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Abstract—The effects of the gate recess topologies on the TABLE |
linearity performance of PHEMT's have been investigated in Ka MAIN DC AND SMALL SIGNAL CHARACTERISTICS OF THESINGLE AND
band. The letter highlights the reasons why, at a given output DOUBLE RECESS
power level, the double recessed device exhibits a very large
improvement of its intermodulation performance as its drain (nbmn) Ve(V) | Vbr(V) | Vbr(V) | Fr(GHz) | FnadGHz)
source bias voltage is increased whereas its linearity is inferior to Ves=0.5V |(Vps=3V)| diode |open channel | (3V;-02V) | 3V ;-0.2V)

that of the single recessed device at low drain source bias voltage.
The effect of the load impedance on the linearity behavior has also
been investigated. At a given output power the load impedance Doublerecess| 3560 06 93 8 55 140
contour of the double recess structure is shown to exhibit a much :
more large variation of the intermodulation ratio than that of the
single recess structure.

Single recess 580 -0,65 7 4 68 133

56

|. INTRODUCTION 50

ITH the development of local multipoint distribution " '"\.

(LMDS), there is now considerable activity in Ka band. | .
Communication services, such as television, video on demand, 40 ; : .
distance learning, Internet access, etc., are at the basis of this v,
one. This tremendous need has created considerable interestin g N
the development of Ka band power amplifiers. On the other 530 AN '-‘-
hand, modulation schemes such as quadrature phase-shift = 25 : \\ L
keying (QPSK) or quadrature amplitude modulation (QAM), ' \ u
used to handle high capacity data transfer, require from these 20 4 '
amplifiers to be very linear [1]. In this context, a good under- 5
standing of the technological parameters that determine device ; ; Pout (dBm)
distortion characteristics is necessary. The linearity behavior, 10 : ' + ‘
in terms of third- and fifth-order intermodulation (IM3, IM5) ez 4 8 8 M0z

and intermodulation ratio (IMR), needs to be correlated with Lt dulati i ot evelat — 3V and
. . . . | . ntermodulation ratio versus output power levevgl = . an

the main device pr_ocess paramejters. This letter deals with [5!%: —0,2 V (dashed lines) single recess (solid line) double recess.

problem and provides a comparison between two PHEMT's,

which essentially differ by their gate recesses. One has asin (le%/ice with a single recess the distance between the gate edge

recess, the other has a double recess. Both of them exhibit The, . N

same drain-source spacing, gate length and total gate width gnd the edge of the cap layer, usually ne_lmed ungated recess,
’ is of about 30 nm. The double recess device has the same narrow

gate recess as the previous device, but with in addition a second

wide recess of 1000 nm centered on the gate.

The devices have been achieved on usual PHEMT epilayers,
on GaAs substrate, with delta doping, and exhibit a drain current Ill. RESULTS
density at open channeV{;, = 0.5 V) around 600 mA/mm.

: . . . As it can be noted in Table I, the maximum drain current den-
The 0.25;m gate is centered in the drain-source spacing agﬂies (atV/,. — 0.5 V) and pinch off voltages of the two devices
in the recess. Same total gate width2o0f 75 m have been gs =19 P 9

; . ! ave the same values. As it could be expected, the breakdown
used for this study. The operating frequency is 26 GHz. For tetenltages, defined at 1 mA/mm gate current either in diode (with

source floating) or in transistor configurations, are better in the
Manuscript received March 9, 2000; revised May 24, 2000. _ case of the double recess. Indeed, at same bias conditions, this
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—0.2 V. Under these conditions, its maximum power density

Fig. 3. Intermodulation ratio of the double recess device versus for two increased from 340 mW/mm to 550 mW/mm. Indeed, hlgher

constants output power levels B, = —0, 2 V. (Dashed linespPout = 7  breakdown voltage allows higher operating drain voltage, which
dBm; (solid line) Pout = 12 dBm. translates to a higher power density as long as the power gain is
sustained.

performed on the two devices, at 26 GHz, under single-tone andrhen the same devices have been studied with a two-tone
two-tone conditions, at the same class A biasiig. = 3V, measurement system at 26 GHz with a 1 MHz tone spacing
Vgs = =02 V. [3]. First of all, a decrease of the maximum output power has
Under single-tone conditions, results obtained with the singbeen observed between the single-tone and the two-tone modes.
recess device are substantially superior to that of the double Té&is behavior has been already noted at lower frequencies [4].
cess device at any output power level and power added effiis related to the instantaneous envelope variation which arises
ciency. Such a difference is probably due to the fact that sdrem the beat-like two-tone signal. Indeed, for a same total input
face states are affecting the double recess structure and p@wer level, the gate forward conduction clipping occurs ear-
vent the RF drain current swing from being as large as expected in the two-tone mode than in the single-tone mode. Fig. 1
from dc characteristics. Pulsed | (V) measurements (width 38Bows the measured IMR versus the output level at the same
ns, period 10us), with a class A quiescent bias point, haveias conditionsVy, = 3 V; V,, = —0.2V, for the two de-
been achieved and have highlighted this assumption. Indeedyiezs. In these conditions, the single recess is better than the
drain current variation was noted with the single recess wherahmible recess, as found previously for the single-tone excita-
a decrease of about 10% was observed for the double redsms, whatever the parameter under consideration (power level,
between dc and pulsed conditions. This behavior explains fiveearity, power added efficiency). Hence, at low drain source
lower power density of the double recess compared to the singtdtage (3 V), in class A, the single recess device is better suited
recess (340 mwW/mm, 420 mW/mm). Owing to its high breakhan the double recess device to linear applications. A similar
down voltage the double recess device has been then testestudy has been performed for the double recess Bgtat 5V
a higher drain source voltadé,, = 5V, for the samel,, = andV,; = —0.2 V. An important improvement of the device
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DOUBLE RECESS £ SINGLE RECESS

Fig. 5. Constant output power contour and the corresponding IMR for a constant input power level singléiigcess (V; V. = —0, 2 V). Double recess
(Vas =5V, Ve = —0,2V).

linearity has resulted (Fig. 2) from this drain-source voltage itevel exhibit strong differences between the single recess and the
crease. On average the IMR is 10 dBc bettedfar= 5V than double recess devices. This is clearly shown in the example of
for V4. = 3V, at the samé/,,. In order to confirm this trend Fig. 5. Indeed, at the same output power level of 14.5 dBm, an
the two-tone measurement has been achieved ffgm= 3 to IMR variation of 9 dB for the double recess and only 2.5 dB

7 V with a step of 1 V atV;, = —0.2 V. As shown in Fig. 3, for the single recess can be obtained with the load optimization.
where are reported the IMR measurements for two output powerorder to know whether this improvement is due to the double
levels, the increase &f;, is continuously beneficial to linearity, recess structure or to the high drain source bias voltage, the same
and, therefore, the previous results are clearly confirmed. Nestudy has been carried out for the double recess With= 3
erthelessV,, = 5 V seems to be relatively optimum to en-V. In this case, the IMR variation is strongly reduced and joins
sure simultaneously good performance in terms of IMR, outpapproximately that of the single recess.

power, power added efficiency (24 dBc, 400 mW/mm, 22% at
1 mA/mm average gate current).

An other interesting aspect lies in the various rate of rise ex- _ _ _
hibited by the third order intermodulation product IM3 versus In this letter, the influence of recess topologies on PHEMT's
the input signal level. First, a;, = 3V, the IM3 product varies linearity performance has bgen studied in Ka band. It clearl_y
classically with a slope which remains approximately around 8hows that a single recess is preferable as long as the drain-
up to a relatively high power level, both for the single and thgource bias voltage is limited to a few volts. But, the double
double recess devices [Fig. 4(a)]. But the situation is quite diecess, owing to its particular topology, can handle higher oper-
ferent for the double recessed device wherjisbias voltage ating bias voltage and it results from this ability both a substan-
is increased to 5 V [Fig. 4(b)]. A slope of 3 is only obtainedial increase of the output power and a beneficial contribution
at low power level, and as the input power level rises the slopéthe IMS product to the IM3 performance. Hence, the power
falls down, which corresponds to a quasi cancellation of the IM@vel and more especially the linearity behavior are strongly im-
product. Then, the slope reincreases strongly before the ocduieved. These considerations will guide Ka band communica-
rence of saturation. Such a phenomenon is typical of devidégns systems designers in their choice of device topologies.
which have high drain-source voltage handling capabilities. In
particular, it is currently observed in LDMOS [5]. It is usually REEERENCES
interpreted as a contribution of higher odd order intermodula- . - .

. ducts to the IM3 response. Indeed. at medium OWer[l] R. Gupta and D. J. Allstot, “Fully monolithic CMOS RF power ampli-
tion products ) ' p : .' p fiers: Recent advancedEEE Commun. Magpp. 94-97, April 1999.
level the overall distortion at IM3 frequency is the vector sum of [2] C. Gaquiére, B. Bonte, D. Théron, Y. Crosnier, P. Arséne-Henri, and T.
distortions generated by the third and fifth nonlinearities. When Pacou, “Breakdown analysis of an asymmetrical double recessed power

. . . . MESFET's,”|[EEE Trans. Electron Devicesol. 42, pp. 209-214, Feb-
the two contributions are comparable in magnitude and nearly 51y 1995.
out of phase (180 cancellation between these distortions can [3] F. Bué, C. Gaquiére, Y. Crosnier, B. Carnez, and P. Quentin, “A
occur. It seems to be typically the case in Fig. 4(b) due to the 26-40 GHz on wafer intermodulation measurement systemgun
" hat the IM5 b | to the IM3 Microwave Conf.Munich, Germany, October 4—7, 1999, pp. 452—454.
act that the .response .ecomels eql'Ja 0 the reSponsﬁl] R. Hajji, F. Beauregard, and F. M. Ghannouchi, “Multitone power and
exactly at the point where this one is falling down. intermodulation load-pull characterization of microwave transistors suit-

A last aspect, but not the least, deals with the effect of the able for linear SSPA's design|EEE Trans. Microwave Theory Tegh.

load he devi l itv. Th vol. 45, pp. 1093-1099, July 1997.
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IV. CONCLUSION



