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SNR calculations 

The output voltage of the AHE reader can be calculated using the expression: 

∆𝑉୅ୌ୉ = 2𝜌௫௬𝐽௫𝑡ୗ୐𝜂୅ୌ୉,       (S1) 

where 𝜂୅ୌ୉ is the reader utilization. The output voltage of the TMR reader can be calculated as 

follows: 

    ∆𝑉୘୑ୖ = 𝛥𝑅/𝑅 ∙ 𝑉ୠ𝜂୘୑ୖ,      (S2) 

where 𝛥𝑅/𝑅 is the TMR ratio. The reader utilization of both types of readers are not necessarily 

the same. Indeed, 𝜂୅ୌ୉ may be larger than 𝜂୘୑ୖ owing to the higher linearity and the perfect 

symmetry of the VH–Hz curve of the AHE readers (Figs. 4(f) and (g)). However, for simplicity, 

we assumed the same reader utilization values: 𝜂୅ୌ୉ = 𝜂୘୑ୖ = 0.3. 



2 

 

 The noise voltage densities in the unit of V/√Hz  were calculated using the following 

theoretical expressions: 

  Johnson noise (AHE): 𝑁୎୭୦୬ୱ୭୬ = ඥ4𝑘୆𝑇𝑅      (S3) 

  Shot noise (TMR):  𝑁ୱ୦୭୲ = ඥ2𝑒𝑉ୠ𝑅 coth(𝑒𝑉ୠ/2𝑘୆𝑇)  (S4) 

  Mag-noise:    𝑁୫ୟ୥ = Δ𝑉୫ୟ୶ ∙ ට
௞ా்ఈ

ఊ(ு౩౪౟౜౜)మெ౩௏ూై
   (S5) 

  Amplifier noise:   𝑁ୟ୫୮ = ට𝑉୬
ଶ + (𝐼୬𝑅)ଶ     (A6) 

where 𝑘୆: Boltzmann constant, T: temperature, R: reader resistance, e: elementary charge, α: 

magnetic damping constant of SL and FL, γ: gyromagnetic ratio of SL and FL, Hstiff: magnetic 

bias (stiffness) field, Ms: saturation magnetization, VFL: volume of the SL and FL, Vn: voltage 

noise of the amplifier, and In: current noise of the amplifier. ΔVmax is the output voltage when 

𝜂 = 1  in Eqs. (S1) and (S2). The stripe height (SH) was assumed to be SH = 1.2W, where W is 

the reader width. For both the AHE and TMR readers, the following variables were fixed: T = 

350 K, α = 0.02, γ = 1.76 × 10ଵଵ  rad s−1 T−1, and Ms = 1000 emu/cm3. Although the SL 

magnetization of the AHE reader may be spontaneously stabilized by the shape anisotropy and 

its anisotropy depends on the SL dimension as discussed in the main text and in Fig. 4, for 

simplicity, we assumed Hstiff = 800 Oe for both the AHE and TMR readers. We adopted 

amplifier noise with Vn = 1.2 n𝑉/√Hz  and In = 6 p𝐴/√Hz  from Ref.66. From Eq. (S6), the 

amplifier noise is higher for higher R. Thus, the improvement of the amplifier with lower current 

noise is another critical task. The total noise was calculated from the square root of the sum of 

the square of each noise (Eqs. (S3)–(S6)), i.e., 

 𝑁୲୭୲ୟ୪ = ට𝑁୎୭୦୬ୱ୭୬
ଶ + 𝑁୫ୟ୥

ଶ + 𝑁ୟ୫୮
ଶ      (S7) for AHE reader, and 

 𝑁୲୭୲ୟ୪ = ට𝑁ୱ୦୭୲
ଶ + 𝑁୫ୟ୥

ଶ + 𝑁ୟ୫୮
ଶ       (S8) for TMR reader. 
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The noise voltage was calculated by multiplying the square root of the bandwidth (Δf), which 

corresponds to the maximum frequency of the AC magnetic field from the recording bits and 

calculated by the linear density of the recording bit and the disk rotation speed. Table A1 shows 

the linear densities (in kilo flux changes per inch, kFCI) for ADs in the range of 2.4–6.0 Tbit/in2 

predicted by Albuquerque et al.66 We calculated Δf at the outer diameter of a 3.5-inch disk 

rotating at 7200 rpm. 

 

Table S1. Linear densities of the recording bit and the recording bandwidths (Δf) for ADs in 

the ranges of 2.4−6.0 Tbit/in2. 

AD (Tbit/in2) 
Linear density 

(kFCI) 
Δf (GHz) 

2.4 2700 1.78 

4.0 3400 2.24 

6.0 3900 2.57 

 


