19-4570; Rev 1, 10/09

#it
MAX2078 /\ 3 T8 i 7 iy i 2 5¢ 22 B Y SR L L o 2 2
JEERE EE, A TRE . ZEE. Sk
4 R ARG . XS T M AR IC RV LU
/NI AR A D RE S B @i 2D PW LA S CW £ 3% 8 (CWD)
JRAR . G B R Y AR AR UL £ 4 K R 75 HOR 5 (LNA)
A AR R UK R (VGA)RIPTIR BB B4R (AAF), Rg =Ry =

200Q M B A2 AdB IR ME A R %Y, BREIEIIFE(64.8mW .

SE £ IR RS A2 UG T AT 6 U RS BRI,
HE5 1 Vpp SMHzIY, Wi 2 H K-64dBFS. XUk
R A AT AL, AT RLIRAROE 5 09 (K 3 PW R Ak %2
LRI R, FHAESMHz 1VppZhiifith . 1kHz 4
T, EA140dBc/Hz iYL %5 i SNR .
M T EER. TRBECWDE R 4. ok
TR T, B T Y QIR AT #% v] LAXT CWD 7 £
FESATIAL, 7E1.25MHz 200mVp.pfii AZ 155 1kHz A
s, A 154dBe/Hz f4 30T %% i SNR .

MAX2078 /\ 38 i #8 7 fif v >R FH A AR AR 1K /RS 10mm
x 10mm. 685 AIQFNE 2L, TIEIREVEHE H0°CE
+70°C.

hz
=97 P RS T0P VIEW
FN RS
e |13
INc2| 2
73|30
N34
N3 | 5
F4
71
EMEE e[
oD |9
PART TEMPRANGE  PIN-PACKAGE i
MAX2078CTK+ 0°C to +70°C 68 Thin QFN-EP* s 12
INC5 | 13 :
+ 7 T HHPo)/FF 7 ROHSFRIfER 2146 . o
“EP = #HHE-
INC6 | 16 :
bzl il
*EP = EXPOSED PAD.
M AXI/M

W1 /1 X1 /M

818 1B & B L ,
TR CWE ZE)Eigs
Y

¢ /AR~F10mm x 10mm TQFNEF2ER &R T 8IBIELNA.
VGA. AAFIL K CWD;BSige

¢ 5EHLNA. VGATIAAF. ZFA10mm x 10mm TQFN
£ BEHIMAX2077 8| BIZE R

¢ RNy = Rs = 200QEEF2.4dBEBRBEIRFERE

¢ 5MHz. 20dBi2z TEB23nNVNVHz K HSEE R,
68dB** i SNR, R HARER X8 B R &

¢ 5MHz. 1VppHitH{ES. 1kHz3ifR, 183 4H20dBRT,
EH&140dBc/HzBIIE #E SNR, JRZEINE TREMBIE
#HHBEHREPWHR G S EEIHBREE

¢ EMEGEXT, S@E(LNA. VGAUIRAAFER
64.8mW &K I FE(CWDIEX T EIREINFE A234mW)

o AIEFEFEBAEMTAE: 50Q. 100Q. 200QF11kQ

* BEAMNEETE: SLNALZHERX T H330mVep.
1& LNAigfﬁ*ﬁitTjJ 550mVp_p

& SRR3R S 9MHZz. 10MHz. 15MHz % 18MHz
B 4FRETAAF

¢ BEWRE . RINFEE (< 2ps)

¢ ERTEHSEENCWDR KA E, %1.25MHz,
200mVp.pMi NZRIES . 1kHZSRRT, BH154dBc/Hz
HOIE % SNR

Il & MAX1437B ADCH# .

1 =

151 oum-
150 | out2+
149 outz-
48] outs+
47 ours-
46| outa+
45 ours-
L v

143]Lo+

a2 wo-

41 ours+
740] ours-
139 oures
~38] outs-
37| ourzs
736 ourr-
135 outss

NI
MAX2078

THIN QFN

Maxim Integrated Products 1

ARR PR TR RIS, SR T REAAE R B RTER S AR . IR — A, BB S SR
BEME. HERTHER, FHEEMaximIEME &S0 10800 852 1249 (dkFEK), 10800 152 1249 (BAHEK),

g7 io) Maxim BIs 3C R G . china.maxim-ic.com.

820XV


http://china.maxim-ic.com

MAX2078

8115 &8 B 5 i
RIHCW Z E BB ¥z

ABSOLUTE MAXIMUM RATINGS

VCC_ tOGND i -0.3Vto +5.5V be applied in this order
VCC2 = VOCT ettt > -0.3V Input Differential Voltage ..............ccccoviien, 2.0Vp-p differential
Cl_,CQ_tOGND ....oooiiiiiiiiicee -0.3Vto +13V Continuous Power Dissipation (Ta = +70°C)
ZF_, IN_, AGto GND .... .-0.3Vto (Vcc_ + 0.3V) 68-Pin TQFN (derated 40mW/°C above +70°C) .................. 4w
INC 20mA DC Operating Temperature Range (Note 1)............... 0°C to +70°C
VREFTO GND ..o -0.3V to +3V Junction Temperature ........cccooooveiiieiiiiiiiiceeee
IN_tOAG ..o [ETSTPRPTT -0.6V to +0.6V BJC (NOLES 2, 3) oo,
OUT_, LO_, DIN, DOUT, VG_, NP, CS, CLK, PD, 0JA (Notes 2, 4) ..o,

CLP, V/IC 10 GND.....oooviiiiiiiiici -0.3Vto Vcet + 0.3V Storage Temperature Range
Cl_, CQ_, Vcc_, VREF analog and digital control signals must Lead Temperature (soldering, 10S) ........cccoovviviiiiiiinranne. +300°C

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 Ty = Tc + (6Jc 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 Ty = TA + (6Ja x VCC X Icc), assuming there is no heat removal from the exposed pad. The junction
temperature must not exceed 150°C.

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.

DC ELECTRICAL CHARACTERISTICS

(Typical Application Circuit, VREF = 2.475V to 2.525V, Vcc1 = 3.18V to 3.47V, Vcce = 4.5V to 5.25V, Ta = 0°C to +70°C, VaND = 0V,
CLP =0, PD =0, no RF signals applied. Typical values are at Vcc1 = 3.3V, Vcco = 4.75V, Ta = +25°C, unless otherwise noted.) (Note 5)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
3.3V Supply Voltage Vcet 3.13 3.3 3.47 Vv
4.75V/5V Supply Voltage Vcee 4.5 4.75 5.25 \
External Reference Voltage Range VREF (Note 6) 2.475 2.525 V
CMOS Input High Voltage VIH Applies to CMOS control inputs 2.5 \
CMOS Input Low Voltage ViL Applies to CMOS control inputs 0.8 Y
CMOS Input Leakage Current IIN gAtO:;fijC’ applies to CMOS control inputs; 10 PA
DATA Output High Voltage DOUT_HI | 10MQ load Vcei V
DATA Output Low Voltage DOUT_LO | 10MQ load 0 \

DC ELECTRICAL CHARACTERISTICS—VGA MODE

(Typical Application Circuit, VReF = 2.475V to 2.525V, Vcc1 = 3.13V to 3.47V, Vcce = 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, Vcca = 4.75V, Ta = +25°C, unless other-
wise noted.) (Note 5)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
4.75V/5V Supply Standby Current 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 |_PD_5V_TOT |[PD =1, all channels 0.4 10 pA
3V Power-Down Current |_PD_3V_TOT |PD = Vcci, all channels 0.3 10 pA
3V Supply Current per Channel I_3V_NM Total | divided by 8, VG+ - VG- = -2V 11 16 mA
ég::f;\l/ Supply Current per IL5V_.NM | Total I divided by 8 6.0 8.3 mA
DC Power per Channel P_NM 64.8 92.3 mwW
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DC ELECTRICAL CHARACTERISTICS—VGA MODE (continued)

(Typical Application Circuit, VREF = 2.475V to 2.525V, Vcc1 = 3.13V to 3.47V, Voo = 4.5V to 5.25V, Ta = 0°C to +70°C, VgD = 0V,
NP =0, V/C =1, CLP =0, PD = 0, no RF signals applied. Typical values are at Vcc1 = 3.3V, Vcca = 4.75V, Ta = +25°C, unless other-

wise noted.) (Note 5)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Differential Analog Control VGAIN_RANG | VG+ - VG- .3 v
Voltage Range
Common-Mode Voltage for 1.65
Difference Analog Control VGAIN_COMM | (VG+ + VG-)/2 +5% v
Source/S|.nk Current for Gain |_ACONTROL | Per pin 16 223 UA
Control Pins
Reference Voltage Input VREF 2.475 2.525 V
Reference Current IREF All channels 9.7 13 pA
Output Common-Mode Level VcMmo 1.73 V

DC ELECTRICAL CHARACTERISTICS—CW MODE

(Typical Application Circuit, VREr = 2.475V to 2.525V, Vcc1 = 3.13V to 3.47V, Vecz = 4.5V t0 5.25V, Ta = 0°C to +70°C, VGND = 0V,
NP =0, PD = 0, CLP = 0, V/C = 0, no RF signals applied. Cl_, CQ_ pulled up to 11V through four separate 0.1% 162Q resistors.

Typical values are at Vcc1 = 3.3V, Vcca = 4.75V, Ta = +25°C, unless otherwise noted.) (Note 5)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Reference Current IREF 82.7 pA
Mixer LVDS LO Input Common-Mode V_LVDS_CM LO+ and LO- 1.25 vV
Voltage +0.2

. . Common-mode input voltage =
LVDS LO Differential Input Voltage V_LVDS_DM 1.5V (Note 7) 200 700 mVp-p
LVDS LO Input Common-Mode Current out of each pin,
Current LLVDS_CM 1\ L vps_om = 1.25v 180 HA
LVDS LO Differential Input Resistance R_DM_LVDS (Note 8) 4 kQ
POWER-DOWN MODE
4.75V/5V Supply Current per Channel |_C_5V_P PD =1 0.6 10 pA
3.3V Supply Current per Channel I_C_3.3V_P PD =1 0.1 10 pA
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 PDIS_FP.TOT L | CLP = 1 144 17 W
Channels)
NORMAL POWER MODE
4.75V/5V Supply Current per Channel I_C_5V_N 31 34 mA
3.3V Supply Current per Channel |_C_3_3V_N 0.4 0.95 mA
11V Supply Current per Channel I_C_11V_N 1.3 13 mA
On-Chip Power Dissipation (All 8 PDIS_FP_TOT N | (Note 9) 187 55 W
Channels)
M AXIW 3
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AC ELECTRICAL CHARACTERISTICS

(Typical Application Circuit, VRer = 2.475V to 2.525V, Vcc1 = 3.13V to 3.47V, Vcce = 4.5V t0 5.25V, Ta = 0°C to +70°C, VGND = 0V,
NP = 0, PD = 0, D43/D42/D41/D40 = 1/0/1/0 (RIN = 2002, LNA gain = 18.5dB, D45/D44 = 1/1 (fc = 18MHz), frRr = fLo/16 = 5MHz,
capacitance to GND at each of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF, RL = 1kQ
differential, reference noise less than 10nVA/Hz from 1kHz to 20MHz, DOUT loaded with 10MQ and 60pF. Typical values are at Vcc1
=3.3V, Vcce = 4.75V, Ta = +25°C, unless otherwise noted.) (Note 5)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Mode Select Response Time V/C stepped from 0 to 1, DC stable within 10% 1

S
(Note 7) V/C stepped from 1 to 0, DC stable within 10% 1 H
High Giain Maximurn Input- High LNA gain D43/D42/D41/D40 = 1/0/1/0 0.33 VPP
Voltage Range differential
Low Gain Maximum Input-Voltage || | NA gain D43/D42/D41/D40 = 0/0/0/4 0.6 VPP
Range differential

AC ELECTRICAL CHARACTERISTICS—VGA MODE

(Typical Application Circuit, VREF = 2.475V to 2.525V, Vcc1 = 3.13V to 3.47V, Vcee = 4.5V to 5.25V, Ta = 0°C to +70°C, VanD = 0V,
V/C =1, NP =0, PD = 0, D43/D42/D41/D40 = 1/0/1/0 (RIN = 2009, LNA gain = 18.5dB), D45/D44 = 1/1 (fc = 18MHz), frRF = 5MHz,
capacitance to GND at each of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF, RL = 1kQ
differential, reference noise less than 10nVA/Hz from 1kHz to 20MHz, DOUT loaded with 10MQ and 60pF. Typical values are at Vo1
= 3.3V, Vcce = 4.75V, Ta = +25°C, unless otherwise noted.) (Note 5)

PARAMETER CONDITIONS MIN TYP MAX | UNITS

D42/D41/D40 = 0/0/0, RN = 50Q 47.5 50 60
D42/D41/D40 = 0/0/1, Rin = 1002 90 100 110

Input Impedance Q
D42/D41/D40 = 0/1/0, RN = 2002 185 200 210
D42/D41/D40 = 0/1/1, RiN = 10009, fRF = 2MHz 700 830 1000
Rs = RN = 50Q, VG+ - VG- = +3V 4.5

) ) Rs = RiN =100Q, VG+ - VG- = +3V 3.4

Noise Figure dB
Rs = RN = 200Q, VG+ - VG- = +3V 2.4
Rs = RN = 10009, VG+ - VG- = +3V 2.1

D43/D42/D41/D40 = 0/0/0/1, LNA gain = 12.5dB,

Low-Gain Noise Figure Rs = RiN = 2002, VG4 - VG- = +3V 3.9 dB
Input-Referred Noise Voltage D43/D42/D41/D40 = 1/1/1/0 0.9 nVAVHz
Input-Referred Noise Current D43/D42/D41/D40 = 1/1/1/0 2.1 pANHZ
Maximum Gain, High Gain Setting | 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 25 4 6 dB
D45/D44 = 0/0, fc = OMHz 9
Anti-Aliasing Filter 3dB Corner D45/D44 = 01, fc = 10MHz 10 MHz
Frequency D45/D44 = 1/0, fc = 15MHz 15
D45/D44 = 1/1, fc = 18MHz 18
Gain Range VG+ - VG- = -3V to +3V 33 dB
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AC ELECTRICAL CHARACTERISTICS—VGA MODE (continued)

(Typical Application Circuit, VRer = 2.475V to 2.525V, Vcc1 = 3.13V to 3.47V, Vcce = 4.5V t0 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 = 200Q, LNA gain = 18.5dB), D45/D44 = 1/1 (fc = 18MHz), frRF = 5MHz,
capacitance to GND at each of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF, RL = 1kQ
differential, reference noise less than 10nVA/Hz from 1kHz to 20MHz, DOUT loaded with 10MQ and 60pF. Typical values are at Vcc1
=3.3V, Vcce = 4.75V, Ta = +25°C, unless otherwise noted.) (Note 5)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Measured at Ta = +25°C, VG+ - VG- = -2V +0.4
Absolute Gain Error Measured at Ta = +25°C, VG+ - VG- = OV +0.4 dB
Measured at Ta = +25°C, VG+ - VG- = +2V +0.4

VG+ - VG- = -3V (VGA minimum gain), gain ratio with

330mVp-p/50mVp-p input tones T4
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 (VIN = 5mVp-p, gain changed from 10dB to

44dB, settling time is measured within 1dB final value)
VGA Gain Response Time us
Gain step down (V|N = 5mVp-p, gain changed from 44dB

to 10dB, settling time is measured within 1dB final value) 16
Overdrive is +10mA in clamping diodes, gain at 30dB,
VGA Output Offset Under Pulsed 16 pulses at 5MHz, repetition rate 20kHz; offset is 180 mV
Overload .
measured at output when RF duty cycle is off
Small-Signal Output Noise 20dB of gain, VG+ - VG- = -0.85V, no input signal 23 nVNVHz
. . 20dB of gain, VG+ - VG- = -0.85V, frr = 5MHz,
Large-Signal Output Noise fNOISE = fF + 1kHZ, Vour = 1Vp.» differential 35 nViVHz
VIN = 50mVp-p, fRF = 2MHz, V = 1Vp. -67
Second Harmonic (HD2) I PP R OuT PP dBc
VIN = 50mVp-p, fRF = 5MHz, Vout = 1Vp-p -64.2
High-Gain IM3 Distortion VIN = 50mVp-p, fRF1 = SMHZ, fRr2 = 5.01MHz, 52 61 dBc

Vout = 1Vp-p (Note 11)

D43/D42/D41/D40 = 0/0/0/1 (RiN = 200Q, LNA gain =
Low-Gain IM3 Distortion 12.5dB),VIN = 100mVp-p, fRF1 = BMHz, frF2 = 5.01MHz, -50 -60 dBc
VouTt = 1Vp-p (Note 11)

Standby Mode Power-Up Gain set for 26dB, frRr = 5SMHz, Vout = 1Vp-p, settled 51 S
Response Time with in 1dB from transition on NP pin ) H
Standby MOQe Power-Down To reach DC current target +10% 2.0 us
Response Time

. Gain set for 28dB, frr = 5MHz, VouTt = 1Vp-p, settled
Power-Up Response Time within 1dB from transition on PD = ms

: Gain set for 28dB, frRr = 5SMHz, DC power reaches

Power-Down Response Time 6mW/channel, from transition on PD 5 ns
Adjacent Channel Crosstalk Vout = 1Vp-p differential, frRF = 10MHz, 28dB of gain -58 dBc
Nonadjacent Channel Crosstalk | Vout = 1Vp-p differential, frRr = 10MHz, 28dB of gain -71 dBc
Phase Matching Between Gain = 28dB, VG+ - VG- = 0.4V, VouT = 1Vp-p,
Channels fRF = 10MHz =12 Degrees

MAXIN 5
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AC ELECTRICAL CHARACTERISTICS—VGA MODE (continued)

(Typical Application Circuit, VRer = 2.475V to 2.525V, Vcc1 = 3.13V to 3.47V, Vcce = 4.5V t0 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 = 200Q, LNA gain = 18.5dB), D45/D44 = 1/1 (fc = 18MHz), frRF = 5MHz,
capacitance to GND at each of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF, RL = 1kQ
differential, reference noise less than 10nVA/Hz from 1kHz to 20MHz, DOUT loaded with 10MQ and 60pF. Typical values are at Vcc1
=3.3V, Vcce = 4.75V, Ta = +25°C, unless otherwise noted.) (Note 5)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Gain = 28dB, VG+ - VG- = 0.4V, VouT = 1Vp-p,
3V Supply Modulation Ratio frRF = 5MHz, fmobp = 1kHz, VmoD = 50mVp-p, ratio of -73 dBc

output sideband at 5.001MHz, 1Vp.-p

Gain = 28dB, VG+ - VG- = 0.4V, VouT = 1Vp-p,

4.75V/5V Supply Modulation frE = 5MHz, fvoD = 1kHz, VMOD = 50mVp.p, ratio of 82 dBc

Ratio output sideband at 5.001MHz, 1Vp-p
Gain Control Lines Common- Gain = 28dB, VG+ - VG- = 0.4V, fmop = 5MHz, 74 dBe
Mode Rejection Ratio VmMoD = 50mVp-p, VouT = 1.0Vp-p

) VG+ - VG- = -3V, delay between V|N = 300mVp-p and
Overdrive Phase Delay Vin = 30mVp.p differential 5 ns
Output Impedance Differential 100 Q

AC ELECTRICAL CHARACTERISTICS—CW MODE

(Typical Application Circuit, V/IC = 0, PD = 0, NP = 0, CLP = 0, D43/D42/D41/D40 = 1/0/1/0 (RIN = 200Q, LNA gain = 18.5dB), fRF =
fLo/16 = 5MHz, Rs = 2009, Cl_, CQ_ pulled up to 11V through four separate 0.1% 162Q resistors, the rise/fall time of the LVDS clock
driving the LO_ is required to be 0.5ns, reference noise less than 10nVA/Hz from 1kHz to 20MHz (Note 12). Typical values are at
Vcet1 = 3.3V, Voco = 4.75V, Ta = +25°C, unless otherwise noted.) (Note 5)

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

. . 100mVp-p at input, frr = fLo/16 = 1.25MHz, measured at

Noise Figure at 100mVp-p Input 1KHz offset 3.6 dB

Noise Figure at 200mVp.p Input 200mVp-p at input, fRr = fLo/16 = 1.26MHz, measured at 41 dB
1kHz offset

SNR at 100mVp.p Input 100mVp-p at input, fRF = fLo/16 = 1.25MHz, measured at 1483 dBo/Hz
1kHz offset

SNR at 200mVp.p Input 200mVp-p at input, frr = fLo/16 = 1.25MHz, measured at 153.8 dBo/Hz

1kHz offset

6 MAXIMN
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(Typical Application Circuit, V/C = 0, PD = 0, NP = 0, CLP = 0, D43/D42/D41/D40 = 1/0/1/0 (RIN = 200Q, LNA gain = 18.5dB), fRF =
fLo/16 = 5MHz, Rs = 200Q, Cl_, CQ_ pulled up to 11V through four separate 0.1% 162Q resistors, the rise/fall time of the LVDS clock
driving the LO_ is required to be 0.5ns, reference noise less than 10nVA/Hz from 1kHz to 20MHz (Note 12). Typical values are at
Vce1 = 3.3V, Veee = 4.75V, Ta = +25°C, unless otherwise noted.) (Note 5)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Two-Tone Intermodulation IMD3 fRF1 = 5MHz, 0.1Vp.p, frF2 = 5.01MHz at -25dBc, 50 55 dBe
at 100mV fLo = 80MHz (Note 11)

Two-Tone Intermodulation IMD3 fRF1 = 5MHz, 0.2Vp-p, fRF2 = 5.01MHz at -25dBc, 485 dBc
at 200mV fLo = 80MHz (Note 11) '
Mixer Output-Voltage Valid voltage range (AC + DC) on summed mixer output 45 12 v
Compliance pins ’
Channel-to-Channel Phase Measured under zero beat conditions, VRF = 100mVp-p,
) +0.4 Degrees
Matching fRF = 5MHz, fLo = 80MHz (Note 13)
Channel-to-Channel Gain Measured under zero beat conditions, VRr = 100mVp-p, L02 dB
Matching frRF = 5MHz, fLo = 80MHz (Notes 13, 14) o
frRF = 0.9MHz, 19 23 o6
Calculated from LNA input voltage | fLO/16 = 1MHz
Transconductance . mS
and twice the | or Q current -
fRF = 7.6MHz, 19 22,5 26
fLo/16 = 7.5MHz '
LOW-POWER MODE (CLP =1)
Noise Figure No carrier 3.2 dB
. . 100mVp-p on input, frr = fLo/16 = 1.25MHz, measured
Noise Figure at 100mVp-p Input at 1kHz offset 3.5 dB
) . 200mVp-p on input, frRr = fLo/16 = 1.256MHz, measured
Noise Figure at 200mVp-p Input at 1kHz offset 4.3 dB
100mVp-p on input, fRF = fLo/16 = 1.26MHz, measured i
SNR at 100mVp-p Input at 1kHz offset 148.2 dBc/Hz
200mVp-p on input, frr = fLo/16 = 1.25MHz, measured
SNR at 200mVp-p Input at 1kHz offset -153.6 dBc/Hz
) fRF1 = 5MHz, 0.1Vp-p, frF2 = 5.01MHz at -25dBc,
Two-Tone Intermodulation IMD3 fLo = 80MHz (Note 11) 44 dBc
Mixer Output-Voltage Compliance | Valid voltage range on summed mixer output pins (Note 12) 4.5 12 \
RF = 1.1MHz, 19 215 26
Calculated from LNA input voltage | fLo/16 = TMHz
Transconductance (Note 16) : mS
and twice the | or Q current -
fRF = 7.6MHz, 19 215 o6
fLo/16 = 7.5MHz '
M AKXV 7
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AC 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

Time

Mininimum Data-to-Clock Setup

tcs 5 ns

Time

Mininimum Data-to-Clock Hold

tCH 0 ns

Time

Mininimum Clock-to-CS Setup

tes 5 ns

Width

CS Positive Mininimum Pulse ]

tew ns

Mininimum Clock Pulse Width tcw 2 ns

Clock on

Mininimum CS High to Mixer

tMIXCS 2 ns

Note 5:
Note 6:
Note 7:

Note 8:
Note 9:

Note 10:

Note 11:

Note 12:

Note 13:

Note 14:

Note 15:
Note 16:

Minimum and maximum limits at Ta = +25°C and +70°C are guaranteed by design, characterization, and/or production test.
Noise performance of the device is dependent on the noise contribution from VRer. Use a low-noise supply for VREF.

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 100Q resistor on the board.

An external 100Q resistor terminates the LVDS differential signal path.

Total on-chip power dissipation is calculated as Ppiss = Vcc1 x Icc1 + Vece x Icc2 + VREF X IREr + [11V - (I11v/4) x 162] x
[11v.

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.

See the Ultrasound-Specific IMD3 Specification section.

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.
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.

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 | 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.

Mixer output-voltage compliance is the range of acceptable voltages allowed on the CW mixer outputs.
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, Vcce = 4.5V t0 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 = 2002, LNA gain = 18.5dB), D45/D44 = 1/1 (fc = 18MHz), fRF = fL0/16 =
5MHz, capacitance to GND at each of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF,
RL = 1kQ differential, Rg = 200Q, Cl_, CQ_ pulled up to 11V through four separate 0.1% 162Q resistors, the rise/fall time of the LVDS
clock driving the LO_ is required to be 0.5ns, reference noise less than 10nVA/Hz from 1kHz to 20MHz, DOUT loaded with 10MQ
and 60pF. Typical values are at Vcc1 = 3.3V, Vcco = 5V, Ta = +25°C, unless otherwise noted.)

GAIN vs. DIFFERENTIAL ANALOG COMPLEX INPUT IMPEDANCE MAGNITUDE
CONTROL VOLTAGE vs. FREQUENCY GAIN ERROR HISTOGRAM
45 - 1000 o 25 o
/5 E GAIN = 20dB g
Y = 800 [ e E 20 =
35 / 5 \ \(/
_ =}
g / 2 600 \ @ 15
= 25 v o 5
= = \ =
/ £ 400 = 10
= 50Q 200Q
15 /] = 100Q
// 200 N 5
— |
5 0 o L ..-
302 10 1 2 3 0 5 10 15 20 e Eg8L8R g
CONTROL VOLTAGE (V) FREQUENCY (MHz) S S 9 9 S S S S S o
GAIN ERROR (dB)
SECOND-HARMONIC DISTORTION
OUTPUT-REFERRED NOISE vs. GAIN INPUT-REFERRED NOISE vs. GAIN vs. GAIN
180 = 6 “ -30 <
E g Vour = 1Vp-p H
/ \ faF = 10MHz
= 120 = -50
2 / £ s T |
= = = —
= 9 = \ ~ 60
L L a \
S // S N
60 \ 70
\ T = SMHz
o ’ \ -80 —
\h fRF = 2MHz
0 1 -90 ‘
8 17 % 35 44 8 17 2% 35 44 20 % 32 38 4
GAIN (dB) GAIN (dB) GAIN (dB)
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(Typical Application Circuit, VREF = 2.475V to 2.525V, Vcc1 = 3.13V to 3.47V, Vcce = 4.5V t0 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 = 2002, LNA gain = 18.5dB), D45/D44 = 1/1 (fc = 18MHz), fRF = fL0/16 =
5MHz, capacitance to GND at each of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF,
RL = 1kQ differential, Rg = 200Q, CI_, CQ_ pulled up to 11V through four separate 0.1% 162Q resistors, the rise/fall time of the LVDS
clock driving the LO_ is required to be 0.5ns, reference noise less than 10nVA/Hz from 1kHz to 20MHz, DOUT loaded with 10MQ
and 60pF. Typical values are at Vcc1 = 3.3V, Vcco = 5V, Ta = +25°C, unless otherwise noted.)

THIRD-HARMONIC DISTORTION TWO-TONE ULTRASOUND-SPECIFIC IMD3 SECOND- AND THIRD-HARMONIC
vs. GAIN vs. GAIN DISTORTION vs. Vout p-P
'30 = '10 = '50 2
Vour =1Vp-p E Vour = 1Vp-p 2 GAIN = 26dB £
§ 5 fRF = 5MHz S
-40 S Ed E
30 . -60
50 |— far=5MHz faF = 10MHz 3 HD2
2 / frF = 10MHz g ./ = } 7/
ERN S = 50 . S 0 -
= % / 8 2
70 AN fiF = 5MHz 8 b
N N \ /
>\__>-c 70 NZF_ZF -80 HD3
-80 \/v\ /
fRF = 2MHz fRF = 2MHz /
) ‘ ) ‘ %0
20 2 32 38 44 20 2 2 3 4 0 02 04 06 08 10
GAIN (dB) GAIN (dB) Vout_p-p (V)
SECOND- AND THIRD-HARMONIC SECOND- AND THIRD-HARMONIC DISTORTION SECOND- AND THIRD-HARMONIC DISTORTION
DISTORTION vs. FREQUENCY vs. DIFFERENTIAL OUTPUT RESISTANCE vs. DIFFERENTIAL OUTPUT LOAD CAPACITANCE
-30 - -30 - -30 o
Vour = 1Vp-p g Vour =1Vpp E Vour = 1Vp-p E
GAIN = 2608 £ GAIN = 2608 H GAIN = 2608 g
0 z 40 [ far = 5MHz E 40 T fre = 5MHz S
= HD2 = =
2 / € HD2 € HD2
= 50 — 1 = =
2 — 8 L z N ///
=) =) -60 ~ =) -60 D
S 60 = I N /‘h—{
=) < £ 70 ~—% £ 70
70 4 HD3 HOS
-80 -80
/ p HD3
-80 -90 -90
0 5 10 15 20 200 300 400 500 600 700 800 900 1000 0 20 40 60 80 100
FREQUENCY (MHz) RESISTANCE () CAPACITANCE (pF)
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(Typical Application Circuit, VREF = 2.475V to 2.525V, Vcc1 = 3.13V to 3.47V, Vcce = 4.5V t0 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 = 2002, LNA gain = 18.5dB), D45/D44 = 1/1 (fc = 18MHz), fRF = fL0/16 =
5MHz, capacitance to GND at each of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF,
RL = 1kQ differential, Rg = 200Q, Cl_, CQ_ pulled up to 11V through four separate 0.1% 162Q resistors, the rise/fall time of the LVDS
clock driving the LO_ is required to be 0.5ns, reference noise less than 10nVA/Hz from 1kHz to 20MHz, DOUT loaded with 10MQ
and 60pF. Typical values are at Vcc1 = 3.3V, Vcco = 5V, Ta = +25°C, unless otherwise noted.)

TWO-TONE ULTRASOUND-SPECIFIC IMD3 ADJACENT CHANNEL-TO-CHANNEL ADJACENT CHANNEL-TO-CHANNEL
vs. FREQUENCY CROSSTALK vs. GAIN CROSSTALK vs. FREQUENCY
0 o -50 - 0 o
Vour = 1Vp-p E Vour = 1Vp-p E Vour = 1Vp-p E
GAIN = 260B g fir = 10MHz g GAIN = 20dB g
-20 -55 ADJACENT CHANNEL 1
2 2 30 4
- // - 4 5 7]
g 40 60— = ADJACENT CHANNEL 1 /
= / g 2
(D_:) g _60
/ ADJACENT CHANNEL 2 Bz
-60 -65 /4/"y
\ / // |ADJAC‘ENT ‘CH‘AN‘N‘E‘L ‘2‘
-80 -70 90
0 5 10 15 20 8 17 % 35 44 1 10 100
FREQUENCY (MHz) GAIN (dB) FREQUENCY (MHz)
LARGE-SIGNAL BANDWIDTH COMMON-MODE OUTPUT VOLTAGE DIFFERENTIAL OUTPUT IMPEDANCE
vs. FREQUENCY vs. GAIN vs. FREQUENCY
30 o 1 9 - 180 MAX2078 toc18
Vour=1Vp-p E g
GAIN = 20dB g = £
20 N = ¢ =
ﬁ\ L 15MHz =18 = /"'/A'( -
N
i.% 10 /)\ \‘, 18MHz g % V \
= 9MHz \ \ 3 17 < -
g i\ = 2 \
I \ = = 60
10MHz -1 3 o
\\ S s :
-10 = IMAGINARY
\ \ 8 N
-20 \\ 15 0
1 10 100 8 17 % 3% 44 0 10 20 30 4 50
FREQUENGY (MHz) GAIN (dB) FREQUENCY (MHz)
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(Typical Application Circuit, VREF = 2.475V to 2.525V, Vcc1 = 3.13V to 3.47V, Vcce = 4.5V t0 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 = 2002, LNA gain = 18.5dB), D45/D44 = 1/1 (fc = 18MHz), fRF = fL0/16 =
5MHz, capacitance to GND at each of the VGA differential outputs is 25pF, differential capacitance across VGA outputs is 15pF,
RL = 1kQ differential, Rg = 200Q, Cl_, CQ_ pulled up to 11V through four separate 0.1% 162Q resistors, the rise/fall time of the LVDS
clock driving the LO_ is required to be 0.5ns, reference noise less than 10nVA/Hz from 1kHz to 20MHz, DOUT loaded with 10MQ
and 60pF. Typical values are at Vcc1 = 3.3V, Vcco = 5V, Ta = +25°C, unless otherwise noted.)

LNA OVERLOAD RE

COVERY TIME

(Vin = 500mVp-p for 1ps TO 100mVp.p for 1us
AND BACK T0 500mVp.p for 1pus, GAIN = 10dB)

MAX2078 toc1

1.25 - 05
INPUT
=
5
% 0.25 {\ V\’ \ 05
’ /W
0.5 ¥ -1.0
™~ QUTPUT d U U
0.75 ‘ -1.5
0 500 1000 1500 2000
TIME (ns)
GROUP DELAY vs. FREQUENCY
45 8
23
=3
= GAIN = 40dB
=} GAIN = 30dB
o
]
o
S 95 Lo,
- My
GAIN = 20dB
GAIN = 10dB
15 ‘
0 5 10 15 20

FREQUENCY (MHz)

12

INPUT (V)

CW IMD3 (dBc)

VGA OVERLOAD RECOVERY TIME

(Vin = 40mVp.p for 1us TO 4mVp.p for 1us
AND BACK TO 40mVp.p for 1us, GAIN = 42.5dB)

MAX2078 toc20

3 | 0.05
INPUT
1 s
- 0052
0 A NN =
VYA ‘
- -0.10
-1 = UTPUT +—
2 -0.15
0 500 1000 1500 2000
TIME (ns)
CW IMD3 vs. FREQUENCY
-48 “
Vin=100mVp-p 5
2 //\\
-56 / \
-60 \
-64
0 2 4 6 8

FREQUENCY (MHz)

PHASE DELAY (ns)

NOISE (nV/\Hz)

45

w
>

N
~

—
==

1.48

144

1.40

1.32

128

OVERDRIVE PHASE DELAY
vs. FREQUENCY

\

[ [
INPUT = 300mVp_p

\

N

y/

~

~——]

\\

NPUT = 30mVp-p

GAIN =10dB

0 5

10 15

FREQUENCY (MHz)

INPUT-REFERRED NOISE
vs. INPUT CLUTTER VOLTAGE

foLuTTER = 1.25MHz
OFFSET = 1kHz

/

MAX2078 toc21

20

1AX2078 toc24

/

NORMAL

POWER MODE

P

|_—

/

LOW-POWER MODE ™|

0 50

100 150

INPUT CLUTTER VOLTAGE (mVp-p)
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1 IN2 TWIE 2
2 INC2 I 2HOI A, ERE ARG A, VEAN I S S
3 ZF3 3RS EC S, i 10nF B 2R A2 SRS & 2 IR
4 IN3 I3 -
5 INC3 IO, R A A, VRN S SR R
6 ZF4 MBIE A JRBL L VCEC SR, 1 10nF e 2% A8 B Rl A 28 U
7 IN4 W45 .
8 INC4 WA, ERERRG A, VEAUENE S A b 5
9, 28, 31 GND .
10 AG LH L, EEE—MMEESRIY IpFHEA £
11 ZF5 W SA PEFE ST AL S, 3 i 10nF B 28 A2 A A 2 U
12 IN5 WWIESHA .
13 INC5 I SHO A, R AR, VEAN AL S SR
14 ZF6 T 6A WEHHTIC A S B, B3 10nF B 2848 i R 4 2 Ui
15 ING I OHIA .
16 INC6 MO LA, EE R G I, VEAUEAE S A b 5
17 ZF7 W7 A TRHSTIC RS |, 383 10nF B4R 22 i e A 28 U
18 IN7 B THIA .
19 INC7 WA TR, R EE R, EAIULIE S % H T Ry
20 ZF8 W3 84 FE BTV AL S A, 3 1 10nF r 28 A2 SR8 4 2 U
21 IN8 THIESHIA -
22 INC8 I SHT O, R A A, VEUN I S J I R
23, 33, Vecs 4.75VHLE, @%@9&%&4.75\/5@% FEANEBYG T A 4.75V RS | E R — i, R BRI 5 E
53, 64 100nF 55 & HLZS
o4 Veer %%Bz.sﬂ\i%i:ﬁ%’dﬁ, 5@&@&&%5@5 ﬁﬁo;lpFﬁﬁiﬂ?i%é:GND, ARSI E. T,
R B B T VRppdii 51 A MRS, VRpp R (R I FL
o5 44 63 v 33V, HEEESN3IVEE. NGV TS R, HREFISI I E 100nF
o CC1 ST
i‘; VV? VGABHURS F 12 A A . 250 FE -3V I RP T-RMEE T, 43V TRk T
29 CLP CWARIHAE B P A, 5 CLPIRK Bh %8 i L Pl CW IR A 2% F AR IhREAR L.
30 PD KW REPERA . PDET Voo i, ARSI PDE TR P ER TAE. %X
P B BUR = TR
32 DOUT BOBCRG . B R T AR B, T 3.3V CMOS.
34 ouTs- JHIE 8 25 4 HY B
35 ouT8+ 0 B 8 72 4y Y 1 iy .
36 ouT7- JTE T 247
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5| I A (4E)
S| & Ih&E
37 OUT7+ T IE 7 22 53 % H 1E v
38 ouTe- M IH 622 43 % S 10
39 ouUT6+ T8 T 6 22 47 % HA 1 iy
40 OUT5- 3 5 22 4 A
41 OUT5+ T TH 522 53 % H 1E v
42 LO-
ARG 28 22004 A, LOTENE RS aerh 404 .
43 LO+
45 OUT4- T T 422 53 % HS B
46 OUT4+ T T 422 53 % H 1E v
47 ouT3- T TH 3 22 43 % HS B
48 OUT3+ 1M 3 322 43 % S 1E o
49 OUT2- T I 2 22 43 % S B
50 OUT2+ JHIE 225 47 i H O i
51 OUT1- A 12253 % S B
52 OUT1+ T 1 22 43 % H O i
54 CLK R B o AL (TR AR R, 3.3V CMOS. B sbéi A FA T Sfe sp A7 8 L 27 15 .
55 DIN B O A, 3.3V CMOS. #ditm A T 9wfe BT L ar (45
56 CS HORERA, 33V CMOS. MTFHFMHEFFaBEn, FECWHI R FL §T A Wi i A (B FHE).
- NP VOARFHU R EFR A . NPE T 10F, A ARSI, % EAUR & T R T B AL 77 o
B AR BT E, B SRR B AT PD) R S .
58 vIC VGAICWRERERE A . K VICE TRH &S PHREVGA, XKHICWHIE; K V/ICEH TR KL,
HAECWIRAER, KM VGAREK.
59 ca- Q3 3H CW IE A8k th s, 3t 162Q 40 b HL PH 3% 435 28 /B 11V EL B
60 CQ+ QI TE CW IE A Hir H TE o, 383 162Q 4 MR L FLFH 1% 4 B AR 11V .
61 Cl- QI 1B CW [F] MR 7o, 85T 162Q4MER L FLFH 1% 4 B AP ER LTV .
62 Cl+ QI TE CW [F] M TE o, 383 162Q4MER L FLFH 1% 43 B AMER LTI VEL R .
65 ZF1 W 1A VRSO ICEC S, 3 10nF FL 28 A2 I 4 A 28 U -
66 INT WA
67 INC1 MBSO, EEEMABEHEE, AN IE S % MR 5 .
68 ZF2 WIE2A PHBHYTICEC S, WA 10nF B 28 A8 A A 48 U6 s «
o £p BREL, PAREE SN, E 2A FLE S KA, DA B SRR . R AR A

R
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LA B
MAX2078 2 = % B« Qi B e lieas, DLt TR AA .
ZiE . mEREEHE RIS A N . RS IALNA
VGA. AAFHIT] 4aFE CWD i oAl E #4312 0t 52 2 (1) 2 Th Rg
IO & -

G EE S SuE L, BARSN e
HAS BUAG 2 0E 18 E SMHz I B A H £ 1) 68dBFS** SNR.
U, 2 68 75 iy sty 28 o O Ak, AR AR 1 T 28 0 ) o e 7
150 % P R BE Fp AT AR (£ S 1) AR PW R 4 2235 iR
Kol R, 37 Vour = 1Vpp. SMHzZR ¥4t 1kHz
Wifw T, B 140dBe/Hz [ 3T 5% SNR .

Al A MAXI1437B ADCIEJH .

F1REMESE

MAX2078 I8 4 i, 1 S 1 18 1F A2 1R A9 4% B4 41| #1 mJ G A2 LO AR
P RAERS, TR TTAMELLD 238 ¥ (CWD)B R BIE £ .
BRI S0 SL IR T AL CWD R, #£200mVp_p.
1L.2SMHz¥i A G5 1kHz3ifw Rk 2| 154dBe/Hz () SNR. i
Ik o E AT ORI — A 1 AR e g R T R A E RO LO
AL B ORI SRR AR e, 5 R g TR
B0, R EMESANT. QESHEH L .

T1E#E

MAX2078 T e 2 AT b 174w e . TAEB R 471N %
BEOIFETES, RIME2L T T xS BN ThRE.

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

R2. WENRIZEINEE

D46 D45 D44 D43 D42

D41

D40 MODE

RIN = 509, LNA gain = 18.5dB

RiN = 100Q

RN = 200Q

RiN = 1000Q

RiN = 1002, LNA gain = 12.5dB

RiN = 200Q

RiN = 400Q

RiN = 2000Q

Open feedback

fc = OMHz

fc = 10MHz

fc = 15MHz

XIX XX [X|X[X|X[X|X|[X|X[X
S |2 [O|O | XX |X|X|X|X|X|[X]|X
SO |O[X|X[X|X[X|X|X|X[X
XX [X|X[=|Oo|lo|lo|o|=|=|=|—
X[ X[ X|X|=|O|Oo|Oo|O|Oo|O|O|O

X[IX[IX|IX|X[|[=2]|2]|O|O|2|—=|O|O

X|IX[X[X|X[|[=|O|=|O|=|O|—=|O

fc = 18MHz

S
1l

o
o
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8 AR,
HHCW S BRI BT

TRIE ERI K ZS(LNA) bOE37/%
MAX2078 (U LNAZ S 1k, EA 50 30 2530 B Fn 2k it LA BT A e, EWE S
fekr, AIEAE T HA RGN . 4LNA TR R AR RS, XU RGR M b A b a5 B 5%
B, AP (Rn) MR ARBRE(Ry = R/ + A)), KA S, HSH M TR TR TRN
KRB R, RUL, #5615 45 B (Rp) Y T 56 2620 P Pk I R R

oAE . AN, E SRR T 100Q A HUBEL7E MR B4 45 B T ‘
5 R200Q (B WLFE2). BIBIEIELE K (CW)BH7S

e n MAX2078 CW iR Hids R A BWICF 224, RW&HAA
ATEZEEINAR(VOA) ol oAb o b BN A B . B
MAX2078 I VOA AL F R At . @by AGHI e 77 B4R T8 7 CWD 15 24U, SBK IF 50 IR 4 48 M 9l 75
P, X SEEREER I RGN R S . M VGATR 1.25MHz. 200mVp.pfii A2 (55 . 1kHzHifw N A
B (0 S BRI RS VT RS, DL A S I (OUT +. 154dBo/HzHOMEFS 45 4% . -48.5dBe (JaE i)y L35 3 B .98
OUT_ WMt whas, FTIEHADC, FEMNRESE WIS, W% BAME L IMD3R5 .
TR CW IR Pl 1] i R DR AR 2 D REHE I 83 B FEFRL L IE A [RIAH 2240 B4 H(CQ+. CQ-v Cl+
VGARIZS AT LIE I 2 50 B BBIS AVGHRIVG-I . 2 Cl), DR CWDB R BB 5. Bk 2240 HL i it
MBS B AL IE -3V X R T /M85, $3VIEXE  W3mApp, TEASEE HHL IR TR 4.5V E 12V,
RE TR 25 . 2540 B 6 B E IR 165V (TR (8.

B LR CW E Sis FIR] 45 72 K R LT s DO GEHE[E

CW_INB
CW_IN7
CW_ING
CW_IN5 NAXIN
oW_IN4 MAX2078
CW_IN3
ow_me —|
CW_IN1 ® Ld Ld Ld
@ @ @ @ @ ki @ ki @ ki @ P cw_lout
(IR [
I a I a | a | a | a | a I a I
GHANNEL 1 || CHANNEL 2 |[ CHANNEL 3 |[ GHANNEL 4 || CHANNEL 5 || CHANNEL 6 || CHANNEL 7 || CHANNEL 8
L0+ QPHASE || /0 PHASE || 110 PHASE || 1/Q PHASE | 10 PHASE || 1/Q PHASE || 1/a PHASE | 1/0 PHASE
Lo- DIVIDER | DIVIDER || DIVIDER | DIVIDER | DWVIDER || DIVIDER [ DIVIDER | DIVIDER
SELECTOR || SELECTOR || SELECTOR || SELECTOR | SELECTOR || SELECTOR || SELECTOR || SELECTOR
5 5 5 5 5 5 5 5
[sam | [ ser | [ sem | [ sam | [ 587 | [ sem | [ 581 | [ 581 |
DN | s SR SR SR SR SR SR SR bout
Ok ® ® ® ® ® ® ° '
[0
oLp PD
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TR AT DA BAE 16F AL 2 —, R It 1l i 5 2
AANBCEN . BACWIEEESHDIE L, fHEA K]
WA RWTEUPD) 5 i B AR = T ROt E -
BTN Fas i), FCSIFEThim, MIEMREIEIES
PEAAR AR AL R, BEVQM ML e/ e . X
— AR B g, RS ARG, TR
wARNIACE Z W3,

CWESigs st & A

N TR B i 4 2 ) i L AR N G, DU AR B CWD
IR BIEAR 5 /B FEA 7 A\ i IE A (Q) B 22 43 i Hh

3. EMSRANES

AN RO Z55 % H . A IEAS . [FIAR S AR 2 5
B1. Q4 HLRHH(CQ+. CQ-. Cl+. CL).

LOTEE#E
LOZr M 2% Al il i B (i 5 17 s B, WK E 16 IEASARL,
MRS B B CW i R B 7 2
[F#
B 125 T 385t B AT B o 1 % 8/t <7 3 3 BB A TARAR Y
. WE, BREaEw s Ro%RE, Wit — &8E
LSRG 2 e

B4 B3 B2 B1 BO|:|84 B3 B2 B1 BO|:|B4 B3 B2 B1 BO|:|B4 B3 B2 B1 BO

PER CHANNEL MSB LSB SHUTDOWN
PHASE (DEGREE) Di+4 Di+3 Di + 2 Di +1 Di
0 0 0 0 0 01
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 0N
202.5 1 0 0 1 0N
225 0 1 0 1 0/1
247.5 1 1 0 1 0/1
270 0 0 1 1 01
292.5 1 0 1 1 0/1
315 0 1 1 1 0/1
337.5 1 1 1 1 0/1
gﬂﬁ::l D46 D45 D44 D43 D42 D41 DO ':
CHANNEL 1 CHANNEL 2 CHANNEL 3 CHANNEL 4
ABCDS| |[ABCDS| |ABCDS| [ABC DSD

CHANNEL 5 CHANNEL 6 CHANNEL 7 CHANNEL 8

AB C D SD AB C D SD AB C D SD A B C DSD

[T T 11 [T T 11 [T T 11 [T T 11
B4 B3 B2 BI BO B4 B3 B2 B1 B0

B4 B3 B2 B1 BO l:l

I:l B4 B3 B2 B1 BO bout

B L. R ITE (L a7 77 A9 Rt
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VGAFICW B ¥izs T 1EIE 2

FrlfE TAERE R, MAX2078HEC & b VGA T E A8 M R ae
MEF BT (VGARER), 038 BE & b 1E 2 IR A0 B4 51 6 g
VGAIEIE X Wr(CWHT). X T VGARR, ¥ V/ICE NZH
EHLE S W TFCWHLS, K V/ICHE TR AR T

KB FHRIhFE#E
MAX2078 15 7] L@ d PD# I E W, PD R Ve I 3 A X

Wi, SCHTREECT, AR OUH G LA LLPY Y A FL R LA -

PD & AR H-PI, oF A IEH TAERC.

a R AR I AR, DR RCWD R A Zh#E . EHEAR
ReR Iy, B AR DA SR A A S, il
S E342mA. FE, TEERBRR, STss
PEREMS A FRAK . A% TARME TR 2 T 6E -

81E 1B FH i,

TeHCWX EENEigs

1620 1620 +
1uF

Cl-
50Q 31.6kQ

0.022uF

31.6kQ
Cl+

2. CW ik s i 1 FELis 1 2056 1)

MAES
3 ‘ R, X — i R 2% B mE kI g, A (R I
#2012 R g i A 6] o ENER g EE M 162QIE M s ERIHLFH . S0Q H

R, 3 458 M) 7 s () 2 7R A F FE CW AT VG A B 3 1R ) e s 75
TRYETE . E24H T CWHH SRR R ER, AT
KEHADCH —FP 5. ZHEP, B1HCQ+. CQ-. Cl+.
CI-%i 5 H K 2h L 2 (8] IO A~ K LA (A T470nF &
1R [a]). CWIRA %4 H 8 5 H T 9K sh (R BOR# 10 f
A, XECRBOR A IS BB ALAL, H A BT 3t
TR R % B R AL E

R4 ETIEERIZEINAE

FLBH DA 0.022p FIF I FL AR 2H AL IRl i 8 4% FH T U8R LO
T A0 B AL S IR . R YA 32 2 LpFRE ER
FLAMI3L.OkQIFBRHLH AL, 7 BB H S B

PD cw INTERNAL INSTV:,E:-T-gﬁL 3.3V Vce 5V Vce 11V Vmix
INPUT VvIC CLP VGA MIXER SWITCH To CcW CURRENT CURRENT CURRENT
TO VGA MIXER CONSUMPTION | CONSUMPTION | CONSUMPTION
1 1 N/A Off Off Off Off 0.3uA 0.4pA 0
1 0 N/A Off Off Off Off 0.1uA 0.6uA 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
N/A = Aid .
M AXIW 19
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MAX2078

8115 &8 B 5 i
RIHCW Z E BB ¥z

fRT A6 5 09 = A A I 3 T s

X B R S e e S e = 1/2 x m x RC), K% K5SHz.
HER, B = 8 A AR T DR T AR A A 1 2
WOmE, EHBEERERHMIE, BEA&STFHARE400HZ1Y
CWDHUAE 5. Billn, iR 2R AL 2 400Hz [ CWD,
o I Y8 R ) B AR R N R D NIRRT T 2
—(< 40Hz), FRIEZR SN A AES AT, FE,
T B v A DY AR A B O 400HZ, AR A 1 SR 2
T FE3dB. b A s B A R SR SHz, R Bk
PHE ) B i 2 40Hz PR i .

(A8 T, IR AR S AR R A 2 AR AT K /NG i
S R R R NG B ST DN £ S N 3 5N
prig=iIRsIE (ST YE N

F4%5H T - MER2IERTE,
PR S B A]

AE % S BP0 5 50

Bl4rh, CWDIR AR I i -5 (OGRS 05 A LR &

PR It 3 B K 85 A0 2 RE 08 SHR TR A0 b i L Y 2z BT
MR AR AE B R R N 1LV, YR AR AR A 2= 5V Y
MAX2078 LR I o 3 O As A] Fh s R 11V AR AR 5V
i, HFREOVIs RS

£0O
MAX20783 1L R TR A A7 e A TR B B . XA UK
K6 T omfErm s E 2, WD THERTMICT M,
HFEAL T PCBAR B 24 . BRI FiE 2% #£S.
Hodha i A (DIN)FISCHE S 2 (DOUT) A ARG B B A 2804 19 3
W, BTA R TAEFER —mFEmH AR .
CSHr Z AR LTI s 0t , BAFEE TG, FEE
CSHL 2 mH . gmfent, LSBIERT. MSBIESS .

RERRKERS
PRECWD TAEMA T, BRI 80(LO+. LO)FF /T, %
{55 (DIN. CLK. CS)XHMI(CS = mHF. CLK = ik
*F-. DIN = Je3¢, {H[E 24 m B FE KR F). JFihagmie
b, SCPAITRATERET B . B4 R 1 10MHz 4 P2 2K 2R 5
100ns e ZINECHE st b JL /s (D R A RS DL A7 A7 4 . KT — A
64 IE CWD N £, FEmE S, MIFAEH30ms, B FFE

20

JR 3. 0 7E R 28 0 0 0 T Y 1T 1 P

B4, B EIA R REUAAR, LA B LR A9 pv i [6]

MEESWES. BERMAF ARG, BRCSHEERN
AR B R BN VQ /T M A/ P e . XIS, R AT AR I
PR 2 5GP, DR B 5 | IS R AR A3 g B A E e 22 (1]
A] AR 2 R AR I R R P T IR R AR A I R B R A
., Wb T T A B AR TR B & IS A IOT LA R 3h T
P IR I SR BB FE B B9 T bk, I S AET/Q
oy AR
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&5 WENMINF

81E 1B FH i,

R CWZ EENE s

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 DO
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
tcs tow tcH
’4—» t— tcLH —|
o X X X X
- tows ——|
& N
tmIxcs
MIXER MIXER MIXER
__ CLOCKON CLOCK OFF CLOCKON

MIXER
CLOCK OFF

MIXER |
CLOCK ON

MIXER

MIXER |
CLOCK ON

CLOCK OFF

5. B0 a i aw it 71

MAXIN
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MAX2078

8115 &8 B 5 i
RIHCW Z E BB ¥z

BB CWDIEF KRS
FA Pt — P& 16MHz 2 120MHz i LOB 4, %5 25 B B e gt
REEESLVDSHIA . HEE, LVDS CWD LOR 44 %
HindA, DRIER S E R IR EREFE L. Khis
LOFFHE —E M, [5G B 25 F 5 | B A A LB T T
B RC s [1) 5 %5025 77 A — S [ s ) 2B 3R (5 RC R[] & 450
FHR), MHAOE O A B TR AT A7 1 R
W, LOEME o i 2 IE% TAEERAE . KE T2 8]
B . 3N AC TR A 51 & 1 (] UK 43 3 BRI SR BT 3 1
Jeik A
LVDS15 S 7E s ARk b DL 100Q 4 AR 2 B 32 . LO%
ATENFRSEAT160 80, 724 IMHz 2 7.5MHz 8 5 [ 1Y 16
AL . B EE A g, EEEX N TS
MF AN EMAL, AT EEMRE), % 16550
FEL % 9 i LR AR . RS L 27 A7 A Y AT 4 7 F T35 B 16 AR A
55 S i AT R T ML T R G P A T

CWBHizssIH &
B K 2243 B 6 HH G % M 3mAp.p, T AR R A A 1 1
TR L RS L 4.5V B 12V, 2240 18 J A i 1
TR AR AR L % 9 2.83mA . TR 162Q AR T,
MR % TN x 2.83mA (HHN = @B ). A4,
+VeumA-Vsum B ST HLE A 11V - (N x 2.83mA x 162Q)
=11V - (8 x 2.83mA x 162Q) = 7.34V. 4 —/EHEH KK
i LI (22 99 2.8mAp.p) WK By, T HL B 38 T VA IR B
AN G TR A8 4 1. 4mApop x 162Q, B226mVpp, 1MiZ
QEE‘E%WBQYHVP_pe RN %E?ﬁ@ﬂﬂ*‘VSUMT‘H-VSUM
EERElen s

BiREFEH LA

B AEOE A R R B AR, B OR A B S A B T4
KA, SEBUA R PTILEC . AR OK & B9 SO i
A5 Z FSE B E (1 + (A/2)) x Ry RIS IRFAELEE . i
AT SO (ZR)BRLLT + (A2). RBQET E X2
B B HOR AR 3 2 (A) . W T3 ALY, R DL A
TR AR IT(S R 1TFIRD) . X THEmAM, &
B RC A SRR G BT, SR AR ik 22 20R Ak
FIEEL P 1 A i ABELIL -

22

6. IR FE R KSR A B

Rs () RiN () NF (dB)
50 50 4.5
100 100 3.4
200 200 2.4
1000 1000 2.1
IR A Z

MAX2078 % v FH T & 11t o5z e i AL 2 0 8 R 2 ) I e s
RE. B A H VRS O A A ) S 0 A R S HL R
LG, £PXT50Q 2 1000Q IR BTILL . FHoh, DLECHFE
SRR + (AR . AP, UK
H ML TR A R ECER Ny = Rg = 200QH 7] DLIS E| K £92.4dB,
RO T H e AU MRS R

B

MAX2078£E 5 T RI TiC & 19 % AHF 0 A8, AR
EHEALAY £0.8V. B A SO AR AT DU R K B SAE
SIS R AR A . A T OK 3 AT RE X AR G FL A
FOHL, i AEBRK SR E N, MAGSEREAE
HimEm AIN1ZINS, {HINC1ZINCS#H A BAGH#0, &0
AR B IR AN IR AL AR A, T LUEINC] 2
INC87#45

BUBHEE

B VGARY 2 43 T 9K 3h 25pF Y i 1% 2 GND [ 2243 i
R, MVCAKHZHEANISPF, Ry = 1kQ. #4
W BARALIVIEERE . R —&EGRED
R A TER, DU 2 22 40 2R FAAS TS A
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BEHEEXAIIMD3
5 LY (9 A5 VS AN ], A AT S SR E IMD3 1645
X R B A A B B AR AR . IR, AR ALY
SRR AT, HRFMBI RS 5 & — AT
(i BEAR25dB, BT DL AP e Jr s rp, XU i A 9 Hoe —
AT —AMK25dB. fEMAE W, IMD3 8RR () - (f; -
f) KRB N A B B 2 8RS (WK 6).

PCB#i /&

MAX2078 K5 | B & 2233 AL e, BERS R 7 @ 540 5 4
SEOUHEERE, S BENYIIA R . B8, a5
RN 2 EEE SRS .

MAX2078 % FITQFN-EPH4¢, HEMREEP)IRH T 15
B Z A ABLETE . ¥ iPCBRS, & BIMAX2078 )
B SEAAR R E B, ShAh, KR T — M
HEEEEEA M. AV REEIGEN — R HE
LR EPCBRYHLZ .

MAXIN

R CW Z E &)k Hive

81E 1B FH i,

-25dB

}

ULTRASOUND
IMD3

'

f1-(f2-1y)

fq

fo+(fo-11)

6. A IMD3 & 7y %
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818 1B E Fi i ,
RIHCW Z E BB ¥z

B8R K B

R
= 162Q
Veea

C36
100nF

100nF

V/C

NP

DIN
CLK
Veco

Vece

IN2

INAXIMN
MAX2078

=
ES

4.7nF
ouT2+
o > oure @

032
4.7nF

0UT1-

4F
0UT4-
] ouT4-
5 = H—

100;

Veet F e
L0 10, u*

470k

oUT7-
W{ o
7n

*EP = EXPOSED PAD.

ouTs-
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