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FHB; s AT BEH BFEERUGBBRUT
RE:
U(x) = PG - (1 - P)R. (3)
R= y(np-)n, BRIV FRHEEE:
6=2.7x10"m R FERIF=EE.
EHHT N TFAECHGREMBE, BF5o
BRAHBERFHERRE P ERRRN
P = ky(T,E)/[ky (T,E) +k(T)]. (4)
WMESHTABER K, (T, F)RERXN
k, (T,E) =(3y/4na’) [exp( ~E,/k,T)][1 +b
+b/3 +b°/18 +b*/180 + ---]. (5)
RH:b=qE/(8nek,"T");y = qu/e = q(p, +
B,/ Qe) REAFRB ;a0 REFHME N ZE K
BEBE(x) = -de(x)/dx RARBGHEE; kFE
BTFEBIESHERE.
ZRER FHRBAY BN, B THRM
BRERKRERARN
Jo=-qmu, 2

d
+4qD, —
ax‘p 1 "ax"

(6)

9 )
J, =-qpu, P qD, pw

KD, =p,,,V, RERTFI MRS ., R
F/EREBE;V, =k, T/q RIHIE b, BRI
SEY,TREXBE.

HR &M 0(0) =(-V, +E,)/2,0(L) =
(V,-E,,)/2,n(0) =p(L) =N,,n(L) =p(0) =
N, exp( -E,/V) K L REHEEE,V, R4
IR B, REHEE. N, RSENNEHEK
SHHE.

2 SEdLERMER

2.1 EZXFERELLE
TR AR A — s, 1B
VEEELEFES NAHRA TUSBEREOE
FEBEERY |
[J(M) -J(M-1)/Ax] + qU(k) =0;
[J,(M) - J,(M~-1)/Ax] - qU(k) = 0;
[@(k +1) —2¢(k) +p(k~1)/A%"] =
(¢/8)[(n(k) - p(k)].
HRFEME:0(0) =( -V, +E,)/2; (L) =(V,
~E,)/2; n(0) =p(L) =N,,n(L) =p(0) =N,
exp( ~E,,/V,).
k=1,2,-- N;M=1,2,-- N-1,MEREk
-1 # k 2z 8 89 % & ¥ 5. Scharfetter-Gummel 75
ECARERE M E+1 2, B FBE G

(7)

i B A AR AL R LA 2, M e K (7) 18 3)

dn/dx + (n/V)E - J./(u,qV,) =0. (8)
BB n(x) = n(0)exp( - Ex/V,) + ], -
(agE) ™+ {1 —exp(- Ex/V,)]. LAk HIR
BB a(k+1) 5 (k) BXRERAN

n(k+1) = n(k)exp[‘p(k + 1‘)/ - (p(k)] -

J. Ax -
maglo(k +1) —¢(k)]{l - exP[¢(k * l;)/‘ Wc)”'

FRELBTFER J, HEBREA:

J.(M) =’§§[<o(k) —e(k+1)] -

(k) —@(k+1), _
n(k +1)exp[ 7 1 - n(k) (10)

o(k) —p(k+1), _
v J-1

¢

= 1,0n(k) ,n(k + 1) ,0(k) ,@(k +1)].
R, 8 A R J, R

J,(M) =%‘j[¢<k) —p(k+1)] -

exp[

p(krexpl &EL @Dy 4 1)

1]

o(k) —p(k+1), _
v I-1

t

exp|

= J[p(k),p(k +1),0(k) ,@(k+1)]. (11)
BERRRRAZEFTRA(T) TLEH R
ERZXKTR o n,pHW3IX(N-2)NFEA:
F {n(k-1),n(k),n(k+1),p(k),@(k-1),
o(k),o(k+1)} =0;
Fip(k-1),p(k),p(k+1),n(k),p(k-1),
(k) ,o(k+1)} =0;
F in(k),p(k),p(k-1),0(k),p(k+1)} =0.
(12)
Hep2<ksN-1L.k=1fMIN&#H o, n, pf&
B RAGHE Al LR BARLF 3 x (N -
)NKRAE, B EFAE3Ix(N-2)4 78, B
HETTUHE BEREFHIBHREREZ, BEREFE
SRPE R, B0 20 £ BY 3 E 43 B O 3k A B OLAY
HBEARABBIFHAHER.
2.2 s BEEMHaLE
RAEBEE KRB B, PYK o,n,p %
BHhH—/i 8t BEBIFEIMBREMN, BKE
—RERRBBRFERNE, HBFMRERWE K
EHENL BEA4EEREMTLRIERE
FRMKHEL, BEREERARERER.
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TR B KRB 0 8, Br DLk
MRBR(12)HR BB, HRAEXN
F,o=a,p(k-1) + b,p(k) +c,o(k+1) +d, =0.

(13)
Hrp:ia, = (Ax) -2, b, = —2(Ax)'2,cd, = (Ax)-z,
d, =(q/¢)[p(k) -n(k)].

EBRBRTFREn, p 5RA ¢ BXF:n(k)
=n,exp{[p(k) -,(k)]1/V,}, p(k) =n;,exp
([, (k) - @(K)]/V|. K:9,(k) =@ (k) -
(k,779) < In[n(k)/n, ], &,(k) = (k) - (k,T/
q) «In[p(k)/n, JRERKYE AFENHN:¢,(0)
=¢,(0) =0,¢,(N) =¢,(N) =V,

WR(3)E " (k-1),0"(k), 0" (k+1) 4k
Taylor BFF , ZM_HrUA L BKW,BHFE: F, =

aF;

d
mmp(k 1) + %0 (k)A‘P(k) +
mA(p(k+l) +Fo
aAp(k -1) +b ,Ap(k) +c Ap(k+1) +
d, =0. (14)

ERXBRETF Ao HARMFE, 51 LXBE Ap
&, XM o HATBIE

o (k) =" (k) + Ap (2<k<N-1)
K(14) 5
aw,,=(Ax)'2;

b,y = ~2(Ax) " - (g/e) - [p°(k) +n°(k)1/V,
= (M) %5 d, = (Ax) 2 - " (k-1) -2(A
x) 2@’ (k) + (Ax) 9" (k+1) + (/&) [p° (k) -
n’(k)].

KRB FRMEZE BN, ¥ o Mp A
EHRA JLZEX(0) BIHBOTBREK (12)
F,=0,BHEBILT n(k) MIELHKEFE:
F.o=a,n(k-1) +b,n(k) +c,n(k+1) +d, =0

(15)
A ko(k) = (3/4ma’) [exp( -~ Ez/k,T)1[1 +b(k)
+b(k)*/3 +b(k)’/18 +b(k)*/180 + -1, 1<k
<N.

RS)FEBH

0y =(p,  Ax?)[@(k-1) -p(k)] - {exp
{lo(k-1) -p(k)] - V,7'} -1} 7%

by=-(p, - Ax7*) {[@(k-1) —@(k)]exp

{[o(k- 1) e(kE)] - V,7"} « lexpl[p(k-1)
—p(k)] -V} - 1}"+[¢(k)-¢(k+1)]-
{expi{[@(k) —@p(k+1)] - V,7'} =1} '}

p° (k) -ny, "1}

cu=(m, - Ax7") - [@(k) —@(k+1)] -
fexpi[@(k-1) —@(k)] - "H'ieXP{[lp
(k) —@(k+1)] - V7' =1} 7" d, = [k (k)6
- /‘)’["(k) p(k) ‘nimz:” [ ko(k)')' +k/] -
KR (15)FE n°(k-1),n° (k) ,n°(k +1) &bk
7 Taylor BFF, ZB B BT, BL&H
KR
aF,
Ton(k-1)
oF,
an(k +1)
a,An(k -1) + b An(k) + c An(k +1)
+d, =0. (16)
EXRXT An WEHETBRA, b LARE
An 5, ¥ME 2" HTBIE
n(k)=n"(k)+ M (2<k<N-1)
K(16) F:a,, =a,; b, =b, "kf'ypo(k) .
(ko (B)y + k175
b,n"(k) +c,n’(k+1) + {ko(k)'yG-k,'y[no(k)
- [ ko(k)'y+kf] -
RB|ERBRERETERE, o M n A
EE,RA LREKX(1) BIBHETREAR(12)
F,=0,8BBRXT p(b) WK HBAH.
F, =a,p(k -1) +b,,p(k) +c,,p(k +1) +d,, =0.  (17)
A

F,
An(k) +

An(k -1) + aa(k)

An(k +1) + F° =

cp=¢Cy; dy=a,n’(k-1) +

ay = - (p, * A7) [@(k-1) -p(k)] -
{exp {[@(k - 1) —p(k)] - V,7' - {expl[o(k
VIO N IEE A I |

bu=(u, - Ax*) {[@(k) —@(k+1)]exp
{[@(k) - ¢(k+1)] V. - {expilo(k) -9
(k+1)] -V, =1} "+ [@(k-1) —@(k)] -
fexpi[@(k-1) -@(k)] - V,”"'} -1} '},

cu=~(p, '2)[¢p(k) —p(k+1)] -

{exp{[@(k) —@(k+1)] - V,7'} =1} 7'

dy = - ko (k)6 - k,y[n(k)p(k) -n,' 11
[ko(R)y +k] 7"

BHEBOANEP (k-1),p"(k),p° (k+1)
AL AT Taylor BFF, ZWs “Br i F BRI, B H R

Ap(k -1) +

ap(k)

Ap(k +1) + F,

]
F =
Poap(k - l)

L
ap(k +1)
= a,Ap(k = 1) +b,Ap(k) +c,Ap(k +1)
+d, =0. (18)
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EXRXTHY BEETEA, & EXH BN
J& S WME p° HATBIE :

p’(k) = p’(k) +Ap (2<k<sN-1)
R(18)H:a, =a,;b, =b, +kf'yn°(k) « [k (k)
y+k 17 e =cys dy =ay,p’(k-1) +b,p" (k)
+c,,,,p0(k+1) - {ko(k)'yG—kf'y[no(k)po(k) -
no 1l [ho(R)y +k,]17"

SEULELHE 2SR BE ERl
BA(2)FARTREFTRAL), M.

(F. = a,An(k-1) +b ,An(k) +
¢ An(k+1) +d,, =0;
F,= a,Ap(k-1) +b,,Ap(k) +
¢, Ap(k+1) +d,, =0;
F,=a,A¢p (k-1) +b,,Ap (k) +
¢ Ap(k+1) +d , =0.
(2<k<sN-1)
RAEBEENEABERR S REE
REPTT SR B R

3 EBIHHRENHE

WEE T MR RBES T %, RS
B¥E,,=1.34 eV,u, =2.5x10 "m*/Vs,p, =
3.0x10 °*m*/Vs,N, =2.5 x10°m™>,6 =2.7 x
10"m~’,£=3.0x10" F/m,a=1.3 nm,k, =1.5
x10° s™'. f§ F§ MATLAB & Bt B2 F,
B KBS o(x) . n(2),p(2) BT
BEA.

ME3ATLUES , FERERET Rx=0fMx
=L BHEsh , B BE TR, X BH THK
AREBGRBNEGEEX BERGRERLT—
NMEBE FHA4ME 6 RBETERAETFEREL N
HEBE A REMFEESHRE, S5 4R
(15) (16) RIK A ESR T BRI I =J, +J,,

(19)
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Fig.3 The distribution of potential at short circuit
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Fig.4 The distribution of carrier densities at short circuit

08
0.6
04

02r \
0.2

1 1
0 20

i 1
0 20

— B

ANV
o
(=

1 1 J
0 60 80 100 120
BEB/nm

S FHENNBESH
Fig.5 The distribution of potential at open circuit
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Fig.6 The distribution of carrier densities at open circuit
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Numerical Analysis for Bulk Heterojunction Organic Solar Cells under
Steady-state Condition

YE Hui-ying', WEI Fu-peng', LIU Wei>, SHEN Cui-li', WANG Hai-yan’

(1. School of Information Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Physical Engineering College,
Zhengzhou University, Zhengzhou 450001, China}

Abstract: A numerical simulation on bulk heterojunction( BHJ) organic solar cells by decouple algorithm put
forward by Gummel is described in this paper. The distance between the top and bottom electrode is meshed e-
quidistantly, and the basic equations are turned into finite difference discrete forms under the one dimensional
model, then the nonlinear equations are converted into linearization with the Newton-Raphson method. Numer-
ical solution can be obtained in this way. The correctness of this solution is verified with computer simulation.
Key words: bulk heterojunction ; organic solar cell; decouple algorithm; Newton-Raphson method ; numerical

solution



