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Abstract—We have carried out pulsed measurements of the Il. EXPERIMENTAL DETAILS

kink effect in InAlAs/InGaAs HEMT'’s on InP with nanosecond . . .

resolution. Our measurements show that the kink’s characteristic Asa V?h'de for this study, we used a lattice-matched, MBE-
time constant is strongly dependent orins, i.e., it drops by more  grown, single-heterostructure HEMT. The layer structure con-
than three decades, from 100us down to 50 ns, between low sists of a 25507 InGaAs buffer, a 200A InGaAs channel, a
and high values ofVps. This suggests that the kink should not be 300A pseudo-insulator, and a 20InGaAs cap. A delta-doped
operational for frequencies in the microwave and millimeter wave  gjactron supply layer located 38 above the channel yields

regimes. We also find that the kink turn-on dynamics correlate . . 12 e
with impact ionization. In particular, the inverse of the kink's a sheet carrier concentration &0 x 10°* cm™=. Fabrication

characteristic time constant follows a classical impact ionization IS identical to the devices reported in [8], [12]. Devices with
behavior. gate lengthd.2 xm and2 xm were characterized. The devices

exhibit Ip . = 700 MA/MM, g, peale = 540 MS/mm and
BVDS(OH) ~ 5 V.
I. INTRODUCTION Characterization was carried out using a pulsed” set-up

N THE PAST, InAlAs/InGaAs high electron mobility tran- in vyhich the drain is biased v_ia a DC power supply and a load
I sistors (HEMT’s) have shown significant promise for lowf€sistance of 5@. The gate is pulsed from below threshold

noise and high-power millimeter-wave applications. A signifl© the desired gate-to-source voltalges. After a delay (1)

icant anomaly in their behavior is thkink-effect a sudden from the gate pulse, the drain resporgT;) — Vps to such

rise in drain current at a certain drain-to-source voltage tHaPUISe is captured by means of a track-and-hold amplifier. Al

results in high drain conductance agid compression, leading com.ponents have a band_W|dth of at least 4 GHz. The devices

to reduced voltage gain and poor linearity. The physical orighf€ in @ coplanar 5@ environment and are probexh wafer

of the kink is an issue of considerable contention at this timgurther details on the operation of the setup as well as its

Conventional wisdom has attributed the kink effect to trapélidation can be found elsewhere [15].

or their interaction with high-fields or impact ionization (Il)

[1]-[3]. Recently, simulations [4] as well as light emission,

channel-engineering and body contact experiments [5]-[7] Ill. RESULTS AND DISCUSSION

have suggested a link between impact ionization and the kink'PuIsedI—V characteristics of ai,, = 1.2 um device for

Indeed, measurements showing direct correlation betweergl},o T; < 10 s are shown in Fié. 1 for a wide range of

and the kink have been presented [8]. Several models involvip»gs and VG_S values. Two observations can be made: 1) there

Il 'have been proposed including pure Il [9], an SOI-likes™ s yink for shortT; (below 8 ns): 2) the kink turns-on

mechanism [7], hole trap charging [10], and conductivity anq rises faster the high&hys is. These observations are

modulation of the source [11]-{13]. _ consistent with reports in the literature on output conductance
A new perspective on this problem can be obtained Bye,qrements of both InAlAs/InGaAs/InP HEMT's [3] and

studying the dynamics of the kink under pulsed operatiopzizs/inGaAs/inAlAs MESFET's [16] in which no kink is

Besides providing insight about the origin of the kink, pulsegygerved at high frequencies despite its prominence at DC.
characterization has been proven to be a good predictor Qfijar results are obtained for the, = 2 um device.

large-signal high-frequency performance [14]. In this work 1 frther analyze our results, we plot in Fig. 2(a) the kink

we have carried out the first experimental characterization Qf --ant Alp, as a function off; for different values ofs
the dynamics of the kink effect in InAlAs/InGaAs HEMT'S 54 constant/s (Vas = —0.9 V), where A, is the drain

with nanosecond resolution. Our findings show that the tuM-Qfrent exceeding the “pre-kink” saturation drain current. As
dynamics of the kink correlate with impact ionization. Fig. 1 shows, there is a smdlp transient of unknown origin
for Vps values below the kinkAIp has been defined so as to
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Fig. 1. PulsedI—V curves for varying delay timed;. No kink is seen

below T; = 10 ns. For a givenVgs, the largerVyys, the earlier the kink 10° 10"
turns on and the faster it saturates. o v, =-12v ]
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10" 10° 10" 10" 10" 10" 10" 10" 10 [Vr)~L. 1/Tsg, just as the sidegate current, follows a classical impact
T, (s) ionization behavior.

Fig.2. Alp as a function of7; in a semilog scale. (a) Constanta few nano-seconds and therefore it has no time to follow
z,‘)ban(; C\',Zr;ng_‘oiv) and varyingps. (b) Constantips (Vos =21 4o signal if the operating frequency is high enough. This
has already been observed in small-sighal output conductance
at which AIp builds-up increases; and 3) the saturation agheasurements in InAlAs/InGaAs/InP HEMT’s [3].
Alp gets sharper. Our experiments allow us to explore the connection between
These two figures allow us to focus our attention on the risiee kink effect and impact ionization from a different angle.
time of the kink,7gq¢, the time for Alp to rise to 90% of If impact ionization is at the heart of the kink, then one can
its final value. To the first ordef]yq is proportional to the expect that the turn-on transient of the kink is accelerated the
characteristic time constant of the kink and consequently ishagher the impact ionization rate is. Hence, it is reasonable
parameter of interest in circuit applications. We flgt, as to expect a relationship between the rise time of the kink,
a function ofVpg and increasing values dfqs in Fig. 3. As  Tyg4, and the impact ionization rate, which is proportional to
it can be seeny is found to be a strong function dfps  ~ Ip exp —(B/(Vbs — Vps,sat)). In fact we observe such a
and Vgg: it drops by more than three decades, freriO0 s relationship in our data. Fig. 4 plots the inverselgfx Tyo
down to ~50 ns, asVps increases from 0.9-2.4 V arid;s as a function of(Vpg — |Vr|)~t in a semilogarithmic scale
from —1.3 V up to —0.7 V. In particular, we observe that(Vpg—|Vr|is nearly identical td’hbs—Vps sat ). For all values
for small values ofVps (Vps < 1.6 V), Tygy decreases of Vs, all data points fall on a straight line. This is a classical
exponentially withVpg; on the other hand, for large valuesmpact ionization behavior. As shown, the slope of this line is
of Vbs (Vps > 2.2 V), Tgoy, becomes independent &f,s. identical to the normalized sidegate curréaks; /I, which is
Clearly, the dynamics of the kink are not characterized lwell known to map the impact ionization rate in this family of
a single time constant that is independentlgfs and Vgs.  devices [8], [17]. Although a detailed model that establishes
Furthermore, the above results suggest that the kink should tiet physical meaning of ¢, still needs to be developed,
respond at frequencies in the millimeter-wave range. Thistise data shown in Fig. 4 gives strong credibility to impact-
because we find that the kink does not begin to build-up unidinization-based theories for the kink effect.



ERNST et al: DYNAMICS OF THE KINK EFFECT IN InAlAs/InGaAs HEMT'S

Our observations about the dynamics of the kink are consig4]
tent with kink models that emphasize the role of impact ionized
holes, such as the SOI-like model [7], hole trap charging modef;
[10], and conductivity modulation of the source induced by
hole accumulation [11]-[13]. More detailed work is required

to discriminate among these models.

I[V. CONCLUSIONS

(6]

(7]

In summary, we have carried out for the first time pulsed

measurements of the kink dynamics of InAlIAs/InGaAs(®

HEMT’s with nanosecond resolution. The kink’s characteristic

time constant is strongly dependent dis and Vgs. Time

El

constants between 106 and 50 ns have been observed. This
suggests that the kink should not be operational for frequencies
in the microwave and millimeter wave regimes. The inverse &l
Tyov is found to follow a classical impact ionization behavior.
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