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S1. SPECKLE CONTRAST FROM THE ENTIRE LASING PULSE

For the speckle contrast analysis presented in Figure 2 of the main text, we set the total time window T to exclude
any transient lasing behavior (e.g. spiking, relaxation oscillation) at the beginning of the lasing pulse and the intensity
decay near the end of the lasing pulse. In Figure S1A, the vertical black dashed lines mark the time window of length
T = 50 ps, within which lasing reaches a quasi steady state, and the speckle contrast is obtained as a function of the

integration time 7.

04 1 1
—+— Without intracavity phase diffuser 0.15 ——Without intracavity phase diffuser
03 : With intracavity phase diffuser ‘g ’ ——With intracavity phase diffuser
: 1 1 =]
2 1 | =
B7) 1 I 8 0.1
§ 0.2 ! ! K>
E A
0.1 2005
n
0 0 1 4
50 100 150 200 101910 10® 107 10 107 10°
B Time (us) Integration time (sec)
I ——With intracavity phase diffuser - 0.15 —— Without intracavity phase diffuser
03 : Without intracavity phase diffuser % —— With intracavity phase diffuser
. . =
2 | g
= . Q
= 1 Q
2 ! =
=) 1 4
Lo} 1 (&)
(0]
o
n
0 : 0
50 100 150 200 109102 10 107 10 107 107
Time (us)

Integration time (sec)

Figure S1: Effects of lasing transients on speckle contrast. (A) The measured time trace of emission intensity (left
panel) and the speckle contrast (right panel) obtained from the middle part (marked by vertical black dashed lines)
of the lasing pulse where quasi steady state is reached. (B) The time intensity trace (left) and the speckle contrast

(right) obtained from almost the entire lasing pulse that is marked by the vertical black dashed lines. When the
lasing transients are excluded, the speckle contrast is lower, especially at integration times between 1072 to 107 sec.
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Figure S1B shows the speckle contrast obtained with 7" = 120 ps, including the lasing transients. The speckle
contrast decreases with increasing 7, similar to the case where the lasing transients are excluded. However, the
speckle contrast is higher, especially at integration times between 1078 to 107° sec, due to additional fluctuations of

emission intensity at the beginning of the lasing pulse.

S2. SPECKLE CONTRAST AT TWO DIFFERENT PUMP VALUES

We measure the speckle contrast at different pump levels of the DCL. In the main text (Figure 2A), we show the
speckle contrast measured at three times of the lasing threshold P ~ 3P, (also shown in Figure S2A). In Figure S2B
we present the data measured at a lower pump level P =~ 2P;,. Since less transverse modes lase at a lower pump
level, the speckle contrast is higher at any integration time, with and without the intracavity phase diffuser. However,
the speckle contrast reduction by the intracavity phase diffuser is greater at the lower pump level. Lasing transient
processes such as temporal spiking and relaxation oscillation last for a longer time at the lower pump level and that
results in an increase of the speckle contrast. The intracavity phase diffuser reduces the quality factor of most lasing
modes, and shortens the transient process. Thus, within the time window for the speckle analysis, the effect of lasing
transients is weaker. This fact is, at least partly, responsible for the greater reduction of speckle contrast at a lower

pump level.
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Figure S2: Speckle contrast as a function of the integration time, both without and with the intracavity phase
diffuser in the DCL, at two pump levels. (A) P ~ 3F;;, (as in Figure 2 in the main text). (B) P & 2P;,. While the
speckle contrast is higher at a lower pump level, the reduction of the speckle contrast by the intracavity phase
diffuser is greater.



