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Resistivity of Bulk Silicon and of
Diffused Layers in Silicon

By JOHN C. IRVIN

(Manuseript received July 25, 1961)

Measurements of resistivity and impurity concentration in heavily doped
silicon are reported. These and previously published data are incorporated
in a graph showing the resistivity (at T = 300°K) of n- and p-type silicon
as a function of denor or acceptor concenlration.

The relationship between surface eoncenlration and average conductivity
of diffused layers in silicon has been ealewlated for Gaussian and comple-
mentary error function distributions. The resulls are shown graphically.
Stmilar caleulations for subsurface layers, such as a transistor base region,

are also given,

L. INTRODUCTION

A diffused layer in silicon is generally characterized by four parame-
ters: the concentration, (7, | of diffused donors or acceptors at the surface,
the concentration, (', , of acceptors or donors originally in the material
(background concentration), the depth, x;, of the resultant junetion,
and the sheet resistivity, p, , of the layer. A knowledge of the relationship
between these parameters is essential to the establishment of deviee
processing recipes, the evaluation of diffusion techniques, and investiga-
tions of the thermodynamic properties of silicon.

The desired relationship may be readily caleulated, given a knowledge
of the distribution of the diffused impurities, the variation of the re-
gistivity of n- and p-type silicon with donor or acceptor density, and a
fast electronie computer. The results of such a computation were first




made generally available three years ago, in the form of curves relating
(", to 1/p.x; for a given 'y, for n- and for p-type layers in silicon, and
for several common distributions.’ Recent ealeulations, however. based
on new and more extensive silicon resistivity data, have indicated con-
siderable error in the earlier results. Thus a comprehensive recomputa-
tion has been undertaken, the outcome of which is presented herewith.

A necessary adjunct to the caleulation is an accurate knowledge of the
resistivity of n- and p-type silicon with varying dopant concentration.
To this end, most of theextant data have been reviewed and supplemented
here and there with some new determinations, The results of this search
are also presented here.

I THE RESISTIVITY OF SILICON AS A FUNCTION OF IMPURITY CONCEN-
TRATION
The variation of the resistivity of silicon at 300°K as a function of the
concentration of acceptors or donors is shown in Fig. 1. This graph
represents the author's judgment of a most reasonable compromise to

Fig. 1 — Resistivity of silicon at 300°K as a funetion of aceeptor or donor con
centration.




TasLe I — RESISTIVITIES AND IMPURITY CONCENTRATIONS
IN Sinicon (T = 300°K)

sRistivity . ¥ r ‘arrie

R-:h:;:l:-nilll“ Impurity Cone J::lrlllrlll;:tl‘ {cm™%) t_'fuu't:ntlr;:lrirtllinr cm™3)
000076 B .66 X 102

0. 008D B 1.41 X 1020

0.0010 B 1.49 X 10®
0.0010 B A2 X 1020

0.0012 B JH X 1020

0.0011 B 1.12 X 102

0.0014 B 9.23 X 10w

0.0013 B NORE X 10w

0, 0067 B 1.43 X 10w

0.0073 B 1.43 X 10w

0.013 B 741 X s

0.014 B 7.03 X 10w

0.00005 As 1.80 X 10

(0. 00004 A= 1.86 X 1020

0, 000604 As 1.1 X 10
000003 As 1.87 X 10w

0, 00094 As 1.97 X 10

0. (MHISS As 2,10 X 102

0. 088 As 2.19 X 10

0. (0089 As 1.1 X 10%
0. 00083 As 2.30 X 102

0. 00083 As 2.20 X 10

(0. (X080 As 2.46 X 107

0. 00082 As 2,44 X 102

the mass of available and not altogether compatible data on the subject,
These data include most of the previously published work (Refs. 3-12).
recent, unpublished results kindly provided by other investigators,*"
as well as some measurements obtained expressly for the present study.

The last data are shown in Table I. The crystals involved were pulled
from quartz erucibles, and hence can not be expeeted to be part icularly
low in oxygen content. After dissolution of the boron-doped erystals
and separation of the dopant,' boron concentrations were determined by
a photometric carmine technigque essentially similar to published meth-
ods."" Arsenie concentrations were measured by gamma-ray spectrometry
after pile neutron activation, Resistivity measurements were done with
a four-point. probe. In the ease of a few samples, resistivity and carrier
concentration were measured in Hall-effect apparatus (where it was
assumed uy/p = 1).

Drawing curves through these many points was accomplished by a
succession of smoothing procedures, which were primarily visual. 75 per
cent of the data points deviate less than 10 per cent from the curves thus
obtained, both for the p-type and the n-type cases. The uncertainty is
greatest in the degenerate region. For p-type silicon, suitable data be-




come scarce at dopings greater than 10" em °, and none are available
beyond 3 X 10™ em . For n-type material, there is an abundance of
rather conflicting data representing donor concentrations between 10"
em * and 6 X 10" em ™. In this region a 10 per cent variation in the
chosen line still includes 67 per cent of the data, however.

A single pair of curves obviously ean not characterize with the same
degree of accuracy all silicon material, regardless of dopant employed
or degree of compensation. However, over the range 10"em ™ S N; <
10 em *, and subjeet to the limitations discussed below, Iig. 1 is con-
sidered to be within 10 per cent of reality. This graph refers specifically
to uncompensated silicon containing a donor or aceeptor impurity con-
centration, N, consisting of arsenie, phosphorus, or antimony for
n-type, and aluminum, boron, or gallium for p-type material. (Actually,
even among samples doped with the aforementioned impurities, small
but consistent differences in earrier coneentration and mobility, depend-
ing on the specific choice of donor or of acceptor, have been reported
recently for silicon in the 0.001 ohm-em rl-ginn.""['") In case of moderate
compensation, the net impurity density, | Ny — Ny [, should be used
for Ny . However, heavy eompensation requires allowanee for the added
impurity seattering.

For impurity densities near or greater than 10™ em *, Fig. 1 can not
be considered very reliable. At such concentrations, impurity band
conduction is prominent and its effects are apt to differ appreciably
depending on choice of impurity. Even more serious are the degrees of
impurity precipitation and lattice imperfection which occur in highly
doped material and which furthermore vary with growth conditions
and history of the erystal. It will be noted with some consternation that
the p-type and n-type curves are shown to cross near Ny = 3 X 10” em ™.
The paucity of data, of course, casts considerable doubt on this result.
However, for what they are worth, such are the indications. Perhaps this
can be understood in light of the aceeptor action of imperfections,
especially vacaneies, which are abundant in very highly doped material.

The ealeulations discussed in the remainder of this paper require a
mathematical representation of Iig. 1. Straight-line approximations of
the form (1/p) = BN;" have been obtained, which depart 10 per cent
from the desired curve at the turning points and rapidly approach
coincidence elsewhere. The parameters B and « are listed in Table 11
for the respective straight-line regions.

III. DIFFUSION PROFILES AND CALCULATIONS

The diffusion profiles of current practical interest are the comple-
mentary error funetion, C; = C, erfe (z/2+4/Dt), and the Gaussian,




Tasre 11 VALUES oF B AND a Ix THE EquaTion (1/p) = BN 7,
REPRESENTING STRAIGHT-LINE APPROXIMATIONS TO THE p VS
N CurvEs OF n-TYPE AND p-TYPE SiLicox (T = 300°K)

Region (em™) B a
n-lype
2.35 X 100 5 Np 1.4 X 10-* 0. 4506
6.00 X 10" = Np < 2.35 X 10 1.43 X 1012 0.74
0.50 X 10" 5 Ny = 6.00 X 100 2.00 X 10-1e 0,940
1.00 X 10 5 Np = 9.50 X 10 6.93 X 10 0.545
3.50 X 10" 5 Np = 1.00 X 107 6.97 X 103 0.837
Np = 3.50 X 1004 2.00 X 10 1.000
p-lype
1.50 X 10" s N4 £.00 X 1009 0.966
2.40 X 10 < N, < 1.50 % 10 1.47 X 10714 0.832
1.50 % 10 £ N4 = 2.40 X 10 3.30 X 10~» 0.650
N4 = 1.50 X 1% 7.20 X 1017 1.000
C, = (', exp ( —27/4Dt). In these expressions, z, £), and t are the depth,

diffusion coefficient (assumed independent of impurity density), and
time, respectively. (', is the concentration of the diffused impurity at
depth 2z and €, | that at the surface. The former distribution is expected
when diffusion takes place with the surface concentration €', held con-
stant; the latter when the total impurity diffusing is constant. Unfor-
tunately it must be admitted that the aceuracy of these expectations is
open to question in some situations.”"" Also, precipitation and compen-
sation of impurities near the surface may further distort the distribution.
However, it is still useful to solve the problem under these assumptions,
leaving corrections for later determination.

The “average conductivity” of a diffused layer (which throughout
this paper is assumed to be diffused into a silicon slice of opposite con-
duetivity type and uniform doping ('y) is given by the expression

*

&= 1/px; = (1/x)) [ quC dr
L]
where ¢ is electronic charge, u the carrier mobility typieal of a total
ionized impurity density of (', 4 Cy, € = r(("; — (") is the density of
carriers, r being the fraction of uncompensated diffused impurity atoms
which are ionized, and C. the total density of diffused impurity atoms at
depth r. ( Possible variation of the mobility as a funetion of the proxim-
ity of the surface is a hazard which should be recognized in passing but
is otherwise ignored in the present caleulation. ) Multiplying and dividing
within the integrand by ' (C': 4 (y), where »* is the ionized fraction
associated with an uncompensated dopant density of (', + Cy), and
writing




r‘:,uf’f('_- + Cx) = dieeremy = B(C: + Cp)”

the average conductivity becomes

g = (1/x;) f (r/r')(C, — Cu)B(C, + Cp)" Y.
0
Now (r/r’) represents the ratio of degrees of ionization corresponding
to (', — Cyand C. + 'y respectively. This ratio is very nearly unity
unless (', and (' are comparable in magnitude. Such is the case only for
the lamina nearest the junction, which contributes negligibly to the
conductance of the whole layer. Hence, (r/r") may be justifiably taken
as equal to unity, and writing (' = Cgf(x), where f(x) depends on the
profile of interest,

= 1 =4 ¥ ' v P y ja—1
= (1/x;) [ [Csf(x) — CalBICsf(x) + Cul™ dx.
~ 0
A program for the evaluation of this expression has been devised
previously by others and employed in the analysis of diffused layers in
germanium."” With slight additions to facilitate automatie plotting, the
same program has been used in the present work. Computations were
performed on an IBM 704, and plotting of points was carried out with
an Electronic Associates Variplotter.
IV. PRESENTATION OF RESULTS
Of frequent inferest in transistor design and in the analysis of diffused
layers, are the characteristies of a “subsurface™ layer such as illustrated
in Fig. 2. This layer, bounded on one side by the junction and on the
other by a plane paralleling the junetion at depth z, may be characterized
by an average conduetivity

o
a =1 Fp\.’l,f', -_— .!'I] = : , ‘ qy(' dr
(Tj — ) J;
where p,’ is the sheet resistance of the subsurface layer. It will be recog-
nized that the base region of a diffused-base, alloved-emitter transistor
is an example of a subsurface layer. Another example is that portion of
a diffused layer remaining after removing the top strata of depth .
Here, however, it must be remembered that the value of €, specifying
this layer pertains to the original surface at x = 0.

Sinee a subsurface layer becomes the entire diffused layer when » = 0,
it is convenient to display the properties of both in the same plot by
introducing the parameter (z/z;). On pages 394 to 410 such graphs are
presented for n- and p-type diffused layers of Gaussian and comple-
mentary error funetion profile. Each graph containg the family of ten
curves (x/x;) = 0,0.1,---,0.9, and relates the average conductivity of




IMPURITY CONCENTRATION —>

DEPTH =—»

Fig. 2 — Profile of a diffused layer with subsurface layer shaded.

each layer to the surface concentration (at the original surface) for a
given value of (5. A separate graph is required for each value of (',
which in the present work ranges from 10" em™ to 10 em * at one-
decade intervals. In each plot the range of surface concentrations
spanned is from Cy to 10" em . The so-called “Backenstoss” curve for
a particular €'y is simply the right-most line (z/2z; = 0) in each graph.

The wiggle in the n-type average conduetivity for diffusant concentra-
tions near 10" em ™ is ascribable to the rather large change in slope oe-

curring in the n-type resistivity plot at ¥; = 10" em .
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Fig. 3 — Average conductivity of n-type complementary error function layers
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Fig. 3 (cont.) — Average conduetivity of n-type complementary error function
layers in gilicon.
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Fig. 3 (cont.) — Average conductivity of n-type complementary error function
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Fig. 4 (cont.) — Average conductivity of n-type Gaussian layers in silicon.
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Fig. 4 (cont.) — Average conduetivity of n-type Gaussian layers in silicon.
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Fig. 4 (cont.) — Average conductivity of n-type Gaussian layers in silicon.
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These curves, containing the latest data on the properties of silicon,
have been prepared by MoneSilicon, Inc., who pioneered the
growth of dislocation free silicon crystals in production quantities.
For a revue of the effects of dislocations on device characteristics
see the article by W. Bardsley, ‘“The Electrical Effects of Disloca-
tions in Semiconductors,” Volume 4 of Progress in Semiconductors,
A. F. Gibson, Editor, John Wiley & Sons, Publishers, (1960).
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INORGANIC COMPOUNDS

The preceding paper catalogued vapor presaure data of
oo cmle comipounds. This article presents vapor pressure
doon for sbout 30 inorgenic compounds and completes
the covernge of thia Geld at this time.

FTTRHE foreguing report (44!) discussod the need for socurate
41 vapor prossure data when certain physical laws are put into
practical application, Oue of the constant cries of modern Limas
i for more extentive und better data. Tu  fair extent, & new
plant is no better than the data used in its design. These two re-
ports wre intendod ss a start toward the improvement of this cir-
cumatance,

The methodica! exhauation of the sources of vapor pressure data
waa begun some six years ago. Chemical Abstracts was searched
through 1942, but tho coverage since then has boen incomplete.
In the vast majority of cases the original documenta were con-
sulted. Existing collestions of vapor pressure data (9, 199, 249,
{58) were of great help. In this connection special atlention
thould be focused on the excellent compilation of Kelley (£29),
which has bolstered our work admirably.

The treatment of data follows the style, format, and general
plan of the preceding paper. The apalytical method was re-
tained and was based on semilogarithmic charts measuring 30 X
42 inches (where 1 mm, = 1*C.) and colored map tacks represent-
ing the plotted points over which a taut thread was stretched.
This reeulted in the introduction of & geatle curvature to the va-
por pressure line, but sufficient tacks were inserted so that the
curve was virtuslly continuous and without angles. For the per-
menent geses (those materisls below —100° C.), the lines were
pencied in with the belp of a French eurve, but, in view of the
uncertainties in temperature measurement above 500° C, (be-
coming leas cortain with increass of temperature), it was felt that
the penciling of the curves was unnecessary. Where the tempers-

ture fell within the range —150° C. to + 400" C. the Cox char
previously referred to wia used. 4

So that amlnquity will be minimizad, the name recognized b
Chemical Abatracis has boen used. The arrungement in Lo
tables is alpbabetical scoording to the name of the compound
Muwfomulnhnbldﬁinbtthlﬂnbamdoubt-:_
the substance mesat.

Table I contains pressures (In millimaters of mereary) under I.'
atmosphere, and Table IT contains pressures (in stmospheres)’
over one atmosphere. All temperatures are in * C. Since thero £
is a discontinuity in & vapor pressure ourve at the melting peist, 7
the melting point of the substance, where known, is listed in Tabls *
L \moethenporptmumeumcnchatlhemﬁodpumgm"
II lists the eritical temperature and pressure,

Ammbhn;lblrnuludmyworkmububmdomm
leads to uncertainty as to the accuracy of the data. The tempera- .
tmmnuvﬁunﬂylmsbolubmbmwm
tures man has devised. The lower part of the temperature ssale
is accurate, but as higher temperatures are resched, the uncer-
tainty gap widens. In the opinion of the writer the figures glven
here represent the best experimental data poesible with the
graphic methods employed. The writer ia certain that, ss more
reliable experimental measurements are mads, a few of the figures
given here should be revised.

ninl 'r-f e

g

s gk o

b s b g AN B

.
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MOMENCLATURE
d = decomposes = polymeri
M.P. = melting point f = golid <y
P, = critical preasure Te = critical tamperature

Tables I and IL, pages 541-545
Literature citations, pages 567.550
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_—" Ferrula Name 1 mm. B mm 1V gatn 20 mm 40 nun U mm. 100 mm. 200 mm, 400 tnm 700 mm. M.P Citatlon Kn, %
4 Al Alumluuem 1284 1421 l(ﬂ? 14548 1856 1804 1748 1844 10¢7 2004 40 (159, B0, 45W)
Al Alumiaum barohydnde . - b [V ] - 32.8 - 20 % - 1A 4 - 3% 4+ 11.2 2.1 45 9 1
h ] Al Alumitsun bromide gl .7, 103 .8 118 D 134 0 180 6 1641 7 1741 199 & 2T 0 i3 ;
i AICL Alumitsum ehloride 100 1168 4, 123 8, 131.8, 1309, 145 4, 152 .0, 161 8, 171 .6, 180 2, L 180, 829, 894, 409, 410, 137)
» AlF, Alaminum Buoride 1238 1208 1324 1350 1458 1308 1422 1457 14va 1437
, Ally Alvininum psdide 1780, 20T .7 225.8 44,2 ics. 0 Pk N 4 5 322 0 254.0 325.8
T Alglhy Alamitnum oxide 248 2304 23k5 24035 254 2800 2005 Fien 874 wn
~ N Aminonis -109.1, - T8 —91LO, -~ MR -T702 -T¢23 as.4 - &87.0 - 48 4 - 1.6 J £, KB, 142, 178,
5 198, §25, 111, 470, 306, 934, i27)
- NDy Deutero smmonis . . = . . 40 - 874 87.0 - 48,4 —B83¢ -~ TLO (4E9)
z NH:N, Ammonium szide 9.2, 40 4, 5 2, a4, #0 1, R’ 7, s 2, 107 .7 120 4, 133 &, (181
NH.Rr Ammogivm hromide 198, 234 .5, 252 .0, 270.8, 2900, a3 K, 3200, 345 3, 370 9, 398 0, 1409}
NHLCOeN Ammonium earbamate - 2.3, - 104, ~ 20, + A3 14.0, 19 8, 20 7. 37 2, 480, 88 A, (48, 107) :
. NH.O Ammoniam ehlorida 100 4, 1935, 200 &, 2261, 2450y 294 2, 271 3, 273 2, 3183, 337 &, 520 (433, 403) -
NH.HS Ammonium hydrogen sulfide - Bl.1 - 4.0 - I8 7 - 20.8 - 123 - T.0 00 <+ 10 1.8 31.2 3 (800} =
NHJ Ammonium jodide 210 9, 247 0, 263 A, IR B 302 Ky 3148 .0, 331 .8, 358 BN LN (403) (o]
NH.CN Ammonlum r:rl.h'dv - 808 - 337, —2M6 - 200 - 126, - & — 0.5 4+ 9.6 20 8, 3.7, an (801}
5b Anumony ESS PE4 1033 1084 1141 176 1223 12858 1364 1440 L1081 (168, P00, R385 308, §5¢) (=
85Bn Antimony tnbromlide 93 0 126.0 142.7 158 3 177 4 185 1 203 8 225.7 250 2 275.0 e (s 108 w
BbLCL Antimony trickloride o iR 2. T 4. Bs 2 100.48 117.8 1286 3 143 3 165.9 192.2 219.0 4 (8, 8, 49, 108, 222, 204 -4
BbCh Astimeny pentachloride 2.7 45 8 L1 75 R vL 0 101 o 114.1 ¢ 2.8 (8,8, 43, 213) -
Bbly Antimeny triindide 143 ¢, 203 .8 223 5 244 8 247 .8 282.5% 33 .8 313 8 3‘:! 8 401 0 167 (g, 161) -
il..(); :uumaa: trioride l?&.’ 616, gf-ﬂ o ;29 a2 n‘«'g 987 1035 IH?J 1425 s (820 (143, £05) 5% 000,095 42 =
rgon - o - 9 - . - -2 5 -3 - —jo8 8, —-L14.8: ~—185 - 185 (40,863,084 24,108 0280 258 4925 404)
- “RTIFMe (metallic 4% ik A o "k i =% b 50: 6102 82 el aee sae, 948, s =
AsBiy Arsenir tribromide i1 8 70.6 85 2 101.2 187 120.0 145 2 187 7 192 8 230.0 (&)
AsCly Amanie trichloride - 11.4 + 11.4 + 23 8 ae 50.0 88 7 0.9 b9 2 100.7 120 .4 - 18 (8, 80, 820, B8 4) b
Aaly Arsenio trifluoride . . . - 2.5 + 42 13.2 26 7 41 4 54 3 - 88 (376) - 4
AsFy Arenie pentafluoride —117.9« -1080, -103.1, -~ 980, - 92 4, - BE A, -— B4.3, - T5 5 -840 - B2.A - 70 B (285, 3&8) =
AvH, Arsenic hydride (arsine) —142.8, 1308 =124 7, -1177, +=110.2 —-104 B —~ 98.0 - 87.2 - 75.2 - 821 -116.3 (018)
Ay Armsenie tnoxide 212.5, 2428, - 2507, 27.13, 200.2, 310.3, 332.8 370 0 412.3 457.2 J12.8 (08P, #87, 373, 40OF, 405, 418, §79) vt
Ba Barfum . PE4 1040 1120 1108 1240 1301 1403 1818 18356 850 (187, £22, 345) “
BeBaHa Beryllium borohydnide + 1.0 19 8, 28.1. a6 A, 48 .2, 51.7, 88 &, &v 0, 7 7. 0.0, 123 §0) (n)
BeBn Berylium bromide 289, 328, 342, aal, aTe, 390, 408, 427, 441, 474, 490 120, 319) paad
s, Beryllum shloride %1, 328, e, a6s, 384, s, 411 438 461 487 408 218, 224 w
. . A lunlunm jodide 283, 3212, adl, as1, 382, Ivd, 411, 435, 481, 487, 483 (220, 53¢)
- B Ramuth 102} 1009 1138 1177 1217 1240 1271 1319 1370 1420 271 (17, 183, 184, 154, 222, 255, B45) =1
3 hﬂn Bismuth tribromide . ) 82 2058 140 3s0 w2 425 48] 218 (118, 203) ]
. &0 Bamuth ‘mhloﬂdl . - 242 m i 324 343 372 408 4“1 230 (116, 2125, 204) =
l Borive carbon z -139.2, -127.3 ~-121.1 =114.1 - 100 6 -101.9 - 95.3 — 858 - 74.8 - 4.0 -1371.0 (&9) -
Bn Boron tribro - 41.4 - 204 - 10.1 1.8 4.0 22.1 33.8 80.3 70.0 e1.7 - 48 (28, 441) - 4
BCu Boron trichioride - #1.8 78 2 - ¢ - AT 0 - 47.8 - 41.2 - 32 4 - 189 - 3.8 4+ 12.7 =107 (282, 308, 334, 430)
g’d. Boroa tnfluonds —184.8, -—148 4, -1241.3, -—138 4, 1210, -127.8, -1230 -118.9 -=108123 -110.7 -128 8 (8p, 115, 225, 815, 850) @
Irhydrodiborane - 188.7 — 1408 - 144 3 - 138 5 -131 8 -127.2 =120 9 -111.2 - .8 - 88.8 - 189 (225, 419, 429)
BuBrH, - Dibarane hydrobromide -$33 -—-783 ~—-863 -~ B84 - 454 -2 -0 - 154 00 + 183 1042 (1ep, ml (9]
Na Trberine Wiamine - 830, — 430 - 23813 - 280 - 13 2 - 5.8 4+ 4.0 18.5 .3 50.8 - 84.2 (189, -
Hie Tetruhydrotetraborana - 909 - 73.1 - 84.3 - 34 8 - 44.3 - 37.4 - 28.1 - 140 4+ 0.8 18.1 =119 .9 I‘.I'N‘ -il.! 428, |88) -
BuHy Dikydr ntaborape . - 40.4 - 307 - 00 - 80 - 0.4 + &8 4 8 40 8 58 1 - 4T .0 (9180, 453
4 " Tetrahydropeataborane -50.2 -9 -1y - 92 + 27 10 2 20.1 34 3 51.2 670 sgas (222, us 4
, Dih 60.0, 80 8, 90.2, 100 0 117.4 127 8 142.3 182 & d 90.6 (180, it8 =
Bro - 487, — 328 -2850, - 188 - B0, - 0.8 + 9.3 M3 41.0 8.2 - 7.3 (88, 108, 171, 809, 217,209, 881, ©»
331, 348, 351, 458, 487) -
Bromite pentaficoride -993 -510 -419% ~-320 -210 - MO 485 + 9 n1 40.0 ~ 81.4 (efs, 364) =
Cadmium I 438 484 s1e 553 578 sl [ 1.3] 711 785 320.9 (ﬂ". 3":!'. 108, .l;:‘ 189, 168, 181, *<
10, 845, 843, )
Cadmium chlonds . els ass aes 738 762 s L B4AT 908 97 508 slM. 210, 354§)
Cadmium fuonde 1385 1504 1559 1817 1473 1709 1759 1834 1924 2024 520 J
Cadmium lodide 418 451 512 848 584 s 840 [13] T42 798 IR (285, 387)
Cadmium oride 1000, 1100, 1140, 1200, 1357, 1308, 1341, 1403, 1484, 1538, HY (119, 184, 219)
Caleium 926 LLE] 1048 1111 1152 1207 1258 1388 1487 51 187, 285, 318, 348, 358)
35&. 838, I, 4003, 41048, 4273, 173 4314, 4680, 4327, i J'. I?B‘. ;?i‘,’all#. Ril, 048, 348,
T7. 445, )
Carbon tetrabromide . . LR ] 108 3 1.7 1397 182,85 180.5 0.1 an
Carboa tetrachloride - &0. - toﬂn - 198 - 8.3 + 43 1.3 23.0 38.3 7.8 78.7 - 22 8 104, 179, 879, 394, 338, 413, 4p¥)
Carbon tetrafluonde -—ln & =174.1 - 169 3 ~1064.3 -158. 8§ -155 4 -150 7 —-143 8 -135. 8 -127 7 =183 7 (M40, 870
Carbon diozide —184.3, —124.4, -119.5, -—114.4, -108 6, ~—104.8% ~-1002, -—930, - 857, - 782, ~— 571.8 (5,460,117, 178, 178, 011, 209, !"I‘
% 53!,]‘0! 334, .‘I'G. 484, 487, 477,
Carbon suboxide -~ 9.8 —790 -71.0 ~63.2 ~-830 -455 -39 -233 - 89 + 43 107 (957, {39)
Carbon disulfide - 72.8 - B4.3 - .7 - 34.2 - 22,8 - 18.3 - 5.1 + 10.4 28.0 (LN ] -110.8 {I'il’bll)‘ ”&Sll. 384, 355, I
L 487, ]
(Centinued on nest page) P E‘ !
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Name
Carbon subsulfide
Carbon selenosulfide
Carbon monoxide
Carbonyl ehloride
Carbonyl selenide
Carbonyl sulfide
Chloropicrin
Chlurotrifluoromethane
Cyanogen
Cyanogen bromide
Cysnogen chlonide
Cyanogen fluoride
Cyanogen jodide
l)cur.umfmie scid
Dichlorodiluoromethane
Diehlorofuoromethans
Chlnrodifiuoromethane
Trichlorofluoromethane
Ceaium

Cesium bromide
Cesiuin chloride
Cesium fluonde
Cesium iodide
Chlorine

Chlorine Auoride 3
Chlorine trifluoride
Chlorine monoride
Cllorine dioxide
orine hexoxide
ine heptonide
osulfanic aeid
Chromium

mium earbonyl
nyl ehloride
tous chloride

¢
1" %
Cob
&
Colutubiym pentafluoride
Caopper

Cuprous bromide
Cuprous ehlonde
Cuprous iodide

Ferrie chloride

Ferrous chloride
luarine

Fluorine monoxide

a

a trishloride
Germanium hydnde
Germanium bromide
CGermanium ehloride
Achlnrogermane
Tetean lr.;l‘rr:u;nium
Digeeinane

Trigermnana

Clald

Heliuem

i ydrogen
Hydrogen deuteride
Hydrogen
Hydrugen chlande

Hydrgen eyanide
Hydrogen Buonde
Hydengnn lodide

Hydrogea peraxide
Hjdrogen selanide
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100 mm. 200 mm,
109.9 130.
28.3 45.7

-208 7, -—2013

- 3.6 -— 223

- 81.7 -— 498

- 85,9 -.75.0
53.8 71.8

-111.7 ~-—102.5

- B1.8, — 42 8,
22 6, 33 &,
498 - 14l

- 97 0, -~ B9.3,
97 6, 111.8,

- 17.8 -~ B.4,

- f8.8 - &5T.0

- 33.9 - 209

- 784 - 838

- 230 - 0.1
LT 561
1072 1140
1089 1139

1025 1092

1055 1124

- 7.7 - 60.2

~1208 —114.4

- 347 - 0.7

- 39.4 - 266
- 20 4 17 8
B 7 104.7
9.1 4486
108 3 120.0
2139 1243
108 O 121.8
58 0 75.2
843 Y04
0.0 “ 4
148.5 172.2
1207 - 2325
961 1082
Pl 1077
w7 1018
272 B A
B42 -
202 7 - i
1A » . W

1784 T4
132 v o

- 120 2 il 2
113 2 145 4
2 W “oa
N a8

L] - 8.8

- 20 A 4.7
a7 f7.0

2511 20457

- 270 4 -280. 8

-2AT7 9 256.3
258 6 -258.0

- 7.7 A 1,
114 0 108 2

- 17 .8, - 84

- 18 .2 13 3

- 72.1s w3,
e 118 &

- 74.2, - 08.2,
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+ 0.4
85 .8 - 75.2

-191.3 -206.0

+ 8.3 — 104

- 21.9 e

- 40.9 -138.8
111.9 - 04

- B81.2 ol

- 21.0 - 34.4
815 48

4 13.1 - 8.8

- 72.6,
141.1,
20.2 - 12

- 0.8

+ 8.8 ~138

- 40.8 - 180
23.7
690 28.5

1300 838
1300 048
1251 6H3
1280 821

- 33.8 -=1007

~100.5 - 145

4+ 11.8 ~ B3

+ 3.2 - 1168

+ 11.1 - 09
142.0 3.5
78.8 -. 9
181 0y -~

245832 1615
151.0
117 1 L

1050 7as
50 0 - 11
228.0 T8 A

25958 1083

1355 04

1400 122

1338 608
v v J04

1028 .

- INT 9 123

- 144 & 23 .9

071 a0
200 10 iT0

- K8 9 1A
159 0 261
84.0 - 49.8
75804 - 71.3
44.0 .3
al s - 109
110. % - 105 6

2vu68 1063

—208.8

-262. 8 - 380 )

-251 O

- 08 8 87 .0

- b 114 8
59 - 13.2
197 - H3.7
3.1 50.9
s 0y - 0.9

- 41.1 - 84

5D

Citation Ne.

9,

249,

(10, 87, 77, 78, K7, 125, 288, §63),
(14, 138, 228, 258, 308)

s
Eue. 225, 830, 421)
(20, 1)
(JoR, 447
;}3 83, 108, 118, 319, o
215, 334)

(80, 2e9)
(289, 483)

(28

108, 144)

233)

40, £33)

233)

35, 138, 161, 22D, B46, 851, 887,
su.‘u:

220, 387, 478)
188, £33, 367, §78)

(499, #70,371

78)
(889, 367, 475
(189, 168, IT1, 814, #38, £39, 318,

‘lﬂ
128, S:‘l,;
7”9, 3
147, 129)
(208, 134)
(1 4#)
(148, 22%) .
»)
153, 129)
484}
(rEw. #7s
(reR. M~y
v
(829, Sk
(183, 1Ay, 133, 185, R18, 209, 868,
S48, 154, 499)
(BB, 228, §T§)
ged, 244, 4°4)
(156, 209, 229, §74)

(MO8, 249, 244§)
(289, 26 4)
(85, 125)

(229, 343, 344)

(1as, £29)

(184, £53)

(70, 229, 307, 389)

(48, 215)

(R8P, 744, #59)

By Trad

e, 11y

98, 189

e, #tV)

\1Rd, $08, 348, 300, J00)

(T, #28, 228, 300, 301) .
(68, 71, 173, 224, £49, 208, 809,
304, (84, §83)

(308)
18,108, 120, 419, 415, A1)
&0, o9, 105, 118, 1)1, 149, 178,

a1, rba, i, i)
{4y, 164, 412, 20, 314 FoT. W01)
(7, #18, 202, 30

102, 183, 829, 415, HIO)

429, p2n
(47, 00, #i, 229, 224, JIT)
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Formuls
Hatt
NNy
l[_|1|
NN
Iy

iFs
1F

Fe
Fe(COW

g
HeChr

Hgh
°
MoFs
Mo0O,

Ne

Ni
NiCls
Ni(CO.
N

NF

NO'
N:O

Ny

"
T

(Continwed en nezd poge)

e s o) i Sl o S i i Sl il sy : 7
Tauble 1 '|.ﬂ||m-h
T - = Temperatetel “1: ST Soys
Nums 1 mm & ., 10 niom M m “ " LR 1) . 200 mim
Hydrogen aulfile -134.3, ~=1224, ~-11013, e 3, 1023 -~ 9w - 90216 - K2
Hydrogen disulfde - 43 2 M4 - 18.2 R I RO 12 & 22 .0 1.8
Hydrogen Wwluride - .4, K2 4, 75 &, LA W L 227, 45 7 V]
Hydroxylamine . w0 47 4 L - €6 0.0 A &7
lodics 7, 6.2, 73.2, -, w7 A, 1085 4, 165 137
Jodine pewtafivonde 183, + 1.5 "5 - 12 40 0 A 0 (1]
lecline heptaflyoride 7 0. - 70.7. a3 O, 4 N A, A0 4 L} IR TN 0
Iron 1787 1957 2039 Jian d2l4 1483 2300 2475
Iron pentacarbonyl - 68 + 4.6 (T 303 a0 .1 80 3 ~s
Krypton 190 3. 191 - 187 2 n, - 178 4s 175 T 171 5 Ins
Load s 1009 1162 120 1300 1348 1421 151
Lead bromide 513 78 610 nin 684 1 744 796
Lead chionde 87 e1s L1 044 728 80 T84 B33
Lead fluoride . .1 P04 950 10 ([T 10840 1144
iodide e 540 &71 608 (21} 1LY Tul 780
Lead ozide 43 1039 1085 1134 1189 222 1243 1330
Lead sulfide Ja vz L U 1008, 1048, 1074, 1108, 1160
Lithium 723 Bik a1 o 10073 1042 1097 1178
thium br ) T48 840 RAS #in Wi 1028 178 1147
hi ehloride 783 480 ¥i2 87 1045 1081 1129 1203
dthium Auoride 1047 1138 1211 1270 1333 1372 1425 1503
Lithium iodide 723 r- a1 &3 {'Fel ey 903 1049
Maguerium a21, TO02 41 T80 B8 BASR 00 T
Magnesium ehlonde 778 877 30 PE8 1080 1084 1142 1223
Manganess 1292 1434 1505 1583 LLEY 1720 1702 1800
Manganoua ehloride M 736 778 H2s e 913 080 1028
Mercary 128.2 164 8 184 0 4 8 2258 R 242.0 =017 2
Mereurie hromide 136 .58 165 .3, 179 8, 194 3, 211.5, 221.0,n 227 N 282
Mercuric chloride 138.2, 185.0, 180.2, 105.8, 212.5, <22 2, 237.0, 80
Mercuric iodide 187 5, 180.2, 204 5, 220.0, 238 2, 240 0, 261 § Full
Molybdenum a102 33e3 35358 3600 3530 3964 4109 4322
Molybdenum bexaBluoride - 858, - 490, - 408, - 220, - 221, - 102, - B <+ 4,
Molybdeaum trioxide T, 785, B4 i BO2 7 955 1014
Neon ~257.3, -—288.8, -254.86, -—-283.7, -282 8, -251.9, -—-2810, -240
Nickel 1810 197¢ 2057 2143 2234 2289 2384 2472
Nickel ehloride 671, 731, T80, 780, K21, B0, AAA, M,
Nickel carbony! - . . . - 220 —-189% - &0 + 8
Nitroges -~226.3, ~291.3, ~-219.1, ~-210.B, ~-214.0, -212 3, -200.7 —208.
Nitrogen triflucride s -1756.8 -=170.7 -164.7 -1860.2 -1 5 -—15213 — 145
Nitrie oxide —-184.5, -—180.8, -178.2, -—-173.31, -—-IT1 7, 168.9, —164. 0, -—182
Nitrous oxide —143. 4, —-133.4, 1287, 1240, 118.3, -—-1149, -1103, -103
Nitrogea tatrazide - 556, — 42,7, -37, —-34 -39 -199 -147, - 8
Nitrogen peotozide - 36.8 — 23.0, - 187, - 100, - 290, + 1.8 T-% 15
Nitroeyl chloride . . . . - 80.2 ~-H8M1 -441 -M
Nitroay! Ruoride -132.0 -120.3 =114 .3 -107.8 =100.3 - 057 — H8 8 - 79
Niwroxyl Buoiide —143.7s =-132.1 -126.2 -119.8 -112.8 - 108 4 -102.3 - 93
Owmiut tetrovide (white) - 5.8 + 158, 20 0, 37 .4, 50 8 0 4 71.8 40
Osmium tetroxide (yellow) 32 220 31.3, 41.0, 81.% 8.4 718 8w
Oaygen —-219.1s -213.4 -210.8 --207.8 —-204 .1 -201.9 —198 8§ - 194
S o.m' -~ 180.4 —~168.8 —~163.2 - 1587.2 -15%0.7 -146.7 ~141.0 - 132
Phoaphorus (yellow) 78.8 111.2 128.0 148.2 166.7 179. 8 107.3 22
Phosphorous (viclet) 237, 271, 287, 306, 323, 34, 0, 370,

a
A
i
v

-

Sms wwoz © o

-
v

400 mm
- 71.8

40 ¢
- 17.2
5.2

159.8

81 2

L
2605
8

5,
29 8
-200.9

-137
- 156

- 96 2
+ 8

24,
- 20
- 08
- 83

108
109
- 188

ra

MU WNREa O

-122.8

251.0
avl,

760 mm

MP

- &0 4 RE
e u L3
20 10
110.0 Ll
1KY 0 112
97T .0 ]

+ 4.0 b
27535 1535
105.0 - 21
—-152 O 154
1744 127
w4 73
L [ S]]
1293 [ A4
LTy ] 4
172 LI
1251 1114
1472 180
1310 0T
1382 R4
1881 270
1171 440
1107 08)
1418 712
2181 1280
1100 450
3s7.0 = 28,
a0 0 247
.0 n7
354 0 250
4804 20822
3n 17
1151 795
- 248.0 - 24K
2732 1452
9E7, 1001
42 5 - 25
=193 8 -210
=120 0 =143
-151 7 - 161
~ 88.5 -~ 90
21.0 - 0
32.4 30

- 8.4 - B4
- 58.0 - 134
-~ 72.0 - 139
130 0 42
1300 50
-183.1 - 218,
=111.1 - 251
280.0 44
417, 80

w o

.1

Citation No

(HIN, 197, 400, PUE, 247, #uf, 204,

1o, #1

pey %)
™l
(220, JAn
(IAS, BI¥, PR, 30|
feee, 460

LI
LT/

ELN L
ddn, 4

LRI

(i

(3, 081,220, 218, 9 T

(110, 163, 184, 188, 168, V&7, 2Es
B85, 340, 340, 8%, 448, 471

(184, #25, 268, 474

(104, 164, BT, 280, 65, 474

(e, 471

(18e, 2an, 220

(1ip, £26)

(BEp, R5E)

(88, 27, 107, 225, 857

(aR, a7, 478)

(280, 854, 287, 474,

(245, 871, 474)

(ers, 342, 4748)

(148, 187, 02D, 854, 419

(rey, £ay)

(188, 153, 28p, 2¢0)

(£en, 254)

(26, 84. 109, 134, 165, 178, 1EI.
18, 1R5, 810 1,228 04O, RS,
71,078,077, S16, 320, 130,
833, 848, 348, 402, 450, 404)

(812, 820, 2285, 805, 455, 473

CIng, pre, 200, 305, 334, 3:7, 428,

LS

£3)

(PE, 012, 225, 20, 335, {38, {v9)
(215, #25_258)

{eee, 347)

(180, 205, 2£0)

(71, R85, 267, i85)

(RIS, 282, 2400

(res, 225, #d)

(7. 949,807, 289, 17 5)

(18,70,86,100, 123, 138,173, 174.
193, 283, 258, 30, 63, 407, 413}

(229, 270)

(1, 148, 170, 218, 228, £78, 250,
290§

4
(9. 22, 53,48, 115, 155, 08D, 847,
T )

7. 454

(19, 105, 158, 2200, 275, 317, 332,
374, 850, 355)

(83, 223, 375)

(58, £23, 451)

244)

(358)

(#25, 248, 250, 872, i85)

(P20, 245, 220, ATR, [8F)

(18, 08, 88, 70, K6, 1), 114, 178,
174, 023, 203, 252, 298, 00, 154,

487, 458)
(rep, 337, 235, 414)

TE, 188, 21P, RUD, 853, 322)
186, 29, 130, J08, 405)

d
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Table | (continued) »
- — Tewperature, * - - - -
Formule Name 1 mn & mm 10 mm 20 mim 40 mm &0 mm 100 mm 200 mim 400 mm 700 erien MP

r Phospharous (blnck) 200, 323, 33k, ane, 371, s, 3u1, 413, 432, 47, 1¥¢
"By Phosphorous tribromide 78 34.4 (Tl 62 .4 0 B9 & 103 ¢ 123 ¢ 140 7 40 i
- PCh - Phoaphorous trichloride - B8].6 a1 8 21.2 10 2 ¥ .-2.3 0 7 21 0 LN 111 & (erd, 354
PCL Fhosphorous pentarhiorids 858 .5, T4 0, K3 2, 02 5. 102 5, s 3, 117 .0, 147 2, Ly
e Pl Phosphorous hydride (phoapliens ) s . - . - §20 4 - 128 0O 118 B WH 3 j52 8 60, 178, 225, {18, 4B
Pligie Phosplionium bromide — 43.7. ¥8 B, 21 2 TE 80, + 0.3, 74 N0, T T
PH P hottum ehlotide - 91 0, - 790, 74.0, 6% 0, 61 5, A7 3, 320, 38 4, 28 & i
Pl "hosp 1 indide - 2.2, - 90, 11 + T 3 8.1, 21 9, 29 3, &1 8, 218,
Pyt Phosphor trioxide . w7 830 67 & B4 O T 105 3 150 3 22 5 £25, 354, §51
- 1O, Phoaphorous oxyehloride . . 2.0 138 7 .3 35 B 47 4 B4 3 2 (12,13, 225
Oy Phosphorous pentoxide (atable form 3K, 424, 442, n2, 481, 4ua, &10, 56, 60 (187, 240, 407
Py Phosphorous pentoside (metastable
form) 189 220 246 251 270 250 204 14 hET] (L1 (187, 220, 4007
PElin Phosphorous thiobromide 80 0 72 4 SN ) 'L 108 0 116.0 126 3 141 & 187 K 175 0y 38 () -
I'st Iy FPhoaphorous thiochloride - 18.3 - 48 161 20 0 2:7 51 8 63 8 B2z 0 1o 3 124 0 - 36 .2 (o =
I't P.aatinum 2730 3007 Al4n 4302 Addu 3574 it 4023 4160 44n7 1755 (218, 226, 252 .
K Potamaium 341 408 " 481 M 550 886 847 708 77 82.3 (108, 122, 161, 183, 181, 820, 048,
s 257, B85, 257, 478) [ =]
KHr Potassium bromide 705 952 940 o4 1080 1087 1137 1212 1IR3 730 (188, 280, 367, §73) w
kUl Potansium ehloride B21 vig o8 1020 1078 1115 1164 1239 1407 7 (108, L84, 162, 108, 804, £09, B3, =
487, 473
K} Potassinm Ruoride RRS Pas 1039 1066 1158 1193 1248 1323 1502 A80 (885,371, 476 E
KOH Potassium hydroxide Tiv Bl4 LN vis 978 1013 1084 1142 1327 ARD (RO4, 223, §18) =
Kl Potassium iodide T48 B40 BRY vis vus 1020 1080 1152 1324 T3 (188, 184, 289, 365, 475) l""
Rn Radon - 144 2, 126 3, 19 24- -111.3, -1062, — 00 - 877, 81 K 71 (r&n. 220, 244)
Resy Khevium heptoxide 212 .5, 248 0, 201 0, 2720, 280 0, 289 0, 307 0 a2 4 200 (289, #P! »
Rb Rubidium T A8y &2 4539 4R2 514 503 870 38 5 (161, 220, 357, 354 =

i RbBr Rulsdivm bromide 781 578 p2a Vs 1031 1084 1114 1188 1382 8&2 (P29, 327, 478) o

i Rb( Rubsdium ehlonde 782 BN7 AT 0 1047 1084 1133 1207 1351 715 (288, 387, §78)

. RuF¥ Rubidium Ruoride P21 s 1014 1064 1123 1188 1259 1408 760 (288, 371, §78) ™
Kbl Rubidium iodide T48 LY Bl vl 1026 1072 1141 1304 4 (#28. 387, §78) I
Be Belenium 35 413 4“2 5006 27 5404 asn 217 (89, 8OZ, 235, 397) n
SeOy Belenium dinzide 187 0, 187 .7, 202 8, 434 1, 244 8, 0, 277 0, 207 . 7. anr o, 340 (®, 804, 12%) g
Bek, Nelenium hexafluoride -118 6, 1052, - 989, - BT, RO 0O, 9 - 648, -— 5512, 45 8%, - .7 (225 BAR 401 =
ReOCly Selenium oxychloride 34 B 80 K 7L e U O 104, 8 134 8 151 .7 188 0 8.5 des pes
BeCly Belenium tetrachloride 74 0, 9o 3, 107 4, 130 1, 137 8, S, 181 0 176 4, 191 4y f" "
Hill. Hilane =179 3 — 168 8 -183 O - 1530 3 — 146 3 5 - 131 & - 132.0 - 111 8 1Al . B0, 41 ~
S Silicon 1724 1835 1855 2000 2036 21581 2220 ar re- Uy 40 m
Rl Bilicon dioxide . M 1742 1798 1867 191 2033 2141 r e 1] T re des —

- MiCly Hiligon tetrachloride - 4 4“1 - 34 4 - 24 0 - 12.1 48 54 21 0 38 4 LN AR s Ry Ry 010, 13, 00 -]
Bilk. Suicon tetrafiuonde T4 0, =104.8, 130 4, 120, -11e 8, =117 &, e =107 2, -0 T, - M N - 0, 889 810, 847)
5iHyBe Bromosilane . — 87 77°3 LS = AT — 81 3 -3940 -133 + %24 VAW (985, 431 (3]
=i Chlorosilans -117 8 o L v - 901 - B1 8 - 76 0 3 - (1] - 44 A M 4 L4310
5i HoF Fluorosilane - 183 ¢ - 145 & - 1d1.2 - 136 3 130 ® - 137 .2 4 - 4 -1 5 - 98 D (g 0
Billsl lodcsilane . ~ 83,0 =437 ~ N4 -8 =143 4 ) 7 Prl ] 45 4 570 (um 5]
SiBrChLF Bromodieblorofuuroailane - 885 ~ 68 4 - 880 - 48 B E - W0 s - 2 ¢ 18 4 A8 4 =112 3 (38w
BiBrk, Bromotrifluoroeilane » . . . . . L] A% v 4 7 - 708 (348 o]
SiCIF, Chlorotrifluorosilane ~144.0, ~-1330 -137 0 1208 ~-112 s 108 - 7 : 810 ™0 - 142 (40, 229, 358 ) 4
BillrsCIF Dibromochlorofluaroailane - B858.2 45 5 - 35 6 - 24 & - 120 4 5 i 0 43 0 v 3 o9 3 I89 e
Billeg by Ihbromodifluorcailane ” . . - 88 R 7.7 47 4 41 0 “ r § - 28 + 137 - 88 9 (385, o
SiHliny Dibromosilane - 809 40 0 - 290 4 -~ 18 0 8.2 + 32 ' A 50 7 70 8 0.2 (e85, {32 v
RiCly ¥y Dichlorodifinoroailsne - 124 7 110.5 - 102 v 04 5 85 0 78 6 ] - 45.0 31 .. 139 7 40, 125, 321) 12
Sitlaly Difluorosilane - 148 7 - 138 0 = 140 4 124 3 - 117 6 113 a4 A - ¥ 8 7.8 [ERE 4] . $
SiHyly Diiodoailane . + EN 18 0 341 528 64 0 L] R 125 3 149 & 1O 1113) "‘ i
Bialla [hilane —~114 B L | Wi o4 - R2.7 28 88 4 f 00 14 3 132 6 (BRb, 431, 42§ 3
(Silly) O Lhisiloxane 112.5 - 05 8 2 - 79 8 - 70 4 84 2 5 - 0.3 15.4 144 2 e, %y
Sl ¥ Fluototrichloroailane ~ 92 A 76.4 Ak 5 0 48 8 42 2 3 40 4+ 12.2 -J20 8 (40
Sl Hoxachlorodinilane + 4.0 27 4 s w 81 5 as i rE ] ‘ 2.2 120 o 139 0 - 1.2 e 047 el
(Sl ey Hexachlorodisiloxane - 5.0 7.8 4 41 3 85 2 LN R | 2.5 113 & 135 8 38 2 L8RS, 484
Bigky Hexsfluorodimlane - B1.0, - 6% A, 1, - 87.0, - 50 8, 4 7, M7, —- 342 - 264, I8 &, I8 8 189, 39, Io1) y
= Bl Octachlorotrisilane 46 3 7 Bu 3 104 2 121 & 142 0 L4t 0 164 2 18D A& 211 4 My, 2597 L
BisHas Tetrasilane - 7.7 6.2 + 43 15.8 28 4 jo o 47 4 61 8 8.7 100 0 w1 e R, 43N
BiBr b Trbromoluoroailsne - 48 1 25 4 151 3.7 i 9.2 T4 28 8 45 7 64 8 Rl N L7 ] S LEN
Sill By, Tribromusilane - 30.8 50 + 3.4 14 0 3.0 49 2 3l a8 70 2 90 2 118 73 A (390)
BIH 1, Trichlorvailane - 807 6l 4 53 4 (& a9 25 K 18 4 18 + 148 31 a 126 8 y
BiHF, Trifluorosilane - 182 s 14 7 (B 1 I 132 a3 123 .7 118 7 -111 3 102 & 9% 0 - 131 ¢
Sl Trisilane - BN ¥ “w 7 ) &% 0 if 9 o * 16 I7 B a5 5 LA | - 117 2
(SaHyuN I hinilaasne - 88 7 49 0 30 0 15 & 1o 11 T N J1t o 4 7 - 108 7
Ag Silver 1387 1500 183K 1743 1785 1883 1971 SO0 T ¥ P60 8
Al Bilver chlonde 012 1019 1074 1134 1200 1242 1297 e 1487 1504 488
Agl Bilver iodide ¥} 027 ULA 143 1111 115832 1297
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Name
Soulium

Sodium bromide
Sodium chloride

Hodium eysuide
Sodiuin Buande
Sodium hydrmside
Sodiuen iodide
Stannic bromide
Hwananic ehlonde
Stasnic hydride
Stannie iodide
Btaanous chloride
Strontium
Stroutium oxide
ur

Sulfur hexafuoride
Sualfur dioxide

Sulfur monochloride
Salfury! ehloride
Sulfur triczide (a)
Bulfur trioxide (#)
Sulfur triozide (1)
Sulfurie acid

ionyl bromide
Thionyl chloride

Tastalum pentafiyoride

urium
Tellurium tetrachloride

Tmri um hexsfuoride
T um
Thallium bromide

Thallium ehloride
Thallium iodide

Tia

Tiwnium tetrachloride
Tungsfen
Tuagsten hesafluoride
Uranium hezafluoride
Vaoadyl trichloride
Water

Xeoon
Lioe
Line ehloride

Line Auoride
Areomium tetrabromide

[T v T

“rconium tetraiodide

Arconium tetrachluride *

1 i,
43

& mm,

an
Ml
i

re
1188

-

"

-
CpC=

- 188.2,
358

481
1328
2

217,
n,

10 mom

1.3

- 182 .8,
Lt

Table 1 (rontinued)

rature, * €

S0 b B0
Saw LEN] 662
Tupns 1063 1069
1ary 1 1169
(LY 11 1150
14 1340 I
LAS] o ss
v 10045 109w
e | 0% A s 2
20 s 2 41 3
=11 2 e i - ]
194 2 218 & 2
0 450
953 1018
24804, 2410,
L ] 288 3 o 8
- 108 4, 101 8, e K,
- 887 - 80.5. - M8
40 0 B4 1 63 2
= 13 4 1.0 $ 7.2
- 0. 1.0, + 4.0,
- 40, ¥ 319 80,
111, 17 9, 21 .4,
211 .5 219.7 241 8
44 1 5K R 68 23
10 5 +2.2 10 .4
* . 110 3
L 7a T80
253 73 287
-~ 88.0, - 784, - 738,
1040 1103 1143
859 508 621
550 589 812
567 807 L1
1777 1858 1903
3.2 48 4 58 0
4890 4885
- 41,8, - 330, - 275,
- B.q: + 4.4, 10 4
8.8 40.0 40 &
2.2 3.1 4.6
—=147.1, -141.2, -137.7.
832 673 To0
a38 386 %4
1402 1448 1480
281, 0,
243, 259, 248,
329, 344, 3as,

P00 e
7ol

4K
1200

1214
1454
i
1043

i
o
e

Wewo

-132.8,

810
1527
o1,

e

Cl- g

-

(=]
&
Houn e

)
-3
©

Oﬂl.ﬁ

30.0,
820
85.5

~125.4,
788
648
1602
318,
208,
38V,

L LL T

LW}

1104
(B

14ih)
1517
(FLT
122A

Iy

El
-
o ag =y

-
-
S wNopadwa O

.~
OWew

-

- -

- -

© avpprzuc Op L

]

w
g
o

138 0
5027

17 3

55 7,

127 2
100 0

- 108 .0
o7
732
1770
337,

331
.

M.P,

I
-
-
=]
PO

245
800

2430
112 8

=
(-]
W RO e OB e

|
]
S

00

-111.8
419.4

388
872
450
437
99

Citation Ne

(100, 134, 150, 160, 1871, 168, 181,
B0, R48, 057 240 349, 944, 157,
448, 47, 47K

(225, 367, 473,

(122, 148, (68, 105, 220, 243, 15§
$5e, 347, 473

i, #E5

‘£g9, 371,

BEE, 4Ty

(IS, B85, R8T §76y

¥

(285, 109,

(RE9, S0,

253

(8125, 194

(167, 129, 345)

(74, 209

(17, 34, 84, 09, T8, 147, 19!, 225,
FER, 8T8, BBy, 223, 33§, 351, 85§,
a8

(£8P, 23K

(85,33, 81, 63, 88, 140, 148, 178,
289, 091, BRO, 834, 348, {16, 420

(188, 228, {53}

(220, 448, {in

(BT, 181,228, 411, §18)

(87, 182, 285 {11, §18)

(27, 181, 288, 411, 418)

(¥ )]

(285, 165,

WL, 13, 129)

(88D, 388,

(101, 229)

(222, 350)

(#22, 238, 491)

(143, 225, 885, i89)

(299, 428, §74)

(209, 485, 474)

(289, 488, §74)

(188, 184, 188, 185, 225, 345, 489,
471

(11, 225}

(418, 029, B30, 454, §99)

(225, 347)

(ned, 358)
(188)

(81, #8, 104, 181, 189, 190, 817,
P20, 020, 839, 303, 304,378,275,
404, 478, 481)

(3, 180, 229,311, 5185, 329)

(15, 40,61, 109, 184, 158,183,181,
R10, 805, 855, 348, 345)

(P08, 209, 804)

(35¢)

(289, 309)

(2P, 326)

\f88, 380)

7z

L8] ey
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Table II. Pressures Greater than One Atmosphere Z
=+
e —— w—— ——Temperature G G - .
Formula Name 1atm. 2 atm 6 atm 10 st 20 st 30 st 40 ntm 50 atm 00 atin Te Fe ( No
NHa Ammonin - 33.8 - 18.7 + 4.7 25.7 501 6.1 78 9 0 1 o8 1 112.4 111.8 (23, 25, AS, 45, €0, KR, 142, I:
198, B3, 051 270, 808, 234, 421)
A Argon -185.6 - 179.0 - I/ T - 1584.9 ~141.3 - 132.0 124 9 -122.0 45 0 (41, 83, 159, 400, 4134, 310, :
RClL Noron trichloride 12.7 a%.2 L) 5.7 135 4 141 4 . 178 R ax 2 (EPD, 30K, 334
B Boran trifluoride = 100.7 - B9.4 2R - 57.7 - 40.0 M. 4 = 190.0 12 2 49 2
B Hromine 58.2 78 8 110 3 130 8 174 0 107 .0 216 0 2300 42 6 a2 2 121
CCls Carbontetrachloride 76.7 102.0 417 1I58.0 222 0 25).2 276 .0 . 283 1 a5 0 =
Cin Carbon dioxide - 78.2:s = 60,1 56.7 30 5 -~ IR 9 - 5.3 + 59 4.0 2.4 i L0 o
[ o
CB (Carbon disulfide 46.5 69,1 = 104 8 136 3 175,58 201.58 222 8 2400 250 0 23 0 Tl E:;
co Carbon monoxide -191.3 - 183 & 170 7 -161.0 149.7 - 141 .9 . 138 7 MHn =
COCls Carbonyl ehlorids + 3 27.3 87 .2 85.0 119 O 141 8 150 R 174.0 181 .7 560 % =
CCIF, Chlorotriflucromethane - B81.2 -~ 86.7 - 427 - 18.§ + 12.0 a4 R 52 & 51 40 3 (102, 447 >
CiNa Cyanogen - 210 - 4.4 + 21.4 44 6 72.8 91 0 106_5 118 2 126 €& 5%.2 IT4, 88, 102, LIE, 313, §44) (o
CClLFy Dieklorodifluoromethane - 20.8 - 12.2 + 161 42 4 740 o5 A " s an s (roe, 144
CHClsF Dichlorofluoromethinne 8.0 28 4 M0 B7.0 121.2 14 0 162 A 177 .5 178.5 510 3 S
CHCIF, Chlorodiflucromethane - 40.8 - 24.7 4+ 0.3 24.0 2.0 70 3 RS X = o8 0 I8 5 (40, £39)
CCuWF Trichlorofluoromethane 23.7 4.1 7.3 108.2 148 .7 172.0 194 .0 1895 0 3.2 (21r) x
Chy Chlorine - 338 - 189 4+ 10.3 as.a 63 0 B4R 101 .8 115 2 127.1 440 {0 (439, 166, 1T, 814, 220, £32, 818, o
45¢)
™
Ha Helium —268.8 -288.0 - ne ~267 .0 2.20 (897, 825, RED, 300, 301) - A
Hy Hydrogen ~282.8 —-280.2 -246.0 —-241.8 - 240.0 12 B0 (S8, T, 173, #15, R0, RS, 152, 0O
ap6, §34. 458)
HBr Hydrogen bromide - 086.5 - 518 - 201 - 8.4 + 18 R Il 4581 #0.0 ma 0.0 S4 4 (18, 108, 188 ee9, 418, 418) =
HCI Hydrogen ebloride - 8.8 - 71.4 - 850.5 - 31.7 - B.R + A9 17.8 70 40 2 51 .4 BL & (40, 8B, 109, 118, Lil, 18P, 176, =
. . £29. 225, 414, §20) ]
HON Hydrogen eynnide 5 9 45 8 75 8 1027 135 .0 183K 180 6 a1 5 183 8 S0 0 (44, 154, 220, 258, 814, 387, 401) ™
H1 Hydrogen iodide - 35,1 - 1R.9 + T azn 62 2 K3 .2 o 7 118 2 127 8 151.0 R2 0 {103, 160, 825, 4158, 411 =
Hs8 Hydrogen sulfide — 60,4 —-450 ~-223 - 0.4 + 205 .o 33 X 7 tL 100 3 8N 4 (119, 137, 008, FA5, 236, BRR, 8Y.. L,
418, I8y
HiSe Hydrogen selenide - 41.1 - 28.2 oo + 234 50 & 60.7 B4 6 7.2 108 7 137 Wi G BTN, B, BT, 200, 4TT) ;
Kr Krypton -152.0 -143 5 =130 0 -118.0 -101.7 - RR.B -78.4 an 8 - A3 A4 9, 000, 205, 815, 812, 80M)
Na Ywn —244.0 -2431 8 -2390.% - 236 0 -230.8 . .o -aoh 3 2By (T, R29, 897, 455) Q
N» Nitrogen —195.8 -180.2 -179.1 - 189 8 - 15T A - 148 3 e g a 147 2 a3 5 (15,70, 88, 100, 123, 185, 173, s
; 193, £25, £ 381, $98, i7" ]
NO Nitrie oxide -=151.7 - 145.1 -138 7 -127.3 118 & 109 O -103.2 e MoK - 2w (2] z
N0 Nitrous oxide -85 -—-768 -— 580 -407 - 181 43 + 8o NN T4 1% 5 13 ren, 240, ;
N0« Nitrogen tetroxiiln 21.0 37.3 5 8 79 .4 100 3 1123 121 TN 132 2 158 99 312, ;
Oy Oxygen -183.1 -176.0 - 184 5 153.2 140.0 -130 7 —-124 -118.9 49 7 (18, 28, &2, "o, 48 140, | -
124, 025, 2pa, 242, RV5,
BT, am
BiF, Silieon tetrafluoride - 4.8, — B4 4 - 52.6 - 3.4 - 2.2 - 14.2 36 7 (40, 006, 110,347
SBICIFy Chlorotriffuorosilane - 70.0 - §7.3 - 18.8 + 4.1 19 4 MK 34.2 0. 2ty Yoh
BiChiFy Diehlorodifluorosilans -31.8 - 15.1 3s.6 a6 2 0 25 X 445 N, Pey ngy
SiCLF Fluorotrichlorosilans 12.3 32.4 94.2 131 B 1M 0 185 3 5 1
RnCl. Stannic chloride 113.0 141.3 223.0 2710 0 W0 » Fye JIR 7 ave Pin. £ H. 481, 494, 406)
BOy Sullur dioxide - 100 + 063 55.5 81 8 ut o 1= 130 2 1417 157 2 7.7 08, 8a, 84, 63, 68, 140, 142, 178,
50, 884, 335, 415, 400)
l% Bulfur trioxide 44 8 80.0 104.0 138.0 157 8 155w 187 .8 198 O 218.3 831.6 Ry, 411, 400
H Water 100.0 120.1 180.5 213.1 PR 2511 264 7 2785 ave 2 28 0 1R, 189, 19, RIT

£er. Feo AR 409 D3 37K % 4
Ay AN, 4%

]
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CALIGRATION CHART

cc/min AIR METERED AT 14.7 psio & 70 F I
<
1/2" 174" 1/8" 1/16"
_. ALL TUBES ALL TUBES ALL TUBES -20-, -16-, ~12- -10-, -08-
5 STN STL | GLASS | TANTALUM | STN STL | GLASS | TANTALUM | STN STL | SAPPHIRE | TANTALUM | STN STL | SAPPHIRE | TANTALUM | STN STL | SAPPHI}
READING | (17360) | (9340) [  (8940) | (6160) | (3292) | (3165) | (2180) | (1550) aun | @ (549) mn | o7 (549)
25 143500 | 73600 | 35200 | 23400 | vi7s0 | 5580 3660 2480
20 112700 | 57900 27600 18400 7100 4325 2860 1910 681 426 271
18 99600 | 51200 | 24450 | 16250 | 8050 | 3820 2510 1670 596 370 234
16 87000 | 44500 | 21160 | 14100 | 6950 | 3270 2120 1420 510 315 195
14 75000 | 38200 | 18200 | 12000 | 5900 | 2785 1790 1190 420 260 159
12 62500 | 31700 | 15100 | 10000 | 4850 | 2292 1470 960 332 206 122
10 50900 | 25700 | 12250 8050 | 3850 | 1835 1156 741 258 154 88 240 136 7544
8 39100 | 19750 | 9360 6050 | 2660 | 1341 840 25 189.5 104 Gj 159 83.3 43.5 |
7 33600 | 16760 | 7990 5100 | 2370 | 1% 5e7 a5 149 80 a3 118.5 &0 3t
6 78300 | 14000 | 6660 4175 | 1900 [ 900 538 325 116.) 57 3 82.5 41 20.7
5 23330 | 11050 | 5270 3320 1440 | 682 397 233 81.2 EQ 2 52 25.3 13
4 17670 | 8200 | 3880 2460 1000 [ 472.5 263 147.5 50.75 25 13.5 2.8 13.5 7
3 12950 | 5700 | 2697 1650 60 | 2197 145 75 30,1 14 7.5 7.64 53 275,
2 8190 | 3405 | 1598 880 270 [ 1255 &0 30 15.6 7 35 0.4 0.3
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Thickness in

Order Color Angstrom Units
Brownish white 685
Clear brown 733
Dark brown 795
Red brown 850
I Dark purple 884
Dark violet 925
Dark blue 959
Clearish blue to greenish 1120
Still clear blue 1610
Pale blue green 1680
. Pale green 1760
Clear yellow green 1860
Clear yellow 1930
Golden yellow 2060
IT Orange 2410
Red 2550
Deep purple 2650
Violet 2800
Blue 2980
Clearish blue 3180
Bluish green 3360
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APPLICATION REPORT ® 1961 m

DEFINITIONS

* The various voltages andresistances appropriate to this discussion are defined by the circuit dia-
gram in Figure 1. The example illustrates the polarities appropriate tor an n-p-n transistor. The import-
ant consideration is what values can be used tor V

and RL for given values of V and RB without

cc BB
endangering the transistor. As examples we illustrate the points by showing typical curves for a Fairchild

2N697 Double Diffused Silicon Mesa Transistor.

For grounded base operation the collector current-voltage plot with open emitter is shown in
Figure 2. No appreciable current flows at voltages below the collector-base diode breakdown voltage,
BVCBO' Used in this manner there is negligible negative resistance region (neglecting thermal effects,
which are small in the operating temperature range for the device), so the device can be operated at peak

voltages up to the order of BV . This is the important limit in many amplifier* and oscillator applica-

CBO
tions. It 1s, theretore, a reasonable parameter from which to establish a voltage rating for devices used

in this sort of application.

Figure 3 1s a v-i plot for grounded emitter operation with base open. In this case, a negativere-

CEO’ is a function of BVCBO and

current gain at this point. As the currentis increased, the voltage drops and continues througha minimum.

sistance region will exist at normal temperatures. The peak voltage, BV

The exact current at which tne minimum is located depends upon variation ot current gain with collector
current. For the 2N697the broad, flat minimum occurs in the vicinity of 50 ma.** This minimum voltage,

called the lower limiting voltage, LV for n-p-n silicon transistors is related approximately to

CEOQO’
BVCBO and hFE' the large signal current gain by

Lo e eV el
CEO ~ (i )1/n

where n is a function of BVCBO.
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In using a transistor as a switch with aresistive load andallowing the base to open, it is important
that the load line remains at all times below and to the left of the curve in Figure 3; otherwise, the tran-
sistor will not return to the "off'' state when the base is opened.'This mode of operation puts the most
severe restriction on the maximum voltage that can be used. Essentially, in this extreme case, when
switching moderate or high currents where B.L is small, the voltage vCC cannot exceed LVCEO‘ For-
tunately, LVCEO is a bulk property of the device not subject to degradation with life.

Figure 4 shows the case for a short between base and emitter. In this case, no appreciable current
flows below BVCES(‘_'BVCBO" The current then increases at about the same voltage until at current lCl
the voltage drop across the internal base spreading resistance (rBB.) causes the emitter-base diode to
become forward biased at the point farthest removed from the base contact. The voltage then drops to
LVCES with increased current because of the avalanche multiplication associated with current flow through
this new path. On reducing the current the voltage remains low until it reaches IC2 where the wltage
again returns to the upper curve. In general IC2 is below ]Cl‘ The hysteresis is related to the different

current flow paths which made r effectively higher approaching from the high current side than from

BB’
the lower.
Because some of the current flows out the base lead inthis case, LVCES is in general significantly

higher than LVCEO' The difference is a function of TRB" hFE‘ and Teg" the emitter spreading resistance

This case (of VBB= RB= 0) is of considerable importance since it closely represents many
practical situations. As an example, in core switchingcircuitry where the base drive is supplied by cores,
the d-c impedance from base to ground is that of the core winding which is essentially a d-c short.In
this case for RL- 0, the use of a VCC less than LVCES is a necessary conditionfor a conservative de-
sign. Other conditions such as additional voltages induced in the collector circuit and the exact value of
RL will determine the final value of VCC in the particular application,

Other examples where LVCES is the proper rating would be in a transformer input Class B
grounded emitter power amplifier where the d-c resistance of the winding from base to emitter is negli-
gible.

In place of a short (or near short) between base and emitter, a resistor R may be included. In

thi the a iat ' ; x
is case ppropriate ratings are called BVCER and LVCER' The values of BVCER and LV CER "¢

between BVCEO and BVCES or LVCEO and LVCES’ respectively. For R =100 the value of LVCERIS

typically equal to LVCES' This value of resistance also guarantees that all units will be "locked" on the

low voltage leg of the v-i curve with 100 ma of collector current.

In Figure 5, a curve of LVCER at Ic = 100 ma is plotted for a typical 2N697 transistor. For values

of R> 5 K, LVCER is very nearly equal to LVCEO' For values of R < 1000, it is nearly the same as

LVCES'




By holding off the base, it is possible to use the transistor at higher voltages. Figure 6illustrates
typical results with the 2N697 for the base held off through several values of base resistance. No simple
method to relate the voltage to transistor parameters under these conditions is known. Appropriate data

should be taken before using this manner. In this case, the breakdown voltage is BVCEX and the minimum

voltage LVCEX'

A general statement one can make regarding BVCEX for a negative value of VBB is that it is

limited to less than (BVCBO - VBB)’ since at this voltage the collector-base diode breakdown occurs.

VCEX is BVCEO for VBB negative. The lower boundary of LVCEX is LVCEO and

the upper bound is BVCBO - VBB' Another practical limit occurs when the current pulled throughthe base

is so large that the voltage drop across Ty Causes the emitter base diode to break down at the point

The lower boundary of B

CEX and LVCEX are non-

conservative, since when used near these maximum voltages in this manner, a power failure in the hold-

where the base contact comes closest to the emitter junction. Ratings for BV

off voltage with collector voltage still applied can allow the transistor to get into the negative resistance
region and burn out if the collector current is not limited.

* Linearity considerations may dictate a lower value for amplifier use,
** Measurements made on breakdown voltages at high currents should be made at a very low duty cycle
with short pulses in order to keep the dissipation and temperature rise low.

MEASUREMENT

BVCBO can be measured by forcing a collector current and measuring the collector -to-base
voltage. For use as an absolute maximum rating, one need only be sure that the power dissipation of the
device not be exceeded, although it is convenient to measure at a much lower current - of the order of

microamps.

Using the same techniques as for BVCBO’ BVCEO must be measured at a sufficiently low current
so that the device is not in a negative resistance region which will cause oscillations. This requires cur-

rents of about 10pamp for the 2N697.

BVCES can be measured at currents considerably higher than used in the measurement of a

BVCEO‘ The same method of measurement is used.

LVCEO and LVCES are high power dissipation measurements and ordinarily must be done on a
low duty cycle with short pulses. A circuit for measuring these parameters is shown in Figure 7. In order
to be sure of getting on the right region of the characteristics, a current pulse into the base turns the
device ''on'" in each case. For LVCES a switching core is used as the base pulse generator. Inserting a
diode with the proper polarity in the base leads makes this a LVCEO test. Paralleling the diode bya

resistor R makes it a LVCER test, BVCER’ BVCEX and LVCEX can be measured in similar ways.

To illustrate typical magnitudes and differences between these various breakdown voltages, Table

I summarizes the data on a group of 2N697 transistors.




CONCLUSIONS

Voltage ratings of transistors as switches require close examination of circuit conditions. This .
refers to both d-c and dynamic conditions.

The highest collector voltage rating is that of the collector-to-base breakdown wltage BVCBO‘
This is a useful rating in many oscillator and amplifier circuits.

The lowest collector voltage rating in any practical switching circuit is the lower limiting wltage
LVCEO' This corresponds to the casewhere a very high impedance path lies between the base and emit-

ter and no turn-off current is used (RB.co T 1)

BB

For many practical applications of Fairchild 2N696 and 2N697 Diffused Silicon Transistors, the
conditions of RB'= 109 is very nearly met. Then the appropriate collector voltage rating for switching
currents in the order of tens and hundreds of milliamperes is LVCER' Hence, Fairchild Semiconductor
has inaugurated this as one of the voltage ratings for the 2N696 and 2N697,

For the case where the current switched is small so that the load line passes completely under
the second part of the v-i curve (for the 2N696 and 2N697 this is in the order of milliamperes)the rating

BVCES could be used for the case V_ = 0 and RB is negligible,

B
For the variety of other conditions that can exist where RB>10£1 or Rstu-o, the appropriate tests

should be made if the most conservative rating is not used.

TABLE 1

Typical Breakdown and Asymptotic Voltages
for Fairchild 2N697 Diffused Silicon Transistors

Conditions Typical Value (volts)
BVCBO IC = 100 pa 120
LV I, = 100 ma, 167 us pulse, 35
CRO ¢ 1% Duty Cycle
LVCER IC = 100 ma, R=108, 167 ps pulse 70

1% Duty Cycle
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Square loop core

material
; A

diode

High speed silicon

—t PULSED

CONSTANT

CURRENT
GENERATOR

Feed back signal

A

Transistor under
LVCER test

PULSE GENERATOR
167 ps pulse —® | ps pulse delay

Ry (sets current level;
10-150 ma.)

% duty cycle

At terminals AA': open circuit voltage

is 2.5v p-p, with 2us
pulse duration.

Rg is normally 100

Fig. 7a Block Diagram of LVogg Tester for a NPN Transistor.
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UEVICE PHYSICS REFEEENCE NOTES

NOMI LATUID SYMBOLS

P = thermal equilibrivs

[ 4 i "

i
o =® permittivity of

permittivity
relative
aceeptor

¥n = da nor

X. = depletion
n ' :

}\'_' -
n

v - 4

o = gcontact

dielectric constant (£, - T
dopant concentration

holeg

electrons

» " 19 ~ or holes in intrinsic material
“ farad/meter

concentration of

vacoum = B . B5 ¢ 10

12, Er,ﬁ. - 16}

"

region vidth from metallurgical Junction in P-ty; s semiconductor

L] - “’ L] "
o

otent ial

V = externally applied voltage in forvard direction

Tt = barrier voltage = contact pote
electron =

D 3T =
g = charge of

fial minus applied voltage
-1,6 x 107" _goulomh

k = Boltzmann's constant = i.38 x 107" Joule / oK
T = absolute temperature (*x)
= capacitance per unit area
§ = charge per unit area
D = diffusion constant of holes
D - ' ’ " electrons
T =1 ime
LJ.‘ « constant Junction relationship
J = current
Jg = minority diffusion current per unit ares (seturstion)
L = diffusi holes
L = ' ! " alectrons
p. = hole eniration in P-type material
o - " n -I' " "
n, = electron - s AL -
n = = " Il -
BV ¢ breakdown voltage

BV, = avalanc]
= ampirical eo

Ry = ¢ lectron
|

natant in

density in

svalanche equatfion

excess of thermal equilibrium density at edge

of depletion layer on P side
" L " "

L | ¥
n

" " 1] " "

Ps = hole 4

2 J St g
#_ = mobility of electrons
u - - " "

P .
n_ = glectron
p. = hole
. - conductivity = 1/p
f = resistivity

holes
toncentration at therwal equilibrium

i} 4} ¥ "




REFERENCE EQUATIONS

1, Mass action law in homogemeous regiom -

NP = ni = ucu,exp(i /KT) where M = enmergy ltnto dlnlity in conduction hnnd
L.}
and l' = T valence

2. Einstein equations of mobility

Hy = qD /KT
H; = qg;;k'l'

3. Conductivity equations

Tapies =E = B/s = aE(hup + Mg)

Jd =4Jd +J

drift diff

4. Rectifier equation or small curremt equation

J = J [exp(qV/kT) - 1] where
Jg = a(Dyp,/L, + Dyny/ly) and
l.p - (D‘I" )1/2 and

L = (01, )‘/2

5, Back Bias current near avalanche breakdown

J = J wvhere 1.5 <m < 4 for silicon

R

6. Capacitance per unit area

Abrupt Junction:

Cag = 40/aV =€ L + X )= [qeMMp/2(M, & nn)]‘/* vn-i/l
Graded Junction: P

Cay = 40/aV = Efox, = €/ox, = (actn,/121,)/3 /2 whors

7. Depletion Region widths Mp =M, = '1‘/#1

Abrupt junmction:

- [gﬁfff":’i:?ﬁiili/z

L ]1/2 vhere Vp = Vg =V and

-

Vy = contact potential = kT/q 1-(unn‘/ni
Graded junctiom:

X, =X, = (Vp3tLy/ 2qn,)!/3 vhere the graded junction definitionis

UD ~- “.& ~ “i!/LA




R R R R R R R R R R R

REFERENCEEQUATIONS

8. Excess minority carrier demsity at edge of depletion layer

- np[exp{quHT) -~ 1] on uniform P-4ype side of junetiom

Pe = p lexp(qV/kT) -~ 2] . g o wil - " vhere

o, = electron density in excess of thermal equilibrium density at
edge of depletion region omn P-type side, and

P, = hole deasity in excess of thermal equilibrium density at edge of
depletion region on N-type side




PHYSICAL DIMENSIONS A

in accordance with
JEDEC (TO-5) outline

(15'mil kovar)

335 13
.3059“' 1

|
| T T

; i
128 |.260
.009 | |.240

i |

4

.

Seating L )|

P‘”:Lcalos-)J “ pi it L”'-
aeon | [ [l

Lead No, 1

a5 _;‘.\

.0!'\%‘.}\:.015 /

028 029

NOTES: All dimensions in inches
Leads are gold-plated kovar
Lead No. 3 internally connected to case
Package weight is 1.11 grams

PHYSICAL DIMENSIONS C
in accordance with

JEDEC (T0-5) outline
(60 mil kovar)

.370
e pi——— DIA.
[ 335

305

| r T

| . i
125 | l 260
009 | |.240

= a

Seating HH

b +

Plane

|
1.5 MIN.

333;?:-[| U []__J_

NOTES: All dimensions in inches
Leads are gold-plated kovar
Lead No. 3 internally connected to case
Package weight is 1,23 grams

L4

PHYSICAL DIMENSIONS
in accordance with

JEDEC (T0O-18) outline

(8 mil kovar)

230
:’_T DIA,
193000 L )| 209
478 | |

! I
.030 {.?lo
MAX 170
Seating - s |
Plane | ! ] f
1IN
':Lcaos/ﬂ U 500 MIN
019
‘016°"A- ]...__L

NOTES: All dimensions in inches
Same as 'CB"’ except tor lead length
Leads are gold-plated kovar
Lead No. 3 internally connected to case
Package weight is 0.44 gram

PHYSICAL DIMENSIONS
in accordance with
JEDEC (TO-72) outline
(Similar to packages -
tlF?l’ t!Mf! and |!Av’l)

(8 mil kovar)

7
7
030 | 9
MAX 170
Seating —— it
PI.ni'-lr_' 3
Y Y 500 min
A LEADS— N1 N 1
019, | U |
0160'A- Y |
100 —=—oi
——— 050

Lead No. 2—, |

Lead MNo. 1

b R | ¥

\5 ol ¥ / “~Lead No. 3

a5 // < N\

7N Ny —Case
Q/ N ¥ Lead No, &

B YN 2 o
036 028

NOTES: All dimensions in inches
Dimensions similar to JEDEC TO-18 except
4 lead 90" spacing, bridge type
Leads are gold-plated kovar
Internal collector lead length is 110 mils
Collector club head length Is 75 mils
Package welght is 0.50gram
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PHYSICAL DIMENSIONS [=

in accordance with
JEDEC (T0O-46) outline
(45 mil kovar)

! 1,230
‘ .Z’JBDI'A'
195 ol K 1o | 085
178 DIA | ———n] 065
s --“[::
Seating "7 '
paeve - TN
nap { i [

MAX ,:J !J

500 MIN,
3 LEADS ] ;’i ’1 .
o UUL &

NOTES: All dimensions in inches

Lead No. 3 internally connected to case
Leads are gold-plated kovar
Package weight Is 0.35 gram

.ailf‘-—ol

in accordance with
JEDEC (T0-52) outline

(8 mil kovar)

PHYSICAL DIMENSIONS [

S EE{ ] T —
A78

|
L030MAN. ||

Seating 1 — pee—u
Plane |

3 LEIDS/

oo |

jo—et—_.100
=l
050~ 1= | —Lesd No. 2

: All dimensions in inches
Leads are gold-plated hover

Lead No, 3 internally connected to ease

Package welght is 0,31 gram

——

PHYSICAL DIMENSIONS F 3
in accordance with =3,
JEDEC (T0-72) outline
(Similar to packages
“D“, tth and I|AVIIJ

(8 mil kovar)

—2300,
19557y | 299
178 ]1 i
|
010 |

210
170

— -

MAX
[ R
T—' Af
4 LEADS [] [] U.soo MIN,

019
100
Lead No. 2 T

Lead No, 1

\ s
‘s\\;//" N N—Lea¢ No. 4
045 g zj 048
1036 028

. NOTES: All dimensions in inches

Dimensions similar to JEDEC TO-18 except 4
leads 90°* spacing

Leads are gold-plated kovar
Package weight Is 0.47 gram

PHYSICAL DIMENSIONS E
(15 mil kovar)

~LENS

a8, |
305 DA,

L —

125
009

Seating —'—
adolil R

Plane

N

Case

NN —.04S
03NN 1029

028

NOTES: All dimensions in Inches

Leads are pold-plated kovar

Lead No. 3 intarnally connected to case

Dimensions similar to JEDEC (T0-5) except
for short height and lens top

Package weight is 1.34 grams




*  PHYSICAL DIMENSIONS

Similar*to JEDEC
(TO-61) outline

' 610

Lead No 2 -1 = 1 970 Case
g i 1 Lead No, 3
? 1 90° S
530 -
y {667
Lead No 1 s \
T I
1 A
a0 L ﬂ—g?;nlﬁ,
077 045
072 p1a 04607~ 0350, -
047 TR T fom ey e 2
08 o 360
o580t~ ) 875
150 620
090
1
|
W.28_
UNF=24
{COATED)

NOTES: All dimensions in inches
Header and stud are gold-plated copper
Cap is kovar
Disc is beryllia
*|dentical to TO-61 with exception of lead solder lug
Package weight is 14.10 grams

PHYSICAL DIMENSIONS [
(60 mil kovar)

' 'J l'ogg
— === e
G111,
009 “r,,,,
!ol';ws H ”_!
016014
I--—--—-—-e—?l}o
100 | Lesd No. 2

S\ —Lead No. 3
Case

NOTES: All dimensions in inches
Dimensions simitar to JEDEC TO-5 except for
overall height
Lead No. 3 internally connected to case
Leads are gold-plated kovar
Package weight is 0.98 gram

I T

3

PHYSICAL DIMENSIONS [

(15 mil kovar)

A\

. 370

E DIA
33% ! | 335
o= |
040 | : =
MA
}I | 085
i [TY 14
7 ! T
— ol
040 500 MIN.

Towes Al [ 11

016

DIA

Glass standoff

028 029

NOTES: All dimensions in inches
. B leads, 45" spacing, omitted pins are
specified on individual specifications
Dimensions are similar to JEDEC (TO-5) except
for 8 leads and short height
Leads are gold-plated kovar
Package weight is 0.95 grams

PHYSICAL DIMENSIONS
Single island package
in accordance with
JEDEC (T0-72) outline

(Similar to packages
DY 2 and AV

M

ABEL sl e
178 0T |
—
0x0
MAX_| i
S!thng'l—- I_'
Plane ¥ v 5

N Lnog-/[l [| ﬂ ‘
019
016914 '

NOTES: All dimensions in inches
Dimensions similar to JEDEC TO-18 except 4 leads
90* spacing, single island type
Leads are gold-plated kovar
Kovar island thickness = 15 mils
Package weight is 0.47 gram




PHYSICAL DIMENSIONS B
i
in accord with JEDEC
(TO-59) o tlfne
Lead No, 2 — !
=
90° \
Leag No 1__‘,__;
__/M. =S
D*n DIA _—_'I\\‘: ¥
S '
et M1 e
il O Y & 068
__:_J_']. 046 |
/’ r—* ——rrinres
oss . | 468 570
038 320 |
— /J.__._.._.,:_x i
_\J._’L_J_”_L
‘_. llI;F-:
!. |
: A55
1032 UNF.2A THD o =] 400

NOTES: All dimensions in inches

Stud and header are gold-plated copper
ap is gold-plated kovar

vl

sc is silver tungsten
P

Package weight is 5.65 grams
Lead No. 3 electrically connected to case

PHYSICAL DIMENSIONS .T>
in accordance with =~
JEDEC(TO-33) outline

1

(15 mil kovar)

el 1IN okt v SAINT e 1
Sh8 —345 DIA.
39RO e
| .—1.
125 I 260
009 ] 240

i:::':*—;E?-:-

et 15 MIN
4 Lr:.ns_/r: |
g:;’ DIA g 4 U i
i 200
100 —to——ai
Lead No, 2 ———4

Lead No. 1— /,

\\’
034
028

NOTES: All dimensions in inches
Leads are r‘.olrf-p:‘n:r-ﬁ kovar
Internal collector lead length is 75 mils
Island is 60 mils wide, 80 mils long and 15
mils thick
Package weight is 1,22 grams

PHYSICAL DIMENSIONS Q

in accordance with
JEDEC (TO-50) outline

I oa0 215 005 MAX ~
| | 180 |
el s
'_F Sfa'rng Plane !
" p2s = 010-MAX
MAX
Ty ]
015
D_‘I
Lead No. 3 250
N\
028
Lead No. 2 —Lead No. |
015
P S = g}
I_Cj | / S =— .
| 250 _ | 250 | |
028 ™ mINT MIN~ 035
015 | 015

BOTTOM VIEW

NOTES: All dimensions in inches
Leads are gold-plated kovar
Base material is ceramic and is 10 mils thick
Package weight is 0.126 gram

PHYSICAL DIMENSIONS T
in accordance with
JEDEC (TO-70) outline

(45 mil kovar)

270
40 240
260 L, o -~
.- -— —.06%
(| {1
r e | ! | _|
020 | o II
MAX | 1
U U W 500 MIN
mnm
e veans—1|| | ||
019,, WUW__»
016"

NOTES: All dimensions in inches

Leads are gold-plated kovar

Dimensions are similar to JEDEC TO-47 except
8 lead 45° spacing

Omitted leads are specified on individual

apeci! ns

Package weight is 0.67 gram




.

PHYSICAL DIMENSIONS [ j

L (8 mtl kovar)
P,
= )
=) !
LENS- 110 MIN
: DA
ot met—-233 D11,

ol
3 LEADS- 00 MIN.
c.9D,, ‘

016 ]

—a— 100

039 | | ~—Lead No. 2

Lead No. 1~/ AT\ ~Lead No. 3

\/ \\('

048 y N > 2048

036 028

NOTES: All dimensions in inches
Lead No. 3 internalty connected to case
Dimensions similar to JEDEC (TO 18) except
for lens top
Lead No. 2 omitted for 2 lead package
Leads are gold-plated kovar
3 lead package weight is 0.43 gram
2 lead package weight is 0.38 gram

PHYSICAL DH’]ENSIO'\!S V
Epoxy package

AL s ekl
1859

i K 250
120 I 140
100

- ;

[]
Ceramic | I ]
o 400 MIN,
31208 _"_/. 1 | '}
022 oup LR =1
016
 bo—et—_100
J050-= *-!/rlud No. 2
Lead No. 1 = Lead No. 3
25"
%
ran N\
AT —

. NOTES: All dimensions in inches
Ceramic Base
Internz! coliector lead length Is 110 mils
Collector club head length is 85 mils
Emitter and Base leads are gold-plated nicke!
Collector lead is gold-plated kovar
Package weight is 0.31 gram

PHYSICAL DIMENSIONS W
(Typical)

; C—lLead No. 3

050 ead No. 2
‘ Lead No. 1
it

f——— 050 —

EPOXY PROTECTIVE COATING

& Leads 2 and 3
| e |
030, —
; t ]Lead Ne. 1

$ N\
—_004 Gold-plated steel

NOTES: All dimensions in inches
Leads are 1 mil diameter gold
Package weight is 0.004 gram

PHYSICAL DIMENSIONS 7
Epoxy package

NOTES: All dimensions in inches
Leads are pold-plated kovar
Ceramic base
Internal collector lead length is 110 mils
Collector club head length is 180 mils
Package weight 'O’SF'am




" PHYSICAL Dl‘.ﬂE\SlONSAA
& Adjacent two
island package

\_/ ~Lead No, 5
—Lead No. 6

i ’
< P | 22d No, 7

NOTES: All dimensions in inches
Dimensions similar to J"DEC TO-5 except 8 lead 45°
spacing, leads 4 and 8 omitted
Lead No. 1 internailly connected to one island,
Lead No. 7 internally connected to other island
Leads are gold-plated kovar
Kovar island thickness = 15 mils

. Package weightis 1.23grams
PHYSICAL DIMENSIONS Aﬁ"
HERMET ' ™ package

060
060, 250 035 250
1 L. MIN 1 MIN 1
- o —t
1
{ Lo 005
018 003
. 050
i~ 030
m11
Lesd No.2 | I
{ 250
o1 ;'.' N D11 050
o1 o009 Bl I
/cr: r. I ’ ]
o 8 ' L4 4 085
e = e=={—F=—==30n

LN
Lead No. 1 - Lead No. 3
TOP VIEW

NOTES: All dimensions In inches
Leads are gold-plated nickel alloy
Package weight is 0.015 gram

L

o

PHYSICAL DIMENSIONS A2
Opposed two AB

island package

230

Ars " g A
B L] 17 YOS ORI
4787 T
W
030 | 10
MAX irg
Seating 1 Y
Piane | ¥
500 MIN.

015 '
016 2'A- ﬂ]n —t:

Lead No. 3
Lead No. 2

= .'\"*, -4
) 3 “-—Lud No. 5
8* Lead No. 6
‘/(/ Nk “—-Lead No, 7
048 h! 048
036 —— 028

NOTES: All dimensions in inches

Dimensions similar to JEDEC TO-18 except
8 lead 45" spacing, leads 4 and 8 omitted

Lead No. 3 internally connected to one island,
Lead No. 7 internally connected to other
island

Leads are gold-plated kovar

Kovar island thickness = 15 mils

Package weight is 0.60 gram

PHYSICAL DIMENS IONSAD
in accordance with
JEDEC (TO-18) outline

(8 mil kovar)

230
FT T — 203018 ;
178 1]

-
030 [ .
ol I G
Suhng T ] _‘:_
Piane ! IJ H“ [
MIN
3 -zws/lrl wal
019
e QUU ¢
i 100
050 —tesd Case

——Lead No. 2
I\ ~Lead Me. 3

\ //\ 7
046 Y N 048
036~ 028

NOTES: All dimensions in Inches
Leads are gold-plated kovar
Identical to packape "'B** except that iead No. 2
is internally
Packaga weight iz 0.44 gram

connected to case




" PHYSICAL DIMENSIONS A= DIMENSIONS AF

£ in accordance \.mh k7o Similar*® to JEDEC v
JEDEC (T0O-89) outline (TO-18) outline
Network Package (8 mil kovar)

ATH MIN : 070 MIN
- —— — niG
— — R — —

g 2= | 7
— — M —
— N — |

=i 100

050 —ad

,—Lead No, 2

TN\ ~Lead No. 3
11 Cose

NOTES: All dimensions in inches
Leads are fo"-_‘. kovar

. AL oho 1 PN IT TR - PR
AL D N ! IV . "NSIONS A :

L -.I-Ii. Wi B A¥ ! . e SIS 75 =
. “.a B g ull B

1ITh

Kov

L]
- e A - -~ U |
210 TP —= -
——— 115 TP
eyl 071

\
S Lead } Vi 3
/ ; i\
\ - \ . )
16 ';'/'\\“—‘-’:—-/f Glass Standolt v
. 459" b -
. G _,
. . w r n' ———
N ’
(kL , 045 nar 5
28 N8 3

NAMSIONS in inches

NOTES: All dimensions

Leads are

re pold-plated “ovar

Dimantic

except 10 leads

. rnally connected to case
- ne aned ehert haioht

- e

Aacp MY e 1 09 arame




"‘"'\fr‘"'f\"' DIMENSIONS Al
) |

| | *...-;--.-.-.A-A.-...‘u-n‘.-,

(45 mil kovar)

=
- ]
108 559 DIA
L | ity
0, D O | _'_
MAY {.210
% e
:-v:‘:nr '_—-:——-‘ﬂ +
b o o i i
T 1EADE o
2 LEAD
1A DIA | '
1 Ui
poaer— 100
050==
Lead No. 2
Lead No, I
— -
a5 “~Lead No. 3
w Case
M6 _ Y4 7 48
nis n28

NOTES: All dimensions in inches
TO-46 header with TO-18 cap

Leacd No. 3 internally connected to case

arlkace welaht

H"\PH"'\'\' —\lﬂﬂﬂﬂ.ﬁUOr\Ur\ /A\

(N - itk MINILINGD

e "

yDI
B

i‘\_}

[

1_
| = —Lead No, 3
| |
060 = C=Lead No. 2
! !

| C=2 CLead No. 1

EPOXY PROTECTIVE COATING

T el Leads 2 and 3
Se—

2l

NOTES: All r{rmﬂn-'. ons in inches

PHYSICAL DIMENSIONS |

e HITD N )

Adjacent two island package

Seating .T_w-—-_L ‘

Plane

Y 5nn MIN

]

NOTES: All dimensions in inches
Dimensions similar to JEDEC TO-18 except & lead,

Package weight is 0 30 J'T"

—\.--\rr‘,ﬂp. NIMENQIONC S
ARE*I\YIe1™ -l-v‘l-l‘d‘..-l!"\:‘lu': b ) ."Ir!
i

(=
[r==

(8 mil kovar)

L —

198 i ire
‘__Pnu\ - al

0I0OMAX . 150

. 1.5 MIN
ILEADS-" NI N N
019,,
016 UUU_+4

- 100

r—~—Lead No, 3

Lead No. 1- 5 N\ ~Lead No, 3

Case

MNOTES: All dimensions in inches
lcf.ﬂnl cal H" package JEDEC TO-52 except

minimum

Leads are oold-pla ravar

nnected to case

Packarp wn . W rrarm




% DLIVCICAT DIRMCTNCT tece ARL DLVCIAAT DNAACRICT 1
FRT9IVAL ;.a“..'.-_l-\-.-\:)sop.o ; ! : lJYQ.\J:\;. D'.nr._.l"\.‘_ .Ol-\v.
- ‘TR |
41 + & H - ! - i,. ' e : ] |
Adjacent two island p 1ckage In accordance with
r~ T -
- s 1 — — -0 T"'—\'“'- { | -“‘) ‘-[—'I
in accord with JEDEC .'O'/U JEULEU | 0-3) outline
NOTES: J"«"r'""“‘“”' ch ! " Leads 1 & 2 electrica isolated from case
Dimensior d : § electrical connection
8 lead 45° 5 ~alloy

DLUIVOINAL _‘.-——:ql-cth\uq ~ r— e AT =T - e e e, -
‘ IV - .-v-.-v.—!.\.‘-\u"!.-ﬂ—v' J F il o - = - 0 ") f !
= 5
1™ *1it w W . = 1 =, “at ‘Y
in accorda “'TCQ witn IN accordance witn S -
tv—D r\ e C i1t Icr™eEs 170 LY L
- - L. = { [ ~ T v~
[ N - I OU. Jn o b b \ ! I"-"f w4 L1l —

{m mil ko "."; 5 mil kovar)

i
198 0
e | eating i qErT—— e —
) S J__ — —————
Plane
MIN
1
F o a 1.5 MIN
" PR, T
¢ [ ] ol et

Lead No. 1 _.//' Y4 N\ ~Lead No. 3

Pe 0Ty
(=F ]
»,

\ v 3
T 45 2 . /
3 1‘._;‘\\‘/
“
- <
. y “~ ”
NOTES: Al dim in ninck T !
NOTES: pnsinns in inches NOTES: A mensions in inche
Comrvam e W s -~ . F . - - ah e
; s K package excent for standard Samie as "'AS™ except for lead diameter
bt i Y i
1 104
e St b gl ey ’
] 3. 45° spacing, omitted p So hovar hi r
ificd on individual specifications 5
D ire similar to JEDEC (TO-5) SPAR' assembh
I
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L 1N (15 s811 1%
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3 a B . |
e ot 30 e
[ ————————— i
125 || 260
009 240

Lead No, 1

N NOTES: All dimensions in inches
r addition of flange “AO" exeont for |
[ oacle are gold-nlated copoer
e K e "
rand Base flanpge holes countersunk
1 0.005 on seating piane nart of
ar internally connected to case
Sl ! " canrinr
Parkars woicht 2 B4 prams
— -~ i w1 w2 s - e
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1 3 diales) tond No
I e 2
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—Lead Mo 1 -
Lead No | — T
1" '] e e mn inrhne
All dimensions :
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; ' MATES: ATl me in inches
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Lead

o U U
J v
T 0D -
o 2—

("]

Lead No

Y . -Lead No. 4

are told-nlated kovar

cally isolated from case
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e it n

. v ol
e e aapr i
Cv - yii
et Ll & - -y .y
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a=mn
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NIA - -
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MAY
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1~/ 2 O\ ~Lead No. 3
= \
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Product Enformatio}h -

|

Specification Parameters

Parameter

BViss

BVieps

BVepo

BVs60

BVpss
BY

DGS

BVpsx

BVsps

GSS

DGO

Test Conditions
(must be specified)

Is

GS

GD

VDS-O

. to drain with VD

Meaning of Specification

Breakdown voltage from gate
to channel. Drain and source
are shorted, and a reverse bi-
as placed across the gate-
channel junction,

Identical to BVGSS -

Breakdown voltage from gate
to drain with source open.

Breakdown voltage from gate
to source with drain open.

Breakdown from drain to source

with VGS = O, This is nor-

mally specified for enhancement
MOS devices. It represents
breakdown from drain to sub-
strate.

Breakdown from drain to source
with VGS # 0. It represents

breakdown from drain to sub-
Strate.

Breakdown voltage from source
g

Gate-channel leakage with

. Drain-to-gate leakage current

with source open,

ool




Product lnformatioﬁ

Specification Parameters

Parameter Test Conditions
(must be specified)

Isco v Vga LD ' ¥
g3 Vs -2 Ve
Ves
Isps Vsp Vep=©
Inss Vps - Vgs =0
Ip o Vps  Ves

3.

Meaning of Specification

Source-to-gate leakage current
with drain open.

. Gate leakage current under cer-

tain operating conditions.
It is usually somewhat lower than

IDGO.smce I'DGO is the limiting
case of IG'

Source-to-drain leakage current
with zero gate-drain voltage.

Drain saturation current, the va-
lue of ID measured above the knee

of the V I.. characteristic curve

DS™'D
where VDS'>’ VP" R o
IDSS is actually defined as ID at

the VDS required for channel

pinch-off, In enhancement MOS
devices, IDSS is essentially the

drain-substrate leakage plus any
residual drain-source channel
current,

Drain current under specified bi-
as conditions,

Specified for enhancement MOS
devices as a max intended operat-
ing drain current when VGS is

biased for max channel conduction,

sonl
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. Product In,formatio"n i

i

|

 Specification Parameters

Parameter

Vesan)' VT

- . Vs

\' -V

GS1 GS2

Test Conditions
(must be specified)

VDS or V‘DG

Voo 2i¥sG s
VpsiriiiVgs
‘Vps- . lpoFF)
Vps it dp

Vps Ip

Vs Ip i
TmtTa

g

- Match in &

: Meani.tig of Specification

Drain~-source current under certain
specified operating conditions.

Drain-gate leakage current with

Ves ? Vos(oFr)' 'poFm
slightly lower than I‘DGO'

Gate cut-off voltage. Gate-source

- voltage required to cut-off channel

current,

Pinch-off voltage, interchangeable
with ¥ estorm)”

Gate-threshold voltage. Gate-source

_voltage required to initiate channel

conduction in enhancement MOS de~-
vices.

Gate~source voltage.at any given

" operating point.

Magnitude of gate-to-gate differen=-
tial offset voltage in differential
(matched) pairs.

‘Incremental change in vGSl - VGSZ
_ expressed in /uV/ Jel

SS of differential pairs,

expressed as a fraction.

ool




Product Informatiole'" &

Specification Parameters

Test Conditions
(must be specified)

Parameter

VDS and VGS

Vpg and/er I,

Ta

| IIG1'162|

*DS(ON) )
Vpg and/ gice

Meaning of Specification -

Magnitude of match in IG for dif-

ferential pairs. Usually speci=
fied .at an elevated temperature
near 100°C.

Static drain-source resistance
when biased to full ON conditions
(maximum operating ID).

This resistance is defined in the

."_-' ohmic region.

Minimum value of the rD S(ON) for

VGS = 0 (only for FET devices).
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Small Signal Characteristics of FET's

Parameter | Test Conditions

(must be specified)

Fdalon) i ity Yos. Y DS

Vie Viaa=Oor 15
P frequency
L AR b Vos ' Ves
frequency
81 By < Ves . Vps
frequency
8o
= N ae ). Y DS . 4GS
2T "
frequency

6.

Meaning of Specification

"~ Drain~-to-source resistance

when the gate is biased to [ull

" ON conduction,

This resistance is defined in

, the ‘saturation region.

Common=~source forward trans-
fer admittance. Measured at
VGS-O unless otherwise speci=

fied.

Common-source forward trans-
fer conductance.

~ This is perhaps a more inform=-

ative term than st « At 1 KHZ
st AL B e However, at high

frequencies, st includes the ef-

fect of gate~drain capacity, and
" it may therefore be misleadingly

higho
The term Bfq should be used for

all high frequency measurments,.

Same as g, but specifically at
-0

Common=-source input admittance
with output shorted.
Important for high frequency

o operation .

ool
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Small Signal Characteristics of FET's gt
- Parameter - Test Conditions Meaning of Specification

iss

0SS

80ss

iss

gss

€must be specified)

=V

DS

Ves

ds

oy

. frequency

Vps Vs

V =0
gs
frequency

Vos Ves

V =0
gs

frequency

VDS
\'

GS
Vis = 0

Vps " Vs

Vdo ™ -
frequency

Vps Ves

frequency

Vps Vgs

frequency

Common-source input conduc~

~ tance with output shorted.

This must be specified for high
frequency agplicationa , s

8igs = l-/w -

Same as g. .
iss

Output admittance, input

shorted.

Common=-source output conduc=
tance, input shorted.

Common=~-source input capacit=

ance, output shorted

Ciss_- Cdg T Cgs

Gate-source capacitance.,

Reverse transfer capacitance.,

Actual value of drain-gate
capagitance .

no-/
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Small Signal Characteristics of FET's 2
Parameter - Test Conditions . Meaning of Specification
: (must be specified)
v C & L2 - Value in equivalent = ] Actual value of gate-capacitance.
g T circuit L s
- Cd s e R . Actual value of drain-source
. . . capacitance, essentially header
T capacitance.
Coss ' 57 VDS VGS 2 Common-source output capacit=
i Y =0 . ance, input shorted.
gs ele = C + C
‘ . 088 rss ds
v . frequency
‘ Cos | | VDS "VGS ' . Same as Co“ if VGS -0,
[ : oV ‘=0
gs . . ;
frequency , ; .
Cc ' w80 v . SameasC__ .
: e P 6 sty : 088

dgs
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FET Performance Parameters

Parameterl BRI Test Conditions
by (must be specified)

frequency bandwidth -h

: td.ela\y'(c:m.) s v
: _ _ DD
o { Tpowy
tise 3 ‘ VGSCON) D
: = pulse characteristics
! :
on
‘delay(off) b v 0
y : Noge GS(ON) "GS(OFF)
: - Voo lpgsm) A
fall M input pulse charac=
teristics
Yot
e _ _ | o VDS
\' g °r I'D .
- frequency bandwidth
frequency
h j Vps !
VGS or ID ¥

9.

Meaning of Specification

Delay time before turn on
when pulsed from OFF to
ON condition,

Rise time when pulsed from
OFF to ON condition,

trise tdelay‘(on)

Delay time before turn off
when pulsed from ON to

‘OFF condition,

Fall time pulsed from ON to
OFF condition,

fall * 'delay(on)

Common-source equivalent

- short-circuit input noise

voltage. Measured at the out=-

 put with the input shorted, and

referred to the input, Ex-
pressed as rms volts per root
cycle, /uV /VT A function

of frequency, so frequency va=-
lue must be stated.

Common=-source equivalent
open circuit input noise curr-
ent, Expressed as pA/Vﬁ— a
function of frequency.

ol
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FET Performance Parameters R
Parameter . - Test Conditions 2 Meaning of Specification
e (must be specified) ‘
PG 2t frequency . Neutralised Power Gain, It
e VDS; : Bin . 'expresses the power gain of
I 4 ; the device when its reverse
D ; . '" transmission is neutralised
: : : : " by an equal and apposite ex-
' ternal circuit (neutralisation
circuit),
NF VIjS  Noise figure, This represents
v o ; a ratio between input signal
G8-~ % 1D to noise and output signal to
t noise,
frge:I:lee:;::;r NF is a function both of fre-
' bandwidth quency and generator resist-
. ‘ 2 ance R_. Both must be stated

or the specification is mean-

" ingless. When properly quali-
fied, NF includes the effects
of both e and in.
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QOur FET and MOS-FET Characteristics
. lsss | 'bss Tes@n) N Baatony: | Vo oF
Line Type at 1 KH v Structure Notes
(max) (max) (min) Z Gins) TH
(max)
0028 BSX 83 0.5 nA 400/u.mhos 1.5 KOhm -6V P-Channel MOS | Enhancement Mode
BSX & 0.5 nA 700/umhos 1 KOhm -6V P-Channel MOS | Enhancement Mode
0049 | BSX 85 | 1500/umhos 500 Ohm AV Dual P-MOS Enhancement Mode
BSX 86 2500/umhos 250 Ohm -6V Dual P-MOS Enhancement Mode
'. 3
0057 | BFX 78 10 pA 25 mA GOOO/umhos . N-MOS Depletion Mode-
| High P
| G
: (20 dB and low
, noise
(2.7 dB) at 100 . -
MHz
0030 | Not et l1nA 30 mA 4000/umhos 350 Ohm ) P-Channel FET | Very low noise
announced (1.5dB at 0.1-
100 KHz).
\ Y
| | [ i

et
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