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S1. Electrostatic and thermal strain in the proposed GQST devices
1.1 Thermal strain in suspended graphene devices

The total thermal strain in the graphene channel, €y,ermal = (AL)thermal /L, 1S determined by
three contributions, the thermal strain from substrate contraction &y, 5,1, the thermal strain
from gold contraction &y, »,, and the thermal strain from expansion of the graphene flake
&g, @S the device is cooled. These are illustrated in Fig. S1(a).

Based on our device geometry, gy, 51, IS given by the thermal strain in the Si substrate. As
the chip is cooled, the Si contracts and compresses the graphene channel [S1]. The two
suspended gold beams are deposited on a SiOz layer, and they clamp the suspended
graphene. The gold cantilevers contract as they are cooled, applying strain to the
graphene channel [S2]. Graphene itself has a negative thermal expansion coefficient [S3].
From Fig. S1(a), we see that the direction of the thermal expansion of the graphene is
aligned with the contraction of the gold beams. Because the gold beams’ thermal
displacements are much larger than the graphene channel’s thermal expansion, the
stretching of the channel is determined, at low temperature, by the gold thermal
expansion. The total thermal strain ey,.;ma in the channel is given by Eq. S1.
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Figure S1. Electrostatic and thermal strains in suspended graphene devices. (a) Thermal strains as
temperature decreases: contraction of the Au film and substrate, and expansion of the graphene channel.
(b) Electrostatic strain from the attractive force between the back gate and the graphene.
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with ag;, as,, and a, the coefficients of thermal expansion for silicon, gold, and graphene
respectively, u = 900 nm is the undercut length, and L = 100 nm is the length of the
suspended graphene channel. Calculating the individual contributions to strainatT = 1 K
gives &gsup & —0.04 % [S1], emau = 2.6 % [S2], and &y,  —0.2 % [S3]. The total thermal

strain in the channel is epermal = Emsub + Ethau = 2.6 %.
1.2 Electrostatic strain in a suspended graphene device

An electrostatic strain, g;, of the channel arises from the pull of V;, as shown in Fig. S1
(b). There are two separate sources of g;: an electrostatic pull on the graphene channel
&g and one on the suspended gold cantilevers &;5,. We first mention that given the

modest V; < 10 V needed in experiments, and the thickness of gold beams (120 nm), the
electrostatic deflection of the beams is completely negligible [S4], thus &5, = 0 %. The
strain caused by the gating force directly on the channel is given by [S5]:
LZ
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where P = Fgq/LW = (CsVs)?/2¢, is the electrostatic pressure on the graphene channel,
Fgq is the electrostatic force, Y,p =~ 340 N/m is the 2D Young's modulus of graphene, ¢ is

the vacuum permittivity, and h, is the maximum deflection for a parabolic deformation of
the graphene flake. The value of h, is calculated from [S5]:
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where AL is the built-in stretch (see section 1.1) of the suspended channel, and is positive
(negative) for tension (compression). The resulting &, is plotted versus V; in Fig. 1(c) of

the main text, and is typically ~0.01 %. It is negligible compared to both the thermal and
mechanically controlled strains, and we exclude it from our calculations.



S2. Uniaxially-strained graphene: band structure and ballistic transmission
2.1 Transmission in unstrained ballistic graphene

We start with the ballistic transmission in unstrained graphene as a reference point [S6]:

_ Kk ’
B k. k, cos[ExL] — 1 (kFEF — q,%) sin[fch] ’
where q,, = /W (n + 1/2) is the transversal momentum, kr = Apicontact/ AVE » @and k, =
(k2 — q2)*/? are respectively the total and longitudinal (x-axis) momenta in the contacts,
while kp = Aug/hvp and k, = (k3 — g2 Y2 are respectively the total and longitudinal
momenta in the channel, vz = 8.8 x 10° m/s, and §,, = gq,,, due to transversal momentum

conservation across the contact/channel boundary. As in the main text, Ayontace 1S the
contact doping, while the doping in the channel induced by the back gate is Aug =

sgn(Vg — VD)thJn(VG — Vp)Cc/e. The conductivity is then [S6]:
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where N = Int(k;W /m — 1/2) is the number of allowed modes set by the Fermi energy
in the graphene contacts. We set L = 100 nm, W = 1000 nm, and C; = 1.7 x 10~8 F/cm?
(as in the main text). In Fig. S2, we plot ¢ — V; data as a function of Au.neac Fanging from
—0.2 to 0.2 eV, as well as for the infinite limit. When Ap.onmce > Alg, the allowed carrier
trajectories are nearly normally incident on the channel, resulting in symmetric behavior
for electrons and holes. When Ap.once ~ At @ significant electron-hole conductivity
asymmetry arises. We define the relative asymmetry as n = 2(oy, — 0,)/(0y, + 7,), as in
the main text, Fig. 3(c) and (f). The sign of the asymmetry depends on the sign of the
contact doping, as seen by comparing the solid and dashed data in Fig. S2. The
conductivity minimum is o = 4e?/mh, as expected for ballistic graphene with W /L > 1.
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Figure S2. ¢ — V/; in unstrained graphene for various Ap.onace- The device dimensions are L = 100 nm, and
W = 1000 nm. For large contact doping, there is no transport asymmetry, while for small contact doping,
the sign of the asymmetry depends on the sign of the contact doping.
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2.2 Tight-binding parameter values

In Table S1 we list the tight-binding parameter values used in our calculations.

Parameter a Yo v B Je
Value 1.42 A —2.7¢eV 0.165 2.5 3.0eV
[S7] [S7] [S8] [S8] [S9]

Table S1. Tight-binding parameter values used in our calculations: a, the nearest neighbor distance, y,,
the nearest neighbor hopping parameter, v, the Poisson ratio, £, the electronic Griineisen parameter, and
Js, the strain-induced scalar potential magnitude.

The nearest neighbor spacing (a = 1.42 A) and hopping parameter (y, = —2.7 eV) are
well established in literature [S7]. The Poisson ratio, v, of graphene is most often cited as
having the value 0.165, based on measurements of the basal plane of graphite [S8]. The
unitless electronic Grineisen parameter (8 = —d In[y,]/ d In[a]) can be measured via
Raman spectroscopy and has been reported to range from 2 to 3.37 [S8, S10]. In our
model we use f = 2.5, which is roughly the average reported value. The calculated
magnitude of the strain-induced scalar potential (self-doping) in graphene has been
reported over a range, Au, = g.(1 = V) &ora = 1.7€V-3.75eV X ga- We choose a
value often cited in literature, from ab. initio calculations, g, = 3.0 eV [S9].

2.3 Tight-binding band structure of strained graphene

The real space lattice of graphene, with its zig-zag direction along the x-axis (6 = 0°), is
shown in Fig. S3(a). The nearest-neighbor vectors are [S8]:

a a
8, =—R(0)- (vV3,1), &, = >R (—V3,1),
63 = aR(6)-(0,-1),
where the rotation matrix R(6) accounts for an arbitrary crystal orientation:

__(cosf —sinf
R(6) = (sinH cos @ ) (S7)

(S6)

The lattice’s primitive vectors are:
a, =5RO)-(V33), @ =5R©)(—V3,3). (S8)
And the corresponding reciprocal lattice vectors, shown in Fig. S3(b), are:
b, = g—zje(e) -(v3,1), b, = g—Z:R(H) - (=V3,1), (S9)

The b, , define the first Brillouin Zone (FBZ), whose corners are the K; points:

K, == 26)-(1L0), K,=—T 33((9)-(—1 ﬁ)
1 334 Y 27 33a 2°2 )
1
E)

4 V3
K; = 3\/§a73(9) : (— —7>,

(S10)

and K; = —K;.
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Figure S3. (a) Real space graphene lattice with the zig-zag direction aligned along the x-axis (6 = 0°),
showing nearest neighbor vectors §,,, and primitive vectors a,, a,. Sublattice A (filled circles) and sublattice
B (open circles) are shown. (b) First Brillouin zone (FBZ) of graphene corresponding to (a), showing the

reciprocal lattice vectors b,, b,, and KL.(') points.

The momentum-space tight-binding Hamiltonian, considering nearest neighbor (nn)
hopping, y,, and next-nearest neighbor (nnn) hopping, vy, is [S7,S8]:

Hy =y, Z(e‘”"sna}: b + H.c) + v} Z (e~ #Gn=m)(al a, + bl by) + H.c), (S11)
kn kn+m

where a,t (ay) creates (destroys) an electron on sublattice A, and b,‘: (by) do the same on
sublattice B. The electronic energy dispersion is then given by:

Eo = +|Znvoe ™% = 1yo/3 + f (k) + v, f(K), (S12)
where
f (k) = 2 cos(V3k,a) + 4 cos (? kxa> cos (% kya> . (S13)

We can expand Eq. S13 to derive the low energy dispersion around k = K when (k —
K) < K. For this low energy expansion, the nnn term in Eq. S12 is nearly constant, and
results in a rigid shift of the low energy dispersion [S7].

When strain is applied, the real and reciprocal vectors are modified to first order in strain
as [S8]:

a,-> (I +%-a, b,>A—-%)-b, (S14)
where I is the identity matrix, £ is the strain tensor, and i = 1,2. For uniaxial strain in x:
- _ Exx gxy _ (€ 0
€= (Syx Syy) a (O —vg)' (S15)
where v is the Poisson ratio. Focusing only on the nn term, the strained Hamiltonian is
kn

with the strain-modified hopping parameter:



Yn = Yoexp[—B{|(I + &) - 8,|/a — 1}], (S17)
This gives the dispersion [S8]:
Z v =ik @46,
n

E=+

=ty +g(k), (S18)

where y =y +y% + y2, and
3 3

9O = > 2upmcoslh- A +8) - (8, — 8] (519)
n=1lm>n
For small strains, we can expand Eq. S16 to first order in strain [S11]:
H = 4 = ; = —ik-8y (ot
- (VO - YOgan t &€ 611 - lVOk t &€ 671)3 n (ak bk + H'C-)' (820)
kn

From Eqg. S20, we can identify the two distinct changes to the Hamiltonian arising from
strain. The second term in Eq. S20 is from the strain modification of the electron hopping
amplitude, as per Eq. S17. The third term in Eq. S20 is from the stretching of the nn
distances, as per Eq. S16. These two terms will translate into the two types of strain-
induced vector potentials in the Dirac notation of the Hamiltonian.

2.4 Dirac Hamiltonian and vector potentials in uniaxially-strained graphene

We can express the tight-binding Hamiltonian from Eq. S20 in a Dirac form [S8], as shown
in Eq. S21:

Hg, = hop(T+ (1 — B)E) - 0 - (k — A;) + Apg + Ape. (S21)

This Hamiltonian describes the three K; valleys, and can be modified to describe the three
K/ valleys by changing the sign of A;. The ¢ are the Pauli spin matrices, and Ay is the
potential from electrostatic gating. The strain-induced scalar potential [S7, S10] is given
by Au, = gg(sxx + syy), where g, depends on the change of the nnn hopping with strain.
For uniaxial strain, the scalar potential is Ay, = g.(1 —v)e. The strain-induced vector
gauge potentials, A;, depend on the modification of both the nn hoppings and nn
distances. From expanding about the strained Dirac points [S8], we find the anisotropic
Fermi velocity tensor oy = vp(I+ (1 —B)€), with matrix elements vg,, = vp(1+
(1 - p)e) and vg,,y, = vp(1 — (1 — B)ve) for uniaxial strain.

The vector potentials are defined by the shift in the momenta of the Dirac points in
reciprocal space as shown in Fig. S4. The locations of the Dirac points under stain are
Kp; = K; + A;, where the K; are the corners of the unstrained FBZ. We show below how
the vector potentials are calculated.



Figure S4. Vector potentials in uniaxially strained graphene. Contour plot of the graphene band structure
for g1 = 5.1 % at 6 = 30°. We show the unstrained FBZ (black), the strained FBZ (red, dashed), and
strained Dirac points (blue dots). (b) Zoom-in on one FBZ corner. The inset in is a further zoom-in of the
same data, showing that the new Dirac point does not lie at the corner of the strained FBZ. (c) - (d) The top
plots show the x and y components of the A; as a function of 6. The bottom plots show the two terms, 4y,

(solid black) and A,,; (dashed blue) which make up the A4;.

In Fig. S4(a), we show contour plots of the dispersion for graphene with e = 5.1 % at 6 =
30°, as calculated using Eqg. S20, showing the unstrained FBZ (black lines), strained FBZ
(red dashed lines), and the Dirac point positions (blue dots). In Fig. S4(b), we show a
zoom-in on one of the Dirac points from panel (a). Here we see the position of the strained
Dirac point and FBZ, relative to the unstrained FBZ. The inset shows a further zoomed-
in view, where we see that the Dirac point does not lie at the corner of the strained FBZ.

It follows from Eq. S20 that the vector potentials have the form [S8, S11],

_ B (€xx ~ Eyy
A= —8 K+ App  Angy = %( Ce, ) (S22)
To generalize this formula for any 6, we rotate € in the lattice frame [S12]:
_ _ 29 —vsin?0 —(1+v)cosBsinb
'=R71(0)-E-R(H) = (COS )
€ (6)-&-R(0) =e¢ —(14+v)cosfsinf —vcos?0 +sin?8 (S23)
The vector potentials in the lattice frame are then,
,  4m —cos? 0 + vsin? 6 ,
17 334 ¢ ((1 + v) cos 6 sin 9) * Ahop (S24a)
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1 (S24c)
o ﬁ (cos?8 —vsin?8) — (1 +v) cosBsin6
Ay =S¢ ) + Apops
—vcos? 8 +sin?8) —— (1 +v)cosHsinf
( )=+ Y) /
, B 20
Apop = 5—(1+) (Z‘l)rf ; 9)' (S24d)
In the lattice frame, the Hamiltonian is:
(Hg)' = hvp(T+ (1 — P)E) -0 - (k' — A) + Aug + Ap, (S25)

Since we are interested in calculating 4; in the lab frame, we rotate (Hg,)" back into the
lab frame using the unitary matrix for rotating a spinor [S10]:

Ut(e) = ((1) e%). (S26)

Then H = UT(—=0)H'U(—6). This gives the vector potentials in the lab frame reported in
Eq. 2 of the main text:

_ 4me _cos O
A= (5o ) + Anep, (S27a)
1 .
ome ﬁcose + sin @ \‘
A; = ﬁ 1 + Ahop, (827b)
——vsinf@ +vcosO
V3
1 7] in @
e ﬁcos — sin
A3 = g 1 + Ahop,i (8270)
——vsinf —vcosO
V3
_ Pe(1+v) 1cos30
Arop = =5 (Gin 30 (S27d)

The x and y components of the vector potentials are plotted as a function 6 in Fig. S4(c)
and S4(d) respectively. In the top plots, we show the total vector potentials from Eq. S27,
while in the bottom plots we show the hopping and lattice contributions.

2.4 Transmission across uniaxial-strain barriers in graphene

To derive the transmission equation in uniaxially strained graphene devices, we use the
Hamiltonian operator in Eq. S21. We solve for the wave functions of carriers in strained
graphene using the Hamiltonian:



A/.l + A/.l th,xx(kx - Ai,x
G € - ith,yy(qn - Ai,y)
lpi,n,kx

Hg. ¥; = S28
K; Tink, th,xx(kx . Ai,x A a ( )
+ ihvp,,(q, — Aiy) He T M,
We diagonalize the Hamiltonian to determine the wave functions [S6]:
Yinke = € Xinm, (S29)
with
. . Zi
Xink, = Qine" ™’ (Zi‘n‘k) + bi,ne_lq"y( l';'kx), (S30)
and
vF,xx(kx - Ai,x) + ivF,yy(Qn - Ai,y)
(S31)

Zink, = T .
\/vlg,xx(kx - Ai,x)2 + vl%,yy(qn - Ai,y)2

where the + refers to the conduction and valence bands respectively. We then make use
of the x-boundary conditions illustrated in Fig. S5.
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Figure S5. Boundary condition along x in a suspended graphene device. Regions | and Ill are the graphene
contacts covered by gold, and region Il is the naked and strained channel.

We label the charge carrier momenta in the contacts and channel, respectively k =

k% + q,9 and k = k, % + G, 9. Then, the wave function in the three regions shown in
Fig. SS is:

¥ = Xi,n,kxeikxx -l: ri,n,Xi,n,—kxe_ikxx, i (8328)
¥ = ai,nXi,n,kxe'lkxx + BinXin-k, ", (S32b)
Wit = tinXink e . (S32c)
Setting ¥; = W, and ¥;; = ¥, at the boundaries x = 0 and x = L give the system of
equations:
<Zi.n.kx) T Tin (Zi,n,—kx> ~ i (Zi,n,kx) Pin (Zi,n,-rc)' (S33a)
1 1 - 1 -
fin <Zin k ) = %in (Zin k )elkXL + ﬂi,n <Zin -k ) e_lka' (S33b)



which we solve for the transmission, Te s, = |ten| - We find:

2
(i)
Tein = > £ > , (S34)
(£ ky) cos[RyL] + [kek in2(k
vy Kk cos [ xL] +[ rkp — —fAl-,y)] sin [ xL]

where ¢ = +1 refers to the K and K’ valleys respectively, q, = /W (n+ 1/2) is the
quantized transversal momentum for mode n using smooth edge boundary conditions

1
[S6], and k, = (k2 —q2)"/2, ky = vily[vEkE —v2,,(qn — A;y) 2. The number of
available modes is set by the contact potential,

N = Int (% fkp— %) (S35)

Summing over these modes gives the ballistic conductivity:
L 2e?1
W__ZZZTW (S36)

S3. Hierarchy of the sources of uncertainty in GQST calculations

We present the hierarchy of sources of uncertainty in the model. We begin by discussing
the main additions we made to previous idealized model, parameters: eycrmals € Alcontacts
and A,,.; = —€ - K;. They all have a major (order of magnitude) impact on the calculated
conductivity. We included all of them in our study, and, to the best of our knowledge, it is
the first time they have all been considered simultaneously.

Next, we present how the calculated conductivities are affected by excluding the following
parameters: thermal strain in the contacts, gating in the contacts, and higher order strain
effects. We also calculate the effect of reasonable uncertainties in vz, B, and g.. All of
these have a modest (10s of %) impact on the conductivity output. They were not included
in the calculations to preserve the flexibility and ease of use of the model. We remark that
these modest uncertainties will not misguide the experimental realization of the proposal,
as they can be compensated for by adjusting the experimental parameters (6,
Allcontact Vo Eroral) Within the studied range (see Fig. 4 of the main text).

Finally, we list the parameters whose uncertainties have minor (few %) effects on the
conductivity. They include possible errors in the microfabricated dimensions L, W, and u,
the presence of a realistic series resistance, Rs, between gold and graphene, a residual
impurity density, n;,,, in the graphene channel, and uncertainties in the value of the
Poisson ratio, v, and anisotropy of the Fermi velocity. For the calculations below, unless
specified otherwise, we use the same parameter-set as in the main text: g = 2.5, g, = 3.0
eV, vy = (3/2)ay,/h = 8.8 X 10° m/s, v = 0.165,L = 100 nm, W = 1000 nm, u = 900
nNM, Allcontace = —0.12 €V, 8 = 30°, tyae = 50 NM, eermal = 2.6 %, and ey = 2.5 %.
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3.1 Major necessary corrections included in the transmission model

In Fig. S6 we show the effect of four parameters (ewermals 05 Aldcontact: and Ay ; = —€ - K;)
which we have incorporated into our calculations to improve on previously idealized
theoretical models. As can be seen in each panel, the exclusion of any of these
parameters would cause major quantitative changes to the conductivity data, and
misguide experiments. We therefore included realistic values for these terms in all of our
calculations, as discussed in the main text.
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Figure S6. Corrections to transmission model with major impacts on ¢ — V;, when under a uniaxial strain
Of €hermal + Emech = 2.6 % + 2.5 %. (a) Effect thermal strain, with &y,erma = 2.6 % (black), eqermal = 0 % (red),
and egermal = 2.8 % (blue). (b) Effect of the crystal orientation, with 6 = 0° (black), 8 = 15° (red), and 6 = 0°
(blue). (c) Effect of contact doping, with Apconace = —0.12 (black), Apcontace = @ (red), Atteontace = —0.1 (blue).
(d) Effect of including (black) or excluding (red) the lattice vector potential A; ), from our calculations.

3.2 Modest uncertainties and corrections not included in our model — which can be
compensated for by tuning experimental parameters

Figure S7, below, shows the impact of several other parameters on our o —V;
calculations. All of them have a modest (10s of %) effect on the calculated o, and a much
smaller effect on the g,/ ratio. We note that these corrections often have opposing
signs, and would partially cancel each other. Moreover, the scale of the corrections can
be compensated for with the experimentally controlled parameters, 6, Aucontact, Vg, @and
Eotal OVEr the range presented in Fig. 4(c)-(d) of the main text. Therefore, in order to keep
our applied theoretical model lightweight, intuitive and flexible, we did not include these
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uncertainties or corrections. This will not undermine the ability of our model to properly
guide the development of experiments.
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Figure S7. Parameter uncertainties with modest effects on ¢ — V;, when under a uniaxial strain of eyerma +
Emech = 2.6 % + 2.5 %. (a) Effect of excluding (black), or including (red) a strain in the contacts from gold
contraction, &.,.acc = —0.31 %. (b) Effect of excluding (black) or including (red) electrostatic gating of the
Fermi energy in the contacts. (c) Effect of excluding (black) of including (red) higher order strain in the
Hamiltonian. (d) Effect of uncertainty in the Fermi velocity, comparing v, = 8.8 x 10° m/s (black) and v, =
1 x 10° m/s (red). (e) Effect of varying the scalar potential prefactor, g. = 3.0 eV (black), 3.3 eV (red),
and 2.7 eV (blue). (f) Effect of varying the electron Gruneisen parameter, = 2.5 (black), 2.75 (red), and
2.25 (blue).

In Fig. S7(a), we show the effect of including strain in the graphene contacts. We expect
any strain in the graphene contacts to arise from the contraction of the gold deposited on
them. It should lead to a maximum, and isotropic, compressive strain of €. e ® —0.31 %
at T~1 K [S2]. The total effective vector potential governing the device would then be the
difference in the positions of the Dirac points between the isotropically strained contacts
and the uniaxially strained channel 4; - Kp; — Kp i contact = (Egpyraee — €) * Ki + Anop, With

= _ [ €contact 0
Econtact = < 0 Eoontact ) (S37)
There would be no hopping contribution from the vector potential in the isotropically
strained contacts. In Fig. S7(b), we show the effect of including gating of the Fermi level
in the graphene contacts. To calculate the Fermi energy in the back-gated graphene
contacts, we follow Ref. [S13]:
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rucal c.+cg
eCG 2

JF+

<CC + CG
2

2
Apic = sgn [5VG + {,?) + {ZC. |Ape + %e&VG , (S38)
C

where we have replaced the subscript “contact” with "c" for brevity, C. =~ 107> F/cm? is the
capacitance between the metal and graphene sheet [S13], 6V; =V;—Vp, and {x =
Vmhvg /e is the so-called Fermi electric flux. In Fig. S7(c), we show the effect of going
beyond first order in strain when calculating the vector potentials. Using Eq. S16, we
calculated the full-order strained graphene band structure, and numerically determined
the positions of the Dirac points and vector potentials, 4; = K ; — K;. In Fig. S7(d)-(e)-
(f), we show the effect of a ~10 % uncertainty in the Fermi velocity, vz, the scalar potential
magnitude, g, and the electron Grlneisen parameter, £3.

3.3 Minor uncertainties and corrections not included in our model

Lastly, in Figure S8 we verify that several other minor uncertainties have no substantive
impact of the quantitative predictions of the model.

(b) ,

T T
W=1000 nm L=100 nm
W=900 nm L=100 nm
W=1000 nm L=90 nm

1F

-10 -5 0 5 10 -10 -5 0 5 10 -10 -5 0 5 10

Figure S8. Parameter uncertainties with minor effects on o — V;, when under a uniaxial strain of eyerma +
Emech = 2.6 % + 2.5 %. (a) Effect of varying the undercut length u = 900 (black), 800nm (red), and u = 1000
nm (blue). (b) Effect of varying length and width of the graphene channel: W = 1000 nm, L = 100 nm
(black), W =900 nm, L = 100 nm (red), W = 1000 nm, L = 90 nm (blue), W = 1100 nm, L = 90 nm (gold).
(c) Effect of excluding (black) or including (red) a series resistance R; = 400 Q. (d) Effect of excluding
(black) or including (red) a channel impurity density n;,, = 5 x 10'® cm2. (e) Effect of uncertainty in the
Poisson ratio, v = 0.165 (black), v = 0.15 (red), v = 0.2 (blue). (f) Effect of including (black) or excluding
(red) the strain-induced anisotropic Fermi velocity.
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In Fig. S8(c) we show the effect of adding a series resistance R, arising from the gold-
graphene injection. We plot conductivity (¢ -» L/W (671 L/W + Rs)™!) adding a total
series resistance of Ry = 400 (1, due to the gold-graphene interface [S14]. We see that
this has little effect on the low-conductivity data, as expected. Calculating the effect of R
on the on/off ratio:

1 L

Ooff w * Rs
Oonjoff =4 [
O_0n W + RS

(S39)

With Rg = 400 Q, this corresponds to a reduction in g, . Of less than 20 %.

In Fig. S8(d) we show the effect of including an impurity doping density of n;,,, = 5 x 10*°
cm [S15]. We include the impurity density using Eq. S40 below [S16]:

Ve — Vp)Col
s = SE (VG — Vo) j L] e, (540

and Aug = sgn(nya)+/ TNl |- Due to the large scalar potential shift of the Dirac point,
the impurity density has a negligible effect on the conductivity. In Fig. S8(e), we show the
effect of varying the value of the Poisson ratio, v = 0.15 and v = 0.2. These curves show
that small variances in the Poisson ratio have little effect on the conductivity data. In Fig.
S8(f), we show the effect of excluding the Fermi velocity anisotropy, taking ve vy = vp .y, =
vr in Eq. S34. Excluding the warping of the Dirac cone does not significantly affect
transport. We however did keep this last term in all calculations because it adds subtle
qualitative changes in the FP resonances. Removing this correction would have no impact
on our conclusions.

S$4. Fano factor signatures of the GQST effect

The Fano factor is a measure of the shot noise in a system. It has a specific value for
different transport regimes and can be used to study nonclassical dynamics. Here we
remark that the Fano factor is also strain tunable. The Fano factor is readily calculated
from the transmission [S6]:

X X NN=0 Tein (1= Tgin)
Ye 2i Xn=o Tein

In Fig. S9(a), we show the conductivity as a function of gate and strain for device
parameters L/W = 100/1000 , 6 = 15° Alconace = —0.12 €V, and various strains. The
Fano factor from the same dataset is shown in Fig. S9(b). It is well known that in the
ballistic limit, the shot noise in graphene is sub-Poissonian, with the Fano factor reaching
1/3 at the Dirac point [S6]. However, as strain causes the conductivity to drop, the shot
noise becomes Poissonian and the Fano factor approaches unity. Noise measurements
could therefore be used as an additional way to confirm the GQST effect.

F

(S41)
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Figure S9. Fano factor signatures of the GQST effect. (a) ¢ — (V; — Vp) data for g,y = 0,2.6,and 5.1 %
using device parameters L/W = 100/1000, 8 = 15°, Apionace = —0.12 €V. (b) Fano factor, F, vs. (V; — V)
at various uniaxial strains.
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