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Expand into Wireless Components & Design Test
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Purpose Built Test Solutions Test Workshople_

* Providing the right tool for the job at hand
* Focus on providing solutions, not tool Kits

Flexible Modular Instrumentation Simple Robust Instrumentation
Perfect for Design Verification Perfect for Volume Production




Silicon Valle
e T |
Test Workshop

Outline

° Mobile device design constraints
°* Dynamic EVM

* Digital pre-distortion (DPD)

* Envelope tracking (ET)
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Mobile Device Design

Front End Module (FEM)

Cellular Radio Power Amplifier (PA)

Main Processor Chipset
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Mobile Device Design Challenges oo L8

Standard Peak-Average Peak-Minimum Max Bandwidth
Ratio (dB) Ratio (MHz)
(dB)
GSM 0 0

EDGE 3.2 17 0.2
CDMA 2000 4-9 o0 1.25
LTE 8-12 %0 20
802.11a/b/g 8-10 & 20
802.11ac 8-14 o0 160

* More bandwidth (160MHz for 802.11ac, 100MHz for LTE-A)
* High-density modulations (256QAM for 802.11ac)

° Lower EVM contribution (e.g. 1.5% for 802.11ac 80MHz)

* Higher Peak-Avg. (PAR) - lower efficiency

° Infinite Peak-Min. > RF envelope drops to zero




Mobile Device Design Constraints

* Considerations driven by PA/FEM
° Greater coverage area
° Higher data rates
° Longer battery life

* PA/FEM competing requirements
* Higher RF power output
° Higher Linearity
* Higher Efficiency
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4 IProtocol M-Class | Wireless LAN Protocol Analyzer | ZTEC Instruments| ZTEC,ZT8651PXle,6,3.12
Fie ‘“iew Operate Help

Control Panel & x 1 - Constellstion 2 - Powver vz Time

Protocol

Capture
Run || Stop | Single
b | @ | e

Measurement Setup
Center Freguency

5.290 GHz ¥ia
Lewel 4 - OFDM Frame Summary
! A
0,000 dBm Yia

Trigoer Lewvel
-10.000 dBm Yia

Standard
80211 ac 80 MHZ v

Resuft Length
16 Symbols Yia

SaveRecal

H| 5| &

6 - Spectrum Mask 7 - Messurement Summary

Clear Messages
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What |S EVM') Test Workshople_

Error Vector Magnitude
Rapid high coverage test technique
Comprehensive figure of merit for digital radio testing
First used by LitePoint in 802.11 WLAN production testing

1 - Constellation 1 - Constellation
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Conserve battery life
Digital radios used pulsed RF
Disable radio PA when not in use
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Vref

—] RFPA
DUT
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Pulsed Radio Operation Test Workshopl

* System-level operation with pulsed RF & VREF
* Sqguare wave applied to VREF
* Transient response distorts preamble

* Dynamic EVM shown to be worse than static EVM
°* S.Yoon, Marvell, [IEEE-MTT 2007
°* mobile device production failures: dynamic EVM is now required!

Vref

—] RFPA
DUT

4
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Dynamic EVM Testing Test Workshop

ZT5211 ZT8751 ZT8651
AWG VSG VSA
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Dynamic EVM Testing ot L9

v

Select Waveform ZTEC Instruments _
Mode | Dynamic EVM |V|
ch\Users\ ZTEC AppData'Roaming ' ZTEC Instruments*examples'ztpM_wlan‘pa_wlan_test'wz PA WLAN Test
Rev. 0.5, March 2013 Status | Sweep Complete...

10.00-

Set RF Frequency
Frequency [MHz] LO Source

521000

Setup Input Power Sweep
Min [dBm] Max [dBm] Step [dB] Sweep Type
1.00 CONT |w

-30.00 -5.00

0.50 2050

Setup PA Enable (Vref) Timin APPLY SETTINGS

tre

*AinV,tin ps <
60

RF

102 127 152 177 201 226 251
DUT P_out [dBm] ¥ Persistence

Dynamic EVM vs. Static EVM - Duty Cycles: 5%, 50%, 100%
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PA Linearity

Unlinearized Performance — No Predistortion (PD)
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PA Linearity

® Linearity measures output RF Amplifier non-linearity

Power

* Spectral Mask

* Adjacent Channel Power Ratio (ACPR)
° Third Order Intercept Point (IP3)

° 1 dB compression point

°  AM-to-AM, AM-to-PM distortion

)
non-linear region

* Strategies for handling high PAR

* Back off — operate PA in linear region (inefficient)
* Crest factor reduction — limit peaks before reaching PA
° Pre-distortion — compensate for PA nonlinearity




Digital Pre-Distortion (DPD) S
* Latest chipsets support DPD

° Use an inverse operation to linearize PA
°* Compensate for AM-to-AM and AM-to-PM distortion
* Algorithms

* Look-up tables (LUT)
°*  Memory Polynomial

| DIGITAL
PRE-DISTORTION RF PA
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Transient behavior exposed by high PAR
More memory - more spread in distribution

AM-AM -

-51.2

DUT P_in Avg (dBm) DUT P_in Avg (dBm)




DPD Testing

ZT8751
VSG

ZT8657
VSA

Z¥

=T
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=P =0

RF PA
DUT
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Test sequence

Training
Calculate DPD coefficients
Create DPD waveform




File Operate Help

Status

~4 Protqcol'
S ———

LUT CW Ramp Training Wawve form

RF Frequency
Frequency LO Source
.210 GHz ZT8801PXI YJ

Minirnum Maximurm

0.00 dBm

Waveform Select

Configure DPD

DPD Algorithm | LUT VJ Y| Dynamic Coef. Update

LUT Depth LUT Resolution 0.50

Input Power Sweep

Step FEM Averages

2.00 dB - Bypass ¥ |10

0.50 dB

20.50

PA Enable (Vref) Timing Source

| ZT5211 CH1
ZT8751 EXT OUT

Measure

Silicon Valley
Test Workshop

Graph | AM-AM

DUTP_in

(dBm)

| Persistence




DPD Improvements

Power (dBm)

-30
-35 |

-40 +

IS
e

-50 |
55 4
-60
65

-70 I L L L L
5190.00 5240.00

PA Output Spectrum for 802.11ac 80 MHz MCS9

— DUT

———DUT w/DPD

-M,Wf’

al

5290.00 5340.00 5390.00
Frequency (MHz)

EVM (dB)

-30
-32
-34
-36
-38
-40

42~

-46 -

-48 -

PA EVM for 802.11ac 80 MHz MCS9 @ 5.29 GHz

e DUT

= DUT w/DPD /

/

6 8 10 12 14
DUT Output Power (dBm)

16

18

Spectral Mask Improvements

EVM Improvements




T

"fjm

44 7Protocol M-Class | Dig a-Distortion Analyzer | ZTEC Instruments | Rev0.0

File Operate Help

Status i Measure Run DPD

= ¢ Protocol
[ D=1 ]
_ Gmph FELRIEIL (dB} d| FEEEETEE

Waveform Select Pout vs EVM (dB}

RF Frequency Configure DPD
Freguency LD Source DPD Algorithm | Mem Poly L v | Dynamic Coef. Update

5.210 GHz [ |zreso1pxi | ¥ | Memory Length |2 [ MNoniinearity Length |5

Input Power Sweep

Minimum Maximum FEM Averages

-20.00 dBm ] 0.00 dBm .00 | Bypass ¥\ (10

0.50

PA Enable (Vref) Timing Source

t Dynamic | ¥ 7] ZT5211 CH1
RF |104.042 ps |EH ZT8751 EXT OUT

I

1 to t3
o E— + Rl

RF

2
300.000 ns 100.000 us

DUT P_out Avg (dBm)
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PA Efficiency g T
* Higher PAR - greater back-off - lower efficiency

* Power Added Efficiency (PAE)
°* DC - RF efficiency

Pout — Pin

* PAE = X 100%
PDC

°* Example: PA class AB
* Fixed Vcc 2 20% PAE
* ET Vcc = 30-35% PAE

* Envelope Tracking (ET) improves system efficiency
° Maintains PA in constant-compression

4



Envelope Tracking (ET)

Fixed Envelope

Envelope

Vce Amp
Ry | RF PA RFos Sn out
Fixed PA Dissipated Tracking PA Dissipated
Supply Voltage As Heat Supply Voltage As Heat

Transmitted
RF Signal

Transmitted
RF Signal




ET Testing

ZT5211 ZT8751
AWG VSG

C=ENNOY
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T VCC Vref
RF PA ATTEN
DUT

= 1TEPOINT

j—ZTEClns;mmemsEnvEln Tracking =

- ZTEC Instruments START [ng] § 0 STOP [ns] §D RUN
ENVELOPE TRACKING 4 ITERATIONS 310000 EXIT
REV 0.0 AUG 2013 -

Status | Sweep Complete

=
&
x
o
=
“

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Index

RF-to-Envelope Jitter:
50 ps peak-to-peak
6.6ps std. dev.
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140 Measurement of EVM vs time-delay for 202.11g Envelope Tracking System

120 ZTEC Instruments  START [ns] 396 STOP [rs] 356 RUN
X 7+ Pout=14.7dEBm ENVELOPE TRACKING
ey #ITERATIONS 3100 =T
i ) REV 0.0 AUG 2013
\\f< __~Before Pre-Distortion / e GG
I\

N\
LN

™

100+ _-After Pre-Distortion do 94814 8-

/I f-" ) =
T 80000,

' . Before Pre-Distortion S 70000
g0} =y —After Pre-Distortion /

evm %
S
1

-
\é\_\-\
Skew [ps]

M\
Pout=1 1.?dam____\\\\\ f/i_ -' 200m

o
Sy T -97598 6-- '
T AL 1 200 400 600 S00 1000 1200 1400 1600 1800 2000 2200 2500
S o

T Index

0 | | | | | | 1 |
1060 1070 1080 1080 1100 1110 1120 1130 1140 1150 1180

time-delay(ns) RF'tO'EnveIOpe Stepplng

Graph courtesy of P. Draxler, -96ns to +96ns
Qualcomm, IEEE-IMS 2013 8ns steps




ET + DPD
Fixed Vcc ET Vcc

AM/AM (K*volts) Measured (blue dots) Ideal (red) Curvefit (green) AM/AM (K*volts) Measured (blue dots) Ideal (red) Curvefit (green)
1 T T T T T T T

T T T 1 T T T T T T T

o

| Before
| DPD :

. 03 2
n 0.2 ]
= 0.1 =
0= 1 i L i L 1 1 1 i 0k 1 i L 1 L L 1 L i
0 0.1 02 03 0.4 0.5 06 07 08 09 1 0 0.1 02 03 0.4 0.5 06 07 08 09 1

AM/AM (K*volts) Measured (blue dots) Ideal (red) Curvefit (green) AM/AM (K*volts) Measured (blue dots) Ideal (red) Curvefit (green)
T T T T T T T T T T T T T

T T T

] After ]
| DPD , ]

Graph courtesy of P. Draxler,
Qualcomm, IEEE-IMS 2013
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Conclusions
* There is a significant amount of cutting-edge technology in
today’s mobile devices

°* PA/FEM selection drives significant design considerations
for wireless coverage, max data rate, and battery life

* Advanced PA/FEM characterization is made possible with
the latest generation of modular RF test equipment

4
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Q&A
°* Thank Youl!

* Questions?

* Come see us at Booth #4
* Wireless Test Set Demo
* Supplemental Application Note

* Contact Information
* Chris Ziomek, chris.ziomek@litepoint.com
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