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Introduction

Introduction

Required Energy for Basestations in 2010 in
Germany =

H 3300 GWh in 2010

B This is 50%b of the small Nuclear Power Plant
Isar 1 (6200 GWh)

B This is 100% of the big Water Power Plants
O Altenworth (1970 GWh) and Greifenstein (1720 GWh)

B Urgent need for Basestations with improved efficiency %

data from Infineon [1] b 10
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Introduction

@ Designing RF front-end

\,/ Antenna

application

Figure 1 Typical TIR Switch in a typical IEEES02.11

@ Base-station example

Typical Base Station Prx

Non Critical Equipments Radio Unit

=
75% Efficiency
0% Efficiency
WiMax-100W
UMTS-100W

75% Efficiency
Base Band Unit

0% Efficient

iin parallel power path

in series power path

n, [

Architecture and efficiency [2]

Power Amplifier incl.
Feeder

50-80% (65%) | Air Condition

10-25% (17.5%)

Signal Processing
(Analogue + igital)
Power Supply 5-15% (10%)
5-10% (7.5%)

Energy consumption = 6 kW [3]
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Large Signal Characterizations

Receiver

///
N

Setups are provided by tuner manufacturers :

e Maury Microwave (CAlifornia)
e Focus Microwave (CAnada) N
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Load-Pull Setups

GPIB

Power Meter Wiy 5
i
’ [ -T : L. s
v | , S e ‘
—r LI 120 )

Load Pull Measurement setup

Integrated 2-40GHz Noise and Load Pull Test System

Limits of powermeters based systems :
® Zin|pyr is not measured
@ Measured Input power is an Available Power
@ Measured Gain is the Tranducer Gain Xy
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Load-Pull Setup for modeling

RECEIVER

o=@

We need a 4 input receivers system to get V/I or A/B waves as
close as possible of the DUT

Y
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RF Time domain receivers

Sampler based (LSNA) :
e MTA : Microwave Transition Analyzer (Hewlett-Packard)
@ LSNA : Large Signal Network Analyzer (Hewlett-Packard)

Mixer based (NVNA) :
e PNA-X (Agilent)
@ ZVxPlus (Rohde & Schwarz + NMDG)

Scope based :
e MB20/MB150 (Tektronix + Mesuro)
@ ScopePlus (NMDG)

W
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Sampling Approach

The Scopes : The Time Approach

@ Real Spice-like analysis

@ Complex Receivers (Interleaving Sampling)
@ Memory Allocation Limits

o Not fitted for sparse signals

v

The NVNA : The Frequency Approach

o Compressed Acquisition (dedicated to Sparse Signals)

@ Fourier Analysis limitations
@ Sequential measurements

@ Dynamic Loss for modulated signals

\

W
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Sampling Approach

The Subsampling : The Time-Frequency Approach

o Compressed Acquisition (dedicated to Sparse Signals)

No Fourier Analysis limitations

One shot measurements

No Dynamic Loses for modulated signals [4] [5]

Very simple and robust technology (HP8510 samplers!!) [6]
Tracking and Hold Amplifiers can be used for that [7]

W
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About dynamic in pulsed mode in frequency domain

The Mixer Approach : [8]

4 + Profile Pulss
E+ F ‘MunndS:gnl
3 —_
sl 1 of 1
. T Voul o % BiasPulses
ol 1 o 1 :

2
T
Pin the pulse — Pcentral frequency - (;)
T
Adyn = 20log;, (£)

%
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About dynamic in pulsed mode in time domain

The Sub sampling Approach : [4] [5]

! 1AdeF

RF

OnT Ty
Off LLLLLL

Array of 27
ADC samples

No dynamic lose
150ns pulse profiling presented in [5]

W
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About RF scopes

The data issue :

A 1 second frame sampled at 40 Gsample/s on 10 bits requires 50
Giga byte!!l

N

The technology issue :
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Vectorial based setup

@ Generic Measurement Setup

U y VU o
ol o o]

RF
> o
+ e A
e - 1 vy ?

44‘\

Xgr (f)
Xpr (f)

)

(1) = I 2T it (=0 (t—kT) %
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LSNA calibration [9]

N &
§ 3
N S 8 Error Terms Matrix
A T
¥ ¥
‘ R3 R4 a, 1 B 0 0](RL
b, -R Y, & 0 O0]|R2
= = a, "0 0w, B,||R3
bl On wafer 0 0 Y2 82 R4
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_— Det[T]=1 o ()(B(f)*ﬂ(f)v(f)
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Compact HEMT Model Extraction

Device used : 15 W GaN HEMT from CREE CGH60015D

Characteristics of transistor used:

Vge>100V
Rdson~ 2 ohm

Cds=0.9 pF

Cgs= 8 pF Device size 2mm
Rg=0.5 ohm

AN N N NN

N
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Modeling Flow

| Modeling process
Nonlinear capacitances f§ Thermal model Trapping effects

Small Signal Model

N
Ri Ds=iovgs) Dgs=f(Vgs)

Cds
Rg T DEa=fvgd) Dgd=f(Vgd)
'59 Bai } —— T Tds=IvesVET) — Ids=f(Vgs_trap,Vds,T)
Ls"ﬂ Bd. } [ Cas=t(Vgs)
Cpd ;g L Cgd=f(Vgd) Rs=f(T)
K R
K} Rd=f(T)
Rd Rgd=A(T)

W
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Non linear Capacitances

Capacitances (" Equations =

/Cgs et Cgd extracted from [S] —— somers
parameters along the optimal — veen P sooena
load-line e

. A spers x
. ) R T RN —— e §
— /& . oy -1 & - v 2 o zumm
Load-line for Cgs and Fﬁ:" cga_1D i
0l Cgd extraction 00 v
i e . 140E13 ‘
o . s p et }
o e | point — A s g
. e scots & |
’ — n‘msm
3Cgs=f(Vgs) Cgs=C0+(C1-C0).(0,5+0,5.tanh(a.(Vgs+Vm)))
3Cgd=f(Vgd) J \_ -C2.(0.5+0.5.tanh(b.(Vgs+Vp))) o

Y


http://www.xlim.fr

Modeling HEMTs
0000

Model in Agilent ADS

Classical Non linear Model

- Linear element

Cl Nonlinear element

N
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Large Signal Validation (Class E) [10]

Input and output couplers for wave probing

/\
T

b1

Time domain wave forms LSNA
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Harmonic Injection PA [11]

Impact of the gate-source voltage on class F and F~!

o Cree 15W GaN HEMT @ 2GHz

@ Gate voltage shape leads to the aperture time of the
drain-source current

@ Ipc is then reduced

@ This method is compliant with class F but not class F~!

4

Requierements for such investigations

o On-wafer Multi-harmonic time domain measurements

e Compact modeling (de-embedding)

W
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Time Domain Waveform Measurement Setup

de-embedding

1
1
1 ! -
1 1
i | | i ) I 84 GaN
i : / e < HEMT
| quasi-intrinsic plane 1 > #q de
i i '
1 1
1

= gr]-xv'ailer ref. planes

fund 1
fraquency generator
Senomad hammomnic
generator

'
phase shifter alm bim a2mb2m

attenuator LSNA measurements

W
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Measurements Results : effect of injection [12]

7 1 60
< s
© 2
- E e
= £ 5
= £ 2
@ oy I
o a 2
> g S
T 2.
= 5
= S
3 s
- T T T T T T T
0.0 0.2 0.4 0.6 08 1.0 0.0 0.2 0.4 0.6 0.8 10
time, nsec time, nsec

@ (1) Optimal second harmonic injection at

- 25 points .
the input.

@ (2) Input second harmonic terminated into
509Q.

PAE (%)
8
|

R e e e

10 15 20 25 30 35 40

Pout (dBm) Y@
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Design a 2 stages PA by waveform engineering [13]

Two demonstrators have been released
e (a) is a single PA.

@ (b) is the same PA including a second harmonic injection
(driver).
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2 stages PA topology [14]

Vg.?ﬂ‘J':-Z‘ OV Vd,;D.]=7V

Cd
Cd | Input
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Measurements results at 4dB compression

Measured results (two stage)
wuuwunmnnn Measured results (one stage) »
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HIP Measurements results

Vds, driver (V)

T T T
0o 02 04 06 08 10
Time (nsec) Time (nsec) Time (nsec)

Vs (V)
Vgs (v)

4
2]
o

2

P

©

=
10 4
12

e 18GHz imporant 2T 0 e
26Hz spreading of the
oo 220k ondime

@ Top : Comparison Measurement/Simulation on Q1 drain, Q2
gate and Q2 drain voltages.

@ Bottom : Gate voltage of the power stage vs. frequency.

%


http://www.xlim.fr

HIP experiments

Signal Integrity with High Impedance Probes [15]
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System Calibration

1. NVNA calibration (LRRM) 2. Calibration with 1 HIP

* HIP @ ref. plane
* « Sweep-sin »

* Measurements :
>V, (NVNA calibrated)
> Vyp (raw data)

Measurement of 2 voltages
vy [K, 0 o o] (n
il 0 K, 0 of]r2
- L]
v2 0 0 «

2) o o0 v, 8|4

vi(t) < vi(t)
i1(t) < v2(t)

W
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Waveform Checking
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Stability Analysis

Spectral Analysis
OUTPUT
ofa | |
oW Power Amplifier | | | | 1 |
Stimulus fy 28, 3f 4
@f,

HIP enables easy detection of oscillations
NVNA enables phases measurements

8

KNOWLEDGE OF NONLINEAR PHENOMENA
OPTIMAL DESIGN FOR POWER AMPLIFIERS

%
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Reliability Analysis [16]

vi

v

v

Vi

HIP experiments

Vi

o

0]

s

o]
ANV S A A A
segsggees

time. soe
2
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Harmonic Balance
°

Measurement Based Waveform Engineering of SSPAs

Analysis...
Identification...

of

DYNAMICS
NONLINEAR
PHENOMENA

Understanding...

SIMULATIONS MEASUREMENTS

- Tim ain Time domain Ti omain
In ion consistency Chgfalgrization
Harmonic
- Balance Time & space
+ domains NVNA+ HIP
Envelope consistency
Transient

.

Optimized designs of MMICs

W
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Using ADS for measurements

External Software are supposed to help the custumer.
o Agilent IC-CAP (HEMT Modeling - Agilent)
e IV-CAD (Data display and Modeling - Maury)
@ Load-Pull Explorer (Data display - Focus)

But the final design tool is Agilent ADS. You should forget about
S2P files and only care of dataset...

W
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Using ADS for measurements : [V-[S] measurements

DC Bias Values

1.8 ‘

>0 |E|E | | B

2

5

O
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Using ADS for measurements : HEMT Modeling

View_Intrinsic [intrinsics]:9
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HEMT Modeling

EE- LI
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Using ADS for measurements : HEMT Modeling

[1V_prj ] MODEL_Simulate_s * (schematic):s
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Using ADS for measurements : HEMT Modeling

BOULDER_simulate_s* [IV]:4
Fle Edit View Insert Marker History Options Tools Page Window Help
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Using ADS for measurements : HEMT Modeling

BOULDER_simulate_s* [IV]:4
File Edit View Insert Marker History Optmns Tools Page Window Help
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Using ADS for measurements : HEMT Modeling

BOULDER_simulate_s* [IV]:4
Fle Edit View Insert Marker History Options Tools Page Window Help
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Harmonic Balance
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- Large Signal data display
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Conclusion

Conclusion

This presentation was about all ther design flow in RF design.
@ Intrumentation
e HEMT Modeling
@ Design Topology

High efficiency power amplifier designs are related to time domain
waveform. Characterizations, modelings and simulations have to be
self consistant in a time domain analysis.

%
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