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Abstract

Materials are divided into semiconductors and insulators.This paper asks where that boundary lies—the answer is

nowhere.The intrinsic carrier concentration varies continuously as , and there is not one place where

it jumps.No new mathematical theorem and no new law is claimed. First, set out seven materials at room

temperature.Germanium gives  and silica —a span of (Section 2).

Second, this is the core of the paper.Across that span of  there is not one break—move  continuously and the

value moves continuously(Section 2). Third, “above  eV is an insulator” is a stipulation.Drawing that line makes

insulators of SiC (  eV) and GaN (  eV)—and both are called power semiconductors in practice(Section 3).

Fourth, the boundary moves with temperature.Diamond gives  at  K and  at

 K—the same material rises by (Section 4). Fifth, the ordering is exchanged.Diamond at  K,

an “insulator”, stands a factor of  above SiC at  K, a “semiconductor”(Section 4). Sixth, the

classification is not a property of the material.Diamond reaches silicon’s room-temperature value at  K—

without writing down the temperature, the classification is not settled(Section 5).

— —



Scope of this paper (scope note): No new mathematical theorem and no new law is claimed—that the intrinsic carrier

concentration goes as , the band gaps of these materials, and the customary distinction between

semiconductors and insulators are all standard.No solid-state physics is built—what is used is one exponential.Band

theory is not treated—why a band gap arises is not treated at all.No absolute value is claimed—  is a

quantity for comparison with the prefactor dropped, and not a real carrier concentration. Neither effective masses nor

their temperature dependence are included.Doping is not treated—only the intrinsic case is examined. Practical

semiconductors are dominated by impurities, so the quantity here is not a real conductivity.The temperature

dependence of the band gap is not included—in fact  shrinks with temperature. Section 4 neglects that and is

therefore an estimate on the conservative side.No band gap is measured—all are cited representative values and vary

between sources.No revision of the classification is urged—the custom is granted to be useful. What this paper says is

only that it is a stipulation and not a discovery.Relation to earlier papers: Paper 265 treated the density of states of a

crystal—this paper looks at the same crystal from the side of classification.Paper 269 wrote that what a crystal forbids

is periodicity—this paper writes that the boundary of a classification is a stipulation. Both keep the same discipline of

not mistaking what does the deciding.Paper 273 counted four different quantities written in the same unit—this paper

writes that two names are cutting one continuous quantity.Paper 190 measured rare on a logarithmic scale—this

paper writes the span of  in orders of magnitude.Paper 201 counted “complete” as four different claims—this

paper is the converse, writing that two names point at one continuous quantity.What is added is computing

 for seven materials and obtaining a span of , observing that a line at  eV makes insulators of SiC

and GaN, computing that diamond rises by  at  K, obtaining that diamond at  K exceeds SiC at

 K by , and obtaining  K as the temperature at which diamond reaches silicon’s room-

temperature value.

1. Notation and Placement

Setting: the carrier concentration of an intrinsic semiconductor follows

Below,  with the prefactor dropped is used as a quantity for comparison.At room temperature

 eV.

Question: where does the boundary between a semiconductor and an insulator lie?

The answer is nowhere.Move  continuously and this quantity moves continuously—there is not one place where it

jumps.

A caution: the quantity here is intrinsic.Practical semiconductors are dominated by impurities, so this is not a real

conductivity—the two are not conflated.



2. The Core: Not One Break across a Span of 

Check 2.1: set out seven materials at room temperature (  K).

Material  [eV]

Ge

Si

GaAs

SiC

GaN

Diamond

SiO

Observation 2.2

largest over smallest is , a span of roughly .As an ordering of a physical quantity this is

extraordinarily wide.

Observation 2.3

and still there is not one break.  is a continuous quantity and the exponential is continuous—nowhere

along that span of  is there a jump.

Observation 2.4

the separator—what has to be changed for the value to change.Only  and .And both move continuously

—not one discrete quantity enters.



3. “Above  eV Is an Insulator” Is a Stipulation

Check 3.1: apply the customary line at  eV to the table above.

Material Under the  eV line Called in practice

Ge semiconductor semiconductor

Si semiconductor semiconductor

GaAs semiconductor semiconductor

SiC insulator power semiconductor

GaN insulator power semiconductor

Diamond insulator insulator (though studied as a semiconductor)

Observation 3.2

drawing the line at  eV puts SiC and GaN among the insulators.Both are in fact used as power

semiconductors—the stipulated line disagrees with the use.

Observation 3.3

draw the line elsewhere and the classification changes.At  eV both SiC and GaN fall on the semiconductor

side—what settles where the line goes is not the material but whoever draws it.

Observation 3.4

a point to state honestly—it is not said that the customary classification is useless.In practice it is useful—

what this paper says is only that it is a stipulation and not a discovery.

4. The Boundary Moves with Temperature

Check 4.1: look at diamond at two temperatures. At  K,  eV.



Material Temperature

Diamond  K

Diamond  K

Factor risen —

Observation 4.2

one and the same material rises by  on raising the temperature alone.Not one thing was done to

—only  was moved.

Check 4.3: set diamond at  K beside materials at  K.

Material Temperature Value Called

GaAs  K semiconductor

Diamond  K insulator

SiC  K semiconductor

GaN  K semiconductor

Observation 4.4

diamond at  K stands a factor of  above SiC at  K.And still one is called an “insulator”

and the other a “semiconductor”—the ordering of the names disagrees with the ordering of the quantity.

Observation 4.5

a point to state honestly—in fact  shrinks with temperature, so the value at  K would be larger than

the one given here.That is, the disagreement would widen—this estimate is on the side that makes it look

smaller.



5. Without a Temperature, the Classification Is Not Settled

Check 5.1: find the temperature at which each material reaches silicon’s room-temperature value ( ).

Material Temperature at which it arrives

Si  K (by construction)

SiC  K

Diamond  K

SiO  K

Observation 5.2

every material has a temperature at which it stands where silicon stands at room temperature.Being an

insulator does not put it forever out of reach—without writing the temperature, the classification is not

settled.

Observation 5.3

the separator—what has to be changed for the classification to change.The temperature one looks at.Neither

the material nor  has been moved.

Observation 5.4

Paper 273 counted four different quantities written in the same unit.This paper is the converse, two names

cutting one continuous quantity—the count of names and the count of quantities can disagree in either

direction.

6. Roll Call and Closing

1. A span of (Check 2.1): from  to .

2. Not one break(Observation 2.3): both  and the exponential are continuous.



3. No discrete quantity enters(Observation 2.4): only  and  move.

4. The  eV line disagrees with use(Check 3.1): SiC and GaN fall on the insulator side.

5. A person draws the line(Observation 3.3): at  eV the classification changes.

6. A factor of  with temperature(Check 4.1): diamond,  to  K.

7. The ordering is exchanged(Observation 4.4): diamond at  K above SiC at  K by .

8. The estimate is conservative(Observation 4.5): including the temperature dependence widens it.

9. There is always an arriving temperature(Check 5.1):  K for diamond.

Closing: between a semiconductor and an insulator there was no natural boundary.At room temperature the values

run from  for germanium to  for silica, a span of , and nowhere along that road is

there a jump.The line “above  eV is an insulator” is a stipulation, and drawing it makes insulators of SiC and GaN

—both of which are power semiconductors in fact.And moving the temperature moves the boundary itself.Diamond

rises by  at  K and stands a factor of  above SiC at  K—the “insulator” has

overtaken the “semiconductor”.One thing separates them—writing down at what temperature one is looking.Write

it down, and the property of the material separates from the line that was drawn.Do not write it down, and one

reads a boundary drawn by people as one drawn by nature across a continuous span of .
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