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ADC322x
Dual-Channel, 12-Bit, 25-MSPS to 125-MSPS, Analog-to-Digital Converters

1 Features

Dual channel

12-Bit resolution

Single supply: 1.8 V

Serial LVDS interface (SLVDS)

Flexible input clock buffer with divide-by-1, -2, -4

SNR = 70.2 dBFS, SFDR = 87 dBc at
le =70 MHz

Ultra-low power consumption:

— 116 mW/Ch at 125 MSPS

Channel isolation: 105 dB

Internal dither and chopper

Support for multi-chip synchronization
Pin-to-pin compatible with 14-Bit version
Package: VQFN-48 (7 mm x 7 mm)

Applications

Multi-carrier, multi-mode cellular base stations
Radar and smart antenna arrays
Munitions guidance

Motor control feedback

Network and vector analyzers
Communications test equipment
Nondestructive testing

Microwave receivers

Software-defined radios (SDRs)
Quadrature and diversity radio receivers
Handheld radio and instrumentation

3 Description

The ADC322x are a high-linearity, ultra-low power,
dual-channel, 12-bit, 25-MSPS to 125-MSPS, analog-
to-digital converter (ADC) family. The devices are
designed specifically to support demanding, high
input frequency signals with large dynamic range
requirements. An input clock divider allows more
flexibility for system clock architecture design and the
SYSREF input enables complete  system
synchronization. The ADC322x family supports serial
low-voltage differential signaling (LVDS) in order to
reduce the number of interface lines, thus allowing for
high system integration density. The serial LVDS
interface is two-wire, where each ADC data are
serialized and output over two LVDS pairs.
Optionally, a one-wire serial LVDS interface is
available. An internal phase-locked loop (PLL)
multiplies the incoming ADC sampling clock to derive
the bit clock that is used to serialize the 12-bit output
data from each channel. In addition to the serial data
streams, the frame and bit clocks are also transmitted
as LVDS outputs.

Device Information®
PACKAGE BODY SIZE (NOM)
VQFN (48) 7.00 mm x 7.00 mm

PART NUMBER
ADC322x

(1) For all available packages, see the orderable addendum at
the end of the datasheet.

Performance at fg = 125 MSPS, f;y = 10 MHz
(SNR =70.6 dBFS, SFDR = 100 dBc)
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e Changed ADC clock frequency (ADC3242) From: MAX = 125 MSPS To: MAX = 50 MSPS in Electrical
CharacteriStiCS: ADC322L, ADCB222... ..o ittt e et e e ettt e e e et e e e e et s ee s e ta e e s s e sb s ea s e e b e s esbaaesssatansesserbasas 8
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5 Device Comparison Table

RESOLUTION
INTERFACE (Bits) 25 MSPS 50 MSPS 80 MSPS 125 MSPS 160 MSPS
. 12 ADC3221 ADC3222 ADC3223 ADC3224 —
Serial LVDS
14 ADC3241 ADC3242 ADC3243 ADC3244 —
JESD2048 12 — ADC32J22 ADC32J23 ADC32J24 ADC32J2x5
14 — ADC32J42 ADC32J43 ADC32J44 ADC32J45
6 Pin Configuration and Functions
RGZ Package
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Pin Functions

A PIN e 110 DESCRIPTION

AVDD 307258 29812291330 | Analog 1.8-V power supply, decoupled with capacitors.

CLKM 18 | Negative differential clock input for the ADC

CLKP 19 | Positive differential clock input for the ADC

DAOM 48 O Negative serial LVDS output for channel A0

DAOP 47 O Positive serial LVDS output for channel AO

DA1IM 46 O Negative serial LVDS output for channel Al

DA1P 45 O Positive serial LVDS output for channel Al

DBOM 40 O Negative serial LVDS output for channel BO

DBOP 39 O Positive serial LVDS output for channel BO

DB1M 38 O Negative serial LVDS output for channel B1

DB1P 37 O Positive serial LVDS output for channel B1

DCLKM 44 (@) Negative bit clock output

DCLKP 43 (@) Positive bit clock output

DVDD 2,4,33,35 | Digital 1.8-V power supply, decoupled with capacitors.

FCLKM 42 (@) Negative frame clock output

FCLKP 41 (0] Positive frame clock output

GND 1, 3,5, 32, 34, 36 | Ground, 0 V. Connect to the printed circuit board (PCB) ground plane. PowerPAD™

INAM 11 | Negative differential analog input for channel A

INAP 10 | Positive differential analog input for channel A

INBM 26 | Negative differential analog input for channel B

INBP 27 | Positive differential analog input for channel B

PDN 31 | Poyver‘-down cor_ltrol; active high. This pin may be configured through the SPI.
This pin has an internal 150-kQ pull-down resistor.

RESET 21 | Hardware reset; active high. This pin has an internal 150-kQ pull-down resistor.

SCLK 13 | Serial interface clock input. This pin has an internal 150-kQ pull-down resistor.

SDATA 14 | Serial interface data input. This pin has an internal 150-kQ pull-down resistor.

SDOUT 16 (0] Serial interface data output

SEN 15 | Serial _interface gnable; active low. _
This pin has an internal 150-kQ pull-up resistor to AVDD.

SYSREFM 23 | Negative external SYSREF input

SYSREFP 22 | Positive external SYSREF input

VCM 24 (@) Common-mode voltage for analog inputs

Copyright © 2014-2019, Texas Instruments Incorporated
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7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
Analog supply voltage range, AVDD -0.3 2.1 \Y,
Digital supply voltage range, DVDD -0.3 2.1 \%
INAP, INBP, INAM, INBM -0.3 min (1.9, AVDD + 0.3)
. . . CLKP, CLKM -0.3 AVDD + 0.3
Voltage applied to input pins \
SYSREFP, SYSREFM -0.3 AVDD + 0.3
SCLK, SEN, SDATA, RESET, PDN -0.3 3.9
Operating free-air, Tp -40 85
Temperature Operating junction, T; 125 °C
Storage, Tsyg —65 150

(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.

7.2 ESD Ratings

VALUE UNIT
V(Esb) Electrostatic discharge | Human body model (HBM), per ANSI/ESDA/JEDEC JS-001® +2000 \%
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions®
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
SUPPLIES
AVDD Analog supply voltage range 1.7 1.8 1.9 \%
DVDD Digital supply voltage range 1.7 1.8 1.9 \%
ANALOG INPUT
. L For input frequencies < 450 MHz 2
Vip Differential input voltage - - Vpp
For input frequencies < 600 MHz 1
Vic Input common-mode voltage VCM + 0.025 \%
CLOCK INPUT
Input clock frequency Sampling clock frequency 15@ 125@)|  MSPS
Sine wave, ac-coupled 0.2 15
Input clock amplitude (differential) LVPECL, ac-coupled 1.6 Vpp
LVDS, ac-coupled 0.7
Input clock duty cycle 35% 50% 65%
Input clock common-mode voltage 0.95 \%
DIGITAL OUTPUTS
CLoaD Maximum external load capacitance from each output pin to GND 3.3 pF
RLoap Differential load resistance placed externally 100 Q

(1) To reset the device for the first time after power-up, only use the RESET pin; see the Register Initialization section.

(2) See Table 3 for details.

(3) With the clock divider enabled by default for divide-by-1. Maximum sampling clock frequency for the divide-by-4 option is 500 MSPS.

6 Submit Documentation Feedback
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7.4 Thermal Information

ADC322x
THERMAL METRIC® RGZ (VQFN) UNIT

48 PINS
Rgia Junction-to-ambient thermal resistance 25.7 °C/W
Rojctop) Junction-to-case (top) thermal resistance 18.9 °C/W
Rgis Junction-to-board thermal resistance 3.0 °C/W
WIT Junction-to-top characterization parameter 0.2 °C/W
viB Junction-to-board characterization parameter 3 °C/W
Rosc (ot Junction-to-case (bottom) thermal resistance 0.5 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

7.5 Electrical Characteristics: General

At maximum sampling rate, 50% clock duty cycle, AVDD = DVDD = 1.8 V, and —1-dBFS differential input. Typical values are
specified at an ambient temperature of 25°C. Minimum and maximum values are specified over an ambient temperature
range of —40°C to +85°C (unless otherwise noted).

PARAMETER | TEST CONDITIONS | MIN TYP MAX| UNIT
RESOLUTION
Resolution ’ ’ 12 | Bits
ANALOG INPUT
Differential input full-scale 2.0 Vpp
RN Input resistance Differential at dc 6.6 kQ
Cin Input capacitance Differential at dc 3.7 pF
Vocwvemy  VCM common-mode voltage output 0.8 0.95 1.1 \%
VCM output current capability 10 mA
Input common-mode current Per analog input pin 15 HA/MSPS
: : 50-Q differential source driving 50-Q
Analog input bandwidth (3 dB) termination across INP and INM 540 MHz
DC ACCURACY
Eo Offset error -25 25 mV
. Temperature coefficient of offset +0.024 mv/c
error
E_G Overall dc gain error of a
Eoren) channel —2% 2%
Temperature coefficient of overall o
a(EGCHAN) gain error +0.008 A%FS/°C
CHANNEL-TO-CHANNEL ISOLATION
le =10 MHz 105
le =100 MHz 105
Crosstalk® fiy = 200 MHz 105 dB
le =230 MHz 105
le =300 MHz 105
(1) Crosstalk is measured with a —1-dBFS input signal on one channel and no input on the other channel.
Copyright © 2014-2019, Texas Instruments Incorporated Submit Documentation Feedback 7
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7.6 Electrical Characteristics: ADC3221, ADC3222

At maximum sampling rate, 50% clock duty cycle, AvDD = DVDD = 1.8 V, and —1-dBFS differential input. Typical values are
specified at an ambient temperature of 25°C. Minimum and maximum values are specified over an ambient temperature
range of —40°C to +85°C (unless otherwise noted).

ADC3241 ADC3242

PARAMETER MIN TYP MAX MIN TYP MAX | UNIT
ADC clock frequency 25 50| MSPS
1.8-V analog supply current 31 71 39 81 mA
1.8-V digital supply current 35 65 43 75 mA
Total power dissipation 118 205 147 245 mw
Global power-down dissipation 5 17 5 17 mw
Standby power-down dissipation 78 103 78 103 mw

7.7 Electrical Characteristics: ADC3223, ADC3224

At maximum sampling rate, 50% clock duty cycle, AVDD = DVDD = 1.8 V, and —1-dBFS differential input. Typical values are
specified at an ambient temperature of 25°C. Minimum and maximum values are specified over an ambient temperature
range of —40°C to +85°C (unless otherwise noted).

ADC3243 ADC3244

PARAMETER MIN TYP MAX MIN TYP MAX UNIT
ADC clock frequency 80 125| MSPS
1.8-V analog supply current 50 91 65 106 mA
1.8-V digital supply current 52 85 64 95 mA
Total power dissipation 183 285 233 325 mw
Global power-down dissipation 5 17 5 17 mw
Standby power-down dissipation 72 103 78 103 mw

8 Submit Documentation Feedback Copyright © 2014-2019, Texas Instruments Incorporated
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7.8 AC Performance: ADC3221

At maximum sampling rate, 50% clock duty cycle, AvDD = DVDD = 1.8 V, and —1-dBFS differential input. Typical values are
specified at an ambient temperature of 25°C. Minimum and maximum values are specified over an ambient temperature
range of —40°C to +85°C (unless otherwise noted).

ADC3221 (fs = 25 MSPS)
DITHER ON DITHER OFF
PARAMETER TEST CONDITIONS MIN TYP  MAX MIN TYP MAX UNIT
DYNAMIC AC CHARACTERISTICS
fiy = 10 MHz 70.9 712
fin = 20 MHz 68.5 70.8 71.1
Signal-to-noise ratio fin = 70 MHz 70.6 70.9 dBES
(from 1-MHz offset) fiy = 100 MHz 70.3 70.6
fiy = 170 MHz 69.7 69.9
SR fiy = 230 MHz 68.8 69
fiy = 10 MHz 70.2 70.6
fiy = 20 MHz 70.2 705
Signal-to-noise ratio fin = 70 MHz 69.9 70.2 dBES
(full Nyquist band) fiy = 100 MHz 69.6 69.9
fiy = 170 MHz 69.2 69.3
finy = 230 MHz 68.2 68.4
fiy = 10 MHz -141.9 —142.2
fin = 20 MHz -141.8 -139.5 -142.1
D tzone) |2
N = z -141.3 -141.6
fin =170 MHz -140.7 -140.9
finy = 230 MHz -139.8 -140.0
fiy = 10 MHz 70.9 711
fiy = 20 MHz 68.1 70.8 71
, _ o _ fiy = 70 MHz 70.6 70.7
SINAD®  Signal-to-noise and distortion ratio dBFS
fiy = 100 MHz 70.2 70.3
fiy = 170 MHz 69.6 69.6
fiy = 230 MHz 68.5 68.5
fiy = 10 MHz 11.5 11.5
fiy = 20 MHz 11 115 115
, , fiy = 70 MHz 11.4 115 ,
ENOB®  Effective number of bits Bits
fiy = 100 MHz 11.4 11.4
fiy = 170 MHz 11.3 11.3
finy = 230 MHz 11.1 11.1
fiy = 10 MHz 96 88
fiy = 20 MHz 82 93 89
, , fiy = 70 MHz 93 87
SFDR Spurious-free dynamic range dBc
fiy = 100 MHz 85 82
fiy = 170 MHz 86 83
fiy = 230 MHz 81 80
(1) Reported from a 1-MHz offset.
Copyright © 2014-2019, Texas Instruments Incorporated Submit Documentation Feedback 9
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AC Performance: ADC3221 (continued)

At maximum sampling rate, 50% clock duty cycle, AVDD = DVDD = 1.8 V, and —1-dBFS differential input. Typical values are
specified at an ambient temperature of 25°C. Minimum and maximum values are specified over an ambient temperature
range of —40°C to +85°C (unless otherwise noted).

ADC3221 (fg = 25 MSPS)
DITHER ON DITHER OFF
PARAMETER TEST CONDITIONS MIN TYP  MAX MIN TYP MAX UNIT
fIN =10 MHz 106 97
fin = 20 MHz 82 102 95
o ) fin = 70 MHz 101 95
HD2 Second-order harmonic distortion dBc
fIN =100 MHz 95 93
fIN =170 MHz 88 87
fIN =230 MHz 81 81
fIN =10 MHz 96 88
fin = 20 MHz 82 93 92
i i i i fIN =70 MHz 93 87
HD3 Third-order harmonic distortion dBc
fIN =100 MHz 85 82
fIN =170 MHz 87 83
fin = 230 MHz 82 80
fIN =10 MHz 99 92
fin = 20 MHz 87 101 91
Non Spurious-free dynamic range fin = 70 MHz 99 93 dBc
HD2, HD3 (excluding HD2, HD3) fiy = 100 MHz 98 92
fIN =170 MHz 929 92
fin = 230 MHz 97 93
fIN =10 MHz 94 85
fin = 20 MHz 80 92 85
i i i fIN =70 MHz 91 85
THD Total harmonic distortion dBc
fin = 100 MHz 86 82
fin =170 MHz 84 81
fIN =230 MHz 78 77
fINl =45 MHz,
-95 -94
IMD3 Two-tone, third-order finz = 50 MHz dBES
intermodulation distortion fg = 185 MH
INL Z -90 -89
fINZ =190 MHz
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7.9 AC Performance: ADC3222

At maximum sampling rate, 50% clock duty cycle, AvDD = DVDD = 1.8 V, and —1-dBFS differential input. Typical values are
specified at an ambient temperature of 25°C. Minimum and maximum values are specified over an ambient temperature
range of —40°C to +85°C (unless otherwise noted).

ADC3222 (fs = 50 MSPS)
DITHER ON DITHER OFF
PARAMETER TEST CONDITIONS MIN TYP  MAX MIN TYP MAX UNIT
DYNAMIC AC CHARACTERISTICS
fiy = 10 MHz 70.9 711
fin = 20 MHz 68.5 70.9 71.1
Signal-to-noise ratio fin = 70 MHz 70.7 70.9
(from 1-MHz offset) fiy = 100 MHz 70.5 70.7
fiy = 170 MHz 70 70.1
SR fiy = 230 MHz 69.3 69.6 dBFS
fiy = 10 MHz 70.3 705
fiy = 20 MHz 70.1 70.3
Signal-to-noise ratio fin = 70 MHz 70.1 70.3
(full Nyquist band) fiy = 100 MHz 69.9 70.2
fiy = 170 MHz 69.5 69.5
fiy = 230 MHz 68.7 69
fiy = 10 MHz -144.9 -145.1
fin = 20 MHz —-144.9 -1425 -145.1
D tzone) | <
N = z -144.5 -144.7
fin =170 MHz -144.0 -144.1
fin = 230 MHz -143.3 -143.6
fiy = 10 MHz 70.8 71
fiy = 20 MHz 68 708 71
, _ o | fin=70 MHz 70.6 70.8
SINAD®  Signal-to-noise and distortion ratio dBFS
fiy = 100 MHz 70.4 70.6
fiy = 170 MHz 69.8 69.9
fiy = 230 MHz 69 69.1
fiy = 10 MHz 11.5 11.5
fiy = 20 MHz 11 115 115
, , fiy = 70 MHz 11.4 115 ,
ENOB®  Effective number of bits Bits
fiy = 100 MHz 11.4 11.4
fiy = 170 MHz 11.3 11.3
fin = 230 MHz 11.2 11.2
fiy = 10 MHz 89 95
fiy = 20 MHz 82 95 91
, , fiy = 70 MHz 95 93
SFDR Spurious-free dynamic range dBc
fiy = 100 MHz 88 86
fiy = 170 MHz 85 83
fiy = 230 MHz 82 81
(1) Reported from a 1-MHz offset.
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AC Performance: ADC3222 (continued)

At maximum sampling rate, 50% clock duty cycle, AVDD = DVDD = 1.8 V, and —1-dBFS differential input. Typical values are
specified at an ambient temperature of 25°C. Minimum and maximum values are specified over an ambient temperature
range of —40°C to +85°C (unless otherwise noted).

ADC3222 (fs = 50 MSPS)
DITHER ON DITHER OFF
PARAMETER TEST CONDITIONS MIN TYP  MAX MIN TYP MAX UNIT
fIN =10 MHz 103 97
fin = 20 MHz 82 100 94
. ) ) fIN =70 MHz 97 94
HD2 Second-order harmonic distortion dBc
fIN =100 MHz 94 93
fIN =170 MHz 89 89
fin = 230 MHz 83 83
fIN =10 MHz 89 96
fin = 20 MHz 82 94 95
i i i i fIN =70 MHz 95 93
HD3 Third-order harmonic distortion dBc
fin = 100 MHz 88 86
fIN =170 MHz 85 83
fin = 230 MHz 83 81
fIN =10 MHz 99 95
fin = 20 MHz 87 101 93
Non Spurious-free dynamic range fin = 70 MHz 99 94 dBc
HD2, HD3 (excluding HD2, HD3) fiy = 100 MHz 100 94
fIN =170 MHz 929 93
fin = 230 MHz 97 93
fIN =10 MHz 89 89
fin = 20 MHz 80 93 87
. ) ) fIN =70 MHz 92 88
THD Total harmonic distortion dBc
fin = 100 MHz 20 86
fIN =170 MHz 83 81
fin = 230 MHz 80 78
fINl =45 MHz,
-95 -92
IMD3 Two-tone, third-order finz = 50 MHz dBES
intermodulation distortion fg = 185 MH
INL Z -92 -92
fINZ =190 MHz
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7.10 AC Performance: ADC3223

At maximum sampling rate, 50% clock duty cycle, AvDD = DVDD = 1.8 V, and —1-dBFS differential input. Typical values are
specified at an ambient temperature of 25°C. Minimum and maximum values are specified over an ambient temperature
range of —40°C to +85°C (unless otherwise noted).

ADC3223 (f5 = 80 MSPS)
DITHER ON DITHER OFF
PARAMETER TEST CONDITIONS MIN  TYP MAX| MIN TYP MAX| UNIT
DYNAMIC AC CHARACTERISTICS
fin = 10 MHz 70.7 70.9
_ _ _ fin = 70 MHz 685  70.6 70.8
(Sf:ggqallt?wmsfﬁ;aettl)o fi = 100 MHz 705 70.7
fiy = 170 MHz 70.1 70.3
SR fin = 230 MHz 69.7 69.9 dBES
fin = 10 MHz 70.3 70.5
_ _ _ fin = 70 MHz 70.2 70.5
(SfL“?Pﬁ'yffui”s?'Egrfﬁ)“O fi = 100 MHz 70.1 70.4
fiy = 170 MHz 69.7 69.9
fin = 230 MHz 69.4 69.6
fin = 10 MHz -146.7 -146.9
_ _ fin = 70 MHz -146.6 —1445 -146.8
NSD® g‘\’/‘gfaggzcgggg‘;”@tguist zone) fi = 100 MHz _146.5 _146.7 dBFS/Hz
fiy = 170 MHz -146.1 -146.3
fin = 230 MHz -145.7 -145.9
fin = 10 MHz 70.7 70.9
fin = 70 MHz 68.1  70.6 70.8
SINAD®  Signal-to-noise and distortion ratio | f,y = 100 MHz 70.5 70.6 dBFS
fiy = 170 MHz 70 70.2
fin = 230 MHz 69.5 69.6
fin = 10 MHz 11.4 11.5
fin = 70 MHz 11.02 114 11.5
ENOB®  Effective number of bits fiy = 100 MHz 11.4 11.4 Bits
fiy = 170 MHz 11.3 11.4
fin = 230 MHz 11.3 11.3
fin = 10 MHz 88 95
fin = 70 MHz 82 94 93
SFDR Spurious-free dynamic range fin = 100 MHz 93 92 dBc
fiy = 170 MHz 88 87
fin = 230 MHz 85 84
(1) Reported from a 1-MHz offset.
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AC Performance: ADC3223 (continued)

At maximum sampling rate, 50% clock duty cycle, AVDD = DVDD = 1.8 V, and —1-dBFS differential input. Typical values are
specified at an ambient temperature of 25°C. Minimum and maximum values are specified over an ambient temperature
range of —40°C to +85°C (unless otherwise noted).

ADC3223 (fs = 80 MSPS)
DITHER ON DITHER OFF
PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNIT
fiy = 10 MHz 104 99
fiy = 70 MHz 82 95 94
HD2 Second-order harmonic distortion fin = 100 MHz 95 93 dBc
fiy = 170 MHz 88 87
fiy = 230 MHz 85 85
fiy = 10 MHz 89 95
fiy = 70 MHz 82 94 94
HD3 Third-order harmonic distortion fin = 100 MHz 95 96 dBc
fiy = 170 MHz 93 90
fiy = 230 MHz 89 85
fiy = 10 MHz 94 93
_ ' fiy = 70 MHz 87 100 95
N o Coyedee draCanee 1, = 100 o5 o6
fiy = 170 MHz 99 95
fiy = 230 MHz 98 95
fiy = 10 MHz 88 91
fiy = 70 MHz 79.5 91 89
THD Total harmonic distortion fin = 100 MHz 91 88 dBc
fiy = 170 MHz 86 84
fiy = 230 MHz 83 81
finy = 45 MHz,
IMD3 Two-tone, third-order f:z: =50 MHz 94 94 dBFS
intermodulation distortion fing = 185 MHz, o2 90
finz = 190 MHz
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7.11 AC Performance: ADC3224

At maximum sampling rate, 50% clock duty cycle, AvDD = DVDD = 1.8 V, and —1-dBFS differential input. Typical values are
specified at an ambient temperature of 25°C. Minimum and maximum values are specified over an ambient temperature
range of —40°C to +85°C (unless otherwise noted).

ADC3224 (fs = 125 MSPS)
DITHER ON DITHER OFF
PARAMETER TEST CONDITIONS MIN TYP  MAX MIN TYP MAX UNIT
DYNAMIC AC CHARACTERISTICS
fiy = 10 MHz 705 70.8
) ) ) fin = 70 MHz 68.5 70.4 70.7
(Sf:ggqallt?wmsfﬁ;aettl)o fi = 100 MHz 70.3 70.6
fiy = 170 MHz 69.9 70.2
SR finy = 230 MHz 69.4 69.8 dBFS
fiy = 10 MHz 70.3 70.6
_ _ _ fiy = 70 MHz 70.2 705
(SfL“?Pﬁ'yffui”s?'Egrfﬁ)“O fi = 100 MHz 70.2 70.4
fiy = 170 MHz 69.7 70.0
fin = 230 MHz 69.2 69.6
fiy = 10 MHz -148.5 -148.8
) ) fin = 70 MHz -148.4 -146.5 -148.7
NSD® g‘\’/‘gfaggzcgggg‘;”@tguist zone) fi = 100 MHz ~148.3 _148.6 dBFS/Hz
fin =170 MHz -147.9 -148.2
fin = 230 MHz -147.4 -147.8
fiy = 10 MHz 705 70.6
fiy = 70 MHz 68  70.4 70.6
SINAD®  Signal-to-noise and distortion ratio | f,y = 100 MHz 70.2 70.3 dBFS
fiy = 170 MHz 69.7 69.9
fin = 230 MHz 69.2 69.5
fiy = 10 MHz 11.4 11.4
fiy = 70 MHz 11 114 11.4
ENOB®  Effective number of bits fiy = 100 MHz 11.4 11.4 Bits
fiy = 170 MHz 11.3 11.3
fiy = 230 MHz 11.2 11.2
fiy = 10 MHz 93 87
fiy = 70 MHz 82 95 89
SFDR Spurious-free dynamic range fin = 100 MHz 89 86 dBc
fiy = 170 MHz 86 85
fin = 230 MHz 83 83
(1) Reported from a 1-MHz offset.
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AC Performance: ADC3224 (continued)

At maximum sampling rate, 50% clock duty cycle, AVDD = DVDD = 1.8 V, and —1-dBFS differential input. Typical values are
specified at an ambient temperature of 25°C. Minimum and maximum values are specified over an ambient temperature
range of —40°C to +85°C (unless otherwise noted).

ADC3224 (f5 = 125 MSPS)
DITHER ON DITHER OFF
PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNIT
fiy = 10 MHz 96 96
fiy = 70 MHz 84 96 96
HD2 Second-order harmonic distortion fin = 100 MHz 91 91 dBc
fiy = 170 MHz 86 85
fiy = 230 MHz 83 83
fiy = 10 MHz 94 87
fiy = 70 MHz 82 95 89
HD3 Third-order harmonic distortion fin = 100 MHz 91 86 dBc
fiy = 170 MHz 96 89
fiy = 230 MHz 88 85
fiy = 10 MHz 99 96
_ ' fiy = 70 MHz 87 99 95
N o Coyedee draCanee 1, = 100 o9 =
fiy = 170 MHz 99 92
fiy = 230 MHz 97 92
fiy = 10 MHz 91 85
fiy = 70 MHz 80 91 86
THD Total harmonic distortion fin = 100 MHz 87 83 dBc
fiy = 170 MHz 85 82
fiy = 230 MHz 82 80
finy = 45 MHz,
IMD3 Two-tone, third-order f:z: =50 MHz 96 —5 dBFS
intermodulation distortion fing = 185 MHz, o2 g8
finz = 190 MHz
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7.12 Digital Characteristics

the dc specifications refer to the condition where the digital outputs are not switching, but are permanently at a valid logic
level 0 or 1; AVDD = DVDD = 1.8 V, and —1-dBFS differential input (unless otherwise noted)

PARAMETER \ TEST CONDITIONS \ MIN TYP MAX| UNIT
DIGITAL INPUTS (RESET, SCLK, SDATA, SEN, PDN)
. . All digital inputs support 1.8-V and
Viy High-level input voltage 3.3-VgCMOg logic Ipel\)/els 1.3 Y
Vi Low-level input voltage /:’;\I;i\l/gl(t:?\llggﬂgsgfcuiel%rltsl.s-v and 0.4 \%
RESET, SDATA, SCLK, _
| High-level input PDN Vhign = 1.8V 10 A
H current H
SEN® Viign = 1.8V 0
RESET, SDATA, SCLK, _
Low-level input PDN Viow =0V 0
he current KA
SEN Viow =0V 10
DIGITAL INPUTS (SYSREFP, SYSREFM)
Differential swing 0.2 0.8 1 \%
Common-mode voltage for SYSREF® 0.9 \%
DIGITAL OUTPUTS, CMOS INTERFACE (SDOUT)
VoH High-level output voltage DVDD - 0.1 DVDD Y
VoL Low-level output voltage 0 0.1 \Y
DIGITAL OUTPUTS, LVDS INTERFACE
VobH High-level output differential voltage \{\8315 Te?r)ﬁiirgtilm 280 350 460 mV
. ) With an external
VobL Low-level output differential voltage 100-Q termination —460 -350 -280 mV
Vocwm Output common-mode voltage 1.05 \Y

(1) SEN has an internal 150-kQ pull-up resistor to AVDD. SPI pins (SEN, SCLK, SDATA) can be driven by 1.8-V or 3.3-V CMOS buffers.
(2) SYSREF is internally biased to 0.9 V.

7.13 Timing Requirements: General

typical values are at T, = 25°C, AVDD = DVDD = 1.8 V, and —1-dBFS differential input (unless otherwise noted); minimum
and maximum values are across the full temperature range: Ty = —40°C to Tyax = 85°C

MIN TYP  MAX UNIT
ta Aperture delay 1.24 1.44 1.64 ns
Aperture delay matching between two channels of the same device 170 ps
Aperture delay variation between two devices at same temperature and supply voltage +150 ps
ty Aperture jitter 130 fs rms
Time to valid data after exiting standby power-down mode 35 65
Wake-up time Time to valid data after exiting global power-down mode Hs
) . 85 140
(in this mode, both channels power down)
2-wire mode (default 9
ADC latency® _ ( ) Clock
1-wire mode 8 cycles
tsu SsYSREF . Setup time for SYSREF referenced to input clock rising edge 1000
= SYSREF reference time - - — ps
tH_SysREF Hold time for SYSREF referenced to input clock rising edge 100
(1) Overall latency = ADC latency + tpp, (see Figure 143)
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7.14 Timing Requirements: LVDS Output

typical values are at T, = 25°C, AVDD = DVDD = 1.8 V, and —1-dBFS differential input, 6x serialization (2-wire mode), C oap
= 3.3 pFY, and R oap = 100 Q@ (unless otherwise noted); minimum and maximum values are across the full temperature

range: Ty = —40°C to Tyax = 85°CO®

MIN TYP MAX | UNIT

Data setup time: data valid to zero-crossing of differential output clock

su (CLKOUTP — CLKOUTM)®) 0.43 0.5 ns
Data hold time: zero-crossing of differential output clock

tHo (CLKOUTP — CLKOUTM) to data becoming invalid® 0.48 0.58 ns
Clock propagation delay: input clock falling edge cross-over to | 1-wire mode 2.7 4.5 6.5

tpp) frame clock rising edge cross-over . ns
(15 MSPS < sampling frequency < 125 MSPS) 2-wire mode 0.44 x tg + tpeLay

tDELAY Delay time 3 4.5 5.9 ns
LVDS bit clock duty cycle: duty cycle of differential clock 49%
(CLKOUTP — CLKOUTM)

tFALL Data fall time, data rise time: rise time measured from —100 mV to 100 mV, 0.11 ns

triSE 15 MSPS < Sampling frequency < 125 MSPS ’

tCLKRISEs Output clock rise time, output clock fall time: rise time measured from 0.11 ns

teLKFALL —100 mV to 100 mV, 10 MSPS < Sampling frequency < 125 MSPS ’

(1) Cronp is the effective external single-ended load capacitance between each output pin and ground.

(2) RLoap is the differential load resistance between the LVDS output pair.

(3) Measurements are done with a transmission line of a 100-Q characteristic impedance between the device and load. Setup and hold time
specifications take into account the effect of jitter on the output data and clock.
(4) Timing parameters are ensured by design and characterization and are not tested in production.

(5) Data valid refers to a logic high of 100 mV and a logic low of —100 mV.

Table 1. LVDS Timing at Lower Sampling Frequencies: 6X Serialization (2-Wire Mode)

SETUP TIME HOLD TIME
SAMPLING FREQUENCY (tsu. ns) (tro. ns)
(MSPS) MIN TYP MAX MIN TYP MAX
25 2.61 3.06 2.75 3.12
40 1.69 1.9 1.8 1.98
60 1.11 1.23 1.18 1.31
80 0.81 0.89 0.88 0.97
100 0.6 0.68 0.68 0.77
Table 2. LVDS Timings at Lower Sampling Frequencies: 12X Serialization (1-Wire Mode)
SETUP TIME HOLD TIME
SAMPLING FREQUENCY (tsy, ns) (tvo, Ns)
(MSPS) MIN TYP MAX MIN TYP MAX
25 1.3 1.48 1.32 1.57
40 0.76 0.88 0.79 0.97
50 0.57 0.68 0.61 0.77
60 0.42 0.55 0.45 0.62
70 0.35 0.44 0.4 0.51
80 0.26 0.35 0.35 0.43

18 Submit Documentation Feedback

Product Folder Links: ADC3221 ADC3222 ADC3223 ADC3224

Copyright © 2014-2019, Texas Instruments Incorporated



13 TEXAS
INSTRUMENTS

www.ti.com

ADC3221, ADC3222, ADC3223, ADC3224
SBAS672C —JULY 2014—REVISED JULY 2019

7.15 Typical Characteristics: ADC3221

Typical values are at T, = 25°C, ADC sampling rate = 25 MSPS, 50% clock duty cycle, AVvDD = 1.8V, DVDD = 1.8V, -1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fs / 2 when chopper is enabled (unless otherwise noted).
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Figure 1. FFT for 10-MHz Input Signal (Dither On)
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Figure 2. FFT for 10-MHz Input Signal (Dither Off)
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Figure 3. FFT for 70-MHz Input Signal (Dither On)
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Figure 4. FFT for 70-MHz Input Signal (Dither Off)
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Figure 5. FFT for 170-MHz Input Signal (Dither On)
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Figure 6. FFT for 170-MHz Input Signal (Dither Off)
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Typical Characteristics: ADC3221 (continued)

Typical values are at T, = 25°C, ADC sampling rate = 25 MSPS, 50% clock duty cycle, AVDD =1.8 V, DVDD =18V, —-1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fg / 2 when chopper is enabled (unless otherwise noted).
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Figure 7. FFT for 270-MHz Input Signal (Dither On)
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Figure 8. FFT for 270-MHz Input Signal (Dither Off)
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Figure 9. FFT for 450-MHz Input Signal (Dither On)
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Figure 10. FFT for 450-MHz Input Signal (Dither Off)
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Figure 11. FFT for Two-Tone Input Signal Figure 12. FFT for Two-Tone Input Signal
(-7 dBFS at 46 MHz and 50 MHz) (—36 dBFS at 46 MHz and 50 MHz)
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Typic

al Characteristics: ADC3221 (continued)

Typical values are at T, = 25°C, ADC sampling rate = 25 MSPS, 50% clock duty cycle, AVDD =1.8 V, DVDD =18V, —-1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fg / 2 when chopper is enabled (unless otherwise noted).

Each Tone Amplitude (dBFS)

Figure 15. Intermodulation Distortion vs Input Amplitude
(46 MHz and 50 MHz)
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Figure 13. FFT for Two-Tone Input Signal Figure 14. FFT for Two-Tone Input Signal
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Typical Characteristics: ADC3221 (continued)

Typical values are at T, = 25°C, ADC sampling rate = 25 MSPS, 50% clock duty cycle, AVDD =1.8 V, DVDD =18V, —-1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fg / 2 when chopper is enabled (unless otherwise noted).
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Typical Characteristics: ADC3221 (continued)

Typical values are at T, = 25°C, ADC sampling rate = 25 MSPS, 50% clock duty cycle, AVDD =1.8 V, DVDD =18V, —-1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fg / 2 when chopper is enabled (unless otherwise noted).
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Figure 29. Performance vs Clock Duty Cycle (30 MHz)
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Typical Characteristics: ADC3221 (continued)

Typical values are at T, = 25°C, ADC sampling rate = 25 MSPS, 50% clock duty cycle, AVDD =1.8 V, DVDD =18V, —-1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fg / 2 when chopper is enabled (unless otherwise noted).
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7.16 Typical Characteristics: ADC3222

Typical values are at T, = 25°C, ADC sampling rate = 50 MSPS, 50% clock duty cycle, AVvDD = 1.8V, DVDD = 1.8V, -1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fs / 2 when chopper is enabled (unless otherwise noted).
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Figure 34. FFT for 10-MHz Input Signal (Dither On)
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Figure 35. FFT for 10-MHz Input Signal (Dither Off)
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Figure 36. FFT for 70-MHz Input Signal (Dither On)
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Figure 37. FFT for 70-MHz Input Signal (Dither Off)
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Figure 38. FFT for 170-MHz Input Signal (Dither On)
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Figure 39. FFT for 170-MHz Input Signal (Dither Off)
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Typical Characteristics: ADC3222 (continued)

Typical values are at T, = 25°C, ADC sampling rate = 50 MSPS, 50% clock duty cycle, AVvDD =1.8 V, DVDD =18V, —-1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fg / 2 when chopper is enabled (unless otherwise noted).
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Figure 40. FFT for 270-MHz Input Signal (Dither On)
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Figure 41. FFT for 270-MHz Input Signal (Dither Off)
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Figure 42. FFT for 450-MHz Input Signal (Dither On)
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Figure 43. FFT for 450-MHz Input Signal (Dither Off)
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Typical Characteristics: ADC3222 (continued)

Typical values are at T, = 25°C, ADC sampling rate = 50 MSPS, 50% clock duty cycle, AVvDD =1.8 V, DVDD =18V, —-1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fg / 2 when chopper is enabled (unless otherwise noted).
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Typical Characteristics: ADC3222 (continued)

Typical values are at T, = 25°C, ADC sampling rate = 50 MSPS, 50% clock duty cycle, AVvDD =1.8 V, DVDD =18V, —-1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fg / 2 when chopper is enabled (unless otherwise noted).
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Typical Characteristics: ADC3222 (continued)

Typical values are at T, = 25°C, ADC sampling rate = 50 MSPS, 50% clock duty cycle, AVvDD =1.8 V, DVDD =18V, —-1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fg / 2 when chopper is enabled (unless otherwise noted).
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Typical Characteristics: ADC3222 (continued)

Typical values are at T, = 25°C, ADC sampling rate = 50 MSPS, 50% clock duty cycle, AVvDD =1.8 V, DVDD =18V, —-1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fg / 2 when chopper is enabled (unless otherwise noted).
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7.17 Typical Characteristics: ADC3223

Typical values are at T, = 25°C, ADC sampling rate = 80 MSPS, 50% clock duty cycle, AVvDD = 1.8V, DVDD = 1.8V, -1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fs / 2 when chopper is enabled (unless otherwise noted).
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Figure 67. FFT for 10-MHz Input Signal (Dither On)
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Figure 68. FFT for 10-MHz Input Signal (Dither Off)
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Figure 69. FFT for 70-MHz Input Signal (Dither On)
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Figure 70. FFT for 70-MHz Input Signal (Dither Off)
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Figure 71. FFT for 170-MHz Input Signal (Dither On)
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Figure 72. FFT for 170-MHz Input Signal (Dither Off)
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Typical Characteristics: ADC3223 (continued)

Typical values are at T, = 25°C, ADC sampling rate = 80 MSPS, 50% clock duty cycle, AVvDD =1.8 V, DVDD =18V, —-1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fg / 2 when chopper is enabled (unless otherwise noted).

0
-10
-20
-30
-40
-50
-60
-70
-80
-90 1

-100
-110
-120
0 8 16 24 32 40
Frequency (MHz)
SFDR = 75.8 dBc, SNR = 69.4 dBFS, SINAD = 68.5 dBFS,
THD = 74.6 dBc, HD2 = 75.8 dBc, HD3 = 80.9 dBc

Amplitude (dBFS)

Figure 73. FFT for 270-MHz Input Signal (Dither On)
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Figure 74. FFT for 270-MHz Input Signal (Dither Off)
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Figure 75. FFT for 450-MHz Input Signal (Dither On)
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Figure 76. FFT for 450-MHz Input Signal (Dither Off)
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Figure 77. FFT for Two-Tone Input Signal
(=7 dBFS at 46 MHz and 50 MHz)
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Figure 78. FFT for Two-Tone Input Signal
(—36 dBFS at 46 MHz and 50 MHz)
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Typical Characteristics: ADC3223 (continued)

Typical values are at T, = 25°C, ADC sampling rate = 80 MSPS, 50% clock duty cycle, AVvDD =1.8 V, DVDD =18V, —-1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fg / 2 when chopper is enabled (unless otherwise noted).
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Figure 81. Intermodulation Distortion vs Input Amplitude
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Figure 82. Intermodulation Distortion vs Input Amplitude
(185 MHz and 190 MHz)
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Figure 83. Signal-to-Noise Ratio vs Input Frequency
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Figure 84. Spurious-Free Dynamic Range vs
Input Frequency
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Typical Characteristics: ADC3223 (continued)

Typical values are at T, = 25°C, ADC sampling rate = 80 MSPS, 50% clock duty cycle, AVvDD =1.8 V, DVDD =18V, —-1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc

when chopper is disabled and from fg / 2 when chopper is enabled (unless otherwise noted).
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Typical Characteristics: ADC3223 (continued)

Typical values are at T, = 25°C, ADC sampling rate = 80 MSPS, 50% clock duty cycle, AVvDD =1.8 V, DVDD =18V, —-1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fg / 2 when chopper is enabled (unless otherwise noted).
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Typical Characteristics: ADC3223 (continued)

Typical values are at T, = 25°C, ADC sampling rate = 80 MSPS, 50% clock duty cycle, AVvDD =1.8 V, DVDD =18V, —-1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fg / 2 when chopper is enabled (unless otherwise noted).
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7.18 Typical Characteristics: ADC3224

Typical values are at T, = 25°C, ADC sampling rate = 125 MSPS, 50% clock duty cycle, AVvDD = 1.8 V, DVDD = 1.8V, —-1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fs / 2 when chopper is enabled (unless otherwise noted).
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Typical Characteristics: ADC3224 (continued)

Typical values are at T, = 25°C, ADC sampling rate = 125 MSPS, 50% clock duty cycle, AVvDD =1.8 V, DVvDD =1.8 V, —-1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fg / 2 when chopper is enabled (unless otherwise noted).
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Figure 106. FFT for 270-MHz Input Signal (Dither On)
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Figure 107. FFT for 270-MHz Input Signal (Dither Off)
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Figure 108. FFT for 450-MHz Input Signal (Dither On)
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Figure 109. FFT for 450-MHz Input Signal (Dither Off)
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Figure 110. FFT for Two-Tone Input Signal
(=7 dBFS at 46 MHz and 50 MHz)
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Figure 111. FFT for Two-Tone Input Signal
(—36 dBFS at 46 MHz and 50 MHz)

38

Submit Documentation Feedback

Copyright © 2014-2019, Texas Instruments Incorporated

Product Folder Links: ADC3221 ADC3222 ADC3223 ADC3224



13 TEXAS
INSTRUMENTS
ADC3221, ADC3222, ADC3223, ADC3224

www.ti.com SBAS672C —JULY 2014—REVISED JULY 2019

Typical Characteristics: ADC3224 (continued)

Typical values are at T, = 25°C, ADC sampling rate = 125 MSPS, 50% clock duty cycle, AVvDD =1.8 V, DVvDD =1.8 V, —-1-
dBFS differential input, 2-Vpp full-scale, 32k-point FFT, chopper disabled, and SNR reported with a 1-MHz offset from dc
when chopper is disabled and from fg / 2 when chopper is enabled (unless otherwise noted).
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Figure 114. Intermodulation Distortion vs Input Amplitude Figure 115. Intermodulation Distortion vs Input Amplitude
(46 MHz and 50 MHz) (185 MHz and 190 MHz)
72 100
— Dither_EN —— Dither_EN
—— Dither_DIS —— Dither_DIS
n - 95
—
——{ 90
g 70 — 8 N
= ~ 85
S \\ g
Z 69 %
™~ 80 AN
68 75
67 70
0 50 100 150 200 2