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Introduction

This application note is focused on exploiting the RF
design capabilities of ISL73096RH/ISL73127RH/
ISL73128RH transistor arrays. Detailed design
procedures, using these transistor arrays, for a
matched (800MHz to 2500MHz) high-gain low-noise
amplifier and a 10MHz to 600MHz wideband feedback
amplifier are described.

The ISL73096RH, ISL73127RH and ISL73128RH
transistor arrays are fabricated in a complementary
bipolar bonded wafer silicon-on-insulator (SOI)
technology, dubbed UHF-1 [1]. All three products make
use of the same die, which has both NPN and PNP
transistors on it. Figure 1 shows the pinouts of the
three different products. Typical NPN and PNP
transistor characteristics are shown in Table 1.

TABLE 1. UHF-1 DEVICE CHARACTERISTIC

PARAMETERS NPN PNP | UNITS
BVcEo, MIN 8 8 \
BVcBO, MIN 12 10 v
BVEBO, MIN 55 | 4.5 v
IceO 0.1 | 0.1 nA
hre 70 | 40
Cea 500 | 600 fF
fr 9 5.5 | GHz
P1pg (Ic = 10MA, Vcg = 5V, 7.6 | 6.2 | dBm
fo = 1GHz)
IP3 (Ic = 10mA, Vg = 5V, 17.6 | 16.2 | dBm
fo = 1GHz)
NF (Rg = 500, Ic = 5mA, 3.5 | 3.0 dB
VcE = 3V, fo = 1GHz)

The SOI process has the advantage of lower DC and
AC parasitic leakage currents as opposed to junction
isolation, which leads to good isolation between
transistors. Furthermore, an SOI process provides
substantially lower collector to substrate capacitance,
immunity to any possible latch-up between the
devices, and superior radiation hardness.

The ISL73127RH is used for the two stage matched
(800MHz to 2500MHz) high-gain amplifier design,
while the ISL73096RH is used for the 10MHz to
600MHz wideband feedback amplifier.
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FIGURE 1. PINOUTS OF ISL73096RH, ISL73127RH,
ISL73128RH

Circuit Design

High-Gain Low-Noise Amplifier

One important design requirement for an RF amplifier
is the accurate control of input and output impedance
levels. This is especially important if the amplifier is to
interface with matched source and load impedances.

Based on S-parameter measurements, for a common-
emitter configuration, transistors of ISL73127RH
exhibit a prematched condition on the input side over a
wide range of frequencies. The package lead and bond
wire inductances for these transistors make the input
impedance close to 50Q. For Ic = 5mA - 10mA,

Vcg = 2V - 5V, the input VSWR of Q> and Qg was less
than -10dB for frequencies of 800MHz to 3000MHz.
Furthermore, for these transistors, a good output
match, output VSWR < -10dB for frequencies 300MHz
to 3000MHz, could be accomplished through bypassing
the collector with a 100Q resistor. As the single stage
amplifiers built with Q2 and Qg both show good input
and output matching, they can be cascaded for higher
gain without requiring an impedance transforming
network. Figure 2 shows the final two stage amplifier.
The advantage of this circuit is its simplicity. This
design does not use any tuning inductors or capacitors
which would tend to increase the cost of the circuit.
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Furthermore, this circuit accomplishes higher gain by
cascading two amplifier stages built with integrated
transistors.

FIGURE 2. HIGH-GAIN LOW-NOISE AMPLIFIER REALIZED
WITH ISL73127RH

Figure 3 shows the measured characteristics of the
amplifier under two different bias conditions: Vcc = 3V,
ICZ = |C5 =5mA; and VCC =5V, |C2 = |C5 = 10mA. As
can be seen from Figure 3, the input and output VSWR
is less than -10dB for frequencies greater than 800MHz.
The amplifier shows better performance at the expense
of higher power dissipation (Ic = 10mA and Vcc = 5V)
except the noise figure. For Ico = Icg = 10mA, the
amplifier gains are 18.7, 8.8, and 6.6dB at frequencies
of 900MHz, 1800MHz, and 2200MHz, respectively.

From Figure 2, the noise figure of the whole circuit is
mainly controlled by the noise characteristics of the
transistor Qs. As shown in Figure 3D, this high-gain
amplifier demonstrates good noise performance. For
Ico = Ics = 5mA, the measured noise figure is 3.9dB at
900MHz, making this useful as a high-gain, low-noise
amplifier.

The complete microstrip board layout is shown in
Figure 4. A 0.031 inch thick FR-4 (G-10) glass epoxy
board is used for the layout. The dielectric constant of
the material is 4.7 at 1000MHz.
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FIGURE 4. MICROSTRIP BOARD LAYOUT FOR THE
HIGH-GAIN LOW-NOISE AMPLIFIER

The key rule for the circuit board layout is to make the
physical length of the conductors as short as possible
where the RF signal is involved. Although it seems
obvious, it is easy to forget that the impedance looking
into a microstrip line, that has load attached at the end,
can be totally different from the attached load impedance
depending on the length of the microstrip line and
frequency. Outside the RF signal path, it does not matter.

At RF frequencies, the value of chip resistors, capacitors,
and inductors should not be taken for granted. In
general, the smaller the size of the component, the
better the performance. However, it is important to
evaluate the components before use. For the RF
frequencies, these components can be evaluated easily
using a network analyzer by mounting them as shown in
Figure 5. The SMA connector itself contributes about
0.7pF of capacitance between the signal and ground
terminals.
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Wideband Amplifier

A well known simple amplifier configuration which
achieves flat gain and broadband matching without
losing excessive signal power is shown in Figure 6. The
simultaneous use of both shunt and series feedback
gives rise to broadband resistive input and output
impedances [2, 3].

Figure 7 shows a similar version of the double feedback
wideband amplifier circuit realized with the ISL73096RH.
This design takes advantage of the PNP transistors (Q4
and Qg) available on the ISL73096RH, to bias amplifying
transistor Q> for good temperature stability.
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FIGURE 6. SINGLE STAGE SHUNT AND SERIES
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FIGURE 7. WIDEBAND AMP REALIZED WITH
ISL73096RH

The frequency response of the wideband amplifier is
shown in Figure 8. As can be seen from Figure 8, the
amplifier shows 10dB of flat gain with 600MHz
bandwidth.The input and output matching is very good
over the range of frequency where gains are flat. The low
frequency performance is limited by the 1000pF
capacitor.

The microstrip board layout for the wideband ampilifier is
shown in Figure 9. A 0.031 inch thick FR-4 (G-10) glass
epoxy board is used for the layout.

AN1503 Rev 0.00
October 13, 2009

intersjl

Page 3 of 5


http://www.intersil.com?utm_source=intersil&utm_medium=datasheet&utm_campaign=logo-ds-header

RF Amplifier Design Using ISL73096RH,
ISL73127RH, ISL73128RH Transistor Arrays

15
2 10 -—_~\\
. \
P4
3 \
a

5 N

0

107 108 10°

F

REQUENCY (Hz)

FIGURE 8A. GAIN
FIGURE 8. MEASURED CHARACTERISTICS OF THE WIDEBAND AMPLIFIER

Vce

LCHOKE

THROUGH
HOLE

s ||

Cpp

H OUTPUT
o ISL73096RH Ly
0 D (Mo o Il
Re Ry \Cl Cs
RE B
Cpp Co
I ]
—— | INPUT

FIGURE 9. MICROSTRIP BOARD LAYOUT FOR THE
WIDEBAND AMPLIFIER

0

-10 -
8 /
3 OUTPUT VSWR / /
x 20

Y

g \ /

-30 \>/ /\

INPUT VSWR
-40 1
107 108 10°

FREQUENCY (Hz)
FIGURE 8B. INPUT-OUTPUT VSWR

Summary

A detailed process of designing a high-gain low-noise and
a wideband amplifier using the Intersil UHF transistor
arrays is summarized.

A two-stage, high-gain, low-noise amplifier built with the
ISL73127RH demonstrates 50Q input and output
impedance over a wide frequency range of 800MHz to
2500MHz without the use of external matching networks.
The gain at 900MHz is in excess of 17dB with a noise
figure of 3.9dB.

A wideband amplifier built with the ISL73096RH
demonstrates excellent input and output matching with
10dB of constant gain. The -3dB bandwidth of this
amplifier is 600MHz. PNP transistors available on the
ISL73096RH are used for temperature stable biasing of
the amplifying transistor.
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or
arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application
examples.

No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by
you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the
product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); larg: le corr { i ; key financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all
liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user’'s manual or
other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified
ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and

sufficiently investi i laws and ions that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.

o

. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who di

party in advance of the contents and conditions set forth in this document.
11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

butes, disposes of, or of ise sells or transfers the product to a third party, to notify such third
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