
♦

♦

♦

♦

♦ ±

♦

♦

♦

♦

♦

________________________________________________________________ Maxim Integrated Products 1

19-0832; Rev 0; 6/07

VT
UN

E

GN
DS

YN

CP
OU

T

VC
C_

SY
N

XT
AL

VC
OB

YP

SC
L

VC
C_

BB

QD
C-

AD
DR

QD
C+

ID
C-

RFIN

GC1

VCC_LO

+

÷

IOUT+

QOUT-

VCC_DIG

GN
DT

UN
E

SD
A

19

17

16

3

5

184

6

VCC_VCO REFOUT157

GND

IOUT-202VCC_RF1

21 IDC+1

26 24 23

10 12

25

11 13

22

14

27

9

28

8

VCC_RF2
MAX2120INTERFACE LOGIC

AND CONTROL

DC OFFSET
CORRECTION

LPF BW
CONTROL

DIV2/DIV4

EP

FREQUENCY
SYNTHESIZER

QOUT+

PART TEMP RANGE PIN-PACKAGE
PKG

CODE

MAX2120CTI+ 0°C to +70°C 28 Thin QFN-EP* T2855+3

*

http://www.maxim-ic.com.cn


2 _______________________________________________________________________________________

ABSOLUTE MAXIMUM RATINGS

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.

VCC to GND...........................................................-0.3V to +3.9V
All Other Pins to GND.................................-0.3V to (VCC + 0.3V)
RF Input Power: RFIN .....................................................+10dBm
VCOBYP, CPOUT, REFOUT, XTAL, IOUT_, QOUT_, IDC_, and 

QDC_ Short-Circuit Protection.............................................10s

Continuous Power Dissipation (TA = +70°C)
28-Pin Thin QFN (derated 34.5mW/°C above +70°C)........2.75W

Operating Temperature Range...............................0°C to +70°C
Junction Temperature ......................................................+150°C
Storage Temperature Range .............................-65°C to +160°C
Soldering Temperature (10s) ...........................................+260°C

DC ELECTRICAL CHARACTERISTICS
(MAX2120 Evaluation Kit: VCC = +3.13V to +3.47V, VGC1 = +0.5V (max gain), TA = 0°C to +70°C. No input signals at RF, baseband
I/Os are open circuited, and LO frequency = 2150MHz. Default register settings except ICP = 1 and BBG[3:0] = 1011. Typical values
measured at VCC = +3.3V, TA = +25°C, unless otherwise noted.) (Note 1)

PARAMETER CONDITIONS MIN TYP MAX UNITS

SUPPLY 

Supply Voltage  3.13 3.3 3.47 V 

Receive mode, bit STBY = 0  100 160 
Supply Current  

Standby mode, bit STBY = 1  3   
mA 

ADDRESS SELECT INPUT (ADDR)

Digital Input-Voltage High, VIH  2.4   V 

Digital Input-Voltage Low, VIL    0.5 V 

Digital Input-Current High, IIH    50 μA 

Digital Input-Current Low, IIL  -50   μA 

ANALOG GAIN-CONTROL INPUTS (GC) 

Input Voltage Range Maximum gain = 0.5V 0.5  2.7 V 

Input Bias Current  -50  +50 μA 

VCO TUNING VOLTAGE INPUT (VTUNE) 

Input Voltage Range  0.4  2.3 V 

2-WIRE SERIAL INPUTS (SCL, SDA)

Clock Frequency    400 kHz 

Input Logic-Level High  
0.7 x 
VCC

  V 

Input Logic-Level Low    
0.3 x 
VCC

V

Input Leakage Current Digital inputs = GND or VCC  ±0.1 ±1 μA 

2-WIRE SERIAL OUTPUT (SDA) 

Output Logic-Level Low ISINK = 1mA   0.4 V 

CAUTION! ESD SENSITIVE DEVICE



_______________________________________________________________________________________ 3

AC ELECTRICAL CHARACTERISTICS 
(MAX2120 Evaluation Kit: VCC = +3.13V to +3.47V, VGC1 = +0.5V (max gain), TA = 0°C to +70°C. Default register settings except ICP
= 1 and BBG[3:0] = 1011. Typical values measured at VCC = +3.3V, TA = +25°C, unless otherwise noted.) (Note 1)

PARAMETER CONDITIONS MIN TYP MAX UNITS

MAIN SIGNAL PATH PERFORMANCE

Input Frequency Range (Note 2) 925 2175 MHz

RF Gain-Control Range (GC1) 0.5V < VGC1 < 2.7V 65 73 dB

Baseband Gain-Control Range Bits GC2 = 1111 to 0000 13 15 dB

In-Band Input IP3 (Note 3) +2 dBm

Out-of-Band Input IP3 (Note 4) +15 dBm

Input IP2 (Note 5) +40 dBm

Adjacent Channel Protection (Note 6) 25 dB

VGC1 is set to 0.5V (maximum RF gain) and BBG[3:0] is
adjusted to give a 1VP-P baseband output level for a
-75dBm CW input tone at 1500MHz

8

Noise Figure

Starting with the same BBG[3:0] setting as above, VGC1
is adjusted to back off RF gain by 10dB (Note 7)

9 12

dB

Minimum RF Input Return Loss 925MHz < fRF < 2175MHz, in 75Ω system 12 dB

BASEBAND OUTPUT CHARACTERISTICS

Nominal Output Voltage Swing RLOAD = 2kΩ//10pF 0.5 1 VP-P

I/Q Amplitude Imbalance Measured at 500kHz; filter set to 22.27MHz ±1 dB

I/Q Quadrature Phase Imbalance Measured at 500kHz; filter set to 22.27MHz 3.5 Degrees

Single-Ended I/Q Output
Impedance

Real ZO, from 1MHz to 40MHz 30 Ω

Output 1dB Compression Voltage Differential 3 VP-P

Baseband Highpass -3dB
Frequency Corner

47nF capacitors at IDC_, QDC_ 400 Hz

BASEBAND LOWPASS FILTERS

Filter Bandwidth Range 4 40 MHz

Rejection Ratio At 2 x f-3dB 39 dB

Group Delay Up to 1dB bandwidth 37 ns

Ratio of In-Filter-Band to Out-of-
Filter-Band Noise

fINBAND = 100Hz to 22.5MHz, fOUTBAND = 87.5MHz to
112.5MHz

25 dB

FREQUENCY SYNTHESIZER

RF-Divider Frequency Range 925 2175 MHz

RF-Divider Range (N) 16 2175

Reference-Divider Frequency
Range

4 30 MHz

Reference-Divider Range (R) 1 31

Phase-Detector Comparison
Frequency

1 2 MHz
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AC ELECTRICAL CHARACTERISTICS (continued)
MAX2120 Evaluation Kit: VCC = +3.13V to +3.47V, VGC1 = +0.5V (max gain), TA = 0°C to +70°C. Default register settings except ICP
= 1 and BBG[3:0] = 1011. Typical values measured at VCC = +3.3V, TA = +25°C, unless otherwise noted.) (Note 1)

PARAMETER CONDITIONS MIN TYP MAX UNITS

VOLTAGE-CONTROLLED OSCILLATOR AND LO GENERATION

Guaranteed LO Frequency
Range

TA = 0°C to +70°C 925 2175 MHz

fOFFSET = 10kHz -82

fOFFSET = 100kHz -102LO Phase Noise

fOFFSET = 1MHz -122

dBc/Hz

XTAL/REFERENCE OSCILLATOR INPUT AND OUTPUT BUFFER

XTAL Oscillator Frequency
Range

Parallel-resonance-mode crystal 4 8 MHz

Input Overdrive Level AC-coupled sine wave input 0.5 1 2.0 VP-P

XTAL Output-Buffer Divider
Range

1 8

XTAL Output Voltage Swing 4MHz to 30MHz, CLOAD = 10pF 1 1.5 2 VP-P

XTAL Output Duty Cycle 50 %

Note 1: Min/max values are production tested at TA = +70°C. Min/max limits at TA = 0°C and TA = +25°C are guaranteed by design
and characterization.

Note 2: Gain-control range specifications met over this band.
Note 3: In-band IIP3 test conditions: GC1 set to provide the nominal baseband output drive when mixing down a -23dBm tone at

2175MHz to 5MHz baseband (fLO = 2170MHz). Baseband gain is set to its default value (BBG[3:0] = 1011). Two tones at 
-26dBm each are applied at 2174MHz and 2175MHz. The IM3 tone at 3MHz is measured at baseband, but is referred to the
RF input.

Note 4: Out-of-band IIP3 test conditions: GC1 set to provide nominal baseband output drive when mixing down a -23dBm tone at
2175MHz to 5MHz baseband (fLO = 2170MHz). Baseband gain is set to its default value (BBG[3:0] = 1011). Two tones at 
-20dBm each are applied at 2070MHz and 1975MHz. The IM3 tone at 5MHz is measured at baseband, but is referred to the
RF input.

Note 5: Input IP2 test conditions: GC1 set to provide nominal baseband output drive when mixing down a -23dBm tone at 2175MHz
to 5MHz baseband (fLO = 2170MHz). Baseband gain is set to its default value (BBG[3:0] = 1011). Two tones at -20dBm
each are applied at 925MHz and 1250MHz. The IM2 tone at 5MHz is measured at baseband, but is referred to the RF input.

Note 6: Adjacent channel protection test conditions: GC1 is set to provide the nominal baseband output drive with a 2110MHz
27.5Mbaud signal at -55dBm. GC2 set for mid-scale. The test signal will be set for PR = 7/8 and SNR of -8.5dB. An adjacent
channel at ±40MHz is added at -25dBm. DVB-S BER performance of 2E-4 will be maintained for the desired signal. GC2
may be adjusted for best performance.

Note 7: Guaranteed by design and characterization at TA = +25°C.
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(MAX2120 Evaluation Kit: VCC = +3.3V, baseband output frequency = 5MHz; VGC1 = 1.2V; TA = +25°C. Default register settings
except ICP = 1 and BBG[3:0] = 1011.)
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(MAX2120 Evaluation Kit: VCC = +3.3V, baseband output frequency = 5MHz; VGC1 = 1.2V; TA = +25°C. Default register settings
except ICP = 1 and BBG[3:0] = 1011.)
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(MAX2120 Evaluation Kit: VCC = +3.3V, baseband output frequency = 5MHz; VGC1 = 1.2V; TA = +25°C. Default register settings
except ICP = 1 and BBG[3:0] = 1011.)
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1 VCC_RF2

2 VCC_RF1

3 GND

4 RFIN

5 GC1

6 VCC_LO

7 VCC_VCO

8 VCOBYP

9 VTUNE

10 GNDTUNE

11 GNDSYN

12 CPOUT

(MAX2120 Evaluation Kit: VCC = +3.3V, baseband output frequency = 5MHz; VGC1 = 1.2V; TA = +25°C. Default register settings
except ICP = 1 and BBG[3:0] = 1011.)
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13 VCC_SYN
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MSB LSB

DATA BYTE
REG

NO

REGISTER

NAME

READ/

WRITE

REG

ADDRESS
D[7] D[6] D[5] D[4] D[3] D[2] D[1] D[0]

1
 N-Divider

MSB
Write 0x00 X N[14] N[13] N[12] N[11] N[10] N[9] N[8]

2
 N-Divider

LSB
Write 0x01 N[7] N[6] N[5] N[4] N[3] N[2] N[1] N[0]

3
Charge
Pump

Write 0x02
CPMP[1]

0
CPMP[0]

0
CPLIN[1]

0
CPLIN[0]

0
X X X X

4 Not Used Write 0x03 X X X X X X X X

5 Not Used Write 0x04 X X X X X X X X

6
XTAL

Divider/
R-Divider

Write 0x05 XD[2] XD[1] XD[0] R[4] R[3] R[2] R[1] R[0]

7 PLL Write 0x06 D24
CPS

0
ICP
1

X X X X X

8 VCO Write 0x07 VCO[4] VCO[3] VCO[2] VCO[1] VCO[0] VAS ADL ADE

9 LPF Write 0x08 LP[7] LP[6] LP[5] LP[4] LP[3] LP[2] LP[1] LP[0]

10 Control Write 0x09 STBY X PWDN X BBG[3] BBG[2] BBG[1] BBG[0]

11 Shutdown Write 0x0A X PLL DIV VCO BB RFMIX RFVG FE

12 Test Write 0x0B
CPTST[2]

0
CPTST[1]

0
CPTST[0]

0
X

TURBO
1

LD
MUX[2]

0

LD
MUX[1]

0

LD
MUX[0]

0

13
Status
Byte-1

Read 0x0C POR VASA VASE LD X X X X

14
Status
Byte-2

Read 0x0D VCOSBR[4] VCOSBR[3] VCOSBR[2] VCOSBR[1] VCOSBR[0] ADC[2] ADC[1] ADC[0]

BIT NAME BIT LOCATION (0 = LSB) DEFAULT FUNCTION

X 7 X Don’t care.

N[14:8] 6–0 0000011
Sets the most significant bits of the PLL integer-divide number (N).
Default value is N = 950 decimal. N can range from 16 to 2175.

μ

BIT NAME BIT LOCATION (0 = LSB) DEFAULT FUNCTION

N[7:0] 7–0 10110110 
Sets the least significant bits of the PLL integer-divide number (N). 
Default value is N = 950 decimal. N can range from 16 to 2175. 



______________________________________________________________________________________ 11

BIT NAME BIT LOCATION (0 = LSB) DEFAULT FUNCTION

CPMP[1:0] 7, 6 00
Charge-pump minimum pulse width. Users must program to 00
upon powering up the device.

CPLIN[1:0] 5, 4 00
Controls charge-pump linearity.
00 = Typically balanced charge and sink currents.
Other values are not tested.

X 3–0 X Don’t care.

BIT NAME BIT LOCATION (0 = LSB) DEFAULT FUNCTION

XD[2:0] 7, 6, 5 000

Sets the crystal-divider setting.
000 = Divide by 1 (default)
001 = Divide by 2
011 = Divide by 3
100 = Divide by 4
101 through 110 = All divide values from 5 (101) to 7 (110)
111 = Divide by 8

R[4:0] 4–0 00100

Sets the PLL reference-divider (R) number.
00001 = Divide by 1
00010 = Divide by 2
00011 = Divide by 3
00100 = Divide by 4 (default)
00101 through 11110 = All divide values from 3 (00101) to 29
(11110)
11111 = Divide by 31

BIT NAME BIT LOCATION (0 = LSB) DEFAULT FUNCTION

D24 7 1
VCO divider setting.
0 = Divide by 2
1 = Divide by 4 (default)

CPS 6 1

Charge-pump current mode. Users must program to 0 upon
powering up the device.
0 = Charge-pump current controlled by ICP bit
1 = Charge-pump current controlled by VCO autoselect (VAS)

ICP 5 0
Charge-pump current.
0 = 600μA typical
1 = 1200μA typical

X 4–0 X Don’t care.
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BIT NAME BIT LOCATION (0 = LSB) DEFAULT FUNCTION

VCO[4:0] 7–3 11001 
Controls which VCO is activated when using manual VCO 
programming mode. This also serves as the starting point for 
the VCO autoselect mode. 

VAS 2 1 
VCO Autoselection (VAS) Circuit 
0 = Disable VCO selection must be program through I2C
1 = Enable VCO selection controlled by autoselection circuit 

ADL 1 0 

Enables or disables the VCO tuning voltage ADC latch when 
the VCO autoselect mode (VAS) is disabled. 
0 = Disables the ADC latch 
1 = Latches the ADC value 

ADE 0 0 

Enables or disables VCO tuning voltage ADC read when the 
VCO autoselect mode (VAS) is disabled. 
0 = Disables ADC read 
1 = Enables ADC read 

BIT NAME BIT LOCATION (0 = LSB) DEFAULT FUNCTION

LPF[7:0] 7–0 01001011
Sets the baseband lowpass filter 3dB corner frequency. 3dB
corner frequency = 4MHz + (LPF[7:0] - 12) x 290kHz.

BIT NAME BIT LOCATION (0 = LSB) DEFAULT FUNCTION

STBY 7 0

Software standby control.
0 = Normal operation
1 = Disables the signal path and frequency synthesizer, leaving
only the 2-wire bus, crystal oscillator, XTALOUT buffer, and
XTALOUT buffer divider active

X 6 X Don’t care.

PWDN 5 0

Software power-down control.
0 = Normal operation
1 = Shuts down the entire chip, but leaves the 2-wire bus active
and maintains the current register states

X 4 X Don’t care.

BBG[3:0] 3–0 0000

Baseband gain setting (1dB typical per step).
0000 = Minimum gain (0dB)
…
1111 = Maximum gain (15dB typical)
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BIT NAME BIT LOCATION (0 = LSB) DEFAULT FUNCTION

X 7 X Don’t care.

PLL 6 0
PLL enable.
0 = Normal operation
1 = Shuts down the PLL

DIV 5 0
Divider enable.
0 = Normal operation
1 = Shuts down the divider

VCO 4 0
VCO enable.
0 = Normal operation
1 = Shuts down the VCO

BB 3 0
Baseband enable.
0 = Normal operation
1 = Shuts down the baseband

RFMIX 2 0
RF mixer enable.
0 = Normal operation
1 = Shuts down the RF mixer

RFVGA 1 0
RF VGA enable.
0 = Normal operation
1 = Shuts down the RF VGA

FE 0 0
RF front-end enable.
0 = Normal operation
1 = Shuts down the RF front-end

BIT NAME BIT LOCATION (0 = LSB) DEFAULT FUNCTION

CPTST[2:0] 7, 6, 5 000

Charge-pump test modes.
000 = Normal operation (default)
001 = Crystal translator ECL to CMOS path
100 = Both source and sink currents enabled
101 = Source current enabled
110 = Sink current enabled
111 = High impedance (both source and sink current disabled)

X 4 X Don’t care.

TURBO 3 0

Charge-pump fast lock. Users must program to 1 upon powering
up the device.
0 = Turbo mode off, used for CP test modes (default)
1 = Turbo mode on, used for LD function

LDMUX[2:0] 2, 1, 0 000
REFOUT output.
000 = Normal operation; other values are not tested
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BIT NAME BIT LOCATION (0 = LSB) FUNCTION

POR 7

Power-on reset status.
0 = Chip status register has been read with a stop condition since last power-on
1 = Power-on reset (power cycle) has occurred, default values have been loaded
in registers

VASA 6
Indicates whether VCO autoselection was successful.
0 = Indicates the autoselect function is disabled or unsuccessful VCO selection
1 = Indicates successful VCO autoselection

VASE 5
Status indicator for the autoselect function.
0 = Indicates the autoselect function is active
1 = Indicates the autoselect process is inactive

LD 4
PLL lock detector.
0 = Unlocked
1 = Locked

X 3–0 Don’t care.

BIT NAME BIT LOCATION (0 = LSB) FUNCTION

VCOSBR[4:0] 7–3 VCO band readback.

ADC[2:0] 2, 1, 0

VAS ADC output readback.
000 = Out of lock
001 = Locked
010 = VAS locked
101 = VAS locked
110 = Locked
111 = Out of lock
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W

WRITE 
DEVICE 

ADDRESS
R/W ACK

WRITE 
REGISTER 
ADDRESS

ACK
WRITE DATA 
TO REGISTER 

0x00
ACK

WRITE DATA 
TO REGISTER 

0x01
ACK

WRITE DATA 
TO REGISTER 

0x02
ACK

START 

1100000 0 — 0x00 — 0x0E — 0xD8 — 0x0E1 — 

STOP

             

         

WRITE DEVICE 
ADDRESS

R/W ACK
READ FROM STATUS 

BYTE-1 REGISTER
ACK

READ FROM STATUS 
BYTE-2 REGISTER

ACK/
NACKSTART 

1100000 1 — — — — — 

STOP 
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μ
ADC[2:0] LOCK STATUS 

000 Out of Lock 

001 Locked 

010 VAS Locked 

101 VAS Locked 

110 Locked 

111 Out of Lock 

POWER-DOWN CONTROL CIRCUIT STATES

MODE
PWDN BIT STBY BIT

SIGNAL

PATH

2-WIRE

INTERFACE
XTAL

DESCRIPTION

Normal 0 0 On On On All circuits active.

Power-Down 1 0 Off On Off 2-wire interface is active.

Standby 0 1 Off On On
2-wire interface, XTAL, and XTAL
buffer/divider are active.
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PROCESS: BiCMOS
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÷
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E

SD
A
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16

3

5
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6

REFOUT
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VCC_RF1
IOUT-

202

VCC_RF2
21

IDC+

1

26 24 23

10 12

25

11 13
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MAX2120INTERFACE LOGIC
AND CONTROL

DC OFFSET
CORRECTION

LPF BW
CONTROL

DIV2/DIV4

EP

FREQUENCY
SYNTHESIZER

QOUT+

VCC

VCC

VCC

BASEBAND 
OUTPUTS

SERIAL CLOCK
INPUT

SERIAL DATA
INPUT/OUTPUT

VCC

VCC

VCC

GND

VCC_VCO

RF INPUT

VCC
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