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ABSOLUTE MAXIMUM RATINGS

VCC_toGND ... ByA (Without air fIOW) ........oooiiiiiii 34°C/W
COMP ..o, 04a (2.5m/s air flow)

BBIP, BBIN, BBQP, BBQN to GND 6Jc (junction to exposed paddle) ........c.coovviiiiiiiien, 8.5°C/W
LO, RFOUT to GND Maximum Current............ccoooeeevrern. 50mA Junction Temperature ..o, +150°C
Baseband Differential 1/Q Input Power (Note A) ............ +20dBm Storage Temperature Range .........c...cccceeevnene, -65°C to +150°C
LO INPUE POWET ... Lead Temperature (soldering 10s, non-lead free)........... +245°C
RBIASLO1 Maximum Current Lead Temperature (soldering 10s, lead free)................. +260°C

RBIASLO2 Maximum Current
RBIASLO3 Maximum Current

Note A: Maximum reliable continuous power applied to the baseband differential port is +12dBm from an external 100Q source.

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

(MAX2022 Typical Application Circuit, Vcc = +4.75V to +5.25V, GND = 0V, I/Q inputs terminated into 100Q differential, LO input ter-
minated into 50Q, RF output terminated into 50, R1 = 432Q, R2 = 562Q, R3 = 301Q, Tc = -40°C to +85°C, unless otherwise noted.
Typical values are at Voc = +5V, Tc = +25°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Voltage Vce 4.75 5.00 5.25 Y
Total Supply Current ITOoTAL Pins 3, 13, 15, 31, 33 all connected to Vcc 292 342 mA
Total Power Dissipation 1460 1796 mw

AC ELECTRICAL CHARACTERISTICS

(MAX2022 Typical Application Circuit, Vcc = +4.75V to +5.25V, GND = 0V, 1/Q differential inputs driven from a 100Q DC-coupled
source, OV common-mode input, PLo = 0dBm, 1900MHz < f o = 2200MHz, 50Q LO and RF system impedance, R1 = 432Q, R2 =
562Q, R3 = 301Q, Tc = -40°C to +85°C. Typical values are at Vcc = +5V, Vgl = 109mVp-p differential, Veeq = 109mVp-p differential,
flg = TMHz, Tc = +25°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL | CONDITIONS MIN TYP MAX | UNITS
BASEBAND INPUT

Baseband Input Differential

Impedance flg = TMHz 43 Q
BB Common-Mode Input Voltage 25 0 +15 v
Range

Output Power Tc = +25°C -24 dBm

RF OUTPUTS (fLo = 1960MHz)

VBBI, VBBQ = 547mVp.p differential per tone

into 5092,

Output IP3 81 = 1.8MHz, 21.8 dBm
fBB2 = 1.9MHz
VBBI, VBBQ = 547mVp-p differential per tone
into 509,

Output IP2 81 = 1.8MHz, 48.9 dBm
fBB2 = 1.9MHz

Output Power -20.5 dBm

2 MAXIN
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AC ELECTRICAL CHARACTERISTICS (continued)

(MAX2022 Typical Application Circuit, Vcc = +4.75V to +5.25V, GND = 0V, 1/Q differential inputs driven from a 100Q DC-coupled
source, OV common-mode input, PLo = 0dBm, 1900MHz < f 0 = 2200MHz, 50Q LO and RF system impedance, R1 = 432Q, R2 =
562Q, R3 = 301Q, Tc = -40°C to +85°C. Typical values are at Vcc = +5V, VBBl = 109mVp-p differential, Vesq = 109mVp_p differential,

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

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Output Power Variation Over Te = -40°C to +85°C -0.004 dB/°C
Temperature
fLo = 1960MHz, sweep BB,
Output-Power Flatness PRF flatness for fgg from 1MHz to 50MHz 06 dB
ACLR (1st Adjacent Channel Single-carrier WCDMA (Note 2), 70 dBc
5MHz Offset) RFOUT = -16dBm
No external calibration, with each baseband
LO Leakage input terminated in 50Q 467 dBm
Sideband Suppression No external calibration 47.3 dBc
Output Return Loss 15.3 dB
) . fmeas = 2060MHz, with each baseband
Output Noise Density input terminated in 50 -173.4 dBm/Hz
LO Input Return Loss 10.1 dB
RF OUTPUTS (fLo = 2140MHz)
VBgBl, VBBQ = 547mVp-p differential per tone
into 50,
Output IP3 faB1 = 1.8MHz, 23.3 dBm
fBB2 = 1.9MHz
VBBI, VBBQ = 547mVp-p differential per tone
into 50Q,
Output IP2 faB1 = 1.8MHz, 51.5 dBm
fBB2 = 1.9MHZ
Output Power -20.8 dBm
Output Power Variation Over Te = -40°C to +85°C -0.005 dB/°C
Temperature
fLo = 2140MHz,
Output-Power Flatness sweep BB, 0.32 dB
PRF flatness for fgg from 1MHz to 50MHz
ACLR (1st Adjacent Channel Single-carrier WCDMA (Note 2), 70 dBc
5MHz Offset) RFOUT = -16dBm, fLo = 2GHz
No external calibration, with each baseband
LO Leakage input terminated in 50Q -40.4 dBm
Sideband Suppression No external calibration 45.7 dBc
Output Return Loss 135 dB
. ) fmeas = 2240MHz, with each baseband
Output Noise Density input terminated in 50€2 -178.2 dBm/Hz
LO Input Return Loss 18.1 dB
Note 1: T¢ is the temperature on the exposed paddle.
Note 2: Single-carrier WCDMA peak-to-average ratio of 10.5dB for 0.1% complimentary cumulative distribution function.
MAXIW 3

ccOCcXVIN



BIM1FIVvILID, AL Py TAIN—3>
1500MHz~2500MHzE 2 Zizs

MAX2022

ZEEEE
(MAX2022 Typical Application Circuit, 50Q LO input, R1 = 432Q, R2 = 562Q, R3 = 301Q, Vcc = +5V, PLo = 0dBm, V|F| = VIFQ =
109mVp_p differential, fig = TMHz, 1/Q differential inputs driven from a 100Q DC-coupled source, common-mode input from OV, T¢ =
+25°C, unless otherwise noted.)

ACLR vs. OUTPUT POWER ACLR vs. OUTPUT POWER ACLR vs. OUTPUT POWER
-60 ‘ T -60 ‘ 7 3 -60 ‘ ‘ 7 5
-62 |—SINGLE CARRIER g -62 |—TWO CARRIER g 62 ADJACENT CHANNEL A / g
-64 ! / z -64 / 2 -64 \ \ // g
i ADJACENT CHANNEL % N . N\ |/
. B ) \—
S IR 3 e A\ _ A4
= 68 = 68 g -6
= .70 \‘ / = 0 N\ ADJACENT CHANNEL = 70 ALTERNATE CHANNEL__|
=] \ N~—— =] =}
<< << <<
72 \\ 72 72
7 N ALTERNATE CHANNEL | 24 X 74
76 AN 6 ALTERNATE CHANNEL____| 76
\
-78 -78 -78 | FOUR CARRIER
-80 -80 -80 |
-40 -30 -20 -10 0 -40 -30 -20 -10 0 -50 -40 -30 20 -10
OUTPUT POWER (dBm) OUTPUT POWER (dBm) QUTPUT POWER (dBm)
OUTPUT POWER vs. LO FREQUENCY OUTPUT POWER vs. LO FREQUENCY OUTPUT POWER vs. LO FREQUENCY
2 T T T B -2 T T T g -2 T T T g
Vi=Vq = 0.611Vp-p DIFFERENTIAL £ Vi =Vq = 0611Vp-p DIFFERENTIAL £ Vi =Vq = 0611Vp-p DIFFERENTIAL £
3 3 3
E E E
s A4 L 4 S -4
< PLo = -3dBm, 0dBm, +3dBm & To=1425°C & Voo = 4.7V, 5.0V, 5.25V
e 5 ~— } e 5 ~— Tg=-40°C — e 5 ’%‘
5 \/L 5 /\'\\fﬁ l 5 \/ y
£ L = ISR N\ = =
> -6 > -6 > -6
IS) \\ ) | \,\\ = \.-\
To-+85°C \'\>'Q
-7 N 7 : \ 7 A
N ~ N
-8 -8 -8
15 17 19 21 23 25 15 17 19 21 23 25 15 17 19 21 23 25
LO FREQUENCY (GHz) LO FREQUENCY (GHz) LO FREQUENCY (GHz)
LO LEAKAGE vs. LO FREQUENCY LO LEAKAGE vs. LO FREQUENCY LO LEAKAGE vs. LO FREQUENCY
1 1 1 1 5 1 1 1 1 g 1 1 1 1 2
o |_BASEBAND INPUTS TERMINATED INS02 | 1o | _BASEBAND INPUTS TERMINATED IN 502 | < o | _BASEBAND INPUTS TERMINATED IN 502 | <
= PLo =-3dBm, +3dBm = L Tc=-40°C, +85°C =
£ @ /A L0 E 0 /-'§ ¢ g / Vog =475V, 5.0V
) /| = 50 = 50
S S S
-0 f<— PLo=00Bm -70 fo—Tc = +25°C -70
\ \ ‘ Ve =5.25V
-90 -90 -90 | |
15 17 19 21 23 25 15 17 19 21 23 25 15 17 19 21 23 25
LO FREQUENCY (GHz) LO FREQUENCY (GHz) LO FREQUENCY (GHz)
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(MAX2022 Typical Application Circuit, 50Q LO input, R1 = 432Q, R2 = 562Q, R3 = 301Q, Vcc = +5V, PLo = 0dBm, V|F| = VIFQ =
109mVp-p differential, fiq = TMHz, I/Q differential inputs driven from a 100Q2 DC-coupled source, common-mode input from OV, Tc =
+25°C, unless otherwise noted.)

IMAGE REJECTION vs. LO FREQUENCY IMAGE REJECTION vs. LO FREQUENCY IMAGE REJECTION vs. LO FREQUENCY
60 T T T 2 60 T T T = 60 T T T =
fBg = TMHz, V| = Vg = 112mVp-p H feg = IMHz, V| = Vg = 112mVp_p S fBg = TMHz, V) = Vg = 112mVp-p 3
50 z 50 l E: 50 ‘ £ z
_ _ PLo= W 4 -
o / o oo
S w : S @ / = =
= / Te =-40°C, +25°C, +85°C = M PLo = 0dBm = p/ Vg =475, 5.0V, 5.25V
o 30 S 3 oS 30
& ( = %’ 2 A
N4 2 5
P =) )
PLo=+3dBm
10 10 10
0 0 0
15 17 19 21 23 25 15 17 19 21 23 25 15 17 19 21 23 25
LO FREQUENCY (GHz) LO FREQUENCY (GH2) LO FREQUENCY (GHz)
IF FLATNESS
OUTPUT NOISE vs. OUTPUT POWER OUTPUT NOISE vs. OUTPUT POWER vs. BASEBAND FREQUENCY
i I . —— g ST T T ;. ™
PLo = 0dBm, fig = 1960MHz 5 PLo = 0dBm, i = 2140MHz } 5 5 8
! g g g
5 wowc 2 16 — z
£ I N = 7 S
£ 160 Tg = +25°C E -164 =
<) e 7, g Tc=+85°C g 1
5 N i = . s
S -165 S -168 Tc=+25°C 2 19 ~—
= 7/ |ciwsc|  E 5 .
E 7o = .m 7 = fLo + foF
3’ 4 3 = -2
A7 |—— 176 | 2
To = 40°C 23 110 =1960MHz, Pgg = -12dBm/PORT INTO 5002
180 180 — -24 ‘ ‘ ‘ :
25 20 15 10 5 0 5 10 25 20 15 10 5 0 5 10 0 0 40 60 80 100
OUTPUT POWER (dBm) OUTPUT POWER (dBm) BASEBAND FREQUENCY (MHz)
IF FLATNESS BASEBAND DIFFERENTIAL INPUT RESISTANCE BASEBAND DIFFERENTIAL INPUT RESISTANCE
vs. BASEBAND FREQUENCY vs. BASEBAND FREQUENCY vs. BASEBAND FREQUENCY
14 . G450 - g U5 o
-15 = ‘ ‘ g8 g
i : = Voo = 475V B : = 2
@ 440 — 3 w0
g o e S 435 v —= = PLo = +3d8m
S -18 z W ——< - 2 L=
& Yy s — — = ‘
£ 19 = 430 2 435
2 A % " T Voo =5.0V =
w e 425 =
[ & Vee = &
21 = ce=525V = |==
fLo +fr S 420 = 430 P 0dB
22 | 2 ° o : L0 =0dBm
) | |l Fas z |
23 L0 = 2140MHz, Pgg = -12dBm/PORT INTO 5002 8 flo = 26Hz, PLo = 0dBm & flo = 2GHz, Vgg = 5.0V
24 ‘ ‘ ‘ ‘ S 410 : : B 425 ‘ ‘
0 20 40 60 80 100 0 0 40 60 80 100 0 20 40 60 8 100
BASEBAND FREQUENCY (MHz) BASEBAND FREQUENCY (MHz) BASEBAND FREQUENCY (MHz)
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(MAX2022 Typical Application Circuit, 50Q LO input, R1 = 432Q, R2 = 562Q, R3 = 301Q, Vcc = +5V, PLo = 0dBm, V|f| = VIFQ =
109mVp_p differential, fig = TMHz, 1/Q differential inputs driven from a 100Q DC-coupled source, common-mode input from 0V, T¢ =
+25°C, unless otherwise noted.)

OUTPUT IP3 OUTPUT IP3 OUTPUT IP3
vs. LO FREQUENCY vs. LO FREQUENCY vs. LO FREQUENCY
2 e 2 g 2% .
0 | AZ ] E 2 E 2 /! EASE
/ | Voo = 475V / | | Po=-3Bm
Tg =-40°C, +25°C, +85°C
Ve = 5.0V, 5.25V PLo = 0dBm, +3dBm
£ 15 € 15 € 15
) 3 3
2 2 g
S 10 S 1 S 1
5 5 5
Vigg = 0.61Vp_p DIFFERENTIAL PER TONE, Vigg = 0.61Vp_p DIFFERENTIAL PER TONE, Vigg = 0.61Vp_p DIFFERENTIAL PER TONE,
fB1 = 1.8MHz, fggo = 1.9MHz feg1 = 1.8MHz, fggo = 1.9MHz feg1 = 1.8MHz, fggo = 1.9MHz
\ \ \ \ \ \ \ \ \ \ \ \
0 0 0
15 17 19 21 23 25 15 17 19 21 23 25 15 17 19 21 23 25
LO FREQUENCY (GHz) LO FREQUENCY (GHz) LO FREQUENCY (GHz)
OUTPUT IP3 OUTPUT IP2 OUTPUT IP2
vs. COMMON-MODE BASEBAND VOLTAGE vs. LO FREQUENCY vs. LO FREQUENCY
60 i i i i i 1 70 | ; 70 | | 3
Vgp = 0.61Vp.p DIFFERENTIAL PERTONE, |3 Ne—t1c- 25 g F Ve = 4.75V, 5.0V 3
50 | fgay = 1.8MHz, fpp2 = 1.9MHz N E 60 o 3 60 g
y 1 Tg = +85°C ‘
40 30 = 50 | S
£ E 4 |—Tc--10C & 40 [yg-505
5 30 —flo=2140MH; = =
oo o o
S N — S 30 S 30
A \
flo = 1960MHz 20 20
10 10} Ve =0.61Vp_p DIFFERENTIAL PER TONE, — 10} Veg = 0.61Vp_p DIFFERENTIAL PER TONE, —
fe1 = 1.8MHz, fggo = 1.9MHz fg1 = 1.8MHz, fggp = 1.9MHz
0 0 \ \ \ \ \ 0 \ \ \ \ \
3 2 10 1 2 3 15 17 19 21 23 25 15 17 19 21 23 25
COMMMON-MODE BASEBAND VOLTAGE (V) LO FREQUENCY (GHz) LO FREQUENCY (GHz)
OUTPUT IP2 OUTPUT IP2
vs. LO FREQUENCY vs. COMMON-MODE BASEBAND VOLTAGE LO LEAKAGE vs. LO FREQUENCY
70 @ 60 T T < 0 T T T T 5
\ g fLo = 1960MHz E NULLED AT f g = 1960MHz AT g
60 PLo =+3dBm g A g PRr =-18dBm g
/\ _ : ? o : . :
50 A fio = 2140MHz _
B 40 £
= € = 4
PLo < 0dBm o
IR R t0 s &
= ~ 30 s
S S 5
5 S S 60 s
20 2
2 \ /
0 b | -80
10 | Veg=0.61Vp.p DIFFERENTIAL PER TONE, — Vg = 0.61Vp_p DIFFERENTIAL PER TONE, \ /
fgB1 = 1.8MHz, fggo = 1.9MHz fgg1 = 1.8MHz, fgpo = 1.9MHz
0 \ \ \ \ 0 \ \ \ \ \ 100
15 17 19 21 23 25 32 44 0 1 2 3 1945 1950 1955 1960 1.965 1.970 1975
LO FREQUENCY (GHz) COMMMON-MODE BASEBAND VOLTAGE (V) LO FREQUENCY (GHz)
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(MAX2022 Typical Application Circuit, 50Q LO input, R1 = 432Q, R2 = 562Q, R3 = 301Q, Vcc = +5V, PLo = 0dBm, V|f| = VIFQ =
109mVp_p differential, fig = TMHz, 1/Q differential inputs driven from a 100Q DC-coupled source, common-mode input from 0V, T¢ =
+25°C, unless otherwise noted.)

LO LEAKAGE vs. Ppr WITH LO LEAKAGE vs. Prr WITH LO LEAKAGE vs. fr g WITH
LO LEAKAGE NULLED AT SPECIFIC Prr LO LEAKAGE NULLED AT SPECIFIC Ppf LO LEAKAGE NULLED AT SPECIFIC Prf
-68 8 68 ‘ ‘ 2 0 5
70 - g 70 |- fLo=2140Hz 8 A0 8
72 Tx BN z 72 — 2 20 z
4 NULLED AT -10dBm 74 A /\\ / )
& 76 s A g 75 NULLED AlT 1008 N/ g ¥
S s - -10dem Y s
== - AN NS
=< -80 T \ = 80 g \ = 50 ™\ —
= NULLED AT -14dBm, = NULLED AT -14dBm, / = \ 7
82 82 /Y
= -18dBm, -22dBm = -18dBm, -22d8m N = 60
-84 -84 /
‘ l /\/ -0
-86 | -86 Y
88 |- flo = 1960MH: -88 = 80
| | Lo = 1960MHz, NULLED AT -10dBm Pge
-90 -90 -90
40 35 30 25 20 -15  -10 40 35 30 25 20 -5 -10 185 190 195 200 205 210
OUTPUT POWER P (dBm) OUTPUT POWER P (dBm) LO FREQUENCY (GHz)
LO LEAKAGE vs. fr g WITH LO LEAKAGE vs. DIFFERENTIAL
LO LEAKAGE NULLED AT SPECIFIC Prr DC OFFSET ON Q-SIDE SIDEBAND SUPRESSION vs. PR
0 | | | \ g 40 T T 1 0
0 |-1L0=2140MHz, NULLED AT -100Bm Pre —{= Pgr = -18dBm, I-SIDE NULLED g 6 g
" g I : - 1.8MHz g
§ -50 flo= ZWQMHZ fLo = 1960MHz —— = 5 |
¢ = ISR = —
g _40 o & 40
g g o - NAAN &
5 50 N 5 2 3 9MHz
= -60 \V/—\ Z\ y S %
- \i/ N/ 70 5 2
° \ \4 \/ < fg1 = 1.8MHz, fggp = IMHz, f o = 1960MHz,
80 / 10 |1.8MHz BASEBAND TONE NULLED AT .
vV Prr = -20dBm
90 -80 0 L L L
200 205 210 215 220 225 A5 4 43 2 41 -0 9 -8 -30 -25 20 15 10
LO FREQUENCY (GHz) DC DIFFERENTIAL OFFSET ON Q-SIDE (mV) MODULATOR Poyr (dBm)
RF PORT RETURN LOSS LO PORT RETURN LOSS
SIDEBAND SUPRESSION vs. PR vs. LO FREQUENCY vs. LO FREQUENCY
70 3 0 . 0 5
ol D — — % % 5 P~ g
g 1 T g ) -
g YR —F 2 2 10 N Vo = 475V, 5.0V, 5.25V
2 MH = =
£ w0 1.8MHz —— MHz = g | /
S 2 10 B \y
2 3 & \ Ve = 4.75V, 5.0V, 5.25V / & \ /
= = o
= S o -2
=) S N | / S \ ,
@ fag1 = 1.8MHz, fago = IMHz, fio = 2140MHz, = \ i 7 2
10 |1.8MHz BASEBAND TONE NULLED AT = V
Prr =-20dBm
0 : ‘ : 20 -30
-30 25 20 -15 -10 15 17 19 2.1 23 25 15 1.7 1.9 21 23 25
MODULATOR Pgyr (dBm) L0 FREQUENCY (GHz) LO FREQUENCY (GHz)
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(MAX2022 Typical Application Circuit, 50Q LO input, R1 = 432Q, R2 = 562Q, R3 = 301Q, Vcc = +5V, PLo = 0dBm, V|f| = VIFQ =
109mVp_p differential, fig = TMHz, 1/Q differential inputs driven from a 100Q DC-coupled source, common-mode input from 0V, T¢ =
+25°C, unless otherwise noted.)

TOTAL SUPPLY CURRENT (mA) LO PORT RETURN LOSS (dB)

VCCLOI2 SUPPLY CURRENT (mA)

w
=
o

w
S
(=}

w
=3
S

N
@
S

N
(=3
(=}

o
=
o

70

65

60

55

50

45

40

LO PORT RETURN LOSS
vs. LO FREQUENCY

IAX2022 toc37

PLo=-3dBm

15

17

19 2.1
LO FREQUENCY (GHz)

TOTAL SUPPLY CURRENT
vs. TEMPERATURE (T¢)

2.3

2.5

IAX2022 toc40

=

1

////

—
Vee

o\

475V

N
S

-15 10

35
TEMPERATURE (°C)

60

VCCLOI2 SUPPLY CURRENT

vs. TEMPERATURE (T¢)

Ve =525V

85

—

\

=<1

Vee =475V

Vee=5.0V

-40

-15 10

35
TEMPERATURE (°C)

60
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VCCLOA SUPPLY CURRENT (mA) QUTPUT POWER (dBm)

VCCLOQ1 SUPPLY CURRENT (mA)
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35
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-40 -15 10
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OUTPUT POWER vs. INPUT POWER (PiN*)

1 1
| iL0=1960MHz

/

*Pin IS THE AVAILABLE
—POWER FROM ONE OF

/

IAX2022 toc38

THE FOUR 502

| BASEBAND SOURCES //

J

/

KTC = -40°C, 425°C, 485
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COMPONENT VALUE DESCRIPTION
C1, C3, C4, Ce, C7,C10,C13 22pF 22pF £5%, 50V COG ceramic capacitors (0402)
C2,C5,C8, C11,C12 0.1uF 0.1pyF £10%, 16V X7R ceramic capacitors (0603)
C9 1.2pF 1.2pF +0.1pF, 50V COG ceramic capacitor (0402)
R1 432Q 432Q +1% resistor (0402)
R2 562Q 562Q +1% resistor (0402)
R3 301Q 301Q £1% resistor (0402)
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