
�������
��	���
������

SA2420
Low voltage RF transceiver — 2.45GHz

Product specification 1997 May 23

INTEGRATED CIRCUITS



Philips Semiconductors Product specification

SA2420Low voltage RF transceiver — 2.45 GHz

 21997 May 23 853–1984 18069

DESCRIPTION
The SA2420 transceiver is a combined low-noise amplifier, receive
mixer, transmit mixer and LO buffer IC designed for
high-performance low-power communication systems for
2.4-2.5GHz applications.  The LNA has a 2.5dB noise figure at
2.45GHz with 14dB gain and an IP3 intercept of -3dBm at the input.
The gain is stabilized by on-chip compensation to vary less than
±0.2dB over the -40 to +85°C temperature range.  The
wide-dynamic-range receive mixer has a 10.9dB noise figure and an
input IP3 of +2.8dBm at 2.45GHz.  The nominal current drawn from
a single 3V supply is 37mA in transmit mode and 22mA in receive
mode.

FEATURES
• Low current consumption: 37mA nominal transmit mode and

22mA nominal receive mode

• Fabricated on a high volume, rugged BiCMOS technology

• High system power gain: 22.5dB (LNA + Mixer) at 2.45GHz

• TSSOP24 package

• Excellent gain stability versus temperature and supply voltage

• -10dBm LO input power can be used to drive the mixer

• Operates with either full or half frequency LO

• Wide IF range: 50–500MHz
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Figure 1. Pin Configuration

APPLICATIONS
• 2.45GHz WLAN front-end (802.11, ISM)

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #

24-Pin Plastic Thin Shrink Small Outline Package (Surface-mount, TSSOP) -40 to +85°C SA2420DH SOT355-1
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ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS

VCC Supply voltage -0.3 to +6 V

VIN Voltage applied to any pin -0.3 to (VCC + 0.3) V

PD
Power dissipation, TA = 25°C (still air)

24-Pin Plastic TSSOP 555 mW

TJMAX Maximum operating junction temperature 150 °C

PMAX Maximum power (RF/IF/LO pins) +20 dBm

TSTG Storage temperature range –65 to +150 °C

NOTE:
1. Transients exceeding these conditions may damage the product.
2. Maximum dissipation is determined by the operating ambient temperature and the thermal resistance, and absolute maximum ratings may

impact product reliability θJA: 24-Pin TSSOP = 117°C/W
3. IC is protected for ESD voltages for 2000V, excepts pins 10 and 12, which are protected up to 500V.

RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER RATING UNITS

VCC Supply voltage 2.7 to 5.5 V

TA Operating ambient temperature range -40 to +85 °C

TJ Operating junction temperature -40 to +105 °C

DC ELECTRICAL CHARACTERISTICS
VCC = +3V,  TA = 25°C; unless otherwise stated.

SYMBOL PARAMETER TEST CONDITIONS
LIMITS

UNITSSYMBOL PARAMETER TEST CONDITIONS
MIN -4σ TYP +4σ MAX

UNITS

ICCTX Supply current, Transmit LO mode = Hi 25 37 45 mA

ICCRX Supply current, Receive LO mode = Hi 15 22 28 mA

ICC OFF Power down mode (Tx/Rx SW = Low) LO mode = Hi,
LNA gain = Hi 0 10 µA

VLNA-IN LNA input voltage Receive mode 0.855 V

ILNA-OUT LNA output bias current Receive mode 4.0 mA

VLO 2.1 GHz LO buffer DC input voltage LO mode = Hi 2.1 V

VLO 1.05 GHz LO buffer DC input voltage LO mode = Low 2.1 V

VTX IF Tx Mixer input voltage Transmit mode 1.7 V

VTX IFB Tx Mixer input voltage Transmit mode 1.7 V
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AC ELECTRICAL CHARACTERISTICS
VCC = +3V,  TA = 25°C; LOIN = -10dBm @ 2.1GHz; fRF = 2.45GHz; unless otherwise stated.

SYMBOL PARAMETER TEST CONDITIONS
LIMITS

UNITSSYMBOL PARAMETER TEST CONDITIONS
MIN -4σ TYP +4σ MAX

UNITS

Low Noise Amplifier (In = Pin 2; Out = 23)

S21 Amplifier gain LNA gain = Hi 12.7 14.0 15.3 dB

∆S21/∆T Gain temperature sensitivity LNA gain = Hi -0.002 dB/°C

∆S21/∆VCC Gain VCC drift LNA gain = Hi 0.3 dB/V

S12 Amplifier reverse isolation LNA gain = Hi -22 dB

S11 Amplifier input match1 LNA gain = Hi -8 dB

S22 Amplifier output match1 LNA gain = Hi -8 dB

ISO Isolation: LO1 to LNAIN
LO mode = Hi,
LNA gain = Hi -45 dB

P-1dB Amplifier input 1dB gain compression LNA gain = Hi -15 dBm

IP3 Amplifier input third order intercept f1 - f2 = 1MHz,
LNA gain = Hi -3 dBm

NF Amplifier noise figure (50Ω) LNA gain = Hi 2.3 2.5 2.7 dB

LNA High Overload Mode

S21 Amplifier gain LNA gain = Low –14.0 -13.3 –12.0 dB

∆S21/∆T Gain temperature sensitivity LNA gain = Low -0.01 dB/°C

∆S21/∆VCC Gain VCC drift LNA gain = Low 0.3 dB/V

S12 Amplifier reverse isolation LNA gain = Low -16 dB

S11 Amplifier input match1 LNA gain = Low -8 dB

S22 Amplifier output match1 LNA gain = Low -8 dB

ISO Isolation: LO1 to LNAIN
LO mode = Hi,

LNA gain = Low -45 dB

P-1dB Amplifier input 1dB gain compression LNA gain = Low +6 dBm

IP3 Amplifier input third order intercept f1 - f2 = 1MHz,
LNA gain = Low 17 dBm

NF Amplifier noise figure (50Ω) LNA gain = Low 17 dB

Rx Mixer (RF = Pin 19, IF = Pins 5 and 6, LO = Pin 10 or 12, P LO = -10dBm)

PGC

Power conversion gain into 50Ω :
matched to 50� using external balun
circuitry.

fS = 2.45GHz,
fLO = 2.1GHz,
fIF = 350MHz

7.9 8.5 9.1 dB

∆GC/∆T Gain temperature drift -0.016 dB/°C

∆GC/∆VCC Gain VCC drift 0.34 dB/V

S11–RF Input match at RF (2.45GHz)1 -15 dB

NFM SSB noise figure (2.45GHz) (50Ω) 10.2 10.9 11.6 dB

P-1dB Mixer input 1dB gain compression –11.4 -10.3 –9.2 dBm

IP3 Input third order intercept f1 - f2 = 1MHz 1.7 2.8 3.9 dBm

fRF RF frequency range3 2.4 2.45 2.5 GHz

fIF IF frequency range3 300 350 400 MHz
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AC ELECTRICAL CHARACTERISTICS  (continued)

SYMBOL PARAMETER TEST CONDITIONS
LIMITS

UNITSSYMBOL PARAMETER TEST CONDITIONS
MIN -4σ TYP +4σ MAX

UNITS

Rx Mixer Spurious Components (P IN = P-1dB)

PRF-IF RF feedthrough to IF CL = 2pF per side -35 dBc

PLO-IF LO feedthrough to IF CL = 2pF per side -35 dBc

Tx Mixer (RF = Pin 19, IF = Pins 7 and 8, LO = Pin 10 or 12, P LO = -10dBm)

PGC
Power conversion gain:  RL = 50Ω
RS = 50Ω

fS = 2.45GHz,
fLO = 2.1GHz,
fIF = 350MHz

15.0 17 19.9 dB

∆GC/∆T Gain temperature drift -0.032 dB/°C

∆GC/∆VCC Gain voltage drift 0.4 dB/V

S11–RF Output match at RF (2.45GHz)1 -10 dB

NFM SSB noise figure (2.45GHz) (50Ω) 13.2 dB

P-1dB Output 1dB gain compression 1.5 2.9 4.3 dBm

IP3 Output third order intercept f1 - f2 = 1MHz 10.1 +11.5 12.9 dBm

fRF RF frequency range3 2.4 2.45 2.5 GHz

fIF IF frequency range3 300 350 400 MHz

Tx Mixer Spurious Components (P OUT = P-1dB)

PIF-RF IF feedthrough to RF -29 dBc

PLO-RF LO feedthrough to RF -20 dBc

P2LO-RF 2*LO feedthrough to RF -25 dBc

PIMAGE-RF Image feedthrough to RF -0 dBc

LO Buffer: Full and Half Frequency inputs

PLO LO drive level (see figure 16) -10 -7 5 dBm

S11-LO1 Mixer input match (LO = 2.1GHz) LO mode = Hi -10 dB

S11-LO2 Mixer input match (LO = 1.05GHz) LO mode = Low -10 dB

fLO2G LO2G frequency range3 LO mode = Hi 1.9 2.1 2.3 GHz

fLO1G LO1G frequency range3 LO mode = Low 0.85 1.05 1.25 GHz

Switching 2

tRx-Tx Receive-to-transmit switching time 1 µs

tTx-Rx Transmit-to-Receive switching time 1 µs

tPOWER UP Chip enable time 1 µs

tPWR DWN Chip disable time 1 µs

NOTES:
1. With simple external matching
2. With 50pF coupling capacitors on all RF and IF parts
3. This part has been optimized for the frequency range at 2.4–2.5 GHz. Operation outside this frequency range may yield performance other

than specified in this datasheet.
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Table 1. Truth Table
Chip-En TxRx-SW LNA-SW LO-SW Mode LNA Gain LO Freq. (Typ)

0 X X X Sleep N/S N/S

1 0 1 1 Receive +14dB 2.1GHz

1 0 0 1 Receive -8dB 2.1GHz

1 0 1 0 Receive +14dB 1.05GHz

1 0 0 0 Receive -8dB 1.05GHz

1 1 X 1 Transmit N/S 2.1GHz

1 1 X 0 Transmit N/S 1.05GHz

FUNCTIONAL DESCRIPTION
The SA2420 is a 2.45GHz transceiver front-end available in the
TSSOP-24 package.  This integrated circuit (IC) consists of a low
noise amplifier (LNA) and up- and down-converters.  The injection of
the local oscillator (LO) signal has two options: 1) direct injection of
the LO signal at approximately 2GHz, or 2) injection of an LO signal
at approximately 1GHz through an on-chip doubler.  The SA2420
functions with a supply voltage range of 3 – 5 V (nominally).  There
is an enable/disable switch available to power up/down the entire
chip in 1µs, typically.  This transceiver has several unique features.

The LNA has two operating modes: 1) high gain mode with a gain =
+14dB; and 2) low gain mode with a gain <-10dB.  The switch for
this option is internal and is controlled externally by high and low
logic to the pin.  When the LNA is switched into the attenuation
mode, active matching circuitry (on-chip) is switched in (reducing the
number of off-chip components required). To reduce power
consumption when the chip is transmitting, the LNA is automatically
switched into a “sleep” mode (internally) without the use of external
circuitry.

The up and down frequency converters are single-ended at the RF
port of the mixers.  The up and down converters share the same

(RF) pin and use an internal switch for transmitting (up-converting)
or receiving (down-converting) modes.  The switch is controlled
externally by high and low logic states.  The RF port is matched to
50Ω and has an input IP3 of +2.8dBm (mixer only).  The
down-convert mixer is buffered and has open collectors at the pins
to allow for matching to common SAW filters.  The up-convert mixer
has differential inputs (IF port) and single-ended output (RF port),
with an input pin to output pin gain of 17dB.  The output of the
up-converter is designed for a power level = +3dBm (P-1dB).  The
mixers are fed by the two LO options.

The available LO options are: direct injection (2.1GHz at the pin) or
through an on-chip doubler.  The doubler has a simple LC bandpass
filter (internal) at its output which passes the second harmonic to the
mixers.  Through an internal switch (controlled externally), either LO
can be used depending on the designer’s application.  If an
application requires the use of a 1.05GHz VCO, then the doubler
option would be used to double the frequency (2 × 1.05GHz =
2.1GHz) before being injected into the mixers.  For a 2.1GHz VCO,
the direct option would be used.  With this option, the signal passes
through an on-chip buffer and is then injected into the mixers.
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Figure 24. SA2420 RF Transciever
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TSSOP24: plastic thin shrink small outline package; 24 leads; body width 4.4 mm SOT355-1
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Philips Semiconductors and Philips Electronics North America Corporation reserve the right to make changes, without notice, in the products,
including circuits, standard cells, and/or software, described or contained herein in order to improve design and/or performance.  Philips
Semiconductors assumes no responsibility or liability for the use of any of these products, conveys no license or title under any patent, copyright,
or mask work right to these products, and makes no representations or warranties that these products are free from patent, copyright, or mask
work right infringement, unless otherwise specified.  Applications that are described herein for any of these products are for illustrative purposes
only.  Philips Semiconductors makes no representation or warranty that such applications will be suitable for the specified use without further testing
or modification.

LIFE SUPPORT APPLICATIONS
Philips Semiconductors and Philips Electronics North America Corporation Products are not designed for use in life support appliances, devices,
or systems where malfunction of a Philips Semiconductors and Philips Electronics North America Corporation Product can reasonably be expected
to result in a personal injury. Philips Semiconductors and Philips Electronics North America Corporation customers using or selling Philips
Semiconductors and Philips Electronics North America Corporation Products for use in such applications do so at their own risk and agree to fully
indemnify Philips Semiconductors and Philips Electronics North America Corporation for any damages resulting from such improper use or sale.

This data sheet contains preliminary data, and supplementary data will be published at a later date. Philips
Semiconductors reserves the right to make changes at any time without notice in order to improve design
and supply the best possible product.

Philips Semiconductors
811 East Arques Avenue
P.O. Box 3409
Sunnyvale, California 94088–3409
Telephone  800-234-7381

DEFINITIONS

Data Sheet Identification Product Status Definition

Objective Specification

Preliminary Specification

Product Specification

Formative or in Design

Preproduction Product

Full Production

This data sheet contains the design target or goal specifications for product development.  Specifications
may change in any manner without notice.

This data sheet contains Final Specifications. Philips Semiconductors reserves the right to make changes
at any time without notice, in order to improve design and supply the best possible product.
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SUNSTAR 商斯达实业集团是集研发、生产、工程、销售、代理经销 、技术咨询、信息服务等为

一体的高科技企业，是专业高科技电子产品生产厂家，是具有 10 多年历史的专业电子元器件供

应商，是中国最早和最大的仓储式连锁规模经营大型综合电子零部件代理分销商之一,是一家专

业代理和分銷世界各大品牌 IC 芯片和電子元器件的连锁经营綜合性国际公司，专业经营进口、

国产名厂名牌电子元件，型号、种类齐全。在香港、北京、深圳、上海、西安、成都等全国主要

电子市场设有直属分公司和产品展示展销窗口门市部专卖店及代理分销商，已在全国范围内建成

强大统一的供货和代理分销网络。 我们专业代理经销、开发生产电子元器件、集成电路、传感

器、微波光电元器件、工控机/DOC/DOM 电子盘、专用电路、单片机开发、MCU/DSP/ARM/FPGA 软

件硬件、二极管、三极管、模块等，是您可靠的一站式现货配套供应商、方案提供商、部件功能

模块开发配套商。商斯达实业公司拥有庞大的资料库，有数位毕业于著名高校——有中国电子工

业摇篮之称的西安电子科技大学（西军电）并长期从事国防尖端科技研究的高级工程师为您精挑

细选、量身订做各种高科技电子元器件，并解决各种技术问题。 

微波光电部专业代理经销高频、微波、光纤、光电元器件、组件、部件、模块、整机；电

磁兼容元器件、材料、设备；微波 CAD、EDA 软件、开发测试仿真工具；微波、光纤仪器仪表。

欢迎国外高科技微波、光纤厂商将优秀产品介绍到中国、共同开拓市场。长期大量现货专业批发

高频、微波、卫星、光纤、电视、CATV 器件: 晶振、VCO、连接器、PIN 开关、变容二极管、开

关二极管、低噪晶体管、功率电阻及电容、放大器、功率管、MMIC、混频器、耦合器、功分器、

振荡器、合成器、衰减器、滤波器、隔离器、环行器、移相器、调制解调器；光电子元器件和组

件：红外发射管、红外接收管、光电开关、光敏管、发光二极管和发光二极管组件、半导体激光

二极管和激光器组件、光电探测器和光接收组件、光发射接收模块、光纤激光器和光放大器、光

调制器、光开关、DWDM 用光发射和接收器件、用户接入系统光光收发器件与模块、光纤连接器、

光纤跳线/尾纤、光衰减器、光纤适 配器、光隔离器、光耦合器、光环行器、光复用器/转换器；

无线收发芯片和模组、蓝牙芯片和模组。  

更多产品请看本公司产品专用销售网站: 

商斯达中国传感器科技信息网：http://www.sensor-ic.com/

商斯达工控安防网：http://www.pc-ps.net/

商斯达电子元器件网：http://www.sunstare.com/

商斯达微波光电产品网:HTTP://www.rfoe.net/

商斯达消费电子产品网://www.icasic.com/

商斯达实业科技产品网://www.sunstars.cn/   微波元器件销售热线： 

    地址：深圳市福田区福华路福庆街鸿图大厦 1602 室 

    电话：0755-82884100 83397033 83396822 83398585 

    传真：0755-83376182  （0）13823648918  MSN: SUNS8888@hotmail.com

    邮编：518033   E-mail:szss20@163.com     QQ: 195847376 

    深圳赛格展销部：深圳华强北路赛格电子市场 2583 号 电话：0755-83665529   25059422 

    技术支持: 0755-83394033 13501568376 

欢迎索取免费详细资料、设计指南和光盘 ；产品凡多，未能尽录，欢迎来电查询。 
    北京分公司：北京海淀区知春路 132 号中发电子大厦 3097 号 
               TEL：010-81159046  82615020  13501189838  FAX：010-62543996   
    上海分公司：上海市北京东路 668 号上海賽格电子市场 D125 号  
               TEL：021-28311762  56703037  13701955389  FAX：021-56703037 
    西安分公司：西安高新开发区 20 所(中国电子科技集团导航技术研究所)   
           西安劳动南路 88 号电子商城二楼 D23 号   

            TEL：029-81022619  13072977981  FAX:029-88789382 
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