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Precision Labs SAR ADC EVM

This user's guide describes the characteristics and use of the Precision Labs SAR ADC EVM. The
evaluation module (EVM) is designed to as a companion to the Tl Precision Labs-ADCs training series
and is referred to as the PLABS-SAR-EVM-PDK throughout this document. This hardware allows
engineers to perform experiments on general data converter topics such as ADC input drive, reference
drive, amplifier selection, power consumption, and aliasing. This user's guide provides information
regarding the operation and theory behind the sub-circuits on the EVM, as well as an overview of the
required software.
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PHI-EVM
(Digital Controler)
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Figure 1. Typical Connections for the PLABS-SAR-EVM-PDK
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The following related documents are available through the Texas Instruments website.
Table 1. Related Documentation
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1 Introduction
The PLABS-SAR-EVM-PDK is an evaluation module (EVM) kit containing a signal generator, an analog-
to-digital converter (ADC) board, plug-in amplifier cards, and a digital controller. This kit is intended to be
used in conjunction with the Tl Precision Labs-ADCs training series.
1.1 Features
The PLABS-SAR-EVM-PDK includes the following features:
+ Three successive-approximation register (SAR) ADC sub-circuits comprised of the ADS8860 and
REF5050, the ADS8860 and REF6050, and the ADS7042.
« Ten plug-in DIP adapter boards containing different amplifier configurations.
» Jumper-selectable DC input voltages (0.1 V, 1V, 2V, and 5 V).
+ Jumper-selectable input (DC or AC).
» Jumper-selectable current measurement ranges for the op amp and ADC.
+ Powered over a single USB cable.
2 EVM Initial Setup
Typical connection for the PLABS-SAR-EVM-PDK are given in Figure 1. The included hardware for this
EVM kit is given in Table 2.
2.1 Included Hardware
Table 2 lists the included hardware with this EVM.
Table 2. Hardware Included in the PLABS-SAR-EVM-PDK
ltem Quantity Description
This PCB contains three different ADC configurations and allows different amplifier
PLABS-SAR-EVM 1 drivers to be tested using plug-in amplifier coupon boards. The PCB is intended as a
companion to Tl Precision Labs-ADCs training series for hands-on experiments.
PHI-EVM 1 This PCB is the digital controller used to communicate with the ADCs on the PLABS-
SAR-EVM-PDK.
This PCB is the is the precision signal source used to generate test signals for
PSI-EVM 1 . ’
precision labs experiments.
USB cable 2 Used to communicate with the PHI-EVM and the PSI-EVM.
SMA cable 1 Used to connect the signal generator (PHI-EVM) to the PLABS-SAR-EVM-PDK.
OPA320 good filter 1 Demonstrates performance on the ADS8860.
OPA320 bad filter 1 Demonstrates poor component selection.
OPA333 low bandwidth 1 Demonstrates poor component selection.
OPAB316 crossover 1 Demonstrates crossover distortion.
OPA320 noise 1 1 Demonstrates noise measurement.
Sallen key filter 1 Demonstrates an antialiasing filter.
TLV313 low power 1 Demonstrates low power amplifier driver performance.
LPV811 nanopower 1 Demonstrates low power amplifier driver performance.
OPAS320 noise 2 1 Demonstrates noise measurement.
OPA320 good filter 2 1 Demonstrates performance on the ADS7042.
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2.2 Channel 1 and 2 Operation

Figure 2 shows the features on channel 1 and channel 2 (CH1 and CH2, respectively) of the PLABS-SAR-
EVM. The design of these two channels is very similar. The only difference is that channel 1 uses the
REF5050 and channel 2 uses the REF6050. The REF6050 contains a wide bandwidth buffer and thus
shows better performance than the REF5050. The goal is to show the impact that reference buffering has
on performance. Both channels have an SubMiniature version A (SMA) input connector for the AC input
and both channels share a precision DC source. The three LED indicators are shared between the two
channels and are a good quick check to determine if the board is powered. Each channel has it's own
connector to the PHI digital controller, and the software used for each channel is identical.

Test points for key Connector to digital
signals and supplies controller PHI for CH1

N \
© @ \ ©
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Precision Labs
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5.2v ADS8860
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(==Y [ 6np
@ DAQ Channel 2 @
Socket for /
amplifier Connector to digital
controller PHI for CH2
Figure 2. Overview of Features on CH1 and CH2
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2.21 Amplifier and ADC Input (CH1 and CH2)

Figure 3 shows the AC input (input CH1) connected to the amplifier input on the coupon board. The output
of the coupon board connects to the ADS8860 input. Both channel 1 and 2 have this same configuration.
The DC input signal is generated by a reference and voltage divider.

Input_CH1 TP7_Input
. R13 Q
AV DC_INT | [P
" 1.00k F]—]I_Dif 33V +33V
|| =] w0 4
b cl4
= ——
GND 001F = cls8 —ci5 s
GRD 1uF 1uF
52V _ |
1 2_{ avOD convsT |8 R14,,,49.9 CONVST-1
GND GRD 10 ! pvpp SCLK 4B R15,,,499 SCLK-1
19
b RS | reF o |oo__R16,, 490 sDi1
JTA JTB >
L ol 4 o ||7 . 3. amp pouT bZ__RI17,,,49.9 SDO-1
= 4 4
GND g_ 5 g 5 DNP 4| o oND & R 3
O o 4 L 100k T pu1 pag +33v
i & ]Q.-
A ol ADS8860IDGSR =
GND GND GND

Coupon Board

Figure 3. Amplifier and ADC Input (CH1 and CH2)

222 Jumpers and Reference (CH1 and CH2)

Figure 4 shows how the precision DC input signals are generated using a reference with a jumper-
selected voltage divider. Depending on the position of the jumper in the DC options the divider output is
0.1V,25V,3.5V,or4.9V. If the jumper is in the position shown, the output voltage is 0.1 V. The
amplifier U6 buffers the precision DC signal. U8 is the reference for channel 1.

Input_Select
+33V
UsA a0 DC input| | me ¢ | [AC Input
2 VN vouT |8 W
TRIMINR {+> 1.00k -
c24 5 . c2s |
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L L o e Wi R23
GND GND = [® ¢ R25232% | 3.8y DHP ¢ locue >
1= 7 e S= 3
22uF e ¢
m————————— - 1 1 R26 1.00k | 25V DNE R27
! usB 1 = GND R28205 | 0.1V 1.0k
I Ne | GND W =
1 DG —— ! GND
| onc |8 I
| |
| REFS050IDR [
| & o |
Unused Pins for REF5050 5w TP8 VREF5050
YaA ? Ra1
2N vouT (-2 *—9 w——{ VREFS050 _»
e B TRIMNR [<+2 0
| UsB I c3o 3 | 4 R32
| . 7 | 1pF —— TEMP GND ?IJS; 0.22
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| DHC I C3z
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Figure 4. Voltage Reference and Jumper-Selected Voltage Divider (CH1 and CH2)
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Figure 5 shows the jumper settings for a 0.1-V DC input. When using DC input mode, disconnect the input

signal from the SMA connector (input CH2).

Connect DCinput

from Reference

Apply 0.1V to _|
amplifier input

4.9V
3.5V
2.5V

0.1v

Disconnect AC
Signals when
using DCinput
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VIN

GND
Input CH2 [ GND

@ [=enp

DAQ Channel 2

PWR_5.2V PWR_3.3V PWR_PHI
= spi [
AVDD DVDD cvsTiEdl
T T
SARADS |sCLk [
|||:1\l+ o 52 ADSBER0 |y [
T v REG
. " P»
GND cs
1
REF6050 S2
= eno

PHI_CH2

©

Figure 5. Jumper Position for a DC Input of 0.1 V on CH1 and CH2

Figure 6 shows the jumper settings for an AC input. When using AC input mode, the DC jumper bank is

ignored.

ACinput only
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in this mode.
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3.5V
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0.1v

Connect AC
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VIN

GND
Input CH2 = GND

@ (= cno
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PWR_5.2V PWR_3.3V

AVDD DVDD
T T
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spI [
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IN- ADS8860
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N 2
oo I H-‘-

SCLK (=5
spo (=

1
-

S2

= o
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Figure 6. Jumper Position for an AC Input on CH1 and CH2
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2.23

Power Subsection (CH1 and Ch2)

The PHI-EVM controller generates a 5.5-V supply with the USB power and a charge pump. Figure 7
shows the connection between the 5.5-V supply to two different low-noise, low dropout regulators (LDOs).
U9 generates a 5.2-V supply used for the amplifier and U11 generates the 3.3-V supply used by the

ADS8860.

EVM _REG_5V3

TP PWR_ 52V

ug TT\
15 1
S * N out Py Py
16 ]
| cas wr lc34 T 1€ Iy out
— 47uF 3 S e SENSE Jo2 Ra3
GND U1 —
GND 14
£ 4 R34 4 NR
VDD RESET -4 | spava _— c3s
. 0 g 6PV NE % W 4TuF
1 = 3F’2:." NG —=
2 : He =2 17 2
= MR e el -] oFev =5 =
= 11 ; 7
= op2v GND
D 12 ) pery pap |21
R35 TPS3836K33DBVR R36L R3T R38
o 0% o 0 ; =
TPSTA4TOORGWR ol
GiD =
GND
<51V 433V
R30 T R40 T EVMERRW A7 TP10 PWR_33V
6,65k 6 65k U1 433V
15 1 -
03 C37
r D4 2 4TyF 13 op i3 R42
Green W' o ¥ Green I = S I
o i 41 epavz = CM—_L J~C38
= = o 5 L 19 {ox:]
GD GND Bl e T WF 41uE
o i ne (T e L
T e —= GED GND
11 opav GND L
12 1 opiv PAD qﬂ
P11 TPI2 TPI3 P14 —
GND GND GND GND R46£ R4§< Ri6  TPSTAH700RGWR =
I I GND
GND GND GND GND

Figure 7. Power Subsection (CH1 and CH2)
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2.2.4 Connection to the PHI Controler and EEPROM

Figure 8 shows the connector used to interface the digital controller (PHI-EVM) and the PLABS-SAR-
EVM. The schematic also shows an EEPROM that is used for board identification.

EVM_RAW 5V — EVM_REG 5V3
E:Q 2 1 ﬂ1
4 3
c16 4 32 c17
10pF 6 5 10pF
S i
05, ol 2
= 12 1 o4 =
GND 7 I GND
[T D I
SDL1 [ER e b= T
CONVS T 20|50 16 [19
—2Z 1» 21 |21
SCLK-1 245 i
% |5 2 [ 25
P o I I
305 20 29
=k L IR
T o] IS
5DO-1 30 |50 = Y]
40 lao 39 |32
42 140 41 |4
PHI_DAQ +3 3V e ] ==
. T pd
a3 47
R19 48 — 47
o 50 150 49 |22
1 0 — 2 5 2
42 “521 Evwp spA 1 TE 2 o
: M EVM ID SCL 168 |5 o7 67— =vaIp PWR 1
EVIA PRSNT N 60 |oy L1 oo 22
| c23
= MP1 MP3
= — w1 Loy GND 10pF
GND e—MPZ lenp GND |4 |
GND PHI_CH1 GND GND
EVM_ID PWR_1 EVM ID PWR 1
R29 100k
W C29 R30 51
»—”—_I_ 10.0k
U7 [
L 1.0 vee 8 odur = ] —
2 7 GND 2
—=— Al WP [= a\\
o—2o s |6__EVM D SCL 1 3 $
4 |yss DA |e5__EVM ID SDA 1 J—:
= BRIGIIVIIAGE2 GND
GND

Figure 8. Connection to the PHI Controller and EEPROM
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2.3 Channel 3 Operation

Figure 9 shows the features on CH3 of the PLABS-SAR-EVM. This channel allows DC or AC signals to be
applied to the ADS7042. Plug-in amplifier coupon cards are used to experiment with different amplifier
drive circuits. The channel also provides current measurement circuitry for measuring the analog supply
current, digital supply current, and amplifier supply current. The current measurement circuit has jumper-
selected ranges for high current, low current, and calibration. Current-shunt amplifiers and an ADS1220
are used to measure the currents. The three LED indicators are shared between the two channels and are

a good quick check to determine if the board is powered.

Led power
indicators Connector to digital
AA\" controller PHI for CH3
55y PWR_5.2V PWR_3.3V PWR_PHI
ACor DC ﬁ 1.5V ®®|iow (@ ®]ow|[Low[e@ @]
H H 9 1.0V
input selection T ™ v el . el | e
DC input for 1 Current Current Current
CH1 and CH2 AVDD-AMP AVDD-ADC || DVDD-AMP
AC_IN
- viavER] viAES] vio[=]
5.2V IN- AVDD_AMP AVDD DVDD
VIN IN+
GND GND
= GND GND SAR ADC
. Input ADS7042
AC input CH4 s3 PHI_CH3
|:| GND |:| GND
4 Power Sdaling Channel 3
|
Test points for key Socket for
signals and supplies amplifier

Figure 9. Overview of Features on CH3
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2.31

Amplifier and ADC Input (CH3)

Figure 10 shows the connection between the AC input, amplifier input, and the ADS7042 data converter.
The amplifiers U13A and U13B are used to shift the offset of the input signal to half of the full-scale range

of the ADS7042 (when shifted by 1.5 V, the full-scale range is 3 V). The socket for the coupon board
allows different amplifiers to be tested. The AC or DC jumper chooses a precision DC input or the AC

input from the SMA connector (input CH3).

PWR PHI
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AVDD_AMP 35V
Coupon Board ut2 | RAT, 400 i0S4
ca S g 3 P =t R48,, 400 5004
1WF Joa JoB Gip DNP 500 b REQ,, 40.0 SCLK
iy solk 108 SCLK4
=l o o —o 3 g A ; : .
G 2= &2 | e aveo |1 |DVDD,_DUT._+33V
D_Z_l_ o J‘I ® 5 ol ame AVDD fj{_:_\.m_nﬁ_—a.-:-\‘
S GHD ADST042IDCUR WF WF
Jumper selects AC or DC input. e e
_’__“ Input_Select . =
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1000pF DC Input
Full Scale Input —_— [ e RE1
R B DUt ©C
Vin(ac) = 1.5Vpk Uiy L 1.00k
Input CH3
- RE2 1,00k RE3 100k
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T i
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Figure 10. Amplifier and ADC Input (CH3)
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2.3.2

INA Current Monitor (CH3)

Figure 11 shows the current-shunt monitor amplifiers. These components amplify the voltage developed
across the shunt resistors by 823 V/V and shift the output voltage by 0.1 V. The level shift is achieved by
applying 0.1 V to the reference input pin. The 0.1-V signal is developed using 0.2 V from U21 and a
voltage divider. The INA326 was used because this device has rail-to-rail I/O performance. The output of
the ampilifier is connected to a voltage divider (divide by 2.5). The voltage divider is used to adjust the
signal to the input range of the ADS1220 (full scale = 2.5 V).
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Figure 11. INA Current Monitor (CH3)
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2.3.3 Power, Shunt Resistors, and Range Selection for CH3

Figure 12 shows how the LDOs are used to generate the amplifier 4.5-V supply, the ADC digital 3.3-V
supply, and the ADC analog 3-V supply. A shunt resistor is connected between each supply output and
the device being monitored. Also, notice that the shunt resistor value can be adjusted by changing the
jumper position. When the jumper is in the CAL position, the shunt resistor is shorted out so that the offset
of the measurement amplifiers can be measured.
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Figure 12. Power, Shunt Resistors, and Range Selection for CH3
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234

DC or AC Input (CH3)

Figure 13 shows how the precision DC input signals are generated using a reference with a jumper-
selected voltage divider. Depending on the position of the jumper in the DC options the divider output is
0.1V,1.0V, 1.5V, or25V. If the jumper is in the position shown, the output voltage is 0.1 V. The
amplifier U15 buffers the precision DC signal.

(=]
18]
pe]

LI14A
2 LN

VOuT

TRIMMNR =

) .

TEMP

-0
S

Y

Unused Pins for REF5030

[i]
1
3 GND [
REF5030AI0 I

AVDD +5V AVDD +5V
c51
= 01w = 5
, GND LG RS7
L2 , RS9 . .-L—o—’—ow\-——DUT be >
. 3. e - U158
U1 | sz | opazazoaipekr ONP
R62 «| oPAz3z0AIDGKR 14F
022 = |
— N
= RE3 400k |2V == ‘ DNP
57 GNID Wi 15V GND
:I:zz F . !
H DC_Options Rléﬁ 1.00k L
— 1 p ) Res 499 |1.0V GND
(ED 3 ! al i 1
i ile e}L Rss 348 |01V
T la al @ A e
G_{':J

Figure 13.

DC or AC Input (CH3)
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3 Plug-In Amplifier Coupon Boards

Figure 14 shows a typical coupon board. The top of the board shows the full schematic of the design. The
components are soldered to the bottom of the board. The label at the bottom of the coupon board
describes the design. This example uses the OPA320 and good filter indicates that the filter was properly
designed.

GND BND Vin U+
ON9 ONS+NIY-NI1Y

= R2 AIN-
OPA320_Goocd Filter 1

PLABS—-SAR-Coupon
Texas Instruments

Figure 14. Coupon Card Layout

Be careful when installing the coupon board to properly align the pins. Also, make sure that the board is
not upside-down. The label must be at the bottom of the card so that the amplifier output connects to the
ADC. Plunging the coupon card in incorrectly can damage the device. Figure 15 shows the proper method
of installing a coupon card.
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Table 3 outlines the function of each coupon card and highlights the key device in the system:

Table 3. Coupon Card Descriptions

Coupon Card Designation

Key Device

System Description

OPA320_Good Filter 1

OPA320

Good Filter 1 does not act as an antialiasing filter, but rather helps with noise.
The op amp is chosen with appropriate bandwidth and charge bucket values to
achieve the required acquisition settling time of 290 ns for the ADS8860.

OPA320_Bad Filter

OPA320

This filter uses the same drive amp as Good Filter 1, but includes an improper
RC charge bucket combination. The settling time is now too long, so acquisition
of the input does not occur quick enough to reflect an accurate result.

OPAS333_Low Bandwidth

OPA333

As opposed to the OPA320 bandwidth of 20 MHz, the OPA333 has a bandwidth
of 350 kHz so settling time is also negatively affected.

OPA316_Crossover

OPA316

This circuit is used for checking the effect of crossover distortion on the output.
The system is intentionally in a noninverting topology with a non zero-crossover
distortion device (additional offset is summed with the input signal and causes
further distortion).

OPA320_Noise 1

OPA320

This circuit is designed to measure the effect of resistor noise on an output
response to a DC input: note the gain and resistance values in the feedback
path.

Sallen_Key Filter

OPA320

This Sallen-Key filter is a low-pass antialiasing filter. Aliasing is also known as
foldover distortion. Because the ADS8860 has a sample rate of 1 MHz, aliasing
occurs at any input frequency over 500 kHz. If aliasing occurs, the filter
significantly attenuates the foldover at the ADC input to some desired level (for
example, 100 mV or less).

TLV313_Low Power

TLV313

The TLV313 consumes a 65-pA quiescent current. Power consumption by the
ADC scales with two concepts: drive amp bandwidth and ADC sampling rate.

LPV811_Nanopower

LPV811

The LPV811 consumes 425 nA per channel.

OPA320_Noise 2

OPA320

This circuit is also designed to measure the effect of resistor noise on an output
response to a DC input: note that the gain is the same as Noise 1 but the
resistance values are divided by 100 so resistor noise is much less.

OPA320_Good Filter 2

OPA320

Good Filter 2 uses the same op amp as Good Filter 1 but the charge bucket filter
has a different time constant.
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4 EVM Graphical User Interface (GUI) Software Installation

This section outlines the step-by-step GUI installation procedure. First, uninstall the separate PLABS-SAR-
EVM and Power Scaling GUIs by opening your control panel and accessing Programs and Features.
Scroll down your programs to find any instances of PLABS-SAR-EVM or Power Scaling GUI executable
files. Upon uninstalling, you might have to reboot your computer. The two programs are merged into one
toolkit named PLABS-SAR-EVM toolkit. Go to the PLABS-SAR-EVM-PDK link on ti.com for the updated
software. Figure 16 shows the first step in acquiring the toolkit software.

User guides (1)

Title Abstract Type Size (KB) Date Views TIRec
CIle on thlS ||nk for Precision Labs SAR ADC EVM User's Guide Read Abstract  pPDF 3311 05 Dec2017 149 v
the zip folder
containing the Related Products
updated software Software (1)
PLABS-SAR-EVM-PDK Setup Toolkit (Rev. A)
(ZIP, 361412KB) 16 Feb 2018
Tl Devices (11)
Part Number ¢ Name $
ADS1220 24-Bit, 2kSPS, 4-Ch, Low-Power Delta-Sigma ADC With PGA and Vref for Small Signal Sensors
ADS7042 12-Bit 1MSPS Ultra-Low-Power Ultra-Small-Size SAR ADC With SPI Interface
ADS8860 16 bit 1 MSPS, Serial, Pseudo-Differential Input, Micro Power, Miniature, SAR ADC
Figure 16. PLABS Toolkit Link
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Upon clicking the Setup Toolkit link in Figure 16, the page in Figure 17 opens:

Click on the
appropriate box What end-equipment/application will you use this file for:

for yous _ O Military
application

J Civil
| certify that the following is true:

(a) | understand that this Software/Tool/Document is subject to export controls
under the U.S. Commerce Department?s Export Administration Regulations
("EAR").

(b) I am NOT located in Cuba, Iran, North Korea, Sudan or Syria. | understand these
are prohibited destination countries under the EAR or U.5. sanctions regulations.

(c) I am NOT listed on the Commerce Department?s Denied Persons List, the
Commerce Departments Entity List, the Commerce Department?s General Order
No. 3 (in Supp. 1 t 0 EAR Part 736), or the Treasury Department?s Lists of Specially
Designated Nationals.

(d) | WILL NOT EXPORT, re-EXPORT or TRANSFER this Software/Tool/Document to
any prohibited destination, entity, or individual without the necessary export
license(s) or authorization(s) from the U.5. Government.

(e) | will NOT USE or TRANSFER this Software/Tool/Document for use in any
sensitive NUCLEAR, CHEMICAL or BIOLOGICAL WEAPONS, or MISSILE
TECHNOLOGY end-uses unless authorized by the U.S. Government by regulation or
specific license.

(f) | understand that countries other than the United States may restrict the import,
use, or export of the Subject Product. | agree that we shall be solely responsible for
compliance with any such import, use, or export restrictions.

* 1/ We hereby certify that we will adhere to the conditions above.

+ 1/ We do not know of any additional facts different from the above.

- 1/ We take responsibility to comply with these terms.

- 1/ We understand we are responsible to abide by the most current. versions
of the Export Administration Regulations and other U.S. export and
sanctions laws.

| CERTIFY ALL THE ABOVE IS TRUE: Yes @ No @

Figure 17. Applications Agreement
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When the required agreements are accepted you will be prompted to the download page. When the

download is finished, open the downloaded zip folder and run the executable file within. Upon successful
completion of this step, Figure 18 opens:

& Plabs Toolkit Setup - X

3 Setup - Plabs Toolkit

Welcome to the Plabs Toolkit Setup Wizard.

1% |

< Back Cancel

Figure 18. Plabs Toolkit Dialog Box
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Click Next and follow the dialog box prompts to install the Plabs toolkit. Figure 19 shows the PLABS toolkit
setup steps:

3 Plabs Toolkit Setup - X & Plabs Toolkit Setup = x
N .
License Agreement , | License Agreement ”
TR : |
Please read the following License Agreement. You must accept the terms of this Please read the following License Agreement. You must accept the terms of this

i

agreement before continuing with the installation. agreement before continuing with the installation.

c NATIONAL INSTRUMENTS SOF TWARE LICENSE -

Source and Binary Code Internal Use License Agreement AGREEMENT

l

INSTALLATION NOTICE: THIS IS A CONTRACT. BEFORE YOU DOWNLOAD THE
SOFTWARE AND/OR COMPLETE THE INSTALLATION PROCESS, CAREFULLY

DEARN  TUIC AFDCCMEMT DV MNARI AANKA  TUC  CACTIAMADE  ARININD

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 ] ¥

Stk (CH] accept the agn!emenlé
Do you accept this license? (L ESOEpE O SgTeeTTeng Do you accept this Bcessel

(O | do not accept the agreement O |do not accept the agreement

< Back Ned > Cancel < Back Next > Cancel
3 Plabs Toolkit Setup - P £ Plabs Toolkit Setup - X
" "
Installation Directory ” Ready to Install Q‘
Please specify the directory where Plabs Toolkit will be installed. Setup is now ready to begin installing Plabs Toolkit on your computer.
Installation Directory  ||SREEETE )
< Back Next > Cancel < Back Nedt > -_ Cancel

Device Driver Installation Wizard

Completing the Device Driver
Installation Wizard

Please wait while Setup installs Plabs Toolkit on your computer.
The device driver installation wizard did not update any of your

software for your hardware devices because & was not better than
Installing the softwane you cumertly have installed.

Unpacking C:\Users\a0[...JE 32_bit_2012\Products\Datasocket\datas00.cab

- . X /
—

| Driver Name Satus
| v Texas instruments (Win_.  Ready to use

< Back Next > Cancel

— —-

Figure 19. Software Installation
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4.1 Overview of PLABS-SAR-EVM GUI

When the download is finished, you should have the option to run the toolkit. If not, search for the program
using the start menu and open the toolkit. The prompt in Figure 20 should appear:

K] Plabs Toolkit

Mote: Please select the GUI to Launch

Plabs Toolkit

SAREVM

Power Scaling EVM

Wi TEXAS INSTRUMENTS

Figure 20. Plabs Toolkit Prompt

Click on the SAR EVM button to open the SAR EVM GUI, the default display that opens should look like
the page in Figure 21. The PSI controls are located at the bottom right of the main display and the red tab
indicates if the PSI hardware is not connected.

& Plabs-5AR-EVM
file Debug Capture Help

X

] connect to Hardware

Pages

L Time Domain Displa

o

< Histogram Analysis

< Linearity Analysis

< Reference Setfling Analysis

Interface Configuration

Protocol Selected
8P1_3_Wire_WithBusy

SCLK Frequency(Hz)
Target Achievable
geM |5 66.00M

Sampling Rate(sps)

Target Achievable
1.00M 5 1.00M

Idle

Codes

Time Domain Display

Y Scale fit Auto mode

£

Vref(v)
5

' ' | |
40000 60000 80000 100000

Capture

' ' ' ! . ! '
120000 140000 160000 180000 200000 220000 240000
Samples

< >

Min and Max Values
Max_Code
0

Min_Code
0

PSI Controls ® 0O

-0

0
262143

Max_Volt
0.000

Min_Volt
0.000

(n) abeyon

PSI Controls are located
at the bottom right of
the main display

| ——————

Figure 21. Default PLABS-SAR-EVM GUI Display

SBAU307A—December 2017—-Revised March 2018
Submit Documentation Feedback

Precision Labs SAR ADC EVM 21

Copyright © 2017-2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAU307A

13 TEXAS
INSTRUMENTS

EVM Graphical User Interface (GUI) Software Installation www.ti.com

The PSI software interface within the SAR EVM GUI allows the user to enter the peak-to-peak amplitude
of the output signal, the offset voltage, and the frequency. The output enable switches the output signal on
and off. Single-ended and differential options are also available but the SAR-PLABS-EVM only uses the
single-ended mode. Click on the PSI Controls tab to expand this screen, which then shows the controls in
Figure 22.

If the controls
header tab is red,
the PSI hardware

has not been
recognized by the

Click on the “refresh” button to
poll for the PSI hardware

GUI
PSI Controls R -
Amplitude
10.83 -
03vpp 2 = I
DC Offset 75- O
oy & g
: Jumper
Frequency 25 - settings
2KHz 2 :
0-pm JP1JP3-
Output Type : Filt \ Below the jumper
X -2.5- JP4 -YCM i
Single End : settings are the
ngle End¥ : JPE - GMND g .
5 correct jumper
.= 75 : Output connections for
- P2 proper operation
Update -
-10.93 -
Figure 22. PSI Controls: Unconnected PSI Hardware
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When the PSI hardware is recognized, the controls tab should look like Figure 23:

PSI Controls g -
Full Scale Input I
. i ICK On the
Range is 5 volts % 10.93 - power button to
— avpp F - l
peak to peak - <@ generate the
DC Offset 75 signal, once
é F Y E ’
Offset is set to half 5- Jumper powered it will
the Full Scale requency - 55 0 | settings turn blue
2 KHz -
Range 0- JP1, IP3-
Output Type : Filt
: 25- JP4-VCM
Set the output === | SingleEnd¥ -0 | Jps-GND
to single ended - B
for this evm 75 | Outeut
: P2
-
1093
Figure 23. PSI Controls: Ready to Generate an Input Signal
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The time domain display allows the user to view the input signal in a pre-defined window when captured
by the ADS8860. Figure 24 shows some key features of the display.

£ Plabs-SAR-EVM
File Debug Copture Help

iages
L3 Time Domain Displa

< Linearity Analysis
< Reference Settling Analysis

Channel Connected: DAQ Channel 1

3 Hietogeam Anahsis Time Domain Display

External Reference : REF5050 Connect to Hardware

Y Scale fit Auto mode aed ﬁﬂi

- x

-2594

34000
32000
30000

Interface Configuration
28000~ \

N

-24

/ / 22
26000- 7 2
Device Modes S4000 / 18 |
SPI-3-Wire-WithBusy |~ 22000
20000 o =
Protocal Selected 2 18000 i
SPI_3_Wire_WithBusy & 16000~ 1z 3
14000~ / .
SCLK Frequency(Hz) 12000+ / y I
10000- : Y =08
Target Achievable 2000 f \ -0.6
saM 2| s.o0m 5000 \ S au
4000
_ 2000~ i / /2
Sampling Rate{sps) o = -0
23883 24000 24100 24200 24300 2 24500 24600 24700 24800 24300 25000 25100 25320
Target_ Achievable Samples
100M & [ 100w 7 =
Min and Max Values
Samples Max_Code Max_Volt
262144 5 Capture 33013 2519
Vref(V) Min_Code Min_Voit
5 087 0.075
PSI Coraols ¢ O
Idle i3 TeXAS INSTRUMENTS
. Press capture. Waveform and ke
Enter Sampling Enter reference P ¢ v
. . measurements are
Rate. 1Msps is voltage. 5V is Enter number of disolaved
maximum for used on this EVM. points sampled. played.

ADS8860.

Figure 24. Time Domain Display

24 Precision Labs SAR ADC EVM

SBAU307A—-December 2017—-Revised March 2018
Submit Documentation Feedback

Copyright © 2017-2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAU307A

13 TEXAS

INSTRUMENTS

www.ti.com

EVM Graphical User Interface (GUI) Software Installation

The spectral analysis page performs a fast Fourier transform (FFT) of the input signal and displays key
measurements such as signal-to-noise ratio (SNR), total harmonic distortion (THD), signal power (dBFS),
spurious-free dynamic range (SFDR), signal-to-noise and distortion (SINAD), and effective number of Bits

(ENOB). With a 4.9-Vpp, 2-kHz sine wave and 2.5-V
the page shown in Figure 25.

DC offset the spectral analysis should look similar to

Enable the display of
harmonics and DC offset in the
FFT

& Piabs-54R-EVM - *
File Debug Capture Help
Channel Connected: DAQ Channel 1 External RefegEnce : REF5050 [FlConnect to Hardware
Pages
< Time Domain Display =
P Speciral Analysis]
e Spectral Analysis
< Linearity Analysis [“IMark Harmonics Display DG B FFT |
< Reference Settling Analysis LiBisplay SR ol |
20-
[H1]
U— %
Interface Configuration -20-
40~
Device Modes
. -6D-
SPI3-Wire-WithBusy |+ [
8 -s0- IH2]
e . [H3]
Protocol Selected 2 100+ ol =
SPI_3_Wire_WithBusy £ 120- [ il [HE] HT] ]
= [ ) g [H10]
-140-
SCLK Frequency(Hz)
-160-
Target Achievable 180~
geM 13 | ee.0om
-200-
-220- | | | | | | | | | | |
Sampling Rate{sps) 0 2000 4000 000 8000 10000 12000 14000 16000 18000 20000 21989
Frequency{Hz)
Target Achievable
1oom 2] 100mM
Output Parameters
SNR(dB) THD (dB) Signal power(dBrg)  Harmonics(dBC)
samples 915766 914648 0669976 Ht o g
262144 v Capture HZ DI
SFDR(E) SINAD(dB) ENOB R
92 5572 88.51 14,4103 -1
Input Parameters 5 RTERT
Device Fs (Hz) rmonics Window Fi Calculated (Hr)  Maximum Spur (dBG) Maximum Spur (Hz) :g 'El';’j?
1.00M 9 ol 7 Term B-Harris [« e ] Bl i
1999986k 925572 400162 e =
PSI Controls ¢ 0O
Idie V CONNEJTED. W & TEXAS INSTRUMENTS
FFT and key
"
Press capture. Use default “7 term B-
) " measurements are
Harris for best results”. .
displayed.

Figure 25. Spectral Analysis Display
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The histogram analysis displays a histogram of data points clustered at sets of codes corresponding to the
digital values converted by the ADS8860. Figure 26 shows the histogram analysis with Noise Card 1
placed at channel 1 and a DC input of 0.1 V.

& Plabs-SAR-EVM
File Debug Capture Help

‘Channel Connected: DAQ Channel 1

- x

External Reference : REF5050 Connect to Hardware

Pages

<> Time Domain Display

< Spectral Analysis

RY Histogram Analysis

< Linearity Analysis

¢ Reference Setling Analysis
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Device Modes:
SPI-3-Wire-WithBusy |~
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Figure 26. Histogram Analysis

The number of
data points
corresponding
to a particular
set of codes are
plotted

Statistical
results of the
histogram
analysis are
isplayed here

26 Precision Labs SAR ADC EVM

SBAU307A—-December 2017—-Revised March 2018
Submit Documentation Feedback

Copyright © 2017-2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAU307A

13 TEXAS

INSTRUMENTS

www.ti.com

EVM Graphical User Interface (GUI) Software Installation

4.2 Overview of PLABS Power Scaling GUI

The Power Scaling GUI allows the user to analyze how power consumption by the ADC changes. The
Power Scaling GUI must recognize the PHI and PSI connected to channel 3 for proper operation. Be sure
to correctly connect the hardware. Figure 27 describes the register map configuration display.

The register description

field describes the

function of each bit field in
the configuration register

*

-HW CONNECTED | & Texas INSTRUMENTS

Figure 27. Register Map Configuration
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The Power Scaling tab shows power consumption results by the ADS7042 when the sampling rate
changes and bandwidth of the front-end drive op amp changes. Calibrate the system before experimenting
with the power-scaling analysis tools. Figure 28 shows power-scaling results for the ADS7042. When
calibration is complete, power-scaling results are obtained by clicking on each sampling rate button and
performing the appropriate coupon card and jumper connection updates on the EVM.

Click the calibrate button to
remove static errors such as
offset error, INL, DNL, and Gain
error from the system

measurement
& Plabs-Power Scaling EVIV — b e
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Figure 28. Power Scaling Results

Similar to the PLABS-SAR-EVM GUI, the Power Scaling GUI includes virtually identical time domain

analysis, spectral analysis, and linearity analysis displays.
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5 Board Layout

The SAR-ADC-EVM uses a four-layer board. Signals are on the top and bottom layer. Internal layers are
used for power and ground connections. Figure 29 shows the top layer of the PCB.

Figure 29. PCB Top Layer
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Figure 30 shows that most of the components are placed on the bottom layer.
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Figure 30. Bottom Layer

30

Precision Labs SAR ADC EVM

SBAU307A—-December 2017—-Revised March 2018

Copyright © 2017-2018, Texas Instruments Incorporated

Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAU307A

13 TEXAS
INSTRUMENTS

www.ti.com

Board Layout

The ground layer, shown in Figure 31, is a solid ground plane. All connections to ground are made to this

layer.

5 e £ e = &
¥ 5 * aie s i G
® . o ®
G W
% b3
%ﬁx))zx ¥ e XX-
x x e
- 9 : 3¢ 5
- * . % o
o % * % ot
K «
* i ;é woox
20 KX .
@ “ @
£ x
. & W 5
X = ® x x &
xa
we A S
% =
b & o
3 . o ¢ X
. “ . b4
o X x 3 * %
: 1 * o ey
® 4 % 30 e
K XX .
® . I } % ®
H SO 0% 60 5 XA
. *
W X)’<( K 3K % WA 2 .
%a v Wo% - = L X am - R .
= L L - % =
. . X S e x ot
x - .
-
b g o # - x X e
* = = e % 5
!x x b - H
x x o -
x x X
e w0 ®
.. s s . . e on wae o
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The power layer, shown in Figure 32, has several different polygon power planes.
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Figure 32. Power Layer
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6 Schematic and Bill of Materials

Subsections of the schematic are used throughout this document. The full schematic and bill of materials
is provided for reference in this section.

6.1 Schematic
The SAR-ADC-EVM seven-page schematic is provided in Figure 33 through Figure 39.
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Figure 33. Page 1: Channel 1
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Figure 34 shows the input configuration for channel 2.

2
H
2
=3
o
a
k=l
=
o
o
I
if
o
=
=]

=1

s
oo

[
o
FEE B

s ]

ai” ]

ore FHE D40 <3 3V

m2

R24E32FVT-AGE2

AnzssEsDEER

§ ! ?I%H\I-%
g 7
3 F I
E
— ; g
i 2
i ]
P " | 5 ]
Figure 34. Page 2: Channel 2
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This page (Figure 35) shows low dropout regulators for channels 1 and 2.
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This page (Figure 36) shows the AC and DC connections to channel 3.
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This page (Figure 37) shows the current-shunt amplifiers.
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Figure 37. Page 5: Channel 3 Current-Shunt Amplifiers and ADC
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This page (Figure 38) shows the range jumpers for the shunt measurement.
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Mechanical hardware such as screws and standoffs are shown in this page (Figure 39).
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Figure 39. Page 7: Hardware
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Schematics for the coupon cards are presented in Figure 40 through Figure 49 for reference.
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42 Precision Labs SAR ADC EVM

SBAU307A—-December 2017—-Revised March 2018
Submit Documentation Feedback

Copyright © 2017-2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAU307A

13 TEXAS
INSTRUMENTS

www.ti.com Schematic and Bill of Materials

Cc24 T

4
= : R25
5 > W o 4 ik
A+ 499 _'L 3 -
c23 2 AING
1

e | GND
T al 270pF

g o \\/H OPAaLg:uDBVR . b T =

2 Te | anD = L 485 0 = JiB
F- GND =
= J10A

Figure 49. OPA320 Good Filter 2
SBAU307A—-December 2017 —Revised March 2018 Precision Labs SAR ADC EVM 43

Submit Documentation Feedback
Copyright © 2017-2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAU307A

Schematic and Bill of Materials

13 TEXAS
INSTRUMENTS

www.ti.com

6.2 Bill of Materials

Table 4 provides a bill of materials for the SAR-ADC-EVM motherboard.

Table 4. Bill of Materials for the SAR-ADC-EVM Motherboard

Designator Qty | Value Description Package Reference Part Number Manufacturer

IPCB 1 Printed Circuit Board DC022 Any

IPCB2 1 Coupon board: DC028. N/A DCO028 Any

@H1-@H6 MACHINE SCREW PAN PHILLIPS M2 MPMS 002 0005 PH B&F Fastener Supply

@H7-@H18 12 Hex Standoff, #4-40, Aluminum, 1/4" 1/4" Aluminum Hex Standoff 1891 Keystone

C1,C14 0.01uF CAP, CERM, 0.01 pF, 50 V,+/- 5%, COG/NPO0, 0603 0603 C1608NP0O1H103J080AA TDK

C2, C3, C6, C11, C13, C15,

C18, C19, C24-C26, C30,

C31, C33, C36, C39, C40, o

C44. C45. C50. C53-C55, 34 1uF CAP, CERM, 1 pF, 16 V, +/- 10%, X7R, 0603 0603 C1608X7R1C105K TDK

C59, C60, C65, C69, C71-

C74, C77, C79, C82

C4, C5, C8, C9, C16, C17,

C21,C23, C42,C43,C48, | 12 |10uF | CAP, CERM, 10 pF, 25 V, +/- 10%, X5R, 0805 0805 CL21A106KAFN3NE namsung Electro-

C49 echanics

C10, C22, C29, C47, C51,

C52, C58, C62-C64, C68, 12 | 0.1uF CAP, CERM, 0.1 pF, 50 V, +/- 10%, X7R, 0603 0603 C0603C104K5RACTU Kemet

C70

C12, C27, C32, C57 4 |22uF | CAP, CERM, 22 uF, 25 V,+/- 20%, X5R, 0805 0805 CL21A226MAQNNNE fﬂi’;‘s::igcf'ec‘m'

C34, C35, C37, C38, C66, o

C76. C78. C80. C81. C83 10 47uF CAP, CERM, 47 uF, 10 V,+/- 20%, X5R, 0805 0805 C2012X5R1A476M125AC TDK

C61, C67, C75 3 100pF CAP, CERM, 100 pF, 50 V, +/- 5%, COG/NPO, 0603 0603 C0603C101J5GACTU Kemet

D1, D2, D6 3 3.6V Diode, Zener, 3.6 V, 500 mW, SOD-123 SOD-123 MMSZ4685T1G ON Semiconductor

D3-D5, D7-D9 6 Green LED, Green, SMD LED_0805 APT2012LZGCK Kingbright

FID1-FID6 6 Fiducial mark. There is nothing to buy or mount. N/A N/A N/A

HO 1 CABLE USB A MALE-B MICRO MALE 1M (Kit Item) USB Cable 102-1092-BL-00100 CNC Tech

H1-H6 6 ROUND STANDOFF M2 STEEL 5MM ROUND STANDOFF M2 9774050243R Waurth Elektronik
STEEL 5MM

H7-H18 12 MACHINE SCREW PAN PHILLIPS 4-40 Machine Screw, 4-40, 1/4" PMSSS 440 0025 PH B&F Fastener Supply

J1, 44, J5 3 JACK, SMA, 50 Ohm, Gold, R/A, TH SMA Jack, 50 Ohm, R/A, TH | 901-143-6RFX Amphenol RF

J2, J6, J8 3 Header(Shrouded), 19.7mil, 30x2, Gold, SMT Header (Shrouded), 19.7ml., | qTH.030-01-L-D-A Samtec

J3A, J3B, J7A, J7B, J9A,

J9B, J10A, J10B, J11A,

J11B, J12A, J12B, J13A,

J13B, J14A, J14B, J15A, 26 Receptacle, 2.54mm, 4x1, Gold, TH Socket, 2.54mm, 4x1, TH SS-104-G-2 Samtec

J15B, J16A, J16B, J17A,

J17B, J18A, J18B, J19A,

J19B

JP1, JP3 2 Header, 100mil, 3x1, Gold, TH 3x1 Header TSW-103-07-G-S Samtec
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Table 4. Bill of Materials for the SAR-ADC-EVM Motherboard (continued)

Designator Qty | Value Description Package Reference Part Number Manufacturer
JP2, JP4 2 Header, 100mil, 4x2, Gold, TH 4x2 Header TSW-104-07-G-D Samtec
JP5-JP13 9 Header, 100mil, 2x1, Gold, TH 2x1 Header TSW-102-07-G-S Samtec

R1, R13, R20, R23, R26,

ESZ: Sg;;g@%ﬂ%gﬁ 21 [1.00k | RES,1.00k, 0.1%, 0.1 W, 0603 0603 RT0603BRBO71KL Yageo America
R86, R92, R132-R134

ngﬁgf&?égfég“s’ 16 499 | RES, 49.9, 1%, 0.063 W, 0402 0402 CRCWO040249R9IFKED Vishay-Dale
R6, R18, R131 3 |[10.0k | RES, 10.0k, 0.1%, 0.0625 W, 0402 0402 RT0402BRDO710KL Yageo America
R7, R10, R19, R31, R34-

R38, R43-R46, R54, R57,

R82, R91, R96, R102, 31 o RES, 0, 5%, 0.1 W, 0603 0603 CRCWO06030000Z0EA Vishay-Dale
R104, R105, R108, R113-

R116, R119-R122, R124

Re. 119, R29, 30, S8, 6 |10.0k |RES,10.0k, 1%, 0.1 W, 0603 0603 RC0603FR-0710KL Yageo America
R11, R21, R32, R62 4 |022 |RES,0.22 1%, 01 W, 0603 0603 ERJ-3RQFR22V Panasonic

R12 1 |120k | RES, 120 k, 1%, 0.1 W, 0603 0603 RCO603FR-07120KL Yageo America
R22 1 |499k | RES, 49.9k, 0.1%, 0.1 W, 0603 0603 RT0603BRDO749K9L Yageo America
R25 1 |232k | RES, 2.32k 0.1%, 0.1 W, 0603 0603 RG1608P-2321-B-T5 Susumu Co Ltd
R28 1 |205 | RES, 20.5,0.1%, 0.1 W, 0603 0603 RT0603BRDO720R5L Yageo America
R33, R42, R98, R111,R112| 5 |0 RES, 0.1, 1%, 0.1 W, 0603 0603 ERJ-3RSFR10V Panasonic
R39-R41, R99-R101 6 |6.65k |RES,6.65k 1%, 0.1 W, 0603 0603 RCO603FR-076K65L Yageo America
R55 1 |3.00k |RES,3.00k, 0.1%, 0.1 W, 0603 0603 RG1608P-302-B-T5 Susumu Co Ltd
R63 1 |499k | RES, 499k 0.1%, 0.1 W, 0603 0603 RG1608P-4991-B-T5 Susumu Co Ltd
R65, RI0 2 |99 RES, 499, 0.1%, 0.1 W, 0603 0603 RT0603BRDO7499RL Yageo America
R66 1 |348 | RES, 348, 1%, 0.1 W, 0603 0603 CRCWO060334R8FKEA Vishay-Dale
R68, R78, R87 3 |150k | RES, 150k, 0.1%, 0.1 W, 0603 0603 RT0603BRDO71K5L Yageo America
R69, R8O, R88 3 |243k | RES, 243k 0.1%, 0.1 W, 0603 0603 RT0603BRD072K43L Yageo America
Rog 172 RE3, Re4, RI4, 6 |2.00Meg | RES, 2.00 M, 0.1%, 0.1 W, 0805 0805 CPF0805B2MOE TE Connectivity
R85, R89 2 |200k | RES, 200k 0.1%, 0.1 W, 0603 0603 RT0603BRDO72KL Yageo America
Ro3 1 |143 RES, 143, 0.1%, 0.1 W, 0603 0603 RT0603BRDO7143RL Yageo America
R125 1 |1.40k | RES, 1.40k, 0.1%, 0.1 W, 0603 0603 RG1608P-1401-B-T5 Susumu Co Ltd
R126 1 |124 RES, 12.1, 0.1%, 0.1 W, 0603 0603 RT0603BRDO712R1L Yageo America
R127 1 |200 |RES, 20.0,0.1%, 0.1 W, 0603 0603 RT0603BRDO720RL Yageo America
R128 1 |243k | RES, 2.43k, 0.1%, 0.1 W, 0603 0603 RG1608P-2431-B-T5 Susumu Co Ltd
R129 1 |3.01 RES, 3.01, 0.5%, 0.1 W, 0603 0603 RT0603DRE073RO1L Yageo America
R130 1 |100k | RES, 10.0k, 0.1%, 0.1 W, 0603 0603 RG1608P-103-B-T5 Susumu Co Ltd
S1-S3 3 Switch, Slide, SPDT 100mA, SMT Switch, 5.4x2.5x2.5mm CAS-120TA Copal Electronics
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Table 4. Bill of Materials for the SAR-ADC-EVM Motherboard (continued)

R118, R123

Designator Qty | Value Description Package Reference Part Number Manufacturer

SH-J1, SH-J2 2 1x2 Shunt, 100mil, Gold plated, Black Shunt 969102-0000-DA 3M

TP1-TP21 21 SMT Test Point, Miniature, SMT Testpoint_Keystone_Miniature | 5015 Keystone
16-Bit, 1-MSPS, Serial Interface, microPower, Miniature, Single-Ended

U1, U4 2 Input, SAR Analog-to-Digital Converter, DGS0010A DGS0010A ADS8860IDGSR Texas Instruments
High-Precision Voltage Reference with Integrated High-Bandwidth Buffer,

U2 1 DGKO0O008A (VSSOP-8) DGKO0008A REF6050IDGKR Texas Instruments

U3, U7, U16 3 12C BUS EEPROM (2-Wire), TSSOP-B8 TSSOP-8 BR24G32FVT-3AGE2 Rohm
Low Noise, Very Low Drift, Precision Voltage Reference, -40 to 125 degC,

us 1 8-pin SOIC (D), Green (RoHS & no Sb/Br) DOO008A REF5050IDR Texas Instruments
Precision, 20 MHz, 0.9 pA Ib, RRIO, CMOS Operational Amplifier, 1.8 to

ue 1 5.5V, -40 to 125 degC, 5-pin SOT23 (DBV0005A), Green (RoHS & no DBVO0005A OPA320AIDBVR Texas Instruments
Sb/Br)
Low Noise, Very Low Drift, Precision Voltage Reference, -40 to 125 degC,

us 1 8-pin VSSOP (DGK), Green (RoHS & no Sb/B) DGKO0008A REF5050IDGKR Texas Instruments

U9, U1, U22, U24, U25 5 Sg)v 1-A, 4.17-uVRMS, RF LDO Voltage Regulator, RGW0020A (VQFN- | g awo020A TPS7A4700RGWR Texas Instruments

u10, U23, U26 3 NanoPower Supervisory Circuits, DBVO005A (SOT-5) DBVO0OO005A TPS3836K33DBVR Texas Instruments
12-Bit, 1-MSPS, Ultra-Low-Power & Ultra-Small-Size SAR ADC with SPI

ui2 1 Interface, DCUOOOBA (VSSOP-8) DCUO0008A ADS7042IDCUR Texas Instruments
Precision, 20 MHz, 0.9 pA Ib, RRIO, CMOS Operational Amplifier, 1.8 to

U13, U15 2 5.5V, -40 to 125 degC, 8-pin SOP (DGK0008A), Green (RoHS & no DGKO0008A OPA2320AIDGKR Texas Instruments
Sb/Br)
Low Noise, Very Low Drift, Precision Voltage Reference, -40 to 125 degC,

ut4 1 8-pin SOIC (D), Green (RoHS & no Sb/Br) DOO008A REF5030AID Texas Instruments

U17, U19, U20 3 Naaay aro-Ral O INSTRUMENTATION AMPLIFIER, DGKO00BA | <0008 INA326EA/2K5 Texas Instruments
24-Bit, 2kSPS, 4-Ch, Low-Power, Delta-Sigma ADC with PGA and

u1s 1 Voltage Reference, PW0016A (TSSOP-16) PWO0016A ADS1220IPWR Texas Instruments
Precision, Low Noise, Low Iq Operational Amplifier, 2.2 to 5.5 V, -40 to

u21 1 125 degC, 5-pin SOT23 (DBVOOO5A), Green (RoHS & no Sb/Br) DBVO0OO005A OPA376AIDBVR Texas Instruments

@H19, @H20 0 Hex Standoff, #4-40, Aluminum, 1/4" 1/4" Aluminum Hex Standoff 1891 Keystone

Cc7 0 1000pF | CAP, CERM, 1000 pF, 50 V, +/- 5%, X7R, 0603 0603 GRM188R71H102JA01D MuRata

C20, C41 0 1000pF | CAP, CERM, 1000 pF, 50 V, +/- 1%, COG/NPO, 0603 0603 GRM1885C1H102FA01J MuRata

C46 1 1000pF | CAP, CERM, 1000 pF, 50 V, +/- 1%, COG/NPO, 0603 0603 GRM1885C1H102FA01J MuRata

C28, C56 0 |10uF | CAP, CERM, 10 yF, 25 V, +/- 10%, X5R, 0805 0805 CL21A106KAFN3NE pamsung Electro-

H19, H20 0 MACHINE SCREW PAN PHILLIPS 4-40 Machine Screw, 4-40, 1/4" PMSSS 440 0025 PH B&F Fastener Supply

R24, R61 0 0.47 RES, 0.47, 1%, 0.1 W, 0603 0603 ERJ-3RQFR47V Panasonic

R49, R97, R103, R106,

R107, R109, R110, R117, 0 0 RES, 0, 5%, 0.1 W, 0603 0603 CRCWO06030000Z0EA Vishay-Dale
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Table 5 provides a bill of materials for the SAR-ADC-EVM coupon boards.

Table 5. Bill of Materials for the SAR-ADC-EVM Coupon Boards

(DBV0005A), Green (RoHS & no Sb/Br)

Designator Qty |Value | Description Package Reference Part Number Manufacturer
IPCB 1 Printed Circuit Board DC028 Any
C1, C3, C7,C9, C20 5 | 1100pF | CAP, CERM, 1100 pF, 50 V,+/- 5%, COG/NPO, 0603 0603 GRM1885C1H112JA01D MuRata
C2, C4, Cs, C8, C10,
C13, C17, C19, C21, 10 |0.1uF | CAP, CERM, 0.1 pF, 50 V, +/- 10%, X7R, 0603 0603 C0603C104K5RACTU Kemet
C24
C5 1 | 680pF | CAP, CERM, 680 pF, 50 V, +/- 5%, COG/NP0, 0603 0603 GRM1885C1H681JA01D MuRata
cti 1 |1.2pF |CAP, CERM, 1.2 pF, 50 V,+/- 10%, COG/NPO, 0603 0603 CL10C1R2BBSNNNG yamaung Elactro-
C12, C23 2 | 270pF | CAP, CERM, 270 pF, 50 V,+/- 5%, COG/NPO0, 0603 0603 GRM1885C1H271JA01D MuRata
Cl14 1 |0.01uF | CAP, CERM, 0.01 pF, 50 V,+/- 5%, COG/NPO, 0603 0603 C1608NP0O1H103J080AA TDK
C15 1 | 6800pF | CAP, CERM, 6800 pF, 50 V,+/- 5%, COG/NPO, 0603 0603 GRM1885C1H682JA01D MuRata
C16, C18 2 |510pF | CAP, CERM, 510 pF, 50 V,+/- 5%, COG/NPO0, 0603 0603 GRM1885C1H511JA01D MuRata
c22 1 120pF | CAP, CERM, 120 pF, 50 V, +/- 5%, COG/NPO, 0603 0603 C0603C121J5GACTU Kemet
J1A, J1B, J2A, J2B,
J3A, J3B, J4A, J4B,
J5A, J5B, J6A, J6B, 20 Header, 2.54mm, 4x1, Gold, Black, TH Header, 2.54mm, 4x1, TH | TS-104-G-AA Samtec
J7A, J7B, J8A, J8B,
J9A, J9B, J10A, J10B
Al A2 RSRIOR2T 1 4o 1249 | RES, 24.9,0.1%, 0.1 W, 0603 0603 RT0603BRD0724R9L Yageo America
R3, R4, R24 3 [100 RES, 100, 0.1%, 0.1 W, 0603 0603 RG1608P-101-B-T5 Susumu Co Ltd
R11 1 100k RES, 100 k, 0.1%, 0.1 W, 0603 0603 RG1608P-104-B-T5 Susumu Co Ltd
R12 1 10.0k | RES, 10.0 k, 0.1%, 0.1 W, 0603 0603 RG1608P-103-B-T5 Susumu Co Ltd
R13, R14, R25, R26 4 49.9 RES, 49.9, 0.1%, 0.1 W, 0603 0603 RT0603BRD0749R9L Yageo America
R15 1 41.2k RES, 41.2 k, 0.1%, 0.1 W, 0603 0603 RT0603BRD0741K2L Yageo America
R16 1 22.1k RES, 22.1 k, 0.1%, 0.1 W, 0603 0603 RT0603BRD0722K1L Yageo America
R17, R18 2 2.00k RES, 2.00 k, 0.5%, 0.1 W, 0603 0603 RT0603DRE072KL Yageo America
R19, R20 2 | 200k RES, 200 k, 5%, 0.1 W, 0603 0603 CRCWO0603200KJNEA Vishay-Dale
R23 1 1.00k | RES, 1.00 k, 0.1%, 0.1 W, 0603 0603 RT0603BRD0O71KL Yageo America
U1. U2 U5. U6. U9 Precision, 20 MHz, 0.9 pA Ib, RRIO, CMOS Operational
U1b T e 6 Amplifier, 1.8 t0 5.5V, -40 to 125 degC, 5-pin SOT23 DBV0O005A OPA320AIDBVR Texas Instruments
(DBV0005A), Green (RoHS & no Sb/Br)
17 uA, MicroPower, Precision, Zero Drift CMOS Operational
us 1 Amplifier, 1.8 t0 5.5V, -40 to 125 degC, 5-pin SOT23 DBV0O005A OPA333AIDBVR Texas Instruments

SBAU307A—-December 2017—-Revised March 2018

Submit Documentation Feedback

Copyright © 2017-2018, Texas Instruments Incorporated

Precision Labs SAR ADC EVM 47



http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAU307A

Schematic and Bill of Materials

13 TEXAS
INSTRUMENTS

www.ti.com

Table 5. Bill of Materials for the SAR-ADC-EVM Coupon Boards (continued)

Designator Qty |Value | Description Package Reference Part Number Manufacturer
10-MHz, Low-Power, Low-Noise, RRIO, 1.8-V CMOS

U4 1 Operational Amplifier, DBVOOOSA (SOT-5) DBVO005A OPA316IDBVR Texas Instruments
Low-Power, Rail-to-Rail In/Out, 500-uV Typical Offset, 1-MHz

u7 1 Operational Amplifier for Cost-Sensitive Systems, DBVO005A DBVO005A TLV313IDBVR Texas Instruments
(SOT-23-5)

us 1 Single Channel 450nA Precision Nanopower Operational DBV0OO5A LPV811DBVR Texas Instruments

Amplifier, DBVOOO5A (SOT-23-5)
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IMPORTANT NOTICE FOR Tl DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate Tl products; by downloading, accessing or using any particular Tl Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from Tl providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all Tl products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include Tl products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular Tl Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the TI product(s) identified in such Tl Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of Tl Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to Tl Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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