Tl Precision Labs %% E‘%ﬁg
ADC F1 OP AMPS i

= =2
G Ao ! -
ey S (oS & = —
- - I Rt a
~ - S 3 h
e o™ = $ o o pl —
= =
=
- q = — = = <
» e -— " e - =2
T 4 =
% o + ¢
7 =S . < ==
oy — = ;
- 2 i e
)

Speaker: Andrew Wang e o

Wi» TEXAS INSTRUMENTS =



Agenda

* How Driver Non-linear Range Affecting ADC system
* How Driver Noise Affecting ADC system

« SAR ADC Driver RC Optimization

* How Driver Bandwidth Affecting ADC system

 How Voltage Reference Affecting ADC system
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How Driver Non-linear Range
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Affecting ADC System
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Single Ended Input: ADC Input Range Considerations

PARAMETER ADS7042 TEST CONDITION |MIN TYP MAX UNIT
ANALOG INPUT
Full-scale input voltage span 0 AVDD
AINP to GND 0 AVDD+0.1
Absolute Input voltage range AINM to GND 0.1 101 V
Absolute Maximum Ratings
ADS7042 MIN MAX UNIT Absolute
AVDD to GND -0.3 3.9 V -0.3< Max ADC < 3.6V 3-_|3_V 1-_|8_V
_ 3.3V Input Range

DVDD to GND 0.3 3.9 V AVDD VDD
AINP to GND -0.3 AVDD + 0.3 V =5 R1 257 \ Vref
AINM to GND -0.3 +0.3 Vv + v AIN_P

N OPAS0 c1 L \ ADS7042

= 1.5nF T~ Full
0.0 < Scale < 3.3V
1 Range

AVDD+0.3 = 3.3V + 0.3V = 3.6V

AIN_M

AGND DGND

= V
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Single Ended Input: OPA320 Linear Range

Common-mode voltage range

Voltage swing from both rails

Ve, (V-) - 0.1 (V+)+0.1 \Y;
y RL = 10kQ 10 20 y
o |RL = 2kQ 25 35 m

Open-loop gain

0.1 < Vo < (V4)-0.1V, R, = 10kQ

132

AOL

0.2 < Vo < (V+)-0.2V, R, = 2kQ

123

dB

Amplifier Input Range

-0.1V <V, <34V

Amplifier Output Range

0.02 <V, <3.28V

Amplifier Linear Range

0.1 <Vy < 3.2V

Worst Case Range

0.1 <V, <3.2V

Absolute

-0.3< Max ADC < 3.6V

R1 257
— A

_|_
OPA37

0.1 < Worst _ 5,y
se

c1 L
1.5nF 7]

Input Range
N/

AIN_P

Full
0.0 < Scale < 3.3V
Range
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Single Ended Input: Extending the Op Amp Range

Low Noise Negative Bias

Generator

* Regulated Output Voltage -0.232 V
 Output Voltage Tolerance 5%
 OQutput Voltage Ripple 4 mVpp

* Maximum Output Current 26 mA

SuF

CF+ CF+

-0.232V

Vout ——

5V — vdd

22uF

—1 SD  LM7705 T

Cres —

ZZUF:: VSS VSS
£ 1

Absolute
3.0V -0.3 < Max ADC < 3.6V .
Input Range
- R1 25Q
N VW 3 AIN_P
+ OPA320 c1 L \ Full
/) -02v 1.5nF 0.0 < Scale < 3.3V
Range
- Amp =
-0.1 < WOI'St < 3.4V
Case
T Range T
(V-)+0.1 (V+) -0.1V cee
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Single Ended Input: OPA625
T ———————

Common-mode voltage range Ve (V-) (V+) -1.15 \Y;
| | RL = 10kQ 20 35
Voltage swing from both rails Vo RL = 6000 50 30 mV
. 0.15 < Vo < (V+) - 0.15V, R, = 10kQ | 110 132

Open-loop gain Aol 102 <Vo < (V+)- 0.2V, R, = 600Q | 106 128 dB

— - Absolute
Amplifier input range 0.0V<V,, <215V 3.3V -0.3< Max ADC < 3.6V —--

— Input Range
Amplifier output range |0.035 <V, < 3.265V =3 R1257 “/

— : . — VWV AIN_P
Amplifier Linear Range |0.15 <V, < 3.15V ; orae2s’ ., \ Full

L — 0.0 < Scale < 3.3V
Worst Case Range 0.15 <V, < 2.15V @ = f-onF Range
= Amp =
0.15< Vc‘:'g:t <215V
Range
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Inverting amplifier: Eliminate Common mode issue

Worst Case Range

0.15 <V, < 3.15V

/ = 1.5nF

Vcm is constant

Full
0.0 < Scale < 3.3V
Range

AIN_M

Common-mode voltage range Ve, (V-) (V+)-1.15 \Y;
Vo NS y RL = 10kQ 20 35 y
oltage swing from both rails o [RL=6000 50 30 m
. 0.15<Vo < (V+)-0.15V, R, = 10kQ | 110 132
Open-loop gain Aol 102 <Vo < (V+)- 0.2V, R, = 600Q | 106 128 dB
— - : : R1 10kQ ) Rf 10kQ Absolute 3.3V 1.8V
Amplifier input range No Vcm limit %W” v 0.3 < Max ADC <3.6V 1 1
Input Range AY/DI? DVDD
ifi R125Q re
Amplifier output range |0.035 <V, < 3.265V [ 125 \ NP
Amplifier Linear Range [0.15 < V5 < 3.15V ' OPAB25 1 L \ ADS7042
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Input Crossover Distortion in Rail-to-Rail Inputs

/ output signal

Crossover
distortion in

INPUT VOLTAGE RANGE
Vewu Common mode voltage range | TA=-40C to 85C -0.2 (V+)+0.1 Vv
CMRR Common mode Rejection Vs =5V, 76 90 dB
-0.1V<Vcm< 3.6V
Vs =5V, 65 80 dB
-0.1V<Vcm<5.2V
Input vs. Output
5.0 - Output with Crossover 5 5\/
, \\ _- distortion
— 4.0 - R125Q
Z J —A
& 3.0/ Inputideal \ ; OPA316
© / sinusoidal wave \ (
> \
1.0 —
N / Linear
0.0 \— input
00 1.0 20 30 40 50 60 70 signal
Time (us)
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Input Cross-Over distortion vs Zero Cross-Over

PARAMETER: MIN TYP | MAX UNIT PARAMETER: MIN TYP | MAX UNIT
OPA350 — Has Crossover OPA320 — Zero Cross-Over
INPUT VOLTAGE RANGE INPUT VOLTAGE RANGE
Ve Common mode voltage range | (V-)-0.1 (V+)+0.1 \% Ve Common mode voltage range | (V-)-0.1 (V+)+0.1 \%
CMRR Common mode Rejection 74 90 dB CMRR Common mode Rejection 100 114 dB
-0.1V<Vcm<5.6V -0.1V<Vcm<5.6V
r - ... Regulated
+Vs CD 500 ‘ Charge Pump |Vs
Vout = Vcc+1.8V
s o ®
i 250 No Crossover — Vn-
PMOS > distortion
Qar*¥Ye | 00— . o 3 h
_____ g 0 PMOS wit e
E Z-I R g . Crossover Qq Q,
Qs Qs — 4" distortion E EI
(O]
\\ NMOS % \ Vit
..... 2 -500 NMOS
O -750 I
0.0 1.0 20 30 40 50
Vs ~— .. Common Mode Voltage (V)
Vs

wi3 TEXAS INSTRUMENTS = 10



Optimize bypass for internal charge pump op amps

Short direct connections from

Regulated _
Charge Pump |Vs supply to decoupling
Gg Vout = Vcc+1.8V

VIN'

ﬁ'—m

D
Vint |

®
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THD vs. Input Crossover Distortion

Vmax = 4.7V
5.2V L
2Vpp Vout to 't Crossover 3.8V |V
R ADS8860
Vmin = 2.75V — -
P T OPA316 . FOVRRRDRV————
Vin( —
A b <> ¢ [ USRS
— Notazero
O crossover device ') | T ———
THD vs. Vmax 4
120 20- Vmax = 4.75V Note that SNR
139 " THD= 71.2dB remained
5 122 g " SNR = 83.8dB constant as THD
o 8
z g degraded.
70 ‘
60
2.5 3 3.5 4 45 55
Max Input Signal Level {V)
™ 20000 40000 60000 80000 100000 120000 140000 160000 180000 10990 9%8
Frequency(Hz)

wi# TEXAS INSTRUMENTS

12



Finding standard resistors for unusual gains

44 Main _Pocket_Reference_Calculator.vi

Select the Calculator
+ Converters
= Amplfier
Single Supphly Amp

Find Amplifier Gain 3 Resistors

Calculator

Type
Inverting

Target Gain (Rf/R1)
-0.122

Tolerance
0.1% E198

OK

http://www.ti.com/tool/analog-engineer-calc

Rf
133

R1
1.09k

Best Gain
-0.12202

Error(%)
0.015

=l 5

Help

Vout
{

wi# TEXAS INSTRUMENTS
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quick quiz.
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Quiz: Linear Range ADC + OPA

4. The amplifier shown below
a. Would have poor power supply rejection.

b. Would show crossover distortion if the input
signal is greater than 15Vpk.

c. Would not show crossover distortion. 100

5 Typical Units Shown | :
. . | | 1
d. Would have a low input impedance. * | VI
. N
25 Vem=-181V —1 A A1
+18V Nl =
8 '—i\j e
s I S -
-3 P-Channel : J[ : N-Channel
-50 l l
1 0PA192 40 i :
+ | Transition 1|
i -100 S .
Vm@ -18V 125 135 145 155 165 175 185
R VCM (V}

Figure 13: Offset Voltage vs. Common-Mode Voltage
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Quiz: Linear Range ADC + OPA

5. The amplifier shown below

a.
b.

Would have poor power supply rejection.

Would show crossover distortion if the input
signal is greater than 15Vpk.

Would not show crossover distortion.
Would have a high input impedance.

R110kQ  Rf10kQ
ANA—

¥ +18V

OPA192
-18V

100

Vos (V)
o

5 Typical Units Shown

=]

I

B

-

Al

P-Channel

—

N-Channel

Transition

12:5

155

14.5

19:5

VCM (V}
Figure 13: Offset Voltage vs. Common-Mode Voltage

|
1
I
1
]
I
1
I
i
1
1

6.5

115

18.5
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Quiz: Linear Range ADC + OPA

6. Which of the following applies to an inverting amplifier topology.

-~ ® Qo0 T

Gain error is determined by resistor tolerance.
The input impedance is relatively low (10kQ in this case).
The circuit will not have crossover distortion issues.

All the statements apply to the inverting topology.
None of the statements apply to the inverting topology.

-+

The output will be loaded by the feedback network (10kQ) in this case).

R110kQ  Rf 10kQ

ANA—
+18V

OPA192
-18V

wi# TEXAS INSTRUMENTS
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Crossover Distortion
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Op Amp with and without input Crossover

distortion

?V +3TV +5TV PARAMETER: MIN TYP | MAX UNIT
5 4.904 / AVDD DVDD Vref OPA316 — Has Crossover
e A l INP DS = Ve Common Mode Voltage (V-)-0.2 (V+)+02 | V
. 1.1nF U2 S;Sg B CMRR  (V-)-0.2 < Vem < (V+)-1.4V 76 90 dB
Vin@ +5.2V T 2'\‘{\/9\,Q T INM fs = 500Ksps (V-)-0.2 < Vcm < (V+)+0.2V 65 f 80
= " Much better CMRR 1.4V below |
positive rail. For 5.2V supply,
crossover happens at 3.8V
a e a (B2V—14V=38V)
\j_ 24.90 / AvTDD DvTDD V-l_ef PARAMETER: MIN TYP | MAX UNIT
_+ ANN— INP L OPA320 — No Crossover
T U1 OPA320 - l ADS8860 Scii | Vem Common Mode Voltage (V-)-0.1 (V+)+0.1 V
Vin@ +5.2V T 2«‘{\% T |NMU2fS - 500Kksps Sbor CMRR  (V-)-0.1 <Vcm < (V+)+0.1V 100 114 dB
= 4
Much better CMRR across
entire common mode range.
\. wi3 TEXAS INSTRUMENTS = 19




1a: Connect the hardware

USB Cable to
Computer

{’e‘ TeEXAS
INSTRUMENTS

Precision Signal Injector

(PSIEVM)
FLT BP

JP1

X0 . Set Jumpers[ﬂﬁmj g g

L~
SE_VCM GN[// as Shown
pa )/

BP

DIF_VCM_GND
(610 o Ryt

Ip8

) FLT A}

{'? Texas Precision Labs
INSTRUMENTS  SAR

LADS8860

DAQ Chs

Install

AC_IN OXJO] DC_IN
N OPA316_Crossover
OfY -
00| 2.5V /
0Q|0.1v 8 8 C
a 0PA316 ADS8860
1 1] 8 8

*

SMA Cable

(1 []
B E

DAQ Channel 2

|

Plug PHI into CH2
Connector

¥

O

Precision Host Interface

7 USB Cable to
Computer

(PHI}
UsB

025V [Golow |[Dolow

LOW
SOECYI| o [Nl o o 1 %CAL
5801y |QOMHGH (|[OOHIGH ||[C ChigH
Current Current Current

AVDD-AMP||AVDD-ADC || DVDD-ADC

g {ADST042

DAQ Channel 3

wi# TEXAS INSTRUMENTS
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Demo - Driver Crossover
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Capture the waveform and zoom in.

4 14. Select “Fit Code to A

Fie Debug Capture Help
b}
Channel Connected: DAQ Channel 2 External Reference : REFG050 ¥ Conn t h th f II
21 range 1o snow tne 1u
Pages /
L Time Domain Display
< Spectral Analysis T' D 3 D' I I
S ime Domain Display SCale range. D
£ Linearity Analysis Y Scale fit Auto mode LI . .
¢ Reference Settling Analysis
32425- -2474
30000~
Interface Configuration -22
23000~
: 26000~ e
Device Modes
| SPL3-Wire-withBusy | 24000~ 13
22000- 8:
0 =16 =
Protocol Selected § e B
| SPI_3_Wire_WithBusy =
18000~ a5
_ SCLK Frequency(Hz) 16000~ = e
14000-
Target Achievable e
| e6m = | 66.00M et
10000- 08
__ Sampling Rate{sps 5
pling Rate{(sps) sa4a- . . , , ! , , , , , , B PSI Controls =
. 105776 105900 106000 106100 106200 106300 106400 106500 106600 106700 106800 106900 10700C
Target : Achievable Samples Amplitude —
| 1oom = | 100m B o ovpp A& = I
DC Offset 75- O
=
r c Jumper
Frequency 2 5
Samples ek 2.5E ! settings
I S62144 LI Capture ‘:]' e JP1, JP3 -
Output Type H Filt
TS 25- JP4 -VCM
Single End 2
Vref(V) M ;i | wpa-enD
5 S
It - P2
Updaie =
B -10.93 -
Idle - ¥ Texas INSTRUMENTS
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Capture the waveform and zoom in.

'E plabs-SAR-EVM

Fle Debug Capture Help

=10 x|

Channel Connected: DAGQ Channel 2

External Reference : REFG050

¥ Connectto Hardware

(17. Change to
“Spectral
Analysis”

.

Pages

L

£ Spectral Analysis
< Histogram Analysis
¢ Linearity Analysis

Aonﬁg uration

< Reference Settling Analysis

Device Modes

~|

__ Sampling Rate{sps)

Target Achievable

| 1oom = | 1.00m

0

Samples

Amplitude

L] ]

DC Ofiset

Samples

| 262144 ~|

Vref{\)
5

Capture

| Freguency

CQutput Type

Idle

IKHZ A

" p93c

Time Domain Display . 1 @
16. Crossover
happens at 3.8V e T
for OPA316

T 1 1 1 1 1 1 1 1 1 I l 1 PSI CO“thlS LG, —
105776 105900 106000 106100 106200 106300 -106400 106500 106600 106700 106800 106900 1070

[_._ .2_‘;’65——|¢J 10.93:; l
wona 5 | 0D
15V A :

5-
: Jumper
25 - ! settings
0= JP1, JP3 -
£ Filt
25- JP4 -VCW
g JPE - GMD
-h =
_?_5_5 Output
= P2

- ¥ Texas INSTRUMENTS

4 scalerange is

7 15. Now you can )
see that the full

displayed (5V) in
\_ this example. )
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Frequency Domain Results

4 Plabs-SAR-EVM B 20 PreSS “Mark

fle Deblg Caprure fiep Channel Connected: DAG Channel 2 ExtemalRefeM H a rmo n iCS” to ZOO m i n
Pages -~

& im oiplay - On harmoniCS .
3 Pmp Spectral Analysis \___ J
g lagf‘;?élnwcgnsaglslilsg Analysis [~ MarkHarmonics [~ Display DC HE w FFT [
20-
U,_
rInterface Configuration ap- \
Device Modes 0 1 9 . Freq u ency
| sPI-3-wire-withBusy x| £ 0 . .
=
<« domain display
Protocol Selected E S
| SPI_3_wire_withBusy = \
g -120- J
SCLK Frequency(Hz) _140-
Target Achievable -160-
| M = | 66.00M i
=200 | | | | 1 | 1 1 i :
f e 0 50000 400000 2 200000 Fre;&m@ 300000 350000 4001 PSI Controls T
1 I rt t A Amplitude )
8. Important AC measured e O 0
DC Offset Th-2
results. Note that better ~output Parametrs _ .
. \ SNR(dB) THD (dB) Sigr R : Jumper
SNR could be achieved o I e
. . SFDR(dB) SINAD(dB) ENC oy iout Type D_ Filt
with full scale signal. st [ wk =R [Congeenay] 22§ | o
NL FiCalculated (Hz)  Maxi Spur (dBC) M _5_5
[ toom |9 = | 7TemBHaris v ||1.3::922k | aﬂ?;?xnw '=1>. ‘ S g:tpm
pdate e :
Ide i : D - &3 Texas INSTRUMENTS

wip TEXAS INSTRUMENTS = 24



Mark Harmonics

'S plabs-SAR-EVM

Fle Debug Capture Help

=10] x|

Channel Connected: DAQ Channel 2

External Reference : REFG050

¥ Connectto Hardware

Pages

rInterface Configuration

< Time Domain Display

o

yectral Analysis

o istogram.ﬂ.nalysis
< Linearity Analysis
< Reference Settling Analysis

Device Modes

| SPl-3-Wire-withBusy =]

Protocol Selected

SPI_3_Wire_WithBusy

_ SCLK Frequency(Hz)

Target Achievable
| s6m = | 66.00M

_ Sampling Rate(sps)

Target Achievable

| 1oom = | 1.00m

Idle

Spectral Analysis

harmonics marked

21. Zoom in on

H2 ...H10

J

W MarkHarmonics [~ DisplayDC SR |  FFT |
20+
H1
" [H1]
_20_
-40-
= 50-
2
i
o -8l
b=}
=
B & |
< 420- - [Ha] [H5] (H7] T [H10]
L8 U Atk % 1
140~ b
-160-
-180-
-200-, 1 | | 1 | | | | 1 | |
0 2000 4000 G000 2000 10000 12000 14000 16000 18000 20000 21989
Frequency(Hz)
— Output Parameters
SNR(dB) THD (dB) Signal power(dBFS)
Samples | 857673 | -107.778 [ -8.20868
I 262144 vl Capture |
SFDR(dB}) SINAD({dB) EMOB
Input Parameters | 107 641 | 8574 | 139502

Device Fs (Hz) #Harmonics Window

| 1.00m | 9 -

| 7 Term B-Harris ﬂ

Fi Calculated (Hz)

Maximum Spur (dBC) Maximum Spur (Hz)

| 1.999986K

| -107.641

| 203323

H7 —118:9!;|
PSI Controls ¢ O

| & TEXaS INSTRUMENTS

A

22. Amplitude |
of harmonics in
table form.

J

(" 23. Minimize or |
maximize PSI
controls as

needed.

\ .

wi# TEXAS INSTRUMENTS
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Enter Vin, Vcm to compare OPA316 and OPA320

fin = 2kHz, fsamp = 500kHz
Crossover region at 3.8V on OPA316
PSI Signal Calculated PSI |[OPA316
Settings Min and Max Expected w{‘JHi:I{ZIIﬂD 14000 16000 1
OUtPUt Amplitude 10.93 -
Vin  Vem Vmin  Vmax SNR THD L R (!)
(Vpp) (V) (V) (V)  (@B) (dB) miwrames o
IR{dB) THD (dB) Sigr — Jumper
2 1.5 0.5 2.5 85.3 -104.4 w5773 | -107.775 = F““;T{“:‘-" o] 25| settings
2 2 1 3 85.3 -102.9 orus) SINAD(dB) o [— - vy whi ey
5 3 5 4 85 2 088 107 641 [ 8574 _ e -zr.5—é Jp4-veM
: : | 5
2 32 22 42 (852 838  iwwmew [wen [ B oo o
2 35 25 45 851 -76.1
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1b:Measured vs Expected Results

fin = 2kHz, fsamp = 500kHz
Crossover region at 3.8V on OPA316

PSI Signal Settings | Calculated PSI Min and |OPA316 OPA320

Max Output Crossover Goodfilter1
Expected Expected

Vin (Vpp)  Vem Vmin Vmax (V) SNR (dB) THD (dB) SNR (dB) THD (dB)
(V) (V)
2 15 0.5 2.5 85.3 -104.4 85.7 -109.2
2 2 1 3 85.3 -102.9 85.6 -105.9
2 3 2 4 85.2 -98.8 85.7 -106.1
2 3.2 2.2 4.2 85.2 -83.8 85.6 -108.3
2 3.5 2.5 4.5 85.1 -76.1 85.6 -109.1
2 3.8 2.8 4.8 85.0 77.2 85.7 -106.4

wi# TEXAS INSTRUMENTS



Graph of results

. THD vs Max Input Voltage
-45 -70
OPA316 Crossover at 3.8V _, -75 0PA3|1 6
------------------------------ a0 Crossover
LT ,
s 3.8V
5 -90
Q .95
= 100
-105 ]
_110 :
-115 :
y @ 3 3.5 i 4 4.5
400 125600 125800 126000 19R14R Max Input Voltage
03 4 | Your results should show the same
3| — Click here to access Excel trend as the expected result but the
Microsoft Excel Spreadsheet for data collection. specific values will differ
Worksheet \ y . : y,

wi# TEXAS INSTRUMENTS
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How Driver Noise Affectlng
ADC System sy

e < bl -
T W = ( R — d) e =
) S & = = .
av
e = (oSG = <
o i = S 2z .
uﬁ-&-:"...-—i'g" = > , o, Sl bl —
« o = - o = s .
et ’ R - - e
Speaker: Andrew Wan - s = Ol
p - g -' / o : == —
JSURE “J:..G_ — r— €
) - . = =
= S et 5 { I = =
f\.l e
{ :l-é‘
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SNR of Amplifier + ADC: General Equations

§|\_/
REF6050 3V 2V / \
5.0V v
Reference ?: 22IJF SNRADC = 20" log( FSR_‘rms) Solve for noise
—_ Vref AVDD DVDD nADC
= = Input Range = 0 to Vref
1kQ  10kO Resolution = 16 bit _ Vrsrrms From ADC data
16 Vnabc = —snr
ADC LSB = Vref/2'® = 76.29uV 10(540c) sheet
N-Bit v, = J Voane) + (Vasmo)? + (Vager)?  Total RMS Noise
Register
V
SNR; g = 20 - log( FSR’“”"S) ADC+Amp+Ref
- VnT
AD88860 AGND DGND k /

wi3 TEXAS INSTRUMENTS = 30



Find the REF6050 Noise

) Noname - Schematic Editor
Fle Edit Insert View Analysis T&M Tools T Utiities Help

zlalags| B3 e H [ @] =] 1
ol ==, [Pd~Tal[elele] [T T 1] ]
— B e 1. Analysis> Noise =
Eé:m : A I SIS Star fraquency |1 [Hz]
;Z;‘:s':;tesdverm na y Endl frequency |1MEG [Hz] X Cancel
i ’ Mumber of points IWDD ?  Help
Noise Analysis... - 2
ons... S{M Signal Amplitude I1
Diagrams
U1 REF6050 v Qutput Noise Cah-CUEEN B N oname - Total noises - O] x|
VIN OUT F 3{(VREF rlnputNDi's‘e [~ SignaltoNoic Fle Edit View Frocess  Help |
[ en ouT S 7 ola| B alr alal |z]lwa o] s =]
. cs REF6050 oni ol ——cazau / Ll [+ el | z]|sw e ~[o] % |
<f \é% FILT GND_F [ | 6.31u-
L R5 Lo, 2. Enter the bandwidth ]
— — y |
120k and select the <
dragrams =
p— -
[T
o
l'_
( L] L] L]
3. The integrated noise is the “total |
. ” . 000 ; ; — T i i —E—
noise”. Look at the final value ) S —
VnRef = 6.31uV rms Frequency (Hz)

- J

]

Taotal nDiSEEI Clutput noise? | Total nuiae?l Output noised  Total noized I

wi# TEXAS INSTRUMENTS
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Simulating Amplifier Noise

_'_E*_! Noname - Schematic Editor

Fle Edit Insert View | Analyss Interactive T&M Tools Help

slejals| pln] e = aioes] 8] sl
JL[gl=[a]5 poe ]3¢ [l -~ 6| o=
Biasic | Switches | Meters Fas kel ec’(ronia S;;i.ce hacros | Gates |“I.:Iip-flups|
———  Stress Analysis Enabled
Enable MCU Code debugger o o
Select Optimization Target pese hnaWSE
Select Control Object
Set Analysis Parameters... Startfrequency |1 [Hz]
DC Analysis
AC Analysis End frequency I1 aor [Hz] X Cancel
Transient... -
Steady State Solver... Mumber of points |1DIZIIZI ?  Help
Fourier Analysis e
Digial Step-by-Step S¢M Signal Amplitude |1
D;grlﬂ Timing Ana!ysas Diagrams
Digital VHDL Simulation...
Mixed VHDL Simulation... [v Clutput Moise [¥ Total Moise
Symbolic Analysis [ Input Moise [ Signalto Moise
Noise Analysis...

Optimization

Options...

1kQ  10kQ

Need valid dc operating point for
noise simulation!

22Q
Voutnc =11 x 0.1V =11V

Enms = 128.8uV rms
Enpp = 6:128.8uV rms = 773uVpp

For more information: http://www.ti.com/precisionlabs

1.90u-
] \
N —
L
2
3
5 4.88n—
[ il
5 ]
o
£ ,
O -
1252p T T
1.00 10.00k 100.00M
Frequency (Hz)
128.78u—
>
o)
R
2 64.39u-
8
o
|_
0.00 I I 1T ‘ I T ‘
1.00 10.00k 100.00M
Frequency (Hz)
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SNR of Amplifier + ADC: Example Calculation

§|\_/
REF6050 v 3 / \
5.0V
Reference VESR rms = Vrsrpk * 0.707
- Vref AVDD DVDD Vesr rms = 0.5 - FSR - 0.707
- Input Range = 0 to Vref —05-5V-0.707 = 1.767V
1kQ  10kQ 0V to Resolution = 16 bit
ADC LSB = Vref/2'® = 76.29uV _ Vesroms _ 1767V
VTLADC = SNRapc\ 93dB~ 396[.”/ rms
10( 20 ) 10( 20 )
N-Bit
i 2
megISter VnT - J(VnADC)z + (VnAmp) + (VnRef)z
1 = /(36.9uV)2 + (128.8uV)2 + (6.3uV)2= 134uV rms
SNR 201 (VFSR“"‘S) 201 (1'767V) 82.4 dB
=20-log| ——)=20"1lo = 82.
ADS8860 AGND DGND \ fotal S\ TV S\ 134y /
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SNR of Amplifier + ADC: Measured Result
dee TS T I

Bl LSB = —y = 535 = 76.294V

< Time Domain Display . .
< Spectral Analysi

* ek Histogram Analysis
<» Linearity Analysis
<» Referance Settling Analysis

XScalefit|  Auomode  [v] EHEE® Histogram [

65000
60000~ VnTmeaS — O-adc : LSB - 1-78 : 76-29#‘/ — 136#V TmS
55000
Interface Configuration 50000 -
45000~
iIE)e\ri::e Mon.:les . N 40000 - . .
T ST e Varcaic = 134uV rms from the previous slide
Protocol Selected % 30000~
| sPL3 wire_witBusy | 25000+
20000~
SCLK Frequency(Hz) s
_Tarlget ..... ~ Achievable 10000 -
| esM | es00M | —_—
0 | | I | | | 1 | | | 1 1 1 I | | 1 1 | | | | | 1
S Ratelss) 14307 14308 14300 14310 14311 14312 14313 14314 14315 14316 14317 143;?3 CE145319 14320 14321 14322 14323 14324 14325 14326 14327 14328 14329 14330
_Target - _Achievable : RE'E-“ “:5
| toom [&f | 1o0m | : - -
" P Mean . |Sama rms noise is
Samples Mean . Sigma : 14248.90 1.78 =
| w2 [ sy [T - 4oLt one sigma
E88 G _ MaxCode Min Code
e | [ wer | : ~ MaxCode
Cassna ' 14210 ' 14327
= 18 | o - -
Code spread
Idle i3 TEXAS INSTRUMENTS E 18
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Averaging to Reduce Noise

Output Code

14326
14324
14322

Noise vs. Averaging

FI IR

14320 . i

14318
14316
14314
14312
14310

1y (e

1] ol

0 1000

2000

3000 4000

Number of Samples

5000

== Raw Data
w10 X Averaging

e 100 X Averaging

Measured vs. Calculated Averaging

v _ VW 1.8codes
nAvg — \/N - r—lo

Vs
\S‘NRavg = 20-10g(V N
n

N is the number of averages
Viavg Us the RMS noise after averaging

= 0.57 codes

\Y
)=20-10g( >

Measured | Calculated
RMS codes | RMS codes
Standard Deviation
Raw Data 1.80 na
Standard Deviation
10 x Averaging 0.59 0.57
Standard Deviation
100 x Averaging 0.18 0.18
o
VnAvg \/ﬁ
Where
V,, is the RMS noise
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quick quiz.
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Quiz: Calculating the total noise for ADC
systems

he histogram below was measured with a data converter:
a) What is the RMS noise voltage?
b) Assume the output is averaged using an 8 point rolling average. What is the averaged noise?

ADC Noise Measurement
400

350 4 )
) ggg FSR = 5V
£ 200 Resolution = 18

Standard Deviation=0 = 2.25 codes
11 Mean = 29558 .4

S 150
106 I
50
0 = [1 | - \ /
A\ ép

A R A 2 B A W DS R M R A D RA o I SR A
LA L R L3 RS AR R LIRS RS RS S SRS SRS SR SR
D D7 D D D7 A D DAY D AT AD D D A DD

Codes
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Quiz: Calculating the total noise for ADC
systems

he histogram below was measured with a data converter:
a) What is the RMS noise voltage? ANS: 85.83uV rms

b) Assume the output is averaged using a 8 point rolling average. What is the averaged noise?

ANS: 30.35pV

~ ™\ /RMS Noise Voltage \

FSR = £5V Vost = Er1 + Egu1 + Egus

Resolution = 18 0 0 0 0

Standard Deviation=0 = 2.25 codes Vost = 0.1% + 0.6% + 0.01% = £0.71%

_ Qtatictiral \WWAarea Caca (Cain Errar
Q\Aean =29598.4 y Output With 8 point rolling average
VosT = +/ (ER1)”T(Egu1)”t(Egus)”

QST = /(0.1%)2+(0.6%)2+(0.01%)2= 10.608%/
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ADC Noise Experiment

-
Vv o= ( - — — d) L e = = =
. | S = ‘ < g
2R S < Cos & =
ay - = a
. ~ = ~— w
She=s 2" ¢ 2 R I e L
_— —
=
C a = = - = =
2 - = o - (
. S h ~ s~
-’l 4 = T -+
| “‘—"'—““6.1_* < o -
= |
e -
e S ) a4 = _,__f—:. b
- 5
- -
(s g _..:"“ =
I

wi3 TEXAS INSTRUMENTS = 39



System we are Analyzing and Measuring

We will use two different
“Coupon Cards”. Each will
have different noise

e 5.2V
\.characteristics.. ) T 3y 3y
REF6050 T T
.................. 5.0\/
: : Reference
: 1.2pF . — Vref AVDD DVDD
: } } ' = Input Range = 0 to Vref
' 10kQ |100kQ : Resolution = 16 bit
¢ VAHAN— i ADC LSB = Vref/2'® = 76.29uV
" = 5.2V '
: 24.90 oo
_ ¥ g ' Register
Vin 9 : L q{inF==
0.1VDC T s L,WVI :
e —2490 ! - =
'Coupon Card ______. ;
ADSS8860 AGND DGND
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Noise1 vs Noise2 Setup

» Both circuits have the same: gain, bandwidth, and output filter
* The difference is feedback network resistance is scaled by a factor of 100
* The objective is to see how thermal noise from feedback impacts overall noise

Noise 1 Noise 2
1??F 120pF
| |
| | | |
10kQ) [ 100kQ) 100Q | 1kQ
NNWA+VN— NN+ \NA—2
=3 5V — 5V
Vin Vin
0.1Vdc 0.1Vdc

OPA320
—24.90 -

OPA320
—24.90
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| ] u
Simulation of Noise1
_'_E*_! Noname - Schematic Editor —
Fle Edit Insert View | Analysis Interactive T&M Took Help ﬁ
2 = e [2: @ffioo =] &d-] 7] $al0 2 I
[ e)tl=]-[6lol=[=]2 <
Basic | Switches | Meters Fau]tsenabie{_j ectronic | Spice Macros | Gates | Flipflops | 3 B
Stress Analysis Enabled L 32.97n—
Enable MCU Code debugger 8 i
e x| 3
Set Analysis Parameters... e 5
DC Analyss . Stertfraquency 1 | MO O
ig::aedr? } End frequency 1008 [Hz] X Cancel
SteaijState‘_Soiver... _ 62643p T T T T T T T T
— ' R i ? e 1 10 100 1k 10k 100k 1MEG 10MEG 100MEG
s S/M Signal Armplitude [ Frequency (Hz)
Digital VHDL Simulation... Diagrams
Mixed VHDL Simulation... _ _
Symixke ArclyeE N [v Clutput Moise [¥ Total Moise
is... » [ Input Moise [ Signalto MNoise 170. 78Uf
Options... ]
1.2pF - ]
@ ,
2 ]
. . . o |
10kQ | 100kQ Need valid dc operating point for £ s
[ VVV T VVV™ noise simulation! o
VoutDC - 11 X 0-1V - 1-1V OOO | ] ] T T T T T ]
1 10 100 1k 10k 100k 1MEG 10MEG 100MEG

Enrms = 170.84V rms

Enpp = 6:170.8V rms =1.03mVpp

Frequency (Hz)
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- - 568.13n
Noise 1 vs Noise 2 e
i P
< i
- = oise
Noise 1 § a0
3
586.31p T \\\\\H‘ T \\\\\H‘ T \\\\\H‘ T \\\\\H‘ T \\\\\H‘ T \\\\\H‘ T T 1T
10 100 1k 10k 100k IMEG ~ 10MEG  100MEG
Frequency (Hz)
170.64u~
KD
]
s
OPA320_Noise1.TSC 2
S 85.32u]
A 2
.
NOIse 2 CIICk to access 000 1 I \\\H\‘ T T \\\\H‘ T \\\HH‘ T T \HH\‘ T T \\HH‘ T T \\HH‘ T \\\HH‘
120pF . . 10 100 1k 10k 100k 1MEG 10MEG ~ 100MEG
I I TI NA SImUIatlon . Frequency (Hz)
20.83
| fc(Noise2) = 832kHz|
] [fc(Noise1) = 1.05MHz]
[an]
< -10.67-
D 5
OPA320_Noise2.TSC
_42.16 T \\\\\H‘ T \\\\H\‘ T \\\\\H‘ T \\\\\H‘ T \\\\\H‘ T \\\\\H‘ T \\\\\HT
10 100 1k 10k 100k IMEG 10MEG ~ 100MEG
Frequency (Hz)

wi# TEXAS INSTRUMENTS



Find the REF6050 Noise

) Noname - Schematic Editor

File Edit Insert View | Analysis T&M Tools TIUtiities Help

zlalags| B3 e H [ @] =] 1
[+IolsTali e Bed-TslaleTolelel 1111 1]
Basic | Switches | Meters Con_tr St e hal . .
O 1. Analysis> Noise
DC Analysis h Start frequency |1
AC Ay Analysis
Endl frequency IH\“”EG
Steady State Solver...
Fourier Analysis / 1000

Noise Analysis...

Mumber of points

SN Signal Amplitude

X Cancel

?  Help

Diagrams
U1 REF6050 v Qutput Noise Cah-CUEEN B N oname - Total noises - O] x|
VIN OUT F 3{(VREF rlnputNDi's‘e [~ SignaltoNoic Fle Edit View Frocess  Help |
LEN OuT_S J - x O 0|5 T LTS~ O] 3| 2|
. cs REF6050 oni ol ——cazau / 8| & alal |r[#£]E~[0] K& &
<f \é% FILT GND_F 1 o
L reg L . 2. Enter the bandwidth |
—_— u g
120k and select the <
dragrams =
o
( [ [ [
3. The integrated noise is the “total |
. ” . 000 ; ; — T ; i ]
noise”. Look at the final value = | ——
VnRef = 6.31uV rms Frequency (Hz)

- J

]

Taotal nDiSEEI Clutput noise? | Total nuiae?l Output noised  Total noized I

wi# TEXAS INSTRUMENTS
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Total System Noise for OPA320 Noise1

5%_V
REF6050 3V 8V
Noise1 5.0V
1.2pF Reference
T — Vref AVDD DVDD
| 1 - Input Range = 0 to Vref
10kQ [100kQ Resolution = 16 bit
VWA ADC LSB = Vref/2'® = 76.29uV
= 5.2V
N-Bit
Vin 1 Register
100mV )
— _['\/\/\,—o

(FSR_I’I‘HS = Vrsrpk - 0.707 \

Vesk rms = 0.5 - FSR - 0.707
= 0.5-5V-0.707 = 1.767V

Vesg rms 1767V

10(%6@6) B 10(%)

VTLADC — = 396[.”/ rms

2
Var = J(VnADC)z + (VnAmp) + (VnRef)z
= /(39.6uV)2 + (170.8uV)2 + (6.3uV)2= 175.4uV rms

SNR - = 20 - log [ JFSRems | — 50100 (707 ) _ g0.1 4B
\“’t“"_ B\ Ty )T % 17540 ) T /
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Solve Using the Analog Engineer’s Calculator

%% Ana log Engineer's Calculator

Select the Calculator

R e e e S A =

Data Converters
Alias Calculations
ADC Code to Voltage
ADC SAR. Drive
ADC ENOB & Effective Bits
Ideal Converter
Conversions

Amplfier and Comparators

Passive

Moise

Stability

PCB

Sensor

Links

Converter Input

Signal Chain Noise

é} 170.80  Vrms

SNR Input

80.3 dB
0K Help

-0 x|
Voltage
Reference
Reference Noise
;: 6.3u Vv
Converter Output
Total_Noise
175.4u v rms
Full Scale Range )
A ADC Noise
i = K 39.57U V rms
ADC SNR
; 93 dB Combined SNR
80.06 4B
|
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Measure the Noise and DC Level

@ Plabs-SAR-EVM N
External Reference : REFG050 ¥ Connectto Hardware

Fie Debug Capture Help
Channel Connected: DAG Channel 2

[ \ Pages
4. Change page » B : I
9¢ Pag =3 | $ S s Time Domain Display
o ety Ay ¥ Scale fit Auto mode | 4w
. o

to “ H iStOg ra m ¢ Reference Settling Analysis
Analysis”
) rInterface Configuration

Device Modes
| SPI-3-Wire-WithBusy x|

14550 -

\_

(n) sBEyOf

Protocol Selected
| SPI_3_wire_WithBusy

Codes

0 -1.100
\

— Sampling Rate{sps) % 3- The DC Output
0 20000 40000  BO0O0 80000 100000 120'03(;0@{;:&'&00 150000 180000 200000 220000 240000 Should be about 11V

Target Achievable
1.00M = 1.00M
| = | =] L]
/

f Samples Max_Code Max_Volt
s S
e — 2. Press Capture. owe e

1. The default settings of |- 5
1Msps, and 262144 work
| &3 TeExas INSTRUMENTS

well for this experiment. _
wip TEXAS INSTRUMENTS = 47

__ SCLK Frequency(Hz)

Target Achievable
| esm =] | s6.00m

J

s

\




Look at the Statistics Under “Histogram Analysis”

ISP

Fie Debug Capture Help
Channel Connected: DAG Channel 2 External Reference : REFG050 ¥ Connectto Hardware
Pages
< Time Domain D_ispla},r - -
Hppli Histogram Analysis
Linearity Analysi x| & i
gngfee?;lnwcenge};tsl'il:g.-\\nal].rsis Akl e e —I ﬂﬂﬂl Histogram ’E
50000+
45000~
rInterface Configuration
Device Modes 35000-
| SPI-3-Wire-WithBusy x|
30000~
Protocol Selected 2 25000-
| SPI_3_wire_WithBusy *
20000-
__ SCLK Frequency(Hz)
15000+ 4 “ S »y t d d )
Igma IS one Stanaar
[eem =] [ 66.00m G e .a .On .C .S e
000" deviation which is the RMS
_ Sampling Rate(sps) 0 : 1 d
145;29 I 145132.5 145;35 145%’:?.5 145;40 145112.5 14%45 145¢|I7.5 \ nOISe In CO eS- )
Target Achievable Codes !
| 1oom = | 1.00m /
/

/ ‘\ —Results /’
VFSR SV |Mean14540_?s |Slgma 218 z

LSB = N = 516 = 76.29uV

2 16 | 14532 | 14551

Code spread

Vnoise_meas = Sigma - LSB e
Vioise meas = (2.18) - (76.29uV) = 166.3uV

\ ] - 3 TExAs INSTRUMENTS
o g
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2b:Measured vs Expected Results

V|n = 0.1V DC, fsamp = 1MHz, Vref =5V, LSB = 76.29uV

Dewce Example
Measurements

Amp Amp ADC Ref Total Sigma Noise (uV)
Noise Noise (uV) Noise (uV) Noise (uV) Noise (uV)
(uV)

Noisel 1967 1708 396 M2 4754 218 1663
Noisez 91 788 396 12 884 116 g8s

wi# TEXAS INSTRUMENTS
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Demo — Driver Noise Difference
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Export Data to Excel

Fle Debug Capture Help

Channel Connected: DAQ

Pages

L3 Time Domain Display
<> Spectral Analysis

<» Histogram Analysis
<» Linearity Analysis

Time Domain Display

< Reference Settling Analysis

\.

2. Right click and
“Export Data to Excel”.

Y,

y 4

Idle

Excel. Press capture

after changing the
\ number of samples.

14578~ -1.112
14576~
Interface Configuration Copy Data -1112
14574~ —
Description and Tip...
Device Modes 14572- Visible Ttems b
| sPI3-wire-WithBusy | 14570~ Clear Graph ¢
., 14563~ Create Annotation 5
Protocol Selected o Delete All Annotations a
| SPI_3_wire_withBusy S 14566- =
+ AutoScale X 2
14564 - ;
\utoScale Y
_SCLK Frequency(Hz) PHIECLE
14562~ Smooth Updates -1.111
Target Achievabl
| Esgm =8 Calzvr?nme 14580 Sl @  Export Data To Cipboard
o Export Data To Excel
Export Data To Ribdem
_ Sampling Rate(sps) Export Simplified Image... e
1 1 1 I 1 I 1 1 1 1 1 T T T T 1 1 -
1000 2000 2000 4000 5000 G000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16283
Target Achievable Samples
[ 1oowm = | 1o0m ] m
Min and Max Values
Samples Max_Code Max_Volt
[ 6384 -] FHLL 14575 1112
Vref(v) Min_Code Min_Volt
[ s . \W e
1. Use 16,348 points for
S| Controls X O

-

&

i
) 4 cut

-

will open up.

\_

53 Copy -

~

3. An Excel spreadsheet

Paste _ B I U-| - &-A EE=EE=E|E
= # Format Painter - :
Clipboard & Font 3 Aligr
i B2 v £ | 14559 /

L

[re—)

S S N e (i R e

18
15
20
21
22
23

_ A | Bf
1 |Samples - Analog Channel 0 Codes - Ana% Channel 0
0 14559
1 14566
2 14566
3 14567
4 14567
5 14568
6 14563
7 14564
8 14568
9 14564
10 14564
11 14568
12 14562
13 14566
14 14567
15 14567
16 14566
17 14567
18 14569
19 14564
20 14562
21 14567

)
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Paste Your Results Under “Raw Codes”

@| 9~ Moise Averaging ADC PLABS.xlsx - Microsoft Excel
Home Insert Page Layout Formulas Data Review View Add-Ins
= i = [
| % Cut Calibri » 11 - & K| F =B % = Wrap Text General - i—‘_:ill % | MNormal Bad G
53 Copy - — £
Paste | IS « ALl == === = | B = ST <0 .0 Conditional Format as| MNeutral Calculati
5 B i e B 7 U £ S - A = E = | £& iF =4 Merge & Center $ a9 €0 .60 e et eutra alculation E
Clipboard = Font & Alignment P Number M Styles r
B2 - GRS 1450 Click to access
L4 A [ ¢ [ b [ E | F | G | H | | s [k [ v | m |
1 Samples Raw Codes average x 10 average x 100 Excel
L : =
2 0 14564.8 14565.95
= i r
- Wi : : Spreadsheet.
: | e e Noise With and Without Averaging \_
5 3 14565.3 '14555. o7 14576
6 al 14565.3" 14566.1 14574 : | T
7 s| 14564.8 14566.06 14572 i
3 6] 14565.4'14555. 09 1122{;
=8 b 8 .
£} 7 § 14565.1 '14565.[)4 3 14566 Raw Codes
10 ] 14565.1 14565.98 v
= r 14564 average x 10 i
11 of 14565.6 14566.06 14562 Microsoft Excel
12 10] 14565.9 14566.07 14560 - ) ! HI ———average x 100 Worksheet
13 11} 14565.9 '14555. 07 14558
[ i 14556
14 12 14566.1 14566.03
Ik 4 Samples
16 14 14566 14566.05
17 15| 14566.1" 14566.1 E
18 16 14565.4'14565.[}6 | E — n—raw
19 17 14566 14566.08 | \vg) n_avg T
20 18 14565.9 '14555. 05 Meas 2.171 0.248 N
21 19 14566.1 '14555. 02 Calc 0.217 \ )
T | F
22 20 14566.1 14566.02
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SAR ADC Driver
RC Optimization ..~

~ a2 o oeahd
Vi - s d) b =
) e = : >
g gt = (oSG = <
-3 = =
L N - ~— 4
shhc-c = S o b - S
€1 o = - 3
- = -

Speaker: Andrew Wang = -
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Acquisition phase

Sample and Hold Capacitor Settling During Aquisition

FS
)
&
SAR ADC %
~ 3/4FS ]
2V | 5 Vin+0.5LSB

k Rt 2

j\%)\,ﬁ = N-Bit i L/2ES
ﬁASQO - | Register g
+ 1 FILT —T— py

= £ 1/4FS
1 ©
- Closes at start of n

acquisition 4.056Y
' 0

Acquisition Time
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Conversion Phase

+3V
Rfilt
- 100Q
—ANN—
) OPA320 o -
2.6V Vin 800pF

Model as Reset C.y at

N-Bit
Register

end of conversion

CDAC Output During the Conversioin Cycle

FS
Bit=0
3/4FS ) Bit=0 i
/ Vin B Bit=0
)
=L
>°1/2Fs
MSB MSB-1  MSB-2 MSB-3 LSB
1/2 FS 1/4 FS 1/8 FS 1/16 FS  1/32FS
1/4FS
0

Time

wi# TEXAS INSTRUMENTS
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Overall Objective

« Find Rfilt and Cfilt charge bucket filter that will optimize settling
* Find amplifier with bandwidth sufficient for settling
* Achieve final settling of 0.5LSB or better at end of tacq

Sample and Hold Capacitor Settling During Aquisition

FS
@
&
SAR ADC %
iy ~ 3/4FS ]
- Ren 10100 % Vint0.5LSB
1000 ~ N-Bit = LJ3Fs
+ OPA320 - 1 Register g
+ 1 FILT —— L
_. g 1/4FS
= Closes at start of v
acquisition 4.096V
: 0

Acquisition Time
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Is the charge bucket filter required?

g\r/ 1._EfV 1 ._IEiV
\ / Vref AVDD DVDD
AIN_P
%MH6643 a
+ yip  UGBW = 130MHz
T 4sv ADS8860
AIN_M
L
) \ AGND  DGND

-500.00m

I

5V 1.8V 1.8V
Rt Vref AVDD DVDD
~ 24.9
—AAN AIN_P
L ~0OPA320
|+ Vi, UGBW = 20MHz
= 4.5V Crir
T Cn ADS8860
R
24.9 AIN_M
W
] \ AGND  DGND

g

500.00m—

0.00—

Advantage of low BW Amp

[ Verror = -10.2uV end of tacq| °

S .

No Charge Bucket Filter,
Required BW = 130MHz

500.00m—

0.00—

-500.00m—+—\———

1.00u

—
1.25u
Time (s)

| Verror = 3.9uV @ end of tacq

.

With Charge Bucket Filter,
Required BW = 20MHz

1.00u

o
1.25u
Time (s)

Lower Iq

Better Vos, Ib

Lower cost

Less sensitive to stability
Issues
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ADC Input With Proper RC Filter

Il aQ\ML u” W MM U

Start Acquisition ' |
9 s
| 7

/f"\\

End Acqmsﬂmn

— e S _ ; B = s
(@D 1.00V Q I[800ns 1.25GS/s S |[ 8 Dec 2009
G 5.00V ns ]ﬁ?.&b‘? % 10k points 1.84 V [13:32:19

ns

@ 5.00V
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ADC Input With Wrong RC Filter

T =
ﬁ

Start Acquisition

f g Wﬂi@ﬂﬂ Iy mm mﬂmw

e e, s 5w

/\

End Ach|S|t|on .




Example: Full Scale Range, Resolution, C, Ry

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ANALOG INPUT
Full-scale input span() AINP — AINN 0 ‘_E’R_Ef } V
Operating input range (") i 7 VReF %'1 ¥
AINN —0.1 0.1 V
Ci Input capacitance AINP and AINN terminal to GND 59 pF
Input leakage current During acquisition for dc input 5 nA
SYSTEM PERFORMANCE
Resolution {--13--' Bits
" 960 \ N

Device in Hold Mode

AINP O 4pF_-: % i L/_\i\i\;’i >
l

C., and Ry, can

Full Scale Range

= REF !Jsua”y be. found and resolution
Y S T In the equivalent
It ~ J7 . .
l Pr_L EJMQ =— 55 vaGND CerUIt
ANN O————————3~~ l AN——
Figure 45. Input Sampling Stage Equivalent Circuit — NOte: C| from the table
C, = 55pF+4pF
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For our example: acquisition time
Conversion time set

« Wi g
DIN = HIGH |r — i s | u: by Internal clock.
CONVST i trexoo — - wo e 7 /7 «<——The maximum time
) | i~ = for conversion is
: '“‘E tacnv-Do —H| :;_ i |><| X tSCLK'_'l >< 4;( i : 71 OnS .
DOUT D15 D14 D13 D2 D1 —
—P: :4— twh-cNv-min | td-:K-DO —H: | L_ t4.cK-DONZ —J: l“—

PARAMETER MIN TYP MAX | UNIT
taca Acquisition time 290 ns
i Conversion time 500 710 ) ns
" We are running at maximum throughput (1MHz) )

Msample = teonv-max + tacgmin = 710Ns + 290ns = 1pus, or f e = TMHZ

For cases where you aren’t running at maximum throughput (e.g. 500kHz)

_ taca = Mfsampio = teonv-max = (1/500kHz) — 710ns = 1290ns y
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43 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 Amplifier Gain 3 Resistors
INA Vcm + Dif Filter

-

\_

2. Results will be used |
in the simulation

~N

Standard R

Thermal Noise
Stability

Phase Margin vs. AC Peaking

Phase Margin vs. Overshoot
PCB

Via

Adjacent copper traces

Microstrip

PCB Parallel Plate Capadtance

PCB Trace Resistance
Sensor

Thermocouple

RTD

Calculator

7z

_Sdect Type

;ﬂsmgbe Ended #2

1Resohmon
216

Full Scale Range

v

)\

\

/ Rfilt/2 Min
L.

Rfilt/2 Max

|32.5 Ohm
Gain Bandwidth
i17.8M Hz

Max Error Target
|38. 15u v

\

|560p F
'1.6n =

Run the “ADC SAR Drive” tool: ADS8860 Example

1. Enter the information from the
ADS8860 Data Sheet.

W =0l x|

+5V
Rfilt/2
— AAA
+ —
Vin Crr——
= Rfilt/2

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

—C \/sh-

N

OK

Help

http://www.ti.com/tool/analog-engineer-calc
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Simplifying the input model

1) Input Circuit from the data sheet

W/

Rsh+ 96Q
* AN . {
4pF —— % i l
p VREF Csh+ 55pF
[
1 1
4pF —= \ 4 A Cen. = 55pF
Ren- 96Q T
® — ® S—'VV\, /. !

W/

2) Add the sample and hold reset circuit

L

. Rshs 96Q
Vin . s% o o
0V to VREF % & l
PP == VREF Canv == 55pF
[ .
1
4pF —= \ 4 A 55pF
Rsn- 96Q
J_ * ® ® Sl}VV\, / T /

3) Diodes are reverse bias

. Reh+ 960Q)
Vin ) L Sh{/\/\, /. o /.
0V to VREF
4pF = Cens == 55pF
e
1 1 1
4pF —— Ceh- == 55pF
Rsh- 96Q)
® S'h‘\/\/\, /c O /o
4) TINA Spice Model '
tacq tconv
_|_| I ><+J_|
T
AINP R8 96 ‘\\_ N
a VW Csh+_L o =
<t
3= >°F ‘
o L B
- Csh-
O 55p
1 | ~
AINM tacq tconv A 2
+ * =
@ Vacqg ? Vconv  tacq |_FX 1_ tconv |—F X j__
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TINA SPICE Equivalent Model

T I (=

Voa_SS 4.999963 Verror
Voa Steady State Voltage Verror = Vcsh - Voa
. ................................................................. 1
+ADS8860 Input Model '
]
(Voa : :
n
. tacq | tconv ;
Vﬂt ’ 1 1 + ]
—~ : AINP = L %<+—|_* L L %< - v
R1 22 ' R8 96 '
MA—¢ ! ' A o ’ o - :
U1 OPA320 : %l Csh+_|_ 1 :
= ' < S5p T VCVS1 1 "
— ’ © + + + :
©T : T m X (\E Vesh ¢
: o I = 0
' ~ - Csh- ’
lo R — U —

R2 22 : © 1 R6 96 5P - N ,
J_ AN 'S : ¢ AN AN * o E
L ' AINM T T 1 '
(] X ' >< ! - :
s [Vref =5V tacg| L teonvi—" L '
: tacq = 290ns :
s | tconv=710ns tacq tconv |
' |Vin _FS =5V + + ;
'|LSB =5V /2M6 = 76.3uV Vacq Veonv :
s [1/2_LSB = 38.15uV -

' L
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Key Result: Error Signal

When tacg =1V SW_acq is closed
Verror and Vopa must settle in this window

0.00
Verror 3 \( [
(W}
Voa SS Yo -4.50

;

f Virror ........................ : . E
jhECK Settling EADC Model E Voas 4, 54? T :v\ :
Vopa ' SW_acq SW_conv ;
L A —ee T S~ 4.34 , P
: Csh : 1.00 ; '
= Vin I : I 1 tacq ] : ‘
- L temmoommooooococooooooe- ’ 0.00- ;
1.00— '
tconv |
0.00 1.00u 2.00u 3.00u
When tconv =1V SW_conv is closed Time (s)

This resets the internal S &H Capacitor Csh
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Zoom in on Error Signal

§=16

FSR
LSB — 2_N —

0.5-LSB = 38.1uV
\_

5.0V
216

= 76.3uV

Number of bits
Resolution

Target Error

Show/hide curves

Curves: WL Show =
,,DEH. ....................................................................... I_ lelda| "‘-.u"ll:ll‘tﬂgES IL QlDSE
% _Csh+ B
] W Cits [ Otheroltages ? Help
[¥] “errar [T Currents
I;ggv [v User defined
|_ feasure et

Use “view>show / hide curves”
to focus on most important
curves.

X|

) 0.00
—Lakel

Noname - TR resultl

=10l x|

He Edt View Frocess Help
ola| B &l alal | rlwlglal~o] K% &7~
100u
50u
Verror ﬂ_
ST
'T‘ ~100u
1.00
tfcq
0.00 |
1.50u 3.00u
Time (s)

[ |
Text: I\f’errur
Fant .. | Mame: Atial 5ke: 9 Style: Normal
—MHumbers
Format; IEngineering:1k LI

Divide by factor: I1 Frecision: L =
Font ... | Mame: Arial Bize: 3 Style: talic
—acale A
ILinear LI Lower limit: |‘1 00y
Ticks: m Upper limit; IV

|_ Force size settings when resize window

|_ Round axis scale

X Cancel

7 Help

Click on axis
and adjust the
scale relative to
LSB resolution.
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Remember: ADS8860 example calculator results

*# Main _Pocket_Reference_Calculator.vi

Select the Calculator
- Converters

ADC 5AR. Drive

ADC + Signal Chain Noise

Ideal Converter
Conversions

=+ Amplfier
Single Supply Amp

NA Vom + Dif Filter

P Y o

2. Results will be used
in the simulation

\_

Teqiated NoGe
Thermal Noise
=~ Stability

-+ PCB
Via
Adjacent copper traces
Microstrip

PCB Trace Resistance
-+ Sensor

Thermocouple

RTD

(" )

ADC ENOB & Effective Bits

Find Amplifier Gain 3 Resistors

ndard R

)\

Phase Margin vs. AC Peaking
Phase Margin vs. Overshoot

PCB Parallel Plate Capacitance

Calculator

/%ect Type

&S‘lngl& Ended #2

Resolution

Csh
4{55p

Acquisition Time

“290n 5/

Rfilt/2 Max

—

32.5 Ghm

Gain Bandwidth
]17.8M Hz

Max Error Target

K |38.15u v

Cfitt

|1.1n F

Optional

Cmin

|560p F

Cmax

| 1.6n F

-

1. Enter the information from the ]

ADS8860 Data Sheet.

=10] x|

)

+5V
Rfilt/2 / =~
—AAA ?é-1—'wn ¢ \V/sh+
+ L Gt 85
Vin© (O — =8
& ConT [54
. Vsh-
LR S2 Rep.

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

\

/

oK

Help
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Error for R=4.1 ohms...32.5 ohms

100.00m —

-
Delete curves
with large

\

|Verror[1]: 4.1 ohms|
<—

J

overshoot.

~ ™
End of the acquisition
period.

\- Y,

0.00

Voltage (V)

™

| Verror[10]: 32.5 ohms |

-100.00m

1.00u

1.50u
Time (s)

2.00u
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Final Run: Use Standard Values

[ 1. Use the “List” sweep type ]

Control object selection iI

— Parameter stepping ] — Vacq A(1.29y; 0)
TR P : ——— Veonv A:(1.29u; 0)
Startvalue 199 e Vlorror H- 24 3[VJ-A( 1295 -64-146504u)
L (o= Verrorl2] 24.9[V] Ai(1.29u; 3.940848u)!
End wvalue |EE.2 — Verror[3] 25.5[V] A:(1h9u; -73.453003u)

0.00 v

Mumber of cases |1 0 ® List SetList..

Voltage (V)

| [Verror[1]: 24.3[V]] | Verror[2]: 24.9[V]]

Farameter Stepping I

| Verror[3]: 25.5[V]|

0K Remove X Cancel ? Help |
Parameter Stepping - List Editor 0 il
S kil /3. Choose the curve 1 )
BRI € FemoveLsst with the best settling. /2 LSB
o ~ _ ™ Check to see if the error
2. Enter standard resistor taraet from the SR
| ing th its of th J | 138.15u v
e o5 X concol | 7 b | vaiues using the results ot the calculator is met.
\pz)_;e_;/lous sweep (i.e. 24.1 to y \Yes! 3.9uV << 38.15uV /
KD 9) ForR,,=2400

RRES :
ADSB860_Input_OPA320 - 3rd.TSC wi3 TEXAS INSTRUMENTS | 69



Final Circuit

- I

Voa_SS 4.999963 Verror
Voa Steady State Voltage Verror = Vcsh - Voa

ADS8860 Input Model

(V=

b |
[}
' [ ]
(Voa : :
]
: tacq tconv '
Vil : . .
Q\ b e = L gﬁ U gf :
> R124.9 ‘ RS 96 ‘
+ U1 OPA320 ' 2 Csh+ = '
T | . : I 55p T VCVS1 1 0
= Vin5 =y\4453 e . 0T 4 + + ‘
I I T : 1 X V) Vesh ¢
—— — 1.1n (] o .__I_ - - .
. 1 - Csh- | | '
R2 24.9 : OT P T N N :
Replace voltage - . R6 96 N N ;
. NN o : ® AYAVAY: ° ® '
controlled resistors il ' AINM 1 * ‘
[ ] p—

: X 3 X s !
W|tr_1 standard E =Y tacq L teonvi—I" " L :
resistors ' ltacq = 290ns '

s | tconv=710ns tacq tconv '
'|Vin_FS =5V + * '
D '|LsB =5V /246 = 76.3uV Vacqg Veonv :
AEH ' [1/2_LSB = 38.15uV 1 1 '

ADS8860_Input_OPA320 -final. TSC
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Demo — Good RC vs Bad RC Filter



Measured

ADS8860 Data Sheet (1Msps)

results for example circuit

Spectral Analysis

Parameter Min Typ Max Unit
SNR 92 93 dB
THD (1kHz) -108 dB
Circuit from TINA
5V
s
REF6050 3V 3V
5.0V
Reference Vet
5V - ret AVDD DVDD
24.9Q
| AAA o
— Cfilt
L opas20 1 nFm
2490

VW

ADS8860

AGND DGND

g

I™ MarkHarmonics [~ DisplayDC ~ “-[E@ | FFT [
20-
| M d
o easure
SNR =93.3dB
|
|
e DL ]
% -B0-
£ THD = -113.1dB
S -100- — .
E‘
-200-
-220-, 1 1 I 1 1 I 1 1 I 1
0 50000 100000 150000 200000 250000 300000 350000 400000 450000 499995
Frequency(Hz)
— Output Parameters -
SNR(dB) THD (dB) Signal power(dBFs)  Harmonics(dBC)
Samples [ 933026 [ 113142 [ -0.383006 H1 |0.00 |
| 262144 -] Capture H2 |-118.5
SFDR(dB) SINAD(dB) ENOB H3 |-116.3]
Input Parameters | 113.452 I 93.2573 | 156.199 H4 -122 9
_ Hs |-124.9
Device Fs (Hz) # Harmonics Window Fi Calculated (Hz)  Maximum Spur (dBC) Maximum Spur(Hz) [Hs [ -126.0¢
| 1.00M | 9 = | 7Term B-Harris | |1.9985~02k | 113452 | 208664 h7  |-135.5)~|
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SAR ADC Driver
RC Optlmlzatlon o
Experiment L a e

— - w o o “ L
e 27~ ¢ =) EP o S —
= =
=
- = - = -
» ” & = -
Tag by e -
- = =,
1 ] — = -
| o2 o= < - ¢
- | 5 =
e =y ) l p = —=
=
I
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Find amplifier and RC circuit

Vin

Find Filter
- Rire
® AVAVAY. ¢
_+_
A1 Choose
amplifier Criit
+5.2V —\V\V\ ®
| Ryt
Amplifier:

« 5V, Rail-to-Rail I/0 with Zero Crossover Distortion Required

+3.3V +3.3V +5V
i T

AVDD DVDD Vref

INP _
ADS8860 o«
U2 SDO

INM

+3.3V

Micro

« 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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4a: Connect the hardware

USB Cable to
Computer
[e1e101e] [eIe1eX 8] [eIeIe1e] [eIe1e1e]
i {J TEXAS Precision Labs
uss | ﬁT—El?I(IGENTS INSTRUMENTS SAR
Precision Slgna(IPIEIJE;:\:; P|ug PHl intO CHZ
FLT BP E g <Aps8s60 Connector
o o[ = SetJumperSEﬂmu:| baQl /
7 as Shown Install Different ——
SE VCIVI GND ~\JAC_IN OXI0] C_IN i ®) USB Cable to
/ N amplifiers
- Computer
Precision Host Interface

BP
DIF VCM GND E

4.9V
3 y'd
0. o o (PHI)
— ADSB860
(h ] 1] S g Qo Use

@

{ ]
=
<<<

FLT

gy I
+ DAQ Channel 2
SMA Cable
09 §g¥ ooLow |[Gollow |[Galow
[ ] [] Ry CAL CAL AL
% % 90|01V [QOHIGH |[IQOHIGH |[IQOHIGH
' Current Current Current
DC_INﬁ AVDD-AMP||AVDD-ADC |[DVDD-ADC
AC_IN :
T :I g E ADS7042
DAQ Channel 3
[e1exoNe] [e1e10X0] [e1e10x0)] [[s1010X0)]
oo, [e1eTeNs:] [eIe1eXe] [e1e10xe ]
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1: OPA320_ Good Filter1

i 1 (V5
: \/2 4.999963 Verror
ADS8860 Input Model 1.00m-
= EXYawprre T EXHswio
R1249 R& 96 “on 1 Yon 1 —
. + l My =t ar E
+ U1 OPA320 £ 3 . I : @
S T :l E E +|II¥ C‘.Jf1 1 tf Gﬂﬂ —%
L]
s 1 —‘7 ﬂ}_L & X _3< i 5 Verror = 280UV
b ; = L at End of tacqg
= R2 24.9 il R6 96 ok '
F : : A X SMPL2 0 X SW20
= ¢ Yon 1 ¢ — Von 1 -1.00m — = "=
Vref = 5V L 1 1.00u 1:25 1.50u
tacq = 290ns s, tconv Time (s)
. g on tcomv=710ns "
Note RC circuit is Vin_FS =5V iz e Veony
.. . LSB = 5V / 246 = 76.3uV
from optimization. 1/2_LSB = 38.15uV -
Error Target = 38uV
KD Simulate Error = 28uV
ADS8860_OPA320 - good fiter. TSC
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1: OPA320_ Good Filter1

'E plabs-SAR-EVM

=101 x|

File Debug Capture Help

Channel Connected: DAQ Channel 2

External Reference : REFG050

¥ Connect to Hardware

Pages

< Time Domain Display

L ¥ Spectral Analysis

£» Histogram Analysis

< Linearity Analysis

£ Reference Settling Analysis

Spectral Analysis

I~ Mark Harmonics

[ DisplayDC  SH[§8 | FFT [~

20-

U_

r Interface Configuration

t
i

Device Modes

| SPI-3-Wire-WithBusy = |

Protocol Selected
| SPI_3_Wire_WithBusy

Amplitude (dBC)
A I .
5552835

_ SCLK Frequency(Hz)

Fi ted (Hz)

I -112.955

-160-
Target Achievable ~180-
G6M = 66.00M
I :’ I -200-
i _t'J 50000 100000 150000 200000 250000 300000 350000 4000 : :
_ Sampling Rate(sps) L r—
S PSI Controls &
Target Achievable Amplitude
- S 10.93 -
[.0om =] [ +.0om [ agvpp =2 : I
DC Offset 751 (_)
Qutput Parameters 25V a -
SNR(dB) THD (dB) Sigr B R |
samples y 933483 [ 108847 ey - ‘ settings
| 262144 vl Capture |:2 ME v JP1, JP3-
SFDR(dB) SINAD{dB) ENC Output Type 5 Filt
s | 112955 | 932275 [ 1 257 P4 -VCM
S : - GND
’VDevice Fs [HE; # Harmonics Window Maximum Spur (dBC) Ma» ==

o [mowe

ADS8860 Spec. 93 -108

Good Filter 1 93.3 -108.8

AUDD DuoD

SAR ADC
ADSBBE0

:
r4
g

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

=

75°

0.92°

3. Press “Capture”

|dle

4. Record AC performance
.

~\
2. Amplitude = 4.9V
| uwconnecteD | WP TEXaS INSTRUN Oﬁ:set = 25V

J

kFrequency = 2kHz

_A$ TEXAS INSTRUMENTS | 77



2: OPA320 Bad Filter

= iE @+
: V2 4 999963 Verror
ADS8860 Input Model
Jf{a tacﬂ tn:nn:fi|
B L'>;<+ svpro = SXHawio
R1100 F8 96 Von 1 Von 1
: : s il 2%
- Tl e
+ U1 0OPA320 E_l gl + A
= L] 3 7 e
i * ¥ X
=Winbh = = = 2 = iR | -
& &5 =
= R2 100 ik R6 96 i
e i ' o X SMPL2 0 L SW20
= - fon 1 5 Von 1
Vref= 5V ¥ 1_
tacg = 290ns tacq + tcony
tconv=710ns Vacq 0
] "N\ |vin_Fs=5v Vo
[Optlmal values: \|lsB=sviz=teay| ] i
1/2_LSB = 38.15uV - -

R =24.90
C=1.1nF

R=100Q
\C= 1.1nF

Bad Filter Values:

100m~
] End of tacq
H0m-
5
=2 :
=3 0
0 J
-h0m—
1 [Verror = -4TmV]
—fﬂﬂm_----.----|----.----|
1.00u 1.25

Time (s)

1.50u

/

=D,

ADS8860_OPA320 - bad filter. TSC

|

Error Target = 38uV
Simulate Error = -41mV
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2: OPA320 Bad Filter

S plabs-SAR-EVM
Fle Debug Capture Help

o [mowe

_ ADS8860
=101 %]

Channel Connected: DAGQ Channel 2

Bad Filter

External Reference : REFG050 ¥ Connectto Hardware

Pages

< Time Domain Display
L 3 Spectral Analysis

<+ Histogram Analysis
< Linearity Analysis

Spectral Analysis

[~ Mark Harmonics [" Display DC 3t & ST R
< Reference Settling Analysis —_HH —!
20-
0 o
rInterface Configuration 20~
-40-
Device Modes .
| SPI3-wire-WithBusy = |
-80-

Protocol Selected
| SPL3 wire_WithBusy

Amplitude (dBC)

_ SCLK Frequency(Hz)

Target Achievabla
| 86m = | 66.00M

93 -108

82.5 -73.4

UREF6060
i AUDD

DUDD

SAR ADC
ADSBBE0

3. Press “Capture”

Idle

4. Record AC performance
.

- nwconnecTED | ki3 Texas InsTRUY Offset — 2.5V

J

\

_m_l | 1 1 | | 1 1 1 ' '
i 0 50000 100000 150000 200000 250000 300000 350000 4000
Samplis Ralrtses] S PSI Controls = i@ e Ch v o
- ') GND ann?
Target Achievable Amplitude
| | K i 10.93 -
[1oom = [ 1.oom [ agvpp =2 E I
DC Offset 75- O :
—— 1. Install OPA320 Bad Filter
SNR(dB) THD (dB) Sigr - —
Frequenc - Jumper
Samples P 525408 [ 734104 i Freauency W5 | | settings .
I 262144 vl Capture 2HE v . JP1,JP3- COu pOn Car In SOC e ]
ISFDR(dEL] |S| NAD(dB) |E£ Owtpiit Tyiie -
¥ ik Pt 736631 72,9098 [ agsnaw 257 P4-VCM
____—, : - GND
Device F= (Hz) # Harmopic Window ed (Hz) Maximum Spur (dBC) May “ &
( \ [73s621 751

~\
2. Amplitude = 4.9V

Frequency = 2kHz
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How Driver Bandwidth
Affecting ADC system

= T ool -

= ( - | d) = e c;'":- =

) G A e T = s o>
D RS = (oS @ s &
P e
~ = S k.
Shac" - =2 TR g = e =
2
: & = —ea 3

Speaker: Andrew Wang e es, - S
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Concept behind the math

Vfilt
Voltage on Cfilt

Vsh
Voltage on Csh

5.00

4.95

4.90 -

5.00

2.50 -

0.00

T

100mV
droop

+(.5L58

Start

tacq

At

Vin= Cfilt ::TQ N
I Vee frm_CHit

« Assumptions based on multiple designs

* Vin = Full Scale

o Y20f Qg is from C;, & 72 from Op Amp

« 100mV Droop — small signal response

« Errortarget = 0.5-LSB

« Op amp approximated as second order
system

« Op amp four times faster than filter

wi3 TEXAS INSTRUMENTS s



C: Selection

erm_Opa

—_—

Rfilt |
L 4

v
Cilt —— erm_Cﬂt

Qsn = Vrsr * Csh

Total Charge in Csh and the end of acquisition period.

Qsh = ermOpa + ermeilt

Charge is from amplifier and filter capacitor

AQcrit= 0.5 Qsp

Half the sample and hold charge (Qg,) is delivered from the filter.

This results in a change in the charge on Cfilt.

AQcrit= 0.5 Vpsg - Cspy

From (1), and (3)

AQcriit= AVriie * Crire

The change in charge on Cfilt will cause a droop in voltage. AV,

05 ' VFSR
Crire = C
filt ( AVfilt ) sh

From (4), and (5). This is the general relationship for scaling CHilt,

given a droop in filter voltage (Vfilt)
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C: Scaling Continued

— erm_Opa
—l
- Rfilt |
NNN—¢
o V> v
Vini Cfilt — erm_Cflt
Vcc

05 ' VFSR
Criie = C

(6)

From previous slide:
This is the general relationship for scaling Cfilt, given a droop in
filter voltage (VTilt).

Assume
VFSR — 4‘\/, AVfﬂt=100mV

Crie = 20 - Cgp

Typical value for Cfilt

Crite = 30 Csp

Maximum value for Cfilt

Criie = 10 - Cspy

Minimum value for Cfilt

Note 1: Experience shows that using the fixed factors of 20 yields good results.
Note 2: In rare cases, you may need to sweep Cfilt. Thus the factors of 10 and 30.
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Time constant required for settling to error target

Veie = (Vinie — Vrinar) - €Y% + Viinas

(10)

This is the standard RC charge equation.
T. = time constant for charging C,,.

Vinit = initial voltage at start of t,,

Vino = final voltage for fully charged Cg;

0.5 LSB = Vrinai — Vrire (11) | Error is less than 72 LSB
Vinit — Vfinal = 100mV (12) Droop IS 100mV
0.5 LSB = (100mV ) - e~t/%c (13) | Substitute 11 and 12 into 10
S —lacq (14) | Solve (13) for t.
¢ In (0.5 ' LSB) Note: 1, includes effects from Op Amp and Cg,
100mV The op amp is being modeled as a second order

system (RC circuit)
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Find Rfilt and Amplifier Bandwidth

T, = \/(TRC)Z + (tp)? (15) | t.can be approximated as the RSS of the time constant of
the filter and the op amp.
Tre =4 Tou (16) | Rule of thumb for good settling
Te =~ (4-Tpa)? + (To0)? (17) | Substitute (16) into (15)
_ L (18) | Solve (17)
T —
OA m
( (. ) (19) | Substitute (18) into (16)
Tre =4 | ==
V17
R.. — _RC (20) | Nominal filter resistance.
filt — Cr:
filt
Rfiit min = 0.25 - Rpjp; (21) | Minimum value of Rfilt used in SPICE iteration
Rfitt max = 2" Ry (22) | Maximum value of Rfilt used in SPICE iteration
(23) | Minimum amplifier bandwidth

UGBW =

Z'H'TOA
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Low Bandwidth Op-amp

.I
1 =
g 2
" .} = - e x > - 3
—r T ool e
| -
' ( e = d) = g = =
| a2 - ’ E = -
DR = (oS @ = <
A% - - -
. i 7 =3 — 2 £
Shka "¢ = e M-
_— -
e B = a o =. =
2 - O - - =
7_‘-"‘5"1 -
-. : — S - :
J (u_—..a . < -
- - i_,' <
iy oy : l= T o :
I ’_’-' ) .
f Am, ! :.: T,
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3: OPA333 Low Bandwidth

e i @+
V2 5.000003 Verror 500.00m -
ADS8860 Input Model
tacﬂ tu:nn':j|
P L'>§+ sweLte = EXHswio a
. i ﬁ?\fﬁ Vst Von 1_1_ = 0.00
§l j‘l L:’él VCVS 1? ]
£ = a +1 + .
(4] 5?_ ><
[ e g
& &4 o -500.00m -
! T vt T 0.00 10.00u 20.00u
i vy 1. 8w20 ] Time (s)
:u;rf;iggﬂns i - %
con=71ims - 500.00m-
LISHEI_= 5V 1 246 = 76,30V 1
1/2_LSB = 38 150V -
g_ a.00
Bandwidth Required: KD 3
Gain BandW|dth= 178MHZ Em ] ‘E'ern:nrt:ﬂ;iiarra":éF =
. i : rror at the end of tacq
0PA333 BandW|dth: ADS8860_0OPA333 - Low Bandwidth.TSC /
: : _ _500.00 —
Gain Bandwidth= 350kHz g TR U
\ Time (s)

Error Target = 38uV
Simulate Error = -88mV J W TEXAS INSTRUMENTS | &7




3: OPA333 Low Bandwidth

'® plabs-SAR-EVM o ]
Fle Debug Capture Help

Channel Connected: DAGQ Channel 2 External Reference : REFG050 ¥ Connectto Hardware AD S 8 86 O 9 3 - 1 O 8
Pages

< Time Domain Display
’ o rtral A i

shmet. | Spectral Analysis et wme | Low Bandwidth 541 -55.9

< Reference Settling Analysis

20-
[}_ 5 » o .. L
~Interface Configuration - ‘ T 3 ' . @) R40 M=l R4
2 - [ s [ 05
Device Modes -40- 'PNR_3.3U PUR_PHI
| SPI3-wire-WithBusy = | () [:
m  -R0- |
£ UREF6080
-
Protocol Selected = -80- [ AUDD  DUDD
SPI_3 Wire WithB =
[ seta e mpy £ -100- SAR ADC
ADS8860
_ SCLK Frequency(Hz) =120+
Target Achievable i
| 86m = | 66.00M S =
-180- 0PA333__L¢.Iw Bandwidth (3)
1 | 1 1 | | 1 | I ' ' e e e it e ————rem g
 Sampiio RS 0 50000 100000 150000 200000 250000 300000 350000 4001 6 = ﬁ ;
o i PSI Controls & =eno DAQ Channel .

Target Achievable

Amplitude

[oom =] [ 1.00m | 4svep 3 10'93:; I
e =] O (T nstall OPA333_Low Bandwidth

[ el | e | s e R | ]\LL coupon card in socket.

SFDR(dB) SINAD(dB) ENC  Gutput Type

[ 616027 [518986 [e Single Ena| 25—

Input Parameters

’VDWEF (Hz} # Harmonjc

. _5 =

Window i ed (Hz) Maximum Spur (dBC) Ma z
it . FEE Cutput

[ 516027 [ Az

F2

Press “Capture” 2. Amplitude = 4.9V

Idle

Record AC performance 0 meweee | Beashemy Offset = 2.5V
o kFrequency = 2kHz

r_-h_OON

_A$ TeXAs INSTRUMENTS | s



Measured vs Expected Results

Device Simulated

Settling Error
.LSB=38uV

Device Samp.R Vi et Vi, Verror SNR (dB) THD

ate (V) (V) (V) (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 -713.4
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
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How Voltage Reference

Vv o= ( -—c | d) .:_‘,f-_-,.,_. <_-._-‘:_ —

) D A .=y — . o

i R

S = S :—_Q;;" : '! i ;:“, e — l_l_-

. <. - = - = = = =

- i 2 -— & e ;€ e ;-_
Speaker: Andrew W = T
peaker: Andrew Wang el T S
gy 1P = ==

- =S
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ADC Reference input is not a high impedance

Convert Start Signal
ADS8028 |/ |

<
% 4 /Initial Current Transient
§ SR ) A0 Sl B-|t Transients (12 for 12-Bit Converter)
Vref VA5V 55 A/ // / / \ \
c
T @ l 2 % ——LHH—M-—,—_
W 5
L1 | F © O Pulses are nanoseconds from each other
ADC —

AGND

wi# TEXAS INSTRUMENTS
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What is a reference buffer?

Wide bandwidth
Low output impedance across frequency

Capable of sourcing and relatively large currents (e.g. £10mA)

Good DC specifications (i.e. offset, and Temperature Drift)

May be integrated in the reference, or an external amplifier

/ \
1
VA=5V I !
1 VA=5V
REF2041 I :
I >
]
Vv . 1
IN VRerF I OPA320 : % Reur FLt
1uF —_— ENABLE I I 0.220Q
0.22012 " —_14F
-_— |
I 1
N e iy U —y ADS8331/32 | —
10 4l :
— | l\ VASSV ;
e ———— -4 T 1
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Performance limitations from unbuffered reference

+5.3V
5.0V
? vin Vout ?
___1uF %220m0
GND —— uF
___22uUF
— — REF5050 —

5V Reference REFP

ADS8860
1-MSPS

wi# TEXAS INSTRUMENTS
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Unbuffered Reference: ADS8860 + REF5050

'® plabs-SAR-EVM - 0] x|
Fie Debug Capture Help

Channel Connected: DAQ Channel 1 External Reference : REF5050 ¥ Connect to Hardware

Pages
¢ Time Domain Display

— Spectral Analysis 4 )

L Harmonics / wvc R P
20~
o MY distortion worse
rInterface Configuration -20- . o .
. than specification
Device Modes - \
| sPl-3-wire-withBusy _=| o
% -80- [H] (H3)
Protocol Selected E -100- i T T
[ sPI_3_wire_withBusy 2 _q120- [Hs] [Ho] H6] rH10]
< '"f 1“’ 'Y” T [H ]
__ SCLK Frequency(Hz) _j‘:{;: | \
Target Achievabl _180-
[ esm = | Cslg.vcfome _;:2_ Deg rad ed
__ sampling Rate{sps) _m_é 2000 4000 5000 3000 101::1:00 (:'2;;:':00 y( pe rfO rm a n Ce
reguency |

[ 1oom = | 1.00m

Target  Achievable / K j SpECifIGa'tlDH 93 '1 DB

[ Fossnitsseec 1 REF5050 92.3 91.3
SNR(dB) THD (dB) Signal power(dBrg)  Harmonics(dac) . = .
Samples [ 923294 [ 91273 [ 0672288 Hi 000 [
262144 || Capture | _ H2 |-92.40
SFDR(dB) SINAD(dB) ENOB H3 [-97.90
Input Parameters | 924004 | 837589 | 144516 H4 [-115.3(
HS -113.45
Device Fs (Hz) # Harmonics Window Fi Calculated (Hz)  Maximum Spur (dBC) Maximum Spur (Hz2) [Hg  [-121.9°
1.00M 9 = | 7TemBHars v| | 1.999985k | -92.4004 [ 400162 H7  |-125.8]=
PSI Controls ¢ O
Idle | . HW CONMECTED | ®i} TExAS INSTRUMENTS
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Performance improvement using buffered reference

2.5V

Bandgap
Voltage
Reference

" Wide bandwidth
integrated buffer
handles transients from

\ADC reference input

~

/

_ 22uF REFP

ADS8860

1-MSPS

GND

wi# TEXAS INSTRUMENTS
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Demo — SNR / THD difference



Buffered vs. Unbuffered.

Spectral Analysis

Spectral Analysis

¥ Mark Harmonics [ DisplayDCc 4§ |  FFT [
20~
H1
i [H1]
REF5050+ADS8860
40~
i 1Msps
% -80-
@ [H2] [H3]
= -100- 3
S [H4]  [HS]
& [H6] [H7] : [H10]
-140- | L
-160-
-180-
=200~
-220-, 1 1 1 1 1 1 | I 1 1 |
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 21989
Frequency(Hz)
- Output Parameters
SMNR(dB) THD {dB) Signal |
Samples [ 923204 | -91273 | -087
I 262144 vl Capture | _
SFDR(dB) SINAD{AB) EMNOB
Input Parameters [ 924004 | 887589 | 144

Device Fs (Hz) #Harmonics

Window

Fi Calculated (Hz)

1.00M 9 =

| 7 Term B-Harris |

Maximum Spur (dBC) Maxim

| 1999985k

| -92.4004

| 400

Specification

REF5050

REF6050

¥ Mark Harmonics I~ DisplayDC S m  FRT [
20_
H1
5 [H1]
REF6050+ADS8860
-40-
g 1Msps
2 a0 P
g
b= H3]
2 120~ | ' (Ha] [H5] [H7]
E [HE] i 8] [HB [H10
-140- - -
160~
180~
-200-
=220+ 1 1 1 1 1 | 1 1 1 1 |
0 2000 4000 6000 8000 10000 12000 14000 16000 13000 20000 21989
Frequency(Hz)
-_ =
SNR(dB} THD (dB} Signal power(dFs)  Harmonics(dBe)
[o2085 [ 107611 [ 0580056 HL 1000 /g8
H2 ~111..54
SFDR(dB) SINAD(dB) ENOB H3 [-112.4
| 111548 [ 928378 [ 151202 H4 |-120.2
Hs |[-118.00
FiCalculated (Hz)  Maximum Spur (dBC) Maximum Spur(H2)  [He  [-132.11
93 108 -] [ 1.999985k | 111548 [ 400182 H7 | -117.3¢

92.3
92.9

-91.3
-107.6
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Buffered reference isn’t always required

+5.5V

Vin Vout 16-B SAR ADC

1.5Q fs (max) = 250kSPS
GND 100mQ /
REF5050

5V Reference —— 47UF / —— 10uF REFP

Large Bypass ADS8326
REF50xx Capacitors 250kSPS

Sink/source current capability

— 1uF

GND

wi# Texas INSTRUMENTS |



Composite Amplifier Topology

30k Vref
VWV +—(4.5v
« OPA378 chopper op-amp as an
input stage for excellent low drift !
and DC stability of buffer. 0on
« High-Bandwidth output buffer +— |
(OPAG25) provides and wide 220
bandwidth and low-output K L P
impedance to drive the SAR 2 U3 27 al
. OPA378
REFP input 5y - p—
/ \ ffv L L ADS9110
— Vout Vin 2-MSPS
Voltage Reé[r)eilce —_1uF
R%fi:;rjtce OPA320 Input GND END
e = REF5045 — ~
= 4.5V Reference Composite Buffer -

\ Simple B_uffer /

wi# TEXAS INSTRUMENTS
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Device with internal reference buffer: ADS89xxB

+5,3V

GND

1kQ2

20mQ —

t Vin Vout
___1uF 2

_22uF

— = REF5050

5V Reference —

+5V
4 : 2 N
—10uF
- 220F 22F 22uF
0.10 0.10Q 0.1Q
Biiminl Wttt W
REFIN[ TREFBUFOUT REFIN| TREFBUFOQUT REFIN| TREFBUFOUT
ADS8900B 'ﬁ v ADS8900B 'H v ADS38900B 'H Y
1-MSPS 1-MSPS 1-MSPS
ADC -« ADC -« ADC -«
(

wi# TEXAS INSTRUMENTS
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Voltage Reference -
Experiment St T

) 1 = o
4D = — = CosEG = <
A% - -
- ~ = S 2 £
Shka "¢ B s g STMw S o
= =
C < - 3 e =
- [ - &
_ & hH ~ S v
-’I ) = T -+
e o= = T
: - ;
— £
iy ) le z = %«
e >
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Circuits under test

Channel 1: REF5050

Channel 2: REF6050

oV
=Y

REFG030

Reference

2.0V
0.22Q v 3V
Cref T -|_ J—

224F
I“/ Vref AVDD DVDD my

24 .9Q

Rs
0.220 3\ 3V
Cref -|_ T

[ 22uF

L / Vref AVDD DVDD

L OPA320
2490

5V
( _ _ \ RE|:|5_>050
Circuits are Lo
identical except —— I
for the reference. 5y
K ) 2490
1 Cfilt i
L opaz2o0 1InFT
24.90
ADS8860 Data Sheet (1Msps)
Parameter Min Typ Max Unit
SNR 92 93 dB
THD (1kHz) -108 dB

Yy
L ciit |
1.1nF

ADS8860 L

AGND DGND

B

( h

Should meet
ADS8860 data sheet
. specifications

J

ADS8860

AGND DGND

I
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Expected results

Reference Sampling Rate Reference Droop
Vin =4.9V DC
Data Sheet Typical Specification 1M 03 -108
1 REF5050 1M 92.2 914 10.9
2 REF5050 500k 92.1 -97 1 5.35
3 REF5050 100k 92.0 -108.2 1.4
4 REF6050 1M 92.6 -108.1 1.15
5 REF6050 500k 92.7 -109.3 0.8
6 REF6050 100k 92.3 -108.1 0.8
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REF5050: 1Msps, THD, SNR |l e

Spec. -108
Sy — REF5050 1M 92.2 91.4
File Debug Capture Help
Channel Connected: DAQ Channel 1 External Reference : REFA050 '7 Connect to Hardware
Fl
oagr:q oa |splay .
=g tnskysie Spectral Analysis
|near|t:.rAnaI].rs_|s _ ¥ Mark Haggonics. [ DisplayDC S | FFT W
Ref Settling Anal
/ < Reference Settling Analysis -~ K ‘
1. Select ) 3 p Mark H .
: = . ress lviar armonics
spectral analysis
“ SPI-3-Wire-WithBusy | = g -60-
2 go-
Pratocol Selacted E [H2] [H3]
| sPi_3_wire_withBusy 8 1007 '
=

[H4] [H5]
-120- y : [HS] - : [H D]
__ SCLK Frequency{Hz) 140 H | a0 '
Target Achievable -160-

| eam - | 66.00M ol

=200 i 1 | 1 | 1 | I "
__ Sampling Rate(sps) 0 2000 4000 6000 8000 10000 12000 14000 16000

Frequency(Hz) PSI CO“tI’OlS :_()'1 — ( \

e 4. Amplitude = 4.9V
DC Offset l IK Off t —_— 2 5V
it v | Offset = 2.

Jumper
Samples 923238 [ 914410 i .

2_ Sampllng | 282144 [+] E:E“mire\//l‘ ISFDR(dEI) ISINAD{dB} # Outjuf::pe " EJIFE:IHJQF'Z FF)requenCy = 2kHZ
Rate 1Msps I— - | eo) “ | 205 ||| Press power on.

r w Maximum Spur (dBC) Ma» =_;-;: = ) Owipet
“ ” == | e P2
5. Press “Capture

-10.93 -

6. Record AC performance |0 vwoomecred | R Texas INsTRUMENTS
J

Target Achievable Amplltude
| 1oom = | 1.00m

H

D

J
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REF5050: 500ksps, THD, SNR RS

( ‘ Maximum Spur (dBC) Ma» “
[ os3a28 [ S

2. Press “Capture”

3. Record AC performance O rwoowecTe | A Tows InsTROMENTS
y y

Cutput
P2

Spec. 93 -108
W plabs-SAR-EVM B
REF5050 ™ 92.2 -91.4
Fle Debug Capture Help
Channel Connected: DAQ Channel 1 External Reference : REF505 REF k 2 1 . 7 1
_ 5050 500 92. 97.
e Tlme Domain Display -
Spectral Analysis|
ey Spectral Analysis
¢ Linearity Analysis Mark H i : . FFT
< Reference Seftling Analysis it Lt —_Hﬂﬂ W
20~
3 [H1]
rInterface Configuration an-
-40-
Device Modes s
| SPI-3-Wire-WithBusy |~ | o
b= -80-
H2
Protocol Selected g -100- L2 [H3]
[ sPi_3_wire_withBusy 2 120- [H5] . [HO] [H10]
< ] T 5 g 4
~140- s R
__ SCLK Frequency(Hz)
-160-
Target Achievable 180~
GAEM = 66.00M
=l o,
_220_6 2000 4000 6000 3000 10000 12000 14000 16000 1 ; '
__ Sampling Rate(sps) —
S PSI Controls g
Target Achievable Amplitude
| 500.00k = | 500.00k aovee 2 10_93:: I
DC Offset 75 (_)
1 Output Parameters a5y A :
/ SNR(dB) THD (dB) Sigr B | e
samples 92 1467 [o7.1664 e frequency 2.5—IH settings
1. Samplin e : i T,
. p g SFDR(dB) SINAD(dB) ENC  Gytput Type ‘W Fir
’_Input Parameters R [ 909581 B SingieEnay] 25:J | JP2-vou
z; : JPB-GND
Rate 500ksps . | el
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REF5050: 100ksps, THD, SNR NG

Spec. -108
‘M Plabs-SAR-EVM
B YT : REF5050 1M 922  -914
- Channel Connected; DAG Channel 1 External Reference ; REF5( REF505O 500k 921 _971
< Im oa |5play -
$ Histogram Anaiels Spectral Analysis REF5050 100k 92.0 -108.2
<» Linearity Analysis ¥ Mark Harmonics [~ Display DC
¢ Reference Settling Analysis [ .
20-
51 [H1]
rInterface Configuration 30-
Device Modes i
| sPr3-wire-withBusy | g -80-
% -80-
Protocol Selected E
| SPI_3_wire_WithBusy g R [H2] [H3]
T (4] [H5)

__ SCLK Frequency(Hz)

Target Achievable
| 66M == | 66.00M

-200- 1 1 1 1 | 1 1 1 ' ' !

_ Sampling Rate{sps) 1] 2000 4000 6000 2000 10000 12000 14000 16000 1 0
Eeqeency i) PSI Controls )

Target Achievable Amplitude

| 100.00k = | 100.00k asvw 3 10.93 - I
7 DC Offset 752 (_)
— Output Parameters 25y Y -
: __ ¥ 5=
/ SNR(dB) THD (dB) Sigr :

£ ‘ Jumper

“ Samples ‘7 [ 920473 [ -108219 | Frequency : 25=| | | settings
262144 Captu 2k :
1 . Sa m pl N g I = JF / SFDR(dB) SINAD(dE) - —— G| L
Rate 1 OO kS pS (!nput Parameters \~ | | s [ 919437 [ TSingieEnaw| 25 ke
( Nz} Maximum Spur (dBC) May l
“ ” [ s M s CF'}:mm
2. Press “Capture

3. Record AC performance | @ wcomeoren | B Tows Insrruvents
J

2l
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REF6050: 1Msps, 500ksps, 100ksps: SNR, THD

'S plabs-SAR-EVM
Fle Debug Capture Help

Channel Connected: DAG Channel 2 External Reference : REFI

Pages

Lo} Tlme Domain Dlsplay
- stogram Analysis
inearity Analysis

/ <» Referance Settling Analysis

[1. Select

spectral analysis

| sPr3-wire-withBusy |

Protocol Selected

Target

| SPI_3_wire_WithBusy

__ SCLK Frequency(Hz)

| GEM :” 66.00K

Target

_ Sampling Rate{sps)

Achievable

| 1oom = [ 100.00k

7

Z

-

2. Sampling Rate
1Msps, 500ksps,
d 0Oksps

~\

Spectral Analysis

Spec.

¥ Mark Harmonics

rossaroe. REF6050

20-

[H1]

£

U_

-G -

. [3. Press Mark Harmonics]

REF6050
REF6050

-80-
-100-

[H3]

Amplitude (dBC})

-120- [H2]

-160-

[H5]

W,

| { )ide

6. Record AC performance

180~
-200-
-220-, 1 1 1 1 | 1 1 1 ' ' !
0 2000 4000 6000 8000 10000 12000 14000 16000 1 s
S PSI Controls &
Amplitude 1093 -
| 49vep % l
DC Offset 75 —: O
Output Parameters 25V z
SNR(dB) THD (dB) Slgr e
Samples [ 926014 [ 108198 Frequency 55| || settings
[ 262124 4] Capture ‘:2 gt o4 ﬁﬂ\
SFDR(dB) SINAD(dB) ENC ) tput Type : Filt
|Jllput Parameters V | | 110.074 | 92.4832 I |_S|ngle Endv] —2.5—: ng-\é[[:\Jrg
5= i
7 N Maximum Spur (dBC) Ma : B
|— 752 utpu
5. Press “Capture’ 1"

1093 =

SNR | THD (dB)
dB)

-108
1M 92.6 -108.1
500k 92.7 -109.3
100k 92.3 -108.1

4 . )
4. Amplitude = 4.9V

N Offset = 2.5V

kFrequency = 2kHz y

| " HW CONNECTED | ®ip TEXAS INSTRUMENTS
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Conversion

Reference

Reference Settling Test

f )
Transient at VL Vl
start of code = -
conversion LSB Vref/zn
'lr . i
Recavered
Setdted during
5 While  idle time e o
?-3 Converting
=t I I |
n Vﬁ?"r |
e I |
> | ! [ | | u | ”
o | : | | i
| | | | | |
g f\ N N \
E V T | T | — ] V e
E | |
= I
|
|
|
|
|
|
|
|
|
|

Converting
10,000
Samples

Samples

Samples

Converting
10,000
Samples

Number of Sets to Average =20

Reference Settling Analysis

Reference Seftling Average

| Ploto [~

654238.95-
64238

64236

64234~

Codes

64232~

64230-| \'\

6422805-,

1 1 ' ' 1 ' i 1 ' ' 1 1 1 l ' ' ! 1 ' 1 1 ' 1 1 ' 1 1 i
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 727

7 e A A At e A AN it ey

Samples

-~ Test Parameters ~ Output Parameters -

Samples Initial Samples to Ignore | Averaged Min Code Averaged Max Code|

10000 | 0 F 64228.05 | 64238.95
Number of Sets to Average Min Interset Delay (ms) Reference Droop(LSB)
20 | 100 10.9
Actual Interset Delay = Min Interset Delay + USB Comm
Overheads
Start Test Abort Test
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Demo — Settling Time difference
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REF5050: 1Msps, Settling

'S plabs-SAR-EVM
Fle Debug Capture Help

REF5050
=10l x|

Pages

Channel Connected: DAG Channel 1

External Reference : REF5050

¥ Connect to Hardware

1. Sampling
Rate 1Msps

< Time Domain Display

< Spectral Analysis

& Histogram Analysis

<» Linearity Analysis

LY Reference Settling Analysis

rInterface Configuration

Device Modes

| sPr3-wire-withBusy |

Protocol Selected
| SPI_3_wire_WithBusy

__ SCLK Frequency(Hz)

Target Achievable
| 66M == | 66.00M

_ Sampling Rate{sps)

Target Achievable
[ 1oom = [ 1.00m

7

2. Number of sets to |
average to 20. |

Reference Settling Analysis

Reference Settling Average

S| Ploto [

G4240-

64238-

64236 -

G4234-

Codes

G4232-

64227 -

54930 MMWWMW
64228 -

1 I 1 1 I 1 1 1 I I I 1 1 1 1 1 1 I I I
0 500 1000 1500 2000 2500 23000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 &500 9000 89500 10000

Samples

Test Parameters

Samples

I 10000

Mumber of Sets to Average

B

Start test

| 20

Initial Samples to Ignore

I 0
Min Interset Delay (ms)

S

Actual Interset Delay = Min Interset Delay + USB Com|

Owverheards

Output Parameters

Averaged Min Code
| 64227.85

Averaged Max Code
I 64238.75

Reference Droop(LSB)

~_( 3. Min Interset

Start Test | Abort Test ‘

delay (ms) to
. 100ms.

Idle

! HW CONNECTED

I 10.9 &

Droop
(LSB)

1M 10.9

5. Reference
droop

- ki3 TEXAS INSTRUMENTS
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Zoom in on Settling

A plabs-SAR-EVM B

Fle Debug Capture Help

=10] x|

Channel Connected: DAG Channel 1

External Reference : REF5050

¥ Connect to Hardware

Pages

rInterface Configuration

< Time Domain Display
< Spectral Analysis

& Histogram Analysis
< Lineari i
L 3 Referance

Analysis

Device Modes

| sPr3-wire-withBusy |

Protocol Selected

SPI_3_Wire_WithBusy

__ SCLK Frequency(Hz)

Target Achievable
| 66M == | 66.00M

_ Sampling Rate{sps)

Target Achievable
[ 1oom = [ 1.00m

Idle

Reference Settling Analysis

Reference Settling Average

HEE |

Plot0 [~

G4240-

64238-

64236 -

G4234-

Codes

64227 - ,
0 50

I
100

1 I I I I
150 200 250 300 350

1 1 1
400 450 500
Samples

I
550

I
600

I
650

I 1 1 1
700 750 800 850

1 I
950 936

I
900

— Test Parameters

Samples

I 10000

Mumber of Sets to Average
20

Initial Samples to Ignore

o

Min Interset Delay (ms)
100

Actual Interset Delay = Min Interset Delay + USB Comm

Owverheards

— Output Parameters

Averaged Min Code
I 64227 .85

Reference Droop(LSB)

I 10.9

Averaged Max Code
I 64238.75

Start Test

Abort Test

| @ HWCONNECTED

PSI Controls
- AP TEXAS INSTRUMENTS

¢ O
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REF5050: 500ksps, Settling I N

REF5050 1M 10.9
REF5050 500k 5.35

Fle Debug Capture Help

Channel Connected: DAG Channel 1 External Reference : REF5050 ¥ Connect to Hardware

Pages

< Time Domain Display . .
Spectral Analysi

G il IR Reference Settling Analysis

<» Linearity Analysis

L} Reference Setfling Analysis

Reference Settling Average S| Ploto [
G4236-
rInterface Configuration F4235-
Device Modes e
| sPr3-wire-withBusy | % §4233-
S s4232-

Protocol Selected

| SPI_3_wire_WithBusy 64231~
64230~
__ SCLK Frequency(Hz)
" 6‘4229_| 1 I 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 1 ] ]
1 Sampllng Target Achievable 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000 9500 <0000
- [ eem = | e6.00m Samples
p _ Sampling Rate{sps)
Fargel hcaeyatia — Test Parameters — Output Parameters
| 500.00k = | 500.00k
Samples Initial Samples to Ignore Averaged Min Code Averaged Max Code
I 10000 I 0 | 64229.55 I 64234.9
Mumber of Sets to Average Min Interset Delay (ms) Reference Droop(LSB)
I 20 I 100 I 5.35 &
an 3. Ref
oy
. ererence

Actual Interset Delay = Min Interset Delay + USB Comm
Overhearls

droop

2. Start test e
PSI Controls & O

Idle . HWCONNECTED | Wi TEXAS INSTRUMENTS
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REF5050: 100ksps, Settling I N

REF5050 1M 10.9
REF5050 500k 5.35

Fle Debug Capture Help
Channel Connected: DAG Channel 1 External Reference : REF5( REF5050 100k 1 4
Pages .
< Time Domain Display . .
<> Spectral Analysis
il I Reference Settling Analysis
<» Linearity Analysis
L} Reference Setfling Analysis
Reference Settling Average HEF g Plotd |
64233~
rInterface Configuration
64232~
Device Modes
| sPr3-wire-withBusy | @
T 64231-
o
Protocol Selected
| SPI_3_wire_WithBusy Eai
__ SCLK Frequency(Hz)
" 6‘4229_| 1 I 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 1 ] ]
1 Sam pI I ng Target Achievable 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000 9500 <0000
- [ eem = | e6.00m Samples
p _ Sampling Rate{sps)
Fargel hcaeyatia — Test Parameters — Output Parameters
| 100.00k = | 100.00k
Samples Initial Samples to Ignore Averaged Min Code Averaged Max Code
I 10000 I 0 | 64230.6 I 64232
Mumber of Sets to Average Min Interset Delay (ms) Reference Droop(LSB)
I 20 I 100 I 1.4 &
I 3. Ref
oy
_ . ererence
Actual Interset Delay = Min Interset Delay + USB Comm
Owverheards d roo p
2 Star‘t test = StartTest | Abort Test
PSI Controls ¢ O
Idle . HWCONNECTED | Wi TEXAS INSTRUMENTS
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REF6050: 1Msps, 500ksps, and 100ksps settling

| plabs-SAR-EVM

Fle Debug Capture Help

Pages

< Time Domain Display
< Spectral Analysis

& Histogram Analysis
<» Linearity Analysis

[1.

Select “reference
settling”

terface Configuration

LY Reference Settling Analysis

.

(2. Sampling Rate

1Msps, 500ksps,
and 100ksps

Device Modes

| sPr3-wire-withBusy |

Protocol Selected

| SPI_3_wire_WithBusy

__ SCLK Frequency(Hz)

Target Achievable
| 66M == | 66.00M

Target Achievable
[ 1oom = [ 1.00m

3. Number of sets
to average to 20.

REF6050 1.15
Reference Settling Analysis REF6050 500K 08
Reference Settling Average
—— REF6050 100k 0.8
64250~
§64249—
G4243-
G4247 -, ; ; I I i i I i ; i i i | i i 1 1 i i .
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 &000 &500 9000 9500 10000
Samples

Test Parameters

Samples Initial Samples to Ignore

I 10000 I 0

Mumber of Sets to Average Min Interset Delay (ms)
20 100

[5. Start test

N

Actual Interset Delay = Min Interset Delay + USB C

Idle

Owverheards

Output Parameters

Averaged Min Code Averaged Max Code

| 64248.15 I 64249.3

Reference Droop(LSB)

4. Min Interset

Start Test | Abort Test ‘

Ldelay (ms) to 100

[ i »
A S~__ (6. Reference
| droop

PSI Controls ¢ 0O

HWCONNECTED | Wi TEXAS INSTRUMENTS
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Expected results

Reference Droop

Reference

Sampling Rate

Vin =4.9V DC
Data Sheet Typical Specification 1M 03 -108
1 REF5050 1M 92.2 -91.4 10.9
2 REF5050 500k 921 -97 1 5.35
3 REF5050 100k 92.0 -108.2 1.4
4 REF6050 1M 92.6 -108.1 1.15
5 REF6050 500k 92.7 -109.3 0.8
6 REF6050 100k 92.3 -108.1 0.8
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Thanks for your time!
Q&A



