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SIAZ 3 B

Year L., Bits/chip Trans/chip Clock Wiring
LLm Gb/chip millions/chip MHz

1995 0.35 0.064 4 300 4-5
1998 0.25 0.256 I 450 S
2001 0.18 1 13 600 5-6
2004 0.13 4 25 800 6
2007 0.09 16 50 1000 6-7
2010 0.065 64 90 1100 /-8
2013 0.045

2016 0.032

Semiconductor Industry Association
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(a) forward bias. (b) reverse bias.

IE ot th FLAR,
1_di, _ e c
I"d dVD ’ VT T ’ rd

SEBX%¥ SRS EEEITAR/NE -0132- B3



I ©2014, MHPURE, RILHR

B 7R 3:

SR AR 4100 pS, ERBELAALMA, ]
HME SR A R RS R S

-
NE T A PR
rd=VT=26mV:26(2
L 1mA
T A
7 _100pS oo
r, 260

SEBX%¥ SRS EEEITAR/NE -0133- B3



I ©2014, MHPURE, RILHR

B X

o BITA! dhiheE AR

QX5 T4 /R
QEm TR
QJ& A1) 24 AL
Qtafe X Fo 8] TAE X
Q&5 & E
Qb 38 5 8. 5 TAE A1 £ 4
Q. MEF AR
QKSR Mz 5 AR
QS Mz 5 AR
QAR BLFH 8 A7

O E AR a2

EBXE SRR/ -0134- K3




I ©2014, MHPURE, RILHR

BITA fikE 643 & B A5

The base contact surrounds Base
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Collector
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A cross section of an npn bipolar-junction transistor.
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(a) (b)

Large-signal models of npn transistors for use in bias calculations.
(a) Circuit incorporating an input diode.
(b) Simplified circuit with an input voltage source.
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(a) pnp Bipolar transistor sign convention. (b),(c) Large-signal
models of pnp transistors corresponding to npn transistors
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Effect of increases in Vce on the collector depletion
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Carrier concentrations in a saturated npn transistor. (Not to scale.)
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Carrier concentrations in a reversed npn transistor. (Not to scale.)
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(b)

(a) Test circuit. (b) Typical Ic-Vce characteristics for an npn bipolar transistor. Note
the different scales for positive and negative currents and voltages.
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Large-signal models for bipolar transistors in the saturation region.
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lc — Vcg characteristics. CBO
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Typical curves of Bg versus Ic for an npn integrated-
circuit transistor with 6 ym? emitter area.
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Effect of a small-signal input voltage applied to a bipolar transistor. (a) Circuit
schematic. (b) Corresponding changes in carrier concentrations in the base when
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Typical measured electron drift velocity vy versus horizontal electric
field E in an MOS surface channel (solid plot). Also shown (dashed
plot) is the analytical approximation with Ei; = 1.5 x 108 V/m and u, =
0.07 m?/Vs.
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factor, and Vpssa—(Ves—Vth,cs)/N, as expected. When velocity
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4.2-8 MOSE! 5BITA! dh 4k % 4 tuds

Specification MOST Bipolar transistor
Rin o0 [+,
|
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K W/L
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. | n\/T VT Cox
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VS —
VGS _VTH,GS VT

 Ref.; Laker Sansen Table 2-8
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MOSH! 5BITA! dh4KE &) tbix

4.2-8 MOSE! 5 BITA! dh 4k % 4 tuds

Specification MOST Bipolar transistor
4.Design planning WT Ves ~Vrnes VA
°. |-range 1 decade 7 decade
6. MaX fT |OW I CGS’ CGD CJ’ Cp

hlgh I VSC|/L VscI/WB
7. Noise dv? Therm. 4kT(§+ R,) 4kT(1/—2+RB)

1/f 10X

8. Offset 10X v, ~10" cm/s

., Ref.. Laker Sansen Table 2-8 ., .
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