ Type 1051 -
Synthesizer High Analog o
Speed Input | ADsg07/808 TEK opa0
Sumiming Under Test DAS9200 ries
Amp Computer
Bruel & Kjaer |,
—1 Type 1051
Synthesizer

FIGURE 3. Equipment Configuration for Two-Tone Spectral Characterization.
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DYNAMIC DLE CHARACTERIZATION

The FFT provides an excellent measure of harmonic and
intermodulation distortion. Low-order spurious products are
primarily caused by integral non-linearity of the sample/hold
and A/D converter.

The influence of differential linearity errors is harder to
distinguish in a plot of the output spectrum of an A/D con-
verter — it may show up as high-order harmonics or as very
minor variations in the overall appearance of the noise floor.

A more direct method of examining the differential linearity
error under dynamic conditions is the histogram.® The
equipment setup is the same as for the single-tone FFT. Two
histograms of ADS808 performance are shown in the Typical
Performance Curves section of this data sheet. Note the low
DLE at low frequency and the minor degradation of the DLE
at the Nyquist frequency.

References:

L. Brigham, E. Oran, The Fast Fourier Transform, Engle-
wood Cliffs, N.J.: Prentice-Hall, 1974.

2. Harris, Fredric J., “On the Use of Windows for Harmonic
Analysis with the Discrete Fourier Transform.” Proceedings
of the IEEE, Vol. 66, No. 1, January 1987, pp 51-83.

3. “Dynamic Tests for A/D Converter Performance,” Appli-
cation Note AN-133, Burr-Brown Corporation, Tucson, AZ,
1985.

INSTALLATION

POWER SUPPLY SELECTION

Linear power supplies are preferred. Switching power supply
specif-cations may appear to indicate low noise output, but
these specifications are rms specs. The spikes generated in
switcters may be hard to filter. Their high-frequency compo-
nents may be extremely difficult to keep out the power supply
return system. If switchers must be used, their outputs must be
carefully filtered and the power supply itself should be
shield:d and located as far away as possible from precision
analog circuits.

LAYOUT CONSIDERATIONS

Power Supply Wiring—Use heavy power supply and
power supply common (ground) wiring. A ground plane is
usually the best solution for preserving dynamic performance
and re.jucing noise coupling into sensitive converter circuits.

When passing converter power through a connector, use
every available spare pin for making power supply retumn
connections, and use some of the pins as a Faraday shield to
separate the Analog and Digital Common lines.

Power Supply Returns—(Analog Common & Digital
Comrron) Connect Analog Common and Digital Common
together right at the converter with the ground plane. They are
not connected internally. This will usually give the best per-
formance. However, it may cause problems for the system
designar. Where it is absolutely necessary to separate analog
and di zital power supply retums, each should be separately
returned to the power supply. Do not connect Analog Com-

Burr-Brown IC Data Book Supplement, Vol. 33b

mon and Digital Common together and then run a single wire
to the power supply. When using separate returns, connect a
1uF to 47uF tantalum capacitor between Digital Common
and Analog Common pins as close to the package as possible.

Power Supply Bypassing—Every power-supply line lead-
ing into an A/D converter must be bypassed to its Common
pin. The bypass capacitor should be located as close to the
converter package as possible and tied to a solid ground —
connecting the capacitors to a noisy ground defeats the pur-
pose of the bypass. Use tantalum capacitors with values of
from 1PF to 47pF and parallel them with smaller ceramic
capacitors for high frequency filtering if necessary.

Separate Analog and Digital Signals—Digital signals
entering or leaving the layout should have minimum length to
minimize crosstalk to analog wiring. Keep analog signals as
far away as possible from digital signals. If they must cross,
cross them at right angles. Coaxial cable may be necessary for
analog inputs in some situations.

Wire-wrap construction is not recommended for best noise
performance.

Shield Other Sensitive Points—If extemal gain and
offset potentiometers are used, the potentiometers and assaci-
ated series resistors should be located as close to the ADS807/
808 as possible. If no trim adjusting is required and fixed
resistors are used, they should also be located as close to the
converter as possible.

ANALOG INPUT RANGES

Unipolar Connection (ADS807 only)
Analog input connections for the 0 to + 10V unipolar input
range of ADS807 is shown in Figure 4.

When the OV to +10V input range is used, apply the analog
input to pin 13. If gain adjustment is not used, replace
potentiometer R2 with a 502 +1% metal film resistor to meet
published specifications. If offset adjustment is not used,
connect pin 12 (Bipolar Offset) directly to pin 9 (Analog
Common).

+V,

“ Unipolar Full-Scale

Ref In

Ref Out

Bipolar Offset

ADS807

%7 Analog Common

FIGURE 4. Unipolar Connection.
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Bipolar Connection
Analog input connections for bipolar input ranges we shown
n Figure 5.

fnput pin 13 is used on the ADS807. Input pin 14 is used on
the ADS808. If either bipolar offset or bipolar gain adjust-
ments are not required, the trim potentiometer R, and R, are to
be reptaced with fixed 50Q +1% metal film resistors 10 meet
published specifications.

CALIBRATION

UNIPOLAR RANGE (ADS807 only)

To adjust unipotar offset, sweep the input through the end-
point transition voltage (OV +1/2LSB), +1.22mV for the
ADSB07. that causes the output code DBO High. Adjust
potentiometer R, until DBO is alternately toggling High and
Low with all other bits Low. Then adjust Full Scale by
applying an input voltage of nominal full-scale minus
3/2LSB (V¥ —3/2LSB). the value which should cause all bits
to be High. This value is +9.9963V. Adjust potentiometer R,
untjl bits DB1-DB11 are High and DBO is toggling High and
Low.

BIPOLAR RANGES

The calibration procedure is similar to that decsribed above
for unipolar operation, except that the offset adjustment is
performed with an input voltage which is [/2L.SB above the
minus full-scale value (~4.9988V forthe 5V range, ADS807;
-9.9976V for the £10V range, ADS808). Adjust R1 for DBO
totoggle High and Low with all other bits Low. To adjust full-
scale, apply a DC input voltage which is 3/2LSB below the
nominal plus full-scale value (+4.9963V for the £5V range,
ADS807; +9.9927V for the £10V range. ADS808) and adjust
R2 for DBO to toggle High and Low with all other bits High.

Full-Scale Agjust
Ref In
Ref Out
Bipolar Offset
Bipolar
Offset Adjust
Analog pre) 13
input -~ ADS807
ADS807/808
Analog Common

FIGURE 5. Bipolar Connection.

CONTROLLING
THE ADS807/808

The Burr-Brown ADS807/808 can be easily interfaced to
most microprocessor systems and other digital systems. The
micropiocessor may take full control of each conversion, or
the converter may operate in a stand-alone mode, controlled
only by the R/C input. Full control consists of selecting an 8-
or 12-bit conversion cycle, initiating the conversion, and
reading the output data when ready — choosing either 12 bits
all at once, 8 bits followed by 4 bits in a left-justified format.
The five control inputs (12/8, CS, A, R/C and CE) all
perform the same functions as the interface to the popular
A/D converters ADC574A, ADC674A, and ADC774. They
are TTL/5V-CMOS compatible. Table l contains a summary
of the control line functions of the ADS807/808. The control
function truth table is listed in Table IIT.

BINARY (BIN) OUTPUT INPUT VOLTAGE RANGE AND LSB VALUES
10V 0V to +10V 5V
Input Voltage Range Defined As: (ADS808) (ADS807) {ADS807)
One Least
Significant Bit FSR/2" 20vir 1ovin v
{LSB) n=8 78.13mvV 39.06mv 39.06mV
n=12 4.88mV 2.44mV 2.44mv
Output Transition Values
FFE,_ to FFF, +Full-scale +10V-3:2LS8 +10V-3,2L.5B +5V-3/2LSB
7FF, 10 800, Mid Scale, Ov-1.2LSB +5V~1:2LSB 0v-1/2L8B
(BP Zero)
000_to 001, Zero. ~10V+1:2LSB ov+1/2LSB —5V+1/2LSB
—Fult Scale

TABLE L. Input Voltages. Transition Values, and LSB Values.
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PIN DESIGNATION DEFINITION FUNCTION
CE (Rin 6) Chip Enable Must b high (“1") to either initiate a conversion or read output data. 0->1 edge may be used to initiate a conversion,
{active high)
Cs (Pin 3) Chip Select Must be fow (*0") to either initiate a conversion or read output data. 1->0 edge may be used to initiate a conversion.
{Active Low)
RC Pin 5) Read/Convert Must be low ("0} to Inltiate either 8- or 12- bit operation. 1->0 edge may be used to initiate a conversion.
{*1" = read)
{*Q" = convert) Must be high (“1"} to read output data. 0->1 edge may be used to initiate a read operation.
A, (Fin 4) Byte Address In the start-convert mode, A, selects 8- bit (A, = “17) or 12-bit (A, = “0”) converslon mode. When reading output data
Shon Cycle in 2 8-bit bytes, A, = “0" accesses 8 MSBs (high byte) and A, = 1" accesses 4 LSBs and trailing zeros {low byte).
12/8 (Pin 2) Data Mode When reading output data, 12/8 = “1” anables all 12 output bits simultaneously. 12/8 = 0" will enabie the
Select MSBs or LSBs as determined by the A line.
(1" = 12 bits)
("0" = 8 bits

TABLE II. ADS807/808 Control Line Functions.

CE [ RIC 1278 A OPERATION
Q X X X X None
X 1 X X X None
0->1 0 0 X 0 Hold & Initiate 12-bit conversion
0->1 0 0 X 1 Hold & initiate 8-bit conversion
1 1->0 o} X 0 Hold & Initiate 12-bit conversion
1 1->0 0 X 1 Hold & Initiate 8-bit conversion
1 0 1->0 X 0 Hold & Initiate 12-bit conversion
1 4] 1->0 X 1 Hold & Initiate 8-bit conversion
1 0 1 1 X Enable 12-bit output
1 0 1 0 0 Enable 8 MSBs only
1 0 1 [s) 1 Enable 4 LSBs plus 4 trailing zeros

TABLE IIL Control Input Truth Table. (X means Don’t Care.)

STAND-ALONE
(NO BUS INTERFACE) OPERATION
For stand-alone operation, control of the converter is accom-
plished by a single control line connected to R/C. In this mode
C_S_and A, are connected to digital common and CE and
12/8 are connected to V; (+5V). The output data are pre-
sented as 12-bit words. The stand-alone mode is used in
systems containing dedicated input ports which do not re- . . L.
quire full bus interface capability. Fl'gu.r.e 6 illustrates timing wht?n the Hold/Convert command
. . . is initiated by an R/C pulse which goes Low and returns to the
Convrsion is inittated by a High-to-Low transition (Hold/

— ) ° High state during the conversion. In this case, the three-state
Convert) of R/C. This transition commands the sample/hold

: ! outputs go to the high-impedance state in response 1o the
to Hold and the converter IOg‘.C to start the conversion. The falling edge of R/C and are enabled for external access of the
Sample-To-Hold settling time is so short that the sample/hold

: - data after completion of the conversion. Figure 7 illustrates
15 fully. settled te the' required aceuracy before the first the timing when Hold/Convert is initiated by a positive R/C
succe ssive approximaion A/D decision occurs. pulse. In this mode the output data from the previous conver-

The three-state data output buffers are enabled when R/ICis
High and Status is Low. Thus, there are two possible modes of
operation; conversion can be initiated with either positive or
negative pulses. In either case the R/C pulse must remain low
for a minimum of 50ns.

INSTRUMENTATION A/D CONVERTERS

sion is enabled during the positive portion of R/C. A new 8
conversion is started on the falling edge of R/C, and the three- oo}
_ b state outputs return to the high-impedance state until the next ;
R/C . ~ A . .
—_ occurrence of a high R/C pulse. Timing specifications for o
) stand-alone operation are listed in Table [V. (7]
a
Status 7 <
— t. SYMBOL  PARAMETER MIN TYP MAX UNITS
b Low R/C Pulse Width 50 ns
DpB11-bBO ‘—*1 boon b tos STS Delay from R 200 s
- - High-Z State y 1, Data Valid After RiC Low 25 ns
_&M e STS Delay After Data Vald 115 150 375 ns
Lo High A/C Pulse Width 150 ns
tion Data Access Time 150 ns
FIGURE 6. R/C Pulse Low — Output Enables After TABLE 1V. Stand-alone Mode Timing.

Conversion.
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Status

T 8’
/]
tDE)R t—ﬂ)r‘l ‘C
High-Z High-Z State
i Data Valid <
0B11-080

FIGURE 7. R/__(_: Puise High—Output Enables Only While
R/C Is High.

Note that, unlike the R/C command input timing for non-
sampling A/D converters such as the ADC574A/674A/774.a
time period (Acquisition Time) must be allowed for the
sample/hold amplifier to acquire the next sample. This time
period, occurring immediately after the conversion is com-
plete (Status goes Low), is 1ps typical (1.5us maximum) for
acquisition to £0.01% of Full Scale Range for a 10V analog
input change from the previous held value to the next.

FULLY CONTROLLED OPERATION

Throughput Period

The throughput period, reciprocal of the sampling rate, (8-bit
or 12-bit} is determined by the state of the A input, which is
latched upon receipt of a Hold/Convert start transition (de-
scribed below). If A is latched High, the conversion contin-
ues for 8 bits. The full 12-bit conversion will occur if A is
Low. If all 12 bits are read following an 8-bit conversion, the
3LSBs (DB0-DB2) will be Low (logic 0) and DB3 will be
High (logic 1). A, is latched because it is also involved in
enabling the output buffers. No other control inputs are
latched.

Conversion Start

The converter is commanded to initiate a Hold/Convert op-
eration by a transition occurring on any of three logic inputs
(CE, CS. and R/C) as shown in Table IIL Conversion is
initiated by the last of the three logic inputs to reach the
required state and thus all three may be dynamically con-
trolled. If necessary ail three may change state simultane-
ously, and the nominal delay time is the same regardless of
which input actually starts the operation. If it is desired that a
particular input establish the actual start of operation. the
other two should be stable a minimum of 50ns prior to the
transition of that input. Timing relationships for start of
operation timing are illustrated in Figure 8. The specifications
for timing are contained in Table V.

The Status output indicates the current state of the converier
by being in a high state only during conversion. During this
time the three-state output buffers remain in a high-imped-
ance state, and therefore data cannot be read during conver-
sion. During this period additional transitions of the three
digital inputs which control conversion will be ignored. so
that conversion cannot be prematurely terminated or re-
started. However. if A changes state after the beginning of
operation. any additional Hold/Convert transition will latch
the new state of A, possibly resulting in an incorrect conver-
ston length (8-bits vs. 12-bits) for that conversion.

9.1-70

As with stand-alone operation described above, sample/hold
Acquisition Time must be provided before the next Hold/
Convert command.

Ve

A, c——l L

oOC—

ss | f t e
- |
L— S/H = “Hold™

High Impedance

0B11-DB0

FIGURE 8. Conversion Cycle Timing.

READING QUTPUT DATA

After operation is initiated, the output data buffers remain ina
high-impedance state until the following four logic condi-
tions are simultaneously met: R/C High, Status Low, CE
High and CS Low. Upon satisfaction of these conditions the
data lines are enabled according to the state of inputs 12/8 and
A, See Figure 11 and Table V for timing relationships and
specifications.

SYMBOL PARAMETER MIN TYP MAX UNITS|
Conversion Mode
tise STS Delay from CE 60 200 ns
L CE Pulse Width 50 30 ns
teo CS to CE Setup time 50 20 as
[ €5 low during GE high 50 20 ns
tonc A/C to CE setup 50 0 ns
[ R/C low during CE high 50 20 ns
toac A, to CE setup 0 ns
L A, valid during CE high 50 20 ns
t Conversion time plus

Acquisition time 12-bit cycle 9 10 us

8-bit cycle 6 6.5 us

Read Mode
too Access time from CE 75 150 ns
to Data valid after CE low 25 35 ns
t. Output float delay 100 150 ns
tisn CS to CE setup 50 [} ns
[ R/C to CE setup 0 ns
Ler CS valid after CE low o] ns
tan R/C high after CE low 0 ns
Lun A, valid after CE low 50 ns
ts STS delay after data valid 115 150 375 ns

NOTE: Specifications are at +25°C and measured at 50% fevel of fransitions.
TABLE V. Timing Specifications.
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In most applications the 12/8 input will be hard-wired in
either :he High or Low condition, although it is fully TTL-and
CMOS-compatible and may be actively driven if desired.
When 12/8 is High, all 12 output lines (DBO-DB11) are
enabled simultaneously for full data word transfer to a 12-bit
or 16-7it bus. In this situation the state of A is ignored.

When 12/8 is Low, the data is presented in the form of two 8-
bit bytes, with selection of the byte of interest accomplished
by the state of A during the Read cycle. Connection of the
ADS807/808 to an 8-bit bus for transfer of left-justified data
is illustrated in Figure 9. The A input is usually driven by the
least significant bit of the address bus, allowing storage of the
output data word in two consecutive memory locations.

When A, is Low, the byte addressed contains the 8MSBs.
When A, is High, the byte addressed contains the 4LSBs from
the coversion followed by four logic zeros which have been
forced by the control logic. The left-justified formats of the
two 8-bit bytes are shown in Figure 10. The design of the
ADS807/808 guarantees that the A input may be toggled at
any time with no damage to the conventer; the outputs which
are tie d together as illustrated in Figure 9 cannot be enabled at
the same time.

In the majority of applications the Read operation will be
attempted only after the conversion is complete and the Status
outpu has gone Low. In those situations requiring the earliest
possibile access to the data, the Read operation may be started
as much as (t, max + t,; max) before Status goes Low. Of
course:, Acquisition Time must be allowed for the sample/
hold hefore the next Hold/Convert operation is initiated.
Refer to Figure 11 for these timing relationships.

Only)

Word 1
Processor
D87 DBs DBs DB4 DB3 DB2 DBY DBO
Converter
D81t DB10 DBY DB8 DB7 DB6 DBS DB4
Word 2
Processor
087 DB6 DBS DB4 DB3 DB2 DBt DBO
Converter
083 DB2 DB1 DBO [ 0 0 0

FIGURE 10. 12-Bit Data Format for 8-Bit Bus System.

!

Talliniundll

~—
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L
ye
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STS \(
ts to
DEN-DB0 High-Z ~—Data Va!id—’}
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FIGURE 11. Read Cycle Timing.

J 28

Status
27

1278 DB11 {MSB)

A, f 4Au 25

}
24

Address
Bus 23

Data
Bus

ADS807/808 22

21

20

DBO (LSB)

Digital 15
Common

FIGURE 9. Connection to an 8-bit Bus.
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