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Table S1. Calculated phase equilibiria for the LiPON solid electrolyte materials at applied
potential.
(a) Lip8sPO3.73No.14

Potential ¢p ref | pp;reftoLi | Ang; per

to Li/Li" (V) metal (eV) formula Phase equilibria

0.01 -0.01 8 LisN, Li,O, LisP
0.61 -0.61 7.72 Li7PNy, Li,0, LisP
0.68 -0.68 7.44 LiPN,, Li,0, LisP
0.69 -0.69 6.88 Li,PO,N, Li,O, LizP

0 Li, g3PO3.73No.14
1.07 -1.07 -0.01 Li,PO,N, LiN3, LizPOy4
1.67 -1.67 -0.01 Li,PO,N, N», LisPO4
2.60 -2.60 -0.42 N,, LigP,O7, LizPOy4
3.58 -3.58 -0.80 N,, LisP,O7, LINO;3
3.66 -3.66 -0.88 N,, LisP,O7, NO,
3.71 -3.71 -0.98 LisP,0, LiPO;3, NO,
3.77 -3.77 -1.12 LisP»,05, LiPO;, LINO;
4.33 -4.33 -1.74 LiPOs;, O,, LiNO3
4.82 -4.82 -1.88 LiPOs3, O,, N>Os
4.99 -4.99 -2.88 P,0s, O3, N,Os

(b) Li.08P03.3No.46

Potential ¢p ref | pp;reftoLi | Ang; per

to Li/Li" (V) metal (eV) formula Phase equilibria

0.01 -0.01 8 LisN, Li,O, LisP
0.61 -0.61 7.08 Li;PNy, Li,0, LisP
0.68 -0.68 6.16 LiPN,, Li,0, LisP
0.69 -0.69 4.32 Li,PO,N, Li,O, LizP
0 Li;.08PO33No46
1.07 -1.07 -0.29 Li,PO,N, LiN3, LizPOy4
1.67 -1.67 -0.33 Li,PO,N, N», LisPO4
2.60 -2.60 -0.98 Li,PO,N, N», Li4P,04
2.63 -2.63 -1.09 P5Ns, N», LisP,04
2.75 -2.75 -1.10 P4ONg, N, LisP,O4
2.77 -2.77 -1.38 LiPOs;, Nj, LisP,05
3.71 -3.71 -1.98 LiPOs, NO», N,

4.38 -4.38 -2.98 P,0s5, NO2, N»




Table S2. Phase equilibria and decomposition energies of the SE-LCO and SE-LsCO

interfaces.
a) LGPS
Celectrode x Phase equilibria (iEe]i}r;lautt(;l;i) (n?f\]/)/';ot?rln)
COO, Li3PO4, LiQSO4, Li4GeO4,
0.06 LicCoO, -82 -83
0.159 CO, Li3PO4, LizSO4, Li4G€O4, Li6C004 -210 -213
0.163 CO, Lizo, Li3PO4, LizSO4, Li4GeO4 -213 -216
LCO 0.35 | CogSs, Li0, Li3POy4, Li2SO4, LisGeO4 -314 -321
0.42 COgSg, Lizs, Li3PO4, LizSO4, Li4GeO4 -340 -349
0.44 COgSg, Lizs, Li2G€O3, Li3PO4, LizSO4 -339 -348
0.52 COgSg, Lizs, Li3PO4, LizSO4, Li4GeS4 -329 -339
0.59 CO3S4, Lizs, Li3PO4, LizSO4, Li4GeS4 -319 -331
0.61 COSz, CO3S4, Lizs, Li3PO4, Li4GCS4 -313 -325
0.0510 CO304, LCO, LizGeO3, Li3PO4, LizSO4 -230 -262
0.0513 CF)304, LCO, LizCOGeO4, Li3PO4, 231 263
leSO4
0.0sg | €00, LCO, LixCoGeO4, LisPO, 14 346
leSO4
0.090 | CoO, LCO, Li3POy, Li,SO4, LisGeO4 -317 -349
COO, Li3PO4, LiQSO4, Li4GeO4,
0.10 LicCoO, -328 -360
L.<CO 0.13 | Co, CoO, Li3POy4, Li,SO4, LisGeO4 -360 -391
0 0.14 | Co, CoO, Li,CoGeOy4, Li3POy4, Li,SO4 -370 -401
0.31 CO, COgSg, LizCOGeO4, Li3PO4, LizSO4 -467 -496
0.37 CO, COgSg, Li3PO4, LizSO4, Li4GeO4 -492 -520
0.397 COgSg, Li20, Li3PO4, LizSO4, Li4GeO4 -498 -526
0.404 COgSg, Lizs, Li3PO4, LizSO4, Li4GeO4 -499 -527
0.43 COgSg, Lizs, Li2G€O3, Li3PO4, LizSO4 -492 -519
0.50 COgSg, Lizs, Li3PO4, LizSO4, Li4GeS4 -462 -489
0.59 CO3S4, Lizs, Li3PO4, LizSO4, Li4GeS4 -428 -453
0.64 COSz, CO3S4, Lizs, Li3PO4, Li4GCS4 -398 -423




b) LisPS,

Crlectrode x Phase equilibria (rAnEe]i}I?;[t(;lr;l) (rﬁeE\]/?/';?[?rln)
0.06 COO, Li3PO4, LiQSO4, Li6C004 -90 -90
0.15 CO, Li3PO4, LizSO4, Li6C004 -233 -233
0.16 CO, Lizo, Li3PO4, LizSO4 237 237
LCO 0.34 Co9Ss, Li,0, Li3POy4, Li,S04 -368 -368
0.41 COgSg, Lizs, Li3PO4, LizSO4 -405 -405
0.48 Co3S4, LipS, LizPO4, Li;SO4 -405 -405
0.50 COSz, CO3S4, Lizs, Li3PO4 -401 -401
0.05 C0304, LCO, Li3POy4, Li,SO4 -238 -269
0.09 Co0O, LCO, Li3P0Oy4, Li,S04 -331 -361
0.10 COO, Li3PO4, LiQSO4, Li6C004 -344 -374
0.12 Co, Co0, Li3POy4, Li,S04 -380 -409
Lo_sCO 0.36 CO, COgSg, Li3PO4, LizSO4 -552 -573
0.387 COgSg, Li20, Li3PO4, LizSO4 -562 -582
0.394 | Co9Ss, LisS, Li3POy4, Li,SO4 -564 -584
0.47 CO3S4, Lizs, Li3PO4, LizSO4 -543 -560
0.53 COSz, CO3S4, Lizs, Li3PO4 =518 -534
C) LiPON0.14
Crlectrode x Phase equilibria (rAnEe]i}I?;[t(;lr;l) (rﬁeE\]/?/';?[?rln)

0.93 CON, Li3PO4, Li5C004 -35 -35

0.931 Nz, CON, Li3PO4, Li6COO4 -35 -35

LCO 0.933 | CoN, Li;0, Li3PO4 -35 -35
0.935 | CoN, Co,N, LiN3, LisPO4 -34 -34

0.96 COzN, LiN3, LizPOzN, L13PO4 21 21

0.98 CO, LiN3, LizPOzN, L13PO4 -11 -11

0.59 CO304, LCO, LiNO3, Li3PO4 -65 -79

0.80 Nz, CO304, LCO, Li3PO4 -62 -69

0.88 | Np, CoO, LCO, Li3PO4 -56 -60

0.90 | N, CoN, CoO, LizPO4 -53 -56

Lo <CO 0.94 | Ny, CoN, Li3POy4, LiCoPO4 -42 -44
03 0.95 | Ny, CoN, LisPOy, LisP,0; -38 -40
0.987 Nz, CON, LizPOzN, L13PO4 -12 -12

0.988 CON, LiN3, LizPOzN, L13PO4 -11 -11

0.991 COzN, LiN3, LizPOzN, L13PO4 -8 -8

0.993 CO, LiN3, LizPOzN, Li3PO4 -7 -7




d) LiPONgs

Crlectrode o Phase equilibria (rAnEe]i}I?;[t(;lr;l) (rﬁeE\]/?/';?[?rln)
0.77 CoN, Li3POy4, Li5C004 -96 -96
0.79 Nz, CON, Li3PO4, Li6COO4 -98 -98
LCO 0.81 CoN, Li0, LizPO4 -99 -99
0.82 Co,N, LiNj3, Li,0, LizPO4 -95 -95
0.83 Co, LiN3, Li,0, Li3PO4 91 91
0.30 C0304, LCO, LiNOs, Li3PO4 -117 -140
0.52 Nz, CO304, LCO, Li3PO4 -148 -164
0.62 | Np, CoO, LCO, Li3PO4 -154 -167
0.77 | Na, CoN, LCO, LizPO4 -144 -152
Lo <CO 0.838 Nz, CON, Li3PO4, Li5C004 -138 -143
03 0.843 | N», CoN, Li3POy, LisCoO4 -138 -143
0.849 | Ny, CoN, Li,0, LizPO4 -136 -141
0.851 | CoN, LiNj3, Li,0, LizPO4 -136 -141
0.857 | CooN, LiN3, Li,O, Li3PO4 -131 -136
0.863 | Co, LiNj3, Li,0, LisPO4 -126 -131
¢) LLZO
CElectrode X Phase equilibria (rAnEe]%/I;le;i[t(;lr?ll) (nii]/)/'gj[tg&)
LCO 0.96 Lazo3, LisZI‘zO7, Li5C004 -1 -8
0.47 Oz, LaQZI'QO7, LaQO3, Li7CO5012 -39 -60
0.49 LazzI‘207, Lazo3, LizOz, Li7C05012 -38 -58
Lo.sCO 0.87 Lazo3, LizOz, Li7C05012, Li6ZI‘207 -14 -24
0.93 Lazo3, Li7C05012, Li62r207, LigCOO6 -8 -17
0.98 Lazo3, LisZI‘zO7, LigCOOs, Li5COO4 -3 -11
f) LLTO
Celectrode x Phase equilibria (rAnEe]%;;‘;[t(;‘g) (nii]f)/’g)tglrln)
LCO 0.64 CO304, LazTi207, LizTiO3, Lo_5CO -0.5 -44
0.98 CO304, LazTi207, Lo_5CO, Li4Ti5012 -0.04 -67
LosCO - LLTO, LysCO (stable) 0 -
g) LATP
Celectrode x Phase equilibria (ﬁlEe]%/I;l;ttc;lr;l) (rr?eE\]/)/,;Ot?rln)
0.25 CO304, LiA150g, Li3PO4, L0_5CO, L12T103 -41 -48
0.29 CO3O4, LiAl5Og, Li3PO4, Lo_5CO, Li4Ti5012 -48 -56
LCO 0.32 | Co304, TiO,, LiAl50s, Li3PO4, Lo sCO -53 -62
0.35 | Co304, AIPOy4, TiO,, Li3PO4, LosCO -53 -63
0.52 | Co304, AIPOy, LiTiPOs, LisPOy4, Ly sCO -41 -56
Lo_5CO - LATP, Lo_sCO (stable) 0 -




Table S3. Phase equilibria and decomposition energies for the SE-LCO interfaces under applied

potential.
terface | sorias g Phase cquilibriaunder ¢ | AEDI et | AEpmi ora
V) and at x = xn(¢) (meV/atom) | (meV/atom)
2.00 —2.14 | CosSs, Li>SO4, LisPO4, LixGeOs [-540,-519] | [-546, -525]
2.14-2.45 | Co3S4, Li2S0O4, Li3PO4, Li,GeOs, [-556, -543] [-604, -551]
2.45-2.62 CO3S4, LizSO4, Li3PO4, LizGe7015 [-547, -542] [-645, -61 1]
LGPS- 2.62 -2.90 | Co9Ss, LixSO4, Li3PO4, GeO, [-542, -536] [-683, -632]
LCO 2.90 —3.00 | Co9Ss, Li,SO4, LiCoPO4, GeO, [-541, -536] [-696, -675]
3.00 — 3.14 | CosS4, Li»SO., LiCoPO,, GeO, [-551,-542] | [-764, -728]
3.14-3.20 | Co3S4, LizSO4, Co3(PO4)s, GeOs [-557,-552] | [-773,-759]
3.20 — 3.32 | C03S4, CoSO4, Cos(POL),, GeO, [-583,-559] | [-787, -744]
3.32-5.00 | Co9Sg, CoSO4, Co3(PO4),, GeO, [-696, -588] | [-1269, -767]
2.00 - 2.58 | Li,TiOs, La,TiOs, CoO [-73, -21] [-130, -71]
2.58-2.63 | Li;TiOs, La,TiOs, Cos04 [-19, -18] [-63, -62]
LLTO- 2.63-334 LizTiO3, LazTi207, CO304 [-17, -1] [-71, -54]
LCO 334-3.71 | LLTO, LysCO 0 [-152, -68]
3.71 —4.10 LazTi207, TiOQ, 02, L0_5CO 0 [-68, -9]
4.10-5.00 | La;Ti,07, TiOy, O, CoO, 0 [-113,-9]
2.00 —2.27 | LisPOy4, LiAlO,, Li;TiO3, Co [-282, -223] [-326, -242]
2.27-237 | Li;POy, ALCoOy, LizTisCoOs, Co | [-213,-193] | [-233,-213]
2.37-2.53 | Li3PO4, A1,C0Oy, Li;Ti3C003, CoO | [-189, -168] [-205, -184]
2.53-2.88 | Li;PO,, AL,CoO,, TiCoOs3, CoO [-165,-121] | [-182,-138]
2.88 —3.14 | Li3PO4, A1,C00y4, Ti2C004, Co304 [-118,-101] [-133,-116]
LATP- 3.14-3.40 | Li3PO4, AL,C0Oy4, TiO,, Co304 [-99, -81] [-116,-101]
Lo 3.40 —3.59 | LisPOy, LiAlsOs, TiO,, Co304 [-78, -54] [-109, -85]
3.59 —3.94 | LisPO,, AIPO,, TiO,, Co30;4 [-51, -8] [-82, -38]
3.94-4.00 | LisPO,, AIPO,, LiTiPOs, Co30, [-5, -2] [-35, -32]
4.00 —4.10 | LATP, LysCO 0 [-32, -32]
4.10-4.22 | LATP, CoO, 0 [-47, -32]
422 — 453 | Li;PO4, AIPO,, LiTio(PO4)s, O» [-2, 0] [-38, -30]
4.53-5.00 | LATP, L;sCO 0 [-113,52]
2.00 - 2.33 | N,, CoN, LizPOy [-124,-124] | [-191, -173]
2.33-2.87 | N,, CoO, LizPO, [-137,-118] | [-233,-182]
2.87-3.20 | Ny, Cos04, LisPO, [-116,-103] | [-260, -220]
3.20 - 3.43 | LINO;, Co304, LisPO, [-114,-103] | [-245,-193]
3.43-3.57 | LiNO;, LiCoPO,, LisPO, [-123,-112] | [-359,-327]
LiPONg4s- | 3.57-3.72 | LiNOs, LiCoPO,, Co;04 [-137,-126] | [-392,-359]
LCO 3.72-4.18 | LiNOs, LiCoPOy, Cos(PO4), [-145,-137] | [-523, -404]
4.18 - 423 | LINO;, CoPO4, Co3(PO4), [-148,-146] | [-540, -529]
423 - 4.48 | LINO;, CoPO4, Co(NOs), [-160, -149] | [-639, -548]
4.48 - 454 | LINO;, CoPO4, Co(NO3), [-154,-153] | [-663, -647]
454 -4.60 | LiCo(PO;)s, CoPO4, Co(NO3), [-152,-152] | [-715,-697]
4.60 - 5.00 | Co(PO;);, CoPO4, Co(NO;s), [-152,-152] | [-918,-739]




Table S4. The phase equilibria and decomposition energies of the coating layer interfaces with

Li3PS4 or LLZO.
Csg Ceoating xm | Phase equilibria at minimum | AEp min mutua| AED min total
interfacial reaction energy (meV/atom) | (meV/atom)
LisPSs | LigTisOpn | 0.53 | TiS,, LisPOy, LisTiSy -80 -80
LiNbO; 0.54 | S, Li,S, Li3POg, Lis;;NbS, -155 -155
LiTa03 0.54 S, LizS, Li3PO4, Li4/3TaZS4 -49 -49
Li;Si03 0.25 | LipS, LizPO4, Si0, -19 -19
Li;PO4 /| Li3PS4, LizPOy4 0 0
LLZO Li4Ti5012 0.46 LaZZrzO7, LazTiO5, L12T103 -75 -78
LiNbO3 0.62 LaNbO4, LaZZrzO7, Li3NbO4 -76 -79
LiTa03 0.54 LangO7, LaQZI'207, Li3Ta04 -68 =72
leSlO3 0.53 LaZZrzO7, LazO3, L14SIO4 -29 -32
Li;PO,4 / LLZO, Li;POy4 0 -

Figure S1. Calculated AEp 1 ytua) 0f @) Li3PS4-coating layer interfaces and b) LLZO-coating
layer interfaces
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