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Petaluma (MAXREFDES30#): 8-Channel Simultaneous-
Sampling Analog Front End
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Abstract: The Petaluma (MAXREFDES30#) subsystem reference design is a cost optimized, high-speed and high-accuracy analog
 measurement solution for three-phase power monitoring applications. Hardware, firmware, design files, and lab measurements
 provide complete system information for rapid prototyping and development. 

Introduction
 Three-phase power measurement applications require
 multiple analog inputs for voltage and current
 measurements on each line of the three-phase system. A
 power monitoring system must sample all of the analog
 inputs simultaneously to accurately calculate the
 instantaneous power consumption.

 The Petaluma (MAXREFDES30#) subsystem reference
 design provides eight high-speed, 250ksps, 16-bit
 simultaneous-sampling analog input channels that accept
 ±10V input signals.

 The Petaluma design utilizes two quadruple ultra-precision,
 ultra-low-noise input buffers (MAX44252); an 8-channel,
 16-bit simultaneous-sampling ADC (MAX11046B); an ultra-
high precision 4.096V voltage reference (MAX6126); and
 regulated +10V, -10V, and +5V power rails (MAX1659,
 MAX765/LM337, MAX8881). In addition to three-phase
 power measurement applications, this subsystem also
 performs well in any application that requires multiple
 simultaneous sampling of analog inputs, such as
 multiphase motor control and industrial vibration sensing.
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Figure 1. The Petaluma subsystem design block diagram.

Features Competitive Advantages
High precision, 8-channel, simultaneous-sampling inputs
High-speed 250ksps sampling rate
High-accuracy 16-bit resolution
Device drivers
Example C source code
Configuration files for ZedBoard™ platform
FMC-compatible

Applications
Three-phase power measurement
Power grid protection
Multiphase motor control
Vibration and waveform analysis

High-performance energy measurement subsystem
Cost optimized
Energy efficient

Detailed Description of Hardware
 The Petaluma subsystem is optimized for applications that use multiple high-speed, high-accuracy, simultaneous-sampling analog
 inputs. Figure 1 shows the block diagram of the Petaluma reference design.

 The MAX44252 devices (U1 and U2) are quadruple ultra-precision, low-noise op amps. The op amps attenuate and buffer the
 ±10V input signals to match the input range of the ADC (MAX11046). The MAX44252 devices are set up in the inverting
 configuration, so the polarity of the signal is reversed at the input of the ADC. The formula to convert the ADC code to voltage is:
 10-CODE/65536*20.
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 The MAX11046 (U3) is a low-cost, 8-channel, 250ksps, 16-bit, single-supply, bipolar, simultaneous-sampling ADC.

 Although the MAX11046 ADC has an internal 4.096V voltage reference, Petaluma uses an external MAX6126 (U4) voltage
 reference to provide the highest possible accuracy. The MAX6126 has an initial accuracy of 0.02% and a 3ppm/°C maximum
 temperature coefficient (tempco).

 By default, the Petaluma is powered from the 12V and 3.3V outputs of the FMC connector on the ZedBoard, if all shunts are
 installed in the 1–2 position. The MAX1659 (U5) and MAX8881 (U6) provide post-regulated 5V and 10V rails. The MAX765 DC-DC
 inverter and LM337 negative LDO produce the -10V rail. To use external power supplies, move the shunts on all jumpers to the 2–
3 position. Connect the ground terminal of the external power supplies to the GND connector. Connect the 3.3V, 5V, 10V, and -10V
 supplies to the corresponding connectors on the board.

 Petaluma connects to FMC-compatible field-programmable gate array (FPGA)/microcontroller development boards. Petaluma
 requires supply voltages of 3.3V and 12V from the FMC connector and uses the pin assignments illustrated in Figure 2.
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Figure 2. FMC connector pin connections.

Table 1 shows the power requirements. Table 2 shows currently supported platforms and ports.
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Table 1. Power Requirement for the Petaluma Subsystem Reference Design

Power Type Jumper Shunt Input Voltage (V) Input Current (mA, typ)

On-board power JU1–JU4: 1–2
3.3 6.2

12 70

External power JU1–JU4: 2–3

3.3 6.2

5 41.4

10 9.4

-10 9.4

Table 2. Supported Platforms and Ports

Supported Platforms Ports

ZedBoard platform (Zynq®-7020) J1

Detailed Description of ZedBoard Firmware
 Table 2 shows the currently supported platforms and ports. Support for additional platforms may be added periodically under
 Firmware Files in the All Design Files section.

 The Petaluma firmware released for the ZedBoard kit targets an ARM® Cortex®-A9 processor placed inside a Xilinx Zynq system-
on-chip (SoC).

 The firmware is a working example of how to interface to the hardware, collect samples, and save them to memory. Figure 3
 shows the process flow. The firmware is written in C using the Xilinx SDK tool, which is based on the Eclipse open source
 standard. Custom Petaluma-specific design functions were created utilizing the AXI MAX11046 custom IP core. The firmware
 supports the maximum ADC sampling rate at 250ksps.
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Figure 3. The Petaluma firmware flowchart.

 The firmware accepts commands, configures the ADC, and is capable of downloading blocks of sampled data to a standard
 terminal program through a virtual COM port. The complete source code is provided to speed up customer development. The
 corresponding firmware platform files contain code documentation.

Quick Start
 Required equipment:

Windows® PC with two USB ports
Petaluma (MAXREFDES30#) board
Petaluma-supported platform (i.e., ZedBoard kit)
Industrial signal source
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 Download, read, and carefully follow each step in the appropriate Petaluma (MAXREFDES30#) ZedBoard Quick Start Guide.

Lab Measurements
 Equipment used:

Audio Precision® SYS-2722 signal source or equivalent
Voltage calibrator DVC-8500
Windows PC with two USB ports
Petaluma (MAXREFDES30#) board
ZedBoard kit

 Take special care and use proper equipment when testing the Petaluma design. Duplication of the presented test data requires a
 signal source with higher accuracy than the design being tested. A low distortion signal source is absolutely required to duplicate
 the presented results. The input signal was generated using the Audio Precision SYS-2722. The FFTs were created using the FFT
 control in SignalLab from Mitov Software.

Figure 4. AC FFT for channel 7 (AIN7) using on-board power, a -10V to +10V, 10kHz sine wave input signal, a 250ksps sample
 rate, and a Blackman-Harris window at room temperature.
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Figure 5. AC FFT for channel 7 (AIN7) using on-board power, a -2.5V to +2.5V, 10kHz sine wave input signal, a 250ksps sample
 rate, and a Blackman-Harris window at room temperature.
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Figure 6. DC histogram for channel 7 (AIN7) using on-board pwer; a 0V DC input signal; a 250ksps sample rate; 65536 samples; a
 code spread of 21 LSBs with 97.7% of the codes falling within the three center LSBs; and a standard deviation of 0.711 at room
 temperature.

All Design Files
Download All Design Files

Hardware Files
Schematic
Bill of materials (BOM)
PCB layout
PCB Gerber
PCB CAD (PADS 9.0)

Firmware Files
ZedBoard Platform (Zynq-7000)

Buy Reference Design
 Buy Direct: Petaluma (MAXREFDES30#)

 Or

 Order the Petaluma reference design (MAXREFDES30#) from your local Maxim representative.
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 ARM is a registered trademark and registered service mark of ARM Limited.
Audio Precision is a registered trademark of Audio Precision, Inc.
Cortex is a registered trademark of ARM Limited. 
Eclipse is a trademark of Eclipse Foundation, Inc.
Windows is a registered trademark and registered service mark of Microsoft Corporation.
Xilinx is a registered trademark and registered service mark of Xilinx, Inc.
ZedBoard is a trademark of ZedBoard.org.
Zynq is a registered trademark of Xilinx, Inc.

Related Parts

MAX11046B 4-/6-/8-Channel, 16-/14-Bit, Simultaneous-Sampling ADCs Free Samples  

MAX1659 350mA, 16.5V Input, Low-Dropout Linear Regulators Free Samples  

MAX44252 20V, Ultra-Precision, Low-Noise Op Amps Free Samples  

MAX6126 Ultra-High-Precision, Ultra-Low-Noise, Series Voltage Reference Free Samples  

MAX765 -5V/-12V/-15V or Adjustable, High-Efficiency, Low-IQ DC-DC Inverters Free Samples  

MAX8881 12V, Ultra-Low-IQ, Low-Dropout Linear Regulators with POK Free Samples  

More Information
 For Technical Support: http://www.maximintegrated.com/support
 For Samples: http://www.maximintegrated.com/samples
 Other Questions and Comments: http://www.maximintegrated.com/contact 

 Application Note 5827: http://www.maximintegrated.com/an5827
 SUBSYSTEM BOARD 5827, AN5827, AN 5827, APP5827, Appnote5827, Appnote 5827 
 © 2013 Maxim Integrated Products, Inc.
 Additional Legal Notices: http://www.maximintegrated.com/legal

Page 10 of 10



X-ON Electronics
 
Largest Supplier of Electrical and Electronic Components
 
Click to view similar products for Data Conversion IC Development Tools category:
 
Click to view products by  Maxim manufacturer:  
 
Other Similar products are found below :  

EVAL-AD7265EDZ  EVAL-AD7719EBZ  EVAL-AD7767-1EDZ  EVAL-AD7995EBZ  AD9211-200EBZ  AD9251-20EBZ  AD9251-65EBZ 

AD9613-170EBZ  AD9629-20EBZ  AD9716-DPG2-EBZ  AD9737A-EBZ  AD9993-EBZ  DAC8555EVM  EVAL-AD5061EBZ  EVAL-

AD5062EBZ  EVAL-AD5443-DBRDZ  EVAL-AD5570SDZ  EVAL-AD7992EBZ  EVAL-AD7994EBZ  AD9119-MIX-EBZ  AD9233-125EBZ

 AD9629-80EBZ  AD9650-80EBZ  AD9767-EBZ  DAC8531EVM  LM96080EB/NOPB  EVAL-AD5445SDZ  EVAL-AD5660EBZ  EVAL-

AD7685SDZ  EVAL-AD7687SDZ  MAX5318PMB#  MAX1246EVL11-QSOP  MAX117EVKIT-DIP  DC2365A-C  DC2795A-B  DC2795A-A

DAC088S085EB/NOPB  SIM8909-EVB-KIT  82635ASRCDVKHV 961443  DC1466B-B  EVAL-AD5413SDZ  ADC12D1600RB/NOPB  1083

RFPDK FOR CMT2X5X  TS7003DB  TSC2014EVM-PDK  MOD-USB3G  KDC5514EVALZ  650201392G  ISL28005FH-100EVAL1Z  

https://www.x-on.com.au/category/embedded-solutions/engineering-tools/analog-digital-ic-development-tools/data-conversion-ic-development-tools
https://www.x-on.com.au/manufacturer/maxim
https://www.x-on.com.au/mpn/analogdevices/evalad7265edz
https://www.x-on.com.au/mpn/analogdevices/evalad7719ebz
https://www.x-on.com.au/mpn/analogdevices/evalad77671edz
https://www.x-on.com.au/mpn/analogdevices/evalad7995ebz
https://www.x-on.com.au/mpn/analogdevices/ad9211200ebz
https://www.x-on.com.au/mpn/analogdevices/ad925120ebz
https://www.x-on.com.au/mpn/analogdevices/ad925165ebz
https://www.x-on.com.au/mpn/analogdevices/ad9613170ebz
https://www.x-on.com.au/mpn/analogdevices/ad962920ebz
https://www.x-on.com.au/mpn/analogdevices/ad9716dpg2ebz
https://www.x-on.com.au/mpn/analogdevices/ad9737aebz
https://www.x-on.com.au/mpn/analogdevices/ad9993ebz
https://www.x-on.com.au/mpn/texasinstruments/dac8555evm
https://www.x-on.com.au/mpn/analogdevices/evalad5061ebz
https://www.x-on.com.au/mpn/analogdevices/evalad5062ebz
https://www.x-on.com.au/mpn/analogdevices/evalad5062ebz
https://www.x-on.com.au/mpn/analogdevices/evalad5443dbrdz
https://www.x-on.com.au/mpn/analogdevices/evalad5570sdz
https://www.x-on.com.au/mpn/analogdevices/evalad7992ebz
https://www.x-on.com.au/mpn/analogdevices/evalad7994ebz
https://www.x-on.com.au/mpn/analogdevices/ad9119mixebz
https://www.x-on.com.au/mpn/analogdevices/ad9233125ebz
https://www.x-on.com.au/mpn/analogdevices/ad962980ebz
https://www.x-on.com.au/mpn/analogdevices/ad965080ebz
https://www.x-on.com.au/mpn/analogdevices/ad9767ebz
https://www.x-on.com.au/mpn/texasinstruments/dac8531evm
https://www.x-on.com.au/mpn/texasinstruments/lm96080ebnopb
https://www.x-on.com.au/mpn/analogdevices/evalad5445sdz
https://www.x-on.com.au/mpn/analogdevices/evalad5660ebz
https://www.x-on.com.au/mpn/analogdevices/evalad7685sdz
https://www.x-on.com.au/mpn/analogdevices/evalad7685sdz
https://www.x-on.com.au/mpn/analogdevices/evalad7687sdz
https://www.x-on.com.au/mpn/maxim/max5318pmb
https://www.x-on.com.au/mpn/maxim/max1246evl11qsop
https://www.x-on.com.au/mpn/maxim/max117evkitdip
https://www.x-on.com.au/mpn/analogdevices/dc2365ac
https://www.x-on.com.au/mpn/analogdevices/dc2795ab
https://www.x-on.com.au/mpn/analogdevices/dc2795aa
https://www.x-on.com.au/mpn/texasinstruments/dac088s085ebnopb
https://www.x-on.com.au/mpn/simcom/sim8909evbkit
https://www.x-on.com.au/mpn/intel/82635asrcdvkhv961443
https://www.x-on.com.au/mpn/analogdevices/dc1466bb
https://www.x-on.com.au/mpn/analogdevices/evalad5413sdz
https://www.x-on.com.au/mpn/texasinstruments/adc12d1600rbnopb
https://www.x-on.com.au/mpn/adafruit/1083
https://www.x-on.com.au/mpn/hopemicroelectronics/rfpdkforcmt2x5x
https://www.x-on.com.au/mpn/siliconlabs/ts7003db
https://www.x-on.com.au/mpn/texasinstruments/tsc2014evmpdk
https://www.x-on.com.au/mpn/olimex/modusb3g
https://www.x-on.com.au/mpn/renesas/kdc5514evalz
https://www.x-on.com.au/mpn/aurel/650201392g
https://www.x-on.com.au/mpn/renesas/isl28005fh100eval1z

