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Introduction
The versatile INA-12063 RFIC amplifier provides an effective solution
for many buffer, pre-driver, and multi-purpose gain stage requirements
for applications in the 2.4 GHz frequency band. The INA-12063 is
especially easy to use at this frequency, as illustrated in the RF
schematic in Figure 1. This amplifier solution will be particularly useful
for wireless data, RFID, WLAN, and HomeRF products.

One of the unique features of the INA-12063 is the user’s ability to set
the device current by means of an external resistor. For applications
requiring minimal current drain, the INA-12063 operates satisfactorily
with currents as low as 1 to 2 mA. For buffer and pre-driver stages, the
device current can be increased to 8 mA to provide a 1 dB compressed
output power of approximately +6 dBm. Although the nominal supply
voltage for the INA-12063 is +3 volts, the device can operate over a
voltage range of 1.5 to 5 volts.

Setting the Bias Current
The patented,[1] active bias regulation circuit is a 10: 1 current mirror
that forces the current in the RF section of the INA-12063 to be
approximately 10 times the current supplied to the Ibias pin. Pin
connections for the INA-12063 are shown in Figure 3. In normal use, a
voltage between +1.5 and +5 volts is applied to both the Vd and Vc
terminals of the INA-12063. The device current is then set by injecting a
small control current into the Ibias pin that is approximately 1/10 of the
desired device current. The simplest means of supplying the Ibias
control current is to merely place a resistor, shown as Rbias in Figure 4,
between the Vd and Ibias terminals. Rbias is sufficiently high that it
simulates a current source. The value for Rbias is calculated as follows:

where Vd is the device voltage (volts), Ic is the desired device current
(amps), and Rbias is the value of the bias-determining resistor (ohms).

[1] U.S. Patent Number 5436595
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2.4 GHz Design Example
An example circuit was designed to demonstrate the use of the
INA-12063 for 2.4 GHz applications. The example amplifier was
designed to operate from a power supply of +3 volts with a nominal
device current of 5 mA.

The integrated series feedback in the INA-12063 provides a very good
input match over the entire 2 to 3 GHz frequency range. The input
match is typically under a VSWR of 2:1, improving to 1.3:1 at higher
device currents. Therefore, the input to the INA-12063 may be used as
is without the need for any impedance-matching circuitry.

The real part of the output impedance of the INA-12063 lies near
50 ohms at 2.4 GHz. The addition of a simple series inductor is all
that is needed to achieve a very reasonable output match to 50 ohms.
A CAD simulation using Hewlett-Packard’s Touchstone program
predicted the output of the INA-12063 could be matched by using a
4.5 nH series inductor. A 4.7 nH chip inductor was chosen as the
nearest standard value to 4.5 nH.

The only other components required to complete the circuit are: DC
blocking and bypass capacitors, a RF choke, and the current setting
resistor, Rbias. The value for Rbias was calculated from Equation 1
above to be 4.4 kΩ for 3 volts and 5 mA. The nearest standard value of
4.7 kΩ will be used for this design. A value of 33 nH is used for the RFC
and all capacitors are 56 pF. A schematic diagram of the complete
circuit is shown in Figure 4.

A demonstration circuit for the INA-12063 was assembled on an “IAM-
91-A” evaluation PCB. The IMA-91-A circuit board, originally designed
for use with the IAM-91563 RFIC mixer, is readily adapted to
accommodate the INA-12063. The unused circuit traces are cut away
and an external wire is added to connect the supply voltage to the Vd
terminal at Pin 4. The completed amplifier is shown in Figure 5.

Figure 3. INA-12063 Pin Connections
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Figure 4. Complete Schematic of 2.4 GHz Amplifier
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Test Results
Actual measured gain of the completed amplifier from 2.3 to 2.6 GHz is
shown in Figure 2 for three different device currents. The value of Rbias
was changed to adjust the device current to 2, 5, and 10 mA.

Return loss for the RF input and output is plotted in Figure 6 from 2.0
to 3.0 GHz. These data are for a device current of 5 mA. The input and
output VSWRs are both less than 1.6:1 over a 100 MHz bandwidth
centered near 2.3 GHz. This result suggests the output match is tuned
slightly low compared to the 2.4 GHz target frequency and is likely due
to rounding up of the output matching inductor to a standard value.

Output power at 1 dB of gain compression was measured over a 1 to
10 mA decade of current and is plotted in Figure 7. The output power
data was taken with fixed tuning, i.e., no re-tuning was done for
different currents. The output power results show a point of
diminishing return beyond a current of 8 mA where a maximum P 1dB
of +6.5 dBm is obtained.

Figure 5. Example 2.4 GHz Circuit Using the HP INA-12063 RFIC Amplifier
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The isolation (reverse gain) of the amplifier is shown in Figure 8 for a
current of 5 mA. The isolation is fairly insensitive to current and varies
only 1 dB over a 2 to 10 mA current range.

Noise figure for the example amplifier was measured as 3.4 dB at 2 mA,
increasing to 3.8 dB at 10 mA of device current.

A measured plot of device current vs. Rbias is shown in Figure 9 for
reference.

Refer to the Data Sheet for the INA-12063 RFIC for additional
information.
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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/
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    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   
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