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1.0 Overview

Texas Instruments’ Ultrasound Transmit Solution Evaluation Board demonstrates a
comprehensive transmit-side signal path featuring:

e LM96530 Octal T/R Switch

e LM96551 Octal High Voltage Pulser

e LM96570 Octal Digital Beamformer

The digital beamformer serves as the onboard signal generator by outputting programmable
digital pulse patterns (an external 40MHz VCXO is included to drive the internal PLL of the
beamformer). These output pulse patterns then drive the inputs of the high voltage pulser. The
pulser outputs drive both the inputs of the T/R switch, as well as SMA connectors for measuring
the high voltage pulsers’ performance. The outputs of the T/R switches also drive SMA
connector output ports for measuring their performance, such as cross-talk. The board can also
be configured for individual device evaluation of the LM96530 T/R Switch and LM96551 Pulser
as shown in Figure 1 and Figure 2.

The LM96530 T/R Switch LM96551 Pulser and LM96570 Digital Beamformer are controlled by
a PC driven software GUI using an Opal Kelly FPGA module.

LM96551
LM96570 To test LM96570 and L M96550
1 1
ﬁl El outl
ﬁg ﬁg out2
pg pg out3
n n
From p-wire p4 16 |ps 8-cable
XEM3001 ) 0: ey " e outputs
n5 n5 t
22 Eg outs finputs
p7 p7

Typical Transducer
outl inl model:

(2.49k, 300pF)
Remove when probe is
out3 in3 attached

out2 in2

8-cable

outputs

To test LM96530

LM96530
Figure 1: Simplified Schematic of Tx Eval Board for Individual Device Evaluation
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Figure 2: Simplified Schematic of Tx Eval Board for Loop Tests

1.1 Features

a

Demonstrates the LM96530 T/R Switch, LM96551 HV Pulser, and LM96570 Digital
Beamformer’s key dynamic specifications

8 RF connector output ports for:
= measuring the outputs of the LM96551 HV Pulser
= directly driving an ultrasound transducer probe
= driving the inputs of the LM96530 T/R Switch

8 RF connector output ports for:
= measuring the outputs of the LM96530 T/R Switch
= directly driving an ultrasound Rx analog front end

Graphical user interface (GUI) software provided to control the LM96570 Digital
Beamformer and LM96530 T/R Switch.
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1.2 Packing List

The Tl Ultrasound Tx Evaluation Kit consists of the following components:

Q
Q
a

1 Ultrasound Transmit Solution Evaluation Board
1 Set of 8 SAMTEC RF Connector-to-SMA bulkhead cables

1 Supply Voltage Cable with Phoenix Connector and labeled Banana Plugs for:

+1.8V
+3.3V
5V
+10V
+50V
VSUB

O O0OO0O0O0O0

1 Opal Kelly XEM3001 FPGA Module
1 Opal Kelly-to-Evaluation Board Adapter & Ribbon Cable
1 USB Cable
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1.3 Board Schematic and Orientation
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Figure 3: Tl Ultrasound Tx Eval Board Orientation

1. J3. These 8 RF connectors allow the user to measure the Pulser outputs. When jumpers,
PS0-PS7 are uninstalled, the J3 RF connectors can also be used to drive the inputs of the
T/R switch with an external test signal source. See Schematic and Section 6.0 Individual

Device Evaluation for more details.
a. The RF connectors at J3 can also directly drive a transducer probe. To do this,

330pF capacitors CB51-CB58, must be removed.
b. PSO0-PS7 can also be used to monitor the Pulser output waveforms with a high

impedance oscilloscope probe.

2. J4. These 8 RF connectors allow the user to measure the T/R Switch outputs. Test Points
TPO to TP7 are also provided for convenient waveform monitoring.

3. DOTPL1. This LED indicates the status of the OTP flag on the HV Pulser. If the LED is ON,
the OTP status is OK. If the LED is OFF, the OTP flag is active, and thus the Pulser
Enable pin will be held low. See Schematic for details.

4. J1. This connector mates with the Ribbon cable, which connects to the Opal Kelly Adapter
board.
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5. J_SUB. This header separates or ties the VSUB and -50V supply voltages on the board.
It is recommended to separate these two voltages by configuring J_SUB in the “2-3”

position.

2.0 Quick Start-Up Procedure

This section will describe the basic start-up procedure for (1) installing the GUI software, (2)
powering up the Eval Board, and (3) exercising control and functionality of the board.

2.1 Tl Ultrasound TX Control Software Installation

1. Double click on the file, “setup.exe” in the “TX-
SDK-V1” folder (web download. Please Make sure the
setup.msi file is in the same folder).

B NSC Ultrasound Tools [l
Fin Ed View Fovorites  Took  Help ol

¥ _,' Search |{ Foldes  [i21]°

L w

DENSE L Brasonnd A Tooh, v B
’J CothintFi35 ’.J Windorrlmtaler3_|

-ZEB — ﬁ“"‘ i Sty

T Ultrasound Chipset Tools Setu

\-E Instaling .MET Framewark 3.5...

Microsoft Windows

Please wait while Setup configures the components. This might take several
minutes,

]

Cancel

0

2.

Wizard

8 Ultrasound Chipset Tools Setup X

For the fallawing campanents

_NET Framework 3.5

Please 1zad the falawing license agreement. Press the page dawn kepta
see the rest of the agresmert

MICROSOFT SOFTWARE 3
SUPPLEMENTAL LICENSE TERMS

MICROSOFT .NET FRAMEWORK 3.5 FOR
MICROSOFT WINDOWS OPERATING

SYSTEM

K3

@ View EUILA for printing

Do you accept the terms of the pending License Agreement?

If pou choose Don't Accept, install will close, Toinstall you must accept

this agresment.

) Uttrasound Chipset Tool ’;:E

Welcome to the Ultrasound Chipset Tools Setup [ N
=

B

computker.

The installer will guide pou through the steps required to install Ulrasound Chipset Taools on pour

‘WaARMIMG: This computer program iz protected by copyright law and intemational treaties.
Unauthorized duplication or distibution of this program. or any portion of it, may result in severe civil
or criminal penalties, and will be progecuted to the maximum extent poszible under the law,
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License Agreement

Flease take a moment to read the licensze agreement noww. If you accept the terms below, click "'l
Agree', then "Mext". Othenwize click "Cancel”.

LICENSE FOR USE OF -
TIULTRASOUND TOOLS SOFTWARE 4

BY THIS AGREEMENT, Texas Instruments (Tl) GRANTS YOUR
ORGANIZATION A LIMITED LICENSE TO USE TI'S SOFTWARE SOLELY
FOR INTERFACING TO TI COMPONENTS:

BY INDICATING ACCEPTANCE BELOW, YOU REPRESENT THAT: (A)
YOU HAVE CAREFULLY READ ALL THE TERMS OF THIS AGREEMENT,
AND (B) YOU ARE AUTHORIZED TO BIND YOUR ORGANIZATION TO,
AND YOIIR ORGANIZATION WIL I RF ROIIND RY THF TFRMS OF THIS 7

(1] Do Mot Agres @ | Agres
Cancel ] [ < Back ] [ Mext » ]

Confirm Installation

The installer is ready to install Ultrasound Chipset Tools on your computer.

Click "Mext" to start the installation

[ Cancel ] [ < Back ] [ Mext » ]

Welcome to the FrontPanel Setup
Wizard

This wizard will guide you through the installation of
FrontPanel.

‘We suggest you uninstall any previous versions of
FrontPanel and make sure that FrontPanel is not currently
running.

Itis also recommended that you dose all other applications
before continuing. This will make it possible to update
relevant system files without having to reboot your
computer.

Click Next to continue,

18] Uhtrasound Chipset Tools”

Select Installation Folder

The installer vl install Ulrasound Chipset Tools to the folowing folder.
To inestall in this folder, click "Next”. To install to & different folder, enter it below or click "Browse™.

Folder:

IC:\Ployam Files [x86AT exas Instruments\Ulrasound Chipset Toolsh [ Browse.,

Instal Uktrasound Chipset Tools for yoursal, or for amyone who uses this computer:

@ Evenyone
Just me

Installing Ultrasound Chipset Tools

Ultrazound Chipset Tools is being installed.

Flease wait...

10.

Installation for the Opal Kelly module
follows.

* . _ License Agreement
‘-_;" (-)pﬁ I I\C | I.\ Flease review the license terms before installing FrontPanel,

Press Page Down to see the rest of the agreement.

FrontPanel License Agreement
Copyright © 2005-2009 Opal Kelly Incorporated @

»

IMPORTANT - The product, induding the software, firmware, and other electronic data
contained within the product, is licensed, not sold, and available for use only under the
terms of this license agreement. By dicking the "I Agree” button below and continuing
with the installation, you are consenting to be bound by this license agreement. If you
do not agree to the terms of the license agreement, dick the "CANCEL" button. If you
do not agree to the terms of this license agreement, and wish to return this product,
please contact us at support@opalkelly.com.

If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install FrontPanel.

< Back ][ 1 Agree ][ Cancel

TI Tx Evaluation Kit Users' Guide
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11. 12.

. Choose Component: s . Choose Install Location
ey Opﬁ | Kel I_\ Choose which features of FrontPanel you want to install. . Or’ﬁl Kel I.\ Choose the folder in which to install FrontPanel.
Check the companents you want to install and uncheck the components you don't want to Setup will install FrantPanel in the following folder. To install in 3 different folder, dick Browse
install. Click Next to continue. and select another folder, Click Install to start the installation.

Select components to install: FrontPanel USB Driver
rontPanel Application
FrontPanel AP Extensions

ocumentation Destination Folder

Samples
Start Menu Shortouts C:\Program Files (x86)\0pal Kelly\FrontPanel

Description
Space reguired: 45.1MB Space reguired: 45. IMB
Space available: 231.7GB

< Back ][ Mext > ] [ Cancel < Back ][ Install ][ Cancel

14.

& FrontPanel Setup

Completing the FrontPanel Setup
Wizard

Installing

™, Opal Kelly

Please wait while FrontPanel is being installed,

Execute: "C:iPragram Files\Opal KelyiFrontPaneliveredist_x86.exe" jqia fo:"WCREDI~1 EXE [

[

Show details

FrontPanel has been installed on your computer,

Click Finish to dose this wizard.

Visit the Opal Kelly website for the latest news and support,

o

Cancel

< Back et = Canrel

Installation Complete

Ultrazound Chipset Tools has been successfully installed.

Click."'Close" to exit.

Plzaze uze Windows Update to check for any critical updates to the MET Framework,
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1.

2.2 Opal Kelly Module USB Driver Installation

Connect the board to the PC with the USB
cable.

2.

1) Found New Hardware
Opal kelly XEM3001v2

B CTET

Welcome to the Found New
Hardware Wizard

This wizard helps you inzstall zoftware for

Opal Kelly $EM3001v2

\') If your hardware came with an installation CD
&2 or Hoppy disk. insert it now.

‘What do you want the wizard to do?

(%) Install the software automatically [Recommended)
(O Install from & list or specific: locstion [Advanced)

Click Next b continue

Found New Hardware Wizard

Please wait while the wizard installs the software.

@ Opal Kelly XEM30N0T+2

widfColnstaller 005 dil

To C:AWINDOWS epstem32
( )

i) Found New Hardware

‘four new hardware is installed and ready to use,

o

i

Found New Hardware Wizard

Flease wait while the wizard searches...

@ Opal Kelly KEM3001 2

Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished instaling the software for:

@ Opal Kelly XEM3001+2

Click. Finigh to close the wizard.

8. Plug the Adapter board into JP3 of the Opal
Kelly board.

TI Tx Evaluation Kit Users' Guide
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9. Please be sure the red line of ribbon
cable at the right sides of Tx Eval board
and XEM3001

bbon cable on this side

: Red line of ribbon cable on this side

2.3 Eval Board Power Cable Connections

The Eval Board requires a total of 9 power supply voltages:

VSUB (the most negative supply voltage, greater than or at least equal to -50V)
+50V for the LM96551's VPP and VNN

+10V for the LM96551's VPN and VDN

+5V for the LM96530’s VDD and VSS

+3.3 for the LM96530, LM96551, and LM96570’s Digital IO Supply

+1.8V for the LM96570’s VDDA and VDDC

VVVYVYYY

Pl - 'I" ' ]
)’ aua ., .
& er # X

Flgure 4: Board Power Cable Connector

i  Connect the GREEN Supply Voltage Phoenix connector to the Tx Eval board at J2 the
board as shown in Figure 4.

i  Connect the other ends of the banana cables to the appropriate bench power supplies.
Tracking power supplies are recommended for the £10V and £5V pairs.

2.4 Eval Board Power-Up Sequence
Refer to Figure 5 for the block diagram of the external power supplied to be used:

TI Tx Evaluation Kit Users' Guide -11 - Rev. 2.0



Low Voltage Low Voltage
Power Supply Power Supply
for LM9661 input E for LM96630,
stages. In —— | LM96661 and
operation it — N - | : | LM96570. In
consumes less i " o L ‘..—'f operation it
than 100mA - o s r consumes less
= than 100mA
+5V +3.3V
-5 +1.8V
High Voltage
Power Supply
i _
stages of B
LM96661. In ; = = "
operation it 4 somt M =
consumes less /-l
than 260mA
+10V.
-10V
High Volitage
Power Supply for
output stages of
LM9BS51 with at )
least 250mA
capabilities. GND
+50V
-50V

Power supply “ON” sequence
Power supply “OFF” sequence

Figure 5: Power Supply Connection View

Note: Power Supply current limits are for board protection only! These do not represent

the actual current consumption and should not be used for that purpose!

The typically recommended power-up and power-down sequence for the Tx chipset is:

1 | VSUB | Turn ON the Substrate Voltage (VSUB, which, must be the most negative
voltage in the system, greater than or at least equal to -50V)
2 | +3.3V_ | Turn ON all digital 10 voltage supplies
3 | +1.8V Turn ON the LM96570 Beamformer
4 | £5V Turn ON the LM96530 T/R Switch
5* | 10V Turn ON the LM96551 HV Pulser last.
+50V

To Power-down, follow this sequence in the exact reverse order.

* & Note that VSUB and VNN (negative HV supply of the LM96551) may be tied
together and powered by the same -50V to minimize the number of bench power
supplies. To do this, jumper J_SUB (see Figure 4) must be configured in the “1-2"
position. However, it is recommended to configure jumper J SUB in the default “2-3”
position such that VSUB and VNN are separated.

* A Power Module Reference design schematic is provided in the web download to
eliminate the need for external power supplies and to ensure proper power-up, power-
down sequence for protection.

TI Tx Evaluation Kit Users' Guide -12 - Rev. 2.0



The following procedure should be followed each time the Eval Board
IS powered up:

M Power up VSUB first.

o& To prevent fatal device damage, the VSUB MUST ALWAYS
be the most negative voltage applied to the Eval Board at
all times! VSUB must be greater than or at least equal to -
50V. Thus, VSUB MUST ALWAYS be turned ON FIRST and
turned OFF LAST.

Power up +3.3V Digital 10 Voltage supply for all of the devices.
Power up +1.8V for the Beamformer.

Power up 5V for the T/R Switch.

0 At this point, the LM96530 (with Rref = 50Kohm) should be drawing about ~20mA of
current (Ipp & Iss) from the £5V Analog Voltage supplies.

NS

Power up £10V for the Pulser’s Level Shifter Voltages.

B &

Power up £50V for the Pulser.

0 At this point, the LM96551 should be drawing about ~1mA from the VSUB, ~4mA of
current from the +50V supply, ~3mA from the -50V supply, ~12mA from the +10V
supply, and ~8mA from the -10V supply.

K Launch and Initialize the Control Software

1. Double-click on the “Tl Ultrasound Tools” icon on the Desktop to launch
the Beamformer Control Software.

sl

Figure 6: Tl Ultrasound Tools Désktop Icon

2. Click on the “T/R Switch” tab to display the T/R Switch GUI controls.
Choose the right configuration which users want to test.

TI Tx Evaluation Kit Users' Guide -13- Rev. 2.0



LM36550
LM36551
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Frobe
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hlOn W Ch O Gnin ¥ Cnon
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[ Achon [ mchor |

Ready!

Figure 7: Tl Ultrasound Tools GUI Start-up Screen — T/R Switch Controls

3. Click on the Pulser tab to display the pulser GUI. Uncheck Enable High Voltage
Pulser and Max Current Mode.

%23 T Ultrasound Chipset

LM96550 LM3I6570
Pulser Beamformer
3

LM96530
T/R Switch Beamea'm

[[] Enable High Yoltage Pulser [] Max Current Mode

Ready!

Figure 8: Pulser Controls

4. Every time when powering up Tx Eval board, beamformer registers are
suggested to reset.

e Make sure the status of five red circles matched in Figure 9
e Click on Connect button.
e Enable and then Disable RESET.

TI Tx Evaluation Kit Users' Guide -14 - Rev. 2.0




Disable and then Enable PLL EN.

Click on Disconnect button.

m NSC Ultrasound Chipset

LM96550
m Pulser
LM96530 |

T/R Switch | Beam Famer | Pylser

PLL_EM Pulser Freq: (0625 Mhz
L

Fattern Lengthe & 4 O 8 O16 O24 O 32 O40 O48 O64

LM96570
Beamformer

CH1 |CH2 |CH3 |CH4 |CHS | CHE | CH? | CHs

Delay Profile:

0.00000ns(0}
Pulse Pattern

((_Comeat )]

@ Disable Pulse \Width Adjust Apply

] i Apply To All Channels

O P Pulse ‘Width Adiust
O N Pulse \width Adjust

—
T Interval 100 ms ( stan7x | Stop T

Ready!

Figure 9: Beam Former Controls

5. Some initial settings that are suitable for powering up the Beamformer and

Pulser the first time are as follows: (See section 3.1 for more details)

"o 20 T

(@]

RESET Disabled

PLL_EN Enabled

Invert Fire Mode Disabled

Pulse Width Adjust Mode Disabled
Pulse Fire Delay = Ops

Pulse Pattern Frequency = 5MHz

Pulse Pattern = 4-Pulse “0101” P Pattern

TI Tx Evaluation Kit Users' Guide -15-
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m NSC Ultrasound Chipset E|§|E|

LMI6550 LM96570
m Pulser Beamformer
LMI6530 |

-
@ BeamFo @
] RESET [ INV_FIRE_EN PLLEN  PulserFreq. 0625 [(save ] - "
*lo c® Type in “16” as
Patemlengh @4 O8 O16 O O2 Od40 O48 O6 4—E
ke the Pulse Freq.
CH1 |cHz |cH3 [cHe WS [cHe | cH7 | cHs -
Divider value and
PB4 PRESS ENTER
0.00000ns(0) (PU ISer Freq

Pulse Pattern

changes to 5MHz)

® Disable Pulse Width Adjust Apply ] [ ‘Apply To&ll Channels
) P Pulse Width Adjust
@ © N Pulse Width Adjust
TX Inferval, 100 ms Stop T

Check to Disable TR Switch

Figure 10: Tl Ultrasound Tools GUI

6. Click on the “Pulser” tab to display the Pulser GUI controls. Click on the
“Enable High Voltage Pulser” check box to enable the Pulser. (See Section
5.0 for more details)

[ NSC Ultrasound Chipset
LM96550 LM96570
m Pulser Beamformer
LM96530 |
. 0
T/R Switch | Beam Fnr

Enable High Yaoltage Pulser [] Max Current bMode

Figure 11: Tl Ultrasound Tools GUI — Pulser Controls

7. Once all parameters in step 5 are set:

a.

b.

Click on the “Connect” button to establish connectivity between the

Opal Kelly Module and the PC.
Click on the “Start TX” button to send a periodic “TX_EN” / Fire
signal to the beamformer.

Upon clicking on the “Connect” button”, the status message on the bottom
left of the screen will read “Connected!” and upon clicking on the “Start TX”

TI Tx Evaluation Kit Users' Guide -16 - Rev. 2.0



button, the “LED box” will begin BLINKING red to indicate that the Opal Kelly
Module is actively outputting a “TX_EN” / Fire signal.

LM96550
Pulser
LM36530 |

LM96570
Beamformer

( Discomert J)

T/R Switch | Beam Former | Pulser |
[ RESET [ INV_FIRE_EN PLLEN  PukerFieq [5000 | Mhe
=

Pattemlengt: @ 4 08 Q1B O O 0 OB OB -
CH1 [tHz | tH3 | tH4 | CHE | tHE | cH7 | cHe

Delay Profile;

0.00000n5(0)

Pulse Pattern

P
OFF
N

(%) Disable Pulse \width Adjust [
O P Pulse width Adjust
) M Pulse Width Adjust

T Interval m ms Start T ‘ @

Cunnsc@
Figure 12: Tl Ultrasound Tools GUI -Beamformer Controls Connected and Active

Apply ] i Apply To All Channels l

8. Probe Test Point PSO to verify the Pulser’s Channel 1 output

Tek Run: 100MS/s Average

1
] 1

| ﬂ HCh 1 P Beamformer Output,

Hﬂ Ch 1 N Beammformer Output
2 e S S

er Output :

> Chi 200V [IE 2007 M S00ns ChiF  1.56V
Ch3 500V
Figure 13: Beamformer and Pulser Channel 1 Output

K To power down, follow the sequence in exact reverse order by
turning OFF:

1 +50V
2 +10V
3 5V
4 +1.8V
5 +3.3V
TI Tx Evaluation Kit Users' Guide -17-
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6 VSUB

3.0 Beamformer GUI Controls

3.1 Global Beamformer Parameters

T/R Switch | Beam Former | Pulzer

[] RESET [ ] INv_FIRE_EN FLL_EN Pulser Freq: |5.000 | Mhz
16 %

v

Figure 14: Beamformer Global Parameter Controls

0 RESET: Checking the RESET box will pull the RESET pin HIGH on the LM96570 to reset all
SPI registers back to their default values. If the TX_EN signal is firing when the RESET box
is checked, the software will automatically STOP firing. The user should uncheck (pull
RESET pin LOW) the RESET box after resetting the registers to resume normal operation.

0 INV_FIRE_EN: Checking the INV_FIRE_EN box will enable the Invert Firing Mode, which is
used for harmonic imaging. In this mode, each TX transmission consists of two firings.
First, the programmed pulse pattern will be fired directly (non-inverted). Second, after RX is
completed, the pulse pattern will be inverted and fired again.

0 PLL_EN: Checking this box will enable the LM96570’s on-chip PLL. This box should always
remain checked to maintain PLL lock.

0 Pulser Freq: This parameter determines the frequency of the P and N output pulses. Either
click on the UP and DOWN arrows or type in a decimal value and press ENTER to set the
desired frequency. The decimal value corresponds to the EVEN Division Factor by which
the LM96570’s internal 160MHz clock is divided. For example, when the desired output
frequency is 160MHz / 2 = 80MHz, then the factor = 2 and the decimal value = 1. If the
desired output frequency is 160MHz / 254 = 0.63MHz, then the factor = 254 and the decimal
value 127. If the desired output frequency is 160MHz / 256 = 0.625MHz, then factor = 256,
which is the Maximum, and decimal value 0.

TX Interval: 100 | ms Stop T

Figure 15: Beamformer Tx Fire Control

0 Clicking on the “Start TX” button will have the Opal Kelly Module apply a periodic TX_EN
signal to the LM96570. Once this button is clicked, the GREEN box on the right will begin to
blink RED as a status indicator that the TX_EN / fire signal is active.

0 The time interval of the periodic TX_EN signal from the Opal Kelly Module can be adjusted
by typing in a different value in the “TX Interval” box. The range of adjustment for this value
is limited by the PC and is typically between 10 and 100 milliseconds.

0 NOTE that in this Evaluation Kit, the TX_EN / fire signal from the Opal Kelly Module is not
synchronized in any way with the LM96570 PLL. In a real application or system, this signal
would be synchronized. JP1 on the Adapter board provides access to the signal so that
TX_EN may be externally synchronized.
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3.2 Pulse Pattern Control
Pattern Lengthe &0 4 (8 O16 O 24 O 32 O 40 O 48 O B4

CH1 | CHZ |CH3 ||CH4 | CHS | CHE | CH7 | CHS

Delay(22hits):
0.000us(0)
Pulser Pattern

1]

OFF

(%) Dizable Pulse Width Adjust

U o T o O DR R O 1 A LY

Apply l l Apply To All Channel

Figure 16: Beamformer Pulse Pattern Control
Clicking on the Channel Tabs will display the pulse pattern of the desired channel.
Clicking on the Pattern Length radio buttons will select the desired pattern length.

The Pulse Pattern window displays the current pulse pattern and allows the user to design
or modify the P and N outputs to any desired pulse pattern by simply clicking on each of the
three levels (P, OFF, or N). See some examples by illustration below:

Pattern Length = 8

P Pattern = 10101010
N Pattern = 01010101 :
} ...... FEEASERRE: -
Pl:sel Pattern ‘ | | | | _] r :
H E T l-— "_.ml [ | o
ChT X000V : M Z6ons Chi F T56 W

Pattern Length = 64
P Pattern =1010... 10
N Pattern =0101...01

| DM'W i \‘\']NLIW |

| i

Ch1 200V M2 00ps Chi T T.56 V
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Pattern Length = 4
P Pattern = 1001
N Pattern = 0110

Pulser Pattern
3
OFF
N

Pattern Length = 4
P Pattern = 1--1
N Pattern = 0--0

Pulser Pattern
3
OFF
N

Pattern Length = 4
P Pattern = 0110
N Pattern = 1001

Pulser Pattern
P
OFF
N

Pattern Length = 4
P Pattern = 0--0
N Pattern = 1—1

Pulser Pattern

OFF

N

Pattern Length = 8
P Pattern = 1-0-1-10
N Pattern = 0-1-0-01

Pulser Pattern

OFF
N

.
i S RTINS SN O SO S
Chi  Z00V M 500ns CThT J 1.56V
| B
; | | .
5 S 1 O R
|
Chi 200V M So0ns Ch1 J 1.56V
T
R
| *
|
Ch1  Z.00V M S0bns ThT JF 156V
Tek Run: 100MS/s .'\verage[ ]
I
1
Chi 200V EE COrT M shbns ChY T 158 W

MOs00Rs ChT 7

56V
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Pattern Length = 8

P Pattern = 10101010 nnnnmn
N Pattern = 01010101 1 ‘l | i 4
Yt hed J [ S— — e

P

OFF

EhiT X0V EE IO0TM Sdtns Chi 158V
Chi 500V

0 A convenient way of designing long repetitive pulse patterns is to begin designing with a
short pulse pattern length, and then selecting a longer pulse pattern, as shown below.
Pattern Length = 4
P Pattern = 1-01
N Pattern = 0-10

Fattemlengt @ 4 O8 O16 028 On O40 O O6
CHi | CH2 |CH3 | CH4 |CHS |CHG | CH? | cHa
Delay(22bits):
0.000us{0)

Pulser Pattern
P
OFF

(%) Disable Pulse Width Adjust l
Click on “Apply”
Select Pattern Length = 16

P Pattern = 1-011-011-011-01
N Pattern = 0-100-100-100-10

Apely ] I Apply To Al Charnl ]

Patemlengh O 4 O 8 @16 O28 O O4 O O
CH1 CHz CH3 CH4 CHE CHE CH7? CHE
Delay(22bits):

0.000us(0)

Pulser Pattern
P

OFF

(@) Disable Pulse Width Adjust

I Apply l l Apply Ta All Chanrel l
£ D Dudnnt bl Akt

0 Once the desired pulse pattern has been designed, click on either the Apply button to apply
the pattern to only the specific channel or the Apply To All Channel button to apply the
pattern to all 8 channels.

3.3 Saving and Loading Custom / Preset Pulse Patterns

0 Custom designed pulse patterns can be saved for use at a later time. To save a pattern,
click on the Save button, as shown below in Figure 17.
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Save To Profile

Savein: | | Ulrazound Chipset Toals
3 3bitBarker.pfe
& ShitBarker.pfe
i My Recent Stchirp.pfe
Documents ThitBarker.pfe

= 11kitBarker.pfe
L% 13bitBarker.pfe
T/R Switch | B

[ RESET| My Documerts
Coivss

Pattern Leng

Disconnect

-
43
CH1 C My Computer
SC-CCMwSCT
Delay Pr| -
‘»} File name: tesi v
-
0-000008 1y, Network  Save as type: Profile(" pfe] b/
Pulse Pg
P
OFF
N
(®) Disable Pulse ‘Width Adjust Apply

l l Apply To All Channels

O P Pulse Width Adjust
O N Pulzs ‘wWidth Adjust

100 me Stap T

T Interval:

Connecked!

Figure 17: Saving a Custom Pulse Pattern

0 Toload saved pulse patterns, click on the Load button and select the desired pulse pattern

file, as shown below in. Figure 18.

o A few commonly used pulse patterns are already saved, such as “5M Chirp” and “7 Bit

Barker,” etc.
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[& Load From Profile
Look in: | I3 Ulrasound Chipset Tools v e ¥ £ M-
3 3bitBarker.pfe
f 3 E] Shi .pfe ACK
I My Recent R ND
Documents || 7hitBarker.pfe
= 11bitBarker pfe
L% 13bitBarker . pfe
Deskiop test.pfe Disconnect
T/R Switch | B
[ RESETf My Documents
coiws
Fattern Leng g
CH1 C My Computer
SC-CCWSCT
Delay Pr -
“1] File name: BhitB arker. pfe A
' D .
0-000USE b1y Notwork  Files of pe: Profile(* pfe] M
Pulse P4
P
OFF
N
(®) Dizable Pulse Width Adjust Bpply l l £pply To &)l Channels
O P Pulse 'width Adjust
O M Pulse Wwidth Adjust
T# Interval: 100 mg Stop T
Connecked!

Figure 18: Loading a Preset Pulse Pattern

m MSC Ultrasound Chipset

LM96550
Pulser

LM96570
m Beamformer

LM96530
T/R Switch

-3 I0N- I-

T/R Switch | Beam Fomer | Pulser

[J RESET ] INv_FIRE_EN PLL_EN Pulser Freq: |5.000 | Mhz

16 3

-

Patternlengtte (04 O8 @16 O 24 O 32 O40 O 48 O64
CH1 |CH2 | CH3 | CH4 |CHE | CHE | CHP | CHE
Delay Profile:

0.00000ns{0)
Pulse Pattern

P

OFF

Disconnect

Apply

() Disable Pulse 'width Adjust l

) P Pulze Width &djust

l Apply To All Channels

O M Pulzs ‘width Adjust

T Interval: Stop T

Connected!

Figure 19: “5 Bit Barker” Pattern
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3.4 Fire Delay

0 The Delay Profile “slider” controls the P & N output pulse delay relative to the TX_EN / fire
signal. NOTE that since the TX_EN signal from the Opal Kelly Module is not synchronized
with the LM96570’s PLL, the absolute actual delay may not be precise in this Eval Kit.

Pattern Length = 8

P Pattern = 10101010 W :
N Pattern = 01010101 : ‘
No Delay r [..| n :

PatiemLengh: O 4 @8 O16 O24 Q32 O O48 O . o I..] _|LJ |

(BRI cHz | o3 | cHe | cHs | cHs [ cH? | cHs

Delay(22bits):

0.000us(0)

Pulser Pattern

o I
OFF ChT 200V M s00ns Chd F .56V
Wik 200V
N

Pattern Length =8

N Pattern = 01010101 : “
B t .
Delay ) \ 0 ﬂ
Pattemlength: O 4 &8 Q16 Q20 Q32 Qa0 O Oe4 1 I i J!_l 1_| | I S,
CH1 [cHz | cH3 |cH4 |cH5 |[cHs [ cH7 | cHe }
Delay(22bits): |
1.098us(1405) .

P i

OFF Chi 200V M S00ns Cha S L3V
WE 200V

]

3.5 Copying & Pasting Delay Profiles and Pulse Patterns

0 Both delay profiles and pulse patterns may be copied from one channel and pasted into
another channel. To copy a delay profile and/or pulse pattern, point to the respective area
and right mouse-click to copy, as shown in Figure 20. NOTE: Both parameters can be
copied one right after the other, rather than copying one, pasting, and then back to copying
the other and pasting.

CH1 [cH2 |[cH3 |[cH4 | cHS |cHe | cH7 | cHe CHT |CH2 |CH3 | CH4 | CHS | CHE | CH7 | CHE
Delay Profile: L Delay Profile:
- -

16.916us(21653) 16.91605(21653)

St Pulse Pattern
Pulse Pattern
P P
OFF OFF

N

Copy Pattern

Paste Pattern

] l Apply Ta Al Channels

@ Disable Pulse Width Adjust I

Aeely I I jseclilol Shonele 1 ) P Pl With At

Figure 20: Copying Delay Profile and Pulse Pattern |
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0 To paste a delay profile and/or pulse pattern into another channel, click on the desired channel
tab, and then point to the respective area to right mouse-click, as shown in Figure 21.

CH1 CH2 ||CH3 | CH4 [CHE |CHE | CH? | CHs CH1 CH2 | CH3 | CH4 |cHS | CHE | CH7 | CHE
Delay Profile: i Delay Profile:

0.000us(0) £opy ey 0.000us(0)

Pulse Pattern Pulse Pattern

p Paste delay value P
Copy Pattern
- I T,

OFF
N

1 @ Disable Pulse Width Adust [ Al 1 T Anrlo To Al Fhaneels |

[ e | [,
Figure 21: Pasting Delay Profile and Pulse Pattern

(3 Disable Pulse Width Adiust

CH1 CH2 || CH2 CH4 |CH5 || CHs | EH? | CH8
Delay Profile:

16.916us(21652
Pulse Pattern

P
OFF

N

(& Disable Pulse Width Adjust l Apply ] [ Apply Ta All Channels

T P Puilea Wwdidik d ik

Figure 22: Pasted Delay Profile and Pulse Pattern; Copied from Channel 1

3.6 Pulse Width Adjustment

() Dizable Pulse Width Adjust

(® iF Pulse width Adust Pulser Wiith Adjust |0 =

) M Pulze Width Adjust
Figure 23: Pulse Width Adjust

0 The LM96570 offers Pulse Width Adjustment to the user indirectly by exploiting the fact that
the P and N pulses can never overlap and by manipulating the phase delays of P and N
relative to each other. For example, delaying P relative to N will reduce the pulse width of P
and increase the pulse width of N. Similarly, delaying N relative to P will reduce the pulse
width of N and increase the pulse width of P.

0 Clicking on the P Pulse Width Adjust radio button enables adjustment of the P Pulse delay
relative to the N pulse, and clicking on the N Pulse Width Adjust radio button enables
adjustment of the N Pulse delay relative to the P Pulse.

0 The Pulse Width Adjust field determines the amount of P to N relative pulse delay, and
thus the amount of pulse width adjustment, as the user enters a value between 0 and 7,
where 1 is the Minimum and 0 is the Maximum.
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4.0 T/R Switch GUI Controls

I NSC Ultrasound Chipset =S

] ChlOn
O chz0n
[ Chz0n
] Chd On
[ ChsOn
[ ChEOn
O Ch7 On
O che0n

LM96550
Pulser

LM96530
T/R Switch

T/R Switch | Beam Former | Pulser

T/R Switch Chip #1

Ch Off
Chz Off
Ch3 Off
Chd Off
ChE Off
ChE Off
Ch7 Off
Cha Off

AllCh On

LM96570
Beamformer
o] [mm —[ oo [ e

T/R Switch Chip #2

] Chi On
] Chz On
] Ch3 On
] Chd On
] Chs On
] ChE On
] Ch7 On
] Che On

All Ch OFf

Chi Off
Chz Off
Cha Off
Chd Off
Cha Off
ChE Off
Ch7 Off
Cha Off

BACK
END

Dizconnect

Connected!

Figure 24: Tl Ultrasound Tools GUI —T/R Switch Controls

0 The T/R Switch GUI allows the user to control up to 2 SPI bus-daisy-chained T/R Switch
chips. (The current Eval Kit is shipped with only one T/R Switch chip installed.)

0 To turn ON or turn OFF individual channels, check on the appropriate boxes shown in

Figure 24.

o To turn ON or turn OFF ALL channels, check on the appropriate boxes shown in Figure 24.
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5.0 Pulser GUI Controls

I3 NSC Ultrasound Chipset

LM96550
Pulser

LM96530

T/R Switch

T/F Switch | Beam Former | Pulser

[] Enable High Valtage Pulser

LM96570
Beamformer

BACK
END

- EEY- -

[ Max Curent Mode

Dizconnect

Connected!

Figure 25: Tl Ultrasound Tools GUI — Pulser Controls

0 The Pulser GUI allows the user to control the Enable pin on the Pulser. With an AND gate,
the Enable pin is also controlled by the OTP status flag output of the LM96551. See board

schematic for more details.

o The Pulser GUI also allows the user to control the Current Mode pin on the Pulser. By
default, the Current Mode is set LOW for maximum current in B-Mode operation.
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5.1 External Tx Interval Adjustment

In order to adjust the transmit interval beyond software limitation, the following connection as it
described on Figure 26 with external pulse generator can allow higher speed Tx interval
frequency. In order to synchronize properly, during serial interface programming, this Tx_En
external pulse generator should be held at logic low.

Step2
Apply External Pulse Generator

ToTx.En

L I Ttk
SR ARARR B O D

Step1

Femove
JP 1 dumper

Figure 26: External Tx Interval Adjustment
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6.0 Individual Device Evaluation

J‘JSUB

'l'..\l 0 r"hn

TPO

,_.] m\i

53 RAS
7 RAd
71 RAS
7] RA§
(- RA1

-50V cactlo “\(‘W C8 C7

TP7 TP6 TPS TP4 TP3 TP2 TP1

.-'\,'\

= ~ .|"'\:"“'} '
l"rnﬁruwnerl- — () s | :

Flgure 27: Tl UItrasound Tx Eval Board — Ind|V|duaI Device Evaluation

LM96570 Beamformer
0 The outputs of the Beamformer cannot be readily probed. However, the results of
programming the Beamformer may be monitored at the LM96551 Pulser outputs.

LM96551 Pulser

0 The LM96551 Pulser inputs are supplied by the programmable LM96570 Beamformer.

0 The output waveforms of the Pulser can be monitored with high impedance oscilloscope
probes at PSO to PS7 or the outputs can be measured at the 8 RF connectors at J3. These
8 Pulser outputs have load components: CB51 to CB58 = 330pF & RBO to RB8 = 2.49kQ.

0 The 8 RF connectors at J3 can also directly drive an ultrasound transducer probe. In this
case, CB51 to CB58 must be removed.

LM96530 T/R Switch
0 The LM96530 T/R Switch inputs can be supplied by either the LM96551 Pulser outputs or
by an external signal source.
» To drive the T/R switch with the Pulser outputs, install jumpers PS0 to PS7.
= To drive the T/R switch with an external signal source, uninstall jumpers PSO to PS7
and connect external signal to the RF connectors at J3.
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0 The output waveforms of the T/R Switch can be monitored with high impedance (or 50 ohm
terminated) oscilloscope probes at TPO to TP7 or the outputs can be measured at the 8 RF
connectors at J4.
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BY USING THIS PRODUCT, YOU ARE AGREEING TO BE BOUND BY THE TERMS AND CONDITIONS OF

TEXAS INSTRUMENTS'S END USER LICENSE AGREEMENT. DO NOT USE THIS PRODUCT UNTIL YOU HAVE

READ AND AGREED TO THE TERMS AND CONDITIONS OF THAT AGREEMENT. IF YOU DO NOT AGREE

WITH THEM, CONTACT THE VENDOR WITHIN TEN (10) DAYS OF RECEIPT FOR INSTRUCTIONS ON RETURN
OF THE UNUSED PRODUCT FOR A REFUND OF THE PURCHASE PRICE PAID, IF ANY.

The Ultrasound Transmit Evaluation Board is intended for product evaluation purposes only and is not intended for
resale to end consumers, is not authorized for such use and is not designed for compliance with RoHS, WEEE,
European EMC Directive 89/336/EEC, or for compliance with any other electromagnetic compatibility requirements.

Texas Instruments Corporation does not assume any responsibility for use of any circuitry and/or software supplied or

described. No circuit patent licenses are implied.
LIFE SUPPORT POLICY

TEXAS INSTRUMENTS’ PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE
SUPPORT DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF
TEXAS INSTRUMENTS CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical
implant into the body, or (b) support or sustain
life, and whose failure to perform, when properly
used in accordance with instructions for use
provided in the labeling, can be reasonably
expected to result in a significant injury to the
user.

2. A critical component is any component in a life
support device or system whose failure to
perform can be reasonably expected to cause
the failure of the life support device or system, or
to affect its safety or effectiveness.
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Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements,
improvements, and other changes to its products and services at any time and to discontinue any product or service without notice.
Customers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All products are sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's
standard warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this
warranty. Except where mandated by government requirements, testing of all parameters of each product is not necessarily
performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products
and applications using TI components. To minimize the risks associated with customer products and applications, customers
should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask
work right, or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services
are used. Information published by TI regarding third-party products or services does not constitute a license from Tl to use such
products or services or a warranty or endorsement thereof. Use of such information may require a license from a third party
under the patents or other intellectual property of the third party, or a license from TI under the patents or other intellectual
property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is
an unfair and deceptive business practice. Tl is not responsible or liable for such altered documentation. Information of third
parties may be subject to additional restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or
service voids all express and any implied warranties for the associated T| product or service and is an unfair and deceptive
business practice. Tl is not responsible or liable for any such statements.

TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would
reasonably be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement
specifically governing

such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications,
and acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning
their products and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information
or support that may be provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages
arising out of the use of Tl products in such safety-critical applications.

TI products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products
are specifically designated by TI as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet
military specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-
grade is solely at the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements
in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products
are designated by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-
designated products in automotive applications, Tl will not be responsible for any failure to meet such requirements.

www.ti.com

Texas Instruments does not assume any responsibility for any circuitry described, no circuit patent licenses are implied and Texas
Instruments reserves the right at any time without notice to change said circuitry and specifications.
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