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Comparison Study on Electrical Properties of SiGe JFET and Si JFET
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Abstract

We have designed a new structures of Junction Field Effect Transistor(JFET) using SILVACO
simulation to improve electrical properties and process reliability. The device structure and process
conditions of Si control JFET(Si JFET) were determined to set cut off voltage and drain current(at
Vg=0 V) to -046 V and 300 uA, respectively. Among many design parameters influencing the
performance of the device, the drive-in time of p-type gate is presented most predominant effects.
Therefore we newly designed SiGe JFET, in which SiGe layers were placed above and underneath of
Si-channel. The presence of SiGe layer could lessen Boron into the n-type Si channel, so that it would
be able to enhance the structural consistency of p-n-p junction. The influence of SiGe layer could be
explained in conjunction with boron diffusion and corresponding I-V characteristics in comparison with
Si-control JFET.
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Fig. 1. Structure of Si JFET and SiGe JFET.
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Table 1. Process parameters of SiGe JFET.

Structure Length{gm) Condition
BF;, 1.0E15 cm’,
Gate 5 60 keV
5 . Phosphorus,
Source~Drain 18 50E15 o, 80 keV
5 Phosphorus,
N-Channel 0.831 5.0E15 cm?
i Boron, 9.0E18 cnt’,
Substrate(100) 14 0.0005 Q-cm
Si top layer 0.73 Undoped
Si bottom layer 0.283 Undoped
SiGe layer 0.05 Undoped
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Table 2. Si JFET and SiGe JFET Ipss, Vcu off,
gm depending on gate diffusion time
and temperature variation.

(a) Si Time variation

Time Inss Vas(ofn) gm
(m) (nA) ) (A/V)
60 850 -0.83 1.024
65 670 -0.73 0.917
70 470 -0.6 0.783
75 300 —-0.46 0.652
80 140 -0.336 | 0.416
85 60 -0.2 0.3
90 31 -0.163 0.19
(b) SiGe Time variation
Time Inss Vas(omn gm
(m) wA) (V) (A/V)
60 400 -(0.548 0.729
65 350 -0.5 0.7
70 320 -0486 0.650
75 300 -046 0.652
80 270 -0.446 0.650
85 240 -0.433 0.554
90 220 -0.414 0.531
(c) Si Temperature variation
Temperature Ipss Vst gm
(°C) (uA) (V) (A/V)
985 1000 -0.936 1.068
990 800 -0.84 0.952
995 540 -0.76 0.657
1000 300 -0.46 0.652
1105 70 -0.237 0.295
1010 25 -0.18 0.138
1015 8 -0.17 0.047
(d) SiGe Temperature variation
Temperature Ipss Vas(off) gm
°C) (nA) (V) (A/V)
985 540 -0.676 0.789
990 400 —-0.556 0.719
995 340 -0.494 | 0.668
1000 300 -0.46 0.652
1105 240 -(.435 0.551
1010 200 -0.392 0.510
1015 152 -0.341 0.445
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Table 3. Si JFET and SiGe JFET Ipss, Vcu off,

gm data depend on N-well diffusion

time and temperature variation.
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Ipss, Vcut off,

(a) Si Time variation

Time Ipss Vasiot) gm
(m) (uA) (V) (A/V)
705 520 -0.648 | 0.802
710 470 -0.596 | 0.788
715 390 -0.545 | 0.715
720 300 -0.46 0.652
725 240 -0.44 0.545
730 180 -0.385 | 0.467
735 120 -0.328 | 0.365
(b) SiGe Time variation
Time Ipss Vasomn gm
(m) (rA) (V) (A/V)
705 480 -0586 | 0.819
710 410 -0.54 0.759
715 350 -(.49 0.714
720 300 -0.46 0.652
725 240 -0.42 0.571
730 200 -0.38 0.526
735 150 -(.34 0.441
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Table 4. Si JFET and SiGe JFET Ipss, Veu of,
gm data depending on N-well diffusion
time and temperature variation.

(a) Si Time variation

Time Inss Vaseorn gm
(m) (nA) V) (A/V)
5 900 ~0.84 1.071
10 700 -0.742 0.943
15 510 -0.63 0.809
20 300 —(.46 0.652
25 147 -0.339 | 0.433
30 60 -0.203 (.260
35 379 -0.165 0.229

(b) SiGe Time variation

Time Ipss Vst gm
(m) (pA) V) (A/V)
5 400 ~-0.541 | 0.739
10 350 -0.498 | 0.702
15 310 -0.485 | 0.639
20 300 -0.46 0.652
25 270 -0.445 | 0.606
30 240 -0.433 | 0.554
35 228 -0.411 | 0554

(c) Si Temperature variation

Temperature Ibss Vaseofn gm
(°C) (uA) V) (A/V)
985 550 -0.649 | 0.847
990 480 -0.608 | 0.789
995 400 -0.552 | 0.724
1000 300 -0.46 0.652
1105 220 -0.419 | 0525
1010 136 -0.305 | 0.446
1015 74 ~0.234 | 0.316

(d) SiGe Temperature variation

Temperature Ipss Vastotn gm
°C) (nA) V) (A/V)
985 330 -0.488 | 0676
990 318 -0.483 .658
995 314 -0.476 | 0.659
1000 300 -0.46 0.652
1105 290 -0.449 | 0.645
1010 270 -0.448 0.602
1015 250 -0.428 | 0584
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