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MAX2077

General Description

The MAX2077 octal-channel ultrasound front-end is
a fully integrated, bipolar, high-density, octal-channel
ultrasound receiver optimized for low-cost, high-channel
count, high-performance portable and cart-based ultra-
sound systems. The easy-to-use IC allows the user to
achieve high-end 2D and PW imaging capability using
substantially less space and power. The highly compact
imaging receiver lineup, including a low-noise amplifier
(LNA), variable-gain amplifier (VGA), and anti-alias filter
(AAF), achieves an ultra-low 2.4dB noise figure at Rg =
RN = 200Q at a very low 64.8mW per-channel power
dissipation. The full imaging receiver channel has been
optimized for second-harmonic imaging with -64dBFS
second-harmonic distortion performance with a 1Vp_p
5MHz output signal and broadband SNR of > 68dB* at
20dB gain. The bipolar front-end has also been optimized
for excellent low-velocity PW and color-flow Doppler sen-
sitivity with an exceptional near-carrier SNR of 140dBc/Hz
at 1kHz offset from a 5SMHz 1Vp_p output clutter signal.

The MAX2077 octal-channel ultrasound front-end is avail-
able in a small 8mm x 8mm, 56-pin thin QFN or 10mm x
10mm, 68-pin thin QFN package with an exposed pad
and is specified over a 0°C to +70°C temperature range.
To add CW Doppler capability, replace the MAX2077 with
the MAX2078.

Applications

e Medical Ultrasound Imaging
e Sonar

Ordering Information and Typical Application Circuits
appear at end of data sheet.

*When coupled with the MAX1437B ADC.
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Octal-Channel Ultrasound Front-End

Benefits and Features

e 8 Full Channels of LNA, VGA, and AAF in a Small,
8mm x 8mm, 56-Pin or 10mm x 10mm, 68-Pin TQFN
Package

e Ultra-Low Full-Channel Noise Figure of 2.4dB at
RN = Rg = 200Q

e Low Output-Referred Noise of 23nV/\VHz at 5MHz,
20dB Gain, Yielding a Broadband SNR of 68dB*
for Excellent Second-Harmonic Imaging

e High Near-Carrier SNR of 140dBc/Hz at 1kHz
Offset from a 5MHz, 1Vp_p Output Signal, and
20dB of Gain for Excellent Low-Velocity PW and
Color-Flow Doppler Sensitivity in a High-Clutter
Environment

e Ultra-Low Power 64.8mW per Full-Channel (LNA,
VGA, and AAF) Normal Imaging Mode

e Selectable Active Input-Impedance Matching of
50Q, 100Q, 200Q, and 1kQ

e Wide Input-Voltage Range of 330mVp_p in High LNA
Gain Mode and 550mVp_p in Low LNA Gain Mode

e Integrated Selectable 3-Pole 9MHz, 10MHz,
15MHz, and 18MHz Butterworth AAF

e Fast-Recovery, Low-Power Modes (< 2us)

e Pin Compatible with the MAX2078 Ultrasound
Front-End with CW Doppler (MAX2077 68-Pin
Package Variant)
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MAX2077

Absolute Maximum Ratings

Octal-Channel Ultrasound Front-End

Voo 10 GND...o -0.3V to +5.5V Input Differential Voltage ..............ccccccooveennee. 2.0Vp_p differential
VG2 = VG ctvrererereresainesesseseie s nesaesen >-0.3V Continuous Power Dissipation (Tp = +70°C)
ZF _,IN_,AGto GND .......cceoevrirrree -0.3Vto (Vgc +0.3V) 56-Pin TQFN (derate 47.6mW/°C above +70°C)............ 3.8W
INC_ oo 20mA DC 68-Pin TQFN (derate 40.0mW/°C above +70°C)............ 4.0W
VREE 10 GND...ooiiiiiii e -0.3V to +3V Operating Temperature Range (Note 1)................. 0°C to +70°C
IN_TOAG .. -0.6V to +0.6V Junction Temperature.........cccocoeeiiiiiiii e
OUT_, DIN, DOUT, VG_, NP, CS, CLK, Storage Temperature Range...............

PD t0 GND.....oviiiieiieeeeeee e -0.3Vto (Vgeq + 0.3V) Lead Temperature (soldering, 10s)
Vce » VRer analog and digital control signals must be applied
in this order

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.

Package Information

PACKAGE TYPE: 56 TQFN

Package Code T5688+2
Outline Number 21-0135
THERMAL RESISTANCE, FOUR-LAYER BOARD

Junction to Ambient (6,4) (Notes 2) 21°C/W
Junction to Case (8,¢c) (Note 3) 1°C/W
PACKAGE TYPE: 68 TQFN

Package Code T6800+2
Outline Number 21-0142
THERMAL RESISTANCE, FOUR-LAYER BOARD

Junction to Ambient (6,4) (Note 2) 20°C/W
Junction to Case (8,¢c) (Note 3) 0.3°C/W

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 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.

Note 1: T¢ is the temperature on the exposed pad of the package. Ty is the ambient temperature of the device and PCB.

Note 2: Junction temperature Ty = Ta + (6ja X Ve X Icg), assuming there is no heat removal from the exposed pad. The junction
temperature must not exceed 150°C.

Note 3: Junction temperature Ty = Tg + (8¢ x Ve X Igc)- This formula can only be used if the component is soldered down to a
printed circuit board pad containing multiple ground vias to remove the heat. The junction temperature must not exceed 150°C.

www.maximintegrated.com Maxim Integrated | 2



MAX2077 Octal-Channel Ultrasound Front-End

DC Electrical Characteristics

(Typical Application Circuits, VRgg = 2.475V to 2.525V, Vo1 = 3.13V to 3.47V, Voo = 4.5V t0 5.25V, Tp = 0°C to +70°C, Vgnp = 0V,
NP =0, PD =0, no RF signals applied. Typical values are at Vgocq = 3.3V, Voo =4.75V, Ta = +25°C, unless otherwise noted.) (Note 4)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
3.3V Supply Voltage Ve 3.13 3.3 3.47 V
4.75V/5V Supply Voltage Vee? 4.5 4.75 5.25 V
External Reference Voltage Range VREF (Note 5) 2.475 2.525 \%
CMOS Input High Voltage ViH Applies to CMOS control inputs 2.5 V
CMOS Input Low Voltage VL Applies to CMOS control inputs 0.8 V
CMOS Input Leakage Current IIN 0V to 3.3V 10 A
Data Output High Voltage DOUT_HI 10MQ load Vcet V
Data Output Low Voltage DOUT_LO 10MQ load 0 V
4.75V/5V Supply Standby Current | |_NP_5V_TOT | NP = 1, all channels 3.9 6 mA
3V Supply Standby Current I_NP_3V_TOT | NP =1, all channels 1.7 3 mA
4.75V/5V Power-Down Current |_PD_5V_TOT | PD =1, all channels (Note 6) 0.4 10 uA
3V Power-Down Current |_PD_3V_TOT | PD =1, all channels (Note 6) 0.3 10 A
3V Supply Current per Channel |_3V_NM Total | divided by 8, VG+ - VG- = -2V 1" 18 mA
‘é;:;’r: ZY Supply Current per | 5V_NM | Total I divided by 8 6.0 8.3 mA
DC Power per Channel P_NM 64.8 105 mW
Differential Analog Control VGAIN_RANG | VG+ - VG- +3 v
Voltage Range
Common-Mode Voltage for 1.65
Difference Analog Cogtrol VGAIN_COMM| (VG +VG-)/2 +5% v
gg‘:‘:f;/ ﬁ::'; Current for Gain I_ACONTROL |Per pin 16 4 HA
Reference Current IREF All channels 9.7 13 HA
Output Common-Mode Level Vemo 1.73 V

www.maximintegrated.com
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MAX2077 Octal-Channel Ultrasound Front-End

AC Electrical Characteristics

(Typical Application Circuits, VRgg = 2.475V to 2.525V, Vg1 = 3.13V to 3.47V, Voo = 4.5V to 5.25V, Ta = 0°C to +70°C, Vgnp = 0V,
NP =0, PD =0, D3/D2/D1/D0 = 1/0/1/0 (RN = 200Q, LNA gain = 18.5dB), D5/D4 = 1/1 (fc = 18MHz), frr = 5MHz, Rg = 200Q), capaci-
tance to GND at each of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF, R| = 1kQ differential,
reference noise less than 10nV/VHz from 1kHz to 20MHz, DOUT loaded with 10MQ and 60pF. Typical values are at Vccq = 3.3V, Veca
=4.75V, Tp = +25°C, unless otherwise noted.) (Note 4)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
D1/D0 = 0/0, R\ = 50Q, frp = 2MHz 475 50 60
D1/D0 = 0/1, Ry = 100Q, frr = 2MHz 90 100 115
Input Impedance Q
D1/D0 = 1/0, RNy = 200Q, frg = 2MHz 185 200 220
D1/D0 = 1/1, Ry = 1000Q, frg = 2MHz 600 830 1000
Rs = Ry = 50Q, LNA gain = 18.5dB, VG+ - VG- = +3V 4.5
. i Rs = Ry =100Q, LNA gain = 18.5dB, VG+ - VG- = +3V 34
Noise Figure - dB
Rs = Ry = 200Q, LNA gain = 18.5dB, VG+ - VG- = +3V 24
Rs = Ry = 1000Q, LNA gain = 18.5dB, VG+ - VG- = +3V 2.2
. . . D3/D2/D1/D0 = 0/0/0/1, LNA gain = 12.5dB,
Low-Gain Noise Figure Rs = Ry = 2000, VG+ - VG- = +3V 3.9 dB
Input-Referred Noise Voltage D3/D2/D1/D0 = 1/1/1/0 0.9 nV/\VHz
Input-Referred Noise Current D3/D2/D1/D0 = 1/1/1/0 2.1 pANHz
Maximum Gain, High Gain Setting |VG+ - VG- = +3V 41 42.4 45 dB
Minimum Gain, High Gain Setting |VG+ - VG- = -3V 9 10.1 12 dB
. . . . D3/D2/D1/D0 = 0/0/0/1, RjN = 200Q, LNA gain = 12.5dB,
Maximum Gain, Low Gain Setting VG+ - VG- = +3V 344 37.6 39 dB
- . . . D3/D2/D1/D0 = 0/0/0/1, Rjy = 200Q, LNA gain = 12.5dB,
Minimum Gain, Low Gain Setting VG+ - VG- = -3V 3 54 8 dB
D5/D4 = 0/0, fc = 9MHz 9
Anti-Aliasing Filter 3dB Corner D5/D4 = 0/1, fc = 10MHz 10 Mz
Frequency D5/D4 = 1/0, fc = 15MHz 15
D5/D4 = 1/1, fc = 18MHz 18
Gain Range VG+ - VG- =-3V to +3V 33 dB
VG+ - VG- =-2V +0.4
Absolute Gain Error VG+-VG-=0V +0.4 dB
VG+ - VG- = +2V +0.4
VG+ - VG- = -3V (VGA minimum gain), gain ratio with 14
) ) 330mVp_p/50mVp_p input tones '
Input Gain Compression dB
LNA low gain = 12.5dB, VG+ - VG- = -3V (VGA minimum 08
gain), gain ratio with 600mVp_p/50mVp_p '
Gain step up (V|N = 5mVp_p, gain changed from 10dB to 14
44dB, settling time is measured within 1dB final value) '
VGA Gain Response Time - - us
Gain step down (V| = 5mVp_p, gain changed from 44dB to 16
10dB, settling time is measured within 1dB final value) '
Overdrive is £10mA in clamping diodes, gain at 30dB, 16
VGA Output Offset Under Pulsed pulses at 5MHz, repetition rate 20kHz; offset is measured 180 mV
Overload .
at output when RF duty cycle is off

www.maximintegrated.com Maxim Integrated | 4



MAX2077

Octal-Channel Ultrasound Front-End

AC Electrical Characteristics (continued)
(Typical Application Circuits, VRgf = 2.475V to 2.525V, Vg1 = 3.13V to 3.47V, Voo = 4.5V t0 5.25V, Ta = 0°C to +70°C, Vgnp = OV,
NP =0, PD =0, D3/D2/D1/D0 = 1/0/1/0 (RjNy = 200Q, LNA gain = 18.5dB), D5/D4 = 1/1 (fc = 18MHz), frr = 5MHz, Rg = 200Q, capaci-
tance to GND at each of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF, R|_ = 1kQ differential,
reference noise less than 10nV/VHz from 1kHz to 20MHz, DOUT loaded with 10MQ and 60pF. Typical values are at Vccq = 3.3V, Veca
=4.75V, Tp = +25°C, unless otherwise noted.) (Note 4)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Small-Signal Output Noise 20dB of gain, VG+ - VG- = -0.85V, no input signal 23 nV/\NHz
. . 20dB of gain, VG+ - VG- = -0.85V, frg = 5MHz,

Large-Signal Output Noise fNoISE = frf + 1kHz, VouT = 1Vp.p differential 35 nV/\NHz
VIN = 50mVp_p, frF = 2MHz, V =1Vp, -67

Second Harmonic (HD2) IN P-P. RF OuT P-P dBc
VN = 50mVp_p, frr = 5SMHz, VoyTt = 1Vp.p -64.2
D3/D2/D1/D0 = 1/0/1/0 (Rjy = 200Q, LNA gain = 18.5dB),

High-Gain IM3 Distortion VIN = 50mVp_p, frp1 = 5SMHz, frpo = 5.01MHz, -52 -61 dBc
Vout = 1Vp.p (Note 7)
D3/D2/D1/D0 = 0/0/0/1 (Rjy = 200Q, LNA gain = 12.5dB),

Low-Gain IM3 Distortion VN = 100mVp_p, frRe1 = SMHz, frp2 = 5.01MHz, VoyT = -50 -60 dBc
1Vp_p (Note 7)

Standby Mode Power-Up Gain set for 26dB, frg = 5SMHz, VoyT = 1Vp.p, settled 21 s

Response Time within 1dB from transition on NP pin ' H

Standby MoFie Power-Down To reach DC current target £10% 2.0 us

Response Time

) Gain set for 28dB, frp = 5MHz, VoyT = 1Vp_p, settled

Power-Up Response Time within 1dB from transition on PD 2.7 Ms

Power-Down Response Time Gain set for 28dB, fRF = 5MHz, DC power reaches 6mW/ 5 ns
channel, from transition on PD

Adjacent Channel Crosstalk Vourt = 1Vp.p differential, frp = 10MHz, 28dB of gain -58 dBc

Nonadjacent Channel Crosstalk | VoyT = 1Vp_p differential, frRp = 10MHz, 28dB of gain -71 dBc

Phase Matching Between Gain = 28dB, VG+ - VG- = 0.4V, VoyT = 1Vp.p,

Channels frE = 10MHz 12 Degrees
Gain = 28dB, VG+ - VG- = 0.4V, VoyT = 1Vp.p,

3V Supply Modulation Ratio fRE = 5MHz, fmop = 1kHz, Vop = 50mVp_p, ratio of -73 dBc
output sideband at 5.001MHz, 1Vp_p
Gain = 28dB, VG+ - VG- = 0.4V, VoyT = 1Vp.p,

4.75V/5V Supply Modulation Ratio | frp = 5MHz, f\op = 1kHz, Vyop = 50mVp_p, ratio of -82 dBc
output sideband at 5.001MHz, 1Vp_p

Gain Control Lines Common- Ga|n_= 28dB, VG - VG; =04V, Vouyr = “{P'P’

Mode Rejection Ratio frRr = SMHz, fmop(cm) = 1kHz, Vmobpcm) = 50mVp_p, -74 dBc
ratio of output sideband at 5.001MHz to 1Vp_p

. VG+ - VG- = -3V, delay between V|y = 300mVp_p and
Overdrive Phase Delay Vi = 30mVp_p differential 5 ns
Output Impedance Differential 100 Q

www.maximintegrated.com
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MAX2077 Octal-Channel Ultrasound Front-End

DC Electrical Characteristics—Serial Peripheral Interface
(DOUT loaded with 60pF and 10MQ, 2ns rise and fall edges on CLK.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Clock Speed 10 MHz
Mininimum Data-to-Clock Setup ¢ 5 ns
Time cs

Mininimum Data-to-Clock Hold t 0 ns
Time CH

Mininimum Clock-to-CS Setup ¢ 5 ns
Time ES

CS Positive Mininimum Pulse ¢ 1 ns
Width EW

Mininimum Clock Pulse Width tow 2 ns

Note 4: Minimum and maximum limits at Tp = +25°C and +70°C are guaranteed by design, characterization, and/or production test.

Note 5: Noise performance of the device is dependent on the noise contribution from Vgrgg. Use a low-noise supply for VRgg. The
reference input noise is given for 8 channels, knowing that the reference-noise contributions are correlated in all 8 channels.
If more channels are used, the reference noise must be reduced to get the best noise performance.

Note 6: Not applicable to the MAX2077CTK+.

Note 7: See the Ultrasound-Specific IMD3 Specification section.

Typical Operating Characteristics

(Typical Application Circuits, VRgg = 2.475V to 2.525V, Vo1 = 3.3V, Voo = 4.75VY, Ta = +25°C, Vgnp = 0V, NP =0, PD = 0, D3/D2/
D1/D0 = 1/0/1/0 (RNy = 200Q, LNA gain = 18.5dB), D5/D4 = 1/1 (fc = 18MHz), frp = 5SMHz, Rg = 200Q, capacitance to GND at each
of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF, R = 1kQ differential, reference noise less
than 10nV/VHz from 1kHz to 20MHz, DOUT loaded with 10MQ and 60pF, unless otherwise noted. All typical operating curves have been
taken with the MAX2077CTN+ package variant.)

GAIN vs. DIFFERENTIAL COMPLEX INPUT IMPEDANCE
ANALOG CONTROL VOLTAGE MAGNITUDE vs. FREQUENCY GAIN ERROR HISTOGRAM
55 - §100 . 600 -
$ 2 g g
45 S g0 N E o0 :
400
g / 8 o0 / 5
° / = 5,
g 25 / § 400 E
/ 5 oy 10 20 S—— "y
15 pd 5 A /
- X 200 ¥ 0
v = A l
g , L2 | |
5 © 9 0 Lo |
4 2 4 0 1 2 3 0 5 10 15 20 04 -03 0201 0 01 02 03 04
DIFFERENTIAL ANALOG CONTROL VOLTAGE (V) FREQUENCY (MHz) GAIN ERROR (0B)
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MAX2077 Octal-Channel Ultrasound Front-End

Typical Operating Characteristics (continued)

(Typical Application Circuits, VRgg = 2.475V to 2.525V, Vog1 = 3.3V, Vg = 4.75V, Ta = +25°C, Vgnp = OV, NP = 0, PD = 0, D3/D2/
D1/D0 = 1/0/1/0 (RNy = 200Q, LNA gain = 18.5dB), D5/D4 = 1/1 (fc = 18MHz), frg = 5MHz, Rg = 200Q, capacitance to GND at each
of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF, R = 1kQ differential, reference noise less
than 10nV/vHz from 1kHz to 20MHz, DOUT loaded with 10MQ and 60pF, unless otherwise noted. All typical operating curves have been
taken with the MAX2077CTN+ package variant.)

www.maximintegrated.com
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MAX2077 Octal-Channel Ultrasound Front-End

Typical Operating Characteristics (continued)

(Typical Application Circuits, VRgg = 2.475V to 2.525V, Vog1 = 3.3V, Vg = 4.75V, Ta = +25°C, Vgnp = OV, NP = 0, PD = 0, D3/D2/
D1/D0 = 1/0/1/0 (RNy = 200Q, LNA gain = 18.5dB), D5/D4 = 1/1 (fc = 18MHz), frg = 5MHz, Rg = 200Q, capacitance to GND at each
of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF, R = 1kQ differential, reference noise less
than 10nV/vHz from 1kHz to 20MHz, DOUT loaded with 10MQ and 60pF, unless otherwise noted. All typical operating curves have been
taken with the MAX2077CTN+ package variant.)

SECOND- AND THIRD-HARMONIC DISTORTION

SECOND- AND THIRD-HARMONIC SECOND- AND THIRD-HARMONIC DISTORTION vs. DIFFERENTIAL OUTPUT LOAD
DISTORTION vs. FREQUENCY vs. DIFFERENTIAL OUTPUT RESISTANCE CAPACITANCE
-30 T e -30 T T 3 -30 T S
Vout = 1Vp.p g Vout = 1Vp-p I Vour = 1Vpp £
GAIN = 26dB 5 40 | GAIN=260B g 40 | GAIN=26d8 g
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< g ‘ 3
g ] g o2 g o2
= 50 HD2 —1 / 3 a /
2 — Z & S l S 60 y 7
S z — = <
<< o A
y g 1 —" xl 2 7
T
4 HD3 HD3
.70 i -80 -80
/ N HD3
90 90
-80 200 300 400 500 600 700 800 900 1000 0 20 40 60 80 100
0 5 10 15 20 DIFFERENTIAL OUTPUT RESISTANCE (Q) DIFFERENTIAL OUTPUT LOAD CAPACITANCE (pF)
FREQUENCY (MHz)
TWO-TONE ULTRASOUND-SPECIFIC IMD3 ADJACENT CHANNEL-TO-CHANNEL ADJACENT CHANNEL-TO-CHANNEL
vs. FREQUENCY CROSSTALK vs. GAIN CROSSTALK vs. FREQUENCY
0 ; o -50 I s 0 R o
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GAIN = 2648 g balproiad g Vour = 1Vep g
E RF ES GAIN = 20dB E
20 -55
- / g g
g S 5 /
= 40 / § -60 § //
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MAX2077 Octal-Channel Ultrasound Front-End

Typical Operating Characteristics (continued)

(Typical Application Circuits, VRgg = 2.475V to 2.525V, Vog1 = 3.3V, Vg = 4.75V, Ta = +25°C, Vgnp = OV, NP = 0, PD = 0, D3/D2/
D1/D0 = 1/0/1/0 (RNy = 200Q, LNA gain = 18.5dB), D5/D4 = 1/1 (fc = 18MHz), frg = 5MHz, Rg = 200Q, capacitance to GND at each
of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF, R = 1kQ differential, reference noise less
than 10nV/vHz from 1kHz to 20MHz, DOUT loaded with 10MQ and 60pF, unless otherwise noted. All typical operating curves have been
taken with the MAX2077CTN+ package variant.)

LARGE-SIGNAL BANDWIDTH vs. FREQUENCY COMMON-MODE OUTPUT VOLTAGE DIFFERENTIAL OUTPUT IMPEDANCE
(GAIN =20dB, Vout = 1Vp.p) vs. GAIN vs. FREQUENCY S
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MAX2077 Octal-Channel Ultrasound Front-End

Pin Configurations
56-Pin TQFN

TOP VIEW
< ddd s F B bs e L
E E EEEEE SEEE E E E
2 2D 2D 2D 2 2 2 o 2222 2 2
O O O O O O O > 0 O o O o o
142 141, 1401 1391 1381 137, 1361 135! 134 1331 13211313130} 29}
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DIN|45i i 126]pout
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Pin Description

Octal-Channel Ultrasound Front-End

PIN
NAME FUNCTION
56 TQFN | 68 TQFN
1 9 INC2 Channel 2 Clamp Input. Connect to a coupling capacitor. See the Typical Application Circuits for
details.
2 3 ZF3 Channel 3 Active Impedance Matching Line. AC-couple to source with a 10nF capacitor.
3 4 IN3 Channel 3 Input
4 5 INC3 Channel 3 Clamp Input. Connect to a coupling capacitor. See the Typical Application Circuits for
details.
5 6 ZF4 Channel 4 Active Impedance Matching Line. AC-couple to source with a 10nF capacitor.
6 7 IN4 Channel 4 Input
7 8 INC4 Channel 4 Clamp Input. Connect to a coupling capacitor. See the Typical Application Circuits for
details.
8 10 AG AC Ground. Connect a low-ESR 1uF capacitor to ground.
9 " ZF5 Channel 5 Active Impedance Matching Line. AC-couple to source with a 10nF capacitor.
10 12 IN5 Channel 5 Input
1 13 INC5 Channel 5 Clamp Input. Connect to a coupling capacitor. See the Typical Application Circuits for
details.
12 14 ZF6 Channel 6 Active Impedance Matching Line. AC-couple to source with a 10nF capacitor.
13 15 IN6 Channel 6 Input
Channel 6 Clamp Input. Connect to a coupling capacitor. See the Typical Application Circuits for
14 16 INC6 .
details.
15 17 ZF7 Channel 7 Active Impedance Matching Line. AC-couple to source with a 10nF capacitor.
16 18 IN7 Channel 7 Input
Channel 7 Clamp Input. Connect to a coupling capacitor. See the Typical Application Circuits for
17 19 INC7 .
details.
18 20 ZF8 Channel 8 Active Impedance Matching Line. AC-couple to source with a 10nF capacitor.
19 21 IN8 Channel 8 Input
Channel 8 Clamp Input. Connect to a coupling capacitor. See the Typical Application Circuits for
20 22 INC8 .
details.
21 51 23 64 v 4.75V Power Supply. Connect to an external 4.75V power supply. Connect all 4.75V supply pins
’ ’ cc2 together externally and bypass with 100nF capacitors as close as possible to the pin.
External 2.5V Reference Supply. Connect to a low-noise power supply. Bypass to GND with a
29 24 Vv 0.1uF capacitor as close as possible to the pins. Note that noise performance of the device is
REF dependent on the noise contribution from Vrgr. Use a supply with noise lower than 5nV/\Hz
from 1kHz to 20MHz.
3.3V Power Supply. Connect to an external 3.3V power supply. Connect all 3.3V supply pins
23,135,491 25,44, 63 Veer together externally and bypass with 100nF capacitors as close as possible to the pin.
24 26 VG+ VGA Analog Gain Control Differential Input. Set the differential voltage to -3V for minimum gain
25 27 VG- and to +3V for maximum gain.
2 32 DOUT gt:;gISPort Data Output. Data output for ease of daisy-chain programming. The level is 3.3V

www.maximintegrated.com
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Octal-Channel Ultrasound Front-End

Pin Description (continued)

PIN NAME FUNCTION
56 TQFN | 68 TQFN

27 34 OUT8- | Channel 8 Negative Differential Output

28 35 OUT8+ |Channel 8 Positive Differential Output

29 36 OUT7- | Channel 7 Negative Differential Output

30 37 OUT7+ |Channel 7 Positive Differential Output

31 38 OUT6- | Channel 6 Negative Differential Output

32 39 OUT6+ | Channel 6 Positive Differential Output

33 40 OUT5- | Channel 5 Negative Differential Output

34 41 OUT5+ | Channel 5 Positive Differential Output

36 45 OUT4- | Channel 4 Negative Differential Output

37 46 OUT4+ | Channel 4 Positive Differential Output

38 47 OUT3- | Channel 3 Negative Differential Output

39 48 OUT3+ | Channel 3 Positive Differential Output

40 49 OUT2- | Channel 2 Negative Differential Output

41 50 OUT2+ |Channel 2 Positive Differential Output

42 51 OUT1- | Channel 1 Negative Differential Output

43 52 OUT1+ |Channel 1 Positive Differential Output

44 54 CLK Ser_ial Pgrt DaFa Clock (Positive Edge Triggered). 3.3V CMOS. Clock input for programming the
serial shift registers.

45 55 DIN Serial Port Data Input Line. 3.3V CMOS. Data input to program the serial shift registers.

46 56 cs Active-l__ow Serial Port Chip Se_lept. 3.3V CMOS. Used to storg ;_)rogramming bits in registers, as
well as in CW mode, synchronizing all channel phases (on a rising edge).
Power-Down Mode Select Input (56-Pin TQFN Only). Drive PD high to place the entire device

47 — PD in power-down mode. Drive PD low for normal operation. This mode overrides the standby
mode.

48 57 NP VGA Standby Mode Select Inqu. Set_ NP .to 1 tp place the entire device in standby mode.
Overrides soft channel shutdown in serial shift register, but not general power-down (PD).

50 9, 28, 31 GND Ground

52 65 ZF1 Channel 1 Active Impedance Matching Line. AC-couple to source with a 10nF capacitor.

53 66 IN1 Channel 1 Input
Channel 1 Clamp Input. Connect to a coupling capacitor. See the Typical Application Circuits for

54 67 INC1 .
details.

55 68 ZF2 Channel 2 Active Impedance Matching Line. AC-couple to source with a 10nF capacitor.

56 1 IN2 Channel 2 Input

29, 30, 33,
— 42,43, 53, N.C. No Connection. Internally not connected.
58-62

Exposed pad. Internally connected to ground. Connect to a large ground plane using multiple

— — EP vias to maximize thermal and electrical performance. Not intended as an electrical connection
point.

www.maximintegrated.com
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Functional Diagram

Octal-Channel Ultrasound Front-End
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Detailed Description

The MAX2077 is a high-density, octal-channel ultra-sound
receiver optimized for low-cost, high-channel count, high-
performance portable and cart-based ultra-sound appli-
cations. The integrated octal LNA, VGA, and AAF offer a
complete ultrasound imaging path receiver solution.

Imaging path dynamic range has been optimized for
exceptional second-harmonic performance. The complete
imaging receive channel exhibits an exceptional 68dBFS*
SNR at 5MHz. The bipolar front-end has also been
optimized for exceptionally low near-carrier modulation
noise for exceptional low-velocity pulsed and color-flow
Doppler sensitivity under high-clutter conditions, achiev-
ing an impressive near-carrier SNR of 140dBc/Hz at 1kHz
offset from a Voyt = 1Vp-p, 5MHz clutter signal. To add

*When coupled with the MAX1437B ADC.

Table 1. Summary of Programming Bits

Octal-Channel Ultrasound Front-End

CW Doppler capability, replace the MAX2077 with the
MAX2078.

Modes of Operation

The MAX2077 requires programming before it can be
used. The operating modes are controlled by the DO-D6
programming bits. Tables 1 and 2 show the functions of
these programming bits.

Low-Noise Amplifier (LNA)

The MAX2077’s LNA 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 (R|N),
being a function of the gain A (R|Ny = Rf/(1+A)), increases
by a factor of approximately 2.

BIT NAME DESCRIPTION
DO, D1, D2 Input-impedance programming
D3 LNA gain (D3 = 0 is low gain)
D4, D5 Anti-alias filter fg programming
D6 Don’t care
Table 2. Logic Functions of Programming Bits
D6 D5 D4 D3 D2 D1 Do MODE
X X X 1 0 0 0 RN = 50Q, LNA gain = 18.5dB
X X X 1 0 0 1 RN = 100Q
X X X 1 0 1 0 RN = 200Q
X X X 1 0 1 1 RN = 1000Q
X X X 0 0 0 0 RN = 100Q, LNA gain = 12.5dB
X X X 0 0 0 1 RN = 200Q
X X X 0 0 1 0 RN = 400Q
X X X 0 0 1 1 RN = 2000Q
X X X 1 1 X X Open feedback, LNA gain = 18.5dB
X 0 0 X X X X fc = 9MHz
X 0 1 X X X X fc = 10MHz
X 1 0 X X X X fc = 15MHz
X 1 1 X X X X fc = 18MHz

X = Don’t care.

www.maximintegrated.com
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Consequently, the switches that control the feedback
resistance (Rf) have to be changed. For instance, the
100Q mode in high gain becomes the 200Q mode in low
gain (see Table 2).

Variable-Gain Amplifier (VGA)

The MAX2077’s VGAs are optimized for high linearity,
high dynamic range, and low output-noise performance,
all of which are critical parameters for ultrasound imaging
applications. Each VGA path includes circuitry for adjust-
ing analog gain, as well as an output buffer with differen-
tial output ports (OUT_+, OUT_-) for driving ADCs.

The VGA gain can be adjusted through the differential
gain control input VG+ and VG-. Set the differential gain
control input voltage at -3V for minimum gain and +3V for
maximum gain. The differential analog control common-
mode voltage is 1.65V (typ).

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 imaging applications.
See the Typical Operating Characteristics for an illustra-
tion of the rapid recovery time from a transmit-related
overload.

Power-Down Mode

The MAX2077CTN+ can also be powered down with PD
(the same feature is not available in the MAX2077CTK+).
Set PD to logic-high for power-down mode. In powerdown
mode, the device consumes 3.0uW (typ) power. Set PD to
logic-low for normal operation.

Setting NP to logic-high places the MAX2077 in standby
mode. In standby mode, the device consumes less power
(5.6mW typ), but input/output pins remain biased to pro-
vide quick power-up response time. Standby mode is
available for both MAX2077CTN+ and MAX2077CTK+
versions.

Applications Information

Serial Interface

The MAX2077 is programmed using a serial shift regis-
ter arrangement. This greatly simplifies the complexity
of the program circuitry, reduces the number of IC pins
necessary for programming, and reduces the PCB layout
complexity. The data in (DIN) and data out (DOUT) can
be daisy-chained from device to device and all front-ends
can run off a single programming clock.

The data can be entered after CS goes low. Once a whole
word is entered, CS needs to rise. When programming
the part, enter LSB first and MSB last. The chip-select

www.maximintegrated.com

Octal-Channel Ultrasound Front-End

line (CS) is used to load the programming information in
multiple MAX2077 devices at the same time. The line is
pulled down before the programming begins and pulled
up after it is complete for all devices used. On the rising
edge, the information is stored in internal registers.

Active Impedance Matching

To provide exceptional noise-figure characteristics, the
input impedance of each amplifier uses a feedback topol-
ogy for active impedance matching. A feedback resistor of
the value (1 + (A/2)) x Rg is added between the inverting
input of the amplifier to the output. The input impedance is
the feedback resistor (Zf) divided by 1 + (A/2). The factor
of two is due to the gain of the amplifier (A) being defined
with a differential output. For common input impedances,
the internal digitally programmed impedances can be
used (see Table 2). For other input impedances, use an
externally supplied resistor in series with the existing pro-
grammable feedback impedances to set the input imped-
ance according to the above formula.

Noise Figure

The MAX2077 is designed to provide maximum input sen-
sitivity with exceptionally low noise figure. The input active
devices are selected for very low-equivalent input-noise
voltage and current, optimized for source impedances
from 50Q to 1000Q. Additionally, the noise contribution of
the matching resistor is effectively divided by 1 + (A/2).
Using this scheme, typical noise figure of the amplifier is
approximately 2.4dB for Ry = Rg = 200Q. Table 3 illus-
trates the noise figure for other input impedances.

Input Clamp

The MAX2077 includes configurable integrated input-
clamping diodes. The diodes are clamped to ground at
+0.8V. The input-clamping diodes can be used to pre-
vent large transmit signals from overdriving the inputs
of the amplifiers. Overdriving the inputs could possibly
place charge on the input-coupling capacitor, causing
longer transmit overload recovery times. Input signals
are AC-coupled to the single-ended inputs IN1-IN8, but
are clamped with the INC1-INC8 inputs. See the Typical
Application Circuits. If external clamping devices are pre-
ferred, simply leave INC1-INC8 unconnected.

Table 3. Noise Figure vs. Source and
Input Impedances

Rs (Q) Rin (Q) NF (dB)
50 50 45
100 100 3.4
200 200 2.4

1000 1000 2.2

Maxim Integrated | 15
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Octal-Channel Ultrasound Front-End

NOTES:

LSB o MSB
DO D1 D5 D6
DIN o
A | A |
CLK ! !
o - e
! i ! —® fcH !
E—‘ 3 3
! 1 —> s -
—>i tews  — ‘ i i
| e |

DATA ENTERED ONE CLOCK RISING EDGE. REGISTER STATE CHARGE ON CS RISING EDGE.
DATA IS ENTERED LSB FIRST IF MORE THAN 7 BITS ARE ENTERED, THE EXTRA BITS MUST PRECEDE THE LSB.

Figure 1. Shift Register Timing Diagram

Analog Output Coupling

Each of the VGA output pins can drive 25pF to GND and
15pF || 1kQ differentially. The differential outputs have a
common-mode bias of approximately 1.73V. AC-couple
these differential outputs if the next stage has a different
common-mode input range.

Power-Supply Sequencing

Use the following power-on sequence:

1) 4.75V supply

2) 3.3V supply

3) 2.5V reference voltage

4) Control signals

Before a signal is turned on, it should be either at OV or
in an open state.

Ultrasound-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, and hence the measurement
is defined with one input tone 25dB lower than the other.

www.maximintegrated.com

The IMD3 product of interest (f4 - (f2 - f1)) presents itself
as an undesired Doppler error signal in ultrasound appli-
cations (see Figure 2).

-25dB

i

ULTRASOUND
IMD3

'

i

fo+(f2-f1)

f1-(f2-f1) f1 fa

Figure 2. Ultrasound IMD3 Measurement Technique
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PCB Layout

The pin configuration of the MAX2077 is optimized to
facilitate a very compact physical layout of the device and
its associated discrete components. A typical application
for this device might incorporate several devices in close
proximity to handle multiple channels of signal processing.

Typical Application Circuits

Octal-Channel Ultrasound Front-End

The exposed pad (EP) of the MAX2077’'s TQFN-EP
packages provide a low thermal-resistance path to the
die. It is important that the PCB on which the MAX2077
is mounted be designed to conduct heat from the EP. In
addition, provide the EP with a low-inductance path to
electrical ground. The EP MUST be soldered to a ground
plane on the PCB, either directly or through an array of
plated via holes.
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Typical Application Circuits (continued)

Octal-Channel Ultrasound Front-End
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DOUT

Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAX2077CTN+ 0°C to +70°C 56 Thin QFN-EP*
MAX2077CTK+ 0°C to +70°C 68 Thin QFN-EP*

+Denotes a lead(Pb)-free/RoHS-compliant package.
*EP = Exposed pad.
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Chip Information
PROCESS: Complementary BiCMOS
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Revision History

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 7/09 Initial release —

1 9/09 Rc:emoved fUtL.lre product reference for MAX2077CTK+ package and made 1,6-9, 12
minor corrections
2 5/19 Updated the AC Electrical Characteristics table 4
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