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LEADING BEYOND S-PARAMETERS

Large-Signal Measurements

The Impact on Transistor Model Improvement



* The need for accurate models

 The model extraction process: what is missing?
« Large-Signal Network Analysis in a nutshell
 The calibration process

 Sampler-based and Mixer-based LSNA

« Model verification through LSNA measurements
« A Case Study

e Conclusions
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The Design Process and Need for Accurate Models

Model :—>—>
|deal:
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« Measurements correlate with simulations
* |In alinear environment, S-Parameters are an excellent example

The real world for non-linear characterization:
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* |nsufficient models

* |ncomplete information
 Poor correlation between measurements and simulations
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DC IV Characterization

Static Behavior i,
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But: changing DC IV characteristics
» Heating effects
» Trapping effects

Solution: Pulsed DC IV characterization

[ ] (=] | 1E

But: What under RF and modulated stimulus?

“Function of

temperature”
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S-parameters at different bias points

« Small-Signal Dynamic Behavior + Extensive Model Knowledge
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« But: changing characteristics
» Heating effects
« Trapping effects
. “Function of
» Solution: Pulsed S-parameters and pulsed DC temperature”

 But: What under realistic RF and modulated stimulus?
« How well does one know the model?
» How to verify or certify the validity of the model?
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Model Verification Techniques

« Design, manufacture and test under realistic conditions

HP EE sof Signal Processing/System_level_example/Receiv
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hstument  Down to ital strument . ~
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 Load-Pull characterization at device level

n{QEiIe Edit View Setup Calibrate Measure Window Help _|ﬁl|

E= = S = L

Fout max¥ = 4.98 dBm
at 0.6125< 164.34
Power Block Dlagram 5 contours, 0.50 dBm step
(2.50 to 4.50 dBm)
(<39 max = 4.95 dE
POWer at 0.6125< 164.34
S contours, 1.00 dB step
(0.00 to 4.00 dE)
O I Eff ma. §.88 %
n y 0.6285< 165.71
5 contours, 2.00 31l
(0.00 to 8.00 %)
Specs: OFF
Label:
FET

“What happens at the transistor?”
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Direct Design Techniques

« Source- and load-pull- characterization
* Absence of good models
 Difficult to extract good model parameters
e Mainly power information

Fixed Load Full

Pout wax = 4.98 dBm
at 0.6125< 164.34 @

5 econtours, 0.50 dBm step F h

[2.50 to 4.50 dBEm) Or eaC

Gt max = 4.93 dE - J)
w 0.s125e a0a.01 input power

5 contours, 1.00 dE =step

[(0.00 to 4.00 AE)

Eff max = §.98 %
at  0.62§5< 165.71

5 contours, Z.00 % step

(0.00 to 2.00 %)

« But: What under modulation stimulus? LFrge-Slgnal
Small-Signal |

e A [ e i
, CH i A e
& D i T

—

0 0.1 0.2 0.3 0.4 0.5
March 08 © Copyright 2008 SANMDG



Component Characterization Setups

o / Active / Power
50 Ohm Termination @—// // 1 Meter

Linear Compression
Vect twork Anal '
ector Network Analyzer S-parameters Delivered Power

Power Meter
HF
_J / Active / Spectrum
-/ HE A Analyzer
/ /
Active Power
HF Meter

Harmonics
Compression

Active // | Power
H 7 Meter

Power Meter

I Harmonics |
- = In-circuit
Active Spectrum . )
||
®_ _J Analyzer Oscilloscope Inspection
Different Setups
- . - for different aspects
Vector Signal Active Vector Signal without systematic approach
Generator HF Analyzer
Spectral Regrowth How to help the circuit designers,
needing good models?
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Component Specifications

Device Under
Test
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Large-Signal Network Analysis in a nutshell

“Complete insight in large-signal behavior”

Measurement System

Realistic Realistic
Stimulus - Stimulus
"4 a,| Vv

1 a1 Transistor 2|72
. RFIC .
/ 1 b1 System b2 | 2
® Representation Domain||e Physical Quantity Sets ® Analysis
F_requency () + Travelling Waves (A, B) g (V1,V2, i1, i2’ { | f) -0
Time (t) * Voltage/Current (V, 1) o
Freq - time h(V1,V2,I1,12,t|f): 0
(envelope)
< >
Characterization Analysis
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HF Calibration

« Relative calibration, similar to VNA calibration
« SOLT, TRL, LRRM ...

 Absolute calibration

» Power Acquisition
A
TLy Il
{fo, 2, ..., n 1o} Power Meter 50 Ohm
fo=1GHz
 Phase
Acquisition

50 Ohm Harmonic Phase 50 Ohm
Reference
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Sampler-based LSNA

r1MHz 1MHz 1MHz
I I I
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Mixer-based LSNA

Network Analyzer

df GHz

1 segom L

- Port 2 Input2! 1 RefChannel

4@ DUT 5 GHz Synchronizer “Fixed Phase

‘ I Relationship”

1 GHz R 5 GHz P
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 Measuring frequency per frequency
* Synchronizer relates the phases at the different frequencies

MAURY MICROWAVE

CORPORATION
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Model Verification using LSNA and CAE

Measurement il <t)t I iz(
[

. MODEL -

MODEL

S
= Measured bl(t) F2<t)
E— Simulated
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Advantages of Model Verification with LSNA

 The complete voltage — current state of the transistor is measured under
almost realistic conditions and is used for the model verification

« All uncertainty related to interaction instrument — DUT is eliminated by using
the complete measurements as stimuli

* A good model allows to simulate the voltage — current behavior for the
measurement setup is easy to expand to simular setups
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A Case Study

EPA120B-100P Excelics Semiconductor
Heterojunction Power FET

+29 dBm Output Power

11.5 dB Gain
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DC Characterization
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Model Verification Setup in CAE
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Gate and Drain Voltage - Current under matched conditions
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Gate and Drain Voltage - Current under matched conditions

wii| Flattened2PortExperiment® [Waveforms f Spectrum f Dynamic loadline]:1
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Dynamic loadline, Gm, input capacitance under 50 Ohm

_ﬂ' Flattened 2PortExperiment® [Waveforms [/ Spectrum f Dynamic loadline]:1
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IV Coverage
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= Flattened2PortExperime aveforms / Spectrum / Dynamic loadline]:1
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Voltage — Current behavior in non — 50 Ohm

Ole|E|@| b 0] 9 @@

Q
ModelYerification - ‘ ‘ ‘

q|@ed]| <> X
BEN=] e =]

L' | v
k o Measurements 1
AT Simulations Votage and Current at both ports - Time Domain
E Yoltage at Port 1 Yoltage at Port 2
[ii] [1E]
HHH g g
v = s
1-2||||||||||||||||||| T T [ T 1 T 1 T T 1 1T T 717
o [ = o oo - - - - —_- [ o [ = o oo - - - - - [
\ = B R R R R B & B B B = B R R R R R & B B &
5 L L L b b b b b b 5 L L L b b b b b b
{> Time (s) Tirme (s}
/I> Simulated - Measured DC Valtage Porti Simulated - Measured DC Voltage Paort2
I:l -0.600 +j0.000 -0.600 +j0.000 3.985 +]0.000 3.315 +]0.000 =
A current at Port 1 . Current at Port 2
= T 02
= o
@ 2 ]
= 8 o1l
] 4
o e D D A .'r, L ." o)
DD1D I|I|I|I|I|I|I|I|I|I OIJJI_Llaljlaljl_l\l_l\lLlLlle
= b2 g @ o by = - by = b2 o o o o o =] 5] I m o =1
[=) ) ) ) ) [=] b2 o o oo o m m m m m m m m m m
mom @ @ @ momom A 2 2 5 & b b b b b b
Time (s) Time (5)
Sirmulated - Measured DC Current Port! Simulated - Measured DC Current Port2
0.000 +jo.000 -1.276E-6 +j0.000 0.139 +j0.000 0.153 +j0.000

v

March 08 © Copyright 2008 NNMDG




Dynamic loadline, Gm and input capacitance in non 50 Ohm
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Conclusion

Enhancing a VNA with nonlinear measurement
capability, allows the foundry to certify their models
under realistic operating conditions at a marginal cost
compared to the risk of a re-design
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