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Workshop Agenda

« Data Converter Fundamentals
— Key concerns when choosing a data converter
— Data converter and analog design tools

« Design Considerations
— Input drive considerations

— Cost and performance tradeoffs
— PCB layout

« Putting the Pieces Together...
— Software tool demos

— Hardware tool demos
Minds in Motion

Technology for Innovators” Wi TEXAS INSTRUMENTS




Tl | Developer Conference

Data Acquisition Components

Power
Management

Processor

Minds in Motion
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Simultaneous Sampling

* Why do simultaneous sampling?

* Applications for simultaneous sampling
converters

Minds in Motion
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Why Sample Simultaneously?

* Preservation of Phase Relationship
— Speed/position sensors
— Vibration analysis

» Relative Signals for Various Equations
— Power
— Torque, etc.

Minds in Motion
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Simultaneous Sampling
Applications
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Simultaneous Sampling ADCs

» 2x2 SAR: 2 ADCs with 2 S/H
— ADS7861, ADS8361
— ADS7862

» 3x2 SAR: 2 ADCs with 3 S/H
— ADS7864

1x6 SAR: 6 ADCs with 1 S/H
— ADS8364, ADS8365

Pipeline
— THS12xx

Minds in Motion
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2X2 SAR
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3x2 SAR
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1x6 SAR
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4X1 Pipeline
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Multiplexed Sampling

* Are there advantages®?
« What about using multiple ADCs?
« Applications for multiplexed inputs

Minds in Motion
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Multiplexed Advantages

* Fewer converters needed per channel — often
only one needed.

« Often lower power
o Often lower cost
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Multiplexed vs. Multi-Chip

 Reference distribution issues

 |nput signal issues: One channel has very
different input needs from others.
— Use a single channel device, MUX the others.
« Multiplexing implies time delays between
channels — system issues? Simultaneous
sampling better?

« Can the processor easily support multiple
ADCs?

Minds in Motio
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Reference Distribution
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Multiplexing Basics

Minds in Motion
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Multiplexed Applications

* Temperature monitoring
* Multi-point weigh scales
* Pressure monitoring

« Control surface transducer readings (e.g., audio
mixer control surface)

* General purpose low-speed sensor data
acquisition

Minds in Motion
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Multiplexing Application Tips

 If converter is available with internal MUX,
use it!
— Available on both SAR and delta-sigma.

* Internal MUXes are tailored to match the
ADC performance.

* Don't have to guess about switching and
settling time.

Minds in Motion
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Multiplexing SARs vs. A2s

 SAR-based systems often require low-pass
filters on each channel, increasing power and
cost.

« A2 systems generally offer greater accuracy and
lower noise floor.

* SAR designs with a post-multiplexer filter result
In a system with settling-time issues almost
identical to the AZ design, but with higher noise.

Minds in Motio
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Multiplexing with SARs
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Multiplexing with Delta-Sigmas
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The Delta-Sigma Architecture

Analog AV Delta-Sigma JIriL
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SAR vs. Delta-Sigma Conversions

« SAR conversions have Start Conversion
Signal.

» Delta-Sigma is always sampling/converting.

SAR Converter

Start Conversion | | |

Conversion Done | | |

Delta-Sigma Converter

Input Sampling |||||||||||||||||||||||||||||||||||||||||||||

Conversion Done | |

Minds in Motio:
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Settling Time

. -

» Anti-aliasing filter ADC ——p

For a delta-sigma, these are normally combined.

Minds in Motion
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Settling Time: SAR vs. A2

7 Settling complete

SARs can convert any time, so can be
made to resume conversion at just
S the right moment.
—— e - —
e —

Sampling stopped

Settling complete
/‘/_K Delta-sigma with 2-cycle settling time.
Step occurs
—
/7 N\

Invalid sample: First settled sample
Output not equal to input

Minds in Motion
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Effects of Settling Time

p
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AMPLITUDE
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Anti-Aliasing Filter

Gain 4
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occur at these
frequencies.

50-dB, alias-free range is insufficient for 16 bits.
Minds in Motion
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Improved Anti-Aliasing Filter
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Minds in Motion
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Anti-Aliasing Filter Calculator
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8t Order Filter Example
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Filter Pro”™

* A filter synthesis tool for designing multi-

section, low-pass and high-pass active
filters.

« Supports 2" to 10t order, multiple-feedback
(MFB) and Sallen-Key filter topologies.

FILTER PRO-

Minds in Motion
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The Filter Pro Worksheet
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Filter Pro Topologies

Multiple Feedback (MFB) Sallen-Key
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* Inverted stage
« No common-mode error
* Low component sensitivity

Minds in Motion

Technology for Innovators” Wi TEXAS INSTRUMENTS




Tl | Developer Conference

Response Characteristics
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TINA-TI”
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Analysis

E’_! Wein_bridge_02 - Schematic Editor
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Technology for Innovators®
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Test and Measurement
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Tl Example Circuits
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For More on TINA-TI

Where to get TINA-TI:
http://focus.ti.com/docs/toolsw/folders/print/tina-ti.html

Or simply go to www.ti.com
and enter TINA-TI in the keyword search box.

Minds in Motion
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In Summary

* Know Your Input Signals
— Speed, bandwidth
— Time relationships to each other

« Choose the Right Scheme
— Multiplexing
— Simultaneous sampling
— Multiple ADCs

« Choose the Right Converter Architecture
— SAR

* Input buffering and drive requirements
— Delta Sigma
« Settling time of filters Minds in Motion
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Design Considerations

 ADC Input Drive

 Cost and Performance Tradeoffs
— Improving embedded ADC performance.

« PCB Layout Considerations

— Analog and auto routers don’t mix.

Minds in Motion
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Input Drive Circuitry

Input Types

— Single ended

— Pseudo-differential
— Differential

Buffer Op Amp

— Rail-to-rail considerations

« RC Circuit

— Establishing starting criteria

Modeling the ADC Input Interface

Minds in Motion
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Single-Ended Inputs

+V

|
¢ \l__

L &Y

(optional)

Minds in Motion
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Single-Ended Inputs

* A single input pin
for a particular
channel.

* Input signals are ;
referred to ground. ="

Note: input is referred to GROUND!

Minds in Motion
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True Bipolar Inputs

Devices with up to +/-10VDC inputs
« ADS78xx and ADS85xx Series
« TLC257x and TLC357x Series

- 65536
- 49152

-+ 32768

16384

36 72 108 144 216 252 288 324 360
-+ -16384
-+ -32768

+ -49152

-65536

—=— AINP
—=<—BTC

Technology for Innovators®

Minds in Motion
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Pseudo Differential Inputs

+5V

* More like a single-ended
input than differential,
but with some

Common

(CMV)

advantages. dose T N

* |IN- pin can move, but in
a limited range.

* Good for removing
common-mode voltages,
offsets, etc.

* Provides a “clean” signal
reference point.

(VIN+)-(VIN-)=+VREF
VIN+
| \ |VREF| VIN-

(VIN4)-(VIN-)=-VREF

Minds in Motion
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Pseudo Differential Example

32768

2.5

24576
1.5 + A 2

1 ,
% 8192 |—m—AINP

0.5 +
0 —e—AINN

0.5 0%
14
45+
21
2.5

0

0 —a—DIFF
--8192 | . BTC

-+ -16384
-+ -24576

-32768

 Example: OV to 2V sine wave; 1V common mode
voltage.

« ADC sees the difference between the two inputs
(“differential”).

* QOutput code may be unipolar or bipolar (bipolar
shown here). Minds in Motior
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Differential Inputs

« Sometimes called “fully
differential.” Example: ADS1271

« ADC sees AINP-AINN  ————
as inpUt. i AVDD AGND i
« Both inputs can swing ... L % % v,
from OV to the full ; L.\
scale — but NOT below .. . |
ground (in most i % % o
CaseS). !LA-E'“-II:I AVDD i
* Typically move in a =50 Profectcn
“balanced” fashion.
Minds in Motion
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Differential Input Example

Common
Mode
Voltage
(CMV)

x|

(VIN+)-(VIN-)=+VREF

+5v
VIN+
+
< ADS7869
VIN- -\
Vrer =
VIN+ VIN-

9

|VREF]|

(VIN+)-(VIN-)=-VREF

Minds in Motion
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Driving SAR Inputs

Data Output Register

S
. s"o =
Vg ! SAR
—C +
V V
N-bit Search|
DAC )
Minds in Motion
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Interface Circuit

] Rf R
WYy, "~ MK C5{20pF to 50pF)
] | SWsamp — Vint (Vcc’ O'5Vcc’
Co | NN *“' or GND)
L SWeonv =
Op Amp Filter A/D
CMV range, Vo5 vs CMV Charge bucket Acquisition time
RR out-swing to the rail Filtering, Input circuit parameters
Slew rate, Signal BW, C,.aq IsOlation, Initial voltage on Cg,
Load transient, Settling time,
Output impedance Y . \
Minds in Motion
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Design Checklist Items

 Op Amp Common Mode Voltage
* Op Amp Output Swing to Rail
 Op Amp Settling Time

* Filter Capacitor Type

* Filter Component Values

 Op Amp Specifications

Minds in Motion
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Amplifier Input Concerns

R
m Z WSH(z()pF to 50pF)

— . SWsamp <= Vint (Vcc’ 0'5Vcc’
C N—F " or GND)
_x SWeonv =

Rail-to-Rail Input

Minds in Motion
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Drive Stage Concerns

fl Z S
. C<n(20pF to 50pF
>‘—\/\/\)\ < /\/\7(__LSH( pF to 50pF)

. = S Vint (Vee, 0-5Ve,
Cp S\A’\Zonv “ - o GND)
Rail-to-Rail Output
Minds in Motion
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Rail-to-Rail Limitations

—1KHz

— 10KHz
-40 Z

-30

-50

-60

THD+N

-70

-80

-90

//

—4_—.:/

————

-100

44 445 45 455 46 465 47 475 48 485 49 495 5 505 5.1

V(out)

Exam ple: OPA350 Minds in Motion
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A Simple Solution

MMV
/ ADS8361
W_L < +In
\In Ref Ref
* Since op amp can only Out _In
swing 4.8Vp-p. o) 2.4V
 Set ADS FSR to 4.8V |
by reducing Refin to e
2.4V. T
Minds in Motion
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Why the R/C Filter?

> 5 / TR Con osor
. e Yamp V. (Ve 0.5V,
int
— LW

. L or GND)
sSw

conv —

Minds in Motion
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Charge Transients

Tek TR 10.0MS/s N 8 Acqgs , 0

4

G 16:17:52

Minds in Motion
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R/C Component Selection

¢ P|Ck Cﬂt =20*CSH
» R;; Calculation

— ot settie = taca = 12 T it
Theoretical Minimum

Practical Results:

— Use t =18T  ; margin for:

* Op amp output load transient
« Op amp output small signal settling time

— Ryt = taco/18 Cy

Technology for Innovators®

Minds in Motion
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Settling Time vs. Resolution

Number of bits 0.5LSB Time Constants

10 0.0488281% 3

12 0.0122070% 9

14 0.0030518% 11
16 0.0007629% 12
18 0.0001907% 13
20 0.0000477% 15
22 0.0000119% 17
24 0.0000030% 18

Minds in Motion
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In Summary

* Choose the right ADC for your system input
requirements
— Single-ended
— Pseudo-differential
— Differential

« Buffer op amp
— Rail-to-Rail considerations
— Settling times and drive capability

« RC circuit

— Use the starting criteria established here.

— Experiment to optimize.
Minds in Motion
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Balancing Cost and Performance

 What does the system really need?
« But | already have an on-board ADC...

* How to improve performance of an embedded
converter.

Minds in Motion
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System Input Requirements

 Component selection: choice does matter!
« What performance level are you looking for?

* Does the embedded ADC give the required
accuracy?

* Does the on-board reference support the
required accuracy?

Minds in Motion
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Capacitor Choice Is Important!

flt Z S
. C<(20pF to 50pF
>——\/\/\)\ < /\/\7(__LSH( pF to 50pF)

— samp ST Vint (Vcc’ O'5Vcc’
. *“' or GND)
sSwW

conv —

Minds in Motion
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THD+N vs. Frequency

A
P
-70 =
75
-80 :
d 85
B -
-90 :
95 _l
e ‘ ’/ b
-100 ™ | ‘ " 4
=
-105 :
110 &
100 200 500 1k 2k 5k 10k 20k 50k 100k 200k
Hz
Sweep Trace Color Line Style Thick Data Axis  Comment
1 1 Yellow Solid 1 AnIr.THD+N Ratio Left Cc=0
2 1 Red Solid 1 Anlr. THD+N Ratio Left c1
3 1 Blue Solid 1 Anlr. THD+N Ratio Left Cc2
4 1 Cyan Solid 1 Anir. THD+N Ratio Left C3
5 1 Green Solid 1 Anir.THD+N Ratio Left C4
R =100 ohm, C = 3.3 nF, Vp-p =5V f(-3dB) = 482 kHz

Minds in Motion
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THD+N vs. Voltage

-60 — A
P P
70 f e ——
75 f — —
-80 f
d -85 C
B C
-90 :
-95 E
100 \
-105 f \A\V’A y _ /Fgg
g0 ELLLLLLL LV LT PP L LT PP P L PP T T T T T A LT
1 2 3 4 5 6 7 8 9 10 11 12
Vrms
Sweep Trace Color Line Style Thick Data Axis  Comment
1 1 Yellow Solid 1 AnIr. THD+N Ratio Left Cc=0
2 1 Red Solid 1 Anir.THD+N Ratio Left C1
3 1 Blue Solid 1 Anlr. THD+N Ratio Left Cc2
4 1 Cyan Solid 1 AnIr.THD+N Ratio Left C3
5 1 Green Solid 1 AnIr.THD+N Ratio Left C4
R =100 ohm, C=3.3nF, f=10kHz, f(-3dB) =482 kHz

Minds in Motion
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What ‘C’ Type Should | Use?

» Best performance:
— Silver Mica or COG(NPO)

 Avoid others.

* Others may cost less and be smaller but can
distort the input signal.

Minds in Motion
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Embedded Processor ADCs

e Performance vs. cost

* Process issues
— Digital process, analog application...

 How to improve on-board converter accuracy
— Try an external precision reference!

Minds in Motion
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DAQ Signal Chain

Power
Management

Data
Conversion

Transistors
- Speed

- Linearity

- Noise
Resistors
-TCR

-VC

- Matching
Capacitors
-VC

Hysteresis
- Matching

« Temp

* Pressure
¢ Speed

* Humidity
* Position
* Flow

* Light

Technology

Minds in Motion
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Specifications to Watch for

« Speed: How fast is the converter?

* Resolution: What is the ENOB?

* INL: Integral non-linearity

« DNL.: Differential non-linearity

« Offset: Error (in LSBs) regarding offset
« Gain: Error (in %FSR) regarding gain

Minds in Motion
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Important Parameters

ADS7829 ADS 7866 ADS 7886 S6F807

Typ Max Typ Max Typ Max Typ Max

Speed 125 100 1000 714"
Resolution 12 12 12 12

INL (@12bit) +0.4 +1.25 +1 +1.5 +0.6 +1.5 +2.5 +4
DNL +0.4 +1.25/-1 +0.8 +1.5/-0.9 +0.75 +1.5/-0.9 +0.9 +1
Offset +0.18 +1.83 +0.5 +0.87 +0.31 +0.92 -25 +10/-90
Gain +0.007 0.05 +0.007 +0.05 +0.012 +0.04 +0 +8/-7

ELECTRICAL CHARACTERISTICS

Over recommended operating free-air temperature range at —40°C to 85°C, AVp = 5V, BVpp = 3V, Vger = infernal +2.5Y, Tz = 10MHz, and fzapyp e = 500 kSPS,
unless otherwise noted.

ADSE361
FARAMETER CONDITIONS MIN TYP! MAX UNITS
ANALOG INPUT
Full-Scale Rangei?) (FSR) +IN — (=IN) Voes W
Operating Commeon-Mode Signal 22 28 W
Input Switch Resistance —IN = Vagr 20 Q
Innnit Canaritanre —IN = W 25 nE

Technology for Innovators” Wi TEXAS INSTRUMENTS
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Datasheet Specs...

ADC's
ELECTRICAL CHARACTERISTICS performance
QOver recommended operating free-air temperature range at —40°C to 85°C, AVpp = 5V, BVpp = 3V, Veer = internal +2.5Y, foyy = 10MHZ, and Touye e = 500 KSPS, over
unless otherwise noted. tempe ratu re
ADS8361 e
at specified
PARAMETER CONDITIONS MIN TYPI! MAX UNITS
speed
ANALOG INPUT
Full-Scale Rangel2) (FSR) +IN — (—IN}) oee v
Operating Common-Mode Signal 22 28 W
Input Switch Resistance —IN = Viger \ED\ ™~ Q
Input Capacitance —IN = Ve 25 F
Input Leakage Current =IN = Veer +1 \ n EnSU red ValueS
Differential Input Switch Resistance 40
Differential Input Capacitance 15 pF \ based on
Common-Mode Rejection Ratio  (CMRR) At DC 84 dB 1
Wy = +1.25Vp-p at 50kHz dB tests I_n
DC ACCURACY N production
Resolution 16 Bits
No Missing Code (NMC) 14 Bits
Integral Linearity Error (INL) +3 + LsB®
Integral Linearity Match Channel 0/1, Same A/D - 4 LSB
Differential Monlinearity (DML} \ +1.5#) LSB
Bipolar Offset Error {Vos) o +2
Bipolar Offset Error Match Channel 0/1, Same A/D 0.5 \1\ my Clear teSt
Bipolar Ofiset Error Drif (TCVos) 04 e | conditions for
Gain Error® (Gegg) +0.05 +0.5 % § .
Gain Error Match 0.05 0.15 % specified
Gain Error Drift (TCGerg) 20 ppmieC
Noise 60 wvrms parameters
Power-Supply Rejection Ratio (PSRR} 475V < AVgyp < 525V, with —70 dB
External Reference, at DC
SAMPLING DYNAMICS No hidden
Conversion Time per A/D (teom) 100KHZ < Ty < 10MHZ 16 160 ps
Acquisition Time (tac) fewe = 10MHZ 400 ns and
Throuahout Rate 500
3 = unclear
NOTES: (1) All Values are at T, = 25°C. (2) Ideal input span; does not include gain or offset erggr east Significant Bit, with V- equal to +2.5V; I t t
1LSB = 7euV. (4) Specified for 14-bit no missing code. (3) Specified for 15-bit no missing code. (6) Measured relative to an ideal, full-scale input {+IN — (—IN}) of Imitations

4.9999V. Thus, gain error does not include the error of the internal voltage reference.

Technology for Innovators®

Minds in Motion
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Read the Fine Print!

Table 35. ADC Characteristics

Operating Conditions: Ve =Vgga =0 V. Vpp = Vppa = 3.0-3.6 V. Vgpr = Vpp-0.3V, ADCDIV = 4, 9, or 14, (for optimal
performance), ADC clock = 4MHz, 38-3-63 T, =—40° to +85°C, Cy < 50pF. fop = 80MHz

Characteristic Symbol Min ‘Ty\ Max Unit

ADC input voltages Vapcin 01’ — \ VREE? v
Resolution Res /2 — \\ 12 Bits
Integral NT-Linearityg‘ INL /— +/-2.5 \ +/- 4 LsB?
Diﬁerential\lon-Linearity DNL / — +-0.9 \ 1 LsB?
Monotonicity\ / GUARANTEED \

+————— | ADC internal\:lock5 fabic / 0.5 - 5 MHz
Conversion rahge Rap / Vasa — Vopa v
Conversion tim\i TADc/ — 6 — ta G cycles®
Sample time \ tA?é — 1 — tac cycles®

— | |Input capacitanc\ %m — 5 — pF®
Gain Error (transf%r gain)® femw 0.93 1.00 1.08 —

| | l J 1 l l l
1. For optimum ADYC performance, keep the minimum V4pepy value > 25mV. Inputs less than 25mV may convert
to a digital output codg of 0.

2. Vggr must be equil to or less than Vpp 4 and must be greater than 2.7V. For optimal ADC performance, set Vypp
to Vppa-0.3V.

3. Measured in 10-90% range.

LSB = Least Significant Bit. Mim i“ Motiolﬁ,\

Guaranteed by characterization.

e

Technology for Innovators” Wi TEXAS INSTRUMENTS
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Reference Voltage Accuracy

Voltage A Voltage A
{5 045402% = 2,062 2.048+0.2%E I S
2.048 f--------- {» --------------------- 2.048 [-=-==csopTT e m e
: 7 2.048-0.2%
: 2.048-0.2% = 2.044 :
] [ 60C R
| i s Temp. | i 'I » Temp
0 25 85 0 25 85
Voltage A
 [|nitial accuracy: £0.2%
« Temp. coefficient: 60ppm/°C —
: o
« Range of interest: 60°C 2048 |
* Insured accuracy: £0.56%
0.2%+(60*60)ppm= s Temp
0.2%+0.36%=0.56%
Minds in Motion
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Initial Accuracy (% Tmp.Coef. (ppm/°C) Total Accuracy (%
Max Typ Max Typ Max

Device

MSP430F167
S56F807
F2808
ADS7829
ADS7866
ADS1203

ADS8361
REF29xx
REF30xx

REF31xx
REF32xXx

lguT ——3=

Vee Sense

AAN

Yovyy

)
+

Did Sense Inputs
You Improve
|4 (o0l System Accuracy
L
+

GND 7 GND s

T Sense
lenD

Minds in Motion
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PCB Layout Issues

« LSB size

— Affects your layout decisions.

« Basic PCB Design Principles
— Care must be exercised for high resolution!

 PCB Layout Reviews

— Learn from others! Ask your co-workers what worked
and what did not. Better yet: Ask us!

Minds in Motion
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LSB Size

Signal range is critical

« +10V is a FSR of 20V

— 16 bits: 20V/65,536 = 305uV per LSB

— 24 bits: 20V/16,777,216 = 1,192nV per LSB
« £2.5Vis a FSR of 5V

— 16 bits: 5V/65,536 = 76.3uV per LSB

— 24 bits: 5V/16,777,216 = 298nV per LSB
« +0.020V is a FSR of 0.040V

— 16 bits: 0.040v/65,536 = 0.610pV per LSB
— 24 bits: 0.040V/16,777,216 = 2nV per LSB

Minds in Motion
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Trace Length/Width Concerns
[+ L3 ~|

— O

10pA

* 1inch (7 mil) trace of 1/2 oz copper with
10pA of current => voltage drop of 1.3uV.

 Thisis 4 LSBs at 24 bits!

Minds in Motion
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AC Performance vs. Layout

Amplitude (dB)

=110 -

-1z20-

=130 -
-135. 763 -

10—

=20 —

=30 -

A0 -

G0 -

Fo-

20 -

-ag -

-100 - !

SR [dE]

49,0024
SIMNAD (dE)
42,8815

THE: (B
|-42.8208
SFDR(dB)
48,2145
EMOB (SIMALY
6.83081

Signal poweer(dB)
-0,156193

Hz2= -53.605 dB
H3= -48.214 dB
H4= -51.509 dE
H5= -51.616 dB
He= -35.069 dE
H7= -56.736 dB
H3= -57.504 dB
H9= -63.401 dB

L-__I_-II-IIJ

Technology for Innovators™

14000 16000

175389
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With Short Traces

24,8467

SINAD (o8
50 4055 H3= -79.740 dB

-72.612 dB

THD (B H4= -107.282 dB
-70.4646
SFOR(HE)

F2.6115
EMOB (SIMNALY H7= -103.440 dB

Ho= -95.973 dB

Amplitude (dB)

|
|
|
|
H3= -90.596 dB |
|
|
|

9,58895 He= -109.115 dE

Signal poveer(dB)]

““\ 0975766 Ho= -109.715 dB |||

A B A
B

] 1000 2000 2000 4000 S000 G000 Ejululul 2000 2000 10000 44000 42000 43000 44000 45000 16059
Frequency (HZ)

Minds in Moti¢
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Basic Layout Issues

* Separate analog and digital signals
 AGND and DGND connected at ADC/DAC
* Provide good ground return paths

* High-frequency bypassing

* Minimize inductance

 Differential signal measurements
— Route in pairs

Minds in Motion
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Avoid ‘Auto Routing’

* Auto routers do not handle analog signals
very well!

* Route critical signals by hand for best
performance — this is imperative.

 Route “like” channels in similar fashion.

« Remember to tie grounds locally at the most
critical circuit — usually the ADC.

Minds in Motio:
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PCB Layout

Minds in Motion

Technology for Innovators” Wi TEXAS INSTRUMENTS




Tl | Developer Conference

PCB Layout

a2

U2
N MSC1210

oL THe&e81L 1811 1 &1 1

><
Bt
[—

L Tl-eeLT1)ee11 o 611 1
L Te®{ e 1o 011 1

O m Ground Islands nnt F
conhnected to GND,M
&

PROG LOAD

~ Minds in Motion
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PCB Layout

52:17.0377
PCO1-11-D4A

Minds in Motio:

Technology for Innovators” Wi TEXAS INSTRUMENTS




Tl | Developer Conference

PCB Layout

IR
RO RY RS: ‘Rﬁ

jL i; }L | m |
Minds in Motion
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Demo Time!

« Software Tools
— ADC Pro
— Code Composer Studio™, Embedded Workbench™

 Hardware Tools
— Analog EVMs
— DSP starter kits
 Where to get more
— App notes
— Code examples

Minds in Motion
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ADCPro -0 x|

File EWM Test Help

d Acquire | | Conkinuous I Data recorder Ready | ) Fils |‘1. hl Length 92048 samples
Plat 0
Channel 1 o ot 0 RN I
fhax code Fs fdn W Whax Y Waveform Rsln 40000 -
32767 4400 15 (15| Sine 6 30000 -
itin code Frequency Amplitude 20000 -
oy | / 5 10000-
1 1 | 11 R
10 100 1k 22, 1k-150  -100 -h0 ] % 0-
£
) < -10000-
Channel 2 =
Max code Fz Mim Y fhax W W ayveform Rzl -20000 —
2767 44100 15 f15 ] Sine e -30000 -
i i -40000 = 1 I I I I I I I I I I
in code R Amplitude 0 S0 100 150 200 250 300 350 400 450 500 S50
e | S— | e—
0o 100 1k 22.1k-150  -100 -h0 0 Channel \E“'Ik size
CH1 > e B
Channel 3 - ) | ,:I
fhax code Fs fin W Ahax W W aveform Rzln
2767 4400 15 [ f15 ] sine | ol16
fin code Frequency amplitude
-3276E 1 1 | 11 ||||||||||||||||"l
0 100 1k 22.1k-150  -100 -h0 0

Minds in Motic
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=10l x|

File EWM Test Help
d Acquire Data recorder  Feady
Channel 1 —_—
fivax code Fs fiin % Mhax W W aveform Rzln
327e7 44100 -15 15 Sine E‘J 16
Min code Frequenchy tmplitude
-res | S =
0 100 1k 221k-150  -100  -BO 0
Channel 2 -
Max code F= Min W Ma Y Waveform R=ln
327e7 44100 -15 15 THangle :;J 16
in code Frequency Amplitude
az7ey | RS SR,
0 100 1k 22.1k-150 -100  -50 0
Channel 3 —_—
Max code Fs Mhin % Max YO aweform Rzln
327e7 44100 -15 18 Sguare :j 16
inin code Frequency amplitude
0 100 1k 22 1k-150 -100  -&O 0

amplitude (dE)

1 1
250 300
Sample

| 1 1
100 150 200
Flok Legend

) )
CHI Block size ';J 51z

CHz

CH3

samples

Multichannel Scope

1 1 1 1 1
330 400 450 500 530

YWertical Scale
Range
CFsR % auen
Lniks
" Codes ™ wyalks

Technology for Innovators™
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Writing Application Code

 Code Composer Studio IDE
— Application design, code and build, debug
— TMS320 and TMS470
 Code Composer Essentials
— C compiler, assembler and linker
— MSP430 ultra-low-power controllers

 |[AR Embedded Workbench

— IDE for embedded applications
— MSP430 and TMS470

Minds in Motio:
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Code-Generation Tools

« Data converter “plug-in” tool for CCS
S u p p O rt S i Data Converter Support =10 %]

System | DSP | Fies |

_— ADCS —Welcome to the Texas Instruments Data Convertes Plugin
I
-_ DACS Pefipheral Setup: Copwight (] 2000-2005 Texas Instruments
Sl amenr Data Corverters
_ C O D E CS & €3 AnalogtoDighal, parallel interface
= -4 AnalogtoDighal, serial interface
BN Digitalto-Analon, parallel imedace
AM C - Digitalto-Analog, senial interface
- = @- Codec, senal interface

=1 bt ﬁ.pphcalmn specific

P C M = AMC7E20; ﬁ.nalng Mmmrlru; and Ennlru:l
- SA AFE1230: 6.5SHDSL Anale
am:. i

o PCM1804; 24Bit, 'I‘:'IEkHz MDADE Stereo [diff)
m PCM3002 20Bi, 48kHz=, Audio ADC, Steteo
m P1_'.I'-'I42E!2 24Bit, 192kHz, Autﬁn F'ra ADE Stereo [diff]

s PCMA200: 248it, 218kHz, Audio | 4-channel [diff)
% TLVI20DACZ3 3281, 9 kHz, Audio DAL, Stereo, Headgh

[Sefect a device and use the nght mouse button for a context-sensitive menu)

Minds in Motion
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TMS320C6713 Hardware

CAUTION:
REMOVE POWER FRON INTERFACE

BEFORE INSTALLING EUH

20000000000 0Q0Q0O0000
.'..n:_n::r:la

00000000 0O0OO00O0O0O
0000000000000 000

000000000000 00D0O0 2 - s -
D00000000000000000 f 2 w5
OD00D0O0OO0000D00000O0 :
00000000000, Sl Al
0000000000 0O =000 T
000000000000 =s0o0o0' R e LN L
000000000000 ‘o000 " — e
000000000000, ;

000000000000 =O0O

0000000000 00N TO0O0O0

000000000000 000

e
S

u2s
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TMS470R1B1M Hardware

" FROM INTE 3
£ Uraipolar =

a0 )
A - L = ReBSBy § = WM
T2 - Iema .Mt 0L .0 b,
- 1eCPRMARIN AT D=CRMaRLG, Cramana

Minds in Motion
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MSP430F449 Hardware

- 1l'm
s 4 -\rn- FRON INTEREACE

_1 fraale
%JL:HG

“2\!03 %
HPA44D s
MSPA30 Evnlunuoﬂ &unu UsREF ¢
wuu, sof 1baugh. com

| C17C17 C16C10

o
120, €T 2000
Sas | 12V L
Soe g
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March 7-9, 2007 » Dallas, TX

Evaluating Circuit Sensitivity in
Analog Filters

Session ID: S284574
Wednesday at 4:10 p.m. _

Mark Fortunato
Texas Instruments, Inc.
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March 7-9, 2007 « Dallas, TX
Real World Analog Solutions for
Your Processor Applications

Session ID: $S283976
Thursday at 4:10 p.m.

Bonnie Baker
Texas Instruments, Inc.
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March 7-9, 2007 » Dallas, TX

Data Converter Basics

How to Use and Test
Data-Acquisition Products

Tom Hendrick
t-hendrick@ti.com
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