MICROCHIP

LX7730-EVB Evaluation Board User Guide

Introduction

The LX7730-EVB evaluation board contains a ZIF socket to accept the included LX7730LMFQ-ES sample or other
LX7730 ceramic parts as shipped with tie-bars. The GUI provided allows an LX7730's registers to be written and read
using a PC via an included USB-to-serial-interface adapter.

This user guide also provides a walkthrough of the LX7730's internal blocks and operation using the GUI and a bare
minimum set of equipment. It is intended to help an engineer get familiar with the functions of the LX7730 using a short
practical exercise.

Kit Contents

e LX7730 Evaluation Board

e LX7730LMFQ-ES sample in protective case

e FTDI C232HM-DDHSL-0 USB to Multi Protocol Synchronous Serial Engine (MPSSE) dongle
o USB stick with support material

Ordering Information

Product Order Number
LX7730-EVB Evaluation Board LX7730-EVB
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Figure 1. LX7730 Evaluation Board rev. C

© 2024 Microchip Technology Inc. LX7730-EVB Evaluation Board User Guide rev 2.2 - page 1

Downloaded from AFFOW.COmM.


https://www.microchip.com/en-us/development-tool/LX7730-EVB�
https://www.microchip.com/en-us/product/LX7730�
http://www.arrow.com

LX7730-EVB Evaluation Board User Guide

Setup Procedure

1 Setup Procedure

1.1 Software

Copy the FTDI C232HM-DDHSL-0 USB MPSSE device drivers and LX7730 software GUI to your PC from the USB drive.
Run CDM212364_Setup.exe to set up drivers for the FTDI C232HM-DDHSL-0 USB interface dongle. These drivers were
obtained from https://www.ftdichip.com/Drivers/D2XX.htm. If you're not sure whether you have the drivers installed
already, then try running LX7730 v0_2a.exe. If an error message appears, then the drivers are not installed.

1.2 Placing The LX7300 In The Socket

An LX7730 part may already be already installed in the socket on the LX7730-EVB. If it isn't installed, install it carefully.
There are eight possible orientations of the LX7730 part in the socket, and only one is correct, so please double check.
The LX7730 can be safely left installed between uses if the LX7730-EVB is stored/shipped in an antistatic bag.

With the socket open, pin 1 of the socket is the corner without a metal guide pin and is in the upper right corner nearest

the four power banana jacks. The IC is placed upside down (bottom side up). Pin 1 can be identified on the package
underside by an additional metal tab on the lead and the largest corner chamfer (Figure 2 below).
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Figure 2. LX7300 ceramic packaged in soket (left),
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1.3 Hardware Connections

e Check that the red slide switch SW3 (bottom right) is up, and the remaining three switches down, as shown in the rev.
B connection picture in Figure 1 on page 1. This configuration selects the SPI_A interface (used by the FTDI dongle),
internal 5V VREF, and internal VEE supply

e Connect the black 4mm socket to the bench power supply's 0V output, usually black

e Connect the red 4mm socket to the bench power supply's positive output, usually red, after double checking that the
power supply is set between 12V and 15V (13.5V is a good choice) and a current limit of 300mA. This is the LX7730's
VCC main supply

e The FTDI USB interface dongle provides the LX7730's 3.3V VDD logic supply

e Connect a bench signal generator configured to provide a 500kHz square wave with unloaded amplitude 0V to 3.3V
to the BNC CLK input. The LX7730-EVB does not use a 50Q termination resistor. If the signal generator expects a
50Q termination resistor (load), then the unloaded output voltage will double, so set the amplitude to 0V to 1.65V
Plug the USB end of the FTDI dongle into your PC that will run the LX7730v0_2a.exe GUI software
The FTDI USB interface dongle's flying leads are connected to the J7 connector, and the correct connections are
shown in the Figure 3 or page 3. The grey, white, blue, and purple leads are unused. The only difference between
boards rev. B and rev. C is that the rev. C board adds a pin to the 0.1" header J7 to simplify the connection to the
FTDI USB interface by taking the red lead directly to a 0.1" header pin

© 2024 Microchip Technology Inc. LX7730-EVB Evaluation Board User Guide rev 2.2 - page 2

Downloaded from AFFOW.Com.


https://www.ftdichip.com/Drivers/D2XX.htm�
http://www.arrow.com

LX7730-EVB Evaluation Board User Guide

LX7730 Tutorial
= The pin order for the rev. B board is brown (top by BNC plug, pin 1), orange, , green, black. The red lead
connects to the green 4mm socket via an adapter cable.

= The pin order for the rev. C board is red (top by BNC plug, pin 1), brown, orange, , green, black

A .
TDI Dongle's Connections to LX7730-EVB Rev. B board (left), LX7730-EVB Rev. C board (right)

Figure

2 LX7730 Tutorial

This section provides a walkthrough of the LX7730's internal blocks and operation. It is intended to help an engineer new
to the LX7730 get familiar with the operation. It may also provide useful to check out the evaluation board and the
supplied (or other) LX7730. Most of the walkthrough can be followed without having the 500kHz clock source. Section 3
covers the general instructions for operating the GUI if the walkthrough is skipped.

Apart from the setup described in section 1, a minimum of extra equipment is needed:

e A DVM or multimeter (the cheapest one will be fine) to check voltages and for basic functional testing
e Three short (200mm or more) test leads with a spring clip at each end for basic functional testing

e Two 1kQ leaded resistors for basic functional testing of the 10-bit DAC and ADC

Additionally, the bench power supply should have a built in ammeter to monitor VCC current.

e Plug the FTDI dongle into a spare USB port of your PC, and start the GUI by running LX7730v0_2a.exe
= This powers up the LX770's VDD logic supply to 3.3V from the USB interface
e Turn on the external bench power supply providing 12V to 15V to VCC
= The LX7730-EVB is now powered up, and will draw about 60mA because the LX7730 powers up in operating
mode
e Use the DVM to check that the:
= 5V test point TP1 and the VREF output TP25 are both close to 5V
= VEE output at TP25 is about -(VCC - 2)V, so about -11.5V if VCC was set to about 13.5V
= m2v output at TP13 is about -2V
e Inthe GUI, click under Function enable. All blocks should change from unchecked to checked

Function enable

v Chip Enable v Sensor MUX v CI.J fiigs v Bi-Lvl Comp [+ Insti Hme tation 10 Bt DAC |+ Fied Bi-Lvl v 12 Bt ADC
Disable Amplfigr

¢ Now uncheck Chip Enable under Function enable, and click . The current consumption should drop to a few

mA as the LX7730 is now in low power mode
Function enable

[ Chip Enable [+ Sensor MUX W

Cument Source

S ¥ BilvComp [ INStUmentation & 05 nAC [V Fxed Bidvl W 12 Bit ADC

Amplfier
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o Ifthe ADC is going to be used, connect a 500kHz square wave with unloaded amplitude 0V to 3.3V to the BNC
e The LX7730-EVB is now set up

2.1 Basic Functional Testing and Demonstration

The functional testing uses a DVM, two 1kQ resistors, and three short (200mm or more) test leads with a spring clip at
each end. The test leads are use to connect resistors and test points together on the LX7730-EVB. The 500kHz signal
generator isn't required for checking out the BLI/BLO comparators (Section 2.1.2) or the 10-bit DAC (Section 2.1.3).

2.1.1 RESET THE LX7730
First of all we reset the LX7730 to clear all registers to the default settings.

¢ In Master reset, click the button. The current consumption should be about 60mA as the LX7730 because the
LX7730 resets to operating mode, same as on power up

Master reset

o |

¢ In Master reset, click the @ button

Master reset
Cn | |

 In Function enable, click [Read|. All functions should show checked due to the reset

Function enable

¥ Chip Enable | Sensor MUX %‘i{;;irlgsc’”m ¥ Bi-lviComp ¥ m‘;ﬁfg“m“’” W 10BtDAC W Fied Bi-lvl ¥ 12 Bt ADC

¢ Now uncheck Chip Enable under Function enable, and click . The current consumption should drop to a few
mA as the LX7730 is now in low power mode

Function enable

[ Chip Enable [# Sensor MUX 7 Sament Source

- W Bilv Comp f nstumentation = 0 e nac [ Fxed Bidvl W 12 Bit ADC

Amplfier

2.1.2 BLI/BLO COMPARATORS
These 8 comparators have input pins and output pins, so the internal registers are only used to configure them.

¢ In Function enable, set only Chip Enable and Fixed Bi-Lvl checked, and click . The current consumption
should be about 10mA as the LX7730 is only operating the 8 bi-level comparators

Function enable
¥ Chip Enable [~ Sensor MUX [ %‘;r;irgsc’”m [ EilviComp [ [h”f;;{i':“a“"” [~ 10BtDAC ¥ Fxed Bilvl [ 12 Bt ADC

e Connect the DVM between the comparator output BLO1 test point TP67 and one of the GND or AGND test points.
The DVM should read 0V (logic low), as all the BLI comparator inputs have weak internal pulldowns caused by normal
leakage to GND (under 1.5pA) in the input protection circuits

e Connect a test lead between the comparator input BLI1 test point TP116 and the +5V test point TP1. The DVM should
read about 3.3V (logic high), as the comparator input is higher than it's +2.5V trip threshold

© 2024 Microchip Technology Inc. LX7730-EVB Evaluation Board User Guide rev 2.2 - page 4

Downloaded from AFFOW.Com.


http://www.arrow.com

LX7730-EVB Evaluation Board User Guide

LX7730 Tutorial

e Move the test lead from the +5V test point TP1 to one of the GND or AGND test points. The DVM should now read 0V
(logic low), as the comparator input is lower than the +2.5V trip threshold

e Repeat the procedure for the remaining 7 comparators at input BLI2-8, outputs BLO2-8 if desired

2.1.3 10-BiTt DAC Outputs DAC_P AND DAC_N

The 10-bit DAC is checked out by configuring it's outputs to be complementary current sources to the DAC_P and DAC_N
pins. These currents are converted to voltages using two 1kQ resistors, so that the outputs can be observed using the
DVM. The complementary DAC outputs source 0-2mA and 2-OmA respectively, so the full scale output voltages with 1kQ
resistor output loads will be 0-2V and 2-0V respectively

e Connect a test lead between an AGND test point and one side of both 1kQ resistors. Connect a test lead between the
other end of one resistor to the DAC_P test point TP127. Connect a test lead between the other end of the other
resistor to the DAC_N test point TP126. Both DAC outputs now have a load resistor to AGND

LX7730 EVB

— —

TP127 TP90 TP126
DAC_P AGND DAC_N
Reval1 Reval2
1kohm 1kohm

e Connect the DVM from the DAC_N test point TP126 and AGND. It should read 0V, because the 10-bit DAC was
disabled in the setup for the previous test

¢ In Function enable, set only Chip Enable and 10 Bit DAC checked, and click . The current consumption
should be about 10mA as the LX7730 is only operating the 10-bit DAC

Function enable

¥ Chip Enable [~ Sensor MUX [~ %‘g;fgsc’“m [ BilviComp |~ mtgﬁfﬁgf“aﬁ"” W 10BtDAC [~ Fxed Bilvi [~ 12 Bt ADC

. Read |

e The DVM on DAC_N should now read about 2V. Move the DVM to the DAC_P test point, which should read 0V. This
represents the default DAC setting of 0

o Select Page2 in the top left corner of the GUI. In DAC, type 512 into the white box, and click [Write]. This sets the DAC
to half full scale

DAC
11000000000 1512 {0-1023) [1.001mA

Read |

e Use the DVM to read the DAC_P and DAC_N outputs. They should both be about 1V, representing half full scale

e InDAC, type 1023 into the white box then click [Write]. This sets the DAC to full scale

DAC
|1111111111 |1-:]23 {0-1023) [2.000mA
Read |
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e Use the DVM to read the DAC_P and DAC_N outputs. DAC_P should be about 2V, and DAC_N at 0V, representing
full scale

e Select Page1 in the top left corner of the GUI

o Remove the test leads from the test points

2.1.4 ADC AND SENSOR CURRENT SOURCE

The ADC is configurable to measure differential and single-ended inputs with a range of sensitivities, and can additionally
force a programmable current into an external resistive sensor, such as a thermistor. In this section, we use one of the
1kQ resistors as a dummy external resistive sensor, drive it from an internal current source.

e Use two test leads to connect a 1kQ resistor between the CH1 analog input TP15 and an AGND test point

LX7730 EVB

— —
TP115 TP90
CH1 AGND

Reval1
1kohm

e Connect the DVM between the ADC_IN test point TP130 and AGND. This will be measuring the voltage at the end of
the analog input signal chain and the input to the ADC itself

 In Function enable, check Chip Enable, Sensor Mux, Instrumentation Amplifier, and 12 Bit ADC, and click [Write].
The current consumption should be about 63mA as the LX7730 is operating the entire ADC signal chain

Function enable
¥ Chip Enable ¥ Sensor MUX [ %‘;r;irgsc’”m [ EilviComp [h”f;;{i':“a“"” [ 10BtDAC [ Fxed Bilvl ¥ 12 Eit ADC

e Click under Non-Inv Mux Ch to check that CH1 is selected. This is the default setting of the inverting input to
the internal instrumentation amplifier after reset

Mon-Imv Mue Ch

1 (1-64)

Write |

e Click under Current Mux Ch to check that CH1 is selected as the destination for the internal current source.
This is the default setting after reset

Cument Mzs Channel

1 (1-54)

Write |

¢ Select Page2 in the top left corner of the GUI. In Calibration, check IGND, and click [Write]. This sets the non-
inverting input to the internal instrumentation amplifier to AGND internally

Calibration
[~ IAShort [ CormtCheck [ NPTEST [ Monl4est [ IGND

Read
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Select Page1 in the top left corner of the GUI

In Current Mux Level, select 010 - 750uA current, and click . This selects a current source of actually 727pA

out of the CH1 pin from the LX7730. This will pass through the 1kQ resistor that fitted earlier from CH1 to AGND, and
the voltage at CH1 will be nominally 0.727V, plus or minus due to tolerances

The DVM will now show a voltage of about 290mV, which is 727mV times the default input amplifier gain of 0.4

Cument M Level
Double Cument l—_|
[ Use DAC [ Weight 010 -750p8 -

Read |

In Signal Conditioning Amp, select 01 - 2 gain setting, and click . This selects a voltage gain of 2, so the
0.727V nominal at CH1 will become 1.454V at the ADC input, which has a full scale of 2V. The DVM will now show a
voltage of about 1.454V

Signal Conditioning Amp
2nd Pole ’—L| 1st Pole I—Ll Gain I—L|
[ AAF off Frequency 00 Frequency 00 Setting -2

Read ‘

Now we can take ADC measurements. In ADC Control, ensure that only Start Conv is checked, and click |Write]. This
initiates a single ADC conversion

ADC Control
Auto Sample Rate (000 - [ AutoConv [ o ¥ Stat Conv [ ADC_IN = HiZ

In ADC, click to display the ADC conversion result

| | Read |

ADC
|m1m1m1111 |2911 |1.422v

Repeat clicking under ADC Control followed by under ADC to take more readings. Change the current
source value in the Current Mux Level setting and see how the ADC readings change. If the Current Mux Level
setting is changed to 100 - 1250pA, then the input voltage at the ADC will be about 2.4V, as shown by the DVM.
However, this exceeds the ADC's 2V full scale, so the ADC will simply return a value of full scale

Remove the two test leads with the 1kQ resistor from the test points, but leave the DVM in place for the next section

2.1.5 UsING THE ADC FOR INTERNAL DIAGNOSTICS

The ADC multiplexor can be switched to monitor the reference and power supplies for diagnostics. In this section we
configure the ADC to measure the VCC supply.

In Function enable, check Chip Enable, Sensor Mux, Current Source Disable, Instrumentation Amplifier, and

12 Bit ADC, and click

Function enable
¥ Chip Enable ¥ Sensor MUX | %‘;r;irgsc’”m [ EilviComp [h”f;;{i':“a“"” [ 10BtDAC [ Fxed Bilvl ¥ 12 Eit ADC
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¢ In Signal Conditioning Amp, select 00 - 0.4 gain setting, and click . This selects a voltage gain of 0.4

Signal Conditioning Amp
2nd Pole ’—L| 1st Pole I—L| Gain I—L|
[ AAF off Frequency 0d Frequency 0 Setting 0d-04

Read ‘

 In Power status, check Mon Vcc, ensure the other boxes are unchecked, and click Writgl. The input multiplexor now
selects the VCC supply divided by 6, which will be 2.25V when VCC is set to 13.5V. As we have set the amplifier to a
gain of 0.4V, the expected ADC input voltage is therefore (13.5V /6 * 0.4) = 900mV

Power status
[ UseIREF2 [+ Mon VCC [ Mon VEE [ Mon +5V [ Mon VREF [ [ [

e Now we can take an ADC measurement. In ADC Control, ensure that only Start Conv is checked, and click \Write].
This initiates a single ADC conversion

ADC Control
Auto Sample Rate (000 - [ AutoConv [ o ¥ Stat Conv [ ADC_IN = HiZ

e In ADC, click to display the ADC conversion result

| | Read |

ADC
|ﬂ11mmmmﬂ |133-a |':].EEI'N

¢ When finished testing, uncheck Chip Enable under Function enable, and click . The current consumption
should drop to a few mA as the LX7730 is now in low power mode

3 Using the Software GUI

To execute a command in the GUI, select the desired check boxes or other information, and then click the associated
Write button to write the data to the LX7730's register(s). Optionally click the Read button to read back and verify that the
command was received.

3.1 Master Reset
The Master reset button performs a master reset which returns all internal registers to the power on (default) state.

= L¥7730 Programmer 0.2 .

Page1 Page2
| |

Master reset
on | of |

3.2 Function Enable

The Function enable panel powers down selected functions that are not needed; the default state is everything enabled as
indicated. This feature allows user the flexibility to conserve power while keeping needed functions alive.
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: PN IR NPTl 1 HE
Function enable

. Cument S _ . _ _ _
[~ Chip Enable [~ Sensor MUX D'f;;ile OUCE ™ Bidlvl Comp [ 'E:‘;ﬁ?:mam” [~ 10Bit DAC [~ Fxed Bilvl [~ 12 Bit ADC

Write Read

At this point you may wish to verify that the various LX7730 internal supplies are up and working. The various voltages on
the LX7730 Evaluation Board are shown in Table 1 on page 9.

Name |Test Point Measured Voltage
VCC |TP39 External analog supply voltage, in the range 11.4V to 16V
m2v | TP13 -2V, internally regulated by the LX7730

Switch SW1 is in the up position, setting EXT_VEE = 0: User supplied external VEE supply in the range -10V to
-16V applied to the blue VEE 4mm socket

REEN TP25 Switch SW1 is in the down position, setting EXT_VEE = 1: LX7730's internal charge pump generates VEE at
around -(VCC - 2)V
VDD |TP20 +3.3V (supplied by the USB cable)
CLK |TP24 External 500kHz, 0 to 3.3V square wave clock input
5V TP1 +5V, internally regulated by the LX7730

Switch SW2 is in the up position, setting EXT_VREF = 0: User supplied external VREF supply in the range 0V
VREF |TP128 to -5.5V applied to the yellow VREF 4mm socket
Switch SW2 is in the down position, setting EXT VREF = 1: LX7730's internal 5V VREF is used

Table 1. LX7730 Evaluation Board Supply Voltages

The Function Enable Register features are shown in Table 2 below:

Name Default Description
If de-asserted everything but the active power supplies and digital interface to the FPGA is turned off but
Chip Enable 1 the internal register contents are preserved; this is a low power sleep mode. CH# and BLI# and DAC pins
are cold spared. If de-asserted, functions corresponding to bits 0 thru 6 are disabled
Sensor MUX 1 If de-asserted, all CH switching and routing (Analog or Bi-Level) is turned off. CH# pins are cold spared
Current If asserted, the multiplexed current source directed to a CH# pin is not used and powered down. If de-
Source 1 asserted, the multiplexed current source is enabled and directed to the CH# selected in the Analog MUX
Disable section
Bi-level com 1 If de-asserted, power is removed from the bi-level comparators but doing so does not affect the
P functionality of the Analog Multiplexer and ADC
Analog If de-asserted, the instrumentation amplifier is powered down. The ADC and Bi-level comparators are not

1 affected; however the ADC must be driven by an external signal using ADC_IN pin (with Filter Off bit

AT asserted or ADC=Hi Z asserted)
10 Bit DAC 1 If de-asserted, the 10 bit DAC is not used and powered down. DAC outputs are cold spared

Fixed Bi-Level 1 If de-asserted, the Fixed Bi-level converters are not used and powered down. BLI# inputs are cold spared
12 Bit ADC 1 If de-asserted, the 12 bit ADC is not used and powered down

Table 2. LX7730 Function Enable Register

3.3 Power Status

The power supply pins for the LX7730 can be monitored by selecting special calibration registers: MON VCC, MON VEE,
MON +5V, MON VREF. The voltages are divided down by a factor of 6 for the VCC & VEE rails and a factor of 2 for the
5V and VREF pins and routes the selected pin voltage to the non-inverting terminal of the IA (instrumentation amplifier). It
overrides the setting of the Analog MUX Inverting MUX Channel and applies GND to the inverting terminal of the
Instrumentation Amplifier for the positive voltages and GND to the non-inverting input of the IA for Mon VEE.

Power status
[~ UseIREF2 W MonVCC [ Mon VEE [~ Mon <5V [ MonWREF [ o o
Write Read
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For example if Mon VCC is selected as shown above and the Signal Conditioning Amp Gain Setting is set to a gain of 0.4
and the ADC Controls Auto Conv box is checked then when reading the ADC a measurement of about 1V should be
indicated (15V divided by a gain of 6 (internal divider), times 0.4 (gain setting).

The LX7730 provides a redundant precision reference current IREF2 which can be selected should IREF1 (TP95) fail.
The GUI allows selection of IREF2 internal resistor by checking the box in the Power Status window.

The VCC UVLO, VEE UVLO and +5V UVLO flags will be asserted when VCC, VEE, or +5V respectively are below their
corresponding UVLO thresholds. To find the UVLO status for any of these supplies select the Read button, and look for
the corresponding status box check mark. They are greyed-out since they are output only and cannot be selected.

3.4 Analog Mux

The analog multiplexer (AMUX) consists of 64 inputs. The Bi-level MUX and the AMUX are not independent; the En BL
Sw Pos (found in the Bi-level Bank Switch Position section page 9) must be de-selected in order to use the AMUX. For a
single ended input measurement the common SE_RTN reference pin can be selected checking the box Use SE_RTN.

When selecting SE_RTN then TP3 SE_RTN pin is used as a common return for single ended sensor inputs.

When using differential sensor inputs, there are constraints since the AMUX is physically divided into eight banks of eight
inputs. Only one CH#, from one input bank can be selected at a time which means that differential measurements must
consist of two CH#s from two different input banks. For example CH1 can be connected with any other channel number
except those in Bank 0 (i.e. CH9, 17, 25, 33, 41, 49 and 57). See the Sensor Multiplexer Block Diagram (Figure 4 on page
11).

Mon-lny Mue Ch Inverting Muws Ch
16 (1-64) I+ Use SE_RTM | (1-64)
Write | Read Write | Read |

3.5 Current De-Mux

The current de-mux routes a programmable current to whichever of the 64 channel inputs is selected. The default channel
in CH1, the default current is 250uA. There are several modes of operation depending on the current amplitude required.

Cumert Mux Channel

1 (1-64)
Write | Read |

There are eight selectable levels range from 250uA to 2mA using the drop down box. When the Double_Weight box is
checked the selected value is doubled for a range from 500uA to 4mA. If the Use DAC box is selected, the 10bit DAC is
used to set the de-mux current instead of the programmable current source; each LSB has a weight of 10pA. A maximum
of 300pA is suggested (code 31) when operating in this mode. The current de-mux can be shut off selecting the Current
Source Disable box in Function Enable. The current De-MUX defaults to the off state at power up.

Currert Mux Level
™ UseDAC [ &E‘;"g:"; Cument 1000~ 25008~

Write Read |
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Figure 4. Sensor Multiplexer Block Diagram
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3.6 Signal Conditioning Amp

The instrumentation amplifier, anti-aliasing filter, and ADC range scaling reside between the output of the analog
multiplexer and the input to the ADC. The output of the entire gain and filter stage is accessible at the pin ADC_IN
(TP130). If the AAF off box is selected the AAF filter is off and the ADC can be driven from ADC_IN.

Signal Conditioning Amp
2nd Pole I—L| 1st Pale I—L| Gain I—L|
[ AAF off Frequency 00 Frequency 00 Setting 00-04

Write | Read |

The AAF poles are set to nominally 00, 01, and 10 for 400, 2k or 10k in Hertz, respectively. Either one or both poles can
be selected. The ADC sensitivity is set by adjusting the amplifier gain. The gain can be set to 10, 2 or 0.4.

To allow operating room for the ADC (which operates from a 5V rail) the ADC_IN range is 0 to 2V. If an external input is to
be sampled by the ADC, the internal circuitry driving the ADC_IN pin can be made high impedance by setting the Hi-Z bit
in the ADC programming register.

3.7 Analog To Digital Converter

The ADC uses a successive approximation register (SAR) design. The CLK input sequences the ADC logic. The Auto
Sample Rate is set to multiples of the Sample Period (tSAMP). This 3 bit N binary value sets the ADC auto sample rate =
tSAMP x 2N.. The ADC can be set to convert continuously (Auto Conv) or to convert on request using (Start Conv).
Whenever a conversion is in process the Busy status bit is asserted. When the conversion is complete the Data Ready bit
is set. The ADC value registers are updated when the Data Ready bit is asserted, but will not change during the process
of a data read which starts by reading the upper byte and ends by reading the lower byte. If you select the Read button
the Data Ready or Busy will display.

ADC Control
Auto Sample Rate  [100 - v Auto Conv [ o [~ Stat Conv [ ADC_IN =HiZ
Wite ‘ Read ‘

The ADC window will display the result of the latest conversion when the Read button is selected.

ADC
|1 00000010001 |2I}EE- 1.009V

3.8 Bi-Level Inputs

There are two sets of 8 bi-level inputs on the LX7730, first the 64 sensor inputs can be used as bi-level detection inputs.
The Bi-level MUX and the AMUX are not independent; the En BL Sw Pos must be selected to use the Bi-Level MUX. The
bi-level detection comparators monitor one position, simultaneously, from each of the input banks; the position is register
selectable (bank 0 to 7, 000 to 111). See the Sensor Multiplexer Block Diagram (Figure 4 on page 11). For example, code
000 will connect CH1 to CH8 to the 8 bi-level comparators, and code 001 to CH9 to CH16 respectively. The comparators
are sampled during the clock cycle that the Bi-Level Status is read, and the result placed in the Bi-Level Result Register
shown in the GUI as Bi-Level Status.

Bi-Lewvel Bank Switch Posttion

[ Use BL TH ¥ En BL Sw Pos Switch Postion 100 -
Write Read
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The outputs of the group of 8 comparators available in this register are continuously updated and can be polled to monitor
the status. The GUI allows you to see the status of the Bi-Level Result Register in the Bi-Level Status Window using the
Read button. These functions are greyed-out because they cannot be selected but only show a change by the check mark
appearing or disappearing.

Bi-Level Status
[ B = [V =2 = =2 =

The selected eight bi-level inputs are compared to a common adjustable threshold that is developed using an 8 bit binary
DAC.

BL Theshold DAC
10000000 128 (0-255) [2510V

Write | Read |

In addition to these register based Bi-level comparators utilizing the Sensor inputs, the IC and the evaluation board
includes 8 external Bi-level input pins (TP116 to TP123) that can be compared to either an internal 2.5V reference level or
an external threshold voltage (BL_TH TP125) selected by checking the box Use BL_TH in the GUI. BLO1 to BLOS8 are the
comparator outputs of these 8 inputs (TP67 to TP83) and are referenced to VDD logic levels.

3.9 Current DAC

The outputs of the DAC should be terminated in resistors 1.5kQ or less to ensure the DAC stays within its compliance
range. A parallel 1nF or greater capacitor can also be used to minimize bit change glitches. The DAC has complementary
outputs that are accomplished by steering the current between the two outputs based on the DAC setting. At zero LSBs,
the DAC_N is full scale and DAC_P is off. The Current DAC outputs are available at DAC_N (TP126) and DAC_P

(TP127).
DAC
(0111110100 [500 (0-1023) [0.978mA
| Write | | Read |

3.10 Power & Reference Adjust (OTP)

When Otp_out_select is checked and written to LX7730 the setting in the OTP trim boxes will override the default settings
in the trimming register. These settings are temporary and must be re-written with a power cycle. If Otp_out_select is
unchecked and Write pressed, the contents of the trim registers will revert back to the default values. If Otp_in_select is
checked and written the default OTP bits are read into the display upon Read.

aTP OTP Trim
™ Otp_out_select [~ Otp_in_select e | @7 v | | ©31)
Wiite Read wef | | ©31) osc | | (0-15)
vbgte | | (0-15)  ADCwtoi | | (0-31)
offs | | (0-15) ™ lo_dis
vbg | | (0-31)
wite | Read |
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3.11 Calibration

The calibration buttons write to register 16 and are used to perform calibration of the amplifier offset and testing of the
multiplexer switches and programmable current source multiplexer. For more information, see the LX7730 datasheet that
includes diagrams depicting the following modes.

Table 3. Calibration Modes

';2?::;23 Instrun':ne:;iaf::r:ig?pllfler Function Behavior Register Over-Ridden
Non-inverting input connected to This option connects the instrumentation amplifier's
. inverting input to GND internally. This allows the
multiplexer as normal S . : : .

| GND gcqunsmon'of a smg!e-ended signal using only one CH Inverting Mux. Channel
Inverting input tied to AGND instead input. The inverting input can alternatively be connected Select register 4
of multiplexer to an external GND via the SE_RTN pin using the

Inverting Mux Channel Select register
Use this setting to perform a continuity check of the
instrumentation amplifier's inverting input multiplexer.
. I . An open multiplexer path (including input source) is
i':Z?e;lan dvi?mgli?pﬁgigfd to VREF/2 detected by the current source pulling up the inverting Non-Inverting Mux
NP Cont inp:Jt higher than VREF/2 causing the amplifier output to | Channel Select register 3
L o low.
Check Invertlng input connected to the 9 Current Mux Channel
multiplexer current source (set as If t | . v attached. th It Select register 6
normal) as well as the multiplexer an external sensor is properly attached, the voltage elect register
read by the ADC is the difference of VREF/2 and the
product of the current source and the impedance of the
sensor plus the impedance of the two multiplexer
switches encountered in the current path.
Use this setting to perform a continuity check of the
instrumentation amplifier's non-inverting input multiplexer.
An open multiplexer path (including input source) is

Non-inverting input connected to the | detected by the current source pulling up the non-

multiplexer current source (set as inverting input causing the amplifier output to go high.

Cont [normal) as well as the multiplexer Current Mux Channel

Check A working multiplexer path allows the total resistance of Select register 6
Inverting input is connected to the  |the two multiplexers in series with the input source to be
multiplexer as normal measured as a voltage drop due to the current source.

If the inverting input is selected as the same channel
input as the non-inverting input, then the resistance of the
non-inverting input multiplexer can be measured
Non-inverting input connected to
IA Short multiplexer as normal This option allows the instrumentation amplifier's offset Inverting Mux Channel
| o o and common mode errors to be measured Select register 4
nverting input is tied to the non-
inverting input
Calibration
[ IAShot [ CortCheck [ MPTEST [ Monldest [ IGND
| Write | | Read |

3.12 Save/Load

The SAVE / LOAD function allows the current settings of the GUI to be save to a txt file on your computer. You can
restore a previous configuration by loading back this file and using the WRITE commands to restore each setting.

Save |

Load
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4 Programmer Page 1
L7730 Programmer 0.2
I Page1 F'ageZl
Save I Load |
— Master reset
on | ofF | £
— Function enable "
) Cument Source ) Instrumentation . : -
[ Chip Enable I~ Sensor MUX [ Disable [ BilvlComp [~ Amplifer [~ 10Bit DAC [ Fieed Bi-lvl [ 12 Bit ADC
wite | Read |
— Power status
[T UseIREF2 [~ MenVCC [ Mon VEE [T Mon+5V I Mon VREF ™ vCCUvlo O WEE VLD [ +5¢ LWLO
wite | Read |
— Non-Inv M Ch — Inverting M Ch Cument M Level
Double  Cumert
| (1-64) [™ Use SE_RTN | (1-64) [~ UseDAC [ w?;grﬁ IDDD-ZEDuA -
wie | Tt wie | Read | wie | Read |
—Cument Mux Channel — Signal Condtioning Amp
2nd Pale I—_, 1st Pole I—_I Gain I—_I
I (164) I™ AAF off Frequency 0o = Frequency 00 = Setting 00-04 =
wie | Read | wie | Read |
~ADC Cortrol
Auto Sample Rate I{FDEI vI T AteConv [~ DataFeady [T Busy [ StatConv [~ ADC_IN = HZ
wite | Read |
—ADC
Read
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5 Programmer Page 2

Pagel || Page?
Save | Load |
BL Theshold DAC
ICIroseimi.
White ‘ Read | I
Bi-Level Bank Switch Postion
[ Use BL.TH [ EnBL Sw Pos Switch Position  |000 -
Write | Read
| Bi-Level Status
| B B B B B [ u B
Read
DAC Calibration
| | | {0-1023) [ I1AShot [ ContCheck [ MPTEST [ Monlest [ IGND
Write ‘ Read | Write | Read |
QTP QTP Trim
| Cip_out_select [ Otp_in_select CmL | | -7 wioi | | (0-31)
Wrte Read wef | | 0310 osc | | (-15)
vbate | | {0-15)  ADCwtoi | | {0-31)
offs | | {0-15) [ lo_dis
vbg | | 0-31)
White | Read |
|

6 Other Features Of The Evaluation Board
6.1 +5V TP1

This pin is the low voltage power rail. It is generated internally using a linear regulator connected to the VCC rail. It is
bypassed by C1 1uF and C2 100nF capacitors.

6.2 VREF TP126

This pin is a +5V reference voltage that can be used to provide a voltage reference to sensors for precision
measurements. It is bypassed by capacitors C14 1uF and C15 100nF to AGND. The internal reference can be disabled
and an external reference connected to this pin; the internal voltage reference must be disabled in this case using the
/EXT_REF programming pin SW2.
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J7 pins 11 to 20 allow connection to the parallel interface these are logic I/0O pins providing data bits, DO (LSB) (pin 14)
through D7 (pin 21. There is a weak pull-down on these pins.

J7 pin 19 provides the parity bit for the parallel data communication. Even parity is used for the combination of address
and data bits and is used in both directions. There is a weak pull-down on this pin.

J7 pin 20 is the acknowledge bit In the event of a parity error encountered in a serial or parallel data transfer, the /ACK pin

is de-asserted (pulled high). It remains high until the start of the next data transfer logic sequence.

6.4 RESET

J7 pin 21 is the system reset logic input. This pin provides an external forced reset to the default state of all registers and
flip-flops within the LX7730. A pulse width of greater than 500ns is required; there is a weak pull-down on this pin.

7 Bill of Materials

TP82, TP78, TP79, TP83, TP84, TP98, TP95, TP124,
TP127, TP126, TP118, TP121, TP123, TP130,
TP117, TP120, TP122, TP125, TP116, TP119

Designator Quantity Description Manufacturer & Order Code
C1,C4,C7,C8,C9, C10,C14 7 Capacitor 1uF 50V X7R 1206 NIC NMC1206X7R105K50TRPLPF
C2, C5, C6,C12, C15, C17 6 Capacitor 0.1uF 50V X7R 1206 AVX 12065C104KAT2A
C3 1 Capacitor 0.47uF 50V X7R 1206 | TDK CGA5L2X7R1H474K160AA
C11 1 Capacitor 4.7uF 50V X7R 1206 Samsung CL31B475KBHVPNE
C16 1 Capacitor 1000pF 50V X7R 1206 | Kemet C1206C102K5RACTU
J2 1 Test socket Red Deltron 571-0500
J5, J10 2 Test socket Black Deltron 571-0100
J3 1 Test Socket Blue Deltron 571-0200
J4 1 Test Socket Green Deltron 571-0400
J9 1 Test Socket Yellow Deltron 571-0700
J6 1 RF connector R/A PCB jack Amphenol 31-5637
J7 (rev. B) 1 22 pin 0.1" header
J7 (rev. C) 1 23 pin 0.1" header
R1, R2, R3, R4, R5, R6, R7, R8, R9 9 Resistor 49.9Q 1% 1206 Vishay CRCW120649R9FKEB
R11 1 Resistor 20kQ 1% 1206 Panasonic ERJ-8ENF2002V
R10 1 Resistor 7.87kQ 0.1% 1206 Panasonic ERA-8AEB7871V
R12 1 Resistor 158Q 0.1% 1206 Panasonic ERA-8AEB1580V
SW1, SW2, SW3, SW4 1 DIP Switch 2PST Grayhill 78F01ST
mgg: oo, P87, TRES, TPOD, TP92, TRS6, TRAT, 10 |PC Test Point Black Keystone 5011
TP9, TP5, TP22, TP18, TP15, TP21, TP17, TP14,
TP12, TP8, TP7, TP2, TP23, TP19, TP16, TP11,
TP10, TP6, TP4, TP28, TP34, TP29, TP26, TP27,
TP36, TP37, TP35, TP42, TP40, TP38, TP50, TP41,
TP57, TP58, TP56, TP60, TP61, TP59, TP65, TP62, 64 PC Test Point White Keystone 5012
TP63, TP66, TP68, TP64, TP76, TP69, TP71, TP80,
TP81, TP77, TP104, TP107, TP110, TP113, TP102,
TP105, TP108, TP111, TP114, TP103, TP106,
TP109, TP112, TP115
TP13, TP20, TP25, TP39, TP128, TP1 6 PC Test Point Red Keystone 5010
TP3, TP24, TP32, TP31, TP30, TP44, TP33, TP52,
TP43, TP51, TP54, TP55, TP49, TP46, TP47, TP48,
TP45, TP53, TP73, TP74, TP75, TP70, TP72, TP67, 44 PC Test Point Yellow Keystone 5014

U1

Clamshell ZIF Socket

Enplas FPQ-228-0.635-01
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Figure 10. Rev. C Layer 3 - Signal 1
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10 Revision History
10.1 Revision 0.6 - June 2016

| First release.

10.2 Revision 1 - September 2020

Branding moved from Microsemi to Microchip, and some terminology changed.
Schematic quality improved.
BOM added.

10.3 Revision 1.1 - March 2022
[ Added the inclusion of a LX7730MFQ-ES sample to kit content, updated LX7730 homepage weblink on page 1.

10.4 Revision 1.2 - March 2022

|Added support for the rev. C version of the evaluation board. |

10.5 Revision 2 - May 2023

Major revision merging the Get-Started Guide into this document, re-writing the Setup section 1.
Added more descriptive detail to Table 1.
Added schematic and PCB drawings for the rev. C version.

10.6 Revision 2.1 - July 2023
| Corrected Kit Contents section on the first page that the included sample is LX7730LMFQ-ES not LX7730MFQ-ES. |

10.7 Revision 2.2 - May 2024

| Updated web links and minor document style elements. |
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The Microchip Website

Microchip provides online support via our website at https://www.microchip.com. This website is used to make files and information
easily available to customers. Some of the content available includes:

e Product Support - Data sheets and errata, application notes and sample programs, design resources, user's guides and hardware
support documents, latest software releases and archived software

e General Technical Support - Frequently Asked Questions (FAQs), technical support requests, online discussion groups,
Microchip design partner program member listing

¢ Business of Microchip - Product selector and ordering guides, latest Microchip press releases, listing of seminars and events,
listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service

Microchip's product change notification service helps keep customers current on Microchip products. Subscribers will receive email
notification whenever there are changes, updates, revisions or errata related to a specified product family or development tool of
interest.

To register, go to https://www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

Distributor or Representative

Local Sales Office

Embedded Solutions Engineer (ESE)
Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to help customers.
A listing of sales offices and locations is included in this document.

Technical support is available through the website at: https://microchip.my.site.com/s

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

e Microchip products meet the specification contained in their particular Microchip Data Sheet

e Microchip believes that its family of products is one of the most secure families of its kind on the market today, when
used in the intended manner and under normal conditions

e There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to
our knowledge, require using the Microchip products in a manner outside the operating specifications contained in
Microchip's Data Sheets. Most likely, the person doing so is engaged in theft of intellectual property

e Microchip is willing to work with the customer who is concerned about the integrity of their code.

e Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code
protection does not mean that we are guaranteeing the product as "unbreakable"

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection
features of our products. Attempts to break Microchip's code protection feature may be a violation of the Digital Millennium
Copyright Act. If such acts allow unauthorized access to your software or other copyrighted work, you may have a right to
sue for relief under that Act.

Legal Notice

Information contained in this publication regarding device applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to ensure that your application meets with your specifications.
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MICROCHIP MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE, RELATED TO THE INFORMATION, INCLUDING BUT NOT
LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR FITNESS FOR PURPOSE.
Microchip disclaims all liability arising from this information and its use. Use of Microchip devices in life support and/or
safety applications is entirely at the buyer's risk, and the buyer agrees to defend, indemnify and hold harmless Microchip
from any and all damages, claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or
otherwise, under any Microchip intellectual property rights unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime, BitCloud,
chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, HELDO, IGLOO, JukeBlox, KeelLoq, Kleer,
LANCheck, LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo, MOST, MOST logo,
MPLAB, OptoLyzer, PackeTime, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer, QTouch, SAM-
BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer, Tachyon, TempTrackr, TimeSource,
tinyAVR, UNI/O, Vectron, and XMEGA are registered trademarks of Microchip Technology Incorporated in the U.S.A. and
other countries.

APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, FlashTec, Hyper Speed Control, HyperLight
Load, IntelliMOS, Libero, motorBench, mTouch, Powermite 3, Precision Edge, ProASIC, ProASIC Plus, ProASIC Plus
logo, Quiet-Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra, TimeProvider, Vite, WinPath, and
ZL are registered trademarks of Microchip Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, BlueSky, BodyCom,
CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController, dsPICDEM, dsPICDEM.net,
Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial Programming, ICSP, INICnet, Inter-Chip
Connectivity, JitterBlocker, KleerNet, KleerNet logo, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB Certified logo,
MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM, PICDEM.net, PICkit, PICtail,
PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, SAM-ICE, Serial Quad I/0, SMART-I.S., SQl,
SuperSwitcher, SuperSwitcher I, Total Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless
DNA, and ZENA are trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered trademarks of
Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of Microchip
Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.

© 2024, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.

Quality Management System

For information regarding Microchip's Quality Management Systems, please visit https://www.microchip.com/quality.
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MICROCHIP

Worldwide Sales and Service

AMERICAS
Corporate Office

2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200

Fax: 480-792-7277
Technical Support:

https://microchip.my.site.com/s

Web Address:
https://www.microchip.com

Atlanta

Duluth, GA

Tel: 678-957-9614
Fax: 678-957-1455
Austin, TX

Tel: 512-257-3370
Boston
Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088
Chicago

ltasca, IL

Tel: 630-285-0071
Fax: 630-285-0075
Dallas

Addison, TX

Tel: 972-818-7423
Fax: 972-818-2924
Detroit

Novi, MI

Tel: 248-848-4000
Houston, TX

Tel: 281-894-5983
Indianapolis
Noblesville, IN

Tel: 317-773-8323
Fax: 317-773-5453
Tel: 317-536-2380
Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608
Tel: 951-273-7800
Raleigh, NC

Tel: 919-844-7510
New York, NY
Tel: 631-435-6000
San Jose, CA

Tel: 408-735-9110
Tel: 408-436-4270
Canada - Toronto
Tel: 905-695-1980
Fax: 905-695-2078

ASIA/PACIFIC
Australia - Sydney
Tel: 61-2-9868-6733
China - Beijing

Tel: 86-10-8569-7000
China - Chengdu

Tel: 86-28-8665-5511
China - Chongqing
Tel: 86-23-8980-9588
China - Dongguan
Tel: 86-769-8702-9880
China - Guangzhou
Tel: 86-20-8755-8029
China - Hangzhou
Tel: 86-571-8792-8115
China - Hong Kong SAR
Tel: 852-2943-5100
China - Nanjing

Tel: 86-25-8473-2460
China - Qingdao

Tel: 86-532-8502-7355
China - Shanghai

Tel: 86-21-3326-8000
China - Shenyang
Tel: 86-24-2334-2829
China - Shenzhen
Tel: 86-755-8864-2200
China - Suzhou

Tel: 86-186-6233-1526
China - Wuhan

Tel: 86-27-5980-5300
China - Xian

Tel: 86-29-8833-7252
China - Xiamen

Tel: 86-592-2388138
China - Zhuhai

Tel: 86-756-3210040

ASIA/PACIFIC
India - Bangalore
Tel: 91-80-3090-4444
India - New Delhi
Tel: 91-11-4160-8631
India - Pune

Tel: 91-20-4121-0141
Japan - Osaka

Tel: 81-6-6152-7160
Japan - Tokyo

Tel: 81-3-6880- 3770
Korea - Daegu

Tel: 82-53-744-4301
Korea - Seoul

Tel: 82-2-554-7200
Malaysia - Kuala Lumpur
Tel: 60-3-7651-7906
Malaysia - Penang
Tel: 60-4-227-8870
Philippines - Manila
Tel: 63-2-634-9065
Singapore

Tel: 65-6334-8870
Taiwan - Hsin Chu
Tel: 886-3-577-8366
Taiwan - Kaohsiung
Tel: 886-7-213-7830
Taiwan - Taipei

Tel: 886-2-2508-8600
Thailand - Bangkok
Tel: 66-2-694-1351
Vietnam - Ho Chi Minh
Tel: 84-28-5448-2100

EUROPE
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Tel: 43-7242-2244-39
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Tel: 45-4450-2828
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Germany - Haan

Tel: 49-2129-3766400
Germany - Heilbronn
Tel: 49-7131-72400
Germany - Karlsruhe
Tel: 49-721-625370
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Germany - Rosenheim
Tel: 49-8031-354-560
Israel - Ra‘anana

Tel: 972-9-744-7705
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781
Italy - Padova

Tel: 39-049-7625286
Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Norway - Trondheim
Tel: 47-72884388
Poland - Warsaw

Tel: 48-22-3325737
Romania - Bucharest
Tel: 40-21-407-87-50
Spain - Madrid

Tel: 34-91-708-08-90
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