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Abstract

Next generation communication radio systems are
designed to use highly linear but lowcost power
amplifiers in the Ka-band. To serve this demad, United
Monolithic Semiconductors has developed a0.15um
GaAs power pHEMT process offering outstanding
transistor level linearity while maintaining state-of-the-
art RF power density and gain performance up to
40GHz. This technologycalled PPH15X%20 can be used
in low-costmolded QFN plastic package without any RF
performance degradation. In this paper, we want to
present the key figures of merit of this technology
including two-tone onwafer linearity performance.

INTRODUCTION

Today’s marketalreadyoffers power amplifier products
in the Ka-band with good linearity and gain performance

TABLE |
TypICAL DC AND RF DEVICE PARAMETERSOF PPH15%20

DC Parameters(1x100um Device)

Parameter Name Values Units
Maximum Drain Current Ips+ 570 mA/mm
Drain Saturation Current Ipss 350 mA/mm
Maximum Transconductance Gnax 480 mS/mm
Threshold \bltage Vg.100 -0.95 V
ThreeTerminal Breakdown Vebps >12 Vv
GateDrain Diode Breakdown Veep >-13 \

Small-Signal RF Parameters(2x75um Device

Parameter Name Values Units
Input Capacitance Cin 130 fF
Feedback Capacitance Ci 15 fF
Output Resistance Rout 400 Q
Extrinsic RF Transconductance Gime 60 mS

sening the demand for next generation communication radioln comparisonto the first generation technologyalled
systems [1,2]. However, these products have a major PPH15X%10 [3], the gate module has been modified. A big

disadvantageelated to the neefbr humidity robustness

part of the SiN used for device passivation has been replaced

while maintaining good RF performance. Therefore, theseby a low dielectric material around the gate. This

productsneed to bgut in very expensive hermetic air cavity
packagesThis is necessary sintlee RF performance of the
chip would be significantly degraded when adding a final
chip protection layerSuch achip protection layer is needed
to protectthe chipagainst humidity andor compatilility
with cheap nothermetic molded QFN plastic packages.

To satisfyall of therequirement®f a low-cost molded QFN
plastic packageincluding good linearity gain performance
and robushess against humidity UMS has developed a
second generation of its 0.15um -Kand GaAs power
pHEMT technology, called PPH1520.

TECHNOLOGYDESCRIPTION
The PPH15X20 technology utiliezs a classical

pseudomorphi@lGaAs/InGaAs/GaAslouble recess HEMT
structure. The 0.15unT-gate is formed by a dielectric

modification leads d a significantly reducel feedback
capacitance redudng the influence of higher level SiN
layers on the smalkignal capacitanceand supports the
robustness of the device against humidBesides thse
positive effecs, this kind of gate passivation eliminates t
negativeimpact of the final chip protection on the intrins
capacitances of the device which typically causes
degradation of the overall RF performance of the device.
Additionally, the process offers two interconnect metal
layers where one can be apnally reenforced for higher
current density capabilitygs well as two thin film resistor
layers with 30Q.- and 1000Q, respectively.Furthermore,
two capacitor densities with 260pF/rhemd 625pF/mrcan

be integratedWhen chips are put intnorthermetic plastic
or aircavity packages, a finahip protectionis offered.The
backside process is a 70um process with indivitualugh
wafersourcevias.

assisted gate process. It is designed for an operation voltage

of Vpp = 6V. The typical electrical DC and RF device
characteristics are summarized in table |
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RF DEVICE CHARACTERIZATION To assess the largggnal RF characteristics of the
technology, ofwafer singletone loadpull measurements
SmaltSignal Characterization: have been carried out. These measurements have been
To characterize the gain improvement achieved mainlyperformed on a representative 8x75um device -4sitrip
by the reduction of the smadignal feedback qecitance,as configuration at the desired operation voltage g ¥ 6V.
described in the section beforeafers with and without Theonwafersingletone loadpull measurements performed
final BCB protection have been characterized by S at 26GHz depicted in fi@ give a power density at thedB-
parameter measurements up to 50GHz. The maximum gainompression pot of P;gg = 750mWmm. The linear power
MSG/MAG has been calculated from thesgp&Bameters gain isG, = 11dB and the peak Power Added Efficiency is

well asto two commerdal technologies The results are
depicted inFig. 3.

and plotted versus frequencyhig. 1. Neae = 48%.
30 — Two-Tone Linearity Characterization:
] \\ The onwafer twotone loadpull measurements have
25 \ been performed atOGHz with a tone spacing of 10MHz. To
| determine the twdione linearity performance represented by
o 20 BN the thirdorder intermodulation distance IMD3, the IMD3 is
o \ plotted versus the respective tteme output powerThe
§ 1 \\ resultsare compared to the first generation technology as
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Fig. 1: MSG/MAG determined by parameter measurement up to 50GHz — T OGS <\
performedon a 8x75um device aty= 6V. é 50 5 N
As can be seen, the smaijnal RF gain is not impacted by é 40 g '\'\‘_
the BCB protection. Whereas the first generation technology = 30_; — PPHI15X-20 \\\\
clearly showsa RF gain drop by approx. 0.5dB whtre 1| - PPH15%-10 N
final BCB chip protection is applied. €hgraphalso shows 204 - - - Commercial Supplier A )
the clear gain improvement by 1.5c3 compared to the 1 Commercial Supplier B '\
first generation technology due to the reduction of the 100 = 55 = 130 = 1!5 o s

feedback capacitancg.C = [dBm]
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Fig. 3: Two-tone linearity performanoeersus output poweat 10GHz and a

Large-Signal Charaterization: tone spacing of 10MHz measured on a 8x75um devicgst V.
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Fig. 2: Load-Pull power performance at 26GHz measured on a 8x75um Fig. 4. Two-tone linearity performanceersus power baekff at 10GHz
device at s = 6V. and a tone spacing of 10MHz measured on a 8x75um devigg atow.
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It can bee seen that PPH12R is presenting a very linear ah.

IMD3 performance up to the output power compression .,
level without any sweetpot formation. Especially in the 18
rangeof 6...8dB PBO towards R the technology is even ;2
showing slightly bter linearity performance thaall three 00 p—rfet e e ==
compared technologies, as can be seehigt where the = =
IMD3 is plotted versus PBOrhis area is of special interest -1s
for the design of highly tiear PAs for communication o5 L[] | |
applications since the designs are optimized in this PBC 1 0 0 1000 10000
region to achieve good linearity at a reasonably high outpu Tima
pOWGI‘ Ievel hasm dev  SFF A9 o0 A3Q ¢ ADB R AIT b pgm RBRTAZ
To investigate the impact of the final BCB chip protection «fez
layer on the linearity performanogevices with and without 20 :
final BCB protection have been characterizedtlg-tone :i |
loadpull measurementsand compared.The twotone 05 !
linearity results shown ifrig. 5 prove that the final BCB o 2= = 1 ||
chip protection does not degrade the linearity perfomance _io e
either The small difference observed here is well within the -5 i '
the measurement accuracy of a #wae loadpull system. =
1 k] o0 1000 10000
70 . . . : : : Time:
1 ~ . MNumdey  FEE AZD oo AR) TP ASE YTV Ay  S90 A RERTAZ
60 NS Fig. 6 RF gain and output power interim measurementsHf@L test at a
S junction temperature of 270°C for 2000h.
= 50 Na - To assess the robustness against humidity, full MMICs have
Q 40 \\ been tested in an open package in biased temperature
- \ humidity tests (THB). The test conditions are a case
S 30" \ temperature of § = 85°C and a relative humidity of 85%
= Y while the devices are biased absv= 6V with a power
1 \‘\ consumption of P < 200mW (according to JEDHES[®2-
20+ "—— with BCB chip protection V A1010) [4].
Tl--- ‘without I?CB chip‘ protedi?n \
1 T T T T T T T T T T
oo 5 0 15 20 25 3 . :
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Fig. 5: Two-tone linearity performance abDGHz and a tone spacing of 10}
10MHz measured on a 8x75um device g ¥ 6V. ﬁ_“ ]
—051 e bt — 1
This investigation highlipts the factthat the intrisic RF :;“ 1 e
performance of the device is not impactdll by applying 207 1 !
a final BCB chip protection. To this end, it can be stated, ~*** = ¥ H
that the performance ia QFN package is also unchanged : g T:; - "
when the chip is overmolded. Mamdev EEEAD  CooAD  GeSAB  TITAR  00¢AR
= seepg A3 RERTAM RAERTA?
RELIABILITY ASSESSMENT e S
Longterm acceleratedlife tests on singlatage 50Q- ¢ 1
matched amplifiers called DECs have been carried out t¢ g | Z
assess the reliability of the process. An example of RF gair -es [ — S e L L (1]
and output power interim measurements duriktf®L test = i _ i EEEil
at a junction tempatue of 270°C is plotted ifrig. 6. iy ' - _ ' ; _
The output power degradation during HTOL tests is the ; & 6 frm e
limiting factor. The MTF of this test i§5q = 1980h for a Time
failure criterion of 1dB output power degradation. Based on Numdev 1M1 AD A GODAB  TTTAR  000AB
. - . . . . . v a0 BEE TAM BRRE TAT
preliminary lifetests at different junctiotemperaturga life Fig. 7: RF gain and output power interim measurements BB test on
time of more thar0 years has been extracted. full MMIC chips using a final BCB chip protection for Q0h.
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Fig. 7 shows the interim measurengof RF gain and DEC: Dynamic Evaluation Circuit

output power. Overthe test duration of 1000h no HTOL: High-Temperature Operation LHEest
catastrophic failures have been observed. This test THB: TemperaturéHumidity-BiasedTest
demonstrates the high robustness of the process against

humidity. Therefore, it can be used in Hoermetic

packages like molded QFN without any humidity issue

CONCLUSIONS

A second generation 0.15pma-band GaAs power
pHEMT technology has been present&étde technology is
developed for the design of highly linear power amplifiers
for communication systesrup to 40GHzThe RF power and
linearity characterization has demonstratisirablestate
of-the-art performance competitive with the best
technologies on the market. It has been shown that the
processhas improved RF performance argl compatible
with a final BCB chip protection without anpegative
impacs. Furthermore, humidity testsave demonstited a
high intrinsic robustness of the process against humidity.
Finally, it has been proven that UMBPH15%20 process is
highly compatible with lowcost molded QFN packages
without any performance degradatiowhile maintaining
robustness against huritidin these norhermetic packages.

To the best of our knowledge, this is the first technology
available on thevorld-wide marketoffering outstanding RF
performanceup to 40GHzin low-costmolded QFNplastic
packages.
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ACRONYMS

HEMT: High Electron Mobility Transistor
BCB: Benzogclobutene

PAE: PowerAddedEfficiency

IMD3: Third-Order Intermodulation Distance
PBO: Power BaclOff

PA: Power Amplifier
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