
ABSTRACT
With CMOS technology 

rapidly reaching its scaling limit, alternatives are  
needed to manage and process digital information. 
Information storage will be realized by 
magnetoresistive random-access memory (MRAM). 
The design challenges faced by CMOS and MRAM 
are very similar, and fabrication techniques common 
to both must take into account the problems that 
arise as a consequence of the reduction in feature 
size as lithography improves. MRAM devices will  
utilize giant magnetoresistance (GMR) for device  
operation. Since the GMR effect is stronger when 
the current is passed vertically through the thin films 
comprising the GMR stack, contacts on the bottom 
of the device are mandatory. The problems 
associated with conventional techniques to handle 
bottom-side contacts, such as chemical-mechanical 
polishing (CMP), are aggravated by the reduction in 
channel size available with advances in lithography. 
Because of this, the topographical influence of 
contacts on the overlying magnetic device must be 
taken account from the very beginning of the design 
process. While the properties of nano-scale 
magnetic devices are very well understood in 
isolation, real devices must be fitted with contacts. 
The presence of contacts on magnetic devices is 
capable of radically altering the behavior of the  
devices, rendering all previous analysis useless.  
However, it may be advantageous to incorporate the 
changes in the magnetic properties into the device, 
changing its mode of operation.

Nanoscale thin-film magnetic disks have shown great promise as candidates for device elements in 
MRAM. The vortex state of magnetic disks is characterized by a spiral sample magnetization that is 
entirely in-plane, except near the center of the spiral, where exchange forces the magnetization out-of- 
plane. This magnetic vortex core is only a few nanometers across. The vortex state of a flat disk is 
immune to minor variations in shape.
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The magnetic states of disks can 
be switched using external  
magnetic fields. Future spintronic 
devices, however, will be switched 
using spin-transfer torque, which  
requires contacts to placed on the 
device. To maximize GMR,  
contacts will be required on both 
the bottom and top of the device. 
Including contacts underneath the 
device, however, completely  
destroys the vortex state of the  
disk

Using magnetic contacts is also 
futile – a vortex state can be  
induced in the disk, but it’s  
switching properties are no  
longer predictable or reliable. In 
addition, the magnetic vortex  
core also becomes unstable  
when the width of the disk is  
reduced below 100nm. An  
alternative design solution is  
needed for functional devices.

The magnetic vortex core in flat, nano-scale disks becomes unstable when the 
lateral dimension of the disks is smaller than around 100nm. The solution to this 
problem is to remove the center of the disk, and create a ring structure. Ring 
structures can assume many states with predictable, reliable switching 
properties with feature sizes below 100nm.
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Placing contacts on circular or square 
nanoscale magnetic rings destroys the 
vortex state in the rings. The 
magnetization is disrupted in the 
neighborhood of the contacts, preventing 
the rings from assuming discrete, well- 
characterized states.
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Summary: Nanoscale magnetic devices are extremely sensitive to topographical variations due to the 
presence of underlying features, contacts in particular. Because of this, contacts must be included from 
the very beginning of the design process – magnetic devices can no longer be considered in isolation.
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current density. Our simulations 
demonstrate that shape and roughness 
of the contact lines under magnetic 
conduit could modify the DW in narrow 
magnetic conduits from transverse DW 
into vortex-type DW.
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