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S1. STRUCTURAL PARAMETERS AND BAND GAPS CALCULATED WITH THE HSE HYBRID
FUNCTIONAL

TABLE I. Parameters for the III-nitrides calculated with HSE. Experimental data are listed for comparison.

Property HSE (this work) Experiment®
GaN a (A) 3.205 3.189
c (A) 5.200 5.185
u 0.377 0.377°
E, (eV) 3.496 3.4-3.5
AIN a (&) 3.099 3.112
c (&) 4.959 4.982
u 0.382 0.382°
E, (eV) 6.044 6.1-6.3
InN a (A) 3.587 3.545
c(A) 5.762 5.703
u 0.380 -
Ey (eV) 0.646 0.6-0.8

2 From Ref. S1 unless otherwise specified.
b From Ref. S2.

* Current address: Materials Science and Engineering, University of Delaware, Newark, Delaware 19716-1501, USA



S2. EXPERIMENTAL DETERMINATION OF POLARIZATION FROM THE LITERATURE

The experimental data points in Fig. 2 of the main text were taken from various literature studies that were intended
to determine the polarization constants in the InGaN/GaN or A1GaN/GaN systems. We list these references in Table
IIT, IV, V, and II along with the reported values. Whether the actual measurement was bound charges at an interface
or the field in a quantum well, we have converted the reported values to a polarization sheet charge for the purposes
of Fig. 2 using the procedure outlined in Sec. V of the main text.

TABLE II. Experimental data for GaN/InGaN/GaN quantum wells from optical (if not specified), holography, and CV mea-
surements. In the cases where fields are reported in the reference, the bound charge is determined from the model described in
the main text, Sec. V.

Reference InGaN content Field (10° V/cm) Bound charge (10'2¢™ /cm?)
S3 0.08 6.0 3.1
S4 0.10 13.6 7.2
S5 0.15 21.0 11.5
S6 0.12, 0.22 15.0, 29.0 8.1, 16.5
ST 0.10 3.5 1.9
S8 0.18, 0.15, 0.20 24.5, 27.0, 22.0 13.6, 14.8, 12.4
$9. S10. S11 0.07, 0.08, 0.08, 0.08, 0.08, 0.08, 10.5, 11.4, 11.1, 11.1, 12.6, 12.3, | 5.5, 6.0, 5.8, 5.8, 6.6, 6.5, 6.8, 7.1,
=10 0.09, 0.09, 0.09, 0.09, 0.09 12.9, 13.4, 13.7, 14.0, 14.0 7.2, 7.4, 7.4
S12 0.07 9.3 4.8
S13 0.15 13.4 7.33
S14 0.08 11.0 5.76
S15 0.09 19.0 10.0
S16 0.11 2.9
S17 0.20 31.0 17.5
S18 0.11 3.0 1.6
S19 0.10 9.0 4.8
S20 0.14, 0.14, 0.14 18.1, 21.2, 20.4 9.8, 11.5, 11.1
S21 0.16 12.0 6.6
S22 0.23 18.0 10.3
S22 (holography) 0.18 22 12.2
523 (holography) 0.52 0.0 2.8
524 (holography) 0.52 32.0 214
525 (CV) 0.08 i1
526 (CV) 0.05, 0.09 18, 4.4




TABLE III. Experimental data for GaN/AlGaN interfaces from Hall-effect measurements.

Reference AlGaN content Bound charge (10'2e™ /cm?)
27 015,022,022, 026, 029, 020, 39, 49, 87, 138, 150,03, 72
PO DS T R B 8.2,11.0, 10.2, 10.1, 13.4, 13.5
Sos 0.20, 0.20, 0.30, 0.35, 0.40, 0.40, 9.8, 15.1, 19.1, 23.6, 28.5, 254,
0.40, 0.40, 0.40, 0.37 24.1, 22.0, 19.7, 20.1
S29 0.33, 0.34, 0.38 13.2, 9.0, 10.5
S30 0.15 6.0
S31 0.15 7.9
S32 030 16.0
S33 0.05, 0.15 2.3,6.7
S31 0.02, 0.06, 0.09, 0.14, 0.02, 0.05, 1.1, 2.1, 3.0, 3.3. 1.2, 1.6, 4.4, 4.6,
0.13, 0.15, 0.19, 0.24, 0.29 5.6, 6.5, 8.0
55 025, 020 026, 030, 031, 031 e e e
0.36, 0.37 T T T e e
S36 0.23 11.0
S37 0.16 7.3
538 0.10, 0.13, 0.18 2.8,4.1,6.2
S39 0.10, 0.15, 0.20 4.1, 6.3, 8.7
S40 0.13, 0.23, 0.26, 0.36 7.3, 9.5, 11.0, 15.2
Sa1 0.22, 0.26, 0.32, 0.36 73,90, 11.3, 12.0
S42 1.0 34
S43 0.20 13
S44 0.05, 0.15, 0.15, 0.15, 0.25, 0.35 3.0, 8.0, 7.5, 5.9, 9.9, 18.0
S45 0.23 9.8
546 0.06, 0.10, 0.26, 0.33 1.0,1.9,1.4,1.8
S47 0.72 35
13 0.21, 0.21, 0.27, 0.33, 0.33, 0.40, 9.2,10.1, 11.0, 11.5, 11.2, 12.9,
0.40, 0.49, 0.48 13.3, 16.9, 16.4
0.15, 0.19, 0.18, 0.19, 0.20, 0.20, 0.7, 1.1, 1.4, 2.8, 3.0, 6.9, 6.4, 4.8,
419 0.23, 0.22, 0.26, 0.27, 0.26, 0.31, 11.2, 11.0, 8.7, 12.2, 13.0, 14.1, 9.8,

0.31, 0.32, 0.32, 0.34, 0.35, 0.37,
0.37, 0.36, 0.43, 0.44, 0.46

11.0, 9.6, 10.1, 11.4, 14.7, 13.6,
14.0, 14.3

S50

0.26

25




TABLE IV. Experimental data for AlGaN/GaN/AlGaN quantum wells from optical and holography measurements. In the
cases where fields are reported in the reference, the bound charge is determined from the model described in the main text,

Sec. V.
Reference AlGaN content Field (10° V/cm) Bound charge (10'%¢™ /cm?)
0.08, 0.08, 0.13, 0.17, 0.13, 0.17,
S51 0.27, 0.27 3.8,3.0,5.6,72,74,94, 14.2,10.9
552 0.15 2.0
553 0.50 42.7 21.2
S54 0.20, 0.20 128, 8.3 6.4, 4.1
S54 (Hologaphy) 0.20, 0.20, 0.20 128,84, 69 6.4, 4.2, 34

S55 0.24 15.0 7.5
S56 0.17 8.3 4.1
S57 0.65 20 9.94

558, S59 0.07 4.8 2.4
S60 0.14 5.1 2.5
S61 0.18, 0.11, 0.15 10.2, 9.3, 3.8 5.1, 4.6, 1.9
562 0.18 12.3 6.1
S63 0.20, 0.50, 0.65, 0.80 11.9, 29.5, 33.9, 49.2 5.9,14.6, 16.8, 24.5
S64 0.15 3.5 1.74
S56 0.11 4.5 2.24
S65 0.24, 0.18, 0.18, 0.15, 0.07, 0.18, [13.0, 13.0, 13.2, 9.0, 4.1, 13.3, 10.0,

0.17, 0.16, 0.16 10.0, 10.2
S66 0.07, 0.15, 0.17, 0.18, 0.24, 0.18, | 5.3, 11.7, 17.2, 16.9, 19.5, 13.8, | 2.6, 5.8, 8.5, 8.4, 9.7, 6.9, 5.3, 5.1,
0.16, 0.16, 0.17 10.6, 10.2, 10.1 5.0

S67 0.15 14 7.0
S45 0.23 10.2
S46 0.06, 0.10, 0.26, 0.33 34,31, 38, 34 17,15, 1.9, 1.7
S68 0.31 11.0
S69
S70 0.19 2.5 7.4

TABLE V. Experimental data for GaN/AlGaN interfaces from CV measurements.

Reference AlGaN content Bound charge (10*%e™ /cm?)
S71 0.22 1.3
S72 0.15 3.8
549 0.33 10, 12
S73 0.09, 0.13, 0.17, 0.26, 0.31 3.8, 4.9, 8.7, 13.6, 15.0
S74 0.05, 0.12, 0.16 2.3,6.8,6.9
S25 0.13 7.1
S34 0.02, 0.06, 0.09, 0.14 0.9, 1.8, 2.0, 3.1
S50 0.26 7.0




S3. BOUND CHARGES AT NITRIDE INTERFACES

Here we present the specific equations used to generate Fig. 2 in the main text. As in the main text, we assume
a coherent ¢ plane interface of GaN and the alloy (InGaN or AlGaN), with the alloy layer under biaxial stress. The
current practice in the field (black dashed curve in Fig. 2 of the main text) is to use the effective spontaneous (SP)
polarization constants with respect to the zincblende (ZB) reference, without the correction term [AP!! introduced
in Eq. (11) of the main text], and the proper piezoelectric (PZ) constants. (These values are usually taken from
Ref. S75.) The resulting equation for Al,Ga;_,N/GaN is

ZB ref int,(ZB ref GAAIN — AGaN )T
Ul() re )7pr0p($) _ Apé%’( re )x _9 ( aN) esAllN,prOpx + esGlaN,prop(l — )
AAINT + aGaN(l — JJ)

o [63A31N,propx + egjaN,prop(l N x)i|

CANz + CFEN(1 - 2)
ColNg + CEN(1 —z) [’

=int,(ZB ref) .
where APSI;I;,’( ref) s

Aﬁsirlljt,(ZB ref) _ PeCf}faN, (ZB ref) P(;Aﬁ«lN’ (ZB ref). (2)
An identical set of equations are used for In,Ga;_,N/GaN, with InN instead of AIN .

The red solid curve in Fig. 2 corresponds to using the H ref (or ZB with the correction term) and the improper PZ
constants:

H ref), i int,(H ref AAIN — AGaN )T AIN, (H ref
Ul() ref), 1mp(x) _ APérllj,( re )(E _9 ( a ) (63AllN,prop . Peff , (Hre )) 2
aaN? + acan(l — )

GaN,prop GaN, (H ref) AIN,prop GaN,prop
+ (631 — P (1—z) — [e5 T+ e33 (1-2)

CHNz + CEN(1 — o)
CoNz + CEN(1 — x)

3)

_ Ajgint,(ZB ref) APEBret)y . _ o (@aAIN — agaN)T (eAlN,prop . PAIN, (H ref)) "
( SP + corr ) AAINT + aGaN(l — J}) 31 eff

GaN,prop GaN, (H ref) AIN,prop GaN,prop
+ <€31 — Peg (1—a)— [ex T+ €33 (1-=)

CANz + CFN(1 — )
CoNg + CEN(1 —2) [’

where

AP<ZBref>:e\/§< S ) (4)

con 2 (agan)?  (aan)?

and similarly for InGaN/GaN.



S4. DIFFERENCE BETWEEN IMPLEMENTATIONS

The difference between the current practice in the field (ZB reference, no correction term, proper PZ) and our
revised implementation (H reference, improper PZ constants) can be determined by taking the difference of Eq. (1)
and Eq. (3). For the case of AlGaN/GaN:

Ut()H ref), imp(x) o O_E)ZB ref),prop(x) — [Aﬁér;t,(H ref) _ Aﬁér};t,(ZB ref):|

(aAlN _ aGaN)x AIN, (H ref) GaN, (H ref)
—2 |:7 ) _p , 1_ ]
aaN® + acan(l — ) eff (x) = Peg (1—-x)

int,(ZB ref re 5int,(ZB ref
—o [(APGHEB D 4 ARER D) - ARGEE )]

corr

(aAlN - aGaN):E AIN, (H ref) GaN, (H ref)
+2@A1N$+GG N [Pef-f D(z)+ Py (Hre (1fx)}

—zAPZBref) | 9 (aaIN — agaN)T {PAIN, (H ref) ) + pGaN, (H ref) 1— 2 }
corr AAINT + aGaN(l _ a:,) eff ( ) eff ( )

=z APZB D 4 9c, () PN (Hreh (),

corr

(5)

We can gain some more insight by linearizing the first term in Eq. (5):

( aAlN

COrr
2 aGaN

e\f 1 (1 _ (agan) )

"2 (acan)? (aan)?

2
_ aijGaN, ZB <1 _ (agan) )

(aan)?

aGaN
~ 2foGaN, ZB (1 _ a )
GAIN

AGaN — QAIN
_ 72PfGaN, 7ZB <SC a, )
AAIN

~ —2PfGaN’ Zle(x)
So we see that the difference in implementations is

(H ref), imp (ZB ref),prop
Oy (m) — Oy

~ 25 x PAlGaN (H ref)( )_ PfGaN, ZB}

=2¢e1(x

%IPAIN sz (1 . x)PfGaN, WZ PfGaN, ZB:|
[ (7)

( PAIN, WZ PfGaN, WZ) T (PGaN, Wz PfGaN, ZB)}

= 2 (z [ ( PAIN, W2z PGaN wz) +PGaN (zB ref)}

—261$

)
)
(z)
)

Therefore, the difference is small for small strains, and/or when there is a large cancellation of the terms in the square

brackets. We see from Table I of the main text that PAIN Wz PfGaN’ WZ — 0.039 C/m? ~ —ngaN’ (zB wf), hence
the close agreement with between the black dashed and red solid curves in Fig. 2(b) of the main text (along with the

relatively small magnitude of the strain). For the case of InGaN, PfInN’ wz PGaN WZ — _0.286 C /m? which is the

same sign as PGaN (ZB ref) , hence the larger discrepancy between the black dashed and red solid curves in Fig. 2(a)

of the main text (also combined with a larger strain between InN and GaN).
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