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Required/Recommended Equipment

« Calculation

— Calculate power for the amplifier, digital communications, and analog ADC supply
 Measurement

— Short description of current shunt measurement

— Measure power for different amplifiers and sampling rates
— PLABS-SAR-EVM-PDK

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

Circuits under test

Vin
From
PSI

Vin
From
PSI

Vin
From
PSI

+

=+

+

L

; OPA320

by
Goodfilter2

+4.5V

;: TLV313

Low Power

+4.5V

;f: LPV811

Nano Power

+4.5V

R149.9

C1
270pF

R2 49.9

R1 200k

C1
510pF

R2 200k

+3V  +3.3V
I T
NP AVDD DVDD
ADS7042  CSp—--_
SO it
INM SDO Controler
Sampling Rate = 1MHz, 500kHz
+3V +3.3V
I T
NP AVDD DVDD
ADS7042  CSp—--_ o
Se [ pigital
INM SDO Controler
Sampling Rate = 100kHz, 10kHz
+3V +3.3V
I T
NP AVDD DVDD
ADS7042  CSp—--_ o
SCLK [ pigital
INM Sbo Controler

Sampling Rate = 1kHz, 200Hz

OPA320 Parameter Test Conditions m UNIT

GBP Gain Bandwidth Product

lq

TLV313 Parameter Test Conditions m UNIT

GBP Gain Bandwidth Product

lq

Quiescent current

Quiescent current

Unity gain
Vs=5.5V, Ta=25°C

Unity gain

Vs=5.0V,
Ta=-40°C to 125°C

MHz
1.5 1.75 mA

MHz
65 90 MA

LPV811 Parameter Test Conditions m UNIT

GBP Gain Bandwidth Product

lq

Quiescent current

Unity gain
Vs=3.3V, Ta=25°C

450 540 nA
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Expected results

Sampling |lq amp Povbp Pavop Pa_amp ProtaL
Rate (MA) Max | (W) Max | (uW) Max | (W) Max | (uW) Max

OPA320 1,750 1306.80 690.00 /7875.00 9871.80
OPA320 500k 1,750 653.40 345.00 7875.00 8873.40
TLV313 100k 90 130.68 69.00 405.00 604.68
TLV313 10k 90 13.07 6.90 405.00 424 .97
LPV811 1K 0.54 1.31 0.69 2.43 4.43
LPV311 200 0.54 0.26 0.14 2.43 2.83

PDVDD — VDVDD . (C . V . NbitS . f:g) — 33V . (10pF . 33V . 12 . SOOkHZ) —_ 6534MW

lavpp@1Msps s 230uA - 500kHz

PAVDD — VAVDD . 1MH7~ = 3.0V - 1MH7 — 3450,U,W

Py amp = Vamp 'IQAmp = 4.5V - 1.75mA = 7.875mW, 1, .., from OPA320 data sheet.
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Supply Current Measurement Circuit

Vin

From

PSI

T Ammeter Circuit
+3V  +3V
o » T T
®| Ex 5
g E 22 $3.94mV 4\”3 AVDD DVDD
—_ X o e C_S
8 | ADS1220
197u A SCLK
INM SDO
Circuit under test
+3V
- :_ R149.9 AVDD DVDD
.\ AN INP
+~ OPA320 —
Goodfilterz 1 ADS7042 CS
270pF SCLK
T AN INM SDO - Controler
+ABY 1 R2499

Coupon Card

Sampling Rate = 1MHz

To PHI
Digital

- Controler
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Connect the hardware

USB Cable to
Computer

w4

Q‘? TeXAS Precision Labs
INSTRUMENTS SAR

< ADS8860 m

JP1

SE_VC@MIIGJND// /

P4
BP

DIF_VCM GND
cog o

JP8
FLT

][]

DAQ Channel 1
AC_IN @@[0] bc_IN
@8 4.9v
% OQ| 3.5V
TEXAS 00| 2.5V
]USB INSTRUMENTS 00|0.1v
Precision Signal Injector g g < ADS8860
(PSIEVM) ﬂ\\\\\:lj
FLT BP DAQ Channel 2

m Plug PHI into CH3

Connector

«— Set Jumpers
L~ as Shown N

SMA Cable

y

LA ]

Q025v  [Golow |[Gojow
O QLOW
Rl o E VI o o pocL (pgel | O
50| 0.1V O OlHIGH OlHIGH HIGH
Current Current Current

e

4

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

Nzl

o USB Cable to

Precision Host Interface Computer

(PHI)
USB

/ DAQ Channel 3

E E

[lo1010X0!]

Leave Socket Empty
For Calibration
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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
B} PHI Software Launcher
& Plabs Production Test
& Plabs Toolkit

@ Plabs-Power Scaling EVM

& Plabs-SAR-EVM A
ma - - - —- ' .

1. Select “Plabs-Power
Scaling” from “start>All
Programs”

~\

‘A Plabs-Power Scaling EVM
Fie Debug Capture Help

i

=10 x|

EVM Connected : PLABS-PSEVM

[V Connectto Hardware

Pages
< Register M Config Results
* Power Scaling
& Time Domain Display I-DVDD(uA) ~ I-AVDD(uA)  -AMP(pA)  P-DVDD(uW)  P-AVDD(uW)  P-AMP(uW)
<& Spectral Analysis .
& Histogram Analysis H} calbrate :
& Linearity Analysis 1Msps
Cal-DVDD(V) Test-DVDD(V)
: — e O 500Ksps
. | v ‘ 0
~-ADS7042 Configuration — 100K
sps
— SCLK Frequency(Hz) — Cal-AVDD(V) Test-AVDD(V)
0 A
Target  Achievable v | 0 10Ksps
| 1em =] 16.00m Cal-AMP(V) TestAMP(V) 1Ksps
[ o N
— Sampling Rate(sps) S 200sps
Target Achievable
[ 100m = [ 1.00m
. | = =
th v
Current vs Throughput Y Scale Mapping,  Logarithmic

\.

1000- M -DVDD /]
¥ I-AVDD Q
¥ I-AMP ,_]
g 100-
2. The green hardware connected
and teal PSI controls indicate that . |
PSI Controls 9 O

communication is established.

HW CONNECTED

- Wi TExAS INSTRUMENTS
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Calibrate system offsets

@ Plabs-Power Scaling EVM
File Debug Capture Help

=10] x|

EVM Connected : PLABS-PSEVM

[V Connectto Hardware

Pages

< Register Map Config
.

< Time Domain Display
<& Spectral Analysis

<& Histogram Analysis
< Linearity Analysis

~-ADS7042 Configuration —

— SCLK Frequency(Hz) —

Target Achievable
[ 16m = | 16.00m

— Sampling Rate(sps)

Target Achievable
[ 1oom = | 1.00m

1l calibrate

Test-DVDD(V)

Test-AVDD(V)

Test-AMP(V)

Current vs Throughput

1000-

-

\_

1. Set Jumpers as Shown.
Remove coupon card from
socket. Sampling rate will
be adjusted automatically.

Results
I-DVDD(pA)  I-AVDD(uA)  I-AMP(uA)  P-DVDD(uW)  P-AVDD(uW)  P-AMP(p\W)
p 1Msps
P 500Ksps
| 1NN Fne
A Jumper Settings il
Connect P25V EEIow |[CoOLOW |[Golow
e BATY |HEAC Ao el | O ®
00| 0.1V O OHIGH ||[COHIGH [|[COHIGH
SHn=0E e Cuent Precision Host Interface
DC_"E AVDD-AMP|[AVDD-ADC ||DVDD-ADC (PHI)
AC_IN e
[:I E ? {ADs7042 uUsB
d Q Q
AQ Channel 3 |
No Op Amp
In socket

Kindly connect the Jumper settings as shown above and click Continue. m

1E+6

Sampling Rate (sps)

1E+7

|

Q2w !
PSI Controls g O

) e

[ © HW CONNECTED

- ki3 TExas INSTRUMENTS

2. Press “continue’
after the hardware
IS configured.

~\

J
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Measure OPA320 at different sampling rates

4@ Plabs-Power Scaling EVM | ;]Elil
File Debug Capture Help
EVM Connected : PLABS-PSEVM ¥ Connectto Hardware
| =Y
N\ Results
/1 . St a rt by m e a S u ri n g \ . T;I:IDD(uA) I-AVDD(pA) I-AMP(uA)  P-DVDD(UW)  P-AVDD(uW)  P-AMP(uW)
t t » 1Msps
SyS e m pOWG r a )9(;/;3 Test-DVD) .7 b 500Ksps p— S x|

P 100Ksps

1Msps and 500ksps. |«
. [M P 10Ksps
At these sampling PR b

rates we will use the " 200 Connect o0 2

2y
PSI 0O|1.0v
OPA320. y
vs Throughput DC_I AVDD-AMP||AVDD-ADC ||DVDD-ADC
A (PHI)
AC_IN
] OPA320 | <Abs7042 uss
£ &) @,
D

AQ Channel 3 |

est-AVDD(V)

OO|LOW |[[OQJLOW ([ OlLow
CAL CAL O OICAL ) O
LA JHIGH ||EXEJHIGH ||DXJHIGH
Curent  f|Curent ||/Current Precision Host Interface

Pt

Install

. )
2. Change the jumpers as ¥ opA320_GoodFiter2
S hOWﬂ . I nStaI I the ﬂndly connect the Jumper settings as shown above and click Continue. @

OPA320_Good_filter2 - ~ N
device. 3. Press continue to

Sampling Rate (sps)

| MNP Controls o 0 measure power at the

cw Smmem Twmemen | | specified sampling rate.

J
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Expected results for OPA320

‘A Plabs-Power Scaling EVM
File Debug Capture Help

=10] x|

EVM Connected : PLABS-PSEVM

[V Connectto Hardware

Pages

< Register Map Config
.

<& Time Domain Display
< Spectral Analysis

<& Histogram Analysis Hl' Calbrate
< Linearity Analysis > lMSDS
Cal-DVDD(V) ~ Test-DVDD(V) > 50 -
0.0508931 2 0.429033 ‘
~-ADS7042 Configuration i E > 00K
Sps
— SCLK Frequency(Hz) EANEDN ~ TestAVDD(Y) ~
o . _ 00460054 | 0696502 | / P 10Ksps
| 16m = | 16.00m CakAMP(V) TestAMP(V) b 1Ksps
0.0523923 % | 147773
— Sampling Rate(sps) = 2 L > 200sps

Target Achievable
[ 500.00k = | 500.00k

Current vs Thrgdghput

Results

I-DVDD(pA) I-AVDD(pA)

94.929686 98.813332

I-AMP(pA)

1438.441104  313.267962

P-DVDD(uW) = P-AVDD(uW) = P-AMP(uW)

[ 176.606383  197.588766  1437.372657 582.801063 652.042929  6468.176957 z

326.083994  £6472.984969

Y Scale Mapping [ [ogaﬁiﬁfnié i

| 10000 - Z

4. Note: the ADC sampling rate,

number of samples, PSI controls,

and calculations are all done
automatically when the buttons
are pressed.

N

J

100000

Sampling Rate (sps)

V 1-DVDD M

M FAVDD /My
W AP

|
1E+6

1

2w !
PSI Controls 9 O

y A

Idle

HW CONNECTED

- Wi TExAs INSTRUMENTS

-

1.

Your power measurements
should be in the same range
as these. When running at
full speed power is in the
hundreds of yW to mW.

~

J

Notice that the amplifier
current is constant and not

dependent on sampling rate. )

N
3. ADC current scales with
sampling rate.
J
wi3 TexAs INSTRUMENTS | 10



Measure TLV313 at 100ksps

A Plabs-Power Scaling EVM
Fie Debug Capture Help

=101 x|

EVM Connected : PLABS-PSEVM [V Connectto Hardware

Pages
< Register Map Config

L3 Power Scaling

1. Start by measuring
system power at

100ksps. At these
sampling rates we

will use the TLV313.

Current (uUAmps)

Results
I-DVDD(pA) I-AVDD(pA) I-AMP(pA) P-DVDD(uW)  P-AVDD(uW)  P-AMP(uW)
te g
\ b 1Msps 176.606383  197.588766  1437.372657 582.801063 652.042929  6468.176957
Test : : . i g :
- est-DVDD(V) b 500Ksps 94.929686 98.813332 1438.441104  313.267962 326.083994  6472.984969
K
P 100Ksps
Test-AVDD(V) A Jumper Settings B . l]
¢ e
Test-AMP(V) P 1Ksps
K
P 200sps
C | (X 2.5V
onnect e O OJLOW (([CQOILOW |[[COlLOW
QO 1oV IOQICAL CAL
PsI Q0 QQICAL () O
Throughput % (1)% HicH ||B80HGH ||EhiGH
Current Current Current -
p ‘ DC_"E AVDD-AMP| |AVDD-ADC ||DVDD-ADC Ll :'F')Zslt)'merface
AC_IN
I TLV313 @ UsB
1000- A: ) @,
DAQ Channel 3 |
— Install
TLV313_Low Power
Kindly connect the Jumper settings as shown above and click Continue.
10 :
100000 1E+6

Sampling Rate (sps)

Qe !
PSI Controls ¢ O

- HwconnECTED Wi TEXAS INSTRUMENTS

wi3 TEXAS INSTRUMENTS
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Measure TLV313 at 10ksps

A Plabs-Power Scaling EVM
File Debug Capture Help

=10 x|

Pages

< Register Map Config
Om

< Time Domain Display
<& Spectral Analysis

< Histogram Analysis
<& Linearity Analysis

Hl calibrate

Cal-DVDD(V)

Press 10ksps for the E

second TLV313 =

Test-DVDD(V)
0 0569646

Test-AVDD(V)
—

Test- AMP(V)

[

experiment. '
W,

Current vs Throughput

1Msps

500Ksps

100Ksps
10Ksps

1Ksps

200sps

Results
1-DVDD(pA)

I-
[ 190.950438 19
62.827527 9

13.421431 E

2. Change the jumpers
according to the
figure below.

\

A Jumper Settings

10000~

:

Current (uAmps)

100-

Connect [ 22V (* [DOILOW
Psi ool 1ov| (B
53] 0.1v HIGH

DC_INE
AC_IN

—] TLV313

{ ADS7042

DAQ Channel 3

x|
O O
Precision Host Interface
(PHI)
usSB
Q O

Install
TLV313_Low Power

Kindly connect the Jumper settings as shown above and click Continue.

|
[l PS| Controls

I
o]

] ¢ HW CONNECTED

- ki3 TExas INSTRUMENTS
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Expected results for TLV313

‘A Plabs-Power Scaling EVM

Fie Debug Capture Help

EVM Connected : PLABS-PSEVM

[V Connectto Harl

Pages

< Register Map Config
¥ Scaiing]

<& Time Domain Display
<& Spectral Analysis

< Histogram Analysis

Results

| 10.00x = | 10.00k

-
2. Notice that the amplifier

current is constant and not

dependent on sampling rate. )

Your power measurements
should be in the same range
as these. When running at

~

Idle

IDVDD(uA)  -AVDD(uA) _ L-AMP(uA)  P-DVDD(uW)  P-AVDD(uW)  P-AR@(uW) . . .
1 Calbrate | medium speed the power is in
b 1iMsps || 193808854 195478048 1435075040 639569219 645077557
b S00Ksps | | B5°432 97561323 1437350482 282362265 | 32195 th e te N S tO h u N d red S Of p W
b 100Ksps || 17498567 | 19425690 | 30352317 (57745272 | 6404777 177085428 )
> 10Keps 2021783 1968628 30319610 | 6.671884 6.496474  176.938244
P 1Ksps
P 200sps
T\"ent v Throughput Y Scale Mapping i:iLogarithmiciﬂ
0000-
OPA320 Current
o0 _OFar— -0
£ .
S - TLV313 Current e \
o o e :
2 e 3. ADC current scales with
10- e .
T sampling rate.
J— pling )
110-600 100000 1E+6
Sampling Rate (sps)
rRe_ .
PSI Controls ¢ O
| HWCONNECTED | Wi TEXAS INSTRUMENTS
wi3 TEXAS INSTRUMENTS | 13



4 Plabs-Power Scaling EVM
File Debug Capture Help

=10] x|

EVM Connected : PLABS-PSEVM

[V Connectto Hardware

Pages

<& Register Map Config
4

< Time Domain Display
< Spectral Analysis

<& Histogram Analysis

/1. Start by measuring
system power at
1ksps and 200sps.
At these sampling
rates we will use the

\_ LPV811.

+i} calibrate

Cal-DVDD(V)
0.0535095 4
Cal-AVDD(V)

0.0503391 %

Cal-AMP(V)
0.0467506__2

Test-DVDD(V)
0.0975078
Test-AVDD(V)

Test-AMP(V)

Current vs Throughput

Results

1-DVDD(pA)
> 1Msps 193.808854
b 500Ksps 85564323
> 100Ksps 17.498567

2.021783

b 1Ksps
P 200sps

10000-

1000-

100-

PSI

Current (uUAmps)

10-

i
10000

I-AVDD(pA)
195.478048
97.561323
19.425690

1.968628

A Jumper Settings

I-AMP(pA) P-DVDD(pW)
1435.975040  639.569219
1437.350482  282.362265

39.352317 57.745272

39.319610 6.671884

P-AVDD(uW) = P-AMP(uW)
645.077557 | 6461.887679
321.952366 | 6468.077171
64.104777 177.085428

6.496474 176.938244

Connect

ool

2.5V
v (RN

Tov
o1y |QC

DC_I?E
AC_IN

HIGH ||{lOOHIGH ||[QOHIGH

Current

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

LOW LOW
CAL %CAL O

Current

{ADS7042
O

DAQ Channel 3

O

Precision Host Interface

(PHI)
USB
Q

Install
LPV811_Nanopower

Kindly connect the Jumper settings as shown above and click Continue.

Q¢ !
PSI Controls ¢ O

| ) HWCONNECTED

- kB TEXAS INSTRUMENTS
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Expected results for LPV811

A Plabs-Power Scaling EVM

/1. Your power measurements )

File Debug Capture Help

should be in the same range

EVM Connected : PLABS-PSEVM [V Conn aS these When running a‘t
: RT;l:/n;D(uA) IAVDD(uA)  I-AMP(uA) | P-DVDD(uW)  P-AVDD(pW) 4 |OW€St S peed th e pOWG r |S | n
( g af)set?gr?elagnigslyssis H} Calbrate T [193.808854 195478048 1435975040 639.569219  645.0775 64 th e h u n d re d S Of nW t O IJ W
) . b S00Ksps || 25904323 97561323 1437350482 282362265 3219366 64
2 . N Otl Ce th at th e a m pI Ifl e r b 100Ksps || 17498567 19425600 30352317 57745272 f104777 | 177, ra n 9 e . j
CU rre nt iS CO n Sta nt a n d n Ot > 10Ksps 2.021783 1.968628 39.319610 6.671884 6.496474 176.938244
) > S 0.115592 0.194422 0.402049 T54T507 TH00220
d e pe n d e nt O n Sa m p I | n g rate . > 21(::)5 0.018538 0.038383 0.401769 0.061177 0.126664 1.307950]
[ 200.00 = No.oo
N\ Current vs Throughput vsae QPA320 _
\ b Current
\ _— TLV313 P 1ADD— )
Current e A |
N, 100- e
: 1
S LPV811 — \
° +y Current — - 3. ADC current scales with
e sampling rate.
0.01-, - , I I J
100 1000 10000 100000 1E+6
Sampling Rate (sps)
+Rw_! !
Idle l " HW CONNECTED \ ®i3 TEXAS INSTRUMENTS
wi3 TEXAS INSTRUMENTS = 15



Compare final test results to calculated values

@ Plabs-Power Scaling EVM
Fle Debug Capture Help

=10 x|

EVM Connected : PLABS-PSEVM [V Connectto Hardware

Pages

< Register Map Config
M ¥ ower Scaiing

< Time Domain Display
<& Spectral Analysis

< Histogram Analysis
< Linearity Analysis

~ADS7042 Configuration

— SCLK Frequency(Hz) ——

Target Achievable
| 16m = | 16.00m

— Sampling Rate(sps)

Target Achievable
| 200.00 = | 200.00

1l calibrate

Cal-DVDD(V)
00535095 2

Cal-AVDD(V)
0.0503391 2

Cal-AMP(V)

0.0467506 %

Test-DVDD(V)
0.0621435

Test-AVDD(V)
0.0810439

Test-AMP(V)

1.36937

Current vs Throughput

1Msps

500Ksps

100Ksps

10Ksps

1Ksps

200sps

Results

1-DVDD(pA) I-AVDD(pA)
193.808854 195478048
85.564323 97.561323
17.498567 19.425690
2021783 1.968628
0.115592 0.194422

0.018538 0.038383

I-AMP(pA) P-DVDD(uW)  P-AVDD(uW)  P-AMP(uW)

1435975040 | 639.569219 645.077557 | 6461.887679

1437.350482 | 282.362265 321.952366 | 6468.077171

39.352317 57.745272 64.104777 177.085428

39.319610 6.671884 6.496474 176.938244
0.402049 0.381452 0.641593 1.809220
0.401769 0.061177 0.126664 1.807960
Reinitialize to Default Value
Cut Data
. —————  Copy Data
Y Scale Mapping Logar[ Paslg Dty

[EH H 9--®~- ]-: Ivtemporary_636563.tmp - M o B 2
Hot| Inse| Pac| For | Dat| Rev VieEl 6 @ o & R
VS _ x > .
B . A = % ||| Ae||| B8]
Ga - : CRaR
Paste Font ' Alignment Number Styles @ Cells .
& J . B - . . -~
Clipboard I« Edii
v f| 639.569219 v
A B & D R
1 639.569219. 645.077557 6461.887679 E
2 | 282.362265 321.952366 6468.077171
3 57.745272 64.104777 177.085428
4 6.671884 6.496474 176.938244
5 0.381452 0.641593 1.80922
6 0.061177 0.126 1.80796 2
4 4 » »| Wtemporary 636563 f]4[ w | 2l
Ready | 1@@ 1do% (=) [} {(+) .
Export Data To Clipboard
Export Simplified Image...

10000~ o=
M 1-DVDD [~ Description and Tip...
1000- 4 'AVD% 7 Empty Table
'7 FANP Insert Row Before
& 100- =" Insert Column Before
=3 G Delete Row
5 i Delete Column
g « Show Selection
3
-
0.1-
0.01- | 1 | 1
100 1000 10000 100000 1E+6
Sampling Rate (sps)
+Re_ '
PSI Controls ¢ O
Idle ‘ ' HW CONNECTED ] ®i3 TEXAs INSTRUMENTS

Select the “Power” cells in the
measured table. Right click and
“Export Data to Excel’.

J

wi3 TEXAS INSTRUMENTS
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Measured vs Expected Results

-- Calculated
Sampling | Ppypp Pavop
Rate (W) (W)
Max Max
OPA320 1306.80 690.00
OPA320 500k 653.40 345.00
TLV313 100k 130.68 69.00
TLV313 10k 13.07 6.90
LPV811 1k 1.31 0.69
LPV811 200 0.26 0.14

7875.00
7875.00
405.00
405.00
2.43
2.43

9871.80
8873.40
604.68
424 .97
4.43
2.83

r N
Your results should show the same

.

trend as the expected result but the
specific values will differ.

J

Example Measurements

639.57 ©645.08 6461.89 7746.53
282.36 321.95 6468.08 7072.39
S57.75 64.10 177.09 298.94
6.67 6.50 176.94 190.11
0.38 0.64 1.81 2.83
0.06 0.13 1.81 2.00

wi3 TEXAS INSTRUMENTS
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Measured vs Expected Results

-- Calculated Your Measurements
vl Rl
Rate (MW)
Max Max
OPA320 1M 1306.80 690.00 7875.00 9871.80
OPA320 500k 653.40 345.00 7875.00 8873.40
TLV313 100k 130.68 69.00 405.00 604.68
TLV313 10k 13.07 6.90 405.00 424.97
LPV811 1k 1.31 0.69 2.43 4.43
LPV811 200 0.26 0.14 2.43 2.83

wi3 TEXAS INSTRUMENTS | 18



Thanks for your time!



