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 Library of Congress >> MARC >> Understanding MARC

MARC 21 Reference Materials
Part VII: A Summary of Commonly Used MARC 21 Fields
Part VIII: A List of Other Fields Often Seen in MARC Records
Part IX: The Leader
Part X: Field 008 for Books

Part VII:

A Summary of
Commonly Used MARC 21 Fields

This is a summary of the MARC 21 tags used most frequently by libraries in entering
their own bibliographic records. For full listings of all MARC 21 tags, indicators, and
subfield codes, see MARC 21 Format for Bibliographic Data.

In the explanations on these pages:

Tags -- The tags (3-digit numbers) are followed by the names of the fields they represent.
In this summary, and in the MARC 21 Format for Bibliographic Data, if a tag can appear
more than once in one bibliographic record, it is labeled repeatable (R). If it can only be
used once, it is labeled non-repeatable (NR). For example, a catalog record can have
several subjects, so the tags for subject added entries (6XX) are labeled repeatable (R).

Indicators -- The use of indicators is explained in fields where they are used. Indicators
are one-digit numbers. Beginning with the 010 field, in every field -- following the tag --
are two character positions, one for Indicator 1 and one for Indicator 2. The indicators are
not actually defined in all fields, however. And it is possible that a 2nd indicator will be
used, while the 1st indicator remains undefined (or vice versa). When an indicator is
undefined, the character position will be represented by the character # (for blank space).

Subfield codes -- All the data in each field (beginning with the 010 field) is divided into
subfields, each of which is preceded by a delimiter-subfield code combination. The most
common subfield codes used with each tag are shown. Each subfield code is preceded by
the character $, signifying a delimiter. The name of the subfield follows the code.

In general, every field MUST have a subfield 'a' ($a). One exception that is often seen is in
Field 020 (ISBN), when the ISBN information (subfield $a) is unavailable but the price
(subfield $c) is known. Some subfields are repeatable. In this summary, repeatability is
noted for only the more common repeatable subfields.

Examples: Examples follow the explanation for each field. For clarity, one space has been
placed between the tag and the first indicator, one space has been placed between the
second indicator and the first delimiter- subfield code, and one space has been inserted
between the delimiter-subfield code and the subfield data.
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010 Library of Congress Control umber -- (LCCN)
(NR, or Not Repeatable

Indicators undefined.
Subfield used most often:

$a -- Library of Congress control number

Example:    010 ##  $a ###86000988#

020 International Standard Book umber -- (ISBN)
(R, or Repeatable)

Indicators undefined.
Subfields used most often:

$a -- International Standard Book Number
$c -- Terms of availability (often a price)
$z -- Cancelled/invalid ISBN (R)

     Example:    020 ##  $a 0877547637

040 Cataloging source -- (NR)
Indicators undefined.
Subfields used most often:

$a -- Original cataloging agency
$c -- Transcribing agency
$d -- Modifying agency (R)

     Example:    040 ## $a DLC
                        $c DLC
                        $d gwhs 

100 Main entry -- Personal name -- (primary author)
(NR; there can be only one main entry)

Indicator 1: Type of personal name entry element
0 -- Forename
1 -- Surname (this is the most common form)
3 -- Family name

Indicator 2 undefined.
Indicator 2 became obsolete in 1990. Older records may display 0 or 1

Subfields used most often:
$a -- Personal name
$b -- Numeration
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$c -- Titles and other words associated with a name (R)
$q -- Fuller form of name
$d -- Dates associated with a name (generally, year of birth)

     Example:    100 1# $a Gregory, Ruth W.
                        $q (Ruth Wilhelme),
                        $d 1910-

130 Main entry -- Uniform title -- (NR)
Indicator 1: Nonfiling characters

0-9 -- Number of nonfiling characters present (for initial articles, including
spaces)

Indicator 2 undefined.
Indicator 2 became obsolete in 1990. (See 100 above.)

Subfields used most often:
$a -- Uniform title
$p -- Name of part/section of a work (R)
$l -- Language of a work
$s -- Version
$f -- Date of a work

     Example:    130 0# $a Bible. 
                        $p O.T.
                        $p Psalms.

240 Uniform title (NR)
Indicator 1: Uniform title printed or displayed

0 -- Not printed or displayed
1 -- Printed or displayed (most common)

Indicator 2: Nonfiling characters
0-9 -- Number of nonfiling characters present (for initial articles, including
spaces)

Subfields used most often:
$a -- Uniform title
$l -- Language of a work
$f -- Date of a work

Example:    240 10 $a Ile mystérieuse.
                        $l English. 
                        $f 1978
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245 Title Statement ( R)
Indicator 1: Title added entry

(Should the title be indexed as a title added entry?)
0 -- No title added entry

(indicates a title main entry; i.e. no author is given)
1 -- Title added entry

(the proper indicator when an author given in 1XX; the most common
situation)

Indicator 2: Nonfiling characters
0-9 -- Number of nonfiling characters present, including spaces; usually set at

zero, except when the title begins with an article; e.g., for The robe, the
second indicator would be set to 4. The letters T, h, e, and the space
following them are then ignored in alphabetizing titles. The record will
be automatically filed under "r" -- for Robe.

Subfields used most often:
$a -- Title proper
$h -- Medium (often used for non-book media)
$p -- Name of part/section of a work (R)
$b -- Reminder of title (subtitles, etc.)
$c -- Remainder of title page transcription/Statement of responsibility

Example:    245 14 $a The DNA story :
                        $b a documentary history of gene 
                           cloning /
                        $c James D. Watson, John Tooze.

246 Varying form of title (R)
Indicator 1: Note/title added entry controller

1 -- Note, title added entry
3 -- No note, title added entry

Indicator 2: Type of title
# -- No information provided
0 -- Portion of title
1 -- Parallel title
4 -- Cover title
8 -- Spine title

Subfield used most often:
$a -- Title proper

Example:    246 3# $a Four corners power review

250 Edition statement (NR)
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Indicators undefined.
Subfield used most often:

$a -- Edition statement

     Example:    250 ## $a 6th ed.

260 Publication, distribution, etc. (Imprint) (R)
Indicator 1: Sequence of publishing statements

# -- No information provided
Indicator 2: Undefined
Subfields used most often:

$a -- Place of publication, distribution, etc. (R)
$b -- Name of publisher, distributor, etc. (R)
$c -- Date of publication, distribution, etc. (R)

     Example:    260 ## $a New York :
                        $b Chelsea House,
                        $c 1986.

300 Physical description (R)
Indicators undefined.
Subfields used most often:

$a -- Extent (number of pages) (R)
$b -- Other physical details (usually illustration information)
$c -- Dimensions (cm.) (R)
$e -- Accompanying material (for example, "teacher's guide" or "manual")

     Example:    300 ## $a 139 p. :
                        $b ill. ;      
                        $c 24 cm.

440 Series statement / Added entry--Title
This field was made obsolete in 2008 to simplify the series statement. See 490 and
830.

490 Series statement (No added entry is traced from field) (R)
Indicator 1: Specifies whether series is traced (whether an 8XX tag is also present)

0 -- Series not traced
1 -- Series traced (8XX is in record)

Indicator 2 undefined.
Subfield used most often:
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$a -- Series statement (R)
$v -- Volume number (R)

     Example:    490 1# $a Colonial American craftsmen

500 General note (R)
Indicators undefined.
Subfield used most often:

$a -- General note (Used when no specialized note field has been defined for
the information. Examples: Notes regarding the index; the source of the title;
variations in title; descriptions of the nature, form, or scope of the item.)

     Example:    500 ##  $a Includes index.

504 Bibliography, etc. note (R)
Indicators undefined.
Subfield used most often:

$a -- Bibliography, etc. note

     Example:    504 ## $a Includes bibliographical 
                           references.

505 Formatted contents note (R)
Indicator 1: Type of contents note

0 -- Complete contents
1 -- Incomplete contents (used with multivolume set when some volumes are
not yet published)
2 -- Partial contents

Indicator 2: Level of content designation
# -- Basic

Subfield used most often:
$a -- Formatted contents note

     Example:    505 0# $a Pride and prejudice -- Emma
                           -- Northanger Abbey.

520 Summary, etc. note (R)
Indicator 1: Display constant controller

# -- Summary
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1 -- Review
2 -- Scope and content
3 -- Abstract

Indicator 2 undefined
Subfields used most often

$a -- Summary, abstract, or annotation
$b -- Expansion of summary note

     Example:    520 ## $a This basic guide to parliamentary
                           procedure tells how to conduct 
                           and participate in a meeting 
                           properly.

600 Subject added entry -- Personal name (R)
Indicator 1: Type of personal name entry element

0 -- Forename
1 -- Surname (this is the most common form)
3 -- Family name

Indicator 2: Subject heading system/thesaurus (identifies the specific list or file
which was used)

0 -- Library of Congress Subject Headings
1 -- LC subject headings for children's literature
2 -- Medical Subject Headings
3 -- National Agricultural Library subject authority file
4 -- Source not specified
5 -- Canadian Subject Headings
6 -- Répertoire de vedettes-matière
7 -- Source specified in subfield $2

(Note regarding Sears subject headings: The MARC 21 format does not provide an
assigned indicator for Sears subject headings. Therefore, an indicator of 7 is used, and the
MARC defined code "sears" is placed in subfield $2.)

Subfields used most often:
$a -- Personal name (surname and forename)
$b -- Numeration
$c -- Titles and other words associated with a name (R)
$q -- Fuller form of name
$d -- Dates associated with a name (generally, year of birth)
$t -- Title of a work
$v -- Form subdivision (R)
$x -- General subdivision (R)
$y -- Chronological subdivision (R)
$z -- Geographic subdivision (R)
$2 -- Source of heading or term (used with 2nd indicator of 7)
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     Example:    600 10 $a Shakespeare, William, 
                        $d 1564-1616 
                        $x Comedies    
                        $x Stage history.

     Example:    600 10 $a Shakespeare, William, 
                        $d 1564-1616 
                        $x Knowledge 
                        $z Rome 
                        $v Congresses.

Notice that subfields $v, $x, and $z in the 600 field are repeatable. Subfields $v, $x, $y,
and $z do not have to be in alphabetical order. They will be in the order prescribed by the
instructions given by the subject heading system.

610 Subject added entry -- Corporate name (R)
Indicator 1:Type of corporate name entry element

0 -- Inverted name (not used with AACR2)
1 -- Jurisdiction name
2 -- Name in direct order

Indicator 2: Subject heading system/thesaurus.
See indicator 2 under 600

Subfields used most often:
$a -- Corporate name or jurisdiction name as entry element
$b -- Subordinate unit (R)
$v -- Form subdivision (R)
$x -- General subdivision (R)
$y -- Chronological subdivision (R)
$z -- Geographic subdivision (R)
$2 -- Source of heading or term (used with 2nd indicator of 7)

     Example:    610 10 $a United States. 
                        $b Army Air Forces
                        $v Biography.

650 Subject added entry -- Topical term (Most subject headings fit here.) (R)
Indicator 1: Level of subject

# -- No information provided
Indicator 2: Subject heading system/thesaurus
(identifies the specific list or file which was used)

0 -- Library of Congress Subject Headings
1 -- LC subject headings for children's literature
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2 -- Medical Subject Headings
3 -- National Agricultural Library subject authority file
4 -- Source not specified
5 -- Canadian Subject Headings
6 -- Répertoire de vedettes-matière
7 -- Source specified in subfield $2

Note regarding Sears subject headings: The MARC 21 format does not provide an
assigned indicator for Sears subject headings. Therefore, an indicator of 7 is used, and the
MARC defined code "sears" is placed in subfield $2.)

Subfields used most often:
$a -- Topical term
$v -- Form subdivision (R)
$x -- General subdivision (R)
$y -- Chronological subdivision (R)
$z -- Geographic subdivision (R)
$2 -- Source of heading or term used with 2nd indicator of 7)

     Example:    650 #0 $a Theater 
                        $z United States
                        $v Biography 
                        $v Dictionaries.

Notice that subfields $v, $x, and $z in the 650 field are repeatable. Subfields $v, $x, $y,
and $z do not have to be in alphabetical order. They will be in the order prescribed by the
instructions given by the subject heading system.

651 Subject added entry -- Geographic name (R)
Indicator 1: undefined.
Indicator 2: Subject heading system/thesaurus.

See indicator 2 under 600
Subfields used most often:

$a -- Geographic name
$v -- Form subdivision (R)
$x -- General subdivision (R)
$y -- Chronological subdivision (R)
$z -- Geographic subdivision (R)
$2 -- Source of heading or term (used with 2nd indicator of 7)

     Example:    651 #0 $a United States
                        $x History 
                        $v Chronology.
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Notice that subfields $v, $x, and $z in the 651 field are repeatable. Subfields $v, $x, $y,
and $z do not have to be in alphabetical order. They will be in the order prescribed by the
instructions given by the subject heading system.

700 Added entry -- Personal name (R)
Indicator 1: Type of personal name entry element

0 -- Forename
1 -- Surname (this is the most common form)
3 -- Family name

Indicator 2: Type of added entry
# -- No information provided (most common; co-authors, editors, etc.)
2 -- Analytical entry (The values for Indicator 2 changed in 1994 with Format
Integration, and older records may display additional values. An analytical
entry involves an author/title of an item contained in a work.)

Subfields used most often:
$a -- Personal name
$b -- Numeration
$c -- Titles and other words associated with a name (R)
$q -- Fuller form of name
$d -- Dates associated with a name (generally, year of birth)
$e -- Relator term (such as ill.) (R)
$4 -- Relator code (R)

     Example:    700 1# $a Baldridge, Letitia. 

710 Added entry -- Corporate name (R)
Indicator 1: Type of corporate name entry element

0 -- Inverted name (not used with AACR2)
1 -- Jurisdiction name
2 -- Name in direct order

Indicator 2: Type of added entry.
See Indicator 2 under 700
# -- No information provided
2 -- Analytical entry

Subfields used most often:
$a -- Corporate name or jurisdiction name as entry element
$b -- Subordinate unit (R)

     Example:    710 2# $a Sunburst Communications (Firm)

740 Added entry -- Uncontrolled related/analytical title (R)
Indicator 1: Nonfiling characters

0-9 -- Number of nonfiling characters present (for initial articles, including
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spaces)
Indicator 2:Type of added entry. See Indicator 2 under 700

# -- No information provided
2 -- Analytical entry
(This field was redefined in 1994 with Format Integration. Prior to 1994, the
field was also used for variant titles, such as a different wording on a spine
title. In records created since Format Integration, those variant tiles appear in a
246 field.)

Subfield used most often:
$a -- Title

     Example:    740 02 $a Uncle Vanya.

800 Series added entry -- Personal name (R)
Indicator 1: Type of personal name entry element

0 -- Forename
1 -- Surname
3 -- Family name

Indicator 2 undefined.
Subfields used most often:

$a -- Personal name
$b -- Numeration
$c -- Titles and other words associated with a name (R)
$q -- Fuller form of name
$d -- Dates associated with a name (generally, year of birth)
$t -- Title of a work (the series)
$v -- Volume number

     Example:    800 1# $a Fisher, Leonard Everett.
                        $t Colonial American craftsmen.

830 Series added entry -- Uniform title (R)
Indicator 1 undefined.
Indicator 2: Nonfiling characters

0-9 -- Number of nonfiling characters present (for initial articles, including
spaces)

Subfield used most often:
$a -- Uniform title
$v -- Volume number

     Example:    830 #0 $a Railroads of America (Macmillan)
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[ Back to Top of Page ]

Part VIII:

A List of Other Fields
Often Seen in MARC Records

001 Control number
003 Control number identifier
005 Date and time of latest transaction
006 Fixed-length data elements -- additional material characteristics
007 Physical description fixed field
008 Fixed length data elements (See Part X)
022 International Standard Serial Number (ISSN)
037 Source of acquisition
041 Language code
043 Geographic area code
050 Library of Congress call number
060 National Library of Medicine call number
082 Dewey Decimal classification number (the one recommended

by the Library of Congress; locally-assigned call numbers may
appear elsewhere)

110 Main entry -- Corporate name (less frequent under AACR2
rules)

256 Computer file characteristics
263 Projected publication date

(indicates a CIP -- Cataloging in Publication -- record)
306 Playing time
508 Creation/production credits note
510 Citation/references note (review sources)
511 Participant or performer note
521 Target audience note (first indicator: 0 = reading grade level, 1

= interest age level, 2 = interest grade level, 3 = special
audience characteristics, 4 = motivation interest level)

530 Additional physical form available note
538 System details note
586 Awards note
656 Index term -- Occupation
730 Added entry -- Uniform title
852 Location
856 Electronic location and access
9XX Reserved for local use. (They are used by vendors, systems, or

individual libraries to exchange additional data)

[ Back to Top of Page ]
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Part IX:

The Leader

There are 24 positions in the Leader, numbered from 00 to 23. For fuller explanation, see
the MARC 21 Format for Bibliographic Data.

00-04 Record length (calculated by the computer for each record)
05 Record status

a = increase in encoding level
c = corrected or revised
d = deleted
n = new
p = increase in encoding from prepublication (previous CIP)

06 Type of record
a = language material
c = printed music
d = manuscript music
e = cartographic material
f = manuscript cartographic material
g = projected medium
i = nonmusical sound recording
j = musical sound recording
k = 2-dimensional nonprojectable graphic
m = computer file
o = kit
p = mixed materials
r = 3-dimensional artifact or naturally occurring object
t = manuscript language material

07 Bibliographic level
a = monographic component part
b = serial component part
c = collection
d = subunit
i = integrating resource
m = monograph/item
s = serial

08 Type of control
# = no specified type
a = archival

09 Character coding scheme
# = MARC-8
a = UCS/Unicode

10 Indicator count (always "2")
11 Subfield code count (always "2")
12-16 Base address of data (calculated by the computer for each record)
17 Encoding level

# = full level
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1 = full level, material not examined
2 = less-than-full level, material not examined
3 = abbreviated level
4 = core level
5 = partial (preliminary) level
7 = minimal level
8 = prepublication level (CIP)
u = unknown
z = not applicable

18 Descriptive cataloging form
# = non-ISBD
a = AACR2
i = ISBD
u = unknown

19 Multipart resource record level
# = Not specified or not applicable
a = Set
b = Part with independent title
c = Part with dependent title

20 Length of the length-of-field portion (always "4")
21 Length of the starting-character-position portion (always "5")
22 Length of the implementation-defined portion (always "0")
23 Undefined (always "0")

[ Back to Top of Page ]

Part X:

Field 008 for Books

Field 008 is used for Fixed Length Data Elements ("Fixed Field Codes"). There are 40
character positions in field 008, numbered from 00-39. Undefined positions must contain
either a blank (#) or a fill character ( | ). Positions 00-17 and 35-39 are defined the same
way for all media.

The information shown here for positions 18-34 applies only to books. For explanation of
all the positions below and for positions 18-34 for other media, see the MARC 21 Format
for Bibliographic Data.

Note that field 008 has no indicators or subfield codes.

00-05 Date entered on file (YYMMDD),
where Y=year, M=month, and D=day

06 Type of date/publication status:
b = no dates given; B.C. date involved
e = detailed date
s = single known date/probable date
m = multiple dates
r = reprint/reissue date (Date 1) and original date (Date 2)
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n = dates unknown
q = questionable date
t = publication date and copyright date
| = no attempt to code

07-10 Date 1/beginning date of publication
11-14 Date 2/ending date of publication

Date fields contain the year(s) of publication. The type of date(s) in these elements are
specified in fixed field element 06: Type of date/publication status. (For further details, see
the field 008 description in the MARC 21 Format for Bibliographic Data.)

15-17 Place of publication, production, or execution
For example:
pk# = Pakistan
cau = California (US)

(For a full list of codes used in these positions, see the MARC Code List for Countries.)

18-21 Illustrations (up to 4 codes):
# = no illustrations
a = illustrations
b = maps
c = portraits
d = charts
e = plans
f = plates
g = music
h = facsimiles
i = coats of arms
j = genealogical tables
k = forms
l = samples
m = phonodisc, phonowire, etc.
o = photographs
p = illuminations
| = no attempt to code

22 Target audience:
# = unknown or not specified
a = preschool
b = primary
c = pre-adolescent
d = adolescent
e = adult
f = specialized
g = general
j = juvenile
| = no attempt to code

23 Form of item:
# = none of the following
a = microfilm
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b = microfiche
c = microopaque
d = large print
f = braille
r = regular print reproduction
s = electronic
| = no attempt to code

24-27 Nature of contents (up to 4):
# = no specified nature of contents
a = abstracts/summaries
b = bibliographies (is one or contains one)
c = catalogs
d = dictionaries
e = encyclopedias
f = handbooks
g = legal articles
i = indexes
j = patent document
k = discographies
l = legislation
m = theses
n = surveys of literature
o = reviews
p = programmed texts
q = filmographies
r = directories
s = statistics
t = technical reports
u = standards/specifications
v = legal cases and notes
w = law reports and digests
z = treaties
| = no attempt to code

28 Government publication:
# = not a government publication
i = international intergovernmental
f = federal/national
a = autonomous or semi-autonomous component
s = state, provincial, territorial, dependent, etc.
m = multistate
c = multilocal
l = local
z = other type of government publication
o = government publication -- level undetermined
u = unknown if item is government publication
| = no attempt to code

29 Conference publication:
0 = not a conference publication
1 = conference publication
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| = no attempt to code
30 Festschrift:

0 = not a festschrift
1 = festschrift
| = no attempt to code

31 Index:
0 = no index
1 = index present
| = no attempt to code

32 Undefined (since 1990) (Earlier records may contain the values 0 or 1)
# = Undefined
| = no attempt to code

33 Literary form:
0 = not fiction (not further specified)
1 = fiction (not further specified)
c = comic strips
d = dramas
e = essays
f = novels
h = humor, satires, etc.
i = letters
j = short stories
m = mixed forms
p = poetry
s = speeches
u = unknown
| = no attempt to code

34 Biography:
# = no biographical material
a = autobiography
b = individual biography
c = collective biography
d = contains biographical information
| = no attempt to code

35-37 Language:
A three-letter code. For example: eng fre ger spa rus ita

(For a full list of codes used in these positions, see the MARC Code List for Languages.)

38 Modified record:
# = not modified
x = missing characters (because of characters unavailable in MARC character

set)
s = shortened
d = "dashed-on" information omitted
r = completely romanized/printed cards in script
o = completely romanized/printed cards romanized
| = no attempt to code

39 Cataloging source:
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# = national bibliographic agency
c = cooperative cataloging program
d = other sources
u = unknown
| = no attempt to code

[ Back to Top of Page ]

[ Back to Table of Contents ] -- [ Continue to Part 11 ]

Library of Congress
Library of Congress Help Desk ( 10/27/2009 )
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Appendix C. Materials Considered  

Exhibit Description 
1006 Magoon, R., Molnar, A., Zachan, J., Hatcher, G., & Rhee, W. (2002, 

December). A single-chip quad-band (850/900/1800/1900 MHz) 
direct conversion GSM/GPRS RF transceiver with integrated VCOs 
and fractional-N synthesizer, IEEE Journal of Solid-State Circuits, 
37(12), 1710-1720 (“Magoon”).   
 

1006A Copy of Magoon, obtained from the Library of Congress.  
 

1006B Bibliographic and MARC serial records for IEEE Journal of Solid-
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A Single-Chip Quad-Band (850/900/1800/1900MHz)
Direct Conversion GSM/GPRS RF Transceiver

with Integrated VCOs and
Fractional-� Synthesizer
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Abstract—Recent trends in the integration of entire systems
on-chip have spurred the development of homodyne radios as
alternatives to the more mature yet harder to integrate super-
heterodyne architectures. This paper presents a monolithic device
that integrates all of the functions necessary to implement a multi-
band homodyne global system for mobile telecommunications
radio except for the power amplifier (PA) and radio frequency
(RF) passives. The single BiCMOS chip includes a quad-band
direct conversion receiver that down converts RF to quadra-
ture analog baseband. The front-end circuitry is followed by a
low-dc-offset, high-dynamic-range, analog baseband chain.
The transmit section is comprised of a quad-band up-conversion
transmit phase-locked loop (PLL) including on chip transmit
voltage-controlled oscillators (VCOs). The stringent GSM receive
band phase noise specifications are met without the use of surface
acoustic wave filters. A single �� fractional- synthesizer
locking a fully integrated ultrahigh frequency VCO generates the
system local oscillator signal.
Index Terms—BiCMOS, calibration, direct conversion, fre-

quency dividers, filters, GPRS, GSM, land mobile radio cel-
lular systems, microwave circuits, modulation, noise, phase-locked
loops, power amplifiers, quad band, receivers, system on chip
(SOC), transceivers, transmitters, UHF, voltage-controlled oscil-
lators.

I. INTRODUCTION

AS MODERN cell phones become ubiquitous, the critical
factors in their manufacture become cost, size, and time

to market. The high integration of radio ICs reduces board area
and complexity while cutting component cost and system de-
sign time. Low-cost manufacturers desire freedom to choose the
cheapest and most reliable IC for each main handset function.
In this context, the interface between the transceiver and the
various baseband ICs available on the market becomes impor-
tant. Radio receiver outputs need to be able to interface to low-
dynamic-range analog-to-digital converters (ADCs) through a
simple interface and require little or no digital post pro-
cessing. Direct conversion and low intermediate frequency (IF)
receivers permit increased integration, lower cost, and reduce
radio complexity by removing the need for external IF surface

Manuscript received April 30, 2002; revised July 2, 2002.
The authors are with Skyworks Solutions, Inc. (formerly the Wireless Com-

munications Division of Conexant Systems, Inc.), Newport Beach, CA 92660
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acoustic wave (SAW) filters and multiple local oscillator (LO)
signals. However, many direct conversion receiver (DCR) im-
plementations [1] and all low IF receivers still require wide dy-
namic range ADCs.
This work presents a DCR that avoids the traditional prob-

lems by means of frequency planning, floor planning, and cali-
bration techniques. The receiver includes a low-dc-offset, high-
input-dynamic-range analog baseband chain capable of in-
terfacing to 9-b ADCs. The transmitter architecture is based on
the commonly used translational loop. A single integrated LO
provides the channel selection for both the transmitter and the
receiver. All VCOs and phase-locked loops (PLLs) are on chip
[2].

II. DEVICE OVERVIEW

A block diagram of the transceiver, including the necessary
external RF components, is shown in Fig. 1. The only required
external components, excluding impedance matching and loop
filter components, are receive band select SAW filters, a switch-
plexer, and a power amplifier (PA). Standard differential analog

interfaces are used for the transmitter inputs and for the re-
ceiver outputs.
The receive path consists of three single-ended low-noise am-

plifiers (LNAs) that drive two sets of quadrature subharmonic
mixers (SHMs) whose outputs are combined in a common
analog baseband chain. The baseband chains include low-pass
channel select filtering, programmable gain, and dc offset cor-
rection. A fully integrated translational loop transmitter locks
twowide-band on-chip oscillators (one for 1800/1900MHz, and
the other for 850/900 MHz). The loop also includes a down-
conversion feedback mixer and a quadrature modulator, along
with a phase frequency detector and charge pump. Frequency
synthesis is completely integrated including a UHF oscillator
and fractional- PLL. Several stages of LO processing are re-
quired to ease the design of the UHF oscillator and to provide
quad-band functionality. One of the benefits of complete LO
integration is that the only RF signals present on pins or bond
wires are the received inputs at the LNAs and the transmitted
outputs to the PA.
The transceiver incorporates a three-wire serial interface pro-

gramming bus providing frequency control, gain control, and
broad testability of integrated blocks. A test port is provided for

0018-9200/02$17.00 © 2002 IEEE
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Fig. 1. Top-level schematic of transceiver, with external RF components.

monitoring the LO during testing and is disabled during normal
operation. Separate transmit, receive, and synthesizer control
input pins permit enabling from the digital baseband.

III. DCR

The direct conversion approach presents several unique
design challenges. All of these have to do with the generation
of excessive or time-varying dc offsets at the outputs of the
receiver. Aside from simple process and layout related mis-
matches, the two primary sources of dc are LO leakage to the
RF inputs and even-order nonlinearities in the receive path.
While constant dc offsets can be calibrated out, mechanisms
that result in unpredictable time-varying dc offsets must be
suppressed by a careful choice of architecture and circuit
design.
1) DC Offsets: DC offsets can corrupt data in systems such

as global system for mobile telecommunications (GSM), where
information is present down to dc. It is possible to subtract off-
sets in the DSP, provided they are constant over a given receive
slot. Large dc offsets may overload the ADC or some portion
of the analog baseband, causing the received signal to clip, cor-
rupting information before correction in the DSP is possible.
Signal independent dc can be generated in several ways. One
way is through mismatches in the mixer and baseband. Off-
sets from mismatches can pose a problem since most of the re-
ceiver’s gain appears after the mixer, and so even small offsets,
once gained up, can overwhelm the receiver. Fortunately, fixed
dc offsets may be corrected by activating the mixer and base-
band early and performing a closed-loop calibration.
A second source of dc offsets comes from the LO signal cou-

pling onto the receive chain at some point before the mixer.
This signal, once present, is down converted to dc. As shown

in Fig. 2(a), the LO signal may couple to the output and or the
input of the LNA or reradiate and reflect off an external surface
and be picked up by the antenna. In the first case, simple dc
offset calibration may be used. In the second case, calibration
is also possible but may be inaccurate if interfering signals are
present on the antenna. The third case, however, represents an
unpredictable situation leading to a time-varying dc signal. LO
re radiation must thus be minimized by design.
2) IIP2: Another way that dc can be generated is through

second-order nonlinearity in the signal path. These nonlineari-
ties cause strong out of band signals to be converted to dc, as in

(1)

and are collectively characterized by the second-order intercept
point, IIP2 of the receiver. See Fig. 3. IIP2 effects can be caused
by two distinct mechanisms. One mechanism involves simple
even-order nonlinearities in the mixer or baseband. This phe-
nomenon is characteristic of single-ended circuits and is even
possible in differential circuits if asymmetries are present. The
other mechanism involves large RF blocking signals coupling
onto the LO chain and phase modulating the LO signal. See
Figs. 2(b) and 4. Since one of the resulting side bands corre-
sponds to the original RF signal, the RF is down converted to dc
as shown in
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(a)

(b)

Fig. 2. Coupling paths that can cause dc offsets. (a) LO to RF coupling.
(b) RF to LO coupling.

(2)

IIP2 performance is especially important in cases where blocker
strength varies unpredictably in the middle of a receive slot. In
these cases, dc offset calibration is impossible and DSP algo-
rithms are less effective. It is this situation, specified for GSM
by the AM suppression test [3], which sets the lower bound on
IIP2 in a GSMDCR. For example, in the EGSM band, the radio
must be able to reliably continue receiving a signal at 99 dBm
when a 31-dBm signal at 6-MHz offset unexpectedly turns on
mid slot. The required IIP2 can be calculated as

dBm dBm

dB

dBm

dBm dB dB

dBm at the antenna
dBm at the LNA input, assuming

3 dB front end loss (3)

Fig. 3. Second-order intercept diagram. Both axes are in dBm.

Fig. 4. Modulation of LO by RF.

A. Ratioed LO Frequency Plan
LO and RF self mixing can both be reduced using offset fre-

quency architectures [4]. One method for generating offset LO
signals is through a combination of frequency dividers and mul-
tipliers. In such a system, subharmonic LOs signals should be
of even order relative to the received signal. This requirement
arises from the common use of differential hard switched cir-
cuits in dividers, LO buffers, and mixers. Hard switched differ-
ential circuits tend to generate odd harmonics of the switching
frequency and also respond to interfering signals close to their
odd harmonics, as if they were sidebands of the fundamental.
In the LO chain presented here and shown in Fig. 1, a single

LO provides a signal in the range from 1250 to 1650 MHz. This
signal is fed to a frequency divide-by-three circuit, which gen-
erates a subharmonic LO signal in the range 415 to 550 MHz.
This signal is then passed directly to a 1/2 LOSHM to down con-
vert received signals in the 850-MHz US cellular and 900-MHz
EGSM bands. Alternately, for high band operation, the signal is
passed to a frequency doubler generating an LO signal from 830
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Fig. 5. Low-output harmonic doubler.

MHz to 1.1 GHz. This LO signal is then fed to a 1/2 LO SHM
to down convert signals in the 1800-MHz DCS and 1900-MHz
PCS bands.
1) Frequency Doubling and 1/2 LO Mixers: The use of a

subharmonic LO signal clearly reduces LO reradiation and self
mixing. Since the reradiated LO signal will be present at 1/2
or 1/4 the received frequency, it will not be down converted to
baseband. In addition, RF coupling onto a subharmonic LO will
not modulate the LO signal in a fashion that can degrade IIP2.
The implementation of the frequency doubling function is

critical. Typically, frequency doubling in both SHM [9] and fre-
quency doublers is implemented by multiplying two signals of
the same frequency that are phase split by 90 degrees, as repre-
sented by

(4)

An efficient doubling circuit makes use of hard switched phase
split signals instead of sinusoidal signals. The circuit shown
in Fig. 5 accomplishes frequency doubling as follows. An
RC polyphase filter provides the quadrature phase split. The
resulting signal then drives a pair of hard switched Gilbert mul-
tipliers [6]. The use of two such multipliers, whose outputs are
summed and whose inputs are cross coupled, provides higher
order symmetry [7]. This symmetry guarantees low-output
even-order harmonics (provided that the phase split is accurate).
Since (4) essentially represents the up conversion of one

signal by the other, it should be clear that the sidebands of
either signal will be up converted with their frequency offsets
intact, as shown in Fig. 6. In other words, RF signals coupling
onto a subharmonic LO will generate sidebands at offsets
equal to the frequency difference between the subharmonic LO
signal and RF signal. Even after the fundamental frequency
is doubled in the frequency doubler or SHM, this offset is
maintained resulting in sidebands at, for example, ,
where . Such sidebands will not align with the
original received signal, and will not result in IIP2 degradation.
2) Divide by Three: Although subharmonics do not rera-

diate at the RF frequency, they can generate harmonics that do.
The VCO generating the LO signal includes relatively large
structures in its resonant tank and operates at relatively high

Fig. 6. Modulation of 1/2 LO by RF.

Fig. 7. Architecture of frequency divide-by-three with 50% duty cycle.

power. To avoid problems with VCO-generated harmonics, the
oscillator runs at three times the subharmonic frequency and is
followed by a lower power divide-by-three circuit. The analysis
of the interaction between even-order subharmonic signals and
received signals also applies to odd multiples of even-order sub-
harmonics. LO signals at 3/2 and 3/4 the receive frequency are as
insensitive to coupling as those at 1/2 and 1/4. As an additional
benefit, VCOs can more easily be integrated in the 1.5-GHz
range than in the 0.5-GHz range as discussed later in this paper.
Two problems arise from the implementation of a frequency

divide-by-three. The first results from the fact that most
odd-order frequency dividers generate outputs with non 50%
duty cycles. This results in generation of strong even-order
harmonics, obviating the use of an even-order subharmonic
LO. The second problem is more subtle. As mentioned before,
doubling of frequencies typically involves quadrature split
inputs. If polyphase filters are used to generate quadrature,
the input signals are required to be sinusoidal. Therefore, the
reduction of higher harmonics at the output of the frequency
divide-by-three is very important [8].
A true 50% duty cycle frequency divide-by-three was im-

plemented using three phase-switchable level-sensitive latches
connected in a loop. Each latch, in addition to its data and clock
inputs, has a third input which is denoted by . This input toggles
the latch between triggering on the positive and negative levels
of the clock. Proper interconnection of , , and between
latches (shown in Fig. 7) results in a signal of 1/3 the clock fre-
quency propagating through the loop by one latch each 1/2 clock
cycle. The resulting waveforms are shown in Fig. 8(a). Imple-
mentation of such latches in differential emitter coupled logic
(ECL) permits the necessary signal inversions without asym-
metry.
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(a)

(b)

Fig. 8. (a) Internal states of divide-by-three. (b) Output generated by summing
two internal states.

Fig. 9. LNA, RF path phase split, and mixer RF port.

In order to suppress the strong third harmonic present in
the square wave outputs of this divider, one additional step
is needed. Each of the three latches has as its output a signal
60 delayed from the previous stage. Summation of two such
signals results in an output with a fundamental 30 shifted from
the first, with slightly less than twice the amplitude. The third
harmonics of the summed signals, however, are 180 split and
as a result they completely cancel. The resulting much more
sinusoidal signal is shown in Fig. 8(b).
3) RFPathQuadrature Generation: Simple 90 phase split-

ting of the subharmonic LO is insufficient to generate re-
ceiver outputs because upon frequency doubling; the phase also
doubles to 180 . The use of 45 splits has also been explored
[9]; however, most schemes are either very lossy or lose accu-
racy over process variations. As an alternative, quadrature may
be generated in the RF path. An RF path phase splitter is shown
in Fig. 9. A two-stage polyphase filter guarantees amplitude
matching across band and process. By incorporating this struc-
ture as degeneration for the replica biasing of the common base

TABLE I
RECEIVER PERFORMANCE. SENSITIVITY NUMBERS INCLUDE LOSSES FROM

FRONT-END FILTERS AND SWITCHPLEXER

RF port of the mixer, one can implement the phase split without
any extra voltage headroom. The use of a common base RF port
provides significant isolation between the mixer core and LNA,
attenuating any LO signal that might couple back to the LNA
and potentially self mix.
4) Results: Reradiation of on-frequency LO signal mea-

sured at the LNA input is 110 dBm in GSM, 105 dBm in
DCS, and 103 dBm in PCS. In addition, the subharmonic LO
chain exhibits good phase noise as evidenced by the fact that the
worst case blockers desensitize the receiver by less than 4 dB.
The RF path phase split is effective in generating quadrature
accurate to 1 and 0.5 dB measured at the baseband outputs.
The NF measured for the whole receiver is 3.1 dB in GSM,
3.6 dB in DCS, and 4.1 dB in PCS. See Table I. As compared
to traditional superheterodyne receivers, power is saved by
replacing the IF strip with baseband amplifiers and filters and
by removing one local oscillator. Unfortunately, these power
benefits tend to be balanced out by the greater complexity and
integration of the LO chain. The receiver (including PLL and
oscillator) consumes 75 and 80 mA from 2.7 V in GSM and
DCS modes, respectively.

B. IIP2 Cancellation

Although the frequency plan described above is effective in
suppressing RF self mixing, simple second-order nonlinearity
still limits IIP2. IIP2 in a purely differential structure (such as
a double balanced mixer) is theoretically infinite. All IIP2 ef-
fects must therefore be a consequence of asymmetry. Although
most asymmetries can be reduced by careful layout and design,
imperfections will always be present due to device mismatch.
In order to compensate for this problem, an IIP2 cancellation
scheme was developed. This scheme essentially introduces an
intentional (digitally programmable) asymmetry into the mixer
in order to null blocker induced dc offsets, thereby canceling
IIP2. This calibration provides a 15-dB improvement in receiver
IIP2 across the band, raising it from better than 35 dBm to better
than 50 dBm for all bands. Fig. 10 shows the effect on dc of a
blocker at a 6-MHz offset ramping from 30 to 24 dBm in
the presence of a 99-dBm wanted signal.
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Fig. 10. Effects of AM modulated blocker (bottom curve) on received signal with and without IIP2 calibration.

C. Baseband Circuitry
One of the benefits of the DCR is the migration of all

the functions usually present in the IF strip to baseband. In
principle, any function performed at an IF of several hundred
megahertz is easier to implement at several hundred kilohertz
with less power consumption and higher integration. However,
the standard challenges associated with high dynamic range are
then complicated by a new set of problems including dc offsets,
flicker noise, and even-order nonlinearities [10].
Without the benefit of a high channel select filter and wide

range IF PGA, the baseband is forced to deal with the full range
of blocker and signal strengths present at the mixer output. In
addition, the baseband must be able to handle the entire pos-
sible range of signal and blocker strengths without significantly
degrading the noise performance of the receiver or compressing
the wanted signal. A GSM receiver with an NF of 3 dB and a
1-dB compression point of 22 dBm requires a dynamic range
of approximately 95 dB. To avoid undesired degradation, this
translates to a dynamic range of more than 105 dB in the base-
band.
In this design, the distribution of gain and filtering is designed

to attenuate far out blockers early in the chain to ease headroom
requirements for later stages (see Figs. 11 and 12). The current
mode output of the mixer is directly coupled to a folded cas-
code stage implementing two real poles set by resistor and ca-
pacitor combinations with 40 dB of effective gain. This stage
is followed by a Sallen Key filter, which implements two com-
plex conjugate poles and 10 dB of gain. Such RC-based filters
and amplifiers have very high dynamic range, but must be wide
band enough to avoid inband interference from process varia-
tions. Once the far out blockers (1.6 MHz, 3 MHz, and beyond)
are attenuated, the dynamic range requirements of the following
stages are relaxed. Lower dynamic range permits the use of low
power and tightly controlled filters to remove the closer
blockers (200 kHz, 400 kHz, and 600 kHz). A continuous time
filter [11] was used instead of a switched capacitor filter [12]
due to concerns that the reference clock would couple to the on

Fig. 11. Mixer output and baseband chain.

Fig. 12. Baseband chain level diagram.

chip LNA and VCOs. Gain stages are interleaved with the filters
to increase wanted signal strength and to ease noise restrictions.
In order to avoid compression at higher desired signal levels, the
gain is made programmable. See Fig. 13.
Since dc offsets caused by mismatch can completely com-

press the output of the baseband at high gain, the stages were
designedwith low input referred dc offset. Every high gain stage
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Fig. 13. In-band compression point and noise figure over gain.

is accompanied by a dc offset loop set to calibrate out its residual
dc.
1) Folded Cascode Mixer Output: To ease headroom

requirements at the output of the mixer core, a PFET folded
cascode carries the signal in current mode to a transimpedance
output. To reduce the magnitude of the far out blocking signals,
a capacitor is connected across the output of the mixer core.
This capacitor interacts with the input impedance of the folded
cascode to form a real pole.
Removal of the dominant blockers means that the bias

through the cascode can be much less than that through the
mixer. Large voltage swings are kept absent from the output
of the mixer core by the low impedance of the cascode. The
current mode signal from the folded cascode is driven into
a shunt RC, where the signal is converted into a voltage and
simultaneously filtered a second time. After two poles of
filtering, the dynamic range requirements are reduced from 105
to 85 dB. Any in-band gain or delay variation resulting from
these real poles is compensated by the Sallen Key stage that
follows them.
2) Low-Offset, Low-Noise Filter: The filters

make use of feedback to minimize noise and dc offset gener-
ation. The unit cell is shown in Fig. 14. A standard two
quadrant Gilbert multiplier is used [6]. A degenerated transcon-
ductance connects to a pair of diodes providing predistortion
before driving an undegenerated differential pair. The resulting
circuit produces a linear stage with transconductance given by

(5)

Generally, filters make use of separate transconductors
for each feedforward and feedback path. In this design, area
and power savings are realized by using only one predistortion

Fig. 14. Tunable � stage.

Fig. 15. Two implementations of a single pole � � filter.

stage for each capacitor. Multiple transconductances are imple-
mented by connecting multiple tunable differential pairs to each
predistortion stage. Each transconductance can be represented
by a predistortion stage with small-signal voltage gain and a
tunable stage which, together with , yields . Separate and
shared predistortion implementations of a single pole design are
shown in Fig. 15. The transfer function for both designs is given
by

(6)

The effects of noise or dc offsets introduced by the predistortion
stages are very different in these two implementations. These
effects can be modeled by perturbations and after each
predistortion stage. The responses to these perturbations for the
separate case and the combined case are given by

(7)

(8)

The combined case yields two advantages. First, is no longer
present. Second, is suppressed in band by the presence of
the term in the numerator. Indeed, at dc, the perturbation is
completely eliminated, reducing flicker noise and dc offsets in
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TABLE II
SYNTHESIZER SUMMARY

this stage. This suppression means matching and flicker noise
are of little concern in the design of predistortion stages, and
therefore the designs can be optimized for very small size and
low power. In a similar fashion, the predistortion reuse can be
extended to th-order filters containing real and or com-
plex poles.

IV. LO AND FREQUENCY SYNTHESIS

In order to accommodate a quad-band transceiver capable of
GPRS operation, a wide-tuning, fast-locking PLL is necessary.
A fractional- architecture [14] is chosen with a nominal loop
bandwidth of 25 kHz achieving lock times of less than 175 s.
Due to stringent noise specifications and process limitations,
a standard varactor-based VCO system is unacceptable. A hy-
brid technique is used where the UHF is centered digitally be-
fore the analog PLL is engaged. The digital calibration adjusts a
switched capacitor array to bring the VCO’s frequency within a
few megahertz of the desired frequency. Once the calibration is
complete, the analog loop provides the fine-tuning. See Table II.

A. UHF VCO
The UHF VCO is based on a standard negative topology

coupled to an LC tank [15]. The negative is created by a
cross-coupled PFET pair. A PMOS core was used instead of an
NMOS core not only because the buried channel PMOS device
inherently has lower noise, but also to isolate the devices
from the substrate.
The differential LC tank consists of a pair of on-chip spiral in-

ductors oriented to reject commonmodemagnetic pickup, a var-
actor, and a binary weighted capacitor array [16]. The switched
capacitor array is designed to provide the highest possible
and still provide the necessary ratio needed to achieve
the required tuning range. The inductor size is optimized for a
quality factor ( ) of about 9 and self-resonant frequency (SRF)
of about 9 GHz to help noise performance and tuning range.

B. Fractional- PLL
The fractional- PLL [14] is used to offer fast channel

switching and arbitrarily fine frequency resolution and to
alleviate design constraints for phase noise and reference
spurious, as shown in Fig. 16. The fine frequency resolution
is accomplished by interpolating a fractional division using an
oversampled modulator with coarse integer divider.
The fractional- synthesizer consists of a P/FD and charge

pump that have four different settings for phase detector gain as

Fig. 16. LO spectrum.

well as a polarity bit. The 8/9 prescaler consists of a dual mod-
ulus 4/5 divider and a toggle flip-flop. A third-order modu-
lator is used. It has two additional out-of-band poles to filter out
the quantization noise at high frequencies. The 3-b output of the

modulator is fed to a control block that provides random-
ized data to the counters.

V. TRANSLATION LOOP TRANSMITTER

The transmitter consists of a frequency translation up-conver-
sion loop [17] with in-loop vector modulation. One LO signal
provides both the down-converted and reference IF signals. Be-
cause it is generated by dividing down the LO, the channel-de-
pendent IF prevents pulling between the VCOs and LO to IF
crossover spurs. The use of selectable frequency dividers and
programmable charge pump gain and polarity adds flexibility
for frequency planning. The transmit PLL meets the required
GSM spectral mask with margin, as shown in Fig. 17. Many of
the LO blocks are shared with the receiver, reducing area.
The vector modulators in the feedback path of the trans-

mitter PLL use a harmonic cancellation technique to reduce IM3
spurs. The modulator performs third-harmonic cancellation by
generating two phase-split IF signals that are 60 phase shifted
from each other. Using these signals to drive the switching core
of the modulator results in third-harmonic terms 180 apart.
When the outputs are summed, this technique provides over 20
dB of third-harmonic suppression and allows the external IF
filter to be a simple LC shunt filter.
Completely differential, integratedVCOs in the transmitter as

well as the LO avoid unwanted interaction through bond wires.
The transmit VCOs cover all four bands and meet the strin-
gent out-of-band noise specifications of the GSM standard [3].
See Table III. The same digital frequency centering technique is
used for the transmitter that is used for the UHF PLL. Since both
PLLs are on the same chip and the transmit and UHF frequen-
cies are related through known band select and divide ratio in-
formation, the transmit channel request for the digital centering
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Fig. 17. GSM output spectrum.

TABLE III
TRANSMITTER SUMMARY

is calculated through a decoder block each time the device is
programmed for a new LO channel.

VI. INTEGRATION ISSUES

A. Observability and Controllability
The device is made programmable via a serial bus to facil-

itate testing, debugging, and optimization. The simplest way
to use digital control in an RF SOC is by turning off and by-
passing blocks. An example is in a completely integrated LO
chain. A bidirectional LO port buffer allows observation of the
UHF VCO or the use of an external LO (Fig. 18). Normally,
the buffer takes the UHF VCO as an input and drives the LO
chain. If the VCO is to be monitored, an extra buffer is acti-
vated, driving external inductive loads through the LO port. Al-
ternately, a separate buffer may be biased, using the LO pads
as inputs. Such a capability makes it possible to distinguish be-
tween problems in the oscillator, the PLL, and the LO buffers
or mixers and characterize them separately.
A second way digital control can be used is in the modifi-

cation of circuit properties. For example, individually modu-

Fig. 18. LO test buffer.

Fig. 19. Programmable bias in DCS/PCS transmitter VCO.

lating the bias currents of RF blocks and observing the effects
can often reveal sources of excessive noise or nonlinearity in an
RF chain. In addition, such controllability allows for software
optimization of circuits, permitting system designers to tradeoff
performance and power consumption in the different sections of
a receive or transmit chain. See Fig. 19.

B. Layout
This level of radio integration [18] raises the risk of un-

wanted coupling of signals between circuits. Careful top-level
layout reduces such risks. Specifically, as shown in Fig. 20, the
sigma–delta UHF VCO transmit VCOs and LNAs have been
situated in the extreme four corners of the chip. To prevent
switching noise in the fractional- synthesizer from interfering
with the LNAs, the two circuits are separated by the low-noise
baseband analog circuitry. - and -type substrate contacts
under the baseband supply and ground shunt synthesizer
switching noise in the substrate. The degradation of receiver
NF due to the synthesizer is less than 0.2 dB.

VII. PROCESS SELECTION

The transceiver was designed in a 0.35- m BiCMOS process
[19] with NPN GHz. The RF and analog signal paths
made extensive use of the high-performance NPN devices,
benefiting from their higher speed, better matching, and lower
flicker noise. The availability of bipolar junction transistors
(BJTs) did not preclude the use of CMOS in those RF appli-
cations where CMOS is superior (e.g., in VCOs). Since BJTs
provide higher, more predictable and , they were used in
the receivers LNAs. Although BJTs are often maligned for their
nonlinearity, when combined with high speed, strongly non-
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Fig. 20. Microphotograph of transceiver.

linear circuits are ideal for implementing mixers. In addition,
since BJTs rely on the behavior of junctions in bulk silicon,
rather than surface oxide interfaces, both matching and flicker
noise are better in high-speed BJTs than comparable speed
MOSFETs. Both mismatch and flicker noise have important
consequences for the signal quality at the baseband output
of the mixers in a DCR, implying that such mixers are best
implemented in BJTs.
CMOS logic was used extensively in the frequency synthe-

sizer as well as an effective means for digital controllability.
CMOS was also used in the design of compact, low-power
analog circuits. FET current mirrors are generally smaller than
standard degenerated BJT mirrors (especially when lateral
PNPs are being used). The fact that MOSFET gates draw no
real current found use in the implementation of track and hold
circuits for dc offset correction in the receiver.
Two properties of CMOS were exploited in the design of RF

blocks. The gate of a CMOS transistor looks predominantly ca-
pacitive and generates no gate shot noise. In addition, CMOS
transistors can be driven deep into the triode region and recover
at speeds comparable to their turn-on times without generating
excessive noise. In BJTs, deep saturation leads to degradation
in and all relevant capacitances and noise mechanisms.
These properties of CMOS can be used for circuits where very
strong signals are needed in combination with low wide-band
noise [20].
The inductors were implemented in a 3- m-thick third metal

layer, permitting construction of high resonant tanks on chip.
MIM capacitors between the second and third metal layers pro-
vided very high capacitance with a minimum of backside par-
asitic.

VIII. CONCLUSION

We have presented a quad-band GSM transceiver that inte-
grates all of the active components of the radio except for the
PA. The chip includes a direct conversion receiver, frequency
synthesizer, transmitter, and all the VCOs. The IC meets the re-
quired specifications for GPRS class 12 with margin [3].
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Early Citations to Magoon 

Source Document 

Magoon, R., Molnar, A., Zachan, J., Hatcher, G., & Rhee, W. (2002, December). A 

single-chip quad-band (850/900/1800/1900 MHz) direct conversion 

GSM/GPRS RF transceiver with integrated VCOs and fractional-N 

synthesizer, IEEE Journal of Solid-State Circuits, 37(12), 1710-1720.   

 

2003 Citations (in chronological order)  

Craninckx, J., & Donnay, S. (2003, June). 4G terminals: how are we going to 

design them?. In Proceedings of the 40th annual Design Automation 

Conference (pp. 79-84). 

Petrov, A. R. (2003, July). System approach for low 1/f noise, high IP2 dynamic 

range CMOS mixer design. In Proceedings of the 15th Biennial 

University/Government/Industry Microelectronics Symposium (Cat. No. 

03CH37488) (pp. 74-77). IEEE. 

Leenarts, & Vaucher. (2003, September). Frequency synthesizers for RF 

transceivers. In 2003 Proceedings of the Bipolar/BiCMOS Circuits and 

Technology Meeting (IEEE Cat. No. 03CH37440) (pp. 189-196). IEEE. 

Shin, H., Walker, B., Pan, D., Dunworth, J., & Jaffee, J. (2003, September). 

Analysis of spectral spreading in a phase-modulated system for 1.75-GHz 



GSM RF transmitter design. In Proceedings of the IEEE 2003 Custom 

Integrated Circuits Conference, 2003. (pp. 103-106). IEEE. 
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Abstract:

The RF system architecture and the performance overview for a very highly-integrated Single Package Radio (SPR)

module for dual-band EGSM900/GSM1800 applications is presented. The module realizes all the RF functions required

for the dual-band GSM application. These functions as well as their implementations are described. The integrated LO

generation consists of reference oscillator circuitry, a UHF oscillator, and delta-sigma fractional-N synthesizer. The

receiver is based on a direct-conversion (zero-IF) architecture with the front-end selectivity performed by the two

integrated SAW filters. The transmitter is comprised of an upconversion-loop transmit chain with two high-power transmit

oscillators, a dual-band power amplifier, detector-based transmit power control, transmit/receive switch, duplex filter and

all other necessary filters. Diverse die technologies are utilized to apply the optimum process for each function. The SPR

module is implemented on a low cost 4-layer laminate substrate and overall dimensions are 13/spl times/13/spl times/1.8

mm. Measured results against GSM specifications are presented.
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I. INTRODUCTION

Advances in transceiver design for the purpose of integration have recently made possible a great reduction in the

physical size of the RF section of the typical cellular handset. In the GSM area, this has come about through the

integration of several key circuit blocks which previously had existed only as discrete components. Such integration

has required not only new circuit development but development of radio system architectures either diverging from

the traditional, or made newly practical by the use of self-correction techniques.
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and conference proceedings published since 1988 and all current IEEE
standards.

A Special Message to IEEE Members and Customers
Recently, users of the IEEE Xplore site have been experiencing intermittent
access problems. Resolving these issues is IEEE's highest priority. For more
information on the situation and steps we are taking Please see our Technical
Update message.

IMPORTANT - NO ROBOTS PLEASE!
This site does not permit the use of intelligent agents ("robots") or other means
of systematically downloading content. Attempting to download content through
these mechanisms places significant strain on the site and can harm all users.
Robots must not be used under any circumstances. More...

FREE TO ALL: Access to tables of contents of IEEE transactions, journals,
magazines, conference proceedings and standards.

IEEE MEMBERS: You can search and access all IEEE abstract/citation records
and articles from IEEE Spectrum Magazine free with IEEE membership. You may
also access your online personal subscriptions (known as OPeRA) here. You
must have an active Web account to access these services. Log-in or go to
"Establish IEEE Web Account" to set up your account, and then log in.

CORPORATE, GOVERNMENT AND UNIVERSITY SUBSCRIBERS: You can
search and access abstract/citation records, and full-text documents of the IEEE
online publications to which your institution subscribes.

Home | Log-out | Journals | Conference Proceedings | Standards
Search by Author | Basic Search | Advanced Search | Join IEEE | Establish a Web Account

Copyright © 2000 IEEE -- All rights reserved

Welcome to IEEExplore https://web.archive.org/web/20010207003457/http://ieeexplore.ieee.org...
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Try the Copyright Public Records System (CPRS) pilot with enhanced
search features and filters.

Public Catalog

Copyright Catalog (1978 to present) at DC4
Search Request: Left Anchored Title = 2003 IEEE Radio Frequency Integrated Circuits (RFIC) Symposium
Search Results: Displaying 1 of 1 entries

2003 IEEE radio frequency integrated circuits (RFIC) symposium : digest of...

Type of Work: Text
Registration Number / Date: TX0006119186 / 2005-03-15

Title: 2003 IEEE radio frequency integrated circuits (RFIC) symposium : digest of papers, Philadelphia, PA,
June 8-10, 2003 / editor, Tina Quach.

Imprint: Piscataway, NJ : IEEE, c2003.
Description: 727 p.

Copyright Claimant: IEEE (Institute of Electrical and Electronics Engineers, Inc.) (employer for hire)
Date of Creation: 2003

Date of Publication: 2003-06-08

Variant title: 2003 IEEE radio frequency integrated circuits (RFIC) symposium : digest of papers
Other Title: IEEE radio frequency integrated circuits (RFIC) symposium : digest of papers

Radio frequency integrated circuits (RFIC) symposium : digest of papers
Names: Quach, Tina

IEEE
Institute of Electrical and Electronics Engineers, Inc.

Save, Print and Email (Help Page)

Select Download Format Full Record Format for Print/Save

Enter your email address: Email

Help Search History Titles Start Over

Contact Us |  Request Copies |  Get a Search Estimate |  Frequently Asked Questions (FAQs) about Copyright |  Copyright Office
Home Page |  Library of Congress Home Page 

WebVoyage Record View 1 https://cocatalog.loc.gov/cgi-bin/Pwebrecon.cgi?Search_Arg=2003+I...
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Send to
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EasyBib Export RIS Export to Excel
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IEEE Radio Frequency Integrated Circuits Symposium (2003 :
Philadelphia, Pa.) Quach, Tina; IEEE Microwave Theory and Techniques
Society; IEEE Electron Devices Society; IEEE Solid-State Circuits Society
c2003

2003 IEEE Radio Frequency Integrated Circuits
(RFIC) Symposium : digest of papers :
[Pennsylvania Convenion Center, June 8-10,
2003] / editor, Tina Quach ; sponsored by the IEEE
Microwave Theory and Techniques Society, the
IEEE Electron Devices Society and the IEEE Solid
States Circuits Society

; 

Available at Linda Hall Library Books - 2nd Floor (TK6541 .I444
2003)
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Title 2003 IEEE Radio Frequency Integrated Circuits (RFIC)
Symposium : digest of papers : [Pennsylvania Convenion
Center, June 8-10, 2003] / editor, Tina Quach ; sponsored by
the IEEE Microwave Theory and Techniques Society, the IEEE
Electron Devices Society and the IEEE Solid States Circuits
Society

Other title RFIC
Radio frequency integrated circuits

Creator/Contri
butor

Subjects

Identifier ISBN : 9780780376946
ISBN : 0780376943
OCLC : (OCoLC)52522447

Publisher Piscataway, New Jersey : IEEE
Creation date c2003
Format xlii, 727 p. : ill. ; 28 cm.
General notes "IEEE Catalog No. 03CH37410"--verso of T.p.

Includes bibliographic references and author index.
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found 2 items where the item contains Linda Hall Library. Showing item 1 of 2.

list next >> search: 

Linda Hall Library
Linda Hall Library of Science, Engineering and Technology

libraries.org
A directory of libraries throughout the world
• Home »
• Libraries »
• Guides
• Documents
• Vendors »
• Products »
• News
• Procurement
• Member Login »

Library Hours

Day Open Close

Sunday Closed

Monday 9:00 am 5:00 pm

Tuesday 9:00 am 5:00 pm

Wednesday 9:00 am 5:00 pm

Thursday 9:00 am 5:00 pm

Friday 9:00 am 5:00 pm

Saturday Closed

Address: 5109 Cherry Street
Kansas City, Missouri
64110-2498
United States

County: Jackson

Phone: 816-363-4600

Connect to: Library Web Site    Online
Catalog

Library details: Linda Hall Library is a
Independent Research library.
This library is affiliated with Linda
Hall Library (view map) . The
collection of the library contains 860,000 volumes. The library circulates 30,000
items per year.

Other Info: The Linda Hall Library is the world’s foremost independent research library devoted
to science, engineering, and technology. A not-for-profit, privately funded institution,
the Library is open to the public free of charge and does circulate. This library
shares an ILS with the Spencer Art Reference Library (of the Nelson-Atkins Museum
of Art, also in Kansas City, MO). The combined catalog was formerly called
LEONARDO (named for the artist/inventor Leonardo da Vinci). LHL is a member of
the Independent Research Libraries Association.

Permalink: https://librarytechnology.org/library/2294
(Use this link to refer back to this listing.)

Administration: The director of the library is Eric Dorfman .

Organizational structure: The library is part of a privately-funded organization. It operates on
a Non-profit financial model.

Collection size 860,000 volumes

Annual Circulation 30,000 transactions

Technology Profile

Product Name Year Contracted

Current Automation System Alma 2018

map location

Linda Hall Library

Related Libraries

• Libraries located in Kansas City
(Missouri)

• Libraries located in Jackson county
(Missouri)

• View map of libraries in Jackson
County

• all Independent Research libs in
Missouri

About libraries.org

libraries.org is a free directory of libraries
throughout the world.

This directory is a component of Library
Technology Guides.
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libraries.org Update this Entry Library Technology Guides

Maintained by Marshall Breeding

terms of service
Copyright 1994-2024

Previous Automation System Voyager 2010

Previous Automation System Horizon 1994

Previous Automation System None

Discovery Service (w/index) Ex Libris CDI 2010

Discovery Interface Primo 2010

Digital Collection Management CONTENTdm

Web Content Management WordPress

Item ID Type Barcode

The library's automation system is hosted by the vendor through an Software-as-a-Service
(SaaS) arrangement.

This library is responsible for the procurement of the library automation system.

Automation Survey: We are conducting a study on the automation systems used in libraries.
This survey should be completed by a person familiar with your libraries use of
Alma.

Respond to the 2024 Library Automation Perceptions Survey

Identifiers

libraries.org ID 2294

OCLC Symbol LHL

WorldCat Registry ID 99283

Record History: This listing was created on Aug 11, 1998 and was last modified on Dec 10,
2024.

Updates: Corrections or Updates? Registered members of Library Technology Guides can
submit updates to library listings in libraries.org. Registration is free and easy.
Already registered? login. Or, you can report corrections just by sending a message
to Marshall Breeding.

Please contact Marshall Breeding to report
corrections about information listed for this
library.

Linda Hall Library -- Linda Hall Library https://librarytechnology.org/library/2294
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