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• New SLIM modules for moving ions 
in three dimensions (3D), i.e., 
between different SLIM levels. 

• Multilevel TW-SLIM enable longer 
paths and increased IM resolution, 
as well as extended and integrated 
ion manipulation capabilities.

• Two approaches are presented.

• Structures for Lossless Ion Manipulations 
(SLIM)1 create ion confinement conduits 
using DC and RF potentials applied to 
three different electrode types: guard, 
traveling wave (TW) and RF electrodes. 

• SLIM with TW-based ion motion 
circumvent the voltage limitations of 
traditional drift field ion mobility (IM) 
spectrometry allowing an extended IM 
path lengths and thus approaching higher 
IM resolution in compact devices.2-4

• We present two new concepts for moving 
ions between different SLIM levels in a 
three dimensional device. The new TW-
SLIM components, namely the “escalator” 
and the “elevator”, enable moving ions 
between different SLIM levels. 

• Multilayer SLIM can be utilized for many 
applications, such as performing different 
ion chemistry on different levels or to 
provide greatly extended ion path lengths 
to increase the resolution achievable with 
ion mobility separations.5

Experimental setup

Direct evaluation of  ion current 
transmission efficiency 

Ion trajectory simulations
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• Two new concepts for moving ions between levels of 
SLIM modules are evaluated for forming 3D 
structures: TW-SLIM escalator and elevator.

• Ion simulations and optimization of the fields inside 
the elevator indicated ions could be efficiently 
transmitted in a straight path or steered into the 
elevator. 

• Ion mobility resolution obtained using the TW-SLIM 
escalator module was comparable to that obtained 
for a linear module, indicating that resolution was 
maintained as the ions moved between SLIM levels. 

• The elevator and escalator pave the way for 
development of more complex multilevel SLIM 
devices. 

Traveling wave speed effect 

t: Arrival time measured at   
the center of the peak 

Δt: Full width at half height

TW-SLIM Escalator Transmission

Ion currents indicate lossless ion transmission in the TW-
SLIM escalator module between the two TW-SLIM levels. 

The linear (12”) and escalator (12.3”) TW-SLIM modules 
provided similar IM separations. 
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A cross-sectional view of SIMION ion trajectory simulations 
showing the optimization of fields for  a TW-SLIM elevator. 
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Therefore, ions can be transported through the TW escalator 
multi-level design without significant losses in the sensitivity 
or IM resolution. 

Ion transmission is currently being optimized

Measurements were made by 
inserting a conducting probe in 
between the two TW-SLIM 
surfaces at each point.

Ion mobility resolution for Agilent tune mix m/z 622 and 922 measured as a function 
of TW speed for a TW amplitude of 30 V, a TW sequence of 11110000, guard bias of 
15 V, and RF amplitude (Vp-p) of 320 V for linear TW-SLIM and TW-SLIM escalator 
arrangements.

Ion current measured as a function of the distance from the entrance of TW-SLIM 
escalator module.

Measurements are carried out by inserting a conductive probe 
in between the two TW-SLIM surfaces at each point in 
triplicate. 

The middle board showing the elevator 
holes through which the ions are guided 
between the two levels.

A zoomed-in view of the elevator hole 
showing the electrode distribution in 
detail.

• Sample: Singly charged ions from an Agilent tuning mix 

• Gate width: 324 µs 

• Mass spectrometer: Agilent 6538 QTOF MS
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Ions don’t move 
through the elevator 
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