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Welcome to the World of RFICs

Low Noise Amplifiers

Power Amplifiers a

RF Switches

Duplexer and Filters
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Transmitter Power Consumption

~ B PA Transistor
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BDC:DC
m Driver
| mBaseband |
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802.11ac

Generation 2G - 2.75G 3G 3.9G 4G n/a
Max Data GSM:14 kbps 384 kbps 100 Mbps 3 Gbps 6.77 Gbps
Rate EDGE:59.?2 to
kbps 5.76 Mbps
Max 200 kHz 5 MHz 20MHz 100Mhz 160Mhz
Bandwidth
Typical
PAPR
Modulation GMSK, 8PSK QPSK OFDM, OFDM, OFDM,
Scheme MIMO Upto MIMO Upto MIMO Up to

64-QAM 64-QAM 256-QAM

Constellation
Plot
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Common Issue with Transmitters

|deal Amplifier

Pout Pin vs. Pout = 1:1

Actual Amplifier
Behavior (non-linear)

Higher PAPR Leads to
Lower AVG Power

Efficiency Suffers

., Pin
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Behavior of PA for Various RF Standards

Ideal Amplifier
Poyt T~ Actual Amplifier

chav linear)

Peak to Average
Power Ratio

»  Pin
4G (LTE/ OFDM)

---- Peak power '
Average power 3.5G (HSUPA) 8.5 dB PAPR (~7:1)
3G (W-CDMA) 6.5 dB PAPR (~5:1) R e st

____________________________
3.5 dB PAPR (~2:1) ' i
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VCC

RF Signal |/

Envelope Tracking
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Envelope Tracking o
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PA Power Supply Lookup Table

Efficiency Optimized Vcc r Fixed Vcc = 34V V
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Pout vs Gain at Optimal Efficiency

Gain vs Vcc
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Pout vs Gain at Constant Gain (Isogain)

Gain vs Vcc
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PA Efficiency vs Pin at Multiple Supply Voltages
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Envelope Tracking Transmitter
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Transmitter Power Consumption

B PA Transistor
® ET Modulator
BDC:DC

' mDriver

Baseband

T mOutput filters, etc
™ RF output
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Envelope Power Supply Voltage Limits
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Envelope Tracking Transmitter

Voltage Limits = Increased Bandwidth
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ET Challenges

- Envelope Signal needs >3x RF bandwidth. So for
20MHz LTE, a power modulator that runs at 60MHz is
required.

- Very tight synchronization (~1ns) between VSG and
power modulator. What happens if there's
misalignment between the RF and the envelope?

- With DPD Bandwidths need to be more than 5X.

- Many customers are asking for IQ rates of 245.76MS/s
(8x oversampled 20MHz LTE)
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NI T—-Clk Synchronization

NI PXIZ|HtO| Envelope Tracking Test System

: Arbitrary
RF NI [Saveton DC High AF
Signal Speed :
. m Power Speed Signal
Generato Digital
: /O Generato supply Scope Analyzer
PXle-5644 PXle-6556 PXle15451 PXle-4139 PXle-5162 PXle-5644
R R
Power Mod
ulator
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RF Leads Envelope
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PXle-5644R VSG |/

|

(

TP
T

i

~

e ————.
——
———————

|

-0.4- 1 I 1 1 1 I 1 1 1 1
2u 21lu 22u 23u 24u 25u 26u 27u 2.8u 2.9u 3u

Time (s)

R PA Deep in Compression

‘7 NATIONAL
’ INSTRUMENTS"




RF Leads Envelope
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RF Synchronized with Envelope

; HiiS Tl
,,J U'HJ w \ | | | j\ IJ‘IJ] i 1‘ H' &J]ﬁh | M )« |L (‘J\M U ,L \ﬂ “




INPS
o O

NI Envelope Tracking HAE

70

=

<

Q

O

o

_I

> =

[ 40)

558
C

T o <

S.|a
o+

_ g5

= ™ o

I
(-

= E 3
(@)

H 2 o
O &2

24l

- NI-Tclk=

. RFQ} Envelope?t Al A|Zt Delay H| O

- Point-by-point EVM, ACP &AM

(W epmydwy

INSTRUMENTS"

y NATIONAL

27



INSTRUMENTS"

y NATIONAL



Amplifier AM—AM Efficiency & Linearity

Power Out

|deal Linear BehavioF—

Good Efficiency
Acceptable Linearity

Non-linear Behavior

Peak Efficiency
.............. Poaqt. Linearity.

LTE Power Versus Time
Poor Efficiency b TR . ! ' L
Good Linearity W
........................ b T l
6
) 1 L
2
0
-2
-4
10u 20u 30u 40 u
Time, S
Power |n
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Fundamental Concept of DPD
(AM—AM View)

Ph1——{:>»-Pout

\
|deal Linear Behavior

Pout

Gain Expansion —mm—,

AM/AM Under DPD

Conditions
Non-linear Behavior

(without DPD)

7

Extended Linear
Range

> Pin

W NATIONAL
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DPD as applied to Digital Modulation

64 QAM Compressed 64 QAM
Baseband Signal RF Signal

-

Panr F\/IM
64 QAM
: _ Pre-Distorted Signal
Gain Expan8|o\. ———t
n AR Mg
64 QAM Linear 64 QAM

At RF Frequency

..

Baseland Ylendl




PA Modeling with AM—AM/PM
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NI DPD Test Setup ];" I'E
all ae ll 28 B

Shared LO

Switching, Signal Conditionin
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or Load Pull

l
|
|
|
|
|
|
|
|
|
|
|
|
-

__________________________________________ |
AM/AM AM/PM Measurement With Modulated Signal
«Captures Memory Effects of PA & Behavior not seen with CW A
M/AM Sweep
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Automated DPD

Model Extractior™: T
Typical Results &
* Extends PA Linear Range - | | =
- Up to 10dB EVM Improvement e | MESH T |
* At Least 10dB ACP Improvement T t HARR R R Y g L

«iImprovements are DUT Specific (How Non-Linear is your DUT ?)
*Speed is gated by the Measurements Performed (EVM / ACP)
*Possible to push corrections onto FPGA for

« Hardware Emulation
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Referring to this Signal

DPD Results e
S

64 QAM

......

........

ACP1 (dBc) ACP2 (dBc) EVM (dBc) Pout (dBm) Standard
No DPD -42.6,-42.7 -44.7,-45.2 -34.8 24.0 LTE 20MHz
LUT DPD -56.2,-54.4 -55.5,-54.1 -45.0 24.0 LTE 20MHz
No DPD -41.1,-41.1 -60.9,-60.2 -39.7 24.0 WCDMA
LUT DPD -65.2,-64.8 -65.9,-65.6 -49.8 24.0 WCDMA
Spectrum Trace Spectrum Trace
10 Before DPD | 10- Before DPD |
0- DPD Iteration:5 l— 0- DPD Iteration:3 ’7
10~ -10-
-20- -20-
- -30- ~ -30-
£ £
g -40- g 0
3 = § 50 4
& -g0- < - 5
-70- ¢ -70- ‘-‘-
807 ‘ B0
-90- -90-
-100-, \ \ ' ! \ ' -100-
-1 -10M oM g M 10M LM 30M 20M 1M 0 10M M 30M
Frequency (Hz) Frequency (Hz)
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DPD Results LTE Pout, EVM, ACP and PAE

Peak Efficiency
Poor Linearity

Good Efficiency g e=sssssssesseansins ) . .
s Acceptable Linsarity Referring to this Signal
8 Jog LTE Power Versus Time 64 0AM !
Q Sl | | o =11 P | Pre-Distorted Signal
: 9 Poor Efficiency < %
Q Good Linearity, gf#e %
q“’: Il 1 1
L i IR

Power Ou

LTE Average Channel Power Out

Power Added Efficiency

Error Vector Magnitude

Adjacent Channel Power
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DPD Across Power
(Memoryless and 5-Tap Memory Model)

PAE Vs poutl NO DPD @ Memoryless 5 Memory Taps |

25

2 1= Referring to this Signal

-
20 P 64 QAM

&
“/ Pre-Distorted Signal

®18 <o e
64 QAM

»

a 16

12 / : o

16 17 18 19 20 21 22 23
Average Power Out, dBm

EVM vs Pout | NO DPD Memoryless 5 Memory Taps | ACP1 vs Pout | NODPD Memoryless 5 Memory Taps I
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40 // A s et >
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Instrumentation Requirements for DPD

. Post DPD signal Referrmg this Signal

- Up to 10X Bandwidth required for Generation ...,

- Increase PAPR = More dynamic range requir = S

.- Greater Analysis / Generation Sync* .ization
Reaquired

LTE Spectrum (Before DPD) After DPD)
-20- -20-
g 40 _ g 40
8 %0 8 0
g o
T -8 = -80
& -100 & -100
5 -120 A\_.//\ s | 5 -120-
140 -140-
'160‘ 1 '160 T T ] ]
-60Mhz -40Mhz -20Mhz OMhz +20Mhz +40Mhz +60Mhz -60Mhz -40Mhz -20Mhz OMhz +20Mhz +40Mhz +60Mhz
Frequency, Hz Frequency, Hz
Bandwidth Greater than -100 dBm: 10 Mhz Bandwidth Greater than -100 dBm: 70 Mhz
PAPR =8.5dB PAPR=12.2dB




- 34 57|51 2 AMAM, AMPM £ M
- Stimulus?} response 412 OfA

- Host fE= FPGAO| CHYsH 412|155 713
- Memory & Memoryless Nth order polynomial
- Lookup Table

64 QAM
Gain Vs Power In (Without DPD Applied) (LTE Signal Applied) Pre-Distorted Signal
i Yo
} — w /
iy il Py
(6 Y 64 QAM e e Linear 64 QAM
Baseband Signal o 771000 k At RF Frequency
........

........

.......
.........

---------
........

........

--------
........
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x =l
7| 58 AAH 2HE

- Cost of Test
Equipment

- Test Time
- Development Time
- Space in Lab
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RF — PA Validation/Characterization TiQuint @&

SEMICONDUCTOR

Previous Characterization Test Bench PX|-Hybrid Characterization Test Set

g —ee—— ’ o=
:

~

-

AR

EDGE Test
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High—Power Amplifier Transistor Module Test

Boxd HZJ|
Rack & Stack Test Platform Test ltems
RF Signal Generator - ITx Power
- Power Versus Time
RF Signal Analyzer - Gain
- Power Efficiency
Vector Network Analyzer - Power Servo
- Adjacent Channel Leakage Ratio (ACLR)
Power S - S Parameter(Phase)
pply
- Open/Short Test
- Current
- Leakage Current
- Resistor
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What Makes It Possible:

World's First PXI Vector Signal Transceliza @ @M e §

DIGITAL O

|||||||||||||||||||||||||||||
uuuuuuuuuuuuuuuuuuuuuuuuuuuuu
-----------------------------

N

PXle—5644R

Configuration VSA and VSG w/ independent LOs
24 DIO lines @ 250 Mbps

Frequency Range 65 MHz to 6 GHz

Bandwidth 200 MHz
Features * Programmable FPGA w/ LabVIEW
» Fast Tuning Mode: <400 us \'ﬂﬂ?{.’{l’,"ﬂ#ﬁ‘m
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Envelope Tracking
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