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QUALITY ASSURED

Our quality system focuses on the continuing high quality of our
components and the best possible service for our customers. We have
athree-sided quality strategy: we apply a system of total quality control
and assurance; we operate customer-oriented dynamic improvement
programmes; and we promote a partnering relationship with our
customers and suppliers.

PRODUCT SAFETY

In striving for state-of-the-art perfection, we continuously improve
components and processes with respect to environmental demands.
Our components offer no hazard to the environment in normal use
when operated or stored within the limits specified in the data sheet.

Some components unavoidably contain substances that, if exposed by
accident or misuse, are potentially hazardous to health. Users of these
components are informed of the danger by warning notices in the data
sheets supporting the components. Where necessary the warning
notices also indicate safety precautions to be taken and disposal
instructions to be followed. Obviously users of these components, in
general the set-making industry, assume responsibility towards the
consumer with respect to safety matters and environmental demands.

All used or obsolete components should be disposed of according to
the regulations applying at the disposal location. Depending on the
location, electronic components are considered to be ‘chemical’,
'special' or sometimes ‘industrial' waste. Disposal as domestic waste is
usually not permitted.
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Preface

Thank you for your interestin Wireless Communications products from Philips
Semiconductors. As a leading supplier to the Wireless market, we offer a wide
range of discrete and integrated semiconductor components.

This Wireless Communications handbook includes information on current Wireless
integrated circuits from Philips Semiconductors. The products are used in a wide
range of Wireless transmitter and receiver electronics. These applications

include: Cellular radio, cordless telephones, high performance receivers, two-way
communications and LANs.

Selected products from this handbook can be used to build a complete wireless
system. The system diagrams located in the Wireless System Solutions Section
can help you determine which products are best suited for your application.

Philips Semiconductors also offers discrete Wireless components through the
Discrete Semiconductor Group. For information on this product line, please
contact Philips Semiconductors.
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Ordering Information
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LINEAR PRODUCTS PART NUMBERING SYSTEM

Example: NE XXXX N

J I Package Description:

A = Plastic Leaded Chip Carriers (PLCC)

Plastic SO
Ceramic Dual In-Line
Hermetic Chip Carriers — Leadless
Headers
Plastic Dual In-Line
Pin Grid Array — Hermetic
Hermetic Cerpac
Ceramic Square Quad Flat Pack

Device Number
Device Family and Temperature Range Prefix

LI T T 1 I (I |

<sTvzZIEMO

AU = -40°Cto +125°C
NE = 0to+70°C

SE = -55°Cto +125°C
SA = -40°Cto +80°C

PHILIPS PRODUCTS PART NUMBERING SYSTEM
PREFIXES HE, PC, PN, SA, TD, TE, TS, UM

Example: TD A XXXX P N

| E— Package Description:
Device Family N = Plastic Dual In-Line
HEx = CMOS Circuit D = Plastic SO )
PCx = CMOS Circuit F = Ceramic Dual In-Line
PNx = NMOS Circuit U = Plastic Single In-Line
SAx = Digital Circuit Package Marking on Part:
TDx = Linear Circuit P = Plastic Dual In-Line
TEx = Linear Circuit T = Plastic SO
TSx = Analog Circuit D = Hermetic Cerdip
UAx = Digital Circuit .
UMx = Digital Circuit Device Number

Operating Temperatures:

= Temperature range not specified (see data sheet)
0to +70°C

-55°C to +125°C

-25°C to +70°C

-25°C to +85°C

-40°C to +85°C

TMOoOW>»
L L (I I T |
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General

Quality

TOTAL QUALITY MANAGEMENT

Philips Semiconductors is a Quality Company, renowned
for the high quality of our products and service. We keep
alive this tradition by constantly aiming towards one
ultimate standard, that of zero defects. This aim is guided
by our Total Quality Management (TQM) system, the
basis of which is described in the following paragraphs.

Quality assurance

Based on ISO 9000 standards, customer standards such
as Ford TQE and IBM MDQ. Our factories are certified to
1SO 9000 by external inspectorates.

Partnerships with customers

PPM co-operations, design-in agreements, ship-to-stock,
just-in-time and self-qualification programmes, and
application support.

Partnerships with suppliers

Ship-to-stock, statistical process control and ISO 9000
audits.

Quality improvement programme

Continuous process and system improvement, design
improvement, complete use of statistical process control,
realization of our final objective of zero defects, and
logistics improvement by ship-to-stock and just-in-time
agreements.

ADVANCED QUALITY PLANNING

During the design and development of new products and
processes, quality is built-in by advanced quality
planning. Through failure-mode-and-effect analysis the
critical parameters are detected and measures taken to
ensure good performance on these parameters. The
capability of process steps is also planned in this phase.

-

995 Mar 21

wn

-
»

PRODUCT CONFORMANCE

The assurance of product conformance is an integral part

of our quality assurance (QA) practice. This is achieved

by:

® Incoming material management through partnerships
with suppliers.

® |n-line quality assurance to monitor process
reproducibility during manufacture and initiate any
necessary corrective action. Critical process steps are
100% under statistical process control.

@ Acceptance tests on finished products to verify
conformance with the device specification. The test
results are used for quality feedback and corrective
actions. The inspection and test requirements are
detailed in the general quality specifications.

@ Periodic inspections to monitor and measure the
conformance of products.

PRODUCT RELIABILITY

With the increasing complexity of Original Equipment
Manufacturer (OEM) equipment, components reliability
must be extremely high. Our research laboratories and
development departments study the failure mechanisms
of semiconductors. Their studies result in design rules
and process optimization for the highest built-in product
reliability. Highly accelerated tests are applied to the
product reliability evaluation. Rejects from reliability tests
and from customer complaints are submitted to failure
analysis, to result in corrective action.

CUSTOMER RESPONSES

Our quality improvement depends on joint action with our
customer. We need our customer’s inputs and we invite
constructive comments on all aspects of our performance.
Please contact our local sales representative.

RECOGNITION

The high quality of our products and services is
demonstrated by many Quality Awards granted by major
customers and international organizations.
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Product status

DEFINITIONS

Data Sheet Identification

Product Status

Definition

Objective Specification

Formative or in Design

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

Preliminary Specification

Preproduction Product

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.

Product Specification

Full Production

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.

BUS

Purchase of Philips I2C components conveys a license under the Philips’ 12C patent
to use the components in the 12C system provided the system conforms to the
I2C specifications defined by Philips. This specification can be ordered using the

code 9398 393 40011.
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Philips Semiconductors RF Power Transistors Selector Guide

Wireless Communications

RF Power Transistors for Portable Equipment

Type Number Frequency 3;""" apgwe PL:v:‘eir Povz:rat)hin Eﬂlg:)ncy Resistance3 Thermal
(MH2) V) (W) min. min. typ. (kW) Package
BLT80 900 75 0.8 6 60 | 67 224 SOT223
BLT81 900 7.5 1.2 6 60 . 70 325 S0T223
BLT80 900 6.0 0.8 6 © 70 224 SOT223
BLT81 900 6.0 1.2 6 (] 325 S0T223
BLT70 900 48 0.6 6 60 . 396 S0T223
BLT71 900 4.8 1.2 6 60 247 S0T223
BLT61? 900 3.6 1.2 6 50 | 60 308 SOT96 (SO8pl)
DIGITAL CELLULAR
BFG540W 900 6.0 18 dBm 6 60 67 224 SOT433
BFG540W 1900 3.6 14 dBm 6 60 | 67 224 SOT433
BFG10W/x 900 6.0 28 dBm 6 60 . 67 224 S0T433
BFG10W/x 1900 3.6 20 dBm 6 60 67 224 SOT433
BFG11W/x 1900 3.6 26 dBm 6 60 , 67 224 SOT433
BLT82 900 6.0 3.5 6 60 . 67 224 SOT96 (SO8pl)
BLT72! 900 4.8 3.0 6 60 67 224 SOT96 (SO8pl)
BLT13! 1800 6.0 2.0 6 60 67 224 SOT96 (SO8pl)
Application Supply Voltage Load Power 1st Stage 2nd Stage 3rd Stage
Analog 6.0 1.2 BFGS540 BLT80 BLT81*
4.8 1.2 BFGS540 BLT70 BLT71
3.6 1.2 BFG520 BFG10W/x BLT61
GSM 6.0 3.5 BFG520 BFG10W/x BLT82
4.8 3.0 BFG520 BFG10W/x BLT72
PCN/DCS1800 6.0 20 BFG540 BFG10W/x BLT13
DECT 3.6 0.4 BFG540/x BFG10/x BFG11/x
BFG540W/x BFG10W/x BFG11W/x
NOTES:
Teisthe P atthe ing point of the tab
1. Preliminary specification 6. Prox =2 W, Tg =95°C
2. Objective specification 7. Prox = 3.5 W, Tg = 90°C
3. Junction to soldering point 8. Prox =2 W, Tg = 115°C
4.Prox=2W, Tg =131°C 9. Prox = 1W, Tg = 115°C

5. Prox =2 W, T = 110°C 10. Prox = 1 W, Tg = 130°C
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Section 2
Wireless System Solutions

INDEX
GSM Digital Cellular . ......... ... 28
1S-54/-136 TDMA Digital Cellular 30
AMPS/(E)TACS/CDPD Analog Cellular ..............c.oooiiiiiiiiiinnnn 32
DECT Digital Cordless .............ooiuiiiiiiiiii it 34
CTO Analog Cordless . .........ouiiiiiii i 38
CT1/CT1+ Analog CordIess ...........oovveiiiiiiiiiiiiiiiiiiiienenn.. 40
Pagers ... 42

SYSTEM SOLUTIONS FOR WIRELESS STANDARDS

As the fastest growing area in electronics, the wireless personal communications
market is fiercely competitive for semiconductor, communication equipment and
EDP vendors alike. As a market characterized by a multiplicity of standards, only
vendors with resources, vision and a commitment to innovation will realize the
standards of the future. Philips Semiconductors is such a vendor, with chipset
solutions for virtually all current cellular, cordless and paging standards, and with
roadmaps for the global systems of the future.

The following section contains information on chipsets for several cellular
telephone, cordless telephone, and wireless data standards. The system solutions
and block diagrams presented in this section represent Philips chipset solutions
that are currently available. Detailed information on individual ICs can be found in
the preceding sections of this or other referenced data handbooks.

The list of solutions presented is by no means exhaustive, and is intended to
demonstrate Philips’ products and capabilities in several important wireless
markets. Philips is constantly moving forward with new solutions for existing, as
well as emerging, standards. If you would like more information on current chipsets
and standard ICs, or would like to see what we are planning for the future, please
contact your local Philips sales engineer or Philips representative.
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GSM (Global System for Mobile Communications)
Digital Cellular Chipset

GSM Digital Celluiar
Since the late 1980s, Philips Semiconductors has been involved in developing ICs for the GSM (Global System Mobile) Digital
Cellular standard. As a major supplier for this rapidly growing market, Philips has all the competencies required for GSM

systems.

Introducing the first GSM chipset working at 3V

With samples now available, this 3 V chip-set uses low-power, low-voltage technology, is highly integrated and is suitable for
GSM systems. This 8-chip solution is the next milestone on the road to smaller digital phones. Key features include ICs
fabricated in 0.5um CMOS technology for the baseband and QUBIC (BiCMOS) technology for the RF ICs. The ICs are
encapsulated in small TQFP and SSOP packages.

In the RF section, three new ICs complement the existing PCF5075: the SA1620 RF transceiver, the SA1638 IF transceiver and
the UMA1019 RF synthesizer. The RF chip set supports high IF frequencies and allows simple, low-cost filters to be used for
image-rejection.

The baseband and audio interface (PCD5072) is a new single-chip interface between the IF transceiver, the microphone &
earpiece and the baseband processor. It integrates an audio Codec and auxiliary AD/DA converters for AGC, AFC and power
management.

The new baseband DSP (PCF5083) includes the TDMA timer. An on-chip ROM contains firmware program modules to perform
all necessary processing algorithms. Special attention has now been given to equalization to improve performance in hilly
areas and fast-moving vehicles.

The following components have, in addition, board level support tools:

- SA1620 GSM front-end transceiver

— SA1638 IF |/Q transceiver

- UMA1019AM Frequency synthesizer

- PCF5075 RF power amplifier Controller (OM4768 evaluation board)

— P90CL301 Low-voltage 16-bit microcontroller (OM5040 evaluation board)

— TDA8005 Smart Card Interface (CAKE 501-A evaluation board)

— LCD drivers and other Peripheral ICs: handsfree speakerphone IC (OM5027 evaluation board)
— Clock/calendar IC, etc.
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Philips Semiconductors offers a complete GSM chipset for mobile telephones and base-stations
that consists of: IC17 Page

GSM Digital Cellular Chipset:

SA1620 Low-voltage GSM RF transceiver ............ ...t
SA1638 Low-voltage GSM IF transceiver . ..... ... ...ttt i e
UMA1019AM Low-voltage frequency synthesizer for radio telephones .

PCF5075 Power amplifier controller for GSM systems .......... ... ... . .. i
TDAB8005 SIMiNterface ... ...
P90CL301 Low-voltage microcontroller ........... ... ... i
PCD5072 GSM baseband interface

PCF5083 GSM baseband processor

GSM Digital Cellular Chipset

PCF5075

SA1620 SA1638 PCF5072
BGY20X : S | -
RF AMP BASEBAND &
— —{ |AUDIO INTERFACE
UMA1019
SYNTHESIZER >
HANDS
| FREE
PCF5083

TDA8005 P90CL301

B
s

Additional Periphery ICs:

PCF2116x LCD Dot-Matrix Controller
PCF8593 Low Power Clock/Calendar
TEA106x/109x Handsfree IC
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North American Digital Cellular (NADC) 1S-54/-136 TDMA
RF Transceiver Chipset

1S-54/-136 (D-AMPS; TDMA) AND iS-95 (CDMA)

Designed to address the problem of using existing channels more efficiently, IS-54/-136 employs the same 30 kHz channel
spacing and frequency bands (824-849 and 869-894 MHz) as the current North American analog cellular standard: AMPS. By
using TDMA instead of FDMA, 1S-54/-136 increases the number of users from 1 to 3 per channel (up to 10 with enhanced
TDMA). The |1S-54/-136 specification states that the digital handset and system must also support the analog AMPS system.
Experience from the low power AMPS chip-set, together with customer inputs, were combined to produce a 4-chip solution for
an 1S-54/-136 RF/IF section.

1S-95 is another digital standard that uses the same frequency bands as AMPS and supports AMPS operation. This standard
uses CDMA, employing spread-spectrum technology and a special coding scheme. This standard is at a very early stage but
promises a threefold increase in user capacity over 1S-54/-136.

1S-54/-136 transceiver chip-set

To compete with existing analog standards, a low power, highly integrated solution is a must for any digital standard to succeed.
Our new chip-set for 1S-54/-136 meets these criteria. The chip-set combines all of the necessary RF and IF functions into four
integrated devices: the SA621 RF front end, the SA7025 dual frequency synthesizer, the SA900 I/Q transmit modulator and the
SA637 digital IF receiver or SA606 FM IF receiver + external I/Q demodulator. These devices were designed as a system and
therefore have interface levels which are matched, eliminating the need for additional buffers and interface devices. There is
also a common high speed serial interface bus, making addressing the devices simpler. Additionally the frequency plan was
designed to eliminate the need for an additional synthesizer and VCO loop. All of these features dramatically reduces the cost
and size while improving the performance of the overall system.

Although this is not the only 1S-54/-136 solution, our 4-chip configuration is the most integrated and easy to use chip-set
available today. For example, the SA900 provides I/Q modulators, the phase shifter, the VGA, a filter, control logic, clock
distribution and more in a single IC. The need for two RF synthesizers was eliminated by closely coupling the SA7025 and the
SA900 so it is possible to use the main synthesizer to simultaneously generate receive and transmit signals. The integration
and connectivity of the chip-set promote significant cost reduction. In addition this integrated solution reduces the time to a final
product by simplifying the design effort. The result is a smaller, cost effective, low-power phone that is ultimately more
attractive to the end users.

Moving to a digital standard not only provides for increase in capacity, but offers the advantages of service integration. With the
use of a digital modulation, other services such as data and fax can also be handled more easily over this system.

The Philips Semiconductors 1S-54/-136 TDMA RF transceiver chipset consists of the following ICs: IC17 Page
SA621 1GHz low voltage LNA, mixer and VCO . . ... ittt i 166
SA606 Low voltage high performance mixer FM/IF system ........ ... ..., 490
SA637 Low-voltage digital IF receiver ....... ... ... .. i e 643
SA7025 Low-voltage 1GHz fractional-N synthesizer ................ ... ... ... ..o 733
SA900 /Q transmit modUlator . . ... .. ... e 1003
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Analog Cellular Chipset

AMPS (Advanced Mobile Phone Service)
TACS (Total Access Communication System)
CDPD (Cellular Digital Packet Data)

AMPS/(E)TACS AND CDPD

Although the AMPS/(E)TACS analog cellular market is now in a stage of maturity, price erosion has led to rapid growth and a transformation
from a business only to a mass consumer market. This growth continues not only in the US and UK (where the standards originated) but also in
mainland Europe, Asia and Latin America. Interest in wireless data communications is also fuelling growth of the related Cellular Digital Packet
Data (CDPD) standard.

For manufacturers facing shorter product life cycles, rapidly decreasing market prices and faster times-to-market, our chipset presents a unique
opportunity. A worldwide network of application support centers is equipped to provide valuable assistance at all stages of the development
process.

Current AMPS/(E)TACS and CDPD chip-set

Out current chip-set uses 3V technology to improve power consumption and standby- and talk-time in today’s hand-held phones. Evaluation
kits are available for AMPS (OM4753) and (E)TACS (OM4751) standards. The AMPS/(E)TACS kits include a fully functional target system:
handset, LCD, keypad, 3 evaluation boards (baseband board, RF transceiver board, software emulation board) and object code. The
AMPS/CDPD kit contains a multilayer test board, which integrates RF and baseband functions, and demonstration software.

RF Transceiver

The RF transceiver is composed of three low voltage, high performance ICs. The SA621 RF front end incorporates a low noise amplifier (LNA)
and downconvert mixer to translate the incoming RF signal to the first IF. The SA606 FM IF further downconverts and demodulates the 1st IF
signal to provide the audio/data and RSSI signals. The UMA1015 dual frequency synthesizer locks the receive and transmit VCOs. These
three ICs typically draw a total of 20mA or less from a 2.7 to 5.5V supply.

Our BGY series of power modules provide a complete, integrated solution for all power classes of AMPS/(E)TACS and CDPD products.

Baseband Section

The AMPS/(E)TACS baseband solution handles all audio and data processing, control and memory functions. The SA5752, SA5753 audio
processors and TDA7050 audio amplifier provide companding, VOX, filtering, amplification and control functions needed to meet AMPS and
(E)TACS system requirements. The UMA10002 low voltage data processor incorporates all of the necessary data transceiving, processing and
SAT functions. The P83CL580 8-bit microcontroller, PCF8582T EEPROM and PSD312L EPROM provide the control and memory for the entire
handset.

Software

A demonstration software package is available (OM4752), based on the PL/M51 language. Together with the hardware evaluation kits,
customers can use this software to evaluate AMPS/(E)TACS protocol and operation. The software controls the transmit, receive and
man-machine interface (MMI) portions of the system.

The Philips Semiconductors AMPS/(E)TACS/CDPD chipset consists of: IC17 Page
SA601 Lowvoltage LNAandmixer- 1GHz ....... ... ... .. . 64
SA606 Low-voltage high performance mixer FM IF system .......... ... .. .o it 490
UMA1015M Low-power dual frequency synthesizer for radio communications ............................. 850
SA5752 Audio processor - companding, VOX and amplifier section .................... .. il 1087
SA5753 Audio processor - filter and control Section .................. i 1097
UMA1002 Data processor for cellular radio (DPROC2) ..........outiutirt it i 1334
P83CL580 8-Bit Microcontroller .. ... ... . 1C20
TDA7050 Audio amplifier . ... . e 1C03
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DECT Digitai Cordiess

DECT (Digital European Cordiess Telephone) Chipset

DECT

The Philips Semiconductors chip-set for Digital European Cordless Telecommunication (DECT) is intended for use in a variety
of wireless office and residential communications products. The chip-set is comprised of low-power ICs which provide a
complete solution for both baseband and RF.

DECT office-communication chip-set
The Philips Semiconductors low-voltage DECT PCD504X Burst-Mode Controller (BMC) forms the heart of the baseband
section in base-stations and handsets. It communicates with the:

® The RF transceiver incorporates a double superheterodyne receiver that is composed of the UMA1020 2 GHz double
frequency synthesizer and SA639 FM IF. Our next front-end product, the UAA2067, will include the LNA, VCOs and
preamplifier.

® The speech interface to our ADPCM CODEC (PCD5032) for encoding/decoding (G721) is in compliance with CCITT
recommendations. Philips Semiconductors advanced bitstream technology is used to achieve the A/D & D/A conversion.
The serial DSP interface can be connected to a DSP with echo control algorithms.

© The microcontroller interface is suited to one of the Philips Semiconductors low-voltage microcontrollers: the P8OCL782
(8051-core), the P83CLXXX (8051-core), the P90CL301 (68K-core) and in the near future, the 16-bit P87C51XA (80C51XA
core) microcontrollers. These execute the upper layer software of the DECT protocol.

Domestic and small-business systems

For this rapidly growing market, samples of a new IC family will be available by the end of 1994: the PCD509X series. A
PCD509X combines the ADPCM, BCM and microcontroller in a single IC, hence its name, the “ABC chip”. The RF interface
will be upwardly compatible with the PCD504X family.

Evaluation kit supports design-in

Philips Semiconductors offers a kit (OM4756) which can be used to evaluate the DECT chip-set and as a prototype
development tool. It includes an operating manual, a complete base-station and a complete rechargeable-battery-powered
remote unit (hand-held). The latter comprises a baseband section built around the PCD5041 BMC, a keyboard, an LCD, an RF
section and a handset.
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Philips Semiconductors offers a DECT chipset for handsets and basestations that consists of: IC17 Page
SA639 Low voltage mixer FM IF system with filter amplifier and data switch .......................... 654
UAA2067G Low voltage mixer FM IF system with filter amplifier and dataswitch .......................... 198
UMA1020AM Low-voltage dual frequency synthesizer for radio telephones .................... ... ... ... 956
UMA1020M Low-voltage dual frequency synthesizer for radio telephones .................... ... 968
PCD5032 ADPCM (G721) codec for digital cordless telephone ...................cooiiiiii i, 1271
PCD3311 DTMF Generator (basestation) ............c.ouiuiiiiiii i 1C03
PCA1070 Line Interface (basestation) ............ccoiiiiiii i e IC03
PCD5041 DECT burst mode controller (handset) . ....... ..ottt 1C03
BFG540/10/11  RF Power AMplfier ... ... ...uuiniiii it SC10
P80CLxxx Low voltage microcontroller ............oiuiiuit it i i 1C20
PCD5042 DECT burst mode controller (base-station)
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CTO0 Analog Cordless Chipset

CTO
This low-frequency analog cordless standard is established in many countries at various frequencies around 50MHz, including:

@ France (26/41 MHz)

® Australia (30/39 MHz)

® The Netheriands & Spain (31/40 MHz)

® China, S. Korea, Taiwan, USA, Latin America (46/49 MHz)
® China (48/74 MHz).

As this market continues to grow (in terms of countries and increasing user density), our complete module/chip-set system
approach to CTO offers a low-cost solution with a number of advantages over competitors:

® |t is an auto-scan, multiple-channel access (MCA) system: the base station and handset(s) automatically detect and
select a free channel for incoming and outgoing calls

@ 8 of the most commonly used CTO frequency tables are incorporated in the standard chip-set, consequently software
changes are not required

@ One base-station unit can operate up to eight handsets.

System design is based on an advanced communication protocol using MSK (minimum shift keying) at 1200bps. This means
high spectral efficiency and low-energy harmonics. Moreover, communication between base unit and handset features:

® A 20-bit security code (factory or user programmable)
® 2-way paging and 2-way intercom
® Call transfer between base unit & handset OR handset & handset
@ Noise reduction for high audio performance
e DTMF/pulse dialling, or mixed-mode dialling.
The base-station unit offers a full-function speaker phone with keypad for use without handset, and a last number redial

memory of 32 digits. It also includes a repertory dial memory (10 numbers of 24 digits, or 10 numbers of 16 digits + 3
emergency 28-digit numbers) and a music-on-hold facility.

The handset design incorporates an advanced power-saving algorithm to achieve a 12-day standby time. With the same
number memory facilities as the base station, it also includes a low-battery warning, an out-of-range warning and a back-light
for night use.

Evaluation kit
Demo/evaluation boards are available to cover all CTO frequencies (type OM4760-X; X = country version).

The Philips Semiconductors CTO chipset consists of the following ICs: IC17 Page
SA676 Low-voltage mixer FM IFsystemn .......... ... i 522
NE/SA576 LOW pOWEr COMPANAOT . ... .u it ittt e 1433
PCD4431-2 Cordless Decoder (RandSet) ... ..........ieiutininn it 1C03
PCD3333-2 Cordless Decoder (basestation) ...............c..oiiiiiiiiii i, IC03
TEA1094 Handsfree Speaker Phone Amplifier (basestation) .. ................coviiiiiiiiiiinennnn... 1C03
TEA1062/

TEA1062A Speech and Line Interface (basestation) ............ ... i 1C03
P80CL51 Microcontroller . . ... ... e IC20
TDA7052A/AT  1-Watt low voltage audio power amp with DC volume control ............................... 1C03
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CT1/CT1+ Analog Cordless Chipset

CT1/CT1+
CT1 and CT1+ have been chosen as the analog cordless standard by PTTs in several European countries. Their choice was
based on the CT1/CT 1+ multi-channel capability and 900MHz frequency. The high-frequency used and smaller market for this
standard has made CT1/CT1+ sets inherently more expensive than CTO. However, as CTO now features a multi-channel
capability, consumer pressure is forcing CT1/CT1+ price-reductions. A low-voltage, auto-scan MCA solution for CT1/CT1+
offers a highly competitive package:

@ A full solution for CT1 and CT1+ with software/hardware modifications available on request, and help in obtaining PTT

approval

® One base-station can operate up to six handsets

® Advanced communication protocol

® 21-bit security code (factory or user programmable)

@ 2-way paging and 2-way intercom

e Call transfer between base unit & handset OR handset & handset

® Noise reduction for high audio performance

® DTMF/pulse dialling, or mixed-mode dialling

® Programmable country settings, for all European countries.
The base-station unit offers a full-function speaker phone with keypad for use without handset, and a last number redial

memory of 23 digits. It also includes a repertory dial memory (10 numbers of 23 digits), a music-on-hold facility and a fast
battery charger (< 4 hrs).

The handset features the same number-memory facilities as the base-station unit, out-of-range warning and low battery
warning. Battery management assures a standby time of more than 24 hours, with the handset supporting fixed or replaceable
batteries.

For CT1/CT1+, Philips also provide production-line testing software and service-engineer maintenance software.

Evaluation kits
Demo/evaluation boards are available: type OM4743 for CT1 and type OM4744 for CT1+.

The Philips Semiconductors CT1/CT1+ chipset consists of: IC17 Page
SA601 Low voltage LNA and mixer — 1GHZ ... ... ... i et 64
SA616 Low voltage high performance mixer FM/IFsystem ............. ... . ... oo il 506
UMA1015M Low power dual frequency synthesizer for radio communications ............................. 850
NE/SA576 LOW POWET COMPANGOT . . o ettt et e et ettt e et et e e e e 1433
PCD3312 DTME GeNerator . . ..ottt e e e e e IC03
P83CL782 Low voltage microcontroller ........... ... .. i IC20
TEA1064AT Speech and Line Interface (base-station) ........... ...t i 1C03
TEA1094 Handsfree Speaker Phone Amplifier (base-station) ............. ... ..., IC03
TDA7052A/AT  1-Watt low voltage audio power amp with DC volume control .................coovvuiinin.n. ICo1
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CT1/CT1+ Analog Cordless
1/2 SA576 TDA7052A BQEEE,TSES
LCD
DRIVER EXPANDER —>—Eq 36 v<—+
PCF8576 BAJS\IIEVHY
LM324 LM324 DETECTOR
Rx
—— FILTER [ DETECTOR [—¥ 1]2]3
4[5]6
CT1 7189
or *|0)#
CTi+ uC
TUNER
SA601
SA616
UMA1015M | Tx
FILTER _‘Eq
CT914H
CTo18H LM324 P83CL782
EEPROM COMPRESSOR |
PCF8581 1/2 SA576 TDA7052A MsB523

CT1/CT1+ Handset Solution

TEA1094

1/2 SAS76 D_ HANDSFREE Eq
\

EXPANDER |—
v

LCD
DRIVER

PCF8576 TDA7052A
LM324 LM324 TEA1064A
Rx
FILTER | DETECTOR |—] — SPEECH
cm Line
or

CTi+ ucC
TUNER

SA601

SA616

- Tx ||  DIMF
UMA1015M }——
FILTER GENERATOR
CT914B
CT918B LM324 P83CL782 PCD3312C
MSB524
EEPROM L 4
COMPRESSOR
PCF8581
1/2 SA576 TDA7052A

CT1/CT1+ Base-station Solution
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PAGERS

POCSAG

Because the pager market is characterized by customization, Philips Semiconductors do not offer a turnkey solution. However,
Philips Semiconductors does provide two advanced chips for all the key functions of beep-only, numeric and alphanumeric
pagers:

® The UAA2080 advanced pager receiver

® The PCF5001 POCSAG paging decoder.

Philips Semiconductors also provide application support on how to build complete pagers (the only extra components required
are a microcontroller, memory, LCD module and real-time clock), and offer unrivalled application support, including evaluation
kits.

UAA2080 advanced pager receiver

This is a high-performance low-power radio receiver circuit primarily intended for VHF and UHF (25 - 512MHz) wide-area
(country-wide) digital pagers. With a high level of integration, this is currently the only chip available for use in very thin pagers
(e.g., wrist-watch or credit card types). Employing direct FM non-return-to-zero (NRZ) frequency shift keying (FSK), the
receiver is based on the direct conversion principle (zero IF). Operating up to 2400 baud, the UAA2080 is unique in its size,
power consumption and performance advantages. Key features include:

@ High integration level

® Wide frequency range

® Low power consumption

® High sensitivity

@ High dynamic range

® Interfaces directly with the PCA5000A, PCF5001 and PCD5003 POCSAG decoders
® QFP32, SO28 package or naked chip.

The next generation UAA2082 will have two additional features: the low-battery detect voltage will be reduced from 2.05V to
1.1V; the internal oscillator will be disconnected when using direct injection from a frequency synthesizer, to further reduce
current consumption.

PCF5001 POCSAG paging decoder
This is a fully integrated low-power decoder and pager controller. It decodes the CCIR radio paging Code No.1 at 512 and
1200 bits/s data rates and includes a digital input filter for high call success rates. Key features include:

® On-chip EEPROM storage

® Wide supply voltage range (1.5 - 6V)

® \ery low supply current (60 mA with 76.8kHz crystal)

® Data rates up to 2400 bits/s possible

® Supports 4 user addresses (Receiver Identity Codes) in 2 independent frames

® Drives an LED, a magnetic or piezo ceramic beeper directly and offers optional vibrator type alerting
® Silent call storage (up to 8 calls).

® QFP32, SO28 package or naked chip.

PCF5003 new POCSAG paging decoder

The new PCD5003 is a very low power decoder and pager controller. It supports data rates of 512, 1200 and 2400 bps using a
single 76.8kHz crystal. lts on chip EEPROM is programmable with a minimum supply of 2.5V. Key features are:

® | ow operating current (50mA ON; 25mA OFF)
@ 2-bit random and (optional) 4-bit burst address error correction
® Up to 6 user addresses (RICs), in 6 (max) different frames

@ Standard POCSAG synchronization word, plus up to 4 user-programmable synchronization words
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Pagers

® Received data inversion (optional)

® Synthesizer set-up and control interface (3-line serial)

® Separate power control or Receiver and RF oscillator for battery economy
® On-chip SRAM buffer for message data

 Direct and 12C-bus control of operating status (ON/OFF)

® Wake-up interrupt for microcontroller, programmable polarity

® Built-in data filter and bit clock recovery

Evaluation kits

For the UAA2080 receiver, one may choose from four evaluation/demo boards:
® OM4745 for 173MHz

©® OM4746 for 288MHz
© OM4747 for 470MHz
® OM4748 - frequency open.

For the PCF5001, Philips Semiconductors offers the OM4706 decoder evaluation/demo board and the OM4718 test program
board. The latter allows monitoring of the decoder output from either a signal into the receiver, or a signal directly into the
decoder.

Philips Semiconductors offers the following pager ICs: 1C-17 Page
UAA2080T Advanced Pager FECEIVET ... .. ... ...ttt ettt et 255
UAA2082 Advanced pager reCRIVET .. ..........iuuiiut ittt i i e 293
PCD5003 Advanced POCSAG paging decoder . .........couiuuiiiieiiiinieeiiineeeniineiannneenanns 1236
PCF5001 POCSAG paging deCoTBr . .........iniitit ittt ettt i ieaeaaes 1202
P83CL410/782 Low voltage microcontroller ... ... ...t i 1C20

LCD
DRIVER
PCF8566/76/77C/78
PCF2114/16
PCF2115/13 {in dev.)
POCSAG EXTRA
RECEIVER DECODER pC MEMORY
>
+ PCF5001* d :ﬂ PCF8581
UAA2080 P83CL410
UAA2082H PCD5003H P83CL782 PCF8583 (+ RTC)
PCD5002H
(APCC) )
Ic
: RTC
PCF8593
‘ available in QFP32 (1/2 size of SO28), SO28 and as naked die
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NE/SA600
SA601
AN1777
AN1000
ANG5021
NE/SA602A
NE/SA612A
AN1981
AN1982
SA620
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SA1620
SA2420
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UAA2072M
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UAA2077AM
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433MHz front-end with the SA601 0or SA620 ..............ovviiiiiinnnn, 122
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Applying the oscillator of the NE602 in low-power mixer applications ....... 151
1GHz low voltage LNA, mixerand VGO ...........coviiiiiiniannnes 155
1GHz low voltage LNA, mixerand VCO ..........ooiiiiiiiiiiiinnnns 166

Image rejecting front-end for DECT applications .....................ooe 237
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1GHz LNA and mixer

NE/SA600

DESCRIPTION

The NE/SA600 is a combined low noise amplifier (LNA) and mixer
designed for high-performance low-power communication systems
from 800-1200MHz. The low-noise preamplifier has a 2dB noise
figure at 900MHz with 16dB gain and an IM3 intercept of -10dBm at
the input. Input and output impedances are 50Q and the gain is
stabilized by on-chip compensation to vary less than +0.5dB over
the -40 to +85°C temperature range. The wide-dynamic-range
mixer has a 14dB noise figure and IM3 intercept of +6dBm at the
input at 900MHz. Mixer input impedance is 50Q with an
open-collector output. The chip incorporates an option so the LNA
can be disabled and replaced by a through connection. The
amplifier IM3 intercept increases to +26dBm in this mode; thus, large
signals can be handled. The nominal current drawn from a single
5V supply is 13mA and 4.2mA in the LNA thru mode.

FEATURES

® | ow current consumption: 13mA nominal, 4.2mA in the LNA thru
mode

® Excellent noise figure: 2dB for the amplifier and 14dB for the
mixer at 900MHz

® Excellent gain stability versus temperature
® Switchable overload capability

©® Amplifier matched to 50Q

® Mixer input matched to 50Q

® Oscillator input matched to 50Q

PIN CONFIGURATION
D Package
————
vee [1] 4] veemx
GNDg E 3] Four
RFINp E 12 GNDpx
GNDp{ E E] RF INyx
BYPASS E 10 | GNDA2
GNDLo E E RF OUTA
Lo E Z] ENABLE
SRooo82

Figure 1. Pin Configuration

APPLICATIONS
© 900MHz front end for GSM/AMPS/TACS/ hand-held units

® RF data links

® UHF frequency conversion
® Portable radio

® Spread spectrum receivers

® 900MHz cordless phones

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
14-Pin Plastic Small Outline (SO) package (Surface-mount) 0to +70°C NE600D SOT108-1
14-Pin Plastic Small Outline (SO) package (Surface-mount) -40 to +85°C SA600D SOT108-1
BLOCK DIAGRAM
Yeemx Four GNDyy RFiNMx GND 5, RFouta ENABLE
14 13 12 11 [10] [97] [T87]
L_—{ AMP
RF ] POWER
DOWN
GAIN IF_ Lo
TEMP.
> COMP.
2
1
LN o=
’— BIAS -‘ A
L] 2] [3] [ LS ] f L
Vee GNDg RF |na GND BYPASS GND, ¢ Lo
SR00083

Figure 2. Block Diagram
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ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
Vee, Veomx Supply voltage‘ -0.3t0 +6.0 \"
ViN Voltage applied to any other pin -0.3 to (Vgc+0.3) Vv
AV Ve to Veemx -0.3t0 +0.3 \
AG Any GND pin to any other GND pin -0.3t0 +0.3 v
Po Power dissipation, Ta = 25°C (still air)2
14-Pin Plastic SO 980 mwW
TymAX Maximum operating junction temperature 150 °C
Pmax Maximum power input/output +20 dBm
Tsta Storage temperature range —-65 to +150 °C
NOTE:
1. Transients exceeding 9V on V¢ pin may damage product.
2. Maximum dissipation is determined by the operating ambient temperature and the thermal resistance, 8:
14-Pin SO: 644 = 125°C/W
3. CAUTION: The NE/SA600 is built on a BICMOS process and is sensitive to electrostatic discharge.
RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER RATING UNITS
Vee, Veemx | Supply voltage 451t05.5 \
Operating ambient temperature range
NE Grade 0to +70 °C
Ta SA Grade -40 to +85 °C
Operating junction temperature
NE Grade 0 to +90 °C
Ty SA Grade -40 to +105 °C
DC ELECTRICAL CHARACTERISTICS'2
Vce = Veomx = +5V, Ta = 25°C; Test Figure 1, unless otherwise stated.
SYMBOL PARAMETER TEST CONDITIONS LIMITS UNITS
MIN -30 TYP +30 MAX
loc Supply current (Pin 1, 13, 14) Enable input high 10 1 13.0 15 16 mA
Enable input low 3.2 3.6 4.2 4.8 5.2
Vr Enable logic threshold voltage 1.12 117 1.27 1.37 1.42 Vv
ViH Logic 1 level: LNA gain mode 2.0 Vee \"
ViL Logic 0 level: LNA thru mode -0.3 0.8 Vv
I Enable input current Enable = 0.4V -1 0 1 HA
IH Enable input current Enable = 2.4V -1 0 1 HA
ViNA-IN | LNAinput bias voltage Enable input high 0.78 v
VLN_’:‘OU LNA output bias voltage Enable input high 1.27 v
Vay LNA bypass bias voltage Enable input high 1.05 '
Vmx-IN | Mixer RF input bias voltage 1.43 Vv
Vio-in | Mixer LO input bias voltage 3.35 \
NOTE:

1. The ENABLE input must be connected to a valid logic level for proper operation of the NE/SA600.

2. Standard deviations are estimated from design simulations to represent manufacturing variations over the life of the product.
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AC ELECTRICAL CHARACTERISTICS!2

LIMITS
SYMBOL PARAMETER TEST CONDITIONS T35 J NP J T30 UNITS
LNA (Vee = Veemx = +5Y, Ta = 25°C; Enable = Hi, Test Figure 1, unless otherwise stated.)
Sa4 Amplifier gain 900MHz 14.9 16 174 dB
Soq Amplifier gain in thru mode Enable = LO, 900MHz -9.0 -7.5 -6.0 dB
ASy¢/AT | Gain temperature sensitivity enabled 900MHz -0.008 dB/°C
ASy¢/AT | Gain temperature sensitivity in thru mode Enable = LO, 900MHz -0.014 dB/°C
ASp4/Af | Gain frequency variation 800MHz - 1.2GHz -0.014 dB/MHz
Sq2 Amplifier reverse isolation 900MHz -47 -42 -37 dB
St Amplifier input match3 900MHz -1 -10 -9 dB
S Amplifier output match 900MHz -16.8 -15 -13.2 dB
P.14B Amplifier input 1dB gain compression 900MHz -21.2 -20 -18.8 dBm
IP3 Amp input 3rd-order intercept Test Fig. 2, 900MHz -11.6 -10 -8.6 dBm
Amp input 3rd-order intercept (thru mode) Test Fig. 2, 900MHz, Enable = LO +26 dBm
Amplifier noise figure 900MHz 1.9 2.2 25 dB
NF :tni\ﬁpr;?ise figure w/shunt 15nH inductor 900MHz 17 20 23 dB
ton Amplifier turn-on time Enable Lo — Hi ggﬁg:::g : :)0(;)55: 330 mi_
torrF Amplifier turn-off time Enable Hi — Lo ggﬁg:::g z :)000&2 110 mss
Mixer (Voc = Veomx = +5V, Ta = 25°C, Enable = Hi, f g = 1GHz @ 0dBm, fgr = 900MHz, fir = 100MHz, Test Fig. 1, unless otherwise stated)
VG¢ Mixer voltage conversion gain RL1 =Ri2=1kQ 9.5 10.4 11.3 dB
PG¢c Mixer power conversion gain RL1 =Rz = 1kQ -3.05 2.6 -2.i5 dB
Sitre | Mixer input match 900MHz -23 -20 -17 dB
NFpm Mixer SSB noise figure Test Fig. 3, 900MHz, fjg = 80MHz 12.2 14 15.8 dB
P.148 Mixer input 1dB gain compression 900MHz -5.3 -4 -2.7 dBm
IP3inT Mixer input third order intercept 900MHz +5 +6 +7 dBm
IPont | Mixer input second order intercept 900MHz +18 +20 +22 dBm
Grem-F | Mixer RF feedthrough 900MHz, Ci¢ = 3pF -7 dB
GLo.r | Mixer LO feedthrough 900MHz, C\¢ = 3pF -10 dB
GLo.pem | Local oscillator to mixer input feedthrough 900MHz -33 dB
S1ito | LO input match 900MHz —24 -20 -16 dB
GLo-Rrr | Local oscillator to RF input feedthrough 900MHz -46 dB
GRrro-ReM | Filter feedthrough 900MHz -39 dB
LtNtA J) Mixer (Vcc=Vcomx=+5V, Ta=25°C, Enable=Hi, f o=1GHz @ 0dBm, fgr = 900MHz, fir = 100MHz, Test Fig. 1, unless otherwise
state
PG¢ Overall power conversion gain 13.4 dB
NF Overall noise figure 3.5 dB
1P Overall input 3rd-order intercept -13 dBm
NOTE:

1. All meausrements include the effects of the NE/SA600 Evaluation Board (see Figure ) unless otherwise noted. Measurement system
impedance is 50Q.

2. Standard deviations are estimated from design simulations to represent manufacturing variations over the life of the product.
3. With a shunt 15nH inductor at the input of the LNA, the value of S44 is typically —15dB.
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TYPICAL APPLICATION TEST FIGURE 1
+5V +5V
—~ a ~>—
L1
— 1} 14+ ¥ our 1] 14— rrec
OMF T 100MHz 0F T 10uH
L IF OUT
= = {4 [
RF = 1kQ3¥ R 2 RF = 0.014F ¥ 500Q
iNpUTO— 3| i3— = iNpuTO— —{3] E'—L =
900MHz  100pF = 900MHz  0.01uF = AF IN X
—0 NE/SA600 E—"FINIMX ﬂ NE/SA600 [——f—o
= = 0.01uF
BYPASS IMAGE BYPASS b
| g— REJECTION 5 i
I 0.01uF = FILTER I 1uF =
L 1 E————J A —s o} ——f}——o0
= RFOUTA = 0.01uF RFOUTA
L—{ 7, 8 L—-] 7] 8
100pF 0.01uF
I — POWER-DOWN I — POWER-DOWN
CONTROL CONTROL
LO INPUT LO INPUT
0dBm = 0dBm =
1.0GHz 1.0GHz

OTES:
RATIO OF BYPASS TO SIGNAL COUPLING CAPS FOR LNA SHOULD BE 100:1
OR GREATER.

IF FILTER SHOULD BE AC COUPLED.

TEST FIGURE 2 TEST FIGURE 3
+5V +5V
! 1
1 g ] el 1 RL1
0.1uF T ’_[ 1ka 0.1pF T { JRFC Th@2
= _L_—“E 470nH  IF OUT = —L—_E 131%HL 1 4700 1FoUT

O0WF T 4.7pF RF 0.0 4.7pF
INPUTO— 3] E_—‘L L470F% 500 inpuTO— 3 ETL I 500

o
= 900MHz  0.01pF =

J_—E NE/SA600 7_1]__, RF 'NgX- E NE/SA600 j" REINMX

= 100pF =
BYPASS P BYPASS OOWF T mace
I 0.01pF = I 1uF = FILTER
= 6 of——ip——0 = 6 9
«E-[ 100pF RFOUTA - —E{: otur RFOUTA
7 8 — 8
100pF 0.014F
I — POWER-DOWN I — POWER-DOWN
CONTROL CONTROL
LO INPUT LO INPUT
0dBm = 0dBm =
1.0GHz 1.0GHz
SR00084

Figuré 3. Test Application and Test Figures 1,2 and 3
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NOTE: All performance curves include the effects of the NE/SA600 evaluation board.

LNA S21 CHARACTERISTICS 4.5V < Ve = Voomx < 5.5V, Test Figure 1, unless otherwise specified.

LNA S21 vs Frequency
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Figure 4. LNA S21 Performance Characteristics
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LNA S11/S12/S22 CHARACTERISTICS 4.5V < V¢c = Voemx < 5.5V, Test Figure 1, unless otherwise specified.

LNA S11 vs Frequency and Temperature LNA S12 vs Frequency
- 0]
23 E
E| -10 ]
-4
6] -20 ]
] -40°C = 1
g, ] g ] /1
et 25°C w h
w ] — a ]
510 3 ——>(Jr\)- 2 ] /
27104 = 40
8 12 1 85°C g
< ] = 4
= ] ~ =50 \ABLE=HI
£-14 > ]
-16 : -60 E /
-18 70 /
-20 "ttt ]
800 900 1000 1100 1200 80 o RN
FREQUENCY (MH2) 10 100 1000 2000
FREQUENCY (MHz)
LNA S22 vs Frequency and Temperature LNA Thru $11 and S22 vs Frequency
0] 0]
-2 : -2 :
4 <
_ -] .
$ L3 § 1 o= |
E e g hE —1— s11 |
-10 -10
§5 ] 85°C 7
= 127 £ 12
8 | —— 5 1
@ 14 T -14
B A 25°C 1
-16 ] B 163
] —40°C ]
-18 _18
-20 ++r—r—r—T - _202,,,,,,,,,,,ﬁ1,,,
800 900 1000 1100 1200
FREQUENCY (MHz) 800 900 1000 1100 1200
FREQUENCY (MHz) SRO00086
Figure 5. LNA S11/S12/S22 Performance Characteristics
Table1. S-Parameters
Freq. MHz S11 S12 Sa1 S22
800 -9.5 -160 -46 8 17.9 125 -18.0 151
900 -9.5 -172 -43 19 16.4 105 -15.8 122
1000 -9.4 -173 -40 17 15.1 88 -14.0 98
1100 -9.41 -200 -37 12 13.8 70 -12.4 77
1200 -8.9 -216 -35 1 12.9 55 -1 58
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LNA OVERLOAD/NOISE/DISTORTION CHARACTERISTICS
4.5V < Vee = Voomx < 5.5V, Test Fig. 1, unless otherwise specified.

LNA Input 1dB Gain Compression Point vs Frequency
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Figure 6. LNA Overioad/Noise/Distortion Performance Characteristics

1993 Dec 15 53



Philips Semiconductors

Product specification

1GHz LNA and mixer

NE/SA600

MIXER GAIN/NOISE CHARACTERISTICS 4.5V < V¢ = Vecmx < 5.5V, Test Figure 1, unless otherwise specified.
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Figure 7. Mixer Gain/Noise Performance Characteristics
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MIXER OVERLOAD/DISTORTION CHARACTERISTICS 4.5 < V¢ = Voomx < 5.5V, Test Fig. 1, unless otherwise specified

Mixer Input 1dB Gain Compression Point vs LO Power

10

9

1P3 (dBm)

Mixer Input Third-Order Intercept Point vs RF Frequency

Frf1 = X00MHz

Frf2 = X01MHz
X=8,9,10, 11,12
Flo > Frt

Fif = 100MHz

T T

1200

|
T
1100

L 7T TT T T

0 1000
FREQUENCY (MHz)

Mixer Input Third-Order Intercept Point vs Temperature

10
ol
4
8
7
6
S
g 5
2
g4
:
3
1 Fri1 = 900MHz
2 Frf2 = 901MHz
-4 Flo = 1GHz
1 Plo = 0dBm
1 Fif = 100MHz
[ i S B B e e
-40 -20 [} 20 40 60 80 100
TEMPERATURE (°C)

Mixer Input 1dB Gain Compression Point vs Temperature

0 T T T 0 T T
EST FIGURE 2 TEST FIGURE 2
-1 -1
1 1
-2 -2
-3
-4 -
— T —_— -
£ ] E /
87 87
T T
d -6 o
-7 -7
| L Frf = 900MHz
-8 -8 Flo = 1GHz
J Frf = 900MHz B Fif = 100MHz
9 Plo = 1GHz -9 Plo = 0dBm
| Fif = 100MHz ]
11
~10 e -10 ++—r
0 -8 -6 -4 -2 0 2 4 6 40 20 0 20 40 60 0 100
LO POWER (dBm) TEMPERATURE (°C)
Mixer input Third-Order Intercept Point vs LO Power Mixer Input Third-Order Intercept Point vs IF Frequency
10 10 7
9 9
8 8
g 1
7 7
6 / \ 6
J N ]
-~ 5 €5
E i \ o
g // N, I
- 477 B o 4
2 4 s
3 3
1 Fri1 = 900MHz 1
2 Fri2 = 901MHz 2 Frf1 = S00MHz
1 Flo = 1GHz B Fri2 = 301MHz
1 Fif = 100MHz 1 Flo > Frf
[ o L L L S L B IS R L B o o e o e BB
-0 -8 -6 4 -2 0 2 4 6 50 75 100 125 150 175 200
LO POWER (dBm) IF FREQUENCY (MHz)

1993 Dec 15
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MIXER S11/ISOLATION/INTERFERENCE CHARACTERISTICS
4.5 < Ve = Veomx < 5.5V, Test Fig. 1, unless otherwise specified

Mixer S11 at RF Port Mixer S11 at LO Port
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OVERALL PERFORMANCE: ISOLATION CHARACTERISTICS

4.5 < Ve = Veemx < 5.5V, Test Fig. 1, unless otherwise specified
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SPECIFICATIONS LOw

The goal of the Specifications section of the datasheet is to provide
information on the NE/SA600 in such a way that the designer can
estimate statistical variations, and can reproduce the
measurements. To this end the high frequency measurements are
specified with a particular PC board layout. Variations in board
layout will cause parameter variations (sensitive parameters are
discussed in the sections on the LNA and mixer below). For many
RF parameters the +3 sigma limits are specified. Statistically only
0.26% of the units will be outside these limits.

The LNA + mixer conversion gain is measured with an incident
900MHz signal and a 83MHZ SAW filter at the IF output. This
measurement along with a gain measurement of the LNA ensure the
correct operation of the chip and also allows a calculation of mixer
conversion gain.

PIN DESCRIPTIONS AND OPERATIONAL LIMITS

RFiNa

Input of LNA, AC coupling required, DC = 0.78V, frequency range
from DC to 2GHz, gain at low frequencies is 40dB — so be careful
of overload, impedance below 50Q, shunt 15-18nH inductor helps
input match and noise figure.

RFoyta
Output of LNA, AC coupling required, DC = 1.27V, frequency range
from DC to 2GHz, impedance above 50Q.

BYPASS
Bypass capacitor should be 100 times larger than the largest signal
coupling capacitor for the LNA, DC = 1.05V.

RFinmx

Mixer RF port, AC coupling required, DC = 1.43V, frequency range
from 100MHz to 2.5GHz, impedance close to 50Q resistive.
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Mixer LO pont, AC coupling required, DC=3.35V, frequency range
from 100MHz to 2.5GHz, impedance close to 50X resistive.

IFoyr
Mixer IF port, open-collector output with 1.6mA DC, frequency range
DC to 1GHz, impedance approximately 1pF capacitive.

Enable
TTL/CMOS compatible input. Bias current approximately zero.

CONVERSION GAIN DEFINITIONS

Referring to the figure above, we define the ratio of V, (at the IF
frequency) to V, (at the RF frequency) to be the Available Voltage
Conversion Gain, or more simply Voltage Conversion Gain,

P
104H 3 R
<

1
IF FILTER

RF SR00092

Figure 11.
v
VGg = 20|og(VA)
|

where Vj, and V) are expressed in similar voltage units (such as
peak-to-peak). The voltage output Vj is decreased by the IF Filter
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loss (and any other matching required). Typically, VGg is 10.4dB for
the NE/SA600 mixer with the net IF impedance equal to 500Q.

Itis more common to express the conversion gain in terms of power,
so we have the Power Conversion Gain,

P
PG, = 10Iog(-P—A) - 3dB
|

where Pp = Va2/ Rjp and Py = V2 / Rge. Rjg is the net resistance at
the IF frequency at the IF port, and Ry is the input impedance at
the mixer RF port. With a 500Q IF impedance and a 50Q RF input
impedance, the conversion gain works out to —2.6dB typically. The
power delivered to the load is down 3dB with respect to the available
power because of loss in R4.

THEORY OF OPERATION

The NE/SA600 is fabricated on the Philips Semiconductors
advanced QUBIC technology that features 1um channel length
MOSFETs and 13GHz FT bipolar transistors.

LNA

The Low Noise Amplifier (LNA) is a two stage design incorporating
feedback to stablize the amplifier. An external bypass capacitor of
(typically) 0.01uF is used. The inputs and outputs are matched to
50Q. The amplifier has two gain states: when the ENABLE pin is
taken high, the amplifier draws 9mA of current and has 16dB of gain
at 900MHz. When the ENABLE pin is low, the amplifier current goes
to zero, and the amplifier is replaced by a thru. Typical loss for the
thru is 7dB. This dual-gain state approach can be used in
bang-bang control systems to achieve a low gain, high overload
front-end as well as the more usual high gain, low overload
front-end.

The amplifier has gain to frequencies past 2GHz, but a practical
upper end is 1.6-1.7GHz. Both the input match and the noise figure
(NF) can be improved with a shunt 15-18nH inductor at the input.
Typically, the gain increases 0.4dB, the match improves to 13-16dB,
and the noise figure drops to 1.95-2dB. Variations of any of the RF
parameters with Vg is negliglible, and variation with temperature is
minimal.

Mixer

The mixer is a single-balanced topology designed to draw very low
current, typically 4mA, and provide a very high input third-order
intermodulation intercept point , typically IP3=+6dBm. The RF and
LO ports impedances are nearly 50Q resistive, and the IF output is
an open collector. The open-collector output allows direct
interfacing with high impedance IF filters, such as surface acoustic
wave (SAW) filters without the need for external step-up
transformers (which are needed for 50Q output mixers).

The basic mixer is functional from DC to well over 2.5GHz, but RF
and LO return losses degrade below 100MHz. The IF output can be
used from DC to 500MHz or more, although typically the
intermediate frequency is in the range 45-120MHz in many 900MHz
receivers. To achieve the lowest noise, the LO drive level should be
increased as high as possible, consistent with power dissipation
limitations.

POWER SUPPLY ISSUES

Vce bypassing is important, but not extremely critical because of
the internal supply regulation of the NE/SA600. The Pin 1 V¢
supplies the LNA and powers overhead circuitry. Typical current
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draw is 9.8mA while enable is high (1ImA powered down). The Pin
14 Vcomx powers the mixer and typically has 3.2mA of current
(assuming an inductor biasing the IFout back to Voomy). Care must
be taken to avoid bringing any IC pin above V¢ by more than 0.3V,
or below any ground by more than 0.3V. For example, this can
occur if the enable pin is fed from a microcontroller that is powered
up quicker than the NE/SA600. In this condition the internal
electrostatic discharge (ESD) protection network may turn-on,
possibly causing a part misfunction. Generally this condition is
reversible, so long as the source creating the overstress is current
limited to less than 100mA. To avoid the problem, make sure both
Vcc pins are tied together near the IC, and install a 1kQ resistor in
series with the enable pin if it is likely to go above V¢c.

BOARD LAYOUT CONSIDERATIONS

The LNA is sensitive to mutual inductance from the input to ground.
Therefore long narrow input traces will degrade the input match.
Ideally, a top side ground-plane should be employed to maximize
LNA gain and minimize stray coupling (such as LO to antenna). To
avoid amplifier peaking, the output and input grounds should not be
run together. Attach both grounds to a solid ground plane. A solid
ground plane beneath the package will maximize gain. Top side to
back side ground through holes are highly recommended.

The mixer is relatively insensitive to grounding. Care should be
taken to minimize the capacitance on the RF port (Pin 11) for best
noise figure. Also, the capacitance on the IFout pin must be kept
small to avoid conversion gain rolloff when using high IF
frequencies. The purpose of the inductor from IFout to Vg is to set
the midpoint of the IF swing to be Vcg. Without this inductor the
partis sensitive to output overload under low Vg (Ve = 4.5V) and
hot temperature conditions. The Vcomx pin must be kept at the
same potential as the V¢ pin.

APPLICATIONS INFORMATION

The NE/SA600 is a high performance, wide-band, low power, low
noise amplifier (LNA) and mixer circuit integrated in a BICMOS
technology. It is ideally suited for RF receiver front-ends for both
analog and digital communications systems.

There are several advantages to using the NE/SA600 as a high
frequency front-end block instead of a discrete implementation. First
is the simplicity of use. The NE/SA600 does not need any external
biasing components. Due to the higher level of integration and
small footprint (SO14) package it occupies less space on the printed
circuit board and reduces the manufacturing cost of the system.
Also the higher level of integration improves the reliability of the LNA
and mixer over a discrete implementation with several components.

The LNA thru mode in NE/SA600 helps reduce power consumption
in applications where the amplifiers can be disabled due to higher
received signal strength (RSSI). Other advantages of this feature
are described later in this section.

The mixer is an active mixer with excellent conversion gain at low
LO input levels, so LO levels as low as -5dBm to -10dBm can be
used depending on the applications requirement for mixer gain,
mixer noise figure and mixer third order intercept point. This
reduces the LO drive requirements from the VCO bulffer, thus
reducing its current consumption. Also, due to lower LO levels, the
shielding requirements can be minimized or eliminated, resulting in
substantial cost savings and weight and space reduction.
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And last but not least, is the impedance matching at LNA inputs and
outputs and mixer RF and LO input ports. Only those who have
toiled through discrete transistor implementations for 50Q input and
output impedance matching can truly appreciate the elegance and
simplicity of the NE/SA600 input and output impedance matching to
50Q. Also, the mixer output impedance is high, so matching to a
crystal or SAW IF filter becomes extremely easy without the need for
additional IF impedance transformers (tapped-C networks with
inductors or baluns).

The NE/SA600 applications and demo board features standard low
cost 62mil FR-4 board. A top-side ground plane is used and 50Q
coplanar transmission lines are used. LO and RFya traces are
perpendicular. Provisions for the image reject filter between RFoyta
and RFiymyx are provided. A simple LC match for 80MHz IF is used
so that 50Q measurements can be made on the demo board.

The NE/SA600 applications evaluation board schematic is shown in
Figure 1. The V¢ (Pin 1) and Veomx (Pin 14) are tied together and
the power supply is bypassed with capacitors C5 and C6. These
capacitors should be placed as close to the device as practically
possible.

C1 is the DC blocking capacitor to the input of the LNA. L1 provides
additional input matching to the LNA for an improved return loss
(S11). This inductor can be a surface-mount component or can be
easily drawn on the printed circuit board (small spiral or serpentine).
This additional match improves the gain of the LNA by 0.4dB and
lowers the noise figure to 2dB or less. If the typical gain of the LNA
of 16dB is acceptable with 2.2dB of noise figure, then L1 can be
eliminated. If the LNA input is fed from a duplexer or selectivity
filter after the antenna, C1 can also be eliminated since the filter will
also provide DC blocking. The LNA bypass capacitor C3 should be
atleast 100 times C1 or C9 for low frequency stability. Switch S1
toggles the LNA gain/through function. R1 is used only to limit the
maximum current into the enable pin and only necessary if enable
may power up before the Vgg.

C4 is a DC blocking capacitor for the LO input pin and may not be
needed in actual applications if the VCO output is isolated and will
not upset the internal DC biasing of the mixer. The image reject
filter goes between the output of the LNA and the RF input to the
mixer. Since the LO input, RF output and mixer input are all 50Q
matched impedances internally, there is no need for any external
components. C8 and C9 are DC blocking capacitors to the
connectors and will not be needed in an actual application.

R2 and L2 are the load to the mixer output which is typical of the IF
crystal or SAW filters. C2 and L3 provide a match from the high
impedance mixer output to a 50Q test set-up (spectrum analyzer,
etc.) and C7 is a DC blocking capacitor for the mixer output.

The printed circuit board layout for the schematic of Figure 1 is
shown in Figure 14. ltis a very simple printed circuit board layout
with all the components on a single side. The layout also
accomodates a two pole image reject filter between the LNA outupt
and mixer input. All the input and output traces to the LNA and
mixer should be 50Q tracks with the exception of mixer output,
which can be very narrow due to the higher impedances of the filter.

The NE/SA600 internal supply is very well regulated. This is seen
from Figure 15 which shows the Icc vs. V¢ for the NE/SA600.
Table NO TAG shows the S11, S21, S22 and S21 for the LNA from
800-1200MHz. Typical measurements at 900MHz for the critical
parameters such as gain, noise figure, IP3, 1dB compression point,
etc. as measured on an applications evaluation board are as follows

1993 Dec 15

59

LNA gain = 16.5dB

LNA through = -7dB

Mixer gain =—3dB (into a 502 load)
LNA noise figure = 2dB

Mixer noise figure = 14dB

LNA IP3 = —10dBm (in gain mode)
LNA IP3 = +26dBm (in through mode)
LNA 1dB compression point = —20dBm
Mixer 1dB compression point = —4dBm

The shunt inductor L1 for input match is optional. Figure 16 shows
the effect of the inductor value from 8.2nH to 15nH on gain, noise
figure and input match.

The total power gain for the LNA and mixer (excluding the image
reject filter) in a system where the output of the mixer is loaded with
50Q is about 14dB. In an actual system the output impedance of
the mixer is usually much higher than 50Q (more like 1k or higher)
and so it is more important to consider the voltage gain from the
input at the LNA to the mixer output. The voltage gain in this case
will be about 29.85V/V. The total noise figure for the LNA and mixer
combination is be about 3.27dB. The input third order intercept
point for the LNA and mixer is about -11dBm. In the LNA through
mode, the intercept point for the combination is higher than
+19dBm. This LNA through feature provides an additional boost to
the total dynamic range of the system.

The NE/SA600 finds applications in many areas of RF
communications. It is an ideal down converter block for high
performance, low cost, low power RF communications transceivers.
The front-end of a typical AMPS/TACS/NMT/TDMA/CDMA cellular
phone is shown in Figure 13. This could also be the front-end of a
VHF/UHF handheld transceiver, UHF cordless telephone or a
spread spectrum system.

The antenna is connected to the duplexer input. The receiver output
of the duplexer is connected to the RF input of the LNA. If the
additional improvement in noise figure and gain are not needed to
meet the system specifications then L1 and C1 can be eliminated.
In TDMA systems, the NE/SA600 can be totally powered down by
Q1 and the two resistors. In this mode the current consumption will
be zero mA. Care should be taken in the software of the system to
insure that the enable pin on NE/SA600 tied to the LNA gain control
portis held low while the device is in total power down mode. L2
and C2 can be tuned to the IF frequency and to match to the IF filter
impedance.

A complete analysis of the front-end shows that the total voltage
gain from the antenna input to the mixer output is about 9.5V/V. This
value includes a 3.2dB loss for the duplexer and a 1.8dB loss for the
bandpass filter. The noise figure as referred to the antenna is 7dB
and the input third order intercept point is about -7.5dBm. In LNA
through mode the input third order intercept point increases to about
+24dBm.

During normal operation of a handheld RF receiver the received
signal strength (RSSI) is nominally greater than -100dBm. The
signal only drops below this level due to severe multipath fading,
shadow effect or when the receiver is at extreme fringes of cell
coverage. The LNA through mode can be used here as a two step
gain control such that when RSSI is below a certain threshold level
(e.g. -90dBm), the LNA has a -7dB loss and the total current
consumption of the NE/SA600 is only 4.3mA. The sensitivity of the
system will not suffer because the received RF signal is much higher
than the noise floor of the system. When the RSSI falls below a
certain threshold (e.g. -95dBm) the LNA is enabled to give the full
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16.5dB of gain with 2dB of noise figure. In this mode the current
consumption is increased to 13mA. But for hand-held equipment,
the average current consumption will be closer to 5-6mA. The other
advantage of the LNA through mode besides power savings is the
input overload characteristics. Due to the much higher input third
order intercept point of the LNA (+26dBm), the receiver is immune to
strong adjacent channel interference. Implementing this feature with
an FM/IF device such as the NE625/7 with fast RSSI response and
a window comparator toggling the LNA mode of NE/SA600, a fast
two-step AGC with response time less than 10ps can be achieved.

This is a very useful feature to equalize multipath fading effects in a
mobile radio system.

In conclusion, the NE/SA600 offers higher level of integration, higher
reliability, higher level of performance, ease of use, simpler system
design at a cost lower than the discrete multi-transistor
implementations. In addition, the NE/SA600 provides unique
features to enhance receiver performance which are almost
unattainable with discrete implementations.
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DESCRIPTION PIN CONFIGURATION
The SA601 is a combined RF amplifier and mixer designed for DK Pack
high-performance low-power communication systems from ackage
800-1200MHz. The low-noise preamplifier has a 1.6dB noise figure Vcc@ e E vee
at 900MHz with 11.5dB gain and an IP3 intercept of -2dBm at the LNAGND [2 h
input. The gain is stabilized by on-chip compensation to vary less E 3 GND
than £0.2dB over -40 to +85°C temperature range. The LNA IN E E LNA OUT
wide-dynamic-range mixer has a 9.5dB noise figure and IP3 of GND E E GND
—2dBm at the input at 900MHz. The nominal current drawn from a GNDE E MIXER IN
single 3V supply is 7.4mA. The Mixer can be powered down to
further reduce the supply current to 4.4mA. ano [} 19 ano
MIXER PWRDN [7 | 14 MIXEROUT
FEATURES
- , . . ano (8] 13 mixer out
® | ow current consumption: 7.4mA nominal, 4.4mA with the mixer Lot E E GND
powered-down
LOIN2[1g 1 vee
® Qutstanding LNA noise figure: 1.6dB at 900MHz
® High system power gain: 18dB (LNA + Mixer) at 900MHz SR00059
X . Figure 1. Pin Configuration
® Excellent gain stability versus temperature and supply voltage
® External >-7dBm LO can be used to drive the mixer APPLICATIONS
® 900MHz cellular front-end (NADC, GSM, AMPS, TACS)
® 900MHz cordless front-end (CT1, CT2)
® 900MHz receivers
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
20-Pin Plastic Shrink Small Outline Package (Surface-mount, SSOP) -40 to +85°C SA601DK SOT266-1
BLOCK DIAGRAM
LNA MIXER MIXER  MIXER
Vee GND ouT GND IN GND ouT OUT  GND Vee
20 19 18 17 16 15 14 13 12 11
> LNA BUFFER
1 2 3 4 5 6 7 8 9 10
Vee GND  LNAIN  GND GND  GND  MIXER GND  LOINT  LOIN2
PWRDN SR00058

Figure 2. Block Diagram
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ABSOLUTE MAXIMUM RATINGS3
SYMBOL PARAMETER RATING UNITS
Vee Supply voltage’ -0.3t0 +6 Vv
ViN Voltage applied to any other pin -0.3to (Vg +0.3) \
Po Power dissziga;ipn, Ta = 25°C (still air)2
-Pin Plastic SSOP 980 mw
TumAX Maximum operating junction temperature 150 °C
Pmax Maximum power input/output +20 dBm
Tsta Storage temperature range —65 to +150 °C
NOTE:
1. Transients exceeding 8V on V¢ pin may-damage product.
2. Maximum dissipation is determined by the operating ambient temperature and the thermal resistance,
04a: 20-Pin SSOP = 110°C/W
3. Pins 9 and 10 are sensitive to electrostatic discharge (ESD).
RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER RATING UNITS
Vee Supply voltage 2.7t05.5 \
Ta Operating ambient temperature range -40 to +85 °C
Ty Operating junction temperature -40 to +105 °C
DC ELECTRICAL CHARACTERISTICS
Vee = +3V, Ta = 25°C; unless otherwise stated.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS T NP TWAX UNITS
7.4
lec Supply current Mixer power-down input low 4.4 mA
Vina-iN | LNA input bias voltage 0.78 \
Vina—out | LNA output bias voltage 21 Vv
VMX-IN Mixer RF input bias voltage 0.94 Vv
1994 Dec 15
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AC ELECTRICAL CHARACTERISTICS
Vo = +3V, Tp =25°C; LO = -7dBm @ 964MHz; unless otherwise stated.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNITS
-30 TYP +30
Soq Amplifier gain 881MHz 10 1.5 13 dB
ASpy/AT | Gain temperature sensitivity 881MHz 0.003 dB/°C
ASy¢/Af | Gain frequency variation 800MHz - 1.2GHz 0.01 dB/MHz
S12 Amplifier reverse isolation 881MHz -20 dB
S1q Amplifier input match? 881MHz -10 dB
So Amplifier output match? 881MHz -10 dB
P.148 Amplifier input 1dB gain compression 881MHz -16 dBm
IP3 Amplifier input third order intercept fp — f; = 25kHz, 881MHz -3.5 -2 -0.5 dBm
NF Amplifier noise figure 881MHz 1.3 1.6 1.9 dB
VGc Mixer voltage conversion gain: Rp = R = 1kQ fs = 881 ’f\IAFH:’J:’;?AZ;MMHZ’ 18.0 19.5 21.0 dB
PG¢ Mixer power conversion gain: Rp = R|_ = 1kQ fs = 881 ;‘:‘:Z'sf's-&:{meHz’ 5.0 6.5 8.0 dB
S11M Mixer input match? 881MHz -10 dB
NFm Mixer SSB noise figure 881MHz 8.0 9.5 11.0 dB
P.igB Mixer input 1dB gain compression 881MHz -13 dBm
1P3pm Mixer input third order intercept fp — fy = 26kHz, 881MHz -3.5 -2 -0.5 dBm
IPoNT Mixer input second order intercept 881MHz 12 dBm
PREM-IF Mixer RF feedthrough 881MHz -7 dB
PLo-IF LO feedthrough to IF 881MHz -25 dB
PLo-rem | LO to mixer input feedthrough 881MHz -38 dB
PLo-RF LO to LNA input feedthrough 881MHz -40 dB
Pina-reM | LNA output to mixer input 881MHz -40 dB
Prem-Lo | Mixer input to LO feedthrough 881MHz -23 dB
LON LO drive level 964MHz -7 dBm
NOTE:

1. Simple L/C elements are needed to achieve specified return loss.
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cis
— U5
Vee C11 =10 mils **
= 1000F | 535 mils LMAOUT,
5 c1 L
LNAIN 100pF 56nH
L cia
co w =10 mils ** 100pF w =15 mils = =
I 2.7pF L =535 mils I L =95 mils T
= = w= 15 mils = MIXER IN
L= 110 mils ut cio
20 it
Vee Vee C l
2{ anp eNDpE— a7pF L 100F
31 LNAIN LNAouTHE Vi I
41 GND GND[HE =ms L
e 51 GND MIXeR INHE =
= &1 aNp anD 12 o
—Z] MXER PD MIXER OUT —{t +—0 vee
2 c3 &1 GND MIXer ouT |1 s 3pF c8
EXTLO 100pF LOIN anp[i2 2700 I 100nF
| 10 11
LOIN Vee i o5 -
(-7dBm, 964MHz) N SAGOT = n
1000 % 12 18pF
= 4700H
*
_]_ C4 I C14 sz E'
100nF 5
100pF I o MIXER OUT ** %
Voo 820F (500, 83MHz)
*SEE MIXER POWER GAIN NOTE BELOW
** SPIRAL INDUGTORS ON NATURAL FR-4, 62 MILS THICK =
*% % SEE MIXER FILTER INTERFAGE NOTE BELOW SR00060

Figure 3. Application Circuit

CIRCUIT TECHNOLOGY

LNA

Impedance Match: Intrinsic return loss at the input and output ports
is 7dB and 9dB, respectively. With no externai matching, the
associated LNA gain is ~10dB and the noise figure is =1.4dB.
However, the return loss can be improved at 881MHz using
suggested L/C elements (Figure 5) as the LNA is unconditionally
stable.

Noise Match: The LNA achieves 1.6dB noise figure at 881MHz
when Sq1 = -10dB. Further improvements in Sy1 will slightly
decrease the NF and increase Sj1.

Temperature Compensation: The LNA has a built-in temperature
compensation scheme to reduce the gain drift to 0.003dB/°C from
-40°C to +85°C.

Supply Voltage Compensation: Unique circuitry provides gain
stabilization over wide supply voltage range. The gain changes no
more than 0.5dB when V¢ increases from 3V to 5V.

LO Drive Level: Resistor R1 can be replaced by an inductor of
4.7nH and C3 should be adjusted to achieve a good return loss at
the LO port. Under this condition, the mixer will operate with less
than -10dBm LO drive.

1994 Dec 15
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IP3 Performance: C9 between Pin 16 and ground can be removed
to introduce 3dB mismatch loss, while improving the [P3 to +3dBm.

..... ok i

The associated noise figure is 11dB.

Mixer

Input Match: The mixer is configured for maximum gain and best
noise figure. The user needs to supply L/C elements to achieve this
performance.

Power Gain: The gain can be increased by approximately 1.5dB by
placing R2 across C7, instead of C5.

Power Down: The mixer can be disabled by connecting Pin 7 to
ground. When the mixer is disabled, 3mA is saved.

Power Combining: The mixer output circuit features passive
power combining (patent pending) to optimize conversion gain and
noise figure performance without using extra DC current or
degrading the IP3. For IF frequencies significantly different than
83MHz, the component values must be altered accordingly.

Filter Interface: For system integration where a high impedance
filter of 1kQ is to be cascaded at the mixer IF output, capacitors C5
and C6 need to be changed to 27pF and 1000pF, respectively.
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Bottom View

Via Layer
SR00061

Figure 4. SA601 Demoboard Layout (Not Actual Size)
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TYPICAL PERFORMANCE CHARACTERISTICS

CH1  Sy1 1 U FS 4 63.852 Q -160.23 Q 4.9269 pF

START  200.000 000 MHz STOP 1200.000 000 MHz

CH1 Sz 1 U FS 4: 99.543 Q -85.949 Q 8.937 pF

START  200.000 000 MHz STOP 1200.000 000 MHz

200.000 000 MHz

21.286Q

| 123810

900 MHz
27.471Q

36.43 Q

© 70445 Q

400 MHz

200.000 000 MHz

31.48 Q

T 42170

900 MHz
4482 Q
-30.191 Q
600 MHz

58.725 Q
-50.83 Q
400 MHz

SR00062

Figure 5. LNA Input and Output Match (at Device Pin)
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

CH1  Spq 7

U Fs

4: 6.2863 U -150.58 °

START

CH1 Sqy2

START

200.000 000 MHz

100mU FS

STOP 1200.000 000 MHz

4: 35.343 mu

200.000 000 MHz

1200.000 000 MHz

STOP

1

2

200.000 000 MHz

3.2504U
91.219°

5.3895U
130.33 ©
400 MHz

-76.128 °
200.000 000 MHz

89.561mU
61.127 ©

58.082mU
67.162 ©
400 MHz

SR00063
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

CH1  Syq

u

FS 4

10.867Q

1.6426Q

1.2543 nH

200.000 000 MHz

6.7168 Q
9.5952 Q
900 MHz
START 200.000 000 MHz STOP 1200.000 000 MHz SRO0064
Figure 7. Mixer RF Input Match (at Device Pin)
Table 2. Typical LNA and Mixer S-Parameters
Mixer
f St S22 S21 S12 S
200MHz | 63.852Q - 160.23Q 99.543Q — j 85.949Q 6.2863U £ 150.58° 35.343mU £ 76.128° | 10.867Q +j 1.6426Q
300MHz | 44.879Q - 101.69Q 73.387Q - 67.707Q 5.8096U £ 140.47° 47.946mU £ 71.169° 10.4Q +  3.4609Q
400MHz 36.43Q — } 70.445Q 58.725Q ~ j 50.83Q 5.3895U £ 130.33° 58.082mU £ 67.162° 10.067Q + | 4.897Q
500MHz | 30.395Q - j 48.393Q 49.928Q — | 38.813Q 5.0428U £ 120.5° 66.44mU Z 66.388° 9.394Q + 6.0142Q
600MHz 27.471Q - 35.48Q 44.82Q —j30.191Q 4.6877U £ 112.08° 74.51mU £ 64.608° 8.8945Q + | 7.2227Q
700MHz 24.428Q —j 25Q 39.268Q — j 24.502Q 4.2409U £ 104.44° 82.235mU « 65.002° 8.1353Q +j 8.1597Q
800MHz | 22.434Q-j17.255Q 34.664Q ~ j 18.59Q 3.7491U £ 97.765° 86.582mU £ 62.743° 7.976Q +j 9.1958Q
900MHz | 21.286Q-j12.381Q 31.48Q-j14.217Q 3.2504U £ 91.219° 89.561mU £ 61.127° | 6.7168Q +j 9.5952Q
1000MHz | 20.261Q-j8.7109Q 27.887Q - 10.77Q 2.8785U £ 84.957° 95.135mU £ 60.539° | 6.2393Q +) 10.271Q
1100MHz 19.718Q -} 6.252Q 25.741Q - | 8.2607Q 2.5752U £ 82.893° 97.348mU £ 62.202° | 6.0791Q +j10.571Q
1200MHz 19.101Q —j 4.9316Q 23.584Q —j6.2715Q 2.1386U £ 80.257° 96.558mU £ 61.563° 5.8185Q +j 10.288Q
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Mixer RF Input Match vs. Frequency
Icc vs. Ve and Temperature (Vec=3V)
CH1 S11_ log MAG 2dB/ REF-5dB
8.5
8
75
T -40°C
z 7 25°C
£ S 85°C
Q —0— 25°C
£ 65 ——*——485°C
6 P~ /
55
\_/
5
25 3 35 4 4.5 5 5.5
Vec ™) START 800.000 000 MHz STOP 1 200. 000 000 MHz
LNA Gain (Sz1) vs. Frequency LNA isolation (Sy,) vs. Frequency
(Vec=3V) (Vec =3V)
CH1 821 log MAG 1dB/ REF 10 dB CH1 S12  logMAG 5dB/ REF-10dB
NS —
——
\%
85°C
NN 25°C
-40°
N poud CC -40°C
85°C
START 800.000 000 MHz STOP 1 200.000 000 MHz START  800.000 000 MHz STOP 1 200.000 000 MHz
LNA Input Match (S41) vs. Frequency LNA Output Match (S3,) vs. Frequency
(Vec=3V) (Vee=3V)
CH1 811 log MAG 1dB/_REF-10dB CH1S22  logMAG 3dB/ REF-10dB
-40°C
25°C
b | 85°C
N v —
25°C
\ j \\ l/ B
N 7 ~
\\\\y
N
START 800.000 000 MHz STOP 1 200.000 000 MHz START 800.000 000 MHz STOP 1 200.000 000 MHz sR00065

Figure 8. Typical Performance Characteristics (cont.)
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Mixer Gain @ 83MHz vs. V¢ and Temperature Mixer IP3 @ 83MHz vs. V¢c and Temperature
7 3 T I
J | g T ~0c
—— 40 —O——  25°C
. —40°C
—0— 25 1T T +85°C /
65 T |2 +85°C |—0—— +70°C
[ /
— ;‘/ g —] 1
@ 2
E’ 6 ,/ Z2. f
<
S — | = a /"/
S / /—‘ -3
/ //
-4 1w
55
-5
-
5 -7
25 3 35 4 45 5 55 25 8 83 4 45 5 58
Vec V) vee V)
Mixer NF @ 83MHz vs. V¢c and Temperature
12 A
] ] LO to Mixer in Feedthrough vs. Ve
s—— —40°C
1.5 T—|—0—— 25°C
— +85°C
-37
1
@
T
L 105 a s ]
° /
—
10
-39
95
—40
9 25 3 35 4 45 5 55
25 3 35 4 45 5 55 Vee (V)
Vec V)
LO to LNA Input Feedthrough vs. V¢c Mixer Input to LO Feedthrough vs. Ve
_36 -20
-21
-37
22
3 -3 a
= -23
-3
-24
-40 -25
25 3 35 4 45 5 55 25 3 35 4 45 5 55
vee ) Vec V) SR00066
Figure 9. Typical Performance Characteristics (cont.)
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

LO Feedthrough to IF vs. Vce Mixer RF Feedthrough vs. V¢¢

23 -5

B
dB

o6 _”__"______,__-.._———«
—tr |
-8
-7 25 3 35 4 45 5 55
25 3 35 4 45 5 55 Vec W)
Vec V) cc
LNA Output to Mixer Input vs. Voo 1250 LNA Gain vs. V¢c and Temperature
-38 -
——— —40°C
—0—— 25
e 12.00 77| ——o—— .85°C
2 40 =] // _
@ 11.50
z —
5 — Q\
41 \l\
11.00 <
—42
25 3 35 4 45 5 55
vVee V) 10.50
25 3 35 4 45 5 55
vec V)
LNA IP3 vs. V¢ and Temperature LNA NF vs. Vcc and Temperature
4.00 250
2.00
2.00
0.00 ——TT
"
4 0
m 200 7 — 1.50
°
-/il-\_\q a ____qr_-—-——i
-4.00 I~
. o0 T~ 1.00
-6.00 T ——0—— 25°C ——a— —40°C
o +85°C ——  25°C
-8.00 050 ——+—— +85°C
~10.00
25 3 35 4 45 5 55 0.00
Ve V) 25 3 35 4 45 5 5.5
vee V) SR00067

Figure 10. Typical Performance Characteristics (cont.)
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. INTRODUCTION

The objectives of this application note are to highlight key features
and distinguish key differences between the SA601 and SA620.
The power, gain, noise figure, and third-order intercept point of the
LNA and mixer will be characterized. A resonant circuit
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implementing a high loaded-Q p-strip inductor and an extensive
discussion of open-collector mixer outputs and how to match them
will also be presented.

The SA601 and SA620 are products designed for high performance
low power RF communication applications from 800 to 1200MHz.
These chips offer the system designer an alternative to discrete
front-end designs which characteristically introduce a great deal of
end-product variation, require external biasing components, and
require a substantial amount of LO drive. The SA601 and SA620
contain a low noise amplifier and mixer, offering an increase in
manufacturability and a minimum of external biasing components
due to integration. The LO drive requirements for active mixers are
less stringent than passive mixers, thus minimizing LO isolation
problems associated with high LO drive-levels. These chips also
contain power down circuitry for turning off all or portions of the chip
while not in use. This minimizes the average power consumed by
the front-end circuitry. The SA620 features an internal VCO that
eliminates additional cost and space needed for an external VCO.
The SA601 and SA620 fit within a 20-pin surface mount plastic
shrink small outline package (SSOP), thus saving a considerable
amount of space.

. KEY ATTRIBUTES OF THE SA601 AND SA620
The primary differences between the SA601 and SA620 are the LNA
power down capability, the implementation of the mixer output
circuitry, and the incorporation of an integrated VCO.

Table 1 below summarizes the attributes of both parts.

Table 1. Showing SA601 and SA602 Attributes

. " Mixer Int. VCO
Product Dlg.mM:‘):er LN';\ oz:'“ Power and VCO
P Down Pwr Down
SA601 Yes No Yes No
SA620 No Yes Yes Yes
IIl. POWER CONSUMPTION

As mentioned above, the average power consumed by the front-end
circuitry can be decreased by selectively turning off circuitry that is
notinuse. The supply current at a given voltage will decrease more
than 3mA for each LNA, mixer, or VCO disabled. When the LNA is
disabled on the SA620 it is replaced by a 9dB attenuator. This is
useful for extending the dynamic range of the receiver when an
overload condition exists. Tables 2 and 3 below contain averaged
data taken on the SA601 and SA620 while in an application board
environment.

Table 2. Showing SA601 Supply Current

Vee Icc (MA) Icc (mA) Mixer Disabled
3.0 8.4 4.9
4.0 8.4 4.7
5.0 8.3 4.5
Table 3. Showing SA620 Supply Current
A
o | toc @A) | tec mA) | tegma) | dee (RO
Vee (mA) LNA Mixer vco Powered
bicabled | Dicabled | Disabled
Down
3.0 [ 11.4 8.0 8.1 8.2 1.4
40 | 116 8.5 8.0 8.2 1.6
5.0 | 1.7 8.9 8.0 8.2 1.7
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Figure 1. Noise Figure and Gain vs Frequency SA601 LNA
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Figure 2. Noise Figure and Gain vs Frequency SA620 LNA

IV. LOW NOISE AMPLIFIERS

The performance of the SA601 and SA620 low noise amplifiers are
virtually identical. You can expect an average gain of approximately
11.5 £1.5dB and a noise figure of approximately 1.6 +0.3dB. The
LNA input and output networks are matched for optimum return loss,
gain and best noise figure over the 869 - 894MHz band. They also
perform well when utilized in the 902 - 928MHz band without any
additional modification to the LNA matching networks. Figures 1
and 2 show gain and noise figure of a typical SA601 and SA620
LNA in the application board environment. Both the gain and the
noise figure remain almost constant as V¢ is adjusted to 3, 4 and
5V. Therefore, only one curve is shown for clarity.

V. SA620 MIXER

The SA620 mixer is intended for operation with the integrated VCO
and employs a single open-collector output structure. The
open-collector output structure allows the designer to easily match
any high impedance load for maximum power transfer with a
minimum of external components. This eliminates the need for
elaborate matching networks. The external mixer output circuitry
also incorporates a network which distributes the power from the
mixer output to two unequal ioads. This enables the mixer output to
be matched to a high impedance load such as a SAW bandpass
filter (typically 1kQ2) while simultaneously providing a 50Q2 test point
that can be used for production diagnostics. The mixer output
circuitry generates the majority of questions for those utilizing this
part in their current applications, so some basic concepts regarding
open-collector outputs are presented below, as well as a discussion
of the network used to provide the 50Q diagnostic point.

Vi

Ves L

Basic Transistor

=

Symbol Convention:

AC Equivalent Model

DC: represented by uppercase symbols with uppercase subscripts, i.e., Ig
AC: represented by lowercase symbols with lowercase subscripts, i.e., ic
Combined AC & DC: represented by lowercase symbol with uppercase subscript, i.e., ic

o] Rc

Rc Vr

AC Equivalent Output Thevenin’s Equivalent

Circuit

SR00001

Figure 3. Rc as Source Resistor
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DC Model AC Model
® Kill AC sources ® Kill DC sources
® Open capacitors ® Short capacitors
@ Short inductors ® Open inductors
Vee
R l o Re =
Res + Res +
VCE VCE
Ves l - K -
V
_ (=1 cc =1
lc = (Rc) Vee * R, 'c =Ry Vee!
Eq. 1. Eq.2. SRO002

Figure 4. Basic Transistor Analysis

Open-Collector Output Basics [1, 2, 3, 6]

Why Rc Acts Like A Source Resistor

An open-collector output allows a designer the flexibility to choose
the value of the R¢ resistor. Choosing this resistor value not only
sets the DC bias point of the device but also defines the source
impedance value. Figure 3 shows the AC model of the transistor.
Converting the output structure by applying a Norton and Thevenin
transformation, one can conclude that R¢ becomes the source
resistance. Thus, by choosing R to be equal to the load, maximum
power transfer will then occur.

Figure 4 shows an active transistor with a collector and base
resistor. From basic transistor theory Equation 1 is generated and
has the same form as the general equation for a straight line

y =mx +b

The slope of the DC load line is generated by the value of the
collector resistor (m = -1/Rc) and is shown in Figure 5. For a given
small signal base current, the collector current is shown by the
dotted curve.

The intersection of the dotted curve and the DC load line is called
the Quiescent point (Q-point) or DC bias determinant. The location
of the Q-point is important because it determines where the
transistor is operated; in the cutoff, active, or saturation regions. In
most cases, the Q-point should be in the active region because this
is where the transistor acts like an amplifier.

Figure 6 shows the ac collector-emitter voltage (Vcg) output swing
with respect to an AC collector current (ic). Collector current is
determined by the AC voltage presented to the input transistor’s
base (v;) because it effects the base current (ip) which then effects
ic. This is how the v; is amplified and seen at the output. Recall that
this is with no external load (Rioap) present at the collector. Since
no load is present, the AC load line has an identical slope as the DC
load line as seen in equation 1 and 2 (m = -1/Rc).

Open-Collector With R oap
A filter with some known input impedance is a typical load for the
output of the transistor. For simplicity, we will assume a resistive
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load (R oap) and neglect any reactance. Since a resistive load is
used (see Figure 7), the AC output swing is measured at Voyt or
VcE.

A DC blocking capacitor is used between the R pap and the Vg
output to assure that the Q-point is not influenced by R pap. Itis
also necessary to avoid passing DC to the load in applications
where the load is a SAW filter. However, R oap Wwill affect the AC
load line which is seen in Equation 4 in Figure 7. Notice that the
Ve voltage swing is reduced and thus, the Voyr signal is reduced
(see Figure 8).

Since the value of R¢ and R pap affects the AC load line slope, the
value chosen is important. The higher the impedance of R oap and
Rc, the greater the AC output swing will be at the output, which
means more conversion gain in a mixer. This is due to the slope
getting flatter, thus allowing for more output swing.

DC LOAD LINE: SLOPE = (%l )

(o]

rd

]

Vce Vee VCE

SR00003

Figure 5. Load Line and Q-Point Graph
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\)
-1 cC
= ln = 5= Vop + ==
= (o} (RC) CE RC

Eq. 3.

ic
v DC LOAD LINE: SLOPE = { =
_cc c
Rc
ic2
Ic 4
ic1
SA00004
Figure 6. Graphical Analysis for the Circuitry in Figure 4
DC Model AC Model
® Kill AC sources ® Kill DC sources
® Open capacitors @ Short capacitors
® Short inductors ® Open inductors
Vee
Ic —
Rc Rc =
Reg . Res
+
VCE
Rioap _ vi VeE vout
Ve - -
l RLoap

1 -1 1
i === + 57— (Vop)
¢ (Rc RLOAD) CE

Eq. 4.

SR00005

Figure 7. Basic Transistor Analysis with R oap

~
>
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R

|

-1
DC LOAD LINE: SLOPE = <_ ) AC LOAD LINE: SLOPE = (

-1 -1
b =1
Rc RLOAD)

[¢]

® AC load line intersects the Q-point, and the slope is steeper than
the DC load line due to R oap, which makes Vee smaller

ic1

VCE

\ SR00007
Figure 8. Graphical Analysis for the Circuitry in Figure 7
DC Model AC Model
® Kill AC sources ® Kill DC sources
® Open capacitors ® Short capacitors
® Short inductors ® Open inductors
Vee
L 2
Reg Res
Vs l vi
No Rg, so DC load line slope = e ic = ;—(; (72
Ea.5. Ea 6. SR00006
Figure 9. Basic Transistor Analysis with Inductor Added to Coli
Open-Collector With Inductor (L¢) non-infinite early voltage (see Figure 11), which causes the collector
Adding an inductor in parallel with R¢ can increase the AC output current to be dependent on Ve. Taking advantage of this non-ideal
signal Ve, Figure 9 shows the DC and AC analysis of this circuit condition, the peak-to-peak AC output swing Vg, can thereby be
configuration. In Equation 5, there is no Rg influence because the increased by moving the DC Q-point to the right due to the wider
inductor acts like a short in the DC condition. This means the slope spreading between the curves corresponding to different base
of the DC load line is infinite and causes the Q-point to be centered currents. Figure 12 combines Figures 6 and 10 to show the different

around Vg, thus moving it to the right of the curve. The AC load AC output signals with different Q-points.
line slope is set only by Rc because no load is present. Notice that

it has the same AC load line slope as the first condition in Figure 4, Looking at the AC output level, one might ask how the Ve peak

voltage can exceed the supply voltage Vcc. Recall that the inductor

Equation 2. is an energy storing device (v=Ldi/dt). Therefore, total
Referring to Figure 10, one might notice that the base current (AC instantaneous voltage is Vg plus the voltage contribution of the
and DC) curves spread open as Vg increases. This is caused by a inductor.
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DC LOAD LINE: SLOPE = oo

AC LOAD LINE: SLOPE = =1
Re

ica |

ic1

/
. \ SR00008
Figure 10. Graphical Analysis for the Circuitry in Figure 9
ic A
SATURATION
REGION
—>
ACTIVE ___y //’/
REGION -
//
///
//
— 7 ,//’/’/
" - / /”//
" _ ,//; ——
. — L — ——______-—-
L —— _ , /__——.—-.—-—-—"
L e —T1
. / - / —- a— ,
— . e —- p—
T - /!
- —_— - -
-k = =
Va VCE
SR00009

Figure 11. Graphical Representation of Early Voltage Effect
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ic W
_1
Al 3 = =1
Veo AC LOAD LINE: SLOPE A

WITHOUT INDUCTOR

SR00010
Figure 12. Comparison of Open-Collector Circuit With Inductor vs Without Inductor
Vee DC Model AC Model
o Kill AC sources « Kill DC sources
* Open capacitors ¢ Short capacitors
o Short inductors e Open inductors
e
ic l:; Rc Lc Vee
l lc Rc =
Rep N
R
Ve Res 88
Vi ® VB;r B FLoao Vas —l__ Vi RLoap
Ves = = = = =
L = No R, so DC load line slope = oo i =(—’—l +—;)(v )
- - - c P ¢ \Rc " Rioap/ CE
Equation 7.
Equation 8. SROGOTT

Figure 13. Basic Transistor Analysis with Inductor and R oap
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ic A

icz

ic1

' SR00012

SR00013

Figure 15. Comparison of Open-Collector Ry oap Circuit With Inductor vs Without Inductor

Open-Collector With Inductor (L¢) and Ry oap

Figure 13 shows the DC and AC analysis with the inductor and load
resistor. Again, from the DC analysis, the inductor causes R to be
non-existent so the DC load line is vertical. In the AC analysis, the
AC load line slope is influenced by both R and Ry oap resistors
(see Equation 8). The AC load line slope is the same as the
example of the open-collector without the inductor. Figure 14 shows
the response for the open-collector with Lc and R_ oap. Figure 15
combines Figures 8 and 14 showing the increase in AC output
swing.

In conclusion, for the load line, R plays a role in setting up the bias
determined Q-point as well as the AC source impedance. However,
when an inductor is placed in parallel with R, a different Q-point is
set and the AC source impedance is altered. Moving the Q-point
takes advantage of the transistor’s non-ideal i dependence on Vg
to get more signal output without having to change the base current.
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Since R is in parallel with R pap in the AC condition, it influences
the AC load line slope.

VI. FLEXIBLE MATCHING CIRCUIT [6]

A useful variation of the open collector matching concepts
previously outlined provides the capability of delivering equal power
to two unequal resistive loads. This allows the power delivered to
the load to be measured indirectly at another test point in the circuit
where the impedance can be arbitrarily defined. If this impedance is
defined to be 502, a spectrum analyzer can be easily placed directly
into the circuit. This is an excellent troubleshooting technique and a
valuable option to have available in high production environments.

Figure 16 shows the schematic for this flexible matching circuit. In
this circuit, Cg functions only as a DC blocking capacitor and
presents a negligible impedance at the frequency of interest. Recall
from the previous open collector matching dicussions that, when R¢



Philips Semiconductors

Application note

Low voltage front-end circuits: SA601, SA620

AN1777

is placed in parallel with an inductor, it has no effect on the Q-point,
but does influence the slope of the AC load line as
-1

=L+
RC

-1
F“LOAD.

Slope =

The capacitor Cg functions not only as a DC blocking capacitor, but
is also chosen such that the impedance presented by the
combination of L, R¢ and Cg is equal to R oap for optimum power
transfer. The analysis is done in the following manner. First, note
that inductor L is connected to V¢c which is an effective AC ground.
So, L can be redrawn to ground. Next, Rc and Cg are converted to
their parallel equivalent values as shown in Figure 17.

The resulting parallel LCR circuit is shown in Figure 18. At
resonance, the parallel L, Cp combination will be an effective open

circuit leaving only Rp. Rp is then simply chosen to be equal to
Rioap

Voo DC BLOCKING CAPS
L
Cs Cs
A B
Rc RLoAD

Figure 16. Flexible Matching Circuit

Rc  GCs
—’\/V\r—' —
X
s -
Q=R—C Re = (@2 + 1) Rg
Rp Cp = 5
Xp = Q, 2nFXp

GOAL: Convert series R¢ and Cg into a parallel combination Rp and Cp

Rp ICP

SR00014

Figure 17. Converting from Series to Parallel Configuration

GOAL: Find L¢ and Cp such that Rp looks
like RLoaD Vvalue @ the resonant frequency

I
o
o
-

RF

BASIC MIXER SIMPLE MODEL

Figure 19. Circuit Model of Differential Open-Collector Output

Vee

2L

RF

Figure 20. External current-combiner Circuit
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Figure 21. Ideal AC Equivalent Circuit

VIl. SA601 MIXER [6]

The SA601 mixer is intended for operation with an external VCO
and employs a differential output structure. The current wireless
markets demand front-end solutions with low power, and high gain.
The differential output offers higher gain than the conventional
single-ended open-collector output without an increase in supply
current. An equivalent model can be seen in Figure 19. A
characteristic of the differential output is that the two output currents
are 180° out of phase. This is why the mixer output is labeled IF
and IF.

The current-combiner circuit shown in Figure 20 consists of two
capacitors and one inductor. The purpose of the current-combiner is
to combine the currents such that they are in phase with one
another. By aligning the currents in phase with one another, the
output will have a larger AC output swing due to the increased signal
current.

Figure 21 shows the ideal AC equivalent model. In the ideal case, it
is assumed that all component Q's are high enough to be neglected
and the output impedances of the current sources are also high
enough to be neglected. By source transformation, the parallel
capacitor and current source can be converted to a voltage source
and a source capacitor. The inductor, 2L, can be split into two
inductors where L becomes the new value (See Step 2 in Figure
22). Since two inductors of equal value in series will be twice that
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value, we can split the one inductor into two series inductors each
equalto L.

The series capacitor and inductor (L) at resonance will act like a
short circuit. Therefore, for this analysis we can redraw the circuit,
as seen in Figure 22, step 3.

In Step 4, the voltage source and series inductor (L) is converted
back into a current source and parallel inductor. Source
transformation, in this simple form, the values of L and C do not
change. It is the value of the current and voltage source that
changes.

Using Ohm’s Law, i=v/z and v = i(1/jwc), while Z =joL, the imaginary

j causes the current to be negative at the resonant frequency

specified in Equation 9 of Figure 22. Therefore, by switching the
current’s direction, the negative sign disappears and the current
source is aligned in the same direction as the other one.

VIil. MATCHING THE OPEN-COLLECTOR
DIFFERENTIAL OUTPUT

Figure 23 shows the current-combiner and the open-collector

matching circuit. The collector current is increased and passes

through the load resistor which allows for more AC output swing.

Since the SA601 has differential open-collector outputs, it is possible
to implement both a current-combiner and a flexible matching circuit
(see Figure 24).

oL Acts like ashort - = 7 7~
at resonance
® ® i i
STEP 1 STEP 2 STEP 3
" Acts like an open
o " i a “ I‘ at resonance “ “ [ 2i
STEP 4 STEP 5 STEP 6
Equation 9.
v o 1 i i 1 1
=2 = o= = () [— i" = —i where =10 =—=
z U (mZLc) w2LC Jic
Figure 22. Equivalent Circuit Transformations at Resonance
Vee
ic Rc Lc
|
601 X . —
2ic
T RLoap
Step 2.
—_— —_—
Current Matching
Combiner Network
Power Combiner
SR00016

Figure 23. Power Combiner
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LNEW MATCH

DC
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CAP

- B

CIRCUIT

Cs  DC BLOCKING CAP and PART
A OF THE FLEXIBLE MATCHING
Re

Rioap

r—s
| Rc #Rroap |
S |

SR00017

Figure 24. current-combiner with Flexible Matching Circuit

Understanding and implementing the mixer output match is most
likely the biggest challenge for those using the SA601. As in most
cases, there are many solutions to obtaining the required match for
a given circuit. The method selected for the following examples was
chosen in order to simply demonstrate some key principles involved
in obtaining both high impedance and 50 matching while also
maintaining some continuity to the previous discussions pertaining
to the ideal current-combiner circuit. Each component in the
current-combiner/matching circuit will be identified as well as the
role each plays in obtaining the required matched condition. In
addition, a general procedure for acquiring a good matching circuit
along with Smith chart documentation will be provided.

The schematic of the mixer output circuitry utilized on the SA601
demo-board is reproduced here in Figure 25 for convenience.

PIN 14 —
cs Vee
13

PIN 13 0——F—] |T

MIXER
—— =0 outeur

Ccé

Figure 25. External Mixer Output Circuit

The following is a descriptive summary of the components
comprising the external mixer output circuitry.

Inductor L,

In order to minimize the deviation from the ideal current-combiner
circuit, this inductor is chosen to be as large as possible. The
inductor will then function only as a choke at the IF frequency and,
therefore, should not interact with the current-combiner circuit or
effect the matching conditions. This inductor is also necessary to
provide the needed DC path from V¢ to Pins 13 and 14. In all the
examples to follow, a 6.8uH inductor was used for L.

Capacitors Cs and C;

Also, in order to adhere to the analysis set forth in the ideal
current-combiner discussions, these capacitors will be set equal to
each other in the examples to follow. The main function of these
capacitors is to define the resonant frequency of the
current-combiner. They also play a secondary role in defining the
output impedance.
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Inductor L3

This inductor also defines the resonant frequency of the
current-combiner as well as the output impedance of the
current-combiner at resonance.

Capacitor Cg

This capacitor is used to determine the output impedance for 50Q
matches only. For high impedance matches greater than or equal to
1kQ this capacitor is not very effective. Thus, in this case it is
usually replaced with a large capacitance value, adding almost no
contribution to the match. A 1000pF is used in the high impedance
examples that follow.

Resistor Ry

This resistor is used to simplify the high impedance matching
process. In a 50Q match, the series impedance presented by
capacitor Cg greatly simplifies the process of moving to the 50Q
point on the Smith chart. At high impedance, Cg is no longer
effective and it is often extremely difficult to obtain the proper match
by varying just the components associated with the
current-combiner circuit. A simple solution to this problem is to
obtain the proper resonance condition at a higher impedance than
the targeted impedance and then reduce it by placing a resistor of
the correct value in parallel with it.

The best way to configure the mixer output circuitry for optimum gain
is to optimize the return loss (S1) for this port at the required IF.
This, by itself, does not guarantee that optimum gain will occur at
this frequency due to the phase relationships of the signals inside
the current-combiner, but it is usually very close. The best tool
available for this is a network analyzer.

Method of Achieving High Impedance Matching
with a Network Analyzer

The network analyzer lends itself very nicely to obtaining 50Q
matches. However, for high impedance matches the Smith chart
data will be far to the right of the chart and will be inaccurate, hard to
read, and hard to interpret. If the network analyzer were normalized
to the impedance value to which you want to match, the data would
be in the center of the Smith chart and easy to interpret.

One method of doing this is to disconnect the ‘A’ port from an HP
network analyzer and attach a high impedance probe to this port.
Next take an SMA connector (or whatever connector type your
analyzer uses) and solder two resistors each equal to the target
impedance in the following manner: Solder one end of one of the
resistors to the center lead of the connector and leave the other end
open. This resistor will define the normalization on the network
analyzer during calibration. Next, solder one end of the other
resistor to the ground of the connector and leave the other end
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open. This resistor will function as a dummy load during calibration.
Connect this SMA connector to port ‘1’ on the network analyzer.
You are now ready to calibrate. Prior to initiating the open portion of
the one-port calibration procedure, contact the open end of the
resistor soldered to the center lead of the connector with the high
impedance probe (see Figure 26). After this has been completed,
contact ground on the connector with the high impedance probe
prior to initiating the short portion of the one-port calibration
procedure (see Figure 26). Then connect the two open ends of the
resistors with solder. Prior to initiating the load portion of the
one-port calibration procedure, contact the connection between the
resistors with the high impedance probe (see Figure 27). The
network analyzer should now be normalized to your target
impedance. Thus, the optimum match will once again be in the
center of the chart. When making connection to a circuit it is
necessary to include a resistor of the same value used during the
calibration between the center lead of the connector and its
connection to the circuit. Impedance measurements are taken by
contacting the high impedance probe at the end of this resistor
nearest the circuit (see Figure 28).

Another tip concerning the calibration of the network analyzer should
be mentioned. Itis often useful to be able to look at a Smith chart
over more than one frequency range. A wide frequency range is
useful initially when your results are far off the target. Then the
narrower range is useful for fine tuning your results. So, itis
recommended that you calibrate in both frequency ranges and save
the settings in the internal registers of the network analyzer if
possible.

Probe here for open — .

4&— Probe here for short

SMA
CONNECTOR

'

Connect to port ‘1’ on Network Analyzer

Figure 26. Open- and Short-circuit Calibration Locations

Probe here for load ~,

'

Connect to port ‘1’ on Network Analyzer

Figure 27. Load Impedance Calibration Location
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Probe here for
impedance
measurement \

Connect to port ‘1!
on Network Analyzer

Mixer Output

Figure 28. PCB Impedance Measurement Configuration

Non-Ideal Current-Combiner Ckt Considerations
Before we go through some actual impedance matching examples,
some key differences between the ideal current-combiner circuit
presented earlier and a non-ideal circuit which takes into account
the finite Q of inductor L3 as well as the output impedances of the
current sources should be discussed. Through a series of
Thevenin/Norton conversions and Series/Parallel equivalent
impedance conversions similar to the analysis of the ideal circuit,
the mixer output circuit can be modeled by the circuit shown in
Figure 29.

The two main things to note in this circuit are the presence of the
shunt resistors, Rg and Rq, and that the current-combiner circuit
looks like a simple parallel LRC circuit to capacitor Cg.

Lo

=2 Ro Ra LB —=cs0rC7
2

Figure 29. Non-ideal Mixer Output Equivalent Circuit

The significance of the resistors is their role in determining the
output impedance of the overall circuit. Rq is smaller in value than
Rop which is the relatively high impedance of the open-coliector
outputs. Thus, because they are in parallel, Rq defines the output
impedance of the current-combiner circuit at resonance. The value
of Rq is a function of frequency, the component Q of inductor L3,
and the inductance value of inductor L3. We do not have direct
control over component Q or frequency, so the value of Rq is
adjusted by simply changing the value of inductor L. A more
detailed explanation of this will be shown in the examples to follow.

Itis not intuitively obvious why the matching portion of the mixer
output circuitry used to obtain the 50Q matches is composed of a
single series capacitance. Many customers using the SA601 have
asked why this works because it does not seem to adhere to basic
two element matching concepts. To answer this, let’s first take a
quick look at the general parallel LC circuit shown in Figure 30. This
circuit will resonate according to the simple resonance calculation

If the capacitor of this circuit is cut in half and the inductor is
equivalently represented by two parallel inductors, the circuit in

Figure 31 results. At the original resonant frequency ¢ = —1_, the

/Lo
capacitor and one of the inductors will resonate
1
w = [(0.5C) (2L)] ‘% = (LC) 2. Whatis left over is a shunt

inductance of 2L presented to the output. Thus, the general
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principle is that by decreasing the capacitance of a parallel LC
circuit, you will present a shunt inductance to the output of that
circuit at the same frequency. This concept when applied to the
circuit in Figure 29 offers an explanation of where the missing shunt
inductance element is coming from. If capacitors Cs.and C; are
decreased, this will present a shunt inductance to capacitor Cg.
Thus, two element matching concepts would still apply to this circuit.
How much inductance is referred to Cg, and what value of Cg it
takes to obtain the matching conditions, is difficult to predict. So,
we will rely on the network analyzer to point us in the right direction.

Figure 30. Parallel L¢ Network

o]
3 2L 2L

L3

Figure 31. Parallel Lc Network with Decreased Capacitance

One of the most frustrating parts of matching on the network
analyzer is it often does not give you very much information until you
are at least “in the ball park” of the component values required. The
first example will purposely begin with component values to create
this condition to give an idea of what might initially be encountered.
Additionally, Table 4 at the end of this section contains values for
the components required to obtain optimum gain from the mixer at
IF frequencies of 45, 83 and 110MHz at both a high impedance of
1kQ and a low impedance of 50Q. Using this table you should be
able to obtain a good guess for the initial values for your particular
application.

IX. MATCHING EXAMPLES

A procedure for acquiring a good high impedance matching circuit
for providing optimum gain from the mixer output can be
summarized as follows:

1. Normalize the network analyzer to the impedance of interest.
2. Setinductor L; to be a large inductance value.

3. Choose “ball park” values for the initial component values based
on the simple resonance calculation and /or the tabulated data
provided in Table 4.

4. Adjust Cs 7 to obtain the required match.

5. If the output impedance at resonance is above its target and
resonance occurs at the targeted IF, the required match can be
obtained with the appropriate value for R.

6. If the resonant frequency is above the target IF and the output
impedance at resonance is below its target, change inductor L3
to a higher value and return to step 4.

7. If the resonant frequency is below the target IF and the output
impedance at resonance is above its target, change inductor L3
to a lower value and return to step 4.
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8. Design a matching circuit to bring the impedance back down to
50Q.

9. Make final fine tuning adjustments to Cs 7 based on the
frequency response as observed on a spectrum analyzer.

A procedure for acquiring a good 509 impedance matching circuit
for providing optimum gain from the mixer output can be
summarized as follows:

1. Setinductor L5 to be a large inductance value.

2. Choose “ball park” values for the initial component values based
on the simple resonance calculation and/or the tabulated data
provided.

3. If the output impedance at resonance is greater than its target,
increase capacitor Cg until the curve on the Smith chart passes
through the center of the chart.

4. If the output impedance at resonance is less than its target,
decrease capacitor Cg until the curve on the Smith chart passes
through the center of the chart.

5. If the resonant frequency is greater than the target IF, increase
the values of C5 and Cg until resonance occurs at the target IF.

6. If the resonant frequency is less than the target IF, decrease the
values of Cg and Cg until resonance occurs at the target IF.

7. Make final fine tuning adjustments to Cs 7 based on the
frequency response as observed on a spectrum analyzer.

83MHz, 1 kQ Match

The objective of the first matching circuit we will look at is intended
to provide a 1kQ match at 83MHz. It has inductance values Lp =
6.8uH and L3 = 270nH. (These will be the values for these
inductors in all the examples unless stated otherwise.) This match
is a high impedance 1kQ match so capacitance Cg was set to 1000
pF. The simple resonant calculation

® = [(05CL))"3 = [(0.5) (270nH) (C)]‘% = 2n (83MHz)

suggests that Cs 7 should be approximately 27pF. The actual value
needed to optimize the gain is always less than the value predicted
by this equation. Figure 32 shows what an unfavorable Smith Chart
might look like when you go in the wrong direction. In this example
Cs,7 was set to 33pF. The chart shows resonarice does not occur
anywhere between 75 and 95MHz. If you were to continue this
curve, it would eventually hit the real axis at a much lower
frequency. According to the simple resonance calculation this
suggests that our capacitance value is too large. As Cs 7 is
decreased, the plot on the Smith chart starts to resemble a constant
admittance circle. Figure 33 shows that a Cs 7 value of 23pF yields
a more favorable curve where resonance occurs at 83MHz as
desired. The only problem is the impedance at resonance is not
1kQ as desired. The Smith chart in Figure 33 has been normalized
to 1kQ. The real part coordinate of 61.984Q. shown on the Smith
chart must be converted in the following manner:

2o = (61.984/50) (1kQ) = 1.24kQ.

We could at this point choose another value for inductor L and then
again find the right value for Cs 7 to acquire resonance. However,
we will take this opportunity to demonstrate how resistor Ry might
be used. The needed shunt resistance R, can be calculated from
the simple formula for combining parallel resistances.

R, = (Zo) Zrapeer)  _ (1:24) (1)
2 (@o = Zyapeer) (124 - 1)

Figures 34 and 35 show the resulting output match when a 5kQ
resistor is used for Ry.

= 5.17kQ
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1: 879.64mQ
-5.3289Q
359.84pF

Zg = 1kQ: 500 — 1kQ

MARKER 1:
F = 83MHz

START 75. 000 000 MHz STOP 95. 000 000 MHz

Figure 32. Smith Chart Sq1: Showing Pocr Initial Conditions

Zg = 1kQ: 50Q — 1kQ

MARKER 1: 158790
v —_—— 3.0448nH
F = 83MHz \-\ _ r\
N
AN
~ \/< N
! o~

START 75. 000 000 MHz STOP 95. 000 000 MHz

Figure 33. Smith Chart Sy1: Showing Targeted Resonant
Frequency, But Output Impedance Is Too High

Zg = 1kQ: 50Q — 1kQ 1: 49.771Q

-2.3125Q

MARKER 1: 829.2pF

F = 83MHz

START 75. 000 000 MHz STOP 95. 000 000 MHz

Figure 34. Smith Chart Sy4: Showing Targeted Resonant
Frequency And Output Impedance

In order to verify the high impedance match in the absence of a
system in which to test it, a wideband matching circuit was designed
to convert the high impedance 1kQ match back down to 50Q where
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it can then be terminated into a standard 50Q test equipment port.
Figures 36, 37 and 38 show the design of such a circuit. A detailed
discussion of the design of this type of circuit can be found in [1].
Figure 39 shows the frequency response of the mixer output as the
LO was varied to change the IF output. The envelope of this
response has been added for clarity. The RF input signal to the
mixer was -30dBm. So, the plot shows a very favorable gain of
approximately 10.6dB at 81.75MHz. At 83MHz, which is the
intended IF, the gain is only about 1dB lower.

CH1 S11 log MAG 10 dB/ REF O dB 1. -35.512dB

83. 000000 MHz

START 75000000 MHz STOP 95. 000 000 MHz

Figure 35. Sq1 Reflection at Mixer Output

100Q 4.7pF 13pF

% 1.0uH % 330nH % 500

Figure 36. Wideband 1kQ to 50Q Matching Network

Z0o = 1kQ: 50Q — 1kQ 1: 54.969Q

2.0762Q

MARKER 1: 3.9814nH

F = 82.994MHz

START 75. 000 000 MHz STOP 95. 000 000 MHz

Figure 37. Smith Chart Sy1: Showing Wideband Matching of
Circuit in Figure 36
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CH1S11 log MAG 10 _dB/ REF 0 _dB 1: -25.531dB
83. 000000 MHz
[ —
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/‘/
NI
START 75000000 MHz STOP 95. 000 000

Figure 38. Smith Chart S41: Showing Wideband Matching of
Circuit in Figure 36

MKR 81.75 MHz
REF-18.0 dBm ATTEN10 dB -19.41 dBm
1dB/
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Figure 39. Showing the Frequency Response of the Mixer
Output

45MHz, 1 kQ Match

The next example is designed to show how to determine when
inductor L3 is too low or too high to enable you to acquire the proper
matching conditions. The objective is to provide a 1kQ match at the
much lower IF of 45MHz. Before we can determine if we have the
wrong inductance value for L3, we must first understand what effect
adjusting Cs and C7 has on the circuit. The simple resonance
calculation suggests that a decrease in Cs 7 should increase the
frequency at which resonance occurs. This also causes a change in
the output impedance at resonance. When Cs 7 is decreased the
output impedance at the new higher resonant frequency will also be
higher. As Cs 7 is adjusted the resonant frequency and the output
impedance at resonance will change in the same direction. In other
words, both will increase as Cs 7 is decreased or both will decrease
as Cs 7 is increased. This means that if a condition exists where the
resonant frequency is greater than the target IF and the impedance
at resonance is below its target, the inductance value used for
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inductor L3 is too small. Conversely, if the resonant frequency is
less than the target IF and the impedance at resonance is greater
than its target, the inductance value used for L3 is too large.

To demonstrate these concepts, inductor L3 was chosen to be larger
than usual (L3 = 750nH) and Cs 7 was also chosen to be much
larger than usual (Cs 7 = 82pF). Capacitor Cg was again set to
1000pF making it negligible during high impedance matching.

Again, it should be noted that the following Smith charts have been
normalized to 1kQ. Figure 40 shows that the component values
listed above yield a 1kQ output impedance at a resonant frequency
of just 28MHz instead of the 45MHz target IF. In an effort to
increase the resonant frequency Cs 7 was decreased to 33pF.
Figure 41 shows that the resonant frequency is close but below the
target IF and the impedance is well above 1kQ. According to the
discussions above, this suggests that inductor L3 is too large.

Figure 42 shows the results when inductor L3 is decreased to
620nH. This chart shows that both the resonant frequency and the
impedance at resonance are greater than their targeted values.

This indicates that there is still a chance that the match can be made
with some further adjustment of Cs 7. Cs7 was increased to 39pF
to lower the resonant frequency. Figure 43 shows that when this
was done the condition that suggests that inductor L3 is too large
still exists.

1: 49.109Q

Zg = 1kQ: 50Q — 1kQ

MARKER 1:
F = 28.641MHz

2.2637Q
12.579nH

START 10. 000 000 MHz

STOP 80. 000 000 MHz

Figure 40. Smith Chart S14: Showing Resonant Frequency Well
Below 45MHz Target

1: 87.945Q

Zg = 1kQ: 50Q — 1kQ

MARKER 1:

4.3164Q
F = 42.907MHz

16.011nH

START 10. 000 000 MHz

STOP 80. 000 000 MHz

Figure 41. Smith Chart S41: Showing Output Impedance Well
Above the 1kQ Target
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1: 78.137Q

Zo = 1kQ: 50Q — 1kQ

MARKER 1:
F = 46.883MHz

3.1602Q
10.728nH

START 10. 000 000 MHz STOP 80. 000 000 MHz

Figure 42. Smith Chart Syy, L3 = 620nH: Showing the
Resonant Frequency and the Output Impedance are Both
Above the 45MHz, 1kQ Target Values

Zg = 1kQ: 50Q — 1kQ 1: 74.172Q

MARKER 1:
F = 44.559MHz

1.4336Q
5.1205nH

START 10. 000 000 MHz STOP 80. 000 000 MHz

Figure 43. Smith Chart Sq1, L3 = 620nH: Showing the
Resonant Frequency Below 45MHz Target and Output
Impedance Above 1kQ Target Values

1: 43.197Q

Zg = 1kQ: 50Q — 1kQ
1.2422Q
MARKER 1: 3.5875nH

F = 55.108GHz

START 10. 000 000 MHz STOP 80. 000 000 MHz

Figure 44. Smith Chart Sy1, L3 = 270nH: Showing the
Resonant Frequency Above 45MHz Target and the Output
Impedance Less than 1kQ Target Values

Next, in order to demonstrate the other condition, inductance L was
changed to 270nH and Cs 7 was changed to 56pF. Figure 44 shows
that the resonant frequency is greater than the target IF and the
output impedance at resonance is less than 1kQ. According to the
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discussions above, this is the condition which suggests that
inductance Lg is too small. So, inductance L3 was then increased to
390nH. Figure 45 shows that the 390nH inductance yields a
resonant frequency and an output impedance at resonance that are
both slightly above their targets. At this point you are close enough
to use another wideband matching circuit for dropping the 1kQ
impedance to 50Q allowing you to check the frequency response
directly. It was determined that changing Cs 7 from 56pF to 62pF
yielded optimum gain at exactly the target IF. Figure 46 shows this
gain to be approximately 10dB.

1: 52.973Q

Zg = 1kQ: 50Q - 1kQ
MARKER 1 3.21680
F = 47.471MHz 10.785nH

START 10. 000 000 MHz STOP 80. 000 000 MHz

Figure 45. Smith Chart S44, L3 = 390nH

MKR 45.00 MHz

REF-19.0 dBm ATTEN10 dB -20.04 dBm

1dB/

\

CENTER 45.00 MHz
Figure 46. Frequency Response of the Mixer Output

110.592MHz, 50Q2 Match

The next example will demonstrate how to obtain a 50Q match.
There are a couple of things to note concerning matching at a higher
IF. The firstis to expect an increase in the general sensitivity of the
matching conditions with relatively small component variations.
Secondly, the difference in frequency between the point of optimum
gain and the point where the return loss (S14) is minimized greatly
increases when matching at a higher IF. To demonstrate these
things the objective of the following example will be to provide a 50Q
match at 110.592MHz, which is a relatively high 1st IF.

SPAN 10.00 MHz

The initial component values for this matching circuit (see Figure 25
are 6.8uH and 270nH for inductances L, and L, respectively.
Capacitors Cs, Cg and C; were all set to 10pF. It should be noted
that Cg is no longer set at 1000pF and plays a major role in
determining the required match at 50Q as we will see. Figure 47
shows the results of the initial component values. The Smith chart
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indicates that the resonance frequency is much too low and the
impedance at resonance is too high. In our previous high
impedance matching discussions this meant that the inductor L3
was too Large. In 50Q matching this is no longer the case. Due to
the lower impedance matching condition, the output impedance at
resonance can now be significantly altered by varying the series
capacitance element Cg. As mentioned previously, the matching
circuit is much more sensitive to component variations at a higher IF.
Figure 48 shows a small change in Cs 7 from 10pF to 4.7pF caused
the resonant frequency to shift from well above the target IF to well
below the target IF with very little change in the output impedance at
resonance.

20 =500
326.640

MARKER 1:
F = 110.592MHz 4.0nH

START 80. 000 000 MHz STOP 140. 000 000 MHz

Figure 47. Smith Chart Sq1: Showing Initial Component
Results

1: 6.1445Q

2o =500
120.230
L 11.979pF

ARKER 1:
F = 110.502MHz

START 80. 000 000 MHz STOP 140. 000 000 MHz

Figure 48. Smith Chart Sq1: Showing Sensitivity to Small
Changes in C5 7

These observations suggest a general method of attack for
obtaining the output impedance at 50Q. When the series
capacitance element Cg is increased/decreased it will cause the
somewhat circular curve on the Smith chart to increase/decrease in
diameter. An effective method for obtaining the required match
would be to adjust Cg such that this curve passes through the center
of the Smith chart and then make the necessary adjustments to Cs 7
to set the resonant frequency at the target IF. Looking at Figure 48
again, we see that the output impedance at resonance is too high.
We should be able to decrease this by increasing the series
capacitance element C6. In addition, from Figures 47 and 48 we
know that the correct value for Cs 7 to obtain resonance at
110.592MHz is between 4.7pF and 10pF. So, we will increase Cg to
12pF and set Cs 7 to 6pF and see what happens. Figure 49 shows
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the output impedance at resonance is very close to the target but
the resonant frequency is still a bit too high. Figures 50 and 51
show that by adding 1pF to Cs 7 the required match is obtained. An
additional matching network is not needed to evaluate the circuit
because we are already at 50Q.

In previous discussions, it was mentioned that the frequency at
which the return loss is obtained does not guarantee optimum gain
at this same frequency due to the phase relationships of the signals
within the current-combiner circuitry. Figure 52 shows that
approximately 12dB of gain is obtained but at a frequency of
115MHz, which is approximately 5SMHz away from the targeted IF.
To correct this we simply adjusted Cs 7 to 8.5pF to obtain a similar
condition 5MHz lower than the previous result as shown in Figures
53, 54 and 55.

1: 22.764Q

2o =500

ARKER 1: -45.49Q
F = 110.502MHz

31.036pF

START 80. 000 000 MHz STOP 140. 000 000 MHz

Figure 49. Smith Chart S11: Showing Results of Adjustment to
Capacitor Cs ¢, 7

20 =500

MARKER 1:
F =110.592MHz

1: 54.357Q

146.48mQ
9.8244nF

START 80. 000 000 MHz STOP 140. 000 000 MHz

Figure 50. Smith Chart S41: Showing Final 110.592MHz, 50Q
Results

Table 4. Mixer Output Component Values

50Q Match 1kQ Match
MHz MHz
45 | 83 | 110 45 | 83 | 110
Ly 6.8uH 6.8uH
L3 270nH 390nH 270nH
Cs,7 | 80pF | 18pF [ 8.5pF | 62pF | 22pF | 10pF
Ce | 22pF | 15pF | 12pF 1000pF
Rp | ————— - ] sk | —
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CH1 S11 log MAG 10 dB/ REFO dB 1. -30.765 dB
T T
110.592000 MHz
L]
START 80000000 MHz STOP  140.000 000
Figure 51. Final 110.592MHz, 50Q Resuits
MKR 115.28MHz
REF -16.0 dBm __ ATTEN 10dB -17.72_dBm
1.dB/
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Figure 52. Mixer Output Freq. Resp. Peak is 5SMHz Too High
2o =500 1: 51.189Q
MARKER 1: ~2.21480
F = 105MHz 684.36pF
START 80. 000 000 MHz STOP 140. 000 000 MHz

application, it may be necessary to make some changes. The
demoboard schematic for the SA601 in Figure 67 shows these
changes. One difference between the previous discussions and this
schematic is that Cs and Cy are not of equal value. It has been
found that loading the differential output in an asymmetrical fashion
by making Cs less than Cy is beneficial to IP3)y performance. So,
your frequency adjustments would then be made by keeping C;
constant and varying Cs. Also, inductor L, can no longer be chosen
arbitrarily large. It must be chosen such that a high impedance
parallel resonance condition occurs with C; at the frequency of
interest. Resistance Ry can then be used to obtain the required
high impedance match. Cg is used to acquire the 50Q match
exactly as before. The IP3in and gain performance for this
configuration at 83MHz is shown in Figures 56 and 57. Notice the
gain is approximately 8dB which is approximately 2dB less than that
obtained in the previous examples. This was the trade-off for
obtaining the better IP3;y performance (see Figure 57).

CH1 §11 log MAG 10 dB/ REF O dB 1: -31.321dB
105.0p0000 MHz
I
A\J
START 80000000 MHz STOP__140.000 000
Figure 54. Mixer Output Set 5SMHz Below Target to Get Final
Result at 110.592MHz
MKR 109.04MHz
REF-16.@Bm____ ATTEN10 dB -17.82_dBm
1.dB/
N
A
CENTER 110.00 MHz VBW 30 kHz SPAN 20.00 MHz

Figure 53. Smith Chart Sy4: Showing Match With Cs ; = 8.5pF

SA601 IP3;y Considerations

It should be noted that it is often necessary to give up some mixer
gain of the device in order to obtain acceptable IP3in performance.
The previous examples and procedures demonstrated how to
optimize the gain. To meet the IP3in specifications of your particular
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Figure 55. Mixer Output Set SMHz Frequency Response Peak
Very Near 110.592MHz Target

Summary of Mixer Open-Collector Output
Concepts

The open-collector of a transistor offers a designer using the SA601
and SA620 the flexibility to provide impedance matching with
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minimal external components. Additionally, when an inductor is
strategically located in the circuit, more AC output swing will occur
due to the Early-Voltage effect of the device without adding any
additional current.

When using the SA601 differential open-collector output, a designer
can use the current-combiner circuit to combine the currents such
that additional output signal swing is achieved. This preserves the
RF signal and thus eliminates the need for interstage amplifiers.
The current-combiner differential mixer output is not available on the
SA620.

A flexible matching circuit can be used to deliver an equal amount of
power to unequal resistive loads. The flexible matching circuit is
ideal for trouble-shooting.
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Figure 56. Mixer Gain vs LO Drive SA601
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Figure 57. Mixer IP3)y vs LO Drive SA601

X. SA601 MIXER CHARACTERIZATION

Figure 56 shows a mixer gain vs. LO drive curve for a SA601
utilizing the current-combiner circuit in an application board
environment. It shows that over an LO drive-level range of -10dBm
to 0dBm the mixer gain deviates from an average value of 7.5dB by
less than 0.5dB. It also shows that the gain will change by less than
0.5dB when V¢ is varied from 3V to 5V.

The noise figure of the SA601 generally increases with decreasing
LO drive. Over the LO drive-level range of -10dBm to 0dBm the
noise figure varied from approximately -12dB to approximately -8dB,
respectively. The noise figure at - 5dBm LO drive is approximately
10dB.

Figure 57 shows the mixer’s 60kHz IP3)y vs. LO drive curve for the
SA601 in an application board environment. It should be noted that
the IP3)y was measured with a -35dBm RF input at 881MHz and an
offset of just 60kHz. 881MHz is the center of the 869 to 894 IS-54
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Rx band, -35dBm was selected to ensure Py vs Poyr linearity, and
60kHz was chosen as a suitable representation of current
application alternate-channel constraints. The figure shows IP3)y to
be constant at approximately -4.3dB over an LO drive-level range
from -10dBm to approximately -5dBm. For LO drive-levels greater
than -5dBm, |P3)y will decrease by approximately 1dB for every 1dB
increase in LO drive. It is for this reason, that even though the mixer
noise figure continues to decrease with larger LO drives, the LO
drive-level which optimizes gain, noise figure and IP3)y for current
1S-54 applications is approximately -5dBm.

SA601 System 12dB SINAD Performance

Figure 59 shows the 12dB SINAD vs RF input frequency of a
receiver system composed of the SA601 utilizing the differential
mixer output and the SAB06 low-voltage FM-IF as shown in Figure
58. Data was taken over an input frequency range covering the 869
- 894MHz 1S-54/AMPS Rx band as well as the 902 - 928 ISM band.
The 12dB SINAD performance in both bands was approximately
-121 to -122dBm without a duplexer. The system 12dB SINAD with
a duplexer present will typically increase by approximat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>