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5 Device Comparison Table
PART NUMBER SPEED GRADE (MSPS) RESOLUTION (Bits) CHANNELS
ADC32RF45 3000 14 2
ADC32RF42 2600 14 2
6 Pin Configuration and Functions
RMP Package
72-Pin VQFN
Top View
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Pin Functions

NAME NO. 110 DESCRIPTION
INPUT, REFERENCE
INAM 41 ) ] )
| Differential analog input for channel A
INAP 42
INBM 14
| Differential analog input for channel B
INBP 13
CM 22 o Common-mode voltage for analog inputs, 1.2 V
CLOCK, SYNC
CLKINM 28 | Differential clock input for the analog-to-digital converter (ADC).
CLKINP 27 This pin has an internal differential 100-Q termination.
SYSREFM 34 | External sync input. This pin has an internal, differential 100-Q termination and requires external
SYSREFP 33 biasing.
GPIO1 19 . ) o . .
GPIO control pin; configured through the SPI. This pin can be configured to be either a fast
GPI02 20 o) overrange output for channel A and B, a fast detect alarm signal from the peak power detect, or
GPIO3 21 a numerically-controlled oscillator (NCO) control.
GPIO 4 (pin 63) can also be configured as a single-ended SYNCB input.
GPIO4 63
CONTROL, SERIAL
RESET 48 | Hardware reset; active high. This pin has an internal 20-kQ pulldown resistor.
SCLK 6 [ Serial interface clock input. This pin has an internal 20-kQ pulldown resistor.
Serial interface data input. This pin has an internal 20-kQ pulldown resistor. SDIN can be data
SDIN 5 110 X . - . . -
input in 4-wire mode, data input and output in 3-wire mode.
SEN 7 [ Serial interface enable. This pin has an internal 20-kQ pullup resistor to DVDD.
SDOUT 11 (0] Serial interface data output in 4-wire mode
Power down; active high. This pin can be configured through an SPI register setting and can be
PDN 50 [ configured to a fast overrange output channel B through the SPI.
This pin has an internal 20-kQ pulldown resistor.
DATA INTERFAC
DAOM 62
DAOP 61
DA1IM 59
DA1P 58 )
o JESD204B serial data output for channel A
DA2M 56
DA2P 55
DA3M 54
DA3P 53
DBOM 65
DBOP 66
DB1M 68
DB1P 69 )
(0] JESD204B serial data output for channel B
DB2M 71
DB2P 72
DB3M 1
DB3P 2
SYNCBM 36 Synchronization input for the JESD204B port. This pin has an LVDS or 1.8-V logic input, an
SYNCBP 35 | optional on-chip 100-Q termination, and is selectable through the SPI.

This pin requires external biasing.

POWER SUPPLY

AVDD19

10, 16, 24, 31, 39, 45

Analog 1.9-V power supply

9, 12, 15, 17, 25, 30, 38,

AVDD 40, 43, 44, 46 | Analog 1.15-V power supply
DVDD 4,8,47,51, 57,64, 70 | Digital 1.15 V-power supply, including the JESD204B transmitter
3, 18, 23, 26, 29, 32, 37, i - .
GND 49, 52. 60, 67 | Ground; shorted to thermal pad inside device
4 Copyright © 2017, 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
AVDD19 -0.3 2.1
Supply voltage range AVDD -0.3 14 \%
DVDD -0.3 1.4
INAP, INAM and INBP, INBM -0.3 AVDD19 + 0.3
CLKINP, CLKINM -0.3 AVDD + 0.6
Voltage applied to input pins SYSREFP, SYSREFM, SYNCBP, SYNCBM -0.3 AVDD + 0.6 v
égngé'sgyl,os‘lDlN, RESET, PDN, GPIO1, GPIO2, 0.2 AVDDI19 + 0.2
Voltage applied to output pins -0.3 2.2 \
Operating free-air, Tp -40 85
Temperature °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

o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(® +1000
V(Esb) Electrostatic discharge - — > \%
Charged-device model (CDM), per JEDEC specification JESD22-C101 @ +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.

7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
AVDD19 1.8 1.9 2.0
Supply voltage AVDD 1.1 1.15 1.25 \Y
DVDD 1.1 1.15 1.2
Operating free-air, Tp -40 85
Temperature — - > °C
Operating junction, T 105@ 125

(1) Always power up the DVDD supply (1.15 V) before the AVDD19 (1.9 V) supply. The AVDD (1.15 V) supply can come up in any order.
(2) Prolonged use above this junction temperature may increase the device failure-in-time (FIT) rate.

7.4 Thermal Information

ADC32RF42
THERMAL METRIC® RMP (VQFN) UNIT
72 PINS
Roia Junction-to-ambient thermal resistance 21.8 °C/W
Roactop) Junction-to-case (top) thermal resistance 4.4 °C/W
RgiB Junction-to-board thermal resistance 2.0 °C/W
Vot Junction-to-top characterization parameter 0.1 °C/W
ViB Junction-to-board characterization parameter 2.0 °C/W
Roacbot) Junction-to-case (bottom) thermal resistance 0.2 °C/W

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

Copyright © 2017, Texas Instruments Incorporated 5
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7.5

Electrical Characteristics

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; and ADC sampling rate = 2.6 GHz, 50% clock duty cycle, AVvDD19 = 1.9 V, AVDD =
1.15V, bvDD = 1.15 V, —2-dBFS differential input, and 0-dB digital gain (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX | UNIT
POWER CONSUMPTION® (Dual-Channel Operation, Both Channels A and B are Active; DDC Bypass Mode(®)
lavDD19 1.9-V analog supply current 14-bit, bypass mode, f5 = 1.5 GSPS 1730 1969 mA
IavDD 1.15-V analog supply current 14-bit, bypass mode, f5 = 1.5 GSPS 860 1079 mA
Ibvop 1.15-V digital supply current 14-bit, bypass mode, fg = 1.5 GSPS 1416 1846 mA
Pp Power dissipation 14-bit, bypass mode, f5 = 1.5 GSPS 5.9 6.95 w
glsc;l?s;lj‘ggr\:ver-down power 360 mw
ANALOG INPUTS
Resolution 14 Bits
Differential input full-scale 1.35 Vpp
Vic Input common-mode voltage 1.20 \Y
Rin Input resistance Differential resistance at dc 65 Q
Cin Input capacitance Differential capacitance at dc 2 pF
Vem common-mode voltage output 1.2 \%
ér;agng ggl)#tt) bandwidth ADC driven with 50-Q source 3200 MHz
ISOLATION
fiy = 100 MHz 100
‘ _ fiy = 900 MHz 99
gr;)sztilhk;sr?(lealltg)a)between channel fiy = 1800 MHz 05 dBc
fiy = 2700 MHz 86
fin = 3500 MHz 85
CLOCK INPUT®
Input clock frequency 15 2.6 GHz
e gaictrpeak) o
Input clock duty cycle 45% 50% 55%
Internal clock biasing 1.0 \%
I(g};g::lnglacl)lg:k termination 100 Q

(1) See the Power Consumption in Different Modes section for more details.
(2) Full-scale signal is applied to the analog inputs of all active channels.

@)

(4)
®)

When used in dc-coupling mode, the common-mode voltage at the analog inputs should be kept within Vcy 225 mV for best
performance.

Crosstalk is measured with a —2-dBFS input signal on aggressor channel and no input on the victim channel.

See Figure 57.

Copyright © 2017, Texas Instruments Incorporated
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7.6 AC Performance Characteristics

typical values 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; and ADC sampling rate = 2.6 GHz, 50% clock duty cycle, AVvDD19 = 1.9 V, AVDD =

1.15V, bvDD = 1.15 V, —2-dBFS differential input, and 0-dB digital gain (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN® NOM MAX| UNIT
fin = 100 MHz, Aqut = —2 dBFS 62.5
fin = 900 MHz, Aqut = —2 dBFS 61.2
_ , _ fin = 1850 MHz, Aoyt = —2 dBFS 55.5 58.3
SNR Signal-to-noise ratio dBFS
fin = 2100 MHz, Aoyt = —2 dBFS 57.5
fin = 2500 MHz, Aoyt = —2 dBFS 56.4
fin = 3500 MHz, Aoyt = -3 dBFS with 2-dB gain 54.0
fin = 100 MHz, Aqut = —2 dBFS 153.6
fin = 900 MHz, Aqut = —2 dBFS 152.3
Noise spectral density fin = 1850 MHz, Aoyt = —2 dBFS 146.1 149.4
NSD averaged across the dBFS/Hz
Nyquist zone fin = 2100 MHz, Aoyt = —2 dBFS 148.6
fin = 2500 MHz, Aoyt = —2 dBFS 1475
fiy = 3500 MHz, Agut® = —3 dBFS with 2-dB gain 145.1
Small-signal SNR fin = 1850 MHz, Aoyt = —40 dBFS 63.1 dBFS
NF®) Input noise figure fin = 1850 MHz, Agyrt = —40 dBFS 24.7 dB
fin = 100 MHz, Aqut = —2 dBFS 61.8
fin = 900 MHz, Aqut = —2 dBFS 60.0
SINAD  Signal-to-noise and fin = 1850 MHz, Aoyt = -2 dBFS 58.0 dBFS
distortion ratio fin = 2100 MHz, Agut = —2 dBFS 56.5
fin = 2500 MHz, Aoyt = —2 dBFS 54.7
fin = 3500 MHz, Aoyt = -3 dBFS with 2-dB gain 53.2
fin = 100 MHz, Aqut = —2 dBFS 10.0
fin = 900 MHz, Aqut = —2 dBFS 9.7
ENOB Effective number of bits fin = 1850 MHz, Aoyt = =2 dBFS 93 Bits
fin = 2100 MHz, Aoyt = —2 dBFS 9.1
fin = 2500 MHz, Aoyt = —2 dBFS 8.8
fiy = 3500 MHz, Agut® = —3 dBFS with 2-dB gain 8.5
fin = 100 MHz, Aqut = —2 dBFS 68.0
fin = 900 MHz, Aqut = -2 dBFS 65.0
SEDR Spurious-free dynamic fin = 1850 MHz, Aoyt = -2 dBFS 60 69.0 dBc
range fin = 2100 MHz, Aoyt = —2 dBFS 62.0
fin = 2500 MHz, Aoyt = —2 dBFS 59.0
fin = 3500 MHz, Aoyt = -3 dBFS with 2-dB gain 57.0
fin = 100 MHz, Aqut = —2 dBFS 68.0
fin = 900 MHz, Aqut = —2 dBFS 74.0
Hp2®  Second-order harmonic fin = 1850 MHz, Aoyt = -2 dBFS 60 69.0 dBc
distortion fin = 2100 MHz, Agut = —2 dBFS 62.0
fin = 2500 MHz, Aoyt = —2 dBFS 62.0
fin = 3500 MHz, Aoyt = -3 dBFS with 2-dB gain 57.0

(1) Minimum values are specified at Agyt = —3 dBFS, ADC sampling rate = 2.5 GHz.
(2) Output amplitude, AgyT, refers to the signal amplitude in the ADC digital output that is same as the analog input amplitude, Ay, except

when the digital gain feature is used. If digital gain is G, then Agyt = G + A|.
(3) The ADC internal resistance = 65 Q, the driving source resistance = 50 Q.
(4) The minimum value of HD2 is specified by bench characterization.

Copyright © 2017, Texas Instruments Incorporated
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AC Performance Characteristics (continued)

typical values 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; and ADC sampling rate = 2.6 GHz, 50% clock duty cycle, AVvDD19 = 1.9 V, AVDD =
1.15V, DVDD = 1.15 V, —2-dBFS differential input, and 0-dB digital gain (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN® NOM MAX UNIT
fiy = 100 MHz, Aoyt = =2 dBFS 84.0
fin = 900 MHz, Agyt = -2 dBFS 65.0
HD3 Third-order harmonic fin = 1850 MHz, Aoyt = —2 dBFS 62.5 74.0 dBc
distortion fin = 2100 MHz, Aoyt = —2 dBFS 67.0
fin = 2500 MHz, Agyt = -2 dBFS 59.0
fiy = 3500 MHz, Aout®@ = -3 dBFS with 2-dB gain 72.0
fiy = 100 MHz, Agyt = -2 dBFS 92.0
fin = 900 MHz, Agyt = -2 dBFS 82.0
HD4, Fourth- and fifth-order fin = 1850 MHz, Aoyt = —2 dBFS 69.5 86.0 dBe
HD5 harmonic distortion fin = 2100 MHz, Aoyt = —2 dBFS 87.0
fin = 2500 MHz, Agyt = -2 dBFS 90.0
fin = 3500 MHz, Aout®@ = -3 dBFS with 2-dB gain 87.0
fiy = 100 MHz, Agyt = -2 dBFS 93.0
fin = 900 MHz, Agyt = -2 dBFS 88.0
Interleaving spurs: fiy = 1850 MHz, Aoyt = —2 dBFS 66.5 80.0
IL spur fs /2 —fin, dBc
fs /4 +fy fin = 2100 MHz, Agyt = -2 dBFS 85.0
fin = 2500 MHz, Agyt = -2 dBFS 81.0
fin = 3500 MHz, Aout®@ = -3 dBFS with 2-dB gain 75.0
fiy = 100 MHz, Agyt = -2 dBFS 83.0
fin = 900 MHz, Agyt = -2 dBFS 82.0
up2 L Interleaving spur for HD2: fin = 1850 MHz, Aoyt = —2 dBFS 68 80.0 dBc
fs/2-HD2 fiy = 2100 MHz, Aoyt = —2 dBFS 75.0
fin = 2500 MHz, Aoyt = —2 dBFS 77.0
fin = 3500 MHz, Aout®@ = -3 dBFS with 2-dB gain 77.0
fiy = 100 MHz, Aqut = =2 dBFS 79.0
) ) fin = 900 MHz, Agyt = -2 dBFS 79.0
Spurious-free dynamic
Worst range (excluding HD2, HD3, fin = 1850 MHz, Agyr = -2 dBFS 74.0 dBe
spur HD4, HD5, and interleaving fin = 2100 MHz, Aoyt = —2 dBFS 72.0
spurs IL and HD2 IL)
fin = 2500 MHz, Agyt = -2 dBFS 72.0
fin = 3500 MHz, Aout®@ = -3 dBFS with 2-dB gain 69.0
finy = 900 MHz, fiyo = 960 MHz, 82
Aoyt = -8 dBFS (each tone)
IMD3 Lﬁ?ﬁwoondedIita':iig%-?jrigtec:rtion TAI\NolU: i 8—580d’\é|;é (f(IeN;cE tlc?n7e0) Mz 72 dBFS
fine = 3490 MHz, fj\o = 3510 M_HZ, _ 69
Aout = -8 dBFS (each tone) with 2-dB gain
8 Copyright © 2017, Texas Instruments Incorporated
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7.7 Digital Requirements

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; and ADC sampling rate = 2.6 GHz, 50% clock duty cycle, AVvDD19 = 1.9 V, AVDD =

1.15V, bvDD = 1.15 V, —2-dBFS differential input, and 0-dB digital gain (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN NOM MAX| UNIT
DIGITAL INPUTS (RESET, SCLK, SEN, SDIN, PDN, GPI01, GPIO2, GPIO3, GPIO4)
Viy High-level input voltage 0.8 \%
Vi Low-level input voltage 0.4 \%
Iy High-level input current 50 HA
I Low-level input current -50 HA
Ci Input capacitance 4 pF
DIGITAL OUTPUTS (SDOUT, GPIO1, GPIO2, GPIO3, GPIO4)
Vou High-level output voltage AVDPoli AVDD19 \%
VoL Low-level output voltage 0.1 \%
DIGITAL INPUTS (SYSREFP and SYSREFM; SYNCBP and SYNCBM; Requires External Biasing)
Vip Differential input voltage 350 450 800| mVpp
Vem Input common-mode voltage 1.05 1.2 1.325 \%
DIGITAL OUTPUTS (JESD204B Interface: DA[3:0], DB[3:0], Meets JESD204B LV-0IF-11G-SR Standard)
|Vopl Output differential voltage 700 mVpp
Voewl Output common-mode voltage 450 mV
. e Transmitter pins shorted to any voltage _
Transmitter short-circuit current between —0.25 V and 1.45 V 100 100 mA
Zos Single-ended output impedance 50 Q
. Output capacitance inside the device,
Co Output capacitance from either output to ground 2 pF
Copyright © 2017, Texas Instruments Incorporated 9
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7.8 Timing Requirements

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; and ADC sampling rate = 2.6 GHz, 50% clock duty cycle, AVvDD19 = 1.9 V, AVDD =

1.15V, bvDD = 1.15 V, —2-dBFS differential input, and 0-dB digital gain (unless otherwise noted)

| MIN NOM MAX| UNIT
SAMPLE TIMING
Aperture delay 250 750 ps
Aperture delay matching between two channels on the same device +15 ps
Aperture delay matching between two devices at the same
temperature and supply voltage 150 ps
Aperture jitter, clock amplitude = 2 Vpp 90 fs
Input
12-bit bypass mode, LMFS = 82820 461 clock
Latency Data latency, ADC sample to cycles
IS digital output Input
14-bit bypass mode, LMFS = 8224 424 clock
cycles
Fast overrange latency, ADC sample to FOVR indication on GPIO pins 70
trp Propagation delay ti_me: logic gates and output buffer delay 6 ns
(does not change with fg)
SYSREF TIMING®
tsu_sysrer  SYSREF setup time: referenced to clock rising edge, 1.5 GSPS 140 70 ps
ty_sysrer  SYSREF hold time: referenced to clock rising edge, 1.5 GSPS 50 20 ps
Valid transition window sampling period: tsy sysrer — tH_svsrer, 1.5 GSPS 194 ps
JESD OUTPUT INTERFACE TIMING
ul Unit interval: 12.5 Gbps 80 100 400 ps
Serial output data rate 25 10.0 12.5| Gbps
Rise, fall times: 1-pF, single-ended load capacitance to ground 60 ps
Total jitter: BER of 1E-15 and lane rate = 12.5 Ghps 25 %UlI
Random jitter: BER of 1E-15 and lane rate = 12.5 Gbps 0.99 %Ul, rms
Deterministic jitter: BER of 1E-15 and lane rate = 12.5 Gbps 9.1 ;/I‘;L:)Ik

(1) Overall latency = latency + tpp.
(2) Latency increases when the DDC modes are used; see Table 4.
(3) Common-mode voltage for the SYSREF input is kept at 1.2 V.

10
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Figure 1. Logic Levels for Digital Inputs and Outputs
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Figure 2. SYSREF Timing Diagram
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7.9 Typical Characteristics

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; and ADC sampling rate = 2.6 GHz, 50% clock duty cycle, AVvDD19 = 1.9 V, AVDD =
1.15V, bvDD = 1.15 V, —2-dBFS differential input, and 0-dB digital gain (unless otherwise noted)
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Amplitude (dBFS)

-80 |
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-120
0 260 520 780 1040 1300
Frequency (MHz)

SFDR =68 dBc, SNR = 62.7 dBFS, SINAD = 62 dBFS,
THD = 68 dBc, HD2 = —68 dBc, HD3 = —-83 dBc,
SFDR (nhon HD2, HD3) = 74 dBc, IL spur = 83 dBc

Figure 3. FFT for 100-MHz Input Signal

-20

-40

-60

-80 i '

Amplitude (dBFS)

-100

-120
0 260 520 780 1040 1300
Frequency (MHz)

SFDR = 63 dBc, SNR = 61.3 dBFS, SINAD = 59.8 dBFS,
THD = 63 dBc, HD2 = -72 dBc, HD3 = —63 dBc,
SFDR (nhon HD2, HD3) = 79 dBc, IL spur = 76 dBc

Figure 4. FFT for 900-MHz Input Signal
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SFDR =71 dBc, SNR =58.5 dBFS, SINAD = 58.2 dBFS,
THD = 70 dBc, HD2 = -76 dBc, HD3 = -71 dBc,
SFDR (non HD2, HD3) = 74 dBc, IL spur = 77 dBc

Figure 5. FFT for 1850-MHz Input Signal

0 T T T T

-20

-40

-60

Amplitude (dBFS)

N

-100

-120
0 260 520 780 1040 1300
Frequency (MHz)

SFDR = 63 dBc, SNR = 57.5 dBFS, SINAD = 56.5 dBFS,
THD = 61 dBc, HD2 = -65 dBc, HD3 = —63 dBc,
SFDR (non HD2, HD3) = 72 dBc, IL spur = 72 dBc

Figure 6. FFT for 2100-MHz Input Signal
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Figure 7. FFT for 2500-MHz Input Signal
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SFDR (non HD2, HD3) = 72 dBc, THD = 64 dBc,
IL spur = 77 dBc, Ay = -3 dBFS with 2-dB gain

Figure 8. FFT for 3500-MHz Input Signal
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Typical Characteristics (continued)

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; and ADC sampling rate = 2.6 GHz, 50% clock duty cycle, AVDD19 = 1.9 V, AVDD =

1.15V, DVDD = 1.15 V, —2-dBFS differential input, and 0-dB digital gain (unless otherwise noted)

0

Frequency (MHz)
lel = 3490 MHZ, f|N2 = 3510 MHZ,
A = -8 dBFS with 2-dB gain, IMD = 68 dBFS

Figure 13. FFT for Two-Tone Input Signal (-8 dBFS)
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Frequency (MHz) Frequency (MHz)
fINl =900 MHz, fIN2 =960 MHz, fINl =900 MHz, fIN2 =960 MHz,
AN = -8 dBFS, IMD = 81 dBFS AN =—-36 dBFS, IMD = 96 dBFS
Figure 9. FFT for Two-Tone Input Signal (-8 dBFS) Figure 10. FFT for Two-Tone Input Signal (-36 dBFS)
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A =-8 dBFS, IMD = 74 dBFS A =-36 dBFS, IMD = 94 dBFS
Figure 11. FFT for Two-Tone Input Signal (-8 dBFS) Figure 12. FFT for Two-Tone Input Signal (-36 dBFS)
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Figure 14. FFT for Two-Tone Input Signal (-36 dBFS)
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Typical Characteristics (continued)

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; and ADC sampling rate = 2.6 GHz, 50% clock duty cycle, AVDD19 = 1.9 V, AVDD =
1.15V, DVDD = 1.15 V, —2-dBFS differential input, and 0-dB digital gain (unless otherwise noted)
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-100 _\ /\\_ A\/\v/ 100 \ /o~ /\/
-110 -110
-36 -32 -28 -24 -20 -16 -12 -8 -36 -32 -28 -24 -20 -16 -12 -8
Each Tone Amplitude (dBFS) Each Tone Amplitude (dBFS)
finy = 900 MHz, fi\ = 960 MHz fivy = 1850 MHz, fin, = 1870 MHz
Figure 15. Intermodulation Distortion vs Input Amplitude Figure 16. Intermodulation Distortion vs Input Amplitude
(900 MHz and 960 MHz) (1850 MHz and 1870 MHz)
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lel = 3490 MHz, f|N2 = 3510 MHz AOUT = -2 dBFS with 0-dB gain for le less than 3 GHz,
Aout = -3 dBFS with 2-dB gain for fjy more than 3 GHz
Figure 17. Intermodulation Distortion vs Input Amplitude Figure 18. Spurious-Free Dynamic Range vs Input
(3490 MHz and 3510 MHz) Frequency
105 65
— fin + fs/4 (dBc) 2fi\ + fs/4 (dBc)
100 — fin - fs/2 (dBc) 2fiy - fs/2 (dBc)
\ _— f|N - f5/4 (dBC) —_— 2f|N - fs/4 (dBC) 63
g 95
o
2 90| §§§ s
[T
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0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
Input Frequency (MHz) Input Frequency (MHz)
Aoyt = —2 dBFS with 0-dB gain for f)y less than 3 GHz, Aoyt = —2 dBFS with 0-dB gain for f)y less than 3 GHz,
Aout = -3 dBFS with 2-dB gain for fjy more than 3 GHz Aout = -3 dBFS with 2-dB gain for fjy more than 3 GHz
Figure 19. IL Spur vs Input Frequency Figure 20. Signal-to-Noise Ratio vs Input Frequency
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Typical Characteristics (continued)

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; and ADC sampling rate = 2.6 GHz, 50% clock duty cycle, AVvDD19 = 1.9 V, AVDD =
1.15V, DVDD = 1.15 V, —2-dBFS differential input, and 0-dB digital gain (unless otherwise noted)

63 72
— AVDD=1.1V — AVDD=1.1V
— AVDD =115V — AVDD=1.15V
61 — AVDD=12V 70 — AVDD=1.2V
— AVDD=1.25V — AVDD =1.25V
o 59 g 68
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= @
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Z2 57 % 66
55 64
53 62
-40 -15 10 35 60 85 -40 -15 10 35 60 85
Temperature (C) Temperature (C)
fin = 1850 MHz, Ay = -2 dBFS fin = 1850 MHz, Ay = -2 dBFS
Figure 21. Signal-to-Noise Ratio vs AVDD Supply and Figure 22. Spurious-Free Dynamic Range vs AVDD Supply
Temperature and Temperature
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Figure 23. Signal-to-Noise Ratio vs AVDD Supply and

Temperature (C)
fin = 3500 MHz, A\ = -3 dBFS with 2-dB digital gain

Figure 24. Spurious-Free Dynamic Range vs AVDD Supply

Temperature and Temperature
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Figure 25. Signal-to-Noise Ratio vs DVDD Supply and
Temperature

Temperature (C)
fin = 1850 MHz, Ay = -2 dBFS

Figure 26. Spurious-Free Dynamic Range vs DVDD Supply
and Temperature
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Typical Characteristics (continued)

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; and ADC sampling rate = 2.6 GHz, 50% clock duty cycle, AVvDD19 = 1.9 V, AVDD =
1.15V, DVDD = 1.15 V, —2-dBFS differential input, and 0-dB digital gain (unless otherwise noted)
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56 — DVDD=12V
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Temperature (C)
fin = 3500 MHz, A\ = -3 dBFS with 2-dB digital gain

Figure 27. Signal-to-Noise Ratio vs DVDD Supply and
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Figure 28. Spurious-Free Dynamic Range vs DVDD Supply

Temperature (C)
fin = 3500 MHz, A\ = -3 dBFS with 2-dB digital gain

Figure 31. Signal-to-Noise Ratio vs AVDD19 Supply and
Temperature

Temperature and Temperature
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Figure 29. Signal-to-Noise Ratio vs AVDD19 Supply and Figure 30. Spurious-Free Dynamic Range vs
Temperature AVDD19 Supply and Temperature
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Figure 32. Spurious-Free Dynamic Range vs
AVDD19 Supply and Temperature
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Typical Characteristics (continued)

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; and ADC sampling rate = 2.6 GHz, 50% clock duty cycle, AVvDD19 = 1.9 V, AVDD =
1.15V, DVDD = 1.15 V, —2-dBFS differential input, and 0-dB digital gain (unless otherwise noted)
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Figure 33. HD2 Histogram at AVDD19 = 1.8 V Figure 34. HD2 Histogram at AVDD19 = 1.9 V
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Figure 35. HD2 Histogram at AVDD19 = 2.0 V Figure 36. Performance vs Amplitude
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Figure 37. Performance vs Amplitude Figure 38. Performance vs Clock Amplitude
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Typical Characteristics (continued)

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; and ADC sampling rate = 2.6 GHz, 50% clock duty cycle, AVDD19 = 1.9 V, AVDD =
1.15V, DVDD = 1.15 V, —2-dBFS differential input, and 0-dB digital gain (unless otherwise noted)

Input Clock Duty Cycle (%)
fin = 3.5 GHz, Ay = -3 dBFS with 2-dB digital gain,
ADC sampling rate = 2.5 GHz

Figure 41. Performance vs Clock Duty Cycle

57 65 62 80
— SNR — SNR
— SFDR — SFDR
56 625 61 775
. __ 60 75
2 55 o 2 o 3
o = o =
= x S 59 725
24 E 24 E
Z 54 575 & z %
58 70
53 55 57 67.5
52 52.5 56 65
05 0.9 13 1.7 21 25 40 45 50 55 60
Differential Clock Amplitude (Vpp) Input Clock Duty Cycle (%)
fin = 3.5 GHz, A)y = -3 dBFS with 2-dB digital gain, fin = 1.85 GHz,
ADC sampling rate = 2.5 GHz ADC sampling rate = 2.5 GHz
Figure 39. Performance vs Clock Amplitude Figure 40. Performance vs Clock Duty Cycle
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Figure 42. Power-Supply Rejection Ratio FFT for Test Signal
on AVDD Supply
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Figure 43. Power-Supply Rejection Ratio vs Supplies
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Figure 44. Common-Mode Rejection Ratio FFT
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Typical Characteristics (continued)

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; and ADC sampling rate = 2.6 GHz, 50% clock duty cycle, AVDD19 = 1.9 V, AVDD =
1.15V, DVDD = 1.15 V, —2-dBFS differential input, and 0-dB digital gain (unless otherwise noted)
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ADC sampling rate = 2.5 GHz fs = 2500 MSPS, fiy = 1.85 GHz, Ay = -2 dBFS,
SNR =59.7 dBFS, SFDR (includes IL) = 74 dBc
Figure 45. Common-Mode Rejection Ratio vs Signal Figure 46. FFT in 4X Decimation
Frequency
0 T T 0
-20 -20
@ 40 @ -40
[aa] om
kS s
g -60 gL -60
2 2
g g
g 80 g -8 |
-100 | 1 | -100 I y
-120 -120
-208.3 -124.98  -41.66 41.66 124.98 208.3 -156.25  -93.75 -31.25 31.25 93.75 156.25
Frequency (MHz) Frequency (MHz)
fS = 2500 MSPS, fIN =1.85 GHz, Ay =-2 dBFS, fS = 2500 MSPS, fIN =1.85 GHz, Ay =-2 dBFS,
SNR = 61 dBFS, SFDR (includes IL) = 72 dBc SNR =61.3 dBFS, SFDR (includes IL) = 72 dBc
Figure 47. FFT in 6X Decimation Figure 48. FFT in 8X Decimation
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SNR = 61.5 dBFS, SFDR (includes IL) = 73 dBc SNR = 62 dBFS, SFDR (includes IL) = 79 dBc
Figure 49. FFT in 9X Decimation Figure 50. FFT in 10X Decimation
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Typical Characteristics (continued)

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; and ADC sampling rate = 2.6 GHz, 50% clock duty cycle, AVDD19 = 1.9 V, AVDD =
1.15V, DVDD = 1.15 V, —2-dBFS differential input, and 0-dB digital gain (unless otherwise noted)

Frequency (MHz)
fg = 2500 MSPS, fy = 1.85 GHz, Ay = -2 dBFS,
SNR = 63.7 dBFS, SFDR (includes IL) = 79 dBc

Figure 55. FFT in 24X Decimation
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Frequency (MHz) Frequency (MHz)
fS = 2500 MSPS, fIN =1.85 GHz, Ay =-2 dBFS, fS = 2500 MSPS, fIN =1.85 GHz, Ay =-2 dBFS,
SNR = 62.7 dBFS, SFDR (includes IL) = 80 dBc SNR = 63 dBFS, SFDR (includes IL) = 81 dBc
Figure 51. FFT in 12X Decimation Figure 52. FFT in 16X Decimation
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fg = 2500 MSPS, fiy = 1.85 GHz, Ay = -2 dBFS, fg = 2500 MSPS, fiy = 1.85 GHz, Ay = -2 dBFS,
SNR = 63.2 dBFS, SFDR (includes IL) = 79 dBc SNR = 63.3 dBFS, SFDR (includes IL) = 79 dBc
Figure 53. FFT in 18X Decimation Figure 54. FFT in 20X Decimation
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fs = 2500 MSPS, fy = 1.85 GHz, Ay = -2 dBFS,
SNR = 63.8 dBFS, SFDR (includes IL) = 79 dBc

Figure 56. FFT in 32X Decimation
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8 Parameter Measurement Information

8.1 Input Clock Diagram
Figure 57 shows the input clock diagram.

VeLkiN_piFF =
V -V .
Vs cLiins = VeLkin

/'

VCLKIN-

Y

Figure 57. Input Clock Diagram
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9 Detailed Description

9.1 Overview

The ADC32RF42 is a dual, 14-bit, 1.5-GSPS, analog-to-digital converter (ADC) followed by a multi-band digital
down-converter (DDC) that can be bypassed, and a back-end JESD204B digital interface.

The ADCs are preceded by an input buffer and on-chip termination to provide a uniform input impedance over a
large input frequency range. Furthermore, an internal differential clamping circuit provides first-level protection
against overvoltage conditions. Each ADC channel is internally interleaved four times and equipped with
background, analog and digital, and interleaving correction.

The on-chip DDC enables single- or dual-band internal processing to pre-select and filter smaller bands of
interest and also reduces the digital output data traffic. Each DDC is equipped with up to three independent,
16-bit numerically-controlled oscillators (NCOs) for phase coherent frequency hopping; the NCOs can be
controlled through the SPI or GPIO pins. The ADC32RF42 also provides three different power detectors on-chip
with alarm outputs in order to support external automatic gain control (AGC) loops.

The processed data are passed into the JESD204B interface where the data are framed, encoded, serialized,
and output on one to four lanes per channel, depending on the ADC sampling rate and decimation. The CLKIN,
SYSREF, and SYNCB inputs provide the device clock and the SYSREF and SYNCB signals to the JESD204B
interface that are used to derive the internal local frame and local multiframe clocks and establish the serial link.
All features of the ADC32RF42 are configurable through the SPI.

9.2 Functional Block Diagram

Digital Block > [ DA[LO]P,
Buffer | DA[LOM
65Q - Interleave
INAP, % ADC - Correction - .
INAM Power DA[3:2]P,
/ \l Detection | DA[3:2]M
CM _< FOVR
GPIO[4:1] —% é\lTCR(?_
| o o
CLKINP Clock 8¢ SYNCEP,
’ b 2 SYNCBM
CLKINM Divider | PLL D g
w
SYSREFP,
SYSREFM
RESET | NCO
SCLK sPI FOVR
SDATA and NCO
Sg“ Control — |
SDO Digital Block N \ DB[1:0]P,
Buffer | DB[1:.0]M
Interleave I
INBP, % ADC Correction N -
INBM Power l DB[3:2]P,
65Q / Detection N | DB[3:2]M
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9.3 Feature Description

9.3.1 Analog Inputs

The ADC32RF42 analog signal inputs are designed to be driven differentially. The analog input pins have
internal analog buffers that drive the sampling circuit. The ADC32RF42 provides on-chip, differential termination
to minimize reflections. The buffer also helps isolate the external driving circuit from the internal switching
currents of the sampling circuit, thus resulting in a more constant SFDR performance across input frequencies.

The common-mode voltage of the signal inputs is internally biased to CM using the 32.5-Q termination resistors
that allow for ac-coupling of the input drive network. Figure 58 and Figure 59 show SDD11 at the analog inputs
from dc to 5 GHz with a 100-Q reference impedance.

INxP / Tl Device
o

°
hd
|
|
|
|

- L. 2.

SDD11 = (Zyy — 100) / (Ziy + 100)

o
INXM \

Copyright © 2016, Texas Instruments Incorporated

Zin=Rin || Cin

@2.1 GHz
sdd11=-0.733+0.038

Figure 58. Equivalent Input Impedance Figure 59. SDD11 Over the Input Frequency Range
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Feature Description (continued)

The input impedance of analog inputs can also be modelled as parallel combination of equivalent resistance and
capacitance. Figure 60 and Figure 61 show how equivalent impedance (C,y and R\y) vary over frequency.
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Figure 60. Differential Input Capacitance vs
Input Frequency
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Figure 61. Differential Input Resistance vs Input Frquency

Each input pin (INP, INM) must swing symmetrically between (CM + 0.3375 V) and (CM — 0.3375 V), resulting in
a 1.35-Vpp (default) differential input swing. The input sampling circuit has a 3-dB bandwidth that extends up to

approximately 3.2 GHz, as shown in Figure 62.

Transfer Function (dB)

—— 100 Ohm Source
—— 50 Ohm Source

bk NS A LN R o kN

o
o

200 300 500 700 1000 2000 3000 5000

Input Frequency (MHz)

Figure 62. Input Bandwidth with a 100-Q Source Resistance
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Feature Description (continued)

9.3.1.1 Input Clamp Circuit

The ADC32RF42 analog inputs include an internal, differential clamp for overvoltage protection. The clamp
triggers for any input signals at approximately 600 mV above the input common-mode voltage, effectively limiting
the maximum input signal to approximately 2.4 Vpp, as shown in Figure 63 and Figure 64.

When the clamp circuit conducts, the maximum differential current flowing through the circuit (via input pins)
must be limited to 20 mA.

ADC32RFxx
INXP To Analog Buffer
» >
|
|
L
Clamp
|
DIFF Circuit
|
4+-—-———-- 4
* >
INXM To Analog Buffer

Copyright © 2017, Texas Instruments Incorporated

Figure 63. Clamp Circuit in the ADC32RF42

+600 mV

+337.5 mV

‘ 675 mVee for INP and INM
Input Vem (1.35 Vee Differentially)

\ -337.5mV
\
\ -600 MV

Figure 64. Clamp Response Timing Diagram
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Feature Description (continued)
9.3.2 Clock Input

The ADC32RF42 sampling clock input includes internal 100-Q differential termination along with on-chip biasing.
The clock input is recommended to be ac-coupled externally. The input bandwidth of the clock input is
approximately 3 GHz; the clock input impedance is shown with a 100-Q reference impedance in the smith chart
of Figure 65.
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Figure 65. SDD11 of the Clock Input
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Feature Description (continued)

The analog-to-digital converter (ADC) aperture jitter is a function of the clock amplitude applied to the pins. The
equivalent aperture jitter for input frequencies at a 1-GHz and a 2-GHz input (fs = 1.5 GSPS) is shown in
Figure 66. Depending on the clock frequency, a matching circuit can be designed in order to maximize the clock
amplitude.

350

— fin=1GHz
\ — f|N =2GHz
300

3 250

5 RN

£

o 200 \\
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[}

S 150

< \

NI
T~
100 -~
50
0.2 1 2

Clock Amplitude (vpp)

Figure 66. Equivalent Aperture Jitter vs Input Clock Amplitude

9.3.3 SYSREF Input

The SYSREF signal is a periodic signal that is sampled by the ADC32RF42 device clock and is used to align the
boundary of the local multiframe clock inside the data converter. SYSREF is also used to reset critical blocks
[such as the clock divider for the interleaved ADCs, numerically-controlled oscillators (NCOs), decimation filters
and so forth].

The SYSREF input requires external biasing. Furthermore, SYSREF must be established before the SPI
registers are programmed. A programmable delay on the SYSREF input, as shown in Figure 67, is available to
help with skew adjustment when the sampling clock and SYSREF are not provided from the same source.

CLKINP L e
50 Q
VCM
50 Q
CLKINM
SYSREFP , EXE
100 Q % I I SYSREF
Capture
SYSREFM

Figure 67. SYSREF Internal Circuit Diagram
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Feature Description (continued)
9.3.3.1 Using SYSREF

The ADC32RF42 uses SYSREF information to reset the clock divider, the NCO phase, and the LMFC counter of
the JESD interface. The device provides flexibility to provide SYSREF information either from dedicated pins or
through SPI register bits. SYSREF is asserted by a low-to-high transition on the SYSREF pins or a 0-to-1 change
in the ASSERT SYSREF REG bit when using SPI registers, as shown in Figure 68.

CLKIN Input Clock NCO,
(CLKP-CLKM) Lt _D_ivider | DLL - JESD Interface
(Divide-by-4) (LMFC Counter)

PDN SYSREF

(In Master Page) MASK CLKDIV SYSREF

(In JESD Digital Page)

SYSREF 0
(SYSREFP-SYSREFM)

ASSERT SYSREF REG
(In Master Page)

SEL SYSREF REG
(In Master Page)

MASK NCO SYSREF
(In JESD Digital Page)

Figure 68. Using SYSREF to Reset the Clock Divider, the NCO, and the LMFC Counter

The ADC32RF42 samples the SYSREF signal on the input clock rising edge. Required setup and hold time are
listed in the Timing Requirements table. The input clock divider gets reset each time that SYSREF is asserted,
whereas the NCO phase and the LMFC counter of the JESD interface are reset on each SYSREF assertion after
disregarding the first two assertions, as shown in Table 1.

Table 1. Asserting SYSREF

SYSREF ASSERTION INDEX ACTION
INPUT CLOCK DIVIDER NCO PHASE LMFC COUNTER
1 Gets reset Does not get reset Does not get reset
2 Gets reset Does not get reset Does not get reset
3 Gets reset Gets reset Gets reset
4 and onwards Gets reset Gets reset Gets reset

28
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The SESREF use-cases can be classified broadly into two categories:
1. SYSREF is applied as aperiodic multi-shot pulses.

Figure 69 shows a case when only a counted number of pulses are applied as SYSREF to the ADC.

e A A \_//J )} A L//} A \_//J 4 L

| | |
| | | |
T I [ I

SYSREF | | | |
I | ' I
. o | |
[~ gl |
| to | | !
| (Must be Kept > 40 ps) | | |

15" SYSREF pulse. 2" SYSREF pulse. If 3 SYSREF pulse. 4™ SYSREF pulse (and
Only the input clock the MASK CLKDIV bit is The NCO phase and subsequent pulses).
divider is reset. set, the clock divider LMFC counter are reset. Ignored by the input clock
ignores this pulse and divider, NCO, and the JESD
any subsequent interface.
SYSREF pulses.
1 (The input clock divider ignores the SYSREF pulses.)
MASK CLKDIV SYSREF Register Bit 0
1 (The NCO and LMFC counter of the JESD interface
ignore the SYSREF pulses.)
MASK NCO SYSREF Register Bit® 0

Alternatively, the SYSREF buffer can be powered down with the PDN SYSREF bit.
Figure 69. SYSREF Used as a Periodic, Finite Number of Pulses

After the first SYSREF pulse is applied, allow the DLL in the clock path to settle by waiting for the tp, time (>
40 ps) before applying the second pulse. During this time, mask the SYSREF going to the input clock divider
by setting the MASK CLKDIV SYSREF bit so that the divider output phase remains stable. The NCO phase
and LMFC counter are reset on the third SYSREF pulse. After the third SYSREF pulse, the SYSREF going
to the NCO and JESD block can be disabled by setting the MASK NCO SYSREF bit to avoid any unwanted
resets.
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2. SYSREF is applied as a periodic pulse.
Figure 70 shows how SYSREF can be applied as a continuous periodic waveform.

Mask SYSREF to the NCO after
resetting the NCO phase.

The NCO phase is reset here for
the last time.

Then, the NCO mask is set high to
ignore further SYSREF pulses.

cuan wm
|
|
|
SYSREF® |
|
|

<
<
Time > tp + 2 X tsysrer

1% SYSREF pulse.
The input clock divider
is reset.

1 (The NCO and LMFC counter of the JESD
interface ignore the SYSREF pulses.)

MASK NCO SYSREF Register Bit®

tsysrer IS a period of the SYSREF waveform.
Alternatively, the SYSREF buffer can be powered down using the PDN SYSREF bit.

Figure 70. SYSREF Used as a Periodic Waveform
After applying the SYSREF signal, DLL must be allowed to lock, and the NCO phase and LMFC counter

must be allowed to reset by waiting for at least the tp | (40 ps) + 2 x tgysgrer time. Then, the SYSREF going
to the NCO and JESD can be masked by setting the MASK NCO SYSREF register bit.

9.3.3.2 Frequency of the SYSREF Signal

When SYSREF is a periodic signal, its frequency is required to be a sub-harmonic of the internal local multi-
frame clock (LMFC) frequency, as described in Equation 1. The LMFC frequency is determined by the selected
decimation, frames per multi-frame setting (K), samples per frame (S), and device input clock frequency.

SYSREF = LMFC / N

where
* Nis an integer value (1, 2, 3, and so forth) (2)

In order for the interleaving correction engine to synchronize properly, the SYSREF frequency must also be a
multiple of fs / 64. Table 2 provides a summary of the valid LMFC clock settings.

Table 2. . SYSREF and LMFC Clock Frequency

OPERATING MODE LMFS SETTIN