EVALUATION KIT AVAILABLE

MAX2082

Low-Power, High-Performance Octal Ultrasound

Transceiver with Integrated AFE, Pulser,

General Description

The MAX2082 is the world’s first fully-integrated octal
ultrasound transceiver. The device is optimized for high-
channel-count, high-performance portable and cart-based
ultrasound systems. The easy-to-use transceiver allows
the user to achieve high-end 2D and Doppler imaging
capability using substantially less space and power.

The transceiver transmitters are high-performance, 3-level
2A pulsers capable of generating high-voltage pulses up
to £105V.

The highly compact receiver with T/R switch, LNA, input
coupling and feedback capacitors, variable gain amplifier
(VGA), anti-aliasing filter (AAF), analog-to-digital con-
verter (ADC), and digital highpass filter (HPF) achieves
an ultra-low noise figure with Rg = Rjy = 200Q at a very
low 131mW per-channel power dissipation at 50Msps.
The receive channel has been optimized for second
harmonic imaging with -66dBFS second harmonic distor-
tion performance at frp = 5MHz over the full gain range.
The full receive channel exhibits an exceptional 76dBFS
SNR at 5MHz with a 2MHz bandwidth.

Separate mixers for each channel are made avail-
able for optimal CWD sensitivity yielding an impressive
149dBc/Hz dynamic range per channel at 1kHz offset
from the 1.25MHz carrier.

The MAX2082 octal ultrasound front-end is available in
a small 10mm x 23mm CSBGA package and is specified
over a 0°C to +70°C temperature range.

19-6601; Rev 0; 9/14

T/R Switch, and CWD Beamformer

Benefits and Features

e Minimizes PCB Area and Design Cost
+ 8 Full Channels of HV Pulser, T/R-Switch, LNA
Input and Feedback Coupling Caps, LNA, VGA,
AAF, CWD Mixers, 12-Bit ADC, and Digital HPF in
a Small 10mm x 23mm CSBGA Package

e Integrated HV Pulser for Simpler System Design

» High-Voltage 3 Level Pulsers (Up to £105V) with
Active Return to Zero and Internal Power-Supply
Drivers for Reduced External Components

* Programmable Pulser Current Capability from 0.5A
to 2A for Reduced Power Consumption in Lower
Voltage Transmit Modes Like CWD

» Extremely Low Propagation Delay Pulsers (18ns)
with Excellent Rise and Fall Matching for Excellent
THD2 Performance (-43dBc at 5MHz)

e Integrated High-Performance Receiver Improves
System Sensitivity
+ Ultra-Low Full-Channel Receiver Noise Figure
of 2.8dB at Ry = Rg = 200Q (Without T/R Switch)
« High Dynamic Range Receiver with 76dBFS SNR
at fiy = 5MHz and 2MHz Bandwidth
» Ultra-Low Power Receiver (131mW Per Channel)

Applications

e Ultrasound Imaging

Ordering Information appears at end of data sheet.
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MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer
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MAX2082

Absolute Maximum Ratings

Ve Vee3 10 GND.ee -0.3V to +5.5V
AVDD, OVDD to GND .....cceeiiiiiiiiieiiie e -0.3V to +2.1V
Vs - Vo3 to GND e >-0.3V
VREF, GCH+-1t0 GND.....ooviiiiiiiiiciee -0.3 to (Vcg3 + 0.3V)
Cl4/-, CQH/-t0 GND ... -0.3V to +13V
AG, LO+/-1t0 GND .....oooiiiicice -0.3 to (Vs + 0.3V)
INB_ CUITENE ... +20mA DC
REFIO, CLKIN+/-, LOON to GND.............. -0.3V to the lower of

(Vavpp * 0.3V) and 2.1V
OUT+/-, SDIO, SCLK, CS, CLKOUT+/-, FRAME+/-, SHDN,
CWD to GND -0.3V to the lower of (Voypp + 0.3V) and 2.1V

TVDD, TVCC t0 GND......oooviiiiiiceeee e -0.3V to +5.6V
TVEE t0 GND ..ot -5.6V to +0.3V
TVNNA, TVNNB to GND ..o -110V to +0.3V
TVPPA, TVPPB t0 GND ......cooviiiiineineceee -0.3V to +110V
TR_ Output Voltage Range............c.ccceevieenee VTvnN 1o VTvpp

Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,

T/R Switch, and CWD Beamformer

TINP_, TINN_, TCC_, TSYNC, TEN,

THP 10 GND ..o -0.3V to +5.6V
TMODE_, TCLK+, TCLK-, to GND....... -0.3V to (V1ycc + 0.3V)
TVGPA, TVGPB t0 GND ......ccovvvveeeeene.. max[(V1ypp - 5.6V),

(VTvee + 0.6V)] to (VTypp_+0.3V)
TVGNA, TVGNB to GND....................... (VTynN — 0.3V) to min

[(VTvce *+ 0.6V), (VTynn_ +5.6V)]

TVPP, TVNN, Cl+/-, CQ+/-, Vs, TVCC, TVEE, TVDD, Vcea,

AVDD/OVDD, VRgf, analog and digital control signals must
be applied in this order

Continuous Current (INGP_, INGN_).........ccccvvevviiiennnn. +100mA
Continuous Power Dissipation (Tp = +70°C)

CSBGA (derate 28.6mW/°C above +70°C)............... 3500mwW
Operating Ambient Temperature Range (Note 1) ..0°C to +70°C
Junction Temperature..........ccoccveveiicieeeecee e +150°C
Storage Temperature Range...........cccccccveeennee -40°C to +150°C
Soldering Temperature (reflow).........c.ccooveveeiienecneennee. +260°C

Note 1: T¢ is the temperature on the bump of the package. Tp is the ambient temperature of the device and PCB.

Package Thermal Characteristics (Note 2)

Junction-to-Ambient Thermal Resistance (6,4) -......... 23°C/W
Junction-to-Case Thermal Resistance (8¢c).............. 5.2°C/W

Note 2: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer
board. For detailed information on package thermal considerations, refer to www.maximintegrated.com/thermal-tutorial.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional operation of the device at these
or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability.

Octal Ultrasound Front-End Specifications

DC Electrical Characteristics—T/R Switch and Transmitter

(VREF = 2.5V, Vg3 = 3.13V to 3.47V, Vs = 4.5V to 5.25V, Vaypp = Vovpp = 1.7V to 1.9V, V1ypp = 3V, V1vee = 5Y, VTvee =-5V,
VTVNN_ = -100V, Vypp = 100V, VgNp = 0V, SHDN =0, Ryy = 200Q, high LNA gain. Ta= 0°C to +70°C. Connect C = 1yF between
TVPP_ to TVGP_ and TVNN_ to TVGN_, TEN = 0. Typical values are at Vcc3 = 3.3V, Vces = 4.75V, Vaypp = 1.8V, Vovpp = 1.8V,
Ta = +25°C, unless otherwise noted.) (Note 3)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
POWER SUPPLIES (TVDD, TVCC, TVEE, TVPP_, TVNN_)
Logic Supply Voltage VTvDD 1.7 3 5.25 \Y
Positive Drive Supply Voltage Vrvee 4.9 5 5.1 \%
Negative Drive Supply Voltage VTVEE -5.1 -5 -4.9 \%
High-Side Supply Voltage VTvPP_ 0 +105 \%
Low-Side Supply Voltage VTVNN_ -105 0 \%
External Floating Power-Supply TEN = high (Note 4), V1ygN -
Current from TVgN_ frveN_ VTVNN = +5V 4 mA
External Floating Power-Supply TEN = high (Note 4) V1ypp -
Current from TVgp_ frvep_ V1vygp = +5V 18 mA

www.maximintegrated.com Maxim Integrated | 8



MAX2082

Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

DC Electrical Characteristics—T/R Switch and Transmitter (continued)

(VRep = 2.5V, Vg3 =3.13V t0 3.47V, Vs = 4.5V to 5.25V, Vaypp = Vovpp = 1.7V to 1.9V, V1ypp = 3V, V1vee = 5V, VTvEE = -5V,
VTynN = -100V, Vrypp = 100V, Vgnp = 0V, SHDN = 0, Rjy = 200Q, high LNA gain. Ta= 0°C to +70°C. Connect C = 1uF between
TVPP_ to TVGP_ and TVNN_ to TVGN_, TEN = 0. Typical values are at Vs = 3.3V, Vees = 4.75V, Vaypp = 1.8V, Voypp = 1.8V,
Tp = +25°C, unless otherwise noted.) (Note 3)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
LOGIC INPUTS/OUTPUTS (TINN_, TINP_, TMODE_, TSYNC, TCC_, TEN)
Low-Level Input Threshold ViL SfV)I(DD Vv
High-Level Input Threshold ViH ?/fV)I(DD Vv
Logic-Input Capacitance CiN 5 pF
Logic-Input Leakage _
(All Inputs Except TEN) N Vin =0V orVvpp - 0 * WA
TEN Pulldown Resistance RTEN 6.7 10 14 kQ
Pullup resistor to TVDD (RpyLLup 0.1x
THP Low-Level Output Voltage VoL = 1kQ) VTvDD \Y
CLOCK INPUTS (TCLK+, TCLK-)—DIFFERENTIAL MODE
Differential Clock Input Voltage
Range VTCLKD 0.2 2 Vp.p
Common-Mode Voltage VTCLKCM V1vee/2 \Y
Common-Mode Voltage Range VeoL Y(‘;’\Z%CQ Y-vigj 2 \
Differential 6.7 kQ

Input Resistance RrcLks,

RTCLK- Common mode 215 kQ
Input Capacitance CroLke Capacitance to GND (each input) 5 pF

CTCLK-
CLOCK INPUTS (TCLK+, TCLK-)—SINGLE-ENDED MODE (VTCLK- < 0.1V)
Low-Level Input ViL TCLK+ 3‘2 X v

TVDD
High-Level Input e TCLK+ 3‘8 X v
TVDD

Single-Ended Mode Selection
Threshold Low Vi TCLK- 0.1 v
Single-Ended Mode Selection
Threshold High ViH TCLK- 1 v
Input Capacitance (TCLK ) CroLk_ 5 pF
Logic-Input Leakage (TCLK+) IToLk+ VTcoLk+ = 0V or V1vpp -1 0 +1 MA
Pullup Current (TCLK-) ITcLK- VToLKk- = 0V 120 180 MA

www.maximintegrated.com
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MAX2082

DC Electrical Characteristics—T/R Switch and Transmitter (continued)

Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

(VRep = 2.5V, Vg3 =3.13V t0 3.47V, Vs = 4.5V to 5.25V, Vaypp = Vovpp = 1.7V to 1.9V, V1ypp = 3V, V1vee = 5V, VTvEE = -5V,
VTynN = -100V, Vrypp = 100V, Vgnp = 0V, SHDN = 0, Rjy = 200Q, high LNA gain. Ta= 0°C to +70°C. Connect C = 1uF between
TVPP_ to TVGP_ and TVNN_ to TVGN_, TEN = 0. Typical values are at Vs = 3.3V, Vees = 4.75V, Vaypp = 1.8V, Voypp = 1.8V,
Tp = +25°C, unless otherwise noted.) (Note 3)

PARAMETER | SYMBOL | CONDITIONS TYP MAX UNITS
SUPPLY CURRENT—SHUTDOWN MODE (TMODEO = Low, TMODE1 = Low)
TVDD Supply Current VoD All inputs connected to GND or 3 uA
TVDD
TVCC Supply Current Ivee All inputs connected to GND or 29 uA
TVDD
TVEE Supply Current IrVEE All inputs connected to GND or 13 uA
TVDD
TVPP_ Supply Current Irvpp All inputs connected to GND or 10 UA
- TVDD
TVNN_ Supply Current VNN All inputs connected to GND or 10 UA
— TVDD
SUPPLY CURRENT—DISABLE MODE (TMODEO = High, TMODE1 = High)
Transparent or
single-ended 1.7 3
All inputs clock mode
TVDD Supply Current ITvbpa connected to MA
GND or TVDD Differential
clock mode, 110 190
VTewkp = 0.2V
TVEE Subply C ) | TINN_=TINP_= GND 0.27 0.4 A
u urren m
i TVEEQ TINN_ = TINP_ = V1vpp 9.9 13.3
TVCC Suboly C ) | TINN_=TINP_= GND 0.5 0.75 A
u urren m
i TVeCQ  I'INN_ = TINP_ = Vvop 10.1 136
TVCC Supply Current Increase in . .
Clocked Mode Alryee Differential clock mode 3.5 5 mA
TVNN_ Total Supply Current All inputs connected to GND or
(Quiescent Mode) 'tvnNa_ | 1ypp 200 305 WA
TVPP_Total Supply Current All inputs connected to GND or
(Quiescent Mode) 'rvePa_ | 1ypp 220 340 WA
L P T/R switch off, damp off
Total Power Dissipation per PDIS1 (transparent mode) 5.7 W
Channel (Disable Mode)
Pppis2 TINN_ =TINP_ = V1ypD 17.8
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MAX2082

DC Electrical Characteristics—T/R Switch and Transmitter (continued)

Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

(VRep = 2.5V, Vg3 =3.13V t0 3.47V, Vs = 4.5V to 5.25V, Vaypp = Vovpp = 1.7V to 1.9V, V1ypp = 3V, V1vee = 5V, VTvEE = -5V,
VTynN = -100V, Vrypp = 100V, Vgnp = 0V, SHDN = 0, Rjy = 200Q, high LNA gain. Ta= 0°C to +70°C. Connect C = 1uF between
TVPP_ to TVGP_ and TVNN_ to TVGN_, TEN = 0. Typical values are at Vs = 3.3V, Vees = 4.75V, Vaypp = 1.8V, Voypp = 1.8V,
Tp = +25°C, unless otherwise noted.) (Note 3)

TCC1 =low

PARAMETER | SYMBOL | CONDITIONS TYP MAX UNITS
SUPPLY CURRENT—OCTAL THREE-LEVEL MODE, NO LOAD (TMODEO = High, TMODE1 = Low)
Transparent or
single-ended 1.7 3
. clock mode
TVDD Supply Current (Quiescent All inputs
Mod ITvDD connected to MA
ode) GND or TVDD Differential
clock moEie, 110 190
VTCLKD =
0.2V
TVEE Supply Current (Quiescent TINN_=TINP_=GND 0.27 0.4
Mod ITVEEQ - - mA
ode) TINN_ =TINP_ = V1ypp 9.9 13.3
TVCC Supply Current (Quiescent TINN_ =TINP_=GND 0.5 0.75
ITveea mA
Mode)
TINN_ = TINP_ = V1ypp 10.1 13.6
TVCC Supply Current Increase in . .
Clocked Mode Alryce Differential clock mode 3.5 5 mA
TVNN_ Total Supply Current All inputs connected to GND or
(Quiescent Mode) frvnNa_ TVvDD 200 305 WA
TVPP_ Total Supply Current All inputs connected to GND or
(Quiescent Mode) frvePQ_ TVvDD 220 340 WA
T/R switch off, damp off
issipati PPDIS1 transparent mod 57
Total Power Dissipation per (transparent mode)
. mW
Channel (Quiescent Mode) TINN_ = TINP_ = Vypp
PPDIS2 (transparent mode) 78
CW Doppler (Note 5), transparent
rvoD! or single-ended clock mode 2.2 33 mA
TVDD Supply Current
B mode (Note 6), transparent or
ITvDD2 single-ended clock mode, 10 20 MA
Figure 2
8 channels switching, CW Doppler
ITVEE1 (Note 5), TCCO = high, 65 92
TCC1 = high
TVEE Supply Current mA
8 channels switching, B mode
ITvEE2 (Note 6), Figure 2, TCCO = low, 10.3 15.2

www.maximintegrated.com

Maxim Integrated | 11




MAX2082

DC Electrical Characteristics—T/R Switch and Transmitter (continued)

Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

(VRep = 2.5V, Vg3 =3.13V t0 3.47V, Vs = 4.5V to 5.25V, Vaypp = Vovpp = 1.7V to 1.9V, V1ypp = 3V, V1vee = 5V, VTvEE = -5V,
VTynN = -100V, Vrypp = 100V, Vgnp = 0V, SHDN = 0, Rjy = 200Q, high LNA gain. Ta= 0°C to +70°C. Connect C = 1uF between
TVPP_ to TVGP_ and TVNN_ to TVGN_, TEN = 0. Typical values are at Vs = 3.3V, Vees = 4.75V, Vaypp = 1.8V, Voypp = 1.8V,
Tp = +25°C, unless otherwise noted.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
8 channels switching, CW Doppler
ITvTcct (Note 5), TCCO = high, 45 60
TCC1 = high
TVCC Supply Current mA
8 channels switching, B mode
ITvee2 (Note 6), Figure 2, TCCO = low, 10.5 15.4
TCC1 =low
TVDD Supply Current Increase in . .
Clocked Mode Alrypp Differential clock mode 1.8 mA
TVCC Supply Current Increase in . .
Clocked Mode Alryee Differential clock mode 3.8 mA
8 channels switching, CW Doppler
ITVNN1 (Note 5) TCCO = high, TCC1 = 157 200
high, R = 1kQ, C| = 200pF
TVNN_ Supply Current mA
8 channels switching, B mode
| (Note 7), Figure 2, TCCO = low, 17 28
TVNN2 TCC1 = low, R = 1kQ, : :
C| = 200pF
8 channels switching, CW Doppler
ITvPP1 (Note 5) TCCO = high, TCC1 = 186 230
high, R_ = 1kQ, C|_ = 200pF
TVPP_Supply Current mA
8 channels switching, B mode
| (Note 6), Figure 2, TCCO = low, 07 45
TvPP2 TCC1 =low, R = 1kQ, : :
CL = 200pF
1 channel switching, CW Doppler
PDcw (Note 5) 285
Power Dissipation per Channel 1 channels switching, B mode mw
(Octal Three-Level Mode) - (Note 6), Figure 2, TCCO = low, 68
PW TCC1 =low, R = 1kQ,
CL = 200pF
SUPPLY CURRENT—OCTAL THREE-LEVEL MODE, NO LOAD (TMODEOQ = High, TMODE1 = Low, TEN = High, Vtypp_-
Vrvep_=*5V, VTvgN_ - VTVNN_ = +5V)
TVEE Supply Current (Quiescent
Mode) ITVEEQ_ 25 HA
I/I\(/S;Swply Current (Quiescent ITveea. All inputs connected to GND 280 pA
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MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

DC Electrical Characteristics—T/R Switch and Transmitter (continued)

(VRep = 2.5V, Vg3 =3.13V t0 3.47V, Vs = 4.5V to 5.25V, Vaypp = Vovpp = 1.7V to 1.9V, V1ypp = 3V, V1vee = 5V, VTvEE = -5V,
VTVNN_ = -100V, Vypp_ =100V, Vgnp = 0V, SHDN = 0, R\ = 200Q, high LNA gain. T = 0°C to +70°C. Connect C = 1uF between
TVPP_to TVGP_ and TVNN_ to TVGN_, TEN = 0. Typical values are at Ves = 3.3V, Vees = 4.75V, Vavop = 1.8V, Vovpp = 1.8V,
Tp = +25°C, unless otherwise noted.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
TVNN_Supply Current (Quiescent ITVNNQ All inputs connected to GND 40 pA
Mode) _

TVPP_Supply Current (Quiescent ITvePQ All inputs connected to GND 40 pA
Mode) _
OUTPUT STAGE
TCCO = low,
TCC1 = low 8.5
TCCO = high,
_ 10
TVNNA TVNNB Connected Low- _ TCC1 = low
. : RoLs lout =-50mA Q
Side Output Impedance - TCCO = low,
TCC1 = high 135
TCCO = high,
TCC1 = high 26 46
TCCO = low, 9
TCC1 = low
TCCO = high,
_ 10.5
TVPPA TVPPB Connected High- _ TCC1 = low
. : RoHs loyt = +50mA Q
Side Output Impedance - TCCO = low,
TCC1 = high 14.5
TCCO = high,
TCC1 = high 27 52
Clamp nFET Output Impedance RoneG louT =-950mA, 135 Q
Clamp pFET Output Impedance Ropra loyT = +50mA 135 Q
Active Damp Output Impedance Rpamp Before grass-clipping diode 500 Q
TCCO = low,
TCC1 = low 2.0
TCCO = high,
_ 1.5
TVNNA TVNNB Connected Low- _ TCC1 = low
. . loLs Vps = 100V A
Side Output Current TCCO = low,
TCC1 = high 10
TCCO = h!gh, 05
TCC1 = high
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MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

DC Electrical Characteristics—T/R Switch and Transmitter (continued)

(VRep = 2.5V, Vg3 =3.13V t0 3.47V, Vs = 4.5V to 5.25V, Vaypp = Vovpp = 1.7V to 1.9V, V1ypp = 3V, V1vee = 5V, VTvEE = -5V,
VTVNN_ = -100V, Vypp_ =100V, Vgnp = 0V, SHDN = 0, R\ = 200Q, high LNA gain. T = 0°C to +70°C. Connect C = 1uF between
TVPP_to TVGP_ and TVNN_ to TVGN_, TEN = 0. Typical values are at Ves = 3.3V, Vees = 4.75V, Vavop = 1.8V, Vovpp = 1.8V,
Tp = +25°C, unless otherwise noted.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
TCCO = low,
TCC1 = low 2.0
TCCO = high,
_ 1.5
TVPPA TVPPB Connected High- TCC1 = low
. : loHs Vps = 100V A
Side Output Current TCCO = low,
TCC1 = high 10
TCCO = h!gh, 05
TCC1 = high
GND-Connected nFET Output _
Current lonG Vps = 100V 1 A
GND-Connected pFET Output _
Current lopg Vps = 100V 1 A
Diode Voltage Drop (Blocking _
Diode and Grass-Clipping Diode) VDROP lout_ = +50mA 17 v
Grass-Clipping Diode Reverse
Capacitance Crev 2.5 PF
TR_ Equivalent Large-Signal .
Shunt Capacitance Chs 200Vp.p signal 80 PF
T/R Switch On-Impedance RoN f=5MHz V1R = 0V 11.5 Q
T/R Switch Off-Impedance RoEF 1 MQ

INB_, TR_ unconnected, V1ycc =

T/R Switch Output Offset TRoFE +5V, VTyeg = -5V -40 +40 mV
THERMAL SHUTDOWN

Thermal-Shutdown Threshold tspN Temperature rising +145 C
Thermal-Shutdown Hysteresis tHys 20 C
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MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

AC Electrical Characteristics—T/R Switch and Transmitter

(VRep = 2.5V, Vg3 =3.13V t0 3.47V, Vs = 4.5V to 5.25V, Vaypp = Vovpp = 1.7V to 1.9V, V1ypp = 3V, V1vee = 5V, VTvEE = -5V,
VTyNN_ = =100V, Vypp = 100V, Vgnp = OV, SHDN = 0, Ryy = 200Q, high LNA gain. T = 0°C to +70°C. Connect C = 1pF between
TVPP_to TVGP_and TVNN_to TVGN_, TEN =0, TCCO =0, TCC1 =0, RL = 1kQ, C|_ = 200pF, unless otherwise noted. Typical values
are at Vocs = 3.3V, Voo = 4.75V, Vaypp = 1.8V, Voypp = 1.8V, Tp = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

From 50% TINP_/TINN_
tPLH (transparent mode) to 10% OUT_ 18 ns
transition swing, Figure 3

Logic Input to Output Rise
Propagation Delay

From 50% TINP_/TINN_
tPHL (transparent mode) to 10% OUT_ 18 ns
transition swing, Figure 3

Logic Input to Output Fall
Propagation Delay

From 50% TINP_/TINN_
tpLo (transparent mode) to 10% OUT_ 18 ns
transition swing, Figure 3

Logic Input to Output Rise to GND
Propagation Delay

From 50% TINP_/TINN_
tpHO (transparent mode) to 10% OUT_ 18 ns
transition swing, Figure 3

Logic Input to Output Fall to GND
Propagation Delay

TR_ Fall Time (V1yppa to VTyNNA,

t Figure 4 30 ns
V1vppB to VTynNB) FPN
TR_ Rise Time (V1vyNNA to VTvPPA :
— , t Figure 4 30 ns
VTVNNB to V1yppB) RNP i
TR_Rise Ti ND to V f
_ Rise Time (GND to TVPPA, tRop Figure 4 15 ns

GND to V1yppB)
TR_ Fall Time (GND to VyyNNA,

GND to Vrynng) tFoN Figure 4 15 ns
TR_ Rise Time (VTynNA to GND .

Vrunng to GND) tRNO Figure 4 21 ns
TR_ Fall Time (V1yppa to GND .

Vveps to GND) trpo Figure 4 21 ns
T/R Switch Turn-On Time toNTRsw | Figure 5 0.65 1.2 us
T/R Switch Turn-Off Time torrTRsw | Figure 5 (Note 8) 0.02 0.1 us
Output Enable Time (Shutdown

Mode to Normal Operation) tENA 100 HS
Output Disable Time (Normal ¢ 10 s
Operation to Shutdown Mode) DIS1 H
Output Enable Time (Transmit ¢ 50 ns
Disable Mode to Normal Operation) EN2

Output Disable Time (Normal

Operation to Transmit Disable tpis2 65 ns

Mode)
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MAX2082

AC Electrical Characteristics—T/R Switch and Transmitter (continued)

Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

(VRep = 2.5V, Vg3 =3.13V t0 3.47V, Vs = 4.5V to 5.25V, Vaypp = Vovpp = 1.7V to 1.9V, V1ypp = 3V, V1vee = 5V, VTvEE = -5V,
VTynN = -100V, Vrypp = 100V, Vgnp = 0V, SHDN = 0, Rjy = 200Q, high LNA gain. Ta= 0°C to +70°C. Connect C = 1uF between
TVPP_ to TVGP_ and TVNN_ to TVGN_, TEN = 0. Typical values are at Vs = 3.3V, Vees = 4.75V, Vaypp = 1.8V, Voypp = 1.8V,
Tp = +25°C, unless otherwise noted.) (Note 3)

=200Q

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Output Enable Time (Normal ¢ 4 s
Operation to Sync Mode) EN3 M
Output Disable Time (Sync Mode to
Normal Operation) Dis3 500 ns
TCLK_ Frequency freLk V1vDD = 2.5V 200 MHz
Input Setup Time (TINN_, TINP_) tsETUP V1vDD = 2.5V 2 ns
Input Hold Time (TINN_, TINP_) tHoLD VTvDD = 2.5V 0.8 ns
- Diatorti fout_ = 5MHz, V1yppa = -VTYNNA
Second-Harmonic Distortion (Low THD2LV | = +5V, Vyppg = ~VTynNg = +5V, 40 dBe
Voltage)
square wave (all modes)
 Distorti ; fout_ = 5SMHz, VTyppa = -VTVNNA
\S/sltt:;)n:)Harmonlc Distortion (High THD2HV | = +100V, Vyppa = ~VTUNNB = 43 dBe
9 +100V, square wave (all modes)
fout_ = 95MHz, VTyppa = -VTVNNA
= +100V, V1vppPB = -VTVNNB =
PC1 +100V, 2 periods, all harmonics of -40
the summed signed with respect to
Pulse Cancellation the carrier dBc
fout_ = 95MHz, V1yppa = -VTVNNA
=+100V, VTvppB = -VTYNNB = .
PC2 +100V, 2 periods, [(Vo + V180)RMS/ 40
(2 x Vorms)ldb
Pulser Bandwidth BW | VTVPPA =*60V, VTN =-60V. 20 MHz
Figure 6
fout_ = 95MHz, VTyppa = -VTVNNA
: = +5V, V1vppB = -VTVNNB =
RMS Output Jitter b +5V, both in clocked mode or 6.25 ps
transparent mode, Figure 7
. . . RLoaDp =200Q, VgigNAL = )
T/R Switch Harmonic Distortion THDTRSW 100mVp.p 50 dB
T/R Switch Turn-On/Off Voltage R oaD = 1kQ at both sides of T/R
Spike VsPIKE switch 50 mv
Crosstalk cT f=5MHz, adjacent channels, Rjg_ 51 dB
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MAX2082 Low-Power, High-Performance Octal Ultrasound

Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

DC Electrical Characteristics—LNA, VGA, ADC (CWD Beamformer Off)

(VREp = 2.5V, Vg3 = 3.13V to 3.47V, Vs = 4.5V 10 5.25V, Vaypp = Vovpp = 1.7V to 1.9V, Vgnp = 0V, Tpo = 0°C to +70°C, SHDN =
0, CWD =0, LOON =0, TMODE1 =0, TMODEO =1, TCC1=TCC0=0,THP =1, TSYNC =0, TEN =0, TINP_=TINN_=1,no TCLK_,
frRE = 5MHz, 50mVp_p, ADC fc| k = 50Msps, digital HPF set to 60/64, two poles, 15/16 digital gain, Vgc+ - Vgc- = -3V (minimum gain),
high LNA gain. Connect C = 1uF between TVPP_ to TVGP_ and TVNN_ to TVGN_. Typical values are at V1ypp = 3.3V, V1ycc = 5V,
VTVvEE = -5V, VTynN = -100V, V1ypp = 100V, Vo3 = 3.3V, Vs = 4.75V, Vaypp = 1.8V, Vovypp = 1.8V, Vge+ - Vae- =0V, Ta =

+25°C, unless otherwise noted.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

3.3V Supply Voltage Vees Vce3 pins 3.13 3.3 3.47 \Y

5V Supply Voltage Vces Vces pins 4.5 4.75 5.25 \Y

1.8V Supply Voltage VTce1.s AVDD and OVDD pins 1.7 1.8 1.9 \%

External Reference Voltage

Range VREF (Note 9) 2.475 2.525 \%

External Reference Current Total current into the VReg pin 5 pA
Total | divided by 8,

3V Supply Current Per Channel lccs Vaes - Vae. = -0.4V 9.5 16 mA

11V Supply Current Per Channel lcc11 Total | divided by 8 0 mA

5V Supply Current Per Channel lccs Total | divided by 8 6.4 9 mA
Total | divided by 8, AVDD + OVDD 32 379 mA

1.8V Supply Current Per Channel lTcc1.s Total | divided by 8, AVDD 20 22.8 mA
Total | divided by 8, OVDD 12 15.1 mA

DC Power Per Channel P_NM Vae+ - Vae- =-0.4V 131 mwW

Differential Analog Control Voltage VGAIN_RANG | Vges - Vac. +3 Vv

Range

5V Supply Nap Current I Np 5v_ TOT | SHDN =1, nap mode (all 8 channels) 30 mA

3V Supply Nap Current I Np 3v TOT | SHDN =1, nap mode (all 8 channels) 0.035 mA

1.8V Supply Nap Current SHDN = 1, nap mode (all 8 channels) 40 mA
SHDN = 1, power-down mode (all 8

5V Supply Power-Down Current | pD 5V _TOT channels) 1 MA
SHDN = 1, power-down mode (all 8

3V Supply Power-Down Current | pD_3v_TOT channels) 1 MA

1.8V Supply Power-Down Current SHDN = 1, power-down mode (all 8 0.38 mA
channels)

Common-Mode Voltage for 1.65

Differential Analog Control Vean_comm | (Vac+ - Vac.)/2 5% v

Source/Sink Current for Gain .

Control Pins | ec_ Per pin 16 HA
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MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

AC Electrical Characteristics—VGA MODE (CWD Beamformer Off)

(VRep = 2.5V, Vce3 = 3.13V 1o 3.47V, Vs = 4.5V to 5.25V, Vaypp = Vovpp = 1.7V to 1.9V, Ta = 0°C to +70°C, Vgnp = 0V, SHDN
=0, CWD =0, LOON = 0, TMODE1 = 0, TMODEO = 1, TCC1 = TCCO = 0, THP = 1, TSYNC = 0, TEN =0, TINP_ =TINN_ =1, no
TCLK_, frr = 5SMHz, 50mVp_p, ADC fck = 50Msps, digital HPF set to 60/64, two poles, 15/16 digital gain, Vgc+ - Vgg- = -3V (mini-
mum gain), high LNA gain, Connect C = 1uF between TVPP_ to TVGP_ and TVNN_ to TVGN_. Typical values are at V1ypp = 3.3V,
Vvee =5V, VTvee = -5V, VTynn_ = -100V, Vrypp_ = 100V, Vces = 3.3V, Vees = 4.75V, Vavpp = Vovpp = 1.8V, Vge+ - Vae- = 0V,
Tp = +25°C, unless otherwise noted.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
ADC Resolution 12 Bits
Minimum ADC Sample Rate 25 Msps
Maximum ADC Sample Rate 50 Msps
CWD stepped from 0 to 1, DC stable 1
Mode-Select Response Time within 10% us
(Note 7) CWD stepped from 1 to 0, DC stable 1
within 10%
50Q2 mode, fRg = 2MHz 50
100Q2 mode, fRg = 2MHz 100
Input Impedance Q
200Q mode, fRp = 2MHz 200
500Q mode, frg = 2MHz 500
Rg =Ry = Not including T/R 54
50Q, Vgcs - switch ’
Vae- = +3V With T/R switch 6.5
Rg =Ry = Not including T/R 39
100Q, Vgc+ - switch '
o . . Vge- = +3V With T/R switch 5.0
Noise Figure (High LNA Gain) dB
Rg =Ry = Not including T/R 28
2009, Vg - switch '
Vac- = +3V With T/R switch 3.7
Rg =Ry = Not including T/R 21
5000, Vg - switch ’
Vac- = +3V With T/R switch 3.5
Rg =Ry = Not including T/R 44
Noise Figure (Low LNA Gain) 2009, Vgcs - switch ' dB
Vae- = +3V With T/R switch 5.2
No input signal, ratio of 8-channel
noise power to single-channel noise 9.0
power
8-Channel Correlated Noise Power 5MHz signal applied to all 8 dBFS
channels, Vgc+ - Vae- = 0V, frp =
5MHz at -3dBFS, ratio of 8-channel 8.5
noise power to single-channel noise
power
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MAX2082

Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

AC Electrical Characteristics—VGA MODE (CWD Beamformer Off) (continued)

(VRep = 2.5V, Vce3 = 3.13V 1o 3.47V, Vs = 4.5V to 5.25V, Vaypp = Vovpp = 1.7V to 1.9V, Ta = 0°C to +70°C, Vgnp = 0V, SHDN
=0, CWD =0, LOON = 0, TMODE1 = 0, TMODEO = 1, TCC1 = TCCO = 0, THP = 1, TSYNC = 0, TEN =0, TINP_ =TINN_ =1, no
TCLK_, frr = 5MHz, 50mVp_p, ADC fcLk = 50Msps, digital HPF set to 60/64, two poles, 15/16 digital gain, Vgc+ - Vgc- = -3V (mini-
mum gain), high LNA gain, Connect C = 1uF between TVPP_ to TVGP_ and TVNN_ to TVGN_. Typical values are at V1ypp = 3.3V,
Vvee =5V, VTvee = -5V, VTynn_ = -100V, Vrypp_ = 100V, Vces = 3.3V, Vees = 4.75V, Vavpp = Vovpp = 1.8V, Vge+ - Vae- = 0V,
Tp = +25°C, unless otherwise noted.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
LNA Gain (Low LNA Gain) 12.5 dB
LNA Gain (High LNA Gain) 18.5 dB
. . . . Vae+ - Vae-= +3V (max gain), T/R
Maximum Gain (High LNA Gain) switch input to ADC Input 44.3 dB
- . . . Vac+ - Vae- = -3V (min gain), T/R
Minimum Gain (High LNA Gain) switch input to ADC Input 49 dB
. . . Vae+ - Vae- = +3V (max gain), T/R
Maximum Gain (Low LNA Gain) switch input to ADC Input 39.4 dB
- : : Vae+ - Vae- = = -3V (min gain), T/R
Minimum Gain (Low LNA Gain) switch input to ADC input 0.03 dB
Gain Range 39 dB
9MHz setting 9
) 10MHz setting 10
AA Filter 3dB Corner Frequency - MHz
15MHz setting 15
18MHz setting 18
AA Filter 3dB Corner Frequency +10 %
Accuracy
2 poles, coefficients R1 = R2 = 63/64,
i 0.185
Digital Highpass Filter 3dB Corner fcLk = 50Msps MHz
Frequency 2 poles, coefficients R1 = R2 = 54/64,
1.736
foLk = 50Msps
Clamp on (Vp.p on AAF Output/ADC o
Clamp Level Input, digital HPF bypassed) 92 %FS
. . T,=+25°C, Vgc+ - Vee-=-3V to )
Absolute Gain Matching +3V (Note 10) 1.6 +0.5 +1.6 dB
LNA = high gain, Vgc+ - Vge- = -3V
(VGA = min gain), gain ratio with 0.5
330mVp_p/50mVp_p input tones
Input Gain Compression dB
LNA = low gain, Vgc+ - Vae- = -3V
(VGA = min gain), gain ratio with 0.7
600mVp_p/50mVp_p input tones
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MAX2082

Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

AC Electrical Characteristics—VGA MODE (CWD Beamformer Off) (continued)

(VRep = 2.5V, Vce3 = 3.13V 1o 3.47V, Vs = 4.5V to 5.25V, Vaypp = Vovpp = 1.7V to 1.9V, Ta = 0°C to +70°C, Vgnp = 0V, SHDN
=0, CWD =0, LOON = 0, TMODE1 = 0, TMODEO = 1, TCC1 = TCCO = 0, THP = 1, TSYNC = 0, TEN =0, TINP_ =TINN_ =1, no
TCLK_, frr = 5SMHz, 50mVp_p, ADC fck = 50Msps, digital HPF set to 60/64, two poles, 15/16 digital gain, Vgc+ - Vgg- = -3V (mini-
mum gain), high LNA gain, Connect C = 1uF between TVPP_ to TVGP_ and TVNN_ to TVGN_. Typical values are at V1ypp = 3.3V,
Vvee =5V, VTvee = -5V, VTynn_ = -100V, Vrypp_ = 100V, Vces = 3.3V, Vees = 4.75V, Vavpp = Vovpp = 1.8V, Vge+ - Vae- = 0V,
Tp = +25°C, unless otherwise noted.) (Note 3)

PARAMETER

SYMBOL

CONDITIONS

MIN

TYP

MAX UNITS

VGA Gain Response Time

Gain step up (V|N = 5mVp_p, Vec+
- Vge- changed from -3V to +3V,
settling time is measured within 1dB
final value)

0.8

Gain step down (V|y =5mV, , Vgc+
- Vgc- changed from +3V to -3V,
settling time is measured within 1dB
final value)

1.8

us

VGA Output Offset Under Pulsed
Overload

Over drive is £10mA in clamping
diodes, Vgc+ - Vge- = 1.0V (gain =
30dB), 16 pulses at 5MHz, repetition
rate 20kHz; offset is measured at
output when RF duty cycle is off

<33

%FS

Signal-to-Noise Over ADC Nyquist
Band (25MHz)

VOUT_= -1dBFS, V|N = 200mVp_p,
frRr = 5MHz at -1dBFS, anti-alias filter
= 9MHz, 50Msps sample rate

67

dBFS

Signal-to-Noise Over 2MHz
Bandwidth

Vacs - Vae. = -1.0V (gain = 16dB),
VouTt =-1dBFS, V|N =200mVp_p,
frE = 5SMHz at -1dBFS, anti-alias filter
= 9MHz, 50Msps sample rate

76

dBFS

Near-Carrier Signal-to-Noise Ratio

Vac+ - Vae- = 0V (gain = 22dB), f rp
= 5.3MHz at -1dBFS, measured at
1kHz from fRg, 50Msps sample rate

-137

dBFS/Hz

Second Harmonic (HD2)

VN = 50mVp_p, frRg = 2MHz, ADC
out = -3dBFS

VN = 50mVp_p, frg = 5SMHz, ADC
out = -3dBFS

dBc

IM3 Distortion

V|N=50mVp_p, frRp1 = 5MHz,
frRr2 = 5.01MHz ADC out = -3dBFS
(Note 11)

dBc

Nap Mode Power-Up Response
Time

Vae+ - Vae-= 0.6V (gain = 28dB),
frRr = 5MHz, ADC out = -3dBFS,
settled with in 1dB from transition on
SHDN pin (includes ADC)

us

Nap Mode Power-Down Response
Time

To reach DC current target £10%,
on Vces, Vees, AVDD, OVDD from
transition on SHDN pin

us
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MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

AC Electrical Characteristics—VGA MODE (CWD Beamformer Off) (continued)

(VRep = 2.5V, Vce3 = 3.13V 1o 3.47V, Vs = 4.5V to 5.25V, Vaypp = Vovpp = 1.7V to 1.9V, Ta = 0°C to +70°C, Vgnp = 0V, SHDN
=0, CWD =0, LOON = 0, TMODE1 = 0, TMODEO = 1, TCC1 = TCCO = 0, THP = 1, TSYNC = 0, TEN =0, TINP_ =TINN_ =1, no
TCLK_, frr = 5SMHz, 50mVp_p, ADC fck = 50Msps, digital HPF set to 60/64, two poles, 15/16 digital gain, Vgc+ - Vgg- = -3V (mini-
mum gain), high LNA gain, Connect C = 1uF between TVPP_ to TVGP_ and TVNN_ to TVGN_. Typical values are at V1ypp = 3.3V,
Vvee =5V, VTvee = -5V, VTynn_ = -100V, Vrypp_ = 100V, Vces = 3.3V, Vees = 4.75V, Vavpp = Vovpp = 1.8V, Vge+ - Vae- = 0V,
Tp = +25°C, unless otherwise noted.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Vae+ - Vae-= 0.6V (gain = 28dB),
Sleep Mode Power-Up Response frRF = 5MHz, Voyt_ = -1dBFS, 2 ms
Time settled within 1dB from transition
on SHDN
Vae+ - Vae-= 0.6V (gain = 28dB),
Sleep Mode Power-Down Response frRF = 5MHz, DC power reaches
) o 4 ms
Time 1mW/channel, from transition on
SHDN (includes ADC)
. . Vour_= -3dBFS, frr = 5SMHz, )
Adjacent-Channel Crosstalk Vaes - Vae. = 0.6V (gain = 28dB) 59 dBc
: Vour_ = -3dBFS, f g = 5MHz, R
Alternate-Channel Crosstalk Vaes - Vae. = 0.6V (gain = 28dB) 75 dBc
Phase Matching Between Channels Vac+ - Vae.- = 0.6V (gain = 28dB), +1.2 Degrees

frRF = 5MHz, Voyt_=-3dBFS

DC Electrical Characteristics—CWD MODE (VGA, AAF, and ADC Off)

(VRep = 2.5V, V3 =3.13V 10 3.47V, Vs = 4.5V to 5.25V, Vaypp = Vovpp = 1.7V to 1.9V, Tp = 0°C to +70°C, Vgnp = 0V, SHDN =
0,CWD =1, LOON =1, TMODE1 =0, TMODEO =1, TCC1=TCCO0=0, THP =1, TSYNC =0, TEN =0, TINP_=TINN_= 1, no TCLK_,
RN = 200Q, Cl+, Cl-, CQ+, CQ- pulled up to +11V via four separate 0.1% 120Q resistors. No RF signals applied, Connect C = 1pyF
between TVPP_ to TVGP_ and TVNN_ to TVGN_. Typical values are at V1\pp = 3.3V, V1ycc = 5V, V1vee = -5V, Vrynn = -100V,

VTVPP_ =100V, Voc3 = 3.3V, Vs =4.75V, Vavpp = Vovpp = 1.8V, Vge+ - Vae- = 0V, Ta = +25°C, unless otherwise noted.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Mixer LVDS LO Input Common- V_LVDS_CM Pins LO+ and LO- 125+ Vv
Mode Voltage 0.2
LVDS LO Differential Input Common-mode input voltage =
Voltage VLVDS DM | 4 25v (Note 12) 200 700 mVp-p
Input bias current, common-
LVDS LO Input Common-Mode | LVDS_CM | mode input voltage = 1.25V 160 LA
Current
(Note 12)
LVD§ LO Differential Input R_LVDS_DM (Note 13) 8 KO
Resistance
FULL-POWER MODE
5V Supply Current Per Channel I_C 5V _F Total | divided by 8 31.6 41 mA
3.3V Supply Current Per | C_3.3V_F | Totall divided by 8 1.8 3 mA
Channel
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MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

DC Electrical Characteristics—CWD MODE (VGA, AAF, and ADC Off) (continued)

(VRep = 2.5V, Vg3 = 3.13V to 3.47V, Vs = 4.5V 10 5.25V, Vaypp = Vovpp = 1.7V to 1.9V, Tpo = 0°C to +70°C, Vgnp = OV, SHDN =
0,CWD =1,LOON =1, TMODE1 =0, TMODEO =1, TCC1=TCC0 =0, THP =1, TSYNC =0, TEN =0, TINP_=TINN_=1, no TCLK_,
R|N = 200Q, Cl+, Cl-, CQ+, CQ- pulled up to +11V via four separate 0.1% 120Q resistors. No RF signals applied, Connect C = 1uF
between TVPP_ to TVGP_ and TVNN_ to TVGN_. Typical values are at V1ypp = 3.3V, V1ycc = 5V, V1vee = -5V, Vrynn = -100V,

VTVF’P_ =100V, Vo3 =3.3V, Vees =4.75V, Vavpp = Vovbp = 1.8V, Vgc+ - Vac- = 0V, Ta = +25°C, unless otherwise noted.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
1.8V Supply Current Per Total | divided by 8, AVDD +
Channel |.C_18V.F | ovop 63 mA
11V Supply Current Per Channel I C_1MV_F Total | divided by 8 1.7 16.2 mA
External Reference Current Total current into VRgg pin 70 pA
On-Chip Power Dissipation (All 8 PDIS_FP_TOT F | (Note 14) 21 W
Channels)
On-Chip Power Dissipation per PDIS_FP_F (Note 14) 261 mw
Channel
LOW-POWER MODE
5V Supply Current Per Channel . C 5V L Total | divided by 8 27 35 mA
3.3V Supply Current Per | C 33VL | Totalldivided by 8 1.8 3 mA
Channel
1.8V Supply Current Per Total | divided by 8, AVDD +
Channel LC18V.L | ovop 63 WA
11V Supply Current Per Channel I_C_11V_L Total | divided by 8 7 mA
External Reference Current IREF Total Current into the VRgg pin 70 MA
On-Chip Power Dissipation (All 8 PDIS_FP_TOT L | (Note 14) 17 W
Channels)
On-Chip Power Dissipation per PDIS_FP L (Note 14) 214 mw
Channel

AC Electrical Characteristics—CWD MODE (VGA, AAF, and ADC Off)

(VRep = 2.5V, V3 = 3.13V to 3.47V, Vs = 4.5V to 5.25V, VAypp = Vovpp = 1.7V to 1.9V, Tp = 0°C to +70°C, Vgnp = 0V, CWD
=1, SHDN = 0, LOON = 1, TMODE1 = 0, TMODEO = 1, TCC1 = TCCO = 0, THP =1, TSYNC =0, TEN = 0, TINP_ = TINN_ =1,
no TCLK_, RIN = 200Q, frg = 5MHz, high LNA Gain, Cl+, Cl-, CQ+, CQ- pulled up to +11V via four separate 0.1% 120Q resistors.
Connect C = 1uF between TVPP_ to TVGP_ and TVNN_ to TVGN_. The rise/fall time of the LVDS clock driving LO+/LO- is required
to be 0.5ns, reference noise less than 10nV/VHz from 1kHz to 20MHz (Note 15). Typical values are at Vypp = 3.3V, V1yce = 5V,
VTvEE = -5V, VTynN = -100V, V1ypp = 100V, Vs = 3.3V, Vees = 4.75V, Vavpp = Vovpp = 1.8V, Ta = +25°C, unless otherwise
specified.) (Note 3) -

PARAMETER | symBoL | CONDITIONS | mIN TYP MAX | UNITS
CW DOPPER MIXER
Mixer RF Frequency Range 0.9 7.6 MHz
LO Frequency Range 8.0 60 MHz
Mixer Output Frequency Range DC 100 kHz
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MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

AC Electrical Characteristics—CWD MODE (VGA, AAF, and ADC Off) (continued)

(VRep = 2.5V, V3 = 3.13V to 3.47V, Vs = 4.5V to 5.25V, VAypp = Vovpp = 1.7V to 1.9V, Tp = 0°C to +70°C, Vgnp = 0V, CWD
=1, SHDN = 0, LOON = 1, TMODE1 = 0, TMODEO = 1, TCC1 = TCCO = 0, THP =1, TSYNC =0, TEN = 0, TINP_ = TINN_ =1,
no TCLK_, RIN = 200Q, frg = 5MHz, high LNA Gain, Cl+, Cl-, CQ+, CQ- pulled up to +11V via four separate 0.1% 120Q resistors.
Connect C = 1uF between TVPP_ to TVGP_ and TVNN_ to TVGN_. The rise/fall time of the LVDS clock driving LO+/LO- is required
to be 0.5ns, reference noise less than 10nV/VHz from 1kHz to 20MHz (Note 15). Typical values are at Vypp = 3.3V, V1yce = 5V,
VTvEE = -5V, VTynN = -100V, V1ypp = 100V, Vs = 3.3V, Vees = 4.75V, Vavpp = Vovpp = 1.8V, Ta = +25°C, unless otherwise
specified.) (Note 3) ~ -

PARAMETER | symBoL | CONDITIONS | MmN TYP  MAX | UNITS
FULL-POWER MODE
Not including T/R 45
Noise Figure No carrier | switch ' dB
With T/R switch 4.7
100mVp_p on input, frp = fL.o/8 =
SNR at 100mVp-p Input 1.25MHz, measured at 1kHz offset 144 dBe/Hz
200mVp_p on input, frp = fLo/8 = i
SNR at 200mVp.p Input 1.25MHz, measured at 1kHz offset 149 dBefHz
VN = 100mVp_p, fre1 = SMHz,
IM3 Distortion frRr2 = 5.01MHz, f o = 8 x 5SMHz -45 dBc
(Note 11)
Mixer Output-Voltage Compliance Valid voltage range (AC + DC) on 45 12 \%

summed mixer output pins (Note 16)

Measured under zero beat
conditions. V| = 100mVp_p, fRg -1 0.5 +1 Degrees
= 5MHz, f o/8 = 5MHz

Channel-to-Channel Phase
Matching

Channel-to-Channel Gain Measured under zero beat

. conditions V|y = 100mVp_p, fRF = -1 0.5 +1 dB
Matching 5MHz, fo/8 = 5MHz
Transconductance fLo/8 = 1.25MHz (Note 17) 20 23 27.5 mS
LOW-POWER MODE
Not including T/R 44
Noise Figure No carrier switch ' dB
With T/R switch 46
100mVp_p on input, frp = f o/8
SNR at 100mVp_p Input = 1.25MHz, measured at 1kHz -144 dBc/Hz
offset
200mVp_p on input, frp = f o/8
SNR at 200mVp_p Input = 1.25MHz, measured at 1kHz -148 dBc/Hz
offset
V|N = 100mVp_p, frp1 = 5MHz,
IM3 Distortion frRr2 = 5.01MHz, f o = 8 x 5MHz -44 dBc
(Note 11)
. . Valid voltage range (AC+DC) on
Mixer Output-Voltage Compliance summed mixer output pins (Note 16) 4.5 12 \
Transconductance fLo/8 = 1.25MHz (Note 17) 19 21 26.5 mS
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MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

Electrical Characteristics——AFE Clock and Timing

(VRep = 2.5V, Vce3 = 3.13V 1o 3.47V, Vs = 4.5V to 5.25V, Vaypp = Vovpp = 1.7V to 1.9V, Ta = 0°C to +70°C, Vgnp = 0V, SHDN
=0, CWD =0, LOON = 0, TMODE1 = 0, TMODEO = 1, TCC1 = TCCO = 0, THP = 1, TSYNC = 0, TEN =0, TINP_ =TINN_ =1, no
TCLK_, frRg = 5MHz, 50mVp_p, Connect C = 1uF between TVPP_ to TVGP_ and TVNN_ to TVGN_. Typical values are at V1ypp =
3.3V, Vrvee = 5V, Vrvee = -5V, Vrynn = -100V, Vrypp =100V, Vs = 3.3V, Veeos =4.75VY, Vavpp = Vovpp = 1.8V, Vee+ - Vae-
=0V, Tp = +25°C, unless otherwise noted.) (Note 3, Note 18)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
CLOCK INPUTS (CLKIN+, CLKIN-) DIFFERENTIAL MODE
Differential Clock Input Voltage 04t02.0 Vp_p
Common-Mode Voltage VeLKCM Selfbiased 12 \Y;
DC-coupled clock signal 10to 1.4
Differential, default setting 10
Input Resistance ROLK | intemnal trmination seected 0- @
Common mode to GND 9
Input Capacitance CcLK i(rizﬂicitance to GND, each 3 pF
CLOCK INPUTS (CLKIN+, CLKIN-) SINGLE-ENDED MODE (CLKIN- < 0.1V)
Single-Ended Mode-Selection 01 v
Threshold (CLKIN-)
Single-Ended Clock Input High 15 v
Threshold (CLKIN+)
Single-Ended Input Clock Low 03 v
Threshold (CLKIN+)
VI = 1.8V +5 MA
Input Leakage (CLKIN+)
ViL=0Vv -5 MA
Input Leakage (CLKIN-) ViL=0Vv -150 -50 MA
Input Capacitance (CLKIN+) 3 pF
DIGITAL INPUTS (CWD, LOON, SHDN, SCLK, SDIO, CS)
High-Level Input Threshold ViH 1.5 \
Low-Level Input Threshold VL 0.3 \%
IIH Vig =1.8V +5
Logic-Input Leakage WA
i ViL=0Vv -5
Logic-Input Capacitance CpIN 3 pF
DIGITAL OUTPUTS (SDIO)
High-Level Output Voltage VOH ISOURCE = -200pA VOB/%D - v
Low-Level Output Voltage VoL ISINK = 200pA 0.2 \Y
LVDS DIGITAL OUTPUTS (OUT_%, CLKOUT%*, FRAMEX) (I = 3.5mA, Vgum = 1.2V)
Differential Output Voltage IVop | RLoaD = 100Q 225 300 490 mV
Output Offset Voltage Vos 1.125 1.200 1.375 \Y
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MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

Electrical Characteristics——AFE Clock and Timing (continued)

(VRep = 2.5V, Vce3 = 3.13V 1o 3.47V, Vs = 4.5V to 5.25V, Vaypp = Vovpp = 1.7V to 1.9V, Ta = 0°C to +70°C, Vgnp = 0V, SHDN
=0, CWD =0, LOON = 0, TMODE1 = 0, TMODEO = 1, TCC1 = TCCO = 0, THP = 1, TSYNC = 0, TEN =0, TINP_ =TINN_ =1, no
TCLK_, frRp = 5MHz, 50mVp_p, Connect C = 1uF between TVPP_ to TVGP_ and TVNN_ to TVGN_. Typical values are at V1ypp =
3.3V, Vrvee = 5V, Vrvee = -5V, Vrynn = -100V, Vrypp =100V, Vs = 3.3V, Veeos =4.75VY, Vavpp = Vovpp = 1.8V, Vee+ - Vae-
=0V, Tp = +25°C, unless otherwise noted.) (Note 3, Note 18)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS

SERIAL-PORT INTERFACE TIMING

SCLK Period tsCLK 50 ns
SCLK-to-CS Setup Time tcss 10 ns
SCLK-to-CS Hold Time tcsH 10 ns
SDIO-to-SCLK Setup Time tsps Serial-data write 10 ns
SDIO-to-SCLK Hold Time tspH Serial-data write 0 ns
SCLK-to-SDIO Output Data Delay tspp Serial-data read 10 ns
LVDS DIGITAL OUTPUT TIMING CHARACTERISTICS

Data Valid to CLKOUT _ Rise/Fall top (tSA_Mop.l;g/24) (tSAygB%/M) <tSA£AgL2%’24) ns
CLKOUT_ Output-Width High tcH tsampLE/12 ns
CLKOUT_ Output-Width Low tcL tsampLE/12 ns
FRAME_ Rise to CLKOUT _ Rise toF (tSA_l\/lop.l;g/24) (tSAyg%%/%) <tSA£AgL2%’24) ns

Sample CLKIN_ Rise to FRAME_
Rise

CWD LO TIMING

t (tsampLE/2)  (tsampLE/24)  (tsampLE/24) ns
SF +1.6 +23 +33

Setup time from LOON high
LOON Setup Time tsu to LVDS LO clock low-to-high 5 ns
transition (Figure 1)

Note 3: Minimum and maximum limits at Tp = +25°C and +70°C are guaranteed by design, characterization, and/or production
test.

Note 4: Maximum operating current from Vyygn and Vrygp external power sources can vary depending on application require-
ments. The suggested typical values assume 8 channels running in continuous transmission (CWD) at 5MHz with TCCO =
TCC1 = high.

Note 5: CW Doppler: continuous wave, f = 5MHz, Vpp = +3V, Vgc = -VEg = +5V, Vpp =-VNN = +5V.

Note 6: B mode: f = 5MHz, PRg = 5kHz, 1 period, Vpp = +3V, V¢ = -VEE = +5Y, Vpp_ = 'VNN_ = +100V.

Note 7: This response time does not include the CW output highpass filter. When switching to VGA mode, the CW outputs stop
drawing current and the output voltage goes to the rail. If a highpass filter is used, the recovery time may be excessive
and a switching network is recommended.

Note 8: T/R switch turn-off time is the time required to switch off the bias current of the T/R switch. The off-isolation is not guaran-
teed.

Note 9: Noise performance of the device is dependent on the noise contribution from VRgp. Use a low-noise supply for VRgf.

Note 10: Absolute Gain Matching is defined as the gain difference between any single channel and the average of numerous chan-
nels across multiple devices. This specification is valid for all VGA gain settings for devices sharing the same control volt-
ages Vgc+ Vac-.

Note 11: See in the Ultrasound-Specific IMD3 Specification section.
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MAX2082 Low-Power, High-Performance Octal Ultrasound

Note 12:

Note 13:
Note 14:

Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

The LVDS CWD LO clocks are DC-coupled. See the CWD Beamformer Programming and Clocking section for details of
LO startup synchronization.

An external 100Q resistor terminates the LVDS differential signal path (LO+, LO-).

Total on-chip power dissipation is calculated as Pp|ss = Vces X Iccs + Vees X Iccs + Vavbp X lavop + Yovpbp X lovbb
+ VRer X IRgp + [11V - (111V/4) x 120] x 11V + V1yce X Itveet VTvee X ITvee + VTvop X ITvpp. Additional power is
dissipated through the off-chip, 120Q load resistors.

Note 15: The reference input noise is given for 8 channels, knowing that the reference-noise contributions are correlated in all 8

Note 16:
Note 17:

Note 18:

channels. If more channels are used, the reference noise must be reduced to get the best noise performance.

Mixer output-voltage compliance is the range of acceptable voltages allowed on the CW mixer outputs.

Transconductance is defined as the differential output current at baseband for each individual (I or Q) mixer output, divided
by the single-ended, RF input voltage directly on a single, T/R switch input pin (TRj). This can be calculated as gy = (Ig)+
- lg1-)VTRj and gmQ = (Icq+ - Icq-)/VTR]; or equivalently as gml = (V¢y+ - Ve )/(RL X VTR)) and gmq = (Ica+ - lca-)/(RL

x VTRj) (where j = 1, 2,...8 is a specific channel number, TRj is a single T/R switch input pin, and R|_is the load resistance
on each, individual mixer output pin).

All currents are global. In particular, INy = ITynNA + ITVNNB: PP = ITvPPA + ITVPPB-

Timing Diagrams

L0+
LVDS
Lo
LO-

|a— tsy —p

LOON /

Figure 1. CWD LOON LO Turn-On/Turn-Off Setup Time

VTvppA = VTvPPB

K
by

VTVNNA = VTUNNB 3
| 200ns_! |
- :

- 200us >

Figure 2. HV Burst Test (Three Levels)

www.maximintegrated.com Maxim Integrated | 26



MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

Timing Diagrams (continued)

TR_
—> -t !
fffffffff V1vop
TINP_ +50% 50% + | 50% + |
— . . SR a0
PLH—9  4— — P i
‘ b —» 1P
fffffffff V1vop
TINN_ 50% +
ffffff GND
Figure 3. Propagation Delay Timing
fffffffff VTvep
TR_
oy ey —— GND
o ! 20%
thop —»>  — —>  a—1po
< 80%  80% L 80%  80%
‘ ' ! i VTVNN
P — — — Iy

Figure 4. Output Rise/Fall Timing
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MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

Timing Diagrams (continued)

) v
imi TINP_ N, L=t
v MAX2082
TVDD TINN_ o RL = 1kQ

VIvop
TINP_
ov I
VRIF/(2 x RL +Ron) x (Ron + Rt

INB_

~0V —_
§ § VRIF/(2 X RL-+ Ron) X R
TR_ !

L ! P

! tONTRSW ! tOFFTRSW
-

Figure 5. T/R Switch Turn-On/Off TIme
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MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

Timing Diagrams (continued)

VvppA/VTVPPB
90% VTVPPA/ VTVPPB === === g = e e oo o oo

TR

90% VTVNNA/VTVNNB
B

Figure 6. Bandwidth
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MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

Timing Diagrams (continued)

TINP_
Vrvop
TINN_
GND
tJR = AtpR F = AlpF
—» DR —-— —» {F -—
V1vpPA/VTvPPB
TR_
VTVNNA/VTVNNB

Figure 7. Jitter Timing
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Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

Typical Operating Characteristics

(TAa = +25°C, unless otherwise noted.)
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TOTAL OUTPUT NOISE (dBFS)

HD2 (dBc)

MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

Typical Operating Characteristics (continued)
(TAa = +25°C, unless otherwise noted.)
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HD3 (dBc)

IM3 (dBc FROM SMALLER SIGNAL)

MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

Typical Operating Characteristics (continued)
(TAa = +25°C, unless otherwise noted.)
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CROSSTALK (dBc)

MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,

T/R Switch, and CWD Beamformer

Typical Operating Characteristics (continued)
(TAa = +25°C, unless otherwise noted.)
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GAIN (dB)

MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

Typical Operating Characteristics (continued)
(TAa = +25°C, unless otherwise noted.)
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SNR (dBFS)

MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

Typical Operating Characteristics (continued)
(TAa = +25°C, unless otherwise noted.)
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MAX2082

Bump Configuration

Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer
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MAX2082

Bump Description

Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

BUMP NAME FUNCTION

A1, A13-A18, A27, B10,

B13-B15, B17, B18,

C4-C15, C17-C26, D4-

D15, D17-D26, E4-E15,

E17-E26, F1-F17, F19-F25,

G1-G17, G19-G25, Hd- GND Ground

H15, H17-H26, J4-J15,

J17-J26, K4-K15, K17-K26,

L13-L15, L17, L18, L25,

M1, M13-M18, M25

A2, B2, C2, D2, E2 TVNNA High-Voltage Negatlve Supply Input. Bypass TVNNA to GND with a 0.1uF capacitor as
close as possible to the device.

A3, B3, C3, D3, E3 TVPPA High-Voltage F’osmve Suppl}/ Input. Bypass TVPPA to GND with a 0.1uF capacitor as
close as possible to the device.

Ad TVGPA Driver VoIt_age Supply Output. Connect 1uF capacitor to TVPPA as close as possible
to the device.
TVEE Supply Voltage Input. Bypass TVEE (both pins) to GND with a 0.1uF capacitor

A5, M5 TVEE . h
as close as possible to the device.

A6 TINP1 Digital Signal Positive Input 1 (see Table 1).

A7 TINP2 Digital Signal Positive Input 2 (see Table 1).

A8 TINP3 Digital Signal Positive Input 3 (see Table 1).

A9 TINP4 Digital Signal Positive Input 4 (see Table 1).

A10, M10 TVDD Logic Supply VoI.tage Input. Bypass TVDD (both pins) to GND with a 0.1uF capacitor
as close as possible to the device.

A11 TMODEA1 Mode Control Input. Control operation mode (see Table 1).

A12 TCC1 Current Control Input. Control current capability (see Table 2).

A19, 122, M22 Vees 3.3V.Power-SuppIy Voltage Input. Bypass to GND with a 0.1uF capacitor as close as
possible to the part.

A20 Cl+ 8-Channel CW Positive In-Phase Output. Connect to 11V with a 120Q external
resistor.

A1 ca+ 8-Channel CW Positive Quadrature Output. Connect to 11V with a 120Q external
resistor.

A22 LO+ Positive CW Local Oscillator Input. This clock is then divided in the beamformer.

A23, B24, L23, M23 AVDD 1.8V A_\nalog ADC Power-S_uppIy Voltage.lnput. Bypass AVDD to GND with a 0.1uF
capacitor as close as possible to the device.

A24 N.C. No Connection. Not internally connected.

A25 REFIO I/O Reference (For Internal Calibration). Bypass REFIO to GND with a 0.1uF capacitor

as close as possible to the device (do not drive REFIO).
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MAX2082 Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

Bump Description (continued)

BUMP NAME FUNCTION

A26 CWD VGA/ICW Mode Select. Set CWD Iqw to enablt_e the VGAs and disable the CW mixers.
Set CWD high to enable the CW mixers and disable the VGAs.

B1 TR1 Transmit Pulser Output, Receiver Input Channel 1

B4 TVGNA E)rit\;]ir(;/:\itiigle Supply Output. Connect 1uF capacitor to TVNNA as close as possible

B5. L5 TVeS TVCC Supply Volltage Input. B){pass TVCC (both pins) to GND with a 0.1uF capacitor
as close as possible to the device.

B6 TINN1 Digital Signal Negative Input 1 (see Table 1).

B7 TINN2 Digital Signal Negative Input 2 (see Table 1).

B8 TINN3 Digital Signal Negative Input 3 (see Table 1).

B9 TINN4 Digital Signal Negative Input 4 (see Table 1).

B11 TMODEO Mode Control Input. Control operation mode (see Table 1).

B12 TCCO Current Control Input. Control current capability (see Table 2).

B16 INB1 Low Voltage T/R switch output/LNA input channel 1

B19. L19, M19, M20 Vees 4;.0735;\i/bzc>tv;/<:rr1-eS:zsiléle\./oltage Input. Bypass to GND with a 0.1uF capacitor as close as

B20 cl- S-Qhannel CW Negative In-Phase Output. Connect to 11V with a 120Q external
resistor.

B21 co- S-Qhannel CW Negative Quadrature Output. Connect to 11V with a 120 Q external
resistor.

B22 LO- Negative CW Local Oscillator Input. This clock is then divided in the beamformer.

B23 LOON LO On Control Input. Turns LO on starting on the next rising or falling edge of LO.

B25 I.C. Internally Connected. Leave unconnected.

B26 SHDN Power-Down (Nap or Sleep Mode Programmable Through Serial Interface)

B27 OuUT1+ Channel 1 Positive LVDS Output

B28 OouT1- Channel 1 Negative LVDS Output

C1 TR2 Transmit Pulser Output, Receiver Input Channel 2

C16 INB2 Low Voltage T/R Switch Output/LNA Input Channel 2

c27 OouT2+ Channel 2 Positive LVDS Output

C28 OouUT2- Channel 2 Negative LVDS Output

D1 TR3 Transmit Pulser Output, Receiver Input Channel 3

D16 INB3 Low Voltage T/R Switch Output/LNA Input Channel 3

D27 OUT3+ Channel 3 Positive LVDS Output

D28 OUT3- Channel 3 Negative LVDS Output

E1 TR4 Transmit Pulser Output, Receiver Input Channel 4
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MAX2082

Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

Bump Description (continued)

BUMP NAME FUNCTION
E16 INB4 Low Voltage T/R Switch Output/LNA Input Channel 4
E27 OUT4+ Channel 4 Positive LVDS Output
E28 OouT4- Channel 4 Negative LVDS Output
F18, G18 AG Analog Ground for LNA Inputs. Leave AG unconnected.
F27 CLKOUT+ | Positive LVDS Serial-Clock Output
F28 CLKOUT- | Negative LVDS Serial-Clock Output
G27 FRAME+ Positive Frame-Alignment LVDS Output
G28 FRAME- Negative Frame-Alignment LVDS Output
H1 TR5 Transmit Pulser Output, Receiver Input Channel 5
H2, J2, K2, L2, M2 TVNNB Zsigg;\ézltzsgz;\lszig;};vtz tShuepzglvlizz-ut. Bypass TVNNB to GND with a 0.1uF capacitor
H3, J3, K3, L3, M3 TVPPB Zfshe-\;céltsgse;;esittglctehizp;?lli;é:put. Bypass TVPPB to GND with a 0.1uF capacitor as
H16 INB5 Low Voltage T/R Switch Output/LNA Input Channel 5
H27 OUT5+ Channel 5 Positive LVDS Output
H28 OouT5- Channel 5 Negative LVDS Output
J1 TR6 Transmit Pulser Output, Receiver Input Channel 6
J16 INB6 Low Voltage T/R Switch Output/LNA Input Channel 6
J27 OouUT6+ Channel 6 Positive LVDS Output
J28 ouTe- Channel 6 Negative LVDS Output
K1 TR7 Transmit Pulser Output, Receiver Input Channel 7
K16 INB7 Low Voltage T/R Switch Output/LNA Input Channel 7
K27 OuUT7+ Channel 7 Positive LVDS Output
K28 OouT7- Channel 7 Negative LVDS Output
L1 TR8 Transmit Pulser Output, Receiver Input Channel 8
L4 TVGNB E)rit\rl]zrc\if\itiige Supply Output. Connect 1uF capacitor to TVNNB as close as possible
L6 TINNS Digital Signal Negative Input 5 (see Table 1).
L7 TINNG6 Digital Signal Negative Input 6 (see Table 1).
L8 TINN7 Digital Signal Negative Input 7 (see Table 1).
L9 TINN8 Digital Signal Negative Input 8 (see Table 1).
Internal Supply Generator Control Input. Drive TEN high to disable the internal power
L10 TEN supply when using an external power supply on TVGPA, TVGPB, TVGNA, and
TVGNB. TEN has an internal 10kQ pulldown resistor to GND.
L11 THP Open-Drain Thermal-Protection Output. THP asserts and sinks a 3mA current to GND

when the junction temperature exceeds +150 C.
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MAX2082

Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

Bump Description (continued)

BUMP NAME FUNCTION
CMOS Control Input. Clock negative phase input. Data inputs are clocked in at the
L12 TCLK- edge of TCLK+ and TCLK- in differential clocked mode. Clock maximum frequency is
160MHz (max). If TCLK- is connected to GND, TCLK+ input is single-ended logic-level
clock input. Otherwise, TCLK and TCLK+ are self-biased differential clock inputs.
L16 INB8 Low Voltage T/R switch output/LNA input channel 8
L20 VREF Voltage Reference Input. Bypass VRgr to GND with a capacitor.
Negative Gain Control Voltage. Set Vgc+ - Vge- = +3V for maximum gain. Set Vgc+ -
L21 GC- - .
Vge- = -3V for minimum gain.
L24 CLKIN+ Positive Differential ADC Clock Input
L26 SDIO Serial-Data Input
L27 ouT8+ Channel 8 Positive LVDS Output
L28 ouTs- Channel 8 Negative LVDS Output
m TVGPB Driver Volt.age Supply Output. Connect 1uF capacitor to TVPPB as close as possible
to the device.
M6 TINP5 Digital Signal Positive Input 5 (see Table 1).
M7 TINP6 Digital Signal Positive Input 6 (see Table 1).
M8 TINP7 Digital Signal Positive Input 7 (see Table 1).
M9 TINP8 Digital Signal Positive Input 8 (see Table 1).
CMOS Control Input. Drive TSYNC high to enable clocked-input mode. Drive TSYNC
M11 TSYNC . i
low to operate in transparent mode (see the Truth Tables section).
CMOS Control Input. Clock positive phase input. Data inputs are clocked in at the
M12 TCLK+ rising edge of TCLK in differential clocked mode or at the rising edge of TCLK+ in
single-ended clocked mode. Clock maximum frequency is 160MHz.
Postive Gain Control Voltage. Set Vgc+ - Vgc- = +3V for maximum gain. Set Vgc+ -
M21 GC+ . )
Vgc- = -3V for minimum gain.
M24 CLKIN- Negative Differential ADC Clock Input. Connect to GND for a single ended clock
M26 SCLK Serial-Clock Input.
M27 CS Chip Select

www.maximintegrated.com
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Detailed Description

The MAX2082 is a fully integrated high-density octal ultra-
sound transceiver optimized for low-cost, high-channel
count, high-performance portable and cart based ultra-
sound systems. The easy-to-use integrated receiver
allows the user to achieve high-end 2D and Doppler imag-
ing capability using substantially less space and power.
The integrated octal 3-level pulser, T/R switch, input
coupling caps, LNA, VGA, AAF, ADC, and digital HPF
achieves an ultra-low noise figure with a low per channel
power dissipation at 50Msps.

The transmitters are high-performance, three-level, 2A,
high-voltage (HV) pulser devices capable of generating
high-frequency, HV bipolar pulses (up to £105V) from low-
voltage control logic inputs for driving. All eight channels
have embedded overvoltage-protection diodes and inte-
grated active return-to-zero clamp. These pulsers have
embedded independent (floating) power supplies (FPSs)
and level shifters that allow signal transmission without
the need for external HV capacitors.

Each channel is controlled by two logic inputs (TINN_/
TINP_) and the active return to zero features half the cur-
rent driving of the pulser (1A typ).

The pulsers can operate both in clocked and transparent
mode. In clocked mode, data inputs can be synchronized
with a clean differential or single-ended clock to reduce
phase noise associated with FPGA output signals that are
detrimental for Doppler analysis. In transparent mode, the
synchronization feature is disabled and output reflects the
data input after an 18ns delay. An adjustable maximum
current (0.5A to 2A) reduces power consumption when full
current capability is not required.

The pulsers feature integrated grass-clipping diodes (with
low parasitic capacitance) for receive (Rx) and transmit
(Tx) isolations. A damping circuit fully discharges the puls-
er’s output internal node before the grass-clipping diodes.
This damping circuit (typically 500Q can be activated as
soon as the transmit burst is over.

www.maximintegrated.com

Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,

T/R Switch, and CWD Beamformer

The full receive channel has been optimized for second-
harmonic imaging. Dynamic range is also optimized for
exceptional pulsed and color flow Doppler performance
under high-clutter conditions. The bipolar front-end and
CMOS ADC have also been optimized for an exception-
ally low near carrier modulation noise for excellent low
velocity Doppler sensitivity.

The MAX2082 also includes an octal CWD beamformer
for a full Doppler solution. Separate mixers for each chan-
nel are made available for optimal CWD sensitivity.

Transmit Pulser

Modes of Operation

Operating modes for the pulsers and T/R switches are
controlled by TMODE[1:0] (Table 1).

Shutdown Mode (TMODEO, TMODE1 = 00)

All channels are disabled, no transmission/ reception
is possible. This mode has the lowest power consump-
tion for the pulsers and T/R switch. Shut down the AFE
through the serial interface to further reduce power con-
sumption.

Octal 3 Level Mode (TMODEO, TMODE1 = 10)

The pulser uses all eight independent channels. Each
channel can generate a three-level pulse. The high-side
and low-side FET of each channel are capable of provid-
ing 2.0A current, while the clamp is capable of 1A current.

Disable Transmit Mode (TMODEO, TMODE1 = 11)

All eight high-voltage transmit channels are disabled, no
pulse transmission is possible. The T/R switch can be
turned on (to receive low-voltage signals) or off (for isola-
tion).

Current Capability Selection

The pulser features current drive capability selection. Two
control inputs (TCCO, TCC1) control the current drive
capability (Table 2).This feature can be used to save
power when working in low voltage mode (such as CWD
application) and the maximum current capability is no
longer required.
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Table 1. Transmit Pulser Operating Modes and Truth Table

MODE INPUTS INPUTS OUTPUTS
OPERATING INB
TMODEO | TMODE1 MODE TINN_ TIPP_ TR_ (LNA INPUT)
0 0 Shutdown X High Impedance T_?/E"Snvs:::zg;
0 0 Clamp on (damp off) GND (T/R switch off)
1 0 VTvNNA/VTVYNNB (damp off) GND (T/R switch off)
1 0 Octal 3 levels
0 1 V1vepa/VTvPPB (damp off) GND (T/R switch off)
1 1 Clamp on (damp on) T/R switch on
0 1 Reserved Do not use
0 0 High Impedance (damp off) GND (T/R switch off)
] ] Transmit 1 0 High Impedance (damp off) GND (T/R switch off)
disable 0 1 High Impedance (damp off) GND (T/R switch off)
1 1 High Impedance (damp on) T/R switch on

Table 2. Transmit Pulser Output Current

TCCO TCC1 PULSER OUTPUT CURRENT (TYP)
0 0 2A
1 0 1.5A
0 1 1A
1 1 0.5A

Sync Feature

The devices provide the ability to resynchronize all
the data inputs by means of a clean clock signal. In
ultrasound systems, the FPGA output signals are often
affected by a high jitter. The jitter induces phase noise that
is detrimental in Doppler analysis. The input clock can be
either a differential signal or a single-ended signal running
up to 160MHz. Data are clocked in on the rising edge of
the TCLK+ input (falling edge of TCLK-). Connect TCLK-
to GND for single-ended operation. The sync feature can
be enabled or disabled by the TSYNC control input. Drive
TSYNC input low to disable the synchronization func-
tion (no external clock signal). Drive TSYNC input high
to enable the synchronization function (with an external
clock signal). Figure 8 shows the simplified TCLK+ and
TCLK- inputs schematic.

www.maximintegrated.com

T/R Switch and Control

Each channel features a low-power T/R switch. The T/R
switch recovery time after the transmission is less than
1.2us. The T/R switches are controlled by the same puls-
er digital inputs (see Table 1). No dedicated input signals
are required to activate/deactivate the T/R switches. The
integrated T/R switches do not require any special timings
and can operate synchronously with the digital pulser. In
order to minimize the leakage current during transmis-
sion, it's recommended to switch off the T/R switches 3us
before the beginning of the transmit burst.

Grass Clipping Diodes

A pair of diodes in antiparallel configuration (referred to
as grass-clipping diodes) is presented at each pulser’s
output. The diodes’ reverse capacitance is extremely low,
allowing a perfect isolation between the receive path and
the actual pulser’s output stage.
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Figure 8. Simplified Clock Input Schematic

Active Damp Circuit

An active damp circuit is integrated between the internal
pulser output node (before grass-clipping diodes) and
GND. The purpose of this circuit is to fully discharge the
pulser output internal node so that the node is not left in
high-impedance condition as soon as the transmit burst is
over. This results in two main advantages

1) The grass-clipping isolation is more effective

2) Suppression of any low frequency oscillation of such
a node that could be detrimental for Doppler mode
performances

Independent (Floating) Power-Supply Enable
(TEN)

The device features the TEN control input to enable/dis-
able the internal FPSs. This allows the usage of external
high-efficiency power supplies to save system power. This
option must be considered only for special applications
requiring extremely low power dissipation. The low-power
dissipation of the embedded FPSs already meets power
requirements in most of the cases. Drive TEN low or leave
unconnected to enable the internal FPSs; drive TEN high
to disable the internal FPSs.

Thermal Protection

The devices feature an open-drain thermal-protection
output (THP). When the internal junction temperature
exceeds +145°C, the devices automatically enter shut-
down mode and THP asserts. The devices reenter normal
operation and the THP deasserts when the die tempera-
ture drops below +125°C.
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Analog Front End (AFE)

Modes of Operation

Operating modes for the AFE are controlled by seventeen
8-bit registers (00h—10h). This is described in the Register
Settings section.

Low-Noise Amplifier (LNA)

Each of the device’s LNAs is optimized for excellent
dynamic range and linearity performance characteristics,
making it ideal for ultrasound imaging applications. When
the LNA is placed in low-gain mode, the input resistance
(RIN), being a function of the gain A (RN = RF/(1 + A)),
increases by a factor of approximately 2. Consequently,
the switches that control the feedback resistance (Rgg)
have to be changed. For instance, the 100Q mode in high
gain becomes the 200Q mode in low gain (Table 32)

Variable-Gain Amplifier (VGA)

The device’s VGAs are optimized for high linearity, high
dynamic range, and low output-noise performance, all of
which are critical parameters for ultrasound imaging appli-
cations. Each VGA path includes circuitry for adjusting
analog gain, as well as an output buffer with differential
output ports that drive the AAF and ADC. The VGA gain
can be adjusted through the differential gain-control input
(GC+ and GC-). Set the differential gain control input volt-
age at -3V for minimum gain and +3V for maximum gain.
The differential analog control common-mode voltage is
1.65V (typ).
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Overload Recovery

The device is also optimized for quick overload recovery
for operation under the large input-signal conditions that
are typically found in ultrasound input-buffer imaging
applications. See the Typical Operating Characteristics
for an illustration of the rapid recovery time from a trans-
mit-related overload.

Dynamic offsets or DC offsets in the device can be
removed by enabling the digital HPF function contained
within the ADC. The unique structure of the digital HPF
allows for the removal of up to +117mV of dynamic or
static DC offset, without reducing the dynamic range of
the ADC.

Octal Continuous-Wave (CW) Mixer

The device CW mixers are designed using an active dou-
ble-balanced topology. The mixers achieve high dynamic
range and high-linearity performance, with exceptionally
low thermal and jitter noise, ideal for ultrasound CWD
signal reception.

The octal array exhibits quadrature and in-phase differen-
tial current outputs (CQ+, CQ-, Cl+, CI-) to produce the
total CWD beamformed signal. The maximum differential
current output is typically 3mAP-P and the mixer output-
compliance voltage ranges from 4.5V to 12V.

Each mixer can be programmed to 1 of 16 phases; there-
fore, 4 bits are required for each channel for programming.
Each CW channel can be programmed to an off state by
setting bit CW_SHDN_CHn to 1. The power-down mode
(SHDN) line overrides this soft shutdown.

After the serial shift registers have been programmed,
the CS signal, when going high, loads the phase informa-
tion in the form of 5 bits per channel into the I/Q phase
divider/selectors. This presets the dividers, selecting the
appropriate mixer phasing. See Table 42 for mixer phase
configurations.

CW Mixer Output Summation

The outputs from the octal-channel mixer array are
summed internally to produce the total CWD summed
beamformed signal. The octal array produces eight dif-
ferential quadrature (Q) outputs and eight differential
in-phase (l) outputs. All quadrature and in-phase outputs
are summed into single | and Q differential current outputs
(CQ+, CQ-, Cl+, ClI-).

CWD beamforming is achieved using a single 8 x LO
high-frequency master clock that is divided down to the
CWD frequency using internal dividers. The beamformer
provides A/16 resolution with an 8 x LO clock using both
edges of the clock, assuming a 50% duty cycle. An eas-
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ily available low-phase-noise 200MHz master clock can
therefore be used to generate the necessary CWD fre-
quencies with adequate resolution.

LO Phase Select

The LO phase dividers can be programmed through the
shift registers to allow for 16 quadrature phases for a
complete CW beamforming solution.

VGA and CW Mixer Operation

During normal operation, the device is configured so that
either the VGA path is enabled while the mixer array is
powered down (VGA mode), or the quadrature mixer
array is enabled while the VGA path is powered down
(CW mode). For VGA mode, set CWD to a logic-high, and
for CW mode, set CWD to a logic-low.

External Voltage Reference

Connect an external, low-noise, 2.5V reference to the
VREF pin. Bypass VRgf to ground with a 0.1uF capaci-
tor as close as possible to the device. The device noise
performance is dependent on the external noise at VRgF.

ADC Clock Input

The input clock interface provides for flexibility in the
requirements of the clock driver. The device accepts a
fully differential clock or single-ended logic-level clock
(Figure 11). The device is specified for an input sam-
pling 25MHz to 50MHz frequency range. By default, the
internal phase-locked loop (PLL) is configured to accept
input clock frequencies from 39MHz to 50MHz. The PLL
is programmed through the PLL Sampling Rate register
(O0h, Table 6). Table 7 details the complete range of PLL
sampling frequency settings.

For differential clock operation, connect a differential clock
to the CLKIN+ and CLKIN- inputs. The input common
mode is established internally to allow for AC-coupling.
The self-biased input common-mode voltage defaults to
1.2V. The differential clock signal can also be DC-coupled
if the externally established common-mode voltage is
constrained to the specified clock input common-mode
range of 1V to 1.4V. A differential input termination of
100Q can be switched in by programming the CLKIN
Control register (04h[4], Table 21).

For single-ended operation, connect CLKIN- to GND and
drive the CLKIN+ input with a logic-level signal. When the
CLKIN- input is grounded (or pulled below the threshold of
the clock-mode detection comparator), the differential-to-
single-ended conversion stage is disabled and the logic-
level inverter path is activated. The input common-mode
self-bias is disconnected from CLKIN+, and provides a
weak pullup bias to AVDD for CLKIN-.
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Figure 9. CWD Analog Front-End Beamformer Simplified Block Diagram
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Figure 10. CWD Output Beamforming Example
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Figure 11. Simplified Clock Input Schematic

Power-Down and Low-Power Mode

The device can also be powered down with the SHDN
pin. Set SHDN to 1.8V to place the device in power-down
mode. In power-down mode, the device draws a total sup-
ply current less than OpA from the 5V and 3.3V supplies
and less than 0.4mA from the 1.8V supplies. Set SHDN to
logic-low for normal operation.

A low-power mode is available to lower the required
power for CWD operation. When selected, the complex
mixers operate at lower quiescent currents. Note that
operation in this mode slightly reduces the dynamic per-
formance of the device. Table 8 shows the logic function
of the standard operating modes.

In addition to power-down mode, the device can be
placed into a reduced-power Standby or Nap mode,
which allows for rapid power-up in VGA mode. Nap mode
is accessible by setting the SHDN pin to 1.8V, with the
ADC_NAP_SHDN1 and AFE_NAP_SHDN1 registers set
to 1 (see Table 8). Nap mode is not meant to be used in
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conjunction with CWD mode; valid CWD power states
are normal CWD low-power and power-down modes.
Although no device damage occurs, programming the
device for Nap mode and setting the SHDN pin high can
create invalid signal outputs in CWD mode.

Programmable, Digital Highpass 2-Pole Filter

Digital Highpass Filter Characteristics

This digital HPF is implemented as the cascade of two
identical first-order highpass IIR filter sections (Figure 12).
Each section implements the difference equation:
y[n] = R x y[n-1] + x[n] — x[n-1]

where x[n] is the input and y[n] is the output. The highpass
3dB corner frequency is established by the filter coefficient
(R). Each section can be independently programmed to
one of 10 possible values or placed into bypass mode
(Table 24). The available filter coefficient values and cor-
responding cutoff frequency are given in Table 3.
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CONTROL BITS
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Figure 12. Two-Stage Digital Highpass Filter with 1-Stage Multiplier

Table 3. Digital Filter Cutoff-Frequency Setting

FILTER COEFFICIENT (R) FR‘:'E%BUE:E%'; ) FR?C?U(I:EL:ITCOYI:\:I:HZ
(fs = 50Msps)
ONE-FILTER SECTIONS
54/64 0.843750 0.046294 1157
55/64 0.859375 0.041943 1.049
56/64 0.875000 0.037535 0.938
57/64 0.890625 0.033069 0.827
58/64 0.906250 0.028544 0.714
59/64 0.921875 0.023956 0.599
60/64 0.937500 0.019303 0.483
61/64 0.953125 0.014584 0.365
62/64 0.968750 0.009796 0.245
63/64 0.984375 0.004935 0.123
TWO-FILTER SECTIONS
54/64 0.843750 0.069441 1736
55/64 0.859375 0.062915 1573
56/64 0.875000 0.056303 1.408
57/64 0.890625 0.049604 1.240
58/64 0.906250 0.042816 1.070
50/64 0.921875 0.035934 0.898
60/64 0.937500 0.028955 0.724
61/64 0.953125 0.021876 0.547
62/64 0.968750 0.014694 0.367
63/64 0.984375 0.007403 0.185

www.maximintegrated.com

Maxim Integrated | 49



MAX2082 Low-Power, High-Performance Octal Ultrasound

The digital HPF provides a small-signal gain that depends
on the filter coefficient. This effectively reduces slightly
the full-scale input range of the ADC. A plot of filter gain
vs. filter coefficient is shown in Figure 25. A coarse digital
multiplier is incorporated at the output of the filter to pro-
vide partial compensation of the digital filter gain. Table 4

Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

provides the recommended gain-compensation settings
for different filter cutoff-frequency settings.

The digital filter magnitude, phase, group-delay, and
impulse-time response for 1-Stage and 2-Stage configu-
rations are shown in Figure 13 to Figure 24, respectively.

Table 4. Gain-Compensation Settings for Different Filter Cutoff-Frequency Settings

R I;JIIE;I'II)EIIER’ POLES (1;330;25) GAIN (:(?Blr)\l GAIr(‘ldg;)MP OVERGLBI; GAIN
N/A Bypass N/A N/A 1 0 0 0

63/64 Filter 1 0.004935 1 0.0681 0 0.0681
62/64 Filter 1 0.009796 1 0.1368 0 0.1368
61/64 Filter 1 0.014584 1 0.206 0 0.206
60/64 Filter 1 0.019303 1 0.2758 0 0.2758
59/64 Filter 1 0.023956 1 0.3461 0 0.3461
58/64 Filter 1 0.028544 15/16 0.417 -0.5606 -0.1436
57/64 Filter 1 0.033069 15/16 0.4885 -0.5606 -0.0721
56/64 Filter 1 0.037535 15/16 0.5606 -0.5606 0
55/64 Filter 1 0.041943 15/16 0.6333 -0.5606 0.0727
54/64 Filter 1 0.046294 15/16 0.7066 -0.5606 0.146
63/64 Filter 2 0.007403 1 0.1362 0 0.1362
62/64 Filter 2 0.014694 1 0.2736 0 0.2736
61/64 Filter 2 0.021876 15/16 0.412 -0.5606 -0.1486
60/64* Filter 2 0.028955 15/16 0.5515 -0.5606 -0.0091
59/64 Filter 2 0.035934 15/16 0.6922 -0.5606 0.1316
58/64 Filter 2 0.042816 15/16 0.834 -0.5606 0.2734
57/64 Filter 2 0.049604 7/8 0.977 -1.1598 -0.1828
56/64 Filter 2 0.056303 7/8 1.1211 -1.1598 -0.0387
55/64 Filter 2 0.062915 7/8 1.2665 -1.1598 0.1067
54/64 Filter 2 0.069441 7/8 1.4131 -1.1598 0.2533

*Parts are factory trimmed with this setting. Programming can be changed.
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Figure 17. Digital HPF Impulse-Time Response (1 Stage)

Figure 18. Digital HPF Impulse-Time Response Detailed Plot (1

Stage)

DIGITAL HPF MAGNITUDE-FREQUENCY
RESPONSE (2 STAGE)

R1=63/64

4 /

RESPONSE (dB)

-30 R1=54/64
-40
50
103 102 10°1 100

FREQUENCY (NORMALIZED fs/2)

DIGITAL HPF MAGNITUDE-FREQUENCY

RESPONSE (2 STAGE)

/
[l
/

RESPONSE (dB)
~ (=2} o BN w N —_ o —_ N w

i
Il
[

10-3

10-2 101 100
FREQUENCY (NORMALIZED fs/2)

Figure 19. Digital HPF Magnitude Frequency Response (2
Stage)
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Figure 20. Digital HPF Magnitude Frequency Response (2
Stage) at Corner Frequency
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System Timing Requirements
Figure 26 shows the relationship between the analog
DIGITAL HPF GAIN vs. FILTER COEFFICIENT inputs, input clock, frame-alignment output, serial-clock
20 output, and serial-data outputs. The differential ADC input
18 signal is sampled on the rising edge of the applied clock
16 signal (CLKIN+, CLKIN-), and the resulting data appears
14 at the digital outputs 10.5 clock cycles later. Figure 27
g 12 * ; provides a detailed, two-conversion timing diagram of the
g 1.0 £ relationship between inputs and outputs.
08— R Clock Output (CLKOUT+, CLKOUT-)
08 - + The ADC provides a differential clock output that consists
04 2 Y of CLKOUT+ and CLKOUT-. As shown in Figure 28, the
02 51'STA?E A ¥ serial-output data is clocked out of the device on both
0 S 5'6 5'8 0 62 o edges of the clock output. The frequency of the output
FILTER COEFFICIENT (/64 clock is six times (6x) the frequency of the input clock.
The Output Data Format and Test Pattern/Digital HPF
Select register (01h) allows the phase of the clock output
Figure 25. Digital HPF Gain vs. Filter Coefficient tFO' be agjou)sted relative to the output data frame (Table 9,
igure 30).
N+3 N+ 4 N+5 N+6 N+7 N+8 N+9 10
¢ ¢ L L4 g e
L i s s s s s s s s
w L L
- 10.5 CLOCK-CYCLE DATA LATENCY
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Figure 26. ADC Timing (Overall)
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Figure 27. ADC Timing (Detail)
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top—DATA VALID TO CLKOUT_ RISE/FALL

Figure 28. Serial Output Detailed Timing Diagram

Frame-Alignment Output (FRAME+, FRAME-)

The ADC provides a differential frame-alignment signal
that consists of FRAME+ and FRAME-. As shown in
Figure 27, the rising edge of the frame-alignment signal
corresponds to the first bit (DO) of the 12-bit serial-data
stream. The frequency of the frame-alignment signal is
identical to the frequency of the input clock; however, the
duty cycle varies depending on the input clock frequency.

Serial-Output Data (OUT_+, OUT_-)

The ADC provides conversion results through individual
differential outputs consisting of OUT_+ and OUT_-. The
results are valid 10.5 input clock cycles after a sample is
taken. As shown in Figure 28, the output data is clocked

www.maximintegrated.com

out on both edges of the output clock, LSB (DO) first (by
default). Figure 27 displays the detailed serial-output tim-
ing diagram.

Differential LVDS Digital Outputs

The ADC features programmable, fully differential LVDS
digital outputs. By default, the 12-bit data output is trans-
mitted LSB first, in offset binary format. The Output Data
Format and Test Pattern/Digital HPF Select register (01h,
Table 9) allows customization of the output bit order and
data format. The output bit order can be reconfigured to
transmit MSB first, and the output data format can be
changed to two’s complement. Table 10 contains full out-
put data configuration details.

The LVDS outputs feature flexible programming options.
First, the output common-mode voltage can be pro-
grammed from 0.6V to 1.2V (default) in 200mV steps
(Table 17). Use the LVDS Output Driver Level register
(02h, Table 13) to adjust the output common-mode voltage.

The LVDS output driver current is also fully programmable
through the LVDS Output Driver Management register
(03h, Table 18). By default, the output driver current is set
to 3.5mA. The output driver current can be adjusted from
0.5mA to 7.5mA in 0.5mA steps (Table 19).

The LVDS output drivers also feature optional internal ter-
minations that can be enabled and adjusted by the LVDS
Output Driver Management register (03h, Table 18). By
default, the internal output driver termination is disabled.
See Table 20 for all possible configurations.
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Output Driver Level Tests

The LVDS outputs (data, clock, and frame) can be con-
figured to static logic-level test states through the LVDS
Output Driver Level register (02h, Table 13). The com-
plete list of settings for the static logic-level test states can
be found in Table 14 to Table 16.

Data Output Test Patterns

The LVDS data outputs can be configured to output sev-
eral different, recognizable test patterns. Test patterns are
enabled and selected using the Output Data Format and
Test Pattern/Digital HPF Select register (01h, Table 9). A
complete list of test pattern options are listed in Table 11,
and custom test pattern details can be found in the cus-
tom Test Pattern registers (07h, 08h, 09h) section (includ-
ing Table 26, Table 29, and Table 30).

Power Management

The SHDN input is used to toggle between two power-
management states. Power state 0 corresponds to SHDN
= 0, while power state 1 corresponds to SHDN = 1. The
PLL Sampling Rate and Power Management register
(00h, Table 6) and the Channel Power Management reg-
isters (05h and 06h, Table 22 and Table 23) fully define
each power-management state. By default, SHDN = 1
shuts down the device, and SHDN = 0 returns the ADCs
to full-power operation. Use of the SHDN input is not
required for power management.

For either state of SHDN, complete power-management
flexibility is provided, including individual ADC channel
power-management control, as well as the option of
which reduced power-mode to utilize in each power state.
The reduced-power modes available are sleep mode and
nap mode. The device cannot enter either of these states
unless no ADC channels are active in the current power
state (Table 8).

In nap mode, the reference, duty-cycle equalizer, and
clock-multiplier PLL circuits remain active for rapid wake-
up time. In nap mode, the externally applied clock signal
must remain active for the duty-cycle equalizer and PLL
to remain locked. Typical wake-up time from nap mode
is 2ys.
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In sleep mode, all circuits are turned off except for the
bandgap voltage-generation circuit. All registers retain
previously programmed values during sleep mode. Typical
wakeup time from sleep mode is 2ms (typ).

Power-On and Reset

The user-programmable register default settings and
other factory-programmed settings are stored in a non-
volatile memory. Upon device power-up, these values are
loaded into the control registers. The operation occurs
after the application of a valid supply voltage to AVDD
and OVDD, and the presence of an input clock signal. The
user-programmed register values are retained as long as
the AVDD and OVDD voltages are applied.

A reset condition overwrites all user-programmed regis-
ters with the factory-default values. The reset condition
occurs on power-up and can be initiated while powered
with a software write command (write 5Ah) through the
serial-port interface to the Special Function register (10h).
The reset time is proportional to the ADC clock period and
requires 415us at 50Msps.

Power-Down and Low-Power (Nap) Mode and
Channel Selection

The SHDN pin is a toggle switch between any two
power-management states. In most cases, the SHDN =
0 state is on, and the SHDN = 1 state is off. However,
complete flexibility is provided, allowing the user to toggle
between active and nap, active and sleep, etc. Nap mode
is defined as a reduced-power state with rapid wake-up
time on the order of 2us. Sleep mode is a very-low-power
mode (~1mW) with a much longer wake-up time on the
order of 2ms. The serial port and programmable registers
remain active during nap and sleep modes.

CHNn_ON_SHDNO n = [1:8]
1 Channel n is on when the SHDN pin is low.
0 Channel n is off when the SHDN pin is low.
CHNn_ON_SHDN1 n = [1:8]
1 Channel n is on when the SHDN pin is high.
0 Channel n is off when the SHDN pin is high.

Maxim Integrated | 56



MAX2082

ADC_NAP_SHDNO

1 ADC in nap mode when all channels are off, or the
CWD pin is high and the SHDN pin is low.

0 ADC in sleep mode when all channels are off, or the
CWD pin is high and the SHDN pin is low.

ADC_NAP_SHDN1

1 ADC in nap mode when all channels are off, or the
CWD pin is high and the SHDN pin is high.

0 ADC in sleep mode when all channels are off, or the
CWD pin is high and the SHDN pin is high.

AFE_NAP_SHDNO

1 AFE in nap mode when all channels are off and the
SHDN pin is low.

0 AFE in sleep mode when all channels are off and the
SHDN pin is low.

AFE_NAP_SHDN1

1 AFE in nap mode when all channels are off and the
SHDN pin is high.

0 AFE in sleep mode when all channels are off and the
SHDN pin is high.

3-Wire Serial Peripheral Interface (SPI)

The ADC operates as a slave device that sends and
receives data through a 3-wire SPI interface. A master
device must initiate all data transfers to and from the
device. The device uses an active-low SPI chip-select
input (CS) to enable communication with timing controlled
through the externally generated SPI clock input (SCLK).
All data is sent and received through the bidirectional SPI
data line (SDIO). The device has 16 user-programmable
control registers and one special-function register, which
are accessed and programmed through this interface.
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SPI Communication Format

Figure 29 shows an ADC SPI communication cycle. All
SPI communication cycles are made up of 2 bytes of
data on SDIO and require 16 clock cycles on SCLK to be
completed. To initiate an SPI read or write communication
cycle, CS must first transition from a logic-high to a logic-
low state. While CS remains low, serial data is clocked
in from SDIO on rising edges of SCLK, and clocked out
(for a read) on the falling edges of SCLK. When CS is
high, the device does not respond to SCLK transitions,
and no data is read from or written to SDIO. CS must
transition back to logic-high after each read/write cycle is
completed.

The first byte transmitted on SDIO is always provided by
the master. The ADC (slave device) clocks in the data
from SDIO on each rising edge of SCLK. The first bit
received selects whether the communication cycle is a
read or a write. Logic 1 selects a read cycle, while logic
0 selects a write cycle. The next 7 bits (MSB first) are the
register address for the read or write cycle. The address
can indicate any of the 16 user-programmable control
registers (00h to OFh), or the special-function register
(10h, write only). Attempting to read/write with any other
address has no effect (Table 3).

The second byte on SDIO is sent to the ADC in the case
of a write, or received from the ADC in the case of a read.
For a write command, the device continues to clock in the
data on SDIO on each rising edge of SCLK. In the case of
a read command, the device writes data to SDIO on each
falling edge of SCLK. The data byte is transmitted and
received MSB first in both cases. The detailed SPI timing
requirements are shown in Figure 29.

Output Clock Phase

CLKOUT_PHASE[1:0] default POR is 00. See Figure 30
for various output clock phase configurations.
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Figure 29. SPI Timing Diagram
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Table 5. User-Programmable ADC Control Registers

ADDRESS READ/WRITE POR STATE FUNCTION
00h R/W 0001 0001 PLL Sampling Rate and Power Management
01h R/W 0000 0000 Output Data Format and Test Pattern/Digital HPF Select
02h R/W 0000 0000 LVDS Output Driver Level
03h R/W 0000 0000 LVDS Output Driver Management
04h R/W 0000 0000 ADC CLKIN Control
05h R/W 1111 1111 Channel Power Management: SHDNO
06h R/W 0000 0000 Channel Power Management: SHDN1
07h RW 0100 0100 | Digital HPF 1 and 2: -3dB Cutoff/Custom Test Patterns 1
08h RW 01010110 | Digital HPF 1 and 2: ATENuation/Custom Test Patterns 2
U9h RIW 01011010 | Custom Test Patterns 2 and 1 (4 Most Significant Bits)
0Ah R/W 0101 1100 AFE Settings
0Bh R/W 0000 0000 CW Beamformer 1
0Ch R/W 0000 0000 CW Beamformer 2
0Dh R/W 0000 0000 CW Beamformer 3
OEh R/W 0000 0000 CW Beamformer 4
OFh R/W 0000 0000 CW Beamformer 5
10h R/W N/A Special Function

Table 6. PLL Sampling Rate and Power Management (00h)

BIT7 | BIT6 | BIT5 | BIT4

BIT 3

BIT 2

BIT 1

BIT 0

PLL[2:0]

AFE_NAP_SHDN1 AFE_NAP_SHDNO ADC_NAP_SHDN1 | ADC_NAP_SHDNO

Table 7. PLL Frequency-Control Settings (00h[6:4])

CLOCK MULTIPLIER SETTING MINIMUM SAMPLING FREQUENCY MAXIMUM SAMPLING
PLL[2] PLL[1] PLL[0] (MHz) FREQUENCY (MHz)
0 0 0 Not used
0 0 1 39 50
0 1 0 28.5 39
0 1 1 25 28.8
1 X X Not used

X = Don’t care.
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Table 8. Power-Management Programming

PINS REGISTERS
o o o -

2 g |8|8|5|3
é g “ 2 a 2 I I DESCRIPTION
55| i gt | 2]2]3]|3

= = 8I 8I H-JI H_JI

o o < < < <

DEFAULT REGISTER MODES
0 0 11111111 00000000 0 1 0 1 8 channels active (VGA mode)
0 1 11111111 00000000 0 1 0 1 CW Doppler mode (ADC in nap mode)
1 0 11111111 00000000 0 1 0 1 Nap mode (ADC and AFE)
1 1 11111111 00000000 0 1 0 1 CW Doppler mode (ADC in nap mode)
PROGRAMMED REGISTER MODES

0 0 Not all zero XXXXXXXX X X X X 1 or more channels active (VGA mode)
0 0 00000000 XXXXXXXX 0 X 0 X | Sleep mode (ADC and AFE)
0 0 00000000 XXXXXXXX 0 X 1 X | ADC sleep/AFE nap
0 0 00000000 XXXXXXXX 1 X 0 X | ADC nap/AFE sleep
0 0 00000000 XXXXXXXX 1 X 1 X | Nap mode (ADC and AFE)
0 1 XXXXXXXX XXXXXXXX 0 X X X | CW Doppler mode (ADC in sleep mode)
0 1 XXXXXXXX XXXXXXXX 1 X X X | CW Doppler mode (ADC in nap mode)
1 0 XXXXXXXX Not all zero X X X X 1 or more channels active (VGA mode)
1 0 XXXXXXXX 00000000 X 0 X 0 | Sleep mode (ADC and AFE)
1 0 XXXXXXXX 00000000 X 0 X 1 ADC sleep/AFE nap
1 0 XXXXXXXX 00000000 X 1 X 0 | ADC nap/AFE sleep
1 0 XXXXXXXX 00000000 X 1 X 1 Nap mode (ADC and AFE)
1 1 XXXXXXXX XXXXXXXX X 0 X X | CW Doppler mode (ADC in sleep mode)
1 1 XXXXXXXX XXXXXXXX X 1 X X | CW Doppler mode (ADC in nap mode)

X = Don’t care.

Table 9. Output Data Format and Test Pattern/Digital HPF Select (01h)

BIT7 | BIT6 | BIT5

BIT 4

BIT 3 | BIT 2 BIT 1 BIT O

TEST_PATTERN[2:0]

TEST_DATA

CLKOUT_PHASE[1:0] DATA_FORMAT BIT_ORDER

www.maximintegrated.com
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Table 10. LVDS Output Data Format Programming (01h[1:0])

DATA_FORMAT BIT_ORDER

LVDS OUTPUT DATA FORMAT

Offset binary, LSB first (default

Offset binary, MSB first

Two’s complement, LSB first

aAalalo|lo
= O|=]|0O

Two’s complement, MSB first

CLKOUT_PHASE [1:0] = 00 (DEFAULT)

FRAME ’
DATA X DO X D1 X D2 X D3

CLKOUT_PHASE [1:0] = 10

FRAME ’
DATA X DO X D1 X D2 X D3

CLKOUT_PHASE [1:0] = 11

FRAME /
CLKOUT / \ / \
DATA X D0 X D1 X D2 X D3

CLKOUT_PHASE [1:0] = 01

FRAME ’
CLKouT ‘\ ’ ~ ’
DATA X D0 X D1 X D2 X D3

Figure 30. Output Clock Phase

Custom Test Pattern

When custom test pattern is selected (TEST_PATTERNJ[2:0] = 010), the output alternates between BITS_CUSTOM1[11:0]
and BITS_CUSTOMZ2[11:0]. If a single repeating word is desired, program BITS_CUSTOMZ2[11:0] to the same value as

BITS_CUSTOMA1[11:0].

Table 11. Test Pattern Programming and Digital Highpass Filter Selection

TEST_DATA TEST_PATTERN[2:0] TEST PATTERN FORMAT
0 X X X Disabled, normal operation with digital HPF selected (default)
1 0 0 0 Data skew (010101010101), repeats every frame
1 0 0 1 Data sync (111111000000), repeats every frame
1 0 1 0 Custom test pattern, repeats every 2 frames
1 0 1 1 Ramping pattern from 0 to 4095 (repeats)
1 1 0 0 Pseudorandom data pattern, short sequence (29)
1 1 0 1 Pseudorandom data pattern, long sequence (223)
1 1 1 X Not used

X = Don’t care.
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SEQUENCE INITIAL VALUE FIRST 3 SAMPLES
Short (29) 0x0df 0xdf9, 0x353, 0x301
Long (223) 0x29b80a 0x591, 0xfd7, 0x0a3

Note: When custom test pattern is selected (TEST_PATTERN[2:0] = 100) the output is a short (28) PN sequence. A long (223)

sequence output is provided when TEST_PATTERN[2:0] = 101.

Table 13. LVDS Output Driver Level (02h)

BIT7 | BITG BIT5 | BIT4 BIT 3

| B2 BIT 1 | BITO

LVDS_CM[1:0] TEST_FRAME_LEVEL[1:0]

TEST_CLKOUT_LEVEL[1:0]

TEST_DATA_LEVEL[1:0]

Table 14. Test Data (OUT_) Level Programming

TEST_DATA_LEVEL[1:0] DATA (OUT_) OUTPUT
X 0 Normal data output
0 1 Output low (static)
1 1 Output high (static)

X = Don’t care.

Table 15. Test CLKOUT_ Level Programming

TEST_CLKOUT_LEVEL[1:0] CLKOUT_ OUTPUT
0 Normal CLKOUT_ output
0 1 Output low (static)
1 Output high (static)

X = Don’t care.

Table 16. Test FRAME Level Programming

TEST_FRAME_LEVEL[1:0]

FRAME OUTPUT

0 Normal FRAME output

0 1

Output low (static)

1 Output high (static)

X =Don’t care.

Table 17. LVDS Output Common-Mode Voltage Adjustment

LVDS_CM[1:0]

LVDS OUTPUT COMMON-MODE VOLTAGE (V)

0 0 1.2 (default)
0 1 1.0
1 0 0.8
1 1 0.6
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Table 18. LVDS Output Driver Management (03h)

BIT 7 BIT6 | BIT5 | BIT4 BIT3 | BT2 | BIT 1 | BIT 0
— LVDS_TERM[2:0] LVDS_IADJ[3:0]

Table 19. LVDS Output Drive Current Configuration

LVDS_IADJ[3:0] LVDS CURRENT (mA)
0 0 0 0 3.5mA, 350mV at 100Q (default)
0 0 0 1 0.5
0 0 1 0 1.0
0 0 1 1 15
0 1 0 0 2.0
0 1 0 1 2.5
0 1 1 0 3.0
0 1 1 1 3.5
1 0 0 0 4.0
1 0 0 1 45
1 0 1 0 5.0
1 0 1 1 5.5
1 1 0 0 6.0
1 1 0 1 6.5
1 1 1 0 7.0
1 1 1 1 75

Note: Selectable LVDS drive current fully selectable from 0.5mA to 7.5mA in 0.5mA increments (3.56mA default). Supports ANSI-644
and IEEE 1596.3.

Table 20. LVDS Output Driver Internal Termination Configuration

LVDS_TERMI[2:0] LVDS INTERNAL TERMINATION (Q)
0 0 0 —
0 0 1 800
0 1 0 400
0 1 1 267
1 0 0 200
1 0 1 160
1 1 0 133
1 1 1 100

Table 21. CLKIN Termination Control (04h)

BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
— — — CLKIN_TERM — — — 0*
Always program this bit to O.
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Clock Input Termination
CLKIN_TERM = 0: 100Q not selected.

CLKIN_TERM = 1: Switches in 100Q across differential clock inputs.

Table 22. Channel Power Management: SHDNO (05h)

BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
CH8_SHDNO | CH7_SHDNO | CH6_SHDNO | CH5_SHDNO | CH4_SHDNO | CH3_SHDNO | CH2_SHDNO | CH1_SHDNO
Table 23. Channel Power Management: SHDN1 (06h)
BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
CH8_SHDN1 | CH7_SHDN1 | CH6_SHDN1 | CH5_SHDN1 | CH4_SHDN1 | CH3_SHDN1 | CH2_SHDN1 | CH1_SHDN1

Table 24. Digital Highpass Filter Control Coefficients (07h; If TEST_DATA 01[4]) = 0)

BIT7 | BT6 | BIT5S | BIT4 BIT3 | ®BT2 | BT1 | BITO
HPF2[3:0] HPF1[3:0]
Table 25. Digital Highpass Filter Configuration
HPF1[3:0], HPF2[3:0] R1/R2 FILTER MODE

0 0 0 0 N/A Bypass
0 0 0 1 63/64 Filter; fagg = 0.004935, fg/2
0 0 1 0 62/64 Filter; fagg = 0.009796, fg/2
0 0 1 1 61/64 Filter; faqg = 0.014584, fg/2
0 1 0 0 60/64 Filter; fagg = 0.019303, fg/2
0 1 0 1 59/64 Filter; fagg = 0.023956, fg/2
0 1 1 0 58/64 Filter; faqg = 0.028544, fg/2
0 1 1 1 57/64 Filter; fagg = 0.0330609, fg/2
1 0 0 0 56/64 Filter; fagg = 0.037535, fg/2
1 0 0 1 55/64 Filter; fagg = 0.041943, fg/2
1 0 1 0 54/64 Filter; faqg = 0.046294, fg/2
1 0 1 1 — Bypass
1 1 0 0 — Bypass
1 1 0 1 — Bypass
1 1 1 0 — Bypass
1 1 1 1 — Bypass

Table 26. Custom Test Pattern 1 (07h; If TEST_DATA 01[4]) = 1)
BT7 | BTe | BT5 | BT4 | BT3 | BT2 | BT BIT 0

BITS_CUSTOM1[7:0]
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Table 27. Digital Highpass Filter Attenuation (08h; If TEST_DATA 01[4]) = 0)

Beamformer

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 | BITO
— — — — — — ATEN[1:0]
Table 28. Digital Highpass Filter Attenuation
ATEN[1:0] GAIN GAIN (dB)
0 0 1 0
0 1 1 0
1 0 15/16 -0.58
1 1 7/8 1.16
Table 29. Custom Test Pattern 2 (08h; If TEST_DATA 01[4]) = 1)
BIT7 | BTe | BIT5 | BT4 | BIT3 | BT2 | BIT1 BIT 0
BITS_CUSTOM2[7:0]
Table 30. Custom Test Pattern 3 (09h)
BIT7 | BIT6 | BIT5 | BIT4 BIT 3 BIT 2 BIT 1 BIT 0
BITS_CUSTOM2[11:8] BITS_CUSTOM1[11:8]
Table 31. AFE Settings (0Ah)
BIT7 | BIT6 | BITS BIT 4 BIT3 | BIT2 BIT 1 BIT 0
AFE_RIN[0:2] AFE_LNA_GAIN AFE_BW[0:1] CWD_POWER _MODE | AFE_OCLAMP
Table 32. AFE Input Impedance and LNA Gain Control
AFE_LNA_GAIN AFE_RIN[0:2] INPUT RESISTANCE LNA GAIN
(Q) (dB)
0 0 0 0 100 125
0 1 0 0 200 125
0 0 1 0 400 125
0 1 1 0 1000 125
0 X X 1 External R 12.5
1 0 0 0 50 185
1 1 0 0 100 185
1 0 1 0 200 185
1 1 1 0 500 185
1 X X 1 External R 18.5

X = Don’t care.
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Table 33. AFE AAF Filter Bandwidth Control

AFE_BWI[0:1] BANDWIDTH (MHz)
0 0 9
0 1 10
1 0 15
1 1 18

Table 34. CWD Power Mode

CWD_POWER_MODE CWD POWER MODE
0 Full power (default, nominal)
1 Low power

Table 35. VGA Output Clamp Control

AFE_OCLAMP VGA OUTPUT CLAMP
0 No clamp (default, nominal)
1 Clamp active

Table 36. CW Beamformer 1 (0Bh)

BIT7 | BIT6 | BITS BIT 4 BIT 3 BIT2 | BIT1 | BITO
CW_PHASE_CH2[1:3] CW_SHDN_CH1 CW_PHASE_CH1[0:3]

Table 37. CW Beamformer 2 (0Ch)

BIT 7 BIT 6 BIT5 | BIT4 | BIT3 | BIT2 BIT 1 BIT 0
CW_PHASE_CH4[3] | CW_SHDN_CH3 CW_PHASE_CH3[0:3] CW_SHDN_CH2 | CW_PHASE_CH2[0]

Table 38. CW Beamformer 3 (0Dh)

BIT7 | BT6 | BIT5 | BIT4 BIT 3 BIT 2 BIT1 | BITO
CW_PHASE_CH5[0:3] CW_S HDN_CH4 CW_PHASE_CH4[0:2]

Table 39. CW Beamformer 4 (OEh)

BIT 7 | BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
CW_PHASE_CH7[2:3] CW_SHDN_CH6 CW_PHASE_CH6[0:3] CW_SHDN_CH5
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Table 40. CW Beamformer 5 (OFh)

BIT7 BIT6 | BIT5 | BIT4 | BIT3 BIT 2 BIT1 | BITO
CW_SHDN_CH8 CW_PHASE_CHg[0:3] CW_SHDN_CH? CW_PHASE_CH7[0:1]

Table 41. Phase Rotation Bit Weight

CW_PHASE_CHn[0:3] PHASE
22.5 | -180 | -90 -45 Degrees

Table 42. Phase Rotation Summary

CW_PHASE_CHn[0:3]
PHASE (DEGREES)
-22.5 -180 -90 -45

0 0 0 0 0

0 0 0 1 337.5
0 0 1 0 180
0 0 1 1 157.5
0 1 0 0 270
0 1 0 1 2475
0 1 1 0 90
0 1 1 1 67.5
1 0 0 0 315
1 0 0 1 292.5
1 0 1 0 135
1 0 1 1 112.5
1 1 0 0 225
1 1 0 1 202.5
1 1 1 0 45
1 1 1 1 225

CW Doppler Mode Control

CW_SHDN_CHn is set to 0 in normal operation (default). Set it to 1 for power-down channel n when in CW Doppler
mode.

Note: The transfer data to AFE procedure described in the AFE Programming and Data Transfer section should be per-
formed twice when setting any CW_SHDN_CHn bits from 0 to 1 to enable a CW Doppler channel(s). This procedure only
applies to the CW_SHDN_CHn bits; all other bits are transferred to the AFE in a single operation.

Table 43. Special Function Register (10h)

BIT7 BIT 6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
STATUS7 STATUS6E STATUSS STATUS4 STATUS3 STATUS2 STATUS1 STATUSO
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Table 44. Status Byte (Reads from 10h)

Low-Power, High-Performance Octal Ultrasound

Transceiver with Integrated AFE, Pulser,
T/R Switch, and CWD Beamformer

STATUS BIT NO. READ VALUE DESCRIPTION
7 0 Reserved
6 0 1 = AFE load in progress; 0 = load complete
5 Oor1 1 = ROM read in progress
4 Oor1 1 = ROM read completed, and register data is valid (checksum ok)
3 0 Reserved
2 1 Reserved
1 Oor1 Reserved
0 Oor1 1 = Duty-cycle equalizer DLL is locked

Table 45. SPI Commands (Writes to 10h)

COMMAND WRITE DATA DESCRIPTION
Soft Reset 5Ah Initiates software reset
Transfer data to AFE AEh Initiates transfer of data in ADC registers OAh to OFh to AFE

Note: All commands are issued by writing SPI address 10h.

Soft Reset

Software reset allows the user to reset the part through
writes to the serial port. A soft reset can be performed by
writing the reset code 5Ah to address 10h. Upon initiation
of soft reset, the fuse memory is read and loaded into the
SPI registers. See the 3-Wire Serial Peripheral Interface
(SPI) section for further detail. The reset is self-clearing,
subsequent serial-port write(s) are not needed to clear the
reset condition.

AFE Programming and Data Transfer

The internal analog front-end (AFE) and ADC are pro-
grammed through a common serial-port interface. There
are 48 user-programmable bits in the ADC that store AFE
control information. These bits are written to registers 0Ah
to OFh in the ADC, and transferred to the AFE shift reg-
isters when AEh is written to register 10h. The user must
provide at least 50 clock cycles on SCLK after this control
word is written to complete the data transfer to the AFE.
To verify that the data has been transferred to the AFE,
poll address 10h until bit 6 is 0. As a final step, write 00h to
address 10h. Changes in registers 0Ah to OFh do not take
effect in the AFE until this transfer is complete.

www.maximintegrated.com

CWD Beamformer Programming and Clocking

Programming of the CWD beamformer occurs in the fol-
lowing sequence:

1) During normal CWD mode, the mixer clock (LO+, LO-)
is on. LOON is high.

2) Shut off the mixer clock (LO+, LO-) or pull LOON low
to start the programming sequence.

3) Write the phase and channel shutdown information
into the proper control registers.

4) Transfer the phase information from the control regis-
ters to the AFE (see above) and wait for the write to
complete. Turn on the mixer clock and set LOON to
high to start beamforming (the AFE shift registers can
also be written with the mixer clock running and LOON
set low). If turning on the mixer clock source, the clock
must turn on such that it starts at the beginning of a
mixer clock cycle. A narrow glitch on the mixer clock
is not acceptable and could cause metastability in the
I/Q phase dividers. If using the LOON control to turn
on the mixer clock, the LOON signal must be synchro-
nous to the LO clock, and it must meet the minimum
setup time specification.
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5) To program new CWD phase information, turn off the
mixer clock and/or set LOON low and repeat steps
1-5.

6) For switching between VGA and CWD modes without
reprogramming the SPI registers (fast mode switch-
ing): When changing from CWD mode to VGA mode,
nothing needs to be done to maintain the AFE pro-
gramming settings. When switching from VGA mode
to CWD mode, the user must provide a CS pulse after
the CWD pin goes high to initialize the CWD beam-
former phase registers. This pulse must occur 100ns
or more after the rising edge of the CWD pin, and must
be at least 80ns in width.

Applications Information

Layout Concerns

The device provides several GND connections under-
neath package for improved thermal performance. Do
not run traces under the package to avoid possible short
circuits. To aid heat dissipation, connect GND to similarly
sized pads on the component side of the PCB. These
pads should be connected through to the solder-side
copper by several plated holes to a large heat-spreading
copper area to conduct heat away from the device.

The devices’ high-speed pulser requires low-inductance
bypass capacitors to their supply inputs. High-speed PCB
trace design practices are recommended. Pay particular
attention to minimize trace lengths and use sufficient trace
width to reduce inductance. Use of surface-mount compo-
nents is recommended.

Power-Supply Sequencing

When using the embedded FPSs (TEN = low), the devic-
es do not require any power-up/power-down sequence.
When external FPSs are used (TEN = high), the condi-

tions Vrygp_ > (VTVEE - 0.6V) and V1vygn_ < (VTvee
+ 0.6V) must be satisfied during the entire power-up/
power-down transients (see the Electrical Characteristics
tables).

Internal ESD protection diodes impose certain restrictions
on the power-supply sequence. The Vs supply should

www.maximintegrated.com

Low-Power, High-Performance Octal Ultrasound
Transceiver with Integrated AFE, Pulser,

T/R Switch, and CWD Beamformer

always be greater than the Vg3 supply, otherwise,
excessive current can flow and cause damage. The AVDD
and OVDD supplies are internally connected through anti-
parallel diodes and should always be within 0.3V of each
other, otherwise, excessive current can flow and cause
damage. The 11V supply used to pulll up the Cl+/- and
CQ+/- pins must always be greater than the Vs supply,
otherwise, excessive current can flow and cause damage.

Ultasound-Specific IMD3 Specification

Unlike typical communications applications, the two input
tones are not equal in magnitude for the ultrasound-spe-
cific IMD3 two-tone specification. In this measurement,
f1 represents reflections from tissue and fo represents
reflections from blood. The latter reflections are typically
25dB lower in magnitude. IM3 performance for the device
is measured with the smaller tone at -25dBc in order to
more accurately resolve the small IM3 products over the
thermal noise floor. The IMD3 product of interest (f1 - (f2
- f1)) presents itself as an undesired Doppler error signal
in ultrasound applications (see Figure 31).

-250B

T A

ULTRASOUND IMD3

v

A

f1-(f2-11) f1 f fo+(f2-f1)

Figure 31. Ultrasound-Specific IMD3
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Ordering Information Chip Information
PART TEMP RANGE _ PIN-PACKAGE PROCESS: BCDMOS/BICMOS/CMOS
MAX2082CXD+  0°C to +70°C 336 CSBGA

+Denotes a lead(Pb)-free/RoHS-compliant package.

Package Information

For the latest package outline information and land patterns
(footprints), go to www.maximintegrated.com/packages. Note
that a “+”, “#”, or “-” in the package code indicates RoHS status
only. Package drawings may show a different suffix character, but
the drawing pertains to the package regardless of RoHS status.

PACKAGE PACKAGE OUTLINE LAND
TYPE CODE NO. PATTERN NO.

336 CSBGA | X336023M+3 | 21-0639 90-0388
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Revision History

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 9/14 Initial release —

For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642, or visit Maxim Integrated’s website at www.maximintegrated.com.

Maxim Integrated cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim Integrated product. No circuit patent licenses
are implied. Maxim Integrated reserves the right to change the circuitry and specifications without notice at any time. The parametric values (min and max limits)
shown in the Electrical Characteristics table are guaranteed. Other parametric values quoted in this data sheet are provided for guidance.
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