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ADC12DJ5200-EP 10.4GSPS Single-Channel or 5.2GSPS Dual-Channel, 12-bit, RF-
Sampling Analog-to-Digital Converter (ADC)

1 Features

High reliability enhanced product:

— Controlled baseline: one assembly and test
site, one fabrication site, extended product
lifecycle, extended product-change notification
and product traceability

ADC core:

— 12-bit resolution

— Upto 10.4GSPS in single-channel mode

— Up to 5.2GSPS in dual-channel mode

Performance specifications:

— Noise floor (—ZOdBFS, VFS = 1Vpp_D||:|:)Z
* Dual-channel mode: —151.8dBFS/Hz
» Single-channel mode: —154.4dBFS/Hz

— ENOB (dual channel, F|y = 2.4GHz): 8.6 Bits

Buffered analog inputs with Vg of OV:

— Analog input bandwidth (-3dB): 8GHz

— Usable input frequency range: > 10GHz

— Full-scale input voltage (Vgg, default): 0.8Vpp

Noiseless aperture delay (tap) adjustment:

— Precise sampling control: 19fs Step

— Simplifies synchronization and interleaving

— Temperature and voltage invariant delays

Easy-to-use synchronization features:

— Automatic SYSREF timing calibration

— Time stamp for sample marking

JESD204C serial data interface:

— Maximum lane rate: 17.16Gbps

— Support for 64b/66b and 8b/10b encoding

— 8b/10b modes are JESD204B compatible

Optional digital down-converters (DDC):

— 4x, 8x, 16x and 32x complex decimation

— Four independent 32-Bit NCOs per DDC

Peak RF Input Power (Diff): +26.5dBm

(+ 27.5dBFS, 560x fullscale power)

Programmable FIR filter for equalization

Power consumption: 4W

Power supplies: 1.1V, 1.9V

2 Applications

.

.

.

.

Wideband digitizers

Electronic warfare (SIGINT, ELINT)
Satellite communications (SATCOM)
RF-sampling software-defined radio (SDR)

3 Description

The ADC12DJ5200-EP device is an RF-sampling,
giga-sample, analog-to-digital converter (ADC) that
can directly sample input frequencies from DC to
above 10GHz. ADC12DJ5200-EP can be configured
as a dual-channel, 5.2GSPS ADC or single-channel,
10.4GSPS ADC. Support of a useable input frequency
range of up to 10GHz enables direct RF sampling of
L-band, S-band, C-band, and X-band for frequency
agile systems.

The ADC12DJ5200-EP uses a high-speed JESD204C
output interface with up to 16 serialized lanes
supporting up to 17.16Gbps line rate. Deterministic
latency and multi-device synchronization is supported
through JESD204C subclass-1. The JESD204C
interface can be configured to trade-off line rate and
number of lanes. Both 8b/10b and 64b/66b data
encoding schemes are supported. 64b/66b encoding
supports forward error correction (FEC) for improved
bit error rates. The interface is backwards compatible
with JESD204B receivers.

Innovative  synchronization  features, including
noiseless aperture delay adjustment and SYSREF
windowing, simplify system design for multichannel
applications. Optional digital down converters (DDCs)
are available to provide digital conversion to
base-band and to reduce the interface rate. A
programmable FIR filter allows on-chip equalization.

Package Information

PART NUMBER PACKAGE(") PACKAGE SIZE®?)

ADC12DJ5200-EP FCBGA (144) [10mm x 10mm

(1)  For more information, see Section 10.
(2) The package size (length x width) is a nominal value and
includes pins, where applicable.

ADC12DJ5200-EP Block Diagram

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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4 Pin Configuration and Functions
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Figure 4-1. ALR Package, 144-Ball Flip Chip BGA
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Table 4-1. Pin Functions

PIN TYPE DESCRIPTION
NAME NO.
A1, A2, A3,
A6, A7, B2,
B3, B4, B5,
B6, B7, C6,
D1, D6, E1,
E6, F2, F3, Analog supply ground. Tie AGND and DGND to a common ground plane (GND) on the circuit
AGND —
F6, G2, G3, board.
G6, H1, H6,
J1,J6, L2, L3,
L4, L5, L6, L7,
M1, M2, M3,
M6, M7
Band-gap voltage output. This pin is capable of sourcing only small currents and driving limited
BG C3 (0] capacitive loads, as specified in the Recommended Operating Conditions table. This pin can be
left disconnected if not used.
CALSTAT F7 o Foreground calibration status output or device alarm output. Functionality is programmed
through CAL_STATUS_SEL. This pin can be left disconnected if not used.
Foreground calibration trigger input. This pin is only used if hardware calibration
CALTRIG E7 triggering is selected in CAL_TRIG_EN, otherwise software triggering is performed using
CAL_SOFT_TRIG. Tie this pin to GND if not used.
Device (sampling) clock positive input. The clock signal is strongly recommended to be
AC-coupled to this input for best performance. In single-channel mode, the analog input
CLK+ F1 signal is sampled on both the rising and falling edges. In dual-channel mode, the analog
signal is sampled on the rising edge. This differential input has an internal untrimmed 100Q
differential termination and is self-biased to the optimal input common-mode voltage as long as
DEVCLK_LVPECL_EN is set to 0.
CLK— G1 Device (sampling) clock negative input. Tl strongly recommends using AC-coupling for best
performance.
High-speed serialized data output for channel A, lane 0, positive connection. This differential
DAO+ E12 o output must be AC-coupled and must always be terminated with a 100Q differential termination
at the receiver. This pin can be left disconnected if not used, or connected to any voltage level
between GND (0V) and VD11 (1.1V) using 0Q to 1MQ resistors.
High-speed serialized data output for channel A, lane 0, negative connection. This pin can be
DAO- F12 (0] left disconnected if not used, or connected to any voltage level between GND (0V) and VD11
(1.1V) using 0 OHM to 1TMOHM resistors.
High-speed serialized data output for channel A, lane 1, positive connection. This differential
output must be AC-coupled and must always be terminated with a 100Q differential termination
DA1+ C12 (0] . e . .
at the receiver. This pin can be left disconnected if not used, or connected to any voltage level
between GND (0V) and VD11 (1.1V) using 0Q to 1MQ resistors.
High-speed serialized data output for channel A, lane 1, negative connection. This pin can be
DA1- D12 (0] left disconnected if not used, or connected to any voltage level between GND (0V) and VD11
(1.1V) using 0Q to 1MQ resistors.
High-speed serialized-data output for channel A, lane 2, positive connection. This differential
output must be AC-coupled and must always be terminated with a 100Q differential termination
DA2+ A10 (0] . e ; .
at the receiver. This pin can be left disconnected if not used, or connected to any voltage level
between GND (0V) and VD11 (1.1V) using 0 0Q to 1MQ resistors.
High-speed serialized-data output for channel A, lane 2, negative connection. This pin can be
DA2—- A11 (0] left disconnected if not used, or connected to any voltage level between GND (0V) and VD11
(1.1V) using 0Q to 1MQ resistors.
High-speed serialized-data output for channel A, lane 3, positive connection. This differential
DA3+ A8 o output must be AC-coupled and must always be terminated with a 100Q differential termination
at the receiver. This pin can be left disconnected if not used, or connected to any voltage level
between GND (0V) and VD11 (1.1V) using 0Q to 1MQ resistors.
High-speed serialized-data output for channel A, lane 3, negative connection. This pin can be
DA3- A9 (0] left disconnected if not used, or connected to any voltage level between GND (0V) and VD11
(1.1V) using 0Q to 1MQ resistors.
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Table 4-1. Pin Functions (continued)

PIN

NAME

NO.

TYPE

DESCRIPTION

DA4+

EN

High-speed serialized data output for channel A, lane 4, positive connection. This differential
output must be AC-coupled and must always be terminated with a 100Q differential termination
at the receiver. This pin can be left disconnected if not used, or connected to any voltage level
between GND (0V) and VD11 (1.1V) using 0Q to 1MQ resistors.

DA4—

F11

High-speed serialized data output for channel A, lane 4, negative connection. This pin can be
left disconnected if not used, or connected to any voltage level between GND (0V) and VD11
(1.1V) using 0Q to 1MQ resistors.

DAS5+

Cc1

High-speed serialized data output for channel A, lane 5, positive connection. This differential
output must be AC-coupled and must always be terminated with a 100Q differential termination
at the receiver. This pin can be left disconnected if not used, or connected to any voltage level
between GND (0V) and VD11 (1.1V) using 0Q to 1MQ resistors.

DAS5—-

D11

High-speed serialized data output for channel A, lane 5, negative connection. This pin can be
left disconnected if not used, or connected to any voltage level between GND (0V) and VD11
(1.1V) using 0Q to 1MQ resistors.

DAG+

B10

High-speed serialized data output for channel A, lane 6, positive connection. This differential
output must be AC-coupled and must always be terminated with a 100Q differential termination
at the receiver, or connected to any voltage level between GND (0V) and VD11 (1.1V) using 0Q
to 1MQ resistors. This pin can be left disconnected if not used.

DA6—

B11

High-speed serialized data output for channel A, lane 6, negative connection. This pin can be
left disconnected if not used, or connected to any voltage level between GND (0V) and VD11
(1.1V) using 0Q to 1MQ resistors.

DA7+

B8

High-speed serialized data output for channel A, lane 7, positive connection. This differential
output must be AC-coupled and must always be terminated with a 100Q differential termination
at the receiver. This pin can be left disconnected if not used, or connected to any voltage level
between GND (0V) and VD11 (1.1V) using 0Q to 1MQ resistors.

DA7-

B9

High-speed serialized data output for channel A, lane 7, negative connection. This pin can be
left disconnected if not used, or connected to any voltage level between GND (0V) and VD11
(1.1V) using 0Q to 1MQ resistors.

DBO+

H12

High-speed serialized data output for channel B, lane 0, positive connection. This differential
output must be AC-coupled and must always be terminated with a 100Q differential termination
at the receiver. This pin can be left disconnected if not used, or connected to any voltage level
between GND (0V) and VD11 (1.1V) using 0Q to 1MQ resistors.

DBO-

G12

High-speed serialized data output for channel B, lane 0, negative connection. This pin can be
left disconnected if not used, or connected to any voltage level between GND (0V) and VD11
(1.1V) using 0 OHM to 1TMOHM resistors.

DB1+

K12

High-speed serialized data output for channel B, lane 1, positive connection. This differential
output must be AC-coupled and must always be terminated with a 100Q differential termination
at the receiver. This pin can be left disconnected if not used.

DB1-

J12

High-speed serialized data output for channel B, lane 1, negative connection. This pin can be
left disconnected if not used, or connected to any voltage level between GND (0V) and VD11
(1.1V) using 0Q to 1MQ resistors.

DB2+

M10

High-speed serialized data output for channel B, lane 2, positive connection. This differential
output must be AC-coupled and must always be terminated with a 100Q differential termination
at the receiver. This pin can be left disconnected if not used, or connected to any voltage level
between GND (0V) and VD11 (1.1V) using 0Q to 1MQ resistors.

DB2-

M11

High-speed serialized data output for channel B, lane 2, negative connection. This pin can be
left disconnected if not used, or connected to any voltage level between GND (0V) and VD11
(1.1V) using 0Q to 1MQ resistors.

DB3+

M8

High-speed serialized data output for channel B, lane 3, positive connection. This differential
output must be AC-coupled and must always be terminated with a 100Q differential termination
at the receiver. This pin can be left disconnected if not used, or connected to any voltage level
between GND (0V) and VD11 (1.1V) using 0Q to 1MQ resistors.

DB3-

M9

High-speed serialized data output for channel B, lane 3, negative connection. This pin can be
left disconnected if not used.
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Table 4-1. Pin Functions (continued)

PIN

NAME

NO.

TYPE

DESCRIPTION

DB4+

H11

High-speed serialized data output for channel B, lane 4, positive connection. This differential
output must be AC-coupled and must always be terminated with a 100Q differential termination
at the receiver. This pin can be left disconnected if not used, or connected to any voltage level
between GND (0V) and VD11 (1.1V) using 0Q to 1MQ resistors.

DB4-

G11

High-speed serialized data output for channel B, lane 4, negative connection. This pin can be
left disconnected if not used, or connected to any voltage level between GND (0V) and VD11
(1.1V) using 0Q to 1MQ resistors.

DB5+

K11

High-speed serialized data output for channel B, lane 5, positive connection. This differential
output must be AC-coupled and must always be terminated with a 100Q differential termination
at the receiver. This pin can be left disconnected if not used, or connected to any voltage level
between GND (0V) and VD11 (1.1V) using 0Q to 1MQ resistors.

DB5—-

JN

High-speed serialized data output for channel B, lane 5, negative connection. This pin can be
left disconnected if not used, or connected to any voltage level between GND (0V) and VD11
(1.1V) using 0Q to 1MQ resistors.

DB6+

L10

High-speed serialized data output for channel B, lane 6, positive connection. This differential
output must be AC-coupled and must always be terminated with a 100Q differential termination
at the receiver. This pin can be left disconnected if not used, or connected to any voltage level
between GND (0V) and VD11 (1.1V) using 0Q to 1TMQ resistors.

DB6—

L1

High-speed serialized data output for channel B, lane 6, negative connection. This pin can be
left disconnected if not used, or connected to any voltage level between GND (0V) and VD11
(1.1V) using 0Q to 1MQ resistors.

DB7+

L8

High-speed serialized data output for channel B, lane 7, positive connection. This differential
output must be AC-coupled and must always be terminated with a 100Q differential termination
at the receiver. This pin can be left disconnected if not used, or connected to any voltage level
between GND (0V) and VD11 (1.1V) using 0Q to 1MQ resistors.

DB7-

L9

High-speed serialized data output for channel B, lane 7, negative connection. This pin can be
left disconnected if not used, or connected to any voltage level between GND (0V) and VD11
(1.1V) using 0Q to 1MQ resistors.

DGND

A12,B12, D9,
D10, F9, F10,
G9, G10, J9,
J10, L12, M12

Digital supply ground. Tie AGND and DGND to a common ground plane (GND) on the circuit
board.

INA+

A4

Channel A analog input positive connection. INA+ is recommended for use in single channel
mode for optimal performance. The differential full-scale input voltage is determined by the
FS_RANGE_A register (see the Full-Scale Voltage (Vrs) Adjustment section). This input is
terminated to ground through a 50Q termination resistor. The input common-mode voltage
is typically be set to OV (GND) and must follow the recommendations in the Recommended
Operating Conditions table. This pin can be left disconnected if not used.

INA-

A5

Channel A analog input negative connection. INA+ is recommended for use in single channel
mode for optimal performance. See INA+ (pin A4) for detailed description. This input is
terminated to ground through a 50Q termination resistor. This pin can be left disconnected

if not used.

INB+

M4

Channel B analog input positive connection. INA+ is recommended for use in single channel
mode for optimal performance. The differential full-scale input voltage is determined by the
FS_RANGE_B register (see the Full-Scale Voltage (Vrs) Adjustment section). This input is
terminated to ground through a 50Q termination resistor. The input common-mode voltage
must typically be set to OV (GND) and must follow the recommendations in the Recommended
Operating Conditions table. This pin can be left disconnected if not used.

INB—

M5

Channel B analog input negative connection. INA+ is recommended for use in single channel
mode for optimal performance. See INB+ for detailed description. This input is terminated to
ground through a 50Q termination resistor. This pin can be left disconnected if not used.

NCOAO0

C7

LSB of NCO selection control for DDC A. NCOAQO and NCOA1 select which NCO, of a possible
four NCOs, is used for digital mixing when using a complex output JMODE. The remaining
unselected NCOs continue to run to maintain phase coherency and can be swapped in by
changing the values of NCOAQO and NCOA1 (when CMODE = 1). This pin is an asynchronous
input. See the NCO Fast Frequency Hopping (FFH) and NCO Selection sections for more
information. Tie this pin to GND if not used.
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Table 4-1. Pin Functions (continued)

PIN

NAME

NO.

TYPE

DESCRIPTION

NCOA1

D7

MSB of NCO selection control for DDC A. Tie this pin to GND if not used.

NCOBO

K7

LSB of NCO selection control for DDC B. NCOBO0 and NCOB1 select which NCO, of a possible
four NCOs, is used for digital mixing when using a complex output JMODE. The remaining
unselected NCOs continue to run to maintain phase coherency and can be swapped in by
changing the values of NCOB0 and NCOB1 (when CMODE = 1). This pin is an asynchronous
input. See the NCO Fast Frequency Hopping (FFH) and NCO Selection sections for more
information. Tie this pin to GND if not used.

NCOB1

J7

MSB of NCO selection control for DDC B. Tie this pin to GND if not used.

ORAO0

C8

Fast overrange detection status for channel A for the OVR_TO threshold. When the analog
input exceeds the threshold programmed into OVR_TO, this status indicator goes high. The
minimum pulse duration is set by OVR_N. See the ADC Overrange Detection section for more
information. This pin can be left disconnected if not used.

ORA1

D8

Fast overrange detection status for channel A for the OVR_T1 threshold. When the analog
input exceeds the threshold programmed into OVR_T1, this status indicator goes high. The
minimum pulse duration is set by OVR_N. See the ADC Overrange Detection section for more
information. This pin can be left disconnected if not used.

ORBO

K8

Fast overrange detection status for channel B for the OVR_TO threshold. When the analog
input exceeds the threshold programmed into OVR_TO, this status indicator goes high. The
minimum pulse duration is set by OVR_N. See the ADC Overrange Detection section for more
information. This pin can be left disconnected if not used.

ORB1

J8

Fast overrange detection status for channel B for the OVR_T1 threshold. When the analog
input exceeds the threshold programmed into OVR_T1, this status indicator goes high. The
minimum pulse duration is set by OVR_N. See the ADC Overrange Detection section for more
information. This pin can be left disconnected if not used.

K6

This pin disables all analog circuits and serializer outputs when set high for temperature diode
calibration or to reduce power consumption when the device is not being used. Tie this pin to
GND if not used.

SCLK

F8

Serial interface clock. This pin functions as the serial-interface clock input that clocks the
serial programming data in and out. The Using the Serial Interface section describes the serial
interface in more detail. Supports 1.1-V and 1.8-V CMOS levels.

E8

Serial interface chip select active low input. The Using the Serial Interface section describes
the serial interface in more detail. Supports 1.1-V and 1.8-V CMOS levels. This pin has a 82kQ
pullup resistor to VD11.

G8

Serial interface data input. The Using the Serial Interface section describes the serial interface
in more detail. Supports 1.1-V and 1.8-V CMOS levels.

H8

Serial interface data output. The Using the Serial Interface section describes the serial interface
in more detail. This pin is high impedance during normal device operation. This pin outputs
1.9V CMOS levels during serial interface read operations. This pin can be left disconnected if
not used.

SYNCSE

C2

Single-ended JESD204C SYNC signal. This input is an active low input that is used to initialize
the JESD204C serial link in 8B/10B modes when SYNC_SEL is set to 0. The 64B/66B modes
do not use the SYNC signal for initialization, however it may be used for NCO synchronization.
When toggled low in 8B/10B modes this input initiates code group synchronization (see the
Code Group Synchronization (CGS) section). After code group synchronization, this input
must be toggled high to start the initial lane alignment sequence (see the Initial Lane
Alignment Sequence (ILAS) section). A differential SYNC signal can be used instead by setting
SYNC_SEL to 1 and using TMSTP+ as a differential SYNC input. Tie this pin to GND if
differential SYNC (TMSTP4#) is used as the JESD204C SYNC signal.

SYSREF+

K1

The SYSREF positive input is used to achieve synchronization and deterministic latency
across the JESD204C interface. This differential input (SYSREF+ to SYSREF-) has an internal
untrimmed 100Q differential termination and can be AC-coupled when SYSREF_LVPECL_EN
is set to 0. This input is self-biased when SYSREF_LVPECL_EN is set to 0. The termination
changes to 50Q to ground on each input pin (SYSREF+ and SYSREF-) and can be
DC-coupled when SYSREF_LVPECL_EN is set to 1. This input is not self-biased when
SYSREF_LVPECL_EN is set to 1 and must be biased externally to the input common-mode
voltage range provided in the Recommended Operating Conditions table.
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Table 4-1. Pin Functions (continued)

PIN
TYPE DESCRIPTION

NAME NO.

SYSREF- L1 I SYSREF negative input
Temperature diode positive (anode) connection. An external temperature sensor can be

TDIODE+ K2 connected to TDIODE+ and TDIODE- to monitor the junction temperature of the device. This
pin can be left disconnected if not used.

TDIODE— K3 'Ul'zemdperature diode negative (cathode) connection. This pin can be left disconnected if not
Timestamp input positive connection or differential JESD204C SYNC positive connection. This
input is a timestamp input, used to mark a specific sample, when TIMESTAMP_EN is set to
1. This differential input is used as the JESD204C SYNC signal input when SYNC_SEL is set
1. This input can be used as both a timestamp and differential SYNC input at the same time,
allowing feedback of the SYNC signal using the timestamp mechanism. TMSTPz uses active
low signaling when used as a JESD204C SYNC. For additional usage information, see the
Timestamp section.

TMSTP+ B1 TMSTP_RECV_EN must be set to 1 to use this input. This differential input (TMSTP+ to
TMSTP-) has an internal untrimmed 100Q differential termination and can be AC-coupled
when TMSTP_LVPECL_EN is set to 0. The termination changes to 50Q to ground on each
input pin (TMSTP+ and TMSTP-) and can be DC coupled when TMSTP_LVPECL_EN is set
to 1. This pin is not self-biased and therefore must be externally biased for both AC- and
DC-coupled configurations. The common-mode voltage must be within the range provided in
the Recommended Operating Conditions table when both AC and DC coupled. This pin can
be left disconnected and disabled (TMSTP_RECV_EN = 0) if SYNCSE is used for JESD204C
SYNC and timestamp is not required.

Timestamp input positive connection or differential JESD204C SYNC negative connection. This

TMSTP- C1 pin can be left disconnected and disabled (TMSTP_RECV_EN = 0) if SYNCSE is used for
JESD204C SYNC and timestamp is not required.

C5, D2, D3,
D5, E5, F5,
VA11 G5, H5. J2. 1.1V analog supply
J3, J5, K5
C4, D4, E2,
E3, E4, F4,
VA19 G4 H2 H3, 1.9V analog supply
H4, J4, K4
C9, C10, E9,
E10, G7, H7, -
VD11 HO, H10, KO, 1.1V digital supply
K10
8 Submit Document Feedback

Copyright © 2025 Texas Instruments Incorporated
Product Folder Links: ADC12DJ5200-EP


https://www.ti.com/product/ADC12DJ5200-EP
https://www.ti.com/lit/pdf/SLVSGV2
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSGV2E&partnum=ADC12DJ5200-EP
https://www.ti.com/product/adc12dj5200-ep?qgpn=adc12dj5200-ep

13 TEXAS
INSTRUMENTS ADC12DJ5200-EP
www.ti.com SLVSGV2E - JUNE 2022 — REVISED APRIL 2025

5 Specifications
5.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
VA19() -0.3 2.35
v SuoDIY Vol VA11) -0.3 1.32 v
u voltage range
oo pRly voTiage rang VD110 0.3 1.32
Voltage between VD11 and VA11 -1.32 1.32
VenD Voltage between AGND and DGND -0.1 0.1 \Y
DA[7:0]+, DA[7:0]-, DB[7:0]+, DB[7:0]-, 05 VD11 +
TMSTP+, TMSTP-() ’ 0.50)
CLK+, CLK—, SYSREF+, SYSREF-(?) -0.5 VA11 +0.54)
VA19 +
_(2) —
VpiN Pin voltage range BG, TDIODE+, TDIODE 0.5 0.5() Y
INA+, INA—, INB+, INB—2) -1 1
CALSTAT, CALTRIG, NCOAO, NCOAT1, VA19 +
NCOBO, NCOB1, ORA0, ORA1, ORBO, ORB1, -0.5 0.5(6)
PD, SCLK, SCS, SDI, SDO, SYNCSE @ ’
Imax(any) Peak input current (any input except INA+, INA—, INB+, INB-) -25 25 mA
IMAX(INX) Peak input current (INA+, INA—, INB+, INB-) -50 50 mA
differential with Zs_prr = 100 Q, up to 21 days(”) 26.5 dBm
Pmax(iNx) Peak RF input power (INA+, INA—, INB+, INB-)
Single-ended with Zg_gg = 50 Q 16.4 dBm
Peak total input current (sum of absolute value of all currents forced in or out, not including power-
IMAX(ALL) 100 mA
supply current)
T; Junction temperature 150 °C
Tstg Storage temperature -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, which do not imply functional operation of the device at these or any other conditions beyond those indicated
under Recommended Operating Conditions . Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.

(2) Measured to AGND.

(3) Measured to DGND.

(4) Maximum voltage not to exceed VA11 absolute maximum rating.

(5) Maximum voltage not to exceed VD11 absolute maximum rating.

(6) Maximum voltage not to exceed VA19 absolute maximum rating.

(7) Tested continuously for 21 days with F)y = 1.2GHz on a typical device. At the end of testing, the device was not damaged. During the
overdrive, the ADC is still properly converting the input signal, although it will be saturated for voltages beyond the input fullscale.

5.2 ESD Ratings

VALUE UNIT

Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(1) +2000
V(Esp) Electrostatic discharge — \Y
Charged-device model (CDM), per JEDEC specification JESD22-C101(2) +500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 9
Product Folder Links: ADC12DJ5200-EP


https://www.ti.com
https://www.ti.com/product/ADC12DJ5200-EP
https://www.ti.com/lit/pdf/SLVSGV2
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSGV2E&partnum=ADC12DJ5200-EP
https://www.ti.com/product/adc12dj5200-ep?qgpn=adc12dj5200-ep

13 TEXAS

ADC12DJ5200-EP INSTRUMENTS
SLVSGV2E - JUNE 2022 — REVISED APRIL 2025 www.ti.com

5.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VA19, analog 1.9-V supply® 1.8 1.9 2.0
Vpp Supply voltage range VA11, analog 1.1-V supply(@ 1.05 1.1 1.15 v
VD11, digital 1.1-V supply®) 1.05 1.1 1.15
INA+, INA—, INB+, INB—2) -50 0 100 mV
Vemr Input common-mode voltage CLK+, CLK—, SYSREF+, SYSREF—(2) () 0 0.3 0.55
TMSTP+, TMSTP-3) (5) 0 0.3 0.55 v
CLK+ to CLK—, SYSREF+ to SYSREF-, 0.4 10 20
Vip Input voltage, peak-to-peak differential TMSTP+ to TMSTP- Vpp.DIEE
INA+ to INA—, INB+ to INB— 0.8(®)
Ic D Temperature diode input current TDIODE+ to TDIODE- 100 A
CL BG maximum load capacitance 50 pF
lo BG maximum output current 100 A
DC Input clock duty cycle 30 50 70 %
Ta Operating free-air temperature -55 125 °C
T, Operating junction temperature 150(1) °C

M
(2
©)
4)
®)
6)

Die is designed for Tj = 150 °C operation and for device and die metallization degradation up to 150,000 POH continuous operation at
Tj =125 °C. Prolonged use above a junction temperature of Tj =105 °C may, however, increase the package failure-in-time (FIT) rate.
Measured to AGND.

Measured to DGND.

TI strongly recommends that CLK+ be AC-coupled with DEVCLK_LVPECL_EN set to 0 to allow CLK% to self-bias to the optimal input
common-mode voltage for best performance. Tl recommends AC-coupling for SYSREF=* unless DC-coupling is required, in which
case, the LVPECL input mode must be used (SYSREF_LVPECL_EN = 1).

TMSTP+ does not have internal biasing that requires TMSTP+ to be biased externally whether AC-coupled with TMSTP_LVPECL_EN
= 0 or DC-coupled with TMSTP_LVPECL_EN= 1.

The ADC output code saturates when V,p for INA+ or INB+ exceeds the programmed full-scale voltage(Ves) set by FS_RANGE_A for
INA+ or FS_RANGE_B for INB+.

5.4 Thermal Information

10mmx10mm FC-BGA
THERMAL METRIC(") UNIT
144 PINS
Rgua Junction-to-ambient thermal resistance 23.9 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 0.8 °C/W
Rgys Junction-to-board thermal resistance 8.4 °C/W
Wr Junction-to-top characterization parameter 0.23 °C/W
Y5 Junction-to-board characterization parameter 8.4 °C/W

M

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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5.5 Electrical Characteristics: DC Specifications

typical values at T; = 50°C, VA19 = 1.9V, VA11 = 1.1V, VD11 = 1.1V, default full-scale voltage, fjy = 347 MHz, Ay =
—1 dBFS, fc k = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 1, Dither enabled with default settings, VA11, VD11
and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR =

1), and background calibration (unless otherwise noted); minimum and maximum values are at nominal supply voltages and

over the operating junction temperature range provided in the Recommended Operating Conditions table

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
DC ACCURACY
Resolution Resolution with no missing codes 12 Bits
Maximum positive excursion from ideal step size 0.14
DNL Differential nonlinearity LSB
Maximum negative excursion from ideal step size -0.13
Maxmum positive excursion from ideal transfer 20 LSB
function
INL Integral nonlinearity
Maximum negative excursion from ideal transfer
! -2.4 LSB
function
ANALOG INPUTS (INA+, INA—, INB+, INB-)
CAL_OS =0 +0.50 mV
Vorr Offset error
CAL_OS =1 +0.15 mV
v Input offset voltage adjustment Available offset correction range (see OS_CAL or +50 my
OFF_ADJ range OADJ_x_INX) =
Foreground calibration at nominal temperature only 18
Vorr DRIFT Offset drift Foreground calibration at each temperature -5.5 Ve
Foreground and FGOS calibration at each 0
temperature
Default full-scale voltage (FS_RANGE_A =
FS_RANGE_B = 0xA000) 750 825 910
Analog differential input full-scale Maximum full-scale voltage (FS_RANGE_A =
Ves range FS_RANGE_B = OxFFFF) 975 1060 mVep
Minimum full-scale voltage (FS_RANGE_A =
FS_RANGE_B = 0x2000) 500 560
Analog differential input full-scale Default FS_RANGE_A and FS_RANGE_B setting,
VES_DRIFT ran egdriﬂ P foreground calibration at each temperature, inputs 0.033 %I/°C
9 driven by a 50-Q source, includes effect of Ry drift
Y Analog differential input full-scale Matching between INA+ and INB#, default setting, 0.625%
FS_MATCH range matching dual-channel mode R
Single-ended input resistance to Each input pin is terminated to AGND, measured at
Rin AGND Ta =25°C 48 50 52 Q
Input termination linear temperature o
RiN_TEMPCO coefficient 14.7 mQ/°C
Single-channel mode measured at DC 0.4
Cin Single-ended input capacitance pF
Dual-channel mode measured at DC 0.4
TEMPERATURE DIODE CHARACTERISTICS (TDIODE+, TDIODE-)
Forced forward current of 100 pA. Offset voltage
(approximately 0.792 V at 0°C) varies with process
. and must be measured for each part. Offset o
AVee Temperature diode voltage slope | 10 rement must be done with the device -1.65 mv/°C
unpowered or with the PD pin asserted to minimize
device self-heating.
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5.5 Electrical Characteristics: DC Specifications (continued)

typical values at T; = 50°C, VA19 =19V, VA11 = 1.1V, VD11 = 1.1V, default full-scale voltage, fjy = 347 MHz, Ay =

—1 dBFS, fck = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 1, Dither enabled with default settings, VA11, VD11
and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR =
1), and background calibration (unless otherwise noted); minimum and maximum values are at nominal supply voltages and
over the operating junction temperature range provided in the Recommended Operating Conditions table

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

BAND-GAP VOLTAGE OUTPUT (BG)
Vg Reference output voltage I. <100 pA 1.1 \%
VBG DRIFT Reference output temperature drift |1 < 100 pA -64 uv/eC
CLOCK INPUTS (CLK+, CLK-, SYSREF+, SYSREF-, TMSTP+, TMSTP-)

Differential termination with DEVCLK_LVPECL_EN

=0, SYSREF_LVPECL_EN =0, and 100

TMSTP_LVPECL_EN =0
ZT Internal termination Q

Single-ended termination to GND (per pin) with

DEVCLK_LVPECL_EN =0, SYSREF_LVPECL_EN 50

=0,and TMSTP_LVPECL_EN =0

Self-biasing common-mode voltage for CLK+ when

AC-coupled (DEVCLK_LVPECL_EN must be set to 0.3

0)

Self-biasing common-mode voltage for SYSREF+

Inbut common-mode voltage. self- when AC-coupled (SYSREF_LVPECL_EN must 0.28

Vem bigsed 98, be set to 0) and with receiver enabled ’ \%

(SYSREF_RECV_EN = 1)

Self-biasing common-mode voltage for SYSREF+

when AC-coupled (SYSREF_LVPECL_EN must 0.28

be set to 0) and with receiver disabled ’

(SYSREF_RECV_EN = 0)
CL piFF Differential input capacitance Between positive and negative differential input pins 0.04 pF
CL se Single-ended input capacitance Each input to ground 0.5 pF
SERDES OUTPUTS (DA[7:0]+, DA[7:0]-, DB[7:0]+, DB[7:0]-)
Vop E;f;ekrentlal output voltage, peak-to- 100-Q load 540 600 650 | MVpp.oier
Vem Output common-mode voltage AC coupled VD11/2 \%
Zpirr Differential output impedance 100 Q
CMOS INTERFACE: SCLK, SDI, SDO, SCS, PD, NCOAO, NCOA1, NCOB0, NCOB1, CALSTAT, CALTRIG, ORA0, ORA1, ORB0, ORB1, SYNCSE
Vin High-level input voltage required input voltage 0.7 \Y
Vi Low-level input voltage required input voltage 0.45 \%
iy High-level input current 40 pA
[ Low-level input current —40 uA
C Input capacitance 3.4 pF
Vou High-level output voltage ILoap = —400 pA 1.65 \Y
VoL Low-level output voltage ILoap = 400 pA 150 mV
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5.6 Electrical Characteristics: Power Consumption

typical values at T; = 50°C, VA19 = 1.9V, VA11 = 1.1V, VD11 = 1.1V, default full-scale voltage, fjy = 347 MHz, Ay =

—1 dBFS, fc .k = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 1, Dither enabled with default settings, VA11, VD11

and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR =
1), and background calibration (unless otherwise noted); minimum and maximum values are at nominal supply voltages and
over the operating junction temperature range provided in the Recommended Operating Conditions table

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
lyat1e 1.9-V analog supply current 934 mA
Ivat1 1.1-V analog supply current Power mode 1: JMODE 1 (singlle-channel 845 mA

— mode, 16 lanes, 8B/10B encoding, DDC
lvp11 1.1-V digital supply current bypassed), foreground calibration 1170 mA
Ppis Power dissipation 4.01 w
lvatg 1.9-V analog supply current 935 1050 mA

Power mode 2: JMODE 30 (single-
lvat1 1.1-V analog supply current channel mode, 8 lanes, 64B/66B 850 1000 mA
Ivb11 1.1-V digital supply current encoding, DDC bypassed), foreground 1195 1650 mA
calibration
Ppis Power dissipation 4.0 4.98 w
lyat1e 1.9-V analog supply current 1242 mA
Ivat1 1.1-V analog supply current Power mode 3: JMODE 1 (singlle-channel 1030 mA

— mode, 16 lanes, 8B/10B encoding, DDC
lvp11 1.1-V digital supply current bypassed), background calibration 1265 mA
Ppis Power dissipation 4.90 w
lvatg 1.9-V analog supply current 1320 mA
lvat1 1.1-V analog supply current Power mode 4: JMODE 3 (dual-channel 1030 mA

— mode, 16 lanes, 8B/10B encoding, DDC
lvp11 1.1-V digital supply current bypassed), background calibration 1250 mA
Ppis Power dissipation 5.03 w
lyat1e 1.9-V analog supply current 936 mA
lvat1 1.1-V analog supply current Power mode 5: JMODE 22 (single- 845 mA

— channel mode, 8 lanes, 8B/10B encoding,
lvp11 1.1-V digital supply current 4x decimation), foreground calibration 2350 mA
Ppis Power dissipation 5.3 w
lvatg 1.9-V analog supply current 1014 mA
lvat1 1.1-V analog supply current Power mode 6: JMODE 11 (dual-channel 845 mA

— mode, 8 lanes, 8B/10B encoding, 4x
lvp11 1.1-V digital supply current decimation), foreground calibration 2260 mA
Ppis Power dissipation 5.34 w
lyat1e 1.9-V analog supply current 44 mA
lvat1 1.1-V analog supply current Power mode 7: PD pin held high, clock 30 mA
lvo11 1.1-V digital supply current disabled 56 mA
Ppis Power dissipation 0.18 w
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5.7 Electrical Characteristics: AC Specifications (Dual-Channel Mode)

typical values at T; = 50°C, VA19 = 1.9V, VA11 = 1.1V, VD11 = 1.1V, default full-scale voltage, fjy = 347 MHz, Ay =

—1 dBFS, fc k = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 3, Dither enabled with default settings, VA11, VD11
and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR =
1), and background calibration (unless otherwise noted); minimum and maximum values are at nominal supply voltages and
over the operating junction temperature range provided in the Recommended Operating Conditions table

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
- i i Foreground calibration 8.1
FPBW Full pov(v1e)r input bandwidth 9 GHz
(-3 dB) Background calibration 8.1
Aggressor = 1 GHz, -1 dBFS =77
XTALK Channel-to-channel Aggressor = 3 GHz, —1 dBFS 71 dB
crosstalk
Aggressor = 6 GHz, -1 dBFS -63
CER Code error rate Maximum CER, does not include JESD204C interface BER 1018 SE;T‘]’;T(;
NOISE DC input noise standard No input, foreground calibration, excludes DC offset, includes fixed 23 LSB
pe deviation interleaving spur (fs / 2 spur) ’
Noise spectral density, Maximum full-scale voltage (Vgs = 1.0 Vpp), Ay = —20 dBFS -152.0
: ) . dBFS/
NSD excludes fixed interleaving
spur (fs / 2 spur) Default full-scale voltage (Vrs = 0.8 Vpp), Ay =20 dBFS -150.4 Hz
Maximum full-scale voltage (Vgs = 1.0 Vpp), Ay = —20 dBFS 23.0
NF Noise figure, Zs = 100 Q ge (Vrs pe). An dB
Default full-scale voltage (Vgs = 0.8 Vpp), Ay = —20 dBFS 22.6
An =-1dBFS 55.6
AN =-3 dBFS 55.9
f|N =347 MHz
AN =-12 dBFS 56.3
AIN = -3 dBFS, VFS =1.0 Vpp 57.2
AN =-1dBFS 55.4
fin = 997 MHz AN =-3 dBFS 55.8
AN =-12 dBFS 56.3
Ay =-1dBFS, Tp = -55°C 48
AN =-1dBFS, Tp = 25°C 52 54.7
AN =-1dBFS, T = 125°C 51
) . ) fin = 2397 MHz
Signal-to-noise ratio, An =-3 dBFS 55.2
SNR excluding DC, HD2 to dBFS
HDY, fs /2, fs /2 - fiy, A =-12dBFS 56.2
AN = -3 dBFS, Vs = 1.0 Vpp 56.3
An =-1dBFS 53.0
fin = 4197 MHz AN =-3 dBFS 54.0
AN =-12 dBFS 56.0
An =-1dBFS 51.4
finy = 5997 MHz AN =-3 dBFS 52.6
AN =-12 dBFS 55.6
AN =-1dBFS 49.6
fin = 7997 MHz AN =-3 dBFS 51.1
AN =-12 dBFS 55.2
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5.7 Electrical Characteristics: AC Specifications (Dual-Channel Mode) (continued)

typical values at T; = 50°C, VA19 =19V, VA11 = 1.1V, VD11 = 1.1V, default full-scale voltage, fiy = 347 MHz, Ay =

—1 dBFS, fc k = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 3, Dither enabled with default settings, VA11, VD11
and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR =
1), and background calibration (unless otherwise noted); minimum and maximum values are at nominal supply voltages and
over the operating junction temperature range provided in the Recommended Operating Conditions table

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Ap =-1dBFS 54.5
o = 347 Wz An = -3 dBFS 55.3
An =12 dBFS 56.1
An = -3 dBFS, Vs = 1.0 Vpp 56.3
An =-1dBFS 54.4
fin = 997 MHz An = -3 dBFS 55.3
An = -12 dBFS 56.1
Ap = -1 dBFS, T, = -55°C 46
A =-1dBFS, Tp = 25°C 49 53.9
An =1 dBFS, Ta = 125°C 48
Signal-to-noise and fin = 2397 MHz A = -3 dBFS 54.7
SINAD distortion ratio, excluding DC dBFS
and fg / 2 fixed spurs A =-12 dBFS 56.1
An = -3 dBFS, Vgg = 1.0 Vpp 55.7
An =-1dBFS 51.5
fin = 4197 MHz An = -3 dBFS 53.2
A =-12 dBFS 55.8
Ap =-1dBFS 48.8
fin = 5997 MHz An = -3 dBFS 515
An =-12 dBFS 55.5
An = -1 dBFS 46.2
fin = 7997 MHz An = -3 dBFS 49.2
An =-12 dBFS 55.0
An =-1dBFS 8.8
= 347 MHz Ap = -3 dBFS 8.9
A =-12 dBFS 9.0
An = -3 dBFS, Vg = 1.0 Vpp 9.1
An = -1 dBFS 8.7
fin = 997 MHz An = -3 dBFS 8.9
An =-12 dBFS 9.0
A = -1 dBFS, T, = -55°C 7.35
A = -1dBFS, Ty = 25°C 7.85 8.7
A =-1dBFS, Ta = 125°C 7.7
Effective number of bits, fin = 2397 MHz A = -3 dBFS 8.8
ENOB excluding DC and fs / 2 fixed bits
Spurs A =-12 dBFS 9.0
An = -3 dBFS, Vgs = 1.0 Vpp 9.0
An = -1 dBFS 8.3
fin = 4197 MHz An = -3 dBFS 8.5
An =-12 dBFS 9.0
An =-1dBFS 7.8
fin = 5997 MHz Ap = -3 dBFS 8.3
A =-12 dBFS 8.9
An = -1 dBFS 74
fin = 7997 MHz An = -3 dBFS 7.9
An =-12 dBFS 8.8

Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: ADC12DJ5200-EP

Submit Document Feedback

15


https://www.ti.com
https://www.ti.com/product/ADC12DJ5200-EP
https://www.ti.com/lit/pdf/SLVSGV2
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSGV2E&partnum=ADC12DJ5200-EP
https://www.ti.com/product/adc12dj5200-ep?qgpn=adc12dj5200-ep

ADC12DJ5200-EP
SLVSGV2E — JUNE 2022 — REVISED APRIL 2025

I

TeExXAS

INSTRUMENTS

www.ti.com

5.7 Electrical Characteristics: AC Specifications (Dual-Channel Mode) (continued)
typical values at T; = 50°C, VA19 =19V, VA11 = 1.1V, VD11 = 1.1V, default full-scale voltage, fiy = 347 MHz, Ay =

—1 dBFS, fc k = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 3, Dither enabled with default settings, VA11, VD11
and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR =
1), and background calibration (unless otherwise noted); minimum and maximum values are at nominal supply voltages and
over the operating junction temperature range provided in the Recommended Operating Conditions table

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
An = -1 dBFS 65
o = 347 Mz A = -3 dBFS 67
An =-12 dBFS 73
A = -3 dBFS, Ves = 1.0 Vpp 67
AN =-1dBFS 64
fiy = 997 MHz An = -3 dBFS 69
An =12 dBFS 74
An = -1 dBFS 52 65
A = -3 dBFS 67
Spurious-free dynamic fin = 2397 MHz A =12 dBFS 73

SFDR range, excluding DC and fs / dBFS
2 fixed spurs A =-3 dBFS, Vs = 1.0 Vpp 68
An =1 dBFS 59
fiy = 4197 MHz A = -3 dBFS 64
An =12 dBFS 73
An = -1 dBFS 54
fiy = 5997 MHz A = -3 dBFS 61
A = -12 dBFS 75
An = -1 dBFS 50
fin = 7997 MHz A = -3 dBFS 56
A =-12 dBFS 71
AIN =-1 dBFS —74
o= 347 Mz An = -3 dBFS -76
A =12 dBFS -84
A = -3 dBFS, Vis = 1.0 Vpp 76
An = -1 dBFS 78
fin = 997 MHz A = -3 dBFS 77
A =-12 dBFS -81

An =-1dBFS ~72 -58

= 2367 MHz An = -3 dBFS -72

HD2 2!’1d—0|jder harmonic AN =-12dBFS —82 dBFS
distortion A = -3 dBFS, Vgg = 1.0 Vpp -73
An = -1 dBFS -84
fiy = 4197 MHz A = -3 dBFS -89
A =-12 dBFS -83
An = -1 dBFS -65
fin = 5997 MHz A = -3 dBFS 67
A =12 dBFS -79
An = -1 dBFS -59
fiy = 7997 MHz A = -3 dBFS -63
A =12 dBFS -81
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5.7 Electrical Characteristics: AC Specifications (Dual-Channel Mode) (continued)

typical values at T; = 50°C, VA19 =19V, VA11 = 1.1V, VD11 = 1.1V, default full-scale voltage, fiy = 347 MHz, Ay =

—1 dBFS, fc k = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 3, Dither enabled with default settings, VA11, VD11
and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR =
1), and background calibration (unless otherwise noted); minimum and maximum values are at nominal supply voltages and
over the operating junction temperature range provided in the Recommended Operating Conditions table

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
AIN = -1 dBFS -65
A =-3dBFS -72
fIN = 347 MHz
AN =-12 dBFS -81
AN =-3dBFS, Vgs = 1.0 Vpp —65
AN =-1dBFS —65
fin = 997 MHz AN =-3 dBFS -76
AN =-12 dBFS —-81
AN =-1dBFS -67 -58
AN =-3 dBFS -74
fin = 2397 MHz
AN =-12 dBFS -84
HD3 3rd-order harmonic distortion dBFS
AIN = -3 dBFS, VFS =1.0 Vpp =71
AN =-1dBFS —65
fin = 4197 MHz AN =-3 dBFS —66
AN =-12 dBFS -79
AN =-1dBFS -55
fin = 5997 MHz AN =-3 dBFS -62
AN =-12 dBFS -82
AN =-1dBFS -50
fIN =7997 MHz AIN =-3 dBFS -56
AN =-12 dBFS -80
AIN = -1 dBFS —69
AN =-3 dBFS -70
fIN =347 MHz
AN =-12 dBFS -76
AIN =-3 dBFS, VFS =1.0 Vpp =71
AN =-1dBFS -67
fin = 997 MHz A =-3dBFS -70
AN =-12 dBFS =77
AN =-1dBFS —68 -52
AN =-3 dBFS —68
fin = 2397 MHz
fs / 2 — fi\ input signal AN =-12 dBFS 74
fs/2 1N d ) ) dBFS
ependent interleaving spur A = -3 dBFS, Vgg = 1.0 Vpp 70
AN =-1dBFS -67
fin = 4197 MHz AN =-3 dBFS -68
AN =-12 dBFS -74
AN =-1dBFS —68
fIN = 5997 MHz AIN =-3 dBFS -68
AN =-12 dBFS =77
AN =-1dBFS —61
fin = 7997 MHz AN =-3 dBFS -63
AN =-12 dBFS 71
fg/2 fs /2 fixed interleaving spur, |\ _ o4 ygFg 73 55| dBFS
independent of input signal
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5.7 Electrical Characteristics: AC Specifications (Dual-Channel Mode) (continued)

typical values at T; = 50°C, VA19 =19V, VA11 = 1.1V, VD11 = 1.1V, default full-scale voltage, fiy = 347 MHz, Ay =

—1 dBFS, fc k = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 3, Dither enabled with default settings, VA11, VD11
and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR =
1), and background calibration (unless otherwise noted); minimum and maximum values are at nominal supply voltages and
over the operating junction temperature range provided in the Recommended Operating Conditions table

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
AIN = -1 dBFS -74
o = 347 Mz A = -3 dBFS -75
An =-12 dBFS -80
A = -3 dBFS, Ves = 1.0 Vpp -76
An =1 dBFS -73
fiy = 997 MHz An = -3 dBFS —74
An =12 dBFS -79
An = -1 dBFS —74 62
A = -3 dBFS 75
Worst spur, excluding DC, fin = 2397 MHz A =12 dBFS _80
SPUR HD2, HD3, fs /2 and fs / 2 dBFS
- fpy SPUTS A = -3 dBFS, Vg = 1.0 Vpp -76
An =1 dBFS 71
fiy = 4197 MHz A = -3 dBFS 74
An =12 dBFS -78
An = -1 dBFS -68
fiy = 5997 MHz A = -3 dBFS 72
A = -12 dBFS 79
An = -1 dBFS -71
fin = 7997 MHz A = -3 dBFS -73
A =-12 dBFS -78
AN =—7 dBFS per tone -78
f, = 343 MHz, AN = -9 dBFS per tone -82
f =353 MHz A = —18 dBFS per tone -90
AN = -9 dBFS per tone, Vgs = 1.0 Vpp -85
AN = -7 dBFS per tone -82
g : ?gSSMl\wlﬁz Ay = -9 dBFS per tone -85
AN =—18 dBFS per tone -86
AN = -7 dBFS per tone -78
f, = 2393 MHz, AN = -9 dBFS per tone -83
IMD3 3rd-order intermodulation fo = 2403 MHz A = —18 dBFS per tone —92 dBFS
distortion A = -9 dBFS per tone, Vs = 1.0 Vpp -81
AN =—7 dBFS per tone -70
g - 3233 m:; A = -9 dBFS per tone 75
AN = —18 dBFS per tone -85
AN = -7 dBFS per tone -56
g IReedvi An = -9 dBFS per tone 63
AN =—18 dBFS per tone -91
AN = -7 dBFS per tone —48
g N ;ggg m; A = -9 dBFS per tone 54
AN =—18 dBFS per tone -83

(1)  Full-power input bandwidth (FPBW) is defined as the input frequency where the reconstructed output of the ADC has dropped 3 dB
below the power of a full-scale input signal at a low input frequency. Useable bandwidth may exceed the —3-dB, full-power input

bandwidth.
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5.8 Electrical Characteristics: AC Specifications (Single-Channel Mode)

typical values at Tp = 50°C, VA19 =19V, VA11 =1.1V, VD11 = 1.1V, default full-scale voltage, input signal applied to
INAL, fiy = 347 MHz, Ay = =1 dBFS, fok = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 1, Dither enabled with
default settings, VA11, VD11 and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR =
EN_VS11_NOISE_SUPPR = 1), and background calibration (unless otherwise noted); minimum and maximum values are
at nominal supply voltages and over the operating junction temperature range provided in the Recommended Operating

Conditions table

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
- i i Foreground calibration 7.9
FPBW Full pov(v1e)r input bandwidth 9 GHz
(-3 dB) Background calibration 7.9
CER Code error rate Maximum CER, does not include JESD204C interface BER 1018 5;.?;/3
NOISE DC input noise standard No input, foreground calibration, excludes DC offset, includes fixed 31 LSB
C deviation interleaving spurs (fs / 2 and fg / 4 spurs), OS_CAL enabled ’
D
Noise spectral density, Maximum full-scale voltage (Vgs = 1.0 Vpp), Ay = —20 dBFS -154.2
) : . dBFS/
NSD excludes fixed interleaving
spurs (fs / 2 and fs / 4 spur) Default full-scale voltage (Vgs = 0.8 Vpp), Ay = —20 dBFS -152.9 Hz
Maximum full-scale voltage (Vgs = 1.0 Vpp), Ay = —20 dBFS 20.8
NF Noise figure, Zg = 100 Q FS Pp% 7N dB
Default full-scale voltage (Vgs = 0.8 Vpp), Ay = —20 dBFS 20.0
AN =-1dBFS 55.4
AN =-3 dBFS 55.8
fIN =347 MHz
AN =-12 dBFS 56.5
AIN =-3 dBFS, VFS =1.0 Vpp 56.9
AN =-1dBFS 55.3
fin = 997 MHz AN =-3dBFS 55.8
AN =-12 dBFS 56.3
AN =-1dBFS, Tp =-55°C 48
AN =-1dBFS, Tp =25°C 52 54.6
AN =-1dBFS, T =125°C 51
Signal-to-noise ratio, fin = 2397 MHz A 3 dBFS 553
SNR excluding DC, HD2 to IN : dBFS
HD9, fg/2,f5/4 fs/2 - Apn =-12 dBFS 56.4
f”\]Y fs 14+ fIN
AIN =-3 dBFS, VFS =1.0 Vpp 56.2
AN =-1dBFS 53.0
fin = 4197 MHz AN =-3dBFS 54.0
AN =-12 dBFS 56.0
AN =-1dBFS 51.4
fin = 5997 MHz AN =-3 dBFS 52.7
AN =-12 dBFS 55.8
AN =-1dBFS 49.5
fin = 7997 MHz AN =-3dBFS 51.0
AN =-12 dBFS 55.4
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5.8 Electrical Characteristics: AC Specifications (Single-Channel Mode) (continued)

typical values at Ty = 50°C, VA19 =19V, VA11 = 1.1V, VD11 = 1.1V, default full-scale voltage, input signal applied to
INA4, fiy = 347 MHz, Ajy = =1 dBFS, fo k = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 1, Dither enabled with

default settings, VA11, VD11 and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR =
EN_VS11_NOISE_SUPPR = 1), and background calibration (unless otherwise noted); minimum and maximum values are
at nominal supply voltages and over the operating junction temperature range provided in the Recommended Operating

Conditions table

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Ap =-1dBFS 53.5
o = 347 Wz An = -3 dBFS 54.4
An =12 dBFS 55.7
An = -3 dBFS, Vs = 1.0 Vpp 55.4
An =-1dBFS 53.0
fin = 997 MHz An = -3 dBFS 54.1
An = -12 dBFS 55.4
A =-1dBFS 50.7
Ap = -3 dBFS 52.1
Signal-to-noise and fin = 2397 MHz A =12 dBFS 55.1
SINAD distortion ratio, excluding DC dBFS
and fs / 2 fixed spurs A =-3 dBFS, Vgs = 1.0 Vpp 52.4
An = -1 dBFS 49.4
fin = 4197 MHz An = -3 dBFS 50.9
An =-12 dBFS 54.6
An =-1dBFS 48.2
fin = 5997 MHz Ap = -3 dBFS 50.7
A =-12 dBFS 54.8
An = -1 dBFS 454
fin = 7997 MHz An = -3 dBFS 482
An =-12 dBFS 54.2
An =-1dBFS 8.6
= 347 MHz An = -3 dBFS 8.7
An =-12 dBFS 9.0
A = -3 dBFS, Vgg = 1.0 Vpp 8.9
Ap =-1dBFS 8.5
fin = 997 MHz An = -3 dBFS 8.7
An =-12 dBFS 8.9
An = -1 dBFS 8.1
An = -3 dBFS 8.4
Effective number of bits, fin = 2397 MHz An =-12 dBFS 8.9
ENOB excluding DC and fg / 2 fixed bits
spurs A = -3 dBFS, Vgg = 1.0 Vpp 8.4
Ap =-1dBFS 7.9
fin = 4197 MHz Ap = -3 dBFS 8.2
An =-12 dBFS 8.8
An = -1 dBFS 7.7
fiy = 5997 MHz An = -3 dBFS 8.1
An =—-12 dBFS 8.8
An =-1dBFS 7.3
fin = 7997 MHz An = -3 dBFS 7.7
A =-12 dBFS 8.7
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5.8 Electrical Characteristics: AC Specifications (Single-Channel Mode) (continued)

typical values at Ty = 50°C, VA19 =19V, VA11 = 1.1V, VD11 = 1.1V, default full-scale voltage, input signal applied to
INA4, fiy = 347 MHz, Ajy = =1 dBFS, fo k = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 1, Dither enabled with
default settings, VA11, VD11 and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR =
EN_VS11_NOISE_SUPPR = 1), and background calibration (unless otherwise noted); minimum and maximum values are
at nominal supply voltages and over the operating junction temperature range provided in the Recommended Operating
Conditions table

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
An = -1 dBFS 63
o = 347 Mz A = -3 dBFS 67
A =-12 dBFS 73
A = -3 dBFS, Ves = 1.0 Vpp 65
An =1 dBFS 61
fiy = 997 MHz An = -3 dBFS 64
An =12 dBFS 72
A = -1 dBFS 55
A = -3 dBFS 57
Spurious free dynamic fin = 2397 MHz A =12 dBFS 67

SFDR range, excluding DC, fs / 4 dBFS
and fs / 2 fixed spurs Ain = -3 dBFS, Ves = 1.0 Vep 58
An =1 dBFS 55
fiy = 4197 MHz A = -3 dBFS 57
An =12 dBFS 65
An = -1 dBFS 55
fiy = 5997 MHz A = -3 dBFS 60
A = -12 dBFS 70
An = -1 dBFS 51
fin = 7997 MHz A = -3 dBFS 55
A =-12 dBFS 66
An =1 dBFS 74
o= 347 Mz An = -3 dBFS -75
An =12 dBFS -88
A = -3 dBFS, Vis = 1.0 Vpp 76
An = -1 dBFS 78
fin = 997 MHz A = -3 dBFS -78
An =-12 dBFS -88

A = -1 dBFS 76 58

fiy = 2397 MHz An = —3 dBFS d

HD2 2!’1d—0|jder harmonic AN =-12dBFS -83 dBFS
distortion A = -3 dBFS, Vgg = 1.0 Vpp -77
An = -1 dBFS -71
fiy = 4197 MHz A = -3 dBFS 74
A =-12 dBFS -84
An = -1 dBFS -59
fin = 5997 MHz A = -3 dBFS 64
AN =-12 dBFS -80
An = -1 dBFS —54
fiy = 7997 MHz A = -3 dBFS -57
A =12 dBFS —74
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5.8 Electrical Characteristics: AC Specifications (Single-Channel Mode) (continued)

typical values at Ty = 50°C, VA19 =19V, VA11 = 1.1V, VD11 = 1.1V, default full-scale voltage, input signal applied to
INA4, fiy = 347 MHz, Ajy = =1 dBFS, fo k = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 1, Dither enabled with
default settings, VA11, VD11 and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR =
EN_VS11_NOISE_SUPPR = 1), and background calibration (unless otherwise noted); minimum and maximum values are
at nominal supply voltages and over the operating junction temperature range provided in the Recommended Operating
Conditions table

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
AN =-1dBFS —63
A =-3dBFS -70
fIN = 347 MHz
AN =-12 dBFS -82
AIN =-3 dBFS, VFS =1.0 Vpp -67
AN =-1dBFS —65
fin = 997 MHz AN =-3 dBFS —74
AN =-12 dBFS -83
AN =-1dBFS —65 -58
A =-3dBFS -71
fin = 2397 MHz
AN =-12 dBFS —-86
HD3 3rd-order harmonic distortion dBFS
AIN = -3 dBFS, VFS =1.0 Vpp —68
AN =-1dBFS —62
f|N =4197 MHz An=-3 dBFS -68
AN =-12 dBFS -83
AN =-1dBFS -55
fin = 5997 MHz A =-3dBFS —64
AN =-12 dBFS -83
AN =-1dBFS -51
fin = 7997 MHz AN =-3dBFS -57
AN =-12 dBFS -78
AN =-1dBFS —66
AN =-3 dBFS -70
fIN =347 MHz
AN =-12 dBFS 77
AIN =-3 dBFS, VFS =1.0 Vpp -70
AN =-1dBFS —62
fin = 997 MHz A =-3dBFS —65
AN =-12 dBFS -73
AN =-1dBFS -55
AN =-3 dBFS -56
fin = 2397 MHz
fs / 2 — fiy input signal AN =-12 dBFS —67
fs/2—fiN d ) ) dBFS
ependent interleaving spur A = -3 dBFS, Vgg = 1.0 Vpp 57
AN =-1dBFS -55
fin = 4197 MHz AN =-3dBFS -57
AN =-12 dBFS —65
AN =-1dBFS -59
fin = 5997 MHz AN =-3dBFS —61
A|N =-12 dBFS =71
AN =-1dBFS -57
fin = 7997 MHz AN =-3 dBFS -58
AN =-12 dBFS —66
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5.8 Electrical Characteristics: AC Specifications (Single-Channel Mode) (continued)

typical values at Ty = 50°C, VA19 =19V, VA11 = 1.1V, VD11 = 1.1V, default full-scale voltage, input signal applied to
INA4, fiy = 347 MHz, Ajy = =1 dBFS, fo k = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 1, Dither enabled with

default settings, VA11, VD11 and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR =
EN_VS11_NOISE_SUPPR = 1), and background calibration (unless otherwise noted); minimum and maximum values are

at nominal supply voltages and over the operating junction temperature range provided in the Recommended Operating
Conditions table

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
A =-1dBFS 71
o = 347 Wz A =-3 dBFS -73
A =-12 dBFS -80
A =-3 dBFS, Vi = 1.0 Vpp -71
A =-1dBFS 71
fin = 997 MHz A =-3 dBFS -70
A =-12 dBFS 77

A =-1dBFS -69 -52

= 2397 Wz A =-3 dBFS 71

fo /4 fy fs /4 tfiy ir_1put sign_al A =-12 dBFS -78 dBFS
dependent interleaving spur An = -3 dBFS, Vgg = 1.0 Vpp 70
A =-1dBFS -67
fin = 4197 MHz A =-3 dBFS -69
A =-12 dBFS -75
A =-1dBFS -67
fin = 5997 MHz A =-3 dBFS -69
A =-12 dBFS 77
A =-1dBFS -67
fin = 7997 MHz A =-3 dBFS -68
A =-12 dBFS -77

)2 fs / 2 fixed interleaving spur, | A =20 dBFS, OS_CAL disabled -64 SBFS
independent of input signal | A\ = 20 dBFS, OS_CAL enabled -72

fo/ 4 independent of it dghel | A1 =20 9BFS o7 95| dBFs
A =-1dBFS -76
= 347 MH2 A =-3 dBFS 75
A =-12 dBFS -80
A =-3 dBFS, Ves = 1.0 Vpp 75
A =-1dBFS -73
fin = 997 MHz A =-3 dBFS -74
A =-12 dBFS -79

A =-1dBFS 74 -62

B A =-3 dBFS 77

PR st Rty I oo
i, and fs / 4 + iy A =-3 dBFS, Vi = 1.0 Vpp 78
A =-1dBFS -70
fin = 4197 MHz A =-3 dBFS -73
A =-12 dBFS -77
A =-1dBFS -70
fin = 5997 MHz A =-3 dBFS -72
A =-12 dBFS 78
A =-1dBFS -66
fin = 7997 MHz A =-3 dBFS -70
A =-12 dBFS -79
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5.8 Electrical Characteristics: AC Specifications (Single-Channel Mode) (continued)

typical values at Ty = 50°C, VA19 =19V, VA11 = 1.1V, VD11 = 1.1V, default full-scale voltage, input signal applied to
INA4, fiy = 347 MHz, Ajy = =1 dBFS, fo k = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 1, Dither enabled with
default settings, VA11, VD11 and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR =
EN_VS11_NOISE_SUPPR = 1), and background calibration (unless otherwise noted); minimum and maximum values are
at nominal supply voltages and over the operating junction temperature range provided in the Recommended Operating
Conditions table

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
AN = -7 dBFS per tone 77
f, = 343 MHz, AN = -9 dBFS per tone -82
fa = 353 MHz A = —18 dBFS per tone o2
AN = -9 dBFS per tone, Ves = 1.0 Vpp -82
AN = =7 dBFS per tone -80
f1 =993 MHz, -
£, = 1003 MHz AN = -9 dBFS per tone 83
AN =18 dBFS per tone -85
AN =—7 dBFS per tone -80
f1 = 2393 MHz, A = -9 dBFS per tone -86
3rd-order intermodulation f2 = 2403 MHz AN = —18 dBFS per tone -94
IMD3 ) : dBFS
distortion A = -9 dBFS per tone, Veg = 1.0 Vpp Y
AN = -7 dBFS per tone —71
f1 = 4193 MHz, -
f, = 4203 MHz AN = -9 dBFS per tone 76
AN =18 dBFS per tone -86
AN = -7 dBFS per tone _59
f1 = 5993 MHz, _
f, = 6003 MHz AN = -9 dBFS per tone —66
AN =—18 dBFS per tone -88
AN = -7 dBFS per tone -50
f1 = 7993 MHz, -
f, = 8003 MHz AN = -9 dBFS per tone -57
AN =—18 dBFS per tone -85

(1)  Full-power input bandwidth (FPBW) is defined as the input frequency where the reconstructed output of the ADC has dropped 3 dB
below the power of a full-scale input signal at a low input frequency. Useable bandwidth may exceed the —3-dB, full-power input
bandwidth.
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5.9 Timing Requirements

typical values at T; = 25°C, VA19 =19V, VA11 = 1.1V, VD11 = 1.1V, default full-scale voltage, fjy = 347 MHz, Ay =

—1 dBFS, fc .k = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 1, Dither enabled with default settings, VA11, VD11
and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR =
1), and background calibration (unless otherwise noted); minimum and maximum values are at nominal supply voltages and
over the operating junction temperature range provided in the Recommended Operating Conditions table

MIN NOM MAX| UNIT
DEVICE (SAMPLING) CLOCK (CLK+, CLK-)
fork Input clock frequency (CLKz), both single-channel and dual-channel modes(") 800 5200 MHz
tok Input clock period (CLKz), both single-channel and dual-channel modes(!) 192.3 1250 ps
SYSREF (SYSREF+, SYSREF-)
t Width of invalid SYSREF capture region of CLK+ period, indicating setup or hold time 48 s
INV(SYSREF) violation, as measured by SYSREF_POS status register, SYSREF_ZOOM = 1) P
¢ Drift of invalid SYSREF capture region over temperature, positive number indicates a 0.02 S/°C
INV(TEMP) shift toward MSB of SYSREF_POS register, SYSREF_ZOOM = 1 : P
¢ Drift of invalid SYSREF capture region over VA11 supply voltage, positive number 003 S/mV
INV(VAT1) indicates a shift toward MSB of SYSREF_POS register, SYSREF_ZOOM = 1 : P
t Delay of SYSREF_POS LSB®) SYSREF_ZOOM=0 %9
elay o S
STEP(SP) y - SYSREF_ZOOM = 1 24 P
Minimum SYSREF# assertion duration with SYSREF Windowing after SYSREF# rising 5*TcLkt4
tPH_svs) ns
edge event 5
Minimum SYSREF= de-assertion duration with SYSREF Windowing after SYSREF+ 5*ToLkt4
tpL_svs) ) ns
falling edge event 5
JESD204B SYNC TIMING (SYNCSE OR TMSTP#)
JMODE = 10, 21, 23 19
JMODE = 11, 14, 22, 24,
10
61
JMODE = 12, 15, 16, 25,
Minimum hold time from multiframe or extended ég g; gg % 58, 62, 63, 18
multiblock boundary (SYSREF rising edge captured high) T t
t(SYNCSE) to de-assertion of JESD204C SYNC signal (SYNCSE if  |JMODE = 13 23 . CCngS
SYNC_SEL =0 or TMSTP# if SYNC_SEL = 1) for NCO JMODE = 36. 37 38 52 4
. . -1\ - ’ ’ ’ ’
synchronization (NCO_SYNC_ILA = 1) 53, 54, 55, 59, 60, 65, 68, 17
71
JMODE = 39 21
JMODE = 46, 47, 48, 49,
9
64
JMODE = 10, 21, 23 -2
JMODE = 11, 14, 22, 24,
7
61
JMODE = 12, 15, 16, 25,
Minimum setup time from de-assertion of JESD204C gg g; gg % 58, 62, 63, -1
SYNC signal (SYNCSE if SYNC_SEL =0 or TMSTP+ R t
tsuEYNCSE) if SYNC_SEL = 1) to multiframe or extended multiblock | JMODE = 13 -6 . CCngS
boundary (SYSREF rising edge captured high) for NCO JMODE = 3637, 38, 52 4
izati = 1)@ Z 0090 90, 98
synchronization (NCO_SYNC_ILA = 1) 53. 54, 55, 59. 60, 65, 68, 0
71
JMODE = 39 —4
JMODE = 46, 47, 48, 49,
8
64
tEYNCSE) SYNCSE minimum assertion time to trigger link resynchronization 4 Frames
SERIAL PROGRAMMING INTERFACE (SCLK, SDI, SCS)
foLk(scLk) Serial clock frequency 15.625 MHz
tPH) Serial clock high value pulse duration 32 ns
tpL) Serial clock low value pulse duration 32 ns
tsuiscs) Setup time from SCS to rising edge of SCLK 30 ns
thscs) Hold time from rising edge of SCLK to SCS 30 ns
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5.9 Timing Requirements (continued)

typical values at T; = 25°C, VA19 =19V, VA11 = 1.1V, VD11 = 1.1V, default full-scale voltage, fjy = 347 MHz, Ay =

—1 dBFS, fc k = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 1, Dither enabled with default settings, VA11, VD11
and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR =
1), and background calibration (unless otherwise noted); minimum and maximum values are at nominal supply voltages and
over the operating junction temperature range provided in the Recommended Operating Conditions table

MIN NOM MAX| UNIT

tsu(sor) Setup time from SDI to rising edge of SCLK 25 ns

tr(son

Hold time from rising edge of SCLK to SDI 3 ns

M
)

@)

4)

Unless functionally limited to a smaller range in the JESD204C Modes table based on programmed JMODE.

This parameter only applies to JMODE settings that use 8B/10B encoding or settings that use 64B/66B encoding and 4x or 8x
decimation. SYNC is not used for 64B/66B encoding modes unless the DDC block and NCOs are used and require synchronization.
Use SYSREF_POS to select an optimal SYSREF_SEL value for the SYSREF capture, see the SYSREF Position Detector and
Sampling Position Selection (SYSREF Windowing) section for more information on SYSREF windowing. The invalid region, specified
by tinv(sysrer), indicates the portion of the CLK+ period(tc k), as measured by SYSREF_SEL, that may result in a setup and hold
violation. Verify that the timing skew between SYSREF* and CLK+ over system operating conditions from the nominal conditions
(that used to find optimal SYSREF_SEL) does not result in the invalid region occurring at the selected SYSREF_SEL position in
SYSREF_POS, otherwise a temperature dependent SYSREF_SEL selection may be needed to track the skew between CLK+ and
SYSREF+.

It is recommended to use SYSREF_ZOOM = 0 below fg x = 3GHz and SYSREF_ZOOM = 1 above fg x = 3GHz
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5.10 Switching Characteristics

typical values at T; = 25°C, VA19 =1.9V, VA11 = 1.1V, VD11 = 1.1V, default full-scale voltage, fjy = 347 MHz, Ay =

—1 dBFS, fc k = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 1, Dither enabled with default settings, VA11, VD11
and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR =
1), and background calibration (unless otherwise noted); minimum and maximum values are at nominal supply voltages and

over the operating junction temperature range provided in the Recommended Operating Conditions table

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
DEVICE (SAMPLING) CLOCK (CLK+, CLK-)
Sampling (aperture) delay from the CLK+
¢ rising edge (dual-channel mode) or rising | TAD_COARSE = 0x00, TAD_FINE = 360 s
AD and falling edge (single-channel mode) to | 0x00, and TAD_INV = 0 P
sampling instant
Coarse adjustment (TAD_COARSE = 5
; Maximum tap adjust programmable delay, | oxFF) 89 ps
TAD(MAX) not including clock inversion (TAD_INV = 0)
Fine adjustment (TAD_FINE = OxFF) 4.9 ps
‘ tor adiust ble delav st ) Coarse adjustment (TAD_COARSE) 1.13 ps
adjust programmable delay step size
TADISTER) | 'AD 8CJUSE P0G ysie Fine adjustment (TAD_FINE) 19 fs
Minimum tap adjust coarse setting
(TAD_COARSE = 0x00, TAD_INV = 0), 50 fs
dither disabled (ADC_DITH_EN = 0)
Minimum tap adjust coarse setting
(TAD_COARSE = 0x00, TAD_INV = 0), 60
dither enabled (ADC_DITH_EN = 1)
tay Aperture jitter, rms Maximum tap adjust coarse setting
(TAD_COARSE = 0xFF) excluding 650
TAD_INV (TAD_INV = 0), dither disabled fs
(ADC_DITH_EN =0)
Maximum tap adjust coarse setting
(TAD_COARSE = 0xFF) excluding 740
TAD_INV (TAD_INV = 0), dither enabled
(ADC_DITH_EN = 1)
SERIAL DATA OUTPUTS (DA[7:0]+, DA[7:0]-, DB[7:0]+, DB[7:0]-)
fsSErRDES Serialized output bit rate 1 17.16 Gbps
ul Serialized output unit interval 58.2 1000 ps
0, 0,
trn Low-to-high transition time (differential) é%,/;sto 80%, 8HBL test pattern, 17.16 18.9 ps
0, 0,
trHL High-to-low transition time (differential) é(:)’/;sto 80%, 8HBL test pattern, 17.16 18.8 ps
PRBS-7 test pattern, JMODE = 19, 12.8
Gbps 9.0
DDJ Data dependent jitter, peak-to-peak ps
PRBS-9 test pattern, JMODE = 30, 10.0
17.16 Gbps ’
PRBS-7 test pattern, JMODE = 19, 12.8 33
) Gbps '
DCD Even-odd jitter, peak-to-peak ps
PRBS-9 test pattern, JMODE = 30, 6
17.16 Gbps ’
PRBS-7 test pattern, JMODE = 19, 12.8 17
EBUJ Effective bounded uncorrelated jitter, peak- | Gbps ] ps
to-peak PRBS-9 test pattern, JMODE = 30, 193
17.16 Gbps ’
8H8L test pattern, JMODE = 19, 12.8 0.85
Gbps ’
RJ Unbounded random jitter, RMS ps
PRBS-9 test pattern, JMODE = 30, 0.88
17.16 Gbps ’
PRBS-7 test pattern, JMODE = 19, 12.8
Total jitter, peak-to-peak, with unbounded | Gpps 23.3
TJ random jitter portion defined with respect to ps
aBER = 1e-15 (Q = 7.94) PRBS-9 test pattern, JMODE = 30, 226
17.16 Gbps ’
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5.10 Switching Characteristics (continued)

typical values at T; = 25°C, VA19 =19V, VA11 = 1.1V, VD11 = 1.1V, default full-scale voltage, fjy = 347 MHz, Ay =

—1 dBFS, fck = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 1, Dither enabled with default settings, VA11, VD11
and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR =
1), and background calibration (unless otherwise noted); minimum and maximum values are at nominal supply voltages and
over the operating junction temperature range provided in the Recommended Operating Conditions table

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
ADC CORE LATENCY
JMODE =0, 30, 32 2.5
JMODE =1, 5, 19, 40, 42, 44 -9.5
JMODE = 2, 31, 33 2
JMODE =3, 7, 20 -10
JMODE = 6, 50 -13.5
JMODE = 8, 51 -14
JMODE =10, 37 183
JMODE = 11, 47 171
JMODE = 12, 53 167
JMODE = 13, 39 372
JMODE = 14, 15, 49, 55 364
JMODE = 16 356
Deterministic delay from the CLK+ edge JMODE = 21, 36 148
oo | Ioksamots e sl s e e uooe <22 4
high(" JMODE = 23, 38 223.5
JMODE = 24, 48 219.5
JMODE = 25, 52 138
JMODE = 26, 54 211.5
JMODE = 27 207.5
JMODE = 34 6.5
JMODE = 35 6
JMODE = 41, 43, 45 -10.0
JMODE = 56, 59 750
JMODE = 57, 58, 60 742
JMODE =61, 62, 63, 64, 65 403.5
JMODE = 66, 67, 68 1514
JMODE = 69, 70, 71 777.5
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5.10 Switching Characteristics (continued)

typical values at T; = 25°C, VA19 =19V, VA11 = 1.1V, VD11 = 1.1V, default full-scale voltage, fjy = 347 MHz, Ay =

—1 dBFS, fck = 5.12 GHz, filtered 1-Vpp sine-wave clock, JMODE = 1, Dither enabled with default settings, VA11, VD11
and VS11 noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR =
1), and background calibration (unless otherwise noted); minimum and maximum values are at nominal supply voltages and
over the operating junction temperature range provided in the Recommended Operating Conditions table

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
JESD204C AND SERIALIZER LATENCY
JMODE =0 92 1M1
JMODE =1 159 182
JMODE =2 93 111
JMODE =3 159 188
JMODE =5 143 168
JMODE = 6, 8, 12, 15, 25, 26 191 215
JMODE =7, 11, 22 143 168
JMODE = 10 85 103
JMODE = 13, 21, 23 85 102
JMODE = 14, 24 143 166
JMODE = 16, 27 280 305
JMODE =19, 20 143 165
JMODE = 30, 31 114 134
JMODE = 32, 34, 36 102 119
Delay from the CLK# rising edge that JMODE = 33, 35, 37 103 119
T e hoe oeanencr [ MODE =20
trx extended multiblock (64B/66B encoding) JMODE = 39 103 118 toLk cycles
ggrtzz;oiiﬁzot‘:ﬁ;: rr:fle?s:z:g Iszr::ple of JMODE = 40 205 229
tanc @ JMODE = 41 206 229
JMODE = 42, 43, 48, 49 179 200
JMODE = 44, 45, 46, 47 179 202
JMODE = 50, 52, 54 267 291
JMODE = 51, 53, 55 268 291
JMODE = 56, 61 143 165
JMODE = 57, 62 191 213
JMODE = 58, 63 280 305
JMODE = 59, 64 179 199
JMODE = 60 268 289
JMODE = 65 267 289
JMODE = 66, 69 191 212
JMODE =67, 70 280 304
JMODE = 68 268 288
JMODE =71 267 288
SERIAL PROGRAMMING INTERFACE (SDO)
toz0) Delay from the fglling edge of the 16th SCLK cycle during read operation for SDO 1 ns
transition from tri-state to valid data
tonz) Delay from the SCS rising edge for SDO transition from valid data to tri-state 10 ns
top) Delay from the falling edge of SCLK during read operation to SDO valid 1 12 ns

(1)
@)

tapc is an exact, unrounded, deterministic delay. The delay can be negative if the reference sample is sampled after the SYSREF high

capture point, in which case the total latency is smaller than the delay given by tyx.

The values given for tty include deterministic and non-deterministic delays. Over process, temperature, and voltage, the delay will
vary. JESD204B accounts for these variations when operating in subclass-1 mode in order to achieve deterministic latency. Proper
receiver RBD values must be chosen such that the elastic buffer release point does not occur within the invalid region of the local

multiframe clock (LMFC) cycle.
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(3) tay increases because of additional attenuation on the internal clock path.
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5.11 Typical Characteristics

typical values at T = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-5. DES Mode: Single Tone FFT at 347 MHz
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Figure 5-6. DES Mode: Single Tone FFT at 897MHz

Copyright © 2025 Texas Instruments Incorporated

Submit Document Feedback 31

Product Folder Links: ADC12DJ5200-EP


https://www.ti.com
https://www.ti.com/product/ADC12DJ5200-EP
https://www.ti.com/lit/pdf/SLVSGV2
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSGV2E&partnum=ADC12DJ5200-EP
https://www.ti.com/product/adc12dj5200-ep?qgpn=adc12dj5200-ep

13 TEXAS
ADC12DJ5200-EP INSTRUMENTS
SLVSGV2E - JUNE 2022 — REVISED APRIL 2025 www.ti.com

5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-7. DES Mode: Single Tone FFT at 2397MHz Figure 5-8. DES Mode: Single Tone FFT at 4197MHz
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Figure 5-10. DES Mode: Single Tone FFT at 7997MHz
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Figure 5-11. DES Mode: Two Tone FFT at 347MHz Figure 5-12. DES Mode: Two Tone FFT at 897MHz
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B

= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated

clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,

ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-13. DES Mode: Two Tone FFT at 2397MHz
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Figure 5-14. DES Mode: Two Tone FFT at 4197MHz
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Figure 5-15. DES Mode: Two Tone FFT at 5597MHz

Amplitude (dBFS)

0
-10
-20
-30
-40
-50
-60

JuHIlUI”. ! Lk

0 1000 2000 3000 4000 5000
Output Frequency (MHz)

each tone at -7dBFS, 100MHz Tone Spacing

Figure 5-16. DES Mode: Two Tone FFT at 7997MHz
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Figure 5-17. Dual Channel Mode: Single Tone FFT at 347MHz
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Figure 5-18. Dual Channel Mode: Single Tone FFT at 897MHz
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5

.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-19. Dual Channel Mode: Single Tone FFT at 2397MHz
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Figure 5-20. Dual Channel Mode: Single Tone FFT at 4197MHz
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Figure 5-21. Dual Channel Mode: Single Tone FFT at 5597MHz
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Figure 5-22. Dual Channel Mode: Single Tone FFT at 7997MHz
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Figure 5-23. Dual Channel Mode: Two Tone FFT at 347MHz
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Figure 5-24. Dual Channel Mode: Two Tone FFT at 897MHz
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-25. Dual Channel Mode: Two Tone FFT at 2397MHz
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Figure 5-26. Dual Channel Mode: Two Tone FFT at 4197MHz
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Figure 5-27. Dual Channel Mode: Two Tone FFT at 5597MHz
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Figure 5-28. Dual Channel Mode: Two Tone FFT at 7997MHz
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs

Figure 5-35. DES Mode: HD2 vs Sample Rate and Input
Frequency
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Figure 5-31. DES Mode: SNR vs Sample Rate and Input Figure 5-32. DES Mode: SFDR vs Sample Rate and Input
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Figure 5-36. DES Mode: NSD vs Input Frequency
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs

Figure 5-41. DES Mode: HD3 vs Sample Rate and Input
Frequency
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Figure 5-37. DES Mode: HD2 vs Sample Rate and Input
Frequency Figure 5-38. DES Mode: HD2 vs Sample Rate and Input
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-43. DES Mode: Fs/4 + Fy vs Sample Rate and Input

-50

55 =
-60 ’_/ / /\k

-65

/\/\
2 \ |
e
S s ARIVNAL ALY
fn /
C LAV
on
v .85 \I
-90 |y — Fn=347MHz —— Fiy = 4197MHz
95 — Fin=897MHz —— Fyy = 5597MHz
FiN = 2397MHz —— Fyy = 7997MHz
-100
2000 4000 6000 8000 10000

Sample Rate (MSPS)
Figure 5-44. DES Mode: Fs/4 - F)y vs Sample Rate and Input
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Figure 5-47. Dual Channel Mode: SNR vs Sample Rate and Input
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-49. Dual Channel Mode: SFDR vs Sample Rate and Figure 5-50. Dual Channel Mode: SFDR vs Sample Rate and
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-58. Dual Channel Mode: Fs/2 - Fjy vs Sample Rate and
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-61. DES Mode: SFDR vs Input Amplitude and

90

[+
a

@
o

~
o

SFDR (dBFS)
[«2] ~
(5] o

[0}
o

4]
a

50

- = Fn = 347MHz, Dither off
—— F\n = 347MHz, Dither on

- - Fn = 2397MHz, Dither off
—— Fin = 2397MHz, Dither on

- - Fn=5597MHz, Dither off
— Fin = 5597MHz, Dither on

-80 -70  -60

Figure 5-62. DES Mode: SFDR vs Input Amplitude and Dither

-50 -40

-30

Input Amplitude (dBFS)

-20 -10 0

Input Ampitude (dBFS)
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Figure 5-64. DES Mode: HD2 vs Input Amplitude and Dither
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-67. DES Mode: Fs/2 - Fjy vs Input Amplitude and
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Figure 5-70. DES Mode: Fs/4 + Fjy vs Input Amplitude and
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-74. Dual Channel Mode: SNR vs Input Amplitude and

-80 -70 -60 -50 -40 -30 -20 -10 0
Input Amplitude (dBFS)

Figure 5-75. Dual Channel Mode: SFDR vs Input Amplitude and
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-82. Dual Channel Mode: Fs/2 - Fjy vs Input Amplitude
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Figure 5-83. DES Mode: SNR vs Clock Amplitude
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Figure 5-84. DES Mode: SFDR vs Clock Amplitude
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-85. Dual Channel Mode: SNR vs Clock Amplitude
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Figure 5-86. Dual Channel Mode: SFDR vs Clock Amplitude
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Figure 5-87. DES Mode: SNR, SINAD and SFDR vs Temperature
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Figure 5-88. DES Mode: SNR vs Temperature and Calibration
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-98. Dual Channel Mode: HD2, HD3 and Worst non-HD

Figure 5-97. Dual Channel Mode: SNR, SINAD and SFDR vs Spur vs Supply Voltage
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs

75 85
82.5 = — e
70 80 T
. 775 LA
7 RN g 75 AALY
3 65 g 725 A
i S ()
& \ Z 675 \\
% 60 %65
o @ 625
S S 60
's 55 S 575
g g 55
50 52.5 | — Fy = 347MHz
50 | — Fiy = 4197MHz
475 Fin = 7997MHz
45 45
0 1000 2000 3000 4000 5000 6000 7000 8000 80 70 -60 50 40 -30 20 -10
Center Frequency (MHz) Input Amplitude (dBFS)
Figure 5-109. Dual Chanel Mode: Two Tone SFDR vs Input Figure 5-110. Dual Chanel Mode: Two Tone SFDR vs Input
Frequency Amplitude
L B (K Z  _ JX ZEmEmeE X X i ZJZZXJJ T |
1.2
1.15
1.1
_ 1.05
<
@ 1
= oes
N (] 0O O [ nOoOoompao Oy [
0.9
0.85 @8 G
0.8 CLIFG
LPBG
0.75
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
JMode
All modes capable of Fg = 10.4GSPS
Figure 5-111. DES Mode: lya19 vs JMODE at 10.4GSPS
1.25
@@ B¢
1.2 [LIFa
1.15 LPBG
1.1 !
z "% ™ EX X R X XXX X ﬁﬁ%
< D> M o> 209 » XXX XX X YOI YY)
é 1
= 095
0.9
0.85 (H—FHH O O Omd- mp poooomnpod e
0.8
0.75
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
JMode
All modes capable of Fg = 10.4GSPS
Figure 5-112. DES Mode: lyaq¢1 vs JMODE at 10.4GSPS
Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 49

Product Folder Links: ADC12DJ5200-EP


https://www.ti.com
https://www.ti.com/product/ADC12DJ5200-EP
https://www.ti.com/lit/pdf/SLVSGV2
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSGV2E&partnum=ADC12DJ5200-EP
https://www.ti.com/product/adc12dj5200-ep?qgpn=adc12dj5200-ep

13 TEXAS
ADC12DJ5200-EP INSTRUMENTS
SLVSGV2E - JUNE 2022 — REVISED APRIL 2025 www.ti.com

5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-116. Dual Channel Mode: lya11 vs JMODE at 5.2GSPS
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-118. Dual Channel Mode: Power Dissipation vs JMODE at 5.2GSPS
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-127. DES Mode: lypy1 vs Sample Rate
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Figure 5-128. DES Mode: lyp41 vs Sample Rate
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Figure 5-130. DES Mode: Power Dissipation vs Sample Rate
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Figure 5-131. DES Mode: Power Dissipation vs Sample Rate
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Figure 5-132. DES Mode: Power Dissipation vs Sample Rate
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,

ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-133. Dual Channel Mode: lya19 Vs Sample Rate
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14 25
e Iz
12 A
/ 2
1 /
z 08 _Z z 15 /
:os - -~
£ o = N
0.4 //
—&BG 05 — BG
0.2 — FG —FG
LPBG LPBG

0
1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Sample Rate (MSPS)

JMODE 3

Figure 5-135. Dual Channel Mode: lyp¢1 vs Sample Rate
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Figure 5-136. Dual Channel Mode: lyp11 vs Sample Rate
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Figure 5-137. Dual Channel Mode: lyp11 vs Sample Rate
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Figure 5-138. Dual Channel Mode: lyp41 vs Sample Rate
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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Figure 5-139. Dual Channel Mode: Power Dissipation vs Sample
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Figure 5-140. Dual Channel Mode: Power Dissipation vs Sample
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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5.11 Typical Characteristics (continued)

typical values at Ty = 25°C, VA19 = 1.9V, VA11 = VD11 = 1.1V, default full-scale voltage (FS_RANGE_A = FS_RANGE_B
= 0xA000), input signal applied to INAz in single-channel modes, fiy = 347MHz, Ay = —1dBFS, fc x = maximum-rated
clock frequency, filtered, 1Vpp sine-wave clock, JMODE = 1, dither enabled with default settings, VA11, VD11 and VS11
noise suppression ON (EN_VA11_NOISE_SUPPR = EN_VD11_NOISE_SUPPR = EN_VS11_NOISE_SUPPR = 1), and
background calibration (unless otherwise noted); SNR results exclude DC, HD2 to HD9 and interleaving spurs; SINAD,
ENOB, and SFDR results exclude DC and fixed-frequency interleaving spurs
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6 Detailed Description
6.1 Overview

ADC12DJ5200-EP device is an RF-sampling, giga-sample, analog-to-digital converter (ADC) that can directly
sample input frequencies from DC to above 10GHz. In dual-channel mode, the device can sample up to
5.2GSPS and up to 10.4GSPS in single-channel mode. Programmable tradeoffs in channel count (dual-channel
mode) and Nyquist bandwidth (single-channel mode) allow development of flexible hardware that meets the
needs of both high channel count or wide instantaneous signal bandwidth applications. Full-power input
bandwidth (-3dB) of 8 GHz, with usable frequencies exceeding the —3dB point in both dual- and single-channel
modes, allows direct RF sampling of L-band, S-band, C-band, and X-band for frequency agile systems.

The device uses a high-speed JESD204C output interface with up to 16 serialized lanes and subclass-1
compliance for deterministic latency and multi-device synchronization. The serial output lanes support up to
17.16Gbps and can be configured to trade-off bit rate and number of lanes. Both 8B/10B and 64B/66B data
encoding schemes are supported. The 64B/66B encoding schemes support forward error correction (FEC) for
improved bit error rates. The JESD204C interface is backwards compatible with JESD204B receivers when
using 8B/10B encoding modes.

A number of synchronization features, including noiseless aperture delay (tap) adjustment and SYSREF
windowing, simplify system design for multi-channel systems. Aperture delay adjustment can be used to simplify
SYSREF capture, to align the sampling instance between multiple ADCs, or to sample a suitable location of a
front-end track and hold (T&H) amplifier output. SYSREF windowing offers a simplistic way to measure invalid
timing regions of SYSREF relative to the device clock and then choose an optimal sampling location. Dual-edge
sampling (DES) is implemented in single-channel mode to reduce the maximum clock rate applied to the ADC to
support a wide range of clock sources and relax setup and hold timing for SYSREF capture.

The device provides foreground and background calibration options for gain, offset and static linearity errors.
Foreground calibration is run at system start up or at specified times during which the ADC is offline and not
sending data to the logic device. Background calibration allows the ADC to run continually while the cores are
calibrated in the background so the system does not experience downtime. The calibration routine is also used
to match the gain and offset between sub-ADC cores to minimize spurious artifacts from time interleaving.
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6.2 Functional Block Diagram
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6.3 Feature Description
6.3.1 Device Comparison

The devices listed in Table 6-1 are part of a pin-to-pin compatible, high-speed, wide-bandwidth ADC family.
The family is offered to provide a scalable family of devices for varying resolution, sampling rate and signal

bandwidth.
Table 6-1. Device Family Comparison
MAXIMUM DUAL CHANNEL SINGLE CHANNEL INTERFACE
PART NUMBER | ¢ AmpLING RATE | RESOLUTION DECIMATION DECIMATION (MAX LINERATE)
ADC12DJ5200RF
Single 10.4GSPS . , , JESD204B /
ADC12DJ5200-EP 12-bit Complex: 4x, 8x, 16x, 32x | Complex: 4x, 8x, 16x, 32x JESD204C
Dual 5.2GSPS
ADC12DJ5200-SP (17.16Gbps)
. JESD204B /
ADCO08DJ5200RF | Sndle 10-4GSPS 8-bit None None JESD204C
Dual 5.2GSPS
(17.16Gbps)
. JESD204B /
ADC12DJ4000RF | Single 8GSPS 12-bit Complex: 4x, 8x Complex: 4x, 8x JESD204C
Dual 4GSPS
(17.16Gbps)
Single 6.4GSPS . Real: 2x JESD204B
ADC12DJ3200 Dual 3.2GSPS 12-bit Complex: 4x, 8x, 16x None (12.8Gbps)
Single 6.4GSPS . JESD204B
ADCO08DJ3200 Dual 3.2GSPS 8-bit None None (12.8Gbps)
Single 5.4GSPS . Real: 2x JESD204B
ADC12DJ2700 |p 21 2 7GSPS 12-bit Complex: 4x, 8x, 16x None (12.8Gbps)
6.3.2 Analog Inputs

The analog inputs of the device have internal buffers to enable high input bandwidth and to isolate sampling
capacitor glitch noise from the input circuit. Analog inputs must be driven differentially because operation with a
single-ended signal results in degraded performance. Both AC-coupling and DC-coupling of the analog inputs is
supported. The analog inputs are designed for an input common-mode voltage (Vcum) of OV, which is terminated
internally through single-ended, 50Q resistors to ground (GND) on each input pin. DC-coupled input signals must
have a common-mode voltage that meets the device input common-mode requirements specified as Vgy, in
the Recommended Operating Conditions table. The OV input common-mode voltage simplifies the interface to
split-supply, fully-differential amplifiers and to a variety of transformers and baluns. The device includes internal
analog input protection to protect the ADC inputs during overranged input conditions; see the Analog Input
Protection section. Figure 6-1 provides a simplified analog input model.

AGND

it
Analog Input g;
Protection 50 Q
Diodes |
INA+, INB+ [ ] o 4
ADC
INA-, INB- [ ] I ;

Input Buffer
50 Q

Figure 6-1. ADC12DJ5200-EP Analog Input Internal Termination and Protection Diagram
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There is minimal degradation in analog input bandwidth when using single-channel mode versus dual-channel
mode. Either analog input (INA+ and INA- or INB+ and INB-) can be used in single-channel mode. The desired
input can be chosen using SINGLE_INPUT in the input mux control register. A calibration needs to be performed
after switching the input mux for the changes to take effect. Further, two inputs can be used in single-channel
mode to drive the interleaved ADCs separately using the SINGLE_INPUT register setting. This mode is called
dual-input single-channel mode. Dual-input single-channel mode is equivalent to dual channel mode, except
ADC B samples out-of-phase with ADC A (single-channel mode sample timing). This mode is available when a
single-channel mode JMODE setting is chosen.

6.3.2.1 Analog Input Protection

The analog inputs are protected against overdrive conditions by internal clamping diodes that are capable of
sourcing or sinking input currents during overrange conditions, see the voltage and current limits in the Absolute
Maximum Ratings table. The overrange protection is also defined for a peak RF input power in the Absolute
Maximum Ratings table, which is frequency independent. Operation above the maximum conditions listed in the
Recommended Operating Conditions table results in an increase in failure-in-time (FIT) rate, so the system must
correct the overdrive condition as quickly as possible. Figure 6-1 shows the analog input protection diodes.

6.3.2.2 Full-Scale Voltage (Vgs) Adjustment

Input full-scale voltage (Vgs) adjustment is available, in fine increments, for each analog input through the
FS_RANGE_A register setting (see the INA full-scale range adjust register) and FS_RANGE_B register setting
(see the INB full-scale range adjust register) for INAt and INB#, respectively. The available adjustment range is
specified in the Electrical Characterization: DC Specifications table. Larger full-scale voltages improve SNR and
noise floor (in dBFS/Hz) performance, but can degrade harmonic distortion. The full-scale voltage adjustment
is useful for matching the full-scale range of multiple ADCs when developing a multi-converter system or for
external interleaving of multiple ADC12DJ5200-EP's to achieve higher sampling rates.

6.3.2.3 Analog Input Offset Adjust

In foreground calibration mode, the input offset voltage for each input and for each ADC core can be adjusted
through SPI registers. The OADJ_A_FGO_VINx and OADJ_A_FG90_VINx registers (registers 0x344 to 0x34A)
are used to adjust ADC core A's offset voltage when sampling analog input x (where x is A for INAt or B
for INBx) where the FGO register is used for dual channel mode and FG90 is used for single channel mode.
OADJ_B_FGO_VINx is used to adjust ADC core B's offset voltage when sampling input x. OADJ_B_FGO_VINXx
applies to both single channel mode and dual channel mode. To adjust the offset voltage in dual channel mode
simply adjust the offset for the ADC core sampling the desired input. In single channel mode, both ADC core
A's offset and ADC core B's offset must be adjusted together. The difference in the two core's offsets in single
channel mode will result in a spur at fg/2 that is independent of the input. These registers can be used to
compensate the fg/2 spur in single channel mode. See the Calibration Modes and Trimming section for more
information.

6.3.3 ADC Core

The ADC12DJ5200-EP consists of a total of six ADC cores. The cores are interleaved for higher sampling rates
and swapped on-the-fly for calibration as required by the operating mode. This section highlights the theory and
key features of the ADC cores.

6.3.3.1 ADC Theory of Operation

The differential voltages at the analog inputs are captured by the rising edge of CLK+ in dual-channel mode
or by the rising and falling edges of CLKt in single-channel mode. After capturing the input signal, the ADC
converts the analog voltage to a digital value by comparing the voltage to the internal reference voltage. If the
voltage on INA— or INB- is higher than the voltage on INA+ or INB+, respectively, then the digital output is a
negative 2's complement value. If the voltage on INA+ or INB+ is higher than the voltage on INA— or INB-,
respectively, then the digital output is a positive 2's complement value. Equation 1 can calculate the differential
voltage at the input pins from the digital output.
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Code
Vin = N VEs
2 (1)
where

» Code is the signed decimal output code (for example, —2048 to +2047)

* Nis the ADC resolution

» and Vgg is the full-scale input voltage of the ADC as specified in the Recommended Operating Conditions
table, including any adjustment performed by programming FS_RANGE_A or FS_RANGE_B

6.3.3.2 ADC Core Calibration

ADC core calibration is required to optimize the analog performance of the ADC cores. Calibration must be
repeated when operating conditions change significantly, namely temperature, in order to maintain optimal
performance. The device has a built-in calibration routine that can be run as a foreground operation or a
background operation. Foreground operation requires ADC downtime, where the ADC is no longer sampling the
input signal, to complete the process. Background calibration can be used to overcome this limitation and allow
constant operation of the ADC. See the Calibration Modes and Trimming section for detailed information on each
mode.

6.3.3.3 Analog Reference Voltage

The reference voltage for the ADC12DJ5200-EP is derived from an internal band-gap reference. A buffered
version of the reference voltage is available at the BG pin for user convenience. This output has an output-
current capability of £100pA. The BG output must be buffered if more current is required. No provision exists
for the use of an external reference voltage, but the full-scale input voltage can be adjusted through the
full-scale-range register settings.

6.3.3.4 ADC Over-range Detection

To make sure that system gain management has the quickest possible response time, a low-latency configurable
over-range function is included. The over-range function works by monitoring the converted samples at the ADC
to quickly detect if the ADC is near saturation or already in an over-range condition. The absolute value of the
ADC data are checked against two programmable thresholds, OVR_TO and OVR_T1. These thresholds apply
to both channel A and channel B in dual-channel mode. Table 6-2 lists how an ADC sample is converted to an
absolute value for a comparison of the thresholds.

Table 6-2. Conversion of ADC Sample for Over-range Comparison

(Oftset Binary) (s Complement) ABSOLUTE VALUE
1111 1111 (255) 0111 1111(+127) 111 1111 (127)
1000 0000 (128) 0000 0000 (0) 0000 0000 (0)
0001 0000 (16) 1000 0001 0000 (~112) 111 0000 (112)
0000 0000 (0) 1000 0000 0000 (~128) 111 1111 (127)

If the absolute value equal or exceed the OVR_TO or OVR_T1 thresholds during the monitoring period, then the
over-range bit associated with the threshold is set to 1; otherwise, the over-range bit is 0. In dual-channel mode,
the over-range status can be monitored on the ORAO and ORA1 pins for channel A and the ORBO and ORB1
pins for channel B, where ORx0 corresponds to the OVR_TO threshold and ORx1 corresponds to the OVR_T1
threshold. In single-channel mode, the over-range status for the OVR_TO0 threshold is determined by monitoring
both the ORAO and ORBO outputs and the OVR_T1 threshold is determined by monitoring both ORA1 and
ORB1 outputs. In single-channel mode, the two outputs for each threshold must be OR'd together to determine
whether an over-range condition occurred. OVR_N can be used to set the output pulse duration from the last
over-range event. Table 6-3 lists the over-range pulse lengths for the various OVR N settings.
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Table 6-3. Overrange Monitoring Period for the ORA0, ORA1, ORBO0, and ORB1 Outputs

OVERRANGE PULSE LENGTH SINCE LAST OVERRANGE
EVENT (DEVCLK Cycles)

8
16
32
64
128
256
512
1024

OVR_N

N[ ojoa|h~A|W|IN 2O

Typically, the OVR_TO0 threshold can be set near the full-scale value (228 for example). When the threshold is
triggered, a typical system can turn down the system gain to avoid clipping. The OVR_T1 threshold can be set
much lower. For example, the OVR_T1 threshold can be set to 64 (peak input voltage of —12 dBFS). If the input
signal is strong, the OVR_T1 threshold is tripped occasionally. If the input is quite weak, the threshold is never
tripped. The downstream logic device monitors the OVR_T1 bit. If OVR_T1 stays low for an extended period of
time, then the system gain can be increased until the threshold is occasionally tripped (meaning the peak level of
the signal is above —12 dBFS).

6.3.3.5 Code Error Rate (CER)

ADC cores can generate bit errors within a sample, often called code errors (CER) or referred to as sparkle
codes, resulting from metastability caused by non-ideal comparator limitations. The device uses a unique
ADC architecture that inherently allows significant code error rate improvements from traditional pipeline, flash
or successive approximation register (SAR) ADCs. The code error rate of the device is multiple orders of
magnitude better than what can be achieved in alternative architectures at equivalent sampling rates providing
significant signal reliability improvements.

6.3.4 Temperature Monitoring Diode

A built-in thermal monitoring diode is made available on the TDIODE+ and TDIODE- pins. This diode facilitates
temperature monitoring and characterization of the device in higher ambient temperature environments.
Although the on-chip diode is not highly characterized, the diode can be used effectively by performing a
baseline measurement (offset) at a known ambient or board temperature and creating a linear equation
with the diode voltage slope provided in the Electrical Characteristics: DC Specifications table. Perform
offset measurement with the device unpowered or with the PD pin asserted to minimize device self-
heating. Recommended monitoring devices include the LM95233 device and similar remote-diode temperature
monitoring products from Texas Instruments.

6.3.5 Timestamp

The TMSTP+ and TMSTP- differential input can be used as a time-stamp input to mark a specific sample based
on the timing of an external trigger event relative to the sampled signal. TIMESTAMP_EN (see the LSB control
bit output register) must be set in order to use the timestamp feature and output the timestamp data. When
enabled, the LSB of the 8-bit output sample is used to output the timestamp status. The trigger must be applied
to the differential TMSTP+ and TMSTP- inputs. The trigger can be asynchronous to the ADC sampling clock
and is sampled at approximately the same time as the analog input.

6.3.6 Clocking

The clocking subsystem of the device has two input signals, device clock (CLK+, CLK-) and SYSREF
(SYSREF+, SYSREF-). Within the clocking subsystem there is a noiseless aperture delay adjustment (tap
adjust), a clock duty cycle corrector and a SYSREF capture block. Figure 6-2 describes the clocking subsystem.
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Figure 6-2. Clocking Subsystem

The device clock is used as the sampling clock for the ADC core as well as the clocking for the digital processing
and serializer outputs. Use a low-noise (low jitter) device clock to maintain high signal-to-noise ratio (SNR) within
the ADC. In dual-channel mode, the analog input signal for each input is sampled on the rising edge of the
device clock. In single-channel mode, both the rising and falling edges of the device clock are used to capture
the analog signal to reduce the maximum clock rate required by the ADC. A noiseless aperture delay adjustment
(tap adjust) allows the user to shift the sampling instance of the ADC in fine steps in order to synchronize
multiple ADC12DJ5200-EPs or to fine-tune system latency. Duty cycle correction is implemented in the device to
ease the requirements on the external device clock while maintaining high performance. Table 6-4 summarizes
the device clock interface in dual-channel mode and single-channel mode.

Table 6-4. Device Clock vs Mode of Operation

MODE OF OPERATION SAMPLING RATE VS f¢, SAMPLING INSTANT
Dual-channel mode 1 x fok Rising edge
Single-channel mode 2 xfo1k Rising and falling edge

SYSREF is a system timing reference used for JESD204C subclass-1 implementations of deterministic latency.
SYSREF is used to achieve deterministic latency and for multi-device synchronization. SYSREF must be
captured by the correct device clock edge in order to achieve repeatable latency and synchronization. The
ADC12DJ5200-EP includes SYSREF windowing and automatic SYSREF calibration to ease the requirements
on the external clocking circuits and to simplify the synchronization process. SYSREF can be implemented as
a single pulse or as a periodic clock. In periodic implementations, SYSREF must be equal to, or an integer
division of, the local multiframe clock frequency in 8B/10B encoding modes or the local extended multiblock
clock frequency in 64B/66B encoding modes. Equation 2 is used to calculate valid SYSREF frequencies in
8B/10B encoding modes and Equation 3 in 64B/66B encoding modes.

¢ Rxfq

SYSREF ~ 10 xFxK xn )

f _ R X fCLK

SYSREF = 66 x32xE xn 3)
where

* Rand F are set by the JMODE setting (see Operating Modes )
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» fcLk is the device clock frequency (CLKt)

« Kiis the programmed multiframe length (see Operating Modes for valid K settings)
« E is the number of multiblocks in an extended multiblock.

* nis any positive integer

6.3.6.1 Noiseless Aperture Delay Adjustment (top Adjust)

The device contains a delay adjustment on the device clock (sampling clock) input path, called tap adjust,
that can be used to shift the sampling instance within the device in order to align sampling instances among
multiple devices or for external interleaving of multiple devices. Further, tap adjust can be used for automatic
SYSREF calibration to simplify synchronization; see the Automatic SYSREF Calibration section. Aperture
delay adjustment is implemented in a way that adds no additional noise to the clock path; however, a slight
degradation in aperture jitter (to,) is possible at large values of TAD_COARSE because of internal clock path
attenuation. The degradation in aperture jitter can result in minor SNR degradations at high input frequencies
(see tay in the Switching Characteristics table). This feature is programmed using TAD_INV, TAD_COARSE, and
TAD_FINE in the DEVCLK timing adjust ramp control register. Setting TAD_INV inverts the input clock resulting
in a delay equal to half the clock period. Table 6-5 summarizes the step sizes and ranges of the TAD_COARSE
and TAD_FINE variable analog delays. All three delay options are independent and can be used in conjunction.
All clocks within the device are shifted by the programmed tzp adjust amount, which results in a shift of the
timing of the JESD204C serialized outputs and affects the capture of SYSREF.

Table 6-5. top Adjust Adjustment Ranges

ADJUSTMENT PARAMETER ADJUSTMENT STEP DELAY SETTINGS MAXIMUM DELAY
TAD_INV 1/ (fok * 2) 1 1/ (fok * 2)
See tTAD(STEP) in the Switching See tTAD(MAX) in the Switching
TAD_COARSE Characteristics table 256 Characteristics table
See tTAD(STEP) in the Switching See tTAD(MAX) in the Switching
TAD_FINE Characteristics table 256 Characteristics table

In order to maintain timing alignment between converters, stable and matched power-supply voltages and device
temperatures must be provided.

Aperture delay adjustment can be changed on-the-fly during normal operation but may result in brief upsets to
the JESD204C data link. Use TAD_RAMP to reduce the probability of the JESD204C link losing synchronization;
see the Aperture Delay Ramp Control section.

6.3.6.2 Aperture Delay Ramp Control (TAD_RAMP)

The ADC12DJ5200-EP contains a function to gradually adjust the tap adjust setting towards the newly written
TAD_COARSE value. This functionality allows the tap adjust setting to be adjusted with minimal internal clock
circuitry glitches. The TAD_RAMP_RATE parameter allows either a slower (one TAD_COARSE LSB per 256
tcLk cycles) or faster ramp (four TAD_COARSE LSBs per 384 tc k cycles) to be selected. The TAD_RAMP_EN
parameter enables the ramp feature and any subsequent writes to TAD_COARSE initiate a new cramp.

6.3.6.3 SYSREF Capture for Multi-Device Synchronization and Deterministic Latency

The clocking subsystem is largely responsible for achieving multi-device synchronization and deterministic

latency. The ADC12DJ5200-EP uses the JESD204C subclass-1 method to achieve deterministic latency and

synchronization. Subclass 1 requires that the SYSREF signal be captured by a deterministic device clock (CLK%)

edge at each system power-on and at each device in the system. This requirement imposes setup and hold

constraints on SYSREF relative to CLK+, which can be difficult to meet at giga-sample clock rates over all

system operating conditions. The device includes a number of features to simplify this synchronization process

and to relax system timing constraints:

* The device uses dual-edge sampling (DES) in single-channel mode to reduce the CLKx input frequency by
half and double the timing window for SYSREF (see Table 6-4)

* A SYSREF position detector (relative to CLKt) and selectable SYSREF sampling position aid the user in
meeting setup and hold times over all conditions; see the SYSREF Position Detector section
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« Easy-to-use automatic SYSREF calibration uses the aperture timing adjust block (tap adjust) to shift the ADC
sampling instance based on the phase of SYSREF (rather than adjusting SYSREF based on the phase of the
ADC sampling instance); see the Automatic SYSREF Calibration section

6.3.6.3.1 SYSREF Position Detector and Sampling Position Selection (SYSREF Windowing)

The SYSREF windowing block is used to first detect the position of SYSREF relative to the CLK% rising edge
and then to select a desired SYSREF sampling instance, which is a delay version of CLK+, to maximize setup
and hold timing margins. In many cases a single SYSREF sampling position (SYSREF_SEL) is sufficient to meet
timing for all systems (device-to-device variation) and conditions (temperature and voltage variations). However,
this feature can also be used by the system to expand the timing window by tracking the movement of SYSREF
as operating conditions change or to remove system-to-system variation at production test by finding a unique
optimal value at nominal conditions for each system.

This section describes proper usage of the SYSREF windowing block. First, apply the device clock and SYSREF
to the device. The location of SYSREF relative to the device clock cycle is determined and stored in the
SYSREF_POS bits of the SYSREF capture position register. ADC12DJ5200-EP must see at least 3 rising edges
of SYSREF before the SYSREF_POS output is valid. Each bit of SYSREF_POS represents a potential SYSREF
sampling position. If a bit in SYSREF_POS is set to 1, then the corresponding SYSREF sampling position
has a potential setup or hold violation. Upon determining the valid SYSREF sampling positions (the positions
of SYSREF_POS that are set to 0) the desired sampling position can be chosen by setting SYSREF_SEL in
the clock control register 0 to the value corresponding to that SYSREF_POS position. In general, the middle
sampling position between two setup and hold instances is chosen. Ideally, SYSREF_POS and SYSREF_SEL
are performed at the nominal operating conditions of the system (temperature and supply voltage) to provide
maximum margin for operating condition variations. This process can be performed at final test and the optimal
SYSREF_SEL setting can be stored for use at every system power up. Further, SYSREF_POS can be used to
characterize the skew between CLKt+ and SYSREFz+ over operating conditions for a system by sweeping the
system temperature and supply voltages. For systems that have large variations in CLK+ to SYSREF+ skew,
this characterization can be used to track the optimal SYSREF sampling position as system operating conditions
change. In general, a single value can be found that meets timing over all conditions for well-matched systems,
such as those where CLK+ and SYSREF* come from a single clocking device.

Note

SYSREF_SEL must be set to 0 when using automatic SYSREF calibration; see the Automatic
SYSREF Calibration section.

The step size between each SYSREF_POS sampling position can be adjusted using SYSREF_ZOOM. When
SYSREF_ZOOM is set to 0, the delay steps are coarser. When SYSREF_ZOOM is set to 1, the delay steps
are finer. See the Switching Characteristics table for delay step sizes when SYSREF_ZOOM is enabled and
disabled. In general, SYSREF_ZOOM = 1 is recommended to be used above fc x = 3GHz and SYSREF_ZOOM
= 0 below fg k = 3GHz. Bits 0 and 23 of SYSREF_POS are always be set to 1 because there is insufficient
information to determine if these settings are close to a timing violation, although the actual valid window can
extend beyond these sampling positions. The value programmed into SYSREF_SEL is the decimal number
representing the desired bit location in SYSREF_POS. Table 6-6 lists some example SYSREF_POS readings
and the optimal SYSREF_SEL settings. Although 24 sampling positions are provided by the SYSREF_POS
status register, SYSREF_SEL only allows selection of the first 16 sampling positions, corresponding to
SYSREF_POS bits 0 to 15. The additional SYSREF_POS status bits are intended only to provide additional
knowledge of the SYSREF valid window. In general, lower values of SYSREF_SEL are selected because of
delay variation over supply voltage, however in the fourth example a value of 15 provides additional margin and
can be selected instead.
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Table 6-6. Examples of SYSREF_POS Readings and SYSREF_SEL Selections

SYSREF_POS[23:0]
OPTIMAL SYSREF_SEL
0x02E[7:0] 0x02D[7:0]" 0x02C[7:0](" SETTING
(Largest Delay) . (Smallest Delay)

b10000000 b0110000 0 b00011001 8or9
b10011000 b00000000 b00110001 12
b10000000 b01100000 b0 0000001 6or7
b10000000 00000011 b00000001 40or15
b10001100 b01100011 b00011001 6

(1) Red coloration indicates the bits that are selected, as given in the last column of this table.

6.3.6.3.2 Automatic SYSREF Calibration

The ADC12DJ5200-EP has an automatic SYSREF calibration feature to alleviate the often challenging setup
and hold times associated with capturing SYSREF for giga-sample data converters. Automatic SYSREF
calibration uses the tap adjust feature to shift the device clock to maximize the SYSREF setup and hold times or
to align the sampling instance based on the SYSREF rising edge.

The device must have a proper device clock applied and be programmed for normal operation before starting
the automatic SYSREF calibration. When ready to initiate automatic SYSREF calibration, a continuous SYSREF
signal must be applied. SYSREF must be a continuous (periodic) signal when using the automatic SYSREF
calibration. Start the calibration process by setting SRC_EN high in the SYSREF calibration enable register
after configuring the automatic SYSREF calibration using the SRC_CFG register. Upon setting SRC_EN high,
the device searches for the optimal tpop adjust setting until the device clock falling edge is internally aligned to
the SYSREF rising edge. TAD_DONE in the SYSREF calibration status register can be monitored tomake sure
the SYSREF calibration has finished. By aligning the device clock falling edge with the SYSREF rising edge,
automatic SYSREF calibration maximizes the internal SYSREF setup and hold times relative to the device clock
and also sets the sampling instant based on the SYSREF rising edge. After the automatic SYSREF calibration
finishes, the rest of the startup procedure can be performed to finish bringing up the system.

For multi-device synchronization, the SYSREF rising edge timing must be matched at all devices and therefore
trace lengths must be matched from a common SYSREF source to each device. Any skew between the
SYSREF rising edge at each device results in additional error in the sampling instance between devices,
however repeatable deterministic latency from system startup to startup through each device must still be
achieved. No other design requirements are needed in order to achieve multi-device synchronization as long as
a proper elastic buffer release point is chosen in the JESD204C receiver.

Figure 6-3 provides a timing diagram of the SYSREF calibration procedure. The optimized setup and hold times
are shown as tsyopt) and tyopr), respectively. Device clock and SYSREF are referred to as internal in this
diagram because the phase of the internal signals are aligned within the device and not to the external (applied)
phase of the device clock or SYSREF.
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Figure 6-3. SYSREF Calibration Timing Diagram

When finished, the tap adjust setting found by the automatic SYSREF calibration can be read from SRC_TAD
in the SYSREF calibration status register. After calibration, the system continues to use the calibrated tpp adjust
setting for operation until the system is powered down. However, if desired, the user can then disable the
SYSREF calibration and fine-tune the typ adjust setting according to the systems needs. Alternatively, the use of
the automatic SYSREF calibration can be done at product test (or periodic recalibration) of the optimal top adjust
setting for each system. This value can be stored and written to the TAD register (TAD_INV, TAD_COARSE, and
TAD_FINE) upon system startup.

Do not run the SYSREF calibration when the ADC calibration (foreground or background) is running. If
background calibration is the desired use case, disable the background calibration when the SYSREF calibration
is used, then re-enable the background calibration after TAD_DONE goes high. SYSREF_SEL in the clock
control register 0 must be set to 0 when using SYSREF calibration.

SYSREF calibration searches the TAD_COARSE delays using both non-inverted (TAD_INV = 0) and inverted
clock polarity (TAD_INV = 1) to minimize the required TAD_COARSE setting in order to minimize loss on the
clock path to reduce aperture jitter (ta,)-

6.3.7 Programmable FIR Filter (PFIR)

The output of the ADCs can be sent through programmable finite-impulse-response (PFIR) digital filter for
equalization of the frequency response. The filter can be setup in a few modes of operation to allow independent
equalization of each channel in dual channel mode, equalization in single channel mode or as a time-varying
filter in dual channel mode (such as for 1/Q correction). The various PFIR operating modes are given in Table
6-7.

Table 6-7. PFIR Operating Modes

Center Tap Center Tap LSB Non-Center Tap Non-Center Tap LSB . -
AARLEEE Resolution Weight Resolution Weight Al (e H S
Dual Channel 18 bits 2-16 12 bits 2-10 -1 p-16 9 per channel
Equalization
Single Channel 18 bits 216 12 bits 210, 211 216 9
Equalization
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Table 6-7. PFIR Operating Modes (continued)

Center Tap Center Tap LSB Non-Center Tap Non-Center Tap LSB . -
AARLEED Resolution Weight Resolution Weight Blters el
Time Varying Filter 18 bits 216 12 bits 210 o116 |9 per coefficient set, 2
coefficient sets

Programming information for the various PFIR modes is given in Table 6-8. The coefficients are programmed
into the PFIR_Ax and PFIR_Bx registers.

Table 6-8. Programmable FIR Filter Mode Programming

PFIR Mode PFIR_MODE PFIR_SHARE PFIR_MERGE
PFIR Disabled 0 X X
Dual Channel Equalization 2 0 0
Single Channel Equalization 2 1 1
Time Varying Filter 2 0 1

6.3.7.1 Dual Channel Equalization

When the ADC is operating in dual channel mode (based on the JMODE setting) then the PFIR filter can be
set in dual channel equalization mode. This mode allows independent frequency equalization of the two ADC
channels. The filter for each channel consists of 9 coefficients that can be independently set. The center tap for
each filter has a resolution of 18 bits and the LSB has a weight of 2716, The non-center taps have a resolution
of 12-bits with programmable LSB weight of 2-10, 211 212 213 2-14 ' 2-15 or 2-16 All non-center taps have the
same LSB weight. The block diagram for dual channel equalization is shown in Figure 6-4.

FIRA
ADCA e
PFIR Block JESD204C
Interface
FIRB
ADCB (9 taps)

Figure 6-4. Dual Channel Equalization PFIR Block Diagram

6.3.7.2 Single Channel Equalization

When the ADC is operating in single channel mode (based on the JMODE setting) then the PFIR filter can be set
in single channel equalization mode. This mode allows frequency equalization of the ADC. The filter consists of 9
coefficients that can be independently set. The center tap of the filter has a resolution of 18 bits and the LSB has
a weight of 2718, The non-center taps have a resolution of 12-bits with programmable LSB weight of 2-10, 2-11,
2712 2-13 2-14 2-15 or 2-16_All non-center taps have the same LSB weight. The block diagram for single channel
equalization is shown in Figure 6-5.
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ADCA —
FIR JESD204C
(9 taps) Interface
ADCB
SINGLE_INPUT
PFIR Block

Figure 6-5. Single Channel Equalization PFIR Block Diagram

6.3.7.3 Time Varying Filter

When the ADC is operating in dual-input single channel mode (based on the JMODE setting and
SINGLE_INPUT setting) then the PFIR filter can be set in time varying filter mode. This mode enables a time
varying filter with two coefficient sets that are alternated between on a per sample basis. Each coefficient set
consists of 9 coefficients that can be independently set. The center tap of the filter has a resolution of 18 bits and
the LSB has a weight of 2716, The non-center taps have a resolution of 12-bits with programmable LSB weight of
2710 2-11 212 213 2-14 2-15 or 2-16 All non-center taps have the same LSB weight. The block diagram for time
varying filter mode is shown in Figure 6-6 and an alternate block diagram is given in Figure 6-7 which shows the
equivalent filter in an I/Q correction-type topology.

Uses coefficient set A Jses coefficient set B From coefficient set A

A o From coefficient set B
‘,/ //7’ —‘\r—\\ /
Filter input = Aig, Bio, Ai1, Bi1, Az, Biz, Ai, Biz, Aig, Bia Filter output = Agg, Boo, Aoz, Box, Acz, Boz, Acs, Bos, Acs, Boa
1 y
ADCA -
Sample | Time Varying FIR JESD204C
Interleave (9 taps, 2 sets) Interface
ADCB =
PFIR Block
Figure 6-6. Time Varying Filter PFIR Block Diagram
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FIRA N
(5 even taps) N4

FIRB
ADCA (4 odd taps)
PFIR Block Sample JESD204C
Interleave 1 Interface
FIRA ,
ADCS (4 odd taps)

/1 FIRB ’\}
(5 even taps) N4

Figure 6-7. Alternate 1/Q Correction-Type Filter Block Diagram

6.3.8 Digital Down Converters (DDC)

After converting the analog voltage to a digital value, the digitized sample can either be sent directly to the
JESD204C interface block (DDC bypass) or sent to the digital down converter (DDC) block for frequency
conversion and decimation. The DDC block can be used in both dual channel mode and single channel mode.
Frequency conversion and decimation allows a specific frequency band to be selected and reduces the amount
of data sent over the data interface. The DDC first mixes the desired band to complex baseband (0 Hz) by
performing a complex mixing operating using the numerically-controlled oscillator (NCO) as the local oscillator
(LO). The DDC then low-pass filters the baseband signal to remove unwanted frequency images and any signals
that may potentially alias into the desired band. It finally decimates (down samples) the data to reduce the
data rate. Note that the filtering and decimation operations are actually performed as a single operation in the
device. The DDC is designed with sufficient precision such that the digital processing does not degrade the
noise spectral density (NSD) performance of the ADC. Figure 6-8 illustrates the DDC block in the device in dual
channel mode while Figure 6-9 shows the DDC block of the device in single channel mode. In dual channel
mode, the input data for each DDC can be selected to come from either ADC channel A or ADC channel B
by using the DIG_BIND x SPI registers. Channel B has the same structure with the input data selected by
DIG_BIND_B and the NCO selection mux controlled by pins NCOBJ[1:0] or through CSELBJ[1:0]. Only one DDC
is available for use in single channel mode.
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Figure 6-8. Digital Down Conversion Block in Dual Channel Mode
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Figure 6-9. Digital Down Conversion Block in Single Channel Mode
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6.3.8.1 Rounding and Saturation

Throughout the DDC, rounding and saturation is used. Samples are rounded to the nearest output code. If the
sample is exactly between two output codes, it is rounded to the even output code (convergent rounding). This
method introduces no bias or statistical DC offset to the rounded result.

In the FIR filters, rounding only occurs on the filter output. No intermediate rounding should be done.
6.3.8.2 Numerically-Controlled Oscillator and Complex Mixer

The DDC contains a complex numerically-controlled oscillator (NCO) and a complex mixer. Equation 4 shows
the complex exponential sequence generated by the oscillator.

x[n] = eiwn (4)

The frequency (w) is specified by a 32-bit register setting (see the Basic NCO Frequency Setting Mode section
and the Rational NCO Frequency Setting Mode section). The complex exponential sequence is multiplied by the
real input from the ADC to mix the desired carrier to a frequency equal to fi\ + fyco, where fiy is the analog input
frequency after aliasing (in under-sampling systems) and fyco is the programmed NCO frequency.

6.3.8.2.1 NCO Fast Frequency Hopping (FFH)

Fast frequency hopping (FFH) is made possible by each DDC having four independent NCOs that can be
controlled by the NCOAO and NCOA1 pins for DDC A and the NCOBO and NCOB1 pins for DDC B. Each NCO
has independent frequency settings (see the Basic NCO Frequency Setting Mode section) and initial phase
settings (see the NCO Phase Offset Setting section) that can be set independently. Further, all NCOs have
independent phase accumulators that continue to run when the specific NCO is not selected, allowing the NCOs
to maintain their phase between selection so that downstream processing does not need to perform carrier
recovery after each hop, for instance.

NCO hopping occurs when the NCO GPIO pins change state. The pins are controlled asynchronously and
therefore synchronous switching is not possible. Associated latencies are demonstrated in Figure 6-10, where
trx and tapc are provided in the Switching Characteristics table. All latencies in Table 6-9 are approximations
only.

I
NCO Bank DDC Block

DO |
| Emixer-x

NCOx[1:0] [
I
| /E/—\> Dx0+/-
I

Dx1+/-

tepio-mixer

INx+ | N
ADC N i \ : JESD204C Dx2+/-
1 O
INX- | | 3
| Complex Decimate-by-N o
\/\_/' Mixer (based on JMODE) | —L ] ox74/-
tabc-mixer
Figure 6-10. NCO Fast Frequency Hopping Latency Diagram
Table 6-9. NCO Fast Frequency Hopping Latency Definitions
LATENCY PARAMETER VALUE OR CALCULATION UNITS
tGPIO-MIXER ~45 to ~68 tcLk cycles
taDc-MIXER ~37 toLk cycles
tMIXER-TX (trx + tapc) — tanc-mixer tcLk cycles
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6.3.8.2.2 NCO Selection

Within each channel DDC, four different frequency and phase settings are available for use. Each of the
four settings use a different phase accumulator within the NCO. Because all four phase accumulators are
independent and continuously running, rapid switching between different NCO frequencies is possible allowing
for phase coherent frequency hopping.

The specific frequency-phase pair used for each channel is selected through the NCOA[1:0] or NCOB[1:0] input
pins when CMODE is set to 1. Alternatively, the selected NCO can be chosen through SPI by CSELA for DDC A
and CSELB for DDC B by setting CMODE to 0 (default). The logic table for NCO selection is provided in Table
6-10 for both the GPIO and SPI selection options.

Table 6-10. Logic Table for NCO Selection Using GPIO or SPI
NCO SELECTION CMODE NCOx1 NCOXx0 CSELX[1] CSELX[0]

NCO 0 using GPIO 1 0 0 X X
NCO 1 using GPIO 1
NCO 2 using GPIO 1
NCO 3 using GPIO 1
NCO 0 using SPI 0
NCO 1 using SPI 0
0

0

NCO 2 using SPI
NCO 3 using SPI

= =2lOo|Oo| X | X|X
ol =|O| X| X|X

X| X[ X|X|=|=~|0O
X| X[ X|X|=~|o|=

The frequency for each phase accumulator is programmed independently through the FREQAx, FREQBXx (x
= 0 to 3) and, optionally, NCO_RDIV register settings. The phase offset for each accumulator is programmed
independently through the PHASEAx and PHASEBXx (x = 0 to 3) register settings.

6.3.8.2.3 Basic NCO Frequency Setting Mode

In basic NCO frequency-setting mode (NCO_RDIV = 0x0000), the NCO frequency setting is set by the 32-bit
register value, FREQAx and FREQBx (x = 0 to 3). The NCO frequency for DDC A can be calculated using
Equation 5, where FREQAX can be replaced by FREQBXx to calculate the NCO frequency for DDC B. FREQAX
and FREQBx can be considered either a 2's complement number (—2147483648 to 2147483647) or as an offset
binary number (0 to 4294967295).

finco) = FREQAX x 2732 x fpeycik) (X =0 - 3) (5)

Note

Changing the FREQAx and FREQBXx register settings during operation results in a non-deterministic
NCO phase. If deterministic phase is required, the NCOs must be resynchronized; see the NCO
Phase Synchronization section.

6.3.8.2.4 Rational NCO Frequency Setting Mode

In basic NCO frequency mode, the frequency step size is small and many frequencies can be synthesized,
but sometimes an application requires specific frequencies that fall between two frequency steps. For example,
with fs equal to 2457.6MHz and a desired f(nco) equal to 5.02MHz, the value for FREQAX is 8773085.867.
Truncating the fractional portion results in an f(yco) equal to 5.0199995MHz, which is not the desired frequency.

To produce the desired frequency, the NCO_RDIV parameter is used to force the phase accumulator to arrive
at specific frequencies without error. First, select a frequency step size (fstep)) that is appropriate for the NCO
frequency steps required. The typical value of f(step) is 10kHz. Next, use Equation 6 to program the NCO_RDIV
value.
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NGO RDIV < (foeverk ! fstep)
- 64 (6)

The result of Equation 6 must be an integer value. If the value is not an integer, adjust either of the parameters
until the result is an integer value.

For example, select a value of 1920 for NCO_RDIV.

Note

NCO_RDIV values larger than 8192 can degrade the NCO SFDR performance and are not
recommended.

Now use Equation 7 to calculate the FREQAX register value.

FREQAX = round (232 * fnco / fDEVCLK) @)

Alternatively, the following equations can be used:

N finco)

f(sTEP) 8)

FREQAX = d(2?® x N/NCO RDIV
QAXx roun( x | ) ©)

Table 6-11 lists common values for NCO_RDIV in 10kHz frequency steps.
Table 6-11. Common NCO_RDIV Values (For 10kHz Frequency Steps)

fork (MHz) NCO_RDIV
2457.6 3840
1966.08 3072
1600 2500
1474.56 2304
1228.8 1920

6.3.8.2.5 NCO Phase Offset Setting

The NCO phase-offset setting for each NCO is set by the 16-bit register value PHASEAx and PHASEBx (where
x = 0 to 3). The value is left-justified into a 32-bit field and then added to the phase accumulator.

Use Equation 10 to calculate the phase offset in radians.

®(rad) = PHASEA/Bx x 2716 x 2 x 11 (x = 0 to 3) (10)
6.3.8.2.6 NCO Phase Synchronization

The NCOs must be synchronized after setting or changing the value of FREQAx or FREQBx. NCO
synchronization is performed when the JESD204C link is initialized or by SYSREF, based on the settings
of NCO_SYNC_ILA and NCO_SYNC_NEXT. The procedures are as follows for the JESD204C initialization
procedure and the SYSREF procedure for both DC-coupled and AC-coupled SYSREF signals.

NCO synchronization using the JESD204C SYNC signal ( SYNCSE or TMSTP+). Although the 64B/66B
encoding modes do not use the SYNC signal to initialize the JESD204C link, it can still be used for NCO
synchronization with this method:

1. The device must be programmed for normal operation
2. Set NCO_SYNC_ILA to 1 to enable NCO synchronization using the SYNC signal
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3
4.
5.
6
7

Set JESD_ENto 0

Program FREQAXx, FREQBx, PHASEAX, and PHASEBX to the desired settings

In the JESD204C receiver (logic device), deassert the SYNC signal by setting SYNC high

Set JESD_EN to 1

Assert the SYNC signal by setting SYNC low in the JESD204C receiver. This start the code group
synchronization (CGS) process in 8B/10B encoding modes or arms the trigger in 64B/66B encoding modes.

8. After achieving CGS (or when ready to synchronize), deassert the SYNC signal by setting SYNC high at
the same time for all ADCs in order synchronize the NCOs in each ADC. The SYNC signal must meet the
required setup and hold times (as specified in the Tining Requirements table)
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NCO synchronization using SYSREF (DC-coupled):

1. The device must be programmed for normal operation

2. Set JESD_EN to 1 to start the JESD204C link (the SYNC signal can respond as normal during the CGS
process)

Program FREQAXx, FREQBx, PHASEAX, and PHASEBX to the desired settings

Verify that SYSREF is disabled (held low)

Arm NCO synchronization by setting NCO_SYNC_NEXT to 1

Issue a single SYSREF pulse to all ADCs to synchronize NCOs within all devices

ook w

NCO synchronization using SYSREF (AC-coupled):

1. The device must be programmed for normal operation

2. Set JESD_EN to 1 to start the JESD204C link (the SYNC signal can respond as normal during the CGS
process)

3. Program FREQAx, FREQBx, PHASEAXx, and PHASEBX to the desired settings

4. Run SYSREF continuously

5. Arm NCO synchronization by setting NCO_SYNC_NEXT to 1 at the same time at all ADCs by timing the
rising edge of SCLK for the last data bit (LSB) at the end of the SPI write so that the SCLK rising edge
occurs after a SYSREF rising edge and early enough before the next SYSREF rising edge so that the trigger
is armed before the next SYSREF rising edge (a long SYSREF period is recommended)

6. NCOs in all ADCs are synchronized by the next SYSREF rising edge

6.3.8.3 Decimation Filters

The decimation filters are arranged to provide a programmable overall decimation of 4 or 8. All decimation
filters operate on complex data (from the complex digital mixer) and the outputs have a resolution of 15 bits.
The decimation filters are implemented as linear phase finite impulse response (FIR) filters. Table 6-12 lists the
effective output sample rates, available signal bandwidths, output formats, and stop-band attenuation for each
decimation mode.

Table 6-12. Output Sample Rates and Signal Bandwidths

DECIMATION Jioevew
OUTPUT RATE |MAX ALIAS PROTECTED SIGNAL| STOP-BAND PASS-BAND | OUTPUT FORMAT
SETTING
(MSPS) BANDWIDTH (MHz) ATTENUATION RIPPLE
No decimation (DDC Real signal,
bypass) foeveLk) foeverk) /2 — <+0.001 dB 12-bit data
. Complex signal,
Decimate-by-4 foeveik) ! 4 0.8 % fipeveLk) /4 > 90 dB < +0.001 dB / 5F3bit dagt’a
. Complex signal,
Decimate-by-8 foevewx) ! 8 0.8 % fipeveLk) /8 >90dB < +0.001 dB / 5‘_’bit dagt’a
. Complex signal,
Decimate-by-16 forveiky / 16 0.8 % fpevoLk) / 16 >90dB < +0.001 dB ] 5F-)bit da?a
; Complex signal,
Decimate-by-32 fpevewk ! 32 0.8 % fpevoLk) / 32 >90dB < +0.001 dB / s’fbit da?a

Figure 6-11 to Figure 6-18 provide the composite decimation filter responses. The black portion of the trace
shows the pass-band region, or alias-protected region, of the response. The red portion of the trace