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SHORT CYCLING THE 8-PIN ADS78xx FAMILY

By Bonnie C. Baker

The most recent 8-pin, 12-bit A/D converters that Burr- The data sheet key specifications for these products are
Brown has introduced to the market are advertised as highshown in Table I. The maximum through-put rate stated in
speed, micro power, low priced sampling SAR devices. Table | assumes that the devices operate at that speed with
During product development and the initial introduction less error than stated in the maximum linearity error speci-
period, the engineering effort was placed on optimizing the fications. This is, of course, in a 12-bit system. The differen-
combination of 12 bits with high speed, low power and low tiating specifications between these three products are speed,
cost. Burr-Brown Applications has revisited these converterspower, and supply voltage. As shown in Table I, the power
to find that the claims of high speed and micro power at dissipation of the ADS7816 at a 200kHz continuous sam-
12 bits are only part of the story. If power savings is a pling rate is 1.9mW. If the application allows for a conser-
priority and fewer bits are tolerable in the application, these vative 16 clock cycles to complete the conversion, the clock
parts can be operated at much higher speeds and withate for the ADS7816 and ADS7817 would be 3.2MHz and
considerably lower power dissipation. The products that arefor the ADS7822, 1.2MHz.

discussed in this application note are the ADS7816, ADS7817

and ADS7822 (Figure 1).
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Figure 1. The Basic Topology of the ADS7816, ADS7817, and ADS7822 is Shown in this Figure. All three devices are
12-bit, 8-pin, SAR converters with serial outputs.

ADS7817C ADS7816C ADS7822C

(Vrer = 2.5V) (Vrer = 5V) (Vrer = 3V)
Maximum Through-put Rate, 1/tcyc 200kHz 200kHz 75kHz
Maximum system clock rate assuming 16 3.2MHz 3.2MHz 1.2MHz
clocks for one conversion plus data transfer
Typical Power Dissipation at Specified 2.3mW 1.9mw 0.54mwW
Through-put Rate
Maximum Integral Linearity Error +1LSB +1LSB +0.75LSB
Maximum Differential Linearity Error +1LSB +0.75LSB +0.75LSB
Power Supply for above Specifications 5.0V 5.0V 2.7V
Input Structure Fully Differential Single-Ended with Single-Ended with

Sampled Ground Sense Sampled Ground Sense

TABLE I. Published Specifications of Three of the 12-Bit, Micro-power, Sampling A/D Converters.
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All three devices communicate with a processor by way of SHORT CYCLING USING OUTPUT DATA
a synchronous 3-wire interface. The basic timing diagramsTRUNCATION TECHNIQUES

for these A/D converters is shown in Figures 2 and 3. As
shown in Figure 2, a falling CS signal initiates the conver-
sion process. This is usually synchronized with the falling
edge of the system clock (DCLOCK). The first 1.5 to 2 clock

periods after CS falls are used to sample the analog inpu y prematurely by bringing CS high. Whén CS is brought

signal. Fol]owing this sampling.time, the convertgr transm.its high prematurely, the transmission of the serial data from the
one null bit and then the 12 bits of the conversion, startlngA/D converter will stop and gy; will go into a high

with the MSB. At the end of the transmission of these 12 bitsimpedance mode. An example of the timing for 8-bit
and with the falling edge of the system clock, CS is brought '

high. A high'CS also puts the DOUT pin into high imped-
ance mode. CS must be kept high for at least one clock cycle]
thus completing one conversion/data transfer cycle. The
power down mode is initiated by the converter with the
transmission of the last bit or the LSB. If CS is kept high, the 30
device will remain in the power down mode until CS goes
low, as described above. Pour Test Point

The timing process described above should be implemented
if a full 12 bits of the serial data out is required. In instances
where fewer bits are acceptable, such as 10 bits or 8 bits, the
ransmission of the data on the,3 pin can be terminated

1.4v

The power down mode can be used to conserve over al 100pF
power. To illustrate this point the ADS7816 is used as an Cuoro
example. If the desired conversion rate for the application is =
20kHz, the clock rate can be set to a minimum of 320kHz Load Circuit for typo, t,, and t;
(for 12-bit operation) or a maximum of 3.2MHz. In the case
where the clock is set to 320kHz, the converter is powered

for most of the conversion cycle (@yt). In this case, the pcLock K
power dissipation of a typical ADS7816 would be 1.425mW.
In contrast, the clock can be set at its maximum rate of

3.2MHz. A 20kHz conversion rate is obtained by sending Dour

“bursts” of 16 clock cycles to the converter everyu&0

These bursts put the A/D converter in its fully powered state thpo —»

for 5us and in the power down mode foné5assuming that

CS is kept high during the @5). Now the power dissipation Voltage Waveforms for D1 Delay Times, typo

of the ADS7816 will be a typical of 2u@V. This improve-

ment in power dissipation is very effective in battery power FIGURE 3. The Timing Relationship Between DCLOCK
applications. and the Serial Data Output atof} of the

Converters is Shown Here. Vand \,, is
defined at 10% above logic lowg) is defined
at 10% below logic high.
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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.

FIGURE 2. The Standard Timing Diagram for the ADS7816, ADS7817, and ADS7822 is Shown Here. In this figure CS and

the transfer of the |7 to the processor is initiated by the falling edge of DCLOCK.

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.



operation is shown in Figure 4. This technique, known asis equal to 150ns. Given that the processor will latch the data
short cycling, can be used to increase the through-put rate oin on the rising edge of the clock, the output data of the
reduce the average power dissipation. A comparison of dataconverter must be valid at the time of the clock rising edge.
rate versus power dissipation of the ADS7817 is shown inThis limits the maximum clock rate to (1 / (2444)) or
Figure 5. In this diagram, the clock rate is kept constant at3.33MHz. For these devices, 3.2MHz was conservatively
3.2MHz. The data rate of the converter is adjusted by specified as the clock rate.

extending the amount of time that the device is in its power

down mode, implemented by making CS high. This simple CONCLUSION

technique of short cycling does not compromise the 12-bit . .

perforr?\ance of the c)(/)nvgrter, it simply tefminates the trans-If only 8 or 10 bits are required from the AID converter the
mission of bits. Consequently, performance specificationsADS?SZZ'ADS7816 fand ADS7817 ser.|al outputdata can be
such as INL, DNL, THD and SNR are not degraded. This truncated to the desired number of bits. This allows for a

technique is briefly discussed in the data sheet for eachIOWer overall conversion “”?e because fewer CIOCI.( cycles
product. are used to produce the desired number of output bits. In the

o ] case of a 10-bit conversion 14 clock cycles are required for
The limiting factor for the maximum data rate of these he conversion. In the case of 8 bits, 12 clock cycles are

.converters (regardless.of the numbe.r o.f bits actuallynIatched)required. This technique offers an opportunity to lower the
is the set-up and hold times o§ . This is most effectively  gyerall power dissipation by approximately 12.5% for 10

shown in the timing diagram in Figure 3. The specification pits and 25% for 8 bits for the same throughput rate.
of particular interest isyto, the “DCLOCK falling to next

Doyt valid” specification. In the case of the ADS7816 and
ADS7817, the maximum (over full temperature ranggy) t

tCYC
CS/SHDN
* t ‘ POWER
‘ ‘* sucs ™ bown
DCLOCK
o =t
[=teso o NULL
H-Z Bir HI-Z BIT
Dovr —T— " Jou]aof oo [ oo ['e7 | oo [es | e ———— " [ess[eso[ s s
t (MSB)
SMPL 1 teony
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.

FIGURE 4. These A/D Converters can be Short Cycled by Bringing CS High Prematurely. All serial output data is halted at
that time. This timing diagram illustrates the performance of the ADS7816, ADS7817, and ADS7822 being utilized
as 8-bit converters.
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FIGURE 5. Using the ADS7817 as a Example, the Timing Technique lllustrated in Figure 4 is Used to Short Cycle the Device
to 10 Bits and 8 Bits. Note that in all examples the system clock, DCLOCK, is kept at 3.2MHz.



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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