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in the news this morning

Intel Unveils 32-Nanometer Chip.The Oregonian (12/10, Rogoway) 
reported on Intel's unveiling of its "new 32-nanometer chip," which 
"will have more computing power and better energy management 
than Intel's current 45-nanometer chips, extending the battery life of 
laptop computers and handheld devices." And, "importantly for Intel, 
smaller chips cost less to make, meaning the company's profits 
margins will improve along with its technology." The company's "latest 
chip technology was largely created at [its] Hillsboro research factory, 
known as D1D, where about 600 engineers worked to build the chip 
on a scale many times narrower than a human hair." Meanwhile, 
"other companies are also hard at work on their own 32-nanometer 
chips." AMD "plans to have its version out sometime in 2010. AMD
and IBM have developed early versions of even smaller chips, but 
Intel has historically led the way in bringing new chips to market."

http://links.mkt753.com/ctt?kn=1&m=3670319&r=MTQ3NzY3Nzc2OQS2&b=0&j=MTA1NTUzMDQxS0&mt=1&rt=0
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Moore’s Law
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EE-612 all(?) about transistors

Kwok K. Ng, “A Survey of Semiconductor Devices,” IEEE Trans. Electron. Dev.
43, pp. 1760-1766, 1996.

MOSFET
MOST
IGFET
DMOS
HEXFET
VMOS
TFT
MISFET
JFET
VFET
MESFET
MOSFET
HEMT
TEGFET

HFET
DHFET
HIGFET
SISFET
PBT
LRTFET
VMT
BJT
HBT
DHBT
THETA
RST
BICFET
RTBT

RBT
RHET
QWBRTT
TETRAN
SIT
NWFET
CNT FET
SB FET
BTBT FET
induced base transistor
planar doped barrier transistor
metal base transistor
Stark-effect transistor
delta-doped channel heterojunction FET
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outline

I) Introduction

II) PN junctions and heterojunctions

III) BJT review

IV) The widegap Emitter BJT

V) Modern HBTs

VI) Summary
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bipolar transistors
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bipolar transistors:  I-V

IC

VCE

IB

VBE

log10 IC

60
mV/decade

high-level injection
series resistance

etc.β = IC IB

normal, active region
EB:  forward biased
BC:  reverse biased

Early effect



Lundstrom EE-612 F08 8

heterojunction bipolar transistors
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i) wide gap emitter HBT
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mesa HBTs
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HBTs

1) Why is a wide band emitter useful?

2) What’s useful about a double HBT?

3) What materials are used, what performance is 
possible, what are the applications, etc.
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applications

1) optical fiber communications
-40Gb/s…….160Gb/s

2) Wideband, high-resolution DA/AD converters
and digital frequency synthesizers

-military radar and communications

3) Monolithic, millimeter-wave IC’s (MMIC’s)

-front ends for receivers and transmitters

future need for transistors with 1 THz power-gain cutoff freq.
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outline
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II) PN junctions and heterojunctions
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IV) The widegap emitter BJT
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pn heterojunction with no band spike
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pn heterojunction with CB band spike
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review:  law of the junction
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See:  R.F. Pierret, Semiconductor Fundamentals, pp. 244-246, Addison-Wesley, 1996.
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review:  MS junction
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generalized law of the junction (homojunctions)
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generalized law the pn homojunction
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Fermi level “droop”
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heterojunctions
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generalized law for heterojunctions
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generalized law for heterojunctions (ii)
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Fermi level droop
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pn heterojunction with no band spike
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pn heterojunction with CB band spike
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outline

I) Introduction

II) PN junctions and heterojunctions

III) BJT Review
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minority carrier injection

See:  R.F. Pierret, Semiconductor Fundamentals, Addison-Wesley, 1996.
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base diffusion current
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beta
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ac model
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freq. response
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fT
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high frequency metrics
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BJT design
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1) thin base for high speed

2) heavily doped base to prevent punch through, reduce
Early effect, and lower Rex

3) even more heavily doped emitter for gain (increase Cje)
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outline
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inverted base doping
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1) thin base for high speed

2) very heavily doped base to prevent punch through,
reduce Early effect, and to lower Rex

3)  moderately doped emitter (lower Cje)

“inverted base doping” NAB >> NDE
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graded bases
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graded base HBTs
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abrupt junction HBTs
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double HBJT
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• symmetrical operation

• no charge storage when
the b-c junction is forward
biased

• reduced collector offset
voltage

• higher collector
breakdown voltage
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offset voltage
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does IC = 0 at VCE = 0?
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offset voltage
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offset voltage result

VOS =
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ln 1+1 γ R( )
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Want a large γR.  Wide bandgap collector helps.

Exercise:  show how VOS depends on ΔEC and junction
area differences.



Lundstrom EE-612 F08 45

offset voltage reason
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outline
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modern HBTs

The following slides are courtesy of 
Professor Mark Rodwell, UCSB
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epitaxial layer design
DHBT:  Graded InAlAs emitter and InGaAs base

InAlAs emitter
InAlAs/InGaAs CSL grade
bandgap-graded InGaAs base
InAlAs/InGaAs CSL grade
InP collector



Lundstrom EE-612 F08 49

epitaxial layer design (iii)
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performance

Device Performance:~ 400 GHz fτ and  ~500 GHz fmax

Has enabled 150 GHz digital clock rate (static dividers)

Should enable 300 GHz power amplifiers  (175 GHz realized with 300 GHz fmax)

InGaAs base

BC grade

collector

N+ sub collector

S.I. InP substrate

emitter

emitter contact

base contact

N- drift collector

emitter: 500 nm width, 15 Ω⋅μm2 contact resistivity

base contact: 300 nm width, 
20 Ω⋅μm2 contact resistivity

collector: 150 nm thick, 
5.1 V breakdown (BVCEO)
5 mA/μm2 current density
10 mW/μm2 power density @ 2V
15 K/(mW/μm2) thermal  resistance
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modern HBTs

Key scaling challenges:

• emitter & base contact resistivity

• current density→ device heating

• collector-base junction width scaling

& Yield ! 



Lundstrom EE-612 F08 52

InP DHBT results

Courtesy Mark Rodwell, UCSB

β ≈ 40, VBR,CEO = 3.9 V.    
Emitter contact Rcont < 10 Ω×μm2

Base :  Rsheet = 610 W/sq,  Rcont = 4.6 Ω×μm2

Collector :  Rsheet = 12.1 Ω/sq, Rcont = 8.4 Ω×μm2
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InP DHBT:  600 nm lithog., 120 nm thick coll., 30 nm thick base
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high-frequency performance

Courtesy Mark Rodwell, UCSB

InP DHBT:  600 nm lithog., 120 nm thick coll., 30 nm thick base
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summary

1) The use of a wide bandgap emitter has two benefits:
-allows heavy base doping
-allows moderate emitter doping

2) The use of a wide bandgap collector has benefits:
-symmetrical device
-reduced charge storage in saturation
-reduced collector offset voltage
-higher  collector breakdown voltage

3) Bandgap engineering  has potential benefits:
-heterojunction launching ramps
-compositionally graded bases
-elimination of band spikes

4) HBTs have the potential for THz cutoff frequencies
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references

The idea of the wide bandgap emitter dates to the 1950’s, but
the modern story begins with:
Herbert Kroemer, “Heterostructure bipolar transistors and integrated circuits,”
Proc. IEEE , 70, pp. 13-25, 1982.

For an update on current practice, see:
Mark J. Rodwell, et al., “Submicron Scaling of HBTs,” IEEE Trans. Electron. Dev.
48, pp. 2606-2624, 2001.
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