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Required/Recommended Equipment

« Calculation
— Simple calculation using OPA320 and OPA316 Data Sheet

« Simulation
— No simulation in this experiment.

* Measurement
— PLABS-SAR-EVM-PDK

— http://www.ti.com/tool/plabs-sar-evm-pdk
— Download EVM software and purchase EVM
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http://www.ti.com/tool/plabs-sar-evm-pdk

Op Amp with and without input Crossover distortion

Vin@

Vin@

\IE S PARAMETER: MIN TYP | MAX UNIT
~ 24.90 AVDD DVDD Vref OPA316 — Has Crossover
PI% ot VY l NP ADSEEE scii— Ve Common Mode Voltage (V-)-0.2 (V4402 | V
1.1nF T U2 S0 — CMRR  (V-)-0.2 < Vem < (V4)-1.4V 76 | 90 dB
+5.2v A INM s = 500ksps (V-)-0.2 < Vom < (V+)+0.2V 65/ | 80
" Much better CMRR 1.4V below
positive rail. For 5.2V supply,
crossover happens at 3.8V
vy ey (5.2V - 1.4V = 3.8V)

\__|__ A\j))I-DD Dj};D \j\;\ PARAMETER: MIN TYP | MAX UNIT

_+\ %/1/8 0 INP L OPA320 — No Crossover

1T U1 OPA320 e 6238860 sc(ii | Veu Common Mode Voltage (V-)-0.1 (V+)+0.1 |V

+5.2V faris T NV okepe o0 CMRR  (V-)-0.1 < Vem < (V4)+0.1V 4 100 114 dB

(

\.

Much better CMRR across
entire common mode range.
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Connect the hardware

USB Cable to

Computer

Juss

INSTRUMENTS  SAR

% TEXAS
INSTRUMENTS
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(PSIEVM)
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Plug PHI into CH2
Connector

¥

o USB Cable to
Computer

% 4.9V
3.5V L
00| 2.5V / Precision Host Interface
0Q|0.1v o o (PHI)
_i—D Sorasied < ADS8860 USB
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Start & Setup the PLABS-SAR EVM Software

| Texas Instruments
& ADS89XX EVM

& ADS8681 EVM

& ADS8881 EVM GUI

& ADS8900 EVM

& ADS8910 EVM

& ADS9110 EVM

Analog Engineers Calculator

[ Plabs-SAR-EVM

o A

r

\

1. Select “Plabs-SAR-EVM”
from “start>All Programs”

~\

‘A Plabs-SAR-EVM
Fie Debug Capture Help

=10 ]

Channel Connected: DAQ Channel 2

External Reference : REF6050 [V Connectto Hardware

J

Pages

< Spectral Analysis

<& Histogram Analysis

<& Linearity Analysis

& Reference Settling Analysis

—Interface Configuration

Device Modes
| SPI-3-wire-ithBusy |

Protocol Selected
| SPI_3_wire_WithBusy

_ SCLK Frequency(Hz)

Target Achievable
| 66m = | 66.00M

_ Sampling Rate(sps)

Target Achievable
[ 500.00k = | 500.00k

=

(

.

3. Set the sampling
rate to 500ksps

\

Time Domain Display

will be displayed.

YScalefit] Automode x|  S{ERw
Gl e s s wie s we sl 4 Prass here to
- expand PSI
. | controls
2. If the EVM is |
operating correctly, l_\<
| “HW Connected” | > PSiControls & O

HW CONNECTED

- ¥ Texas INSTRUMENTS
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Power-on LEDs illuminate

7 . S OI id [eTox0X0)] [@IOYOXO) [e1010X0)] COOO
L E D [e1e1010)] [@I010X0) ( N
v re— ¥ Teus | 8. Power on LED
%]USB - Precision Signal Injector I I I u m I nate .
O [ ] [] (PSIEVM) y
|:| E E ADsssgt |
= LT T
JP1 DAQ Channel 1 6 Solld
SE_VCM GND AC_IN BXJQ] DC_IN / / ¢ 0O .
P4 m 4.9V S?V ;V P-HI L E D
BP 00Q| 3.5V : ’ Precision Host Interfac
DIF_VEM_GND 8o o o (PHI)
|:| @J%: 2 g E]D _i_]:I . Sopa3163 {ADS8860 U;
FLT g © ©
|:| DAQ Channel 2 @ O
Xy 2.sv
|:| 0| 12y OO|LOW ||[OO]LOW LOW
g g oorrov BRI 1188e S

Current Current Current m 4
DC_IN AVDD-AMP|(AVDD-ADC ||DVDD-ADC 5 B I i n ki n g

AC_IN

doon LEDs

B
[]

DAQ Channel 3 \_
[oIoXoXO)] [eI0XOX0)] [eIoxOX0)| [oIoXoX0)]
[oIoXoXO)] [oI0XOX0)] [eIoxOX0)| [oIoXoX0)]
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Setup the PSI

¥ Plabs-SAR-EVM

Fie Debug Capture Help

=10 x|

Channel Connected: DAQ Channel 2

External Reference : REF6050

[V Connectto Hardware

Pages

L3 Time Domain Display|
<& Spectral Analysis

< Histogram Analysis
<& Linearity Analysis

<& Reference Settling Analysis

—Interface Configuration

Device Modes
| sPI-3-wire-withBusy |

Protocol Selected
| SPI_3_wire_withBusy

— SCLK Frequency(Hz)

Target Achievable
| e6m = | 66.00M

— Sampling Rate(sps)

Target Achievable
[ 500.00k = | 500.00k

Time Domain Display

[ 9. Enter the amplitude,
and DC offset

1
180000

YScalefit|  Auto mode ~ R
= -0
2_
1-
3
2 0- 5
S
-1_
2

1
200000

Amplitude
2Vp —

I

DC Offset

Samples

| 262144 ~|

o |
- 10. Press Update.

Idle

15V 4

| Frequency
2KHz =

QOutput Type

$ Update

PSI Controls

10.93 - I
75 (_)
5=
z Jumper
25 = settings
o™ | JP1, UP3-
| Fit
25= | JP4-VCM
:}| | Jps-GND
-5 -:
75 _ Output
| P2
-10.93 -

W3 TExAs INSTRUMENTS

11. Click to Turn on

output.
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Capture the waveform and zoom in.

A plabs-SAR-EVM i

=10 x|

File Debug Capture Help

Channel Connected: DAQ Channel 2 External Reference : REF6050

[V Connectto Hardware

Pages

L Time Domain Dis
<& Spectral Analysis
< Histogram Analysis

Time Domain Display

<& Linearity Analysis
& Reference Settling Analysis

YScalefit|  Auto mode

—Interface Configuration

Device Modes
| sPI-3-wire-withBusy |

Protocol Selected
| SPI_3_wire_withBusy

— SCLK Frequency(Hz)

Target Achievable
| e6m = | 66.00M

— Sampling Rate(sps)

1 1 1 1 1
120000 140000 160000 180000 200000

Samples

=]

1 1 1 I 1
20000 40000 60000 80000 100000

Target  Achievable
[ 500.00k = | 500.00k

Amplitude

2Vp —

=}
(g}
o
=
w
2|

15V 4

| Frequency
2KHz 4

Samples
> Capure

Vref(V)
5

12. Press Capture

Qutput Type

Update

PSI Controls

\

13. This is a sine wave output,

but the time scale doesn't let
you see the wave. Right click
an drag to zoom in.

J

& —
10.93 - I
75 U
5-
z Jumper
25 = settings
o™ | JP1, UP3-
: Filt
25° JP4-vCM
: JP8-GND
-5 -:
75 _ Output
z P2
-1093 -

Idle

W3 TExAs INSTRUMENTS
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Capture the waveform and zoom in.

" )
T I( 14. Select “Fit Code to
Channel Connected: DAQ Channel 2 External Reference : REF6050 v Conﬂ ra n g e ” to S h OW th e fu I I

Pages S |
 Histoggam Anahsi Time Domain Display Scale range. )
< Linearity Analysis Y Scale ﬁtl Auto mode zl —

<& Reference Settling Analysis

32425- -2.474
30000- /
rInterface Configuration =
28000-
Device Modes 26000~ j 2
| sP-3-wire-withBusy | 24000~ -18
22000-
Protocol Selected 2 e -16
| SPI_3_wire_withBusy 3
18000- 14
— SCLK Frequency(Hz) 16000~ =
14000-
Target Achievable i
| eem = | 66.00m L
10000- ~08
— Sampling Rate(sps) 5948 PSI Controls =

Ll I 1 1 I 1 1 1 1 I 1 1 U
. 105776 105900 106000 106100 106200 106300 106400 106500 106600 106700 106800 106900 10700(
Target Achievable Samples Amplitude

(A) abeyoA

- 10.93 -
[ 100m = [ 1.00m ] B 2vpp 4 : l
DC Offset .5 = O
A
Samples | Frequency 25 - iztr:g:;
| 2KHz 4 =
I 260144 ZI Capture 0- JP1,JP3-
Output Type = Filt
2 -25- JP4-VCM
Single End o
Vref(V) S JP8-GND
5 5=
_ 75 | Output
: P2
] Updat =
-10.93 -

Idle

W3 TEXAs INSTRUMENTS
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Capture the waveform and zoom in.

M Plabs-SAR-EVM

Fie Debug

Capture Help

=10 x|

Channel Connected: DAQ Channel 2 External Reference : REF6050 [V Connectto Hardware

(17. Change to
“Spectral
Analysis”

\.

Pages

<& Spectral Analysis

< Histogram Analysis

< Linearity Analysis

<& Reference Settling Analysis

Time Domain Display

Y Scalefit| Fittocoderange v |  =-|EE] i

£5535= -5
/ ' 60000~ a5
JMierface Configuration — 55000
;OE R _ B _B _B_9% R _ B 0 B B B B &8 &® & B &8 §B B B B &8 &0 B §0 &0 B B B B B B B B B B B B B 4
Device Modes e
=0 — 45000- :
_3 <
16. C :
. urossover - sa il
,/’/\\ / 2
happens at 3.8V / \ 2 S
/ N \\
/ X ' 15
/ \ / X
s \ / N
for OPA316 / \ / \
) \ -1
SN /
] R S B 05
5000- :
— Sampling Rate(sps
piing Rate(sps) . | | , | , , , , , . . j PSI Controls o=
g 105776 105900 106000 106100 106200 106300 106400 106500 106600 106700 106800 106900 1070
Target Achievable Samples Amplitude
[oom =] [ -oom N Ol ~2vep 4 LS '
DC Offset 75 U
i
- = Jumper
Frequency = 3
Samples T ;] 2.5 - settings
| 262144 LI Capture ¥ D= JP1,JP3-
Qutput Type = Filt
: -25- JP4-VCM
Vref(v) Single Endw . P8 - GND
5
E 75 O
L P2
T 003-
Idle _ 'HW CONNECTED - 43 TExAS INSTRUMENTS

see that the full

4 scalerange is

displayed (5V) in

" 15. Now you can )

\_ thisexample.
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Frequency Domain Results

‘@ Plabs-SAR-EVM B 20 . PI’GSS “Mark
e Channel Connected: DAQ Channel 2 External Refer: H a rm O n i CS” to ZOO m i n
Pages / I .

on harmonics.

< Time Domain isplay
& Linearity Analysis [~ Mark Harmonics I~ Display DC S+ w  FFT Y

Spectral Analysis /
<& Reference Settling Analysis

20+

0 =
rInterface Configuration —— 20- \

IDeViC(_”?oéei. _I 5 19. Frequency
domain display

&
=3
1 1

Protocol Selected

My )
o
o
!

Amplitude (dBC)
&
=)

| SPI_3_wire_WithBusy \ )
-120-
SCLK Frequency(Hz) -140-!
Target Achievable -160-
| 66m = | 66.00M ol
-200-,

1 1 1 1 1 1 1 1 - -
D — o sonnn 400000 ! 200000 250000 300000 350000 400( o
Frequency(Hz) PSI Controls )

1 I A Mtude
8. Important AC measured ek Y
DC Offset 75-
It . N t th t b tt —Output Parameters
results. Note that better s ‘J
SNR Could be aChIeved \~§| 857673 [ 07775 1 258 | settings
z :
SFDR(dB) SINAD(dB) - fr—— = 1ol | ST
with full scale signal —_— = it [
) 5= i
/ FiCalculated (Hz)  Maximum Spur (dBC) M :
| 1.00M | 9 = | 7TermB-Haris |I1_:::9a8:k % Ia)_(;r::;r:ﬁpur Ii)- — _7_5_5 (F)';tput
T 003°

Idle W3 TEXAS INSTRUMENTS
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‘A Plabs-SAR-EVM
Fie Debug Capture Help

Mark Harmonics

Pages

<& Time Domain Display

.

<& Histogram Analysis

<& Linearity Analysis

& Reference Settling Analysis

r~Interface Configuration —

Device Modes
| sPI-3-wire-withBusy v |

Protocol Selected
| SPI_3_wire_WithBusy

_ SCLK Frequency(Hz)

Target Achievable
| e66m = | 66.00M

— Sampling Rate(sps)

Target Achievable
[ 1oom = | 1.00m

Idle

21. Zoom in on

harmonics marked
H2 ...H10

i =10 x|
Channel Connected: DAQ Channel 2 External Reference : REF6050 [V Connect to Hardware
[V Mark Harmonics |~ Display DC 4w FFT A
20-
H1
o [H1]
_20_
-40-
o -60-
m
z
g -80-
2
£ 100- [H2] =
H3
& -120- [H3] [H4] [H6] [H7] [H10]
-140- wm'“* W’” w MMW
-160-
-180-
-200-, 1 1 1 1 1 1 1 1 1 1 1
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 21989
Frequency(Hz)
— Output Parameters :
SNR(dB) THD (dB) Signal power(dBrs)  Harmonics(dB
Samples [es7673 [ 07778 [ 820868 il
I 262144 vl Capture | i
SFDR(dB) SINAD(dB) ENOB H3
Input Parameters | 107641 | 8574 | 13.9502 H4
H5
Device Fs (Hz) # Harmonics Window Fi Calculated (Hz) ~ Maximum Spur (dBC) Maximum Spur (Hz) [ Rg f
1.00M [ 9 & [ 7TermBHaris | [ 1-992986k [ 107,641 [ 203323 h7 11891~
PSI Controls ¢ O

- %3 TEXas INSTRUMENTS

22. Amplitude |
of harmonics in

table form. y

23. Minimize or
maximize PSI
controls as
needed.

J
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Enter Vin, Vcm to compare OPA316 and OPA320

fin = 2kHz, fsamp = 500kHz WMW‘MMWWWNMWWW
Crossover region at 3.8V on OPA316
PSI Signal Calculated PSI |[OPA316
Settings Min and Max Expected zmes g e 1
OUtPUt Amplitude 10.93 -
Vin  Vem Vmin  Vmax SNR THD 2ol d)
(Vpp) (V) (V) (V) (dB)  (dB)  putparameters N
IR(dB) THD (dB) sigr - R
2 1.5 0.5 2.5 85.3 -104.4  ss576m3 [ -107.775 [ - Freq;i":*’ _ 258 | settings
2 2 1 3 853 -102.9 orem  swowm e oo O AR
5 3 5 4 85 2 088 107.641 [ 8574 [ 1 g -2.5—é jﬁ‘;:éﬂ;‘,
: : Calculated (Hz) Maximum Spur (dBC) Ma - 5_
2 3.2 2.2 42 852  -83.8  ioswmmsk [ -t07es B oH I
2 35 25 45 851 -76.1 FEE 0ss
2 3.8 2.8 48 850 -77.2 - ki3 TEXAS INSTRUMENTS
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Measu red VS Expected Resu |ts Your results should show the same

trend as the expected result but the
fin = 2kHz, fsamp = 500kHz specific values will differ.
Crossover region at 3.8V on OPA316

PSI Signal Calculated PSI |OPA316 OPA316 OPA320 OPA320

Settings Min and Max Expected Measured Expected Measured
Output

Vin  Vem  Vmin Vmax SNR THD SNR THD SNR THD SNR THD

Vep) (V) (V) (V) ~(dB) (dB) (dB) (dB) (dB) (dB) (dB) (dB)
2 15 05 25 853 -104.4 85.7 -109.2
2 2 1 3 853 -1029 85.6 -105.9
2 3 2 4 852 -98.8 85.7 -106.1
2 32 22 42 852 -83.8 85.6 -108.3
2 35 25 45 851 -76.1 85.6 -109.1
2 38 28 48 850 -77.2 85.7 -106.4
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Graph of results

OPA316 Crossover at 3.8V_4' 75

| I
400 125600

I
125800

= THD vs Max Input Voltage

-45 -70

OPA3/16

-80

Crossover

-85
-90

-95

THD (dB)

-100

-105

<110

-115

-0
I I
126000 126146

(
X‘J
| G—
Microsoft Excel
Worksheet \_

Click here to access Excel
Spreadsheet for data collection.

3 3.5
Max Input Voltage

J

.

Your results should show the same
trend as the expected result but the

specific values will differ. )
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Thanks for your time!
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