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Required/Recommended Equipment

« Calculation
— Determine initial values for RC charge bucket circuit and bandwidth using Analog Engineer’s
Calculator
« Simulation
— Optimize RC charge bucket circuit using TINA SPICE
— Confirm final settling error is less than half of one LSB.
* Measurement

— Verify THD and SNR for good and bad charge bucket filter design.
— PLABS-SAR-EVM-PDK

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

wi3 TEXAS INSTRUMENTS | 2


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

Find amplifier and RC circuit

Vin

Find Filter

IN

R /
—o NN—2

+3.3V +3.3V +5V

1 T

A

<

AVDD DVDD Vref

Choose ADS8860
amplifier Crin —— U2
+5.2V —ANN—» INM

p— RfiIt

Amplifier:

SCLK
SDO

+3.3V

Micro

« 5V, Rail-to-Rail I/0O with Zero Crossover Distortion Required
« Find bandwidth using Analog Engineer’s Calculator

« Use parametric search to find device.
« Verify model Open Loop Gain and Open Loop Output Impedance

RC Charge Bucket Circuit:

« Use Analog Engineer’s Calculator for initial values

« Use TINA Simulation to Optimize
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4 Main _Pocket_Reference_Calculator.vi

Select the Calculator
- Converters

ADC + Signal Chain Noise
ADC ENOB & Effective Bits
Ideal Converter
Conversions

= Amplifier
Single Supply Amp
Find Ampilifier Gain 3 Resistors

INA Vcm + Dif Filter

s I Y EF'

(

-

Calculator

(Select Type

N

?,]Singie Ended #2
Resolution

~N

2. Results will be used  [%r
in the simulation

m@gmm—/ \

Thermal Noise
- Stability
Phase Margin vs. AC Peaking
Phase Margin vs. Overshoot
= PCB
Via
Adjacent copper traces

Csh

ji 55p F

Acquisition Time

;;Izgon S/

ﬁt/z Min
|4.1 Ohm

Rfit/2 Max

|32.5 Ohm

Gain Bandwidth

I 17.8M Hz

Max Error Target

Microstrip
PCB Paralel Plate Capacitance
PCB Trace Resistance

k I38.15u \

Cf[tln—F\

Optional
Cmin
560p F

1. Enter the information from the ]

ADS8860 Data Sheet.

Find the Op Amp Bandwidth and RC Charge Bucket

=10] x|

)

/

RSH +

W \VVsh+
&

SH+ 83
CSHI S4

+5V
Rfilt/2
Eyvy
=3 =
Vin Cavr——
LR

Single Ended #2: Includes Ground Sense (Negative Input)

\

\—W\,Lt( Vsh-

2R

Cmax

|1.6n F

/

-l Sensor
Thermocouple
RTD

——

Help
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Op Amp Model: Open Loop Gain

Test Circuit for Aol Simulated results Data Sheet Specification
140 OPEN-LOOP GAIN/PHASE vs FREQUENCY
(i LT . <———DC Gain = 130dB 160 0
A 1207 140 ; C, - 50pF | ~20
. 1 DC|Gain|=(130dB L =P
VG1 100 120 \\\ <~ 40
o 80_3 _ 10 \\ ~%’.\“"« Phase 60
- = A 2 g0 A ™ - 80 3
~_U1 OPA320 Vout £ 60~ P n ““ N L] &
" S ] S 60 <] N -100 2
{ S 2500037V 40 ™ T 120
1 . O 20 car N \
= Vin 2.5 Vdd 5= o . 20 ] Nod \ -140
I I / :I: . 0 135°at UGBW ~160
= = L 20- 20 o AN 180
Use F?St 1 10 100 1k 10k 100k 1M 1 100M
condition Test dc 180 Frequency (H
loading operating 1 | quency (Hz)
point : 46.8° at UGBW UGBW
135 180°- 45.8° = 133.2° 20MHz
1. Test dc operating point to assure s l c " . L
that circuit is correctly wired g A, Phase omlpare dey porl‘nts on simulation
2. Run ac simulation for Ag, curve 45 results to data sheet curve.
Ao = Vout 01
1 1|0 1|00 1Ik 1|Ok 1|00k 1IMEG 1|0MEG1|00MEG KD
Frequency (Hz) @

Aol 0pa320.TSC
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Op Amp Model: Open Loop Output Impedance

Test Circuit for Aol
<|3|1 1T L11T
| | o

Il

Vout
I'd

U1 OPA320

1G1

Resistance

1. Test dc operating point to assure
that circuit is correctly wired
2. Run ac simulation for Z, curve.

Z,= Vout.

(Ohms)

Tk—

100-

~

Simulated results

Compare key points to

/ data sheet \

S

10

Set axis to logarithmic
Change axis title to Resistance (Ohms)

10

T II T T I| T T II T
100 1k 10k

Frequency (Hz)

T I| T T I| T T II T T I|
100k 1MEG 10MEG100MEG

Impedance (€2)

Data Sheet Specification

OPEN-LOOP OUTPUT IMPEDANCE vs FREQUENCY

1000

100

10

Vg = £2.75V
10 100 1K 10k 100k 1M 10M 100M
Frequency (Hz)
SR
Zo 0pa320.TSC
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Find the Op Amp Bandwidth and RC Charge Bucket

i il (Vi
V2 4.999963 Verror
ADS8860 Input Model
tBCﬂ '[COH‘}/_jI
L { RVa: 1t
= RFET VER AINP ' X=sMPL1o = — X sw10
= RS 96 N Von 1 N Von 1
o S | TR :
— It a o .
1+ U1.0PA320 ,sl 3 + VCVS 1
Vdd 5.3 = £ & 3 +1 +
A I &l L.% ><
=Vin 5 . 2 u ve} - RARAR |
1 " % :
=V1325* & 3 s
- i —Xh ik R6 96 ik
e [ o X SMPL2 0 3 SW20
Rfit/2 Min cfitt = e i ¢ Yon 1 ¢ — Von 1 ==
4.1 Oohm  |1.1n F Vref = 5V L L
tacq = 290ns s L tconv
Rfit/2 Max ) tconv=710ns
Optional Vacq 0
32.5 Ohm o Vin FS =5V 7k Vcony
2L LSB = 5V / 26 = 76.3uV
Gain Bandwidth 60D E 1/2_LSB = 38.15uV = =
17.8M Hz Cmax
1.6n F
Max Error Target
38.15u v
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Voltage (V)

Parameter Step R,

100.00m—

-100.00m

| Verror[1]: 4.|1[V]|

...........
.....

-

-
-

o

.:555 '
j Verror[ 0] 32.5V]|

74

i/

/ . |
1.00u 1.25u
Time (s)

ADS8860_OPA320 - 1st - iteration.TSC

2

|
1.50u

Output

5.00m -

0.00

| Verror[1]: 19.9[V]|

-5.00m

| Verror[10]: 26.3[V]|

Output

1.00u

|
1.25u
Time (s)

)

ADS8860_0OPA320 - 2n

- iteration. TSC

1.50u

500.00u—_
| Verror[1]: 24.3[V]|
0.00 =
| Verror(3]: 25.5[V]|
-500.00u4+——————— -+t
1.00u 1.25u 1.50u

Time (s)

LD,
&

ADS8860_0OPA320 - 3rd - iteration.TSC

)
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Connect the hardware

(e101010)]
USB Cable to
Computer
(e101010)]
Q:’ TEXAS Q} TEXAS Precision Labs
Juss INSTRUMENTS INSTRUMENTS SAR
Precision Signal Injector H
PtV : Plug PHI into CH2
FLT  BP m ] E <Apsaa60 Connector
%11@4— Set Jumpers , , /
7 as Shown PAQ'  Install Different ——
SE_VCM_GND . AC_IN Q] be_IN - @) o UsB Cable to
ool / N amplifiers
P4 X 4.9v Computer
BP 88 %g¥ / Precision Host Interface
DIF_VCM_GND 0001V [o o (PHI)
@JE,? 5 — 9 o {AD58860 USB
ELT I:E H!_D o o
* DAQ Channel 2 O O
SMA Cable B0 oo e
1 [ ogie B8 gl | BE
50|01V OOIHIGH |{[OQOHIGH ||[CQOHIGH

% % ’ Current Current Current m

DC INF AVDD-AMP||AVDD-ADC ||DVDD-ADC

mm:l AC_IN E E @

DAQ Channel 3
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Record results as we progress through Experiment

Simulated Your
Settling Measurements
Error
.L.SB=38uV
Device Samp. Vet Vin Verror SNR THD SNR THD
Rate (V) (V) (V) (dB) (dB) (dB) (dB)
ADS8860 Data Sheet 93 -108
1 OPA320 Good filter1 1M 2.5 4.9 28uV 93.3 -108.8
2 OPA320 Bad filter 1M 2.5 4.9 -41mV 82.5 -13.4
3 OPA333 Low Bandwidth 1M 2.5 4.9 -91mV 54 .1 -55.9
4 OPA316 Crossover 1M 1.8 3.6 36.7mV 86.1 -85.0
S OPA316 Crossover 500k 1.8 3.6 47uV 90.3 -1024

wi3 TEXAS INSTRUMENTS | 10



Start & Setup the Plabs-Power Scaling 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”

~\

J

‘¥ Plabs-SAR-EVM
Fie Debug Capture Help
Channel Connected: DAQ Channel 2 External Reference : REF6050 [V Connectto Hardware
Pages
<& Spectral Analysis H H H
S Fistogeam aneiys Time Domain Display
< Linearity Analysis Y Scale fit Auto mode - -
< Reference Settling Analysis I —I :tlﬂﬁl
64246 -4.902
64245-
~Interface Configuration 64244 -
64243-
Device Modes 64242-
| SPI-3-wire-withBusy _~| 64241-
64240~ <
o
Protocol Selected § 64239- E
| SPI_3_wire_withBusy 8 4238- -4.901 z
64237- -
— SCLK Frequency(Hz) 64236 -
Target Achievable e
[ e6m = | 66.00m G124
64233-
64232-
Fonpng Rinlip) 64231, | 1 1 1 1 1 1 1 1 1 1 1 149
0 20000 40000 60000 80000 100000 120000 140000 160000 180000 200000 220000 240000 262143
Target Achievable Samples
| 1oom = | 1.00m =
—Min and Max Values
Samples Max_Code Max_Volt
I 262144 Ll Capture | 0 | 0.000
srefie, Min_Code Min_Volt
’ I 0 I 0.000
2. The green “HW Connected”
Idle an eda ontroils Indicate  HWCONNECTED | Wi TEXAS INSTRUMENTS

kgood hardware communication.
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1: OPA320_ Good Filter1

i i (V};
: V2 4.999963 Verror
ADS8860 Input Model 1.00m-
tacﬂ tco“"? End of tacq
L . XHsmpr1o T EXHswio i
E R124.9 ! RS 96 Von 1. Von 1 i
T S R
+ U1 OPA320 = = ¥ S
= : 5 VCVST 1
Vdd 53 = --]- S = S 8 0.00
i ST 7 X 2
Lo g L ;. 1 9 L R 4 Verror = 28uV
I = : = 1 at End of tacq
(&) (@)
= R2 24.9 R6 96
TR I A SMP:l;O SW20
A % Yon 1 X o Von 1 -1.00m - N TR '
Vie =5V il 5 1.00u 1.25u 1.50u
tacq = 290ns g s tconv Time (s)
. g tconv=710ns
Vacg 0
Note RC circuit is Vin_FS =5V e e
. ] LSB = 5V / 246 = 76.3uV 1 {
from optimization. 1/2_LSB = 38 150V ~ -

ADS8860_OPA320 - good filter.TSC

Error Target = 38uV
Simulate Error = 28uV
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1: OPA320_ Good Filter1

A Plabs-SAR-EVM

Fie Debug Capture Help

=10 x|

Pages

Channel Connected: DAQ Channel 2

External Reference : REF6050

[V Connectto Hardware

< Time Domain Display

.

<& Histogram Analysis

< Linearity Analysis

<& Reference Settling Analysis

Interface Configuration

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

Protocol Selected
| SPI_3_wire_WithBusy

_ SCLK Frequency(Hz)

Target Achievable
| e6m = | 66.00M

_ Sampling Rate(sps)

Target Achievable
[ 100w = | 1.00m

Spectral Analysis

[~ MarkHarmonics |~ Display DC S+ @ FFT W GOOd F I Ite r 1

20-

0
-20-
-40-
-60-

o
=3
i

Amplitude (dBC)
2
o
|

-120-]

N
™
i

Idle

[ N
> W

-160-
-180-
-200-
-220_6 50000 100000 150000 200000 250000 300000 350000 a00( ' '
n —
o PSI Controls é
Amplitude
— 1003
49Vpp 2 = I
DC Offset 75- U
Output Parameters 25V rY :
SNR(dB) THD (dB) Sigr ¥l 5 reoes
Samples . 933483 [ 108847 [0 freauency \Rs:||| settings
[ 262144 5] Capture BEEE | JP1,JP3-
SFDR(dB) SINAD(dB) ENC  Gutput Type : Filt
Input Parameters [ 112,955 [ 932275 [ Single Enaw| 25 P4 - VCM
: -GND
i i i i
(DGVICS Fs (H2) # Harmonics b Window Fi ted (Hz) Maximum Spur (dBC) Ma» E =
[112:985 [ W32
Press “Capture”
| HwconnecTED | B Texas INSTRU

Record AC performance

ADS8860 Spec. 93 -108

UREF6050
AUDD DuoD

SAR ADC
ADSBB60

2
z
2
k1
g

1. Install OPA320 Good filter 1
coupon card in socket.

J

Offset = 2.5V
Frequency = 2kHz

N
2. Amplitude = 4.9V

A3 TEXAS INSTRUMENTS | 13




2: OPA320 Bad Filter

i il (V};
V2 4.999963 Verror
ADS8860 Input Model
Voa tacﬂ tconrx_jl
—
L { v+ — 1t
= AINP ' XK= SMPL1.0 =~ X" swi0
= R1 100 RS 96 Von 1 Von 1
——— A 4 A l.(.:.lL b g Zle
U1 OPA320 < —?l 81 7
i . v p - VCVS1 1
Vdd 5.3 = : 4 [ O 8 +1 +
: i 5T = X
=Vin5 5, o — Y i —
i 3 3 :
= R2 100 T R6 96 T
i Emas " e SMPL2 0 SW2 0
3 AINM X on 1 X Von 1
Vref = 5V — =
tacq = 290ns el e
tconv=710ns Vaca 0
/ \‘ Vin _FS =5V . Veony
1 . LSB = 5V / 2M6 = 76.3uV
Optimal values: P -

R =24.90
C=11nF
Bad Filter Values:
R =100Q

\C =1.1nF

Output

100m-

50m-

|End of tacq|
~

_50m-

~100m-—

/\| Verror = -41mV|

1.00

T
1.25 1.50u

Time (s)

/

ADS8860_0OPA320 - bad filter.TSC

|

Error Target = 38uV
Simulate Error = -41mV

wi3 TEXAS INSTRUMENTS
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2: OPA320 Bad Filter

M Plabs-SAR-EVM

File Debug Capture Help

=10 x|

Channel Connected: DAQ Channel 2

External Reference : REF6050

[V Connectto Hardware

Pages

< Time Domain Display

.

<& 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
[ 100m = [ 1.00m

Spectral Analysis

—

Idle

.

4. Record AC performance

I” MarkHarmonics [ DisplayDC  *-E& wm| FFT [
20-
0_
-20-
-40-
. -60-
O
8 -80-
[
3 -100-
£ -120-
<
-140-
-160-
-180-
-200-
2 50000 100000 150000 200000 250000 300000 350000 400( ; ;
0 —
Frequencii) PSI Controls Y
Amplitude 10.93
{ 4.9Vpp : - I
DC Offset 75- U
Output Parameters \ 25V A ‘ :
SNR(dB) THD (dB) Sigr T DR |
Samples P 825408 [734104 [0 Freauency WNgs:||| settings
[ 262144 5] Capture 2k 3 N | JP1.0P3-
SFDR(dB) SINAD(dB) ENC  output Type : :
Input Parameters | 736631 | 72.9098 [ [ Single End¥| 251 P4-VCM
s - GND
o 9 - _5_
Device Fs (Hz) #Harmonics b Wln:dow i ed (Hz) Maximum Spur (dBC) Ma E =
\ [ 738631 [ A
3. Press “Capture”
- HwconnecTED | R TExas INSTRU

ADS8860
Bad Filter

93
82.5

-108
-73.4

=11 r40

[ o

PUR_3.3V

(=11 R41
[l o5

PWR_PHL

UREFI6060

AUDD  DVDD

SAR ADC

1. Install OPA320 Bad Filter
coupon card in socket.

J

N
2. Amplitude = 4.9V
Offset = 2.5V
Frequency = 2kHz

_A# TEXAS INSTRUMENTS | 15




3: OPA333 Low Bandwidth

T i (VF:
: V2 5.000003 Verror 500.00m-
ADS8860 Input Model
tacﬂ tconr;_jl
- _*L_L'ZC swpL10 = = XHswig 2
i : R8 96 Von 1 Von 1 2 0.00
, T -1 o Z R
T 2 = i VCVS 1 i
Vdd 53 = S | 3 & R ;
BeidE .
= Vin 5 = P e = ehok
=1 - 2 _1
T 2 = -500.00m - -
B il e OT . 0.00 10.00u 20.00u
>2 S,L“ﬂz 0 X SW20 Time (s)
Vref = 5V '_
= 290 sy
?ggié 102"5 . 500.00m-
n =
LSB = 5V / 2M6 = 76.3uV
1/2_LSB = 38.15uV =
4 ) g
= = 5 0.00
Bandwidth Required: D 3
Gain Bandwidth= 17.8MHz AR Verror = -68mV
OPA333 Bandwidth: ADS8860 OPA333 - Low Bandwidth.TSC / ool
. . -500.00. LY AISSEEEESES—S—S—S———
4 Time (5)

Error Target = 38uV

Simulate Error = -88mV J wi3 TeXAs INSTRUMENTS = 16




3: OPA333 Low Bandwidth

A Plabs-SAR-EVM
File Debug Capture Help

=10 x|

Channel Connected: DAQ Channel 2

External Reference : REF6050

[V Connectto Hardware

Pages

ADS8860 93

< Time Domain Display

.

<& 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
[ 100m = [ 1.00m

Spectral Analysis

Low Bandwidth 94.1

[~ MarkHarmonics |~ Display DC S+ | FFT A
20+
0_
.20- « =] R40
[ o
s PHR_3.3V
8 -60- =]
8 UREF6080
S -80-
2
= =
<

—

3.
4.

Idle

.

magi 1 (H2)

I -61.6027

-180-, 1 1 1 1 1
0 50000 100000 150000 200000 250000 300000 350000
Frequency(Hz)

Output Parameters

SNR(dB) THD (dB) sigr
samples P 54.0782 [ 55932 [0
I 262144 vl Capture

SFDR(dB) SINAD(dB) ENC
B Fornmeitrivs [ 616027 [ 518966 [ ¢

imw_mm Maximum Spur (dBC) Ma>

=

Press “Capture”

Record AC performance

\ £ HW CONNECTED

Amplitude
| 4ovep 3

DC Offset
| 25v %

Frequency
2KHz 4

Output Type

il PS| Controls G =

rSingIeEnda 257

OPA333_L Bandwidth (3)

i o0 DAQ Channel .

AUDD

DUDD

SAR ADC
ADSBB60

1 L ]
Jumper
settings

coupon card in socket.

Install OPA333 Low Bandwidth

N
2. Amplitude = 4.9V
Offset = 2.5V

J

Frequency = 2kHz

A TEXAS INSTRUMENTS
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4: OPA316 Crossover, fs = 1Msps

—_— =|I= + f\_/\?+
V2 4.99941 Verror 100m—
ADS8860 Input Model 50m-
tacﬂ tcon\’;] = :l_l_;_L_l_.._L_L_;_L_L_L__.L_l_._L_l_._n_
_l__*—'>§+ smPLto = EXYswro é 0-
- - RVSV%G Voi 1- Von 1_1_ O -
g o 2o | uJI
L 0 o 3¢, - |
& u i ¥} S Bl = i
o : 5 L -100m , | ;
R6 96 0.00 10.00u 20.00u
I ¢ 63 L
>; src':f:1P1L2 0 ?>2 \s/g::210 _L Time (s)
Vref=_5V tach 'f g 1—
::E:v—:721900:58 5 g 190 | [Endoftacq
Vin_FS =5V yaar C:E Veony :
LSB = 5V / 216 = 76.3uV
1/2_LSB = 38.15uV 8. =
p ~N i N\
=3
1 1 ﬁD © Verror = 35mV
Bandwidth Required: B __ el
Gain Bandwidth= 17.8MHz ADS8860_OPA316 - Crossover-1Msps.TSC 5 /
OPA316 Bandwidth: -100m+—"—f———m—m—m————————— |
. . 19.00u 19.50u 20.00u
KGaln Bandwidth= 10MHz ) ‘ Time (s)

Error Target = 38uV
Simulate Error = 35mV wi3 TEXAS INSTRUMENTS | 18




4: OPA316 Crossover, fs = 1Msps

A Plabs-SAR-EVM
File Debug Capture Help

Channel Connected: DAQ Channel 2 External Reference : REF6050 [V Connect to Hardware

Pages
< Time Domain Display

¢ EEEREEE Spectral Analysis ADS8860 93 -108

<& Linearity Analysis

[~ Mark Harmonics [~ Display DC =4 |F5 = I
¢ Reference Settling Analysis by il-ﬂ‘
Crossover 1Msps 86.1 -85.0
o_
~Interface Configuration -20-
-40- R S ;
Device Modes -60- A PHR_ 3.3V
| SPI-3-wire-WithBusy _~| % -80- ¥ - | . &
@ -100- M ‘ : 8 -[;ﬂ
Protocol Selected E cod .‘\"' L' Bodm : e L'REﬂ6050
[ SPI_3_wire_withBusy g Wi \ e
< -140-
A i SAR ADC
— SCLK Frequency(Hz) 4605 : | ‘ f ADSBB60
-180- : | S s2
Target Achievable

[eem =] [ ec.00m —
%. Note that the \

— Sampling Rate(sps)

1 1 1 1 ' '
000 250000 300000 350000 400(
. EreaiaricHED) PSI Controls o -
Target Achi pm— Sa m p I I n g rate Amplitude
[ 100w = 1.00M . 3 5m 10.93 : I
— IS 1 MSpS DC Offset 75- U
\ Output Parameters m =
SNR(dB) THD (dB) Sigr

Jumper

gl 1. Install OPA316_Crossover

Filt

2 coupon card in socket.

Samples 86.0916 [ 850272 R Froauency

[ 262144 5] Capture 2 ;
SFDR(dB) SINAD(dB) ENC Output Type -

Input Parameters | 879625 | 825165 [_ rsﬁ;lﬁdiﬂ 253
- _ ! é e
S Window i ed (Hz) Maximum Spur (dBC) Ma) =
f \ [ -s7.0625 E 751

\

13 ” = . \
4. Press “Capture «= 2. Amplitude = 3.6V
5. Record AC performance ¢ meonee BTl Offset = 1.8V

Idle

- g Frequency = 2kHz

_J i3 TEXAs INSTRUMENTS | 19



Input signal range to avoid crossover distortion

A Plabs-SAR-EVM
File Debug Capture Help

=10 x|

Channel Connected: DAQ Channel 2

External Reference : REF6050

[V Connectto Hardware

Pages

<& Spectral Analysis

<& Histogram Analysis
< Linearity Analysis

¢ Reference Settling Analysis

—Interface Configuration

Device Modes
SPI-3-Wire-WithBusy v |

Time Domain Display

Crossover
happens at 3.8V

— Sampling Rate(sps)

Target Achievable
[ 100m = [ 1.00m

Idle

YScalefit| Fittocoderange |  <-|gE)im|
65535= -5
55000~
som- --------------------------------------- X 4
45000~ 35
\

T
w

s
[
m

(n) abeyop

d—o—ﬂ"'ﬂ
N

for OPA316 \ *
or ./ = \ \ /A
!
\ ¥ i
RV A VAR VA SR /B
0-, \ , . . . : : . : PSI Controls 9 -
49634 49800 50000 50200 50400 50600 50800 51000 51200 51400 511
Samples Amplitude —
[l ] 36Vpp § I
DC Offset D= O
;-
r = Jumper
Frequency : :
Samples 25 : settings
I 262144 L’ Capture .4 0= JP1,JP3-
Output Type = Filt
Vref(V) 5 _ JP8-GND
2 e
= 75:- | Output
L : P2
Update =
-10.93 -

| @ HWCONNECTED

- k3 TEXAS INSTRUMENTS

Hands-on Experiment - Crossover Distortion

wi3 TEXAS INSTRUMENTS
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https://training.ti.com/ti-precision-labs-adcs-determining-a-sar-adcs-linear-range-when-using-op-amps-lab?cu=1128375

Changing the Sampling Rate to 500kHz

- fsampie = 1/500kHz = 2ps g

_ . tACQ = 1/'I:sample - tconv-max 1
'<_tconv-max =710ns _>E<_tACQ - 2|JS —710ns = 129[.]3 _>E

CONVST

DIN

!
o = |
| WI-CNV i F—

SCLK

DOUT
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Changing the Sampling Rate to 500kHz

## Analog Engineer's Calculator _I_l- 0 ll
Select the Calculator Calculator ;I
= Data Converters
Anti-Alias Filter Designer
Alias Calculations Select Type \
ADC Code to Volt A
° a8 y[ Single Ended #2 o i
ADC FFT Processing Resolution csh Acquisition time (ta CqQ )
ADC + Signal Chain Noise e ssp . _ Rsh+ Fich
ADC ENOB & Effective Bits 5 v
s from last slide.
Conversions e
+ - Amplifier and Comparators ; s S U v IVACQUSUOH AL S - CSH+ =
+ - Passive 5} Z g 1.29u %\fm CFILT
+ - Noise -
+ - Stabiity — S4
+- PCB Rfitt/2 Min Cfilt VSh
+ Se -
Un’llzc" [18.1 ohm  |1.1n F =t Rﬁlt 2 ‘S0 Reii.
Rfitt/2 Max g
|144.5 Ohm gp:i::nal
Gain Bandwidth '560p ? Single Ended #2: Includes Ground Sense (Negative Input)
|4M Hz Cmax
|1-6" F Note: the values of Rfilt, and Cfilt are intended as a starting point for TINA SPICE parameter
Max Error Target step sweep. See the help file for details.
|38.15u %
= Bandwidth Required:
P . .
Gain Bandwidth= 4MHz
= OPA316 Bandwidth: .
< . . 47
\Galn Bandwidth= 10MHz
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5: OPA316 Crossover, fs = 500ksps

\Gain Bandwidth= 10MHz

T il (V¥
V2 4.99941 Verror 100.00m-
ADS8860 Input Model
Voa tacq tconv
e ST 4 e 10 3
= [AINP] : X= SMPL10 = =X"swio0 g s 3
R124.9 5 : R8 96 Von 1. Von 1 = 0.00 o 7 \7
g N b g1 =
r + U1 OPA316 L = 1 VCVS1 1
5.3 % o 3 T g ]
+ . 2 ><
in5 - —‘7 QE e o SRR %
2 , : |
0 @ - -100.00m—+—— —
(& O
. | T R6 96 | 0.00 3.00u 6.00u
X SMPL2 0 X SW20 i
3 fon 1 S Von 1 ‘L Bmeis)
Vref = 5V — | —
tacq = 290ns s ) P tcontH .
tconv=710ns Vaca 0 e 1.00m-
Vin_FS =5V ;- ? Veonv
LSB = 5V / 216 = 76.3uV
1/2_LSB = 38.15uV 5 5
~ N :
o
. _ 5 000 ~
Bandwidth Required: L =D \/
Gain Bandwidth= 4MHz S8
OP A3 1 6 B d . d th ADS8860_0OPA316 - Crossover-500ksps.TSC
anawi - _1.00m | | |
4.00u 5.00u 6.00u
Time (s)

Error Target = 38uV

Simulate Error = 47pyV i3 TEXAS INSTRUMENTS
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OPA316 Crossover, fs = 500ksps SNR

@ Plabs-SAR-EVM B 0] x| (d B)
File Debug Capture Help
Channel Connected: DAQ Channel 2 External Reference : REF6050 [V Connectto Hardware A D S 8 8 6 O 9 3 - 1 O 8
Pages
< Time Domain Display

Spectral Analysis Crossover 1Msps 86.1 -85.0

< Linearity Analysis

[~ Mark Harmonics [~ Display DC =4 |F5 FFT |\
¢ Reference Settling Analysis i il-ﬂ‘
Crossover 500ksps 90.3 -102
0_
r~Interface Configuration 20- { .:‘.'t } ~
A —'_ F
Device Modes L
| sPI-3-wire-withBusy _~| g 60
o
> -80- )
Protocol Selected E e LREﬁ6050 AUDD VDD
| SPI_3_wire_withBusy g ‘
=150

— SCLK Frequency(Hz)

1
Target Achievable

| e6m = | 66.00M

3. Setsamplingratef
e rioggg :40000 160000 180000  200(
Target M to 5 O O kS p S encHL) PR -
- 500.00k ) d)

10.93 -
ET
SNR(dB) THD (dB) Sigr Jumper

DC Offset 75-
Samples 90.371 [102:481 R roanay settings

18V §
| 262144 | Capt a 2k A N ) .
e =F SoRE) WO B o R 1. No device change needed.
Input Parameters | 103.695 | 90.1118 [_1 e 2.5 P4 -VCM

réingle Endﬂ e

. < ) 5=

el Device Fe (Ha) #Harmonice k‘ Window Wle) Maximum Spur (dBC) Ma E
f- [ 103605 [~ 75

| 500.00k

Output Parameters

: )
4. Press “Capture” 2. Amplitude = 3.6V

Idle

5. Record AC performance 0 meonesre | W easherl Offgat = 1.8V
. J
Frequency = 2kHz

A3 TEXAS INSTRUMENTS | 24



Settling can be improved

EYa

L= i Vi 1.00m~
' V2 4.99941 Verror
ADS8860 Input Model
tacq tconv E_ 0.00
e TR LT It g = /\\
; X= SMPL1 0 = = X"swi0 o —
: F}E\iﬁ Von 1. Von 1 [Verror = 47u]
Yol _l_
a w . T 0 0
= b l £ VCVSH 1 Not Optimized
= g S Lk Rfilt = 24.9 ohms

I et & 1 iR 4 1.00m+—A—St- 1

@ ' - 1 4.00u 5.00u 6.00u

o o 3 =

R6 96
I A SMP};O SW20 l e ®
X Yon 1 g 5 Von 1 -
Vi =&V 1A 2 & 1.00m -
tacq = 290ns b tconv: |
tconv=710ns Vacq 0 @
Vin _FS =5V Vconv
LSB =5V / 2M6 = 76.3uV §
1/2_LSB = 38.15uV o = 5
g 0.00 =
[Verror = 40nV |
] Optimized
%5% Rfilt = 59 ohms
o -1.00m . | . |
ADS8860_0PA316 - Crossover-500ksps-optimized.TSC 4.00u 5.00u 6.00u
Time (s)
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M d — ted R It " Your results should show the same
easurea vs cxpecie eSUlts

trend as the expected result but the

specific values will differ.

Simulated Your
Settling Measurements
Error
.L.SB=38uV
Device Samp. Vet Vin Verror SNR THD SNR THD
Rate (V) (V) (V) (dB) (dB) (dB) (dB)
ADS8860 Data Sheet 93 -108
1 OPA320 Good filter1 1M 2.5 4.9 28uV 93.3 -108.8
2 OPA320 Bad filter 1M 2.5 4.9 -41mV 82.5 -13.4
3 OPA333 Low Bandwidth 1M 2.5 4.9 -91mV 54 .1 -55.9
4 OPA316 Crossover 1M 1.8 3.6 36.7mV 86.1 -85.0
S OPA316 Crossover 500k 1.8 3.6 47uV 90.3 -1024
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Thanks for your time!



