






HDL-BASED IP LIBRARIES FOR PICOZED SDR
Avnet offers several PicoZed SDR-compatible carrier cards for 
rapid prototyping of wireless links, and as starting points for 
custom-designed carrier hardware. All carrier + SOM combinations 
are supported by HDL code libraries, Xilinx Vivado projects and 
software from Analog Devices.iii Here we highlight key design 
features and benefi ts of an IP-centric design fl ow for custom 
software-defi ned radio systems.

The Zynq-7000 SoC device within each PicoZed SDR SOM 
includes a processing system (PS) with dual-core ARM Cortex-A9 
processors and a fi xed set of hard peripherals including DDR 
memory controller, Ethernet, USB, UART, etc. HDL libraries 
add custom IP components in Zynq programmable logic (PL) to 
manage datafl ow between the AD936x and the various carrier 
card devices such as HDMI, audio, etc. HDL-based IP is consistent 
across the various carriers, except that in actual hardware some 
of the peripheral and/or devices are disabled and/or not available.

We now turn our attention to the AD9361 interface within Zynq 
programmable logic, referred to as the AXI-AD9361 core, which 
handles the data path interface to the ARM Cortex-A9 processors. 
Using the LVDS/DDR (double data rate) mode of the AD9361 digital 
interface, up to four full-duplex data channels may be multiplexed 
to/from the AD9361 for PicoZed SDR 2x2, or two full-duplex 
data channels to/from the AD9364 for PicoZed SDR 1x1. The SPI 
programming interface to the internal registers of the AD936x is 
handled by the PS SPI-0 peripheral, allowing a single SPI core to 
program most, if not all, of the SPI-addressable peripherals within 
the system.

AD9361 CORE IO INTERFACE AND CLOCKING
The receive interface operates in LVDS/DDR mode of the AD9361, 
with 12-bit data samples sent to the Zynq device across two 
6-bit lanes on differential pairs, plus a FRAME signal to delineate 
the four data channels.iv From Zynq input pins each data lane 
is routed through an LVDS IO buffer followed by an adjustable 
delay element, then clocked into the single-edge clock domain 
as 2-bits through input DDR registers (IDDR). The design explicitly 
instantiates Xilinx 7-Series architecture primitives, ensuring direct 
routing from Zynq device pins to synchronous elements within
the I/O logic.v

All clock paths within the core are kept synchronous to the 
incoming clock from the AD9361; the receive clock is simply 
turned around as transmit clock. The clocking uses a global clock 
buffer (BUFG) with high fanout that can reach every fl ip-fl op 
clock, clock enable, and set/reset with low skew across the 
various clock regions of the Zynq SoC PL. Any delay through the 
BUFG which might offset the precise timing alignment between 
incoming clock and data at the pins is easily compensated with 
the IDELAY element in the I/O logic to a fi ne resolution of 78 ps.vi

Although single-domain clocking was chosen for reasons of 
simplicity, the rest of the logic allows customization by the user 
to choose their own clocking scheme. This may involve the mixed 
mode clock managers (MMCM) and Phase-Locked Loops (PLL) to 
drive the downstream data paths, for example to accommodate 
multirate digital signal processing.

RECEIVE INTERFACE
The receive interface supports a PRBS monitor that may be 
enabled to check data integrity. It can be driven at reset time
from a standard-compliant PRBS sequence generator within
the transmit core in order to calibrate the receiver IDELAY 
elements and to set the optimum point of data sampling at
the DDR registers.

FIGURE 6: HDL Block Diagram

FIGURE 7: Interface Logic to AD9361 in Zynq PL



The receive interface also supports DC offset and IQ correction 
(phase & gain) per channel. Any residual DC offset can be removed 
either by the hardware (using an IIR fi lter) or by software using a 
programmable register. The register may be set to the average DC 
offset observed initially without any correction with the desired 
settings for a short period of time.

The IQ correction is implemented as a 2x2 matrix multiplier 
with software-programmable coeffi cients. The correction is 
implemented across each pair of IQ channels. It is NOT possible to 
correct the signals across the pairs. It is best to use the builtin IQ 
correction in the AD9361 across all the channels. The core may then 
be used to correct phase (rotation) or gain within each IQ pair. The 
core accepts either offset-binary or 2’s complement data formats, 
which are then output as 16-bit data by either sign extension or 
setting the most signifi cant nibble as 0x0.

By default the receive data is passed via DMA directly to the 
Zynq processing system, where it may be processed in software 
such as Analog Devices IIO Oscilloscopevii or streamed via 
Ethernet, PCI Express or USB to Matlab and Simulink at the PC.⁶ In 
productionready SDR applications, further digital signal processing 
must be implemented in the programmable logic to sustain 
throughput and bandwidth requirements.

The transmit interface closely resembles the receive data path in 
reverse. Data destined for the DAC arrives on four channels at the 
device clock. The core assumes a simple FIFO-like interface at the 
user side. It indicates a data request on the channels via a read 
signal. The data may either be 2’s complement or offset binary and 
aligned to the MSB of the 16-bit data signal.

The data is then passed to IQ correction logic on each of the pairs 
and fi nally to the interface logic towards LVDS outputs, with the 
FRAME signal marking the four channels.

The core also supports an optional data pattern generator for 
test purposes. This includes a DDS that generates two sinusoidal 
waveforms that are scaled and added together. It also includes a 
constant data pattern programmable by the software as well as
a PRBS sequence generator.

FIGURE 8: Receiver Interface

FIGURE 9: Transmitter Interface

CONCLUSION:
In the fi rst of this 3-part series, we presented the design 
methodology for Avnet’s PicoZed SDR family of software-defi ned 
radio system-on-modules (SOMs). We highlighted best practices 
to address specifi c board-level design challenges within tight 
space constraints, including interconnect between the processor, 
common embedded system peripherals and the RF transceiver. In 
addition we described techniques for RF interference mitigation 
and reviewed the power supply design. Finally, we covered the 
HDL-based custom IP for PicoZed SDR within the Xilinx Zynq-
7000 SoC.

Subsequent articles within this series will explore software design 
and practical system-level implementation of end-to-end wireless 
communications using MATLAB and Simulink.
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