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Chip-Scale PA Delivers +22.5dBm
Output Power for 2.4GHz 
802.11b WLAN

UCSP is a trademark of Maxim Integrated Products, Inc.
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• 0.5µA SHUTDOWN MODE
• EXTENDS BATTERY LIFE
• NO EXTERNAL SUPPLY 

SWITCH REQUIRED

• 28.5dB GAIN 
FROM 3 STAGES

• NO ADDITIONAL 
DRIVER REQUIRED
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IP
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m

MAX2242

• ON-CHIP DETECTOR
WITH ±1dB ACCURACY

• EASY TO IMPLEMENT
EXTERNAL ALC FUNCTION

• BIAS CONTROL FOR CURRENT
THROTTLE-BACK 

• MAINTAIN HIGHEST EFFICIENCY 
EVEN AT LOWER POWER LEVELS

4.5dB HIGHER POWER THANPRISM II PA!

(408) 737-7600

WLAN ACCESS POINT

LAPTOP

WIN CE COMPUTERWEB PAD

PDA

INTERNET

Maxim UCSP™

Chip-Scale Package
Ideal for PCMCIA 
and Compact Flash
Applications



Bluetooth is a trademark of Ericsson.

Improve Bluetooth Radio Performance
with Industry’s Smallest LNA and PA

MAX2644 LNA Features:
• 16dB Gain, 2dB NF, -3dBm

Input IP3 for 7mA
• Adjustable Bias (3mA to 10mA)
• +2.7V to +5.5V Supply
• SC70-6 Package

Bluetooth
CMOS RF

TRANSCEIVER

LNA

SW

PA

2.0m m x 2.1m
m

6-P
IN SC70

MAX2240 PA Features:
• +20dBm Output Power
• Digital Power Control
• Bluetooth Power Class 1 Compliant
• Integrated Input 50Ω Match
• 1µA Shutdown Mode

MAX2644 SiGe LNA
The MAX2644 2.4GHz SiGe LNA improves typical

CMOS-based receiver sensitivity up to -90dBm. The LNA is
internally matched to 50Ω at the output, saving an
inductor and capacitor required in other LNA IC solutions.
Total board space required is only 7mm2—ideal for space-
sensitive Bluetooth™ modules.

1.56mm
(0.062in)

1.56mm

(0.062in)

0.56mm
(0.022in)

UCSP BOTTOM VIEW

MAX2240 Chip-Scale PA
The MAX2240 2.4GHz power amplifier extends

Bluetooth radio range to 100m. It is available in the 3 x 3
UCSP™, measuring only 1.56mm on a side. It occupies only
16% of the board space of the competition’s 8-pin MSOP
package.



5GHz Chip-Scale LNA 
Offers 1.8dB NF

The MAX2648 SiGe LNA takes the complexity out of designing a low-cost, high-performance 5GHz
LNA for IEEE802.11a and HiperLAN2 wireless LAN (WLAN) systems. Compared to a discrete design,
the LNA’s integrated active bias network saves one transistor and three passive components while
maintaining stable RF performance over supply and temperature variations. Total board space
required is only 11mm2, ideal for WLAN PC cards for laptop computers.

SiGe PERFORMANCE vs. GaAs
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MAX2648
SiGe LNA (12mA)

12dB to 
15dB

16dB

1.8dB

GAIN

2 x 3 UCSP PACKAGE

BOTTOM

VIEW

1.0mm

(0.040in)

1.5mm

(0.059in)

0.56mm

(0.022in)

• 60% Smaller than SC70
• Virtually Same Size as a 

0603 Capacitor!

DISCRETE DESIGN
3x LARGER

VCO MODULE
1.5x LARGER

MAX275x
8 µMAX + 3 CAPS

16.5mm2

*$0.95 at 100k quantity.    **Future product—contact factory for availability.

Replace VCO Modules in 2.4GHz
WLAN Radios with $0.95* IC

SiGe Monolithic VCOs for 2.4GHz 802.11 WLAN, 
HomeRF, Bluetooth, and Cordless Phones

Complete Features:
• Factory-Adjusted, 

Guaranteed Frequency
Tuning Range

• Integrated Tank Circuit
• Internally Matched Output Buffer
• On-Chip Voltage Regulator
• Logic-Controlled Shutdown

GND

BYPASS

TUNE

GND

OUT

VCC2

VCC1SHDN BIAS

OSC
CORE

MAX275x

Linear modulation input for direct frequency 
modulation, single-ended outputZero IF up to 110MHz IF (using LO doubler)1145 to 1250+2.7 to +5.5MAX2754**

Differential outputZero IF or low IF2400 to 2500+2.7 to +5.5MAX2753

Single-ended outputLow-side LO, 335MHz to 375MHz IF

Single-ended output

Features

2025 to 2165+2.7 to +5.5MAX2752

Single-ended outputLow-side LO, 240MHz to 280MHz IF2120 to 2260+2.7 to +5.5MAX2751

Zero IF2400 to 2500+2.7 to +5.5MAX2750

Application
Guaranteed 

Tuning Range
(MHz)

Supply
Range

(V)
Part

OPTIMIZED FOR802.11a AND HiperLAN2 WLAN!

NEW

NEW

NEW

NEW

NEW

NEW



Maxim’s Family of Low-Cost SiGe
LNAs Covers the Entire Spectrum 
of Wireless Applications!

The MAX2642–MAX2645/MAX2648/MAX2651–MAX2656 LNAs are optimized for the best combi-
nation of low noise figure, high gain, and high IP3. Most feature an adjustable bias/IP3 feature,
allowing the user to set the minimum required input IP3 performance required for the LNA without
wasting any supply current. The adjustable bias feature also allows for flexible application of these
amplifiers as: 1st or 2nd stage LNA, LO buffer, or RF gain block.

Pin-
Package

6-SC70

Part Supply 
Voltage (V)

Test Frequency
(MHz)

Supply Current 
(mA)

MAX2642/43 +2.7 to +5.5 900 5.3

Gain (dB)

16.7

Noise 
Figure (dB)

1.3

Input IP3 
(dBm)

0

Features

Adjustable IP3/bias, 13dB 
gain step, shutdown mode, 
integrated output 50Ω match

6-SC70MAX2644 +2.7 to +5.5 2450 7.0 17 2.0 -3
Adjustable IP3/bias, shutdown
mode, integrated output 
50Ω match

10-µMAX-EPMAX2645 +3.0 to +5.5 3550 9.2 14.4 2.3 +4 Adjustable IP3/bias, 24dB
gain step, shutdown mode

6-UCSPMAX2648 +2.7 to +3.6 5250 12.3 17.4 1.8 0 Chip-scale package

10-µMAXMAX2651 +2.7 to +3.3 945
1850

5.9
5.7

18
18

1.2
1.8

-8.5
-10 Dual LNA, 20dB gain step

10-µMAXMAX2652 +2.7 to +3.3 945
1850

7.2
7.0

18
18

1.3
1.8

-7.5
-7

Dual LNA, 20dB gain step,
shutdown mode

8-µMAXMAX2653 +2.7 to +3.3 1850 5.4 18.5 1.7 -8.5 20dB gain step, shutdown mode

6-SC70MAX2654 +2.7 to +5.5 1575 5.8 15.1 1.5 -7.2 Shutdown mode, integrated
output 50Ω match

6-SC70MAX2655 +2.7 to +5.5 1575 8.3 14.1 1.5 +2.8
Adjustable IP3/bias, 
shutdown mode, integrated 
output 50Ω match

6-SC70MAX2656 +2.7 to +5.5 1960 11.5 13.5 1.9 +1.5
Adjustable IP3/bias, 13dB 
gain step, shutdown mode, 
integrated output 50Ω match

FREQUENCY
SPECTRUM

MAX2651/2 MAX2642/3

1GHz 2GHz 3GHz 6GHz4GHz 5GHz

900MHz
GSM

900MHz
ISM

MAX2654/5

1575MHz
GPS

MAX2645

3.5GHz
WIRELESS

BROADBAND

MAX2648

5GHz
802.11a

HiperLAN

MAX2651/2
MAX2653
MAX2656

1.8GHz 
to 1.9GHz
DCS/PCS

MAX2644

2.4GHz
Bluetooth
802.11,
HomeRF

NEW

NEW

NEW

NEW

NEW



Miniature 2GHz LNA/Mixers for 
W-CDMA Draw Less than 8mA
Average Current
Better Performance than Discretes at Less than Half the Size

The MAX2387/MAX2388/MAX2389 were designed for the emerging ARIB (Japan) and ETSI-UMTS
(Europe) wideband CDMA (W-CDMA) markets. These SiGe devices consist of a dual-gain LNA and a low-
current, ultra-low-noise mixer, both optimized for 2110MHz to 2170MHz operation. The devices draw very
little power from a +2.7V to +3.3V source. Their high gain and IP3 simplify meeting system noise and
interference specifications, and the adjustable-gain LNA increases dynamic range while saving current.
The MAX2387/MAX2388/MAX2389 support all common IF frequencies (190MHz to 380MHz). The new
12-pin leadless QFN package measures only 3mm x 3mm, saving valuable board space.

The MAX2387/MAX2388/MAX2389 come in an ultra-small 12-pin QFN package and draw an average current of less than 8mA.

MAX2387/MAX2388

1

2

3

12 11 10

4 5 6

GAIN

MIX_IN

LNA_OUT 9

8

7

IF+

IF-

VCC

GND LNA_INBIAS_SET GND LNA_INBIAS_SET

LO+ LO-SHDN LO+ LO-SHDN

BIAS

LO

MAX2389

1

2

3

12 11 10

4 5 6

GAIN

MIX_IN

LNA_OUT 9

8

7

IF+

IF-

VCCBIAS

IP3s range from +3dBm to +6dBm for both the LNA and the mixer.

Part LO Input
Power (dBm)

LNA Gain
(dB)

Mixer Gain
(dB)

MAX2387 -10 ±3dB 15/-17 10

MAX2388 -10 ±3dB 15/-3 10 2.3

8/5

10/6.7

11/7.5

Supply Current
(High Gain/Low Gain)

(mA)

MAX2389 -4 ±3dB 15/-3

Cascade Noise
(2.5dB Filter Loss)

(dB)

2.3

10 2.3



Ultra-Low-Cost Single-Supply PAs
for CDMA in a Chip-Scale Package
World’s Best Efficiency at Medium- to Low-Power Output 
in a 2.5mm x 2.5mm UCSP

The MAX2281*/MAX2282*/MAX2291* power
amplifiers (PAs) are designed for use in IS-98-based
CDMA, W-CDMA, UMTS, and TDMA cellular phones
operating in the 800MHz and 1.9GHz ranges. They are
the first PAs on the market to be packaged in a UCSP,
making them ideally suited to the limited space of PCS
and dual-band phone applications. They are also an
excellent choice for applications in PA modules, as no
wire bonding is required. The PAs deliver +29dBm
(MAX2281/MAX2291) and +28dBm (MAX2282) of
output power, respectively, with excellent margin over
antenna specifications. The MAX2281/MAX2282/
MAX2291 feature a unique architecture that yields
excellent efficiency at medium and low output powers. 
Use Maxim’s PAs if you are designing a low-cost CDMA
phone with the world’s best talk-time specification.

FUTURE

PRODUCTS

Note: N-CDMA modulation.
*Future product—contact factory for availability.

5mm

5m
m

2.
5m

m

2.5mm

28-PIN QFN

UCSP

The MAX2281/MAX2291 package occupies 75% less
space than a conventional 28-pin QFN.

In this bottom view of a MAX2281/
MAX2282/MAX2291, 22 eutectic solder
balls connect the device with the 
PC board. Conventional reflow methods
with no underfill can be used to 
solder these self-aligning parts. 
A UCSP application note is avail-
able upon request; please e-mail:
www.RF@maximhq.com.

2.5mm x 2.5mm UCSP at
22x Magnification

MAX2281/MAX2282/MAX2292 Bottom View 

3429

34

Efficiency
(%)

55CDMAMAX2291

Idle Current
(mA)

35

40

30

362850CDMAMAX2282

2955CDMAMAX2281

Output Power
(dBm)

Average Talk
Current (mA)ModulationPart Gain

(dB)

27

27

27

4332—TDMAMAX2281 — 28

3831—TDMAMAX2291 — 28



Build Your 45MHz to 650MHz
Oscillator in      5 Minutes

The MAX2605–MAX2609 oscillators contain varactors, core transistors, bias circuitry, coupling
capacitors, and a differential output buffer in a miniature SOT23-6 package. The internal varactor’s
tuning range is factory tested so that startup and proper operation over temperature are guaranteed.

9 3

12

6

5 min

OUT

OUT

FROM 
LOOP
FILTER

Choose the
appropriate
Maxim part
from the table
below and
calculate the
inductance
using the
formula in 
the data
sheet.

Insert inductor
into EVKIT.

Test oscillation
frequency. Done.

STEP

1:
STEP

2:
STEP

3:

Miniature Cell Phone Upconverter/
Driver IC Eliminates SAW Filter, Uses 
Only 18mA!
UCSP IC Puts Out +6.5dBm 
While Measuring Only 1.5mm x 2mm

The MAX2307 is designed for Japanese N-CDMA and PDC
900MHz applications. Its unique upconverter architecture elimi-
nates a SAW filter at the expense of just one low-cost inductor.
The device is packaged in a UCSP package and draws less
current than comparable discrete designs, especially at 10dB
backoff from peak power, the typical CDMA output power used
for talk-time calculations.

-933.6500 to 650MAX2609

-1002.7300 to 500MAX2608

-1072.1150 to 300MAX2607

-1122.170 to 150MAX2606

-1171.945 to 70MAX2605

Phase Noise at 100kHz Offset
(dBc/Hz)

Supply Current
(mA)

Frequency Range
(MHz)Part

The MAX2307 saves a SAW filter and 
occupies only 7mm x 8mm, including 
all external components.

BIAS
CONTROL

VCC

VCC

GAIN

SHDN

SHDN
LO BUFFER

IFIN

IFIN

GND

MAX2307

NEW



Upgraded Transmit IC for Dual-Band
Cellular Phones (continued on next page)

The MAX2361*/MAX2363*/MAX2365* are functional upgrades to Maxim’s popular MAX2360/
MAX2362/MAX2364 series and pin-compatible upgrades to the MAX2366/MAX2367/MAX2368. They
are complete transmit solutions ideal for dual-band cdmaOne™, cdma2000™, TDMA GAIT, and W-
CDMA/UMTS cellular phones. For smallest transmitter implementation cost and size, they feature the
industry’s highest integration level. Improvements over their predecessors include lower current
consumption, higher output power, lower noise, and wider dynamic range for W-CDMA. The devices
accept baseband inputs to their wideband I/Q modulator with dual IF outputs. Dual IF VCOs allow
different IF frequencies for PCS band and cellular band, which enables the use of a single receive IF
filter. The dual-band upconverter is implemented using an image-reject architecture and is followed
by up to three PA drivers. To reduce receive-band noise power in the PCS band, there are two PCS
driver outputs to support split-band noise filters at no additional cost. The PA drivers’ high output
power allows the use of just one Tx SAW filter per band, further reducing system size and implemen-
tation cost. The MAX2361/MAX2363/MAX2365 feature over 90dB output power adjustment range
through simultaneous IF and RF AGC control. The integer-N type IF and RF PLL circuits and most
device operational modes are fully programmable using the 3-wire serial interface. For single-band
applications, use either the MAX2363 (PCS only) or the MAX2365 (cellular only).

cdmaOne/cdma2000 Application Circuit

* Future product—contact factory for availability.
cdmaOne is a trademark of the CDMA Development Group.
cdma2000 is a trademark of Telecommunications Industry Association.

MAX2361
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IDLE

CS

7mm x 7mm

QFN
48

VCC

LOL LOH

/2
IFLO

N.C.

VCC

10k

7.5nH

33nH

2.7pF

-12dBm

-10dBm

-10dBm

-13dBm

33pF

33nH

33pF

POUT : +8dBm
ACPR : -52dB
RX Noise : -131dBm/Hz

SPLIT
PCS

Pout : +10dBm 
ACPR : -54dBc

CELL

FROM LO
BUFFERS

TO RX & LO BUFFERS

PCS 
VCO

DC = 1.4V
415mVp-p SWING

LC
TANK1

LC
TANK2

LOOP
FILTER

LOOP
FILTER

Dual-Band CDMA

L-C FILTERS

1850-1880

1880-1910

• Dual Transmit IF Ports
Support Single 186MHz
Receive IF (Saves One
VCO Module)

• Split-Band PCS Amplifiers
Drive PA Directly



Upgraded Transmit IC for Dual-Band
Cellular Phones (continued from previous page)

• Most Integrated W-CDMA 
Transmitter

• 7mm x 7mm QFN Package
• Integrated RF and IF PLLs
• Serial Interface Control
• Saves Space and Cost

MAX2361
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10k
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33pF

33nH

POUT : +10dBm 
ACPR : -34dBc @ 30kHz
EVM < 7%

PCS

PCS 
VCO

DC = 1.4V 
600mVp-p SWING

Dual-Band TDMA/GAIT

L-C FILTERS

Pout : +10dBm 
ACPR : -34dBc AT 30kHz 
EVM < 5%
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N.C. LOIN
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VCC

10k

380MHz

FOSC  = 760MHz

-13dBm

-9dBm
-60dBc AT 3.5MHz IN 30kHz

33pF

33nH

POUT : +7dBm
ACPR : -47dBc (5MHz in 3.84MHz)
RX Noise : -135dBm/Hz

WCDMA

2300MHz TO 2360MHz

DC = 1.4V
600mVp-p SWING

LC
TANK

MAX2363

7m m x 7 mm

48
-PIN QFN

FROM LO
BUFFERS

TO RX & LO BUFFERS

LOOP
FILTER

LOOP
FILTER

W-CDMA Application Circuit

TDMA/GAIT Application Circuit

• Dual IF Ports Support
Single 186MHz Receive IF
(Saves One VCO Module)

• “Turbolock” on RF
Synthesizer Enables 
Fast Switching While
Maintaining <7% EVM 
at the Antenna

• No Expensive Fractional-N 
Synthesizer Needed

• No Additional Components
Needed for PCS1900 Mode



PCS/Cellular/FM Triple-Mode
Phone Block Diagram

PCS/Cellular/FM Triple-Mode
Phone Block Diagram

Analog Baseband/DSP/Modem

MAX2308*

MAX2361

MAX2338

MAX2281*
CELL PA

MAX2291*
PCS PA
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REFERENCE
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AMPS IF

869MHz TO 894MHz

1930MHz TO 1990MHz
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CONTROL

836MHz

263MHz IF

228MHz IF

/M /R

1850MHz TO
1880MHz

1880MHz TO
1910MHz

LOOP
FILTER

2104MHz~2173MHz
VCO

TANK

Q DAC

  I DAC

*m/n

ANALOG
MUX   AUX ADC

  I ADC

  Q ADC

Tx I

Tx Q

REF FREQ

Rx I

Rx Q

AMPS Tx
BASEBAND

  FM_I ADC

 FM_Q ADC

  FM DAC

/2

2.5mm x 2.5mm
25-PIN CSP

CHIP-SCALE PACKAGE

2.5mm x 2.5mm
25-PIN CSP

DEMODULATOR

MODULATOR

DIGITAL CORE

CHARGE
PUMP

PHASE
DETECTOR

The MAX2338 simplifies the architecture of dual-band cellular radio designs, resulting in substantial size and cost reduction.

5m m x 5 mm

28
-PIN QFN

LEADLESS PACKAGE

5m m x 5 mm

28
-PIN QFN

LEADLESS PACKAGE

7m m x 7 mm

48
-PIN QFN

LEADLESS PACKAGE

* Future product—contact factory for availability.

Dramatically Reduce Cost 
and Component Count in Your 
Dual-Band Cell Phone
SiGe IC replaces high component count discrete designs and 
eliminates one VCO module!

The MAX2338* receive RF front-end IC is designed for dual-
band CDMA cellular phones, but it can also be used in
dual-band TDMA, GSM, or EDGE cellular phones. Dual-band
phones can now use one receive IF frequency around 183MHz.
Thanks to the MAX2338’s on-chip low-power LO divider, the
cellular VCO module can be eliminated.

The MAX2338 represents the next generation in Maxim’s
comprehensive product line of cellular receive front-end ICs.

Features:
• 1.4dB LNA Noise Figure
• 15dB LNA Gain
• 13.5dB Mixer Gain
• Mixer Noise Figure

• 7.5dB Differential
• 9dB Single Ended

• LO Divider
• +11dBm Cellular LNA IIP3
• LO Buffer Amplifiers for Tx
• Ultra-Small 28-Pin 

QFN Package
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