CHAPTER VI

CALCULATI?D; AND RESULTS
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Using the results mcnt, the parameters of the

two models, the pseudo
in the subsection 4.3.

section 4.1 and the basic model

the pseudo-Richardsop” mitd “the ef ‘&’pnact resistance Rg(prm) is
calculated in the sectiogh i I I olimult ml resistance Ry in TableS
to assert the validity of fpsebid Richardsbr! mbd ! “The fitting procedure of the
% __'1,- bed i thc subsection 6.2.1. From the
fitting parameters, at small « nere e I-V characteristic is linear, a contact
can be quantify by the contact ¢ ;zag_-ja:-éaf-,;é;_ ~contact resistance R (fit)
is calculated in aulﬁc' it iﬂthe, only resistance of the

barrier. Multiplied by J.he contact area, the result is the lower bound value of the
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From split temperature of each current in Fig.7 and 8, according to
eq.4.1.1, Beff and AgffA* are obtained from the slope and the ordinate intercept,
respectively, from the Richardson plot as shown in Fig.14. A.gf A* and Begf of

the other contacts are shown in column 2 and 3 of Table 5.
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Fig.14 Richiardson plot of the data Figs. Tadd) 8, yielding the effective

)
barrier height value$; The ordinate ‘ A* used in calculated

Re(prm). 4 :
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The strdight line obtained . from the ac:twauon energy, plot ,such as in
SV RYRE PR FITY POy (I,
many elgpcnmental data may be fit with a straight line, especially for small data
range. For given data there may be more than one model which the plots give
straight lines. One should not rely much on justifying the validity of a model
having experimental data plottable as a straight line.] The other evidence to
assert the validity of the pseudo-Richardson model can be seen as follow.




The theoretical contact resistivity [P¢( TE ), when there is only thermionic
emission mechanism for current conduction across the barrier, can be obtained
from equation 2.5.2 ,i.e.

Pc(TE) = (25.2)
Since pseudgsRic 1 umed thermionic emission with a
barrier height Begf. S e calculated as
Pe = (KA fesp (g Bee kD) §\ 4 Q-cm2  (6.11)

Thus the effective contact-rés: due to the pseudo-Richardson

model should be ﬂ - '
uﬁ T %‘%Wﬁﬁ‘h%’
the cording j \tercept-in . The effective

able 5.




TABLE 5

nﬁm%mkc{mm}ummmmoum.mwm

ficontact Aggr A* Begyr R (prm) Ry
wK) (V) (9) (9)
B3/S 93.0
B&/3/1 19.2
C3/20 162
D3/4 18.9
B6/4 6.6
D3/5/2 243
C3/19 296
D3/5/1 112
B4/912 42
C3/16/1 93
C3/16/2 8.9
B6/3/2 236
B4/9/1 6.3
B4/12/1 24
B4/1272 3.6
B4/11/5 110
B4/113 11
B4/11/1 43110‘6 u.111 52
”"“”ﬂu&l ‘ﬂﬂ‘ﬂ‘m}ﬂﬂi
xl 27
C3/1572 9.1x10% o 118
YA URRNYTAE o
2 9.1
8.1x107 0.170 3 107
B4/172 1.5x10° 0.16 10* 53
B6/1/ 4.8x10° 0.163 3 74
D33 LIx10°5 0.156 11 133
C3/25/1 1.7x10°9 0.157 7 132
c3nsn 7.6x10°0 0.135 7+ 40
B4/17/1 8.5x100 0.133 6 132
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where * indicates the case of Ro(prm) greater than Ry It is obviously

impossible in reality, the error should due to a large uncertainty of Agff A*.
Although the split temperatures is subject to the judgment of the

investigator, it does not much effect value of R (prm), since a slight decrease of

Beff could resulted in large re.duc‘ f Aeff A*. For example, it can not
justify deliberate cmmgq&&%n of #C3/20 to obtain R(prm)
L

lower than 20 Q. —

6.2.1 Fitting
From su i ;tf; of parameters, the theoretical
value I(V,T) can be calculaied acce to equation 4.3.2.1 - 4.3.2.8. The

parameters includx:q are -_ ,": + r Nf}, a(s), and Ol. Among

Swnt from sample to sample.
Here, we chose m*g 0.73 (Neuman , and ﬁ = 13.6 (Wasim, 1986), so

there remain 7 parameferssto be consideréd.

B
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density is defined in eq. 4.3.2.1, then yields at best fit the values of the remaining
six parameters by computer program in Appendix C. The value of J;; at best fit
are then used in the following manner to find Aypp

Aapp = [_Ii [Tl (6.2.1.1)




Note that a small barrier is the barrier where tunneling is prominent, the
latter is sensitive to the barrier shape. Since in this fitting process, the barrier
shape is drawn first before calculating the current, so that at the minimum fitting
error, the barrier shape should be the correct barrier shape. Thus, this fitting is
pertinent for the small barrier.

6.2.11 THEResult From 2
T, eo whows BT
contact under reverse bifs /V ¢ é 1“ -.:..-u_ a'?d‘l the current I. The voltage
V is the split vultage the - 5 Stween t & two voltage branches in the
J'i!.e.l

DACCT measurement of Fig.7, " rm ined ' from 1¢ range that the lower branch is

dl.le to thﬂ "bu]k . ;_T:,:- 3 @ "

S SN TIE (TSR A—

snllsmonth.le unlike the S-shapé of the TFE.and neglect TE patterns in figure

1 whith Wb G it Skt bk e b e

lower branch ensures that the large area metal still nonblocking. However, for
#C3/20, for the current 4.95 mA, using the split voltages at the temperature above
230 K, where the lower branch is still smooth, the recalculated points are nearly
the same as in figure 5f. So, in Table 6, we used the split voltages of this current
downto 107.1 K, even it is the S-shape.




TABLE 68
Fitting for #C3/20 ( Au/p-CulnSe; )

The substrate has resistivity 0.59 2-cm, carrier concentration 4.0x1017 cm-3.

Contact area 9.5x10-3 cm?2

1 0283 ® =05217 ev

2 0255 A =.01761 ev

3 0174 m* = 0.07838

4 0.070 N, (b)=5.32x1017¢m3
5 0363 Na(s)=2.15x1019m"3
6 0341 19654/ 0L = 0.1520 / °A

7 0267 ‘ _ ) E Aapp=2.32x10-3 cm?
8§ 0148 1880 0 0,00003 0 umﬁﬁs 0.002813  Bppax=0.455 eV

9

B FWE‘}@’V] 3 o 7)

10 0456 '? 5 0.00010 (}{]55429 0. QIE{M
G MR SRAIBAN T E 1)
12 188.0 0.00010 0.041209 0.002426
13 0.144 2106 0.00010 0.037312 0.002680
14 0591 107.1 0.00030 0.133614 0.002245
15 0567 1375 0.00030 0.159900 0.001876
16 0519 1640 0.00030 0.172308 0.001741
17 0285 2106 0.00030 0.113979 0.002632
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Input to computer Output to computer
v T 1 th Aj
(volts) (K)  (A). (A/em2) (cm?)

0.519
0.285
0.138
0.720
0.705
0.657
0.577
0.472
0.316
0.162
0.948

0.896

Mﬁiﬂ N g hiugE
%Iﬁé%@ﬂiﬂiﬂmﬂ

2529 0.00495 2222402 0.002227
0322 273.0 0.00495 2.441625 0.002027
0.155 292.6 0.00495 3.071099 0.001611
0.422 188.0 0.00030 0.143272 0.002093




The results of the other Au /p-CulnSej are shown in Table 7.

n

TABLE 7
Fitting parameters for Au /p-CulnSep

#eontact ¢ A mt  Ny®) Nyis) O Aspp  Bmax

(eV) “ 1019 {°A*1) (cm?)  (eV)

-..~>__<~>

B3/5 0.5680 4.95x10"  0.413
B6/3/1 05274 1.33x103 0431
C320 05217 2.32x103 0455
D3/4 0.5080 9.78x104  0.418
B6/3/2  0.5060 2.20x105  0.360
D3/5.2 05017 8.32x105 0364
C3/16/2  0.5003 1.61x104 0360
C3/16/1  0.4987 4.67x103 0424
D3/5/1  0.4848 6.99x104 0370
B4/9/2  0.4832 7.72x103  0.426
B4/9/1  0.4822 1.09 3.07x103  0.430
B6/4 47 E zﬁl 40x104 0368
C3/19 Aﬂ ﬁ ’g Weﬂﬂ ng]lﬁ 8.03x10°6 0360

u4551 -0.0411  0.0698° 7.16 0.1442  1.79%104 0359
wﬁl ibad Cbolor | ok mm;mm @b 0346
lwum 0.4041 -04750 0.1010 1352 01423 1.11x1004 0294
B4/11/1 03976 -0.1898 0.1698 324 2790 0.1437 3.48x106 0245
B4/11/3 03882 -0.1362 01540 799 3373 0.1439 923x107 0218
B4/11/5 03833 -03777 01234 273 1856 0.1393 228x106 0256
B4/11/2 03608 -0.1833 01384 305 2256 0.1436 3.09x106 0225




The recalculated of #C3/20 from fitting parameters in Table 6, are
shown in Fig. 15.
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constant current which calculated from fitting parameters in Table6. The arrow is
the split temperature Tg. In this figure, the current is 0.01 mA.
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6.2.1.2 The Result From Ni/p-CulnSeg

Table8 shows the data, from Fig. 8, and the fitting
parameters of #C3/25/2.

The substrate has resis

Input to compute;
i v T
(Volt)y  (K)

A

1 0053 107,1).0.00001 = 0.2040 eV
2 0039 1230 .IL.. 0017 A =-01320 ev
I
0.087 107.1 uununa ﬂﬂSlﬁﬁﬁ 0.0009474 m* = 0.08331
0 g B S gy oo
5 0058 1375 0.00003 0031138 nmaas Na(s)=-38. 77x1019 ¢m-3

QWWWEHWW“WFEI URdhiseont

6
7 1230 000010 0.109893  0.0009099 Agpp=1.17x103 cm?
8 0121 1375 000010 0107432 0.0009308 Bpae=0.412 eV
9 0100 1510 000010 0.100171 0.0009983

10 0054 1640 0.00010 0.061567 0.0016242

11 0187 107.1 000030 0207814 0.0014444

12 0196 1230 000030 0.294757 0.0010177



Input to computer Output to computer
Lo7, N i I R Aj
(Vol) X (A (Aem?)  (em?)
11 0.187
12 0.196
13 0.190
14 0.144
15 0.102
16  0.045
17 0258
18 0.272
19 0275
20 0274
21 0.260
22 0233
23 0.185 1880 Q00103 0909709, 0.0011322
2% 019 ﬁw Fdoabo | fostherd Vodoierdi] 3
25  0.067 zma 0.00103  0.432335
2 &W’Lﬁ\%ﬁﬁﬁﬁﬂiﬁ’l@%ﬂ’laﬂ
27 ﬂsﬁu 123.0 0.00495 2497273  0.0019821
28 0376 1375 000495 3.449762 0.0014348
29 0386 1510 0.00495 4471162 0.0011071
30 0395 1760 0.00495 6842834  0.0007233
31 0390 1880 0.00495 7.892477 0.0006272
32 0369 199.5 0.00495 8.009955 0.0006179



Input to computer Output to computer
i \Y i 3 A Iti A
(Vo) K) (A  (Aem?) (m?)

31 0.390
32 0.369
33 0334
34 0.283
35 0220
36 0.154
37 0.111
38 0.076
39 0.39%
40 0.178

[

] YV By PR i e 5.
shown in Fig. 1% Note that at high current and Jow temperature, the recalculating
bl bbb L Mool il B ) & s
contacts show this effect. So, the basic model in section 4.3.2 does not fit with
Ni/p-CulnSe, contact.
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6.2.2 Effective Contact Resistance R(fit)

Assumed that for a small forward current there still no other
mechanisms involve, except the thermionic-field emission as in the reverse, the
forward current should be gov

) same barrier's parameters. From the
fitting (barrier's) parameters.in subse -zyﬂ.m ¢ A, mt, N, (b), N,(s), O
and Agpp, both fwmcﬁ' mm;mn bias are calculated. For

reverse current, the eq

at 300 K, from ﬁrfﬁg , mahDWn in Fig.17. The bias

voltages are wmwmm (current per the contact

The effective cnnlact resistance 3 : was calculated from the slope. It was the

mﬁ;mamm 'Lmdﬂ'l * b R

be quanufy by the contact resistivity.



15

# BA/12/IRc(ft) = 029 ohms | # C 320 Roffit) = 4.68 ohns

J

mV

Fig.17 I-V characteristi€s t of #C3/20 and #B4/12/1,

Au/p-CulnSey. The fitting the calculation are from Table 7.

_..-’_,/La‘.’:"_;."{a‘ 24 l )

Rc(fit) of H};f“ her contacts, calculat Same manner of #C3/20 and
#B4/12/1 above, of mlp- ~shown in Taasl Total resistance R; and

s Mﬁ ﬁﬂmﬁﬂ:ﬂ‘i s
Wﬁmﬂwﬁwﬁw ¢)




. TABLE 9
Effective contact resistance Re(fit) at 300 K that calculated from fitting

parameters in Table7.
Feamngle P(min)
Q-em)
B3/5 0.148
B6/3/1 0.039
C3/20 0.045
D3/4 0.025
B6/3/2 0.080
D3/5/2 0.037
C3/16/2 0.010
C3/16/1 0.009
D3/5/1 0.006
B4/9/2 “ 0.008
C3/19 5::10-3 25. 2? 0.240
o ﬂumﬂwmﬂ?“
oL LGN ) wn‘mmm
B4/11/3 2.8x102 0.011
B4/11/5 4.4x10-3 2.70 11.0 0.011

B4/11/2 9.5x10-3 0.72 2.7 0.007
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