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8-Channel, 1 MSPS, 8-/10-/12-Bit ADCs
with Sequencer in 20-Lead TSSOP

AD7908/AD7918/AD7928

FEATURES

Fast throughput rate: 1 MSPS
Specified for AVpp of 2.7V to 5.25V
Low power
6.0 mW max at 1 MSPS with 3V supply
13.5 mW max at 1 MSPS with 5V supply
Eight (single-ended) inputs with sequencer
Wide input bandwidth
AD7928, 70 dB min SINAD at 50 kHz input frequency
Flexible power/serial clock speed management
No pipeline delays
High speed serial interface SPI°/QSPI™/
MICROWIRE™/DSP compatible
Shutdown mode: 0.5 pA max
20-lead TSSOP package
Qualified for automotive applications

GENERAL DESCRIPTION

The AD7908/AD7918/AD7928 are, respectively, 8-bit, 10-bit, and
12-bit, high speed, low power, 8-channel, successive approximation
ADC:s. The parts operate from a single 2.7 V to 5.25 V power
supply and feature throughput rates up to 1 MSPS. The parts
contain a low noise, wide bandwidth track-and-hold amplifier that
can handle input frequencies in excess of 8 MHz.

The conversion process and data acquisition are controlled using
CS and the serial clock signal, allowing the device to easily interface
with microprocessors or DSPs. The input signal is sampled on the
falling edge of CS and conversion is also initiated at this point.
There are no pipeline delays associated with the part.

The AD7908/AD7918/AD7928 use advanced design techniques to
achieve very low power dissipation at maximum throughput rates.
At maximum throughput rates, the AD7908/AD7918/AD7928
consume 2 mA maximum with 3 V supplies; with 5 V supplies, the
current consumption is 2.7 mA maximum.

Through the configuration of the control register, the analog input
range for the part can be selected as 0 V to REFw or 0 V to 2 x
REFu, with either straight binary or twos complement output
coding. The AD7908/AD7918/AD7928 each feature eight single-
ended analog inputs with a channel sequencer to allow a
preprogrammed selection of channels to be converted sequentially.

The conversion time for the AD7908/AD7918/AD7928 is
determined by the SCLK frequency, which is also used as the
master clock to control the conversion.
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PRODUCT HIGHLIGHTS

1. High Throughput with Low Power Consumption. The AD7908/
AD7918/AD7928 offer up to 1 MSPS throughput rates. At the
maximum throughput rate with 3 V supplies, the AD7908/
AD7918/AD7928 dissipate just 6 mW of power maximum.

2. Eight Single-Ended Inputs with a Channel Sequencer.
A sequence of channels can be selected, through which
the ADC cycles and converts on.

3. Single-Supply Operation with Vorve Function. The AD7908/
AD7918/AD7928 operate from a single 2.7 V to 5.25 V supply.
The Vorwve function allows the serial interface to connect directly
to either 3 V or 5V processor systems independent of AVpp.

4. Flexible Power/Serial Clock Speed Management. The conversion
rate is determined by the serial clock, allowing the conversion
time to be reduced through the serial clock speed increase. The
parts also feature various shutdown modes to maximize power
efficiency at lower throughput rates. Current consumption is
0.5 pA max when in full shutdown.

5. No Pipeline Delay. The parts feature a standard successive
approximation ADC with accurate control of the sampling
instant via a CS input and once off conversion control.
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AD7908/AD7918/AD7928

SPECIFICATIONS

AD7908 SPECIFICATIONS
AVpp = Vprive = 2.7 V t0 5.25 V, REFiv = 2.5V, fscik = 20 MHz, Ta = Ty to Tauax, unless otherwise noted.
Table 1.
Parameter B Version' Unit Test Conditions/Comments
DYNAMIC PERFORMANCE fin = 50 kHz sine wave, fscik = 20 MHz
Signal-to-(Noise + Distortion) (SINAD)? 49 dB min B models
48.5 dB min W models
Signal-to-Noise Ratio (SNR)? 49 dB min B models
48.5 dB min W models
Total Harmonic Distortion (THD)? —66 dB max
Peak Harmonic or Spurious Noise (SFDR)? -64 dB max
Intermodulation Distortion (IMD)?2 fa=40.1 kHz, fb = 41.5 kHz
Second-Order Terms -90 dB typ
Third-Order Terms -90 dB typ
Aperture Delay 10 ns typ
Aperture Jitter 50 ps typ
Channel-to-Channel Isolation? -85 dB typ fin = 400 kHz
Full Power Bandwidth 8.2 MHz typ @3dB
1.6 MHz typ @0.1dB
DC ACCURACY?
Resolution 8 Bits
Integral Nonlinearity +0.2 LSB max
Differential Nonlinearity 0.2 LSB max Guaranteed no missed codes to 8 bits
0V to REF Input Range Straight binary output coding
Offset Error +0.5 LSB max
Offset Error Match +0.05 LSB max
Gain Error +0.2 LSB max
Gain Error Match +0.05 LSB max
0V to 2 x REFi Input Range —REFw to +REFi biased about REFin with
twos complement output coding
Positive Gain Error +0.2 LSB max
Positive Gain Error Match +0.05 LSB max
Zero Code Error +0.5 LSB max
Zero Code Error Match +0.1 LSB max
Negative Gain Error +0.2 LSB max
Negative Gain Error Match +0.05 LSB max
ANALOG INPUT
Input Voltage Ranges 0to REFin \ RANGE bit set to 1
0to 2 X REFin Vv RANGE bit set to 0, AVoo/Vorve =4.75V to
525V
DC Leakage Current +1 MA max
Input Capacitance 20 pF typ
REFERENCE INPUT
REFw Input Voltage 2.5 % +1% specified performance
DC Leakage Current +1 MA max
REFN Input Impedance 36 kQ typ fsampie = 1 MSPS
LOGIC INPUTS
Input High Voltage, Vin1 0.7 X Vorive V min
Input Low Voltage, Vin. 0.3 X Vorive V max
Input Current, I +1 MA max Typically 10 nA, Vin=0V or Vorive
Input Capacitance, Cin? 10 pF max
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AD7908/AD7918/AD7928

Parameter B Version' Unit Test Conditions/Comments
LOGIC OUTPUTS
Output High Voltage, Von Vorive — 0.2 V min Isource = 200 pA, AVpp = 2.7V 10 525V
Output Low Voltage, Vor 0.4 V max Isink = 200 pA
Floating-State Leakage Current +1 MA max
Floating-State Output Capacitance? 10 pF max
Output Coding Straight (natural) binary Coding bit setto 1
Twos complement Coding bit setto 0
CONVERSION RATE
Conversion Time 800 ns max 16 SCLK cycles with SCLK at 20 MHz
Track-and-Hold Acquisition Time 300 ns max Sine wave input
300 ns max Full-scale step input
Throughput Rate 1 MSPS max See Serial Interface section
POWER REQUIREMENTS
AVop 2.7/5.25 V min/max
Vorive 2.7/5.25 V min/max
Iop* Digital inputs =0V or Vorie
Normal Mode (Static) 600 MA typ AVpp = 2.7V t0 5.25V, SCLK On or Off
Normal Mode (Operational) 2.7 mA max AVpp =4.75V t0 5.25V, fscik = 20 MHz
2 mA max AVpp=2.7V 10 3.6V, fsck = 20 MHz
Using Auto Shutdown Mode 960 PA typ fsampLe = 250 kSPS
0.5 MA max (Static)
Full Shutdown Mode 0.5 MA max SCLK on or off (20 nA typ)
Power Dissipation*
Normal Mode (Operational) 13.5 mW max AVop =5V, fscik = 20 MHz
6 mW max AVop = 3V, fscik = 20 MHz
Auto Shutdown Mode (Static) 25 MW max AVpp =5V
1.5 MW max AVpp =3V
Full Shutdown Mode 2.5 MW max AVpp =5V
1.5 MW max AVpp =3V

' Temperature ranges as follows: B version: —40°C to +85°C.

2 See Terminology section.
3 Sample tested @ 25°C to ensure compliance.
4See Power vs. Throughput Rate section.
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AD7908/AD7918/AD7928

AD7918 SPECIFICATIONS
AVpp = Vprive = 2.7 V t0 5.25 V, REFiv = 2.5V, fscik = 20 MHz, Ta = Tan to Tauax, unless otherwise noted.
Table 2.
Parameter B Version' Unit Test Conditions/Comments
DYNAMIC PERFORMANCE fin = 50 kHz sine wave, fscik = 20 MHz
Signal-to-(Noise + Distortion) (SINAD)? 61 dB min B models
60.5 dB min W models
Signal-to-Noise Ratio (SNR)? 61 dB min B models
60.5 dB min W models
Total Harmonic Distortion (THD)? =72 dB max
Peak Harmonic or Spurious Noise (SFDR)? -74 dB max
Intermodulation Distortion (IMD)?2 fa=40.1 kHz, fb = 41.5 kHz
Second-Order Terms -90 dB typ
Third-Order Terms -90 dB typ
Aperture Delay 10 ns typ
Aperture Jitter 50 ps typ
Channel-to-Channel Isolation? -85 dB typ fin = 400 kHz
Full Power Bandwidth 8.2 MHz typ @3dB
1.6 MHz typ @0.1dB
DC ACCURACY?
Resolution 10 Bits
Integral Nonlinearity +0.5 LSB max
Differential Nonlinearity +0.5 LSB max Guaranteed no missed codes to 10 bits
0V to REF Input Range Straight binary output coding
Offset Error +2 LSB max
Offset Error Match +0.2 LSB max
Gain Error +0.5 LSB max
Gain Error Match +0.2 LSB max
0V to 2 x REFi Input Range —REFw to +REFi biased about REFin with twos
complement output coding
Positive Gain Error +0.5 LSB max
Positive Gain Error Match +0.2 LSB max
Zero Code Error +2 LSB max
Zero Code Error Match +0.2 LSB max
Negative Gain Error +0.5 LSB max
Negative Gain Error Match +0.2 LSB max
ANALOG INPUT
Input Voltage Ranges 0to REFin Vv RANGE bit set to 1
0to 2 x REFin Vv RANGE bit set to 0, AVop/Vorve =4.75V 10 5.25V
DC Leakage Current +1 MA max
Input Capacitance 20 pF typ
REFERENCE INPUT
REFw Input Voltage 25 \Y +1% specified performance
DC Leakage Current +1 MA max
REF Input Impedance 36 kQ typ fsampLe = 1 MSPS
LOGIC INPUTS
Input High Voltage, Vin1 0.7 X Vorive V min
Input Low Voltage, Vin 0.3 X Vprive V max
Input Current, I +1 MA max Typically 10 nA, Vin=0V or Vorive
Input Capacitance, Cin? 10 pF max
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AD7908/AD7918/AD7928

Parameter B Version' Unit Test Conditions/Comments
LOGIC OUTPUTS
Output High Voltage, Von Vorve — 0.2 V min Isource = 200 A, AVpp = 2.7V 10 525V
Output Low Voltage, Vor 0.4 V max Isink = 200 pA
Floating-State Leakage Current +1 HA max
Floating-State Output Capacitance? 10 pF max
Output Coding Straight (natural) binary Coding bit setto 1
Twos complement Coding bit setto 0
CONVERSION RATE
Conversion Time 800 ns max 16 SCLK cycles with SCLK at 20 MHz
Track-and-Hold Acquisition Time 300 ns max Sine wave input
300 ns max Full-scale step input
Throughput Rate 1 MSPS max See Serial Interface section
POWER REQUIREMENTS
AVop 2.7/5.25 V min/max
Vorive 2.7/5.25 V min/max
Iop* Digital inputs =0V or Vorie
Normal Mode (Static) 600 HA typ AVpp =2.7V t0 5.25V, SCLK on or off
Normal Mode (Operational) 2.7 mA max AVpp =4.75V t0 5.25V, fscik = 20 MHz
2 mA max AVpp=2.7V 10 3.6V, fscik = 20 MHz
Using Auto Shutdown Mode 960 MA typ fsampe = 250 kSPS
0.5 MA max (Static)
Full Shutdown Mode 0.5 MA max SCLK on or off (20 nA typ)
Power Dissipation*
Normal Mode (Operational) 13.5 mW max AVop =5V, fscik = 20 MHz
6 mW max AVop = 3V, fscik = 20 MHz
Auto Shutdown Mode (Static) 25 UW max AVpp =5V
1.5 MW max AVpp =3V
Full Shutdown Mode 2.5 UW max AVpp =5V
1.5 UW max AVpp =3V

T Temperature ranges as follows: B version: -40°C to +85°C.

2 See Terminology section.
3 Sample tested @ 25°C to ensure compliance.
4See Power vs. Throughput Rate section.
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AD7908/AD7918/AD7928

AD7928 SPECIFICATIONS
Avpp = Vprive = 2.7 V t0 5.25 V, REFin = 2.5V, fscix = 20 MHz, Ta = Tvin to Taax, unless otherwise noted.
Table 3.
Parameter B Version' Unit Test Conditions/Comments
DYNAMIC PERFORMANCE fin = 50 kHz sine wave, fscik = 20 MHz
Signal-to-(Noise + Distortion) (SINAD)? 70 dB min @5V, Bmodels
69.5 dB min @5V, W models
69 dB min @ 3V typically 70 dB
Signal-to-Noise Ratio (SNR)? 70 dB min B models
69.5 dB min W models
Total Harmonic Distortion (THD)? =77 dB max @ 5V typically -84 dB
-73 dB max @ 3V typically =77 dB
Peak Harmonic or Spurious Noise -78 dB max @ 5V typically —86 dB
(SFDR)? -76 dB max @ 3V typically —80 dB
Intermodulation Distortion (IMD)? fa=40.1 kHz, fb = 41.5 kHz
Second-Order Terms -90 dB typ
Third-Order Terms -90 dB typ
Aperture Delay 10 ns typ
Aperture Jitter 50 ps typ
Channel-to-Channel Isolation? -85 dB typ fin = 400 kHz
Full Power Bandwidth 8.2 MHz typ @3dB
1.6 MHz typ @0.1dB
DC ACCURACY?
Resolution 12 Bits
Integral Nonlinearity +1 LSB max
Differential Nonlinearity -0.9/+1.5 LSB max Guaranteed no missed codes to 12 bits
0V to REF Input Range Straight binary output coding
Offset Error +8 LSB max Typically +£0.5 LSB
Offset Error Match +0.5 LSB max
Gain Error +1.5 LSB max
Gain Error Match +0.5 LSB max
0V to 2 x REFi Input Range —REFw to +REFi biased about REFiy with twos
complement output coding
Positive Gain Error +1.5 LSB max
Positive Gain Error Match +0.5 LSB max
Zero Code Error +8 LSB max Typically +£0.8 LSB
Zero Code Error Match +0.5 LSB max
Negative Gain Error +1 LSB max
Negative Gain Error Match +0.5 LSB max
ANALOG INPUT
Input Voltage Ranges 0to REFin Vv RANGE bit set to 1
0to 2 x REFn Y RANGE bit set to 0, AVoo/Vorve =4.75V t0 5.25V
DC Leakage Current +1 MA max
Input Capacitance 20 pF typ
REFERENCE INPUT
REFw Input Voltage 2.5 \Y +1% specified performance
DC Leakage Current +1 MA max
REF Input Impedance 36 kQ typ fsampie = 1 MSPS
LOGIC INPUTS
Input High Voltage, Vin1 0.7 X Vorive V min
Input Low Voltage, Vin. 0.3 X Vorive V max
Input Current, I +1 MA max Typically 10 nA, Vin=0V or Vorive
Input Capacitance, Cin? 10 pF max
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AD7908/AD7918/AD7928

Parameter B Version' Unit Test Conditions/Comments
LOGIC OUTPUTS
Output High Voltage, Von Vorve — 0.2 V min Isource = 200 pA, AVpp = 2.7V 10 5.25V
Output Low Voltage, Vor 0.4 V max Isink = 200 pA
Floating-State Leakage Current +1 HA max
Floating-State Output Capacitance? 10 pF max
Output Coding Straight (natural) binary Coding bit setto 1
Twos complement Coding bit setto 0
CONVERSION RATE
Conversion Time 800 ns max 16 SCLK cycles with SCLK at 20 MHz
Track-and-Hold Acquisition Time 300 ns max Sine wave input
300 ns max Full-scale step input
Throughput Rate 1 MSPS max See Serial Interface section
POWER REQUIREMENTS
AVop 2.7/5.25 V min/max
Vorive 2.7/5.25 V min/max
Iop* Digital inputs =0V or Vorie
Normal Mode (Static) 600 HA typ AVpp =2.7V t0 5.25V, SCLK on or off
Normal Mode (Operational) 2.7 mA max AVpp =4.75V t0 5.25V, fscik = 20 MHz
2 mA max AVpp=2.7V 10 3.6V, fscik = 20 MHz
Using Auto Shutdown Mode 960 MA typ fsampe = 250 kSPS
0.5 MA max (Static)
Full Shutdown Mode 0.5 MA max SCLK on or off (20 nA typ)
Power Dissipation*
Normal Mode (Operational) 13.5 mW max AVop =5V, fscik = 20 MHz
6 mW max AVop = 3V, fscik = 20 MHz
Auto Shutdown Mode (Static) 2.5 HW max AVpp =5V
1.5 MW max AVpp =3V
Full Shutdown Mode 2.5 UW max AVpp =5V
1.5 UW max AVpp =3V

" Temperature ranges as follows: B Version: —40°C to +85°C.

2 See Terminology section.
3 Sample tested @ 25°C to ensure compliance.
4See Power vs. Throughput Rate section.
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AD7908/AD7918/AD7928

TIMING SPECIFICATIONS
AVpp =2.7V 10 5.25V, Vorive < AVpp, REFin = 2.5V, Ta = Twviv to Tumax, unless otherwise noted.!
Table 4.
Limit at Tmin, Tmax AD7908/AD7918/AD7928
Parameter AVpp=3V AVpp=5V Unit Description
fscuk? 10 10 kHz min
20 20 MHz max
tconvert 16 X tscik 16 X tscik
tauier 50 50 ns min Minimum quiet time required between CS rising edge and start of
next conversion
t 10 10 ns min CSto SCLK setup time
ts 35 30 ns max Delay from CS until DOUT three-state disabled
ts 40 40 ns max Data access time after SCLK falling edge
ts 0.4 X tscik 0.4 X tscik ns min SCLK low pulse width
te 0.4 X tscik 0.4 X tscik ns min SCLK high pulse width
ty 10 10 ns min SCLK to DOUT valid hold time
ts* 15/45 15/35 ns min/max SCLK falling edge to DOUT high impedance
to 10 10 ns min DIN setup time prior to SCLK falling edge
tio 5 5 ns min DIN hold time after SCLK falling edge
tn 20 20 ns min 16t SCLK falling edge to CS high
ti2 1 1 Hs max Power-up time from full power-down/auto shutdown mode

T Sample tested at 25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of AVop) and timed from a voltage level of 1.6 V. See Figure 2.
The 3V operating range spans from 2.7 V to 3.6 V. The 5 V operating range spans from 475V to 5.25 V.

2 Mark/space ratio for the SCLK input is 40/60 to 60/40.

3 Measured with the load circuit of Figure 2 and defined as the time required for the output to cross 0.4 V or 0.7 X Vpge.
“1g is derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 2. The measured number is then extrapolated
back to remove the effects of charging or discharging the 50 pF capacitor. This means that the time, ts, quoted in the timing characteristics is the true bus relinquish

time of the part and is independent of the bus loading.

TO
OUTPUT
PIN

1.6V

03089-002

Figure 2. Load Circuit for Digital Output Timing Specifications
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AD7908/AD7918/AD7928

ABSOLUTE MAXIMUM RATINGS

Ta = 25°C, unless otherwise noted.

Table 5. Stresses above those listed under Absolute Maximum Ratings
Parameter Rating may cause permanent damage to the device. This is a stress
AVop to AGND —03Vto+7V rating only; functional operation of the device at these or any
Vove to AGND —03Vto AVop + 0.3V other conditions above those indicated in the operational
Analog Input Voltage to AGND —0.3V to AVpo + 0.3V section of this specification is not implied. Exposure to absolute
Digital Input Voltage to AGND —03Vto +7V maximum rating conditions for extended periods may affect
Digital Output Voltage to AGND ~0.3V to AVop + 0.3V device reliability.
REFin to AGND -0.3VtoAVop + 0.3V
Input Current to Any Pin Except +10 mA

Supplies’
Operating Temperature Range

Commercial (B Version) —40°C to +85°C

Storage Temperature Range —65°C to +150°C

Automotive Temperature Range | —40°Cto +125°C
Junction Temperature 150°C
TSSOP Package, Power Dissipation | 450 mW

6,a Thermal Impedance 143°C/W (TSSOP)

6,c Thermal Impedance 45°C/W (TSSOP)
Lead Temperature, Soldering

Vapor Phase (60 sec) 215°C

Infrared (15 sec) 220°C
ESD 1.5kv

"Transient currents of up to 100 mA do not cause SCR latch-up.

ESD CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily accumulate on
the human body and test equipment and can discharge without detection. Although this product features
proprietary ESD protection circuitry, permanent damage may occur on devices subjected to high energy
electrostatic discharges. Therefore, proper ESD precautions are recommended to avoid performance
degradation or loss of functionality.

=P

ESD SENSITIVE DEVICE
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AD7908/AD7918/AD7928

PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

N\

SCLK E @AGND
DIN E EVDRIVE
cs 3] 18] pouT

n e

Avpp[5|  AD7928  [is]vin0

AVoo[e]  ropyview  [B]Vint
REF|n E (Not to Scale) E Vin2

AGND [&] 3] Vin3
vin? [2] 2]vind g
ViNG E Zl Vino é

g

Figure 3. Pin Configuration

Table 6. Pin Function Descriptions

Pin No.

Mnemonic

Description

1

4,8,17,20

56

7

16to9

18

19

SCLK
DIN

cs

AGND

AVbp

REFn

VinO to Vin7

DOUT

Vbrive

Serial Clock. Logic input. SCLK provides the serial clock for accessing data from the part. This clock input is also
used as the clock source for the conversion process of the AD7908/AD7918/AD7928.

Data In. Logic input. Data to be written to the control register of the AD7908/AD7918/AD7928 is provided on
this input and is clocked into the register on the falling edge of SCLK (see the Control Register section).

Chip Select. Active low logic input. This input provides the dual function of initiating conversions on the
AD7908/AD7918/AD7928, and also frames the serial data transfer.

Analog Ground. This is the ground reference point for all analog circuitry on the AD7908/AD7918/AD7928. All
analog input signals and any external reference signal should be referred to this AGND voltage. All AGND pins
should be connected together.

Analog Power Supply Input. The AVop range for the AD7908/AD7918/AD7928 is from 2.7V to 5.25 V. For the 0V
to 2 X REFw range, AVop should be from 4.75V to 5.25 V.

Reference Input for the AD7908/AD7918/AD7928. An external reference must be applied to this input. The
voltage range for the external reference is 2.5V + 1% for specified performance.

Analog Input 0 through Analog Input 7. These are eight single-ended analog input channels that are
multiplexed into the on-chip track-and-hold. The analog input channel to be converted is selected by using
Address Bit ADD2 through Address Bit ADDO of the control register. The address bits, in conjunction with the
SEQ and SHADOW bits, allow the sequencer to be programmed. The input range for all input channels can
extend from 0V to REFin or 0V to 2 x REF\ as selected via the RANGE bit in the control register. Any unused
input channels must be connected to AGND to avoid noise pickup.

Data Out. Logic output. The conversion result from the AD7908/AD7918/AD7928 is provided on this output as a
serial data stream. The bits are clocked out on the falling edge of the SCLK input. The data stream from the
AD7908 consists of one leading zero, three address bits indicating which channel the conversion result
corresponds to, followed by the eight bits of conversion data, followed by four trailing zeros, provided MSB
first; the data stream from the AD7918 consists of one leading zero, three address bits indicating which
channel the conversion result corresponds to, followed by the 10 bits of conversion data, followed by two
trailing zeros, also provided MSB first; the data stream from the AD7928 consists of one leading zero, three
address bits indicating which channel the conversion result corresponds to, followed by the 12 bits of
conversion data, provided MSB first. The output coding can be selected as straight binary or twos complement
via the CODING bit in the control register.

Logic Power Supply Input. The voltage supplied at this pin determines at what voltage the serial interface of
the AD7908/AD7918/AD7928 operates.
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AD7908/AD7918/AD7928

TERMINOLOGY

Integral Nonlinearity

This 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 position 1 LSB
below the first code transition, and full scale, a position 1 LSB
above the last code transition.

Differential Nonlinearity
This is the difference between the measured and the ideal 1 LSB
change between any two adjacent codes in the ADC.

Offset Error
This is the deviation of the first code transition (00 . .. 000) to
(00...001) from the ideal, that is, AGND + 1 LSB.

Offset Error Match
This is the difference in offset error between any two channels.

Gain Error

This is the deviation of the last code transition (111 ... 110) to
(111...111) from the ideal (that is, REFix — 1 LSB) after the
offset error has been adjusted out.

Gain Error Match
This is the difference in gain error between any two channels.

Zero Code Error

This applies when using the twos complement output coding
option, in particular to the 2 x REFw input range with —REFx
to +REFv biased about the REFx point. It is the deviation of the
midscale transition (all Os to all 1s) from the ideal Vi voltage,
that is, REFix — 1 LSB.

Zero Code Error Match
This is the difference in zero code error between any two
channels.

Positive Gain Error

This applies when using the twos complement output coding
option, in particular to the 2 x REFv input range with —~REFix
to +REFv biased about the REFx point. It is the deviation of the
last code transition (011...110) to (011...111) from the ideal
(that is, +REFiv — 1 LSB) after the zero code error has been
adjusted out.

Positive Gain Error Match
This is the difference in positive gain error between any two
channels.

Negative Gain Error

This applies when using the twos complement output coding
option, in particular to the 2 x REFw input range with —REFx
to +REFv biased about the REFx point. It is the deviation of the
first code transition (100 ... 000) to (100...001) from the ideal
(that is, -REFv + 1 LSB) after the zero code error has been
adjusted out.

Negative Gain Error Match
This is the difference in negative gain error between any two
channels.

Channel-to-Channel Isolation

Channel-to-channel isolation is a measure of the level of
crosstalk between channels. It is measured by applying a full-
scale 400 kHz sine wave signal to all seven nonselected input
channels and determining how much that signal is attenuated
in the selected channel with a 50 kHz signal. The figure is given
worst case across all eight channels for the AD7908/AD7918/
AD7928.

Power Supply Rejection (PSR)

Variations in power supply affect the full-scale transition, but
not the converter’s linearity. Power supply rejection is the
maximum change in full-scale transition point due to a change
in power-supply voltage from the nominal value (see the
Performance Curves section).

Track-and-Hold Acquisition Time

The track-and-hold amplifier returns to track mode at the end
of 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 LSB, after the end of conversion.

Signal-to-(Noise + Distortion) Ratio

This is the measured ratio of signal-to-(noise + distortion) at
the output of the ADC. The signal is the rms amplitude of the
fundamental. Noise is the sum of all nonfundamental signals up
to half the sampling frequency (fs/2), excluding dc. The ratio is
dependent on the number of quantization levels in the
digitization process; the more levels, the smaller the
quantization noise. The theoretical signal-to-(noise +
distortion) ratio for an ideal N-bit converter with a sine wave
input is given by

Signal-to-(Noise + Distortion) = (6.02N + 1.76)dB

Thus for a 12-bit converter, this is 74 dB; for a 10-bit converter,
this is 62 dB; and for an 8-bit converter, this is 50 dB.

Total Harmonic Distortion

Total harmonic distortion (THD) is the ratio of the rms sum of
harmonics to the fundamental. For the AD7908/AD7918/
AD7928, it is defined as:

2 2 2 2 2
\/VZ +V3 +V4 +V5 +V6

THD (dB)= 20log y
1

where Vi is the rms amplitude of the fundamental and V2, V3,
V4, Vs, and Vs are the rms amplitudes of the second through the
sixth harmonics.
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TYPICAL PERFORMANCE CHARACTERISTICS

PERFORMANCE CURVES

Figure 4 shows a typical FFT plot for the AD7928 at 1 MSPS
sample rate and 50 kHz input frequency. Figure 5 shows the
signal-to-(noise + distortion) ratio performance vs. input
frequency for various supply voltages while sampling at 1 MSPS
with an SCLK of 20 MHz.

Figure 6 shows the power supply rejection ratio vs. supply ripple
frequency for the AD7928 when no decoupling is used. The
power supply rejection ratio is defined as the ratio of the power
in the ADC output at full-scale frequency f, to the power of a
200 mV p-p sine wave applied to the ADC AVpp supply of
frequency fs

PSRR(dB) = 10 log(Pf/Pfs)

Pfis equal to the power at frequency f in ADC output; Pfs is
equal to the power at frequency fs coupled onto the ADC AVpp
supply. Here a 200 mV p-p sine wave is coupled onto the AVpp

supply.
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SFDR = -90.744dB

L 80
o
P4
@]
-70
-90
0 50 100 150 200 250 300 350 400 450 500 g
FREQUENCY (kHz) §
Figure 4. AD7928 Dynamic Performance at 1 MSPS
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Figure 5. AD7928 SINAD vs. Analog Input Frequency for
Various Supply Voltages at 1 MSPS

Figure 7 shows a graph of total harmonic distortion vs. analog
input frequency for various supply voltages, and Figure 8 shows a
graph of total harmonic distortion vs. analog input frequency
for various source impedances. See the Analog Input section.

Figure 9 and Figure 10 show typical INL and DNL plots for the
AD7928.

0 |
AVpp = 5V
~10 |- 200mV p-p SINEWAVE ON AVpp
REF)y = 2.5V, 1uF CAPACITOR
o0 L Ta=25C
-30
S 0
&
g 50 —
el
—60 /,
-70 4
~ /
-80 N
—90 ©
0 100 200 300 400 500 600 700 800 900 1000 £
SUPPLY RIPPLE FREQUENCY (kHz) g
Figure 6. AD7928 PSRR vs. Supply Ripple Frequency
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Figure 7. AD7928 THD vs. Analog Input Frequency for
Various Supply Voltages at 1 MSPS
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CONTROL REGISTER

The control register on the AD7908/AD7918/AD7928 is a 12-bit, write-only register. Data is loaded from the DIN pin of the
AD7908/AD7918/AD7928 on the falling edge of SCLK. The data is transferred on the DIN line at the same time that the conversion result
is read from the part. The data transferred on the DIN line corresponds to the AD7908/AD7918/AD7928 configuration for the next
conversion. This requires 16 serial clocks for every data transfer. Only the information provided on the first 12 falling clock edges (after
CS falling edge) is loaded to the control register. MSB denotes the first bit in the data stream. The bit functions are outlined in Table 7.

MSB

LSB

WRITE | SEQ | DONTCARE

ADD2 | ADD1 | ADDO | PM1 | PMO | SHADOW | DONTCARE | RANGE | CODING

Table 7. Control Register Bit Functions

Bit Mnemonic | Comment

1 WRITE The value written to this bit of the control register determines whether or not the following 11 bits are loaded to the
control register. If this bit is a 1, the following 11 bits are written to the control register; if it is a 0, the remaining 11 bits
are not loaded to the control register, and it remains unchanged.

10 SEQ The SEQ bit in the control register is used in conjunction with the SHADOW bit to control the use of the sequencer
function and access the SHADOW register (see the SHADOW register bit map).

9 DON'TCARE

8to6 | ADD2to These three address bits are loaded at the end of the present conversion sequence and select which analog input

ADDO channel is to be converted in the next serial transfer, or they can select the final channel in a consecutive sequence as
described in Table 10. The selected input channel is decoded as shown in Table 8. The address bits corresponding to
the conversion result are also output on DOUT prior to the 12 bits of data, see the Serial Interface section. The next
channel to be converted on is selected by the mux on the 14th SCLK falling edge.

54 PM1, PMO Power Management Bits. These two bits decode the mode of operation of the AD7908/AD7918/AD7928 as shown in
Table 9.

3 SHADOW The SHADOW bit in the control register is used in conjunction with the SEQ bit to control the use of the sequencer
function and access the SHADOW register (see Table 10).

2 DON'TCARE

1 RANGE This bit selects the analog input range to be used on the AD7908/AD7918/AD7928. If it is set to 0, the analog input
range extends from 0V to 2 X REF. If it is set to 1, the analog input range extends from 0V to REFw (for the next
conversion). For 0V to 2 x REFi, AVop =4.75V to 5.25 V.

0 CODING This bit selects the type of output coding the AD7908/AD7918/AD7928 uses for the conversion result. If this bit is set to
0, the output coding for the part is twos complement. If this bit is set to 1, the output coding from the part is straight
binary (for the next conversion).

Table 8. Channel Selection

ADD2 ADD1 ADDO Analog Input Channel

0 0 0 Vin0

0 0 1 Vinl

0 1 0 Vin2

0 1 1 Vin3

1 0 0 Vind

1 0 1 Vin5

1 1 0 Vin

1 1 1 Vin7
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Table 9. Power Mode Selection

PM1 | PMO | Mode

1 1 Normal Operation. In this mode, the AD7908/AD7918/AD7928 remain in full power mode regardless of the status of any of
the logic inputs. This mode allows the fastest possible throughput rate from the AD7908/AD7918/AD7928.

1 0 Full Shutdown. In this mode, the AD7908/ AD7918/AD7928 is in full shutdown mode with all circuitry powering down. The
AD7908/AD7918/AD7928 retains the information in the control register while in full shutdown. The part remains in full
shutdown until these bits are changed.

0 1 Auto Shutdown. In this mode, the AD7908/AD7918/AD7928 automatically enters full shutdown mode at the end of each
conversion when the control register is updated. Wake-up time from full shutdown is 1 us and the user should ensure that 1 s
has elapsed before attempting to perform a valid conversion on the part in this mode.

0 0 Invalid Selection. This configuration is not allowed.

SEQUENCER OPERATION

The configuration of the SEQ and SHADOW bits in the control register allows the user to select a particular mode of operation of the
sequencer function. Table 10 outlines the four modes of operation of the sequencer.

Table 10. Sequence Selection

SEQ

SHADOW

Sequence Type

0

0

This configuration means that the sequence function is not used. The analog input channel selected for each individual
conversion is determined by the contents of the ADDO through ADD2 channel address bits in each prior write
operation. This mode of operation reflects the traditional operation of a multichannel ADC, without the sequencer
function being used, where each write to the AD7908/AD7918/AD7928 selects the next channel for conversion (see
Figure 11).

This configuration selects the SHADOW register for programming. The following write operation loads the contents of
the SHADOW register. This programs the sequence of channels to be converted on continuously with each successive
valid CS falling edge (see the SHADOW Register section, SHADOW register bit map, and Figure 12). The channels
selected need not be consecutive.

If the SEQ and SHADOW bits are set in this way, then the sequence functions are not interrupted upon completion of
the write operation. This allows other bits in the control register to be altered between conversions while in a sequence,
without terminating the cycle.

This configuration is used in conjunction with the ADD2 to ADDO channel address bits to program continuous
conversions on a consecutive sequence of channels from Channel 0 to a selected final channel as determined by the
channel address bits in the control register (see Figure 13).
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SHADOW REGISTER

MSB LSB

Vw0 [ Vw1 [Vm2 [Va3 [Vwd [Va5 [Vw6 [ Vw7 [Vw0 [Vwl [ Va2 [Vae3 [Vwd [Va5 [ Va6 | Vw7

Sequence One Sequence Two

The SHADOW register on the AD7908/AD7918/AD7928 is a

16-bit, write-only register. Data is loaded from the DIN pin of

the AD7908/AD7918/AD7928 on the falling edge of SCLK. The

data is transferred on the DIN line at the same time that a

conversion result is read from the part. This requires 16 serial = \ DIN: WRITE TO CONTROL REGISTER,

clock falling edges for the data transfer. The information is AND POWER MOBE. | _ODIMG: RANGE,

clocked into the SHADOW register, provided that the SEQ and 35555 ShADOW 20 CONVERSION. -

SHADOW bits were set to 0,1, respectively, in the previous J \\\

write to the control register. MSB denotes the first bit in the Y i

data stream. Each bit represents an analog input from Channel 0 ESEJfoCU%'\ﬂY(Eg.;SLIEQT%%SULT FROM ,"

to Channel 7. Through programming the SHADOW register, C_SL CHANNEL AZTO AO. ‘V\;R'IT/E BIT=1,

two sequences of channels can be selected, through which the R S R s eGE, | SEQ = SHADOW =0

AD7908/AD7918/AD7928 cycle with each consecutive SELECT AZ 1O A0 FOR CONVERSION. §
SEQ = SHADOW =0 g

conversion after the write to the SHADOW register.

Sequence One is performed first and then Sequence Two. If the
user does not wish to perform a second sequence option, then
all 0s must be written to the last 8 LSBs of the SHADOW
register. To select a sequence of channels, the associated channel
bit must be set for each analog input. The AD7908/AD7918/
AD7928 continuously cycle through the selected channels in
ascending order beginning with the lowest channel, until a
write operation occurs (that is, the WRITE bit is set to 1) with
the SEQ and SHADOW bits configured in any way except 1, 0,
(see Table 10). The bit functions are outlined in the SHADOW
register bit map.

Figure 11 reflects the traditional operation of a multichannel
ADC, where each serial transfer selects the next channel for
conversion. In this mode of operation the sequencer function is
not used.

Figure 12 shows how to program the AD7908/AD7918/AD7928
to continuously convert on a particular sequence of channels.
To exit this mode of operation and revert back to the traditional
mode of operation of a multichannel ADC (as outlined in
Figure 11), ensure that the WRITE bit = 1 and the SEQ =
SHADOW = 0 on the next serial transfer. Figure 13 shows how
a sequence of consecutive channels can be converted on without
having to program the SHADOW register or write to the part
on each serial transfer. Again, to exit this mode of operation and
revert back to the traditional mode of operation of a multichannel
ADC (as outlined in Figure 11), ensure the WRITE bit = 1 and
the SEQ = SHADOW = 0 on the next serial transfer.

= |

s |

o CONTINUOUSLY
cs CONVERTS ON

Figure 11. SEQ Bit = 0, SHADOW Bit = 0 Flowchart
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POWER-ON
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Figure 13. SEQ Bit = 1, SHADOW Bit = 1 Flowchart

CIRCUIT INFORMATION

The AD7908/AD7918/AD7928 are high speed, 8-channel, 8-bit,
10-bit, and 12-bit, single-supply ADCs, respectively. The parts
can be operated from a 2.7 V to 5.25 V supply. When operated
from either a 5 V or 3 V supply, the AD7908/AD7918/AD7928
are capable of throughput rates of 1 MSPS when provided with
a 20 MHz clock.

The AD7908/AD7918/AD7928 provide the user with an on-
chip, track-and-hold ADC, and a serial interface housed in a
20-lead TSSOP package. The AD7908/AD7918/AD7928 each
have eight single-ended input channels with a channel
sequencer, allowing the user to select a channel sequence that
the ADC can cycle through with each consecutive CS falling
edge. The serial clock input accesses data from the part, controls
the transfer of data written to the ADC, and provides the clock
source for the successive approximation ADC. The analog input
range for the AD7908/AD7918/AD7928 is 0 V to REFv or 0 V to
2 x REFw, depending on the status of Bit 1 in the control
register. For the 0 to 2 x REF range, the part must be operated
from a 4.75 V to 5.25 V supply.

The AD7908/AD7918/AD7928 provide flexible power
management options to allow the user to achieve the best power
performance for a given throughput rate. These options are
selected by programming the PM1 and PMO power
management bits in the control register.

CONVERTER OPERATION

The AD7908/AD7918/AD7928 are 8-, 10-, and 12-bit successive
approximation analog-to-digital converters based around a
capacitive DAC, respectively. The AD7908/AD7918/AD7928 can
convert analog input signals in the range 0 V to REFi or 0 V to
2 x REFw. Figure 14 and Figure 15 show simplified schematics
of the ADC. The ADC is comprised of control logic, SAR, and a
capacitive DAC, which are used to add and subtract fixed
amounts of charge from the sampling capacitor to bring the
comparator back into a balanced condition. Figure 14 shows the
ADC during its acquisition phase. SW2 is closed and SW1 is in
Position A. The comparator is held in a balanced condition and
the sampling capacitor acquires the signal on the selected Vix
channel.

CAPACITIVE DAC

o A 4K
V0 o Se—o = ¥ CONTROL
1
: B sw2 . LOGIC
ViN7 o—o/ T
(o . . @

COMPARATOR

03089-014

AGND
Figure 14. ADC Acquisition Phase

When the ADC starts a conversion (see Figure 15), SW2 opens
and SW1 moves to Position B, causing the comparator to
become unbalanced. The control logic and the capacitive DAC
are used to add and subtract fixed amounts of charge from the
sampling capacitor to bring the comparator back into a
balanced condition. When the comparator is rebalanced, the
conversion is complete. The control logic generates the ADC
output code. Figure 17 and Figure 18 show the ADC transfer
functions.

CAPACITIVE DAC

A %0
ViNO o—o/:/ —w- +
! SWi ) CONTROL
! B sSW2 - LoGIC
Vin7 00" 4 T COMPARATOR
[ _ _ &

AGND

03089-015

Figure 15. ADC Conversion Phase

Analog Input

Figure 16 shows an equivalent circuit of the analog input
structure of the AD7908/AD7918/AD7928. The two diodes (D1
and D2) provide ESD protection for the analog inputs. Care
must be taken to ensure that the analog input signal never
exceeds the supply rails by more than 300 mV. This causes these
diodes to become forward biased and start conducting current
into the substrate. 10 mA is the maximum current these diodes
can conduct without causing irreversible damage to the part.
The Capacitor C1 in Figure 16 is typically about 4 pF and can
primarily be attributed to pin capacitance. The Resistor R1 is a
lumped component made up of the on resistance of the track-
and-hold switch and also includes the on resistance of the input
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multiplexer. The total resistance is typically about 400 Q. The
Capacitor C2 is the ADC sampling capacitor and has a
capacitance of 30 pF typically. For ac applications, removing
high frequency components from the analog input signal is
recommended by use of an RC lowpass filter on the relevant
analog input pin. In applications where harmonic distortion
and signal-to-noise ratio are critical, the analog input should be
driven from a low impedance source. Large source impedances
significantly affect the ac performance of the ADC. This can
necessitate the use of an input buffer amplifier. The choice of
the op amp is a function of the particular application.

When no amplifier is used to drive the analog input, the source
impedance should be limited to low values. The maximum
source impedance depends on the amount of total harmonic
distortion (THD) that can be tolerated. The THD increases as
the source impedance increases, and performance degrades (see
Figure 8).

AVpp
()
c2

D1 A R1 30pF

VING _T_ o WA = ----

1
4(sz D2 A CONVERSION PHASE: SWITCH OPEN

TRACK PHASE: SWITCH CLOSED

03089-016

Figure 16. Equivalent Analog Input Circuit

ADC TRANSFER FUNCTION

The output coding of the AD7908/AD7918/AD7928 is either
straight binary or twos complement, depending on the status of
the LSB in the control register. The designed code transitions
occur at successive LSB values (that is, 1 LSB, 2 LSBs, and so
on). The LSB size is REFin/256 for the AD7908, REFin/1024 for
the AD7918, and REFn/4096 for the AD7928. The ideal transfer
characteristic for the AD7908/AD7918/AD7928 when straight
binary coding is selected is shown in Figure 17, and the ideal
transfer characteristic for the AD7908/AD7918/AD7928 when
twos complement coding is selected is shown in Figure 18.
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Figure 17. Straight Binary Transfer Characteristic
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Figure 18. Twos Complement Transfer Characteristic
with REFiv £ REF Input Range

HANDLING BIPOLAR INPUT SIGNALS

Figure 19 shows how useful the combination of the 2 x REFx
input range and the twos complement output coding scheme is
for handling bipolar input signals. If the bipolar input signal is
biased about REFv and twos complement output codin