MAX35104 Evaluation Kit

General Description

The MAX35104 evaluation kit (EV kit) provides the
hardware and graphical user interface (GUI) software
necessary to evaluate the MAX35104 time-to-digital
converter designed for ultrasonic heat, water, and gas
meters. The EV kit includes a MAX35104ETL+ installed,
as well as the required USB-to-SPI interface needed to
communicate with the IC. The USB-to-SPI master section
of the EV kit, along with the EV kit software, provides a
quick method to exercise the device’s functionality.

The EV kit can be powered by the USB to simplify an
evaluation setup, but also comes equipped with banana
jacks that enable an external supply, such as a battery,
to power the system. Provided BNC connectors allow for
quick connection to piezoelectric transducers housed in a
spool body. The provided terminal-block connectors allow
for easy connection to the two remote platinum RTDs.

Ordering Information appears at end of data sheet.
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Benefits and Features
e Easy Evaluation of the MAX35104

e Two Piezoelectric Transducer Connections and Two
RTD Connections Provided

e EV Kit Hardware Optionally USB Powered
(USB Cabile Included)

e USB HID Interface

e Windows XP®- and Windows® 7-Compatible Software
e RoHS Compliant

e Proven PCB Layout

e Fully Assembled and Tested

EV Kit Contents

e Circuit Board Including MAX35104ETL+ and
USB-to-SPI Circuitry

e Mini-USB Cable
e Five Shunt Jumpers
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MAX35104 Evaluation Kit

MAX35104 EV Kit Files

FILE DECRIPTION
MAX35104EVKitSoftware.exe Application Program
Quick Start
Required Equipment

Included:

e MAX35104 EV kit hardware

e  Mini-USB cable

Not included:

e  Windows XP or Windows 7 PC with USB port

e Piezoelectric transducers mounted in a spool body
(BNC connections) for time-of-flight measurements

e Platinum RTDs (bare wire—terminal block
connections) for temperature measurements

Note: In the following sections, software-related items are
identified by bolding. Text in bold refers to items directly
from the install or EV kit software. Text in bold and under-
lined refers to items from the Windows operating system.

Procedure

The EV kit is fully assembled and tested. Follow the steps
below to verify board operation running off the USB power:

1) Ensure that jumpers/shunts J4 and J8 are installed.
Note: The GND plane and supply trace of the USB-
to-SPI circuit and the IC circuit are not connected.
The GND jumper on J1 must be connected for proper
communication between the USB-to-SPI and the
IC under all power configurations. Under the USB-
only power configuration, the J5 jumper must be
connected.

2) Ensure that the 8-pole DIP switch (S3) is seated
properly in its socket and that all switches are in the
on position.
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Set the EV kit hardware on a nonconductive surface
to ensure that nothing on the PCB gets shorted
together.

Prior to starting the GUI, connect the EV kit hardware
to a PC using the supplied mini-USB cable, or equiva-
lent. The power LED (D20) should be green and the
com LED (D2) should be red and slowly flash orange.

Windows should automatically begin installing the
necessary device driver. The USB interface of the
EV kit hardware is configured as an HID device and
therefore does not require a unique/custom device
driver. Once the driver installation is complete, a
Windows message appears near the System Icon
menu, indicating that the hardware is ready to use.
Do not attempt to run the GUI prior to this message.
If you do, then you must close the application and
restart it once the driver installation is complete. On
some versions of Windows, administrator privileges
may be required to install the USB device.

Once the device driver installation is complete,
download the latest version of the EV kit software,
MAX35104EVKitSoftwarelnstall.ZIP. Save the EV
kit software to a temporary folder.

Open the .ZIP file and double-click the .EXE file to run
the installer. A message box stating The publisher
could not be verified. Are you sure you want to
run this software? may appear. If so, click Yes.

The installer GUI appears. Click Next and then
Install. Once complete, click Close.

Go to Start | All Programs. Look for the
MAX35104EVKitSoftware folder and click on the
MAX35104EVKitSoftware.EXE file inside the folder.

After the initial splash screen, when the GUI appears,
the text in the right field of the status strip at the
bottom of the GUI window should display EV Kit
Hardware Connected and then a firmware version
number. The com LED (D2) on the EV kit board
should turn off.
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Detailed Description of Software

Software Startup

If the MAX35104 EV kit is connected when the software
is opened, the software first initializes the hardware to
communicate. The software then does a read of the
device and updates all the associated control fields
displayed on the GUI. The GUI displays EV Kit Hardware
Connection status in the right field of the status strip. If
the EV kit is not connected on software startup, the GUI
populates with default EV kit values. Once the EV kit is
connected, the GUI executes the sequence above.

ToolStrip Menu Bar

The ToolStrip menu bar is located at the top of the GUI
window, as shown in Figure 1.

Evaluates: MAX35104

File Menu

The File menu item contains save, load, and exit options.
To save the current GUI configuration, click Save Config
As. This saves all the configuration registers and RTC
alarm values to an XML file. If a device is connected, this
reads and saves data directly from the device; otherwise,
it saves the configuration currently displayed on the GUI.
Load Config updates the GUI with the values stored in
the selected XML file, and writes the configuration and
RTC alarm registers to the device.

Toolstrip Menu Bar

l |

Main Tah Control

Read All Registers Button

N\

Status Strip

Status Log

Interrupt Status
Display Box

r
(@) MAX35104 EV Kit e y [E=NEN
File  Send Device Command  Device Pins  Help Read All Registers
iming Modes | Dala Log Wph | Registers |
TOF Commands Receive Wave Config
OneShot Command Repetition Launch & Timing Config Wave Selection
Wave# Min Values
Repeat the .
TOF_Up TOF_Diff Command Clock Settling Pulse Launch  Pulse Launcher TOF Measurement 22 D
TOF_Down every | 0.60 =] Seconds Time: Divider: Size: Delay: Timeout: Mumber Of Wave Hits 4 =
= 488 ps v 200KHz ~ 2 5625 5] ps 2048ps Ht 3
TOF_Diff Start Hit2: 4 )
TOF Duty Cycle: 122ps = TOF Standard Pulse Echo Hitd: 5}
Hitd: 6 ()
Result Data || AFE & Launch |
Hit1 Hit2 Hit3 Hitd Hit5 Hit6 Average Units
Comparator Offsets
b Results UP 70.,396.507 85,676.644 100.957.954 1 116,361.809  |00.000 00.000 93.348.778 ns Upstream Downstream
Results Down 70,261.997 85,527 325 101.013.168 | 116.653.065  |00.000 00.000 93,363.888 ns
Difference(Up-Down) | 134 510 151,519 -55.214 -291.256 0.000 0.000 -15.110 ns
Difference Average | 144.8028 181.9190 542017 -86.3945 00.0000 00.0000 73.6318 ns = =
Std Dev:Difference | 57.3820 33.7840 741728 153.0765 00.0000 00.0000 66.6005 ns
= =
£ofS les fo Early Edge Return  Early Edge Return
of Samples for = -
Averages Calculation 0o . e 2 rtideal 12375V 12375V 12375V 1.2375V
»  Results TOF_Diff
| # of Samples for Std T - b Results UP 01.992
| Dev Calculation = TOF_Diff Average Stop Polarity
. Results Down | 00.969 01.992 . R Fall
Grey Cells Calculated in Software Std Dev:TOF_Diff ise al
Status Log Enable Interrupt Status Read Device Access Log '/ Enable '+ Small Access Only | Clear Log
Timeout Alarm Flag .
TOF Temperature Row 316| Send[Opcode: 02h] -~
o 27 SOt
ow end[Opcode:
EZT;EEE G Row 319| Send[Opcode: 02h] il
Case Switch Initialize Row 320| Read[Opcode: FEh Data: 1000h] [:]
Status: OK

N

Device Access Log

Figure 1. MAX35104 EV Kit GUI Sections (Showing Time Of Flight Tab)
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Send Device Command Menu

An SPI-based interface is used to access the features and
memory of the IC using an op code/command structure.
Several of these commands are single-byte execution
op-code commands that cause the device to execute
various routines. The general execution commands are
available to send to the IC from the Send Device
Command menu. To send an LDO Timed, LDO Off,
LDO On, Reset, Initialize, Calibrate, and Bandpass
Calibrate command, simply click the appropriate
selection from the drop-down menu. When the Send
Device Command menu is selected and the drop-down
menu is displayed, a read of the Calibration Results
register is performed. The resulting data is displayed next
to the Calibrate Command text in units of ps.

Device Pins Menu

Several pins of the IC are configurable or can be
disabled. The Device Pins menu allows easy access to
these configurations. A read of the appropriate registers
is performed once the Device Pins menu is selected and
the currently programmed configurations are noted with
a check next to the appropriate configuration. To change
the configurations, simply click the desired selection from
the drop-down menu.

Read All Registers Button

The Read All Registers at the top right of the GUI
window (Figure 1) is used to read all the required
registers of the IC to update all the currently displayed
controls and fields of the GUI. This action also occurs
when changing tabs in the tab control. Clicking this button
does not read the Interrupt Status register and therefore
does not update the Interrupt Status group box.

Status Log

The Status Log at the bottom left of the GUI (Figure 1) dis-
plays all the actions the GUI performs that are relevant to
the user. To disable the log, uncheck the Enable checkbox.
To clear the Status Log, click on the nearby Clear Log
button. The log is autocleared when it becomes too lengthy.

Interrupt Status Display

The Interrupt Status group box in the bottom center
of the GUI (Figure 1) reads the Interrupt Status register
and displays the results in an easy-to-decipher table.
A grey indicator signifies the bit is not set, while a red
indicator indicates that the associated bit was set when
the Interrupt Status register was read. Note: The bits in
the Interrupt Status register are self-clearing after a read.
The Interrupt Status group box is also updated during
execution of the event timing modes when the interrupt
pin goes active.

www.maximintegrated.com
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Device Access Log

The Device Access Log group box in the bottom right
of the GUI (Figure 1) displays all the actions the GUI per-
forms in relation to the IC. All SPI transactions between
the host USB-to-SPI circuit and the IC are displayed here.
To speed up writes to the Device Access Log and make
it more readable, large SPI transactions are not logged by
default. However, all SPI transactions including the larger
ones can be shown, if desired. This is done by uncheck-
ing the nearby Small Access Only checkbox. To disable
the log, uncheck the Enable checkbox. To clear the
Device Access Log, click on the nearby Clear Log but-
ton. The log is autocleared when it becomes too lengthy.

Status Strip

The Status Strip is located at the bottom of the GUI
window (Figure 1). This strip is broken down into three
sections. The first, located on the left, is an overall
system status primarily used to display if the GUI is
currently doing any kind of polling (automated timing) of
the IC. This helps the user keep track of which polling
routines have been started, allowing them to stop the
running polling before moving on to evaluating other areas
of the device. The middle section of the Status Strip
displays the currently running EV kit software version.
The right section of the Status Strip displays whether the
hardware (USB-to-SPI circuitry) is currently connected to,
and communicating with, the GUI.

Tab Control

The majority of the GUI consists of a tab control, where
each tab contains controls relevant to various blocks
of the device. The tab control is shown in Figure 1. All
controls in these tabs, which can be interacted with by the
user, attempt to immediately write the changed value to
the IC. Likewise, these controls are updated upon a read
of the device.

Time Of Flight Tab

All the configurations required to set up and execute the
time-of-flight measurements can be found in the Time Of
Flight tab (Figure 2). The Time Of Flight tab contains
another tab control window located in the middle of the
main window. This secondary tab control contains two
tabs: Result Data and AFE & Launch.

To configure the IC, select the AFE & Launch tab. Within
this tab are two groups: the Switcher Config group and
the AFE group. The Switcher Config group manages the
configuration of the voltage booster that provides high-
voltage pulses to the transducers when transmitting a
pulse. This circuit has two stages: an internal voltage dou-
bler to provide proper gate drive to an external MOSFET,
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and circuitry to drive the external boost stage. From left to
right are: a drop-down control to select the switcher fre-
quency, a disable switch for the high-voltage regulator, an
output voltage selector, two drop-down boxes to manage
the slew rate of the regulator in normal and startup opera-
tion, a drop-down to select the stabilization time, a switch
to disable differential operation and a drop-down to select
the operating frequency of the internal voltage doubler.

The AFE tab contains controls to manage the built-in
preamplifier. From left to right, the controls include a
bypass switch, a gain selection box, a bandpass filter
bypass switch, a control to adjust the center frequency of
the bandpass filter and another to choose the selectivity
of the bandpass filter. Finally, there is a selection box to
choose what signals should be routed to the CIP/CIN pins
for debugging the analog front end. The CIP and CIN pins
are brought out to J7 on the EV kit board.

Once the time-of-flight configurations are complete, it is
time to execute a time-of-flight command. To send a time-
of-flight command, use the OneShot buttons located in
the TOF Commands group box. Clicking one of these

Evaluates: MAX35104

OneShot buttons sends the associated command to
the IC and then automatically reads the results from the
device. Select the Result Data tab from the secondary
tab control. The Result Data tab reports the read results
and calculates various other parameters. All the grey cells
are values that are calculated in the GUI.

The number of samples used to calculate the averages
and the standard deviation of a population can be adjust-
ed using the input boxes provided. Once satisfied with the
resulting data from a OneShot command, an automatic
repetition feature is provided and can be enabled in the
Command Repetition group box. Select which command
to execute, the period of execution, and click Start. Once
the Start button is clicked, the button’s label changes to
Stop and the Status Strip indicates that an automatic
repetition feature is enabled. The feature runs until the
Stop button is clicked. The command and reading of the
resulting data is only executed if the currently selected
main tab is either the Time Of Flight or the Data Log
Graph tab.

- oo ) |
) MAX35104 EV Kit il . —— o
Eile  Send Device Command  Device Pins  Help Read All Registers
Time Of Flight | Temperature | RTC & Watchdog = Event Timing Modes | Data Log Graph | Registers
TOF Commands Receive Wave Config
OneShot Command Repetition Launch & Timing Config Wave Selection
Wave# Min Values
Repeat the 2 2 U
TOF_Up TOF_Diff Command Clock Settling Pulse Launch  Pulse Launcher TOF Measurement :
TOF_Down every | 050 2] Seconds Time: Divider: Size: Delay: Timeout: Mumber Of Wave Hits 4 -
= 488 ps - 200KHz - 32 = 56.25 % ps 2048 ps - Hitt 3 1
TOF_Diff A
_Di Start Hit2: 4 A}
TOF Duty Cycle  122ps = TOF Standard Pulse Echo Hitk 5 ()
Hitd 6 (]
Result Data AFE & Launch
Hit1 Hit2 Hit3 Hitd Hits Hit6 Average Units
Comparator Offsets
» Results UP 70,396 507 85,675.844 100,957 954 | 116,361.808 | 00.000 00.000 93,348.778 ns Upstream Downstream
Results Down 70.261.997 85527325 101,013 168 | 116.653.065 | 00000 00.000 93,363.588 ns
Difference(Up-Down) | 134.510 151.519 -65.214 -291.256 0.000 0.000 -15.110 ns
Difference Average | 144.8028 181.9180 54.2017 -86.3945 00.0000 00.0000 73.6318 ns = =
Std Dev-Difference | 57 3820 337840 741728 153.0765 00.0000 00.0000 66.6005 ns
= =
& of Samoles Rooull O Early Edge Return  Early Edge Return
of Samples for = esults nits
Averages Calfmanm nwoE E——— T 2 2/tideal 12376V 12375V 12375V 12375V
ts 7o Dif [T s
# of Samples for Std B S IS 2 » Resuts UP  [RREW 01.992
Dev Calculation z TOF_Diff Average 736322 ns ——— 00.969 01992 Stop Polarity
esults Down . - .
Grey Cells Calculated in Software Std Dev.TOF_Diff 66.6009 ns ® Rise Fall
Status Log  +/ Enable Clear Log Interrupt Status Read Device Access Log  +/ Enable +/ Small Access Only  Clear Log
1 Timeout E 1 Alarm Flag Row 31| Send[Opeads: 02h] b
I TOF E 1 Temperature -
Row 317| Send[Opcode: 02h]
E1 LD I3 TOF EVIMG Row 318] SendlOpcoda: 02h
£ TempEVIMG E 1 FLASH ow 318| Send[Opeode: 02h]
Row 319] Send[Opcode: 02h]
1 Calibrate P HALT Row 320] Read[Opcade: FEh Data 1000k
E 1 Case Switch  E 1 Initialize ow 320] Read[Opeade: ata ] s
T lEm POR
Status: OK EV Kit Software Version 3.6 . EVKitHardware Connected Ver10.5.

Figure 2. Time Of Flight Tab
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Temperature Tab

All the configurations required to set up and execute
temperature measurementsarelocatedinthe Temperature
tab (Figure 3). To begin temperature configuration of the
IC, start in the Temperature Configurations group box.
Connect a platinum RTD or a suitable NTC thermistor to
the terminals at J6 to use the temperature measurement
function. The EV kit contains an internal 1K precision,
low temperature coefficient resistor to compare against
the temperature measurement device. Select the desired
configurations from the drop-down lists.

Once the temperature configurations are complete, it
is time to execute a temperature command. To send a
temperature command, use the Temperature button
under OneShot located in the Temperature Command
group box. Clicking the Temperature button sends the
associated command to the IC and automatically reads
the results from the device, which are displayed in the
Temperature Time Measurement on all Ports and
Statistics group box. All the grey cells are values that are
calculated in the GUI.
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The number of samples used to calculate the averages
and the standard deviation of a population are adjustable
using the input boxes provided.

Use the raw data read from the device in conjunction
with the value provided for the Reference Resistance
to determine the resistance of the associated RTD. Once
the resistance is known and displayed in the Time-to-
Temperature Calculation Data table, a temperature is
derived using the Callendar-Van Dusen equation and the
standard IEC 751 coefficient values. The Temperature
tab contains a thermometer graphic that simply dis-
plays the calculated data from the Time-to-Temperature
Calculation Data group box.

Once satisfied with the resulting data from a OneShot
command, an automatic repetition feature is provided and
can be enabled in the Command Repetition group box.
Select the period of execution and click Start. Once Start
is clicked, the button changes to Stop and the Status
Strip displays that an automatic feature is enabled.
The feature runs until the Stop button is clicked. The
command and reading of the resulting data is only
executed if the currently selected main tab is either the
Temperature or Data Log Graph tab.

(@) MAX35104 EV Kit

EE—)

File
Time Of Flight

Send Device Command  Device Pins

Temperature | RTC & Watchdog

Help

Event Timing Modes | Data Log Graph

Temperature Command

Command Repetition

OneShot Repeat command every

050 % Seconds

Temperature
Start

Temperature Time Measurement an All Ports and Statistics

Read All Registers

Registers

Temperature Configurations

Preamble Cycle 3 Dummy Cycles -

Port Cycle Time  256ps

Port T1 Port T2 Units
> Results 102,364,304 ns
Average 113,248 5947 102,365.2326 ns
Std Dev-Results 41.3699 17.9395 ns

# of Samples for
Averages Calculation

# of Samples for Std
Dev Calculation

10

el

Temperature RTD1 (°C) Gray Cells Calculated in Software

+/ Enable

Reference Resistance: 1000 00013 g

Interrupt Status

Status Log Clear Log Device Access Log +/ Enable / Small Access Only  Clear Log
Preamble Temperature Cycles is set to: 3 Dummy Cycles - : : ¥B1Feout [[l] ?;fr:meraltaugre Row 476| Send[Cpcode: 03h] -
Port cycle time is set to: 256ps 1 DO r TOFpEVTMG Row 477| Send[Opcode: 03h]
Read Interrupt Status Register: 0x0800 E1 Temp EVIMG E1 FLASH Row 478| Send[Cpcode: 03h]
ra Caht?rate 1 HALT Row 479] Send[Opcode: 03h]
E1 Case Switch ET Initialize Row 440| Read[Cpcode: FEh Data: 0800h] -
T |EW POR

Time-to-Temperature Calculation Data

Port T1 Units
» Ratio RT/RREF -
Resistance 1.106.19 0
Temperature 27.280 °C
Std Dev:Temperature 00.1036 °C

Read

Status: OK

EV Kit Software Version 3.6

—

Figure 3. Temperature Tab
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RTC & WatchDog Tab

All the configurations required to set up the real-time clock
(RTC), watchdog, and alarm can be found in the RTC &
Watchdog tab (Figure 4). The device powers up with the
RTC set to all zeros, which is an invalid representation
of date and time and therefore the date and time need to
be set before a valid read can occur. To set the date and
time, start with the Set the Date group box located in the
Set the Clock Data group box. Clicking on a particular
date from the calendar sends that value in the appropri-
ate format to the device. The time of day can be set by
adjusting the controls in the Set the Time group box or by
clicking the nearby Send Value button to send the values
currently represented in the associated controls.

The Set to PC Date & Time (24hr) button uses the
internal PC clock to set the device in 24-hour mode.

Evaluates: MAX35104

The alarm and watchdog can be set in similar fashion
from the Set the Alarm and Set the WatchDog group
boxes, respectively.

When reading the parameters in this tab using the Read
All Registers button, all displays on the right side in the
Read Clock Data group box are updated. In addition, for
ease of adjusting certain parameters, all values on the
left side in the Set Clock Data group box, excluding the
Set the WatchDog group box, are updated. An easy-to-
decipher Alarm Flag and a WD Flag graphic are
displayed in the Alarm Value and WatchDog Value
group boxes. These graphics are updated on a read. A
green circle signifies that the bit is not set, while a red
circle indicates that the bit was set and an alarm match or
watchdog timeout has occurred.

-
(@ MAX35104 EV Kit

-

E—

{24hr)

File  Send Device Command  Device Pins  Help Read All Registers
Time Of Flight | Temperature | RTC & Watchdog | Event Timing Modes | Data Log Graph | Registers
Set Clock Data Read Clock Data
Set the Date Set the Alarm Real Time Clock
24-Hr Mode =
. Auqust, 2016 R Date Here
Sun Mon Tue Wed Thu Fri  Sat Hour Minute Send
Eil 1 2 3 4 5 [ 0 B 0 = V:ITJe Hour Minute Second
i 7 8 g 10 11 12 13 ad =
4 15 16 17 18 19 20
21 2 23 4 B 26 27 .
2 29 30 ;! 1 2 2 Alarm Contral: s
4 5 7 8 9 10 No Alarm - '
[ Today: 9/6/2016
Clear Alarm Flag Bit Alarm Value
Hour Minute Alarm Flag
Set the Time Set the Watchdog
24-Hr Mode |2 Seconds Hundredths O
Send
Hour Minute Second Hundredths 50 = 0 = V:\Tje 24Hr
12 5 55 & 46 5 83 2 Watchdog Value
Enable the Watchdog counter and Pin fram Seconds Hundredths WD Fi
Device Pins' dropdown menu on toolbar. ag
Send Value
| Clear WD Flag Bit o
Set to PC Date & Time

Interrupt Status

Read

Status Log  +/ Enable Clear Log Device Access Log +/ Enable / Small Access Only  Clear Log
{ } %";””t : } ?'a”“ Flag | “p  493] Read[Opcode: 53h Data: 0000K] .
emperature . -
Row 494| Read[Opcode: B5h Data: 0000h]
1 LDO £ TOF EVTMG
E1T Row 495| Read[Cpcode: B4h Data: 0000h]
emp EVIMG E 1 FLASH : -
Row 496| Read[Opcode: FFh Data: 000Ch]
E1 Calibrate 3 HALT Row 497] Read[Oncods: FER Data: 0000k
E 1 Case Switch  E 1 Initialize aw | Read[Opcode: ata: ] pn
T E1POR
Status: OK EV Kit Software Version 3.6

Figure 4. RTC & WatchDog Tab
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Event Timing Modes Tab

The Event Timing Modes tab (Figure 5) allows
evaluation of the advanced timing features of the IC.
Prior to using this tab, the device must be fully config-
ured. Work through the configurations in the Time Of
Flight, Temperature, and RTC & WatchDog tabs before
attempting to run the Event Timing Modes. When ready,
configure the controls in the TOF Sequencing and Temp
Sequencing group boxes. Configure these in such a
manner that the TOF sequence and the temperature
sequence equal the same duration.

Select the desired Calibration Configuration. The
Timing Options group box determines which data tables
on the right side of the tab are populated with data
when the event timing is run. If continuous interrupt is
enabled, the IC provides data after each measurement
(temperature or time of flight), which is then populated
in the Continuous Interrupt tables. The Continuous
Operation checkbox, when checked, causes the device
to continuously run the configured event timing mode
until the halt command is sent by clicking on the HALT
Command button. If both the Continuous Operation
and the Continuous Interrupt features are enabled, then
a blank green row is inserted in the measurement results
data when a sequence has completed. This provides an

Table 1. Event Timing Mode (Data Reads)

Evaluates: MAX35104

easy way to group together measurement data that is
used for the sequence completion average data. To start
event timing mode, click on the desired EVTMGn button
in the Start/Stop Timing Modes group box. This sends
the appropriate command to the IC.

The 8XS operation of the MAX35104 is not supported by
the EV Kit software. This is because of a sampling rate
limitation with the USB-to-SPI translation hardware.

The Event Timing Modes tab is intended to show the
IC’s interrupt pin’s (INT) functionality. When an event
timing mode is started, the INT pin is polled every 50ms,
as shown in the INT# Pin Polling group box. When INT is
active, the Interrupt Status register is automatically read,
with the results displayed in the Interrupt Status group
box. Measurement results and sequence results data
are then read based on which bits are set in the Interrupt
Status register (Table 1).

If an event timing mode is running when the Event
Timing Mode teﬂs exited, a halt command is sent to the
device and the INT pin polling is stopped.

While the INT pin is being polled, the text on the left side
of the status strip changes colors and provides a polling
status until the event timing mode has run to completion,
the halt command is sent, or the active tab is changed.

INTERRUPT STATUS RESULTING DATA READ TABLE ENTRY
BIT SET
TOF Add row to: Time of Flight - End of Measurements Data (Continuous Interrupt Mode). Read Up Average,
Down Average, and TOF_Diff data from the device. Also, read RTC data from device for Time Stamp.
Temperature Add row to: Temperature - End of Measurements Data (Continuous Interrupt Mode). Read Temperature
P Ports results data from the device. Also, read RTC data from the device for Time Stamp.
TOF EVTMG Add row to: Time of Flight - End of Sequence Data. Read TOF_Diff Average and TOF Range data from
the device. Also, read RTC data from the device for Time Stamp.
Add row to: Temperature - End of Sequence Data. Read Temperature Average Ports results data from
Temperature EVIMG the device. Also, read RTC data from the device for Time Stamp.

www.maximintegrated.com
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(@) MAX35104 BV Kit ’ . RS
File  Send Device Command  Device Pins  Help Read All Registers
Time Of Flight | Temperature | RTC & Watchdog | Event Timing Modes | Data Log Graph | Registers
TOF Sequencing Temp Sequencing [NT# Pin Polling Time of Flight - End of Measurement Data (Continuous Interrupt Mode)
TOF Difference Temperature Pin Polled at: a
Measurement Measurement 37.167ms RTC TimeStamp | Up Average 25:;; o TOF_Diff Units 1142 Up tjf’tldea\ Hoﬂ\in g;s\dd:a‘
Frequency: Frequency: g .
05s = 1s i
Logic Value: 58:36:80 93.301.144 93263092 |38.0516 ns 01.023 01.992 00.969 01.992
TQOF Difference Temperaturs Active
Measurements: Measurements:
1cycle - 1cycle - 58:37:22 93429665 (93280945 |148.7198 ns 01.023 01.992 00.969 01.992
Calibration Configuration 58:37:41 93,573.505 |93,333.576 |239.9292 ns |01.016 01.992 00.969 01.992 -
Calibration Configuration Use Calibration: Temp - End of measurement Data {Continuous Interrupt) Time of Flight - End of Sequence Data
Disable - Use
= RTC TimeSt Part T1 Units |~ TOF_Dif  TOF TOF Cycle | *
4MHz Calibration Period: 1 2 Cycles i ’ A RiCilimeSiamp Average Range s Count
34 o
Timing Options (When is Interrupt Asserted) =300 23722 c 58:36:83 3805161 000 = 1
+ Continuous Interrupt 68:37-26 148.71979 | 00.0 ns 1
+/ Continuous Operation 56:35:84 23.721 °c £3:37:45 239.92920 | 00.0 ns |1 p
Start/Stop Timing Modes - Send Commands 58:36:69 23.742 °C - Temp - End of Sequence Data
TOF and Temperature
EVTMGH T B
Measurements emp Cycle
The Event timing modes are Interrupt Pin Driven B TIEEEELp || R T L Count
HALT This Tab Polls the Pin every 250ms (when started)
EVTMG2 v -34- o
TOF Measurements Command Interurpt Status register is read upon an Active Interrupt Pin. SATHE 23122 ¢ !
Temperature Results data is read accoridng to which interrupt flag is set. 58:35:83 23.721 °C 1
EVINGS Measurements 58:36:66 23.742 °C 1 3
Status Log  +/ Enable Clear Log Interrupt Status Read Device Access Log Enable o/ Small Access Only  Clear Log
TOF Done bit set. - : } %"FEM : } ?;?r:me::altaugre Row 67| Read[Opcode: B1h Data: 6812h] -
Event Timing TOF DOME! E1 100 ' TOFPEVTMG Row 66| Read[Opcode: B2h Data: FAB0h]
Read Interrupt Status Register: 0x0000 Row 69| Read[Opcode: B3h Data: 0157h]
E 1 Temp EVIMG E 1 FLASH . .
Halt Command Sent ET Calibrate E3 HALT Row 70| Read[Opcode: FEh Data: 0000h]
Event Timer Polling the INT# Pin Stopped EN Case Switch B Initialize Row 71| Send[Opcode: 0Ah]
T E1 POR -
Status: OK EVKit Software Version 3.6 © EVKtHadware Comnected Ver 105

Figure 5. Event Timing Modes Tab
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MAX35104 Evaluation Kit

Data Log Graph Tab

The Data Log Graph tab (Figure 6) provides a basic
graphing tool that can be used to view data vs. time.
The data graphed in this tab are generated from the
Command Repetition feature provided in the Time Of
Flight and Temperature tabs only. Start one or both of
these Command Repetitions and then switch to the
Data Log Graph tab to select the data set to view. The

Evaluates: MAX35104

selectable data sets are displayed in a drop-down list
located in the Data Set Select group box. To clear the
graph, click on the Clear Data Log button. The Poll
Count value shows how many data points are in the
series displayed on the graph. There are Zoom in, Zoom
out, and Zoom to Fit buttons in the upper-right corner
of the graph shaped like magnifying glasses. Use these
tools to view the desired portion of the displayed data.

@) MAX35104 EV Kit ; ’ o o S
File  Send Device Command  Device Pins  Help Read All Registers
Time Of Flight | Temperature | RTC & Watchdog | Event Timing Modes Data Log Graph | Registers
o - Data Points Count
N - O | TOFDIFF =a-
200102 | NN = ToF ClearDatalog  Temp
. 2% Save to tsv 0
Data Set Select
R 1
et , ! TOF Diff -
LY r
31 '/ “\ i"‘ A H
s ' I\ i !
\ o i i {
Y X FE ! ! oy i
| 1 i N
4471 -——f L F i i ]
y s AN T Y !
7 \ SV I i I\ A/
o B LS i \ i i Py [T /
st Ll 1 r 1 (] i ] ]
= \ o \ K i ! 1 1 . i
i N/ Y ood | 5
2 amsn: o vobo i \
: ™ Vi ‘
(I 1 [
(] 1 ]
VY
il 1 I‘
i v
180337 ¥ II‘"
176.741
63145 |2
KT ¥ f
1 1.828 4 858 45 5.488 6.4 18 2233 14 10064 1 11.884
Time
Status Log  +/ Enable Clear Log Interrupt Status Read Device Access Log Enable o/ Small Access Only  Clear Log
_ | E3 Timeout E 1 Alarm Flag Row 34| Send[Opcode: 02h] ‘
£ TOF E 1 Temperature -
Row 36| Send[Opcode: 02h]
E1 LDO £ 1 TOF EVTMG Row 37| SendiOncods. 02h
£ 1 Temp EVIMG E 1 FLASH ow 37] Send[Opcode: 02h]
Row 38| Send[Opcode: 02h]
E 1 Calibrate E 1 HALT Row 39| SendiOncods. 02h
E1 Case Switch 1 Initialize ow 39] Send[Opeode: 02h] -
T |E™ POR !
Status: OK EVKit Software Version 3.6 © EVKtHadware Comnected Ver 105

Figure 6. Data Log Graph Tab
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MAX35104 Evaluation Kit

Registers Tab

All the accessible registers in the IC can be accessed
from the Registers tab (Figure 7). This tab displays all
values in raw hex format. All registers are readable and
when the Read All button is clicked, the entire visible
register space is read and updated. The first column on
the left can be written to by clicking on the desired cell
and entering the hex value, then pressing Enter on the
keyboard or selecting another cell. The data entered is
checked for validity and if not valid is filled with zeros, with
a notification graphic appearing in the cell. As indicated in
the Registers tab, the right three columns are read-only
so the cells cannot be edited.

Evaluates: MAX35104

Exporting Data from the Software

To export the data from the Time Of Flight tab after run-
ning repetitious TOF commands, use the Save to .tsv
button found on the Data Log Graph tab. This file can
then be opened as a spreadsheet.

To export data from the Event Timing Modes tab, the
data can simply be highlighted then copied and pasted
into a spreadsheet.

() MAX35104 EV Kit sl a —— — - N | B
File  Send Device Command  Device Pins  Help Read All Registers
Time Of Flight | Temperature | RTC & Watchdog | Event Timing Modes | Data Log Graph | Registers
Address is Shown as Write Opcode  Address is Shown as Write Opcode Read Only Read Only Read Only
Address(0x) Data Address(0x) Data Address(0x) Data Address(0x) Data Address(0x)| Data
- SR s S N > ec
15 44E0 H 5013 Cs 007A D9 3125 ED 0000
16 0499 32 0000 C6 1136 DA 00A9 EE 0000
17 1300 33 0000 c7 0089 DB E483 EF 0001
34 0000 C8 CB3A ocC 0000 FO 01BF
35 0000 Co 0099 DD 0000 F1 55A5
36 0000 CA 86C9 DE 0000 F2 0000
7 0000 CcB 00A9 DF 0000 F3 0000
38 2090 TE 4B9A ED 0092 F4 0198
39 6004 CD 0000 E1 556B F& 0820
3A 0000 CE 0000 E2 FFFF F& 0000
iB 0000 CF 0000 E3 564A F7 0000
3C 0000 Do 0000 E4 0001 Fa 0000
3D 0000 D1 0091 E5 FFFF F9 0000
IE 0000 D2 ABB& E6 6383 FA 0000
3F 0000 D3 8667 E7 01BF FB 0000
40 000D D4 007A E8 55A5 FC 0000
41 0000 D& BEFT E9 0000 FD 0000
[ 42 0130 D6 008A EA 0000 FE 0000
43 0080 D7 810E EB 0199 FF 000C
Status Log  +/ Enable Clear Log Interrupt Status Read Device Access Log  +/ Enable +/ Small Access Only  Clear Log
v : : %”Fen“t : : ?e'frq':;a'fugre Row 338] Send[Opcads 02h] -
1 100 E1 TOF Evimg | Row 339 Send[Opcode: 14h Data: 0030h]
£ TempEVIMG E1 FLASH Row 340| Send[Opcm:Iei 30h Datai 5506h]
£ Calibrate 1 OHALT Row 341| Sem:I[O;:n:m:Iei 14h Data.70030h]
1 Case Switch E 1 Initialize Row 342| Read[Opcode: FEh Data: 0000h]
T |E™ POR =
Status: OK EV Kit Software Version 3.6 _

Figure 7. Registers Tab
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MAX35104 Evaluation Kit Evaluates: MAX35104

Detailed Description of Hardware also highlights important hardware components such as

See Figure 8 for a block diagram of the EV kit hardware ~ Solder bridges (Table 2), PCB connections (Table 3),

and the required system-level connections. Figure 9 jumpers (Table 4), momentary switches (Table 5), and
a y —dre ° LEDs (Table 6).

Scoring batween @ RTD
two halves of PCE ~ Banana Jacks -

—
USB-to-SPI Circuitry , HE g g™ L
£ ; -

|-
J r A T T T2 Upstream = 4
MAXAGESS It 1
G = = i tar Bralcg | 427
e Temparsiure AFE and Switching l SFIUU| Bﬂd}"

Fault Cument Limit Digral
I &2
020 » urren} [Senss Measuremers || o =70 BPF ard S with Piezos
PofEr (eJio Hy J30 -
Diavnestrean

e ¥ @ wo | (D maxas10a || |t
La

W3 LO0 T Y el ) :
GREEN VFIG SUPPLY TRAGES |[ 571 and uncher

il Cutput -
“E5 3 N High Spaed and
1— TRACES (J54) —|— Ping | 35 Hz Oscillasar with

vuss 2 Real Tim Clock wleral
Micraprooessor o2
—-0+D- CoM rhm MH: 12 kHg
) Mlsoi‘%%l Micre 1D Signal ﬂT -JT T T
P lcro 1 Ignals
iz SPl sg;:; 1 I 11
MAX35104 Clrcmtry
integrated. MAX3J5104 Evaluation Kit
Mini-
usB
Cable
Figure 8. MAX35104 EV Kit Block Diagram
Table 2. Description of Solder Bridges
SOLDER
BRIDGE DESCRIPTION
J11 Connection between the D4 LED and ground. Removing the solder bridge disables the D4 LED.
J38 Connection between the D5 LED and ground. Removing the solder bridge disables the D5 LED.
J42 Connection between the D2 LED and supply. Removing the solder bridge disables the D2 LED.
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Table 3. Description of PCB Connectors

CONNECTOR DESCRIPTION

52 Ground banana-jack connection. When powering the EV kit using an external supply, use this connection for
ground. Connection can also be used to ground the spool body to the EV kit board.
VCC banana-jack connection. When powering the EV kit using an external supply, use this connection to

J3 . .
provide the bias for the VCC supply traces.

J30 Downstream piezoelectric transducer connection.

Ja7 Upstream piezoelectric transducer connection.

J20 Mini-USB connection. Provides communications and optional power from the PC to the IC.
RTD terminal-block connections. Insert bare-wire connections of the RTDs into the terminal block and secure

J6 . . . L .
by tightening the screws with a Phillips head screwdriver.

47 CIP/CIN. If the AFE is bypassed, these pins must be connected to the RXP/RXN pins on J9. Otherwise, these
pins can sample the received signal at various points in the signal path.

J9 RXP/RXN. If the AFE is bypassed these pins express the signal received from the selected transducer.

s3 Socket for 8-channel DIP switch. DIP switch can be removed from the socket if the USB-to-SPI circuit is no
longer desired. This allows the EV kit to be snapped along the scored line.

Above references are shown in Figure 8.

Table 4. Description of Jumpers

JUMPER
JUMPER POSITION DESCRIPTION
To use the USB-to-SPI translator circuit and the IC, they must share common ground. This
J1 Shorted . .
(GROUND) jumper connects the ground planes across the scoring of the two halves of the PCB.
Not shorted Isolates the grounds from the USB-to-SPI translator circuit and the IC.
Shorted To run the EV kit solely on USB power, this jumper must be populated. This jumper connects the
J4 (USB 3.3V USB regulated supply to the USB-to-SPI translator circuit (VPIC) supply.
POWER) Not shorted | USB power is not used to generate the supplies for the USB-to-SP! translator circuit (VPIC) or the
IC (VCC, VDUT). External power must be applied to the banana jacks.
To run the EV kit solely on USB power, this jumper must be populated. This jumper connects
J5 (VPIC Shorted the USB-to-SP!I translator circuit (VPIC) supply to the IC (VCC, VDUT) supplies. This jumper
StU\P/ZIE;Y connects the supplies across the scoring of the two halves of the PCB.
o]
SUPPLY) Not shorted This configuration allows the use an external SPI master or the ability to power the USB-to-SPI
translator circuit (VPIC) from a different supply than the IC (VCC, VDUT).
J8 (Series Shorted Connects either the banana-jack-powered or USB-powered VCC supply to the device under test.
Current Allows a series ammeter to be inserted into the device under test’s supply for current
S Not shorted .
ense) consumption measurements

Above references are shown in Figure 8.

www.maximintegrated.com Maxim Integrated | 13




MAX35104 Evaluation Kit

Evaluates: MAX35104

Table 5. Description of Momentary Switches

SWITCH POSITION DESCRIPTION
Pressed The CSW (case switch) input of the IC connected to the VCC supply. This input is active high

S1 (Case (Active) ' '

Switch) Not pressed | The CSW (case switch) input of the IC connected to ground through a 10kQ pulldown. This input
(Inactive) is active high.
T;\if;:c; The RESET input of the IC connected to ground. This input is active low.

S2 (RESET)
Not pressed | The RESET input of the IC connected to the VCC supply through a 10kQ pullup. This input is

(Inactive) active low.

Above references are shown in Figure 8.

Table 6. Description of LEDs

LED COLOR DESCRIPTION
Green Noninitialized Flashing: USB-to-SPI microcontroller active but not initialized by the software;
once hardware is initialized by software, LED is disabled
D2 (COM)
Communication: After the software has initialized the hardware, the LED flashes red when a
Red . .
command from the PC is received
D4 Red INT PIN: LED is illuminated when the interrupt pin is active (logic low)
D5 Red WDO PIN: LED is illuminated when the watchdog device pin is active (logic low)
D20 Green USB Power: USB 5V power supply is on
(POWER) Red USB Power Fault: A fault occurred due to overvoltage limit, current limit, or thermal limit

Above references are shown in Figure 8.

Providing an External Supply

To vary the supply voltage with an external supply, or attach a battery to power the EV kit for evaluation
purposes, remove jumper J4. Leave jumpers J1, J5, and J8 populated and then apply the ground and bias voltage from
the external source to the banana jacks (J2 and J3).

www.maximintegrated.com
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Troubleshooting

Evaluates: MAX35104

All efforts have been made to ensure that each EV kit works on the first try, right out-of-the-box. In the rare occasion that
a problem is suspected, see Table 7 to help troubleshoot the issue.

Table 7. Troubleshooting

SYMPTOM

CHECK

SOLUTION

GUI indicates: Hardware not
found

Is the D20 LED red?

If yes, then the electronic fuse (U21) is in a fault state. Inspect
for electrical shorts on the PCB and ensure that the PCB is not
sitting on a conductive surface. The board must be power cycled
once the LED is red.

Does the D2 LED stop
flashing when the GUI is
running?

If not, then exit the GUI and try running it again. If D2 is still flashing,
then exit the GUI and try connecting the USB cable to a different
USB port on the PC and wait for a Windows message that states the
hardware is ready to use. Run the GUI again. If D2 is still flashing,
unplug the USB cable and reboot the PC. Connect the USB cable
and open the GUI.

Are any of the LEDs

If not, then the PCB may not be getting power from the USB. Try a

Data is not being read properly
from the device

illuminated? different USB cable or a different USB port.
Verify that all S3 DIP switches are in the on position. Verify that the
DIP switch S3 S3 DIP switch is seated properly in its socket. Check continuity of the

signals across the DIP switch. If the DIP switch is damaged, signals
may need to be hard jumpered across the PCB score line.

Common ground

Verify that there is common-ground references between the USB-to-
SPI circuitry and the IC’s circuitry. This is accomplished with the J1
jumper.

www.maximintegrated.com
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MAX35104 EV Kit Bill of Materials

Evaluates: MAX35104

DESIGNATION | QTY DESCRIPTION DESIGNATION | QTY DESCRIPTION
. 22uF 6.3V 20% SMT capacitor
3.3V, 5V, VCC, 5 Red test points C8 1 (1206)
VDUT, VPIC Keystone 5010
C10 1 100pF electrolytic capacitor
32K IN, c23 1 0.22uF, X5R ceramic capacitor
32KOUT, CE, (0603)
CEx, CMPOUT, C36, C51, C53, 6 10uF, X7R ceramic capacitors
COMP, CSIN, C55, C57, C62 (0805)
CSW, DIN . .

’ ’ 0.01uF, X7R ceramic capacitor
DOUT, FETD, C26, C54 2 (080*;) P
FETG, FETS, 1000F. X7R - "

INT, INTX, ) ) c19 1 pF, ceramic capacitor
MISO, MOSI, | 29 \Qgh'ts‘:;ﬁ:tspoc:'gts (0603)
RST, RSTx, y o1 ;| Schottky diode
SCK (x2), ROHM semi RB168M-40TR
le.);r;N;C Red/green dual LEDs
TX-UPN _’rx D2, D20 2 Kingbright APHB
UPP, VP, VPRT, M2012SURKCGKC
VSSW, WDO, D3 1 Schottky diode
WDOx ROHM Semi RBO60M-30TR
Red LEDs (1206)
C1, C9, C16, D4, DS 2| Kingbright APTR3216EC
C20, C28, 0 Do not populate -
C29, C35 GND 8 Black test points
Keystone 5011
C5, Ce6, C7, 5 0.1uF, X7R ceramic capacitors 2ol sinal head
C21, C24 0603 -pin, single-row headers
( ) J1,J4, 05, J8 4 3M 961102-6404-AR
22uF, X7R ceramic capacitors
c1 1 Black banana socket
(0805) J2 1
TOF X7R - " Deltron 571-0100
, ceramic capacitors
C18, C22, C37 3 M P Red banana socket
(0603) J3 1
TOF X7R - " Deltron 571-0200
, ceramic capacitors
C12, C61 2 ((51805) P J10 0 Do not populate, 2-pin header
; ; 5-pin mini-USB connector,
2.2uF, X7R t ’
c13 1 v geramic capactior J20 T | female, Molex 54819-0519
(0805)
: . J11, J28, J32, .
C63, C64 2 2028;)(;:5))(7R ceramic capacitors 137, 138, 442 6 Solder bridges
0.14F £1%, 30ppm, COG ceramic L1 1 10uH ferrite lndu?tor (0805)
C2 1 capacitor (1206) L2 1 24mQ 30% 2.9A inductor,
KEMET C1206C104F3GACTU 7xX7Tmm
0.1uF X7R ceramic capacitors J6, J7, J9, 2-position screw terminal
C14,C58,C60 | 3 | gg05) J27, J30 ® | Phoenix Contact 1984617
C3, C4, C15, 4 | 120F £1%C0G ceramic a1 1 | MOSFET, N-channel, 60V 2.7A
C17 capacitors (0603) Infineon IRLMLOO60TRPBF
co5 1 470pF +5% COG ceramic R5 1 1kQ, 25p.pm/°C, 0.1% resistor
capacitor (0603) Panasonic ERA-6YEB102V

www.maximintegrated.com
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MAX35104 EV Kit Bill of Materials (continued)

Evaluates: MAX35104

DESIGNATION QTY DESCRIPTION DESIGNATION QTY DESCRIPTION
750mQ 0.4W 1% current sense Microcontroller (28 SO)
R14 1 . . .
resistor (0805) u2 1 Microchip PIC32MX250F 128B-1/
SO
R1, R6,R7, R8, 6 10kQ +1% resistors (0805)
R56, R62 50mA to 600mA current-limit
R17, R19, . u21 1 switch (6 SOT23)
R60. R61 4 330Q +1% resistors (0805) Maxim MAX4995AAUT+
R12, R16 2 0Q resistors (0805) 500mA LDO regulator
R51, R54 2 | 560Q +1% resistors (0805) u22 1 (8 TDFN-EP”)
R53 1| 56kQ 1% resistor (0805) Maxim MAX8I02BATA+
R55 1 45.3kQ £1% resistor (0805) 1 X0 ) 4AMHz crystals
R57 1 2.2kQ +1% resistor (0805) ' Interquip 7D04000123BTAFA2Q3
R15 1 22kQ +1% resistor (0805)
R13 1| 100Q +1% resistor (0805) X3 4 | 32kHzcrystal
- . Interquip 9CAA32768122TF70CT
S1 s2 9 Single-pole pushbutton switches
C&K SR221GLFS — Jumpers/shunts
s3 1 100-mil socket for DIP switch _ Rubber feet
3M 929984-01-08-RK
— Mini-USB cable
Time-to-digital converter ;
U1 1 (40 TQFP-EP*) . 1 Elc_)rB MAX35104 EVALUATION
Maxim MAX35104ETL+

www.maximintegrated.com

*EP = Exposed pad.
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MAX35104 Evaluation Kit

MAX35104 EV Kit Schematics
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MAX35104 EV Kit PCB Layout

MAX35104 EV Kit PCB Layout—Top Layer

MAX35104 EV Kit PCB Layout—Bottom Layer
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MAX35104 Evaluation Kit

Ordering Information

PART TYPE

MAX35104EVKIT# EV Kit

#Denotes an RoHS-compliant device that may include

lead(Pb), which is exempt under the RoHS requirements.

www.maximintegrated.com
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Revision History

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 10/16 Initial release —

For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642, or visit Maxim Integrated’s website at www.maximintegrated.com.

Maxim Integrated cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim Integrated product. No circuit patent licenses
are implied. Maxim Integrated reserves the right to change the circuitry and specifications without notice at any time.

Maxim Integrated and the Maxim Integrated logo are trademarks of Maxim Integrated Products, Inc. © 2016 Maxim Integrated Products, Inc. | 21
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