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| PIN DIODE CHARACTERIZATION STUDIES o .
o L . ; . | . ' ) by . . - ‘.g _

= ' Jia-Ming Li - :}N o E

bl

o | S I AbStract .

-

\ ) "Conver"s'ion efficiency,

t-;:ﬂ/

" diode were measured by us:Lng coaxial circu

rectifled current an& impedance of a PIN

r

itry and slotted line in

b~

- the mi,crowave region.

-Conversion efficiencies were measured as g

function of freouency at forward and reverse bias.

o -

The results indicate

a distinct difference in the charge storage mechanisms respon31ble for

the ca.pamtance of the device in the two bias conditions.‘ At forward

bias the capacitance is due to carrier storage in the I region while

at reverse bias 1t 1s ~due to the depletion capa01tance. Rectified

.- current was found to be approximately dir /c>tly proportlonal to the T

orﬁional to signal frequency

81gnal 1nput power and 1nversely prop

‘-:

waé fo/ﬁ to be a function of the blas cur-

- The conversmn efficiency

h rent for-forward D.C. b_ias, and dependent on the voltage fer reverse -
Di Ci\ bias. Impedance was-found as a function of frequency and blas. )
D.C. bias current was shown to be miich more effecﬁire than high fre-

. quency current for injecting carriers into the I layer. «

’ : . a. ’ . "‘ \ ' .
¢ ' ' -
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L : - h.I.“Introduction '

., The: 31licon PIN dlode has a considerable ber of miCrowave ap-

-~

) . \ : -"
| pllcatlons due to its ‘variable iMpedance. Thls~dev1ce consiéts of a

-

sandwich structure w1th two Junctlons, one a PtI J?nctlon, the other%a
N+I (Flgure l) the P+ region and - ﬁ“lfeglon are hlghly dOped (low re-
o B 31stivity) the I region has low 1mpurfty concentratlon (high re31st1v1ty)
» Its 1mportance for hlgh frequency appllcatlons lies in its varlable resise'
tance and charge storage propertles.‘ The re31stance of the diode can be
| changed by 1ndependently‘vary1ng the forwardibias eurrent, thCh controls

KM§ amount of sto/ed charge in the I layer, therefore, the dlode can

functlon as a switch, variable attenuator, ‘and modulator. Slmilarly, the

/

‘\

- Varlable capacitance of the diode is a function of the applied signal,

WUV SPUR S S0 S S O A g e -

o hence it ean be usedwferwfrequencywconversionx(frequency multiplication,
. e . ’ ’ T »
division, and mixing).
‘v

To understand the ba51s of these properties consider the effect

| of applylng a forward bias and reverse bias to the PIN diode. At
[ | forward bias, the I layer is filled with anvequal number of holes and
| | electrons injected by the highly dOpedyP+ and N. reglons. Athvany level
of conetant current the concentratlon of ckrriers 1n the I layer reaches
- a steady value, at which the rate of recomblnatlon of hdles and elece .

\
trons equals the rate at which they‘are supplled by ‘the applleg current.

S

At apprec1able currents the number of 1nJected charge carriers in the ;\.'

/

-,

i ’ | 7 WY 1ol N —,-..-::,‘:'.'v R st T O R AR

jfwmm~~m§~u~~m~~—-1 region 1s very large aS’compared to the 2€ero bias equillbrlum con--

centratlons, (Figure 2), and thls,\according to the equatlon R\géé
A -

&

(wheref’, t, and A arepresist1v1ty, unlform thlckness, and uniform-.
. L

« cross-sectional area of- the 1 layer, respectlvely), the re31st1v1ty of

» . o -

W
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this eglon/{s considerably reduced hence the resistance of the |
Y, 4

[ device can be varied by changing the applied current The capacitance

AN

at forward bias is due to carriers (equal number of holes andkelectrons)

. ' @ | B / '
. in the I layer, therefore, the capacitance is COnsiderably 1ncreased
3§th increa31ng bias current - | o ‘ N )

(W

At reverse bias the capac1tance is due to thedepletion layer. §
:lhlslayer in the PIN diode is the.w1dth of the I layer for a true I
gregion, (Figure 3), otherwise the width of the depletion layer is |

usualfy less ‘than the width of the T layer, and is a function. of the

reverse bias voltage. It does not apprec1ably.penetrate the N or P

region, becausertheyfare highlyudOped. The width is given by
| s | ‘ o o |

el ey
>~

~ Where \
(\E:zdielectric'constant‘of the semiconductor

N.= concentration of-impurity atoms 1%

TN

~ . -V'= applied voltage

“9;- contact potential or built—in voltage of the junction

The depletion layer capacltance is related to the applied voltage Vb °

€A _ gENy " . |
o=t =a(F w] L
P | | .
Nl This paper is concerned with the characteristics of the'PIN diode,

-z -, g iy I
T wd g e ST AT o S T e L T LA S MR 2 e Y 7S o by

i s -t i 2 aadvis-divided’rnto*two”part‘”““Thbeirst part concerns’ the measure-

@‘m

ment of efficlency of frequency conver31on, the second part the . im-

pedance and rectified current. The purpose of this work is to obtain

information on the dependence of fredgincyconvensionefficiency on

4 Soc

&




. A Q

o bias and signal level.

. ~ Two circuits [ coaxial "circuitx'yé (Figure 4), and slotted line,

., - (Figure '5)] were designed for measurement-of conversion efficiency,

/‘? rectified current and impedance for this p'aper. F.re'quencies in the

- \ ‘_ —
e ‘ 50 MHz to, 400~ MHz for the second part. — S

* . \J o . 3 va
0 .

N . The same PIN diode- (0-398) was used for all exée'rimental' results..
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-II..Measurements S f\ | R -

RV

A. The circuit for the meashrement of effic1ency conver51on

—

The.01rcuit shown 1in Flgure (4) was used for\measuring tne ef-
Iflclenc; of frequency conver51on. The hlgh pass filter at the input

. was selected to pass only the generator frequency, the low pass fllter
at the output passed only the subharmonic (approximately one-half the
input frequency) to the load. The tunlng elements were. placed between

'lthe generator and the diode for the impedance matching at the input
frequency. At the other*end of the diode, an adgustable llne and stub

matched the subharmonlc (half-<harmonic) to the low pass filter fromhthe

diode. ; o o | v

~
fhe diode wasc biased by the D.C. //upply, using an r.f.. choke for

<
isolation. The bias voltage and current were measured%bythe meter in

the D.C. supply. A coupllnjzcapacitor served fo isolate the bias clr-
cuit from the load. The bi s (poesitive or negative) wvas adjusted for
maxrmum output. A slight dev1ation from 0pt1mum blas caused a sharp

drop in output power. Measurements were made‘at three- levels of input

power, ~
¢ . ' :

‘B. .. Impedance and/rectifi‘

. o
1. Circuit for measurements

The.circuit of Figure (5)

The\51gnal source con31sted of.an X—band

7

/and rectlfied current

was used for measurements of impedance

klystron (lO 8 GHz), which waé amplltude modulated at the Operatlng ]'l

frequency‘of the'standlng wave indicator. Generally,

square wave

. ' w ~
| . . &

AR N g




. & »
o : - : » \
vt - g . . .
o _ ] . A .

~

| o ,'moduletion_is used which réduces to a minimum the effects of‘harmonics,

s -4*”"and/frequency modulation, An isolator was used to eliminate reflections
L Cot _ . K\:/\ . .

R ] from‘the load. ﬁ_length- f.X-Band waveguide was used'between~klystron

< ~
jj; - and isolator in order to prevent the magnetlc interference from 1solator

< e v
——t

to klys&ron.‘ A dlrectlonal equpler was used to separate the S. H. F 7
. 'signa; rnto two paths, one path through frequency meter, crystal de— ]
"tector and OSClllOSCOpe for frequency measuremeﬁt; the other path . CN
VS >’t¢! E

'4 through a.garlable attenuétor to the slotted sectlon. The/éztenuator

N\

-

cchange§<£he amplltude of Slgnal and protects the slotted line carriage

nand stanéing wave indicator. The detector should be a<square-law'

R ¢ N | 2,

| (output prOportlonal to rf pouer input) device such as a barretter or

a crystal diode operated at loy 51gnal levels. The S.H.F. sigmal pe@ses

\ ...... S

through,slotted lineﬁ%nriage directly”to PIN diode. lhere were two

¥

circuits connected to5the"other side of PIN diode; oné‘éiréﬁitécongtéted;

,. « (
efgi.f. choke, microammete ,vverlable re31st%//and D. C. sourceﬂguhlch
Y . J%®~:;supplie%fthe necessj;y'gigi blas to PIN dlode”\the other circuit .con-
| Y 51stfﬂlof a umlt power suggﬁﬁf anlt oscillator, G db attenuator and.
}“. B fi | capa01tor, which supplled the V H. F‘ or U.H. F; 51gnal tb the PIN diode.
) - . N Tat . ) | ) ’

~ The "A" part whlch arround?d by a dashed 1in ;in the Figure (5) was <

used for the rectlfled current measurement

5]

In order to get the iharacte{istlcs of/the\PIN dicde, such'as im-

P ;;chm;pedance versus frequency,freptified current versus frequency + input .
<\} .power, we can change either_D,C,biascurrent,pY;H;Fgl(UtH.F;)freé

N " quency, or V.H.l". (U.H.F.) inpugp*poﬁefpr all thre,e.! o

D

All measurements of characteristlcs with this equlpment were made

RO | at a constant S. H F. freouency'of approximately 10.8. GHz to keep the‘ﬁu

- T e
e g R ey Tt 1T SRR ¢ W o) P e » g ey < - p p «‘nwn:-—vym B Ratat s Pl anast £ RN 2 ) - W“' -
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'*"reeults consistehi | . Yy ?
2. Procedure foer Smith Chart caldula-.t-,lons for impedanc measurement .
- The step by step- procedure for employlng the Smith Charéwhen solvmg ,ﬂ |
tréﬁéfmssmn llne pgoblem is ~outlined below.., It should be understood that l |
there are. varlouso methods en‘ployed for- entermg the dat; obtamed from .
/) the slotte line on tk?é Smith Chart, and that the nrethod outhned in thls ;
Lk . section ha} been f)oundf practlcal\and 31mp\ke. | | .
- 1) Set up slotted llifie’ ih_system’as Figure (5) : /' ) L 4 |
2) Measure SWR (standirng wave ratio). S co e |
3) Determine wavelength oiL transmissio;i‘ line (AL). The ’dietar"lce
v as measured or slotted line between two edjacent fninbima' is- |
- equal to on_,e-helf | 't‘he .wavelength‘ of the lihe. | e |
V d ) Find a con{*enient witimm point. — — / e
o 5) Re'place loadw(PINf -diode) with sho’bting termination. )
_ 6) Measure ad [ the slr;ift ‘iq,,eenttiﬂmetersrdﬁm ;che minimum pointﬂ. i -
. .wlth the short applied (step 5)] L . B *
'7)*' Determine the shlft of the minimum in terms of the. wavelength
AT
| »”
. 8) Sterting at \center of Smith Chart draw circle with SWR as
> T‘:’:‘s; radi@“s‘ (read SWR-on zero reac:taﬁgc’e line doyl from center, '
Figu_rue !6) . : { | \f’_/ g
9) ‘The quantltya'?\ estab“l'ils‘he in sfep@’?) is 'e"ntered on t'}he"\_ -
SmlthCh;rtby procee{i/ln -at the top in the directlon of the £
probe ;e,}(fe%iéit-(eiéthe‘rtoward the lO;d Or_toward the genefator) \
when the load wa.s réplaced by a short. -
- -




10) Draw a xline to the "center of the- chart from the aA point.
. -~ .
11) The intersection of this line and SWR circle is theanor-“
| | malized impedance. , S . h .
- 0 12) It is important that the conventiog~belfollowed of first ° . e

finding the minimum reference with the load“on‘the?line and \

~then sliding the probe to the new minimum when . the linevisr_ | “ -
- shorted. Should\it dé necegsary to establish the shortedTM"lkkﬁ
minimum p01nt first, ¢ would be entereé on the Smith Chart

. : aad - ina direction Oppos1te to the direction of probe movement. T e

LA

ol \»LJ . ) ,; That is, the probe movement toward the load would be entered

on the chart in a directlon toward the generator.

o ’ v .

;~ o o 13) The following 1s an example of the\previous procedure (Fig- ﬁ
y o ST ‘ 1

ure 6). The SWR measured is 3»15 Distance between two ad-

fﬁf T . . Jacent minypa is 1. 75 cm.-’Therefore wavelength of the line
is 3 5 cm. (7\L) A convenient minimum* f%r thegunknown is
rlocated at 12 58 when the line is shortedfthe minimum p01nt

i
shifts to 12. 09 cm. (toward generator, so in chart is towar
ad = 12,58 - 12.09 = 0,49~ - N

) @ . = 2d - 0.49 - 0. u |
S e ?\T -—-52 57 wavelength'

kload)

L ! - 'Construct SWR circle on Smith Chart (1). Construct radius “
to wavelength shift point (2). Read normalized impedance q
Q at 1ntersection of circle and radius (3). . - A

zL- 0.675 - § 0.95

C " e Therefore, changing either D.C. bias, f ‘quency, 1nput power,

" or any comhination'ofgthese; results o different ZL'




o III. Results =~

N,

,KQ 'Efficiency of frequency'conver51on.

o g e y - |
- The results are shown in Figure (7) and (8), whiih/uerelplotted
¥ e !

~ in_the form of conversion efficiency versus frequeéncy.. Each measure-

4 ‘ .
~ ment was made two or three times Oy repeating the tuning operations. - P -

. v

The mathumﬁralue of*effiéiencyéobserved is*plotted in each casef?*" ‘

1. ‘Forward bias . - o

L - The conversion efficiencies for all incidentYpower levels (50 mw,
lOO mw, and.ZOO mu) show a sharp decrease at frequen01es grealer than
2OO MHz (Figure 7). There is no output above 400 MHz. Measurements “\?1

were not made below 200 MHz because,the necessary filters.were°not

|

-~

available. From‘the data obltained over a limited frequency range we ;;

—W e

conclude that a cut-off mechanism 1s in effect above 200 MHz. We shall

BRI

now consider pe381ble explanations of this effect assuming that the
capacitance at forward bias in the I layer is predominately associated r
“with stored carriers. N . o R

//

e The cut-off frequency may be e)qzlained by the results of an\experi-}\

ment described by Ga lvin and Uhle r2, in which a PIN diode was sub,]ected o
' , 7

‘first to a forward\current pulse, and,immediateLy thereafter to a

reverse current pulse., The 1nstantaneous microwave. 1mpedance was
measured at regular intervals durrng the entire process.. Durlng the

;w. . __twj.__-h forwardjpulse the diode 1npedance is a pure r681stance, While during the T Efwg

o

. reverse pulse it is'a series combination of capac;tance and resistance.

| Thus the cuﬁwoff frequency observed for frequency d1v131on may be deJi

—

LS

termined by‘either of two mechanisms3 (l) the-product“RC of the I .

" »
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4 - : -
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~ = - . layer, (2) the transit time associated wlth the removal of stored

—

.,carriers from theaedge reglons of the I layer where the den51ty

~

\“fluctuations ‘j

@ o t/\ ,9 . ] j.' - l‘* A - ,_\g

:7 EP R} Reverse bias . o PR

. | Plots/of conversion efflclency versus frequency,q(Flgure 8& show o
. an 1nterestxng fluctuation, with maxima atrﬁoo MHz and 550 MHz, and ot
A f;i gf*' mlnlma at 450 MHz and 660 MH There was no appre01able output at

&

’h frequency higher than 6OO MHz. An aesumption that the variable capa01-_
tance at reverse bias is due to variation of the dapletion layer, is |
given for the p0581ble explaratlon of these results3 <. “ o 2/?”

~ Figure (9a) is a plot of carrlen density throughout the I layer

! S for an applied reverse voltage such that the depletion layer width W

--is approgimately'half the total I-layer wldth t. The depletlon layer;

being devoid of carrlers, may be con31dered a pure-capacitance; the Lo

undepleted;portion, which'hai/a\resistivity of about 560rtcm;;is rep-

~
resented bg a. shunt combinaﬁion of corductance and capa01tance, whlch

8

are of the same order of. magnltude in the frequency range under considera-

,_tion. An electrical equlvalent for the dicde as a whole’'is showd in.

Figure (9b), where R repreeents ‘the combined re31stance of the P and N

‘rfgion which is in series with the I layer

. . A plot of the, static Q =429§ for R = 0 and R = .l_ of thlsgr”
W - | ,Z " ReZ 110G
’ circuit is shown im-Figure (10). This cﬁrve‘possesses a minimum at -
L T : , -
£ = 0.8 £ (where Wp = g. o ) a maximum at f =3 fyy and steadily .

-

decreasing Q for £ > f.. In these reSpects ite form is 51milar to that \\

o "6f"the ex§2rimental data‘plotted in Figure (8) For the partjcular 4




‘-~gdiode used f is calculeted and gi

'the two. - | Y

o 11,
4 . o ) ry ' _— . &,

7ives =.250 MHz. This igplies a
T

mlnimum of statlc Q at 0.8 fr 200}NH2, whlch agrees to order of magni-
{4

‘tude wlth the value of ASO MHz for a mlrimum.in conversion effic1ency

'(Figure 8) The dlfference betwqen these two values may be due to a

| large uncertalnty in the value of the area of\the diode, used to cal-

culate - 6' | | | : l-..‘ ,_'r"" | ,//
Comparing Figures.(8f) and (ll) we find that the plot of reverse

D.C. bia voltage at maximum effr%iency ver sus frequency (Figure 11),

“and the experlmental data plotted in Figure (8) have s1m11ar shape. At

~

the present tlme, it is not possible to explaln this relatlon between T

‘ 7
. o o /
B. Rectified current measurements’ |

‘applied; i.e. only a microwave signal is applied to the PIN d'iode.‘

- First of all we discuss the case-that no external D.C. “biasis T 7

The results of rectified current measurements are u?esented as a plot

| S
of  log Irect versus log f, (Figure 12), and Table 1. It-is seen that

‘the rectified current is approximately directly prOportional to the

~,

inputwsignaf.power and 1nversely'proportlonal to the signal frequency

at frequency between 50 MHz to 180 MHz. At frequencies greater than

N -

180 Miz, the sibpe of the log I tC_,versus log f plot becomes steeper;

the ‘inverse prOportiorallty between log I ect and log f no longer holds,

Flgure (13) (155), (13b), (13c), and (le) give data for the case
S

l.that both D C. forward bias«and V. H.F. or U: H F. 51gna1 were applied to .

) r

'the PIN diode.- In these cases the carrier den51t1es in the I reglon

-

: were not onhxrcontrolled by the D C, bias current out also by the

rectified current. 'The results of total current (Ib + rectiﬂied current)

"t;;%: . n

Be /S




§ e ) measurements are indicated as a plot of total, current versus frequency..;mm“_WMMMrmf
’%t ‘ (Figure 13) It is seen that the total currents (D C. bias current + )

N i | rectified current) decrease W1th 1ncnéa51ng frequency. At lower D.C.

' - :\3%\
bias, the rectified current was predominant while atg?igher D.C. bias

-

the rectified current becomes very small compared with D.C bias current

When the D.C. bias increases to above BOQAAa, the rectified current seems
a

to be very small. At high frequencies (above 300° MHz), the total current

nearly equals the D.C. bias\current the rectified current seems to be

Ve

- * unimportant.
The rectified currents are no longer directly proportional to the

- signal input power and inversely to the7frequengyﬁfor everyiapplied D.C.

bias current, (Figure 13a, 13b, 13c, and 13d) .. 1t is seen that at

ifrrimi%WiiIb 2Q/kaf the rectified current is st111 approxfmwteiyjdireCtiyfnro- |
portional to input signal pover and inversely to- frequency atloVer.
frequency. When Io.lncreases above 20)0 a, they are no ionger propor- (/X\q
\ tional'for all power ievels; |
;l N\ Fron the above dlscue51on we can reqegnize that the D.C. bias is
| much more effective than high frequency current for 1niecting'carriers
\ into the I layer, esneCially at larger bias currents.
In comparing the results of Figure (7) and (12) we recognize a
‘ relation between the conversion eff101ency and the rectlfied current
Both of these decr%esed with 1ncreasing frequency' Above AOO MHz tgeﬂﬁ?
rectified current and conversion efficiency were approx1mately Zero.
/oy fo%s 7 C. . Impedance meesurements .
-l. Reverse bias

y _
-4

_;,  The results are presented in thexform of plots of capacitive

- o 3
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v /. I .- . *
. N ~ P




| _ A\
\\ . \\\\§~*~ 13.

P

s d
. . . ¢ naty
. N 4
. N . v .
. | | I
. ot R ~
» ¥ Y ——
ST -,
A et

/

’reactive and resistance versus blas voltage (Figure 14) It can be

-4

seen that the capac1tance of the I layer i1s independent of the reverse

e

o, bias voltage, and the resistance. of the T layer decreases with in-
\. creasing reverse bias voltage. An equivalent‘circuit is given, (Figure 3b)
~— for explanation of the results. dAssuming.thé I'layen to have a small P

type 1mpurity atom concentration, a portion of the { layer next to the

,\._ "N layer is depleted at zero blas.. The capac1tance of the depletion layer
L A

_/ 5 Cl is shown in series. with a parallel G1-02 combinatlon representlng

*theﬂunswept portion-of the I layer, Figure (9b). The values of Cl, C,

'and;GIQcan be specified-in terms of the device structure parameters, i.e.

- "
& i . S L r )
| } D €A _ __ -
e L o L} Clo..” v ( ]}’) o

) * Y J
. a R ln order to Slmpllfy the aiscussion, the series form, (Figure 9b)
{lnlr"t~Jl :, ' / |
S 1s>obta1ned by calculating té% series elements ngand Rl/from tne parallel

S !?ﬁl elements C5 and G1 representing the unswept 1 layer. 02 is a/ﬁigh Q
* ; o 3 ~ A | : .
l o~ *’capac1tance .S0 o I - R
- !
4’/\.‘; \ {\ ~ ' L - - - N
¢, '= C, (4) .
. Y il
- -' S b
. and "’ | B \/
\ . / B .
3 R, = : A5)
- %; -1 Cd2Q§ + G% S
& ‘fﬁ, | - The total equivalent series capacitance ; '?&-
;;rﬁ ‘}{se,y,}:i | ) /é/ Cl Cz o (6) . g@,
4 v , P ] ® \V.,«-"(?ﬂ- | ) L
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L

RN | o,
~voltage, therefore, Cl decreases, Cy’ and Gl increase. According to

Eq. (5) and Fé), e equivalent re31stance Ry decreases: and the equiva-

$ |
lent series capaci ance 1s unchanged wlth 1ncreasing

S - /
N -
.

voltage.* This explanation agrees wlth the experlmental

, o
reverse bias

results shown

L‘A
“ .

, in Figure (14). | - | S ) n . ol
. ) ~ 7 . o ) o - .
2. Forward bias o B o .
; - L | ‘ ‘ =
e . The

) . results of *impedance measurements for forward blas are pre-

~
N}

ﬁd‘ sented as plots of res1stance R versus applied ﬁorward bias current

C?igure 159 and Capacitive reactance X versus applled forward ‘bias &

current (Figure 16). It is seen that the re51stance (Flgure 15) fﬁ”
- | N

\

o creases as the D.C. blas current increases between zero bias to about

.

60,#a for each signal frequency. At 60,&4 a D.C. blas current the re<

“sistances generally reach a maximum.” When the D’C biaS current exceeds

6OJA&a the resistance decreases for each frequency.-

- In Figure (16) it is seen that the capacitive reactance X decreasesf//“\nm\
. &

B
% '
with the increasing D.C. bias current. The reactance Xc 18 a maximum ) ﬂ

at zero bias current, then decreases very sharply with increasing bias

current until blas current reaches 500 _Mas Above 500_/9a, ghe slope

e

rate becomes smaller and X, is nearly zero; i.e. at very high blas current

~

the capacitance approaches 1nf1n1ty. This phenomenon is con51de;\d due

to the increase in the concentration of carrlers (holes and electrons)

.

stored in the high re81stiv1ty mlddle region ("I'layer") with increasing

. 'forward blas. o _ | B &“* .
. | - -y

L
~ . . i

e




S0 - - YT IV, Conclusions e 5ﬁ$§'

An inveStigatiénepf the‘PIN diode has shown that this;deviceé «

o :

S & f‘unc‘tiens as a variable capacitance in the V.H.F. and U.H.F. range.
.\:\\’\ :I .‘ | 3 ) | m . k‘\ _ | "
“ | "The frequency degendence of conversion efficiency for forward
. - A ( v . 6 ' _ s
‘blas is qui_t/,g{;f.ﬁifferent than at reverse blas. The conversion effici-

}eney is\a*shag;p "‘\cie;creasing'.fur;ctien with'/ vilncq'.easing _fr‘eqt‘gxency for

rftorwa'rd,bias ’ b‘ut an 1nte/x;est1ng i‘luctatﬂi?m with | increasin'g f‘requencqy | ,.

( | . is foéund for “reverse bias. It is a funetion of ’_the'rectifiedcurren't o
| and bias \‘/oltage'fo.r.' the ferﬁérd{‘anei reve}'se E)ias, resﬁectively.\oThis

pheriomenon is considerei\i"duete t}he diff%exjent charée'storage me,'chanism; |

’-fer .."f'c;fward 'bias’the variable cepafci‘tance is due t:carrier storaée y S | i

whlle at ‘reverse bias 1t 1s due to depletlon capac:Ltance.”_»__m__”__,___

4 The rectified current was found to be approximately proportional

-

to the input s:Lgnal power and inversely pr@ggortlonal to- the frequency

\ for thefSlgnal frequency betweg}-so MHz to 180 MHz. This dependence of RN
// . | rectlfled 7urrent on frequency at a glven power level zg;ay result from
/ | “ the follo(-llng. Assume that a given power level, the a. Q, current has a

:\Q'S\. ;partlcular value mdependent of frequency, then th/e a.c. current is

ﬁ

g ‘_'/k;' related to stored charge b§> . . e

- dQ = w0 e\
Il = a—% = - e TR
. . o a Nl oo N

- - 1]
A ’ ; ; - - ‘ ' !

J

and to tk_xe number of stored carriers by | N - i J

| 1, =40 - juNg

o On the other hand, the rectified current is determined by the recoxﬁegﬁa-

° ‘tion rate |
- o | J L . i 6\ S o 7} }
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The reason for the linear dependence of I on 51gnal power is not now

-~

understood. ~ | - “ -

The impedance was measured as ‘a functiondff D.C. bias and 31gna1

A,:'.- .

frequency for forward bias. In the foryard bias state, the I 1afér is

RN x \

filled'wfth an equal number of holes and electrons 1n3ected nZ%;he/”f
heavily doped N and P regions.v~At_appreciable nurrents‘fﬁe/ﬁumber of

injected charge carriers in the I layer greatly exceede\the number

SR s

present at equilibrium (zero bias); and thus, according to the equa-’

tionS‘R = F'E and c=4dQ = Q,lﬂﬂl q dN (where N, q, V- are the ; | Y

dv dv av |
number of carriers, carrier charge, and applied voltage in the I layer,

respectively), the re31st1v1ty and capacity of this region are con- .C;
siderably reduced and 1ncreased w1th 1ncreasing forward bias, respectively.

e In the reverse bias state, the capa01tance of the I layer is in-

a

depquent of the reverse blas voltage, and the resistance of the I layer -
o : | |

decreases w1th increasing reverse biavaoltagea R Y ; .-
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carrier densities

Fig. 1 PIN structure o B . o \
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