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FEATURES

8 channels of LNA, VGA, AAF, ADC, and digital RF decimator
Low power
150 mW per channel, TGC mode, 40 MSPS
62.5 mW per channel, CW mode
10 mm x 10 mm, 144-ball CSP_BGA
TGC channel input referred noise: 0.82 nV/vHz,
maximum gain
Flexible power-down modes
Fast recovery from low power standby mode: 2 ps
Low noise preamplifier (LNA)
Input referred noise: 0.78 nV/vHz, gain = 21.6 dB
Programmable gain: 15.6 dB, 17.9 dB, or 21.6 dB
0.1 dB compression: 1000 mV p-p, 750 mV p-p, or 450 mV p-p
Flexible active input impedance matching
Variable gain amplifier (VGA)
Attenuator range: 45 dB, linear in dB gain control
Postamp gain (PGA): 21 dB, 24 dB, 27 dB, or 30 dB
Antialiasing filter (AAF)
Programmable second-order low-pass filter (LPF) from
8 MHz to 18 MHz or 13.5 MHz to 30 MHz and high-pass
filter (HPF)
Analog-to-digital converter (ADC)
SNR: 75 dB, 14 bits up to 125 MSPS
JESD204B Subclass 0 coded serial digital outputs
CW Doppler mode harmonic rejection I/Q demodulator
Individual programmable phase rotation
Dynamic range per channel: 160 dBFS/vVHz
Close-in SNR: 156 dBc/vHz, 1 kHz offset, —3 dBFS input
RF digital decimation by 2 and high-pass filter

APPLICATIONS

Medical imaging/ultrasound
Nondestructive testing (NDT)
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GENERAL DESCRIPTION

The AD9675 is designed for low cost, low power, small size, and
ease of use for medical ultrasound. It contains eight channels of
a variable gain amplifier (VGA) with a low noise preamplifier
(LNA), a continuous wave (CW) harmonic rejection I/Q
demodulator with programmable phase rotation, an antialiasing
filter (AAF), an analog-to-digital converter (ADC), and a digital
high-pass filter and RF decimation by 2 for data processing and
bandwidth reduction.

Each channel features a maximum gain of up to 52 dB, a fully
differential signal path, and an active input preamplifier termina-
tion. The channel is optimized for high dynamic performance
and low power in applications where a small package size is critical.

The LNA has a single-ended to differential gain that is selectable
through the serial port interface (SPI). Assuming a 15 MHz
noise bandwidth (NBW) and a 21.6 dB LNA gain, the LNA
input SNR is 94 dB. In CW Doppler mode, each LNA output
drives an I/Q demodulator that has independently
programmable phase rotation with 16 phase settings.

Power-down of individual channels is supported to increase
battery life for portable applications. Standby mode allows quick
power-up for power cycling. In CW Doppler operation, the
VGA, AAF, and ADC are powered down. The ADC contains
features to maximize flexibility and minimize system cost, such
as a programmable clock, data alignment, and programmable
digital test pattern generation. The digital test patterns include
built-in fixed patterns, built-in pseudorandom patterns, and
custom user-defined test patterns entered via the SPI.
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AD9675

FUNCTIONAL BLOCK DIAGRAM
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SPECIFICATIONS

AC SPECIFICATIONS

AVDD1 =1.8 V,AVDD2 = 3.0 V, DVDD = 1.4 V, DRVDD = 1.8 V, 1.0 V internal ADC reference, full temperature range (0°C to 85°C),
fiv = 5 MHz, low bandwidth mode, Rs = 50 Q, Res = oo (unterminated), LNA gain = 21.6 dB, LNA bias = mid-high, PGA gain = 27 dB, analog
gain control, Vea (V) = (GAIN+) — (GAIN-) = 1.6 V, AAF LPF cutoff = fsamere/3 (Mode I/Mode II) = fsamrre/4.5 (Mode III/Mode IV),
HPF cutoff = LPF cutoff/12.00, Mode I = fsampre = 40 MSPS, Mode II = fsameie = 65 MSPS, Mode III = fsameie = 80 MSPS, Mode IV = 125 MSPS,
RF decimator bypassed (Mode I/Mode II), RF decimator enabled (Mode III/Mode IV), digital high-pass filter bypassed, JESD204B link
parameters: M = 8 and L = 2, unless otherwise noted. All gain setting options are listed, which can be configured via SPI registers, and all

power supply currents and power dissipations are listed for the four mode settings (Mode I, Mode II, Mode III, and Mode IV).

Table 1.
Parameter’ Test Conditions/Comments Min Typ Max Unit
LNA CHARACTERISTICS
Gain Single-ended input to differential output 15.6/17.9/21.6 dB
Single-ended input to single-ended output 9.6/11.9/15.6 dB
0.1 dB Input Compression Point
LNA gain=15.6 dB 1000 mV p-p
LNA gain=17.9dB 750 mV p-p
LNA gain=21.6 dB 450 mV p-p
1 dB Input Compression Point
LNA gain=15.6 dB 1200 mV p-p
LNA gain=17.9dB 900 mV p-p
LNA gain =21.6 dB 600 mV p-p
Input Common Mode (LI-x, LG-x) 2.2 Vv
Output Common Mode (LO-x) Switch off High-Z Q
Switch on 15 \Y
Output Common Mode (LOSW-x) | Switch off High-Z Q
Switch on 1.5 \
Input Resistance (LI-x) Rre =300 Q), LNA gain=21.6dB 50 Q
Rre = 1350 Q, LNA gain =21.6 dB 200 Q
6 kQ
Input Capacitance (LI-x) 22 pF
Input Referred Noise Voltage Rs=00Q
LNA gain = 15.6 dB 0.83 nV/vHz
LNA gain=17.9dB 0.82 nV/\Hz
LNA gain = 21.6 dB 0.78 nV/\Hz
Input Signal-to-Noise Ratio Noise bandwidth = 15 MHz 94 dB
Input Noise Current 26 pA/Hz
FULL CHANNEL CHARACTERISTICS | Time gain control (TGC)
AAF Low-Pass Cutoff —3 dB, programmable, low bandwidth mode 8 18 MHz
—3 dB, programmabile, high bandwidth mode 13.5 30 MHz
In Range AAF Bandwidth +10 %
Tolerance
Group Delay Variation f=1MHzto 18 MHz, Vean=-1.6Vto+1.6 V +350 ps
Input Referred Noise Voltage LNA gain=15.6 dB 0.96 nV/VHz
LNA gain=17.9dB 0.90 nV/\Hz
LNA gain = 21.6 dB 0.82 nV/\Hz
Noise Figure
Active Termination Matched LNA gain=15.6 dB, Rrs =150 Q 5.6 dB
LNA gain =17.9dB, Rre =200 Q 4.8 dB
LNA gain =21.6 dB, Rrs =300 Q 3.8 dB
Unterminated LNA gain = 15.6 dB, Rrg = o0 3.2 dB
LNA gain=17.9dB, Rz = o0 29 dB
LNA gain =21.6 dB, Rrg = = 26 dB
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Parameter’ Test Conditions/Comments Min Typ Max Unit
Correlated Noise Ratio No signal, correlated/uncorrelated -30 dB
Output Offset -125 +125 LSB
Signal-to-Noise Ratio (SNR) fin=5MHz at —12 dBFS, Vean=—-1.6 V 69 dBFS

fin=5MHz at =1 dBFS, Vean = 1.6 V 59 dBFS
Close-In SNR fin = 3.5 MHz at —0.5 dBFS, Vean =0V, -130 dBc/VHz
1 kHz offset
Second Harmonic fin=5MHz at —12 dBFS, Vean=—-1.6 V -70 dBc
fin=5MHz at —1 dBFS, Vean = 1.6 V —62 dBc
Third Harmonic fiv=5MHz at —12 dBFS, Vean=-1.6 V —61 dBc
fin=5MHz at =1 dBFS, Vean = 1.6 V =55 dBc
Two-Tone Intermodulation frr1 = 5.015 MHz, fre2 = 5.020 MHz, Agr1 = -54 dBc
Distortion (IMD3) —1 dBFS, Arr2 = —21 dBFS, Vean = 1.6 V, IMD3
relative to Arr2
Channel-to-Channel Crosstalk fini = 5.0 MHz at —1 dBFS -60 dB
Overrange condition? -55 dB

GAIN ACCURACY Ta=25°C

Gain Law Conformance Error —1.6 <Vean < —1.28V 04 dB
-1.28V <Vean < +1.28V -13 +1.3 dB
1.28V<Vean< 1.6V -0.5 dB
Vean = 0V, normalized for ideal AAF loss -0.9 +0.9 dB

Channel-to-Channel Matching -1.28V<Vean<+1.28V,10 0.1 dB

PGA Gain 21/24/27/30 dB

GAIN CONTROL INTERFACE
Control Range Differential -1.6 +1.6 \
Control Common Mode GAIN+, GAIN—- 0.7 0.8 0.9 \

Input Impedance GAIN+, GAIN- 10 MQ

Gain Range 45 dB

Gain Sensitivity Analog 14 dB/V
Digital step size 35 dB

Response Time Analog 45 dB change 750 ns

CW DOPPLER MODE
LO Frequency fio = fuo/M 1 10 MHz
Phase Resolution Per channel, 4LO mode 45 Degrees

Per channel, 8LO mode, 16LO mode 22.5 Degrees

Output DC Bias (Single-Ended) CWI+, CWI-, CWQ+, CWQ- AVDD2 + 2 \%

Output AC Current Range Per CWI+, CWI-, CWQ+, CWQ-, each channel +2.2 +2.5 mA
enabled (2 fio and baseband signal)

Transconductance (Differential) Demodulated lout/Vin, per CWI+, CWI—,

CWQ+, CWQ-

LNA gain=15.6 dB 33 mA/V
LNA gain=17.9dB 43 mA/V
LNA gain=21.6dB 6.6 mA/V

Input Referred Noise Voltage Rs=0Q, Rz =
LNA gain = 15.6 dB 1.6 nV/vHz
LNA gain=17.9dB 1.3 nV/\Hz
LNA gain = 21.6 dB 1.0 nV/\Hz

Noise Figure Rs=50Q, Rig =0
LNA gain=15.6dB 57 dB
LNA gain=17.9dB 45 dB
LNA gain =21.6 dB 34 dB

Input Referred Dynamic Range Rs=0Q, Rre =0
LNA gain = 15.6 dB 164 dBFS/vHz
LNA gain=17.9dB 162 dBFS/vHz
LNA gain =21.6 dB 160 dBFS/vHz
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Parameter’ Test Conditions/Comments Min Typ Max Unit
Close-In SNR -3 dBFS input, frr = 2.5 MHz, fio = 40 MHz, 156 dBc/vHz
1 kHz offset, 16LO mode, one channel enabled
-3 dBFS input, fgr = 2.5 MHz, fio = 40 MHz, 161 dBc/vHz
1 kHz offset, 16LO mode, eight channels enabled
Two-Tone Intermodulation fre1 = 5.015 MHz, frr2 = 5.020 MHz, fio = 80 MHz, —-58 dBc
Distortion (IMD3) Arr1 = —1 dBFS, Arr2 = —21 dBFS, IMD3 relative
to Arr2
LO Harmonic Rejection -20 dBc
Quadrature Phase Error Ito Q all phases, 1 o 0.15 Degrees
I/Q Amplitude Imbalance Ito Q all phases, 1 o 0.015 dB
Channel to Channel Matching Phaseltol,QtoQ, 10 0.5 Degrees
Amplitudeltol,QtoQ, 10 0.25 dB
POWER SUPPLY Mode I/Mode lI/Mode lll/Mode IV
AVDD1 1.7 1.8 1.9 Vv
AVDD2 2.85 3.0 3.6 \
DVDD 13 14 1.9 Vv
DRVDD 1.7 1.8 1.9 Vv
lavops TGC mode, low bandwidth mode 148/187/ mA
223/291
CW Doppler mode 4 mA
lavoD2 TGC mode, no signal, low bandwidth mode 230 mA
TGC mode, no signal, high bandwidth mode 239 mA
CW Doppler mode 140 mA
Iovop 29/46/40/61 mA
DVDD=1.8V 38/60/54/80 mA
IorvDD Four-lane mode, JESD204B lane rates = 121/168/ mA
1.6 Gbps/2.6 Gbps/1.6 Gbps/2.5 Gbps 122/166
Two-lane mode, JESD204B lane rates = 127/186/ mA
3.2 Gbps/5.0 Gbps/3.2 Gbps/5.0 Gbps 129/184
One-lane mode, RF decimator enabled, 73/105/not mA
JESD204B lane rates = 3.2 Gbps/5.0 Gbps/ valid/not valid
not valid/not valid
Total Power Dissipation TGC mode, no signal, two-lane mode 1200/1415/ 1445/1680/ | mW
(Including Output Drivers) 1365/1615 1635/1910
TGC mode, no signal, two-lane mode, 1230/1460/ mwW
DVDD=1.8V 1410/1675
CW Doppler mode, eight channels enabled 500 mwW
Power-Down Dissipation 5 30 mW
Standby Power Dissipation 725 mwW
ADC
Resolution 14 Bits
SNR 75 dB
ADC REFERENCE
Output Voltage Error VREF =1V +50 mV
Load Regulation at 1.0 mA VREF =1V 2 mV
Input Resistance 75 kQ

' See the AN-835 Application Note, Understanding High Speed ADC Testing and Evaluation, for a complete set of definitions and information about how these tests were completed.
2The overrange condition is specified as 6 dB more than the full-scale input range.

Rev. A | Page 6 of 60



http://www.analog.com/AN-835?doc=ad9675.pdf

AD9675

DIGITAL SPECIFICATIONS

AVDDI1 = 1.8 V, AVDD2 =3.0 V, DVDD = 1.4 V, DRVDD = 1.8 V, 1.0 V internal ADC reference, full temperature range (0°C to 85°C),

unless otherwise noted.

Table 2.
Parameter’ Temperature | Min Typ Max Unit
INPUTS (CLK+, CLK—, TX_TRIG+, TX_TRIG-)
Logic Compliance CMOS/LVDS/LVPECL
Differential Input Voltage? 0.2 36 V p-p
Input Voltage Range GND-0.2 AVDD1 +0.2 \Y
Input Common-Mode Voltage 0.9 \
Input Resistance (Differential) 25°C 15 kQ
Input Capacitance 25°C 4 pF
INPUTS (MLO+, MLO—, RESET+, RESET-)
Logic Compliance LVDS/LVPECL
Differential Input Voltage? 0.250 AVDD2 x 2 Vp-p
Input Voltage Range GND -0.2 AVDD2 +0.2 \
Input Common-Mode Voltage AVDD2/2 \Y
Input Resistance (Single-Ended) 25°C 20 kQ
Input Capacitance 25°C 1.5 pF
LOGIC INPUTS (PDWN, STBY, SCLK, SDIO, ADDRx)
Logic 1 Voltage Full 1.2 DRVDD + 0.3 \Y
Logic 0 Voltage Full 03 \
Input Resistance 25°C 30 (26 for SDIO) kQ
Input Capacitance 25°C 2 (5 for SDIO) pF
LOGIC INPUT (CSB)
Logic 1 Voltage Full 1.2 DRVDD + 0.3 \
Logic 0 Voltage Full 0.3 \
Input Resistance 25°C 26 kQ
Input Capacitance 25°C 2 pF
LOGIC OUTPUT (SDIO)*
Logic 1 Voltage (lon = 800 pA) Full 1.79 Y
Logic 0 Voltage (lo. = 50 pA) Full 0.05 \
DIGITAL OUTPUTS (SERDOUTx+, SERDOUTx—)
Logic Compliance CML
Differential Output Voltage (Vop) Full 400 600 750 mV
Output Offset Voltage (Vos) Full 0.75 1.05 Y
LOGIC OUTPUT (GPOO, GPO1, GPO2, GPO3)
Logic 0 Voltage (lo. = 50 pA) Full 0.05 \Y
DIGITAL INPUT (SYNCINB+, SYNCINB-)
Logic Compliance CMOS/LVDS
Internal Bias Full 0.9 \
Differential Input Voltage Range Full 0.3 3.6 \Y
Input Voltage Range Full GND DRVDD \Y
Input Common-Mode Range Full 0.9 1.4 \
High Level Input Current Full -5 +5 HA
Low Level Input Current Full -5 +5 MA
Input Capacitance Full 1 pF
Input Resistance Full 12 16 20 kQ
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Parameter’ Temperature | Min Typ Max Unit
DIGITAL INPUT (SYSREF+, SYSREF-)
Logic Compliance LVDS
Internal Common-Mode Bias Full 0.9 \Y
Differential Input Voltage Full 0.3 3.6 Vpp
Input Voltage Range Full GND DRVDD \%
Input Common-Mode Range Full 0.9 1.4 \Y
High Level Input Current Full -5 +5 UA
Low Level Input Current Full -5 +5 MA
Input Capacitance Full 4 pF
Input Resistance Full 8 10 12 kQ

' See the AN-835 Application Note, Understanding High Speed ADC Testing and Evaluation, for a complete set of definitions and information about how these tests were

completed.
2 Specified for LVDS and LVPECL only.
3 Specified for 13 SDIO pins sharing the same connection.
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SWITCHING SPECIFICATIONS

AVDDI1 =1.8 V, AVDD2 =3.0 V,DVDD = 1.4 V, DRVDD = 1.8 V, 1.0 V internal ADC reference, L = 2, M = 8, fsameie = 40 MHz, lane

data rate = 3.2 Gbps, full temperature range (0°C to 85°C), unless otherwise noted.

Table 3.
Parameter’ Temperature | Min Typ Max Unit
CLOCK?
Clock Rate (fsameie)
40 MSPS (Mode 1) Full 20.5 40 MHz
65 MSPS (Mode I1) Full 20.5 65 MHz
80 MSPS (Mode )3 Full 20.5 80 MHz
125 MSPS (Mode IV)* Full 20.5 125 MHz
Clock Pulse Width High (ten) Full 3.75 ns
Clock Pulse Width Low (te) Full 3.75 ns
CLOCK INPUT PARAMETERS
TX_TRIG= to CLK+ Setup Time (tsetur) 25°C 1 ns
TX_TRIG to CLK+ Hold Time (twoLo) 25°C 1 ns
DATA OUTPUT PARAMETERS
Data Output Period or Unit Interval (Ul) Full L/(20 X M X fsampLe) Seconds
Data Output Duty Cycle 25°C 50 %
Data Valid Time 25°C 0.76 ul
PLL Lock Time® 25°C 26 Ms
Wake-Up Time (Standby) 25°C 2 Us
Wake-Up Time (Power-Down)®
Device 25°C 375 us
JESD204B Link 25°C 250 Ms
SYNCINB+ Falling Edge to First K.28 Characters Full 4 Multiframes
Code Group Synchronization (CGS) Phase K.28 Full 1 Multiframe
Characters Duration
Delay (Latency) Full
ADC Pipeline Full 16 Cycles
RF Decimator Full 1 Cycles
Digital High-Pass Filter Full 100 Cycles
TX_TRIG to Start Code (Mode I/Mode II/Mode llI/
Mode IV)
Four-Lane Mode Full 31/42/30/36 Cycles
Two-Lane Mode Full 31/33/30/30 Cycles
Data Rate per Lane 25°C 5.0 Gbps
Uncorrelated Bounded High Probability (UBHP) Jitter 25°C 11 ps
Random Jitter at 2.5 Gbps Data Rate 25°C 80 ps rms
Random Jitter at 5 Gbps Data Rate 25°C 46 ps rms
Output Rise/Fall Time 25°C 64 ps
TERMINATION CHARACTERISTICS
Differential Termination Resistance Full 100 Q
APERTURE
Aperture Uncertainty (Jitter) 25°C <1 ps rms
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Parameter’ Temperature | Min Typ Max Unit
LO GENERATION
MLO+ Frequency
4L0 Mode Full 4 40 MHz
8LO Mode Full 8 80 MHz
16LO Mode Full 16 160 MHz
RESET#+ to MLO= Setup Time (tsetup) Full 1 tmo/2 ns
RESET+ to MLO+ Hold Time (txoLo) Full 1 tmio/2 ns

' See the AN-835 Application Note, Understanding High Speed ADC Testing and Evaluation, for a complete set of definitions and information about how these tests were completed.
2 Can be adjusted via the SPI.

3 Mode Il must have the RF decimator enabled.

4Mode IV must have the RF decimator enabled.

® PLL lock time from 0 Hz to 40 MHz frequency change.

6 Wake-up time is defined as the time required to return to normal operation from power-down mode.

CLK+, TX_TRIG+ Synchronization Timing Diagram
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Figure 3. CW Doppler Mode Input MLO+, Continuous Synchronous RESET+ Timing, Sampled on the Falling MLO+ Edge, 4LO Mode
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Figure 4. CW Doppler Mode Input MLO+, Continuous Synchronous RESET+ Timing, Sampled on the Falling MLO+ Edge, 8LO Mode
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Figure 5. CW Doppler Mode Input MLO+, Pulse Synchronous RESET+ Timing, 4L0/8LO/16LO Mode
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Figure 6. CW Doppler Mode Input MLO+, Pulse Asynchronous RESET+ Timing, 4LO/8L0O/16LO Mode
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ABSOLUTE MAXIMUM RATINGS

Table 4. THERMAL IMPEDANCE
Parameter Rating Table 5.
AVDD1 to GND —03Vto+2.0V Symbol | Description Value' | Unit
AVDD2 to GND —0.3Vto+3.9V 0)a Junction-to-ambient thermal 22.0 °C/W
DVDD to GND -03Vto+20V resistance, 0.0 m/sec air flow per
DRVDD to GND -03Vto+2.0V JEDEC JESD51-2 (still air)
GND to GND -03Vto+03V Y Junction-to-board thermal 9.2 °C/W
AVDD2 to AVDD1 —20Vto+39V characterization parameter, 0 m/sec
AVDD1 to DRVDD —20Vto+2.0V air flow per JEDEC JESD51-8 (still air)
AVDD2 to DRVDD _20Vto+3.9V Y Junction—Fo—tpp—of—package 0.12 °C/W
SERDOUTx-+, SERDOUTx—, SDIO, PDWN, | 0.3V to DRVDD + 0.3V ;:‘raf:gs:er":ra}éoDnEgifsrg?fﬁ ‘()S't“”f i

STBY, SCLK, CSB, ADDRx to GND P
LI-x, LO-x, LOSW-x, CWI—, CWI+, -0.3Vto AVDD2 + 0.3V 1 Results are from simulations. Printed circuit board (PCB) is JEDEC multilayer.

CWQ-, CWQ+, GAIN+, GAIN-,
RESET+, RESET—, MLO+, MLO-,
GPOO, GPO1, GPO2, GPO3 to GND

CLK+, CLK—, TX_TRIG+, TX_TRIG—,
VREF to GND

Operating Temperature Range
(Ambient)

Storage Temperature Range
(Ambient)

Maximum Junction Temperature
Lead Temperature (Soldering, 10 sec)

Thermal performance for actual applications requires careful inspection of
the conditions in the application to determine if they are similar to those
assumed in these calculations.

—-0.3Vto AVDD1+0.3V

ESD CAUTION

0°Cto 85°C

-65°Cto +150°C

150°C
300°C

A
Al

ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features
patented or proprietary protection circuitry, damage
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

-

LI-E LI-F LI-G LI-H VREF | RBIAS | GAIN+ | GAIN- LI-A LI-B LI-C LI-D
LG-E LG-F LG-G LG-H GND GND CLNA GND LG-A LG-B LG-C LG-D
LO-E LO-F LO-G LO-H GND GND GND GND LO-A LO-B LO-C LO-D
LOSW-E |LOSW-F [LOSW-G(LOSW-H| GND GND GND GND |LOSW-A|LOSW-B(LOSW-C|LOSW-D
GND | AVDD2 | AVDD2 | AVDD2 | GND GND GND GND | AvDD2 | AVDD2 | AVDD2 | GND
AVDD1 GND | AVDD1 GND | AVDD1 GND GND | AVDD1 GND | AVDD1 GND | AVDD1
GND | AVDD1 GND DVDD GND GND GND GND | AVDD1 GND DVDD GND
CLK- [TX_TRIG-| GND GND GND GND | ADDR4 | ADDR3 | ADDR2 | ADDR1 | ADDRO | CSB
CLK+ [TX_TRIG+| CWQ+ | GND CWI+ | AVDD2 | MLO+ |RESET-| GPO3 | GPO1 | PDWN | SDIO
GND GND CWQ- | GND CWI- | AVDD2 | MLO- [RESET+| GPO2 | GPOO | STBY | SCLK
DRVDD NIC NIC  [SYNCINB+|SERDOUT4+| SERDOUT3+| SERDOUT2+| SERDOUT1+| SYSREF+ NIC NIC DRVDD
GND NIC NIC  [SYNCINB-|SERDOUT4-| SERDOUT3-| SERDOUT2-| SERDOUT1-| SYSREF— NIC NIC GND
NIC = NOT INTERNALLY CONNECTED.
Figure 7. Pin Configuration
2 4 6 8 10 12
1 3 5 7 9 11
A|lOOOOOOOOOO0OO0OO
B|OOOOOOOOOOOO
c|]OO0OO0OO0OO0OO0OO0OO0OO0OO0O0O0
D|OOOOOO0OOOO0OO0OO0OO0
E|] OOOOOOOOO0OO0OO0O0
F|OOOOOOOOOOOOo
G|OOOOOOOOOO0OOOo
H| O OOOOOOOOOOOo
JJOO OOOOOOOO0OO0Oo
K|OOOOOOOOOOOO
L|OOOO0OOO0OO0OO0OO0OO0OO0OOo
M|OOOOOOOOOO0OO0OO0
TOP VIEW z
(Not to Scale) g

Figure 8. CSP_BGA Pin Location
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Table 6. Pin Function Descriptions

Pin No. Mnemonic Description

B5, B6, B8, C5,C6,C7,C8,D5,D6,D7,D8, | GND Ground. These pins are tied to a quiet analog ground.

E1,E5,E6,E7,E8,E12,F2,F4,F6,F7, F9,

F11,G1, G3, G5, G6, G7, G8, G10, G12,

H3, H4, H5, H6, J4, K1, K2, K4, M1, M12

F1,F3,F5,F8,F10,F12, G2, G9 AVDD1 1.8V Analog Supply.

G4, G11 DvDD 1.4V Digital Supply.

E2, E3, E4, E9,E10,E11, J6, K6 AVDD2 3.0V Analog Supply.

B7 CLNA LNA External Capacitor.

L1,L12 DRVDD 1.8V Digital Output Driver Supply.

1 LO-E LNA Analog Inverted Output for Channel E.

D1 LOSW-E LNA Analog Switched Output for Channel E.

Al LI-E LNA Analog Input for Channel E.

B1 LG-E LNA Ground for Channel E.

Q LO-F LNA Analog Inverted Output for Channel F.

D2 LOSW-F LNA Analog Switched Output for Channel F.

A2 LI-F LNA Analog Input for Channel F.

B2 LG-F LNA Ground for Channel F.

(e} LO-G LNA Analog Inverted Output for Channel G.

D3 LOSW-G LNA Analog Switched Output for Channel G.

A3 LI-G LNA Analog Input for Channel G.

B3 LG-G LNA Ground for Channel G.

Cc4 LO-H LNA Analog Inverted Output for Channel H.

D4 LOSW-H LNA Analog Switched Output for Channel H.

A4 LI-H LNA Analog Input for Channel H.

B4 LG-H LNA Ground for Channel H.

H1 CLK- Clock Input Complement.

J1 CLK+ Clock Input True.

H2 TX_TRIG- Transmit Trigger Complement.

J2 TX_TRIG+ Transmit Trigger True.

H11 ADDRO Chip Address Bit 0.

H10 ADDR1 Chip Address Bit 1.

H9 ADDR2 Chip Address Bit 2.

H8 ADDR3 Chip Address Bit 3.

H7 ADDR4 Chip Address Bit 4.

L2, M2, L3, M3,L10,M10,L11, M11 NIC Not Internally Connected. These pins are not connected internally. Allow the
NIC pins to float, or connect them to ground. Avoid routing high speed signals
through these pins because noise coupling may result.

L4 SYNCINB+ Active Low JESD204B LVDS SYNC Input—True.

M4 SYNCINB- Active Low JESD204B LVDS SYNC Input—Complement.

M5 SERDOUT4—- Serial Lane 4 CML Output Data—Complement.

L5 SERDOUT4+ Serial Lane 4 CML Output Data—True.

M6 SERDOUT3- Serial Lane 3 CML Output Data—Complement.

L6 SERDOUT3+ Serial Lane 3 CML Output Data—True.

M7 SERDOUT2—- Serial Lane 2 CML Output Data—Complement.

L7 SERDOUT2+ Serial Lane 2 CML Output Data—True.

M8 SERDOUT1- Serial Lane 1 CML Output Data—Complement.

L8 SERDOUT1+ Serial Lane 1 CML Output Data—True.

M9 SYSREF— Active Low JESD204B LVDS System Reference (SYSREF) Input—Complement.

L9 SYSREF+ Active Low JESD204B LVDS SYSREF Input—True.

K11 STBY Standby Power-Down.

Jn PDWN Full Power-Down.

K12 SCLK Serial Clock.

J12 SDIO Serial Data Input/Output.

Rev. A | Page 14 of 60




AD9675

Pin No. Mnemonic Description

H12 CSB Chip Select Bar.

B9 LG-A LNA Ground for Channel A.

A9 LI-A LNA Analog Input for Channel A.

D9 LOSW-A LNA Analog Switched Output for Channel A.

c9 LO-A LNA Analog Inverted Output for Channel A.

B10 LG-B LNA Ground for Channel B.

A10 LI-B LNA Analog Input for Channel B.

D10 LOSW-B LNA Analog Switched Output for Channel B.

c10 LO-B LNA Analog Inverted Output for Channel B.

B11 LG-C LNA Ground for Channel C.

A1 LI-C LNA Analog Input for Channel C.

D11 LOSW-C LNA Analog Switched Output for Channel C.

C11 LO-C LNA Analog Inverted Output for Channel C.

B12 LG-D LNA Ground for Channel D.

A12 LI-D LNA Analog Input for Channel D.

D12 LOSW-D LNA Analog Switched Output for Channel D.

C12 LO-D LNA Analog Inverted Output for Channel D.

K10 GPOO General-Purpose Open-Drain Output 0.

J10 GPO1 General-Purpose Open-Drain Output 1.

K9 GPO2 General-Purpose Open-Drain Output 2.

J9 GPO3 General-Purpose Open-Drain Output 3.

J8 RESET- Synchronizing Input for LO Divide by M Counter Complement.
K8 RESET+ Synchronizing Input for LO Divide by M Counter True.
K7 MLO- CW Doppler Multiple Local Oscillator Input Complement.
J7 MLO+ CW Doppler Multiple Local Oscillator Input True.

A8 GAIN- Gain Control Voltage Input Complement.

A7 GAIN+ Gain Control Voltage Input True.

A6 RBIAS External Resistor to Set the Internal ADC Core Bias Current.
A5 VREF Voltage Reference Input/Output.

K5 CWI- CW Doppler | Output Complement.

J5 CWI+ CW Doppler | Qutput True.

K3 CWQ- CW Doppler Q Output Complement.

J3 CWQ+ CW Doppler Q Output True.
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TYPICAL PERFORMANCE CHARACTERISTICS

TGC MODE

Mode I = fsampie = 40 MSPS, fiv = 5 MHz, low bandwidth mode, Rs = 50 Q, Res = o (unterminated), LNA gain = 21.6 dB, LNA bias =

midhigh, PGA gain = 27 dB, Vea (V) = (GAIN+) — (GAIN-) = 1.6 V, AAF LPF cutoff = fsampre/3, HPF cutoff = LPF cutoff/12.00
(default), RF decimator bypassed, digital high-pass filter bypassed, unless otherwise noted.
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Figure 15. Short-Circuit, Input Referred Noise vs. Frequency
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Figure 16. Short-Circuit, Output Referred Noise vs. Channel Gain,
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CW DOPPLER MODE
fiv = 5 MHz, fio = 20 MHz, 4LO mode, Rs = 50 2, LNA gain = 21.6 dB, LNA bias = midhigh, all CW channels enabled, phase rotation = 0°.
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Figure 31. Noise Figure vs. Baseband Frequency Figure 32. Output Referred SNR vs. Baseband Frequency

Rev. A | Page 20 of 60




AD9675

THEORY OF OPERATION
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Figure 33. Simplified Block Diagram of a Single Channel

Each channel of the AD9675 contains both a TGC signal path and
a CW Doppler signal path. Common to both signal paths, the LNA
provides four user adjustable input impedance termination options
for matching different probe impedances. The CW Doppler
path includes an I/Q demodulator with programmable phase
rotation needed for analog beamforming. The TGC path includes
a differential X-AMP® VGA, an antialiasing filter, an ADC, and
a digital RF decimation by 2 and high-pass filter. Figure 33
shows a simplified block diagram with external components.

TGC OPERATION
The system gain is distributed as listed in Table 7.

Table 7. Channel Analog Gain Distribution

Section Nominal Gain (dB)
LNA 15.6/17.9/21.6 (LNAGan)
Attenuator —45 to 0 (VGAAam)

VGA Amplifier 21/24/27/30 (PGAGa)
Filter 0

ADC 0

Each LNA output is dc-coupled to a VGA input. The VGA
consists of an attenuator with a range of —45 dB to 0 dB
followed by an amplifier with a selectable gain of 21 dB, 24 dB,
27 dB, or 30 dB. The X-AMP gain interpolation technique
results in low gain error and uniform bandwidth, and
differential signal paths minimize distortion.

The linear in dB gain (law conformance) range of the TGC path
is 45 dB. The slope of the gain control interface is 14 dB/V, and
the gain control range is =1.6 V to +1.6 V. Equation 1 is the
expression for the differential voltage, Veam, at the gain control
interface. Equation 2 is the expression for the VGA attenuation,
VGAarr, as a function of Vea.

Vea (V) = (GAIN+) — (GAIN-) (1)

VGArr (dB) = —14 (dB/V) x (1.6 — Vgaw) 2)
Then, calculate the total channel gain as in Equation 3.

Channel Gain (dB) = LNAaw + VGAarr + PGAgav 3)

In its default condition, the LNA has a gain of 21.6 dB (12x),
and the VGA postamp gain is 24 dB. If the voltage on the
GAIN+ pin is 0 V and the voltage on the GAIN- pinis 1.6 V
(44.8 dB attenuation), the total gain of the channel is 0.8 dB if
the LNA input is unmatched. The channel gain is —5.2 dB if the
LNA is matched to 50 Q (Res = 300 Q2). However, if the voltage on
the GAIN+ pin is 1.6 V and the voltage on the GAIN- pinis 0 V
(0 dB attenuation), VGAarr is 0 dB. This results in a total gain of
45.6 dB through the TGC path if the LNA input is unmatched, or
in a total gain of 39.6 dB if the LNA input is matched. Similarly,
if the LNA input is unmatched and has a gain of 21.6 dB (12x),
and the VGA postamp gain is 30 dB, the channel gain is
approximately 52 dB with 0 dB VGAxrr.

In addition to the analog VGA attenuation described in
Equation 2, the attenuation level can be digitally controlled in
3.5 dB increments. Equation 3 is still valid, and the value of
VGAurr is equal to the attenuation level set in Address 0x011,
Bits[7:4].

Low Noise Amplifier (LNA)

Good system sensitivity relies on a proprietary ultralow noise
LNA at the beginning of the signal chain, which minimizes the
noise contribution in the following VGA. Active impedance
control optimizes noise performance for applications that
benefit from input impedance matching.

The LNA input, LI-x, is capacitively coupled to the source.
An on-chip bias generator establishes dc input bias voltages of
approximately 2.2 V and centers the output common-mode
levels at 1.5 V (AVDD2 divided by 2). A capacitor, Cig, of the
same value as the input coupling capacitor, Cs, is connected
from the LG-x pin to ground.

The LNA supports three gains, 21.6 dB, 17.9 dB, or 15.6 dB, set
through the SPI. Overload protection ensures quick recovery
time from large input voltages.

Low value feedback resistors and the current driving capability
of the output stage allow the LNA to achieve a low input
referred noise voltage of 0.78 nV/VHz (at a gain of 21.6 dB).
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On-chip resistor matching results in precise single-ended gains,
which are critical for accurate impedance control. The use of a
fully differential topology and negative feedback minimizes
distortion. Low second-order harmonic distortion is particularly
important in harmonic ultrasound imaging applications.

Active Impedance Matching

The LNA consists of a single-ended voltage gain amplifier with
differential outputs and the negative output externally available
on two output pins (LO-x and LOSW-x) that are controlled via
internal switches. This configuration allows active input
impedance synthesis of 3 different impedance values (and
unterminated value) via connecting up to two external
resistances in parallel and controlling the internal switch states
via SPI. This well known technique is used for interfacing
multiple probe impedances to a single system. For example,
with a fixed gain of 8x (17.9 dB), an active input termination is
synthesized by connecting a feedback resistor between the
negative output pin, LO-x, and the positive input pin, LI-x.
The input resistance calculation is shown in Equation 4.

o~ R +20Q)[|(Rpy, +200)+30Q
IN — (1+%)

4

where:

Resr and Rgs: are the external feedback resistors.

20 Q) is the internal switch on resistance.

30 Q) is an internal series resistance common to the two internal
switches.

A/2 is the single-ended gain or the gain from the LI-x inputs to
the LO-x outputs.

Res can be equal to Resi, Resz, or (Resi + 20)||(Resz + 20)
depending on the connection status of the internal switches.

Because the amplifier has a gain of 8x from its input to its
differential output, it is important to note that the gain, A/2, is
the gain from Pin LI-x to Pin LO-x and that it is 6 dB less than
the gain of the amplifier, or 12.1 dB (4x). The input resistance is
reduced by an internal bias resistor of 6 k() in parallel with the
source resistance connected to pin LI-x, with Pin LG-x ac
grounded. Use, the more accurate, Equation 5 to calculate the
required Res for a desired Ruy, even for higher values of Rux.

 (Ryy +20Q) || (Ry, +200) +30Q
- (1+A/2)

Ry k@ (5)
For example, to set Riv to 200 Q with a single-ended LNA gain of
12.1 dB (4x), the value of Res: from Equation 4 must be 950 Q,
while the switch for Res: is open. If the more accurate equation
(Equation 5) is used to calculate Ruy, the value is then 194 Q
instead of 200 (), resulting in a gain error of less than 0.27 dB.
Some factors, such as the presence of a dynamic source resistance,
may influence the absolute gain accuracy more significantly. At
higher frequencies, the input capacitance of the LNA must be
considered. The user must determine the level of matching
accuracy and adjust Res1 and Rer. accordingly.

Res is the resulting impedance of the Resi and Res2 combination
(see Figure 33). Use Register 0x02C in the SPI memory to
program the AD9675 for four impedance matching options:
three active terminations and unterminated. Table 8 shows an
example of how to select Rrsi and Res: for 66 €, 100 O, and
200 Q input impedance for LNA gain = 21.6 dB (12x).

Table 8. Active Termination Example for LNA Gain = 21.6 dB,
Res1 = 650 Q, Res2 = 1350 Q

Addr 0x02C LO-x LOSW-x Rin (Q)
Value Rs(Q) | Switch | Switch Res (Q) (Eq. 4)
00 (default) 100 On Off Res1 100

01 50 On On Ree1||Rrs2 | 69

10 200 Off On Res2 200

1 N/AT Off Off oo oo

' N/A means not applicable.

The bandwidth (BW) of the LNA is greater than 80 MHz.
Ultimately, the BW of the LNA limits the accuracy of the
synthesized Rin. For Riv = Rs up to about 200 (2, the best match
is between 100 kHz and 10 MHz, where the lower frequency
limit is determined by the size of the ac coupling capacitors, and
the upper limit is determined by the LNA BW. Furthermore, the
input capacitance and Rs limit the BW at higher frequencies.
Figure 34 shows R vs. frequency for various values of Res.

" e
[ Rs = 5000, Reg = 2kQ
| N -
s T ‘\\
W | Ren 2000 Rea 20000 A
2 R X
P Rg = 100Q, Rpg = 400Q, Cgy = 20pF N
B 100 LS, 0k Ree = 4000, Csyy = 2007
@ P S
© N T T 1T T T T -~ \__
P [ Rg = 500, Reg = 2000, Cgyy = 70pF 4
2 1 — 3
z N N
N
\\
10
100k 1M 10M 100M

11381-035

FREQUENCY (Hz)

Figure 34. Riv vs. Frequency for Various Values of Res

(Effects of Rst and Csy Are Also Shown)

However, for larger Riv values, parasitic capacitance starts
rolling off the signal BW before the LNA can produce peaking.
Csu further degrades the match; therefore, do not use Csu for
values of Ry that are greater than 100 Q. Table 9 lists the
recommended values for Res and Csu in terms of Riv. Crs is
needed in series with Res because the dc levels at Pin LO-x and
Pin LI-x are unequal.
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Table 9. Active Termination External Component Values

LNA Gain (dB) Rin (Q) Rre (Q) Minimum Csy (pF)
15.6 50 150 90

17.9 50 200 70

21.6 50 300 50

15.6 100 350 30

17.9 100 450 20

216 100 650 10

15.6 200 750 Not applicable
17.9 200 950 Not applicable
21.6 200 1350 Not applicable
LNA Noise

The short-circuit noise voltage (input referred noise) is an impor-
tant limit on system performance. The short-circuit noise voltage
for the LNA is 0.78 nV/VHz at a gain of 21.6 dB, including the
VGA noise at a VGA postamp gain of 27 dB. These measurements,
which were taken without a feedback resistor, provide the basis
for calculating the input noise and noise figure (NF) performance.

Figure 35 and Figure 36 are simulations of noise figure vs. Rs
results with different input configurations and an input referred
noise voltage of 2.5 nV/VHz for the VGA. Unterminated (R = o)
operation exhibits the lowest equivalent input noise and noise
figure. Figure 36 shows the noise figure vs. source resistance rising
at low Rs, where the LNA voltage noise is large compared with
the source noise, and at high Rs due to the noise contribution
from Rez. The lowest NF is achieved when Rs matches Ri.

Figure 35 shows the relative noise figure performance. With an
LNA gain of 21.6 dB, the input impedance is swept with Rs to
preserve the match at each point. The noise figures for a source
impedance of 50 () are 7 dB, 4 dB, and 2.5 dB for the shunt
termination, active termination, and unterminated configura-
tions, respectively. The noise figures for 200 () are 4.5 dB, 1.7 dB,
and 1 dB, respectively.
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Figure 35. Noise Figure vs. Rs for Shunt Termination, Active
Termination Matched and Unterminated Inputs, Vean = 1.6 V

Figure 36 shows the noise figure as it relates to Rs for various
values of R, which is helpful for design purposes.
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Figure 36. Noise Figure vs. Rs for Various Fixed Values of Rin,
Active Termination Matched Inputs, Vean = 1.6 V
CLNA Connection
CLNA (Pin B7) must have a 1 nF capacitor attached to AVDD2.
DC Offset Correction/High-Pass Filter

The AD9675 LNA architecture corrects for dc offset voltages
that can develop on the external Cs capacitor due to leakage of
the transmit (Tx)/receive (Rx) switch during ultrasound
transmit cycles. The dc offset correction, as shown in Figure 37,
provides a feedback mechanism to the LG-x input of the LNA
to correct for this dc voltage.

AD9675
Tx/Rx
SWITCH ¢
= | =
TRANSDUCER

DC OFFSET
CORRECTION

11381-038

Figure 37. Simplified LNA Input Configuration

The feedback acts as high-pass filter providing dynamic
correction of the dc offset. The cutoff frequency of the high-
pass filter response is dependent on the value of the Cic
capacitor, the gain of the LNA (LNAgaw) and the gn of the
feedback transconductance amplifier. The gn value is
programmed in Register 0x120, Bits[4:3]. Ensure that Cs is
equal to Cic for proper operation.

Table 10. High-Pass Filter Cutoff Frequency, fir, for Cic = 10 nF

Address LNAGan= | LNAGan= | LNAGan =
0x120[4:3] Om 15.6dB 17.9dB 21.6dB
00 (default) 0.5mS | 41 kHz 55 kHz 83 kHz

01 1.0mS | 83 kHz 110 kHz 167 kHz
10 1.5mS | 133 kHz 178 kHz 267 kHz
11 2.0mS | 167 kHz 220 kHz 330 kHz
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For other values of Cic, determine the high-pass filter cutoff
frequency by scaling the values from Table 10 or calculating
based on Cic, LNAGaw, and gm, as shown in Equation 6.

&m 10 nF

1
x LNA x =M — X
X7 GAIN Coo Jur Coo

(6)

fHP (CLG) =

where fur is the high-pass filter cutoff frequency (see Table 10).
Variable Gain Amplifier (VGA)

The differential X-AMP VGA provides precise input attenu-
ation and interpolation. It has a low input referred noise of

2.5 nV/VHz and excellent gain linearity. The VGA is driven by a
fully differential input signal from the LNA. The X-AMP archi-
tecture produces a linear-in-dB gain law conformance and low
distortion levels—deviating only +0.5 dB or less from the ideal.
The gain slope is monotonic with respect to the control voltage
and is stable with variations in process, temperature, and supply.
The resulting total gain range is 45 dB, which allows range loss
at the endpoints.

The X-AMP inputs are part of a PGA that completes the VGA.
The PGA in the VGA can be programmed to a gain of 21 dB,
24 dB, 27 dB, or 30 dB, allowing for optimization of channel
gain for different imaging modes in the ultrasound system.

The VGA bandwidth is greater than 100 MHz. The input stage
ensures excellent frequency response uniformity across the gain
setting. For TGC mode, this minimizes time delay variation
across the gain range.

Gain Control

The analog gain control interface, GAIN4, is a differential
input. Veam varies the gain of all VGAs through the interpolator
by selecting the appropriate input stages connected to the input
attenuator. The nominal Vea range is 14 dB/V from —1.6 V to
+1.6 V, with the best gain linearity from approximately -1.44 V
to +1.44 V, where the error is typically less than +0.5 dB. For
Viam voltages of greater than 1.44 V and less than —1.44 V, the
error increases. The value of GAIN= can exceed the supply
voltage by 1 V without gain foldover.

Gain control response time is less than 750 ns to settle within 10%
of the final value for a change from minimum to maximum gain.

The differential input pins, GAIN+ and GAIN—, can interface
to an amplifier, as shown in Figure 38. Decouple and drive the
GAIN+ and GAIN- pins to accommodate a 3.2 V full-scale input.

AD9675
GAIN+

+0.8V DC
100Q AT 0.8V CM

100Q

+0.8V DC
;EO-OWF AT 0.8V CM

11381-039

2490
Figure 38. Differential GAIN+ Pin Configuration

Use Address 0x011, Bits[7:4], to disable the analog gain control
and to control the attenuator digitally. The control range is
45 dB and the step size is 3.5 dB.

VGA Noise

In a typical application, a VGA compresses a wide dynamic
range input signal to within the input span of an ADC. The
input referred noise of the LNA limits the minimum resolvable
input signal, whereas the output referred noise, which depends
primarily on the VGA, limits the maximum instantaneous dynamic
range that can be processed at any one particular gain control
voltage. This latter limit is set in accordance with the total noise
floor of the ADC.

The output referred noise is a flat 40 nV/VHz (postamp gain =
24 dB) over most of the gain range because it is dominated by
the fixed output referred noise of the VGA. At the high end of the
gain control range, the noise of the LNA and the source prevail.
The input referred noise reaches its minimum value near the
maximum gain control voltage, where the input referred
contribution of the VGA is miniscule.

At lower gains, the input referred noise and, therefore, the noise
figure increase as the gain decreases. The instantaneous dynamic
range of the system is not lost, however, because the input capacity
increases as the input referred noise increases. The contribution of
the ADC noise floor has the same dependence. The important
relationship is the magnitude of the VGA output noise floor
relative to that of the ADC.

Gain control noise is a concern in very low noise applications.
Thermal noise in the gain control interface can modulate the
channel gain. The resulting noise is proportional to the output
signal level and is usually evident only when a large signal is
present. Take care to minimize noise impinging at the GAIN+
inputs. Use an external RC filter to remove Vgan source noise.
Ensure that the filter bandwidth is sufficient to accommodate the
desired control bandwidth and attenuate unwanted switching noise
from the external DACs used to drive the gain control.

The AD9675 can bypass the GAIN=* inputs and control the gain
of the attenuator digitally (see the Gain Control section). This
mode removes any external noise contributions when active gain
control is not needed.

Antialiasing Filter (AAF)

The filter that the signal reaches prior to the ADC is used to
reject dc signals and to band limit the signal for antialiasing.
The antialiasing filter is a combination of a single-pole, high-pass
filter and a second-order, low-pass filter. Configure the high-
pass filter as a ratio of the low-pass filter cutoff frequency using
Address 0x02B, Bits[1:0].

The filter uses on-chip tuning to trim the capacitors and, in
turn, to set the desired low-pass cutoff frequency and reduce
variations. The default —3 dB low-pass filter cutoff is 1/3, 1/4.5,
or 1/6 of the ADC sample clock rate. The cutoff can be scaled to
0.75,0.8, 0.9, 1.0, 1.13, 1.25, or 1.45 times this frequency using
Address 0x00F. The cutoff tolerance (£10%) is maintained from
8 MHz to 18 MHz for low bandwidth mode or 13.5 MHz to

30 MHz for high bandwidth mode.
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Table 11 and Table 12 calculate the valid SPI-selectable low-pass
filter settings and expected cutoff frequencies for the low
bandwidth and high bandwidth modes at the minimum sample
frequency and the maximum sample frequency in each speed
mode.

Tuning is normally off to avoid changing the capacitor settings
during critical times. The tuning circuit is enabled through the
SPL It is disabled automatically after 512 cycles of the ADC sample
clock. Initialize the tuning of the filter after initial power-up and

after reprogramming of the filter cutoff scaling or the ADC
sample rate. The tuning is initiated using Address 0x02B, Bit 6.

Four SPI-programmable settings allow users to vary the high-
pass filter cutoff frequency as a function of the low-pass cutoff
frequency. Two examples are shown in Table 13: an 8 MHz low-
pass cutoff frequency and an 18 MHz low-pass cutoff frequency. In
both cases, as the ratio decreases, the amount of rejection on the
low end frequencies increases. Therefore, making the entire AAF
frequency pass band narrow can reduce low frequency noise or
maximize dynamic range for harmonic processing.

Table 11. SPI-Selectable Low-Pass Filter Cutoff Options for Low Bandwidth Mode at Example Sampling Frequencies

Address LPF Cutoff Sampling Frequency (MHz)
0x00F[7:3] | Frequency (MHz) 20.5 40 65 80 125
00000 1.45 % (1/3) X fsampLe 9.91 Out of tunable Out of tunable Out of tunable Out of tunable
filter range filter range filter range filter range
00001 1.25 % (1/3) X fsampLe 8.54 16.67 Out of tunable Out of tunable Out of tunable
filter range filter range filter range
00010 1.13 X (1/3) X fsampLe Out of tunable 15.00 Out of tunable Out of tunable Out of tunable
filter range filter range filter range filter range
00011 1.0 X (1/3) X fsampLe Out of tunable 13.33 Out of tunable Out of tunable Out of tunable
filter range filter range filter range filter range
00100 0.9 x (1/3) X fsampLe Out of tunable 12.00 Out of tunable Out of tunable Out of tunable
filter range filter range filter range filter range
00101 0.8 x (1/3) X fsampLe Out of tunable 10.67 17.33 Out of tunable Out of tunable
filter range filter range filter range
00110 0.75 X (1/3) X fsampLe Out of tunable 10.00 16.25 16.82 Out of tunable
filter range filter range
01000 1.45 x (1/4.5) X fsameie | Out of tunable 12.89 20.94 Out of tunable Out of tunable
filter range filter range filter range
01001 1.25 % (1/4.5) X fsampie | Out of tunable 11.11 18.06 Out of tunable Out of tunable
filter range filter range filter range
01010 1.13 X (1/4.5) X fsampe | Out of tunable 10.00 16.25 Out of tunable Out of tunable
filter range filter range filter range
01011 1.0 X (1/4.5) X fsampie | Out of tunable 8.89 14.44 17.78 Out of tunable
filter range filter range
01100 0.9 x (1/4.5) x fsameie | Out of tunable 8.00 13.00 16.00 Out of tunable
filter range filter range
01101 0.8 X (1/4.5) X fsampe | Out of tunable Out of tunable 11.56 14.22 Out of tunable
filter range filter range filter range
01110 0.75 % (1/4.5) X fsampLe | Out of tunable Out of tunable 10.83 13.33 17.50
filter range filter range
10000 1.45 X (1/6) X fsampLe Out of tunable 9.67 15.71 Out of tunable Out of tunable
filter range filter range filter range
10001 1.25 X (1/6) X fsampie Out of tunable 833 13.54 16.67 Out of tunable
filter range filter range
10010 1.13 X (1/6) X fsampie Out of tunable Out of tunable 12.19 15.00 Out of tunable
filter range filter range filter range
10011 1.0 X (1/6) X fsampLe Out of tunable Out of tunable 10.83 13.33 Out of tunable
filter range filter range filter range
10100 0.9 X (1/6) X fsampLe Out of tunable Out of tunable 9.75 12.00 Out of tunable
filter range filter range filter range
10101 0.8 X (1/6) X fsampLe Out of tunable Out of tunable 8.67 10.67 16.67
filter range filter range
10110 0.75 X (1/6) X fsampLe Out of tunable Out of tunable 8.13 10.00 15.63
filter range filter range
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Table 12. SPI-Selectable Low-Pass Filter Cutoff Options for High Bandwidth Mode at Example Sampling Frequencies

Address LPF Cutoff Sampling Frequency (MHz)
0x00F[7:3] | Frequency (MHz) 20.5 40 65 80 125
00000 1.45 X (1/3) X fsampLe Out of tunable 19.33 Out of tunable Out of tunable Out of tunable
filter range filter range filter range filter range
00001 1.25 X (1/3) X fsampLe Out of tunable 16.67 27.08 Out of tunable Out of tunable
filter range filter range filter range
00010 1.13 X (1/3) X fsampLe Out of tunable 15.00 24.38 30.00 Out of tunable
filter range filter range
00011 1.0 X (1/3) X fsampLe Out of tunable Out of tunable 21.67 26.67 Out of tunable
filter range filter range filter range
00100 0.9 X (1/3) X fsampLe Out of tunable Out of tunable 19.50 24.00 Out of tunable
filter range filter range filter range
00101 0.8 X (1/3) X fsameLe Out of tunable Out of tunable 17.33 21.33 Out of tunable
filter range filter range filter range
00110 0.75 X (1/3) X fsampLe Out of tunable Out of tunable 16.25 20.00 Out of tunable
filter range filter range filter range
01000 1.45 X (1/4.5) X fsampe | Out of tunable Out of tunable 20.94 25.78 Out of tunable
filter range filter range filter range
01001 1.25 X (1/4.5) X fsampe | Out of tunable Out of tunable 18.06 22.22 Out of tunable
filter range filter range filter range
01010 1.13 X (1/4.5) X fsampe | Out of tunable Out of tunable 16.25 20.00 Out of tunable
filter range filter range filter range
01011 1.0 X (1/4.5) X fsampLe Out of tunable Out of tunable 14.44 17.78 27.78
filter range filter range
01100 0.9 X (1/4.5) X fsampLe Out of tunable Out of tunable Out of tunable 16.00 25.00
filter range filter range filter range
01101 0.8 X (1/4.5) X fsampLe Out of tunable Out of tunable Out of tunable 14.22 22.22
filter range filter range filter range
01110 0.75 X (1/4.5) X fsampe | Out of tunable Out of tunable Out of tunable Out of tunable 20.83
filter range filter range filter range filter range
10000 1.45 X (1/6) X fsampLe Out of tunable Out of tunable 15.71 19.33 Out of tunable
filter range filter range filter range
10001 1.25 X (1/6) X fsampLe Out of tunable Out of tunable 13.54 16.67 26.04
filter range filter range
10010 1.13 X (1/6) X fsampLe Out of tunable Out of tunable Out of tunable 15.00 23.44
filter range filter range filter range
10011 1.0 X (1/6) X fsameLe Out of tunable Out of tunable Out of tunable Out of tunable 20.83
filter range filter range filter range filter range
10100 0.9 X (1/6) X fsampLe Out of tunable Out of tunable Out of tunable Out of tunable 18.75
filter range filter range filter range filter range
10101 0.8 X (1/6) X fsampLe Out of tunable Out of tunable Out of tunable Out of tunable 16.67
filter range filter range filter range filter range
10110 0.75 X (1/6) X fsampLe Out of tunable Out of tunable Out of tunable Out of tunable 15.63
filter range filter range filter range filter range

Table 13. High-Pass Filter Cutoff Options

Address 0x02B[1:0] High-Pass

High-Pass Cutoff Frequency

Filter Cutoff Ratio’ Low-Pass Cutoff = 8 MHz Low-Pass Cutoff = 18 MHz
00 (default) 12.00 670 kHz 1.5 MHz
01 9.00 890 kHz 2.0 MHz
10 6.00 1.33 MHz 3.0 MHz
11 3.00 2.67 MHz 6.0 MHz

' Ratio is the low-pass filter cutoff frequency/high-pass filter cutoff frequency.
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AAF/VGA Test Mode

For debug and testing, there is a bypass switch to view the AAF
output on the GPO2 and GPO3 pins. Enable this mode via SPI
Address 0x109, Bit 4. The differential AAF output of only one
channel can be accessed at a time. The dc output voltage is 1.5V
(or AVDD2/2) and the maximum ac output voltage is 2 V p-p.

ADC

The AD9675 uses a pipelined ADC architecture. The quantized
output from each stage is combined into a 14-bit result in the
digital correction logic. The pipelined architecture permits the
first stage to operate on a new input sample and the remaining
stages to operate on preceding samples. Sampling occurs on the
rising edge of the clock.

The output staging block aligns the data, corrects errors, and
passes the data to the output buffers. The data is then serialized
and aligned to the frame and output clocks.

Clock Input Considerations

For optimum performance, clock the AD9675 sample clock
inputs (CLK+ and CLK-) with a differential signal. This signal
is typically ac-coupled into the CLK+ and CLK- pins via a
transformer or capacitors. These pins are biased internally and
require no additional bias.

Figure 39 shows the preferred method for clocking the AD9675.
A low jitter clock source, such as the Valpey Fisher oscillator,
VFAC3AHL-1 80.000, is converted from single-ended to
differential using an RF transformer. The back-to-back Schottky
diodes across the secondary transformer limit clock excursions
into the AD9675 to approximately 0.8 V p-p differential. This
prevents the large voltage swings of the clock from feeding
through to other portions of the AD9675, and it preserves the
fast rise and fall times of the signal, which are critical to low
jitter performance.

3.3v

MINI-CIRCUITS®
ADT1-1WT, 1:1Z
0.1pF 0.1uF
XFMR
o{ our o i1 CLK+
500 1000 3
VFAC3 0.1yF Ay s ADC
J_ i| Ol CLK-
SCHOTTKY g
0-1uF DIODES: 2
HSM2812 3

Figure 39. Transformer-Coupled Differential Clock

If a low jitter clock is available, another option is to ac couple a
differential positive emitter-coupled logic (PECL) signal to the
sample clock input pins, as shown in Figure 40. Analog Devices
offers clock drivers with excellent jitter performance, such as
the AD9516-0 or the AD9524.

3.3V
AD9524/AD9516-0
VFAC3 0.1uF V' 0.1yF
om—i—1 CLK {— cLk+
g 500* L
21000 ADC
0.1uF 0.1pF
;' CLK ’ {—d cLk-
2400 é $2400
A%

11381-041

*50Q RESISTOR IS OPTIONAL.
Figure 40. Differential PECL Sample Clock

A third option is to ac couple a differential LVDS signal to the
sample clock input pins, as shown in Figure 41.

3.3v
AD9524/AD9516-0

VFAC3 0.1yF

out —}— CLk+
o
31000 ADC

0.1yF
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*50Q RESISTOR IS OPTIONAL.
Figure 41. Differential LVDS Sample Clock

In some applications, it is acceptable to drive the sample clock
inputs with a single-ended CMOS signal. In such applications,
drive CLK+ directly from a CMOS gate, and bypass the CLK-
pin to ground with a 0.1 uF capacitor (see Figure 42).

3.3v
AD9524/AD9516-0
VFAC3 0.1uF
out
OPTIONAL
O] 500Q* 100Q 0.1pF
CMOS DRIVER — cLk+
ADC
O-1uF ;; CLK

0.1uF -'-_O .

*500 RESISTOR IS OPTIONAL. l g

Figure 42. Single-Ended 1.8 V CMOS Sample Clock
Clock Duty Cycle Considerations

Typical high speed ADCs use both clock edges to generate a
variety of internal timing signals. As a result, these ADCs can
be sensitive to the clock duty cycle. Commonly, a 5% tolerance
is required on the clock duty cycle to maintain dynamic
performance characteristics. The AD9675 contains a duty cycle
stabilizer (DCS) that retimes the nonsampling edge, providing
an internal clock signal with a nominal 50% duty cycle. This
allows a wide range of clock input duty cycles without affecting
the performance of the AD9675. When the DCS is on, noise
and distortion performance are nearly flat for a wide range of
duty cycles. However, some applications may require the DCS
function to be off. When the DCS function is off, the dynamic
range performance can be affected.

The duty cycle stabilizer uses a delay-locked loop (DLL) to create
the nonsampling edge. As a result, any changes to the sampling
frequency require approximately eight clock cycles to allow the
DLL to acquire and lock to the new rate.
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Clock Jitter Considerations

High speed, high resolution ADCs are sensitive to the quality of the
clock input. Calculate the degradation in SNR at a given input
frequency (fa) due only to aperture jitter (t;) as follows:

SNR Degradation = 20 x log 10(1/2 x 1 X fa x t) (7)

In this equation, the rms aperture jitter represents the root
mean square of all jitter sources, including the clock input,
analog input signal, and ADC aperture jitter (see Figure 43).

Treat the clock input as an analog signal in cases where aperture
jitter may affect the dynamic range of the AD9675. Separate
power supplies for clock drivers from the ADC output driver
supplies to avoid modulating the clock signal with digital noise.
Low jitter, crystal controlled oscillators make the best clock
sources, such as the Valpey Fisher VFACS3 series. If the clock is
generated from another type of source (by gating, dividing, or
other methods), it is retimed by the original clock during the
last step.

For more information on how jitter performance relates to
ADC:s, refer to the AN-501 Application Note and the AN-756
Application Note.
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Figure 43. Ideal SNR vs. Input Frequency and Jitter

Power Dissipation and Power-Down Mode

The power dissipated by the AD9675 is proportional to its
sample rate. The digital power dissipation does not vary
significantly because it is determined primarily by the DRVDD
supply and the bias current of the LVDS output drivers. The
AD9675 features scalable LNA bias currents (see Table 31,
Address 0x012). The default LNA bias current settings are
midhigh.

By asserting the PDWN pin high, the AD9675 is placed into
power-down mode. In this state, the device typically dissipates
5 mW. During power-down, the LVDS output drivers are placed
into a high impedance state. The AD9675 returns to normal
operating mode when the PDWN pin is pulled low. This pin is
only 1.8 V tolerant. To drive the PDWN pin from a 3.3 V logic
level, insert a 1 kQ resistor in series with this pin to limit the
current.

By asserting the STBY pin high, the AD9675 is placed in standby
mode. In this state, the device typically dissipates 725 mW.
During standby, the entire device is powered down except the
internal references. The LVDS output drivers are placed into a
high impedance state. This mode is well suited for applications
that require power savings because it allows the device to be
powered down when not in use and then quickly powers up.
The time to power up the device is also greatly reduced. The
AD9675 returns to normal operating mode when the STBY pin
is pulled low. This pin is only 1.8 V tolerant. To drive the STBY
pin from a 3.3 V logic level, insert a 1 kQ) resistor in series with
this pin to limit the current.

In power-down mode, low power dissipation is achieved by
shutting down the reference, reference buffer, PLL, and biasing
networks. The decoupling capacitors on VREF are discharged
when entering power-down mode and must be recharged when
returning to normal operation. As a result, the wake-up time is
related to the time spent in power-down mode: shorter cycles
result in proportionally shorter wake-up times. To restore the
device to full operation, approximately 375 s is required when
using the recommended 1 uF and 0.1 puF decoupling capacitors
on the VREF pin and the 0.01 pF decoupling capacitors on the
GAIN pins. Most of this time is dependent on gain decoupling;
higher value decoupling capacitors on the GAIN= pins result in
longer wake-up times.

A number of other power-down options are available when using
the SPI port interface. The user can individually power down
each channel or place the entire device into standby mode. When
fast wake-up times are required, standby mode allows the user
to keep the internal PLL powered up. The wake-up time is slightly
dependent on gain. To achieve a 2 us wake-up time when the
device is in standby mode, apply 0.8 V to the GAIN+ pins.

Power and Ground Connection Recommendations

When connecting power to the AD9675, use two separate 1.8 V
supplies: one for analog (AVDD1) and one for digital (DRVDD).
If only one 1.8 V supply is available, route it to the AVDDI pin
first and then tap it off and isolate it with a ferrite bead or a filter
choke preceded by decoupling capacitors for the DRVDD pin.

The DVDD pin can be tied to the 1.8 V. DRVDD supply. When
this is done, route the DVDD supply first, tap it off, and isolate
it with a ferrite bead or filter choke preceded by decoupling
capacitors for the DRVDD pin. It is not recommended to use
the same supply for AVDD1, DVDD, and DRVDD. For
compatibility with the AD9671 or for lower power operation,
the DVDD pin can be tied to 1.4 V.

For both high and low frequencies, use several decoupling
capacitors on all supplies. Place these capacitors near the point
of entry at the PCB level and near the device, with minimal
trace lengths.

When using the AD9675, a single PCB ground plane is sufficient.
With proper decoupling and smart partitioning of the analog,

Rev. A | Page 28 of 60



http://www.analog.com/ad9675?doc=ad9675.pdf
http://www.analog.com/AN-501?doc=AD9675.pdf
http://www.analog.com/AN-756?doc=AD9675.pdf
http://www.analog.com/AN-756?doc=AD9675.pdf
http://www.analog.com/ad9675?doc=ad9675.pdf
http://www.analog.com/ad9675?doc=ad9675.pdf
http://www.analog.com/ad9675?doc=ad9675.pdf
http://www.analog.com/ad9675?doc=ad9675.pdf
http://www.analog.com/ad9675?doc=ad9675.pdf
http://www.analog.com/ad9675?doc=ad9675.pdf
http://www.analog.com/ad9675?doc=ad9675.pdf
http://www.analog.com/ad9671?doc=ad9675.pdf
http://www.analog.com/ad9675?doc=ad9675.pdf

AD9675

digital, and clock sections of the PCB, optimum performance
can be easily achieved.

Advanced Power Control

For an ultrasound system, not all channels are needed during all
scanning periods. The POWER_START and POWER_STOP
values in the vector profile can be used to delay the channel
startup and turn the channel off after a certain number of samples.
These counters are relative to TX_TRIG=. The analog circuitry
needs to power up before the digital one and the advance time
(POWER_SETUP) for powering up the analog circuitry, before
POWER_START, is set up in Address 0x112 (see Table 31).

TX_TRIG# | <

POWER_STOP
(PROFILE SPECIFIC)

( PgWERgSTAcRTC

PROFILE SPECIFI

DIGITAL

POWER - >

ANALOG  — — 2

POWER POWER_SETUP S
(SPI SET) EE-

Figure 44. Power Sequencing
DIGITAL OUTPUTS AND TIMING
JESD204B Transmit Top Level Description

The AD9675 digital output complies with the JEDEC Standard
JESD204B, Serial Interface for Data Converters. JESD204B is a
protocol to link the AD9675 to a digital processing device over

Table 14. JESD204B Parameters

a serial interface up to 5 Gbps link speeds. The benefits of the
JESD204B interface include a reduction in required board area
for data interface routing, and enables smaller packages for
converter and logic devices. The AD9675 supports single, dual,
or quad lane interfaces.

JESD204B Overview

The JESD204B data transmit block, as shown in Figure 45,
assembles the parallel channel data from the ADC or digital
processing block into frames and uses 8-bit/10-bit encoding as
well as optional scrambling to form serial output data. Lane
synchronization is supported through the use of special
characters during the initial establishment of the link, and
additional synchronization is embedded in the data stream
thereafter. A matching external receiver is required to lock onto
the serial data stream and recover the data and clock. For
additional details on the JESD204B interface, users are
encouraged to refer to the JESD204B standard.

The AD9675 JESD204B transmit block maps the eight channel
outputs over a link. A link can be configured to use either single,
dual, or quad serial differential outputs, which are called lanes.
The JESD204B specification refers to a number of parameters to
define the link, and these parameters must match between the
JESD204B transmitter (AD9675 output) and receiver.

The JESD204B link is described according to the parameters
listed in Table 14.

Parameter | Description AD9675 Value

S Samples transmitted per single converter per frame cycle 1

M Number of converters per converter device 8

L Number of lanes per converter device 1,2,0r4

N Converter resolution 12,14,0r 16

N' Total number of bits per sample 16

CF Number of control words per frame clock cycle per 0
converter device

cs Number of control bits per conversion sample 0

K Number of frames per multiframe Configurable on the AD9675

HD High density mode 0

F Octets per frame 4, 8,16, or 32 (dependent on L =4, 2, or 1, respectively)
Control bit 0

T Tail bit Available on the AD9675

SCR Scrambler enable/disable Configurable on the AD9675

FCHK Checksum for the JESD204B parameters Automatically calculated and stored in the register map
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Figure 45. AD9675 Transmit Link Simplified Block Diagram

Figure 45 shows a simplified block diagram of the AD9675
JESD204B link. By default, the AD9675 is configured to use
eight channels and four lanes. Channel A and Channel B data is
output to SERDOUT14, Channel C and Channel D data is
output to SERDOUT?24+, Channel E and Channel F data is
output to SERDOUT?34, and Channel G and Channel H data is
output to SERDOUT4+. The AD9675 allows other configura-
tions such as combining the outputs of the eight channels onto a
single lane.

By default in the AD9675, the 14-bit converter word from each
converter is broken into two octets (eight bits of data). Bit 0
(MSB) through Bit 7 are in the first octet. The second octet
contains Bit 8 through Bit 13 (LSB) and two tail bits. The tail
bits can be configured as zeros or a pseudorandom number
sequence.

The two resulting octets can be scrambled. Scrambling is optional
but is available to avoid spectral peaks when transmitting similar
digital data patterns. The scrambler uses a self synchronizing
polynomial-based algorithm defined by the equation: 1 + x** + x".
The descrambler in the receiver must be a self synchronizing
version of the scrambler polynomial.

The two octets are then encoded with an 8-bit/10-bit encoder. The
8-bit/10-bit encoder works by taking eight bits of data (an octet)
and encoding them into a 10-bit symbol. Figure 46 shows how
the 14-bit data is taken from the ADC, the tail bits are added, the
two octets are scrambled, and how the octets are encoded into
two 10-bit symbols. Figure 46 illustrates the default data format.

At the data link layer, in addition to the 8-bit/10-bit encoding,
the character replacement allows the receiver to monitor frame
alignment. The character replacement process occurs on the
frame and multiframe boundaries, and implementation depends
on which boundary is occurring and if scrambling is enabled.

If scrambling is disabled, the following applies. If the last
scrambled octet of the last frame of the multiframe equals the
last octet of the previous frame, the transmitter replaces the last
octet with the control character /A/ = /K28.3/. On other frames
within the multiframe, if the last octet in the frame equals the
last octet of the previous frame, the transmitter replaces the last
octet with the control character /F/ = /K28.7/.

If scrambling is enabled, the following applies. If the last octet of
the last frame of the multiframe equals 0x7C, the transmitter
replaces the last octet with the control character /A/ = /K28.3/.
On other frames within the multiframe, if the last octet equals
0xFC, the transmitter replaces the last octet with the control
character /F/ = /K28.7/.

Refer to JEDEC Standard JESD204B (July 2011) for additional
information about the JESD204B interface. Section 5.1
describes the transport layer and data format details, and
Section 5.2 describes scrambling and descrambling.

JESD204B Synchronization Details

The AD9675 is a JESD204B Subclass 0 device and establishes
synchronization of the link through three control signals,
SYNCINB, TX_TRIG, optionally SYSREF, and typically a
common device clock. SYNCINB, TX_TRIG, and SYSREF are
assumed to be common to all converter devices for alignment
purposes at the system level.

The synchronization process is accomplished over three phases:
code group synchronization (CGS) phase, initial lane alignment
sequence (ILAS) phase, and data transmission phase. Note that
if scrambling is enabled, the bits are not actually scrambled
until the data transmission phase. The CGS and ILAS phases do
not use scrambling.

CGS Phase

In this phase, the JESD204B transmit block transmits /K28.5/
characters in response to a synchronization request from the
receiver (SYNCINB signal asserted). The receiver (external
logic device) must locate K28.5 characters in its input data
stream using clock and data recovery (CDR) techniques.

After a certain number of consecutive K28.5 characters are
detected on all link lanes, the receiver can optionally initiate a
SYS_REF edge so that the AD9675 transmit data establishes a
local multiframe clock (LMFC) internally. The AD9675 is a
subclass 0 device that does not mandate SYS_REF for multi-
device synchronization. The use of SYS_REF reduces the
latency variation between devices and reduce the absolute
latency of each device to some extent. However, SYS_REF does
not meet the full requirements of a JESD204B subclass 1 device,
and the primary synchronization tool on the AD9675 is to use
the global TX_TRIG signal that embed a START_CODE into
the data stream simultaneously for all devices.

After synchronizing all lanes, the receiver or logic device
deasserts the SYNCINB signal (SYNCINB= goes high), and the
transmitter block begins the ILAS phase, if enabled, on the next
internal LMFC boundary.

ILAS Phase

In the ILAS phase, the transmitter sends out a known pattern
and the receiver aligns all lanes of the link and verifies the
parameters of the link.
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The ILAS phase begins after SYNCINB= is deasserted (goes
high). The transmit block begins to transmit four multiframes.
Dummy samples are inserted between the required characters
so that full multiframes are transmitted.

The four multiframes have the following properties:

e  Multiframe 1 begins with an /R/ character (K28.0) and
ends with an /A/ character (K28.3).

e  Multiframe 2 begins with an /R/ character, followed by a /Q/
(K28.4) character and link configuration parameters over
14 configuration octets (see Table 15), and ends with an
/A/ character. Many of the parameter values are of the
notation of the value — 1.

e Multiframe 3 is the same as Multiframe 1.

e  Multiframe 4 is the same as Multiframe 1.

Data Transmission Phase

By the end of the ILAS phase, data transmission starts.
Initiating a global TX_TRIG signal resets any sampling edges
within the ADC and replaces a sample with the START_CODE
(see Address 0x18B and Address 0x18C in Table 31). Aligning
the data on all lanes based on the START_CODE guarantees the
synchronization across multiple lanes and across multiple
devices.

In the data transmission phase, frame alignment is monitored
with control characters. Character replacement is used at the
end of frames. Character replacement in the transmitter occurs
in the following instances:

e Ifscrambling is disabled and the last octet of the frame or
multiframe equals the octet value of the previous frame.

e If scrambling is enabled and the last octet of the multiframe is
equal to 0x7C, or the last octet of a frame is equal to 0xFC.

Table 15. 14 Configuration Octets of the ILAS Phase

Link Setup Parameters

The following steps demonstrate how to configure the AD9675
JESD204B interface and the outputs.

Disable lanes before changing the configuration

Select the converter and lane configuration

Configure the tail bits and control bits

Set the lane identification values

Set the number of frame per multiframe, K

Enable scramble, SCR

Set the lane synchronization options

Check FCHK, checksum of JESD204B interface parameters
Set additional digital output configuration options
Reenable lane(s) after configuration

O X NN WD

,_.
e

Disable Lanes

Before modifying the JESD204B link parameters, disable the
link and hold it in reset. This is accomplished by writing a
Logic 1 to Address 0x142, Bit 0.

Converter and Lane Configuration

The JESD204B M parameter (number of converters) is set to 8
(Address 0x153 = 0x07).

The lane configuration is set in Address 0x150, Bits[1:0] such
that 00 = one lane per link, 01 = two lanes per link, or 11 = four
lanes per link. The channel data (A to H) is placed on the
JESD204B lanes according Table 16.

Table 16. Channel to JESD204B Lane Mapping

L | SERDOUT1x SERDOUT2+ | SERDOUT3+ | SERDOUT4+

1| ABG CD,EF Power-down | Power-down | Power-down
G H
2| ABCD Power-down | E, F G, H Power-down
4 | AB CD E F G,H

Bit7 Bit Bit Bit Bit Bit Bit Bit0
No. | (MSB) | 6 5 4 3 2 1 (LSB)
0 DIDI[7:0]
1 0 o | o[ o] BID[3:0]
2 0 0 0 LID[4:0]
3 SCR 0 0 L[4:0]
4 F[7:0]
5 o | o] o] K[4:0]
6 M[7:0]
7 CS[1:0] 0 N[4:0]
8 0 0 0 N'[4:0]
9 0 0 0 S[4:0]
10 HD 0 0 CF[4:0]
1 Reserved, don't care
12 Reserved, don't care
13 FCHK[7:0]

Configure the Tail Bits and Control Bits

With N'= 16 and N = 14, two tail bits are available per sample
for transmitting additional information over the JESD204B link.
Tail bits are dummy bits sent over the link to complete the two
octets and do not convey any information about the input signal.
Tail bits can be fixed zeros (default) or pseudorandom numbers
(Address 0x142, Bit 6).

Set Lane Identification Values

JESD204B allows parameters to identify the device and lane.
These parameters are transmitted during the ILAS phase, and they
are accessible in the internal registers.

There are three identification values: device identification
(DID), bank identification (BID), and lane identification (LID).
DID and BID are device specific; therefore, they can be used for
link identification.
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Table 17. JESD204B Configurable Identification Values

DID Value Register, Bits Value Range
LID (SERDOUT14) 0x148, [4:0] 0to 31

LID (SERDOUT24) 0x149, [4:0] 0to 31

LID (SERDOUT3+) 0x14A, [4:0] 0to 31

LID (SERDOUT4+) 0x14B, [4:0] 0to 31

DID 0x146, [7:0] 0to 255

BID 0x147, [3:0] 0to15

Set Number of Frames per Multiframe, K

Per the JESD204B specification, a multiframe is defined as a group
of K successive frames, where K is between 1 and 32, and it
requires that the number of octets be between 17 and 1024. The
K value is set to 32 by default in Register 0x152, Bits[4:0]. Note
that Register 0x152 represents a value of K — 1.

The K value can be changed; however, it must comply with a
few conditions. The AD9675 uses a fixed value for octets per
frame, F. K must also be a multiple of 4 and conform to the
following equation:

32> K= Ceil(17/F)

The JESD204B specification also requires that the number of
octets per multiframe (K x F) be between 17 and 1024. The F
value is fixed based on the value of M and L. F can be read from
Address 0x151.

F_ M x2
L
Enable Scramble, SCR

Scrambling can be enabled or disabled by setting Address 0x150,
Bit 7. By default, scrambling is enabled. Per the JESD204B
protocol, scrambling is only functional after the lane
synchronization is complete.

Set Lane Synchronization Options

Most of the synchronization features of the JESD204B interface
are enabled by default for typical applications. In some cases,
these features can be disabled or modified as follows.

ILAS enabling is controlled in Address 0x142, Bits[3:2] and is
enabled by default. Optionally, to support some unique
instances of the interfaces (such as NMCDA-SL), the JESD204B
interface can be programmed to either disable the ILAS
sequence or continually repeat the ILAS sequence. Additionally,
the ILAS can be repeated for a fixed count, as programmed in
Address 0x145, Bits[7:0].

The AD9675 has fixed values of some of the JESD204B interface
parameters, and they are as follows:

e N'=16: number of bits per sample is 16. Read only value
from Address 0x155, Bits[3:0] =15 (N' - 1).

e  CF = 0: number of control words per frame clock cycle per
converter is 0, in Address 0x157, Bits[4:0].

The AD9675 calculates values for some JESD204B parameters
based on other settings, particularly the quick configuration
register selection. The following read only values are available in
the register map for verification:

e  F:octets per frame can be 32, 16, 8, or 4; read the value
(F — 1) from Address 0x151, Bits[4:0]

e M: number of converters per link can be 8 or 16; read the
value (M — 1) from Address 0x153, Bits[3:0]

e  S:samples per converter per frame is 1; read the value
(S - 1) from Address 0x156, Bit 0.

Check FCHK, Checksum of JESD204B Interface
Parameters

The JESD204B parameters can be verified through a checksum
value (FCHK) of the JESD204B interface parameters. Each lane
has a FCHK value associated with it. The FCHK value is
transmitted during the ILAS second multiframe and can be
read from the internal registers.

Checksum value is the modulo 256 sum of the parameters listed
as Octet 0 to Octet 10 in Table 18. Checksum is calculated by
adding the parameter fields before they are packed into the octets.

The FCHK for the lane configuration for data coming out of
SERDOUT 1+ can be read from Address 0x15A. Similarly,
FCHK for the lane defined for SERDOUT2x+ can be read from
Address 0x15B.

Table 18. JESD204B Configuration Table Used in ILAS and
Checksum Calculation

Bit7 |Bit |Bit |Bit |Bit |Bit |Bit |Bit0
No. (MSB) [6 [5 |4 |3 |2 |1 |[(SB)
0 DID[7:0]
1 |o o Jo Jo | BID[3:0]
2 |o o o LID[4:0]
3 ScR o o L4:0]
4 FI7:0]
5 |o lo [o | K[4:0]
6 MI[7:0]
7 a0 | o N[4:0]
8 0 N'[4:0]
9 0 5[4:0]
10 |0 lo o CF[4:0]
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Set Additional Digital Output Configuration Options

The JESD204B outputs are configured by default to produce a
peak differential voltage of 262 mV, which satisfies the JESD204B
specification for a transmit eye mask for an LV-OIF-11G-SR-
based operation target of between 180 mV and 385 mV peak
differential voltage, but other peak differential voltages can be
accommodated. Address 0x015, Bits[6:4] settings allow output
peak voltages. Additional options include the following:

e Invert polarity of the serial output data: Address 0x014, Bit 2

e Flip (mirror) 10-bit word before output: Address 0x143, Bit 0

e  Channel data format (offset binary, twos complement,
Gray code): Address 0x014, Bits[1:0]

e  Options for interpreting the signal on the SYNCINB# pin:
Address 0x156, Bit 5

Reenable Lanes After Configuration

After modifying the JESD204B link parameters, enable the link,
and then the synchronization process can begin. Enable the link
by writing a Logic 0 to Address 0x142, Bit 0.

JESD204B
TEST PATTERN
10-BIT

CHARACTER
REPLACMENT

8-BIT/10-BIT

ENCODER/

SERIALIZER [ SERDOUTxt

ADC JESD204B
TEST PATTERN TEST PATTERN
— 16-BIT 8-BIT
A0
A1
A2
| A3 | OPTIONAL
A4 SCRAMBLER
e A5 1+ x14 + x15
{ CHANNEL [A6 | [—F— o -
¢ A7 b I
A8 G &
TX_TRIG [ A9 o ©
A0 A8 | A0 s8] so
A PATH A1 A9 [ A1 s9[s1
A2 A10] A2 s10] s2
A13 A11] A3 s11] s3
— A12[ A4 s12[ s4
A13] A5 S13[ S5
T0 [ A6 s14] s6
T | A7 S$15| S7

T [Eo[ET[E2[E3[E4[ES[E6[ET[ES[ES] [EA9)

SYNCINB| t ————
SYSREF

E10| EO
E11] E1
E12| E2
E13]| E3
E14| E4
E15| E5
E16] E6
E17| E7
E18| E8
E19] E9

11381-047

Figure 46. AD9675 Digital Processing of JESD204B Lanes

Table 19. AD9675 JESD204B Frame Alignment Monitoring and Correction Replacement Characters

Last Octet in
Scrambling | Lane Synchronization | Character to be Replaced Multiframe Replacement Character
Off On Last octet in frame repeated from previous frame No K28.7
Off On Last octet in frame repeated from previous frame Yes K28.3
Off Off Last octet in frame repeated from previous frame Not applicable | K28.7
On On Last octet in frame equals D28.7 No K28.7
On On Last octet in frame equals D28.3 Yes K28.3
On Off Last octet in frame equals D28.7 Not applicable | K28.7
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Frame and Lane Alignment Monitoring and Correction

Frame alignment monitoring and correction is part of the
JESD204B specification. The 14-bit word requires two octets to
transmit all the data. The two octets (MSB and LSB), where

F = 2, make up a frame. During normal operating conditions,
frame alignment is monitored via alignment characters that are
inserted under certain conditions at the end of a frame. Table 19
summarizes the conditions for character insertion along with
the expected characters under the various operation modes. If
lane synchronization is enabled, the replacement character
value depends on whether the octet is at the end of a frame or at
the end of a multiframe.

Based on the operating mode, the receiver can ensure that it is
still synchronized to the frame boundary by correctly receiving
the replacement characters.

Digital Outputs and Timing

The AD9675 has differential digital outputs that power up by
default. The driver current is derived on chip and sets the
output current at each output equal to a nominal 4 mA. Each
output presents a 100 QO dynamic internal termination to reduce
unwanted reflections.

The AD9675 digital outputs can interface with custom ASICs and
FPGA receivers, providing superior switching performance in
noisy environments. Single point-to-point network topologies are
recommended with a single differential 100 2 termination resistor
placed as close to the receiver logic as possible.

For receiver inputs that provide their own common-mode bias,
or whose input common-mode requirements are not within the
bounds of the AD9675 DRVDD supply, use an ac-coupled
connection as shown in Figure 47. Place a 0.1 puF series
capacitor on each output pin and use a 100 Q) differential
termination close to the receiver side. The 100 Q differential
termination results in a nominal 600 mV p-p differential swing
at the receiver. In the case where the receiver inputs do not
provide their own common mode bias, single-ended 50 Q
terminations can be used. When single-ended terminations are
used, the termination voltage (Vrxcm) must be chosen to match
the input requirements of the receiver.

For receivers whose input common mode voltage requirements
match the output common-mode voltage (DRVDD/2) of the
AD9675, a dc-coupled connection can be used. The common
mode of the digital output automatically biases itself to half of
DRVDD (0.9 V for DRVDD = 1.8 V) (see Figure 48).

If there is no far end receiver termination or if there is poor
differential trace routing, timing errors may result. To avoid
such timing errors, it is recommended that the trace length be
less than six inches and that the differential output traces be
adjacent and at equal lengths.

Figure 49 to Figure 54 show examples of the digital output
(default) data eye and a time interval error (TIE) jitter histogram.
SINGLE-ENDED
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%7 0.1uF
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Figure 47. AC-Coupled Digital Output Termination Example
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Figure 48. DC-Coupled Digital Output Termination Example
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Figure 52. Digital Outputs Data Eye, External 100 Q Terminations at 5.0 Gbps
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Additional SPI options allow the user to further increase the
output driver voltage swing of all four outputs to drive longer
trace lengths (see Address 0x015 in Table 31). Even though this
produces sharper rise and fall times on the data edges and is less
prone to bit errors, the power dissipation of the DRVDD supply
increases when this option is used. See the Memory Map section
for more details.

Preemphasis

Preemphasis enables the receiver eye diagram mask to be met
in conditions where the interconnect insertion loss is not in
accordance with the JESD204B specification. In conditions
where pre-emphasis is not needed to achieve sufficient signal
integrity for the link, it is best to disable the pre-emphasis to
conserve power. Enabling pre-emphasis on a short link and
increasing the de-emphasis value too high may cause the
receiver eye diagram to fail in cases where it passes with no de-
emphasis. The transmitter eye diagram does not necessarily
pass when pre-emphasis is enabled. Furthermore, using more
pre-emphasis than necessary may increase EMI; therefore,
consider EMI when choosing an insertion loss compensation
strategy. To enable pre-emphasis, write a Logic 1 to

Address 0x015, Bit 1.

There are several methods to select test data patterns on the
JESD204B link, as shown in Figure 55. These methods serve
different purposes in the testing process of establishing the link.

The processed samples from the ADC can be replaced by nine
digital output test pattern options. The replacement is initiated
through the SPI using Address 0x00D, Bits[3:0]. These options
are useful when validating receiver capture and timing. See
Table 21 for the output test mode bit sequencing options. Some
test patterns have two serial sequential words, which the user
can alternate in various ways, depending on the test pattern
chosen. Note that some patterns may not adhere to the data
format select option. In addition, custom user defined test

patterns are assigned in the user pattern registers (Address 0x019
through Address 0x020). All test mode options except PN
sequence short and PN sequence long can support 8-bit to 14-bit
word lengths to verify data capture to the receiver.

The PN sequence short pattern produces a pseudorandom bit
sequence that repeats itself every 2° — 1 bits, or 511 bits. For a
description of the PN sequence short pattern and how it is
generated, see Section 5.1 of the ITU-T O.150 (05/96) standard.
The only difference from the standard is that the starting value
is a specific value instead of all 1s (see Table 20 for the initial
values).

The PN sequence long pattern produces a pseudorandom bit
sequence that repeats itself every 2% — 1 bits, or 8,388,607 bits.
For a description of the PN sequence long pattern and how it is
generated, see Section 5.6 of the ITU-T O.150 (05/96) standard.
The only differences from the standard are that the starting
value is a specific value instead of all 1s and that the AD9675
inverts the bit stream with relation to the ITU-T standard (see
Table 20 for the initial values). The output sample size depends on
the selected bit length.

Table 20. PN Sequence Initial Values

Initial First Three Output Samples
Sequence Value (MSB First, 16-Bit)

PN Sequence Short | 0x092 0x496F, 0xC9A9, 0x980C
PN Sequence Long 0x003 OxFF5C, 0x0029, 0xB8OA

See the Memory Map section for information on how to change
these additional digital output timing features through the SPL

Test patterns are initiated at the input of the scrambler block by
setting Address 0x144, Bits[5:4] = 10 or at the output of the 8-bit/
10-bit encoder by setting Address 0x144, Bits[5:4] = 01. The test
pattern generated is selected in Address 0x144, Bits[3:0], and is
specified in Table 22.
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Digital Output Test Patterns
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Table 21. Flexible Output Test Modes—Address 0x00D
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SCRAMBLER CHARACTER ENCODER
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Figure 55. Example of Data Flow Block Diagram

SERIALIZER [— OUTPUT

11381-052

Output Test Subject to
Mode Bit Digital Output Digital Output Digital Output Digital Output Resolution
Sequence Pattern Name Word 1 Word 2 Word 3 Word 4 Select
0000 Off (default) Not applicable Not applicable Not applicable Not applicable Not applicable
0001 Midscale short 100000 0000 0000 | Same Same Same Yes
0010 +Full-scale short 1111111111111 Same Same Same Yes
0011 —Full-scale short | 00 0000 00000000 | Same Same Same Yes
0100 Checkerboard 1010101