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Vector network analyzers (VNAS) are increasingly being used for
iImpedance measurements of electronic components and circuits,
especially in R&D environments where the versatility and flexibility of the
VNA-based solution are preferred. This presentation introduces the
impedance measurement solution of the E5061B-3L5 ENA Series LF-RF
network analyzer, and discuss how to get the most of its impedance
measurement capabilities for better measurements.
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Before startingthed i scussi on on the i mpedance mea
quickly look at the product overview of the E5061B-3L5 LF-RF network
analyzer.



E5061B-3L5 LF-RF Network Analyzer

E5061B-3L5 —

*5Hzto 3 GHz Zin=1MQ or 50 ohm
« S-parameter test port (s Hz to 3 GHz, 50 Q) ATT=20dB or 0 dB o
« Gain-phase test port DC bias source i
(5 Hz to 30 MHz, Zin=1 MQ / 50 Q switchable) }_m 2
+ Wide dynamic range 1 @M @
» Built-in DC bias source @y <@ |
(0 to =40 Vdc, max 100 mAdc) '
- . Port1 Port-2
* Impedance analysis function (option 005)
R e —
Gain-phase test port S-parameter test port
(5 Hz to 30 MHz) (5 Hz to 3 GHz)

Gain-phase  S-parameter
test port test port
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The E5061B-3L5 offers versatile network analysis in the broad frequency
range from 5 Hz to 3 GHz. Comprehensive LF network measurement
capabilities including built-in 1 Mohm inputs have been seamlessly
integrated with the high-performance RF network analyzer. This slide
summarizes key features of the E5061B-3L5.



Network Analysis:
S-parameter test port (5 Hz to 3 GHz) Shz

« Full 2-port S-parameter measurement
seamlessly from 5 Hz to 3 GHz

« For evaluating 1- and 2-port devices
(Filters, RF amps, cables, transformers, antennas, etc)

S

S22

S11

S21

Full 2-port S-parameter measurement

to
3GHz

Broad freq coverage & wide dynamic range

The E5061B-3L5 has two kinds of test ports; the S-parameter test port
(Port 1 and 2) and the gain-phase test port. The S-parameter test port
has a 50 ohm built-in S-parameter test set that seamlessly covers a

broad frequency range from 5 Hz to 3 GHz. While providing an excellent

RF performance equivalent to other RF VNASs, the E5061B-3 L 5 G s
parameter test port offers much wider frequency coverage down to 5 Hz

and better dynamic range in the low to middle frequency range below 10

MHz.

S



Network Analysis:

Zin=1MQ /50 Q
Gain-phase test port (5 Hz to 30 MHz) ATT=20dB/0dB

‘_
5Hz to 30 MHz AT}
« For in-circuit gain & phase measurements DR
(DC-DC converter control loops, OP-amp circuits, etc) 69—1{0—@

T @K @K

* For milliohm Z-measurements at low freq. 2| [z <i>—IX @WX

(DC-DC converters, bulk bypass caps, PDNs) _'r é LF !

out

Phase margin

1 MHz
DC-DC converter loop-gain measurement

Agilent Technologies

The gain-phase test port has reference and test receiver inputs whose
input impedance is switchable to 1 Mohm or 50 ohm. The frequency
range is 5 Hz to 30 MHz. The most typical application is the frequency

response analysis for low-frequency devices and circuits, such as OP
amps and control loop circuits of DC-DC converters.



Impedance Analysis:
Option E5061B-005 ZA firmware

Method

o Port1Ref Reflection
i i Method method
» Fully supports basic functions of Ptk Port2 Refl (for low to mid-Z)
impedance analyzer (ZA) . _
) = Series-thru
« Displays Z parameters i nf‘nethqd it
« Calibration + Fixture compensation ¥ P Series (for mid to high-Z)
T 50Q, R 1MQ
» Equivalent circuit analysis o — Shunt-thru
- T 500, R 500 method
» Covers variety of ZA applications —_— o (for very low-Z)
with multiple meas. techniques b
Cs

Advantages of Z measurement with E5061B
v NA plus ZA in one box

v' Z-measurement utilizing E5061B’s unique features:
~ Milliohm Z-measurement

~ Z-measurement in the very broad freq range
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And the E5061B&6s f un presentation iste Eb068Be us s i
005 impedance analysis function, which is a firmware option dedicated to

the E5061B-3L5 LF-RF network analyzer. This impedance analysis

function fully supports basic functionalities of the impedance analyzer. In

addition, by supporting multiple impedance measurement methods, it

covers a variety of impedance measurement applications.

The E5061B-3L5/005 primarily targets at a simple and convenient VNA-
based impedance measurement solution for general R&D use, in contrast
to dedicated impedance analyzers which pursue an ultimate impedance
measurement performance. In many applications, however, the E5061B-
3L5/005 allows you to perform very accurate impedance measurements
comparable to the dedicated impedance analyzers by properly selecting
the measurement method and optimizing measurement conditions
including the calibration and fixturing. Furthermore, this impedance
analysis solution offers unique capabilities such as a very wide frequency
coverage and a milliohm impedance measurement.
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Nowl et 6s see more details about the E506
methods.



Measurement method of Z-analyzers:
Auto balance bridge method Range
resistors ™r

Vi R
Zdut= —— = —

4294A impedance analyzer AN —

Idut=|r

Virtual GND

* 40 Hz to 110 MHz Vo
« Very high accuracy

« Very wider Z measurement range due to ranging v
(10 % accy range: less than100 m{Q to more than10 MQ, spec)

+» Accurate measurement due to virtual GND
(Accurate Vout & lout measurement with V1 & V1,
no stray capacitance at low terminal. )

« Test fixtures available: 4TP (4-Terminal-Pair) & 7 mm type
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The first two slides quickly review the measurement methods of
impedance analyzers.

Low-frequency impedance analyzers/LCR meters such as the 4294A
employ the auto balance bridge method. The negative feedback loop
circuit maintains the potential at the low terminal to virtual ground (zero
volt), which eliminates the stray capacitance at this point and enables the
voltmeters V1 and V2 to accurately measure the voltage and current at
the DUT. Also, the auto ranging capability provides a very wide
measurement range with an excellent linearity. Thus, the auto balance
bridge method offers very high accuracy in the very wide impedance
range. The frequency range is up to 110 MHz

Note that the actual auto balance bridge is a more complicated feedback
loop circuit than the very simplified OP-amp model shown here.



RF impedance analyzers/LCR meters such as the E4991A employ the
RF 1-V method. With the combination of the source/receiver mainframe
and the test head module which senses high-frequency current and
voltage at the very close location to the DUT, the RF I-V method offers
higher measurement accuracy and wider measurement range than the
VNA-based reflection method. However, this method is not applicable to
the low frequency range because the current is sensed with a
transformer.

Next, | e tinmpesdanseareasardment methods supported by the
E5061B-3L5/005 network analyzer.












































































































	5990-6428EN.pdf
	Practical Digital Pre-Distortion Techniques for PA Linearization in 3GPP LTE
	Agenda
	Digital Pre-Distortion----- Principle
	Digital Pre-Distortion----- Principle
	Memory Polynomial Algorithm
	Signal Training to derive the Memory Polynomial
	Slide Number 7
	Slide Number 8
	Crest Factor Reduction for Multiple-Carrier Signals
	CFR for 3GPP LTE DL OFDM Signal
	LTE CFR (Crest Factor Reduction)
	Slide Number 12
	LTE DPD simulation for a memoryless nonlinear PA
	LTE DPD simulation for a nonlinear PA with memory
	DPD Hardware Verification Flowchart
	DPD Hardware Verification Workspace Structure
	DPD Hardware Verification Platform
	DPD Hardware Verification – LTE (Step 1)
	DPD Hardware Verification – LTE (Step 2)
	DPD Hardware Verification – LTE (Step 3)
	DPD Hardware Verification – LTE (Step 4)
	DPD Hardware Verification – LTE (Step 5)
	Slide Number 23
	Slide Number 24
	Slide Number 25


