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Introduction

If you are asking yourself these questions:

® What should | look for when assessing a
WLAN design?

® What tests should | have in manufacturing
for 802.11a, g or h?

® How can | future proof myself?
“ How can | ease debugging?
Then you are in the RIGHT place!!!
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¢ Updates in WLAN technology

® The Process Of Getting from Design to
Manufacturing

® Inside a WLAN design & the Measurement
Methods

® Manufacturing Test Configurations
° Enhanced Test Solutions

® Conclusions
° Q&A

Page 3 Agilent Technologies




¢ Updates in WLAN technology
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Worldwide Ereguency Allocations
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WILEANTechnology & Bands

© Range (path loss)®
@ No. of Channels©
@ Interference ©
© RF Perf/Cost @

2. 4GHz SGHz

11Mbps

CCK,DSSS
(PBCC 22)

Dualband

54Mbps

OFDM
Up to 64QAM
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60211 g8 802 1a Complications

¢ Extended frequency ranges, from
[4.9] 5.150 to 5.35 [5.825] GHz

® OFDM / Up to 64-QAM modulation
© 52 Carriers, 312.5kHz apart
© 11dB peak/average ratio

@ EVM test limit varies according to bit
rate

® Modified Receiver tests

® Coming soon - 802.11h
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® The Process Of Getting from Design to
Manufacturing
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Who: Does What?

Few people see the whole story = “lost” knowledge

TASK

Complete software functions

Get the complete radio to
work with same type under
all test conditions

Check interoperability with
other designs [host & other
WLAN cards]

Environmental testing

Regulatory pre-qualification

R&D engineering -HEI

Material
Proc

Source parts. Set up
manufacturing capability

Devise test plan

Design & code test SW

Test variations in new
manufacturing batches
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When Doges it Happeni?

A lot of Concurrency of effort = risk of slip

Month & Month & Month 4 honth 3 honth 2 hon honth -1 honth -2
2T126125(24123122121 2019181?161514131}41 1091876543 T1-11-2(-3]-4|-5]-6]-7|-8 -f'

G0f re Function Enhancements

What you Atjon Teé Same type] ﬁlll Conditions

plan for [ i, : tempera Ity w ith Dth@rdemgns

baCk HERE IIIII IIIIIIIIIIIIIIIIIII ] Eﬂw;“il’r:lnmertal testmg

determines, FregHeL re;-qualiﬂcatmn% I] >
what

happens ...... S

Regulamr Certfication

. . Source parts. Manufacturmg Fn{tures
Test Plan ;Emlutmn ; '
esign code test SW

H Pmductir;un run

Ful Pmductiani Run
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dihe Real WorldiAs, Seeniin Production
‘ MANUFACTURING

Cost & Qualjty
Throughput & Yield
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Ina Eilters; oy Select liests

All Aspects of

Design Performance

Appliance Environment

WLAN Design Attributes

Supply Chain Coverage

Test Options over Time

‘Guaranteed’ by Design

Sample Testing Plan

Design Characterization

Target Appliance Implications

Alignment [Calibration] Req’d

Manufacturing Solution

v

Manufacturing Test Plan

—

See References for more details Page 14 Agilent Technologies




Exampleofa EillteraSupply:Chainplest

MODULE / UP STREAM SUPPLY CHAIN
BUILT-IN TEST EXAMPLES
RFIC POWER AMP

PERFORMANCE
TEST LIST

Qutput Power
Power Control I I I I I

FINAL TEST
BOARD TEST
FALIGNMENT

Power

Max Output
Third Order
‘ Intercept

Tx Power
Spurious

Spectrum In Band
Emissions Qut of Band

Modulation Quality
Frequency

Receiver Sensitivity
Adjacent Ch rejection

Battery Current
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Example: Supply:Chain lest:Coverage

KEY MODULE / UP STREAM SUPPLY CHAIN
B Strong meas. link BUILT-IN TEST EXAMPLES
] RFIC POWER AMP n
Weak meas. link | h S m
. ] 0 i i 5 o i =
B calib. Required i ~=|5 | o o | & 88 |2 |2 z
[] Consider Test _. c5|Z |2 |5 |8 |65 |26 |98 |0
W Test Needed > 5 2l 2|5 |% |83 |8 ﬁ s 0 S
T aZlE |& |0 |& |22 |t |EE |OD
Qutput Power , , =
Power Control
Pulse Shape
Spectrum In Band

Emissions Out of Band

Modulation Quality
Frequency
Throughput

Receiver Sensitivity
Adjacent Ch rejection
RSSI

Battery Current
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Observations On lihe Process

* SHARE KNOWLEDGE EFFECTIVELY
Look for ways to reduce the effort required by
Development Engineering staff. Standardize where
possible

® TRY TO MAINTAIN TOOL CONSISTENCY
Uncertainty in Test Methods or use of Different
Equipment will create Artificial Problems, and add to
the difficulty in resolving real ones

* TAKE ACCOUNT OF UPSTREAM TESTING
Manufacturing tests rely on, and should be based
on the design & tests done at IC level
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® Inside a WLAN design & the Measurement
Methods
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WIEAN Card Circuitry,

ANALOG - DIGITAL
CONVERSION, BASEBAND

RE UP/ DOWN IF GAIN CONTROL PROCESSING &
DIVERSITY CONVERSION & IQ MOD/DEMOD  INTERFACE TO PCI
s RECEPTION A =
2 - M L
~-{Agk G2
f T [ADET q9 (5E
0 - [
I Z — T
N
™~ 5 50|82
N 5e
""'-L* - ¢ 4 N Q- |0 E = ﬁ
Ry A A 3
L év ¢ .
H‘H POWER AMP "| EEPROM /
CRYSTAL
\ ; CAL DATA
SiDETECTOR REFERENCE

[Two for dual band]
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Insideatliypical WIEANICard
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AWWILEAN Gard As a System

Vendor
Specific drivers

[dII] & SW needed
for device control
Diversity Flash ]
Antenha Some designs | Memory
—_I use ZIF
PA, | | RF Up/ IF PCI / USB
_ Baseband - li
—| NA Down — Trans- I Processof signa "_19
Switc Convert| | ceiver Conversio

i)

RF interface Digital Interface,
PCI,USB etc
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lransmitter liest — Basic Configuration

® Test Device instructed to create Test Frames, on the
channel to be tested

¢ Spectrum Analyzer makes Narrow-band measurement

¢ “Golden” Radio used to make Tx Packet Error Rate
measurement (modulation test)

Device Under Test [In Screened Fixture]

| |
Flash

I

| Memo

#— Upconvert] Modulate
| 11 | |

—
+ Detect

Golden Radio
Receiver

RF Signal
Analyzer &
Power Mete
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602 114b)Burst-Ramping Example

10 i
dBm
"|2u
LogMag
Unwanted Power Spike

10 |

dB i
/div
-90
dBm

—————————————
Time
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02 1dalEVMiexample

Range: -25 dBm
EVM = -21.392 d8 \ EVM = 8.5191  Yrms
PilotEVM = -18.344 CPE = 299.54  m%rms
\
- IQ Offset = -63.914 dB
EVM Failure SymCIKErr = -0.06 ppm

0 00010100 01010100 000001 00010100 01010001
20 01010100 0000 01 0110001 00010100 01010101

D: Ch1 OFDM Err Vect Specti*im Range: -25 dBm

zni . OFDM symbol timing error

LinMag ﬂh—\/\\h AAI-—-J“‘

. T "‘---'f
| Bus . . iy
0 | |
%

Start: -26 carrier Stop: 26 carrier
RBW: 312.5 kHz TimelLen: 60 Sym
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Making liransmitter Measurements

KEY

B Measurement provided

Some limitations
Il calib.Required
[l Consider Test
M Test Needed

PERFORMANCE TEST LIST

TEST EQUIPMENT |[FILTER RESULTS

WIDEBAND

SIGNAL
ANALYZER

Output Power

Peak Output Power

Power Density

Qutput Spectrum: -20dB BW, Freq Range

Output Spectrum: Spurious

Output Spectrum: Adj. Channel Power

Modulation Accuracy [EVM]

Carrier Frequency Tolerance

Carrier Frequency Leakage

NARROW BAND

SPECTRUM
ANALYZER

FINAL TEST
BOARD TEST
FALIGNMENT

Assumes Device Under Test is configured to transmit the required signals.
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Issues: Withiliriansmitter liesting

® Modulation Accuracy using Tx PER or EVM?

* Tx PER result depends on the design [HW & DSP]
of the Golden radio. Difficult to trace or compare.

* Only bad packets tell you anything

°* EVM gives information from every burst. Likely to
be faster

° Do You Get The Data to Analyze a Problem?

* Wideband measurements contain the signal
information needed to understand the problem
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Receiver - Basic Configuration

® No Test Signal Loopback path provided, but “One Way”
method is used elsewhere, e.g. in IS95 CDMA

* Test Frame transmitted to DUT.
* DUT uses vendor’s Test Mode SW for measurement
I Proprietary Test Signals limit the test options

- Device Under Test [In Screened Fixture]
|
Flash

Transmitter & - ] Il |
Ext Hardware-y-}—rh’tﬁf Downconvert - Demodulate
-
l —
RF Signal |
Source
1
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2dB RF level change gives a 10 fold change in PER
IEEEZ0Z 11a BER Performance IEEE&0Z 11a FER Performance
5E-1 1
1E-1 -
. 1E-1 -
(a'd

5 1E-3- E

o 1E-2-
1E-4-
1E-5- 1E-3.
188 ng'; }'E. T & 5 & 7 8 9 10 11 12 13 14

) EbiNa
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Making ReceiverMeasurements

KEY
B Measurement provided TEST EQUIPMENT |FILTER RESULTS
Some limitations o

Il Calib.Required o o —

. O o - 0 =

[] Consider Test ud ©ZE |0 W i

B Test Needed i ATy 0z

< w Ok = —l o (D

oF |gWE |2 52

PERFORMANCE TEST LIST no O« | o =

Sensitivity

Sensitivity With Impairments

Maximum Input Level

Co & Adjacent Channel Interference
Blocking Performance

Data Throughput

RSS| ]

Dynamic Freq. Selection test? [802.11h]

All measurements need specialized, Vendor specific Test SW.

1: Use IQ data inputs
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Issues Withikeceiver liesting

¢ Use of Golden Radio
* Vendor specific test

* Temperature changes and Unit-unit variations
can cause inconsistent results

* Engineering effort req’d for Calibration &
Support

° PER or BER

* PER is the WLAN system characteristic, but is
likely to be slower to measure than BER

* Details of PER measurement vary in practice
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AvliechniguelforrResolving /nterop: Problems

Record the Suspect Signal & Replay as required!

——- RECORD IT
- IIlrllrl-ll e ! L |-' ||I||| |I |'|\'| 'h|'||| HI r'| ii_'i' gili_-nl: E':'Il:'rl]l] El:tur Signal Analyze ‘l | n 1 |[“ |"‘ ﬂ‘“ ﬂ|ﬁ[ﬂ f
W oatdg ol i N - = |1
M REAL SIGNAL H*ﬁ@@ e m..lF
s T;"' . CREATE RF
T o oz, -2 e Tiiy Lal, 20 ui E g[llfi* REPLICA
. DUT p e =
| : i s | o L . EE“
Dr?&ﬁ DUT o
o 89600 Signal ESG Sighal
Capture Hardware (Generator
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Wider Charactenization May: Be needed

® Other Opportunities for Information gathering
* Modulation Performance versus Channel
* Sensitivity versus Channel
* Phase Dirift during burst

* Correlation between measurements
* Battery emulation characteristics
* Distributions of performance over lots
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® Manufacturing Test Configurations
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ManufacturingSoelution Preambies

® Qualification & R&D based tests have different
goals to a production test suite

* Many of the methods are very time consuming

* May lack insight into verifying what can go
wrong in manufacturing

¢ Select methods and conditions that focus on
your design and your processes.
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selectingpliests: Combiningiall the Eilters

Approach Filter Matrix

X-Selected for Relationships

R-Candidate for Removal
0-Omit

Area of Potential Weakness

Performance ‘Guaranteed’

" Alignments Required
I Strong Correlation to IC Test

Weak Correlation to IC Test

Adiance Erviromment

VMLAN Design Attributes

Quaranteed Design

Design Gnaracterization

Sudly Gnain Coverage

Menufactuing Failue A

Manufacitsing Sdution

Szriple Testing Plan

rovver wuLlputl

Power Control

Modulation Characteristics

Initial Carrier Frequency

Carrier Frequency Drift

Sensitivity

RSSI

Battery Current vs Operational Iy

Frequency Settling \

Pulse Shape

Output Spectrum \

A

XXX |X[X]|X]

X

& TR oo

G
Maximum Usab é)

XX

X | X

h " Power

i@ ~nd Performance

Mmodulation Characteristics

0|0|0(x|0|0|0|A(R|O|0O

| [

Power Density

"
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selecting Equipment: Criteria

1 Flexibility / Adaptability

(1 Measurement Capability / Consistency

1 Cost

| Fixturing

| Throughput

] Calibration / Support

| Firmware Downloading

"1 Power Supply Provision
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Implementing AAWLEAN Manuf: liest Blan

Interface Basic Operation, FW Download
Crystal Tuning and Trim

Battery Current vs. Operational Mode
Transmit Power

Transmit Spectrum

EVM/ TxXx. PER

Center Frequency Tolerance

Center Frequency Leakage

Received Sighal Strength Indicator
Receiver Sensitivity

MAC Address Download
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IypicaliWICANEest System

__

GPIB| GOLDEN SWITCHED
RADIO ATTENUATOR
SWITCH
DRIVER - RF SWITC
& e
L POWER COMBINERS FIXTURE
HETERq.H_
. SPECTRUM l POWER
ANALYZER SUPPLY
I
LAN
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AnEnhanced liest System

RF SIGNAL
GENERATOR

SWITCH
DRIVER H RF SWITC
POWER COMBINER FIXTURE

HETERq.l.I_

WIDEBAND
— SIGNAL POWER

ANALYZER 5“';"'-"

LAN
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Inside ihe Switch Box®

Signal Generator From RF Signal
Acts as both Generator

Local Oscillator
and Receiver
Test Source

To Power
Meter Sensor

l
| T From DUT

To Fixed IF Signal
Analyzer [/OMHZ]
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° Enhanced Test Solutions
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Combined SpectrumiVaskesAVa: Wi

Base Ch Freq :2.417 GHz Trig Free

Spectrum Emission Mask goz.11b | 1Y

Band Pur: 8.78 dBwm
Ref 2./UdET Spectrum_<®ef: PSD)
16,86
4B/ /KHH-
- / 5

=0 W o, A
2362 GHz Abs Limit Ral Limit 2462 GHz
Peak Pwr Bef: -8.79 dBm / 16B.888 kHz FPeak PSD Ref: -59.33 dBm/Hz
Lower Uﬁger
StartCHz) StopCHz) Meas BRICHZ) dBc  FregiHz) dBc reqiHz)
11.668 M 22,888 M 16860688 k  -32.49 2.3984 -32.21 24256

22088 M SH.HHE M 1HE.BH k -46.67 F 237495 6 -44.46 F 24448 [
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o024 giWidebandiVMeasurements

® Automatlc EMM::IH: Conkrol Source  Input MeasSetup Display Trace Markers  Ublities Help

Agilent 89600 Yector Signal Analyzer - |I:I|i|

measuremehtg| & “@ (B @lﬁ Single - HT[::} A “ ﬁ 50%  Color Mormal -
on formatted D: Ch1 DSSS Syms/Errs Range: 1.778279 V
|
CCK & PBCC 802.11b 1000 chip Peak EVM= 15.835 %
bursts
EVM = 6.8290 %rms 24.831 %pk at chip 2609

¢ Data de-
scrambled t
give packet;
information

MagErr = 43601 Sorms -20.460 % pk at chip B
Phase Err = 3.0175 deg 14.306 deg pk at chip 2609

Freq Err = -19.013 kHz IQ Offset = -39.377 dB
Quad Emr = Gain Imb =
Sync Corr = 0.96795 SymClkErr =
BurstType = CCK11 Bit Rate = 11.000 Mbps
Octets = 1022 Data Len = 744.00 usec

DATAT ]
0 00101110 10111000 11000000 01100101 01011100 11110110
48 11000000 11001111 00111010 00110101 10000100 11101101
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=10l x|

File Edit Contral iew Help

=|d|=| t]E=el|c] | nfa
E|-- IEEEB0Z2.11a-1999 PMD Thamessivapecification Parameters | Specifications  Fesults |

Marr= | LaztH esult | W alue |
o Constellation Error Fasz -40.11674 dB[E'hd]

' B Maitz/zec Relative Conzt.. Mot Applicable

I 3 Mhitz/zec Relative Const... . Mot Applicable

1 12 b bitzdzec Relative Con... Mot Applicable

I L 18 Whitz/zec Relative Con... | Mot Applicable

1 24 Wbitzdzec Relative Con... Mot Applicable

Single button sequencing | = s is/sec Resive Con. Mot dpplcatie

= L 48 W bitz/zec Relative Con... | Mot Applicable
th rou g h mu Itl p I e & B4 Hhbitz/zec Relative Con... | Pass -40.11674 dB[E"H]
measureme nts o Celter Frequency Leakage  Pass -59.18773 dB
o Spectral Flathess Margin Fasz 1.90956 dB
PaSS/ Fail indication | & Lipectral Flathess Fazz Wectar...

Spechral Flathess

against user definable 26
limits
Mask Tests for Spectral

Flatness and Spectrum
Emission

1
|D|:|ne | = || 2
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602:11 g/ BB Packet Generation

<} Agilent Signal Studio - IEEE 802.11g-2001 f P ] 4
File Plot Configuration Help

’— Signal Configuration — Pavload S~ ° P B C C M Od u Iati o n

‘ Modulation:lPElCC j = rramed ¥ MAC Header  Setup... |

 Unframed
Data Rate: |33 {Optional) vj Mbps S ¥ MAG FCS

CrEAMIE =
TSR i ——— | Selectable Preamble
Scramuisi. |G | ¥ PBCC Encoder On Data Type: |UserFile.. = |
—
PerampilLinear vl RampTime:I 2 us DataLength: | 291+ | BYES

Channel:l 1-2412mHz 7| I ERLCREG e Ll
Idle Interval | 100 us Clk StructSetupI

]
- Signal iformatn ® Input data from User file
_ Signal Generation Setup Projected Lenath: 28878 Samples
Sample Rate: |—J33MH2 = | e Event 1 Mkr.  1stSymbaol, Rising Edge

Event 2 Mkr.  RF Blanking, Active Low
| Filter Type: | Gaussian - bT:| 0.3  Symb:| 6 !
IFiter Type: El [

— onfiguration ® i i
R o Selectable Modulation filter
Calculate | Download I Refresh I

Device Under Test [In Screened Fixture]
' |

Flash
Memory
|

| .
LNA a1 | PCI
Dpwncplnvert” Demlodulate

HJ
I ik

Il'i
R AELE

PARE |y

JIHFR]
Let
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o024 b Custom: System Example

[ [p— W .
0 » | * Delivers a Tested system.
Flat Panel
S| D ® Calibration & support integrated

ww o ° Support Multiple DUT form factors
~ | (PCMCIA, CF, USB, Mini PCI, AP....)

O

117134 . * Easy Customization of the Test Plan

| | | ! ! !
©lo_ ol o
i

¢ Built-in Database capability

@@@@@@ Golden Unit

0
o a
2 S
g &
= g B
3 o
0
il
oooo
DO
©
0000
Fo
~ER
o

O
Slave PC with |°
@]
O

T =
Jmmanmome ||
0 1U filler 0
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Recommended Products

PERFORMANCE
TEST LIST

E4405B ESA-E

Spectrum
Analyzer
E4438C

E4418B EPM-P
Signal

896xxA
Vector Signal
Analyzer
Power Meter
Generator
66319 DC
Power Supply

2.4GHz
Dualband
Qutput Power
CCDF

EVIM

Frequency Error

Spectrum Mask

Spurious f Harmonics
Center Freq. Leakage
RSSI ]
Receiver Sensitivity
Adjacent Ch rejection
Battery Current
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sSummany;sSlide

“ WLAN device design is changing rapidly to keep pace
with market expectations

¢ Highly integrated designs are offering increased data
rates for moderate costs, but production yields &
margins need to be watched

¢ Existing methods for testing the cards lack flexibility
and may not ultimately use the most effective
techniques

¢ Further enhancements to Agilent’s broadly adopted
Wideband test equipment provide a bridge to more
general use of new techniques.
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EREEAgilent EmailiUpdates 8]

Subscribe Today! ?‘U \ ‘

Choose the information YOU want. }_,L e

Change your preferences or unsubscribe anytime.

Keep up to date on:

Services and Support Information Events and Announcement

- Firmware updates - New product announcement
- Manuals - Technology information
- Education and training courses - Application and product notes
- Calibration - Seminars and Tradeshows
- Additional services - eSeminars
Go To:

www.agilent.com/find/emailupdates

E Agilent Email Updates Page 50 Agilent Technologies




