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Estudi General

Lectura del conversor A/D serie ADS1286 de Burr-Brown.

1. Descripcion.
Implementar e enlace serie con el conversor A/D serie ADS1286 de Burr-Brown de 12 bits. El valor de la
conversion se muestra se muestra en los dos visualizadores 7 segmentos en formato hexadecimal para los 8 bits

mas significativos, y los cuatro bits menaos significativos se muestran en los LED existentes en la placa. La lectura
se hace automaticamente a una frecuencia de reloj aproximada de 5 kHz.

Consultar las hojas de especificacion para conocer €l funcionamiento e interface con € circuito.

Profesores: Alfredo Rosado. Manuel Bataller. 1
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20kHz SAMPLING RATE

APPLICATIONS
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e TRANSDUCER INTERFACE
°

GUARANTEED NO MISSING CODES

LOW SUPPLY CURRENT: 250 pA

REMOTE DATA ACQUISITION
ISOLATED DATA ACQUISITION

BATTERY OPERATED SYSTEMS

S TS

Dsj?ss .

12-Bit Micro Power Sampling
ANALOG-TO-DIGITAL CONVERTER

ADS1286

DESCRIPTION

The ADS1286 is a 12-bit, 20kHz analog-to-digital
converter with a differential input and sample and hold
amplifier and consumes only 258 of supply cur-
rent. The ADS1286 offers an SPI and SSI compatible
serial interface for communications over a two or three
wire interface. The combination of a serial two wire
interface and micropower consumption makes the
ADS1286 ideal for remote applications and for those
requiring isolation.

The ADS1286 is available in a 8-pin plastic mini DIP
and a 8-lead SOIC.
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SPECIFICATIONS

At Tp = Tyin 10 Tyaxs Vee = 5V, Vrer = #5V, foavpre = 12.5kHz, |, fo x = 16 ¢ fgaypLe, Unless otherwise specified.

ADS1286, ADS1286A ADS1286K, ADS1286B ADS1286C, ADS1286L
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX | UNITS
ANALOG INPUT
Full-Scale Input Range +In — (=In) 0 VRer O O O O \%
Absolute Input Voltage +In -0.2 Ve 0.2 O O O O \%
—In -0.2 +0.2 0 0 O 0 \
Capacitance 25 ] O pF
Leakage Current +1 O O HA
SYSTEM PERFORMANCE
Resolution 12 O O Bits
No Missing Codes 12 O O Bits
Integral Linearity +1 +2 O O +0.5 +1 LSB
Differential Linearity +0.5 +1.0 ] +0.75 +0.25 | 0.75 LSB
Offset Error 0.75 +3 ] ] O ] LSB
Gain Error +2 +8 O O O O LSB
Noise 50 O O puvrms
Power Supply Rejection 82 O O dB
SAMPLING DYNAMICS
Conversion Time 12 O O Clk Cycles
Acquisition Time 15 ] O Clk Cycles
Small Signal Bandwidth 500 O O kHz
DYNAMIC CHARACTERISTICS
Total Harmonic Distortion V\y = 5.0Vp-p at 1kHz -85 O O dB
Viy = 5.0Vp-p at 5kHz -83 O 0 dB
SINAD V|y = 5.0Vp-p at 1kHz 72 a ] dB
Spurious Free Dynamic Range Viy = 5.0Vp-p at 1kHz 90 O O dB
REFERENCE INPUT
REF Input Range - 1.25 2.5 | Vcct0.05V O O O O O O \Y
Input Resistance _ CS=V 5000 a O MQ
CS = GND, fc x = OHz 5000 O O MQ
Current Drain CS = Ve 0.01 25 O O O O HA
teye 2 640ps, o < 25kHz 24 20 O O O 0 HA
toye = 80ps, fo = 200kHz 2.4 20 O O O O HA
DIGITAL INPUT/OUTPUT
Logic Family CMOS O O
Logic Levels:
Vin iy = +5pA 3 +Vee O 0 O O \Y
Vi I = +5uA 0.0 0.8 O O o O v
Vo lon = 250pA 3 +Vee O 0 O O \Y
VoL loL = 250pA 0.0 0.4 O O o O v
Data Format Straight Binary O O
POWER SUPPLY REQUIREMENTS
Power Supply Voltage
Vee +4.50 5 5.25 O O O O O O \
Quiescent Current, Vaya teye 2 640pS, fo k < 25kHz 200 400 O O O O HA
teye = 90uS, fok = 200kHz 250 500 O O 0 O HA
Power Down CS = V¢ 3 O o HA
TEMPERATURE RANGE
Specified Performance ADS1286, K, L 0 +70 O O O O °C
ADS1286A, B, C -40 +85 ] ] ] a °C
0 Specifications same as grade to the left.
TIMING CHARACTERISTICS
foik = 200kHz, Tp = Ty 10 Tyax-
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
tsmpL Analog Input Sample Time See Operating Sequence 15 2.0 Clk Cycles
tsmpL (mAx) Maximum Sampling Frequency ADS1286 20 kHz
tcony Conversion Time See Operating Sequence 12 Clk Cycles
tipo Delay TIme, DCLOCK! to Doyt Data Valid See Test Circuits 85 150 ns
tyis Delay Time, CSt to Doy Hi-Z See Test Circuits 25 50 ns
ten Delay TIme, DCLOCK! to Dyt Enable See Test Circuits 50 100 ns
thoo Output Data Remains Valid After DCLOCK! Cloap = 100pF 15 30 ns
t Doyt Fall Time See Test Circuits 70 100 ns
t, Doyt Rise Time See Test Circuits 60 100 ns
tesp Delay Time, CS! to DCLOCK| See Operating Sequence 0 ns
tsucs Delay Time, CS1 to DCLOCK1 See Operating Sequence 30 ns

BURR - BROWN®
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ABSOLUTE MAXIMUM RATINGS @

FVGE vttt ettt ettt +6V
Analog Input. —0.3V to (+Vc + 300mV)
LOGIC INPUL ..o —0.3V to (+V¢ + 300mV)
Case TEMPEIALUIE ......c.ceeiviiiiiiiieeiee e +100°C

Junction Temperature .. +150°C
Storage Temperature +125°C
External Reference VORAge ...........cccoooveiiiiiiiniiiicic e +5.5V

NOTE: (1) Stresses above these ratings may permanently damage the device.

PIN CONFIGURATION

$ ELECTROSTATIC
(€A DISCHARGE SENSITIVITY

Electrostatic discharge can cause damage ranging from per-
formance degradation to complete device failure. Burr-
Brown Corporation recommends that all integrated circuits
be handled and stored using appropriate ESD protection
methods.

ESD damage can range from subtle performance degrada-
tion to complete device failure. Precision integrated circuits
may be more susceptible to damage because very small

parametric changes could cause the device not to meet
Veer [ 1] 8 | +vee published specifications.
+In | 2 7 | DCLOCK
ADS1286
-n [3] 6 | Oour
GND | 4 5 | CSISHDN
8-Pin Mini PDIP
8-Lead SOIC
PIN ASSIGNMENTS
PIN NAME DESCRIPTION
1 VRer Reference Input.
2 +In Non Inverting Input.
3 —In Inverting Input. Connect to ground or remote ground sense point.
4 GND Ground.
5 CS/SHDN Chip Select when low, Shutdown Mode when high.
6 Dout The serial output data word is comprised of 12 bits of data. In operation the data is valid on the falling edge of DCLOCK. The
second clock pulse after the falling edge of CS enables the serial output. After one null bit the data is valid for the next 12 edges.
7 DCLOCK Data Clock synchronizes the serial data transfer and determines conversion speed.
8 +Vee Power Supply.

PACKAGE/ORDERING INFORMATION

PACKAGE
INTEGRAL TEMPERATURE DRAWING
PRODUCT LINEARITY RANGE PACKAGE NUMBER @
ADS1286P +2 0°C to +70°C Plastic DIP 006
ADS1286PK +2 0°C to +70°C Plastic DIP 006
ADS1286PL +1 0°C to +70°C Plastic DIP 006
ADS1286U +2 0°C to +70°C SOIC 182
ADS1286UK +2 0°C to +70°C SOIC 182
ADS1286UL +1 0°C to +70°C SOIC 182
ADS1286PA +2 —40°C to +85°C Plastic DIP 006
ADS1286PB +2 —40°C to +85°C Plastic DIP 006
ADS1286PC +1 —40°C to +85°C Plastic DIP 006
ADS1286UA +2 —40°C to +85°C SOIC 182
ADS1286UB +2 —40°C to +85°C SOIC 182
ADS1286UC +1 —40°C to +85°C SOIC 182

NOTE: (1) For detailed drawing and dimension table, please see end of data sheet, or Appendix
C of Burr-Brown IC Data Book.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not

authorize or warrant any BURR-BROWN product for use in life support devices and/or systems.

ADS1286
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TYPICAL PERFORMANCE CURVES

At Tp = +25, Voo = +5V, Vger = 45V, fsampre = 12.5kHz, fo x = 16 * fgaympLe, Unless otherwise specified.
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TYPICAL PERFORMANCE CURVES (CONT)

At Tp = +25, Ve = +5V, Vger = +5V, foampLe = 12.5kHz, fo x = 16 ¢ fsaypLe, Unless otherwise specified.

EFFECTIVE NUMBER OF BITS
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TYPICAL PERFORMANCE CURVES (conT)

At Tp = +25, Voo = +5V, Vger = 45V, fsampre = 12.5kHz, fo x = 16 * fgaympLe, Unless otherwise specified.

4096 POINT FFT PEAK-TO-PEAK NOISE vs REFERENCE VOLTAGE
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TYPICAL PERFORMANCE CURVES (conT)

At Tp = +25, Voo = +5V, Vger = +5V, foampe = 12.5kHz, fo x = 16 * fgaympLe, Unless otherwise specified.

DIGITAL INPUT LINE THRESHOLD
INTEGRAL LINEARITY ERROR vs CODE vs SUPPLY VOLTAGE
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TIMING DIAGRAMS AND TEST CIRCUITS

1.4v
3kQ
Dour Test Point
100pF
CLOAD
Load Circuit for typo, t, and t Voltage Waveforms for D1 Rise and Fall Times t,, and t

Test Point
DCLOCK
x VlL
Vee
3kQ tyis Waveform 2, t,
DOUT
Dour 100pF O—AL t4is Waveform 1
Cioap —
thoo — — )
Voltage Waveforms for Dgr Delay Times, typo Load Circuit for tys and tye,

CS/SHDN Vin CSISHDN \

D
ouT 90% DCLOCK |1| |2| | | |

Waveform 1)
tois — - ‘

Dour
10% v
Waveform 2(2) . Dour . -
|t | ~—
Voltage Waveforms for tgg "
NOTES: (1) Waveform 1 is for an output with internal conditions such that Voltage Waveforms for t,,

the output is HIGH unless disabled by the output control. (2) Waveform 2
is for an output with internal conditions such that the output is LOW unless
disabled by the output control.
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teve

CS/SHDN

— -

POWER
-t ‘<_>
‘ ‘ SUCS DOWN

DCLOCK

—| |-t
[=teso NULL NULL

HI-Z gt HI-Z BIT
Dour =1 B11|B10| B9 | B8 | B7 | B6 | B5 | B4 | B3 | B2 | B1|BO®W B11|B10| B9 | B8

tsweL_ | (MSB)
t
‘ CONV [

tDATA

Note: (1) After completing the data transfer, if further clocks are applied with CS
LOW, the ADC will output LSB-First data then followed with zeroes indefinitely.

teve \

CS/SHDN | |

»‘ ‘« tsucs } POWER DOWN ‘

o |t
[~ teso NULL

HI-Z BIT HI-Z
Dour =7 B11|B10| B9 | B8 | B7 | B6 |B5 | B4 | B3| B2| Bl |BO Bl |B2|B3|B4|B5|B6|B7|B8|B9 |B10|B11
MSB @
tsmpL ‘ ( ) t t ‘
| CONV [ DATA

Note: (2) After completing the data transfer, if further clocks are applied with CS
LOW, the ADC will output zeroes indefinitely.

toata: During this time, the bias current and the comparator power down and the reference input
becomes a high impedance node, leaving the CLK running to clock out LSB-First data or zeroes.

FIGURE 1. ADS1286 Operating Sequence.

SERIAL INTERFACE leaving the DCLOCK running to clock out the LSB first

data or zeroes. If the CS input is not running rail-to-rail, the
The ADS1286 communicates with microprocessors and othefinput logic buffer will draw current. This current may be

external digital systems via a synchronous 3-wire serial inter-jarge compared to the typical supply current. To obtain the
face. DCLOCK synchronizes the data transfer with each bit|jowest supply current, bring the CS pin to ground when it is
being transmitted on the falling DCLOCK edge and captured Jow and to supply voltage when it is high.

on the rising DCLOCK edge in the receiving system. A falling
CS initiates data transfer as shown in Figure 1. After CS falls
the second DCLOCK pulse enablegJp. After one null bit,

the A/D conversion result is output on thg R line. Bringing 1000 T
CS high resets the ADS1286 for the next data exchange. o

100

fok =16 * fsavpLe

MICROPOWER OPERATION

With typical operating currents of 258 and automatic
shutdown between conversions, the ADS1286 achieves ext
tremely low power consumption over a wide range of
sample rates (see Figure 2). The auto-shutdown allows th
supply current to drop with sample rate.

Zd
v

10

Supply Current (LA)

\
\

0.1k 1k 10k 100k

SHUTDOWN Sample Rate (kHz)

The ADS1286 is equipped with automatic shutdown fea-
tures. The device draws power when the CS pin is LOW andFIGURE 2. Automatic Power Shutdown Between Conver-
shuts down completely when the pin is HIGH. The bias sions Allows Power Consumption to Drop with
circuit and comparator powers down and the reference input Sample Rate.

becomes high impedance at the end of each conversion

BURR - BROWN®
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MINIMIZING POWER DISSIPATION REDUCED REFERENCE
In systems that have significant time between conversions,OPERAT|ON

the lowest power drain will occur with the minimum CS

LOW time. Bringing CS LOW, transferring data as quickly The effective resolution of the ADS1286 can be increased
as possible, and then bringing it back HIGH will result in the by reducing the input span of the converter. The ADS1286
lowest current drain. This minimizes the amount of time the exhibits good linearity and gain over a wide range of
device draws power. After a conversion the A/D automati- reference voltages (see Typical Performance Curves “ Change
cally shuts down even if CS is held LOW. If the clock is left in Linearity vs Reference Voltage” and “Change in Gain vs
running to clock out LSB-data or zero, the logic will draw a Reference Voltage”). However, care must be taken when
small amount of current (see Figure 3). operating at low values of¢r because of the reduced LSB
size and the resulting higher accuracy requirement placed on
the converter. The following factors must be considered

6.00 neme when operating at low M. values:
5.00 xgg::fg’v // 1. Offlset
g 400 fork = 16 * fsaupLe 2. Noise
S /
£ .00 // TS =Low OFFSET WITH REDUCED V..
2 // (GND) The offset of the ADS1286 has a larger effect on the output
& 200 E——— code. When the ADC is operated with reduced reference
® | ] voltage. The offset (which is typically a fixed voltage)
1.00 | CS HicH becomes a larger fraction of an LSB as the size of the LSB
0.00 T (‘Vcﬁ)‘ is reduced. The Typical Performance Curve “Change in
01 1 10 100 Offset vs Reference Voltage” shows how offset in LSBs is
Sample Rate (kHz) related to reference voltage for a typical value g \For

— - example, a ¥ of 1224V which is 0.1 LSB with a 5V
FIGURE 3. Shutdown Current with CS HIGH is Lower than reference becomes 0.5LSB with a 1V reference and 2.5LSBs

with CS LOW. with a 0.2V reference. If this offset is unacceptable, it can be
corrected digitally by the receiving system or by offsetting
RC INPUT FILTERING the negative input of the ADS1286.

It is possible to filter the inputs with an RC network as NOISE WITH REDUCED V,

shown in Figure 4. For large values ofGer (€.9., 1F), The total input referred noise of the ADS1286 can be
the capacitive input switching currents are averaged into ayeqyced to approximately 200 peak-to-peak using a ground
net DC c_urrent. Therefore, a fllter should be chosen with aplane, good bypassing, good layout techniques and minimiz-
small resistor and large capacitor to prevent DC drops acrosg,g nojse on the reference inputs. This noise is insignificant
the resistor. The magnitude of the DC current is approxi- ith 5 5V reference but will become a larger fraction of an

mately bc = 20pF X /tcyc and is roughly proportional to | sg as the size of the LSB is reduced.
V. When running at the minimum cycle time ofju84the . . Lo
input current equals 1.58\ at V, = 5V. In this case, a filter For operation with a 5V refe_rence, the gBnoise Is 0r_1|y )

resistor of 78 will cause 0.1LSB of full-scale error. If a 9-15LSB peak-to-peak. In this case, the ADS1286 noise will

larger filter resistor must be used, errors can be eliminatedcontribute virtually no uncertainty to_ the output code. H(_)W'_ i
by increasing the cycle time. ever, for r_educed references, the noise may beco_r_ne a_5|gn|f|-
cant fraction of an LSB and cause undesirable jitter in the
output code. For example, with a 2.5V reference this same
20QuV noise is 0.3LSB peak-to-peak. If the reference is
Rerer e further reduced to 1V, the 2(AU noise becomes equal to
Vin © YW ' + 0.8LSBs and a stable code may be difficult to achieve. In
this case averaging multiple readings may be necessary.

c ADS1286
FILTER

IRk

I

FIGURE 4. RC Input Filtering.
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Thermocouple

TC,

TC,

+5V

ISO Thermal Block

0.4v

0.2v

0.1v

o
R?
10Q
. R
3 0.1pF
500kQ l .
VREF
/ DCLOCK
. i +
Cy ADS1286 | Pour
o o _ CS/SHDN
R, 1 C Uy
1k T LoWF Rs Cs
500Q 0.1pF
3-Wire
= Interface

FIGURE 5. Thermocouple Application Using a MUX to Scale the Input Range of the ADS1286.

+Vee
@)

REF200

(100pA) IO-luF
VREF =
1| 8
DCLOCK
Y,
RTD ADs1286 | Pour uP
_ CS/SHDN
3\
4
FIGURE 6. ADS1286 with RTD Sensor.
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

Customers are responsible for their applications using TI components.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright [0 2000, Texas Instruments Incorporated
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