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Abstract: The relaxation semiconductor is a material whose dielectric relaxation time is larger than its carrier lifetime,
which is contrary to the lifetime semiconductor. The dielectric relaxation time is proportional to the resistivity, therefore
relaxation semiconductors are typically high-resistivity materials such as compensated semiconductors, amorphous semiconduc-
tors and semiconductors at low temperatures. In the relaxation semiconductor, due to the process to recover charge neutrality is
slower than the recovery of the mass action law, space charges including free and trapped ones determine carrier transport
behaviors. In the relaxation semiconductor, minority carrier injection leads to majority carrier depletion and neutral injection
leads to separation of injected electrons and holes, while in the lifetime semiconductor lead to majority carrier accumulation and
ambipolar transport, respectively. The majority carrier depletion can be characterized by the current-voltage test and the
frequency response test. The current-voltage curve of the relaxation semiconductor contains an extended linear regime at low
voltages and a superlinear regime at higher voltages. In addition, the curve is affected by trap concentration. The separation of
photocarriers can be directly observed by carrier dynamics tests. Unique properties of the relaxation semiconductor have great
application prospects in radiation detectors, radiation-hardness devices, photoconductive switches, thermal sensors, etc.

Key words: relaxation semiconductor; lifetime semiconductor; dielectric relaxation; minority carrier injection; majority
carrier depletion; photocarrier separation; ambipolar transport; current-voltage test; radiation detector
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fetime semiconductor) FIX N T 15 L BH 2R (1) ith 7 2 A re-
laxation semiconductor) , ZF Ay ARG 2 SR 4 1)
MR 2 B4 BB A HL it 75 B 1] ( dielectric relaxation time,
7, ) R F Fr (Lifetime, 7,) FOMIXT RN, —fd i 3
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fE(a-Si: ), I TFRARESMAEMHER, )ik
AR DA AR L BE Y A7 i 2 SR TR 2 A8 1 v
JZ, St AR RS P ISR st o 2
ZARIAFFE ) i HL B A s B SR, A
PR AR RPN 7y T A R X, %k 38 3 s AR Y
PR o3 BEZ o AR SCRES T i Rk AR 0 B 58
AL TR - T A 1 4 3 i 3 e A D 3 B DA R st 7
AR R

2 BRFESEEYIERE

2.1 WBRESEHEX

I 14 2 5 A A A ISR D H R R SR
(charge neutrality) , B2 AR ARTEAE Gl for; @ R
I /EFHE A (mass action law) , RIS L - Fl 23 /0 vk
FEREE TARIEER R FWRERE I (np = 0l ). BRI
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E RN T O R a6: & o N i e KN i PN
g, BRI R T, 25 A [A] A R
TR IZ 5
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B ER A TR 5 25 8] WA A OGN RRIE 2 — 2 7E T T
AT B L FHE XU ( majority carrier depletion) , 70
T A MIE T EAR Y p-n 2558, 233 A5 A2k 4k
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Fig. 1 Recovery of equilibrium after minority carrier injection in the

N-P plane, carrier concentrations on the hyperbola satisfy the
mass action law, (a) and (b) are time evolution of recovery
processes for the lifetime and relaxation semiconductor, respec-

tively
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Fig.2  Drift direction of injected electrons and holes in the

p-type lifetime and relaxation semiconductor

2.3 BAREISIE
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YA AR S A BRI, BB B AR 4 A [R)AE T L5

Mg, A AR BE— BRI, 2SR
AR far %t st B R A S R AR B B R A
(] FLART ) TR, TR A T4 A S DAy A1 I B e 32 D v o
B PSS, AR B VR B2 11 st 7 2 S v 1) 225 ) H 7 2
TN A R T, TR B B A IR A, B
B e ) 9 B R T R TR, D TR
BFefrak 2 by I mes | R 2 8 dom v, EE G
FREBEAG . PRI AE e B DR v 32 1) s 4ok ik b i A D7
ST AT RE 214 0 22 5 9K

B e RN MR R A O] a1 R TN SR il I s
TEREA RGBS Z TFIS IS, TERRE PRk
JER s A, 224 R L7 R 3 A TR R
J# (Debye length, L)), ZTF7EMIFERKEERENER, 7E
1 E10R7 A0 E RS S NG LN &1 T R s G 22 S
TR L, T DL R R A N RO
J (screening length, L )" L =L,/./1+N,/q., &F
N, SEAPARRATR L, g, 2 AW ZTRE, 507 756
MR B A P B B (diffusion length, L)), L, =
Dy, Kb D RDTY AL, N i i E -5
TR RN AR B B R AT, L, > L, b2y
RAEZFRR, RZaRkELZ TR, #1527 R
[FIBE B BE 1Y GaAs FIAS R BE T RYARAE Sio i 4RFAIE I 8]
FRFIE K B, AT LUE 6 T 5 B BE o B i 2 4 %
GaAs, Wi v/ 7, > VBRIRMIER L/ Ly > 1, HitfED
THANASEEZ FFIRRE, BN GaAs )57
i, AR REBER AT A B T BEAR /N, AT LT
L 7, /7y < LRIL /L, < 1, BEEHAERS Nk Sk,
XEFAE Si, T BB AR/, B LUEAS )it T
TRAE IS ) FRFAE A BE 1 st RS A SO — 30,

R 1 Gads T Si fEAF L SR S0k FHE R AHHER E R L)

Table 1 Estimates of characteristic time and length illustrating lifetime and relaxation semiconductor cases in GaAs and Si

[15]

Ty /S T/ Ly/cm Ly/cm L./cm
Semi-insulating 10-10 105 10-4 102 10-6
(high trap density, 300 K)
GaAs
Doped (10'7 em™) ~ _
10~° 107" 107 107 107
(low trap density, 300 K)
High purity 4 9 2 4 4
(low trap density, 300 K) 10 10 10 10 10
Si
High purit
1 Pany 1073 107 10 102 102

(low trap density, 10 K)
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EREF AR SRR E 2 Z G, (R

RER S22 T st B S O R A P B B, T LX)
DR R B A R 2R B0 A A7 T AN ERf 2 Ak, 5
— 7T, HT AR A T AR B oA SRR
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PSP e Tt A R e 5K I 2 AR R g M 7
X TR PR S — RO RME, BT TR
Xt AR IE R ML+ AR, 55, b T
TR SCERAE IR, A P PR R 25 5 25 T T =S
TS ML L B BR B PR AR LA e 3 Ak B e 52
APy PR, URE G Bl A /M 5 TR X O
F kS Dy B TR A AR B
3.1 EBER-BREMNR

XTBERE, DTEATIRNZ TSR 2
AR A PF O R R -HL R (V) R, 2T AR X 9
JE— O ROR G, HELL BN, — ol 5 W -V
FRPER AT AL, AT 3 AR B o 32 A0 e Bk P 1Y
S PR F AT LV AR RN LA
SRS YRR Y S A LR IR R R B
A DX v P TR TS )RR 2 P DT B 20 K i, X TR B
RS TR A R, P R ZE DX B B /N T - i R
B R R, B T AR T LB X T s B B
WP IRE A, DA SRS NR, E
W, P 3 FURBRAEG OO R iR SRR LV R, X T
PrfEdh, BT EE IR TIEALL . B TIER AR Fehn
RNEVFLZH, FET, CWIERIE iS5 60 AR
FREGIIGEHE (p”-v-n" S5 FEHE4Y) (O B BH GaAs' ™™ | &
4 St Ge ™ AR,

log current
log current

log voltage log voltage

3 n B T AL AR I TR S A B TR B S AR R R 1V s
Pe: (a) IRFEBRAEE, (b) WRABEHRENS

Fig. 3 I-V relationships of n-type relaxation semiconductors with p, >p,,,

the undisturbed bulk characteristic is given for comparison: (a)

low trap density, (b) high trap density!'®]

1989 4F | TS ¥ ol Si BHIF] 16 K, K -V I
PR AT A B TIN5 — kAR ) TR B B 1
st SR P 2 AR B EAIEE Y, SRS R 4
FER, 4 Sin'-p 4538t BRI RE t Al SRR st
PGRE, IRH R Y R SR X T, T R R Y
LR AR R 3O R TG H R Y H O 2 L
HLTAS AR, 4 Si ARl RARRE, 2 F A XL
L FRER, PR TR T AR, by 8

ST A ) | T DA R G =0 BN ST N DR E 3 = 2R S o
WU S BORORE N Y 30 TR AR, DT L DR S
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Fig. 4 -V characteristics for an n*-p Si diode under different tempera-

tures 2]

3.2 Zimmm Az i

1V R EE T AOR BRI N, 7 fE A4 B n 22
TR, FTRAAH RS R R AR R AL R A R (G-
V) A I v 2RO AR s, AT A5 204 RH 12
WRIE | HHRREESHT W TBERE, BT
B A 25 R L A s 5 AN RE A R P PR A s ELA R
PR AT R BIE, PR Ok HE S U e 17 R B4 23 BT A A
—EWME, Shulman 7E/NMEA T RBE T GaAs HhH
PSRRI, )T R 602 ok
AR BT 20 A, & PR R R R ST, Green™ 1
Ao B 1242k InP BOARARAY H R AP, T IR AR AR
/T 10 Hz I RP R B A5 i SRR 1, T B g 433
R A TR . McPherson' ™ Xt Hh PR IR 1 Si
AT T -V iR, R IR S R AR 2
PSP, BT B AP BOL A SE R, T
Bl ARSI T R RE
3.3 #HmFIHAFMK

T AR 7 30 g 2 D 32 2 A g K ( tran-
sient charge technique, TCT) (31 , BEFRAE AT B A] Ik
(time of fly) . I AY IR 18 o O B HUORL TR R
JBEAZRER T, YLZRBMFEBRGIEN TiZ3)
IF, 2 7E AL AR AR IR Y IE LU T IR URE A L U . i 3
USRS IR R B 0 e 37 R ] AR
B TR A, Pk, BEH AL, —FRI)E%E 0
A TR] 43 FE 3R A 400 74 iz 2 1 F N AR Sy B Lg%
TR AT A A SR SR T B R s AT O S A T
fiE., Ruzicka 25" fdi F M & -HRIIEE A (ultrafast pump-
probe technique ) W5 £ GaAs (B} AR HA - 19 BUK
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PEY L, Liao 25 i FH 4D fo 7 W IBEH AR TE a-Si - H
IR EEWEER] T 54 SR 240 i 1 28 X 4 88
MG, BRI OEA R s AR E 5 B,
FHEaERI, WA EDEAEARNER, W2 KA SR

ERER, X TR A, B N 0 T
) PIANRS Bl 7 A7 fi 2 5 PR 0 st TR A Y 30 S RO
AT LAWREE 6 A B0 T Iz o B 1) RO PR ER A L
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Fig. 5 Simulation of the photocarrier evolution: (a) equilibrium carrier concentrations used in the simulation are marked on the N-P

plane, (b) simulated photocarrier evolution with a 0. 17 time interval after excitation using the equilibrium carrier concentrations

marked in (a)

4 SFEF-SERI A

4.1 IESHRMES

2.2 AT, AR R S A rp A AR LR
23 AN 73 T 45 F [ B4 RS 2, 3 IE Sk Ak
RS RRIA8 (00 A T AR R, R I AT RAIA K 2 S A 4
PRI G55 ISt o AR 2 S A% S P D0 25 4 8 T A
TN 328, L p-n 5851 FREE 45 28 () B fof XA
A RCTAR X 25 BRI 2% 5 75 2 TARTEAR IR S T iy
Al RTINS . AR SR TR B S AR &5
ATLAFE Y, 3% 3 i T A DR 265 A A B A 0 2 4 v 8 4
ST AR LB R DT R R AR Sy R ok A, DLl
1o HL 3 0 A S 7 A A P s O IR A T L fRT AR

PLEIR Y CdZnTe A5 STHHRIIES J ], MBSEAF A
PR 1x10° Q - em, HLF 2 7GERE R 2 1000 F1
100 em’/V - s, AIIFEARA BSBIRIT L 1 ms, 256
Hecht J7 27 & B pr BLAD TCT PN 45 09 253 i B
RO 8F] CdZnTe IR F A E 1 s 24, I,
BRIMFRHA CdZnTe MEHEEIR T O L REMB Tk,
TR RBSAMEAS B 3t B 2 S A N AR 1 5 o Vi B 1
Bk, CdZnTe H iR BEME BETT 3% 1x 10" em™ DL BP0 T
F TR L2 1x10° em ™, SE/N TRk EE,
PL CdZnTe Ja& T B BH Uk 22 00t 74 A

4.2 HERHEMG

TE R ek i BT AR (1 2 e A5 71 T W ) 2 22 (1] Rt
SESTERAEARMA N AR B HR PR O T BB B KB AR Y
WU, RS R B TR E AR, SRR AL, AR,
X TIRBESAMETS B A s I8 T, o T AR R KR
BB SRR REZAT FTHLAE T, i LU 8™ A= 1 ot 4 X LA
B RERH b T FA E R Y PR T AR
felk, MR TR R S SR A AME GaAs™ I3 1Y —
WA, PTLAERS NI A KB IR BE LB bG , (13 A1k
AR A, TEDURE AR U A VAR T E
4.3 XBEFX

LS S TT 5 ( photoconductive switch) ZEA T
PRIKHBEOCFIDGHL A T A il 3 fih & e 42 2 S
T8 T S L300 LT TF I RICAR S, FE Ik b D AR R
R T2 A SRR Tz R Y R T R
TEOCHE | RCRANT = HRE 7, 5 L0 R WG v PR K
BRE, W42y GaAs, SiC MG RIA %, HibbH S
FA T RE R IGE R . X T R4 GaAs i &, MR
FH Y RS TR RE I B X G H S TR DG AR e O e, G 5
HUT, FFHETIR] POCHERAE, A EER MW
4.4 REIRER

— MR, St AR BEL Y fR R TR IR EE 24 200 °C,
FRE A IR RE 2 R RE A 7 A R AR 5 T 5 B
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PRI, Si b i B A s ) R b i Sk iy
BFHEH (exclusion) ZRE ) F4s 2% )2 b ik HE R (silicon-
on-insulator) , PR IF T VETR & 4253 350 «C (as]
4.5 HENMA

BT gk AR A AR T IS R, R R
TR R T TR R SR 2 TAEIR X,
FREAAAE— A B A X, AT LUK 3% DX 3 ) 4 H 74
BERICTHAE iR U AT AR Ry 2 4 Gt IS
TR, IFXF 8 AR A B AE R e AR S, 51
e GaAs W% F 3 1Y 4 )8 -F SR ROV 4 (MES-
FETs) (14 2 B2 S 5L A AT SCRRHE ) 3 e e
AL R TS A OC, W T2 2 God T 1 i 38 A 2
SARFEE,

5 & i&

SR A A S RRR T A B —FR A, BIR R
AR LSt R I B K T 4800 1 R A3 i Do AL st 5t
)AL S P e I B REAE B R) T AR St R 2k S A
WO s ] HL T X 3O T s i R R, S A
UM, st SRR 2 T AR RO T TSRS
SEPASA L BE M A E AR B R , H AT, Xt
BeE SR s L R RA UL AR, E A
FRZERIED T HEAT I, T HABY HE A, B0
FORLS A2 AZ 37 . DG IR W37 ) o AT kD B GEAIT S
S ARER T R AR AR DI O, bk
E T R AR K SYEREILAL . PERERAE DT ML &
it B SN AEE 2 05w, bR SRR Y
PR SR ) R
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