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What is Precision Labs (PLABS)?

Logical sequence — like a college curriculum

Questions and solutions to reinforce learning
Covers a wide range of expertise

Hands-on aspect (EVM)

Teaching with pictures and heavily animated
Teaching with practical real world examples

Less math more practical

Short length to each video (10 to 15min)
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Tl Precision Labs Now including ADCs, MUXs, and Comparators!!!

ti.com/PrecisionLabsADCs

TIPL 2103
Tl Precision Labs - Op Amps

Input Bias Current (IB)

TIPL 1100
Tl Precision Labs - Op Amps

Presented by lan Williams
Presented by lan Williams Prepared by Thomas Kuehl and lan Williams

Prepared by Art Kay and lan Williams

L

More than 80+ videos!!!

Created for both new and experienced engineers
80+ Lectures with quizzes & Labs with experiments

< 15 minutes per video, 16 hrs of total content

Drift Slope — Positive and Negative

Ty Ser OpaBsa

DC Specifications: %
input capacitance, leakage current, input impedance, “ !‘".}«!

reference voltage range, INL, and DNL B
TIPL 4001 T ey e |
Tl Precision Labs — ADCs RV A ,

Basics of Analog Multiplexers 2~
TIPL 2602 |
Tl Precision Labs — Op Amps - =z

Created by Abhijeet Godbole, Art Kay

' |
TP 2 Created by Art Ka
Presented by Peggy Liska 3 & v x
— o

Presented by Peggy Liska

wi3 TEXAS INSTRUMENTS


http://www.ti.com/precisionlabsadcs

How is PLABS Pro Webinar Different?

* Opportunity to ask questions and get immediate feedback.

* Five 90 min Live Sessions
— 60 min theory + 15 min hands-on experiments + 15 min Q & A

* Webinar material is a subset of on-line content
— Webinar focuses on key concepts that relate to hands-on experiments
— Webinar is a “readers digest” version of the on-line content
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Sessions Cover

1. ADC Amplifier Drive Configurations and Swing Limitations
— Hands-on: Crossover distortion measurement
2. ADC Error Sources (Offset, Gain Error, Noise)
— Hands-on: Noise calculation, simulation, and measurement
3. Understanding the frequency domain (FFT, Windowing, Aliasing)
— Hands-on: Aliasing and anti- aliasing filters
4. Selecting Components in SAR ADC Drive (amplifier bandwidth and RC filter)
— Hands-on: Comparison of properly designed input to improperly designed
5. Low Power SAR Design (ADC Power Scaling and low power amplifiers)

— Hands-on: Power measurement vs sampling rate with different ampilifiers.
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Suggested Pre-work: Watch ADC and Op Amp PLABS

ADC PLABS: DC Specifications: Input Capacitance, Leakage Current, Input Impedance,
Reference Voltage Range, INL, and DNL

https://training.ti.com/ti-precision-labs-adcs-dc-specifications?cu=1128375

ADC PLABS: AC & DC Specifications: Offset Error, Gain Error, CMRR, PSRR, SNR, and THD

https://training.ti.com/ti-precision-labs-adcs-ac-dc-specifications?cu=1128375

Op Amp Plabs: Input and Output Limitations 1

https://training.ti.com/ti-precision-labs-op-amps-input-and-output-limitations-1?cu=14685
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Install PLABS-SAR-EVM-PDK Setup Toolkit

 Purchase hardware and download at: http://www.ti.com/tool/plabs-sar-evm-pdk

* You will need to fill out forms and accept license agreements.

* |t will take a few minutes to download and install (275MByte file).

US Government

Approval
Start software Accept license

e installation agreements
'® plabs Toolkit Setup M[SIE3| " Plabs Tookit Setup =10]x]
Setup - Plabs Toolkit License Agreement ”
. Welcome to the Plabs Toolkit Setup Wizard. Plea_se _read t_he follt_)wing Li_cense Agreement. You must accept the terms of this agreement before
etify th continuing with the installation.
-~
Source and Binary Code Internal Use License Agreement py
Important — Please carefully read the following license agreement |
which is legally binding. After you read it , you will be asked whether
you accept and agree to its terms. Do not click “l have read and
agree” unless: (1) you will use the Licensed M aterials for your own | ~
& {Taccept the agreement
o you ccept fhis icense?
" Ido not accept the agreement
< Back | Next> Cancel < Back NS Cancel
[ subec |

Finish the installation

Device Driver Installation Wizard

Completing the Device Driver Installation
Wizard

evice driver installation wizard did not update any of your
e for your hardware devices because itwas not better than the
are you currently have installed.

Driver Name Status
W/ Texas Instruments ... Ready to use

< Back l Finish I Cancel
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http://www.ti.com/tool/plabs-sar-evm-pdk

Install “Analog Engineer’s Calculator” Free Tool
ttp://www.ti.com/tool/analog-en

h

Ineer-calc

<3 Analog Engineer's Calculator ] _I_,- 0 ll
Select the Calculator Calculator ZI
= Data Converters
Alias Calculations
ADC Code to Voltage Select Type
ADC + Signal Chain Noise J‘a S LA +5V
ADC ENOB & Effective Bits :
Resolution Csh
Ideal Converter 7 Aeo Rfilt/2
Conversions gl 16 - —A\ VN
- Amplifier and Comparators
Somparsior W ySleress Ful Scale Range Acquisition Time +
Single Supply Amp js v 8000 -
Find Amplifier Gain 3 Resistors \ \/ Vin CrLr ==
INA Vcm + Dif Fitter
Find Amplifier Gain =
-l Passive Rfilt/2 Min Cfitt
Find Parallel Combo w. Standard R I_Ohm l_ VW
Find Series Combo w. Standard R 22 12D g = Rfilt/2
RC Charge / Discharge
RC Low Pass Fiter Rit/2 Max optional
Find Voltage Divider |30.8 Ohm =
Find Standard Resistor or Capacitor i
= Noise _ Gain Bandwidth 620p E Single Ended #2: Includes Ground Sense (Negative Input)
Integrated Noise 17.2M Hz
Thermal Noise :
-1 Stability

Phase Margin vs. AC Peaking
Phase Margin vs. Overshoot

+ PCB
+ - Sensor
Links

Max Error Target
38.15u \

I_
OK ‘

Cmax
en  F
Help ‘
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http://www.ti.com/tool/analog-engineer-calc

Install “TINA-TI™” Free SPICE Software
http://www.ti.com/tool/tina-ti

£ OPA320_Noise2 - Schematic Editor

File Edit Insert View Analysis T&M Tools TI Utiities Help
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2> AP — e :
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+ o
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| Frequency (Hz)
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http://www.ti.com/tool/tina-ti

Overview of the PLABS Kit

http://www.ti.com/tool/plabs-sar-evm-pdk

USB Cable

PSI-EVM
(Signal Source)

i’ ol
s

Note: All equipment provided in Kkit.
USB supplies all power.

PLABS-SAR-EVM

(M PHI-EVM
§1l( Digital Controler)

INSTRUMENTS

Tk

(g ;:
()=

DA9 Charvel

TCC mppreeed for settln

10 Coupon Cards
Different Amplifier =5

Configurations

,,,,,
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http://www.ti.com/tool/plabs-sar-evm-pdk

Overview: CH1 & CH2 PLABS-SAR-EVM

Schematic CH1 Shown Picture of Hardware
5V
T —. REF6050: High Speed
REF5050 . Buffered Reference is
5.0V _L used in CH2 Coupon Card Installed PHI Connected to CH1
Reference
isi Input = 1 v 3V
Precision CH1 - = T T
Signal Sttt ) | 3
Injector E 5V " Vref AVDD DVDD PLAGS. SAR-Cum-: OK i
Al v T : -
' . N+ ADSS8860 Precision P -8 o 5% oC =
DC : 1 : _ SPi|<@m== Host A O B D s B AL TN ‘
' i '\ IN. 16 bit Inerface
' Coupon ' PHI
' _Card .
"""""""" AGND  DGND

¥ o+ 9

REF5050

AN\ 5.0V
Reference
12 32

Note: The only difference between
CH 1 & CH2 is the reference.

CH1 = REF5050 (No high speed buffer)

CH2 = REF6050 (high speed buffer)

Socket for Coupon Card Socket for PHI
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Overview: CH3 PLABS-SAR-EVM

Schematic Picture of Hardware
3V 3V
ppu X
Precision
Signal el '
: AvDD DVDD Jumpers
Inj:g’:or Power On LEDs Shunt Range

ADS7042 Precision e
12bit [ e | ACIC

PHI \

............................. ‘7. < ® .8
REF5050 | ¢ ' ; .50
W sov Sueely - Ammeter E =l e 0570+ ;
Reference | ' CH3 AC e ; e Ry - \
T * Jumper ' 22 Power Scaling 3 ¢ erabanion sebe’ L€ g
= ESeIectabIe ADS1220 | Ihput ( : e S S e :
1 ' Shunt ' Socket for Coupon Card Socket for PHI
0. , Range E
0
0
) Device :
L
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Overview: Precision Signal Injector (PSI) [ PcMsta2”

Audio DAC
ﬁ’SI Spec. \ ono

g z1| generates
THD 125dB USB sine wave

SNR 100dB Control and ekt SN == = S g h

Vout = 12Vpp _ Power 8th order

Voffset = +5V | £ AT * ] g

J

High Res mode 4 DC-to-DC ) ' 3 (Single\

fout = 2kHz converts 5V | e R Ended
USB Power R e _ Output

Bypass Mode to +12V
fout = 20 to 20kHz |- /

J

g i r N
ﬂ : Differential

Note: A commercial signal generator with
Output

comparable performance is very costly!
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Hardware Overview: Precision Signal Injector (PSl)

USB L PCM5142PWR
Connector MSP430 Audio DAC BP | FIL
5V O
USB th
Power 8" Order :
Bandpass :
PTP$.6513Od 15V o 2kHz
ositive an ] -
Negative Output [——] Filters | +12V,-12V,
-15V +5V, 3.3V
DC-DC Converter Single
DAC7311
12 Bit DAC (T) 4\ o
Common Mode DIF_Vcm
2
GND
S + g
—_ © >
EGL Y LES
- DifferentialT
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Precision Host Interface (PHI)

Supports USB2.0 to Serial or Parallel-bus
interfaces

Powered by and communicates using of a single
USB2.0 supply

TI AM3352 Sitara Processor & FPGA configurable
data capture and pattern generator

High speed data communications (80MHz SCLK)

PHI can work with a wide range of TI-EVMSs using a
common firmware (no reprograming required)

EEPROM based board identification scheme
Auto boot up when paired with the right GUI
In-field/in-system programmability/upgradability

La

WinUSB Driver

bView APIs

Simple Capture Card [ ;55

DDR

Tl Sitara
DUT Configuration
Data Handling

FPGA

PLL

‘_

Protocol
Specific
Modules

2

TIEVM

Board ID
EEPROM

DUT specific circuits
(Drivers, References,

Power related)
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Connecting the hardware

USB Cable to
Computer

v

“Juss

li’ TEXAS
INSTRUMENTS
Precision Signal Injector
(PSIEVM)

FLT BP

SE_VCM GND‘//

BP

DIF VCM GND E

F

X0 - Set Jumpers

Install OPA320 ? /

Plug PHI into CH1
Connector

O USB Cable to

7 as Shown

(1 []
B B

{’? TEXAS

INSTRUMENIS Good Filterl
° oy Precision Host Interface Computer
O orPAa320 O (PH|)
j ~ 8Good Filterlg { ADS8860
I “‘I—D usB
* DAQ Channel 1 O O
SMA Cable AC_IN O] DC_IN

() 4.9V

00| 3.5V

00| 2.5V

©0]0.1v

m“[l:l E E <{ADS8860 m

DAQ Channel 2
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Connecting the hardware: Avoiding common problems
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Running the software.

‘@ plabs Toolkit :

Plabs Toolkit

SAR EVM |

=10] x|

Power Scaling EVM |

Note: Please select the GUI to Launch
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Plabs Toolkit

@ Plabs-SAR-EVM B (=] B3
Fie Debug Capture Help
Channel Connected: DAQ Channel 1 External Reference : REF5050 [V Connectto Hardware
Pages
< Time Domain Display -
3 Spectral Analysis
. Spectral Analysis
< Linearity Analysis ¥ Mark Harmonics [~ Display DC = 55 FFT |\,
< Reference Settling Analysis i :'H.m
20~
H1
" [H1]
rInterface Configuration -20-
-40-
Device Modes o
| sPI-3-wire-withBusy »| o
k) -80-
g M2l g
Protocol Selected 2 -100-
[ SPI_3_wire_withBusy g-120— M [H4] [H5] (H6] ] [H] [H]
-140- W‘
— SCLK Frequency(Hz)
-160-
Target Achievable -180-
| e6m = | 66.00m .
-220-, 1 1 1 1 1 1 1 1 1 | 1
_ Sampling Rate(sps) 0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 21989
Frequency(Hz)
Target Achievable
[ 100m = | 1.00m
—Output Parameters -
SNR(dB) THD (dB) Signal power(dBrs)  Harmonics(dBC)
Samples [ 923937 [ 935317 [ 0425489 H1I 1000 |=
262144 | Capture | H2 |-94.74
SFDR(dB) SINAD(dB) ENOB H3 |-99.83
Input Parameters | 947456 | 89.9152 | 146437 H4 [-117.6
_ _ _ HS [-119.1!
Device Fs (Hz) # Harmonics Window Fi Calculated (Hz) Maximum Spur (dBC) Maximum Spur (Hz) [Hg 2124.8¢
1.00M [ 9 H | 7TemBHaris | [ 1999988k [-ea7a56 [ 400162 H7 -124.40=]
PSI Controls $ 0O
| HwoOWECED | % Texas INsTRuMENTS
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Thanks for your time!
| hope you find the
webinar useful.




