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AD6676

FEATURES APPLICATIONS
High instantaneous dynamic range Wideband cellular infrastructure equipment and repeaters
Noise figure (NF) as low as 13 dB Point-to-point microwave equipment
Noise spectral density (NSD) as low as —159 dBFS/Hz Instrumentation
1IP3 up to 36.9 dBm with spurious tones <—99 dBFS Spectrum and communication analyzers
Tunable band-pass Z-A analog-to-digital converter (ADC) Software defined radio
20 MHz to 160 MHz signal bandwidth
70 MHz to 450 MHz IF center frequency GENERAL DESCRIPTION
Configurable input full-scale level of —2 dBm to —14 dBm The AD6676' is a highly integrated IF subsystem that can
Easy to drive resistive IF input digitize radio frequency (RF) bands up to 160 MHz in width
Gain flatness of 1 dB with under 0.5 dB out-of-band peaking centered on an intermediate frequency (IF) of 70 MHz to
Alias rejection greater than 50 dB 450 MHz. Unlike traditional Nyquist IF sampling ADCs, the
2.0 GSPS to 3.2 GSPS ADC clock rate AD6676 relies on a tunable band-pass 2-A ADC with a high
On-chip PLL clock multiplier oversampling ratio to eliminate the need for band specific IF
16-bit 1/Q rate up to 266 MSPS SAW filters and gain stages, resulting in significant simplification of
On-chip digital signal processing the wideband radio receiver architecture. On-chip quadrature
NCO and quadrature digital downconverter (QDDC) digital downconversion followed by selectable decimation filters
Selectable decimation factor of 12, 16, 24, and 32 reduces the complex data rate to a manageable rate between
Automatic gain control (AGC) support 62.5 MSPS to 266.7 MSPS. The 16-bit complex output data is
On-chip attenuator with 27 dB span in 1 dB steps transferred to the host via a single or dual lane JESD204B interface
Fast attenuator control via configurable AGC data port supporting line rates of up to 5.333 Gbps.

Peak detection flags with programmable thresholds
Single or dual lane, JESD204B capable
Low power consumption: 1.20 W

1.1V and 2.5V supply voltage

TDD power saving up to 60%

4.3 mm x 5.0 mm WLCSP
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The band-pass £Z-A ADC of the AD6676, which operates
between 2.0 GHz to 3.2 GHz, provides exceptional instantaneous
dynamic range and inherent antialiasing capability. Its in-band
frequency response typically maintains better than 1 dB pass
band flatness with out-of-band peaking better than 0.5 dB. An
integrated digital peak detector enables the instantaneous signal
power to be monitored over a wide band (shortly after digitization),
thus providing AGC capability to cope quickly with large in-band
or out-of-band blockers.

The AD6676 includes various AGC monitoring and control
features along with an internal 27 dB step attenuator in 1 dB
steps. A flexible AGC port with digital input/output pins allows
fast control of the AD6676 on-chip step attenuator and/or
updates on the input signal via status flags. These features,
along with the high instantaneous dynamic range, can
significantly simplify AGC implementation compared to
traditional narrow-band IF approaches that often require
separate AGC capability for RF and IF protection.

In addition to reducing system complexity, the AD6676 enables
significant space and power consumption savings for next
generation multiple input/multiple output (MIMO) receiver
architectures. The AD6676 is available in an 8 x 10 ball array
WLCSP package that is approximately 4.3 mm x 5.0 mm, with
a JESD204B serial interface that allows simple interfacing to the
host processor.

Its low power consumption of 1.2 W compares favorably to IF
sampling ADCs with similar bandwidth (BW) and dynamic
range capabilities even without considering the added power
savings from the elimination of an entire IF strip. The AD6676
features multichip synchronization that allows synchronization
to within a fraction of an output data sample. For time-domain
duplex (TDD) applications, the AD6676 features a fast power-
up/power-down mode that further reduces power consumption
while still maintaining multichip synchronization. Power
savings of up to 60% or 42% is achievable with recovery times of
11.5 ps or 2.5 ps, depending on the device configuration.

Auxiliary blocks include an on-chip PLL clock multiplier to
generate the X-A ADC clock. For applications that require
better phase noise performance, an external differential RF
clock source may also be used. The SPI port programs numerous
parameters of the AD6676, allowing the device to be optimized
for a variety of applications.

The AD6676 is available in an 80-ball WLCSP package with an
optimized pinout that enables low cost printed circuit board
(PCB) manufacturing. The device operates from a 1.1 V and
2.5 V supply with a total typical power consumption of 1.2 W at
3.2 GSPS operation. This product is protected by several United
States patents. Contact Analog Devices, Inc., for further
information.

PRODUCT HIGHLIGHTS

1. Industry leading dynamic range enables high performance,
reconfigurable heterodyne (or direct sampling VHF)
software defined radios with high AGC-free range.

2. Continuous time, band-pass £-A ADC supports IFs from
70 MHz to 450 MHz with IF signal bandwidths of up to
160 MHz and reduces IF filtering requirements.

3. The high instantaneous dynamic range and oversampling
nature of the X-A ADC significantly reduces the IF filter
complexity.

4. On-chip 27 dB digital attenuator with easy to drive resistive
input simplifies interface to RF/IF components.

5. Small 4.3 mm x 5.0 mm package, simple interface, and
integrated digital attenuator and clock synthesizer save
PCB space.

6. Low input full-scale level of -2 dBm (or less) enables 3.3 V
RF/IF component lineups at reduced P1dB and power.

7.  Fast power saving mode supports TDD protocols.

8.  Unique profile mode allows the AD6676 to switch between
up to four different ADC IF/BW configurations in 1 ys.
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AD6676

SPECIFICATIONS

VDD1 = VDDL = VDDC = VDDQ = 1.1 V, VDDD = VDDHSI = 1.1 V, VDD2 = 2.5 V, VDDIO = 1.8 V, Fir = 250 MHz, BW = 75 MHz,
Fapc = 3.2 GHz, attenuator = 0 dB, L+ (inductor values) = 19 nH, maximum PIN_0dBEFS setting with IDAC1rs = 4 mA, foara 1o =
200 MSPS, shuffler enabled (every clock cycle) with default threshold of 5, unless otherwise noted.

Table 1.
Parameter Temperature | Test Conditions/Comments | Min Typ Max Unit
SYSTEM DYNAMIC PERFORMANCE
Full-Scale Input Power Level (PIN_OdBFS)" -2 dBm
Maximum Continuous Wave (CW) Input -2 -1 dBFS
Power?
Noise Figure (NF) No signal and measured 17 dB
Worst In-Band Noise Spectral Density Full Over a 5 MHz bandwidth -155 —-152.5 | dBFS/Hz
Noise Figure at IF Center (NF) No signal and measured 13 dB
In-Band Noise Spectral Density (NSD) Over a 5 MHz bandwidth -159 dBFS/Hz
Input Second-Order Intercept (IIP2) —6 dBFS tones 60 dBm
Second-Order Intermodulation SeeTable 20 —-68.3 dBc
Distortion (IMD) (IMD2)
Input Third-Order Intercept (IIP3) Full —8 dBFS tones 36.9 dBm
Third-Order IMD (IMD3) Full —8 dBFS tones -95 -84.2 | dBc
Worst In-Band Spur for Swept CW Tone Full —2 dBFS tone -99 -93.5 | dBFS
—10 dBFS tone -109.6 dBFS
In-Band Noise Full —2 dBFS tone —-75.5 —73.7 | dBFS
Full No CW tone -78.5 —-76.5 | dBFS
Gain Variation Full 0.5 dB
IF INPUT (VINZ)
Input Span 0 dBFS
0 dB Attenuator Setting 0.48 Vp-p
12 dB Attenuator Setting 1.92 Vp-p
Common-Mode Input Voltage Self biased 1.0 \Y
Differential Input Impedance 25°C 60||2 Q||pF
Common-Mode Input Impedance 25°C 35 kQ
Full-Scale Input Power Adjustment IDACTes span of 1 mA to 4 mA 12 dB
(PIN_OdBFS)
DIGITAL STEP ATTENUATOR (VIN+)
Attenuation Range Full 27 dB
Step Size Full 1 dB
Input Return Loss Full 20 dB
Input Return Loss Variation vs. Attenuator Full 2 dB
Setting
CLOCK INPUT (CLK+)
Clock Synthesizer Disabled
Frequency Range Full 2.0 32 GHz
Amplitude Range Full 04 0.8 2.0 Vp-p
Differential Input Impedance 25°C At 3 GHz 86|/0.3 Q||pF
Common Mode Impedance 25°C At 3 GHz 700|[0.8 Q||pF
Input Return Loss 25°C With 1:2 balun 15 dB
Common-Mode Voltage 25°C Self biased 0.70 \
Clock Synthesizer Enabled
Frequency Range® Full 10 320 MHz
Amplitude Range Full Single-ended into CLK+ 04 0.8 1.1 Vp-p
CLK+ Input Impedance 25°C 1.4|1.0 kQ||pF
Minimum Slew Rate 12 V/us
Common-Mode Voltage 25°C Self biased 0.55 \

Rev.D | Page 5 of 90




AD6676

Parameter Temperature | Test Conditions/Comments | Min Typ Max Unit
CLOCK SYNTHESIZER
Phase Detector Frequency Full 10 80 MHz
Minimum Charge Pump Output Current Full 0.1 mA
Maximum Charge Pump Output Current Full 6.4 mA
VCO Tuning Range Full 294 3.2 GHz
2-A ADC AND DIGITAL DOWNCONVERTER
Resolution Full 16 Bits
Clock Frequency (Fapc) Full 20 3.2 GHz
IF Center Frequency (Fir) Full 70 450 MHz
IF Bandwidth Maximum BW applies to 0.005 0.05 x
higher Fir X Fapc Fapc
IF Pass Band Gain Flatness Full Faoc, Fir, and BW dependent 1.0 dB
Out-of-Band Peaking Depends on Fapc, Fir, and BW 0.5 dB
Alias Rejection Regions of Fapc + Fir 51 dB
Fixed Decimation Factors Full 12,16, 24,
32
NCO Tuning Resolution Decimate by 12 or 24 Fapc/3072
Decimate by 16 or 32 Fapc/4096
Out-of-Range Recovery Time Full Relative to ADC clock cycles 52 1/Fapc

POWER SUPPLY AND CONSUMPTION
Analog Supply Voltage

VDD1, VDDL, VDDQ, VDDC Full 1.0725 1.1 11275 |V
VDD2, VDD2NV Full 24375 25 25625 |V
VSS2IN Use on-chip regulator, tie to -2.0 \Y
VSS20UT
Digital Supply Voltage (VDDD) Full 1.0725 1.1 1.1275 | V
JESD204B Supply Voltage (VDDHSI) Full 1.0725 1.1 11275 | V
SPI Interface Supply Voltage (VDDIO) Full 1.7 1.8 25625 | V
Analog Supply Current
lvop1 + IvooL Full 368 397 mA
Ivooc + Ivbpa Full CLK synthesizer disabled 57 68 mA
lvooc* + Ivopa Full CLK synthesizer enabled 93 106 mA
Ivop2 + Ivopany Full 145 165 mA
Digital Supply Current (lvoop) Full 141 208 mA
JESD204B Supply Current (lvoosi) Full 164 190 mA
SPI Interface Supply Current (lvobio) Full 04 1 mA
Power Consumption Full
With CLK SYN Disabled 1.16 1.31 w
With CLK SYN Enabled 1.20 134 w
Standby?® Full 0.44 w
Power-Down Full 66 177 mW
OPERATING TEMPERATURE RANGE -40 +85 °C

' Extrapolated input power level is measured at the center of IF pass band that results in a 0 dBFS power level.

2The overload level of the £-A ADC for a CW tone is guaranteed up to —2 dBFS back off from full scale but typically exceeds —1 dBFS. Input signals that have a higher
peak-to-average ratio (PAR) than a CW tone (PAR = 3 dB) must apply additional back off based on the difference in PAR.

3 The clock synthesizer reference divider (Register 0x2BB, Bits[7:6]) must be set to divide by 4 or by 2 to ensure that its phase detector frequency remains <40 MHz.

4fck = 200 MHz, Fapc = 3.2 GHz.

®The AD6676 is configured for recovery time of 11.5 ps with VSS2 generator/ digital data in standby (Register 0x150 = 0x40) and low power ADC state (Register 0x250 = 0x95).
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DIGITAL HIGH SPEED SERDES SPECIFICATIONS
VDD1 =VDDL = VDDC = VDDQ = 1.1 V, VDDD = VDDHSI = 1.1 V, VDD2 = 2.5 V, VDDIO = 1.8 V, unless otherwise noted.

Table 2.
Parameter Symbol Temp. Min Typ Max Unit
HIGH SPEED SERIAL INPUT/OUTPUT
Line Rate 1.6668 5333 Gbps
Dual Lane Data Output Period or Unit Interval Ul Full 1/(20 X foama_ Q) sec
Single Lane Data Output Period or Unit Interval Ul Full 1/(40 X foara_ia)’ sec
Data Output Duty Cycle 25°C 50 %
Data Valid Time 25°C 0.78 ul
PLL Lock Time 25°C 4 us
Wake-Up Time (Standby) 25°C 5 Us
Wake-Up Time (Power-Down) 25°C 25 ms
Pipeline Delay (Latency) Full 323 1/foama Q'
Deterministic Jitter 25°C 9 ps
Random Jitter at 5.333 Gbps 25°C 0.7 ps rms
Output Rise/Fall Time 25°C 45 ps
SYNCINB= Falling Edge to First K.28 Characters 25°C 4 Multiframes
CGS Phase K.28 Characters Duration 25°C 1 Multiframes
DIGITAL OUTPUTS (SERDOUTO, SERDOUT1+)
Logic Compliance Full CML
Differential Output Voltage VOD Full 360 750 mV p-p
Output Offset Voltage, ANSI Mode VOS Full 0.75 VDDHSI/2 1.05 \Y
Differential Termination Impedance 25°C 100 Q
SYSREF INPUT (SYSREF+)
Logic Compliance LVDS/PECL
Differential Input Voltage Full 0.6 1.2 1.8 Vp-p
Differential Input Impedance? 25°C 35/2 kQ||pF
Input Common-Mode Voltage 0.8 0.85 2.0 Y
SYNCIN INPUT (SYNCINB+, SYNCINB-)
Logic Compliance® CMOS/LVDS
CMOS Input Voltage High Vin 0.65 x VDDIO \%
CMOS Input Voltage Low Vi 0.35 xVDDIO \Y
LVDS Differential Input Voltage Full 0.6 1.2 1.8 Vp-p
LVDS Differential Input Impedance 25°C 100(|1 Q||pF
LVDS Input Common-Mode Voltage 0.8 0.85 2.0 \Y
LVDS Input Common-Mode Impedance 25°C 11 kQ||pF
SYSREF (SYSREF+) TIMING REQUIREMENTS*
Clock Synthesizer Disabled
Setup Time tsu_sr 25°C 0.16 ns
Hold Time tH_sR 25°C 0.84 ns
Clock Synthesizer Enabled
Setup Time tsu_sr 25°C 0.5 ns
Hold Time th R 25°C 0.5 ns

' Foata_i COrresponds to the complex output data rate (that is, Faoc/DEC_FACTOR). Latency specification also includes ADC and digital filters delays. See Table 15

2The SYSREF+ input requires an external differential resistor for proper termination.

3 Set via Register 0x1E7, Bit 2, with CMOS being the default setting.

4 SYSREF+ setup and hold times are defined with respect to the rising SYSREF+ edge and rising clock edge. Positive setup time leads the clock edge. Positive hold time
also lags the clock rising edge. Note that the hold time takes into consideration that the internal clock signal used to sample SYSREF operates at Fapc/2; thus, SYSREF+
must remain high for at least two Faoc clock cycles.
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CLK+ TO SYSREF+ TIMING DIAGRAM
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Figure 2. SERDES CLK+ to SYSREF+ Timing

DIGITAL CMOS INPUT/OUTPUT SPECIFICATIONS
VDD1 = VDDL = VDDC = VDDQ = VDDD = VDDHSI = 1.1 V, VDD2 = 2.5 V, VDDIO = 1.8 V, unless otherwise noted.

12348-102

Table 3.
Parameter Symbol | Test Conditions/Comments Min Typ Max Unit
CMOS INPUT/OUTPUT LEVELS
Input Voltage High Vin VDDIO x 0.65 \
Input Voltage Low Vi VDDIOX0.35 |V
Output Voltage High Von
SDIO/SDO lon=3 mA VDDIO x 0.7 \Y
AGCx lon=0.5 mA VDDIO x 0.7 \Y
Output Voltage Low Vou
SDIO/SDO lo.=3 mA 0.4 \Y
AGCx Vou lor=0.5mA 04 Vv
Input Capacitance 1 pF
SPITIMING See Figure 148, Figure 149, and Figure 150
SCLK Frequency fscik 25 MHz
SCLK Period tscik 40 ns
SCLK Pulse Width High thiGH 10 ns
SCLK Pulse Width Low tow 10 ns
SDIO Setup Time tos 2 ns
SDIO Hold Time ton 2 ns
SPI_RESET Setup Time' tspi_RsT Not shown in Figure 148 to Figure 150 2 ms
SCLK Falling Edge to SDO Valid taccess 10 ns
Propagation Delay
CSB Rising Edge to SDIO High-Z | tz 10 ns
CSB Fall to SCLK Rise Setup Time | ts 2 ns
SCLK Fall to CSB Rise Hold Time | tn 2 ns

' This is the time required after a software or hardware reset until SPI access is available again.
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ABSOLUTE MAXIMUM RATINGS

Table 4.

Parameter Rating

VDD1,VDDC, VDDL, VDDQ to VSSA -0.2Vto+1.2V

VDD2 to VSSA -0.3Vto+3.0V
VDD2NV to VSSA -03Vto+3.0V
VSS2IN, VSS20UT to VSSA -2.5Vto+0.3V
VDDD, VDDHSI to VSSD —0.2Vto+1.2V
VDDIO to VSSD -03Vto+3.0V

VIN+, VIN- to VSSA —0.3VtoVDD2+0.3V
L+, L—to VSSA -0.3VtoVDD2 + 0.3V
CLK+, CLK- to VSSA —0.3VtoVDDC+ 0.3V

SYSREF+, SYSREF—, SERDOUTO+,
SERDOUTO-, SERDOUT1+,
SERDOUT1-to VSSD

SYNCINB+, SYNCINB- to VSSD

CSB, SDO, SDIO, SCLK, RESETB, AGC1,
AGC2, AGC3, AGC4 to VSSD

Normal Operating Temperature Range

Maximum Junction Temperature
Under Bias

Storage Temperature Range

—0.3Vto VDDHSI + 0.3V

-0.3VtoVDDIO+0.3V

-0.3VtoVDDIO+0.3V

—40°C to +85°C
125°C

—65°C to +150°C

THERMAL RESISTANCE

Typical 0)a is specified for a 4-layer printed circuit board (PCB)
with a solid ground plane in conformance to JESD51-9 2s2p. In
addition, metal in direct contact with the package leads from
metal traces, through holes, ground, and power planes reduces
the value of 6ja.

Table 5. Thermal Resistance

Package Type 17 Oic | O Unit

4.3 mm x 5.0 mm WLCSP 26 02 |45 °C/W

ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features

patented or proprietary protection circuitry, damage

‘!ﬁ I \ may occur on devices subjected to high energy ESD.

Therefore, proper ESD precautions should be taken to
avoid performance degradation or loss of functionality.

Stresses at or above those listed under Absolute Maximum

Ratings may cause permanent damage to the product. This is a
stress rating only; functional operation of the product at these
or any other conditions above those indicated in the operational
section of this specification is not implied. Operation beyond
the maximum operating conditions for extended periods may

affect product reliability.
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

2 3
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SYSREF-

4 5 6 7 8
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Ox [[]vesp2048 iNTERFACE [ Acc vo

NALOG SUPPLY

[[]sp1 interFace [ Aoc o

12348-003

Figure 3. Pin Configuration (Top View, Not to Scale)

Table 6. Pin Function Descriptions

Pin No. Mnemonic Description
>-A ADC Modulator
B8, C8 VIN+, VIN- Analog Inputs with Nominal 60 Q Differential Input Termination.
A6, A7 L+, L— Analog Outputs for External Inductor.
B1,C1 CLK+, CLK- Clock Inputs, Nominal 100 Q Differential Input Termination When the Clock

Synthesizer is Disabled. When the clock synthesizer is enabled, each input is

1.2 kQ; therefore, an external, 100 Q differential termination is recommended if the
clock source is LVDS or PECL. For a CMOS source driving a long trace, the addition of
a series 33 Q resistor next to the source reduces overshoot seen at CLK+ input pin.

JESD204B Interface
K1, K2
K3, K4
G1, H1
K5, K6

SERDOUTO-, SERDOUTO+
SERDOUT1—, SERDOUT 1+
SYSREF+, SYSREF—
SYNCINB+, SYNCINB-

Lane 0 JESD204B Digital CML Outputs.
Lane 1 JESD204B Digital CML Outputs.
JESD204B SYSREF Inputs. Note that these pins have no differential termination.

JESD204B CMOS or LVDS SYNC Inputs. Selectable via Register 0x1E7, Bit 2.
Default CMOS mode uses the SYNCINB+ pin only. LVDS mode has a 100 Q
differential termination.
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Pin No. Mnemonic Description
CMOS Input/Outputs

J8,H8,J7,H7 AGC1, AGC2, AGC3, AGC4 | AGC Bidirectional Inputs/Outputs. By default, AGC2 and AGC1 are inputs,
whereas AGC4 and AGC3 are outputs. If the AGC2 and AGC1 pins are unused,
connect them to VSSD via a 100 kQ resistor.

J6 CSB Serial Port Enable Input. Active low.

K8 SDIO Serial Port Input/Output.

H6 SDO Serial Port Output.

K7 SCLK Serial Clock Input.

G6 RESETB Active Low Reset Input. This pin places digital logic and SPI registers into a
known default state. Leave this pin open if unused because it has an internal
pull-up resistor.

Power Supplies

G8 VDDIO Digital Supply Input for CMOS Input/Outputs (1.8 V to 2.5V).

J1,)2 VDDHSI Digital 1.1V Supply Input for the High Speed Serial Interface.

H3 to H5, J3 to J5 VDDD Digital 1.1V Supply Input.

F4, F5, G2 to G5, H2 VSSD Digital Supply Return.

A1l VDDQ Analog 1.1V Supply Input for the CLK Synthesizer Charge Pump and Dividers.

C2,D1,D2 vDDC Analog 1.1V Supply Input for the CLK Synthesizer VCO.

D4, D5 VDDL Analog 1.1V Supply Input for the ADC.

A2, A4,B2,B3,B5,C3,C4, | VDD1 Analog 1.1V Supply Input for the ADC.

C6, D3, D7
A5, B6,B7,E7,E8 VDD2 Analog 2.5V Supply Input.
A3, A8, B4, C5,C7, D6, VSSA Analog Supply Return.
D8,E1toE6, F1toF3,
F8
Negative Voltage Regulator

F7 VDD2NV Analog 2.5V Supply Input.

G7 VSS20UT Internal —2.0 V Supply Output. Connect this pin to VSS2IN.

F6 VSS2IN Analog —2.0 V Supply Input. Connect this pin to VSS20UT.
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AD6676

TYPICAL PERFORMANCE CHARACTERISTICS

NOMINAL PERFORMANCE FOR IF = 115 MHz (DIRECT SAMPLING VHF RECEIVER)

Fir = 115 MHz, BW = 20 MHz, Fanc = 2.4 GHz, attenuator = 0 dB, Lexr = 100 nH, maximum PIN_0dBFS setting, foara 1o = 75 MSPS,
nominal supplies, shuffler enabled (every 4 clock cycles), with default threshold settings, unless otherwise noted.
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Figure 4. IF Pass Band Flatness (Includes Digital Filter) Figure 7. Wideband Frequency Response (Before Digital Filter)
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Figure 5. NSD With and Without Full-Scale CW at 108 MHz Figure 8. NSD vs. CW Input Power, CW at 108 MHz
(NSD Measured at IF Center of 115 MHz)
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Figure 6. Spectral Plot of IF Pass Band Region with —1 dBFS CW at 108 MHz Figure 9. Integrated In-Band Noise (IBN) in IF Pass Band Region of 10 MHz vs.

Swept Single Tone Input Power with CW at 130 MHz
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Figure 10. Worst Spur Falling in 75 MHz Pass Band for Swept CW from Figure 13. Worst Pass Band Spur with Swept CW from 77.5 MHz to 150 MHz, over
77.5MHz to 152.5 MHz Pn=—1dBFS, —6 dBFS, —12 dBFS, and —18 dBFS
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Figure 11. Two-Tone IMD Performance Figure 14. Two-Tone IMD Performance
(fi=114MHz, f,=116 MHz) (fi=108 MHz, ;=110 MHz)
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Figure 12. Swept Two-Tone Worst IMD3 vs. Tone Input Amplitude Figure 15. Swept Two Tone Worst IMD3 vs. Frequency over Pass Band (Af =
(fi=113MHz, =118 MHz) 5MHz for Two Tones, Pw = —8 dBFS, —14 dBFS, and —20 dBFS)

Rev.D | Page 13 of 90




AD6676

NOMINAL PERFORMANCE FOR IF = 140 MHz (uW POINT-TO-POINT RECEIVERS)

Fir = 140 MHz, BW = 56 MHz or 112 MHz, Fanc = 3.2 GHz, attenuator = 0 dB, Lexr = 43 nH, maximum PIN_0dBES setting, foara 1o =
200 MSPS, nominal supplies, shuffler enabled (every clock cycle), with default threshold settings, unless otherwise noted.
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Figure 16. IF Pass Band Flatness (Includes Digital Filter) Figure 19. Wideband Frequency Response (Before Digital Filter)
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Figure 17. NSD with No Signal, IBN = 112 MHz and 56 MHz Figure 20. IBN vs. Swept Single Tone Input Power over Channel BW = 7 MHz,
14 MHz, 28 MHz, and 56 MHz, CW Blocker at 350 MHz
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Figure 18. Spectral Plot of CW Interferer Dynamic Range for QAM 1024, Figure 21. Two-Tone IMD Performance
Channel BW = 14 MHz at Sensitivity Level with CW Interferer 30 dB Higher at (fi=137.5MHz, f,= 142.5 MHz)

35 MHz Offset
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NOMINAL PERFORMANCE FOR IF = 181 MHz (WIRELESS INFRASTRUCTURE RECEIVER)

Fir = 181 MHz, BW = 75 MHz, Fanc = 2.94912 GHz, attenuator = 0 dB, Lexr = 43 nH, maximum PIN_0dBFS setting, foara 1q =
122.88 MSPS, shuffler enabled (every clock cycle), with default threshold settings, unless otherwise noted.
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Figure 22. IF Pass Band Flatness (Includes Digital Filter)
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Figure 25. Wideband Frequency Response (Before Digital Filter)
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Figure 28. Worst Spur Falling in 75 MHz Pass Band for Swept CW from Figure 31. Swept Worst Pass Band Spur with CW Swept from 122.88 MHz to
122.88 MHz to 245.76 MHz 245.76 MHz, over Pn=—1 dBFS, —6 dBFS, —12 dBFS, and —18 dBFS
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Figure 29. Two-Tone IMD Performance Figure 32. Two-Tone IMD Performance
(fi=178.5MHz, f,=183.5 MHz) (fi =169 MHz, f>= 193 MHz)
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Figure 30. Swept Two-Tone Worst IMD3 vs. Tone Level (dBFS) Figure 33. Swept Two-Tone Worst IMD3 vs. Frequency over Pass Band (Af =
(f1=178.5MHz, f,=183.5 MHz) 5 MHz for Two Tones, Pw = —8 dBFS, —14 dBFS, and —20 dBFS)
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NOMINAL PERFORMANCE FOR IF = 250 MHz AND BW =75 MHz

Fir = 250 MHz, BW = 75 MHz, Fanc = 3.2 GHz, attenuator = 0 dB, Lexr = 19 nH, maximum PIN_0dBEFS setting, foara 1o = 200 MSPS,
nominal supplies, shuffler enabled (every clock cycle), with default threshold settings, unless otherwise noted.
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Figure 34. IF Pass Band Flatness (Includes Digital Filter) Figure 37. Wideband Frequency Response (Before Digital Filter)
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Figure 35. NSD With and Without Full-Scale CW at 243 MHz Figure 38. NSD vs. CW Input Power, CW at 243 MHz
(NSD Measured at 250 MHz as well as 212.5 MHz and 287.5 MHz Band Edges)
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Figure 40. Worst Spur Falling in 75 MHz Pass Band for Swept CW from Figure 43. Swept Worst Pass Band Spur with CW Swept from 150 MHz to
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Figure 41. Two-Tone IMD Performance Figure 44. Two-Tone IMD Performance
(fi=247.5 MHz, > = 252.5 MHz) (fi =238 MHz, f, = 262 MHz)
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NOMINAL PERFORMANCE FOR IF =350 MHZ AND BW = 160 MHZ

Fir = 350 MHz, BW = 160 MHz, Fanc = 3.2 GHz, attenuator = 0 dB, Lexr = 10 nH, maximum PIN_0dBFS setting, foara 1q = 266.7 MSPS,
shuffler enabled (every clock cycle), with default threshold settings, unless otherwise noted.
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Figure 47. NSD With and Without Full-Scale CW at 355 MHz Figure 50. NSD vs. CW Input Power, CW at 355 MHz
(NSD Measured at 350 MHz as well as 350 MHz and 400 MHz Band Edges)
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Figure 54. Swept Two-Tone Worst IMD3 vs. Tone Level (dBFS)
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Figure 57. Swept Two-Tone Worst IMD3 vs. Frequency over Pass Band

(Af = 5 MHz for Two Tones, P =—8 dBFS, —14 dBFS, and —20 dBFS)
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TERMINOLOGY

Noise Figure (NF)

NF is the degradation in SNR performance (in dB) of an input
signal having a noise density of —174 dBm/Hz after it passes
through a component or system. Mathematically,

NF =10 x log(SNRin/SNRour)
The noise figure of the AD6676 is determined by the equation
NF = Piv - (10 x log(BW)) — (-174.0 dBm/Hz) — SNR

where:

P is the input power of an unmodulated carrier.

BW is the noise measurement bandwidth.

—174.0 dBm/Hz is the thermal noise floor at 290 K.

SNR is the measured signal-to-noise ratio in dB of the AD6676.

Note that Piv is set to a low level (that is, <—40 dBm) to
minimize any degradation in measured SNR due to phase noise
from either the input signal or X-A ADC clock source.

Noise Spectral Density (NSD)

NSD is the noise power normalized to 1 Hz bandwidth (at a
particular frequency) relative to the full scale of the ADC (dBES)
and hence is given in units of dBFS/Hz. The AD6676, being a
>-A ADC, displays a uneven NSD across its IF pass band. Both
the worst-case NSD as well as NSD at the pass band center are
reported. Note that NSD is calculated from the IBN measured
over a 5 MHz bandwidth.

In-Band Noise (IBN)

IBN is the integrated noise power measured over a user defined
bandwidth relative to the full scale of the ADC (dBFS). This
bandwidth is typically equal to the IF pass band setting (BW) of
the AD6676, unless otherwise noted.

Input Second-Order Intercept (IIP2)

IIP2 is a figure of merit used to quantify the second-order
intermodulation distortion (IMD2) of a component or system.
Two equal amplitude unmodulated carriers at specified
frequencies (fi and f;) injected into a nonlinear system exhibiting
second-order nonlinearities produce IMD components at fi — f»
and f, + f>. For the AD6676, the two frequencies are situated

at %2 the IF frequency (with a 2 MHz offset) at a power level
corresponding to —6 dBFS at the IF center frequency with
only the intermodulation term at fi + f> considered. IIP2 is

the extrapolated tone power at which the intermodulation
terms and the input tones have equal amplitude.

IIP2 = Piy - IMD2

Input Third-Order Intercept (IIP3)

IIP3 is a figure of merit used to quantify the third-order
intermodulation distortion (IMD3) of a component or system.
Two equal amplitude unmodulated carriers at specified frequencies
(fi and £,) injected into a nonlinear system exhibiting third-order
nonlinearities produce IMD components at 2 fi — f,and 2 f, — fi.
I1P3 is the extrapolated tone power at which the intermodulation
terms and the input tones have equal amplitude.

IIP3 = Piv - IMD3/2

Note that the third-order IMD performance of an ADC does
not necessarily follow the 3:1 rule that is typical of RF/IF linear
devices. IMD performance is dependent on the dual tone
frequencies, signal input levels, and ADC clock rate.

Worst In-Band Spur (SFDR)

Worst in-band spur is the worst spur falling in the IF pass band
relative to the full scale of the ADC (dBFS) when a single tone
with defined power level is stepped (typically 1 MHz increments)
across a user defined frequency range. Note that this worst spur
can often be an image (or clock) related spur depending on the
IF, BW, and IQ output data rate setting of the AD6676 and on
the sweep range.

Signal Transfer Function (STF)

STF is the frequency response of the output signal of the ADC
relative to a swept single tone at its input. The STF presented for
different AD6676 setup conditions in the Typical Performance
Characteristics section shows the STF over the IF pass band
after the digital filter to highlight pass band flatness. The
wideband STF response is measured before the digital filter to
highlight the pass band response of the AD6676 X-A ADC.
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AD6676

THEORY OF OPERATION
OVERVIEW

The AD6676 is a highly integrated and flexible IF subsystem
capable of digitizing IF signals. The ability to tune the IF
frequency and bandwidth allows the £-A ADC to be optimized
for different applications while trading off bandwidth for dynamic
range. To facilitate its evaluation and design in, a software tool
that is part of the AD6676EBZ development platform must be
used to configure and evaluate the device. This tool saves the
SPI initialization and configuration sequence to a file for later
use. A screenshot of the GUI front panel (see Figure 66) shows the
different user specified application parameters that configure
the AD6676. The following discussion provides more insight
into the device operation and how these application parameters
affect performance.

FADC |Gz} 2 Linif 19 Margin{riz] 15501
HE [MHz) 200 Artan. [4] [
VY Mz w [PIN_INIEFS [eiEi] 4
' Use Synth (Mi1z) 200 Outpin Modle 3 = Dect 166 -
S St Sample Size 527id 2
Hash Shuftle | Shift Evay 1 k... | | JESULanes Doubhe - §

Figure 66. Screenshot of AD6676 GUI Software Tool that Facilitates Device
Configuration and Evaluation

A functional block diagram of the AD6676 is shown Figure 67.
The focal point of the AD6676 is its continuous time, band-pass
2-A ADC that operates with a clock rate between 2.0 GHz and
3.2 GHz. An on-chip controller configures the 2-A ADC based
on the user specified application parameters. The £-A ADC
provides exceptional dynamic range and pass band flatness
within the desired IF span while limiting out-of-band peaking
to less than 0.5 dB. An on-chip clock synthesizer supplies a
2.94 GHz to 3.2 GHz 2-A ADC clock. Alternatively, an external
clock can be supplied for lower clock rates or improved phase
noise performance.

On-chip digital signal processing blocks include a quadrature
digital downconverter (QDDC) followed by selectable decimation
filters supporting decimation factors of 12, 16, 24, or 32. The
QDDC performs a complex shift of the desired IF pass band
such that it is centered about dc, that is, zero IE Cascaded
decimation filters remove the inherent out-of-band noise of the
ADC along with any other out-of-band signal content such that
the 16-bit complex IQ data is reduced to a more manageable data
rate for transfer to the host via a single or dual lane JESD204B
interface supporting up to 5.333 Gbps lane rates.

The AD6676 also includes features for AGC support and/or level-
planning optimization. AGC support includes the ability to
monitor peak power at the X-A ADC output or rms power after
the first internal decimation stage. The host can initiate fast AGC
action by configuring various flags whose status are made available
on the AGC4 to AGC1 pins. Flags can be set with programmable
thresholds indicating whether the signal level is above or below
a defined level. A 27 dB attenuator with a step size of 1 dB is
available for IF AGC control or level planning optimization during
initial system calibration. Alternatively, the nominal 0 dBES
full-scale input power level (PIN_0dBFS) of —2 dBm can be
reduced by up to 12 dB thus further reducing the RF/IF gain
requirements. The SPI programs numerous parameters of the
AD6676, allowing the device to be optimized for a variety of
applications.
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Figure 67. Functional Block Diagram

Rev. D | Page 23 of 90



http://www.analog.com/AD6676?doc=AD6676.pdf
http://www.analog.com/AD6676EBZ?doc=AD6676.pdf
http://www.analog.com/AD6676?doc=AD6676.pdf
http://www.analog.com/AD6676?doc=AD6676.pdf
http://www.analog.com/AD6676?doc=AD6676.pdf
http://www.analog.com/AD6676?doc=AD6676.pdf
http://www.analog.com/AD6676?doc=AD6676.pdf
http://www.analog.com/AD6676?doc=AD6676.pdf

AD6676

G53

RESON1 RESON2

WV

Cc3 -G34 C4

RESON3

CARRAY : EXT |
b G31

IDAC1¢g
ADJUST

L IDAC3

17-LEVEL

FLASH Vi |7L pouT
ADC 747 ENCODER 5

OPTIONAL

q IDAC6

7 SHUFFLER

12348-020

Figure 68. Simplified Single-Ended Representation of the Band-Pass 3-A ADC Modulator

BAND-PASS x-A ADC ARCHITECTURE

Figure 68 shows a simplified single-ended representation of the
ADG6676 band-pass Z-A ADC. It is a sixth-order modulator
consisting of three cascaded second-order continuous-time
resonators with feedback DACs and an oversampling quantizer.
The first resonator (RESON1) is based on a LC tank with its
resonant frequency tuned via Carray to the IF center while the
second and third resonators (RESON2 and RESON3) are active
RC-based with their resonant frequencies tuned to frequencies
offset symmetrically about the IE These resonant frequencies
correspond to the zero locations of the 2-A ADC quantization
noise and are set according to the user defined IF frequency
and bandwidth.

A 17-level flash ADC oversamples the analog output of RESON3
with the digital output of the flash ADC feeding back to each of
the resonators via current mode DACs (IDACx). Note that because
the ADC thermometer code output can range from —8 to +8, it is
represented by five bits that are passed to the AD6676 digital path.
The IDACI full-scale current setting (IDAClrs) sets the maximum
full-scale input power level (PIN_ODBEFS). The full-scale settings of
the other IDAC: set the pole location of the modulator to achieve a
flat pass band response. Lastly, a programmable shuffler follows
the flash ADC to improve the linearity performance of the
AD6676 under large signal conditions.

The tunable nature of the £-A ADC is a result of the full-scale
current of the feedback DACs, as well as the conductances (G)
and capacitances (C) associated with each resonator. The value
of these programmable components are calculated from the
user specified application parameters listed in Table 7. The
impact of each of these parameters on the performance of the
AD6676 is described in subsequent sections.

Table 7. List of User Specified Application Parameters That
Determine the X-A ADC Internal Settings

Application
Parameter | Description SPI Register(s)
Fir IF center frequency in MHz 0x102, 0x103
BW IF pass band bandwidth in MHz 0x104, 0x105
Faoc >-A ADC clock rate in MHz 0x100, 0x101
Lext External inductor value in nH 0x106
MRGN Margin offset to set resonator 0x107 to 0x109
frequency in MHz
IDACT¢s Full-scale current of IDAC1 that | Ox10A
sets PIN_OdBFS level

The on-chip controller is used only during device initialization
and performs the following tasks:

e  Power-up negative regulator (used by IDACs)

e  Calibrate RESON1 and 17-level flash ADC

e Tune X-A ADC based on user input parameters
e  Setup PLL used by JESD204B PHY

After device initialization, the on-chip controller is disabled; it
is not used during normal device operation.

Signal and Noise Transfer Functions

The frequency domain response of a 2-A ADC is defined by its
signal and noise transfer functions (STF and NTF). Figure 69
shows a simplified feedback model of a £-A modulator with the
ADC quantization error modeled as an additive noise source
(E) after the loop filter (H). The STF is the frequency response
of the output signal (V) relative to a swept single tone at its input
(U) while the NTF is the frequency response of the ADC
quantization noise (that is, V/E) that undergoes noise shaping
due to of the loop filter of the ADC. Note that the ADC and
DACs within the feedback loop operate at a much higher clock
rate than a traditional open-loop ADC in which only the
Nyquist criterion must be satisfied (Fapc = 2 x BW).

The oversampling ratio (OSR) is a key parameter of any >-A
ADC and is defined as follows:

OSR = Fapc/(2 x BW) (1)
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Figure 69. Simplified Model of a X-A ADC Showing Origins of STF and NTF

In the case of the AD6676, the loop filter consists of three cascaded
resonators to implement a sixth-order band-pass response, thus
allowing the oversampling ratio of the AD6676 to be kept to
moderate levels (>10) such that useable bandwidths of up to
160 MHz can be realized. The loop filter utilizes a feedback
architecture so that the STF has minimal out-of-band gain
peaking while the N'TF suppresses the in-band quantization
noise. Figure 70 shows an example of the STF and the shaped
noise of the 2-A ADC when it is configured for BW = 80 MHz,
Fir = 300 MHz, and Fapc = 3.2 GHz. Note that the NSD near Fir
is much lower than the NSD elsewhere and that the STF is quite
broadband.
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Figure 70. STF and NTF Shaped Noise of the 3-A ADC
(Fir =300 MHz, BW = 80 MHz, Fapc = 3.2 GHz, Lexr = 19 nH)
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Figure 71 focuses on the IF pass band region to compare the
measured vs. ideal shaped noise with the theoretical NSD curve
accounting only for the ideal ADC quantization effect. The
resonator zero locations are highlighted on the theoretical trace
and are recognizable in the measured response. Note that the

region with the lowest NSD performance or the deepest notch is

always centered about the Fr setting. This is because the gain of
RESONT1 peaks at Fir and the noise from stages which follow
RESONI is input referred by dividing by the gain of RESON1.
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Figure 71. Measured vs. Ideal NTF
(Fir =300 MHz, BW = 80 MHz, Fapc = 3.2 GHz, Lexr = 19 nH)
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Unlike conventional ADCs, the NSD of a £-A ADC is not flat due
to its frequency dependent loop filter, H(s), which shapes the
quantization noise as well as various other noise sources. Because
the £-A ADC is highly programmable, its NSD can be optimized
for the user specified application parameter settings. In general, the
NSD performance varies based on the application parameter
settings in the following ways:

e Operating with a high oversampling ratio (OSR > 20) results
in the lowest and flattest NSD performance. This is because
the resonant frequencies (or zero locations) associated with
RESON1, RESON2, and RESON3 are close together when the
oversampling ratio is high thereby reducing the quantization
noise to the point where thermal noise from the first stage
IDAC1 dominates.

e  Operating at reduced oversampling ratio (oversampling
ratio < 20) causes the quantization noise contribution to
become more significant, causing humps to appear in the
NSD. Bumpiness in the NSD occurs because the resonant
frequencies associated RESON2 and RESONS3 are further
offset from RESON1 to accommodate the increase in BW;
therefore, resulting in less overall loop gain to suppress this
increasingly dominant noise source. The effect of different
oversampling ratios on the NSD is shown in Figure 72.

e  Operating at a lower Fir while keeping the same oversampling
ratio results in degraded NSD performance at the pass band
edges, as shown in Figure 73.
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Figure 72. NSD vs. Oversampling Ratio (Fir =300 MHz, Faoc = 3.2 GHz, Lexr= 19 nH)
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Figure 73. NSD at Pass Band Edge Improvement as Fi Is Increased from
100 MHz to 300 MHz with Fixed Oversampling Ratio = 16
(BW =100 MHz, Faoc = 3.2 GHz)

The impact of a uneven NSD profile on a particular application
depends on the bandwidth and modulation characteristics of
the IF signal being digitized and demodulated. For example, a
multimode software defined radio containing narrow-band
carriers situated anywhere across the pass band must consider
the NSD performance at the highest levels across the pass band
because this represents the worst-case NSD when calculating
the in-band noise for a narrow-band signal in this region.
Conversely, a single wideband QAM signal falling at the center of
the IF pass band benefits from excellent in-band noise performance
because the NSD remains the lowest in this region. Note that
the AD6676 specified NF is measured in the region where its
NSD is highest.

STF and NTF Repeatability

After the application parameters have been determined, the STF
and NTF characteristics of the AD6676 remain repeatable and
stable over temperature and among devices. The on-chip
calibration performed during the power-up initialization phase
reduces the device-to-device variation that may otherwise exist
due to tolerances associated with the device process or the external
inductor, Lexr. It is worth noting that that the small variation in
STF and NTF that does exist is likely to be less than traditional
receiver solutions employing low oversampling ADCs with
aggressive high order LC antialiasing filters. L and C component
tolerances as well as variation in active device source and load
impedances must be considered in the Monte Carlo analysis.

The following application parameters were used to demonstrate
STF and NTF repeatability: foix = 3.2 GHz, Frr = 250 MHz, BW =
75 MHz, Lexr = 19 nH, IDAClrs = 4 mA, MRGN = default.
Figure 74 and Figure 75 demonstrate the repeatability and
temperature stability of the STF and NTF responses of single
devices for five consecutive power-up initialization operations
in which the device is calibrated at 25°C and then allowed to
drift to —40°C and +85°C.
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Figure 74. STF Variation over Temperature for a Single Device for Five
Consecutive Power-Up Initialization Operations
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Figure 75. NTF Variation over Temperature for a Single Device for Five Consecutive
Power-Up Initialization Operations
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X-A ADC Overload and Recovery

The X-A ADC is a sixth-order modulator employing negative
feedback to reduce the noise contribution of its internal quantizer.
Like any ADC, the quantizer is driven into overload under large
signal conditions, causing its output to be a poor representation
of its input. However, unlike traditional ADCs that operate in
open-loop, a X-A ADC can be driven into overload with signals
slightly below its 0 dBES full-scale input level and the feedback
loop can become unstable and may not return to normal operation
when the overload condition is removed. A typical unstable 2-A
ADC produces a digital output that varies between plus or minus
full scale. The AD6676 employs several techniques to solve
these problems.

First, to make the no overload range with continuous wave
tones approach levels near 0 dBFS, the AD6676 uses a 5-bit
quantizer. The AD6676 is specified to remain unconditionally
stable for continuous wave levels below —2 dBFS over its full
operation range, with a typical overload level of —0.5 dBFS. In
practice, the large signal waveform characteristics that determine
the occurrence and duration of its peaks affect the overload
threshold. A continuous wave tone is close to the worst-case
scenario for overload because the peak levels have the highest
probability of occurrence. Alternatively, a signal that has a much
higher crest factor and a more Gaussian-like histogram is less
likely to cause overload due to the short duration of its peak
excursions. For this reason, for systems employing AGC, consider
the waveform characteristics when setting the AGC threshold.

Second, to ensure that the ADC does not become stuck in a self
sustaining overload condition, the AD6676 includes the means
to detect overload, reset the £-A ADC, and quickly return it to
normal operation. An overload condition is declared if more
than five out of eight samples from the quantizer are equal to a
positive or negative full-scale value. After overload is detected,
the internal nodes within the £-A ADC are reset to their zero
state and the attenuation setting is temporarily increased by

6 dB. The ADC reset is removed after 16 Fapc clock cycles and
over the next 48 Fanc clock cycles, the attenuation is returned
to its original value. If the input signal is such that an overload
occurs again, this process repeats until the signal falls within
the no overload range of the -A ADC. Although the =-A
ADC produces good data within 64 Fanc clock cycles of the
signal falling within the no overload range, the bad data
associated with an overload event must be flushed out of the
decimation filters before the output of the AD6676 is completely
clean of any memory effects.

Figure 76 to Figure 79 show the measured overload recovery
response for each of the decimation filter modes (DEC_MODE)
when driven by a periodic pulsed CW waveform of 10 ns duration
and 2% duty cycle. The narrow pulse region of the waveform
was set to be only 1 dB higher than the other region with its peak
power adjusted slightly above the overload threshold level
resulting in an occasional overload event.

Each plot compares the envelope response between a pulse that
results in an overload event to a pulse where the 2-A ADC remains
stable and includes a zoom in region showing settling time to
within 1% following the large scale settling plot. Because the
phase response recovers two to three samples before the
envelope response, the phase response is not shown.

Note the following:

e The AD6676 was configured for Fir = 300 MHz, BW =
100 MHz, and Fapc = 3.2 GHz.

e The absolute settling response for any decimation factor scales
with foara_1q. For example, the settling time shown in Figure 77
is an additional seven samples at fpara_1q = 200 MSPS, thus
the absolute settling time is 35 ns (7 x 1/200 MSPS).

e Selecting a decimation factor of 12 or 16 improves the absolute
settling time because it reduces the additive delay caused
by the last stage decimation filter.
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Figure 76. Comparison of Normalized IQ Magnitude Response for Decimate
by 12 Case When a Pulsed CW Waveform (10 ns Width) Is Just Below and
Above Peak Power Level, Resulting in ADC Overload

12 LARGE SCALE SETTLING
15 N
& 09
Z 038 NO OVERLOAD/
o 07 RECOVERY
2 06
w 05
T 04
g 0.3 OVERLOAD/
5 02 RECOVERY
E 01
=z 0
[C] ZOOM-IN OF LARGE SCALE
‘Et 1.08 SETTLING RESPONSE FOR 1% SETTLING
7 SAMPLES

c }-gg *— @ 200msPS
a 1
w 1.05
= 1.04
é’ 1.03

1.02
S 101
Z 1.00

0.99

0.98

0 2 4 6 8 10 12 14 16 18 20
SAMPLES

12348-031

Figure 77. Comparison of Normalized IQ Magnitude Response for Decimate
by 16 Case When a Pulsed CW Waveform (10 ns Width) Is Just Below and
Above Peak Power Level, Resulting in ADC Overload
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Figure 78. Comparison of Normalized IQ Magnitude Response for Decimate
by 24 Case When a Pulsed CW Waveform (10 ns Width) Is Just Below and
Above Peak Power Level, Resulting in ADC Overload
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Figure 79. Comparison of Normalized IQ Magnitude Response for Decimate
by 32 Case When a Pulsed CW Waveform (10 ns Width) Is Just Below and
Above Peak Power Level, Resulting in ADC Overload

2-A ADC CONFIGURATION CONSIDERATIONS
Maximum Input Power (PIN_0dBFS and IDAC1¢s)

The AD6676 maximum full-scale input power (PIN_0dBFS) for
a sinusoidal input signal is dependent on the IDAC1 peak full-
scale output current (IDAClrs) and the Ry of the attenuator
(that is, 60 Q) as shown in the equation below.

PIN_0dBFS = 10 x log10(1/2 x Riy x IDACIsY) )

The derivation of this equation becomes apparent when
considering the AD6676 input stage consisting of RESON1,
IDACI, and R, as shown in Figure 68. R is the input resistance
of the attenuator. The cascode transistor associated with IDAC1
and Ry establishes a low impedance node serving as a current
mode summing junction whereby the input signal (equal to
VIN=*/Rw) is compared to the feedback signal from IDACI.
Note that the feedback loop of the 2-A modulator attempts to
generate an equal but opposite feedback current to cancel the
signal current appearing at this summing junction.

Ultimately, the maximum feedback signal current that can be
generated by IDACI is limited by its full-scale setting, IDACls,
thus setting the 0 dBFS level on which feedback can no longer
cancel any further increase in input signal level (or power). For
example, the AD6676 nominal setting for IDAC1rs at 4 mA
equates to a PIN_O0dBFS of —3 dBm, resulting in a differential
voltage swing of £240 mV peak.

Equation 2 assumes that the attenuator setting is 0 dB. Any
setting beyond 0 dB increases the effective PIN_0dBFS measured at
the input of the attenuator by an amount equal to the attenuator
setting.

In practice, the actual measured PIN_0dBFS may vary a few tenths
of a decibel for different application parameter settings due to some
amount of pass band tilt. For this reason, PIN_0dBES is defined at
the IF center.

Lexr Selection

The range of permissible values for Lexr depends on the following
application parameters: Fir, Fapc, and IDAClss. Figure 80 shows
the upper and lower settings (Lvax and Lyiv) when IDACls is
set to its default settings of 4 mA. Note that the Luax limit is set
by the largest voltage swing across the LC tank and the Ly
limit is set by the maximum tuning capacitance available from
an internal capacitor array.
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Figure 80. Maximum External Inductor Value as a Function of IF Frequency
and Clock Rate for IDAC1es =4 mA

Note the following points when selecting Lexr:

e  Larger values of Lexr result in larger voltage swings across
the LC tank. Selecting a value that is approximately 55% to
80% of the Luax value can be considered with a lower value,
typically resulting in improved IMD performance due to
reduced voltage swing across the inductor. Conversely, a
higher value may lead to a slight improvement in noise
performance (mostly near the IF center), but at the expense
of IMD performance.

e Inductor accuracy of 10% is sufficient because it falls well
within the calibration range of the AD6676 during its
initialization phase on power-up.
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e  Surface mount inductors can be either wire-wound or
multilayer. The lower cost multilayer inductors typically
have quality factors below 20 that may have a slight impact
on the AD6676 NSD performance. Compare performance
between the two inductor types before making a decision to
select a lower cost multilayer type.

e Because the voltage swing across the LC tank scales
proportionally with IDAC1gs, which sets PIN_0dBFS, a
reduction in IDAClys allows an inversely proportional
increase of Lexr to maintain a similar voltage swing. Note
that the minimum tuning capacitance from the internal
capacitor array along with any parasitic PCB capacitance
sets largest the Lexr as defined in Equation 3.

Lyax rone = (21 X Fip)* x 7.1 pF)™ (3)

The minimum capacitance contribution of the array can be up to
6.6 pF due to +20 process variation. An additional 0.5 pF of PCB
parasitic capacitance is also included, thus a value of 7.1 pF is used.

Tie the two external inductors, Lexr, to the VDD2 supply via a
10 Q resistor that includes a 0.1 pF decoupling capacitor, as
shown in Figure 93.

The following example highlights how Lexr can be determined
with the following application parameters: Fir = 150 MHz, Fapc =
3.0 GHz and IDAClss = 4 mA. Referring to Figure 80, the Luax
and Lwin range is from 20 nH to 70 nH. A value of 43 nH
represents 61% of Luax and thus is suitable. Note that if the
IDACTss is reduced to 2 mA, this value can be increased to

86 nH because this value is below the absolute maximum.

Reduced PIN_OdBFS Operation via Scaling IDAC1s

The PIN_0dBFS can be reduced by up to 12 dB because IDACls is
adjustable over a 4 mA to 1 mA span as defined by Equation 4.

IDACIrs =4 mA x (IDACI_FS/64) (4)

where IDACI_FS is the decimal equivalent of the value in
Register 0x10A.

The Lexr value can be increased proportionally to any reduction
in IDACl&s to maintain similar voltage swings across the LC tank.

The NSD and IMD performance are shown in Figure 81 and
Figure 82 for IDAClss settings of 4.0 mA, 2.0 mA, and 1.0 mA.
Figure 83 shows the STF response for each of these cases. Note
the following observations from this example:

e  With an IF of 300 MHz, the absolute maximum inductor is
39 nH; therefore, this inductor value is selected for both
IDAClss = 2.0 mA and 1.0 mA.

e  Reducing IDAClss from 4.0 mA to 2.0 mA and doubling
Lexr lowers the PIN_0dBES by 6 dB but increases the
average in-band noise, IBN, by only 1.8 dB. The noise
figure of the ADC therefore improves by 4.2 dB.

¢  Reducing IDAClss from 2.0 mA to 1.0 mA lowers the ADC
full scale by a further 6 dB and increases the average in-
band noise by only 4.6 dB. In this case, the noise figure
improvement is a modest 1.4 dB.

e  The swept IMD performance shows a degradation at

reduced IDACls settings.

e The STF response remains largely unaffected by reduced

IDACT s settings.
-145
IDAC1gs = 1mA, Leyr = 39nH
(IBN = -67.9dBFS)
T

_ -150
£ L ’ | I N
@
'8
1]
z
a
2

-155 .

i
i
7 | X
IDAC1gs = 2mA, Lexy = 39nH —

(IBN = -72.5dBFS) 1 IDAC1gg = 4mA, Lext = 19nH
160 i t t t (IBN = —74.3dBFS)

250 260 270 280 290 300 310 320 330 340 350
INPUT FREQUENCY (MHz)

Figure 81. NSD vs. IDACTFs Setting with Decimate by 16, I/Q Output (IF =
300 MHz, BW = 100 MHz, Fapc = 3.2 GHz)
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Figure 82. Swept Dual-Tone IMD vs. IDAC1¢s Setting with Decimate by 16, I/Q
Output, Dual Tones Set to —8 dBFS (IF = 300 MHz, BW = 100 MHz, Fapc = 3.2 GHz)
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Some applications may benefit from a reduced IDACl1ss setting
because a reduction in the PIN_0dBFES levels results in a decibel
per decibel reduction in the gain and linearity (P1dB, IIP3)
requirements of the front-end driver. This enables a lower
power RF line-up with the possibility of 3.3 V operations.
Alternatively, it can allow a greater IF AGC operation range
from the AD6676 when the previous stages output (P1dB) level
is set by its power supply setting. Carefully evaluate the trade-
off in the ac performance of the AD6676 when deciding to
operate at reduced IDACls settings.

Using the MRGN Parameter to Optimize NTF

The MRGN application parameters provide an additional degree
of freedom when trying to optimize the NTF for a particular
application. This feature is particularly useful when the AD6676
operates with a low oversampling ratio where the quantization
noise contribution begins to limit the NSD performance. In such
cases, the default MRGN settings may not be adequate, resulting
in regions of the pass band (typically at the edges) where the
worst-case NSD is higher than in other regions. For these cases,
the NTF can be optimized by adjusting the >-A ADC resonator
frequencies in such a way that that result in a more optimally
distributed NSD over the entire pass band.

The MRGN_L, MRGN_U, and MRGN_IF parameters are
located in Register 0x107 through Register 0x109. MRGN_L
and MRGN_U specify the number of megahertz by which the
lower and upper edges of the target pass band are extended,
whereas MRGN_IF specifies the resonance frequency offset of
RESONI from the center of the target pass band. The maximum
setting in these registers must be in the range of 10 MHz to

20 MHz because higher offset settings can adversely affect the
STE. The MRGN parameter is represented as an array equal to
[MRGN_L, MRGN_U, MRGN_IF].

The following example using a low oversampling ratio of 10
highlights the effects of the MRGN parameters on the NTF and
STE. In this example, the goal is to optimize the worst-case NSD
performance across a 160 MHz pass band region with Fapc =
3.2 GHz and IF = 300 MHz while trying to preserve a flat STE.
Figure 84 shows the corresponding NTF performance for different
MRGN settings, and Table 8 lists the resonant frequencies of
RESON1, RESON3, and RESONS3 that pertain to these settings.
Note that the default setting of [5 5 0] results in the upper half of
the pass band having the worst NSD (—141 dBFS/Hz at 380 MHz).
Symmetrical MRGN settings of [10 10 0] and [15 15 0] are shown
to highlight how the NTF varies as only the resonant frequencies
of RESON2 and RESON3 are increasingly offset symmetrically
about the IF center of 300 MHz. To improve on the default setting
of [5 5 0], an asymmetrical setting of [8 16 2] that is weighted
towards the upper half of the pass band region was found to
achieve a more distributed worst-case NSD of —145 dBFS/Hz.

Table 8. Resonator Frequencies vs. MRGN Settings
(Fapc = 3.2 GHz, Fir = 300 MHz, BW = 160 MHz)

RESON2 | RESON1 | RESON3
MRGN_L | MRGN_U | MRGN_IF | (MHz) (MHz) (MHz)
5 5 0 233 298 365
10 10 0 229 299 370
15 15 0 227 298 373
8 16 2 230 306 374
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Figure 84. NSD Performance for MRGN Settings Shown in Table 8
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Maintaining a flat STF across the pass band is also desirable
when modifying the MRGN settings. Figure 84 shows how each
of the different MRGN settings affects the STE Note that the
asymmetrical MRGN setting of [8 16 2] results in an STF that is
slightly skewed above IF center but still maintains +0.5 dB flatness.
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Figure 85. STF for Four Different MRGN Settings
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Whereas the previous example represents an extreme case, other
cases having higher oversampling ratio can also potentially benefit
from optimization. After the values of fcix, I, and BW have been
determined for a particular application, it may be advantageous
to explore whether a different MRGN setting yields any
improvement. It is important to note that this sort of
optimization is based on an iterative trial and error method.
However, after the MRGN setting has been determined, both
the STF and NTF remain repeatable.
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X-A ADC Adaptive Shuffler

The AD6676 includes a programmable adaptive shuffler that
improves the SFDR and IMD performance of the £-A ADC
under large signal conditions. As shown in Figure 68, the adaptive
shuffler randomizes the selection of the unit elements used by
the feedback DACs to reconstruct the output signal of the
quantizer. Both static and dynamic mismatch errors associated
with the quantizer and feedback DACs are dithered such that
the spurious contribution is spread across a wider frequency
span. Figure 86 compares the improved IMD performance for a
two tone excitation when the shuffler is enabled and disabled.
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Figure 86. IMD Performance when Shuffler Is Disabled vs. Enabled for Two
CW Tones at —8 dBFS, (Fir = 180 MHz, BW = 80 MHz, Fapc = 3.2 GHz, Lexr=43 nH)
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Although the shuffler improves the SFDR and IMD performance,
it does so at the expense of the in-band NSD performance. For
this reason, both the degree of shuffling as well as the enabling
threshold relative to the quantizer output code is user programmable,
allowing optimization for a target application. The shuffling rate
is variable from 1 to 4 ADC clock cycles (1/Fanc). The shuffler
remains enabled for a fixed amount of clock cycles from the
instant that the input signal falls below this threshold and
remains below it.

The enabling threshold is relative to the quantizer code and
represents the peak absolute value that triggers the shuffler. The
quantizer can produce an output code ranging from -8 to +8,
therefore the threshold can assume a value between 0 to 8. The
4-bit value is set via Register 0x342 or Register 0x343. A
hexadecimal value of 0x0 sets the shuffler to always enabled
whereas a value of OxF effectively disables the shuffler.

The 4-bit fields in Register 0x342 and Register 0x343 set the
threshold value based on the shuffling rate selected. Set only the
4-bit field pertaining to the selected shuffling rate while the
remaining nonapplicable 4-bit fields set to OxE Disable the shuffler
by setting all the 4-bit fields to OxE the highest threshold setting.
Table 9 shows the SPI register settings for the various shuffling
modes when the threshold is set to its default setting of 5. Other
threshold values ranging from 3 to 8 are also possible. Table 10
shows the input power level that triggers the shuffler for different
threshold value settings when driven by a continuous wave tone.

Table 9. Default SPI Register Settings for Adaptive Shuffling

Shuffling Rate Register 0x342 Register 0x343
Fapc OxF5 OxFF
Fapc/2 Ox5F OxFF
Faoc/3 OxFF OxF5
Fapc/4 OxFF Ox5F
Disable shuffler OxFF OxFF

Table 10. Threshold Setting Values that Trigger the Shuffler
for a Continuous Wave Tone

P (dBFS) Threshold Setting
-3 8
-5 7
-7 6
-10 5
-14 4
-20 3

When enabled, the shuffler can introduce colored noise into the
pass band spectrum. This additional noise is a result of the
increased switching activity within the X-A ADC core along
with the pseudorandom element selection process, thus resulting
in signal level dependent colored noise at frequency offsets related
to the shuffling rate. Figure 87 highlights the effect of the colored
noise between shuffle every four clock cycles vs. one cycle with
and without a large signal continuous wave tone present and the
shuffling threshold set to 0.

Typically, the shuffling threshold is set in the range of 4 to 6. This
example serves to highlight the colored noise effects of shuffling.
Selecting a higher threshold setting is preferable when trying to
preserve the NSD performance. For this reason, the AD6676
default threshold setting is 5 with the shuffle every clock cycle
option.

The four-cycle option introduces visible noise humps with a
—1 dBEFS signal level. This colored noise is at an offset of
fc/128, resulting from the pseudorandom element selection
process. Other shuffling options also introduce colored noise
but at a greater frequency offset that are related to the shuffling
rate factor (SRF) as described by the following equation:

Frequency Offset = fax/(32 x SRF) (5)

The effect of this colored noise is worthy of consideration when
selecting the shuffling rate and threshold. For example, sweeping

a —1 dBFS continuous wave tone across the usable IF pass band
region while monitoring the NSD characteristics is helpful to
identify what shuffling rate may have the least impact on the
NSD performance.
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Figure 87. NSD Performance of the Various Shuffling Settings with No Signal;

Threshold Set to 0 (Shuffler Is Always Enabled); Fir = 180 MHz, BW = 80 MHz,
Fapc=3.2 GHz, Lexr =43 nH
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Figure 88. NSD Performance of the Various Shuffling Settings with a —1 dBFS

Signal; Threshold Set to 0 (Shuffler Is Always Enabled); Fir = 180 MHz, BW =
80 MHz, Fapc = 3.2 GHz, Lexr=43 nH
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The degradation in NSD performance is also dependent on the
input signals amplitude; thus, it is important to select a shuffling
rate and threshold setting that result in an optimum trade-off
between large signal linearity performance and low signal level
in-band noise performance. Figure 89 shows how the in-band
noise (dBFS) degrades at increasing signal levels for the same
settings used in Figure 87. In this example, a continuous wave
tone is placed just above the pass band with its power swept
from —40 dBFS to —1 dBES. At low signal levels (less than

—20 dBFS), the degradation in in-band noise performance is
dependent on the shuffling rate. At higher signal levels (greater
than—20 dBFS), the degradation is a result of increased colored
noise falling in the pass band. Selecting a shuffle rate of every
two ADC cycles with a threshold in the range of 4 or 5 is a good
compromise, as shown in Figure 90.
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Figure 89. Pass Band Degradation in IBN (dBFS) as a Continuous Wave Tone
at 225 MHz, Swept from —40 dBFS to —1 dBFS with Different Shuffling Rate
Settings, Threshold Set to 0, Fir = 180 MHz, BW = 80 MHz,
Fapc=3.2 GHz, Lexr=43 nH
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Figure 90. IBN vs. Input Power Performance for Threshold Settings of 4 and 5
When Configured for Shuffle Every Two ADC Cycles
After a particular shuffling configuration is selected, the effects
on the 2-A ADC performance remain repeatable over time and
among different devices

X-A ADC Profile Feature

The AD6676 includes a feature that allows the X-A ADC to
store up to four different profile settings that can be recalled
quickly via Register 0x118 without recalibrating the >-A ADC.
Calibration of each of the different profiles specified in
Register 0x115 occurs during the device initialization phase
with each profile consisting of the following various application
parameters: BW, Fir, IDAClrs, and MRGN. Fapc, along with the
decimation filter and JESD204B settings, remains common to
ensure that the JESD204B link is maintained when switching
between profile settings. Note that the 2-A ADC is operational
with the updated profile settings within 1 ps upon receipt of the
SPI command.
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The following example highlights how this feature is used for
applications that require wide bandwidth capability but not
necessarily instantaneous bandwidth. In these applications, it
may be possible to divide the required IF bandwidth into
narrow subbands where the -A ADC can provide higher
dynamic range. For instance, in an application that requires
120 MHz of IF bandwidth, consider dividing this bandwidth
into three contiguous blocks of 40 MHz, with each IF being
offset by 40 MHz. Figure 91 shows that the worst-case NSD is
limited to —149 dBFS/Hz when the AD6676 is configured for the
wider bandwidth of 120 MHz. Figure 92 shows how the NSD
performance is improved by 10 dB when the 120 MHz
bandwidth is subdivided into three 40 MHz bands.
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Figure 91. NSD Performance with Wideband Profile (Fr = 260 MHz, BW =
120 MHz, Fapc = 3.2 GHz, Lexr = 27 nH)
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Figure 92. NSD Performance with Narrow-Band Profiles (Fir = 220 MHz,
260 MHz, and 300 MHz, BW = 120 MHz, Fapc = 3.2 GHz, Lexr= 27 nH)
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In this example, the frequency and phase settings of the digital
mixer remained common among the various profiles such that
it remained centered upon 260 MHz. It is also possible to
provide a unique digital mixer setting for each profile if it is
desirable to re-center the digital IF frequency. This feature is
desirable in instances where the range of IFs cannot be supported
by the pass band response of the digital decimation filter.

ATTENUATOR

The AD6676 includes an on-chip differential 27 dB attenuator with
aresolution of 1 dB. The attenuator can be used to rescale the full-
scale input level into the ADC for system calibration or for
optimization purposes or to prevent possible overload of the >-A
ADC when used with external AGC control. Figure 93 shows a
simplified equivalent circuit of the AD6676 input stage, which
includes RESON1 and IDACI. The attenuator provides a
nominal input resistance (Riv) of 60 Q) to the signal source to
facilitate its interface to external driver circuitry. The attenuator is
configurable via Register 0x181 to Register 0x183 and includes
options for fast external gain control via the AGC pins. Note that
the latency from when an external CMOS signal is applied to the
AGC pins to when the attenuator changes state is within 5 ns.

10Q
—er—O VvDD2 = 2.5V

0.1pF

v

AD6676

ATTENUATOR
0dB TO 27dB
Ryy = 600 A=1dB
Vem = 1.0V
SUMMING
VING O W JUNCTION
|—> b -
VIN-O A
REG 0x180
TO 0x181 IDAC1
AC
-
D¢

(=
o
12348-044

Figure 93. Simplified Equivalent Input

Attenuation is achieved by a programmable shunt and series
resistor network that steers some designated amount of input
current away from the summing junction while keeping the
nominal input resistance near 60 Q over the full attenuation
span. For a 0 dB setting, no shunt resistance exists; therefore,
all of the input current is fed into the summing junction. For a
6 dB setting, the attenuator is configured with a 120 Q shunt
resistor operating in parallel with two 60 Q) series resistors such
that half of the signal input current is directed into the summing
junction while maintaining a nominal 60 () input resistance.
Other settings function in a similar manner with resistor values
modified to achieve the desired attenuation value while
maintaining the nominal Riv. Figure 94 shows the differential
S11 of the AD6676 input for different attenuator settings.
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Figure 94. Differential S11 vs. Frequency for Different Attenuator Settings

The accuracy of the attenuator is an important consideration in
applications implementing AGC or system calibration. The
attenuator remains monotonic over its full operating range.
Figure 95, which shows a typical devices attenuation error vs.
attenuation state at —40°C, +25°C, and +85°C, demonstrates the
near instrumentation level accuracy of the AD6676 attenuator.
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Figure 95. Typical Attenuation Step Size Error vs. Setting over Temperature

The linearity performance of the attenuator is another
consideration when determining the largest input drive levels
before its nonlinearity may dominate over that of the £-A ADC.
The effective PIN_OdFS level of the AD6676 is increased decibel-
per-decibel by the attenuator setting. At large attenuator settings,
the peak-to-peak voltage swing seen at the VIN+ and VIN- pins
increases as well as the current that is steered into the attenuator
shunt resistance. At a certain level, the IMD contribution from
the attenuator begins to dominate over the X-A ADC contribution.
Figure 96 plots the worst third-order IMD spurious vs. attenuator
setting for IDACles of 4 mA and 2 mA with the power of the
dual tones increased to maintain a constant —8 dBFS level
measured by the X-A ADC. The effective PIN_0dBEFS is also
plotted to show the maximum continuous wave signal level
into the device that results in a 0 dBFS level.

Note the following conditions and observations:

e The AD6676 is configured as follows: IF = 180 MHz, BW =
80 MHz, and fcix = 3.2 GHz. Tones are situated at 177.5 MHz
and 182.5 MHz.

e The PIN_0dBES level is reduced by 6 dB when IDAClss is
reduced to 2 mA.

e  The IMD performance remains below —80 dBc until an
attenuator setting of 9 dB.

e Further increases in the two-tone power lead to a
corresponding steady decline in the IMD performance due
to the nonlinearity of the attenuator.

e Although not shown, the NSD performance centered about
the IF improves a few dB with increased attenuation.
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Figure 96. IMD Component Degradation as Two-Tone Centered at an IF of
180 MHz Is Increased 1 dB for Every 1 dB Increase in Attenuator Setting, Such
That Two-Tone Level Remains at —8 dBFS

The effects of switching transients are another important
consideration for AGC implementations that digitally calibrate
gain changes in the signal path of the receiver that can otherwise
degrade the demodulation of the desired signals.

Figure 97 and Figure 98 show the IQ envelope response when
the attenuator state is switched between 0 dB and 6 dB via an
external control signal using the AGC2 input pin at a rate of
3.3 MHz. Note that the settling response is dominated by the
response of the digital filter (decimate by 12) and shows no
signs of glitch.
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foara_ig = 250 MSPS, Resulting Sample Period of 4 ns

1.00

0.75

0.50

0.25

NORMALIZED I/Q MAGNITUDE (dB)

0

32 33 34

35 36

37 38
SAMPLE

39

40

49 42 43

12348-049

Figure 98. Zoom In Envelope Response for 6 dB Attenuator Step Change with
foara_ig = 250 MSPS, Resulting Sample Period of 4 ns
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CLOCK SYNTHESIZER

The AD6676 includes an on-chip clock synthesizer capable of
generating the clock for the £-A ADC and digital circuitry. The
entire synthesizer is integrated on-chip, including the loop filter
and VCO. Figure 99 shows a functional block diagram of the
various synthesizer subblocks along with the relevant SPI registers.
The clock synthesizer uses a standard integer-N architecture to
generate a 2.94 GHz to 3.2 GHz ADC clock from a 10 MHz to
320 MHz reference input.

Configuring the clock synthesizer requires numerous SPI
commands to program settings and to initiate calibrations. The
SPI sequence to configure the AD6676 for a particular operating
mode, including the SPI operations associated with the clock
synthesizer, is most easily obtained from the software tool that
comes with the AD6676EBZ development platform. This tool
allows the SPI sequence used to configure the AD6676 to be
saved to a file for later use.

Note that if the clock synthesizer is used to supply the ADC clock,
the clock synthesizer must be configured first, before any other
blocks are enabled. Also note that because the clock synthesizer
sequence involves calibrations, wait intervals or polling loops
are needed to ensure that each calibration step completes before
issuing the next SPI command. Table 27 lists an example SPI
sequence for a particular case where the reference frequency (fcix)
and ADC clock rate (Fapc) are 200 MHz and Fapc = 3200 MHz,
respectively. The remainder of this section describes the
configuration of the clock synthesizer in detail.

vDDQ vDDC
ENABLE CLK SYN
CHARGE PUMP REG 0x2A0 I
REG 0x2AC
REG 0x2AD
REG 0x2BC vco
5.9GHz TO 8.0GHz DIRECT RF
REG 0x2AA CLK OPTION
=+ REG 0x2B7 |
UP o m $
A ol = TO 5-A ADC
oN | T — U E“" AND DIGITAL
INTEGRATED
? é? LOOP FILTER REG 0x2A5
INITIAL CAL
AUTOMATIC
LEVEL
CONTROL
vDDQ CAL
| REG 0x2AB 8
N COUNTER REG 0x2BC g

REG 0x2A1 (LSB)

REG 0x2A2 (MSB)

Figure 99. CLK Synthesizer Block Diagram
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R and N Dividers

The phase/frequency detector (PFD) requires a 10 MHz to 80 MHz
clock. When fcix = 200 MHz, the R divider must be set to divide by
4 so that ferp = fox/Rov = 50 MHz, which is within the supported
range. Table 11 shows the mapping from Rpw to the value of
Register 0x2BB. This register is set in Step 6 of Table 27.

Table 11. R Divider Settings for Register 0x2BB

VCO Configuration and Calibration

VCO configuration consists of writing to the SPI registers in
Table 12 that control the VCO core bias, temperature compensation,
and varactor settings. These settings depend on the VCO
frequency and are optimized via characterization to ensure
proper operation of the PLL over supply and temperature.

Table 12. VCO Configuration Settings vs. Fapc

Row Register 0x2BB [7:6] Fapc (MHz) Register 0x2AA Register 0x2B7
1 0b00 2940 to 2950 0x37 0xFO

2 0b01 2950to 3100 0x37 OxEO

4 0b10 3100 to 3200 0x37 0xD0

0.5 0Ob11

Note that operating with the highest permissible frep minimizes
the clock synthesizer reference spur because the PLL filter
bandwidth is fixed at 200 kHz. For a sinusoidal clock input
signal that has a limited input slew rate, operation with an input
frequency that is 2x or 4x the desired ferp can also result in a
slight improvement in phase noise performance.

Because the ADC clock is obtained by dividing the VCO clock
by 2, the N-divider must be set according to

N = 2Fapc/ferp =2 % 3.2 GHz/50 MHz =128 = 0x80

The value of N is programmed by writing the LSB (0x80) to
Register 0x2A1 and the MSB (0x00) to Register 0x2A2 and is set
in Step 1 of Table 27.

Charge Pump Current and Calibration

The charge pump current setting (Register 0x2AC) is given by

1.33x10%
I, =round(min(63, ;2 -1) (6)

prp X Fapc

For the Fapc and frrp values used in this example, ICP evaluates
to 25, or 0x19; this value is programmed in Step 4 of Table 27.

The charge pump also must be calibrated during the clock
synthesizer initialization phase. Calibration is triggered via
Register 0x2AD The time required to complete the calibration
is inversely proportional to the PFD frequency. For example,
using ferp = 10 MHz requires a maximum 4 ms wait period but
increasing feen to 80 MHz decreases the maximum wait period
by a factor of 8 to 0.5 ms. Alternatively, poll Bit 0 of Register 0x2BC;
charge pump calibration is complete when this bit is set.

- Operation at 3200 MHz requires the following modification to the KVCO and
charge pump resistor settings: Register 0x2A9 = 0x2A and Register 0x2AC =

0x12.

The VCO also must be calibrated during the clock synthesizer
initialization phase to ensure proper operation over its full
temperature range. VCO calibration is triggered via

Register 0x2AB with the amount of time required to complete
the calibration again being inversely proportional to the PFD
frequency. Specifically, frrp = 10 MHz requires a 2 ms wait
period whereas fpep = 80 MHz decreases the wait period by a
factor of 8 to 0.25 ms. Alternatively, poll Bit 1 of Register 0x2BC;
VCO calibration is complete when this bit is clear.

After the initialization process is complete, verify that Bit 3 of
Register 0x2BC is set to confirm that the PLL is locked.

Rev. D | Page 36 of 90




AD6676

Phase Noise Performance

Above the PLL filter bandwidth of 200 kHz, the internal VCO
limits the overall phase noise of the clock synthesizer. The VCO
phase noise performance shows a slight improvement at its low
end of its Fanc operating range, as shown in Figure 100 The phase
noise for a particular IF input frequency can be calculated using
Equation 5.

PN _orrser = PNjcrk_orrser + 20 % log (Fie/ Fapc) (7)

For example, the phase noise at 1 MHz offset for an Fapc of

3.2 GHz is approximately —124 dBc/Hz. An IF input frequency
of 200 MHz results in a 24 dB improvement, thus the expected
phase noise at 1 MHz offset is —148 dBc/Hz.
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Figure 100. Clock Synthesizers Typical Phase Noise for Various Fapc Values

The repeatability of a device that is power cycled 10 times is shown
in Figure 101. Note that the measured data in this figure aligns with
the expected results based on Equation 5 and Figure 100. The
phase noise variation over temperature of a nominal device is
shown in Figure 102.
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Figure 101. Power Cycle Repeatability (10 Attempts) of Phase Noise
Measurement for an IF Input Frequency of 225 MHz and fax = 2.94912 GHz
with PLL PFD = 61.44 MHz
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Figure 102. Typical Temperature Stability of Clock Synthesizer with the Same
Conditions as Figure 101
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DIGITAL PROCESSING BLOCKS

The AD6676 includes the following digital blocks between the
>-A ADC output and JESD204B transmitter core:

An ADC overload and recovery block immediately follows
the ADC. This circuitry quickly detects any ADC instability
from an overload event while ensuring fast recovery.

A digital signal processing block translates the real IF
signal from the 2-A ADC to a complex zero IF, suitable for
postprocessing by the host without loss of any dynamic
range. This block includes both coarse and fine QDDCs,
along with a selectable FIR decimation filter stage that
provides decimation factors of 12, 16, 24, and 32.

A peak detection and AGC support block facilitates the
implementation of an external AGC control loop under the
control of the host. Note that the AGC pins can also be
repurposed for GPIO functions.

Figure 103 shows a diagram of the digital functional blocks
along with the SPI configurable registers pertaining to these
blocks. The following sections provide more insight into the
operation of each of these functional blocks. More information
pertaining to these SPI registers can be found in Table 32 through
Table 135.

AGC4, AGC3
AGC2, AGC1
(OINO)
} Grio conTROL OPTION
ATTENUATOR CONTROL REG 0x1B0
REG 0x180 TO 0x184 R TO 0x1B4
| asc
RESET | SUPPORT PEAK DETECTOR INPUT
REG 0x188 REG 0x193
TO 0x18B, ADC TO 0x19E
0x18F —| OVERLOAD
RECOVERY
MIX1 MIX2
COARSE FINE -
Qbbc QDDC 16 oS
BAND-PASS| { + | T3 = 0
-A ADC 71 io?{;x X j2x [} 2x [ 2x ==
5BITS DEC_MODE =
12, 16, 24 OR 32
27dB ATTENUATOR REG 0x140
(1dB STEPS) & QY
NCO NCO .
REG 0x141 REG 0x142 2x 3
REG 0x143 REG 0x144 16 BITS g
REG 0x145 &

Figure 103. Simplified Block Diagram of Digital Processing Blocks
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DIGITAL SIGNAL PROCESSING PATH

The £-A ADC provides a highly oversampled 5-bit digital
output representing the desired IF signal pass band as well as the
out-of-band shaped noise described earlier. Referring to Figure 104,
the digital signal processing path translates this oversampled
real IF signal to a complex dc centered IF signal, having a more
manageable data rate suitable for transfer via the JESD204B
interface. The QDDC performs the real-to-complex frequency
translation followed by digital filtering to remove the ADC
out-of-band noise, as well as any other undesired signal content,
before decimation to a lower data rate without any loss of
dynamic range.

ADC REAL OUTPUT
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SIGNAL SIGNAL

ADC NOISE

|
[ |
~Fapc/2 —fr DC fi Fapc/2

COMPLEX OUTPUT AFTER QDDC

—Fapc/2 DC FA,_-I,CIZ
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DC
—foata a2 foata a2
Figure 104. Digital Signal Processing Path Performs Frequency Translation to
a Zero IF as well as Filtering and Downsampling

Quadrature Digital Downconversion

Digital downconversion occurs in two stages using a coarse and
a fine QDDC. As shown in Figure 103, the coarse QDDC
resides immediately after the 2-A ADC and the fine QDDC
follows the first decimation stage. The coarse QDDC provides
6-bit tuning resolution whereas the fine QDDC provides 10-bit
tuning resolution. The composite tuning resolution is either
Fapc/3072 or Fanc/4096, depending on whether the first
decimation stage is configured for 3x or 4x decimation, which
in turn depends on the decimation mode selected as described
in Table 13. For applications requiring finer tuning resolution to
position the IF signal exactly about dc, consider adding a finer
resolution QDDC in the host processor.

Table 13. Finite Composite Tuning Resolution of Coarse and
Fine NCO

DEC_MODE Tuning Res.
(Register 0x140, | Decimation | Tuning (MHz) at Fapc =
Bits[2:0]) Factor Resolution | 3.072 GSPS

1 32 Fapc/4096 0.75

2 24 Fapc/3072 1.00

3 16 Fapc/4096 0.75

4 12 Fapc/3072 1.00

The tuning frequency settings of the combined coarse and

fine NCO (SPI Register 0x141 and SPI Register 0x142) are
automatically calculated and set by the AD6676 during the
device SPI initialization phase. The user defined Fapc and IF
settings (SPI Register 0x100 thru SPI Register 0x103) are used
to calculate the settings such that the center of the IF pass band
is centered about dc. The coarse tuning NCO is set via
MIX1_TUNINGI5:0], whereas the fine tuning NCO is set via
MIX2_TUNINGJ7:0]. The decimal equivalent frequency setting
of each NCO register is based on the following equations.

MIX]1= Round(64 X i} (8)
Eype

where:

MIX1 is a 6-bit binary number representing the NCO frequency

setting in MIX1_TUNING.

Fur is the desired carrier frequency in hertz (Hz).

Fapc is the ADC clock rate in hertz (Hz).

MIX2 =Round| M x L MIXT 9)
Frc 64

where:

MIX2 is a 8-bit twos complement number representing the
NCO frequency setting in MIX2_TUNING.

M is 3072 for DEC_MODE = 2 and 4, or 4096 for DEC_MODE =
1 and 3.

It is important to note the residue, forrser, between the desired
Fir and the AD6676 composite NCO setting, Fir nco, because
any offset may need to be compensated with an additional fine
QDDC located in the host processor. Use the following
equations to calculate both parameters:

MIX1 MIX2
Fir _neo :( o1 + M jXFADC (10)
forrser = Fir — Fir_nco (11)
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Example

Calculate the NCO MIX1 and MIX2 values along with Fir xco
and forrser with the following AD6676 configuration: Fir =

140 MHz, Fapc = 3200 MHz, and decimation factor of 16 (that
is, fpata_io = 200 MSPS).

e Substituting Fir and Fapc values in Equation 8 results in
MIX1 = 3.

e  Substituting these values in Equation 9 (noting that M =
4096 for DEC_MODE = 3 results in MIX2 = —13).

e  Substituting MIX1 and MIX2 values into Equation 10
results in Fir nco = 139.84375 MHz.

e Substituting Fir and Fir_xco values in Equation 11 results in
forrser = 156.25 kHz.

NCO Phase Synchronization

The AD6676 coarse and fine tuning NCOs can be set to an
initial phase after synchronization with an external SYSREF
signal. The initial phase of the coarse tuning NCO is set via
MIX1_INIT, with an LSB corresponding to 1/64™ of a cycle. The
initial phase of the fine tuning NCO is set via MIX2_INIT_x,
with an LSB corresponding to 1/1024™ of a cycle.

Digital Filter Modes

The AD6676 digita