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What are Magnetic Tunnel Junctions (MTJs)?

 Small thin-film magnetic devices.

 They can act as sensors, storage devices, and logic 
(depending on how they are constructed).

 They can be used to sense a global oscillating 
magnetic field and produce local clock signals.
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Global clocking in a chip
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Magnetic Device

 Magnetic tunnel junction 
(MTJ) consists of:
◼ Ferromagnetic “free” layer

◼ Thin insulator such as MgO

◼ Ferromagnetic “fixed” layer

 The device is “set” by a 
magnetic field.
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 The device output is a 
resistance determined by the 
alignment of the ferromagnetic 
layers to each other.

MTJ



R2V Read Circuit
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 Current conveyor
◼ Vbias pinned over MTJ.

◼ Current output inversely 
proportional to Rmtj.

 Current comparator
◼ Output current compared to 

threshold current.

 Rail-to-Rail Output Buffer
◼ Amplify voltage output to 

power supply rails.



R2V Read Circuit (cont.)
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 Designed in 3M2P 0.5 µm 
process.

 Transistors sized to 
operate in saturation 
region.

 Trade-off made between 
area and linearity.



Layout and simulation

 Laid out and simulated in 3M2P 0.5 µm and 
5M1P 0.18 µm processes.

 Circuits characterized in terms of area, 
transient response, power, and timing jitter.

 Simulated in Cadence Design Environment 
using Spectre simulator.
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Circuit layout
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 3M2P 0.5 µm process
◼ Total area is 1,260 µm2.

 Linear scaling of current 
conveyor and current 
comparator (assuming MTJ 
current does not scale).

 Quadratic scaling of output 
buffer.



Transient response simulation
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 Voltage at node N1 is the 
bottleneck node.

 Maximum frequency =
67 MHz (3dB point at N1).

 A better current 
comparator with less 
capacitance at node N1 
could improve the 
performance.



Power breakdown simulation
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Jitter noise simulation
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Summary of simulated results
3M2P 0.5 µm 5M1P 0.18 µm

Area of Layout 1,260 µm2 226 µm2

Max. Frequency 67 MHz 105 MHz

Rise/fall time of N1 
(10-90%)

9.3 / 7.8 ns 5.4 / 5.2 ns

Rise/fall time of MCLK 
(10-90%)

1.0 / 1.0 ns 0.23 / 0.23 ns

Avg. Power @ 10 MHz 3.2 mW 0.65 mW

Rise/fall σjitter of MCLK 10.5 / 10.2 ps 8.67 / 12.7 ps
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Fabricated test chip
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Conclusions

 Maximum frequency is limited by the N1 node 
(output of current comparator).  This can improve 
by designing a faster current comparator.

 Power can be further reduced by reducing the 
output current in the current comparator.

 Nearly all the performance characteristics improve 
with smaller process dimensions.
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Questions?
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