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ABSOLUTE MAXIMUM RATINGS

VCC_tO GND ..o

BBI+, BBI-, BBQ+, BBQ-to GND..................

LO, RF to GND Maximum Current ........cccooovvvvvviiiiiiieeeeee,
RFE INpUt POWET ...
Baseband Differential I/Q Input Power
LO INPUE POWET ...
RBIASLO1 Maximum Current ............ccoooeeviiiiiiiccieee
RBIASLO2 Maximum CUrrent .........cccooovoiiiriiiciiaee

RBIASLOS3 Maximum Current .............ccoceeeeiiioiiiciiiece
0ya (without air flow) ..o
BUA (2.5M/S @Ir FIOW) .ooiiiiiiiic
6Jc (junction to exposed paddle) ....
Junction Temperature......................
Storage Temperature Range ............ccccooveenn.

Lead Temperature (soldering 10s, leaded) ..................... +245°C
Lead Temperature (soldering 10s, lead free).................. +260°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

(MAX2023 Typical Application Circuit, Vcc = +4.75V to +5.25V, GND = 0V, 1/Q inputs terminated into 100Q differential, LO input terminat-
ed into 50Q, RF output terminated into 502, OV common-mode input, R1 = 432Q, R2 = 562Q, R3 = 300Q, Tc = -40°C to +85°C, unless
otherwise noted. Typical values are at Vcc = +5V, T = +25°C, unless otherwise noted.) (Note 1)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Supply Voltage 4.75 5.00 5.25 \
Supply Current (Note 2) 255 295 345 mA

AC ELECTRICAL CHARACTERISTICS (Modulator)

(MAX2023 Typical Application Circuit, when operated as a modulator, Vcc = +4.75V to +5.25V, GND = 0V, 1/Q differential inputs
driven from a 100Q DC-coupled source, OV common-mode input, 50Q LO and RF system impedance, R1 = 432Q, R2 = 562Q,

R3 = 300, Tc = -40°C to +85°C. Typical values are at Vcc = +5V, VBB|

Tc = +25°C, unless otherwise noted.) (Note 1)

= VBBQ = 2.66Vp.p differential, filq = 1MHz, PLo = 0dBm,

PARAMETER I CONDITIONS MIN TYP MAX UNITS
BASEBAND INPUT
Baseband Input Differential Impedance | fl;q = 1MHz 55 Q
Esngzmmon"\/")de InputVoltage |\ _ Vaaq = 1Vp.p differential 35 v
Baseband 0.5dB Bandwidth 450 MHz
LO INPUT
LO Input Frequency Range 1500 2300 MHz
LO Input Drive -3 +3 dBm
LO Input Return Loss 15 dB
RF OUTPUT
PouT = 0dBm, fLo = 1750MHz +24.2
Output IP3 fBB1 = 1.8MHz, fLo = 1850MHz +23.5 dBm
fBB2 = 1.9MHz fLo = 1950MHz +22
Output IP2 fPL%U:T 1:8%%32';53‘ = 1.8MHz, fgg2 = 1.9MHz, +61 dBm
fLo = 1750MHz +15.9
Output P1dB CW tone fLo = 1850MHz +14.3 dBm
fLo = 1950MHz +12.5
Output Power (Note 3) +5.6 dBm
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AC ELECTRICAL CHARACTERISTICS (Modulator) (continued)

(MAX2023 Typical Application Circuit, when operated as a modulator, Vcc = +4.75V to +5.25V, GND = 0V, 1/Q differential inputs
driven from a 100Q DC-coupled source, OV common-mode input, 50Q LO and RF system impedance, R1 = 432Q, R2 = 562Q,
R3 = 300, Tc = -40°C to +85°C. Typical values are at Vcc = +5V, VBBl = VBBQ = 2.66Vp-p differential, fig = 1MHz, PLo = 0dBm,
Tc = +25°C, unless otherwise noted.) (Note 1)

Output Power Variation Over o o
Temperature Pout = +5.6dBm, fijq = 100kHz, Tc = -40°C to +85°C 0.25 dB
Output-Power Flatness fLo = 1850MHz, PRF flatness for fLo swept over 0.2 dB
+50MHz range
RF Return Loss fLo = 1850MHz 17 dB
fLo = 1750MHz 51
Single Sideband Rejection No external fLo = 1850MHz 48 dBc
calibration
fLo = 1950MHz 48
200kHz offset -37.2
, o Pout = +6dBM. fLo- ['400kH; offset 714 dBc/
Spurious Emissions = 1850MHz, EDGE
input 600kHz offset -84.7 30kHz
1.2MHz offset -85
. ) RMS 0.67
Error Vector Magnitude EDGE input %
Peak 15
Output Noise Density (Note 4) -174 dBm/Hz
Output Noise Floor PouTt = 0dBm (Note 5) -165 dBm/Hz
Un-nulled, baseband | fLO = 1750MHz 59
LO Leakage inputs terminated in fLo = 1850MHz -54 dBm
50Q fLo = 1950MHz -48

AC ELECTRICAL CHARACTERISTICS (Demodulator)

(MAX2023 Typical Application Circuit when operated as a demodulator, Vcc = +4.75V to +5.25V, GND = 0V, 50Q LO and RF system
impedance, R1 = 432Q, R2 = 5622, R3 = 300Q, Tc = -40°C to +85°C. Typical values are at Vcc = +5V, PRF = 0dBm, fgg = 1MHz,
PLo = 0dBm, fLp = 1850MHz, Tc = +25°C, unless otherwise noted.) (Note 1)

PARAMETER | CONDITIONS MIN TYP MAX | UNITS
RF INPUT
RF Input Frequency 1500 2300 MHz
Conversion Loss BB = 26MHz 9.5 daB
Noise Figure 9.6 dB
Noise Figure Underblocking fBLOCKER = 1950MHz, PBLOCKER = +11dBm, 20.3 dB
Conditions fRF = 1850MHz (Note 6)
Input Third-Order Intercept fRF1 = 1875MHz, frF2 = 1876MHz, fLo = 1850MHz, 38 dBm
Point PRF = PLo = 0dBm, fijm3 = 24MHz
Input Second-Order Intercept | frRF1 = 1875MHz, frr2 = 1876MHz, fLo = 1850MHz, 59 dBm
Point PRF = PLo = 0dBm, fijm2 = 51MHz
Input 1dB Compression Point | fgg = 25MHz 29.7 dBm
1/Q Gain Mismatch fBB = TMHz 0.025 dB
I/Q Phase Mismatch fBg = 1MHz 0.56 Degrees

MAXIMN 3
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Note 1: Tc is the temperature on the exposed paddle.

Note 2: Guaranteed by production test.

Note 3: V|q = 2.66Vp-p differential CW input.

Note 4: No baseband drive input. Measured with the baseband inputs terminated in 50Q2. At low output power levels, the output
noise density is equal to the thermal noise floor. See Output Noise Density vs. Output Power plots in Typical Operating
Characteristics.

Note 5: The output noise vs. PouT curve has the slope of LO noise (Ln dBc/Hz) due to reciprocal mixing. Measured at 10MHz offset
from carrier.

Note 6: The LO noise (L = 10(Ln/10)) determined from the modulator measurements can be used to deduce the noise figure under-
blocking at operating temperature (Tp in Kelvin), feLock = 1 + (Lcn-1) TP/ To + LPBLOCK / (1000kTQ), where To = 290K,
PBLOCK in mW, k is Boltzmann's constant = 1.381 x 10(-23) J/K, and Lcn = 10(Lc/10), L is the conversion loss. Noise figure
underblocking in dB is NFLock = 10 x log (fBLOCK). Refer to Application Note 3632.

AT E4F14
(MAX2023 Typical Application Circuit, Vcc = +4.75V to +5.25V, GND = 0V, 1/Q differential inputs driven from a 100©2 DC-coupled source
(modulator), Vgl = VBBQ = 2.6Vp-p differential (modulator), PRr = +6dBm (demodulator), I/Q differential output drives 502 differential load
(demodulator), OV common-mode input/output, PL.o = 0dBm, 1500MHz < fLo = 2300MHz, 50Q LO and RF system impedance, R1 = 432Q,
R2 = 562Q, R3 = 300Q, Tc = -40°C to +85°C. Typical values are at Vcc = +5V, fLo = 1850MHz, Tc = +25°C, unless otherwise noted.)

MODULATOR SINGLE-SIDEBAND SUPPRESSION MODULATOR SINGLE-SIDEBAND SUPPRESSION

SUPPLY CURRENT vs. TEMPERATURE (Tg) vs. LO FREQUENCY vs. LO FREQUENCY
400 - 70 — g 70 — 3
380 5 65 PLo = -3dBm] g 6 Vg = 5V :
360 R | = E
= L ve=525v | S | PLo-00Bm 4 [INA 8 N\,
o = XN = A NER/A
= 320 % 2 50 AR S s /
3 30 —— = 7 2 N4 \
> 280 ,//‘/ S 40 / = P 2 @ / /--/
o = - m =
S 260 N 2 3% / ot g % / Vg =475V
210 Vg = 4.75V 2 a0 “ 30 Vg =5.25V
220 % 2%
200 2 2
4 5 10 3% 60 8 15 16 17 18 19 20 21 22 23 15 16 17 18 19 20 21 22 23
TEMPERATURE (°C) LO FREQUENCY (GH2) LO FREQUENGY (GHz)
MODULATOR SINGLE-SIDEBAND SUPPRESSION MODULATOR OUTPUT IP3 MODULATOR OUTPUT IP3
vs. LO FREQUENGY vs. LO FREQUENCY vs. LO FREQUENGY
70 . B 30 .
" B ;g 0 [T T et |
. To=485°C [ g % Too:25°C 5 . fp=1.9VHz |
_ 2% =
Dlg/ 55 N \/ A \ 24 L / o —= ‘V
= IS
5 50 / )’p \f\\ & 2 s » §
= [ = R\ £ AN
2 © /) Te-40c'| [ = O Te=-40°C N = ? Y
= \ s 1 ! N 5 Vo = 475, 5., 5,25V
g ® l//T To=+25°C S 16 To=485°C \ S 16 Shaiid s
%)
30 14 14
/ f = 1.8MHz 0
2 12 fp=19WHz
2 10 10
15 16 17 18 19 20 21 22 23 15 16 17 18 19 20 21 22 23 15 16 17 18 19 20 21 22 23
LO FREQUENCY (GH2) LO FREQUENCY (GHz) LO FREQUENGY (GHz)
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B TEFFIE(4)
(MAX2023 Typical Application Circuit, Vcc = +4.75V to +5.25V, GND = 0V, 1/Q differential inputs driven from a 100©2 DC-coupled source
(modulator), Vgl = VBBQ = 2.6Vp-p differential (modulator), PRr = +6dBm (demodulator), I/Q differential output drives 50Q2 differential load
(demodulator), OV common-mode input/output, PL.o = 0dBm, 1500MHz < f .o < 2300MHz, 50Q LO and RF system impedance, R1 = 432Q,
R2 = 562Q, R3 = 300Q, Tc = -40°C to +85°C. Typical values are at Vcc = +5V, fLo = 1850MHz, Tc = +25°C, unless otherwise noted.)

MODULATOR OUTPUT IP3 MODULATOR OUTPUT IP3 MODULATOR OUTPUT IP2
vs. LO FREQUENCY vs. 1/Q COMMON-MODE VOLTAGE vs. LO FREQUENCY
30 I — 26.0 — e 80 — -
% ] = 18MHz |2 f1=1,8MHZJ§ 1 i
PLoI:OdBm fo=19MHz | 255 fr=1.9MHz —5 - Te=+85°C To = 425°C g
% — z z
—_ 25.0
o PLo = +3dBm — _ _ \/‘\
£ \ £ e 70 \
) I Ny N i AN
£ w ? AN £ 240 £ 6 /A =
= _ e =
E 1 flo= 300 %\\\ E 235 ~ = J/\/\<
3 3~ 3 60 A/ -
16 ) S Z 7 Tg=-40°C
1 %0 - N 1]
0 05 1 =1.8MHz
fo=1.9MHz
10 22.0 50 e
15 16 17 18 19 20 21 22 23 35 25 15 05 05 15 25 35 15 16 17 18 19 20 21 22 23
L0 FREQUENCY (GHz) 1/Q COMMON-MODE VOLTAGE (V) LO FREQUENCY (GHz)
MODULATOR OUTPUT IP2 MODULATOR OUTPUT IP2 MODULATOR OUTPUT IP2
vs. LO FREQUENCY vs. LO FREQUENCY vs. 1/ COMMON-MODE VOLTAGE
80 — - 80 - 68 o
Vog =525V g ‘ ‘ g 67 :
75 \\ E 75 /\ PLo = 0dBm—fHz z
PLo = -3dBm 66
€ 170 Vge =5V € 70 =
& /\ / \ & / / g 6
£ y £ g Ny Eow
= / = =
- \ //"f/ E | § 63 N~ T\ /-
3 60 N 7/ 3 60 /1 PLo=+3dBm 3
/ Vg = 4.75V 5 _A \ 62
|
% f=1.8MHz ] % fr=1.8MHz 61 f1 = 1.8MHz |
fo=1.9MHz f=1.9MHz -1 OV
50 — 50 — 60 ‘
15 16 17 18 19 20 21 22 23 15 16 17 18 19 20 21 22 23 35 25 -15 05 05 15 25 35
LO FREQUENCY (GHz) LO FREQUENCY (GHz) 1/Q COMMON-MODE VOLTAGE (V)
MODULATOR OUTPUT POWER MODULATOR OUTPUT POWER MODULATOR OUTPUT POWER
vs. INPUT POWER vs. INPUT POWER vs. LO FREQUENCY
20 o 20 - 8 o
& | [ Po=+aem | ‘ :
18 g 18 S—— ~L [ g
z = m = — -40° =
16 L " 10 a3 7 To=-40°C z
= 14 | Veo=475v,5v,525 | | A = u i T PR /
3 3 / g 6 ~
s n = AR E A\
= e PLo =-3dBm = -—\\\ N
o 10 < 10 I 5 / /\ N
5 3 5 s E To=+25°C 7- N
2 6 2 s s 1 /
4 / s To =+85°C
3
2 // 2 /
0 0 / 2
10 12 14 16 18 20 22 24 26 28 30 10 12 14 16 18 20 22 24 26 28 30 15 16 17 18 19 20 21 22 23
INPUT POWER (dBm) INPUT POWER (dBm) LO FREQUENCY (GHz)
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BRT (EFFIE(4E)

(MAX2023 Typical Application Circuit, Vcc = +4.75V to +5.25V, GND = 0V, 1/Q differential inputs driven from a 100©2 DC-coupled source
(modulator), Vgl = VBBQ = 2.6Vp-p differential (modulator), PRr = +6dBm (demodulator), I/Q differential output drives 5022 differential load
(demodulator), OV common-mode input/output, PL.o = 0dBm, 1500MHz < fL.o < 2300MHz, 50Q LO and RF system impedance, R1 = 432Q,
R2 = 562Q, R3 = 300Q, Tc = -40°C to +85°C. Typical values are at Vcc = +5V, fLo = 1850MHz, Tc = +25°C, unless otherwise noted.)

MODULATOR OUTPUT POWER MODULATOR LO LEAKAGE MODULATOR LO LEAKAGE
vs. BASEBAND FREQUENCY vs. LO FREQUENCY vs. LO FREQUENCY
5 — T -40 | : ‘ . -40 ——— .
2 - 2 RF = -1dBm, 2
6 Po-comsingp =00Bm Par =-40dBm +°F 2 +00BM g LO LEAKAGE NULLED |2
T o+ fes £ 50 .* E 50 ATTa=425C 2
E 8 \\ S x\ \.\L—J/ = & To = -40°C
= [=a} L7 el >< ==} / /
g \ = /] = \/ Ve
2 -0 € 7 € 7 ™ /
a 4 = =
5 11 4 \ / - /
= - / /
5 4 / S -80 [— Prr=-7dBm S 80 /
o / /\/ TC = 185°C >/
18 o~ fes ) L0 LEAKAGE NULLED ) y
-14 Prr=-1dBm | AT Pge =-1dBm To=+25°C
15 -100 ‘ : : -100 ‘
0 10 20 30 40 50 60 70 180 182 184 186 188 190 180 182 184 18 188  1.90
BASEBAND FREQUENCY (MHz) LO FREQUENCY (GHz) LO FREQUENCY (GH2)
MODULATOR LO LEAKAGE MODULATOR OUTPUT NOISE DENSITY MODULATOR OUTPUT NOISE DENSITY
vs. LO FREQUENCY vs. OUTPUT POWER vs. OUTPUT POWER
-40 T T P~ " T o -150 < -150 T i -
RF =-1dBm, g 8 8
PLo=-3dBm | LEAKAGE NULLED |E N PLo =-3dBm £
50 / i =15 : =15 2
AT PLo=0dBm = z / = B 7 s
£ & /
£ 60 p A N = -160 / =160 PLo=0dBm —/
- N A 2 / 2 )
2 10 N\ & -165 & -165 /
& \/\ )0 & Tg=1+85°C / 7 / \
e [=) o
2 -80 i / S 0 | 2 / PLo=+3dBm __|
PLo = +30Bm y = _Lg = =
-90 / 3 175 r N 3 175
PLo = 0dBm oo
Lo Tooag | T6=5C
-100 -180 -180
180 182 184 186 188  1.90 23 48 13 8 3 2 7 1 23 18 13 8 3 2 7 1
LO FREQUENCY (GH2) OUTPUT POWER (dBm) OUTPUT POWER (dBm)
DEMODULATOR CONVERSION LOSS DEMODULATOR INPUT IP3 DEMODULATOR INPUT IP3
vs. LO FREQUENCY vs. LO FREQUENCY vs. LO FREQUENCY
120 " 45 « 45 ] 3
15 g 43 )% 43 i g
5 E M | PLo=0dBm E 4 Tg=+25°C E
_ 110 Tg=+85°C ~ Tr = +85°
g \ A 29 ﬁi\\ PLo = +3dBm % AN \ 0= 86
é 105 \l ,//- /,\ g 37 /v\\\\\\\ / é 37 p \
Z 100 / ,/- / g 3% / \‘_\\\ ~ £ ® v N ..-\"\x.'_
& N/ 5 7 N~ 5 4 ? N
o g5 v = 33 PLo=-3dBm N~—— = / NPaN
g .. T Y L R ,
S 90 N Tg = +25°C +— To = -40°C
Al 29 29 ‘
85 To =-40°C ”7 f1 ="fLo + 25MHz ] 97 f1="1L0+25MHz |
| fo =g + 26MHz o= fLo + 26MHz
80 25 | | | 25 L L 1
15 16 17 18 19 20 21 22 23 15 16 17 18 19 20 21 22 23 15 16 17 18 19 20 21 22 23
LO FREQUENCY (GHz) LO FREQUENCY (GHz) LO FREQUENCY (GHz)
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B TEFFIE(4)
(MAX2023 Typical Application Circuit, Vcc = +4.75V to +5.25V, GND = 0V, 1/Q differential inputs driven from a 100©2 DC-coupled source
(modulator), Vgl = VBBQ = 2.6Vp-p differential (modulator), PRr = +6dBm (demodulator), I/Q differential output drives 5022 differential load
(demodulator), OV common-mode input/output, PL.o = 0dBm, 1500MHz < fL.o < 2300MHz, 50Q LO and RF system impedance, R1 = 432Q,
R2 = 562Q, R3 = 300Q, Tc = -40°C to +85°C. Typical values are at Vcc = +5V, fLo = 1850MHz, Tc = +25°C, unless otherwise noted.)

DEMODULATOR INPUT IP2 DEMODULATOR 1/Q PHASE IMBALANCE DEMODULATOR 1/Q AMPLITUDE IMBALANCE
vs. LO FREQUENCY vs. LO FREQUENCY vs. LO FREQUENCY
80 — g 6 g 007 5
T =+25°C H & :
\ g 2 0.06 g
75 2 5 - 2
‘{ E 5 = ) PLo =+3dBm - =
- v/ S 4 g 0.05 <7
] T =+85°C N = PLo =+3dBm 2 004
~ / = [ | e
g 65 7 %3 3 1 = PLo =-6dBm /7
=5 ) / o \ PLOZOdBm = 0.03 L -~ AN
oO 73] 2 v
= PEN < [ E PLo=-3dBm _|
& — =X £’ PLo=-30Bm £ o _
=4 | | = NS | PLo=0dBm
55 ,} f1 = fLo + 25MHz | 1N PLo = -60Bm g '\
Tg=-40°C fo = Lo+ 26MHz M&% 001 /
50 L L1 1 0 — 0
15 16 17 18 19 20 21 22 23 15 16 17 18 19 20 21 22 23 15 16 17 18 19 20 21 22 23
L0 FREQUENCY (GHz) LO FREQUENCY (GHz) LO FREQUENCY (GHz)
LO PORT RETURN LOSS RF PORT RETURN LOSS
10 5 10 g
12 ,—Ié - |§
g s 15 z

HEEP < ol

[ PLo=+3dBm

=) e @ 2

= 4 N\ | PLo=0dBm =

% / ! [90)

S % PLo=-3dBm S % / \

= _ S PLo = -6dBm, -3dBm, 0dBm, +3dBm
E 29 f  PLo=-6dBm E /

o o

2% 30 /
26 35
28 /

30 40
15 16 17 18 19 20 21 22 23 15 16 17 18 19 20 21 22 23

LO FREQUENCY (GHz) RF FREQUENCY (GHz)
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4 LO AR, SOQUI AP T EMEHEA.
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15 VCCLOI2 | LEESE K LOK KA, 7ER N RESEIUT 51 MIAL F 22pF F10. 1 HLZ3 55 3% 51| b .
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