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2nd-Order Delta-Sigma Modulator
with Excitation for Hall Elements

FEATURES

e +100mV Specified Input Range
e +125mV Full-Scale Range

e 95dB typ. CMR, 82dB typ. SNR

e Adjustable Current Output for Sensor Biasing
e Digital Output Compatible to ADS1202/03

e Differential Digital Outputs

e Separate 2.7V to 5.5V Digital Supply Pin

APPLICATIONS

e Motor Control

e Current Measurement
e Hall Sensors

» Bridge Sensors

e Instrumentation
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DESCRIPTION

The ADS1208 is a 2nd-order AZ (delta-sigma) modu-
lator operating at a 10MHz clock rate. The specified
input range is *100mV, optimized for current
measurement with a Hall sensor, especially in motor
control applications. The ADS1208 contains a
programmable current source for sensor biasing and
has integrated input buffers for fast settling of the
sample capacitors; it also requires only a minimum of
external components. The differential analog input
offers low noise and excellent common-mode rejec-
tion.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated
circuits be handled with appropriate precautions. Failure to observe proper handling and installation
A procedures can cause damage.

rad : : : .
Aiad 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.

Package/Ordering Information

For the most current package and ordering information, see the Package Option Addendum at the end of this
document, or see the Tl web site at www.ti.com.

ABSOLUTE MAXIMUM RATINGS

over operating free-air temperature range (unless otherwise noted)®

ADS1208I UNIT
Supply voltage, AGND to AVpp -0.3to +6 \%
Supply voltage, BGND to BVpp -0.3to0 +6 \%
Analog input voltage with respect to AGND AGND - 0.3to AVpp + 0.3 \%
Reference input voltage with respect to AGND AGND - 0.3to AVpp + 0.3 \%
Digital input voltage with respect to BGND BGND - 0.3 to BVpp + 0.3 \%
Ground voltage difference AGND to BGND +0.3 \%
Input current to any pin except supply +10 mA
Power dissipation See Dissipation Ratings Table
Operating virtual junction temperature range, T, —40 to +150 °C
Operating free-air temperature range, Tp —40 to +85 °C
Storage temperature range, Tstg —65 to +150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

PARAMETER MIN NOM MAX UNIT
Supply voltage, AGND to AVpp 4.5 5.0 55 \%
Low-voltage levels 2.7 3.6 \%
Supply voltage, BGND to BVpp -
5V logic levels 4.5 5.0 55 \%
Reference input voltage 0.5 25 3.0 \%
Analog inputs Vin+— Vin- —VRrerN /20 +VrerN /20 \Y,

DISSIPATION RATINGS TABLE

DERATING FACTOR Ta< 25°C Ta = 70°C Ta =85°C
BOARD | PACKAGE Reuc Reua ABOVE T, = 25°C | POWER RATING | POWER RATING | POWER RATING
Low-K @ PW 35°C/W | 147°C/W 6.8mW/°C 850mwW 544mW 442mwW
High-K @ PW 33.6°C/W | 108.4°C 9.225W/°C 1150mwW 738mwW 600mwW

(1) The JEDEC low-K (1s) board used to derive this data was a 3in x 3in, two-layer board with 2-ounce copper traces on top of the board.
(2) The JEDEC high-K (2s2p) board used to derive this data was a 3in x 3in, multilayer board with 1-ounce internal power and ground
planes and 2-ounce copper traces on top and bottom of the board.
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ELECTRICAL CHARACTERISTICS

Over recommended operating free-air temperature range at —40°C to +85°C, AV = BVpp = +5V, Vgee = internal +2.5V,
Mode 3, MCLK input = 20MHz, differential input voltage = 200mV,, common-mode voltage = 1.4V, and 16-bit Sinc? filter with
OSR = 256, unless otherwise noted.

ADS1208I
PARAMETER TEST CONDITIONS MIN TYP® MAX UNIT
Resolution 16 Bits
DC Accuracy
Integral nonlinearity ) 16-bit resolution -8 1.6 8 LSB
Integral nonlinearity -0.012 0.0025 0.012 %
Differential nonlinearity ® 16-bit resolution -1.0 1.0 LSB
Input offset® -2.0 -1.4 0 mvV
Input offset drift 2.0 8.0 uv/°c
Gain error® Referenced to voltage at REFIN -1.25 -0.7 1.25 %
Gain error drift Referenced to voltage at REFIN 15 ppm/°C
Power-supply rejection ratio 66 dB
Analog Input
Full-scale range Vine— Vine -125 125 mvV
Operating common-mode signal 0.8 14 25 \%
Input capacitance 5.0 pF
Common-mode rejection 95 dB
Current Source (IOUT)
Output current(®) louT 1.0 5.0 8.0 mA
Voltage at IOUT pin Vour 0 AVDD - 1.0 \Y
Voltage between AVDD pin and IADJ Vapj at loyt = 1MA to 8mA 480 500 520 mVv
Internal Voltage Reference
Reference output voltage REFOUT 2.45 2.5 2.55 \%
Reference temperature drift 20 ppm/°C
Output resistance 0.3 Q
Output source current 3.0 mA
Power-supply rejection ratio 60 dB
Startup time 0.1 ms
Voltage Reference Input
Reference voltage input REFIN 0.5 3.0 \%
Reference input capacitance 5 pF
Reference input current -50 +50 nA
Internal Clock for Modes 0, 1 and 2
Clock frequency 8.0 10.1 12.0 | MHz
External Clock for Mode 3
Clock frequency 1.0 24.0 | MHz

(1) Allvalues are at Ty = 25°C.

(2) Integral nonlinearity is defined as the maximum deviation of the line through the end points of the specified input range of the transfer
curve for V),— Vn- = =100mV to +100mV, expressed either as the number of LSBs or as a percent of the measured input range

(200mV).
(3) Ensured by design.

(4) Maximum values, including temperature drift, are ensured over the full specified temperature range.
(5) Itis possible to leave pin IOUT unconnected (lgyt = 0MA).
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ELECTRICAL CHARACTERISTICS (continued)

Over recommended operating free-air temperature range at —40°C to +85°C, AV = BVpp = +5V, Vgee = internal +2.5V,

Mode 3, MCLK input = 20MHz, differential input voltage = 200mV,, common-mode voltage = 1.4V, and 16-bit Sinc? filter with
OSR = 256, unless otherwise noted.

ADS1208I
PARAMETER TEST CONDITIONS MIN TYP® MAX UNIT
AC Accuracy
SNR Viy = 200mVpp at 1kHz 80 82 dB
SINAD Viy = 200mVpp at 1kHz 77 81.5 dB
THD Viy = 200mVpp at 1kHz -91 -80 dB
SFDR V)y = 200mVpp at 1kHz 80 93 dB
Digital Inputs ®
Logic family CMOS
\m High-level input voltage 0.7 X BVpp BVpp + 0.3 \Y
VL Low-level input voltage -0.3 0.3 x BVpp \Y
N Input current V|n = BVpp or GND -50 50 nA
C Input capacitance 5 pF
Digital Outputs®
Logic family CMOS
VoH High-level output voltage BVpp = 4.5V, loy = —100pA 4.44 \Y
VoL Low-level output voltage BVpp = 4.5V, Ig. = +100pA 0.5 \Y
C. Load capacitance 30 pF
Data format Bit stream
Digital Inputs (™
Logic family LVCMOS
\m High-level input voltage BVpp = 3.6V 2 BVpp + 0.3 \Y
VL Low-level input voltage BVpp = 2.7V -0.3 0.8 \Y
N Input current V|n = BVpp or GND -50 50 nA
C Input capacitance 5 pF
Digital Outputs®
Logic family LVCMOS
VoH High-level output voltage BVpp = 2.7, loy = —100pA BVpp — 0.2 \Y
VoL Low-level output voltage BVpp = 2.7, lo. = +100pA 0.2 \Y
C. Load capacitance 30 pF
Data format Bit stream
Power Supply
Analog supply voltage, AVpp 4.5 5.0 55 \%
Digital interface supply voltage, BVpp 2.7 5 55 \%
Operating supply current, Alpp Modes 0, 1 and 2 11.9 15.0 mA
Operating supply current, Alpp Mode 3 115 14.5 mA
Operating supply current, Blpp Modes 0, 1 and 2 2.3 3.0 mA
Operating supply current, Blpp Mode 3 1.3 2.0 mA
Power dissipation Modes 0, 1 and 2 71 90 mwW
Power dissipation Mode 3 64 82.5 mw

(6) Applicable for 5.0V nominal supply; BVpp (min) = 4.5V and BVpp (Mmax) = 5.5V.
(7) Applicable for 3.0V nominal supply; BVpp (min) = 2.7V and BVpp (max) = 3.6V
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PARAMETER MEASUREMENT INFORMATION

MCLK

woara X X X X X

Figure 1. Mode 0 Operation

TIMING CHARACTERISTICS: MODE 0
Over recommended operating free-air temperature range at —40°C to +85°C, and AV = +5V, BV, = +2.7 to +5.5V, unless
otherwise noted.

PARAMETER MIN MAX UNIT
tc1 Clock period 83 125 ns
tw1 Clock high time (tc1 /2) -5 (tc1 /2) +5 ns
tp1 Data delay after rising edge of clock -2 +2 ns

' e
MCLK
~———— tyy, ——— thy tpz—=
o X X X X

Figure 2. Mode 1 Operation

TIMING CHARACTERISTICS: MODE 1
Over recommended operating free-air temperature range at —40°C to +85°C, and AV = +5V, BV, = +2.7 to +5.5V, unless
otherwise noted.

PARAMETER MIN MAX UNIT
te1 Clock period 166 250 ns
twe Clock high time (tc2 12) =5 (tcp /2) +5 ns
tpo Data delay after rising edge of clock (two 12) — 2 (two /2) + 2 ns
tp3 Data delay after falling edge of clock (two 12) — 2 (two /2) + 2 ns
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Figure 3. Mode 2 Operation

TIMING CHARACTERISTICS: MODE 2

Over recommended operating free-air temperature range at —40°C to +85°C, and AV, = +5V, BV, = +2.7 to +5.5V, unless
otherwise noted.

PARAMETER MIN MAX UNIT
tc1 Clock period 83 125 ns
twi Clock high time (tc1/2) -5 (tc1 /2) +5 ns

E<—>§— tes
Motk /_\_/_\W/\N\_/_\_/_\_
- —
o X X X X X
note: MCLK is system clock input. MCLK is modulator clock output. Modulator clock frequency is half of system clock

frequency.

Figure 4. Mode 3 Operation

TIMING CHARACTERISTICS: MODE 3

Over recommended operating free-air temperature range at —40°C to +85°C, and AV, = +5V, BV, = +2.7 to +5.5V, unless
otherwise noted.

PARAMETER MIN MAX UNIT
tca Clock period 41 1000 ns
twa Clock high time 10 tcs — 10 ns
tpa Data and output clock delay after falling edge of input clock 0 10 ns
tr Rise time of clock (10% to 90% of BVpp) 10 ns
te Fall time of clock (90% to 10% of BVpp) 0 10 ns
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DEVICE INFORMATION
16-LEAD TSSOP PACKAGE
(TOP VIEW)
O
IOUT | 1 16 | BVDD
IADJ | 2 15 | BGND
AVDD | 3 14 | MCLK
Vins E 13 | MCLK
ADS1208
Vi E 12 | MDATA
AGND | 6 11 | MDATA
REFIN | 7 10 | MO
REFOUT | 8 9 | M1
Table 1. TERMINAL FUNCTIONS
PIN
DESCRIPTION
NO. NAME
1 I0UT Current output for sensor
2 IADJ Output current adjustment
3 AVDD Analog supply
4 ViN+ Positive input
5 Vin- Negative input
6 AGND Analog ground
7 REFIN Reference input
8 REFOUT Reference output
9 M1 Mode selection input
10 MO Mode selection input
11 MDATA Inverted data output
12 MDATA Noninverted data output
13 MCLK Inverted clock output (Modes 0, 1); Clock input (Mode 3)
14 MCLK Noninverted clock output
15 BGND Digital interface ground
16 BVDD Digital interface supply (2.7V to 5.5V)
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FUNCTIONAL BLOCK DIAGRAM
+5V
7 o
1oUT BVDD O +5V
—L 100nF —LlouF
= Ry IADJ BGND T+—r
é o AVDD MCLK |—0
T Vine aDs120s MK —
Vi MDATA |—o
A ——
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1
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. 1kQ
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100nF —
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A. For Functional configuration (Mode 0), possible Hall elements include the Toshiba THS119 and the Philips KMZ10.

Figure 5. Functional Configuration (Mode 0)
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TYPICAL CHARACTERISTICS

At 25°C, AVpp = BVpp = +5V, Ve = internal +2.5V, Mode 3, MCLK input = 20MHz, differential input voltage = 200mVpp,
common-mode voltage = 1.4V, and 16-bit Sinc? filter with OSR = 256, unless otherwise noted.
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TYPICAL CHARACTERISTICS (continued)

At 25°C, AVpp = BV = +5V, Vgee = internal +2.5V, Mode 3, MCLK input = 20MHz, differential input voltage = 200mVp,,
common-mode voltage = 1.4V, and 16-bit Sinc? filter with OSR = 256, unless otherwise noted.

SIGNAL-TO-NOISE RATIO vs
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TYPICAL CHARACTERISTICS (continued)

At 25°C, AVpp = BV = +5V, Vgee = internal +2.5V, Mode 3, MCLK input = 20MHz, differential input voltage = 200mVp,,
common-mode voltage = 1.4V, and 16-bit Sinc? filter with OSR = 256, unless otherwise noted.
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TYPICAL CHARACTERISTICS (continued)

At 25°C, AVpp = BV = +5V, Vgee = internal +2.5V, Mode 3, MCLK input = 20MHz, differential input voltage = 200mVp,,
common-mode voltage = 1.4V, and 16-bit Sinc? filter with OSR = 256, unless otherwise noted.
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TYPICAL CHARACTERISTICS (continued)

At 25°C, AVpp = BV = +5V, Vgee = internal +2.5V, Mode 3, MCLK input = 20MHz, differential input voltage = 200mVp,,
common-mode voltage = 1.4V, and 16-bit Sinc? filter with OSR = 256, unless otherwise noted.
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TYPICAL CHARACTERISTICS (continued)

At 25°C, AVpp = BV = +5V, Vgee = internal +2.5V, Mode 3, MCLK input = 20MHz, differential input voltage = 200mVp,,
common-mode voltage = 1.4V, and 16-bit Sinc? filter with OSR = 256, unless otherwise noted.
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APPLICATION INFORMATION

GENERAL DESCRIPTION

The ADS1208 is a 2nd-order delta-sigma modulator,
which is implemented with a switched capacitor
circuit. The analog input signal is continuously
sampled by the modulator and compared to an
internal voltage reference. A digital bit stream, which
accurately represents the analog input voltage over
time, appears at the output of the converter.

The ADS1208 is optimized for Hall sensors and
similar applications. As a result, the full-scale input
range is +Vreen/20, which is typically £125mV. How-
ever, to achieve good noise and linearity, only 80% of
this range should be used (x100mV). The analog
input pins (V|y+ and V) are internally buffered with
two low-noise, high bandwidth, low offset amplifiers.

A current source is also integrated into the ADS1208
that can be used for biasing a Hall element or bridge
sensor. This current can be programmed with a
resistor that must be placed between AVDD and
IADJ.

Additionally, the ADS1208 includes a reference volt-
age source with a buffered output. A reference input
pin is provided as well. The voltage at the REFIN pin
sets the analog input range.

The device digital interface is fully compatible with the
ADS1202 and ADS1203. The ADS1208 also provides
inverted outputs of MCLK and MDATA (MCLK and
MDATA, respectively) to increase noise immunity for
the digital data transmission.

The clock source can be internal as well as external.
Different clock frequencies in combination with an
optional digital filter enable a variety of solutions and
signal bandwidths.

Figure 5 (page 8) shows the functional block diagram
with external circuitry. The Hall element is biased
from the internal current source. The current is set by
resistor Rypy. An offset compensation of the Hall
element is enabled by the optional resistors R1 to R4.
The analog inputs V|, and V_ are directly connec-
ted with the Hall element outputs. The reference input
REFIN is connected to the reference output REFOUT
with an optional RC low-pass filter, for additional
noise filtering. For both power-supply pairs, AVDD
and BVDD, decoupling capacitors of 100nF and 10uF
(respectively) are recommended.

ANALOG SECTION

Modulator

The 2nd-order modulator acts as a filter. The input
signal is low-passed while the quantization noise is
shifted to higher frequencies. A digital low-pass filter

should be used at the output of the delta-sigma
modulator. The primary purpose of the digital filter is
to remove high-frequency noise. The secondary pur-
pose is to convert the 1-bit data stream at a high
sampling rate into a higher-bit data word at a lower
rate (that is, decimation). A digital signal processor
(DSP), microcontroller (uC), or field programmable
gate array (FPGA) could be used to implement the
digital filter.

Analog Inputs

The internal sampling capacitors present a very
significant load that needs to be recharged within
50ns. The ADS1208 provides two input buffers to
decouple the sampling capacitors from the pins (Vys,
Vo). These buffers provide a high bandwidth
(typically, 50MHz) at a low noise and low offset. This
configuration improves the system performance sig-
nificantly, if the input source has a high impedance in
the kQ range. A source impedance in this range
without buffers would decrease THD and linearity
significantly, and would also cause a gain error that
changes with supply or temperature.

The input buffers have an auto zero function to
reduce the input offset. The auto zero switches of the
input buffers may apply a glitch of 10fC to 50fC to the
signal source in each clock cycle. For this reason,
placing a 1nF capacitor between the inputs is rec-
ommended, if the source impedance is larger than
500Q. See Figure 35 for the equivalent input circuit,
including the protection diodes.

AVDD J\—<

-

VIN+

Delta-Sigma

AZ
O

AZ Modulator
o

Vin-

It
F———t

Figure 35. Equivalent Input Circuit

Internal Reference

The ADS1208 includes a 2.5V reference. The refer-
ence output is connected to the REFOUT pin via an
output buffer that can source 3mA. The sink current is
limited to 50pA. The output resistance of this buffer is
0.3Q. The internal reference is also used to control
the current source at the IOUT pin.

The ADS1208 additionally provides a REFIN pin. The
applied voltage Vggrny Sets the gain of the internal
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modulator. An external reference could vary from
0.5V to 3V. The modulator input range is defined to
+Vrern/20. For a 2.5V reference, the full-scale range
is £125mV. The REFIN pin is decoupled from the
modulator with a buffer.

Current Source for the Hall Element

Internal circuitry (see Figure 36) forces the IADJ pin
to a potential of:

\Y
Viap, = AVDD — —RESFOUT

RADJ
e.g., 100Q

for 5mA

Figure 36. Current Source

This means that the voltage drop of the resistor Rap;
is equal to the current source reference Vap;.

%
Vs = —REEOUT =05V

With resistor R,p; placed between AVDD and IADJ, a
current of:

VREFOUT

I = —-—
T 5. (Rupy+0.3Q)

is sourced out of the IOUT pin. The current should be
set between 1mA and 8mA. However, it is also
possible to leave the pin open. As the Hall voltage is
directly proportional to this current, the input voltage
to the modulator V,y is directly proportional to the
internal reference voltage Vgerout- AS the filtered
digital output data word Ygyr from the modulator is

also directly proportional to the reference voltage, the
drift of the reference is actually cancelled out. Be
aware that this is only the case if the application is
using IOUT to drive the Hall sensor and if REFIN is
connected to REFOUT.

1

YOUT - R
ADJ

This means that trimming the resistor can calibrate
the gain of the entire system. The resistor can be
chosen to be stable over temperature, or to compen-
sate any temperature behavior of the Hall sensor.

DIGITAL OUTPUT

A differential analog input signal of OV ideally pro-
duces a stream of 1s and 0Os that are high 50% of the
time and low 50% of the time. A differential analog
input of +100mV produces a stream of 1s and Os that
are high 80% of the time. A differential analog input
of —100mV produces a stream of 1s and 0s that are
high 20% of the time. The input voltage versus the
output modulator signal is shown in Figure 37.

DIGITAL INTERFACE

Introduction

The analog signal that is connected to the input of the
delta-sigma modulator is converted using the clock
signal that is applied to the modulator. The result of
the conversion, or modulation, is the output signal
MDATA from the delta-sigma modulator. In most
applications, the two standard signals (MCLK and
MDATA) are provided from the modulator to an ASIC,
FPGA, DSP, or uC (each with an implemented filter,
respectively). A single wire interface is provided in
Mode 2, where the data stream is Manchester
encoded. This configuration reduces the costs for
galvanic isolation.

The interface also provides the inverted outputs
MDATA and MCLK for the signals MDATA and
MCLK, respectively. These inverted outputs are use-
ful for systems with high common-mode noise at the
digital data transmission. The digital interface is
specified for the voltage range of 2.7V to 5.5V.

Modulator Output

Analog Input

+FS (Analog Input)

________ FS (Analog Input)

Figure 37. Analog Input vs Modulator Output of the ADS1208
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Different Modes of Operation

The typical system clock of the ADS1208 is 20MHz.
The system clock can be provided either from the
internal 20MHz RC oscillator or from an external
clock source. For this reason, the MCLK pin is
bidirectional and is controlled by the mode setting.
The system clock is divided by two for the modulator
clock. Therefore, the default clock frequency of the
modulator is 10MHz. With a possible external clock
range of 1MHz to 24MHz, the modulator operates
between 500kHz and 12MHz. The four modes of
operation for the digital data interface are shown in
Table 2.

Mode 0

In Mode 0, the internal RC oscillator is running. The
data is provided at the MDATA and MDATA output
pins, and the modulator clock at the MCLK and
MCLK pins. The data changes at the falling edge of
MCLK. Therefore, it can safely be strobed with the
rising edge. See Figure 1 on page 5.

Mode 1

In Mode 1, the internal RC oscillator is running. The
data is provided at the MDATA and MDATA output
pins. The frequency at the MCLK and MCLK pins is
equivalent to the modulator clock frequency divided
by two. The data must be strobed at both the rising
and falling edges of MCLK. The data at MDATA
changes in the middle, between the rising and falling
edge. In this mode, the frequency of both MCLK and
MDATA is only 5MHz. See Figure 2 on page 5.

Mode 2

In Mode 2, the internal RC oscillator is running. The
data is Manchester encoded and is provided at the
MDATA and MDATA pins. There is no clock output in
this mode. The MCLK and MCLK outputs are set to
low. The Manchester coding allows the data transfer
with only a single wire. See Figure 3 on page 6.

Mode 3

In Mode 3, the internal RC oscillator is disabled. The
system clock must be provided externally at the input
MCLK. The system clock must have twice the fre-
guency of the chosen modulator clock. The data is
provided at the MDATA and MDATA output pins.
Since the modulator runs with half the frequency of
the system clock, the data changes at every other
falling edge of the external clock. The data can be
safely strobed at every rising edge of the MCLK
output, which provides half the frequency of the
system clock. This mode allows synchronous oper-
ation to any digital system or the use of modulator
clocks different from 10MHz. See Figure 4 on page 6.

Filter Usage

The modulator generates only a bitstream, which is
different from the digital word of an analog-to-digital
converter (ADC). In order to output a digital word
equivalent to the analog input voltage, the bitstream
must be processed by a digital filter. A very simple
filter built with minimal effort and hardware is the
Sinc? filter, shown in Equation 1:

e - (55

@

Table 2. Operating Mode Definition and Description

MODE DEFINITION M1 MO
Mode 0 Internal clock, synchronous data output Low Low
Mode 1 Internal clock, synchronous data output, half output clock frequency Low High
Mode 2 Internal clock, Manchester encoded data output, no clock output High Low
Mode 3 External clock, synchronous data output High High
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This filter provides the best output performance at the
lowest hardware size (for example, a count of digital
gates). For oversampling ratios in the range of 16 to
256, the Sinc® filter is a good choice. All
characterizations in this datasheet were obtained
using a Sinc® filter with an oversampling ratio (OSR)
of 256 and an output word length of 16 bits. In a
Sinc® filter response (shown in Figure 38 and Fig-
ure 39), the location of the first notch occurs at the
frequency of output data rate foara = fo /OSR. The
—3dB point is located at half the Nyquist frequency, or
foatal4. For some applications, it may be necessary
to use another filter type for better frequency re-
sponse. Device performance can be improved, for
example, by using a cascaded filter structure. The
first decimation stage can be a Sinc? filter with a low
OSR and a second stage, high-order filter.

0
\ OSR=32
-10 foata = 10MHz/32 =312.5kHz
-3dB: 81.9kHz
-20
. -30
g \
)
g 740 \ f\
© g
- TR\
. \ l/ \\ /\\ ~

-80

0 200 400 600 800 1000 1200 1400 1600
Frequency (kHz)

Figure 38. Frequency Response of Sinc® Filter
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Figure 39. Pulse Response of Sinc? Filter
(fMOD = 1OMHZ)

The effective number of bits (ENOB) can be used to
compare the performance of ADCs and delta-sigma
modulators. Figure 40 shows the ENOB of the
ADS1208 with different filter types. In this datasheet,
the ENOB is calculated from the SNR:

SNR = 1.76dB + 6.02dB x ENOB

INSTRUMENTS
www.ti.com
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Figure 40. Measured ENOB vs OSR

In motor control applications, a very fast response
time for overcurrent detection is required. There is a
constraint between 1ps and 5us with 3 bits to 7 bits
of resolution. The time for full settling depends on the
filter order. Therefore, the full settling of the Sinc®
filter needs three data clocks and the Sinc? filter
needs two data clocks. The data clock is equal to the
modulator clock divided by the OSR. For overcurrent
protection, filter types other than Sinc® mlght be a
better choice. A good example is a Sinc? filter.
Figure 41 compares the settling time of dlfferent filter
types. The Sincfast is a modified Sinc? filter, as
shown in Equation 2:

H(z) = (1—Z*°SR)2(1+Z—2-OSR)

1-z-1? 2
12 Sinc? //
8 X/ /4
/, Sincfast
2 Z | Nsinc
m b5
inc
Ny
) /V
0

0 1 2 3 4 5 6 7 8 9 10
Settling Time (us)

Figure 41. Measured ENOB vs Settling Time

For more information, see application note SBAA094,
Combining the ADS1202 with an FPGA Digital Filter
for Current Measurement in Motor Control Appli-
cations, available for download at www.ti.com.
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LAYOUT CONSIDERATIONS

Power Supplies

The ADS1208 has two power supplies, AVDD and
BVDD. If there are separate analog and digital power
supplies on the board, a good design approach is to
have AVDD connected to the analog and BVDD to
the digital power supply. Another possible approach
to control noise is the use of a resistor on the power
supply. The connection can be made between the
ADS1208 power supply pins via a 5Q resistor. The
combination of this resistor and the decoupling ca-
pacitors between the power supply pins AVDD and
AGND provides some filtering. The analog supply
must be well-regulated and offer low noise. For
designs requiring higher resolution from the
ADS1208, power-supply rejection will be a concern.
The digital power supply has high-frequency noise
that can be coupled into the analog portion of the
ADS1208. This noise can originate from switching
power supplies, microprocessors, or DSPs.
High-frequency noise will generally be rejected by the
external digital filter at integer multiples of MCLK.
Just below and above these frequencies, noise will
alias back into the passband of the digital filter,
affecting the conversion result. Inputs to the
ADS1208, such as V|, Viy. and MCLK should not be
present before the power supply is turned on. Viol-
ating this condition could cause latch-up. If these
signals are present before the supply is turned on,
series resistors should be used to limit the input
current. Additional user testing may be necessary in
order to determine the appropriate connection be-
tween the ADS1208 and different power supplies.

Grounding

Analog and digital sections of the system design must
be carefully and cleanly partitioned. Each section
should have its own ground plane, with no overlap
between them. Do not join the ground planes. In-
stead, connect the two planes with a moderate signal
trace underneath the modulator. For multiple modu-
lators, connect the two ground planes as close as
possible to one central location for all of the modu-
lators. In some cases, experimentation may be re-
quired to find the best point to connect the two planes
together.

Decoupling

Good decoupling practices must be used for the
ADS1208 and for all components in the system
design. All decoupling capacitors, specifically the
0.1pF ceramic capacitors, must be placed as close as
possible to the respective pin being decoupled. A 1pF
and 10pF capacitor, in parallel with the 0.1uF ceramic
capacitor, can be used to decouple AVDD to AGND.
At least one 0.1pF ceramic capacitor must be used to
decouple BVDD to BGND, as well as for the digital
supply on each digital component

It is highly recommended to place the 100nF com-
pensation capacitor, which is connected between
AVDD and AGND, directly at pins 3 and 6. Otherwise,
current glitches from the internal circuitry can cause
glitches in the supply, which again causes jitter on the
internal clock signal. This jitter degrades the noise
performance of the ADS1208. The input signals V.
and V|\_ can be routed underneath this capacitor.
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PACKAGING INFORMATION

Orderable Device Status @ Package Package Pins Package Eco Plan @ |ead/Ball Finish MSL Peak Temp ®
Type Drawing Qty

ADS1208IPW ACTIVE TSSOP PW 16 90 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)

ADS1208IPWG4 ACTIVE TSSOP PW 16 90 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)

ADS1208IPWR ACTIVE TSSOP PwW 16 2000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

ADS1208IPWRG4 ACTIVE TSSOP PW 16 2000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS) or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

®) MsL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.
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MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1999

PW (R-PDSO-G**)
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

“«—— A —»
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Seating Plane *

0,15 NOM

Gage Plane i

v
L 1,20 MAX %5__|: ' ~Jo,10 |
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N

0,05
PINS 8 14 16 20 24 28
DIM
A MAX 3,10 5,10 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/F 01/97

NOTES: A.

Cow

All linear dimensions are in millimeters.
This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0,15.

Falls within JEDEC MO-153
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