”l I \D LIS/74A

TECHNOLOGY Complete 12-Bit
A/D Converter

FEATURES DESCRIPTION

» |ndustry-Standard 574A Compatible The LT®574A is a complete 12-bit A/D converter in the

= Gomplete 12-Bit A/D Converter with industry-standard 574A pinout. The three-state output
Reference and Clock buffers interface directly to an 8- or 16-bit microprocessor

= Improved Reference Output Current Capability bus. Ahigh precision 10V reference and clock are included

= 25us Maximum Conversion Time on-chip, and the device provides full-rated performance

= Fast Bus Access Time without external circuitry or clock signals.

= 8- or 16-Bit Microprocessor Interface The LT574A provides several advantages over other 574A

= Guaranteed Linearity over Temperature

type devices. External load driving capability of the refer-
ence has been improved to up to 8.5mA beyond the ADC
APPLICATIONS current required. Maximum Vg has been increased to
22V and the reference can source full load currentata Ve
of 11.4V without requiring an external buffer. The refer-
ence is trimmed to 10.00V with 0.2% maximum error and
5ppm/°C typical TC. Bus timing specifications are signifi-
cantly faster than original 574A specifications, easing
microprocessor interface concerns.

LT, LTC and LT are registered trademarks of Linear Technology Corporation.

= Signal Processing
= Data Acquisition
= Process Monitoring and Control

TYPICAL PERFORMANCE

Integral Linearity
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LTS74A

ABSOLUTE MAXIMUM RATINGS

V¢ to Digital Common ... 0V to 22V
Vee to Digital Common .......c.ccovvvvvinee, 0Vto-16.5V
Vi ogic to Digital Common ..........oovcerernineee. 0Vto7V

Analog Common to Digital Common ...................... +1V
Digital Inputs to

Digital Common -0.5Vto Viggic + 0.5V
Analog Inputs (REF In, BIP Off, 10Vy)

to Analog Common.........ccccceeveverevennnee, VEp t0 16.5V
20V)y to Analog Common........cccevevevcvevnenee. VEg to 24V
REF Out ................. Indefinite Short to Analog Common

Momentary Short to Vg

Power Dissipation..........ccccoveveeceeeeveeceee 1000mW
Junction Temperature ............cccceeeveveeeeeevcverenne, 165°C
Operating Temperature Range

J, K, L Grades ... 0°C to 70°C
Storage Temperature ..........ccococueeeee... -65°C to 150°C
Lead Temperature (Soldering, 10 SeC)........c........ 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW
Viosic [1] ~ 28] STATUS
12/8 [2] 27] DB11 (MSB)
cs [3] 26] DB10
Ag [4] [25] DBY
RC [5] 24] DBS
CE [6] 23] DB7
Vg [7] 22] DB6
REF OUT [8]] 21] DBS
AGND [9] 20] DB4
REF IN [10] 19] DB3
Vee [i1] 18] DB
BIP OFF [12] 17] DB1
10vyy [13] 16] DBO (LSB)
20V [14] [15] DGND
NW PACKAGE
28-LEAD PDIP WIDE
Tymax = 100°C, 64 = 70°C/W

ORDER PART
NUMBER

LTS74AJNW
LT574AKNW
LT574ALNW

Consult factory for Industrial and Military grade parts.

CONVERTER ELECTRICAL CHARACTERISTICS

Tp =25°C, Vg =12V or 15V, Vgg == 12V, Vi ggic = 5V, unless otherwise specified.

LT574AJ LT574AK LT574AL
PARAMETER MIN TYP MAX | MIN TYP MAX | MIN TYP MAX UNITS
Resolution o 12 12 12 Bits
Integral Linearity Error o +1 +0.5 +0.5 LSB
Differential Linearity Error (Minimum Resolution for Which o 11 12 12 Bits
No Missing Codes are Guaranteed)
Unipolar Offset (Adjustable to Zero) +2 +1 +1 LSB
Bipolar Offset (Adjustable to Zero) +4 +4 12 LSB
Full-Scale Calibration Error (With Fixed 50Q +10 +10 +4 LSB
REF Out to REF In (Adjustable to Zero)
Temperature Coefficients
Unipolar Offset . +2(10) +1(5) +1(5) | LSB(ppm/°C)
Bipolar Offset . +2(10) +1(5) +1(5) | LSB(ppm/°C)
Full-Scale Calibration o +9(50) +5(27) +2(10) | LSB(ppm/°C)
Supply Sensitivity (Change in Full Scale Calibration)
13.5V < Vg < 16.5V or 11.4V < Vg < 12.6V . +2.0 +1.0 +1.0 LSB
—-16.5V < Vgg <-13.5V 0r 12.6V < Vgp < -11.4V . +2.0 +1.0 +1.0 LSB
4.5V <V ggic 5.5V . £0.5 £0.5 £0.5 LSB
Input Ranges
Unipolar . 0 10 0 10 0 10 v
. 0 20 0 20 0 20 V
Bipolar ° -5 5 -5 5 -5 5 v
o |10 10 |-10 10 |[-10 10 V
Input Impedance
10V Span . 3 5 7 3 5 7 3 5 7 kQ
20V Span . 6 10 14 6 10 14 6 10 14 kQ
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LTIS74A

INTERNAL REFERENCE ELECTRICAL CHARACTERISTICS

LT574AJ LT574AK LT574AL
PARAMETER MIN TYP MAX | MIN TYP MAX | MIN TYP MAX UNITS
REF OUT Voltage (No Load) 9.98 10.02 | 9.98 10.02 | 9.99 10.01 vV
Line Regulation, 11.4 < V| <22V 1 5 1 5 1 5 ppm/V
. 10 10 10 ppm/V
Load Regulation (Sourcing Current), 0 < Igyt < 10mA 12 30 12 30 1230 ppm/mA
o 50 50 50 ppm/mA
Reference Temperature Coefficient . 50 27 10 ppm/°C
DIGITAL AND DC ELECTRICAL CHARACTERISTICS
LT574A, All Grades
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
VLOGlC Supply Range ° 45 5.0 5.5 V
Vee Supply Range o -114 -16.5 V
Vgc Supply Range . 114 22.0 v
ViLogic Operating Current o 27 40 mA
Veg Operating Current ° -15 -25 mA
Ve Operating Current o 1.7 3.5 mA
Power Dissipation ° 390 700 mW
Viy Logic High Input Voltage 12/8, CE, Ag, R/C, CE . 2.0 55 V
ViL Logic Low Input Voltage 12/8, CE, Ag, R/C, CE . -0.5 0.8 V
m Logic Input Current o -100 100 PA
Cin Digital Input Pin Capacitance 5 pF
Vou Logic Output Voltage Isource < 600pA 2.4 Vv
VoL Logic Low Output Voltage Isink < 1.6mA 0.4 v
Leakage Current High-Z State -20 20 PA
Cout Output Capacitance 5 pF
The o denotes the specifications which apply over the full operating
temperature range.
DIGITAL TIMING ELECTRICAL CHARACTERISTICS
Ta =25°C, Vg =15V, Vge =-15V, Vi ggic = 5V, unless otherwise specified.
LT574A, All Grades
SYMBOL PARAMETER MIN TYP MAX UNITS
Read Timing, Full Control Mode top Access Time (from CE) 75 150 ns
thp Data Valid After CE Low 25 ns
tHL Output Float Delay 150 ns
tssr CS-to-CE Setup 50 ns
tsrr R/C-to-CE Setup 0 ns
tsar AO-to-CE Setup 50 ns
thsr CS Valid After CE Low 50 ns
thrR R/C High After CE Low 0 ns
tHAR Ag Valid After CE Low 50 ns

L
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LTS74A

DIGITAL TIMING €ELECTRICAL CHARACTERISTICS

Tp =25°C, Vg = 15V, Vge = =15V, Vi ggic = 5V, unless otherwise specified.

LT574A, All Grades
SYMBOL PARAMETER MIN TYP MAX UNITS
Convert Start Timing, Full Control Mode tpsc STS Delay from CE 200 ns
thee CE Pulse Width 50 ns
tssc CS-to-CE Setup 50 ns
thse CS Low During CE High 50 ns
tsro R/C-to-CE Setup 50 ns
tHRe R/C Low During CE High 50 ns
tsac AQ-to-CE Setup 0 ns
tHaG AQ Valid During CE High 50 ns
te Conversion Time
8-Bit Cycle 10 17 us
12-Bit Cycle 15 25 ys
Stand-Alone Mode Timing tHRL Low R/C Pulse Width 50 ns
tps STS Delay From R/C 200 ns
tHDR Data Valid After R/C Low 25 ns
tHs STS Delay After Data Valid 25 600 ns
tHRH High R/C Pulse Width 150 ns
tooR Data Access Time 150 ns
2 StaTUs
+Viogic ; > 27 ppiy (MSB)
12/8 e - osio
= 3 @ 25
Cs = CONTROL €| A = D89
Ao — LOGIC & 24 g
Ré(; S —»| CLOCK > ; % DB7
7 128ms | 5| e [, DB6
+Vgg | :> ; B [ pes
8 10.00V = 120 gy
REF OUT REFERENCE o RTINS
LT1021-10 SUCCESSIVE & 18
ANALOG 9 APPROXIMATION SR T DB2
COMMON REGISTER s DB1
\v/ —— DBO (LSB)
15 _ DIGITAL
COMMON
19.95k A =
REF N L2 12-BIT Qﬂ
DAC
11
_VEE —
12 9.95k -~ 1
BIP OFF =
A 10V 13
14 5k
Ay 20V

Figure 1. LT574A Block Diagram

574A FO1/BD
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LTIS74A

DISCUSSION OF SPECIFICATION S

Integral Linearity Error

Integral linearity (INL) error refers to the deviation of each
code from a theoretical line drawn from “full scale.” Zero
is defined as the input voltage occurring 0.5LSB (1.22mV
for 10V full scale) before the first code transition (0 to 1)
and “full scale” is defined as the voltage occurring 1.5LSB
beyond the last code transition (4094 to 4095).

Differential Linearity Error

A guaranteed “no missing codes” specification requires
that every code combination appears in a monotonically
increasing sequence. Thus LT574A grades which guaran-
tee no missing codes to 12-bit resolution have amaximum
DNL error of £1LSB; grades which guarantee no missing
code to an 11-bit level means that all code combinations
of the upper 11 bits are present. In practice very few of the
12-bit codes are missing on the lower grade(s).

Unipolar Offset

Unipolar offset error is defined as the deviation of the first
code transition from a level 0.5LSB above analog com-
mon. Unipolar offset can be adjusted as shown on the
following pages. The unipolar offset temperature coeffi-

FEEDBACK TO AMPLIFIER

&
<

CURRENT

cient specifies the change of the first transition value
versus a change in ambient temperature.

Bipolar Offset

The major carry transition (2047 to 2048) should occur for
an analog value 0.5LSB above analog common in the
bipolar mode. Bipolar offset error can also be adjusted as
shown on the following pages. The bipolar offset errorand
temperature coefficient specify the initial deviation and
maximum change in the error versus temperature.

Quantization Uncertainty

Analog-to-digital converters have inherent quantization
uncertainty of +0.5LSB. This uncertainty is a fundamental
property of the conversion process and cannot be reduced
for a converter of a given resolution.

Left-Justified Data

The LT574A uses a left-justified data format. The analog
inputis represented as afraction of full scale, ranging from
0 to 4095/4096. A binary point to the left of the MSB is
implied.

LT574A

LIMITING
RESISTORS

Iin IS MODULATED BY
CHANGES IN TEST CURRENT.
AMPLIFIER PULSE LOAD
RESPONSE LIMITED BY

[
OPEN-LOOP OUTPUT IMPEDANCE. t

I
RINél
9 CURRENT

— OUTPUT
IDIFF H ITest DAC
COMPARATOR

ANALOG COMMON

574A F02

Figure 2. Op Amp/LT574A Interface
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DISCUSSION OF SPECIFICATION S

Full-Scale Calibration Error

The last output code transition (4094 to 4095) should
occur for an analog value 1.5LSB below the nominal full
scale (9.9963Vfor 10.000V full scale). The deviation of the
actual level at which this transition occurs from the ideal
level is the full-scale calibration error. Typically less than
0.1% of full scale, this error can be adjusted to zero as
shown in Figures 3 and 4.

Temperature Coefficients

The temperature coefficients for unipolar offset, bipolar
offset and full-scale calibration specify the maximum
change from the nominal (25°C) value to Ty o Tiax.

Power Supply Sensitivity

The LT574A is specified using 5V and £15V or £12V
supplies. The major effect of power supply voltage devia-
tions from the rated values will be a small change in full-
scale calibration. This change results in a proportional
change in all code values.

Code Width

Code width is defined as the range of analog values for
which a given output code will occur. The ideal value of a
code width is equivalent to 1LSB (least significant bit) of
the full-scale range. In a 10V full-scale range one LSB
corresponds to 2.44mV.

OFFSET
R1
100k
-12V 70 15V —AMW— 12V T0 15V

REF IN
REF OUT

BIP OFF

LT574A
10V

0VTO 10V
ANALOG
INPUTS

0V T0 20V

20V|N
ANALOG DIGITAL | 15

9
%7 | ; COMMON COMMONT_I

574A FO3

Figure 3. Unipolar Input Connections

GAIN REF IN

REF OUT

BIP OFF

LT574A
13 10V

OFFSET

5V

ANALOG
INPUTS

10V

2ov|N
9| ANALOG DIGITAL |15

$ | ; COMMON COMMONT-I

574A F04

Figure 4. Bipolar Input Connections

OPERATION

Circuit Operation

The LT574A provides the complete 12-bit analog-to-digi-
tal function with no external components. A block diagram
of the LT574A is shown in Figure 1. After a conversion is
initiated via the control section (described later) the clock
is enabled and the SAR is set to 1000 0000 0000. Once a
conversion is started it cannot be stopped or restarted.
The output buffers go into the Hi-Z state. The SAR, driven
by the internal clock, will sequence through the conver-
sion cycle and return a signal indicating end-of-conver-
sion to the control section. The control section then

disables the clock, bring the Status output low, and
enables control functions to allow data read functions via
external command.

During a conversion, the internal 12-bit current-output
DAC is sequenced by the SAR starting with the most
significant bit (MSB) and ending with the least significant
bit (LSB). At the end of the process the DAC outputs a
current which accurately balances the input signal current
through the 5k (10k) input resistor. The comparator looks
at the summing node at every bit test. If the DAC current
sum is greater than the input current, the bit is turned off;

0
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OPERATION

if less, the bit is left on. After all 12 bits have been tested,
the SAR contains a 12-bit digital representation of the
analog input signal accurate to 12 bits £0.5LSB. Two 5k
input scaling resistors allow either 10V or 20V span
operation. The 10k bipolar offset resistor is connected to
the 10V reference for bipolar operation, or grounded for
unipolar operation.

Internal 10.00V Reference

An LT1021-10 low noise, high stability, buried-zener ref-
erence is used inside the LT574A device and guarantees
superior stability over time and temperature. This refer-
ence provides improved performance over other 574-type
referencesin both voltage range and output current sourc-
ing capability. The reference is trimmed to 10.00V £2%. It
can supply up to 8.5mA to an external load in addition to
the currentrequired by the reference input resistor (0.5mA)
and the bipolar offset resistor (1mA). This is an additional
7mA over most other 574A-type devices. (The external
load should not change during a conversion.) The LT574A
also has animproved Vg supply range; the Vg input can
range from 11.2V10 22V. If operating from+12V supplies,
improved driving capability eliminates the need for an
external buffer to source external loads at room tempera-
ture or over the specified temperature range.

Driving the LT574A Analog Inputs

The signal source driving the LT574A input looks into a 5k
or 10k impedance. However, the current drawn out of the
input pins is abruptly modulated as the ADC steps through
the bit tests. Low source impedance at high frequency,
necessary to hold the input voltage constant through the
conversion cycle, is required for 12-bit accurate conver-
sions. The output impedance of an op amp is equal to its
open-loop output impedance divided by the loop gain
available at the frequency of interest. Acceptable loop gain
at 500kHz is needed for use with the LT574A. An op amp
can be checked for suitability by monitoring the LT574A’s
inputwithan oscilloscope whileaconversionisin progress.
Each of the 12 disturbances should settle in 1us or less.
Suitable op amps include the LT1055 or LT1122.

Layout Precautions and Supply Decoupling

Itis critically important the LT574A power supplies be well
regulated and free of high frequency noise. Noisy supplies
will cause unstable output codes. If switching power
supplies must be used, considerable care must be used to
ensure that switching spikes are eliminated. (For more
information on constructing switching power supplies
suitable for use with precision analog circuits, please see
Linear Technology’s Application Note 29). Just a few
millivolts of high frequency noise on the power supply will
result in several counts of error.

Decoupling capacitors should be used on all power supply
pins. Viogic decoupling should be connected directly
from pin1to pin 15 (digital common) and Vg and Vgg pins
should be decoupled directly to analog common (pin 9). A
4 7uF tantalum unit in parallel with a 0.1uF ceramic type
makes a suitable decoupling capacitor.

The LT574A should be located as far as possible from
digital circuitry on the board layout. Coupling between
analog and digital lines should be minimized. Ifanalog and
digital lines must cross, they should do so at right angles.
Parallel analog and digital lines should be separated by a
pattern connected to common. Wire-wrap construction is
not recommended; careful printed circuit layout is pre-
ferred instead.

Grounding Considerations

The analog common (pin 9) is the internal reference
ground and should be connected directly to the analog
reference point of the system. It is the “high quality”
ground point. Pin 9 should be connected to digital com-
mon (pin 15) at the package to achieve all the high
performance accuracy available from the LT574A in noisy
digital environments. This single-point grounding is the
preferred method for grounding mixed analog/digital sys-
tems. Be sure there are no digital ground returns on the
analog side of the line; input signal returns should be
isolated from digital ground and returned directly to the
single-point ground at the LT574A package.

LY IR

However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-

Information furnished by Linear Technology Corporation is believed to be accurate and reliable. 7
tation that the interconnection of its circuits as described herein will not infringe on existing patent rights.



LTS74A

OPERATION

Range Connections

The LT574A has four standard input ranges: 0V to 10V,
0V to 20V, -5V to 5V, and —10V to 10V. To use the 10V
range, connectthe input signal between pins 13and9.To
use the 20V range, connect the input signal between pins
14 and 9. In both cases, the other pin of the two is left
unconnected. Full-scale and offsetadjustments are shown
inFigure 3. Iffull-scale trimis not needed, connecta 50Q,
1% metal film resistor between pins 8 and 10. To extend
the 10V range to 10.24V (2.5mV/bit) with gain trim
potentiometer (R2) should be replaced by a 50Q resistor
and a 200Q potentiometer should be placed in series
with the 10V, pin. To obtain a full-scale range of 20.48V
(5mV/bit), a 500Q potentiometer should be used in
series with pin 14. Gain trim is now implemented with
these potentiometers.

Unipolar Calibration

The first transition of the LT574A occurs ata value 0.5LSB
above analog common, so that the exact analog input for
agiven code will be halfway between the code transitions.

This 0.5LSB offset is built into the LT574A. The unit will
behave in this manner, within specifications, if pin 12 is
connected to analog common (pin 9). Referring to Figure
3, R1 performs the offset adjust function. It should be
adjusted so that the first transition falls at exactly 0.5LSB
above the analog common potential (nominally ground).
The circuit, as shown, will give approximately +15mV of
offset trim range. The full-scale trim is calibrated by
applying a voltage 1.5LSB below full scale (9.9963V for
10V full scale) and adjusting R2 such that the unit outputs
the codes 4096 and 4097 (111111111110and 11111111
1111).

Bipolar Operation

Bipolar operation connections are shown in Figure 4. The
trim potentiometers can be replaced by 50Q, 1% resistors
if offset and gain specifications are sufficient. To calibrate,
apply an input signal 0.5LSB above negative full scale
(0000 0000 0000 to 0000 0000 0001), then apply a signal
1.5LSB below positive full scale (4.9963V for the +5V
range) and adjust R2 so that the last transition (11111111
1110to 1111 1111 1111) is output.

PHCKHGG DGSCBIPTIO" Dimensions in inches (millimeters) unless otherwise noted.
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