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Figure S1. Polar magneto-optical Kerr spectroscopy of a typical synthetic antiferromagnetic film.

Figure S2. Illustrations of device fabrication process: (a) Photo/e-beam resist coating and 
lithography patterning. At this stage, straight racetrack is defined. (b) Ar-ion beam etching process. 
The etching was precisely controlled via in-situ end point detector to stop at Pt layer. (c) Resist 
coating for the 2nd layer to define sections. (d) 2nd Ar-ion beam etching. At this stage, the entire 
layer of the film is etched away. (e) Final scheme of the device.



Figure S3. Domain wall speed vs. current density in each section of the 2-sectioned (4 μm- and 10 
μm-wide spin Hall layer with 2 μm-wide SAF layer) device. Black and red lines are the fitting 
curves in depinning and propagation regions.

Discussion on vCIDWM vs. J

Current induced domain wall motion is often simulated by by solving the Landau-Lifshitz-Gilbert 

(LLG) equations assuming that the DW shape does not change during its motion.  In this 1-D 

model, the analytical expression of the DW velocity can be derived under the weak perturbation 

condition, i.e.,  & . The expressions for the DW velocity, , in the ferromagnet 𝑠𝑖𝑛𝜓 ~ 𝜓 𝜓 = 0 𝑣 = 𝑞

(FM) and synthetic antiferromagnet (SAF) cases are given by the following equations6, 10;
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where , ,  is the Gilbert damping constant,  is the spin transfer 𝐻𝑆𝐻𝐸 =
ℏ
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torque constant,  is the domain wall width,  is the gyroscopic ratio,  is the spin polarization of Δ 𝛾 𝑃

the current,  is the saturation magnetization, and  is the spin Hall angle, respectively.𝑀𝑆 𝜃𝑆𝐻
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where U and L denote the upper and lower layers within a SAF structure,  (i = L 𝐻𝑘

𝑖 = 2𝐾𝑢
𝑖 𝑡𝑖/𝑀𝑖

and U for lower and upper layers), and , respectively.𝐻𝑙𝑔
𝑖 = 𝐻𝑥 + 𝐻𝐷𝑀𝐼

𝑖

In these simplified analytical models the threshold current density, Jth, is zero. However, 

phenomenologically, there always exist creep, pinning, de-pinning, propagation, and Joule heating 

for the current induced domain wall motion (CIDWM) in racetrack devices, which are not included 

in the model. For creep and de-pinning, the non-linear DWM can be expressed by Ref S1

𝑞(𝑐𝑟𝑒𝑒𝑝) ~ exp [ ―
𝑈𝐶

𝑇 ( 𝐽
𝐽𝐶) ―𝜇]

where ,  is the dimensional constant,  is the roughening exponent,  is the 𝜇 =
𝐷 ― 2 + 2𝜉𝑒𝑞

2 ― 𝜉𝑒𝑞
𝐷 𝜉𝑒𝑞  𝑈𝐶

energy scale of a Larkin domainRef. S1. Note that creeping of a DW occurs over much longer time-

scales than nano-seconds. Therefore, for the CIDWM experiments with ns-pulses, we often 

consider  in this range, i.e., 0 < J < 50 MA/cm2 in Fig. S3. 𝑞 = 0

 for 𝑞(𝑑𝑒𝑝𝑖𝑛𝑛𝑖𝑛𝑔) ~ (𝐽 ― 𝐽𝐶)𝜂 𝐽 > 𝐽𝐶

In the depinning region, i.e., 50 MA/cm2 < J < 70 MA/cm2 in Fig. S3, we obtain  = 52 𝐽𝐶

MA/cm2
 and , respectively. 𝜂 = 1.3

In the linear motion region (propagation region), the CIDWM can be expressed by

𝑞(𝑙𝑖𝑛𝑒𝑎𝑟) ~ 𝜁𝐽

For 70 MA/cm2 < J < 125 MA/cm2,  is found to be 3.8 for our device (Fig. S3).𝜁



Figure S4. Differential Kerr microscope images for multi-section device. (a) – (e) Forward 
propagation of two DWs. The DWs strongly pin at each steps, which blocks the continuous 
propagation of DWs along the magnetic wire. (f) – (j) Backward propagation of two DWs. Note 
that due to the pinning of the DW at the steps at the edges, the DW becomes curved when current 
pulses are applied. Such a curvature on the DW increases its energy due to lengthening of the DW 
which determines the extent of the curving.Refs S2, S3 When the injection of the current pulses was 
stopped, a slow return of the DW to its previous uncurved shape was found.



Attempt - 1

Pt-wing width 
(ratio)

Expected DW 
spacing (μm)

Measured DW 
spacing (μm)

4 μm (1:1) 5.9 5.9 ± 0.5

8 μm (1:2) 4.7 3.8 ± 0.5

12 μm (1:3) 3.5 2.7 ± 0.5

16 μm (1:4) 2.4 2 ± 0.5

20 μm (1:5) 1.2 1.2 ± 0.5

Attempt - 2

Pt-wing width 
(ratio)

Expected DW 
spacing (μm)

Measured DW 
spacing (μm)

4 μm (1:1) 8.1 8.1 ± 0.5

8 μm (1:2) 6.5 6.4 ± 0.5

12 μm (1:3) 4.9 4.2 ± 0.5

16 μm (1:4) 3.2 2.1 ± 0.5

20 μm (1:5) 1.7 1 ± 0.5

Attempt - 3

Pt-wing width 
(ratio)

Expected DW 
spacing (μm)

Measured DW 
spacing (μm)

4 μm (1:1) 8.1 8.6 ± 0.5

8 μm (1:2) 6.5 6.9 ± 0.5

12 μm (1:3) 4.9 3.3 ± 0.5

16 μm (1:4) 3.2 1.4 ± 0.5

20 μm (1:5) 1.7 1 ± 0.5

Table S1. Comparison between expected DW spacing and measured DW spacing in the multi-step 
device. The calculation is made by the assumption that the  is linearly proportional to the 𝑣𝐶𝐼𝐷𝑊𝑀

current density. In 3 attempts, the mean value of the difference is ~ 18 %.



Figure S5. Decompress-compress-decompress type devices with different racetrack vs. Pt wing 
ratio. (a) – (c) 1 : 2 (3 μm : 6 μm); (d) – (f) 1 : 3.3 (3 μm : 10 μm); (g) – (i) 1 : 4 (3 μm : 12 μm). 
(a), (d) and (g) show the initial two domain walls. (b), (e) and (h) show the Kerr images when two 
DWs are positioned in the middle of the compress region. (c), (f) and (i) show the DW spacing 
when two DWs enter into the decompress region. For the experiments, 14 V; 10 ns; 2 consecutive 
pulses were used to shift the DWs. Orange lines mark the position of the DWs.

Figure S6. Compress rate vs. racetrack : Pt wing ratio. The data is extracted from Fig. S5.



Figure S7. Passive control of bit compress beyond the resolution of the Kerr microscope. Two 
domain walls move from right to left by - 14 V; 5 ns; 2 pulses. (a) - (c) DW motion in the 
decompress region. (d) – (f) DW spacing reduction in the compress region. Note that the DWs are 
invisible when the bit is placed within the compressive region (expected bit size ~ 480 nm – 
considering the compress ratio of 78 %). As the DWs escape the compressive region and enters 
into decompress region, it recovers the original DW spacing (~ 2.2 μm).



Figure S8. Illustrative explanation of domain bit compression.  and  denote the 𝑥1,𝑣1, 𝑥2, 𝑣2

positions and local speeds of DW1 and DW2 at t = t0 ( ).  and  denote the 𝑥1, 𝑥2 < 𝑥0 𝑥′1,𝑣′1,𝑥′2, 𝑣′2

positions and local speeds of DW1 and DW2 at t = t1 ( ). In this example, we assume 𝑥′1, 𝑥′2 > 𝑥0 𝑣𝑖

 at . (a) The moment when DW1 arrives at the J-boundary ( ). From this moment, = 2𝑣′𝑖 𝑥 < 𝑥0 𝑥 = 𝑥0

DW1 moves twice slower than DW2 which continuously compresses the spacing between DWs. 
(b) When DW2 enters into the J-boundary, DW1 and DW2 moves at the same speed and the 
compression stops. Note that the compression rate is proportional to the DW speed difference 
across the J-boundary.



Figure S9. Control of the DW spacing via local bias. (a) – (f) Compression of DW spacing with a 
reverse bias (Vbias = - 0.5 V) – positive current pulse (18 V; 10 ns). 29.5 μm of initial spacing 
between two DWs is compressed to 9.8 μm via the operation. (g) - (l) Decompression of the DW 
spacing with forward bias (Vbias = 0.5 V) – negative current pulse (- 18 V; 10 ns). Note that the 
corresponding current density (5 MA cm-2) of the bias level is lower than the threshold current 
density for current induced domain wall motion (Jth = 40 MA cm-2). Black, yellow, and white 
arrows indicate the bias point, direction of DWM, direction of bias, respectively.
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Captions for supplementary videos

VS1_FM_2DW.mp4 The motion capture of the results from micromagnetic simulation for a bit 
compression via local current density control in a ferromagnetic nanowire (Fig. 5b).

VS2_SAF_2DW.mp4 The motion capture of the results from micromagnetic simulation for a bit 
compression via local current density control in a synthetic antiferromagnetic nanowire (Fig. 5a).

VS3_8DW_SAF.mp4 The motion capture of the results from micromagnetic simulation for 4-bit 
compression via local current density control in a synthetic antiferromagnetic nanowire (Fig. 5c).


