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®AF’F’LICATION BULLETIN

PROGRAMMING TRICKS FOR HIGHER CONVERSION
SPEEDS UTILIZING DELTA SIGMA CONVERTERS

By Bonnie Baker

Delta-Sigma4Z) Analog-to-Digital Converters are well known balancing A/D converter, a calibratiu€ with on-chip static

for their innate ability to resolve an analog input signal to very RAM, a clock oscillator, a programmable digital filter, and a bi-
small LSB voltage ranges. The primarily applications for this directional serial communications port. The function of the
type of product is in the Industrial Process Control market suchmulti-order charge-balancing A/D converter can be conceptual-
as direct transducer interface for pressure, temperature, flowjzed with the first-order stage shown in the insert in Figure 1.
weigh scales and force measurement systems. In the InstrumeriFhe analog input voltage and the output of the 1-bit DAC is
tation market, thé\X converter is particularly well-suited for  differentiated, providing an analog voltage at Xhe voltage at
portable applications, such as thermometers, gas analyzers an¥, is presented to the integrator. The output of the integrator
blood analyzers. At first glance, high resolution doesn’t seem toprogresses in a negative or positive direction. The slope and
be an important specification for these types of applications. Todirection of the signal at Xis dependant on the sign and
the contrary, close inspection of these transducer interfacemagnitude of X. At the time the voltage at sXequals the
circuits divulge a different story. The sensing element’s output comparator reference voltage, the output of the comparator
could be a fairly high voltage (hundreds of mV to several volts), switches from negative to positive or positive to negative,
however, the delta output voltages that represent a change inlependent on its original state. The output value of the com-
temperature, pressure, light, etc., is usually extremely low, sub-parator (%) is clocked into the 1-bit DAC, as well as clocked
mV or wV. If the dynamic resolution of the A/D converter is into the digital filter stage. At the time that the output of the
relatively high, the total application cost can be lowered. Addi- comparator switches from a HIGH to a LOW or visa versa, the
tionally, the circuit becomes less complex making it easier to 1-bit DAC responds on the next clock pulse by changing its
designAZ ADCs are very good in the right application but they analog output voltage to the difference amplifier. This creates
do have some disadvantages. The most obvious of these is a different output voltage at,X causing the integrator to
limited frequency response. The frequency response is dictategbrogress in the opposite direction.

by the output data rate. A greater data rate leads to a higher

frequency response but lower effective resolution. Although the Analog et Data - -
AX converter brings the circuit designer considerably closer to| mput Stream Data Output Data

achieving the desired results, expanding the application to ‘ o ) | Digital ! Decimation L
include uP implemented bit-shifting or front end analog gain Charge Balancing Lou-Pass Fitter
N\

technigues can enhance the resolution even further (refer tg

AB-107 for more details about front end analog gain). The Ist-Order Modulator
technique of shifting the output bits of the A/D converter in the Difference  Integrator (Cl?g‘if:’;g
WP is not new, however, a revisit is appropriate in lieu of the

1 . . . . Analog
arrival of theAZ converter, where higher resolution is possible Input

Amp
B
in the conversion process. This Application Bulletin addresses
the design trade-off that is taken between resolution and data
rates wher\X converters are used. This relationship is exam- B
ined and techniques such as hardware and software gain a’_rF

used. These techniques can be used as tools to improve t 1-Bit DAC

resolution versus data rate picture. In this Application Bulletin

the advantages of software gain emphasized. FIGURE 1. A Block Diagram of a Generls> A/D Converter.

The fundamental concept of the origide®l A/D conversion Typically, this class of modulator has an input Programmable Gain
process was based on a single-bit quantizer, rather than multiAmplifier that conditions the analog input signal. The PGA stage is
bit, as used in architectures such as sub-ranging or successiviellowed by the multi-order charge-balancing section which per-
approximation. Since the first design of &kie A/D converters forms the first step in low frequency noise reduction and digitizes the
front ends have been designed that digitize more than 1-bit ofsignal into a stream of ones and zeros. This stage is followed by a
resolution, while tolerating some design trade-offs for the digital low passfilter andfinally, a decimation stage. The digital low-
multi-bit approach. The state-of-the-Af converter contains a  pass filter and decimation filter can be combined in some A/D
programmable gain amplifier (PGA), a multi-order charge- converters, dependent on the design topology used.
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The output of the multi-order charge-balancing converter is consider a DC input level, such as shown in Figure 2. If the
a series of digital ones and zeros, which is sent to the digitainput to theAZ charge-balancing converter is 1/2 full scale,
filter. The digital filter uses an oversampling and averaging the output of the charge-balancing converter would be a
algorithm to further process the signal into the higher reso-steady stream of alternating ones and zeros. Assuming the
lutions. The combination of the digital filter and the decima- digital filter is designed to average four samples at a time,
tion filter stages directly affect the resolution and output datathe average of four binary numbers resulting from a 1/2 FSR
rate of the converter. input would be 0.5. When the DC input is changed to 1/4 full

As mentioned, the output of the charge-balancing converterSc@le, the resultant output of th& charge-balancing con-
is a series of digital ones and zeros. The input of the digitalVerter would change to a string of the code 1000, as opposed

filter clocks the charge-balancing converter output state to the previous 1010. The average value of the 1/4 full scale

(whether it is a one or zero) and stores the digital data in &°00€ representation would be 0.25. In this example, four

FIFO register for further processing. The clock used at this Samples of the 1-bit data is averaged, but in fact, any number
point in the signal path is called the sampling clock. The of samples could be chosen. Accuracy increases with num-
ratio of the sampling clock and the system clock is typically 2€r of samples that are averaged, however, the trade-off for
equal to the oversampling rate divided by a constant particu[igher accuracy is increased conversion time. This simplis-
lar to the A/D converter. In the case of the ADS1210 and fic digital filter can be further enhanced with a rolling

ADS1211, the oversampling rate is also known as the Turbo@Verage filter or a variety of more sophisticated filters. An in
rate and t’he A/D constant is 512. depth discussion of digital filtering can be found in AB-108.

SIGNAL GAIN USING OVERSAMPLING METHODS

A key differentiation of these particular products from the _ FullScale
competition is Burr-Brown’s proprietary Turbo Mode of pciput As _
operation. In Turbo Mode, the user is allowed to select the| Leves — — — — ] Modulator | LlBitData
oversampling ratio of the input charge-balancing converter. B
This input stage oversamples at 20kHz, allowing the
ADS1210/11 to achieve 21.5 bits at 10Hz. A Turbo Mode 2 1-BIT DATA STREAMS

oversamples at 40kHz. The effective resolution with respect 1/2 Full Scale Input | 1/4 Full Scale Input | 3/4 Full Scale Input

to frequency is shown in Table I. The benefit of the Turbo 1 ’ 1 } 1 ’

ov

Average
=0.75

Mode function is high resolution at high data rates. /_*\gegage /_A\ge;e;ge

SAMPLE | TURBO 1 | TURBO 2 | TURBO 4 |TURBO 8 [TURBO 16
RATE (Bits rms) [(Bits rms) (Bits rms) (Bits rms) (Bjts rms)

0 0 1

1 0 1

0 0 0

1 1 1

0 0 1

1 0 1

10Hz 215 22 225 — — 0 0 0

20Hz 21 22 22 225 —

40Hz 20 215 22 225 23

50Hz 20 215 215 22 23

60Hz 195 21 215 22 23 FIGURE 2. This is an illustration of the simplest digital filter,

100Hz 18 20 21 215 22.5 . . . .
1000Hz 10 125 15 175 20 an averaging system. In this filter, the analog signal is clocked

- ) into the filter as a series of representative ones and zeros. This
TABLE |. The effective resolution of the ADS1210/1211 oyampleillustrates a 4X averaging filter, where four digits are

A/D converters is shown in this table. Thg clock rate for this taken and averaged, giving an overall higher resolution than
data was 10MHz, and the number of bits is an rms value. Thgne qriginal one-bit system. This filter provides a sin(x)/x

Turbo (or oversampling ratio) can be increased in order t0yanfer function which can be used to effectively eliminate

increase the effective resolution or decreased to improve thgjne frequency. Although this filter accomplished the task of
sampling rate, which also increases the signal input bandnreasing resolution, it also requires more time than the FIR

width. or IIR style digital filter.

Both the digital filter and decimation filter utilize arithmetic
tools to filter the digital information into a higher resolution.
The most simplistic digital filter is the averaging filter. In
this topology, a predetermined number of samples is re-
quired to compute the final value. The digital averaging
filter waits for its FIFO register to fill with ones and zeros
from the charge-balancing converter stage. When the regis
ter becomes full, the values in the register are averaged t
arrive at the final output value. In order to see this action,

Oversampling, in conjunction with digital filtering, is a
technique that is used to achieve increased gain on the
analog input signal. For example, a 12-bit A/D converter
with a full scale range of 1V would be able to resolve to an
LSB of 244uV. If the analog signal were gained with an
external gain stage by 4V/V, the output of the 12-bit A/D

onverter would be able to resolve to a system LSB g¥61

ith an oversampling system, the Signal-to-Noise Ratio



(SNR) is improved as oversampling increases. For anSIGNAL GAIN USING ON-CHIP PGA FUNCTION

oversampling factor of 4 increase, the conversion processrne functional elements of a typiasI A/D converter, such

will have a theoretical 6dB or 1-bit improvement in the 55 the ADS1210 and ADS1211, is shown in Figure 3. The

SNR. Consequently, an oversampling system from 1X tojnpyt to these converters is differential allowing for the

16X is equivalent to applying a gain of 4 in that the LSB size rejection of common-mode voltages. To enhance the accu-

235 changed from 24¥, for that 12-bit A/D converter, o racy/resolution capability of this type of capability of this
V.
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FIGURE 3. Burr-Brown’s ADS1210 and ADS1211 are 24-bH, converters which operate from a single 5V supply. The
ADS1211 has an input multiplexer to accommodate four differential input sources where the ADS1210 has one differential input.
Both have on-chipC functions such as calibration capability and oversampling. Both converters are easily interfaced with three-
or four-wire controllers.
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FIGURE 4. The input stage for the ADS1210/1211 uses a switched capacitor topology to sample the signal as well as a perform
gain function.



type of converter, the system offsets, as well as the full scaleSOFTWARE GAIN

range can be calibrated to desired levels. This is done byrpe specifications of the ADS1210 converter performance is
using the on-chipC. TheAZ converter, such as the ADS1210  gimjlar to other converters on the market, such as Analog
or ADS1211 are precision, wide dynamic range, 24-bit, peyice’s AD7712. A comparison of specifications of the
AID converters operating from a single +5V supply. The ADs1210 and the AD7712 are shown in Table Ill, but this
ADS1210 s a single channel A/D converter and the AD312110n|y shows part of the picture. The ADI product and Burr-
is a 4-channel multiplexed version of the ADS1210. These grown’s ADS1210 are programmable for both data rate and
products offer 3-wire serial interface capability, a command gain. However, the ADI part is limited in not being able to
structure and register set to interface to all of the popularprogralm its oversampling rate so as the data rate increases,
microprocessors. Additionally, the differential inputs are ihe effective resolution decreases. The ADS1210/11 on the
useful when a direct connection to transducers is required.qther hand offers Turbo Mode and PGA gain which allows
The differential input is gained by the PGA (Programmable the freedom of programming both the data rate and the
Gain Amplifier) stage by a factor of 1, 2, 4, 8 or 16. The effective resolution.

basic topology of the PGA stage is a differential switched

capacitor amplifier (Figure 4). The switched capacitive to-

pology uses a combination oversampling and capacitor gairj SPECIFICATIONS ADS12100 | ADT7IZAR | UNITS
to achieve the possible gains of 1, 2, 4, 8, and 16. A| Number of Channels ! ! _
simplistic way of looking at the PGA stage is shown in ESITC;"LC'Z‘I):W“& . ig iz \'/3”_5
Figure 4. The signal is clocked in on the rising edge of the internal Referengce Votage ot ot ‘\)/p
sampling clock and transferred by the falling edge of the| -_.ive Accuracy 0.0015 0.0015 %
sampling clock to a second group of capacitors. For a PGAl \ wissing Codes 24 24 Bits
gain of one, the next rising clock edge sends the first signal cumr at 6oHz 100 120 dB
forward to the modulator section of the A/D converter as | power CLK = 10MHz 26 30 mw
well as sampling a second input signal. For PGA gains| Resolution at 1kHz Sampling 20 135 Bits

greater than one, say a gain of two, the second rising cloc . .
edge does not send the signal forward to the modulatolfrABLE Ill. Specification comparison of ADS1210 versus

section. The second stage of the PGA retains the originafA‘Dle' Both devices are high resolutiad, A/D Connec-

signal and adds it to the second sampled input. In this "S-

manner the charge is doubled. At the completion of the _ '
second sampling the charge is finally transferred to the The easiest way of showing the advantages of the ADS1210/

modulator section. This concept can easily be extended toll are in charts of effective resolution versus data rate. In
gains of 4, 8 and 16. As the gain of the PGA stage increased able IV the ADS1210/11 and the AD7712 are shown with

the number of cycles required to sample the signal alsovarious gains against the effective input range and resolu-
increases. tion.
The Burr-Brown part focuses on providing a higher resolu-

ALLOWABLE TURBO t|onl at a higher samplmg.rate rz?\ther tha.n. gain functionality.
Maximum PGA MODE MODULATOR At first glance, the specified gain capability of 1, 2, 4, 8, ...
Sampling GAIN RANGES RATE FREQUENCY 128 of the AD7712 seems fairly impressive. However, once
A\gitl)acgle 16 1 20kHz the converter is programmed beyond a gain of 8, the subse-
8 2 40KHz guent increases in gain are performed by shifting the data
320kHz 4 4 80KkHz within the registers of the A/D converter. This technique is
”OMgIZocElf)tema' ) 8 160kHz used by software engineers and typically known as data
1 16 320KHz shifting. By hardware or software data shifting, the dynamic

: range of the part is not increased but kept constant. Instead,
TABLE Il. ADS1210,A% A/D Converter Gain versus Turbo  the relative weighting of the data bit is being decreased or in
Mode Trade Off. terms of gain—an increase in gain. The same thought
process was used with the ADS1210 and ADS1211 but
Assuming the external clock is a constant of 10MHz, the instead of being done in hardware and sacrificing higher
PGA gain is implemented by increasing the number of effective resolutions, the data shifting techniques were left
samples taken by the input capacitor from 20kHz, for a gainto the software designer. For example, in Table 1V, the LSB
of 1, to 320kHz for a gain of 16. Since the Turbo and PGA weight of the AD7712 for the gains between 4 and 128 is
functions are both implemented by varying the sampling 0.6mV. It is easy to see that as the gain increases AD7712,
frequency of either the input capacitors or the modulator the effective resolution drops by one bit for every 2X
output, the multiple of PGA gain and Turbo mode rate is increase in gain. Consequently, for a gain of 128 the effec-
limited to 16. Adjusting the internal gain stage of ke tive resolution is 16 bits.
converter is yet another technique used in providing appro-
priate LSB voltage size for the transducer application.



In contrast, the Burr-Brown ADS1210 and ADS1211 leaves In your application, four methods of signal gain are possible
the data shifting task to the software designer. With the with the Burr-Brown ADS1210 and ADS122\F converter
assumption that the software designer can easily implemenproduct line. Two of the methods involve internal gain using
this solution to increasing the overall gain of the system, thethe sampling clock to either employ PGA gain on the front
ADS1210 and ADS1211 are designed to optimize the con-end or oversampling after the modulator. The other two
verter function to achieve the lowest possible LSB voltage. methods require external intervention, namely software gain
In Table IV, the ADS1210/11 are shown in a Turbo mode of or an input analog gain stage. This Application Bulletin has
1 and 2. When the converter is in a Turbo mode of 1 and aocused on the fundamental techniques behind software
PGA gain of 16, the devices surpasses the effective resolugain. Generally speaking, a combination of PGA and
tion of the AD7712 by four times. In a Turbo mode of 2 and oversampling should be implemented as a first pass attempt
a gain of 8, 22.5-bit resolution is achieved. Implementing to improve the system resolution. If additional gain is
software data shifting techniques, and effective gain of 128required, either software gain of external analog gain are
can be achieved by combining A/D converter gain shifting viable options. The software gaining technique is a low cost
techniques, and effective gain of 128 can be achieved byapproach, but the trade-off is increagiti overhead time.
combining A/D converter gain and software bit-shifting.

The equivalent full scale voltage of 4.88mV is achieved with

the ADS1210 as compared to the AD7712 (Analog Devices)

39mV full scale range.

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.
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Effective Resolution + Bit Weighting vs Gain.

TABLE IV. Competitive Analysis



