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ANALOG
DEVICES

1 MSPS, 12-Bit, Simultaneous Sampling
SAR ADC with PGA and Four Comparators

AD7262

FEATURES

Dual simultaneous sampling 12-bit, 2-channel analog-to-
digital converter (ADC)
True differential analog inputs
Programmable gain stage: x1, X2, x3, x4, x6, x8, x12, x16,
x24, x32, x48, x64, x96, x128
Throughput rate per ADC
1 MSPS for AD7262
500 kSPS for AD7262-5
Analog input impedance: >1 GQ
Wide input bandwidth
-3 dB bandwidth: 1.7 MHz at gain =2
4 on-chip comparators
SNR: 73 dB typical at gain = 2, 66 dB typical at gain = 32
Device offset calibration, system gain calibration
On-chip reference: 2.5V
—40°C to +105°C operation
High speed serial interface
SPI/QSPI™/MICROWIRE/DSP compatible
48-lead LFCSP and LQFP

GENERAL DESCRIPTION

The AD7262/AD7262-5 are dual, 12-bit, high speed, low power,
successive approximation ADCs that operate from asingle 5V
power supply. The AD7262 features throughput rates of up to

1 MSPS per on-chip ADC. The AD7262-5 features throughput
rates of up to 500 kSPS. Two complete ADC functions allow
simultaneous sampling and conversion of two channels. Each
ADC is preceded by a true differential analog input with a PGA.
There are 14 gain settings available: x1, x2, X3, x4, x6, X8, x12,
x16, x24, x32, x48, x64, x96, and x128.

The AD7262/AD7262-5 contain four comparators. Comparator A
and Comparator B are optimized forlow power, while Compara-
tor C and Comparator D have fast propagation delays. The
AD7262/AD7262-5 feature a calibration function to remove any
device offset error and programmable gain adjust registers to allow
forinput path (for example, sensor) offset and gain compensation.
The AD7262/AD7262-5 have an on-chip 2.5 V reference that
can be disabled if an external referenceis preferred.

The AD7262/AD7262-5 are ideally suited for monitoring small
amplitude signals from a variety of sensors. They include all the
functionality needed for monitoring the position feedbacksignals

from a variety ofanalog encoders used in motor control systems.
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Figure 1.
PRODUCT HIGHLIGHTS

1. Integrated PGA witha variety of flexible gain settings to
allow detection and conversion of low level analog signals.

2. Each PGA s followed by a dual simultaneous sampling
ADC, featuring throughput rates of 1 MSPS per ADC for
the AD7262. The conversion results of both ADCs are
simultaneously available on separate datalines or in succes-
sion on one data line if only oneserial port is available.

3. Four integrated comparators that can be used to count
signals from pole sensors in motor control applications.

4. Internal 2.5 Vreference.
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AD7262

SPECIFICATIONS

AVec=4.75V105.25V,Cs_CsVec= Cc_CpVec=2.7V t05.25V, Vprive =2.7Vto 5.25V, foampere = 1 MSPS and fscix =40 MHz
for AD7262, fsampre = 500 kSPS and fscix = 20 MHz for AD7262-5, Vyer = 2.5 V internal/external; Tx = —40°C to +105°C, unless
otherwise noted.

Table 1.
Parameter Min Typ Max Unit Test Conditions/Comments
DYNAMIC PERFORMANCE' fin = 100 kHz sine wave
Signal-to-Noise Ratio (SNR)?2 70 73 dB PGA gain setting =2
Signal-to-(Noise + Distortion) Ratio 70 72 dB
(SINAD)?
Total Harmonic Distortion (THD)? -85 =77 dB
Spurious-Free Dynamic Range (SFDR)? -97 dB
Common-Mode Rejection Ratio (CMRR)3 -76 dB For PGA gain setting =2, ripple
frequency of 50 Hz/60 Hz; see Figure 17
and Figure 18
ADC-to-ADC Isolation3? -90 dB
Bandwidth3 1.2 MHz @ —3 dB; PGA gain setting =128
1.7 MHz @ —3 dB; PGA gain setting =2
DC ACCURACY
Resolution 12 Bits
Integral Nonlinearity? +0.5 +1 LSB
Differential Nonlinearity? +0.5 +0.99 LSB Guaranteed no missed codes to 12 bits
Positive Full-Scale Error2 +0.122 +0.305 % FSR Pregain calibration
+0.018 % FSR Postgain calibration
Positive Full-Scale Error Match +0.061 % FSR
Zero Code Error? +0.092  £0.244 % FSR Preoffset and pregain calibration
+0.012 % FSR Postoffset and postgain calibration
Zero Code Error Match +0.061 % FSR
Negative Full-Scale Error? +0.122  +£0.305 % FSR Pregain calibration
+0.018 % FSR Postgain calibration
Negative Full-Scale Error Match +0.061 % FSR
Zero Code Error Drift 25 pv/eC
ANALOG INPUT
Input Voltage Range, Vin+ and Vin— _— Vier \ Vem = AVec/2; PGA gain setting = 2
M5 Gain
Common-Mode Voltage Range, Vcm Vew — 100 mV Vew+100mV | V Vem = 2; PGA gain setting=1;
see Figure 194
(Vec/2) - 0.4 (Vec/2)+02 |V Vem = AVe/2; PGA gain setting =2
(Vec/2)-04 (Vec/2)+04 |V Vem = AVcc/2; 3 < PGA gain setting < 32
(Vec/2)-0.6 (Vec/2)+ 0.8 v Vem = AVcc/2; PGA gain setting > 48
DC Leakage Current +0.001 +1 MA
Input Capacitance? 5 pF
Input Impedance3 1 GQ
REFERENCE INPUT/OUTPUT
Reference Output Voltage ® 2495 25 2.505 \ 25V +5mV max @ 25°C
Reference Input Voltage Range 25 Y
DC Leakage Current +0.3 +1 MA External reference appliedto
Pin VREFA/Pi n VREFB
Input Capacitance? 20 pF
VrerA, VrerB Output Impedance3 4 Q
Reference Temperature Coefficient 20 ppm/°C
Vrer Noise3 20 MV rms
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AD7262

Parameter Min Typ Max Unit Test Conditions/Comments
LOGICINPUTS
Input ngh VoItage, ViINH 0.7 X Vprive \Y
Input Low Voltage, Vine 0.8 Y
Input Current, Iin +1 MA Vin =0V or Vprive
Input Capacitance, Cn3 4 pF
LOGICOUTPUTS
Output High Voltage, Vou Vorive— 0.2 \
Output Low Voltage, Vo. 04 \Y
Floating State Leakage Current +1 MA
Floating State Output Capacitance3 5 pF
Output Coding Twos complement
CONVERSION RATE
Conversion Time 19 X tscik ns
Track-and-Hold Acquisition Time 400 ns
Throughput Rate 1 MSPS AD7262
500 kSPS AD7262-5
COMPARATORS
Input Offset
Comparator A and Comparator B +2 +4 mV Ta=25°Cto 105°Conly
Comparator C and Comparator D +2 +4 mV
Offset Voltage Drift 0.5 pv/°C All comparators
Input Common-Mode Range3 Oto4 \ CaGVec =5V
0to1.7 \' CA_CBVCC =27V
Input Capacitance3 4 pF
Input Impedance? 1 GQ
Iop Normal Mode (Static)6 25 pF load, Coytx =0V, Vem = AVec/2,
Voverorive = 200 mV differential
Comparator A and Comparator B 3 pA Ca_GVec =33V
6 8.5 uA CA_CBVCC =525V
Comparator C and Comparator D 60 HA Cc_CpVec =33V
120 170 |JA Cc_CDVcc =525V
Propagation Delay Time Vem = AVcc/2, Voverorive = 200 mV
differential
High to Low, tphL
Comparator A and Comparator B 14 35 us Ca_GVec =27V
0.95 us CA_CBVcc =5V
Comparator C and Comparator D 0.20 0.32 us C_CpVec =27V
0.13 us Cc_CDVcc =5V
Low to High, tp1
Comparator A and Comparator B 2 4 us Ca_GVec =27V
0.93 Us CA_CBVCC =5V
Comparator C and Comparator D 0.18 0.28 us Cc_CpVec =27V
0.12 us Cc_CDVcc =5V
Delay Matching Vem = AVcc 2, Voverorive = 200 mV
differential
Comparator A and Comparator B +250 ns
Comparator C and Comparator D +10 ns
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AD7262

Parameter Min Typ Max Unit Test Conditions/Comments
POWER REQUIREMENTS Digital inputs =0V or Vpgive
AVcc 4.75 5.25 \
Ca_CgVee, Cc_CpVec 27 525 '
Vorive 27 525 Vv
lop
ADC Normal Mode (Static) 20 315 mA AVec=5.25V
ADC Normal Mode (Dynamic) 23 333 mA AVcc=5.25V
Shutdown Mode 0.5 1 MA AVcc =5.25V, ADCs and comparators
powered down
Power Dissipation
ADC Normal Mode (Static) 105 165 mwW
ADC Normal Mode (Dynamic) 120 175 mwW
Shutdown Mode 2.625 525 pw

" These specifications were determined without the use of the gain calibration feature.

2 See the Terminology section.

3 Samples tested during initial release to ensure compliance; they are not subject to production testing.

4 For PGA gain = 1; to use the full analog input range (Vau * Vger/2) of the AD7262, the Vaw voltage should be dropped to lie within arange from 1.95 V to 2.05 V.

5> Refers to Pin VrerA or Pin VgeeB.

6 This specification includes the Ipp for both comparators. The Ipp per comparator is the specified value divided by two.
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AD7262

TIMING SPECIFICATIONS
AVec=4.75V10 5.25V, Cs_CsVee = Cc_CpVec =2.7 V10 5.25 V, Vier = 2.5 Vinternal/external; Ta = Ty to Tuax, unless otherwise noted.!
Table 2.
Limit at Tyvin, Tmax
Parameter | 2.7 V< Vprve<3.6 V 4,75 V < Vprive < 5.25V | Unit Description
fscwk 200 200 kHz min
40 40 MHz max | AD72622
32 32 MHz typ | AD72622
20 20 MHz max AD7262-5
tcoNVERT 19 X tsck 19 X tscik ns max tsak = 1/fsck
475 475 ns max AD7262
950 950 ns max AD7262-5
tQuier 13 13 ns min Minimum time between end of serial read/bus relinquish
and next falling edge of CS
t2 10 10 ns min CS to SCLK setup time
t33 15 15 ns max Delay from 19t SCLK falling edge until DoytA and DoutB are
three-state disabled
ta 29 23 ns max Data access time after SCLK falling edge
ts 15 13 ns min SCLK to data valid hold time
te 0.4 X tscix 0.4 X tscik ns min SCLK high pulse width
ty 0.4 X tscx 0.4 X tscik ns min SCLK low pulse width
ts 13 13 ns min CS rising edge to falling edge pulse width
to 13 13 ns max CS rising edge to DoytA, DoutB, high impedance/bus
relinquish
tio 5 5 ns min SCLK falling edge to DoutA, DoutB, high impedance
35 35 ns max SCLK falling edge to DoutA, DoutB, high impedance
t1s Us min Minimum CAL pin high time
t12 ps min Minimum time between the CAL pin high and the CS
falling edge
ti3 3 3 ns min Din setup time prior to SCLK falling edge
tia 3 3 ns min Din hold time after SCLK falling edge
trower-up 240 240 Us max Internal reference, witha 1 uF decoupling capacitor
15 15 Us max With an external reference, 10 ps typical

T Sample tested during initial release to ensure compliance. All input signals are specified with tg = te =5 ns (10% to 90% of AVcd) and timed from a voltage level of 1.6 V.
All'timing specifications given are with a 25 pF load capacitance. With aload capacitance greater than this value, a digital buffer or latch must be used. See the

Terminology section.
2 See the Serial Interface section.
3 The time required for the output to cross 0.4 Vor2.4 V.

TIMING DIAGRAM
N
(E 3y / J «
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Figure 2. Serial Interface Timing Diagram
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AD7262

ABSOLUTE MAXIMUM RATINGS

Stresses at or above those listed under Absolute Maximum

I:::l;:er Rating Ratings may cause permanent damage to the product. This is a
Vorve to DGND 03V 1o AVe stress rating only; functional operation of the product at these
Vorve to AGND 03 Vto AVec or any other conditions above those indicated in the operational
AVee to AGND/DGND 03 Vto 47V section <?f this specifi;ation is gf)t implied. Operation. beyond
Ca_CaVee t0 Ca Co GND 03 Vto 47V the maximum op.era.tl.ng conditions for extended periods may
Ce_CoVee t0 Ce_Co GND 03 Vto 47V affect product reliability.
AGND to DGND -03Vto+03V
Ca_Cs_GND/Cc_Cp_GND toDGND | -03Vto+03V
Analog Input Voltage to AGND —-03VtoAVc+03V ESD CAUTION — — -
DigtlIput Volage t0DGND | ~03 Vo 47 NI T
Digital Output Voltage to GND -03 VtoVprve+ 03V without detection. Although this product features
ViV Ut o AGND | ~03Vto AVec +03V RN e
CoutA/CoutB/CoutC/CoutD to GND —-0.3VtoVprve+ 03V Therefore, proper ESD precautions should be taken to
Cat/Cat/Cct/Cox to —03Vto avoid performance degradation or loss of functionality.

Ca_Cs_GND/Cc_Cp_GND Ca_GVec/C_CpVec + 03V
Operating Temperature Range —40°Cto+105°C
Storage Temperature Range —-65°Cto+150°C
Junction Temperature 150°C
LFCSP

0,A Thermal Impedance 30°C/W

0,c Thermal Impedance 3°C/W
LQFP

0;a Thermal Impedance 55°C/wW

0,c Thermal Impedance 16°C/W
Pb-Free Temperature, Soldering

Reflow 255°C
ESD 2kv

Rev.B | Page 7 of 32



AD7262

PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS
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Figure 3. 48-Lead LQFP Pin Configuration

Table 4. Pin Function Descriptions

004

1. THE EXPOSED METAL PADDLE ON THE BOTTOM OF THE LFCSP PACKAGE MUST
BE SOLDERED TO PCB GROUND FOR PROPER HEAT DISSIPATION AND ALSO FOR
NOISE AND MECHANICAL STRENGTH BENEFITS.

07606-

Figure 4. 48-Lead LFCSP Pin Configuration

Pin No. Mnemonic Description

2,7,11,20,33, 41 AVce Analog Supply Voltage, 4.75 Vto 5.25 V. This is the supply voltage for the analog circuitry on the
AD7262/AD7262-5. All AVcc pins can be tied together. Decouple this supply to AGND witha 100 nF
ceramic capacitor per supply and a 10 pF tantalum capacitor.

1 Ca_CgVec Comparator Supply Voltage, 2.7 Vto 5.25 V. This is the supply voltage for Comparator A and
Comparator B.Decouple thissupply to Ca_Cs_GND. AVcc, Cc_CpVec, and Ca_CgVec can be tied
together.

12 Cc_CpVee Comparator Supply Voltage, 2.7 Vto 5.25 V. This is the supply voltage for Comparator C and
Comparator D. Decouple this supply to Cc_Cp_GND. AVcc, Cc_CoVee, and Ca_CsVee can be tied together.

4,3 Va+, Va— Analog Inputs of ADC A.True differential input pair.

9,10 Vg+, Va— Analog Inputs of ADC B. True differential input pair.

43,18 VrerA, VrerB Reference Input/Output. Decoupling capacitors connect to these pins to decouple the internal
reference buffer for each respective ADC. Typically, 1 uF capacitors are required to decouple the
reference. Provided the output is buffered, the on-chip reference can be taken from these pins and
applied externally to the rest of a system.

34 SCLK Serial Clock. Logic input. A serial clock input provides the SCLK for accessing the data from the
AD7262/AD7262-5.Thisclock is also used as the clock source for the conversion process. A
minimum of 31 clocks is required to perform the conversion and access the 12-bit result.

36 CAL Logic Input. Initiates an internal offset calibration.

21 PD2 Logic Input. Placesthe AD7262/AD7262-5 in selected shutdown mode in conjunction with the PD1
and PDO pins (see Table 7).

22 PD1 Logic Input. Placesthe AD7262/AD7262-5 in selected shutdown mode in conjunction with the PD2
and PDO pins (see Table 7).
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Pin No.

Mnemonic

Description

23

35
48,47,46,45

13,14,15,16

5,6,8,19,42

28

30,29, 26,25

32,31

40,39, 38,37

27

44,17

24

PDO/Din

(@

Cat, Ca—,
Ce+, Gg—
Cet, Cc—,
Co+, Co—

AGND

DGND

CoutA, CoutB,
CoutC, CoutD
DoutA, DoutB

GO, G1, G2,G3

VDRIVE

Ca_Cs_GND,
Cc_Co_GND

REFSEL

EPAD

Logic Input/Data Input. Places the AD7262/AD7262-5 in selected shutdown mode in conjunction
with the PD2 and PD1 pins (see Table 7). If all gain selection pins, GO to G3, are tied low, this pin acts
as the data input pin, and all programming is via the control register (see Table 8). Data to be written
tothe AD7262/AD7262-5 control register is provided on this input and is clocked into the register
on the falling edge of SCLK.

Chip Select. Active low logic input. This input initiates conversions on the AD7262/AD7262-5.

Comparator Inputs. These pins are the inverting and noninverting analog inputs for Comparator A
and Comparator B.These two comparators have very low power consumption.

Comparator Inputs. These pins are the inverting and noninverting analog inputs for Comparator C
and Comparator D.This pair of comparators offers very fast propagation delays.

Analog Ground. Ground reference point for all analog circuitry on the AD7262/AD7262-5.Refer all
analog input signals and any external reference signal to this AGND voltage. All AGND pins should
connect to the AGND plane of a system. The AGND, DGND, Ca_Cs_GND, and Cc_Cp_GND voltages
ideally should be at the same potential and must not be more than 0.3 V apart, even on a transient
basis. Ca_Cs_GND and Cc_Cp_GND can be tied to AGND.

Digital Ground. This is the ground reference point for all digital circuitry on the AD7262/AD7262-5.
Connect the DGND pin to the DGND plane of a system. The DGND and AGND voltages should
ideally be at the same potential and must not be more than 0.3 V apart, even on a transient basis.
Comparator Outputs. These pins provide a CMOS (push-pull) output from each respective
comparator. These are digital output pins with logic levels determined by the Vpgive supply.

Serial Data Outputs. The data output from the AD7262/AD7262-5 is supplied to each pin as a serial
data stream in twos complement format. The bits are clocked out on the falling edge of the SCLK
input. A total of 31 SCLKs is required to perform the conversion and access the 12-bit data. During
the conversion process, the data output pins are in three-state and, when the conversionis
completed, the 19t SCLK edge clocks out the MSB. The data simultaneously appears on both pins
from the simultaneous conversions of both ADCs. The data is provided MSB first. If CS is held low for
an additional 14 SCLK cycleson either DoutA or DoutB following the initial 31 SCLKs, the data from
the other ADC follows on the Doyt pin. This allows data from a simultaneous conversion on both
ADCs to be gathered in serial format on either DoytA or DoytB using only one serial port.

Logic Inputs. These pins program the gain setting of the front-end amplifiers. If all four pins are tied
low, the PDO pin acts as a data input pin, Diy, and all programming is made via the control register
(see Table 6).

Logic Power Supply Input, 2.7 V to 5.25 V. The voltage supplied at this pin determinesat what
voltage the interface operates,including the comparator outputs. Decouple this pin to DGND.
Comparator Ground. This is the ground reference point for all comparator circuitry on the AD7262/
AD7262-5.Both the Ca_Cs_GND pin and the Cc_Cp_GND pin must connect to the GND plane of a
system and can be tied to AGND. The DGND, AGND, Ca_Cs_GND, and Cc_Cp_GND voltages should
ideally be at the same potential and must not be more than 0.3 V apart, even on a transient basis.
Internal/External Reference Selection. Logic input. If this pin is tied to alogic high voltage, the on-
chip 2.5 Vreference is used as the reference source for both ADC A and ADC B.If the REFSEL pinis
tied to GND, an external reference can be supplied to the AD7262/AD7262-5 through the VgeA
and/or VgerB pin.

Exposed Metal Paddle. The exposed metal paddle on the bottom of the LFCSP package must be
soldered to PCB ground for proper heat dissipation and also for noise and mechanical strength
benefits.
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TYPICAL PERFORMANCE CHARACTERISTICS
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TERMINOLOGY

Differential Nonlinearity (DNL)
Differential nonlinearity is the difference between the measured

and the ideal 1 LSB change between any two adjacent codes in
the ADC.

Integral Nonlinearity (INL)

Integral nonlinearity is the maximum deviation from a straight
line passing through the endpoints of the ADC transfer function.
The endpoints of the transfer function are zero scale, a single
(1) LSB point below the first code transition, and full scale, a
single (1) LSB point above the last code transition.

Zero Code Error
This is the deviation of the midscale transition (all 1s to all Os)
from the ideal VIN voltage, that is, VCM - Y2 LSB.

Positive Full-Scale Error
This is the deviation of the last code transition (011 ... 110) to
(011...111) from the ideal, that is,

V
Ve + &)—ILSB
oM (ZXGain

after the zero code error has been adjusted out.

Negative Full-Scale Error
This is the deviation of the first code transition (10 ... 000) to
(10...001) from theideal, that is,

\Y

Ve = ¢) +1LSB
oM (2 x Gain

after the zero code error has been adjusted out.

Zero Code Error Match
This is the difference in zero code error across both ADCs.

Positive Full-Scale Error Match
This is the difference in positive full-scale error across both ADCs.

Negative Full-Scale Error Match

This is the difference in negative full-scale error across both ADCs.

Track-and-Hold Acquisition Time

The track-and-hold amplifier returns to track mode at the end
of a conversion. Track-and-hold acquisition time is the time
required for the output of the track-and-hold amplifier to reach
its final value, within +1/2 LSB, after the end of a conversion.

Signal-to-(Noise + Distortion) Ratio

This ratio is the measured ratio of signal-to-(noise + distortion)
at the output of the analog-to-digital converter. The signal is the
rms amplitude of the fundamental. Noise is the sum of all non-
fundamental signals up to half the sampling frequency (£5/2),
excluding dc. The ratio is dependent on the number of quan-
tization levels in the digitization process; the morelevels, the
smaller the quantization noise.

The theoretical signal-to-(noise + distortion) ratio foran ideal

N-bit converter with a sine wave input is given by
Signal-to-(Noise + Distortion) = (6.02N+1.76) dB

Thus fora 12-bit converter, this is 86 dB.

Total Harmonic Distortion (THD)

Total harmonic distortion is the ratio of the rms sum of

harmonics to the fundamental. For the AD7262/AD7262-5, it is
defined as

Jvf T A A A
i

THD(dB) = 20log

where V; is the rms amplitude of the fundamental, and V,, V3,
V4 Vs and Vs are the rms amplitudes of the second through the
sixth harmonics.

Peak Harmonic or Spurious Noise

Peak harmonic, or spurious noise, is defined as the ratio of the
rms value of the next largest component in the ADC output
spectrum (up to fS/2, excluding dc) to the rms value of the fun-
damental. Normally, the value of this specification is
determined by the largest harmonic in the spectrum, but for
ADCs where the harmonics are buried in the noise floor, it is a
noise peak.

ADC-to-ADC Isolation

ADC-to-ADC isolation is a measure of the level of crosstalk
between the ADC A and ADC B. It is measured by applying a
full-scale, 100 kHz sine wave signal to all unselected input
channelsand determining how much that signal is attenuated in
the selected channel with a 40 kHz signal. The figure given is
the worst case.

PSRR (Power Supply Rejection)

Variations in power supply affect the full-scale transition but
not the linearity of the converter. Power supply rejection is the
maximum change in the full-scale transition point due toa change
in power supply voltage from the nominal value (see Figure 22).

Propagation Delay Time, Low to High (tpLu)

Propagation delay time from low to high is defined as the time
taken from the 50% point on a low to high input signal until the
digital output signal reaches 50% of its final low value.

Propagation Delay Time, High to Low (tpe)

Propagation delay time from high tolow is defined as the time
taken from the 50% point on a high to low input signal until the
digital output signal reaches 50% of its final high value.

Comparator Offset

Comparator offset is the measure of the density of digital 1s and
0s in the comparator output when the negative analog terminal
of the comparator inputis held at a static potential and the analog
input to the positive terminal of the comparators is varied
proportionally about the static negative terminal voltage.
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THEORY OF OPERATION

CIRCUIT INFORMATION

The AD7262/AD7262-5 are fast, dual, simultaneous sampling,
differential, 12-bit, serial ADCs. The AD7262/AD7262-5
contain twoon-chip differential programmable gain amplifiers,
two track-and-hold amplifiers, and two successive approxima-
tion analog-to-digital converters with a serial interface with two
separate dataoutput pins. The AD7262/AD7262-5 also include
four on-chip comparators. They are housed in a 48-lead LFCSP
and in a 48-lead LQFP, offering the user considerable space-
saving advantages over alternative solutions. The AD7262/
AD7262-5 require a low voltage 5V £ 5% AVcc topower the
ADC core and supply the digital power, a 5.25Vto 2.7V
Ca_CgVee, Cc_CpVec supply for the comparators, anda 2.7 V to
5.25 V Vprve supply forinterface power.

The on-board PGA allows the user to select from 14 program-
mable gain stages: x1, X2, x3, x4, X6, x8, x12, x16, x24, x32,
x48, x64, x96, and x128. The PGA accepts fully differential
analog signals. The gain can be selected either by setting the
logic state of the GO to G3 pins or by programming the control
register.

The serial clock input accesses data from the part while also
providing the clock source for each successive approximation ADC.
The AD7262/AD7262-5 have an on-chip 2.5V reference that can
be disabled when an external reference is preferred. If the internal
reference is used elsewhere in a system, the output from VrerA and
VrerB must first be buffered. If the internal reference is the
preferred option, the user must tie the REFSEL pin to alogic
high voltage. Alternatively, if the REFSEL pin is tied to GND, an
external reference can be supplied to both ADCs through the
VrerA and VeerB pins (see the Reference section).

The AD7262/AD7262-5 also feature a range of power-down
optionsto allow the user great flexibility with the independent
circuit components while allowing for power savings between
conversions. The power-down feature is implemented via the
control register or the PDO0 to PD2 pins, as described in the
Control Register section.

COMPARATORS

The AD7262/AD7262-5 have four on-chip comparators. Com-
parator A and Comparator B have ultralow power consumption,
with static power consumption typically less than 10 yW with a
3.3 V supply. Comparator C and Comparator D feature very fast
propagation delays of 130 ns fora 200 mV differential overdrive.
These comparators have push-pull output stages that operate
from the Vprwve supply. This feature allows operation with a
minimum amount of power consumption.

Each pair of comparators operates from its own independent
supply, Ca_CgVccand Cc_CpVee. The comparators are specified
for supply voltages from 2.7 V to 5.25 V. If desired, Ca_CgsVcc
and Cc_CpVec can be tied to the AVec supply. The four compa-
rators on the AD7262/AD7262-5 are functional with Cs_CgsVee/
Cc_CpVec greater than or equal to 1.8 V. However, no specifica-
tions are guaranteed for comparator supplies less than 2.7 V.
The wide range of supply voltages ensures that the comparators
can be used in a variety of battery backup modes.

The four on-chip comparators on the AD7262/AD7262-5 are
ideally suited for monitoring signals from pole sensors in motor
control systems. The comparators can be used to monitor
signals from Hall effect sensors or the inner tracks from an
optical encoder. One of the comparators can be used to count
the index marker or z marker, which is used on startup to place
the motor in a known position.

OPERATION

The AD7262/AD7262-5 have two successive approximation
ADCs, each based around two capacitive DACsand two
programmable gate amplifiers.

The ADC itself comprises control logic, a SAR, and two capaditive
DACs. The control logic and the charge redistribution DACs are
used toadd and subtract fixed amounts of charge from the sam-
pling capacitor amplifiers to bring the comparator back intoa
balanced condition. When the comparator is rebalanced, the
conversion is complete. The control logic generates the ADC
output code.

Each ADC is preceded by its own programmable gain stage. The
PGA features high analog input impedance, true differential analog
inputs that allow the output from any source or sensor to be
connected directly to the PGA inputs withoutany requirement for
additional external buffering. The variable gain settings ensure
that the device can be used for amplifying signals from a variety
of sources. The AD7262/AD7262-5 offer the flexibility to choose
the most appropriate gain setting to use the wide dynamic range
of the device.

ANALOG INPUTS

Each ADC in the AD7262/AD7262-5 has two high impedance
differential analog inputs. Figure 24 shows the equivalent circuit
of the analog input structure of the AD7262/AD7262-5. It consists
of a fully differential input amplifier that buffers the analog input
signal and provides the gain selected by using the gain pinsor
the control register.
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The two diodes provide ESD protection. Care must be taken to
ensure that the analog input signals never exceed the supply rails
by more than 300 mV. Exceeding 300 mV causes these diodes to
become forward-biased and to start conducting current into the
substrate. These diodes can conduct up to 10 mA without causing
irreversible damage to the part. The C1 capacitors in Figure 24 are
typically 5 pF and can primarily be attributed topin capacitance.

Vop

Vin+

0 2
—0 Vour-
Vin-

V

07606-024

Figure 24. Analog Input Structure

The AD7262/AD7262-5 can accept differentialanalog inputs from

V \
Vo _ REF j oV _{ REF )
oM (ZXGain M\ 2xGain
Table 5 details the analog input range for the AD7262/AD7262-5

for the various PGA gain settings. Here, Vrgr =2.5 V and Ven =
2.5V (AVcc/Z, with AVee =5 V)

Table 5. Analog Input Range for Various PGA Gain Settings

PGA Gain Setting Analog Input Range for Vin+ and Vin—
1 0.75Vto3.25V'

2 1.875Vt03.125V
3 2.083Vto2916V
4 2.187Vto2.813V
6 2292Vt02.708V
8 2344Vt02.656V
12 2396 V1t02.604V
16 2422Vt02.578V
24 2448Vto2.552V
32 2461Vt02.539V
48 2474Vt02.526V
64 2480Vto2.520V
96 2487Vto2513V
128 2490Vto2.510V

"For Vaw =2 V. If Vau = AV /2, the analog input range for Vin+and Vin—is 1.6 V
t0o3.4V.

When a full-scale step input is applied to either differential input
on the AD7262/AD7262-5 while the other analog input is held
at a constant voltage, 3 ps of settling time is typically required
prior to capturing a stable digital output code.

Transfer Function

The AD7262/AD7262-5 output is twos complement, and the
ideal transfer characteristic is shown in Figure 25. The designed
code transitions occur at successive integer LSB values (that is,

1 LSB, 2 LSB, and so on). The LSB size is dependent on the analog
input range selected. The LSB size for the AD7262/AD7262-5 is
shown in the following equation:

\%4 v,
V. o+ REF j —lv. _( REF j
[ o (2 x Gain M\ 2xGain

2%

4096
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011...110

000...001 —|
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ov ‘ [(4
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Figure 25. Twos Complement Transfer Function

VDRIVE

The AD7262/AD7262-5 have a Vpuve feature to control the
voltage at which the serial interface operates. Vprve allows the
ADC and the comparators to interface easily to both3 V and
5V processors. For example, when the AD7262/AD7262-5 are
operated with AVce =5 'V, the Vprve pin can be powered from

a 3V supply, allowing alarge analog input range with low voltage
digital processors.
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REFERENCE

The AD7262/AD7262-5 can operate with either the internal
2.5V on-chip reference or an externally applied reference. The
logic state of the REFSEL pin determines whether the internal
reference is used. The internal reference is selected for both ADCs
when the REFSEL pin is tied to logic high. If the REFSEL pin is
tied to AGND, an external reference can be supplied through
the VrerA and/or VeerB pins. On power-up, the REFSEL pin
must be tied to either a low or high logic state for the part to
operate. Suitable reference sources for the AD7262/AD7262-5
include AD780, AD1582, ADR431, REF193, and ADR391.

The internal reference circuitry consists of a 2.5 V band gap
reference and a reference buffer. When the AD7262/AD7262-5
are operated in internal reference mode, the 2.5 V internal
reference is available at the VrerA and ViwerB pins, which should
be decoupled to AGND using a 1 pF capacitor. Itis recommended
that the internal reference be buffered before applying it elsewhere
in the system. The internal reference is capable of sourcing up
to 90 pA of current when the converter is static. If the internal
reference operation is required for the ADC conversion, the
REFSEL pin must be tied to logic high on power-up. The refer-
ence buffer requires 240 ps to power up and charge the 1 uF
decoupling capacitor during the power-up time.

TYPICAL CONNECTION DIAGRAMS

Figure 26 and Figure 27 are typical connection diagrams for the
AD7262/AD7262-5. In these configurations, the AGND pin is
connected to the analog ground plane of the system, and the
DGND pin is connected to thedigital ground plane of the system.
The analog inputs on the AD7262/AD7262-5 are true differen-
tial and have an input impedance in excess of 1 GQ; thus, no
driving op amps are required. The AD7262/AD7262-5 can operate
with either an internal or an external reference. In Figure 26, the
AD7262/AD7262-5 are configured to operate in control register
mode; thus, GO to G3, PD1, and PD2 can be connected to ground
(lowlogic state). Figure 27 has the gain pins configured for a gain
of 2 setup; thus, the device is in pin-driven mode. Both circuit
configurationsillustrate the use of the internal 2.5 V reference

The Cs_CgVcc and the Cc_CpVec pins can be connected to either
a3Vorab5 V supply voltage. The AVcc pin must be connected
toa 5 V supply. All supplies should be decoupled with a 100 nF
capacitor at the device pin, and some supply sources may require a
10 pF capacitor where the source is supplied to the circuit board.
The Vprve pin is connected to the supply voltage of the micro-
processor. The voltage applied to the Vprve input controls the
voltage of the serial interface. Vprve can be setto 3 Vor 5 V.
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Figure 26. Typical Connection Diagram for the AD7262/AD7262-5 in Control Register Mode (All Gain Pins Tied to Ground) Configured for a PGA Gain of 2
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Figure 27. Typical Connection Diagram for the AD7262/AD7262-5 in Pin-Driven Mode with Gain of 2 and Both ADCs and Comparators Fully Powered On
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Comparator Application Details

The comparators on the AD7262/AD7262-5have been designed
with no internal hysteresis, allowing users the flexibility to add
external hysteretic if required for systems operating in noisy
environments. If the comparators on the AD7262/AD7262-5
are used with external hysteresis, some external resistors and
capacitors are required, as shown in Figure 28. The value of Rr
and Rs, the external resistors, can be determined using the
following equation, depending on the amount of hysteresis
required in the application:

\% Rs C. CV
=X
HYS RS+RF x —>x"CC

where CX_CXVCC = CA_CBVCC or Cc_CDVcc.

The amount of hysteresis chosen must be sufficient to eliminate
the effects of analog noise at the comparator inputs, which may
affect the stability of the comparator outputs. The level of
hysteresis required in any system depends on the noise in the
system; thus, the values of Re and R need to be carefully selected
to eliminate any noise effects. To increase the level of hysteresis in
the system, increase the value of Rs or Re. For example, Re = 10 MQ),
Rs =1kQ give 330 uV of hysteresis with a C,_CVcc of 3.3 V; if
hysteresis is increased to 1 mV, Rs= 3.1 k(). In certain applications,
a load capacitor (100 pF) may be required on the comparator
outputs to suppress high frequency transient glitches.

Re

Rs Cy—
SENSOR Rs Cy+ >—0 Courx
+

Figure 28. Recommended Comparator Connection Diagram
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APPLICATION DETAILS

The AD7262/AD7262-5 have been specifically designed to meet
the requirements of any motor control shaft position feedback
loop. The devices can interface directly to multiple sensor types,
including optical encoders, magneto resistive sensors, and Hall
effect sensors. Flexible analog inputs that incorporate program-
mable gain ensure that identical board design can be used fora
variety of sensors, which results in reduced design cydes and costs.

The two simultaneous sampling ADCs are used to sample the
sine and cosine outputs from the sensor. No external buffering
is required between the sensor/transducer and the analog inputs
of the AD7262/AD7262-5. The on-chip comparators can be
used to monitor the pole sensors, which can be Hall effect sensors
or the inner tracks from an optical encoder.

Figure 29 shows how the AD7262/AD7262-5 can be used in a
typical application. An optical encoder is shown in Figure 29,
but other sensor typescould as easily be used. Figure 29 indicates
a typical application configuration only, and there are several
other configurations that render equally effective results.
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Figure 29. Typical System Connection Diagram with Optical Encoder
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MODES OF OPERATION

The AD7262/AD7262-5 allow the user to choose between two
modes of operation, pin-driven mode and control register mode.

PIN-DRIVEN MODE

In pin-driven mode, the user can select the gain of the PGA, the
power-down mode, internal or external reference, and initiate

a calibration of the offset for both ADC A and ADC B. These
functions are implemented by setting the logic levels on the gain
pins (G3 to GO), the power-down pins (PD2 to PD0), the REFSEL
pin, and the CAL pin, respectively.

The logic state of Pin G3 to Pin GO determines which mode of
operation is selected. Pin-driven mode is selected if at least one
of the gain pins is set to a logic high state. Alternatively, if all
four gain pinsare connected to alogic low, the control register
mode of operation is selected.

GAIN SELECTION

The on-board PGA allows the user to select from 14 program-
mable gain stages: x1, X2, x3, x4, X6, x8, x12, x16, x24, xX32,
x48, x64, x96, and x128. The PGA accepts fully differential
analog signals and provides three key functions, which include
selecting gains for small amplitude input signals, driving the
ADCs switched capacitive load, and buffering the source from
the switching effects of the SAR ADCs. The AD7262/AD7262-5
offer the user great flexibility in user interface, providing gain
selection via the control register or by driving the gain pins to
the desired logic state. The AD7262/AD7262-5 have four gain
pins, G3, G2, G1 and GO, as shown in Figure 3. Each gain setting
is selected by setting up the appropriate logic state on each of
the four gain pins, as outlined in Table 6. If all four gain pins are
connected to a logic low level, the part is put in control register
mode and the gain settingsare selected via the control register.

Table 6. Gain Selection

POWER-DOWN MODES

The AD7262/AD7262-5 offer the user a number of power-down
options to enable individual device components to be powered
down independently. These options can be chosen to optimize
the power dissipation for different application requirements.
The power-down modes can be selected by either programming
the device via the control register or by driving the PD pins to
the appropriate logic levels. By setting the PD pins to a logic low
level when in pin-driven mode, all four comparators and both
ADCs can be powered down. The PD2 and PDO pins must be
set tologic high and the PD1 pin set to logic low to power up all
circuitry on the AD7262/AD7262-5. The PD pin configurations
for the various power-down options are outlined in Table 7.

Table 7. Power-Down Modes

ComparatorA, | ComparatorC, | ADCA,
PD2 | PD1 | PDO | ComparatorB | ComparatorD | ADCB
0 0 0 Off Off Off
0 0 1 Off Off On
0 1 0 Off On Off
0 1 1 On Off Off
1 0 0 On On Off
1 0 1 On On On
11 1 11 Off Off Off

G3 G2 G1 GO Gain

0 0 0 0 Software control
via control register

0 0 0 1 1

0 0 1 0 2

0 0 1 1 3

0 1 0 0 4

0 1 0 1 6

0 1 1 0 8

0 1 1 1 12

1 0 0 0 16

1 0 0 1 24

1 0 1 0 32

1 0 1 1 48

1 1 0 0 64

1 1 0 1 96

1 1 1 0 128

'PD2 =PD1 =PDO0 = 1 resets the AD7262/AD7262-5 when in pin-driven mode
only.

The AVcc and Vprye supplies must continue to be supplied to

the AD7262/AD7262-5 when the comparators are powered up

but the ADCs are powered-down. External diodes can be used

from the Cs_CgVcc and/or Cc_CpVec to both the AVec and the

Vorve supplies to ensure they retain a supply at all instances.

The AD7262/AD7262-5 can be reset in pin-driven mode only
by setting the PDx pins to a logic high state. When the device is
reset, all the registers are cleared and the four comparators and
the two ADCs are left powered down.

In normal mode of operation with the ADCs and comparators
powered on, the Ca_CgVcc/Cce_CpVec supply and the AVec
supply can be at different voltage levels, asindicated in Table 1.
When the comparators on the AD7262/AD7262-5 are in power-
down mode, and the Cs_CgVce/Cc_CpVec supplies are at a
potential 0.3 V greater than or less than the AVcc supply, the
supplies consume more current than would be the case if both
sets of supplies were at the same potential. This configuration
does not damage the AD7262/AD7262-5 but results in additional
current flowing in any orall of the AD7262/AD7262-5 supply
pins. This is due to ESD protection diodes within the device. In
applications where power consumption in power-down mode is
critical, it is recommended that the C,_CgVcc/Ce_CpVecsupply
and the AVcc supply be held at the same potential.
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Power-Up Conditions

On power-up, the status of the gain pins determine which mode
of operation is selected, as outlined in the Gain Selection section.
All registers are set to 0 by default.

If the AD7262/AD7262-5 are powered up in pin-driven mode,
the gain pinsand the PDx pins should be configured to the
appropriate logic states and a calibration initiated if required.

Alternatively, if the AD7262/AD7262-5 are powered up in control
register mode, the comparators and ADCs are powered down
and the default gain is 1. Thus, powering up in control register
mode requires a write to the device to power up the
comparators and the ADCs.

It takes 15 ps to power up the AD7262/AD7262-5 when using
an external reference. When the internal reference is used, 240 s
are required to power up the AD7262/AD7262-5 witha 1 uF
decoupling capacitor.

CONTROLREGISTER

The control register on the AD7262/AD7262-5 isa 12-bit read
and write register, which is used to control the device when not
in pin-driven mode. The PDO0/Diy pin serves as the serial Dy pin
forthe AD7262/AD7262-5 when the gain pinsare set to 0 (that
is, the part is not in pin-driven mode). The control register can
be used to select the gain of the PGAs, the power-down modes,
and the calibration of the offset forboth ADC A and ADC B.
When operating in the control register mode, PD1 and PD2
should be connected to a lowlogic state.

Table 8. Control Register Bits

These functions can also be implemented by setting the logic
levels on the gain pins, the power-down pins, and the CAL pin,
respectively. The control register can also be used to read the
offset and gain registers.

Datais loaded from the PD0O/D pin of the AD7262/AD7262-5
on the falling edge of SCLK when CSisin a logic low state. The
control register is selected by first writing the appropriate four
WR bits, as outlined in Table 10. The 12 data bits must then be
clocked into the control register of the device. Thus, on the 16
falling SCLK edge, the LSB is clocked into the device. One more
SCLK cycle is then required to write to the internal device registers.
In total, 17 SCLK cycles are required to successfully write to the
AD7262/AD7262-5. The data is transferred on the PD0/Dwline
while the conversion resultis being processed. The data transferred
on the Dy line corresponds to the AD7262/ AD7262-5
configuration for the next conversion.

Only the information provided on the 12 falling clock edges
after the CS falling edge and the initial four write address bits is
loaded to the control register. The PD0/Du pin should havea
logic low state for the four bits RD3 to RDO when using the
control register to select the power-down modes or gain setting
or when initializing a calibration. The RD bits should also be set
toalogic lowlevel to access the ADC results from both DourA
and DOUTB.

The power-up status of all bits is 0 and the MSB denotes the first
bit in the data stream. The bit functions are outlined in Table 8
and Table 9.

MsB LSB
Bit 11 Bit10 Bit9 Bit8 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0
RD3 RD2 RD1 RDO CAL PD2 PD1 PDO G3 G2 G1 GO

Table 9. Control Register Bit Function Description

Bits Mnemonic Description

11to8 RD3 to RDO
7 CAL

6to4 PD2 toPDO
3to0 G3to GO

Register address bits. These bits select which register the subsequent readis from. See Table 11.

Setting this bithigh initiates an internal offset calibration. Once the calibration is completed, this pin can be reset low,
and the internal offset, which is stored in the on-chip offset registers, is automatically removed from the ADC results.
Power-down bits. These bits select which power-down mode is programmed. See Table 7.

Gain selection bits. These bits select which gain setting is used on the front-end PGA.See Table 6.

Table 10. Write Address Bits

WR3 WR2 WR1 WRO

Read Register Addressed

0 0 0 1

Control register

THREE-STATE

DourA

o ety >l =ty STATE
THREE-STATE

PDO/Dyy @@mm@mmm@mm@mﬂ co )

DB11 Y DB10 DBO
- THREE:
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Figure 30. Timing Diagram for a Write Operation to the Control Register
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ON-CHIP REGISTERS

The AD7262/AD7262-5 contain a control register, two offset
registers for storing the offsets for each ADC, and two external
gain registers for storing the gain error. The control register and
the offset and gain registers are read and write registers. On
power-up, all registers in the AD7262/AD7262-5 are set to 0.

Addressing the On-Chip Registers
Writing to a Register

Datais loaded from the PD0/D pin of the AD7262/AD7262-5
on the falling edge of SCLK when CS isin a logic low state. Four
address bits and 12 data bits must be clocked into the device.
Thus, on the 16" falling SCLK edge, the LSB is clocked into the
AD7262/AD7262-5. One more SCLK cycle is then required to
write to the internal device registers. In total, 17 SCLK cycles
are required to successfully write to the AD7262/AD7262-5.
The control and offset registers are 12-bits registers; the gain
registers are 7-bit registers.

When writing to a register, the user must first write the address
bits corresponding to the selected register. Table 11 shows the
decoding of the address bits. The four RD bits are written MSB
first, that is, RD3 followed by RD2,RD1,and RDO0. The AD7262/
AD7262-5 decodes these bits to determine which register is
being addressed. The subsequent 12 bits of data are written to
the addressed register.

When writing to the external gain registers, the seven bits of
data immediately after the four address bitsare written to the
register. However, 17 SCLK cycles are still required, and the
PDO0/D pin of the AD7262/AD7262-5 should be tied low for
the five additional clock cycles.

Table 11. Read and Write Register Addresses

RD3 RD2 RD1 RDO Comment

0 0 0 0 ADC result (default)
0 0 0 1 Control register

0 0 1 0 Offset ADC A internal
0 0 1 1 Offset ADC Binternal
0 1 0 0 Gain ADC A external
0 1 0 1 Gain ADC B external
Reading from a Register

The internal offset of the device, which has been measured by
the AD7262/AD7262-5and stored in the on-chip registers during
the calibration, can be read back by the user. The content of the
external gain registers can also be read. To read the content of
any register, the user must first write to the control register by
writing 0001 to the WR3 to WRO bits via the PD0/D pin, as
outlined in Table 10. The next four bits in the control register
are the RD bits, which are used to select the desired register
from which to read. The appropriate 4-bit address for each of the
offset and gain registers is outlined in Table 11. The remaining
eight SCLK cyclesbits are used to set the remaining bitsin the
control register to thedesired statefor the next ADC conversion.

The 19" SCLK falling edge clocks out the first data bit of the
digital code corresponding to the value stored in the selected
internal device register on the DourA pin. DourB outputs the
conversion result from ADC B. Once the selected register has
been read, the control register must be reset to output the ADC
results for future conversions. This is achieved by writing 0001
to the WR3 to WRO bits, followed by 0000 to the RD bits. The
remaining eight bitsin the control register should then be set to
the required configuration for the next ADC conversion.

[ b9y [T1T 7\ |
U | t8
»>| ety
SCLK 'l: 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20 30 31 _]I
Do A THREE-STATE — — e,
‘A A ‘A
ouT ety > =ty THREE-
THREE-STATE STATE 2
PDO/Dy X RD3 X AD2 X(RD1 X Ro0 X WS XDB10) D83 X D85 X DB7 (D86 X D5 X054 X 83 X B2 X 061 X 050 g
Figure 31. Timing Diagram for Writing to a Register
C_S ) l 7 2 1 !2_ -
€ —> t8
> -ty
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DourA <tz > <ty
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Figure 32. Timing Diagram for a Read Operation with PD0/Dy as an Input
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