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Goal and Agenda

Goals:

« Understand why wideband RF architectures are evolving, not just how
« Map data-converter capability directly to RF front end

« Make informed tradeoffs for wideband, high-dynamic range systems

« Understanding core technology that makes up wideband signal chains

Topics:

« Technology trends

« 0.1-b5 GHz Architecture overview

« Amplifier/SIP packaging

« Up/Down conversion RFIC Integration
« Filtering Technology overview

« Data Converter Deep Dive
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Extreme SWAP-C
Pressure

« Smaller platforms

« Higher quantities

« Same Capability at
reduced cost

\_

RF System Constraints

Diverse missions, shared RF Challenges

Hardware Reuse
Across Bands and
Missions

« Common Hardware
Platforms

« Software Defined
« Reduced sustainment

©2026 Analog Devices, Inc. All Rights Reserved.

costs
\_

Edge Compute &
Real Time
Adaptation

 Processing at the
edge
» Reduced Latency

« Al/ML-enabled
optimization

J

\_

Spectrum
Congestion and
Interference

« Dynamic spectrum
access

- Co-siteinterference,
blockers, jamming

\_
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Key Technology Trends shaping the Future

Wideband & Multi- Advanced Packaging Advancing Data Data Flow and Cognitive & Adaptive
Function & Thermal Converter Capability Information Al/ML Operational
Architectures Management Management Functions

SN

Customer domain expertise driven solutions

\ EEEN) /
2xOonr

All powered by cutting edge ADI
antenna-to-processing innovations
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High-Speed Converter Progression : Dictates RF architecture DEVicES

e
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Challenge: Operating in Contested Environments

~ Wideband RF systems are Signal-to-Noise-and-Distortion (SNDR)

limited because blockers create detection problems: arget

Blockers force higher SNDR operating window = higher NF -
worse system noise floor

Comms/

Radar/
Multiple blockers create intermodulation (IMD2, IMD3), masking

Signal of Interest

Spectrum monitor

Blockers
Tror oo ——nmry Max Level )
A Friendly

A4a|l 4 4 SNDR > 60dB Jamming

!

t

Signal Level

|

i

-

1 >

|
 —
—> |
——

|

I,

Signal of interes

Frequency
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Challenge: Reducing Size, Weight, and Power (SWaP)

Increasing functionality while decreasing SWaP Envelope

Functionality &
Performance

« Convergence of multi-function
« Common Hardware Platforms
« Higher channel counts

« Wider IBW/Higher RF
Frequencies

- High SFDR

Signal Chain SWaP

« Architectural Changes

« Higher Sample rate Data
Converters

« Efficient Partitioning
« RFIC and SIP integration

8 ©2026 Analog Devices, Inc. All Rights Reserved.
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Low Frequency to 55 GHz signal chain
Target Specifications

Frequency Coverage 0.1-55 GHz
To achieve this requires:

Instantaneous Bandwidth 4 GHz , , ]
* Optimal architecture selection

SFDR/SNDR >60 dB e (ain ranging

Noise Figure <10 dB  Careful frequency planning
. * Filtering

Operating Power range -120 to +20 dBm . Optimized partitioning

Input no damage +30dBm

Size >50% reduction vs discrete

solutions

9 ©2026 Analog Devices, Inc. All Rights Reserved.
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Architecture approaches to covering 0.1-55 GHz PEVICES

LT EVAS
technology

Technology Required for

Architecture Benefits Challenges...

PR e | Direct Sample ~30 GHz +  Collapse RF chain «  Filtering Q at high ) Extrgmel e T
) a frequency Yy

¢ Lhimesknes . Wide-band I/0 Calibration

Zero-IF ~7 GHz * Power efficient . ggsg::;tfors LO . Quadrature LO gen up to 556Hz
- Cock  Super-Het w/ © SWaP . Eigiaztgf?SDPCs/ A semple
| T_” h-IF >b55 GHz * Frequency coverage « LO Distribution . High-IF operation
RX X A/D E « Frequency Planning J P

1 U comintio o Diec Sample: Supar-ht ool euencyanse
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Direct Sample +
Frequency
extension

High-IF
architecture for
optimal frequency
planning

Partitioning for
flexibility and
optimal
performance

Reduced size
through RFIC and
System-in-
package(SIP)

0.1-55 GHz Wideband Signal Chain Solutlon SRS
| }LB-a-b];-ﬁTt;;;E-if ------------------ &-o--'-’:'-b-aant- ------------------------------------ -T- l-.’-’-"-aB-’-e---’F -------------
i RF SIP | TunerICs :
= o AR -
l I T TS 60 AD9084
I -y i - F AP ii’ﬁvees p—— é\P;”VWf: e
2 ' bl P i A i ot ; )
i-_< : T : | 9'27L2‘3“E ' X2 _% ADMVI455)| B y /?*»: ’7< S VAN )
= | i : . ADL6332 : ~  On-
I | . i L
- {%f’i;é*}» SR I o
T ¥ \—* A H ﬂ‘—l 1 ADMV89J3
i | — _' il
i » 4{?—”&: x2 _% ADMV1355 : SE-DE : 20-28G5PS
: AR 13 i :Amps (opt):
i : i : :
i @l o
| T“ 2 T 1 E LL /g ;T ; L EE x p ||
: A I: Hinddl= —HA P DSP
5 | | 2 N = A Q’G i apmveppp ADHVE3T2
S | _%_ S > % ADMVI320[:: L Jo—
5 | : i DA el
: }r¥1£ REIN Regli ot 7(» = A ADLE331 : AD9084
E I T Q oT E E 2| /{ _ﬁ% % 7 ;E ADMVE9og T
\i | f< | | 927L(;G.%§| y% ADMV1420
: I
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0.1GHz to 20 GHz Receiver/Transmitter System Highlight

Integrated tunable

Tunable preselector Selectable paths Frequency and gain filters + image reiect Obtion for real IF or 0.5GHz to 9 GHz Sample at 20 GSPS and
filter for 00B IP2 optimized for low or look up tables for . 'g y P adjustable IF use first
L X . . . mix provide >60 1/Q baseband output OO .
spur mitigation high band quick reconfiguration overall IMR antialiasing filter Nyquist

ADMV8827
l ADMV1420 0.1GHz to 2 GHz AD9084  First Nyquist
—k DC Offsqt DC to 8 GHz DC to 10 GHz
Second Nyquist
ADLETI2 TR 10 GHzto 20 GHz
ADL8112 20 GSP
0.5GHz . & ’
to 20 GHz T : ’ DSP
2 GHz to 9 GHz (mix)
1GHz to 12 GHz (direct) «
Gain ranging SIP High IP2 amplifiers 9GHzt0276Hz
? . {1
:Ijllows §elect|((:|)n of ADMVBE09 alllow operatlog in
ow noise mode or ow noise mode
" ADMV8827 L First Nyquist
high blocker mode with higher blocker ADMV1320 10r 2 or DCto]é’%u,E
. . . 0
+gain adjust levels sl 20 GSPS
ADMV8909 ADL6331
0.5GHz —. £
to 20 GHz
Img/IF rej TBPF
. . Integrat mp + . .
Selectable high DSA +driver + TW PA Integrated LO eora ?da. P Optionforreal IF, Diff — SE balun
. ’ . TBPF to simplify LO .
power or best spur to control Py based calibration to reject dist. and drive wideband real IF (ext replacement, >60 dB
mode on need LO>45dB ’ 90° hybrid), or I/Q BB gain control

requirements

©2026 Analog Devices, Inc. All Rights Reserved.



SFDR, SNDR, Spurs, Dynamic Range (Receiver)' |

Concerns for managing interference:

13

Full scale input Level (dBm): Maximum input level to signal chain before compressing/saturating
Minimum Detectable Signal (MDS): Minimum Input level to signal chain, set by effective noise

bandwidth and noise figure

Effective Noise Bandwidth - set by DSP path and waveform type, typ values from IMHz-1000MHz

iDR (dB): Instantaneous dynamic range. Input Full scale - Minimum Detectable Signal

SFDR3 (dB): Maximum Signal to noise and distortion ratio (SNDR) possible for a signal chain,

function of noise figure, IP3, and processing bandwidth
SFDR (dB): All other signal related spurs.

ADC harmonics, interleaving spurs

RF harmonics/intermods

Anti-alias rejection

Mixer MxN spurs, Image spurs (for super het)
IF rejection (for super het)

Sideband spurs(PLL/clock)

Nominal Dynamic Range Input Level: Input level for maximum SNDR (MDS + SFDR)
SNDR (dB): Signal to noise and distortion ratio, changes based on input signal level

A~~"""Full scale input level

Nominal Dynamic Range Input
Level (NDRIL)

SFDR3 iDR

IMD3
Intermods

Y____Minimum Detectable Signal
(MDS)

Desired tone

[

A

Noise bandwidth/
Processing bandwidth

©2026 Analog Devices, Inc. All Rights Reserved.



Example: 0.1-20 GHz Signal Chain SNDR Performance

Performance vs Blocker Level

80.0 =
70.0
60.0
50.0
40.0 S
30.0
20.0
10.0 /

0.0
-10.0
-20.0 SNDR2/3

-30.0
-40.0

Attenuation

— MDS

SNDR, IMD2/3, MDS

-50.0
-60.0
-70.0
-80.0
-90.0

— IMD2 dBm

— |MD3 dBm

AGC

—

IMD3 limited SNDR

_ Noise limited SNDR
-100.0 < i

—»IMD2 limited SNDR

-110.0 L/
-120.0 /

-120 -110 -100 -90 -80 -70 -60 -50 -40 -30

Blocker level, dBm

0.1GHz
to 20 GHz

-20 -10 0 10 20

SNDR, IMD2/3, MDS
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0.0
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-30.0
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-50.0
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Performance vs Blocker Level
SNDR2/3
Attenuation
—NMDS
—— IMD2 dBm
— |MD 3 dBM
4120 -110  -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20
Blocker level, dBm
’ 1MHz ENBW

B GHz to 20 GHz

DC Off=dt
9 6Hz to 27 GHz

1GHz to 12 GHz (direct)

ADMVB309

o< |

https://www.analog.com/en/analog-dialogue/articles/sfdr-considerations-in-multi-octave-wideband-digital-receivers.html
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Frequency Plan, 0.1-20 GHz band

» AD9084 Fs =20GSPS
» Nyquist at T0GHz

» Direct sample up to ~9 GHz Dowr-conver
» Down-convert higher frequencies to Tt
Nyquist N R
» Select IF in the middle of the Nyquist o~ -
» 3-7 GHz range 12-23 GHZ{%@
» |[F placement will depend on practical filtering + <+
» O range falls out of IF and RF range m
» LO=IF+RF \2 s ° 8/1I0 1|2 ! 1|6 : 2|o
Fs/2 Fs

15 ©2026 Analog Devices, Inc. All Rights Reserved.
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Purpose of filtering within signal chain

ADMY1420 0.1GHz to2 BHz

OC Offsgt OC to BGHz q

] | g’#l“[}‘

2 GHz to® GHz (mix)
1GHz to 12 GHz [direct)

= :

N
=t

1GHz to 20 GHz

3 GHz tol
15 ar

ADLEMZ

0.1GHz [
to 20 GHz

6 GHz to 20 GHz

]
Gain LUT \‘ Freq LuUT

Sub-octave IF

sieselestion » Harmonic/noise

rejection
« Anti-alias

Sub-octave
preselection
Image rejection
IF rejection

* |mage rejection
* |F rejection
* MxN rejection

LO rejection
Anti-alias

Typically, the rejection requirements are tied to SFDR targets. If targeting 60+dB SFDR - need
60+dB of rejection for all above spurious mechanisms.

16 ©2026 Analog Devices, Inc. All Rights Reserved.



Image and IF rejection

Image: Spectrum that will mix with LO to create interferer
inlF

« Canbe improved with filtering in front of mixer, or using
“Image Reject Mixer”

IF: leakage at IF frequency across the mixer

« Canbe improved with filtering or better isolation in the
mixer

Image/IF filter

PpPomey

IF ¢/ RF N\ P Image
[ 1)

/|

17 ©2026 Analog Devices, Inc. All Rights Reserved.
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ADC Spur planning

Freq UENCY Frequency Parameters Signal Type Parameters = Harmonic Amplitudes

: i , O single Tone @ Modulated : .
Plannlng SFanjplmg Frequency . E!: Fund dB 4th aB
Utilit (Fg): Bandwidth MHz o - T
] y " 73 aB 'UE AOMVIGZ0 016 mzcir

Version 1.0 Fundamental

5000 |MHz . : I

Frequenc LR | Gth: [ o H T

About q y - V] 78 |d8 @ db ) £ p—
! an| . T GH: 1138l a - B ou . | i

|
|
A . _ —& ]
Nyquist Zones: [1] [2] [ [8] [8][10] Oshow In-Band Harmonic Distortion (IBHD) [Explain IBHD] : 'R 2 5z 100 Gzt e __!

1 GHzto 12 GHz direct|

0 e Lo | 10000.00 20000.00 30000.00 40000.00
1o —
-20 ! \\\
\\
-30 \\\
-40 ! X s e s
i \ Anti-alias filter spec o IF pl t at ~3_7 GH
: acement a z
-60 § N\,
: i \\ . . 3
° _ E— » Anti-Alias requirement:
: I
e
%0 N = 50dB iectionin 2nd N ist wh interf
: o rejection | yquist wnere interrerer
100 - ] .
T \
-110 \\\ WOUld fOld n band
0.00 400000 800000  12000.00 16000.00 2000000 2400000 28000.00 32000.00 36000.00
.
» Tunable IF filter allows for IF and Sample
Color Harmonic Center Freq Bandwidth Freq Range Alias Center Freq Alias Freq Range .
Fundamental 5000.000 4000.000 3000.00-7000.0 Rat e a dJ u St m e nt
2 10000.000 8000.000 6000.00-14000.0  10000.000 6000.00-14000.0
3 15000.000 12000.000 9000.00-21000.0  5000.000 ~1000.00-11000.0 IF
20000.000 16000.000 12000.00-28000.0 0.000 -8000.00-8000.0
25000.000 20000.000 15000.00-35000.0 5000000 -5000 00-15000.0 (—
30000.000 24000.000 18000.00-42000.0 10000.000 -2000.00-22000.0
http://www.analog.com/en/design-center/interactive-design-tools/frequency-folding-tool.html Fglz
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Signal Chain Evaluation Board (ADMV6010-EKT1) ANALOG
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— 3" —
v . o o H

| [ % )';‘.%}
RX 18-55 GHz z_»: R *%;?( 2
T ] 0 A
;’20 _ ,
TX 18-55 GHz @,m t’o‘&\ _ ;{3 "
2
e N L%, 77
TX0.1-20GHz %tr 2| %":‘(o -
A= ; : t ", | ADMVB010-EK]
% ﬁ"*?pb Rev B Board
i I : ]

||||||||||

|||||||

RX0.1-20GHz E_»g
L

n [l

1A%

4 signal chains(0.1-20 GHz RX/TX and 18-55 GHz RX/TX)
Access to both baseband I/Q(concept stage) and IF I/0s
Edge launch for IF and vertical launch for /0 :
Power tree and digital drivers
SystemVue model and full customer user guide .

Big—304M103x3

* Integrated AMD Kria™ K26 FPGA SOM for control/config . o m s c c
. s &8 3 £ & §
» Python control scripts for user control g g 3 & T 3
=3 v a 2
19 ©2026 Analog Devices, Inc. All Rights Reserved. g .%- -
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ADSY1100: 4T/4R, 0.1-20GHz, 1" Pitch SUVPX SOM

Key Digitizer Base Card Features

* 4x20GSPS ADCs

* 4x28GSPS DACs

 Hardened DSP FFT Sniffer

« Fast-Frequency Hopping

« AD9084 Low-Latency Loopback

RF Personality
Card

Digitizer Base
Card

20 ©2026 Analog Devices, Inc. All Rights Reserved.
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Cryptographic
Controller
DDR4+ECC

Control

ADSY1100

Zynq
ULTRASCALE+

iﬁu rora

f

Sample Clock
<t} LO and Reference

ADI Power 12V, 3.3v
Management and
Sequencing CLK_PO PO
<] Connector
ITAG >
p————— UART
pee 1GOE:
-
-} 32 bit DDR4
P1
= 32 bit DDR4
- Connector
- UART: .
e 10GhE/ 25 Gl E memeeii-
~aff—— 40GbE/100Gh E =]
e ¥ PClE GEN 3 i
~tf—— )4 PCle Gen 3=
xa > X4 25G DPtlcaI 100GigE>
Transceiver
" X4 25G DPtlcaI 100GigE-
Transceiver P2
Connector

ADI Clock

Tree ~— CLK_PO

i} Sync/Reference Clock =

4x Recei

4x Transmit

-
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ADSY1100-1C3A (RF Personality card shown) ANAQS
> RX (x4) » TX(x4)
> NI <mReV i~ B [ -
+] _6""‘- ] Lo »1 <_ o] Lo T: j I
7l A 1 g
EEPROM + Mezzanine / RF to
RX0-RX4 TX0-TX4 DC Power Tree RX Tunable BPFs 4X Selectable LOs ADSY1100




Neise Figure (dB)

Rx Measured Performance (First pass)

Rx NF Rx I1P3 Rx IP1dB

RX:NF All Bands, Max Gain, Filtering Bypassed ({Rx Channel=0) RX:IIP3, All Bands, Max Gain, Filtering Bypassed (Rx Channal=0) FRX: lIP1dB Per Channel, All Bands, Max Gain, Filtering Bypassed (Rx Channel=0}
— + NFSuec & - I3 Spe 4 — + P14 Sowc
14 = Beand-1 withaut Covar, Criginal dala. Tamp = 300 8 —— Hoard-1 withaut Gever, Ongnal data, Tema = 300G = Beand-1 withaut Covar, Crigingl dats, Temp = 300
2
&
1]
2 4
2
2 Tk
L S i ’\\"__r\ﬂ"d\“\_ -4
P = 0 o PR
= e e AP L - A ‘| . B ~---....'~ . -6
—_— Y E
E 1 %Y N @ o
Qg -4 | N~ o =z
ach ~t 10 S
< -6 ! 8 b P LY Vs
o e = 12 i ]
= ia I ~ | o
-8 ~ = 1 ]
Sx I ~ I “14 1 AL
-10 ~ 0 ~ L )
- T -16 | =
=12
-18
—14
-20
2 16
Sld
-18
24
N 1 P 3 4 5 L T 8 9 10 1 12 13 14 15 16 17 18 19 20 21 el 1 2 3 4 5 L] 7 8 8 10 11 122 13 14 15 16 17 18 19 20 21 1 2 3 4 3 5] 7 g 9 10 1 2 13 14 15 16 17 18 189 20 21
Frequency (GHz) Frequency (GHz) Frequency (GHz)

A—"Full scale input level

Nominal DF{TTmTC Range Input

A A Y Level(NDRI

NDRIL*
2 GHz 4 dB 2 dBm 68 dB -32 dBm
10 GHz 7dB -2 dBm 63 dB ~34 dBm
18 GHz 10 dB 1dBm 63 dB -31dBm B = N S A

(MDS)

DR

SFDR3

Desired tone

Noisebandwidth/

*SFDR3 = 2/3*(IP3-MDS); MDS = -174+NF+10*L0G(BW), 10 MHz noise bandwidth used Processing bandwidth

©2026 Analog Devices, Inc. All Rights Reserved. NDRIL = MDS+SFDR3



Gain Ranging SIPs
and Amplifiers
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Problem statement - Gain Ranging

Wideband mmWave systems need compact, efficient, high-dynamic range amplifiers, attenuators, and
switches for gain ranging. Choosing the right semiconductor process (GaN, GaAs, SOIl) and integrating it with
advanced packaging solutions is critical to achieve the right performance/power tradeoff.

Challenges:
« Achieving high dynamic range across 0.1-55 GHz
« Reducing footprint and parasitics through integrated SiP solutions

« Enable fast, stable gain control for AGC and multi-mode operation

24 ©2026 Analog Devices, Inc. All Rights Reserved.
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RF Front-End Solution for Apollo MxFE

e

Target Applications: /7(, ADRFEES]
Electronic Warfare e § . A
» i | \ D‘*{_?%K—}* % %Ja A AD9084
Phased Array Antenna s }7 1 1/gJﬂ>_%I
2— |9 i \ ] 2 14-20GSPS
Satcom . )| > HA > EEHA B

B On-
— chip
- DSP

Y

I

] P

\_AJDRF5592 % /A

T
S =
Multi-band Radar r—] =
Instrumentation <-f< 7 _7<j j? r}‘* oanbd f<_

I

LA
— T‘QGH'—H>— x2 HA 20-28GSPS

RF Front-End Designs for high-

J_%—L
speed data converters:
| Bl g i<t o
20&55GHz Tx/Rx Chains — o] z > | . chip
. . T % T T_ Z __f”_—l__T 2 A % DSP
Coarse Gain Ranging with  n . o % % o
Wide Dynamic Range = % } % —‘
Filtering E J|_ —|L = :"*‘<]‘ /g<l::7<
Harmonic / IP2 Rejection JT——|>—1 i ol Lo A _:v\,__7<‘H %
Blocker Rejection ‘[i J t ﬂg Qzﬁ

LO N
9-27.5GHz

5
Y B
|
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18 GHz to 55 GHz Flexible Rx/Tx Front Ends

- ADRF5591 N ADRF5592 N

18 GHz to 55 GHz Rx Gain Ranging SiP 18 GHz to 55 GHz Tx Gain Ranging SiP
KEY FEATURES KEY FEATURES
 Integrated amplifier, through, « Optional bias controller « Broadband SOI DSA and GaAs « Highdynamicrange
attenuator paths - 400 mW power dissipation power amplifier « Internal NVG option
- External path for filter option in gain mode « Amplifier detector output . 4.2 W power dissipation
« No external components needed ¢ 13mmx7.5mmsize « Optional bias controller « 8mm x B mm size

« SOl switch, GaAs amplifier

Bias

el

E;IR‘
Po ot
SN

=

26 ©2025 Analog Devices, Inc. All Rights Reserved.




ADRF5591: 18-55GHz Gain Ranging SiP for RX Chains

SNDR(dB) & Gain(dB) & Pout(dBm)

G=24dB

20dB Att

:

27

SOl switch, GaAs amplifier

Internal optional bias controller
Attenuator for high dynamic range

No External Components

400mW power dissipation in gain mode

13 mm x 7.5 mm size

©2026 Analog Devices, Inc. All Rights Reserved.

SNDR & Gain (dB) , Pout (dBm)

120 ——SNDR RMS =——Pout RMS - - -Gain

-50

-40 -30 -20

Input Power Level (dBm)

Internal Bypass Path

10
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100MHz IBW

30

Gain 20 -4 =24 dB

NF 6 4 24 dB
Input IP3 6 44 46 dBm
IP1dB / OP1dB -2/17 > Pin Max > Pin Max dBm
Pin Max 20 24 24 dBm
Switching time 20 ns
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Product Highlights - ADRF5591 - 18-55GHz

Gain
¥ Gain Mode
20 /‘/\\/ﬁ—f\/\/\x -40C
25C
- 85C
o - Thru Mode

S$21(dB)

Wﬁﬁ

-10

-0 | Attenuation Mode N
@ 15 20 25 30 35 40 45 50 55 m m
Frequency (GHz) 3 3
Noise Figure 3 3
’ 85C
7 25C ADRF5591
S \’/f -40C
34 v/\/f *Snippet from Missouri PCB
0 >80% area savings compared to discrete solution

Frequency (GHz)

28 ©2026 Analog Devices, Inc. All Rights Reserved.



ADRF5592: 18-55GHz Gain Ranging SiP for TX Chains

4

G = 20dB
22 dB Att
2 dB Steps
Broadband DSA + AMP

Amplifier detector output
Internal bias controller
High Dynamic Range
4.2W power dissipation
Internal NVG Option

8mm x 6mm size

29 ©2026 Analog Devices, Inc. All Rights Reserved.

SNDR(dB) & Gain(dB) & Pout(dBm)

120 ==SNDR RMS =—=Pout RMS - --Gain

SMDR & Gain (dB) , Pout (dBm)
[t
=

-100

No Attenuation

-40 -30 -20 -10

Input Power Level (dBm)
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100MHz IBW

DSA Kicks-In

10 20 30

Gain 18 -4 dB
NF 8 30 dB
Output IP3 35 35 dBm
IP1dB / OP1dB 10727 > Pin Max dBm
Pin Max 22 25 dBm
Gain Switching Time 100 ns
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L0

p2]
% 9-27.5GHz

DEVICES
RF Front-End Solution for Apollo MxFE
Target Applications: _
Electronic Warfare
Phased Array Antenna 3 E > A f< f< AD9084
Satcom 3 >/ mj 7( 14-20GSPS
Multi-band Radar g o / J s soc o] | on
Instrumentation <5 A 7(’ . ye 7< ADLE3S2 g (I;;S;E i
Eily VA E
RF Front-End Designs for high-speed data f< s> HA 20-28GSPS
converters: 150 5 = o on
. 20855GHz Tx/Rx Chains { " 3 j—L_I , chip ||
. (R;’oarse Gain Ranging with Wide Dynamic fg Ny ‘I'Z};’_ f< ::j % DSP
ange T 53750 -
. Filtering % ) = = 7 \ . E{m:%
Harmonic / IP2 Rejection © ,_%_ R A A — y
A
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TX-VGA and RX-VGA

TX-VGA for interfacing to the Apollo MxFE DAC ANAL
g P EDEWC%E
« ADLB33TA: 380MHz to 8GHz

- ADLB331B: 1GHz to 15GHz ADL 6331
RX-VGA for interfacing to the Apollo MxFE ADC

- ADLB332A: 380MHz to 8GHz
- ADLG6332B: 1GHz to 15GHz

Single 3.3 V supply
24-terminal, 4.0 mm x 4.0 mm LGA
Fully programmable through a 3-wire/4-wire SPI

APPLICATIONS
« Aerospace and defense
Instrumentation and test equipment

« Communication systems
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ADLB332: RX-VGA
Broadband RxVGA interfacing LNA and beamformer to RF-ADC
Operating frequency range

« ADL6332-A: 0.38 GHzto 8.0 GHz

« ADL6332-B: 1.0 GHzto 15.0 GHz

50 () single-ended input and 50 () differential output
RF DSA range: 24.0 dB with 1.0 dB step

17

DSA = 0dB

15— ! ENP CSB SDIO SCLK SDO MUXOUT  ATTSELO ATTSEL1 CAO0 CA1 CA2
13 T\ £\ ™\ T\
11 —— o T 9, 9, O—O——0—
T G S [ruse ANALOG TEMPERATURE 1.8V SPI GND
= ;( BLoGK || SERIAL PORT INTERFACE . e = Sensor ‘100 C
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T 3= —T" 3 $
z 1= —1 ] S T 5 ) T 4
S I o W s s ———— gé*
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Y e — — "—/"? AMP> AMP>
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MB=== == 1 gy N Y,
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Figure 53. Gain vs. Frequency, 1.0 dB DSA Steps VIIAMPY VISANPIA  VRIFUSE V33ANF2 VIIAMP2A
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ADLG6332: RX-VGA

ADLB331and ADL6332 have similar performance

ANALOG
DEVICES

The difference is the location of the RF balun being located to the input for the RX-VGA ADL6332

33

OP1dB (dBm)

15
14
N I

1 e AN
13 \L\ o
12 \\

[l B \ |
Sl

"
10

—Te = +105°C

—Tg = +45°C \

9~ —T¢ =-20°C \

8
01 2 3 4 5 6 7 8 9 10 1 12 13 14 15

FREQUENCY (GHz)

263

Figure 63. OP1dB vs. Frequency for Various Temperatures
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Problem statement - Up/down conversion

Wideband UDC chains must cover 0.1-55 GHz with high spur rejection and rapid frequency agility while remaining
compact.

Challenges:
« Maintaining NF, linearity, and gain flatness across extremely wide RF bands

« Discrete signal chains can achieve performance but take up too much space

« Control networks for RF components can take up significant pin count on FPGAs

- ; e Al eI T 2% ‘,___." ceee 5
| Legacy discrete solution ]
A “to scale” image

showing the level of

integration %

ADMV1455
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Mixer
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Up Converter Architecture Selection
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The Down Converter Architecture Selection ANAOS
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The Down Converter Passband Tuning Ratio Comparison SRS
[ Wideband approach ] [ Splitting approach ]
B rFeand @@ LORange M ImageBand 88 Overlap Zone B
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p/Down Converter Tuner ICs

LO
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ADMV1455: 17.7-55GHz Freq. Down Converter

Key Features ADMV1455

40

Frequency Planning:

* RF Freq. :17.7-55 GHz (two bands 17.7-34 GHz, 30-55GHz)
 IFFreq. :2-12GHz
» BBFreq.:DC-8GHz

* LOFreq.:8.85-27.5GHz
Performance (IF mode, RF_IN Path, High Band):

* (Gain:48dB, IP1dB/1IP3:-34dBm/-24dBm, NF:4.5dB
Gain Control range: RF/IF, step: 36 dB/30dB, 1dB step
RF/LO/IF Tunable filters
IMR calibration knobs: Phase 1Deqg, Amp 0.1dB
I/Q BB Programmable (common-mode voltage, DC offset)
Power detectors with programmable power-down overload protection
Power consumption: TW from 1.8V & 2.5V supplies
NVM factory calibration to minimize part to part variations
Simple SPI: 3-wire or 4-wire
General-purpose logic outputs for integration with other chips

Look-up tables for fast frequency hopping applications

©2026 Analog Devices, Inc. All Rights Reserved.
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ADMV1455: 17.7-55GHz Freq. Down Converter BRS

Low-Band - DSA3 Settings
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p/Down Converter Tuner ICs
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ADMV1455 DC 18-55 GHz
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ADMV1355 UC 18-55|GHz

9-27.5GHz
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DC Block Diagram & Main Features

Key Features ADMV1420

43

« RF freq: 0.1-20GHz (4 bands)
Direct sampling: B0:0.1-2GHz, B1:1-5GHz, B2:3-13GHz

Mixer mode: B3: 6-20GHz
IF freq: 1-13GHz (2 bands 1-5, 3-13GHz)
BB freq: DC-8GHz
LO freq. range: 9-27 GHz
Gain: 20-25dB (B1/2:25dB, B3:20dB)
Noise Figure: 7-9dB (B1:7dB, B2:8dB, B3:9dB)
IP1dB/1IP3: -10dBm/0dBm
Gain Control range: (B1/2:45dB, B3:51dB), 1dB step
LO/RF tunable filters
IMR cal. Knobs Phase 1deg, Amp 0.1dB
RF detector at the Mixer input

nalog Devices Confidential Information. ©2026 Analog Devices, Inc. All Rights Reserved.
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psa1_IN

RF_DSA1_OUT I—( D]

I
RE_IN L

Key Features ADMV1420 cont.
« Overload detectors at RFin & DSAin

Protect the part from unwanted large blockers
Programable threshold

« Power consumption:
Direct sampling: BO: 200mW, B1: 560mW, B2: 530mW
Mixer mode: B3 IF Mode: 1.1W, B3 BB Mode: 1.8W



Measurements Summary: Gain & NF

ADMV1420 Performance:
« Wideband gain 20-25dB
« NF:6-10dB
« QOverlap between freq. bands
2G Overlap
40 : , 20
. 1** 1 6GO0verlap |
30 I T g : 18
1
20 I : : *
. , 14
_ - | _n
= [ | %
E 0 - I E:m
@ 1 | | =
” 0 = | °
(I | 6
-20 (R |
1 (I | 4
-30 F : 2
| [ |
-40 1 1 [ 1 0
B

8 10 12 14 16 18 20 22 24
RF Freq (GHz)

eamm(53in_B] emG3in_B2 e=(Gain_B3_IF
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17.7—5[. GHz

O.I-Zr GHz
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The Up/Down Converter Tuner ICs
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Key Features ADMV1320

RF freq: 0-20GHz(4 bands)
* Direct sampling: BO:0-2GHz, B1:1-5GHz, B2:3-13GHz
* Mixer mode: B3: 6-20GHz

IF freq: 1.7-9GHz

BB freq: DC-12GHz

LO freq. range: 9-27 GHz

Gain: 15-20dB(B1:17dB, B2:20dB, B3:17dB)

OP1dB: 18-14dBm (B1:16dBm, B2:17dBm, B3:15dBm)

OIP3: 25dBm

Gain Control range, step: 30dB range, 1dB step

LO/RF tunable filters

IMR cal. Knobs Phase 1deg, Amp 0.1dB

LO Nulling loop

Power consumptionis 1.15W for mixer IF mode

46 ©2026 Analog Devices, Inc. All Rights Reserved.

ADMV1320: 0-20GHz Freq. Up Converter

ANALOG
DEVICES

RF_OUT (

o C

a
o x
< " 4 o - [ -
vy

S 33 82 3
O
0.1to 2 GHz
1t05GH

0.1 to 20 GHz
3 to 10 GHz < |

§ <§F§\H
]

e <

a

LOGIC
OUTPUTS

LOOKUP
TABLES

SBR
CALIBRATION

Lo
NULLING

DC to 12 GHz [g

BYPASS MODE

Ay

0/90° O 0.1to 14 GHz:
1.7 to 9 GHz

~

9to 27.5 GHz

DC to 12 GHz [8

Figure 1.

BB_IN
BB_IP

BB_QP
BB_QN



Measurements Summary: Gain & OP1dB

ADMV1320 Performance:
« Gain: 15-20dB
« OP1dB >14:18dBm
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p/Down Converter Tuner ICs
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ADMV1355: 18-55GHz Freq. Up Converter

Key Features ADMV1355

49

RF freq: 18-55 GHz (two bands 18-34, 30-55GHz)
IF freq: 1-12 GHz (two bands 1-4, 3-12GHz)
BB freq DC-12 GHz

Gain: 20dB

OP1dB/0IP3: T5dBm/25dBm

Noise Figure: 15dB

6.5x6mm BGA

> [

ADMV1355 ‘ii:

Gain Control range, step: 30 dB, 1dB step
LO/RF Tunable filters

IMR cal knobs Phase 1Deg, Amp 0.1dB
Power consumption: 0.9W from 1.8V & 3V supplies

©2026 Analog Devices, Inc. All Rights Reserved.
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ADMV1355: 18-55GHz Freq. Up Converter

ADMV1355 Performance:
« (Gain: 13-18dB
« OP1dB > 15-17dBm
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LO Generation

51

Input LO freq range: 8.85-27.5 GHz (Single Wideband design
with harmonic traps)

LO input power range [-7dBm to -3dBm] LO freq<25Ghz
LO input power range [-3dBm to 0dBm] LO freq>25Ghz

Internal X2 Multiplier ( with 8-bits band control and harmonic
traps)

Tunable LO harmonic rejection Filters
|Q phase correction with a b-bits | & Q Phase Shifters

Typical Phase Shifter resolution ~0.6° with +/-20° range,
across 32 states.
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LO Nulling Loop ANALOG
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« Offline calibration

« Dependsoninjection of +ve and -ve DC offset using DAC at IF port
« Thelogic calculates the difference which represents the real LO ! ‘ '

o
=0
(o]

f
(o]

leakage of the mixer

« Dependingon the polarity of the difference, the DAC injection
increasesin the +ve or the -ve direction until the loop cancels this
difference so achieving good LO feedthrough

-20

-30 , 4 - -~ - ap & P \ ' """"""" Logic [--------moooe- ADC )

\ emw ehefore LON

e o fter LON

6 8 10 12 14 16 18 20 22 24
Freq(GHz)
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Controland Timing

/- Control of multiple channels and/or multiple bands\

from single address bus

Separate control for Gain/Level and Frequency
tuning

RF Converter RFIC acts as hub for surrounding
circuitry

Target system level reconfig <lus using built in
LUTs

J
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FPGA/uP

SPI+CS

Ext_gain_add [5:0]

Ext_filter_addr [4:0]

2

2

Direct filter ADMV 855

selection

SPI+CS

Ext_gain_add [5:0]

Ext_filter_addr [4:0]

m | C

| |
1
4

ADMV8913

Direct filter access or via SPI

G_LUT1

F_LUT1

ADRF559x

ADMV1455

F_LUT2
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Problem statement - Filters within Multi-Octave Systems

Switched fixed filters cannot meet the flexibility, rejection requirements and size constraints of 0.1-565 GHz
multifunction systems.

Challenges:
« PCBreal estate of filter solutionsis too large

« Providing low-loss, high-rejection tunability across multi-octave frequency spans

« Supporting fast band changing for adaptive applications
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Discrete/Modular vs Tunable Compact Filters

Modular Fixed Filters with RF Switches:
Pros: Loss, Rejection, Switching Speed, Linearity
Cons: SIZE, COST, Limited Flexibility

Tunable Compact Filters:

Pros: Size ( Scales with 1/(tuning range) ), Corner Frequency Flexibility, Cost
Cons: Loss, Rejection, Switching Speed, Linearity e B
ADI Solution to Adaptive RF Filters:

« Size & Cost: 3-8mm large and Tmm tall SMD packaging at pricing orders of magnitude lower than Modules!

« Loss: Integrating Silicon ICs and Hi-Q components inside package!

« Rejection: Optimization between Rejection, Loss and Tuning (Target 40-50dBc Rejection on PCB)
- Switching Speed: 500ns useful for most applications (100-200ns target when possible)

« Linearity: 45dBm IIP3 comparable to Modules (Much better than Varactor based solutions)

« Flexibility: Tuning of Corner Frequencies for Adaptive Rejection (Tuning with minimal impact on Loss)

56 ©2026 Analog Devices, Inc. All Rights Reserved.
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FrontEnd Filters:ADMV88XX
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SpuriousFreeDynamicRange Limitations at FrontEnds

Intermod Scenario for ultra-wideband system:
« Signal of Interest at 37GHz

« Jrelatively strong Signals/Interferers
30dB below [IP2 and 20dB below IIP3
- [IMD2s are strong at -30dBc (2"9HD -36dBc) 30
. IMD3s at -40dBc (-34dBc with 3 carrier mix) -4oim IMD2-
« 20dB Attenuation Can Help
IMD3s go down by 60dB but IMD2s by only 40dB

—10

—-20

—30

40

—-50

Gain, dB
(4]
o
|

—-60

wigp 1amod inding

Sub-Octave Filtering!

Strong Signals within Filter Passband -90—:

. 100 | , )
« |MDZs are outside Band of Interest Sk o s o J5 oy a5 40 45 9 m5 b 65 70

Frequency, GHz

« |IMDJ3s can be handled with Gain Ranging
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FrontEnd Filters for Out-of-band Interferers

Key Features of ADMV88xx filters:

59

Sub-Octave Filtering for Out-Of-Band Interference Rejection
Coverage from 0.5GHz to 55GHz

Corner Frequency Flexibility up to mmW

Typical 500ns switching time. <150ns when Switching SPNT only
High Linearity 45dBm typical [IP3

Cover/Absorber NOT needed for typical 50dBc rejection on PCB
o Minimum 40dB Rejection of IP2s with Additional 20dB Down the Chain

Bypass / Through RF Paths Available

SPlinterface for HPF/LPF cutoff frequency adjustment

External address pins enable multiple devices on the same SPI bus
Parallel interface for random access to On-Chip lookup table (LUT)

Space qualified and extended temperature range

©2026 Analog Devices, Inc. All Rights Reserved.

Dysses

ADMV8gEg

T

1'33‘5

> s

ADMV882y .
—

T T

1 2 5 4 5 &

ANALOG
D DEVICES

ADMV8sog

'lllll.......

0123 |
4 5 6 7
8

ANALOG

DEVICES
/AN
rﬂﬂoh
ey /_\_l——" rlv
L] N\ ||
Digital
4

9]

1_%._1
}

SPI / Digital

2

9

I

SPI / Digital




FrontEnd Filter ADMV8855: 17-55 GHz BPF

Sub-Octave Filtering with 4 discrete mmW channels
16-26GHz, 22-34GHz, 30-44GHz and 40-56GHz
Switching Speed <150ns

Gain, dB

Low Loss Filtering at mmW

High Linearity allows high dynamic range

Pin 10dBm — self-generated IMD2s & IMD3s <-60dBc ]

wigp ‘1amog] nding
5} db

Frequency, GHz
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Liain, db

1€1D

Frequency, Hz
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wigp ‘1emod nding
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Freguency, GHz
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FrontEnd Filter ADMV8827: 6-26.5 GHz HPF+LPF

3Bands+Byp+Thru Widest BW States =~ ——7~-—

6-12.5GHz, 10.5-18.5GHz, 16.5-26.5GHz
Bypass can be used to extend lower range (i.e. ADMV8809)
Sub-Octave Filtering with 3 Adaptive Channels
Each HPF/LPF have 8 states
HPF=LPF States, i.e. Sub-Octave Bands shown below
>50dBc re-entry up to 30GHz

0_-

--_._-.10__—5
203

-30

Gain, dB

-405
-50

-6033

-70—

1E9

1
1E10
Frequency, GHz

ANALOG
DEVICES

Note that Thru has
better high frequency
response

b —
al [ | lo

SPI / Digital

Gain, dB

23 Bandl

-105

23 Band2

HPE=LPF HPE=LPF

-30

-403

60

-703

| |
1E9 1E10 5E10 1E9 1E10

Frequency, GHz Frequency, GHz

5E10

Frequency, GHz

Absorber sheets will bring
further improvement at
high end
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FrontEnd Filter ADMV8809: 0.5-9 GHz HPF+LPF

4Bands + Byp Widest BW States - | |
0.5-1.2GHz, 1.1-2.4GHz, 2.2-5GHz, 4.5-9GHz 20
Bypass can be used for lower frequency filtering % 20 [ ] 13
S -40 LS o o o
Sub-Octave Filtering with 4 channels W | T T A T Bl
Each HPF/LPF have 8 states | PA
; | . g
HPF=LPF States, i.e. Sub-Octave Bands shown below | 7] s
Frequency, GHz SPI / Digital
>50dBc re-entry up to 18GHz
0 . 0 . 0 . 0 .
-10—5 -1 U—f -10-2
20 Band ] Band 2 2] Band3! § 0] |Band4
g HPF=LPF HPF=LPF 1 |HPF=LPF § 1 |HPFsLPF
g 80 -30 ' -30]
L‘;,E“ 40—E -40-] -40-?
50 50- -so—f
-eo—f -eo—f -60
707 k -70 I 703 | |
1E8 T1ES 1E10 4E10 1E10 4E10 1E8 1E9 1E10 4E10 1E8 1E9 1E10 4E10
Frequency, GHz Frequency, GHz Frequency, GHz Frequency, GHz

62 ©2026 Analog Devices, Inc. All Rights Reserved.




ANALOG
DEVICES

IF Filters:ADMV89XX

A :
} { D> Ji{/?’ Jﬂ>7§}} &9 %%_@ﬁﬁwm AD9084
§ 'TL_L ; J__:T' ﬁ%? S TR s 7( 14-20GSPS
12 — X2 H & 7 "ot o
s ; On-
A |7 {—% F/?’ —X% F} 50— F vas913 = chkgg o
] _ > HA 20-28GSPS
B AR
BBl opm Zﬁ T ! chip
E ‘[ f\’ T '[_ 1 gl 4;’__]‘ K % } ADMV8909 DSp |
§ — N ﬂ_ 5GHz I >
é r_;\c /?1 - :v\‘*_<]‘ ’éﬂ < ,7<
il | % ] = o f‘*‘/ﬁ Jﬂ>‘@ﬁmvasos
! | =>HA—®-
_ O A
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IF Filters Complementary to Frontend Filters
Key Features of ADMV89xx filters:
« Image, Alias, LO & Spurious Rejection
- ADMV8909 for DC to 9GHz and ADMV8913 for 7-13GHz AP
. . . . . = . 7 N 1,
Typical 500ns switching time ADMV890g []_j - i AT 7 L
- High Linearity, IIP3 typically around 45dBm Lo F {7 XLE
« 2 parts with same footprint for interchangeability SPI/Digital §
« Shield or cover NOT needed
« SPlinterface with external address pins for multiple devices on the same SPI bus
- Parallel interface for all 8 control bits e PP EEERERR S
« Space qualified and extended temperature range ’ @ ’ @ I%I l%' @
R oo|[] [l ARE [ AR [aifRe] [)|oe
oN [Z] ADMV8913-EP E GO
(> 7S w5 [~ |
;

ADMV8Siz ono [[4]
(<]

GND

| |[ SP1 LOGIC AND H MODE ‘ LDO _:
RESET LOOKUP TABLE SELECT *25V GND
0 & & ; o =
2 g8 5 3 § 3
R <
18 ]
8
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ADMV8909: Tunable DC-9GHz

1stStage (HPF): Through or High Pass Filter adjustable from 2GHz to 5GHz

_I_7'_L

2 bits for SP3T and 2 bits for the HPFs (1+2x2"?=9 states) []—j o ° i o 7 KM

—0

>4 ] | Q@
2" Stage (LPF): Low Pass Filter adjustable from 5GHz to 9GHz 7 ] = 5( =}
1bit for SP2T and 3 bits for the LPFs (2x2"3=16 states) ' spl/Digital ’

Any combination of Through, HPF and LPF is possible

0

L
IS

Possible Scenario with 20GHz Fsample

¢
S

Nyquist Areas

Alias Frequencies

dB(S(2,1)) (H)

A
=]

3

[ I L L L L L B B | ’ ] L B B B
01 2 3 4 5 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
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ADMV8913: Tunable 7-13GHz SEREEEEE
B
1stStage (HPF): High Pass Filter adjustable from 7GHz to 12GHz = m:ﬁﬁ Hmz @_F @ @ @E o
4 bits 16 states for the HPF N e =
2" Stage (LPF): LPF adjustable from 7GHz to 13GHz re1 [[5] [ A\ i ]| re2
4 bits 16 states for the LPF gy | L A __ i [jee
GND IE] RESET LOOKUP TABLE SELECTE w28y [~ GND
m 0] [ |i| i [ [ & b
10 combinations out of a possible 28 combinations: B 3 18 : 2 ¢ ¢
0 : : 1
Hg g &

T i
~ -20_]
= ]
o ]
“  30_]
o |
U _
40 |
-0 I ||I|I|I|I|I|I |-L| —Iq’l

01 2 3 4 5 6 7 8 8 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
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DAC/ADC Interface Tunable Low Pass Filter : ADMV83XX
(8

} { {>“’{{ £ Jﬂ>7< ,}}‘* 9 % . f<—L ADMV8312 ADI0SA
» g , £ Ja>% =] 14-20GSPS
2 — [ hEid T e E>x2 —ﬂ = _{>/$ﬂ‘l> s nocs| |
2 : [ wce[ | O
A-<-F {%ﬁ - :?’%ﬁ A E |
] _ > x| f< 28GSPS
BBl opm Zﬁ? : L el | e
T i ] L] e | N i cocel | pop [
2 ﬂ‘, 1 i f< N9 A ADMv8312 [\ 7°°| |
s e %—4%@@?
} ; | ; % l Dagti o ~2H N
T I A XN
- A A
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Tunable Differential LPF - Alias/Noise Suppression

« Key Features of ADMV83xx filter(s) :

©)

©)

©)

ADMV8312 Corner tunes from 4 to 12 GHz with 8 states
Reject Alias Signal/Noise in Rx or DAC Spurs in Tx
Very small footprint

Differential RF Ports. Matches ADI Apollo Diff-50 Ohm
SPlinterface for corner frequency setting

External 2 address pins enable multiple devices on the same SPI bus
Parallel interface for faster or simpler control

Space qualified and extended temperature range 10—

dB(S(2,1))
i

> [0S

ADMV83i2

/
SPI/Digital

-50 |||||||‘||I-T
0 5

68 ©2026 Analog Devices, Inc. All Rights Reserved.

JLAL A L N I B
10 15 20 25 30 35

freq, GHz






ANALOG
DEVICES

Problem statement - Digitizer

Next-generation RF systems need converters that combine high bandwidth, high dynamic range, on-chip DSP,
and deterministic timing.

Challenges:
Capturing GHz-wide signals under high blocker conditions
DSP processing in RF systems consumes high power - offload FPGA with integrated DSP

Signal conditioning using DSP techniques

Achieving multi-chip coherence and fast reconfiguration

70 ©2026 Analog Devices, Inc. All Rights Reserved.



Apollo MXFE®-4T4R and 8T8R

4 Channel 20GSPS Rx, 28GSPS Tx _— _—
8 Channel 8GSPS Rx, 16GSPS Tx _ ‘“’9”84/ Aﬂgoss/

RF Bandwidth: DC to 18GHz
Frequency Agile across L,S,C, X, Ku-Band
« Upto 10GHz iBW per channel in Full Bandwidth (2T2R)

Programmable & Dynamically Reconfigurable DSP

« Coarse & Fine Decimation / Interpolation 1x-1536x S T Er
Gl S ]

« Coarse & Fine Independent FFH NCOs

Offload FPGA Compute from Fabric to ASIC
« FFT Sniffer, PFILT, CFIR, FSRC

Integrated Balun 50 () Single-Ended Input

7
// ©2026 Analog Devices, Inc. All Rights Reserved.
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ADOIIC

SERDES
24 lanes @ 27.8Gbps provide
780Gbps payload; VSR &
JESD support

Integrated DDC/DUC
On chip decimation &
interpolation from 1x-1,536x,
with fast hopping NCOs

FSRC (4T4R only)
Decimate/interpolate by
1x-2x with 64b fractional

word support

Dynamic Re-Config
Low latency, coherent
modification of on chip

DDC/DUC supported

Programmable Filters
Full rate PFILT and IQ rate
CFIR integrated; user
programmable coefficients

©2026 Analog D A

AUAdL [ C
APOLLO MxFE 8T8R )
x1,+2 x1, 42
o [Fmebuc > | | | ﬁ°§?§ 60‘1’;:] - o DAC7
- 3 o[ Finebic_ 1+ & s |53 16GS/s
] x Do ] T |.9
8 @ 3| FineDUC |—»| & e _|=8
N & @ % ine % ; [(iozargsigl:zﬁ >z 8 3> . e DAC6
= >9 FineDUC }—{ & | 2| |['2346 ¢oles3 2| 2] a 16GS/s
< g 9o % =| > 39 (‘é g 2lo| =
@ g =3 FineDUC || % | & 2z|@F zZ|l3|o
9 = oA + 8 Coarse DUC 3 S| ® o
B R =—————— 8, =R Bt | BN
™ 2 E r=[»] FineDUC_|»{ @ [1,2,34,6,12] o |23 = 15)(3%,?5
g 3
L @5 o[ Finebuc || 3 LR
3 38
s ® [ Finebuc_}—+» || CoarseDUC| 1= 1 - DAC4
gol™| [ | [r——==1 | [ T[n2s34s
o [1,2,3,4,6,12] 16GS/
il | £
8
3 5 LB3 LB2 LB1 LBO
o<
Za — —
T A
le] 3 = | le— l«—| FineDDC |« Coarse DDC [, | le— ADC7
3% ® 1234612 o |_v 8GSls
&3 @ o[«]_FineDDC _J=—] S &5, 3
N 2 Do = =] T ]
| Sle] & |« |5« Fmepc ]+ £ comsevoc|, 18 (85l | = | 2| [<| ADCe
g g S8« _FinebbC je— = |  [27 £8|73 & | |scss
g 2 ole ; «] & sz|@2 E I
e = 87 Fine DDC ; Coarse DDC 2 >:g< b 2 F g ;
3 “ @ 2l FineoDC_Je| 12346121 [* o> & 2" g | 8 L—"grrt
- oI
— [z i bno Coarse DDC ?& E E
— [+ [«—® |«] FineobC J= 1254612 [*] [e—1 - ADC4
..... o
0
o
L3
3
- c pDC
< || le— Fine DDC [10;13536 2 o la— ADC3
g [+ Fmeonc J— | L S |58 gesh)
el 29 o E <
'l il @ @ g
m ] 2 :é |«—| Fine DDC =] 2 (iozagsieD?ZC o= 93 |e ol H{ ADC2
[ 5 & & [+ _FineDDC j«— = A ! £8|-3 3 2| . 8GS/s
m -4 al =3 o m
g s N % [+L_FineDDC_ [=— % Coarse DDC % E (E g % % °©
o @ x Jle—] @
| £ 3 [* |8 2{«Frenoc ]+ § 1234612 [* |0~ [£3 ¢ ADC1
T L =
= @~ le—] FineDDC_J— I EE
il cossenoel 15175
EEN filnelong [123456.12] T
wo el — —
S s —
By LB3 LB2 LB1 LBO
&<
e & —
2%
5 Coarse DUC
™3 %" o o M 112346121 9 |== > 1EGASE3
[ »] FineDUC | & 33
5| L= 28| \Ftuc |+ 2 Coarse DUC s |38
@ ine o oarse ] o9
> > ] <3 5| 2 Tln2s4e2a 0|82 & -| DAC
L 1= Sef—»[ Fnebuc > 2| 3| [ 8|73 2|23z 16GS/s
2 23 = | 3 sz|le@F z|3|3
= == FineDUC |—» X -3 2 5 3 o
o A ® Coarse DUC = IS ol o
| = hia o F»la X< -
o7 3
72l Eine DUC | —» g | —— | § E] T
— D.
s [1,2,3,4,6,12]
T 1 [ LT T

| CK DISTRIBUTION / SYNCRHONIZATION / CTRL LOGIC / TIMESTAMP. 2 N

—

| GPIO PADS (x31) I | HSCI (1.6Gb/s)

I | TRIGGER I | SYSREF

[ -
2844

SENEEYS!

ouT7_P
OUT7_N
ouTe_P
OUTE_N
ouTs_P
OUT5_N
ouT4_p

IN7

IN6

INS

IN4

IN3

IN2

IN1

INO

ouT3_P
OUT3_N
ouT2_P
OUT2_N
ouT1_P
OUTI_N

4 DEVICE

Single Ended Rx
50Q input, single ended
connects more easily to
RF front end (differential

variant also available)

FFT Sniffer
512 point FFT based sniffer
on chip for full Nyquist
signal monitoring

Loopbacks
Low latency loopback

from Rx to Tx with
embedded DSP inloop

HSCI
High speed control
interface for rapid device
reconfiguration



ANALOG

Versatile Signal Conditioning using On-chip digital filtering Eoevczs

#2: Crosstalk #3: Quadrature #4: Channel
correction with error averaging for
matrix correction with 3dB/Hz NSD
compensation half complex improvement
filtering filtering

» CFIR performs fine per channel equalization at

baseband rate
:

| R
| Mg

Odlid yney s1ey
440/NO L4008

o 16 taps per channel

IBWWNS + XN 3IN0Y ejeq
12310.d vd
12114 ¥id |1qewwelboid

woddng Budu

o Max 2.5Gsps each for 2 fine channels or bGsps for a
single fine channel (AD9084)

» PFILT performs coarse filtering at converter
sampling rate

2 Fine DDC Coarse DDC
E ==
I. Fine DDC I.
: Fine DDC
w

Xnpy aInoy eieq

o 32 total taps

Odid yney ey

)
o
L=
8
=
3
o
g
o
i
a
i
g
g

o bavailable configurations

o Max 28Gsps for each of 2 streams
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PFILT : Equalization Example (Rx) A0S

NFFT: 524288.00
FSample:  20000.00 MS/s

» Design coefficients in Matlab based on ADC Before B

measurement to apply desired compensation E =

response (equalization, HPF, BPF, etc) s

oo Mag: -49.20 dBFS
A Freq: 191,54 MHz
A Mag: -5.79 dBFS
2A Mag: -57.88 dBFS
3A Mag: -75.50 dBFS
wo Freq:  9616.89 MHz
wo Mag: -57.64 dBFS
Ayl TN A o

7
£
=]
2
¥
=
-}
!
3
z

Frequency Response

Converter Response
Compensation Response
Combined Overall

+ 524288.00
: 20000.00 MS/s
50.27 dB
4436 &8
43.65 d8
: -150.27 dBFS/HE
1 -104.38 dBFS
51.82 dB
A
2A
-54.01 dBFS
0.00 MHz
-54.01 dBFS
T 19154 MHz
-5.91 dBFS
-57.83 dBFS

Magnitude (dBFS)

-74.47 dBFS
1 2107.08 MHz

DUAL REAL FILTER
N/2 TAP FIR
Alz)

D(z)

N/2 TAP FIR

Frequency(GHz)
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Hardened PFILT/CFIRs Correct Amplitude/Phase
PFIR/CFIR Filters In Hardened DSP

Before Rx Calibration, f.,;«=2.7GHz

All16 Rxs‘I'Prior To Calibration

, ADC Code

1000 2000 3000 4000
Sample Number

» Captureareceive path
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w
o

o
i)
—
o
&
w
o 20
o
=
x
ey
£
<

[any
o

1.2 1.25 13 1.35 1.4 1.45
Frequen

* Compute frequency-
dependent error
* Magnitude
* Phase

Coefficient Value [arb]

APOLLO MxFE 4T4R

e -
\_.U...AJMJ._L.-U_...&_.AL;L

——@ Quantized
—© Originalint16

40 50 60 70 80 920
Tap Number [arb]

Design hardened PFIR/CFIR
coefficients for each channel
Load coefficientsinto Apollo

ANALOG
DEVICES

After Rx Calibration, f.,ie=2.7GHz

All 16 Rxs I After Applying
Hardened pFIR Coefficients

(]
el

Q
o
(9}
(]
<

1000 2000 3000 4000
Sample Number

» Recapturereceive path
» Observe calibration
 Amplitude

 Phase



Channel Averaging: NSD improvement by 3dB SRS

> ADCs sampling rate : 20Gsps;
decimation by 16 => 1.25GHz iBW

> Two ADCs per side capture same Ain

> Programmable filter combines two ADC
outputs(Channel 3, green) into CDDC_AT

> Ainis passedthrough CDDC_AQO
(Channel4, pink) for comparison

HALF COMPLEX FILTER

. CDDC_AO

Ni2 TAP FIR
B(z)

Ni2 TAP FIR CDDC_AT
@.
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Fundamental
CH3: -12.6dBFS
Ch4: -12.6dBFS

CH3: -153dB/Hz
Ch4: -150 dB/Hz




APOLLO MxFE 4T4R

> & | % o | | CoarseDUC |} § Inv SINC .| DAC3 ouT3_P
CFIR s | > [1.2,3,4,6,12] 28GS/s OUT3_N
& = 28GSPS PFIR  ||2 s
= Ea FSRC 5| & FHeomouel  FFHNCO ° 14 DAC2 Zﬁlﬁ‘ﬁ
Datapath reconfiguration of CDDC/CDUC, -EEH
FDDC/FDUC, PFILT/CFIR and FSRC Blocks el =
§. | o Comres DDG Fast Detect 0 N3
N g" CFIR | 2 23482 FFT Sniffer ] M
L LR PR e | el 2SS PR Lane ]
Phase Coherency and Deterministic Latency LW
maintained via Subclass 1 m - %::g
! Fine DDC g Coarse DDC Fast Detect O IN1
“l Y] CFIR | 0 D R | FFT Siffer 'M
: : : L g TSRe el e | e
JESD Link remains enabled with Rate Match FIFO | = FFHNCO
S - s Mzl wvsne || Hoas ouri»
. . . 2 AN [ 28GSPS PFIR  ||3 oUTo P
Reconfigured on internal or external trigger - u FEIRE | sy FRHNCO e
configured in device profile or using API i

| CK DISTRIBUTION / SYNCRHONIZATION / CTRL LOGIC / TIMESTAMP ENGINE / CK ALIGNMENT / TEMP SENSORS

| GPIO PADS (x31) ” HSCI (1.6Gbl/s) | | SPI | | TRIGGER | | SYSREF |
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Apollo MxFE® Fast Reconfiguration & Hopping

. CNCO
Gain FDUC FNCO

12b,0-6d8 | [1,2.4.8,16,32,64] cbuc 16 profies, || PFILT
Gain FDUC [1,2,3,4,6,8,12] each profile( 4 profiles

FNCO 32b FTW+ 32
12b, 0-6dB | [1,2,4,8,16,32,64] OFFSET)

32 profiles,
each profile
(32b FTW+ 16

OFFSET) Gain -
(0,-6,-12dB) | SMON | Sniffer |

FDDC CNCO

[1,2,4,8,16,32,64] CcDDC 16 profis. PFILT

FDDC [1,2,3,4,6,12] each profile( 4 profiles
[1,2,4,8,16,32,64] 32b FTW+ 32

OFFSET)

(3¥NLdVI/AVIA/OMY) F==="=
(OIy9)N3INg

.,
£
3
n

Fast Reconfiguration & Hopping Engine

I I ! : i

GPIO PADS (x35) HSCI (1.6Gbls) WTES A (B Loy R Al SPI(50Mbs) TRIGGER
clock cycle step

i O D 0000000 000Q0
SYNCed time counters
35 GPIOs, 4 DIFF LVDS pairs across multiple chips for SYNCed hopping
(Channel, automatic hopping with Standard SPI and
function 1.6G/s read & write preloaded profiles t0 50Mb/ reconfiguration
’ speed U e across multiple
Step size: sampling chips
All user registers clock cycle. i.e. 50ps at
accessible 20GS/s Programable

Low latency retimed clock for
Low latency Zero interface latency ultra low latency

profile
selections)
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Apollo MxFE® - Dynamic DSP Reconfiguration DR

ADC / DAC Fs: Cannot be changed during operation

SERDES: Init at max required lane rate, will bit repeat as required after reconfiguration

CFIR

FSRC Fine DUC
RATE MATCH

FIFO

Inv SINC
Coarse DUC 28GSPS PFIR
FFH NCO

jo9j0.d vd

Fast Detect

CFIR
FSRC 512 FFT Sniffer
RATE MATCH Fine DDC Gl Rl 20GSPS PFIR
FFH NCO

FIFO

DSP Block: FSRC CFIR FDUC / FDDC CDUC / CDDC PFILT
32 Taps

Dynamic Reconfig Int / Dec TJ\/Z:ST;ESO]C Int / Dec, NCO Freq Int/ Dec, NCO Freq Four sets of
Allowed in Block 1.0-1.99 . (1,2,4,8,16,32,64) (1,2,3,4,6,12) .
coefficients coefficients

<1us for reconfiguration with decimation/interpolation <128
<bus for reconfiguration with decimation/interpolation >128

Reconfig Time
@ Fs=20GSPS

79
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Apollo MxFE® - Wideband to Narrowband in bpus DEVICES

Wideband Profile: 20GSPS, CDDC =2, FDDC = 2, iBW = 4GHz/Ch.

CFIR

FSRC Inv SINC O

e 28GSPS PFIR } )
LB LBO

FFH NCO

Jo9)0.d Vd

MATCH FIFO
4GHziBW/Ch CFIR 5GSPS 10GSPS Fast Detect
: e e 4
MATCHFIFO X2 X2 FFHNCO

20GSPS

Narrowband Profile: 20GSPS, CDDC = 4, FDDC = 64, iBW =62.5MHz/Ch.

Inv SINC L ol
28GSPS PFIR b }
FFHNCO ! °
LB2 LB1
78MSPS

Fine DDC

BGSPS Fast Detect H
512 FFT Sniffer h OF
20GSPS PFIR t < '
x4 /

Ada e \ 20GSPS )

Jo930.d Vd

62.5MHziBW/Ch

P
<

/7
’
-

________________________________________________________________________

Dynamically reconfigure from 4GHz iBW/ch to 62.5MHz iBW/ch in ~ 5 ps without taking JESD link down

80
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Background FFT Sniffer for Situational Awareness aus

Lfé’. i Low Latency Spectrum Sniffer

<«— Delay FFT  |«—] Window NFFT

Sample Collection

SORT & Interrupt

STORE (FFT
Bypassable done)

b EE— Window Delay

825ns 4T4R Cumulative Latency at 20GSPS

BMEM2 FDDC CNCO

DELAY
[1,2,4,8,16,32,64] CcDDC 16 prfiles, PFILT

BMEM2 FDDC 1234612 each profil nil i
*“— ! ... ... €1 FNCO J=|A] | PEAY | 11,2340, profile( 4 profiles
DELAY [1,2,4,8,16,32,64] [ ] 32b FTW+ 32 P

OFFSET)

Ae2
——

(FUNLAVYO/AVIIA/DOMY)
(ST TETE:]

25ns at 20GSPS

_ Fast
FD TO JESD Control Bits Detect

TO GPIO Low Threshold
< Upper Threshold

SPI/HSCI

Upper Threshold

Dwell Time,
Timer reset by
oo Ii ,Y"n"‘ Lower| Threshold
I
e A

f Dwell Time l Timer completes before
signal rises above LT

Settle Time,

©2026 Analog Devices, Inc. All Rights Reserved. . . h




Apollo MxFE® Apollo Low Latency Loopbacks ANALOG

DEVICES
SERDES

100-2.5k DAC/ADC
CFIR & FSRC FDUC/FDDC CDUC/CDDC Full Rate DSP

clock cycles 200/700 clock cycles
y 500-25k clock cycles 1-50k clock cycles 1-2k clock cycles 1k-2k clock cycles /

(5n-125ns) (10ns + 40ns)
Deterministic Latency maintained Vi Cha n n9|

CNCO

Gain FDUC M
cbucC 16 profiles, PFILT )
X
0

12b, 0-6dB | [1,2,4,8,16,32,64]

Gain FDUC
12b,0-6dB | [1,2,4,8,16,3264]

—»| FNCO

—>
MUX1 )
1,2,3,4,6,8,12 each profile( 4 profil
—»| FNCO |—»] SUM [ ] 32b FTW+ 32 proties
=

(+) OFFSET)

LB2 with blending option i) '

(12b res, mix 0% to 200% SR *—LB1 with blending option

OFFSET) Gain

Rx & Tx) (0.6.-1208) | (100%, 50% Rx; 12b res Tx 0%

e to 200%)
BMEM1 || FDDC CNCO
DELAY | [1.2.4,8,16,32,64]

|| BMEM1 CDDC 16 profiles, PFILT <
BMEM1 DELAY [1,2,3,4,6,12] each profile( 4 profiles
DELAY [1,2,4,8,16,32,64] 32b FTW+ 32

— OFFSET)

[

| SMON | Sniffer

(iP9)N3ING

JUNLAVI/AVIEA/OMY) [T

[
<

Fast Reconfiguration & Hopping Engine & Loopback

\ 4

«  Hoppingand trigger based « Hoppingandtrigger based *Hopping
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Multi-Chip Synchronization within 1ps

HMC7044 Fanout Buffer > Reflock Artemis, Aion, FPGA ADF4382 |- AD9084

FLANIOLET ADF4382
BUFFER OR ADS084
ADF4382 (Artemis) Provideref clkto Apollo > Receive delay information from CLOCK

|
|
ApOHO DISTRIBUTION :

» psdelay capability to adjust | AoFazsr
Apollo clk ADS084

ADF4030 (Aion) Provide SYSREF to » Alignref BSYNCO to BSYNCx v w ADF4030
ApOHO(S) and FPGA <5pS PLL/VCO WITH REFIN gz::g; A gl;(\)ffRKEth;GSN
TDCs calculate and null RT CLOCK e
delays between chips LETRELTISN

i DEVICE CLK
BSYNCN b 20GHz

BSYNCE
BSYNCO

AD9084 (Apollo) Internal sysref dictates Shift internal sysref to align —® TRIGGER
JESD data release and with ext sysref withindev clk/ 2 =
converter (25ps at 20Gsps)
transmit/capture for TDC measurement strobed to
deterministic latency Artemis to delay ref clk for <Ips

int/ext sysref alignment

~-f—Pp BSYNC
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Multi-Chip Synchronization : <5ps alignment achieved DEVICES

SMA100B
a— FPGAO  sysner 1. Align all Bx's with BO per
(N — Afon
REFIN @ TR

APOLLO 2. Determine round trip delay

e BUADFAAION SYSREF | between the two Aions.
- 3. Apollos align to respective
BOARD O -
Aion through B5. Apollo
sends TDC to ADF4382 to

fine tune, then send tuned
Sysref to Bb

- 4, Aion determines round trip
APOLLO delay from Apollo. Applies
h TRG any delay to specific Apollo.
5. Apollointernal Sysrefs are
aligned

REFIN FPGA1 SYSREF
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Summary: 0.1-55 GHz Signal Chain Highlights

86

0.1-55 GHz is achievable - but only with hybrid architecture
* Direct Sampling + High-IF partitioning is key

System performance is SNDR/SFDR limited
» Blockers, IMD2/3, and filtering are critial

Consolidation of functions into integrated RFICs and SIPs is critical for size reduction
« Allows size reduction and optimized process selection by function(GaAs, CMQS, GaN)

Functional partitioningis critical to ensure design flexibility
» Tunable architecture enables design re-use as well as mission reconfiguration

Converters are critical part of the RF architecture
» DSP +fast reconfigure fundamentally change partitioning

©2026 Analog Devices, Inc. All Rights Reserved.
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Demos in action - Visit the ADI booth

See demos of these signal chains and related components on the show floor:

2-18 GHz Signal Conditioning for Direct-Sampling Receivers

Seamless DC-18 GHz Coverage with Dual-Clock Direct RF

High-Density RF Digitizer SoM in a VNX+ Small Form Factor

X-Band Digital Beamforming Platform using High-Density Direct RF Sampling

Experiencing 6G Integrated Sensing & Communication with Dragonfly
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