Burr-Brown Products ADS7864

from Texas Instruments

500kHz, 12-Bit, 6-Channel
Simultaneous Sampling
ANALOG-TO-DIGITAL CONVERTER

FEATURES DESCRIPTION

6 SIMULTANEOUS SAMPLING CHANNELS The ADS7864 is a dual 12-bit, 500kHz Analog-to-

[ ]

e FULLY DIFFERENTIAL INPUTS Digital (A/D) converter with 6 fglly dlffgrentlal input
channels grouped into three pairs for high speed simul-

e 2us TOTAL THROUGHPUT PER CHANNEL taneous signal acquisition. Inputs to the sample-and-

e GUARANTEED NO MISSING CODES hold amplifiers are fully differential and are main-

e PARALLEL INTERFACE tained differential to the input of the A/D converter.
This provides excellent common-mode rejection of

¢ 1MHz EFFECTIVE SAMPLING RATE 80dB at 50kHz which is important in high noise

e LOW POWER: 50mW environments.

e 6X FIFO The ADS7864 offers a parallel interface and control
inputs to minimize software overhead. The output data

APPLICATIONS for each channel is available as a 16-bit word (addressg

and data). The ADS7864 is offered in a TQFP-48
e MOTOR CONTROL package and is fully specified over the 2@@o +85C
e MULTI-AXIS POSITIONING SYSTEMS operating range.

e 3-PHASE POWER CONTROL
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SPECIFICATIONS

All specifications Ty t0 Tyax, +Va = +Vp = +5V, Vger = internal +2.5V and fe ¢ = 8MHz, fgayp e = 500kHZ, unless otherwise noted.

ADS7864Y ADS7864YB
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 12 ] Bits
ANALOG INPUT
Input Voltage Range-Bipolar Veenter = +2.5V —VRer +Vrer O O \Y
Absolute Input Range +IN -0.3 +V, + 0.3 \%
-IN -0.3 +V, + 0.3 \
Input Capacitance 15 O pF
Input Leakage Current CLK = GND +1 ] HA
SYSTEM PERFORMANCE
No Missing Codes 12 O Bits
Integral Linearity +0.75 +2 +0.5 +1 LSB
Integral Linearity Match 0.5 O LSB
Differential Linearity -0.9 +0.6 O +0.4 LSB
Bipolar Offset Error Referenced to REFy +0.75 +4 +0.5 +3 LSB
Bipolar Offset Error Match 3 O LSB
Positive Gain Error Referenced to REFy +0.15 +0.75 +0.1 +0.5 % of FSR
Positive Gain Error Match 3 0 LSB
Negative Gain Error Referenced to REFy +0.15 +0.75 +0.1 +0.5 % of FSR
Negative Gain Error Match 3 O LSB
Common-Mode Rejection Ratio At DC 84 O dB
Viy = £1.25Vp-p at 50kHz 80 O dB
Noise 120 | uvrms
Power Supply Rejection Ratio 0.3 2 O O LSB
SAMPLING DYNAMICS
Conversion Time per A/D 1.75 | us
Acquisition Time 0.25 O us
Throughput Rate 500 O kHz
Aperture Delay 35 O ns
Aperture Delay Matching 100 O ps
Aperture Jitter 50 O ps
Small-Signal Bandwidth 40 O MHz
DYNAMIC CHARACTERISTICS
Total Harmonic Distortion Viy = +2.5Vp-p at 100kHz -75 O dB
SINAD V|y = #2.5Vp-p at 100kHz 71 ] dB
Spurious Free Dynamic Range Viy = 2.5Vp-p at 100kHz 78 O dB
Channel-to-Channel Isolation V|y = #2.5Vp-p at 50kHz -76 O dB
VOLTAGE REFERENCE
Internal Reference Voltage 2.475 25 2.525 O O O \%
Internal Drift 10 | ppm/°C
Internal Noise 50 O uVp-p
Internal Source Current 2 O mA
Internal Load Rejection 0.005 O mV/pA
Internal PSRR 80 O dB
External Reference Voltage Range 12 25 2.6 O O O \%
Input Current 100 ] HA
Input Capacitance 5 O pF
DIGITAL INPUT/OUTPUT
Logic Family CMOS O
Logic Levels: V4 Iy = +5pA 3.0 +Vp + 0.3 O O \Y
V. I = +5pA -0.3 0.8 O O Y
Vo lon = —500pA 3.5 O \Y
VoL loL = —500pA 0.4 O Y
External Clock 0.2 8 O O MHz
Data Format Binary Two’s Complement |
POWER SUPPLY REQUIREMENTS
Power Supply Voltage, +V,, +Vp 4.75 5 5.25 O O O \%
Quiescent Current, +V,, +Vp 10 m} mA
Power Dissipation 50 O mwW

0 Specifications same as ADS7864Y.

The information provided hereinis believed to be reliable; however, BURR-BROWN assumes no responsibility forinaccuracies 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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ABSOLUTE MAXIMUM RATINGS

Analog Inputs to AGND: Any Channel Input
REFy

Digital Inputs t0 DGND ........ccccocveiiiiiiiiciiiieeennene
Ground Voltage Differences: AGND, DGND .

+Vp to AGND
Power DISSIPALION .....ccoueiiiiiiiiiieeiie et
Maximum Junction Temperature
Operating Temperature Range
Storage Temperature Range ..........cccccevevviviiiiiiiieeinnens
Lead Temperature (soldering, 10s)

—0.3V to (+Vp + 0.3V)
—0.3V to (+Vp, + 0.3V)
—0.3V to (+Vp + 0.3V)

.......... +0.3V

PACKAGE/ORDERING INFORMATION

$ ELECTROSTATIC
(¢A DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degradation
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 its published
specifications.

MINIMUM
RELATIVE MAXIMUM SPECIFICATION PACKAGE
ACCURACY GAIN ERROR TEMPERATURE DRAWING ORDERING TRANSPORT
PRODUCT (LSB) (%) RANGE PACKAGE NUMBER NUMBER ®) MEDIA
ADS7864Y +2 +0.75 —40°C to +85°C TQFP-48 355 ADS7864Y/250 Tape and Reel
" " " " " " ADS7864Y/2K Tape and Reel
ADS7864YB +1 +0.5 —40°C to +85°C TQFP-48 355 ADS7864YB/250 Tape and Reel
" " " " " " ADS7864YB/2K Tape and Reel

NOTES: (1) Models with a slash (/) are available only in Tape and Reel in the quantities indicated (e.g., /2K indicates 2000 devices per reel). Ordering 2000 pieces

of “ADS7864Y/2K” will get a single 2000-piece Tape and Reel.

BASIC OPERATION

48| 47| 46| 45|44 || 43 || 42 || 41 || 40 || 39 || 38 || 37
+ | + | + | | + | + | +
o o o o o o - — — — - —
< < [ m O O (6] O o 1] < <
+5V @) I I £ T £ £ I T I I I T +5V
Analog Power O n 1 1] +V, © o o o o o o0 o0 0 0L 00 +V, |36 1 1 O Analog Power
Supply 10pF 0.1pF 0.1pF 10pF Supply
Tz ] om0 aono (35 |———3—"
~ 3 | DB15S REFIN |34 B
4'1 DB14 REFOUT |33
4E DB13 RESET E—( Global Reset
6 | pB12 AO E'—(
ADS7864Y
4'2 DB11 AL El—( Address Select
—E DB8 HOLDA a—<
N Sample and Hold
—E DB7 HOLDB E'—( Inputs
~|12 DB6 v HOLDC a—<
> Q0 8}
nw ¥ m o <4 o |un Z2 a O
o 41} o a0} o a ‘D (0] > - |Q |U)
[a) [a) [a) [a] [a) a o [a] + O ['q O
13| 14|15 || 16 || 17| 18| 20 || 20 |22 || 23|
+5V
Digital Power Supply
o . o
1 o
;I;O.lpF ;I;lopF
\/ 5 5 5 ©
j=% (=% (=N Q
5 £ £ °
Data Ouput o x g @9
- R
2 O & O DGND AGND
BURR - BROWN®
3 ADS7864



PIN CONFIGURATION

Top View
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PIN DESCRIPTIONS
PIN NAME DESCRIPTION PIN NAME DESCRIPTION
1 +Va Analog Power Supply. Normally +5V. 25 HOLDC | Places Channels CO and C1 in hold mode.
2 AGND | Analog Ground 26 HOLDB | Places Channels BO and B1 in hold mode.
3 DB15 Data Valid Output: “1” for data valid; “0” for invalid 27 HOLDA Places Channels A0 and Al in hold mode.
data. _ 28 BYTE | 2 x 8 Output Capability. Active HIGH
4 DB14 g;zli:)nel Address Output Pin (see channel truth 29 A2 A2 Address/Mode Select Pin (see Address/Mode Truth
table).
5 DB13 Channel Address Output Pin (see channel truth 30 Al Al Address/Mode Select Pin (see Address/Mode Truth
table) Table).
6 DB12 Channel Address Output Pin (see channel truth 31 A0 A0 Address/Mode Select Pin (see Address/Mode Truth
table)
) Table).
7 DB11 Data B!t 11 - MSB 32 RESET Reset Pin
8 DB10 | Data Bit 10 33 | REFOUT | Reference Out
9 DBY | Data Bit 9 34 | REFIN | Reference In
10 DB | Data Bit 8 35 AGND | Analog Ground
1 DB7 Data Bft 7 36 +Vp Analog Power Supply. Normally +5V.
12 DB6 Data Bft 6 37 CH A1+ Noninverting Input Channel A1
13 DB5 Data Bft 5 38 CH Al1- Inverting Input Channel Al
14 DB4 Data Bft 4 39 CH B1+ Noninverting Input Channel B1
15 DB3 Data Bft 3 40 CH B1- Inverting Input Channel B1
16 DB2 Data Bft 2 41 CH C1+ Noninverting Input Channel C1
17 DBl Data Bft 1 42 CH C1- Inverting Input Channel C1
18 DBO Data Bit 0 - LSB o 43 CH CO- Inverting Input Channel CO
19 BUSY L(-)V\l/ when a conversion is in progress. 24 CH Co+ Noninverting Input Channel CO
20 DGND ngftal Ground 45 CH BO- Inverting Input Channel BO
2 Vo Digital Power Supply, +5vVDC _ 46 CH BO+ Noninverting Input Channel BO
22 CLOCK ﬁ\]r;u?xtemal clock must be applied to the CLOCK 47 CH AO— Inverting Input Channel AQ
— ) 48 CH A0+ Noninverting Input Channel A0
23 RD RD Input. Enables the parallel output when used in g inp
conjunction with chip select.
24 cs Chip Select
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TYPICAL PERFORMANCE CURVES

At Tp = +25°C, +V, = +Vp = +5V, Ve = internal +2.5V and fe = 8MHz, fgayp e = 500kHz, unless otherwise noted.

FREQUENCY SPECTRUM FREQUENCY SPECTRUM
(4096 Point FFT; f,, = 99.9kHz, —0.2dB) (4096 Point FFT; f,\, = 199.9kHz, —0.2dB)
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TYPICAL PERFORMANCE CURVES (Cont.)

At Tp = +25°C, +V, = +Vp = +5V, Ve = internal +2.5V and fe = 8MHz, fgayp e = 500kHz, unless otherwise noted.
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TYPICAL PERFORMANCE CURVES (Cont.)

At Ty = +25°C, +V, = +Vp = +5V, Vgee = internal +2.5V and fc x = 8MHz, fsaype = 500kHz, unless otherwise noted.
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INTRODUCTION REFERENCE

Und I tion, the REfy pin (pin 2) should b
The ADS7864 is a high speed, low power, dual 12-bit A/D nder normal operation, the R pin (pin 2) should be

h f inale +5V v Thei directly connected to the REfpin (pin 1) to provide an
converter that operates from a single +5V supply. The inpUtiyierna| 42 5V reference to the ADS7864. The ADS7864
channels are fully differential with a typical common-mode

acti f 80dB. Th " tains d s . can operate, however, with an external reference in the range
rejection ot - '€ part contains uplsZsuccessive of 1.2V to 2.6V for a corresponding full-scale range of 2.4V
approximation ADCs, six differential sample-and-hold am-

plifiers, an internal +2.5V reference with RgRnd REG 1 o 5'?V' _

pins and a high speed parallel interface. There are six analod € internal reference of the ADS7864 is double-buffered.

inputs that are grouped into three channels (A, B and C). f the |r_1ternallreference is used to drive an external load, a
Each A/D converter has three inputs (AO/A1, BO/B1 and Coy buffer is provided between the reference and the load ap-
C1) that can be sampled and converted simultaneously, thuglied to pin 33 (the internal reference can typically source

preserving the relative phase information of the signals on2MA of current—load capacitance should not exceed 100pF).
both analog inputs. Each pair of channels has a hold signa|f an external reference is used, the second buffer provides
(HOLDA, HOLDB, HOLDC) to allow simultaneous sam- isolation between the external reference and the CDAC.

pling on all 6 channels. The part accepts an analog inputThiS buffer is als_o used to rgcharge all of the capacitors of
voltage in the range of )¢ to +Vrer centered around the  Poth CDACs during conversion.

internal +2.5V reference. The part will also accept bipolar

input ranges when a level shift circuit is used at the front endANALOG INPUT

(see Figure 7).

The analog input is bipolar and fully differential. There are
A conversion is initiated on the ADS7864 by bringing the two general methods of driving the analog input of the
HOLDX pin LOW for a minimum of 15ns. HOLDX LOW  ADS7864: single-ended or differential (see Figures 1 and 2).
places both sample-and-hold amplifiers of the X channels inWhen the input is single-ended, the —IN input is held at the
the hold state simultaneously and the conversion process isommon-mode voltage. The +IN input swings around the
started on both channels. The BUSY output will then go same common voltage and the peak-to-peak amplitude is the
LOW and remain LOW for the duration of the conversion (common-mode +¥g) and the (common-mode R¥p).
cycle. The data can be read from the parallel output busThe value of e determines the range over which the
following the conversion by bringing both RD and CS common-mode voltage may vary (see Figure 3).

LOW. When the input is differential, the amplitude of the input is the
Conversion time for the ADS7864 is 1py&when an 8MHz  difference between the +IN and —IN input, or: (+IN) — (—=IN).
external clock is used. The corresponding acquisition time isThe peak-to-peak amplitude of each inputlif2Vger around
0.25us. To achieve maximum output rate (500kHz), the read this common voltage. However, since the inputs aré @80
function can be performed during at the start of the nextof phase, the peak-to-peak amplitude of the differential voltage

conversion. iS +Vger t0 —Vgee The value of Wgr also determines the
NOTE: This mode of operation is described in more detail "2nge of the voltage that may be common to both inputs (see
in the Timing and Control section of this data sheet. Figure 4).

SAMPLE-AND-HOLD SECTION

The sample-and-hold amplifiers on the ADS7864 allow the

. . +
ADCs to accurately convert an input sine wave of full-scale

—Virer 10 +Veer

amplitude to 12-bit accuracy. The input bandwidth of the peak-to-peak ADS7864
sample-and-hold is greater than the Nyquist rate (Nyquist Common  —L- N

equals one-half of the sampling rate) of the ADC even when Voltage T

the ADC is operated at its maximum throughput rate of =

500kHz. The typical small-signal bandwidth of the sample- Single-Ended Input

and-hold amplifiers is 40MHz.

VREF

Typical aperture delay time or the time it takes for the
peak-to-peak

ADS7864 to switch from the sample to the hold mode

following the negative edge of HOLDX signal is 5ns. The Common
. . Voltage

average delta of repeated aperture delay values is typically

50ps (also known as aperture jitter). These specificationg

reflect the ability of the ADS7864 to capture AC input

signals accurately at the exact same moment in time.

+
ADS7864

Vrer
peak-to-peak

1H|

Differential Input

FIGURE 1. Methods of Driving the ADS7864 Single-Ended
or Differential.
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CM +Vpee +IN
+Vier
CM Voltage y

—IN = CM Voltage

_VREF
CM—Viee t
Single-Ended Inputs
CM +1/2Vper +IN
+Veer
CM Voltage
_VREF
—IN
CM—1/2Vger t
Differential Inputs
i . (IN+) + (IN-) .
NOTES: Common-Mode Voltage (Differential Mode) = — Common-Mode Voltage (Single-Ended Mode) = IN—.

The maximum differential voltage between +IN and —IN of the ADS7864 is V. See Figures 3 and 4 for a further
explanation of the common voltage range for single-ended and differential inputs.

FIGURE 2. Using the ADS7864 in the Single-Ended and Differential Input Modes.

51 | 51 '
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Vee = 5V : 147 e |
w4l | : ' |
af ! ar - !
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1
= | | g | |
o 3 . - ! ,
o ! Single-Ended Input 27 : qg,’ 8 | Differential Input :
© e Y [
4 : 03 | & : |
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& 2f P ! & 2F :
= 1 1 1 E : :
o l I | °
> ! ! ' > i 0.90
c c ! °
s af | = | : g 1f /: .
1 . 1 1 1 1
g 5 E E § 10.3 : |
O 1 1 1 O ! ! :
(O e e H iy g (0] it Rt et i
1 1 1 ! ! ,
1 1 1 ! ! :
1 1 1 : : 1
! ! ! - - !
_1 1 1 _1 1 1
1.2 26 1.2 26
1.0 1.5 2.0 2.5 3.0 1.0 1.5 2.0 25 3.0
Veer (V) Vier (V)

FIGURE 3. Single-Ended Input: Common-Mode Voltage FIGURE 4. Differential Input: Common-Mode Voltage
Range vs ¥ee Range vs ¥gr

In each case, care should be taken to ensure that the outpetpacitance has been fully charged, there is no further input
impedance of the sources driving the +IN and —IN inputs arecurrent. The source of the analog input voltage must be able
matched. Otherwise, this may result in offset error, which to charge the input capacitance (15pF) to a 12-bit settling
will change with both temperature and input voltage. level within 2 clock cycles. When the converter goes into the

The input current on the analog inputs depend on a numbef©!d mode, the input impedance is greater thaR 1G

of factors: sample rate, input voltage, and source impedanceCare must be taken regarding the absolute analog input
Essentially, the current into the ADS7864 charges the inter-voltage. The +IN and —IN inputs should always remain
nal capacitor array during the sampling period. After this within the range of GND — 300mV topy + 300mV.

BURR - BROWN®
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TRANSITION NOISE

Figure 5 shows a histogram plot for the ADS7864 following

8,000 conversions of a DC input. The DC input was set at
output code 2046. All but one of the conversions had an
output code result of 2046 (one of the conversions resulteg
in an output of 2047). The histogram reveals the excellent
noise performance of the ADS7864.

BIPOLAR INPUTS

The differential inputs of the ADS7864 were designed to
accept bipolar inputs (34 and +\kgp around the internal
reference voltage (2.5V), which corresponds to a 0V to 5V
input range with a 2.5V reference. By using a simple op amp
circuit featuring a single amplifier and four external resis-
tors, the ADS7864 can be configured to except bipolar
inputs. The conventionat2.5V, £5V, and £10V input
ranges can be interfaced to the ADS7864 using the resisto
values shown in Figure 7.

TIMING AND CONTROL

The ADS7864 uses an external clock (CLOCK, pin 22)
which controls the conversion rate of the CDAC. With an
8MHz external clock, the A/D sampling rate is 500kHz
which corresponds to gu& maximum throughput time.

8000

7000

6000

5000

4000

3000

Number of Conversions

2000

1000

2044 2045 2046

Code (decimal)

2047 2048

FIGURE 5. Histogram of 8,000 Conversions of a DC Input.

1.4v

3kQ

DATA

Test Point

100pF

I CLOAD

Voltage Waveforms for DATA Rise and Fall Times tg, and t.

FIGURE 6. Test Circuits for Timing Specifications.
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4kQ \
- 20kQ OPA340 +IN
Bipolar Input + —_IN
ADS7864
RZ
REF 7 (pin 33)
2.5V
BIPOLAR INPUT R, R,
+10V 1kQ 5kQ
+5V 2kQ 10kQ
+2.5V 4kQ 20kQ

FIGURE 7. Level Shift Circuit for Bipolar Input Ranges.
r

THEORY OF OPERATION

The ADS7864 contains two 12-bit A/D converters that operate
simultaneously. The three hold signals (HOLDA, HOLDB,
HOLDC) select the input MUX and initiate the conversion. A
simultaneous hold on all six channels can occur with all three
hold signals strobed together. The converted values are saved
in 6 registers. For each read operation the ADS7864 outputs
16 bits of information (12 Data, 3 Channel Address and Data
Valid). The Address/Mode signals (AO, Al, A2) select how
the data is read from the ADS7864. These Address/Mode
signals can define a selection of a single channel, a cycle mode
that cycles through all channels or a FIFO mode that se-
guences the data determined by the order of the Hold signals.
The FIFO mode will allow the 6 registers to be used by a
single channel pair and therefore three locations for CH X0
and three locations for CH X1 can be acquired before they are
read from the part.

EXPLANATION OF CLOCK, RESET
AND BUSY PINS

CLOCK—AnN external clock has to be provided for the
ADS7864. The maximum clock frequency is 8MHz. The
minimum clock cycle is 125ns (Figure 8)tand the clock
has to remain HIGH (Figure §;)tor LOW (Figure 8, ) for

at least 40ns.

RESET—-Bringing reset LOW will reset the ADS7864. It
will clear all the output registers, stop any actual conversions
and will close the sampling switches. Reset has to stay LOW
for at least 20ns (Figure &)t The reset should be back
HIGH for at least 20ns (Figure 8)tbefore starting the next
conversion (negative hold edge).

BUSY—Busy goes LOW when the internal A/D converters
start a new conversion. It stays LOW as long as the conver-
sion is in progress (Figure 9, 13 clock-cyclgg) and rises
again, after the data is latched to the output register. With
busy going high, the new data can be read. It takes at least
16 clock cycles (Figure 9;4) to complete conversion.



START OF A CONVERSION In the example of Figure 8, the signal HOLDB goes low first
data of the corresponding channel X is immediately placed®dges of HOLDA and HOLDC occur within the same clock
in the hold mode (5ns). The conversion of this channel X cycle. Therefore, the channels A0 and A1 will be converted

follows as soon as the AD-converter is available for the @ Soon as the channels BO and Bl are finished (plus
particular channel. If other channels are already in the holg@cquisition time). When the A-channels are finished, the
mode but not converted, then the conversion of channel X isC-channels will be converted. The second HOLDA signal is
put in the queue until the previous conversion has been|_gnored, as the A-channels are not converted at this point in
completed. If more than one channel goes into hold modelMme-

within one clock cycle, then channel A will be converted Once a particular hold signal goes low, further impulses of
first if HOLDA is one of the triggered hold signals. Next this hold signal are ignored until the conversion is finished
channel B will be converted and at last channel C. If it or the part is reset. When the conversion is finished (BUSY
is important to detect a hold command during a certainsignal goes high) the sampling switches will close and
clock-cycle, then the falling edge of the hold signal has to sample the selected channel. The start of the next conversion
occur at least 10ns before the falling edge of clock. (Figuremust be delayed to allow the input capacitor of the ADS7864
8, ty). The hold signal can remain low without initiating a to be fully charged. This delay time depends on the driving
new conversion. The hold signal has to be high for at leastamplifier, but should be at least 175ns (Figure,, t

15ns (Figure 8,,) before it is brought low again and hold
has to stay low for at least 20ns (Figures}, t

The ADS7864 can also convert one channel continuously, as
it is shown in Figure 9 with channel B. Therefore, HOLDA
and HOLDC are kept high all the time. To gain acquisition

TIMING SPECIFICATIONS
CLOCK
SYMBOL DESCRIPTION MIN TYP MAX | UNITS
ty HOLD (A, B, C) before 10 ns
falling edge of clock
HOLDA t, HOLD HIGH time to be 15 ns
recognized again
t3 HOLD LOW time 20 ns
HoLDB ty Input capacitor charge time 175 ns
tg Clock period 125 ns
tg Clock HIGH time 40 ns
AoLbe 4 »H€ ty Clock LOW time 40 ns
tg Reset pulse width 20 ns
tg First hold after reset 20 ns
JE— to Conversion time 125t ns
RESET tg—| |=—
t1y Successive conversion time (16 ¢ t;) 2 us
1, Address setup before RD 10 ns
FIGURE 8. Start of the Conversion. ta CS before end of RD 80 ns
tia RD HIGH time 30 ns
t1a
BUSY t,

e UUVUUUVUUUUULINL
e ] !

. [

FIGURE 9. Timing of One Conversion Cycle.
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time, the falling edge of HOLDB takes place just before the DATA CHANNEL DB14 DB13 DB12
falling edge of clock. One conversion requires 16 clock A0 0 0 0
cycles. Here, data is read after the next conversion is initi- Al 0 0 1
ated by HOLDB. To read data from channel B, Al is set BO 0 1 0
high and A2 is low. As AQ is low during the first reading (A2 Bl 0 1 1
Al A0 = 010) data BO is put to the output. Before the second co 1 0 0
RD, A0 switches high (A2 A1 A0 = 011) so data from C1 L 0 1
channel B1 s read. TABLE I. Channel Truth Table.

READING DATA (RD, CS)— In general, the channel/data
outputs are in tristate. Both, CS and RD have to be LOW togytg__

enable these outputs. RD and CS have to stay LOW togethef,o gyte can be set HIGH (see Figures 11 and 12). In this

for at least 30ns (Figure 1Ge) before the output data is 556 the lower eight bits can be read at the output pins DB7
valid. RD has to remain high for at least 30ns (Figure,J0, t {4 p at the first RD signal and the higher bits after the
before bringing it back LOW for a subsequent read com- qo.ond RD signal.

mand.

If there is only an 8-bit bus available on a board

12:5 cicg:\l;\;)c;izles aft%r tth(.a Tt::lrth oc: latcc_Jtnvertsio? (BptSY GETTING DATA
going , the new data is latched into its output register. :
If a read process is initiated around 12.5 clock cycles afterThIe ?%S??ﬁigazlthreg :gferent output modes that are
BUSY went LOW, RD and CS should stay LOW for at least selected wi ' an :

50ns to get the new data stored to its register and switchedVith (A2 A1 A0) = 000 to 101 a particular channel can
to the output. directly be addressed (see Table Il and Figure 9). The

CS being LOW tells the ADS7864 that the bus on the boardChannel addrgss should be set at least 10ns (Figurg)10, t
is assigned to the ADS7864. If an A/D converter shares a bué)efo_re Fhe falling edge of RD and should not change as long
with digital gates, there is a possibility, that digital (high S RD IS low.

frequency) noise gets coupled into the A/D converter. If the

bus is just used by the ADS7864, CS can be hardwired td CHANNEL SELECTED/
ground. Reading data at the falling edge of one of the hol MODE A2 Al A0
signals might cause distortion of hold value. AO 0 0 0
AL 0 0 1
BO 0 1 0
OUTPUT CODE (DB15...DB0) B1 0 1 1
The ADS7864 has a 16 bit output word. DB15 is 1 if the co 1 0 0
output contains valid data. This is important for the FIFO C1 1 0 1
mode. Valid Data can be read until DB15 switches to O. CFJIVE'S ,\'\A"ggs . . :

DB14, DB13 and DB12 store channel information as indi-
cated in Table | (Channel Truth Table). The 12 bit output TABLE Il. Address/Mode Truth Table.
data is stored from DB11 (MSB) to DBO (LSB).

BUSY

- UL

HOLDB %y

FIGURE 10. Timing for Reading Data.
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With (A2 A1 AO) = 110 the interface is running in a cycle and is converted more frequently (e.g., to get a history of a
mode (see Figures 11 and 12). Here, data from channel AQparticular channel) then there are 3 output registers per
is read on the first RD signal, then Al on the second, channel available to store data.

followed by BO, B1, CO and finally C1 before reading A0 |t 5 read process is just going on (RD signal low) and new

again. Data from channel AQ is brought to the output first yaa has to be stored, then the ADS7864 will wait until the
after a reset-signal or after powering the part up. read process is finished (RD signal going high) before the
The third mode is a FIFO mode that is addressed with (A2 new data gets latched into its output register.

Al AQ =111). Data of the channel that is converted first will

be read first. So, if a particular channel is most interesting

HOLDA

l_
——

HOLDC

BUSY

BYTE

FIGURE 11. Reading Data in Cycling Mode.

- Juuuubuuyl

BYTE

A0 A0 Al Al BO BO B1 co C1 A0
LOW HIGH LOW HIGH LOW HIGH

FIGURE 12. Reading Data in Cycling Mode.
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At time t, (Figure 13) the ADS7864 resets. With the reset The 16 bit output word has following structure:
signal all conversions and scheduled conversions are can

celled. The data in the output registers are also cleared. Withj pae | %5 Channel 12-Bit Data Word
a reset a running conversion gets interrupted and all chan-
nels go into the sample mode again. Bit 15 shows if the FIFO is empty (low) or if it contains

At time §, a HOLDB signal occurs. With the next falling channel information (high). Bit 12 to 14 contain the Channel

clock edge () the ADS7864 puts channel B into the loop to for the 12 bit data yvord (Bit 0 to 11). If the data is from_
be converted next. As the reset signal occurred,ahe channel AO, then bits 14 to 12 are 000. The Channel bit
conversion of channel B will be started with the next rising Pattérn is outlined in Table I (Channel Truth Table).

edge of the clock aftegt New data is always written into the next available register. At

Within the next clock cycle ¢tto t), HOLDC (i) and ty (see Figure 14), the reset deletes all the existir_lg dat@._Att
HOLDA (tz) occur. If more than one hold signals get active the new data of the channels A0 and Al are put into registers

within one clock cycle, channel A will be converted first. So 9 @nd 1. On;tthe read process of channel AO data is finished.

as soon as the conversion of channel B is done. the converl herefore this data is dumped and Al data is shifted to register

sion of channel A will be initiated. After this second conver- 0- At i new data is available, this time from channel BO and
sion. channel C will be converted. B1l. This data is written into the next available registers

(register 1 and 2). The new data of channel CO and G1sat t
put on top (registers 3 and 4).

I I
| |
| |
RESET | |
I I
| |
I I I
I I I
| | |
I } I
CLOCK | | |
| ‘ |
I I I [ I
I I I [ I
| | | | |
T T T T I
I I I I I
HOLDA | | | | |
| | R -
I I I [ I
I I I [ I
| | | | | |
T T T T
I I [ I
FoLDB | o
| R
I I I [ I
I I I [ I
L L L | |
I I I I I
I I I I I
HOLDC ! ! ! b
I I I I I
| | | T T
I I I I I
I I I I I
| | | | |
t t t ot

FIGURE 13. Example of Hold Signals.

RESET
BUSY Conversion Conversion Conversion
Channel A Channel B Channel C

i

reg. 5 empty empty empty empty empty
reg. 4 empty empty empty empty ch C1
reg. 2 empty empty empty empty ch CO
reg. 3 empty empty empty ch B1 chB1
reg. 1 empty ch Al empty ch BO ch BO
reg. 0 empty ch AO ch Al ch Al ch A1

t t t, ty t

FIGURE 14. Functionality Diagram of FIFO Registers.
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LAYOUT to low-pass filter a noisy supply. On average, the ADS7864
draws very little current from an external reference as the
For optimum performance, care should be taken with thereference voltage is internally buffered. If the reference
physical layout of the ADS7864 circuitry. This is particu- voltage is external and originates from an op amp, make sure
larly true if the CLOCK input is approaching the maximum  that it can drive the bypass capacitor or capacitors without
throughput rate. oscillation. A bypass capacitor must not be used when using

The basic SAR architecture is sensitive to glitches or sudderthe internal reference (tie pin 33 directly to pin 34).

changes on the power supply, reference, ground connectionghe AGND and DGND pins should be connected to a clean
and digital inputs that occur just prior to latching the output ground point. In all cases, this should be the ‘analog’
of the analog comparator. Thus, driving any single conver-ground. Avoid connections which are too close to the ground-
sion for an n-bit SAR converter, there are n “windows” in ing point of a microcontroller or digital signal processor. If
which large external transient voltages can affect the converrequired, run a ground trace directly from the converter to
sion result. Such glitches might originate from switching the power supply entry point. The ideal layout will include

power supplies, nearby digital logic or high power devices. an analog ground plane dedicated to the converter and
The degree of error in the digital output depends on theassociated analog circuitry.

reference voltage, layout, and the exact timing of the exter-
nal event. Their error can change if the external event
changes in time with respect to the CLOCK input.

With this in mind, power to the ADS7864 should be clean
and well bypassed. A QUE ceramic bypass capacitor should
be placed as close to the device as possible. In addition,
1uF to 1QuF capacitor is recommended. If needed, an even
larger capacitor and &6or 1(0Q series resistor may be used

APPLICATIONS

An applications section will be added featuring the ADS7864
interfacing to popular DSP processors. The updated data
sheet will be available in the near future on the Burr-Brown
Yeb site (www.burr-brown.com).
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PACKAGE DRAWING

Package Number 355 - 48-Lead TQFP, 1.0 mm Thick, 7.0 x 7.0 mm Body
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