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2 _______________________________________________________________________________________

ABSOLUTE MAXIMUM RATINGS

DC ELECTRICAL CHARACTERISTICS
(Typical Application Circuit, VREF = 2.475V to 2.525V, VCC1 = 3.13V to 3.47V, VCC2 = 4.5V to 5.25V, TA = 0°C to +70°C, VGND = 0V, 
CLP = 0, PD = 0, no RF signals applied. Typical values are at VCC1 = 3.3V, VCC2 = 4.75V, TA = +25°C, unless otherwise noted.) (Note 5)

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.

Note 1: TC is the temperature on the exposed pad of the package. TA is the ambient temperature of the device and PCB.
Note 2: Junction temperature TJ = TC + (θJC x VCC x ICC). 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.

Note 3: 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 china.maxim-ic.com/thermal-tutorial.

Note 4: Junction temperature TJ = TA + (θJA x VCC x ICC), assuming there is no heat removal from the exposed pad. The junction 
temperature must not exceed 150°C.

VCC_ to GND .........................................................-0.3V to +5.5V
VCC2 - VCC1......................................................................> -0.3V
CI_, CQ_ to GND....................................................-0.3V to +13V
ZF_, IN_, AG to GND ................................-0.3V to (VCC_ + 0.3V)
INC_..............................................................................20mA DC
VREF to GND.............................................................-0.3V to +3V
IN_ to AG...............................................................-0.6V to +0.6V
OUT_, LO_, DIN, DOUT, VG_, NP, CS, CLK, PD, 

CLP, V/C to GND......................................-0.3V to VCC1 + 0.3V
CI_, CQ_, VCC_, VREF analog and digital control signals must

be applied in this order
Input Differential Voltage ................................2.0VP-P differential
Continuous Power Dissipation (TA = +70°C)

68-Pin TQFN (derated 40mW/°C above +70°C) ..................4W
Operating Temperature Range (Note 1).................0°C to +70°C
Junction Temperature ......................................................+150°C
θJC (Notes 2, 3) ............................................................+0.3°C/W
θJA (Notes 2, 4)..............................................................+20°C/W
Storage Temperature Range .............................-40°C to +150°C
Lead Temperature (soldering, 10s) .................................+300°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

3.3V Supply Voltage VCC1 3.13 3.3 3.47 V

4.75V/5V Supply Voltage VCC2 4.5 4.75 5.25 V

E xter nal  Refer ence V ol tag e Rang e VREF (Note 6) 2.475 2.525 V

CMOS Input High Voltage VIH Applies to CMOS control inputs 2.5 V

CMOS Input Low Voltage VIL Applies to CMOS control inputs 0.8 V

CMOS Input Leakage Current IIN
TA  =  + 25o C , ap p l i es to C M O S  contr ol  i np uts;
0 to 3.47V 

10 μA

DATA Output High Voltage DOUT_HI 10MΩ load VCC1 V

DATA Output Low Voltage DOUT_LO 10MΩ load 0 V

DC ELECTRICAL CHARACTERISTICS—VGA MODE
(Typical Application Circuit, VREF = 2.475V to 2.525V, VCC1 = 3.13V to 3.47V, VCC2 = 4.5V to 5.25V, TA = 0°C to +70°C, VGND = 0V,
NP = 0, V/C = 1, CLP = 0, PD = 0, no RF signals applied. Typical values are at VCC1 = 3.3V, VCC2 = 4.75V, TA = +25°C, unless other-
wise noted.) (Note 5)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

4.75V /5V  S up p l y S tand b y C ur r ent I_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 I_PD_5V_TOT PD = 1, all channels 0.4 10 μA

3V Power-Down Current I_PD_3V_TOT PD = VCC1, all channels 0.3 10 μA

3V Supply Current per Channel I_3V_NM Total I divided by 8, VG+ - VG- = -2V 11 16 mA

4.75V/5V Supply Current per
Channel

I_5V_NM Total I divided by 8 6.0 8.3 mA

DC Power per Channel P_NM 64.8 92.3 mW

http://china.maxim-ic.com/thermal-tutorial
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Differential Analog Control
Voltage Range

VGAIN_RANG VG+ - VG- ±3 V

Common-Mode Voltage for
Difference Analog Control

VGAIN_COMM (VG+ + VG-)/2
1.65
±5%

V

Source/Sink Current for Gain
Control Pins

I_ACONTROL Per pin ±1.6 ±2.3 μA

Reference Voltage Input VREF 2.475 2.525 V

Reference Current IREF All channels 9.7 13 μA

Output Common-Mode Level VCMO 1.73 V

DC ELECTRICAL CHARACTERISTICS—CW MODE
(Typical Application Circuit, VREF = 2.475V to 2.525V, VCC1 = 3.13V to 3.47V, VCC2 = 4.5V to 5.25V, TA = 0°C to +70°C, VGND = 0V,
NP = 0, PD = 0, CLP = 0, V/C = 0, no RF signals applied. CI_, CQ_ pulled up to 11V through four separate 0.1% 162Ω resistors.
Typical values are at VCC1 = 3.3V, VCC2 = 4.75V, TA = +25°C, unless otherwise noted.) (Note 5)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Reference Current IREF 82.7 μA

Mixer LVDS LO Input Common-Mode
Voltage

V_LVDS_CM LO+ and LO-
1.25
±0.2

V

LVDS LO Differential Input Voltage V_LVDS_DM
Common-mode input voltage =
1.25V (Note 7)

200 700 mVP-P

LVDS LO Input Common-Mode
Current

I_LVDS_CM
Current out of each pin,
V_LVDS_CM = 1.25V

130 μA

LVDS LO Differential Input Resistance R_DM_LVDS (Note 8) 4 kΩ

POWER-DOWN MODE

4.75V/5V Supply Current per Channel I_C_5V_P PD = 1 0.6 10 μA

3.3V Supply Current per Channel I_C_3_3V_P PD = 1 0.1 10 μA

LOW-POWER MODE

4.75V/5V Supply Current per Channel I_C_5V_L CLP = 1 27 30 mA

3.3V Supply Current per Channel I_C_3_3V_L CLP = 1 0.4 0.95 mA

11V Supply Current per Channel I_C_11V_L CLP = 1 6.8 8.4 mA

On-Chip Power Dissipation (All 8
Channels)

PDIS_FP_TOT_L CLP = 1 1.44 1.7 W

NORMAL POWER MODE

4.75V/5V Supply Current per Channel I_C_5V_N 31 34 mA

3.3V Supply Current per Channel I_C_3_3V_N 0.4 0.95 mA

11V Supply Current per Channel I_C_11V_N 11.3 13 mA

On-Chip Power Dissipation (All 8
Channels)

PDIS_FP_TOT_N (Note 9) 1.87 2.2 W

DC ELECTRICAL CHARACTERISTICS—VGA MODE (continued)
(Typical Application Circuit, VREF = 2.475V to 2.525V, VCC1 = 3.13V to 3.47V, VCC2 = 4.5V to 5.25V, TA = 0°C to +70°C, VGND = 0V,
NP = 0, V/C = 1, CLP = 0, PD = 0, no RF signals applied. Typical values are at VCC1 = 3.3V, VCC2 = 4.75V, TA = +25°C, unless other-
wise noted.) (Note 5)
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PARAMETER CONDITIONS MIN TYP MAX UNITS

V/C stepped from 0 to 1, DC stable within 10% 1Mode Select Response Time
(Note 7) V/C stepped from 1 to 0, DC stable within 10% 1

μs

High Gain Maximum Input-
Voltage Range

High LNA gain D43/D42/D41/D40 = 1/0/1/0 0.33
VP-P

differential

Low Gain Maximum Input-Voltage
Range

Low LNA gain D43/D42/D41/D40 = 0/0/0/1 0.6
VP-P

differential

PARAMETER CONDITIONS MIN TYP MAX UNITS

D42/D41/D40 = 0/0/0, RIN = 50Ω 47.5 50 60

D42/D41/D40 = 0/0/1, RIN = 100Ω 90 100 110

D42/D41/D40 = 0/1/0, RIN = 200Ω 185 200 210
Input Impedance

D42/D41/D40 = 0/1/1, RIN = 1000Ω, fRF = 2MHz 700 830 1000

Ω

RS = RIN = 50Ω, VG+ - VG- = +3V 4.5

RS = RIN =100Ω, VG+ - VG- = +3V 3.4

RS = RIN = 200Ω, VG+ - VG- = +3V 2.4
Noise Figure

RS = RIN = 1000Ω, VG+ - VG- = +3V 2.1

dB

Low-Gain Noise Figure
D43/D42/D41/D40 = 0/0/0/1, LNA gain = 12.5dB,
RS = RIN = 200Ω, VG+ - VG- = +3V

3.9 dB

Input-Referred Noise Voltage D43/D42/D41/D40 = 1/1/1/0 0.9 nV/√Hz

Input-Referred Noise Current D43/D42/D41/D40 = 1/1/1/0 2.1 pA/√Hz

M axi m um  Gai n, H i g h G ai n S etti ng VG+ - VG- = +3V 41 42.8 45 dB

Minimum Gain, High Gain Setting VG+ - VG- = -3V 8.5 10 11 dB

Maximum Gain, Low Gain Setting D43/D42/D41/D40 = 0/0/0/1, VG+ - VG- = +3V 35 36.8 38 dB

Minimum Gain, Low Gain Setting D43/D42/D41/D40 = 0/0/0/1, VG+ - VG- = -3V 2.5 4 6 dB

D45/D44 = 0/0, fC = 9MHz 9

D45/D44 = 0/1, fC = 10MHz 10

D45/D44 = 1/0, fC = 15MHz 15
Anti-Aliasing Filter 3dB Corner
Frequency

D45/D44 = 1/1, fC = 18MHz 18

MHz

Gain Range VG+ - VG- = -3V to +3V 33 dB

AC ELECTRICAL CHARACTERISTICS 
(Typical Application Circuit, VREF = 2.475V to 2.525V, VCC1 = 3.13V to 3.47V, VCC2 = 4.5V to 5.25V, TA = 0°C to +70°C, VGND = 0V,
NP = 0, PD = 0, D43/D42/D41/D40 = 1/0/1/0 (RIN = 200Ω, LNA gain = 18.5dB, D45/D44 = 1/1 (fC = 18MHz), fRF = fLO/16 = 5MHz,
capacitance to GND at each of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF, RL = 1kΩ
differential, reference noise less than 10nV/√Hz from 1kHz to 20MHz, DOUT loaded with 10MΩ and 60pF. Typical values are at VCC1
= 3.3V, VCC2 = 4.75V, TA = +25°C, unless otherwise noted.) (Note 5)

AC ELECTRICAL CHARACTERISTICS—VGA MODE
(Typical Application Circuit, VREF = 2.475V to 2.525V, VCC1 = 3.13V to 3.47V, VCC2 = 4.5V to 5.25V, TA = 0°C to +70°C, VGND = 0V,
V/C = 1, NP = 0, PD = 0, D43/D42/D41/D40 = 1/0/1/0 (RIN = 200Ω, LNA gain = 18.5dB), D45/D44 = 1/1 (fC = 18MHz), fRF = 5MHz,
capacitance to GND at each of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF, RL = 1kΩ
differential, reference noise less than 10nV/√Hz from 1kHz to 20MHz, DOUT loaded with 10MΩ and 60pF. Typical values are at VCC1
= 3.3V, VCC2 = 4.75V, TA = +25°C, unless otherwise noted.) (Note 5)
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AC ELECTRICAL CHARACTERISTICS—VGA MODE (continued)
(Typical Application Circuit, VREF = 2.475V to 2.525V, VCC1 = 3.13V to 3.47V, VCC2 = 4.5V to 5.25V, TA = 0°C to +70°C, VGND = 0V,
V/C = 1, NP = 0, PD = 0, D43/D42/D41/D40 = 1/0/1/0 (RIN = 200Ω, LNA gain = 18.5dB), D45/D44 = 1/1 (fC = 18MHz), fRF = 5MHz,
capacitance to GND at each of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF, RL = 1kΩ
differential, reference noise less than 10nV/√Hz from 1kHz to 20MHz, DOUT loaded with 10MΩ and 60pF. Typical values are at VCC1
= 3.3V, VCC2 = 4.75V, TA = +25°C, unless otherwise noted.) (Note 5)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Measured at TA = +25oC, VG+ - VG- = -2V ±0.4

Measured at TA = +25oC, VG+ - VG- = 0V ±0.4Absolute Gain Error

Measured at TA = +25oC, VG+ - VG- = +2V ±0.4

dB

VG+ - VG- = -3V (VGA minimum gain), gain ratio with
330mVP-P/50mVP-P input tones

1.4

Input Gain Compression
LNA low gain = 12.5dB, VG+ - VG- = -3V (VGA minimum
gain), gain ratio with 600mVP-P/50mVP-P

0.8

dB

Gain step up (VIN = 5mVP-P, gain changed from 10dB to
44dB, settling time is measured within 1dB final value)

1.4

VGA Gain Response Time
G ai n step  d ow n ( V I N  =  5m V P - P , g ai n chang ed  fr om  44d B
to 10d B, settl i ng  ti m e i s m easur ed  w i thi n 1d B fi nal  val ue) 

1.6

μs

VGA Output Offset Under Pulsed
Overload

Overdrive is ±10mA in clamping diodes, gain at 30dB,
16 pulses at 5MHz, repetition rate 20kHz; offset is
measured at output when RF duty cycle is off

180 mV

Small-Signal Output Noise 20dB of gain, VG+ - VG- = -0.85V, no input signal 23 nV/√Hz

Large-Signal Output Noise
20dB of gain, VG+ - VG- = -0.85V, fRF = 5MHz,
fNOISE = fRF + 1kHz, VOUT = 1VP-P differential

35 nV/√Hz

VIN = 50mVP-P, fRF = 2MHz, VOUT = 1VP-P -67
Second Harmonic (HD2)

VIN = 50mVP-P, fRF = 5MHz, VOUT = 1VP-P -64.2
dBc

High-Gain IM3 Distortion
VIN = 50mVP-P, fRF1 = 5MHz, fRF2 = 5.01MHz,
VOUT = 1VP-P (Note 11)

-52 -61 dBc

Low-Gain IM3 Distortion
D43/D42/D41/D40 = 0/0/0/1 (RIN = 200Ω, LNA gain =
12.5dB),VIN = 100mVP-P, fRF1 = 5MHz, fRF2 = 5.01MHz,
VOUT = 1VP-P (Note 11)

-50 -60 dBc

Standby Mode Power-Up
Response Time

Gain set for 26dB, fRF = 5MHz, VOUT = 1VP-P, settled
with in 1dB from transition on NP pin

2.1 μs

Standby Mode Power-Down
Response Time

To reach DC current target ±10% 2.0 μs

Power-Up Response Time
Gain set for 28dB, fRF = 5MHz, VOUT = 1VP-P, settled
within 1dB from transition on PD

2.7 ms

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

5 ns

Adjacent Channel Crosstalk VOUT = 1VP-P differential, fRF = 10MHz, 28dB of gain -58 dBc

Nonadjacent Channel Crosstalk VOUT = 1VP-P differential, fRF = 10MHz, 28dB of gain -71 dBc

Phase Matching Between
Channels

Gain = 28dB, VG+ - VG- = 0.4V, VOUT = 1VP-P,
fRF = 10MHz

±1.2 D eg r ees
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PARAMETER CONDITIONS MIN TYP MAX UNITS

CW DOPPLER MIXER

Mixer RF Frequency Range 0.9 7.6 MHz

LO Frequency Range LO+ and LO- 16 120 MHz

Mixer Output Frequency Range DC 100 kHz

FULL-POWER MODE

Noise Figure No carrier 3.4 dB

Noise Figure at 100mVP-P Input
100mVP-P at input, fRF = fLO/16 = 1.25MHz, measured at
1kHz offset

3.6 dB

Noise Figure at 200mVP-P Input
200mVP-P at input, fRF = fLO/16 = 1.25MHz, measured at
1kHz offset

4.1 dB

SNR at 100mVP-P Input
100mVP-P at input, fRF = fLO/16 = 1.25MHz, measured at
1kHz offset

-148.3 dBc/Hz

SNR at 200mVP-P Input
200mVP-P at input, fRF = fLO/16 = 1.25MHz, measured at
1kHz offset

-153.8 dBc/Hz

PARAMETER CONDITIONS MIN TYP MAX UNITS

3V Supply Modulation Ratio
Gain = 28dB, VG+ - VG- = 0.4V, VOUT = 1VP-P,
fRF = 5MHz, fMOD = 1kHz, VMOD = 50mVP-P, ratio of
output sideband at 5.001MHz, 1VP-P

-73 dBc

4.75V/5V Supply Modulation
Ratio

Gain = 28dB, VG+ - VG- = 0.4V, VOUT = 1VP-P,
fRF = 5MHz, fMOD = 1kHz, VMOD = 50mVP-P, ratio of
output sideband at 5.001MHz, 1VP-P

-82 dBc

Gain Control Lines Common-
Mode Rejection Ratio

Gain = 28dB, VG+ - VG- = 0.4V, fMOD = 5MHz,
VMOD = 50mVP-P, VOUT = 1.0VP-P

-74 dBc

Overdrive Phase Delay
VG+ - VG- = -3V, delay between VIN = 300mVP-P and
VIN = 30mVP-P differential

5 ns

Output Impedance Differential 100 Ω

AC ELECTRICAL CHARACTERISTICS—VGA MODE (continued)
(Typical Application Circuit, VREF = 2.475V to 2.525V, VCC1 = 3.13V to 3.47V, VCC2 = 4.5V to 5.25V, TA = 0°C to +70°C, VGND = 0V,
V/C = 1, NP = 0, PD = 0, D43/D42/D41/D40 = 1/0/1/0 (RIN = 200Ω, LNA gain = 18.5dB), D45/D44 = 1/1 (fC = 18MHz), fRF = 5MHz,
capacitance to GND at each of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF, RL = 1kΩ
differential, reference noise less than 10nV/√Hz from 1kHz to 20MHz, DOUT loaded with 10MΩ and 60pF. Typical values are at VCC1
= 3.3V, VCC2 = 4.75V, TA = +25°C, unless otherwise noted.) (Note 5)

AC ELECTRICAL CHARACTERISTICS—CW MODE
(Typical Application Circuit, V/C = 0, PD = 0, NP = 0, CLP = 0, D43/D42/D41/D40 = 1/0/1/0 (RIN = 200Ω, LNA gain = 18.5dB), fRF =
fLO/16 = 5MHz, RS = 200Ω, CI_, CQ_ pulled up to 11V through four separate 0.1% 162Ω resistors, the rise/fall time of the LVDS clock
driving the LO_ is required to be 0.5ns, reference noise less than 10nV/√Hz from 1kHz to 20MHz (Note 12). Typical values are at
VCC1 = 3.3V, VCC2 = 4.75V, TA = +25°C, unless otherwise noted.) (Note 5)
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AC ELECTRICAL CHARACTERISTICS—CW MODE (continued)
(Typical Application Circuit, V/C = 0, PD = 0, NP = 0, CLP = 0, D43/D42/D41/D40 = 1/0/1/0 (RIN = 200Ω, LNA gain = 18.5dB), fRF =
fLO/16 = 5MHz, RS = 200Ω, CI_, CQ_ pulled up to 11V through four separate 0.1% 162Ω resistors, the rise/fall time of the LVDS clock
driving the LO_ is required to be 0.5ns, reference noise less than 10nV/√Hz from 1kHz to 20MHz (Note 12). Typical values are at
VCC1 = 3.3V, VCC2 = 4.75V, TA = +25°C, unless otherwise noted.) (Note 5)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Two-Tone Intermodulation IMD3
at 100mV

fRF1 = 5MHz, 0.1VP-P, fRF2 = 5.01MHz at -25dBc,
fLO = 80MHz (Note 11)

-50 -55 dBc

Two-Tone Intermodulation IMD3
at 200mV

fRF1 = 5MHz, 0.2VP-P, fRF2 = 5.01MHz at -25dBc,
fLO = 80MHz (Note 11)

-48.5 dBc

Mixer Output-Voltage
Compliance

Valid voltage range (AC + DC) on summed mixer output
pins

4.5 12 V

Channel-to-Channel Phase
Matching

Measured under zero beat conditions, VRF = 100mVP-P,
fRF = 5MHz, fLO = 80MHz (Note 13)

±0.4 D eg r ees

Channel-to-Channel Gain
Matching

Measured under zero beat conditions, VRF = 100mVP-P,
fRF = 5MHz, fLO = 80MHz (Notes 13, 14)

±0.2 dB

fRF = 0.9MHz,
fLO/16 = 1MHz

19 23 26

Transconductance
Calculated from LNA input voltage
and twice the I or Q current fRF = 7.6MHz,

fLO/16 = 7.5MHz
19 22.5 26

mS

LOW-POWER MODE (CLP = 1)

Noise Figure No carrier 3.2 dB

Noise Figure at 100mVP-P Input
100mVP-P on input, fRF = fLO/16 = 1.25MHz, measured
at 1kHz offset

3.5 dB

Noise Figure at 200mVP-P Input
200mVP-P on input, fRF = fLO/16 = 1.25MHz, measured
at 1kHz offset

4.3 dB

SNR at 100mVP-P Input
100mVP-P on input, fRF = fLO/16 = 1.25MHz, measured
at 1kHz offset

-148.2 dBc/Hz

SNR at 200mVP-P Input
200mVP-P on input, fRF = fLO/16 = 1.25MHz, measured
at 1kHz offset

-153.6 dBc/Hz

Two-Tone Intermodulation IMD3
fRF1 = 5MHz, 0.1VP-P, fRF2 = 5.01MHz at -25dBc,
fLO = 80MHz (Note 11)

-44 dBc

M i xer  O utp ut- V ol tag e C om p l i ance V al i d  vol tag e r ang e on sum m ed  m i xer  outp ut p i ns ( N ote 12) 4.5 12 V

fRF = 1.1MHz,
fLO/16 = 1MHz

19 21.5 26

Transconductance (Note 16)
Calculated from LNA input voltage
and twice the I or Q current fRF = 7.6MHz,

fLO/16 = 7.5MHz
19 21.5 26

mS
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AC ELECTRICAL CHARACTERISTICS—SERIAL PERIPHERAL INTERFACE
(DOUT loaded with 60pF and 10MΩ, 2ns rise and fall edges on CLK.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Clock Speed 10 MHz

Mininimum Data-to-Clock Setup
Time

tCS 5 ns

Mininimum Data-to-Clock Hold
Time

tCH 0 ns

Mininimum Clock-to-CS Setup
Time

tES 5 ns

CS Positive Mininimum Pulse
Width

tEW 1 ns

Mininimum Clock Pulse Width tCW 2 ns

Mininimum CS High to Mixer
Clock on

tMIXCS 2 ns

Note 5: Minimum and maximum limits at TA = +25°C and +70°C are guaranteed by design, characterization, and/or production test.
Note 6: Noise performance of the device is dependent on the noise contribution from VREF. Use a low-noise supply for VREF.
Note 7: Note that the LVDS CWD LO clocks are DC-coupled. This is to ensure immediate synchronization when the clock is first

turned on. An AC-coupled LO is problematic in that the RC time constant associated with the coupling capacitors and the
input impedance of the pin causes a period of time (related to the RC time constant) when the DC level on the chip side of
the capacitor is outside the acceptable common-mode range and the LO swing does not excede both of the logic thresh-
olds required for proper operation. This problem associated with AC-coupling causes an inability to ensure synchronization
among beamforming channels. The LVDS signal is terminated differentially with an external 100Ω resistor on the board.

Note 8: An external 100Ω resistor terminates the LVDS differential signal path.
Note 9: Total on-chip power dissipation is calculated as PDISS = VCC1 x ICC1 + VCC2 x ICC2 + VREF x IREF + [11V - (I11V/4) x 162] x

I11V.
Note 10: 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, as shown in the Applications Information section.

Note 11: See the Ultrasound-Specific IMD3 Specification section.
Note 12: 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 13: Channel-to-channel gain and phase matching measured on 30 pieces during engineering characterization at room tem-

perature. Each mixer is used as a phase detector and produces a DC voltage in the IQ plane. The phase is given by the
angle of the vector drawn on that plane. Multiple channels from multiple parts are compared to each other to produce the
phase variation.

Note 14: Voltage gain is measured by subtracting the output-voltage signal from the input-voltage signal. The output-voltage signal
is obtained by taking the differential CW I output and summing it in quadrature with the differential CW Q output. The input
voltage is defined as the differential voltage applied to the CW input pins.

Note 15: Mixer output-voltage compliance is the range of acceptable voltages allowed on the CW mixer outputs.
Note 16: Transconductance is defined as the quadrature-combined CW differential output current at baseband divided by the

mixer’s input voltage.
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(Typical Application Circuit, VREF = 2.475V to 2.525V, VCC1 = 3.13V to 3.47V, VCC2 = 4.5V to 5.25V, TA = 0°C to +70°C, VGND = 0V,
NP = 0, PD = 0, CLP = 0, D43/D42/D41/D40 = 1/0/1/0 (RIN = 200Ω, LNA gain = 18.5dB), D45/D44 = 1/1 (fC = 18MHz), fRF = fLO/16 =
5MHz, capacitance to GND at each of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF, 
RL = 1kΩ differential, RS = 200Ω, CI_, CQ_ pulled up to 11V through four separate 0.1% 162Ω resistors, the rise/fall time of the LVDS
clock driving the LO_ is required to be 0.5ns, reference noise less than 10nV/√Hz from 1kHz to 20MHz, DOUT loaded with 10MΩ
and 60pF. Typical values are at VCC1 = 3.3V, VCC2 = 5V, TA = +25°C, unless otherwise noted.)
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(Typical Application Circuit, VREF = 2.475V to 2.525V, VCC1 = 3.13V to 3.47V, VCC2 = 4.5V to 5.25V, TA = 0°C to +70°C, VGND = 0V,
NP = 0, PD = 0, CLP = 0, D43/D42/D41/D40 = 1/0/1/0 (RIN = 200Ω, LNA gain = 18.5dB), D45/D44 = 1/1 (fC = 18MHz), fRF = fLO/16 =
5MHz, capacitance to GND at each of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF, 
RL = 1kΩ differential, RS = 200Ω, CI_, CQ_ pulled up to 11V through four separate 0.1% 162Ω resistors, the rise/fall time of the LVDS
clock driving the LO_ is required to be 0.5ns, reference noise less than 10nV/√Hz from 1kHz to 20MHz, DOUT loaded with 10MΩ
and 60pF. Typical values are at VCC1 = 3.3V, VCC2 = 5V, TA = +25°C, unless otherwise noted.)
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(Typical Application Circuit, VREF = 2.475V to 2.525V, VCC1 = 3.13V to 3.47V, VCC2 = 4.5V to 5.25V, TA = 0°C to +70°C, VGND = 0V,
NP = 0, PD = 0, CLP = 0, D43/D42/D41/D40 = 1/0/1/0 (RIN = 200Ω, LNA gain = 18.5dB), D45/D44 = 1/1 (fC = 18MHz), fRF = fLO/16 =
5MHz, capacitance to GND at each of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF, 
RL = 1kΩ differential, RS = 200Ω, CI_, CQ_ pulled up to 11V through four separate 0.1% 162Ω resistors, the rise/fall time of the LVDS
clock driving the LO_ is required to be 0.5ns, reference noise less than 10nV/√Hz from 1kHz to 20MHz, DOUT loaded with 10MΩ
and 60pF. Typical values are at VCC1 = 3.3V, VCC2 = 5V, TA = +25°C, unless otherwise noted.)
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LNA OVERLOAD RECOVERY TIME
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(Typical Application Circuit, VREF = 2.475V to 2.525V, VCC1 = 3.13V to 3.47V, VCC2 = 4.5V to 5.25V, TA = 0°C to +70°C, VGND = 0V,
NP = 0, PD = 0, CLP = 0, D43/D42/D41/D40 = 1/0/1/0 (RIN = 200Ω, LNA gain = 18.5dB), D45/D44 = 1/1 (fC = 18MHz), fRF = fLO/16 =
5MHz, capacitance to GND at each of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF, 
RL = 1kΩ differential, RS = 200Ω, CI_, CQ_ pulled up to 11V through four separate 0.1% 162Ω resistors, the rise/fall time of the LVDS
clock driving the LO_ is required to be 0.5ns, reference noise less than 10nV/√Hz from 1kHz to 20MHz, DOUT loaded with 10MΩ
and 60pF. Typical values are at VCC1 = 3.3V, VCC2 = 5V, TA = +25°C, unless otherwise noted.)
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**

BIT NAME DESCRIPTION

D40, D41, D42 Input impedance programming

D43 LNA gain (D43 = 0 is low gain)

D44, D45 Anti-alias filter fC programming

D46 Don’t care

D0–D39 Beamformer programming, from channel 1 to 8

D46 D45 D44 D43 D42 D41 D40 MODE

X X X 1 0 0 0 RIN = 50Ω, LNA gain = 18.5dB

X X X 1 0 0 1 RIN = 100Ω
X X X 1 0 1 0 RIN = 200Ω
X X X 1 0 1 1 RIN = 1000Ω
X X X 0 0 0 0 RIN = 100Ω, LNA gain = 12.5dB

X X X 0 0 0 1 RIN = 200Ω
X X X 0 0 1 0 RIN = 400Ω
X X X 0 0 1 1 RIN = 2000Ω
X X X 1 1 X X Open feedback

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

**
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CHANNEL 1
I/Q PHASE
DIVIDER

SELECTOR

CHANNEL 2
I/Q PHASE
DIVIDER

SELECTOR

5 5

5-BIT
SR

5-BIT
SRDIN

CS
CLK

DOUT

CLP PD

LO+
LO-

CW_QOUT
CW_IOUT

CW_IN1

CW_IN3

CW_IN2

CW_IN5

CW_IN4

CW_IN7

CW_IN6

CW_IN8

I Q I Q

CHANNEL 3
I/Q PHASE
DIVIDER

SELECTOR

5

5-BIT
SR

I Q

CHANNEL 4
I/Q PHASE
DIVIDER

SELECTOR

5

5-BIT
SR

I Q

CHANNEL 5
I/Q PHASE
DIVIDER

SELECTOR

5

5-BIT
SR

I Q

CHANNEL 6
I/Q PHASE
DIVIDER

SELECTOR

5

5-BIT
SR

I Q

CHANNEL 7
I/Q PHASE
DIVIDER

SELECTOR

5

5-BIT
SR

I Q

CHANNEL 8
I/Q PHASE
DIVIDER

SELECTOR

5

5-BIT
SR

I Q

MAX2078
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PER CHANNEL MSB LSB SHUTDOWN
PHASE (DEGREE) Di + 4 Di + 3 Di + 2 Di + 1 Di

0 0 0 0 0 0/1
22.5 1 0 0 0 0/1
45 0 1 0 0 0/1

67.5 1 1 0 0 0/1
90 0 0 1 0 0/1

112.5 1 0 1 0 0/1
135 0 1 1 0 0/1

157.5 1 1 1 0 0/1
180 0 0 0 1 0/1

202.5 1 0 0 1 0/1
225 0 1 0 1 0/1

247.5 1 1 0 1 0/1
270 0 0 1 1 0/1

292.5 1 0 1 1 0/1
315 0 1 1 1 0/1

337.5 1 1 1 1 0/1

CHANNEL 1

DIN

DOUT

CLK

A B C D SD

B3 B2 B1 B0B4

CHANNEL 2
A B C D SD

B3 B2 B1 B0B4

CHANNEL 3
A B C D SD

B3 B2 B1 B0B4

CHANNEL 4
A B C D SD

B3 B2 B1 B0B4

D43 D42 D41 D40D44D45D46

CHANNEL 5
A B C D SD

B3 B2 B1 B0B4

CHANNEL 6
A B C D SD

B3 B2 B1 B0B4

CHANNEL 7
A B C D SD

B3 B2 B1 B0B4

CHANNEL 8
A B C D SD

B3 B2 B1 B0B4
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μ

μ

Ω Ω
μ

μ
Ω

PD
INPUT

V/C CLP VGA
CW

MIXER

INTERNAL
SWITCH
TO VGA

INTERNAL
SWITCH
TO CW
MIXER

3.3V VCC
CURRENT

CONSUMPTION

5V VCC
CURRENT

CONSUMPTION

11V VMIX
CURRENT

CONSUMPTION

1 1 N/A Off Off Off Off 0.3μA 0.4μA 0

1 0 N/A Off Off Off Off 0.1μA 0.6μA 0

0 0 0 Off On Off On 3.2mA 248mA 90.4mA

0 0 1 Off On Off On 3.2mA 216mA 54.4mA

0 1 N/A On Off On Off 88mA 48mA 0

162Ω

CI-

CI+

162Ω
1μF

1μF

0.022μF

31.6kΩ

31.6kΩ50Ω
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+11V

+5V
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47 REGISTER BITS

MSB LSB

CHANNEL 1 (i = 1) … CHANNEL 8 (i = 8)

D46 D45 D44 D43 D42 D41 D40 D39 D38 D37 D36 D35 … D4 D3 D2 D1 D0

D46 D45 D44 D43 D42 D41 D40 Di + 4 Di + 3 Di + 2 Di + 1 Di … Di + 4 Di + 3 Di + 2 Di + 1 Di

DIN

CLK

CS

tCLH
tCHtCS tCW

tMIXCS

MIXER
CLOCK ON

MIXER
CLOCK ON

MIXER
CLOCK OFF

MIXER
CLOCK ON

MIXER
CLOCK OFF

MIXER
CLOCK OFF

LO+

LO-

LO+

LO-

MIXER
CLOCK ON

tCWS
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Ω

Ω

Ω
Ω

Ω

Ω Ω

Ω

±

Ω

RS (Ω) RIN (Ω) NF (dB)

50 50 4.5

100 100 3.4

200 200 2.4

1000 1000 2.1
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-25dB

ULTRASOUND
IMD3

f1 - (f2 - f1) f2 + (f2 - f1)f1 f2
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C1
22nF

C2
10nF

C3
22nF

C38
10nF

C35
100nF

C36
100nF

C37
22nF

C33
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C13
10nF

C14
22nF

C15
100nF

C16
100nF

C17
100nF

C40
4.7nF

C6
1μF

OUT1+

C31
4.7nF

OUT2+

C32
4.7nF

OUT1-

C29
4.7nF

OUT3+

C30
4.7nF

OUT2-

C24
4.7nF

OUT5+ C23
4.7nF

OUT5-
C22

4.7nF
OUT6+ C21

4.7nF
OUT6-

C20
4.7nF

OUT7+

C18
4.7nF

OUT8+

C19
4.7nF

OUT7-

C27
4.7nF

OUT4+

C28
4.7nF

OUT3-

C25
100nF

C26
4.7nF

OUT4-

V/
C

NP CS
B

DI
N

CL
K

VCC1

VCC2

VCC1

IN4

C4
10nF

C5
22nF

IN5

C7
10nF

C8
22nF

IN6

C9
10nF

C10
22nF
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