Dragonfly Datasheet

Revision Date Description

0.x 2026-06-01 Initial public draft

& The specifications of this product may change without notice.

1.  Overview

Dragonfly is a fully integrated millimeter-wave phased-array RF module for system-level prototyping of FR2
communications, radar sensing, and integrated sensing and communications (ISAC). The module integrates four
ADMV48281 16-channel TDD analog beamformer ICs (BFICs), an ADMV1128A up/downconverter (UDC), a local
oscillator (ADF4372 or ADF4368), and a 64-element (8 x 8) antenna array on a single compact PCB.

Dragonfly is designed as a production-grade RF module, rather than a conventional evaluation board assembled
from discrete ICs, to enable high-performance beamforming evaluation with minimal external hardware. The
module supports a 64-channel TDD phased-array architecture with up to 400 MHz IF bandwidth, delivers up to 46
dBm EIRP, and provides two-dimensional beam steering over +45° with 2° angular resolution. High-speed SPI/LVDS
control enables real-time beam switching through Beam Pointer Mode. For system operation, only a 3.5 GHz IF
interface, a122.88 MHz reference clock, and SPI/GPIO control signals from a host controller are required. Dragonfly
is available in two variants, as summarized in Table 1: Dragonfly SP (single V polarization), optimized for Japan's
private 5G band (28.2 to 29.1 GHz) with a single-polarization 64-element PCB patch antenna array and a single IF
stream; and Dragonfly DP (dual V/H polarization), which supports dual polarization and provides 32 + 32 element
coverage from 24.0 to 29.5 GHz using a chip antenna (ADMV2228) with dual IF streams. Refer to Table 1 for a

summary of the Dragonfly model variants.

Table 1. Dragonfly Model Variants
Model HW Revision Polarization IF Stream
Dragonfly SP Revision 2.1 Single (V) Single TX/RX IF stream
Dragonfly DP Revision 3.0 Dual (V/H) Two TX/RX IF streams (V and H)



2. Features

Table 2 summarizes the features of Dragonfly SP.

Table 2. Dragonfly SP Features

Antenna elements 64,8x8 IF bandwidth +200 MHz (400 MHz)
Polarization Single (V) IF input power (TX) -10dBm

RF frequency 27.8-29.1GHz IF output power (RX) -20dBm
Duplexing TDD Control interface SPI/GPIO(LVDS)
TX EIRP (64-ele.) 46 dBm SPI clock frequency Max. 100 MHz
Beam range +45° Power-in DC12V

Beam step 2° Current consumption 25A

RX gain 30dB Power-out for fan DC12V
Reference clock 122.88 MHz Size 120 mm x 140 mm
IF port One TX & RX pair Status Production

IF frequency 3.5GHz
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Figure 1. Dragonfly SP PCB Image

Table 3. Dragonfly DP Features

Antenna elements 32+32,(4x8)x2 IF bandwidth +200 MHz (400 MHz)
Polarization Dual (V/H) IF input power (TX) -10dBm

RF frequency 24.0-29.5 GHz IF output power (RX) -20dBm

Duplexing TDD Control interface SPI/GPIO(LVDS)

TX EIRP (32-ele.) 46 dBm SPI clock frequency Max. 100 MHz

Beam range +45° Power-in DC12V




Beam step 2° Current consumption 2.8A

RX gain 30dB Power-out for fan DC12V
Reference clock 122.88 MHz Size 120 mm x 140 mm
IF port Two TX & RX pairs Status Production

IF frequency 3.5GHz

Note: Dragonfly SP is optimized for Japan's local 5G band (28.2 to 29.1 GHz) and uses an integrated PCB patch
antenna. Support for additional bands may be available on request. In contrast, Dragonfly DP supports the full 24.0

t0 29.5 GHz range and uses an integrated chip antenna (ADMV2228).
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Figure 2. Dragonfly DP PCB Module Image

When the PCB is viewed from the front, the polarization orientation of each Dragonfly variant is defined as shown
in Figure 3.

® Dragonfly SP: Single polarization (V), +90°

®  Dragonfly DP: Dual polarization (V/H), V +135° (upper 32-element) and H +45° (lower 32-element)

Note: In Dragonfly SP, dummy antenna patches surround the active array and are connected to the ground plane.
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Figure 3. Antenna Polarization Orientation

3. Block Diagram

Dragonfly integrates all essential functions of a phased-array antenna module, including an optimized low-noise

power tree. Figures 4 and 5 show the block diagrams with the key active components.

Dragonfly SP uses a single-polarization PCB antenna and supports a 64-element phased-array configuration. In
contrast, Dragonfly DP uses a dual-polarization antenna based on the ADMV2228 chip antenna, which supports two
orthogonal polarizations and provides two IF streams for V/H MIMO operation.

Because the ADMV2228 supports a wider frequency range than the PCB antenna, Dragonfly DP enables full FR2
coverage from 24.0 to 29.5 GHz.
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Table 4. Dragonfly Interface Signals

ADMV2228
Chip antenna

V-pol (32-ch.)

Signal Name CN# Description
DCIN_12V CN1 DC 12 V supply input
DCOUT_12V CN6 DC 12 V supply output (for cooling fan)
REFIN CN2(SMA) 122.88 MHz reference clock input
TX_IN CN3(SMA) 3.5 GHz IF signal input (Dragonfly TX)
RX_OUT CN4 (SMA) 3.5 GHz IF signal output (Dragonfly RX)
Control Signals PHY: 0-3.3 V LVDS
CSB_uUDC CN5 ADMV1128A: Chip select
CE_UDC ADMV1128A: Chip enable
RST_UDC ADMV1128A: Reset
SWTR_UDC ADMV1128A: TX/RX switch for on-chip RF switch
RXEN_UDC ADMV1128A: TDD RX mode
TXEN_UDC ADMV1128A: TDD TX mode
LOAD_UDC ADMV1128A: Activating up-to-date settings
CSB_BF ADMV48281: Chip select
CE_BF ADMV48281: Chip enable
RSTB_BF ADMV48281: Reset
TRX_V_BF ADMV48281: TX/RX switch (V-ch)
TRX_H_BF ADMV48281: TX/RX switch (H-ch)
LOAD_BF ADMV48281: Activating up-to-date settings(e.g. beam index)
PD_BF ADMV48281: Power down




SCLK_UDC_BF ADMV1128A & ADMV48281: SPI clock (shared)

SDO_UDC_BF ADMV1128A & ADMV48281: SPI SDO (shared)
SDIO_UDC_BF ADMV1128A & ADMV48281: SPI SDIO (shared)
CSB_PLL ADF4372/ADF4368: Chip select
SCLK_PLL ADF4372/ADF4368: SPI clock
SDO_PLL ADF4372/ADF4368: SPI SDO
SDIO_PLL ADF4372/ADF4368: SPI SDIO

4, Electrical Specifications

Table 5. RF Transmit Specifications

RF Frequency Range (Dragonfly SP) 27.8 29.1 GHz
RF Frequency Range (Dragonfly DP) 24.0 29.5 GHz
Ambient Temperature (Measurement Condition) +25 *C
Antenna elements 8 x 8 rectangular - 64 - -

arrays
Recommended Operating EIRP CW 46 dBm
Polarization (Dragonfly SP) V pol. - single - +90° - -
Polarization (Dragonfly DP) V/H pol. - dual V: +135°

H: +45°

Beam Steering Angle Range Azimuth & Elevation +45 °
Beam Steering Step Azimuth & Elevation 2 °
Output P1dB @Antenna output 50 dBm
Output IP3 @Antenna output 60 dBm
Single-Channel Gain 20 dB
Total Gain Control Range Ctrl. UDC -25 5 dB
Gain Step 0.5/1 dB
Gain Step Error 0.5 dB
Phase Step 0.56 °
Phase Step Error 0.36 °
Input Return Loss -15 dB
Output Return Loss Antenna output = dB
Noise Figure 15 dB
Power Consumption Per Channel TBD
Power at 3% EVM TBD

Note: Dragonfly is intended for development and evaluation use. Unless otherwise noted, all RF specifications in

this datasheet are measured at room temperature (25 °C). No operating temperature range is specified in this



revision.
Note: Polarization angles are shown for comparison: SP supports single-polarization V(+30°), whereas DP supports
dual polarization V/H (+135°/+45°). See Figure 3.

Note: Parameters marked as “TBD” will be finalized in a future revision.

Table 6. IF Transmit Specifications

Parameter Test Condition Min Typ Max Unit ‘
IF Center Frequency 55 GHz
IF Bandwidth +200 | MHz
IF Input Power -10 dBm

Note: The default IF center frequency is 3.5 GHz. Other IF frequencies may be supported by changing the PLL/VCO
configuration, provided that the selected IF remains within the UDC input frequency range and satisfies other

system constraints.

Table 7. Transmit Power Detector Specifications

Parameter Test Condition

TX Power Range (EIRP) Per single antenna =7/ +13 dBm
TX Power Detector Range Persingle BFIC output | O +20 dBm
TX Power Detector Accuracy +1 dB
TX Power Resolution 8 bits
RX Power Range dBm
RX Power Detector Range dBm
RX Power Detector Accuracy dB
RX Power Resolution bits

Note: Power detectors are integrated in the BFIC (TX power) and the UDC (RX power), and both measurements can

be read back through software.

Table 8. RF Receive Specifications

Parameter Test Condition

RF Frequency Range (Dragonfly SP) 27.8 29.1 GHz
RF Frequency Range (Dragonfly DP) 24.0 29.5 GHz
RF Input Range -40 dBm
Ambient Temperature (Measurement Condition) +25 °C
Antenna elements 8 x8rectanqulararray | - 64 = =
Polarization V pol. single - v - -
Beam Steering Angle Azimuth & Elevation 45 Deg.
Beam Steering Step Azimuth & Elevation 2 Deg.
Single-Channel Noise Figure Includes antenna gain 22 dB




and feeder loss

Input P1dB - - -

Input IP3 -10 dBm
Gain (Electrical Gain) B4ch, from ANT input 30 dB
Coherent Gain = = = dB
Single-Channel Gain 12 dB
Total Gain Dynamic Range Ctrl. UDC =[5 5 dB
Gain Step 1 dB
Gain Step Error 0.5 dB
Phase Step 0.56 Deg.
Phase Step Error 0.36 Deg.
Input Return Loss Antenna Input - - - dB
Output Return Loss 15 dB

Power Consumption Per Channel
Maximum Overload Power
Note: Dragonfly is intended for development and evaluation use. All RF specifications are measured at room

temperature (25 °C) and no operating temperature range is specified in this datasheet.

Table 9. IF Receive Specifications

Parameter Test Condition

IF Frequency Range 3.5 GHz
IF Bandwidth +200 | MHz
IF Output Power -20 dBm

Table 10. Local Oscillator Specifications

Parameter Test Condition Min Typ Max Unit ‘
Local Frequency Range Low-side LO 12.15 12.8 GHz
Fundamental Frequency Range (SP) fuco X2 6.075 6.4 GHz
Fundamental Frequency Range (DP) fuco 6.075 6.4 GHz
Reference Frequency - 122.88 | - MHz
Reference Frequency Input Range 500, single-ended -4 10 dBm
Loop Bandwidth 200 kHz
Phase Noise At IMHz offset -124 dBc/Hz

Note: The IF and LO frequencies listed in this datasheet are recommended default settings. These frequencies can
be adjusted through the PLL/VCO configuration; however, the antenna and PCB are optimized for the default

settings, and performance (for example, frequency response) may degrade at other frequencies.

Table 11. Temperature Sensor Specifications



Parameter Test Condition Min Typ Max Unit ‘

Temperature Range -40 +125 *C
Accuracy +5 °C
Resolution 8 bits

Note: Temperature sensors are integrated in the four BFICs, and the temperature of each device can be read back

individually.

Table 12. SPI Control Specifications

Parameter Test Condition Min Typ Max
SCLK Frequency (UDC and BFIC) 100 MHz
SCLK Frequency (PLL) 50 MHz

Table 13. DC Power Specifications

Parameter Test Condition Min Typ Max Unit ‘
Supply Voltage (input) 12 V
TX Current Consumption (Dragonfly SP) 2.5 A
TX Current Consumption (Dragonfly DP) 2.8 A
RX Current Consumption (Dragonfly SP) 1.1 A
RX Current Consumption (Dragonfly DP) 1.2 A
Power Out Voltage (for Fan) 12 v

Note: The available output current for “Power Out for Fan” depends on the current capability of the connected AC-

DC adapter.

4, System Development Kit (option)

Dragonfly is intended for integration into customer systems as a standalone RF module. For evaluation and rapid
bring-up, the Dragonfly SDK (System Development Kit) provides ready-to-use hardware and reference workflows
for common development tasks.

® Basic RF performance characterization

TX testing(signal analyzer required)

RX testing(signal generator required)

Communications testing using two Dragonfly units

Analog beamforming evaluation (rotator required)

Two third-party Dragonfly SDK variants are available, as summarized in Table 14.

Table 14. Dragonfly SDK Variants

SDK Model Dragonfly SDK “model-I" Dragonfly SDK “model-S”




Control interface USB-C (full-speed) RJ-45 LAN (GbE, TCP/IP/UDP)

SPI clock speed (write & read) 15 MHz 15 MHz

SPI clock speed (write only) >30 MHz (via AUX port) >100MHz

SPI streaming mode Yes Yes

Integration with Dragonfly SP (v2.1) Yes Yes

Integration with Dragonfly DP (v3.0) Yes Yes

Reference MATLAB code Yes Yes

Metal casing with heatsinkand fan  Yes Yes

I/F bridge architecture FTDI4232HL (USB to LVDS SPI) Digilent Zybo Z7(LAN to LVDS SPI)
Auxiliary control signal port Yes (20-pin) No

122.88MHz on-board REFCLK output No Yes

SDK supplier IBAQS Co., Ltd. S-Takaya Electronics Ind. Co., Ltd.

Figures 6 and 7 show the hardware image and a representative setup for Dragonfly SDK “model-I,” while Figures 8
and 9 show the corresponding configuration for Dragonfly SDK “model-S.” Both SDKs include an interposer board
that routes standard host interfaces(for example, USB-C and LAN) to the backplane. RF ports, including the TX/RX
IF connections and reference clock input, are also routed to the backplane through SMA connectors. Both SDK
variants are supported by the Dragonfly Reference Software (see the next section). However, real-time beam
switching requires high-speed SPI and GPIO control. Because these SDKs rely on general-purpose interface
bridges, they may not achieve the maximum interface performance available on Dragonfly hardware (for example,
up to a 100 MHz SPI clock). A custom host interface implementation is therefore recommended when maximum

control bandwidth is required for fast beam steering.

Figure 6. Dragonfly SDK (Model I)
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Figure 7. Two-Unit Setup Example with Dragonfly SDK (Model I)

Figure 8. Dragonfly SDK (Model S)
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Figure 9. Two-Unit Setup Example with Dragonfly SDK (Model S)



Figure 10 shows a basic evaluation setup for Dragonfly. For RX evaluation, an RF signal generatoris required; for TX
evaluation, an RF signal analyzer is required. A reference clock generator is also required for operation (not shown

in Figure 10).
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Figure 10. Basic Dragonfly SDK Evaluation Setup

Figure 11 shows a basic communications setup using two Dragonfly SDKs. ADI ADALM-PLUTO SDRs serve as the IF
signal source and receiver. ADALM-PLUTO is supported in MATLAB with example workflows for rapid link
prototyping. Note that ADALM-PLUTO does not support IF bandwidths up to 400 MHz. A reference clock generator

is also required for operation (not shown in Figure 11).
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Figure 11. Basic Communications Setup with Two Dragonfly Units

MATLAB code

Figure 12 shows a higher-performance communications evaluation setup that uses an ADI mixed-signal front end

(MxFE)in place of conventional RF signal generation and analysis equipment. This configuration supports wider



bandwidths, up to the full 400 MHz IF range, and enables wideband IF waveform generation and capture for
advanced 5G and 6G research. Depending on the application, external FPGA and processor platforms may be used

for baseband processing and control.
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Figure 12. Communications Evaluation Setup Using ADI MxFE

In addition to advanced communications system development, Dragonfly can be used for ISAC (Integrated Sensing
And Communications) development, where access to low-level RF observables such as amplitude, phase, and
frequency is required. By using wideband evaluation platforms such as the MxFE-based setup shown in Figure 12,
developers can extend the same hardware and signal-processing chain to sensing applications, including physical
Al implementations. This non-black-box approach is well suited to advanced communications and sensing

research. An example demonstration system is shown in Figure 13.
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Figure 13. ISAC Demonstration System



5. Dragonfly Reference Software

Dragonfly is controlled by reference MATLAB code that configures the on-board devices (for example, ADMV48281

and ADMV1128A) and provides system-level functions such as beam steering. Key capabilities include:

Beam steering control for TX and RX
Gain and attenuation control (UDC/BFIC)

Array calibration support

Monitoring of temperature, TX power, and RX power

Transmit/receive beam search utilities

High-speed beam switching using Beam Pointer Mode

As one example, the MATLAB API controls TX/RX gain through multiple on-board attenuator stages(see Figure 14).

Users can adjust each stage individually to fine-tune the overall RF gain.
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Figure 14. Dragonfly Attenuator Stages
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For beam steering, the ADMV48281 supports two control modes, both of which are exposed through the reference

MATLAB code:

® Bypass(direct beam) mode: directly set azimuth and elevation for manual step-by-step steering.

® Beam Pointer Mode: recall pre-defined entries from a beam lookup table to enable fast beam switching.

Some low-level MATLAB components, such as register-access routines for the ADMV48281 and ADMVT1128A, are

provided in encrypted P-code format to protect proprietary content. Access to unencrypted source code may be

available from Analog Devices, Inc., subject to an executed nondisclosure agreement (NDA) and a valid business

justification.



Table 15 summarizes the main MATLAB scripts and commands provided for Dragonfly. These scripts are designed
for use with the Dragonfly SDK. When integrating Dragonfly as a bare RF module into a customer platform, the
reference code may need to be adapted to the target host interface and system architecture. Because device

configuration and control rely on standard SPl and GPIO interfaces, such porting is typically straightforward.

Table 15. MATLAB Scripts and Command List

Setup commands File name (*.m) ‘

Initialize and set up Dragonfly Connect_DF_USB.m

Terminate Dragonfly Disconnect_USB.m

Operation commands Function name

Setup Dragonfly w/o DF_x.Setup

Setup Dragonfly w/ CAL file DF_x.Setup ('CalFileName.mat')

Set Dragonfly to RX mode DF_x.SelectRXMode

Set Dragonfly to TX mode DF_x.SelectTXMode

Set RX beam direction DF_x.SetRxBeamDirection (xDeg, yDeg)

Set TX beam direction DF_x.SetTxBeamDirection (xDeg, yDeg)

Set LO frequency DF_x.pll.SetupRegister (fREF, fVCO)

SPI Write (PLLVCO registers) DF_x.pll.WriteSPI(RegAddr, RegValue)

SPI Read (PLLVCO registers) DF_x.pll.ReadSPI(RegAddr, RegValue)

SPI Write (UDC registers) DF_x.udc.WriteSPI (RegAddr, RegValue)

SPI Read (UDC registers) DF_x.udc.ReadSPI(RegAddr, RegValue)

SPI Write/Read (BFIC registers) DF_x.bf.WriteSPI (numBFIC, 0, RegAddr)
DF_x.ReadSPI(numBFIC, 0, RegAddr)

Toggle LOAD pin of BFIC DF_x.bf.ToggleLOAD

Set TX beam angle (direct mode) DF_x.bf.SetTxBeamDirection (xdeg, ydeg)

Set RX beam angle (direct mode) DF_x.bf.SetRxBeamDirection (xdeg, ydeg)

Load beam pointer index tables DF_x.bf.WriteBeamPointerTableFromFile (‘filename.csv')

Recall indexed TX beam angle (pointer mode) DF_x.bf.CallTxBeamPoint (numBeamIndex)

Recall indexed RX beam angle (pointer mode) DF_x.bf.CallRxBeamPoint (numBeamlIndex)

Adjust TX common gain offset of BFIC DF_x.bf. TxComGainOffset (RegValue)

Adjust RX common gain offset of BFIC DF_x.bf.RxComGainOffset (RegValue)

Readout RX power level from BFIC DF_x.udc.ReadPowerDetector (RegValue)

Quit RX level readout mode DF_x.udc.ResetPowerDetector ()

Readout TX PA output level from BFIC DF_x.bf.ReadTXDetectorSingleChannelSpecificRange (numCH,

DetRange, numFilTap)

Enable specified single TX channel DF_x.bf.SelectTXChannell(numCH)

Enable specified multiple TX channels DF_x.bf.SelectTXChannelMulti (indices_CH)




Readout temperature from BFIC ReadTemperaturelLoop (DF_x)

Note: The MATLAB scripts and commands are provided as reference examples for evaluation and R&D use only.
They are supplied “asis,” without warranty of any kind, and no guarantee is made regarding performance, suitability,

or fitness for a particular purpose.

Figure 15 shows the MATLAB code dependency graph for the ISAC demonstration system (corresponding to Figure
13), which uses Dragonfly and ADALM-PLUTO as the baseband I/0 platforms.
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Figure 15. MATLAB Code Dependency Graph

6. Reference Documents

For hardware setup and operation, refer to the documents listed below. Some materials may be shared under NDA;

contact ADI for details.

Dragonfly datasheet (this document)

Dragonfly SDK and MATLAB software user guide

Dragonfly design files (available upon request, subject to ADI approval under NDA)
Gerber(*.art)

PCB layout (*.brd)

Schematics (*.pdf and *.dsn)

Metal mask (*.pdf and *.art)

Component placement coordinates (*.xlsx)

Bill of Materials (BOM)(*.xIsx)
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ADMV48281 Datasheet (available upon request, subject to ADl approval under NDA)

ADMV48281 Evaluation Board User Guide (available upon request, subject to ADl approval under NDA)
ADMV48281 Programming Reference Manual (available upon request, subject to ADI approval under NDA)
ADMV1128A Datasheet (available upon request, subject to ADI approval under NDA)

ADMV1128A Evaluation Board User Guide (available upon request, subject to ADl approval under NDA)
ADF4372 Datasheet

ADF4372 Evaluation Board User Guide

ADF4368 Datasheet

ADF4368 Evaluation Board User Guide



