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

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

• Two approaches are presented.

• Although extending the drift path length 
can enhance the mobility-based 
separation power, conventional drift tube 
arrangements are ultimately limited by 
both the high voltages and the size of the 
drift tube needed.1 Alternatively, traveling 
waves can eliminate the need for 
increasingly high voltage as the drift path 
increases.2

• The speed of an ion packet in a traveling 
wave (TW) through a buffer gas is 
dependent on its mobility.

• High-mobility ions slip behind the waves 
less often than low-mobility ions, and thus 
move faster than low-mobility ions.2,3

• The implementation of a TW IMS 
approach with SLIM enables lossless ion 
manipulations and the basis for achieving 
higher ion mobility resolution.3

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

Experimental setup

Direct evaluation of  ion current 
transmission efficiency 

(Left) Schematic diagram of an elevator-SLIM board showing 
key dimensions (in mm) (Right) A picture of SLIM elevator

Schematic diagram illustrating the components of the TW-SLIM 
escalator

SLIM Elevator Transmission

Ion trajectory simulations

SIMION 8.1 was used 
for ion trajectory 
simulations. 

The mass spectra collected for the straight and the 
elevator paths have similar m/z ranges (600-2700). The 
similar mass spectra indicate a relatively sharp ion plume 
turn into the elevator for the m/z range observed. However, 
minor differences in transmission have led us to explore 
alternatives, such as the “ion escalator”.

Within a voltage range of 5 V the ion plume can be 
efficiently and completely steered into the elevator, 
allowing one IMS peak to  be separated from another, 
enabling the SLIM elevator component to also be used as 
a switch.
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• Two new concepts for moving ions between two levels of 
SLIM modules were evaluated for forming 3D structures: 
the SLIM elevator and TW-SLIM escalator.

• 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 
straight module, indicating that resolution wasn’t lost as 
the ions moved between SLIM levels. 

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

• Multilevel SLIM can be utilized for many applications, 
such as performing different ion chemistries (e.g. in 
different gases) on different levels, as well as for 
extended ion paths for other manipulations, and for 
achieving much higher ion mobility resolution. 

Traveling wave speed effect

t: Arrival Time measured at the 
center of the peak (ms)
Δt: Full width at half height (ms)

TW-SLIM Escalator Transmission

The measured ion currents indicate essentially lossless ion 
transmission through the TW-SLIM escalator module between 
the two TW-SLIM levels illustrating the efficient transmission of 
ion beam among TW-SLIM levels using a TW escalator. 

The straight (12”) and the escalator (12.3”) TW-SLIM modules 
provided similar IMS separations. Therefore, ions can be 
transported through the TW escalator 3D design without 
significant losses in the sensitivity or IMS resolution. 
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