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Outline 

• Need for HELD

• Laser-induced incandescence (LII)

• Laser-induced desorption with elastic laser
scattering (LIDELS)

• Laser-induced breakdown spectroscopy (LIBS)

• Current status and future plans



• Real-time PM measurement techniques are needed
to investigate transients

• Sensitive PM measurement techniques are needed
to study cleaner vehicles

• In situ PM measurement techniques are needed to
characterize engine-out/aftertreatment-in conditions
for design optimization and aging models

Need for high-energy laser diagnostics (HELD )



Sandia HELD system (laboratory-on-wheels)
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Unattended, 24/7 operation at Cummins

• 7½ weeks of continuous operation

• 1078 individual tests logged

• ~60M laser shots



Calibrated-LII/gravimetric correlation
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Commercial LII instrument

LII 200™ consists of a 50x60x15 
cm box that contains the laser, 

optics, detectors and electronics. 
All operational functions are 

controlled by a PC, providing true 
“turn key” performance for $150k.



On-road LII for a 2002 VW Jetta TDI diesel



Getting up to speed
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Coasting back down



430 450 470 490 510 530 550 570 590 610 630 650
0

10

20

30

40

50

Time (seconds)

0

20

40

60

80

0

S
pe

ed
 (m

ph
)

LI
I (

pp
b)

 &
 R

P
M

/1
00

Winding descent on two-lane road



LIDELS with a single laser 
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Time-resolved LIDELS with 2 lasers
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LIDELS during secondary-injection enable 
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Laser-induced breakdown spectroscopy (LIBS) 

• Line position provides species
identification

• Line intensity provides species
concentration

• Focused laser beam creates a plasma
that emits light characteristic of
neutral and ionized atoms

• Spectrometer output is imaged onto
an intensified CCD camera

220 230 240 250 260 270 280
0.0

0.2

0.4

0.6

0.8

1.0

Wavelength (nm)

C
ou

nt
/C

ou
nt

m
ax

Air

C III C I

C II

N N
N

Wavelength (nm)

C
ou

nt
/C

ou
nt

m
ax

Diesel exhaust

C III C I

C II

N
N



LIBS of Ca from ash in diesel exhaust
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Real-time LIBS via bandpass filters

390 395 400 405 410 415 420 425 430 435 440 445 450
0.0

0.2

0.4

0.6

0.8

1.0

Wavelength (nm)

C
ou

nt
/C

ou
nt

m
ax

Delay=50 µs
Gate=50 µs

Ca+

CaBkgd



Current status of HELD

• Commercial LII instruments are in use.

• LIDELS needs further validation and is more costly 
than LII, but there is strong industry interest.

• LIBS has yet to “spark” much interest. 



Future plans for HELD

• Time-resolved LIBS of Ca

• ELS/LII for measurement of size

• ELS using Rayleigh-Debye-Gans polydisperse
fractal aggregate theory (RDG/PFA) for
aggregate morphology. 


