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Abstract

We have investigated the effect of the forward and reverse ESD pulse accumulation on the development of the oxide
VCSEL’s electrical and optical characteristics. The forward ESD-induced degradation is complicated, showing three
degradation phases with increasing ESD voltage while the reverse ESD-induced degradation is divided by a sudden
distinctive change in electro-optical characteristics. By comparing the measured L -I-V characteristics and their
derivatives with the fitted characteristics using an equivalent circuit model as well as the large signal circuit model, the
development of the oxide VCSEL's electro-optical characteristics under forward and reverse ESD conditions has been fully
understood.
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application of 5800—V pulses, respectively. In Fig. (a), {¢) and (e} the black line and gray line denote the
measured and fitted total current while the square, diamond, triangle and asterisk lines denote the radiative,
nonradiative, nonradietive, shunted diode and resistive leakage current components, respectively. The black empty
squares denote measured /—V curve while the gray empty diamonds dencte the measured | —/(@V/dl). In Fig. (b),
(d) and (f} the black lines denote the numerically fitted /—V curves and the gray lines denote the numerically fitted
1—IdV/dl) curves.
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Measured and numerically fitted /—V and XdV/d) —/ curves of a device during reverse ESD pulse accumulation
test: (@) and (b) at the initial state, (c) and (d) after the application of —250-V pulses, respectively. In Fig. (a) and
(¢ the black line and gray line denote the measured and fitted total current while the square, diamond, triangle
and asterisk lines denote the radiative, nonradiative, nonradiative, shunted dicde and resistive leakage current
components, respectively. The black empty squares denote measured /—V curve while the gray empty diamonds
denote the measured /—/(dV/dl). In Fig. (b) and (d) the black lines denote the numerically fitted /—V curves and
the gray lines denote the numerically fitted /—/(adV/al) curves.
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Table 1. Fitling parameters from the current component analysis using the equivalent circuit
model: (a) forward ESD pulse accumulation test and for (b) reverse ESD pulse
accumulation test, where /- denotes the reverse saturation current while n denotes
the ideality factor.

(a)
g3} oAl oA 1 @A 2 a7 3
ESD Voltage 0V +1000 V. +1200 V. +2400 V. +3600 V | +5800 V
o L) | 40x107 | 21107 160" T0x108 64x10° | 32x108
’ n 1.20 1.18 112 1.07 1.07 1.06
Vin | (V) 1.460 1,470 1470 1472 1476 1.480
Dy, |t A) 40x107 | 6.0x<10%  8.0x107  9.0x10%°  1.0x10™ | 14x10™”
i n 130 1.40 1.60 1.60 1.60 1.60
Rt ) 300 300 200 50 50 50
I, (A) 20107 | s5.0x1077 15x107% 3.0x10™° 20x10™ | 9.0x107™"
D n 2.00 2.10 2.150 230 250 3.70
Run ) 1.0x10° 6.0x10° 4.0x10° 1.5x10* 1.5x10°* 1.8x10°
Dy LA 601077 | 15x107*  1ox10™ 15x107t s0x107° | 6.0x107°
n 3.00 3.70 6.40 6.40 6.40 6.40
R ® 1.0x10° 1.0x10° 5.0x10° 1.0x10° 12x10 1.5x10°
R, &) 1.0x10" | 80x10”  3.0x10" 3.0x10° 2.0x10* 3.0x10
R (® 31 31 31 32 32 32
R | Ro (® 50 55 55 55 55 55
Iy (mA) 6.5 6.5 6.5 6.5 6.5 75
o)
g3 &A oA 1 oA 2
ESD Voltage 0V -150 V 250 V
AT 3.5x107% 3.3x10™ 17x107%
’ n 1.21 121 1.19
Vin | (V) 1.459 1.459 1472
LAY | 3.0x107 3.0x107% 1.3x107%
Do n 130 130 1.50
R (@) 500 500 100
n . B .
Run Q) 1.0x19° 1.0x10° 5.0x10*
D I, (A) 6.03><(lx())"" 6.03><é(())'” 2.7;33“2
R ) 1.0x10° 3.0x10° 5.0x10"
R, Q) 1.0x10" 3.0x10" 1.0x10"
R (2 33 33 33
R, | R (D 50 55 55
Lo (mA) 6 6 6

ol E D,»o] 9¥38 AF ghe %7] 20x10 ® Ad E Dp2d )% AF ne %719 2014 1000 V A E
2] 1000 Vo] B2g Q17pk o] %o 50x1077 AR F7} A7FgE o|F o= 218 F7F3H § ESD H29] F3d
§ & 5800 Vol AE Q7 olFolE 90x107" A et d F7hsted 5800 Vo HAE Q7kg ojFele
2 %7] ol vls 1.8x10° Wi o]4 ZFrtatdrh thole 372 HA} Dyoll AE2 AAHY e A’ Ry29l
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Table 2.

Summary on measured parameter and calculated current component at the threshold junction voitage change in

each degradation phase: (a) forward ESD~induced degradation (b) reverse ESD-induced degradation

{a)

3 & oA 1 ©A 2 oA 3
I It 0.971 — 1.001 0.994 — 1217 1.268 — 1.513
In mA 1.118 - 1.153 1.146 — 1.403 1.462 — 1.744
dL/dl @ 3 mA| W/A 0.624 — 0.635 0.455 — 0.558 0.317 - 0.397
@2V | A 8.0x10 " - 1.0x10" 7.0%10™ — 1.0x107° 1.0x107
Al @ov) Q 4.6x10° — 83x10" 1.2x10" - 5.6x10" 1.1x10" ~ 1.6x10'
Vi v 1460 1470 — 1476 1.480
L @V | mA 0.936 1.010 — 0.638 0.733
Li @ Vio | mA 0207 0.199 — 0.550 0.629
I @ Vi | pA 1.109 3.083 — 13.803 102.562
Ik @ Vi | DA 0.379 0.592 — 8.032 561.24
I, @ Vin A 1.585x10™ 2.001x10™"° — 6.628x10° 5.407x10
()
E4 ¥ oA 1 oA 2
Il Dinia 1.000 - 1.048 0.959 — 1.119
In mA 1.046 — 1.096 1.003 — 1.170
dL/dl @ 3 mA| W/A 0.615 — 0.621 0.327 - 0475
@2V A 8.0x10 * - 1.2x10™" 32x107"° - 1.4x107
VAL @OV | Q 1.3x10% — 7.1x10" 2.7x10° - 7.4x10°
Vian v 1.459 1472
L @ Vin mA 0.881 0.667
In @ Vis | mA 0.163 0.449
Iy @ Vian HA 1.197 4387
It @ Vi nA 0.395 15.929
L, @ Vi A 1.593x107" 5.997x10”
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