29 2

Vol 29 No.2
2008 4 CH NESE JOURNAL OF LUM NESCENCE Apr, 2008
: 1000-7032( 2008) 02-0337-05
AT — Jaran /\
GaN 't 18 3R WL R BEARAB 73 B
. 2 L2 w2 w 1 1 3
BIER, HAERF, WTH, RAlE, R4F
(1 s 421008 2 s 42100L
3 421005)
( ac) G - GaN
LED -
@©
aws
pn
; , I-v
. GaN ; ; (ac s FV
: 0482 31; TN312 8 PACC: 7860 A
S 2 Efm R TN E LED £
(LED) RN R I RCE KR TR
’ n
(1~ 8] pn 1 ,
: LED NG C G Rs , 2
LED ’ - 34
[8] : | Ry -+ G
pn ’
U(t) = Uy + Us(t) (1)
[4] LED Uﬁ(t) = aSiIl((‘)t) (2)
UQ , U&( t)
€L
< ¢
pn
) 5 G
IV ,
s 1
, Fi 1 Sernl equevalent circuit of LED.
: 2007-08-17% : 2008 01-07
(199-),

E-mail hyy® 163 can



338

29
Us(t) C >, Ue
K, )
" [8]
pn
— b C=Co-KUc(t) (6)
) :
Fig 2 Sernl equivalent circuit of LED form easuren ent (t) = % = i(%z =
t
.14 1 dUe (1) dC
3[41 CT+ [Uqc + UC(t)]?tz
dU. (1)
: (Co - KUpe) — (1)
[ 8] , CQ —KUQC < 0
(3) (4 .
400 1000 Klzgj)_clu=l/0c<0
200f -800 K,
OF c 1600 B s Kl
I
3’ N g ’ K'
3§ —200r- R 1400 = ’ ’
-400r 41200 Ej (t)
-600+ ——— () I};(t): bc-l-KzUc(l) (8)
0o 1 2 3 4 6 7 i)(; UQ
LA 44y
31 K,
Fi 3  Apparent capacitance resistance-voltage . K,
curves of Sample T. , K,
, 0
3 AXRZME pn B HESHT
, pn 10
107
: < w0t
’ ’ 10°%
Cc
du, o
y p— Q p— i_c ~ 1 1 i 1 /1 1 -
(t) =4 = 0. @ 0 1 2 3 4 5 6
VIV
dUc dUc (¢
Cﬁllu:y,: ] C() (3) 4 T
dt dU. Qe dt
Fi 4 Currentvoltage cuve of Sampk I,
4o
Ki=2y,, (4)
c N e
4 ¥ — A EWM B ARAH
U = (14 ReC)Unc s) GaN KA E F A LA AT
UQC UQ , U(; ( If) 2 .



2 : GaN 339
, dUc (t) { n] Kio'Rs+ K, + RK>
i(t) = C,——= 9 T 2
(t) P di (9) 2nT + > a(1+RsK2)2+K?(*)2Ré (22)
asn(©t)= Rei(t) + Uc(1) = RoCo dU‘;]t(t) + Us(1) (21) (22) (23)
Rp =
(10) 2 2 2 2 2 2,2
(K]wR5+K2+R5K2)[(1+R5K2) +K|"OR5]
PUe(0)=0 af (KioRs)>+ (K:oRs +K»+ RK. )]
U _a[sin(®t) — CoRp@cos(@1) | 1 3
c(t) = 1+C%R12>w2 (11) (23)
. a®f cos( ©1) + CrRy@sin( 1) | AZRieRs B2 (1 KR
i(t) = Cp T Rs(A>+ B>~ B) (A’ + BY)
1+ CPRP(*) p = 2,2 2 2 2 (24)
(12) alRA*+ (A*+ B -B)’]
T RS s s pn
(1) (12),  ©1= 20T 0= NI+ .
i(2nT) T4 7 (1) : G
2 K, , R<K, ,B= (1+RK,)
a(QnJT+—Jﬂ L (24)
Ry = 13 Rs(A®) (A% + 1
v - e (13 Ry = s ( 2)§ 4) (25)
i(2nT)" + 2n3'l3+—2 af[RA + A7)
) T 2 @ , A=K1(*)R5
i(2nT)" + 2n]’[+—2
Cp = , 14
! ai( 20T )© (14) DA< I<Rs , (25)
2 KCL R 1 o6
KVL "= R (26)
i(t) = ic(t) + ic (1) (15) @ l<A<Rs , (25)
Uy + asn(®t) = Rsi(t) + Uc (t) + Uy Ro = A° (27)
(16) aks
(3) (8) (15) @A> Rs , (25) :
Rs
i(1) = K1%+ io + KUc (1) (17) Ry = = (28)
(17) (16) (26) (27) (28) )
in(01) = (1+ RsK2) U Rk, eV -
asin(®t) = (1+ RsK,)Uc(t) + RsK, a (2) 7
K= B=(1+RK
U = (1% R sin(1) = K\ 9Rs cos( 1) ' dUcll Yac ( 2)
c(t) = a (1+ RK, )’ + K1 w'R:2 A=K, 0Rs ; © , A=K Rs>Rs
(19) K Rs>RK,, (A°+B =B )>RA
(19) (17) (24)
i(t) = e + Rs(A> + B?) Rs
2 2 2. . Ry = 2 2 =~ — (29)
(Ki9'Rs+ K, + RK5)sin(®i) + K 19Rs cos( @t) al(A"+ B "-B)] a
a
(1+ RK,)” + Ki0RS (3) ( 2V),
(20) , G K, I-
, Vv , K,
K ' L 6V), B =
i((2nT) = a |°32Rs = (21) ( )
(1+ Rus) +K1(*)Rs (1+R5K2) ,A=K1(*)Rs N KleS<<



340 29

RsKa, (A>+ B = B) <RsA . (24)

Ry = RS(AZ+Bz_2Bz)(AZ+BZ)z %?]<Q pn
a(RA™)
B! (1+ RK, )" 4o
R’ = aRe (K R (30) dU .
, v, ’
G K> ., B :
’ K A ( 2V), G K,
(300, K, 4 . K, IV , KI:%ZQ]
, B A ( L6
V) Ry =
5 4 @ (L+RK, )"
aRs (K oRs)
(ac) G ,
- , GaN

[ 1] SandovalE LopezC MunozE Fomwardb s inpedance ofGaAs_ P, LED's [ J]. Solid-state E lectronics, 1982 25(5):
355357

[ 2] FengLiekng Zhu Chuanyun, ChenYong etal M echanisn of negative capacitance in LEDs [ J]. J Opioelectronics®
Laser (%5 &), 2006 17(1): 58 (in Chinese).

[ 3] WangCD, ZhuCY, ZhangG Y, et al Accurate ekctrical characterizaton of o ard AC behavr of real san iconducior
diode giant negative capacitance and nonlinear nterfacial hyer [ J|. I[EEE Trans Electron D evices 2003, 50( 4):
1145-1148

[ 4] Shen Jun W ang Cunda YangZhijian et al Negative capacitance efectofGaN LEDs [ J|. Chin J. Lumin (K A%
), 2000 21(4): 338-341 ( in Chinese).

[ 51 Zeng Zhibin, Zhu Chuanyun LilLe ef al Studyofnegative capacitance effectofGaN blue LEDs [ J]. J Opioelecironics®
Laser (=T * #K), 2004 15(4): 402-405 ( in Chinese).

[ 6] Wang Jun FengLiekng Zhu Chuanyun et al The Experinental study of negative capacitance m LEDs [ J]. J Opioe-
lectronics® Laser ( £ €-F « # k), 2006 17(1): -4 (in Chinese).

[ 7] WuX EbansH L Yang E S Negative capacitance at metatsen conductorinterfaces [ J]. J Ap!l Phys, 1990 68
(6): 28452848

[ 8] Tan Yanliang You Kaming Chen Liezun et al Relaton of negative capacitance n LED to mtatonal frequency [ J].
Chin J. Senicond. (F-FHhF k), 2007, 28(5): 741-744 (in Chinese).
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Abstract The forward current-voltage characteristic and fow ard capacitance-voltage characteristic m easurings
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are the most mportan tmethods to siudy the foward electricity characteristic ofGaN lghtem itting d bdes We
can use the forward alternatng current (ac) small sgnalm ehod to measure the capacitance-voltage characte
ristic of the GAN light-em itthg d bdes Same value of GaN light-em itting d bdes paraneters can be deduced
fran capac itance-vo ltage characteristic The negative capacitance phenan enon ofGaN lghten ittng diode can
be observed by using thismethod M easuring the apparent capacitance and resistance by the serial equ valent
circuit of LED for measurenent there is an extranum pont n apparent resistor-voltage cuive Propose that
the basic reason of negatwe capacitance is that the differential capacitance less than zero by analyzng relation
literature Infering that the differental capacitance of pn juncton will grow by leaps and bounds follow the
voltage of foward bias grows the differentinl capacitance of pn unction will low er till less than zero when the
fow ard bias voliage is higher than the threshold voltage of lght en ittng diodes begn en iting lght The cur
rent change rate of jnction conductorw illbemax base on current-voliage curve when the fow ard b ias voltage
is higher than the threshold voltage of light-an ittng d bdes begn an itting light and then he differential ca
pacitance of pn unction fall down quickly for radiatve-recanb nation so apparent resistor ismaxmum We
obtan the expressobn of max apparent resistor W e analyze the extreme pont of apparent resistorvoltage
curve The resultof theory analysis agree w ith the experment That proved the accuracy of this theory model

The research on apparent resistance phenan enon w ill be valuable br study the electrical characteristics of GaN
lghtem itting d bdes and w ill be valuable for the know ledge mprovenentof the characteristic and paran eter
relevant the pn unction internal structure of GaN lghtem itting d bdes The study of apparent resistance m ay

open research for novel devices and applicatbns
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