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COMPLETE TEMPERATURE DATA
ACQUISITION SYSTEM FROM A SINGLE +5V SUPPLY

by George Hill, (602) 746-7283

The CMOS ADS574 and ADS774 are drop-in replacementstance of 10Q@ at CC, and is rated for use from —2@to
for industry standard ADC574 analog-to-digital converters, 660°C. Over this range, the resistance of the RTD will vary
offering lower power and the capability to operate from a from about 18 to about 339.

single +5V supply. The switched capacitor array architec- Amplifiers A, and A (the two op amps inside a single

ture (CDAC), with the input resistor divider network 10 5pa1013) are used to generate a stable 1mA current source
provide ADC574 input ranges, also allow the new parts 10y, excite the RTD. The 2.5V reference output of the ADS574
handle additional input ranges, including a 0V to 5V range. js e to derive this current source, so that the entire system
This can be used to build a complete temperature datdy; pe ratiometric. As the reference in the ADS574 changes
acquisition system using a single +5V supply. over temperature or time, it will affect both the gain of the
Figure 1 shows the input resistor divider network on the A/D and the current source.

ADS574, and how it can be configured for a OV 10 5V input prpg in industrial process controls are often far removed

range. Pin 12 is normally the bipolar qffset pin on standard 5, the electronics. One thousand feet of 22-gauge copper
ADC574s, and serves the same functiortfay and+10V has 1& of resistance (shown as,Rn Figure 2), and this

input ranges on the ADS574. However, when connected a3, 4rjes with temperature. The circuit aroung (Aalf of a

shown, pin 12 on the ADS574 can also be used as an analogeonq OPA1013) uses a third wire from the remote RTD to

input. In this mode, the ADS574 can also be used as angmoye most of the effect of the twg, Brops in series with
analog input. In this mode, the ADS574 maintains its differ- yno RTD. The 100R resistors are much larger than,R

ential linearity of 12-bit “No-Missing-Codes”, and integral - inimizing inaccuracies due to currents flowing through
linearity is typically better than 0.1%, or 10-bits. The slight {hom.

change in linearity is due to internal circuitry designed to - ) ) )

maximize compatibility of the ADS574 used in existing AMPlifier A, is used in a gain of 12.207V/V, so that a®.1

ADC574 sockets. change in the value of the RTD (changing the posmv_e input

. o _ to A, by 10QuV) corresponds to one LSB change in the

Figure 2 shows the circuit for a complete high accuracy oyt of the ADS574. 0V and 5V full scale inputs to the

temperature measurement system using the OV to 5V inputanss574 would result from @ and 409.© RTD values

range on the ADS574. The RTD sensor shown has a resis(and hence OmV and 409.6mV afsAinput.) Choosing this
range not only sets one LSB equal to @&0change, but also

keeps A and A, from ever operating near their OV and 5V

ADS574 rails. The RTD never gets below abouf218r above about
j\(}(\? W 330Q, which gives 18mV to 330mV at the input tg ¢and
12 somewhat more at the input tqQ, Alue to the two Rdrops.)
.,?Q/UIOSTQS,:; 10k As used in Figure 2, the ADS574 will switch to the hold
0vVio mode and start a conversion immediately when a convert
68KQ 3.33v

command is received (a falling edge on pin 5.) Pin 28 will
output a HIGH during conversion, and a falling edge output
on pin 28 can be used to read the data from the conversion.
Since digital processing will normally be done to linearize
the output of the RTD for maximum accuracy, the same

14 \/\/\/\
% ZOpFO:L

<H

No 34kQ _ :
Connection process can also be used to calibrate out gain and offset
13 34k errors in the circuit, and any effects from the approximations

used in the feedback around. A

This linearization will also restore the integral linearity of
the ADS574 mentioned above, since the differential linear-
FIGURE 1. ADS574 Connections for OV to +5V Input ity remains at the 12-bit level.

Range.
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24.9kQ / Status
+ Output
+5V 10pF _
) 24.9kQ {I; 2 27 | Bit 11 (MSB)
- N\/\% 3 26 | Bit 10
1 A, 112 .
OPA1013 4 25 | Bit9
3 Convert o
& Command Input 5 24 | Bit8
+5VO—E 23 | Bit7
2.49kQ§
61~ NC® | 7 ADS574 22 | Bit6
A, 112 7 24.9kQ 24.9kQ i .
OPA1013 8 | 2.5V Ref Out 21 | Bit5
10.2kQ 9 20 | Bit 4
s M 5006 F‘:
10 19 | Bit3
100kQ 909Q
MW WA 6 o FE 18 | Bit 2
100kQ A, 112 7 50Q — _
A - OPA1013 YW 12 17 | Bit1
Ag 172 ! + Leave Unconnected | 13 16 | Bit 0 (LSB)
OPA1013 5
) o] o,

NOTES: (1) 100Q at 0°C platinum temperature sensing element from Yellow Springs Instrument Co., Inc.
(2) Not internally connected. (3) All resistors, except the 50Q resistors, should be 1% metal film.

FIGURE 2. Complete Single-Supply Temperature Measurement System. Using 3-Wire RTD Connection.
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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.
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