Amplifier Measurements
iIncluding High Power Amplifiers
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Agenda

9:00 - 9:30 Welcome and visit to MPI prober station Henkel
9:30 - 9:45 Coffee break

9:45 - 10:30 Presentation about R&S ZVA for active component measurements Henkel
10:30 - 11:30 Presentation CM+ Williams
11:30 - 13:00 Lunch (Casino)

13:00 - 14:00 Presentation/Demonstration CML Williams
1400 - 14:30 Coffee Break

14:30 - 15:30 Presentation about Waveform Engineering Williams

15:30 — 16:00 Final Discussion
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R&S Portfolio Network Analyzers

13 GHz
20 GHz
24 GHz
40 GHz
50 GHz
67 GHz
500 GHz

9 kHz
100 kHz
300 kHz
10 MHz
3 GHz
4 GHz
6 GHz
8 GHz

ZVAL10. ZVA24/40/50/67, ZVT20 with External Converters ZV -Zxyz

Top Class

Multiport & L N

Production T TP
LiasaltitaTattglitg

- General purpose
- High end production
- Muli-port

Compact
& Flexible

ZVHA4 [2 ports, N(f)]

ZVH8 [2 ports, N(f)]
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Amplifier Measurements
Overview

Linear Measurements

I Gain and Flatness

I Deviation from linear phase
1 Group delay

I Return loss/SWR

I Stability (k and )

I Power added efficiency

1 (True) Differential
measurements

I Hot S22

I Noise Figure Input

I Pulsed Meas.

I High Power measurements

ROHDE&SCHWARZ

Nonlinear Measurements

I Compression

1 AM/PM Conversion
I Harmonic Distortion
I Intermodulation

EGLISH I u 'l
'.I - 3
ﬂ S S M ..i.’ (el |

Micrwave Chip Amplifier

Output

COMPANY RESTRICTED

Amplifier Measurements 4



Amplifier Characterization - Examples

Tre20 dB Mag 10dB/ Ref0dB  CalPCal 4 dBMag 10dB/ Ref0dB  PCal
at: Tre11

Gain

Ch3 Start 1 GHz 25 dBm Ch10  Start -25dBm  Freq 1 GHz Stop 0 dBm

Tre22 dB Mag 10dBS Ref0dB  Cal PCal

c17 [ dB Mag 10dBYf Ref0dBm Chi13 =R ATrc21@511 dB Mag 10dBf Ref0dB  Cal Pcal
LR (4 dB Mag 10dBF Ref0dBm Chils

Input and
Output
Match

Harmonics

i 1 GHz 5 0 dBrm
g 1 0 dBm
w1 GHz Stop 0dBm g EERE Start 1 GHz  Pwr -25 dBm Stop 1.5 GHz

(INLNLND
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Differential measurements — Virtual and True

Trc5 dB Mag 05dB/ Ref9.5dB Chl Cal 5 of 16 (Max)
Trc21 dB Mag 05dB/ Ref9.5dB Ch2 Cal

VirDi mode

—11.0

— 105

o TruDiI mode

— 85
— 80
PORT 2
— 75 5/
N
Chl Start -25dBm Freq 2 GHz Stop -5dBm
Ch2 Start -25dBm Freq 2 GHz Stop -5dBm
PORT 4 Logical
Ny PORT 2
P
il 1 . .
ey differential
DUT
PORT 1 —
] 4—P .
il Logical
PORT 1
Reflectometer
)
Ref. Receiver PORT 3
— N
D S R N
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Amplifier Characterization - Intermodulation

Internal coupler used as

o : combiner to create 2-tone
- W B = |mme oo0 Slgnal

QOO O]
OO0 OO

Define Intermodulation Distortion Measurement

OO 0000/ N I Source Feceiver
L0 g%%% T B |Purﬂ - hMeasured Wawve Quantities:
[ [emen] ;

AtDUT Input: al

HRgEn o |M AtDUT Output: E_bE b

Ul
[ ]

00
tm'
U

U

U
'DD

Two Tone Outout |
? |P0rﬂ i Meas By |10 kHz I -.Jw

L I [ Configg Ext Generators. . ]

Measurement Bandwidth
must be < Tone Distance

Selectivity
Li=za Intemal Carmbinier @ Normal
(I High (Recommended)

Tone Distance: |1 MHz i: & Jv
cables to use ZVA's =

coupler as combiner

’ Define Mixer Measurement... ]
Pi Pout Prepare Measurement of I Order
[ SetFrequencies and Powers . | M3 [ls8 [J7 [
< _— _ — —_ Select IMD quantities via Measure : Intermod Distortion Quantities
ﬁ7r _ — b] Connect DUT inputto Port 1 Src and DUT output to Port 2 Row
f1 fo f ofi-f2 f1 f2 2f2-f1 f Lok, '] cocat ][ i
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Amplifier Characterization - Intermodulation

Treod dB Mag 10dB/ Refdr
Trcs [I0kIWI8) dB hag 10 dB S

M1 [1.002000 GHz -29.773|dBm

Ch¥  Start -25dBm Freqg 1 GHz Stop 0dBm § Chd  Start 1 GHz Pt -20 dBm Stop 1.4 GHz

b2 dBMag 10dB/ Refd dBm

hf 1
2

I N i |.i A | T -'||| I"‘ |'III1 ‘f. llu‘ A |IIII b ”'I i i Ay 7 1
|"h u\l M) ”I’] i |1"“|" f N WAL i [{ I Il.f'-..'”’l.|hl 14l “'ﬁ'lh \I 'ﬁl W’ \"e"ﬁ'fl | i Mt ||"”P' "'l' li f"a”lr'l
Arb PortAll Rec Start 9955 MHz Purr -20 dBim Stop 1.00
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Amplifier Characterization — Hot S22 measurement

I Driving signal from port 1
S,, Measurement signal from port 2

I Frequency offset between signals :
Selective receiver allows suppression
of f2 and measurement of f1

| I Nevertheless : Attenuators required
for reduction of f2 power

I Consider remaining directivity
I Isolator may be required

Power

. Af .......................... .l 322 under operating conditions

| I
Af ~ 1 MHz typ. '
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Amplifier Characterization — Noise Figure measurement

Simultaneous measurement with two detectors:

RMS Detector: ‘Signal + Noise’
AVG Detector: ‘Signal’ only

RMS und AVG
ZVA S+N S
r 1
SG NCOH#
@ ;
i
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Amplifier Measurements
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Noise Figure and Gain Measurement results

T Fle Trace Channel Display System  Window Info Help = x|
Trol [Rl=edd dEMag  Trc? EREENEE dB Mag  Tre2 DOl dBE Mag 1
Tred AR B Mag Treh B ] dB Mag
Gain | o : v M1 5500000 GHz 08025 dB
L i <M1 550000 GHZ 90 b |
Noise Fi ‘ S
OISE FIgUure f= — .
o e e
=l ____,_——_m___:ﬂ——ﬂﬁjw
20 e TR
=
=
_'-4|:| \\/
=50
60
L 70
Chl  Start 5 GHz Base Pwr 0dBm Stop 6 GHz
[(Wonnwni | LOCAL |
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Noise Figure Measurement

Specification in brief:
DC Voltage: 3V
DC Current: 14.7mA @ 3V
Input Power: -25dBm

Fle  Trace Charnel Display System  Window  Info Help _J@JXJ
DaE_ L Bandfir i B R R s s o Na e Rl [P L1 EandBriF2l dE Mag 0.2 dB/ Ref07dB WoalPoal Sma

Chi  Start 145 Pwr O dBm Stop 1.5 GHz Start 1.57 GHz Pt 0 dBirm

PCE_Band dBMag 0.2dBJ Ref0.7dB  NC
S O (N .1

L Gow =
f[MHz]: 1475
NF [dB]: <0.7
Gain [dB]: 19
GPS-L1 Band
f[MHz]: 1575
NF [dB]: <0.8
Gain [dB]: 19
PCS Band
f[GHz]: 1.93-1.99
NF [dB]: <0.9
Gain [dB]: 18

Pt 0dBm © Stop 189 GHz | Che  Start 1 GHz Pyt 0 dBIm
t ]
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Measurement uncertainty for NF

2¥AB-K30 - NF Error Estimation {Rev1.0) 8| -|O] =|

Feference Temperature [K]

Gia Gy
Go=1 - Gp=1 290
Fa Fa Fo an Mg ﬁ
ouT Feference Temperature Offset [K]
m 2500
Source Parameters: DUT Parameters: Receiver Parameters: Power Meter Parameters:
M, Saurce Mateh [dB] Noise Figure [dB] N/t Rieceiver Match [dB] Power Meter Match [dB]
< = I §.1_|:| _________ 5 ﬁ 30 ﬂ 30
Gain - 521 [dB
From NF Source NF [w/a At [dB] an- 521 [] Receiver NF [dB] Fower Meter Accuracy [dE]
1 1 15.00
Calibration___ | . ___|__ = L o Foic
|zolation - 512 [dE]
Source Atk Gan [dB] ﬁ 0
ﬂ 50 , Calculate RMS HF Error 0.32 RMS NF Emor [dB]
Input Reflection - 511 [dE]

=Bl .

Systern Model Infa Dutput Reflection - 522 [dB] Calculate Missing Gain for Desired max. RMS HF Error
ﬂ 10 Dezired max. RS Ermor [dB] bizzing Gain [dB]
QuIT
S0z 0.00

DUT Parameters
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Single Connection Device Characterization

All measurements
In a single
connection

1 No switches
required

1 No device
reconnection

1 Ideal for On-Wafer

and production
testing

ROHDE&SCHWARZ

[Trc1§F41 dB Mag 2 dBY Ref4dB  MCal PCal Emo

10dB/ Ref0dB Chi Cal
10dB/ Ref0dB Ch
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Ref. Receiver

High Power Setup

Generator

Ref. Receiver

Generator

Port 2 th
i with preamp
/ — b2 /
v s21
: Calibration :
> Bias T Wl = - !
7 : Plane : s11
s i &
b ' !
i | [
Y < T <| I
____________________________________________________________ | | !
. Port 2 Port
i‘ b1 /" out lin
7 7: 7
i al 4
- /
> Bias T ol = = 7;:
Port1 Amplifier
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Amplifier Measurements
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After Power Calibration
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How to keep the Power constant during Measurement

Typical Application: Use of booster amplifier for high power levels

I Necessary for high power levels esp. at high frequencies
I Amplifier in the source path
1 All calibrations possible

Meas. Receiver
<
I Power change does not affect
- - Ref. Recei |
calibration o TeeevE ]

Generator —»— F Bias Tee <PORT 1

Typical problems:

1 Thermal drift changes power |
level versus time )

1 Matching of DUT different to calibration state

ZVA Solution:
1 Use of automatic level control (ALC)
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Typical Problem with other VNAs

1 They use analog ALC (automatic level control)

1 They use a power detector at output of source amplifier to measure

Pout

1 Analog control circuit controls source power

Problems :
1 Not possible to control the Lilier ke Mon . Reciver M
power of a booster amplifier arpfier Ref . Recelver O
o e
1 Thermal drift of booster i Booser
. . . . amplifier
amplifier requires recalibration conire *"'—'f R R
level
detectar

ROHDE&SCHWARZ Amplifier Measurements

18

COMPANY RESTRICTED



Special digital ALC in ZVA

1 Additional digital path of ZVA for Automatic Level Control

1 Measured reference signal is used for level control

ZVA Meas receiver |« {1
1 =
Digital i -
o éguwc - Ref receiver '—|:|—|
@—‘ [_r| N {:Pnn'r

soUGe .
amplifier Booster
amplifier
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Special digital ALC in ZVA

1 Use of reference receiver takes booster amplifier into accout
= No time dependence

= No drift
= No recalibration necessary ~ =— : =
| ALC Config (Ch2) | & |
I Uses selective reference receiver || |Pt AC ool - Setpar?te ¢ N
. . | Ivation for
= No influence of harmonics 3 13 activatio : oreac
o . Port 1 [ port possible
= High linearity 4| [Pet2 [
. . hdB
= No influence of noise {3 N =

1 Access to all parameters of
control logic

V| Couple Port Settings

" | Show Advanced Settings

| Close | [ Help |
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ALC Advanced Settings

1 ALC in the POWER menu of the GUI
Control range ( £) No control during

measurement

Port specific

Channel

Restart
Average

Port ALC 4 Control Clamp | ALC Path IF

Start Vzile
> Bandwidib

0 Farge o/ | ol e
Fot 1 []

Cj:l_lr(li:g Automatic or
used defined
ALC OF ALC RBW

Start with offset value
Use previous value Tolerance
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ALC Concept

offset

Start Valus
| Offsat !Lulhu'

Pats [
Pot 7 5d8 [

Potd []

L] F———
| Piease perform a source power calibration for all ALC ports h
(7] Couple Port Settings Setting Tolerance: +/ 0,148 (@I

target value

settling tolerance |_—
\ clamp ALC

start of measurement
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Example for ALC

Typical overshoot due to
P default settings
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Example for ALC with offset and control range setting

ALC ON &
OFFSET -3dB
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What are the Advantges of ZVAs digital ALC

1 Highly selective, immune against distortion signals

1 No intermodulation as with other VNA's diode detectors

1 Highly linear, as linear as the reference receiver

1 Unmatched performance also for higher frequencies

1 Works espcially with booster amplifiers

1 Control circuit parameters as gain and delay can be modified if
necessary
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Thank you for your
attention

1950 : World s first Vector Network Analyzer
- made by R&S

Direct display of S-Parameters
in a complex plane

> 50 years of experience in network analysis
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