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Abstract—We present a new method to remove the parasitics VCSEL CHIP : Tiot
contribution to the VCSEL chip response, in order to obtain Yy ] 8’13» VCSEL 8
the intrinsic S2; behavior. The on-chip VCSEL is defined as | Electrical ; Ovtical | |
two cascaded two-port subsystems representing the electrical 11 > Access : Cgvity __’321
access and the VCSEL optical cavity respectivelyS;; and Sa; b-‘/ < T <3 -
parameters measurements are carried-out using a probe station ! EA L cv :
to characterize the chip response. An electrical equivalent cirdt

defining the behavior of the electrical access is combined with

T-Matrix formalism to remove the parasitics contribution from  Fig. 1. Schematic representation of the VCSEL chip. The etettaccess
the measured S>; response. Results allow us to determine the and the laser cavity are represented as two separate cdswami@orts with
intrinsic 3-dB bandwidth of the VCSEL. distinct transfer functions.

Index Terms—Long Wavelength VCSEL, electrical equivalent

circuit, S-parameters, transfer function matrix
’ P ’ Il. EXPERIMENT

I. INTRODUCTION A. VCSEL Structure

CSEL dynamic response characterization is often limited The device used in our experiment is a double intracavity
by parasitics attributed to package, bonding and trarfg@ntact 1.am VCSEL [5]. It consists of an InGaAlAs quan-
mission line used to carry the electrical signal to the lasim wells active region, a tunnel junction and AlGaAs-GaAs
cavity. Efforts have been made to minimize the parasitiéBRS bonded by wafer-fusion. The threshold current is adoun
contribution that limits the 3-dB bandwidth and has led t8-2MA at room temperature and the device operates in single-
the fabrication of direct coplanar access VCSELSs [1]. Despimode emission. Considering that the VCSEL is on-chip, we
this development and the fact that a probe station is used #5€d @ lensed fiber to couple the output optical power. The
characterization, the measured dynamic response COm_tspdjouble intracavity contacts are very useful because they gi
to a third-order system implying that the electrical accegsdirect access to the optical cavity without current passag
affects the overall transmission. through Bragg mirrors.
Several techniques have been used to eliminate the pasasiti
contribution to dynamic response, such as RIN measuremeBtsExperimental Setup
2 ey fesponse subtacion [ o by 115 1 easremerts of 1y and . resporses ave e
methods are efficient to extract the intrinsic propértieﬂ;h@f Se_zrforme_d using an HPSSlO'C vector network ana_lyzer (VNA)
with an integrated optical rack. This rack permits the cal-

laser but results obtained correspond to a fitting Curve. ibration of the optical detector and avoids its contribatio
We propose a new method to remove parasitics to tbe

measured dynamic response of a,a8VCSEL chip. Our 0 measurements. A probe station with RF probes was used

method defines the VCSEL chip as a cascaded two-pfo VNA calibration, giving a direct access to the chip. In

[ ! ; :
. ) ) ?n way, all parasitics not associated to the device under
subsystem presented in Fig.1, that allows the separation on’ y P
test are removed for stable and accurate measurements. The

the VCSEL optical cavity response measurement fro”_‘ tr(])%tical beam is then collected by a ball-lensed multimoderfib

Ynith AR-coating tilted to avoid optical feedback. Finallyp

ﬁ:i(:rr:ﬁzl oefqglvifanraggcrgn'lt'u?; g'ovrifiggﬁogairsasrgﬁ%gsﬁotngmperature control was applied so all measurements were
p - : carried-out at room temperature 3°C). The measureds;
the measureds,; of the chip by applying the transfer ma-

. . ) response of the chip is presented in Fig.2, showing the-third
trices formalism and the corresponding result shows thé Wetl)rder svstem verified by the -18 dB/octave slope
established second-order system defined by the rate egsiatio Y y pe.

A. Bacou, A. Hayat, A. Rissons and J-C. Mollier are with DE@&stitut I1l. METHOD FOR PARASITICS REMOVAL
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modeling of the VCSEL chip. Even if the electrical model of
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Fig. 2. S2; response of the chip (solid line) showing the third ordetesys Fig. 4. The measured;; response of the VCSEL chip is compared to
by the -60dB/Decade slope and ti¥; simulation of extracted parasitics the simulatedS;; response of the electrical access subsystem. The equivalent

(dashed line). electrical circuit parameters presented in Fig.3 are usedifoulation.
ZA
fomm ZRS B. The Transfer Matrix Technique
I1 Z Le Re b eee—e-- I2 , The intrinsic response of the VCSEL could be extracted
& oM N ___i;:;!ﬁ a from the chip response using transfer function matriceq,-or
* i L [1Rn | Rs Matrices, sinceS-Matrices are not commutative. The general
V1 i Ce P ' V2 formula for the transformation of af-Matrix to a T-Matrix
i TCp \ZB is given by [8]:
| )
b e R o b, 512521 —511805 S
T T 12021 11922 211
11 12 ) _ o So1 ®)
i i . - i Ty T _ S22 1
Fig. 3. Electrical Equivalent Circuit of the electrical ass: L.=49.6pH, 21 22 Sa1 Sa21
R = 14Q, C. = 0.84pF,R,, = 64.82, C,, = 0.58pF andRs = 57.%2 for a ) , , )
bias current off /I, =4.09. The T-Matrix corresponding to the VCSEL optical cavity
can be calculated as follows:
—1
the active region is known to exist [6], that of the entirepchi Tvoc =Tpa " - Tiot (4)

is more complex to determine because of parasitics rela)tecwhereTEA

the transmission line. An electrical equivalent circuitused '

to model the electrical access of the chip and is presentedr&pectively (See Fig.1)

Fig.3 L. Tio¢ is calculated with the entiré-Matrix of the system
ImpedancesZ, and Zg correspond to the transm|SS|onS

i qint it tacts wh s th . Sior. Out of the four matrix elements of;,;, only the S1;
In€ and Intracavity contacts w ered represents € SeNeSand So1 are known as these two parameters were measured
resistance between intracavity contacts and the activierreg

. o . using the VNA. We found that thé&;, and .Sy, entries obe
[7]. The equivalent circuit parameters of the electricatess g tne : 12 22 y
. . the following two rules:
are gathered into th& —Matrix as follows: . ) . )
1) The VCSEL is an active unilateral device so thig=0
P Za+Zp ZB ) (optical feedback is avoided using AR coated fibers).
BA = Zp Zrs + Zp 2) The VCSEL is a transducer that converts electrical
current into optical power hence it is not bidirectional

Tvoc and Ty, areT-Matrices of the electrical
access, the VCSEL optical cavity and the complete chip

The matrix S11p4 Of this reciprocal two-port .system can and does not respond to an electrical input at the optical
be calculated using the well-known relationship: output ports. The electrical;, parameter, therefore, is
S11EA = (ZEA + Zo)_l . (ZEA — ZO) (2) taken equal tol

. L So, Si,: can then be written as follows:
where Z, is the characteristic impedance of the VNA, tot

S0 Zo=Zyvn4=500. Parameters of the electrical circuit are smo0
fitted to S;; measurements using non-linear regression Stot = smo1
Comparison between measur8g, and simulated parasitics =

S11 are presented in Fig.4 for the given bias current and gd@bere S7; and S7; refer to measured VCSEL responses.
agreement between both curves is observed. This resultssidvereforel;,; andTr 4 are employed to calculatg, o with
that the chipS1; and the parasitic$,; are essentially the  relations (3), (4) and (5). Then, the intrinsig; of the VCSEL
same. Therefore we can define the optical cavity and the is expressed using tHB, o matrix. Results of the extraction
electrical access separately using T-Matrix formalism. are presented in Fig.5.
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Fig. 5. Measured and extractefh; responses for a 13n VCSEL at a Fig. 6. 3-dB modulation bandwidth of extrinsic (measured) amtdnsic
fixed bias current. The measurement takes into account thenmesmf the (T-Matrix extraction) responses as a function of bias aurfer the 1.3im
electrical access as well as the cavity while the extractedecshows the VCSEL. The dashed line correspond to the simulation of thé& 3andwith
VCSEL cavity response only. by the relation taken from [2].

IV. RESULTS ANDDISCUSSION electrical access influences the transmission response and

As is evident from Fig.2, the measuréd, response of the modifies the order of the system. These parasitics are nubdele

VCSEL has a -60 dB/decade slope. This slope represents #$9 an electrical equivalent circuit and have shown that
response of the totality of the VCSEL chip which included® Chip Si1 represents in fact the electrical acceSs,.

the electrical access and the VCSEL optical cavity, Sho\,&ingTherefore the chip could be considered as a cascaded two-por

system having an order greater than two. Furthermore, tiSystem allowing us to use the T-Matrix formalism to extract
could be observed by the dip in th§,, curve below the the intrinsic VCSEL optical cavity response. This extrawti
resonance frequency and demonstrates that the transmis§RPresents a classical second-order system that is ceastct
line and intracavity contacts influence the overall VCSEPS laser cavities defined by the rate equations. Finally, The

response. approach employed uses simple measurement and calculation

With the method investigated, chip parasitics are remov&gthodology.
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