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Th ere is always a d elay period for
recombination. Becau se of this delay
phenome no n, there is always a small
but finite nu mber of carr iers in the
l-regron that are uncombined . As a
result. the resistivity of the i-region is
very low,

One application th at results from
the delay of signa ls pa ssing across the
intrins ic region is that the p-i-n diode
can be used as an r.f. phase shifter. In
some microwave antennas phase
sh ifting is accomplished by the U Sl ' of
one or more p-i-n d iod es in series
wi th the signal lint.'. Althoug h the re
art.' other forms of d . phase sh ifter
usable at those frequencies, the p-i-n
d iode remains popular.

Several styles of package are used
for p-i-n diodes at sma ll signal rower
levels. ~fosl of these willbe familia r to
most readers, but SOffit' are probably
rec ognized only by people wi th some
ecpcncoce in u .h.f. a nd u r sw itching
circuits. The :"onE-553 an d ECC-553
p-i-n diodes wi ll d i;;sipdte ~ mW,
and use the standard cylindrical pack
agl' style . Thl' NTE-55:; and ECC-555
d evice.., o n the other hand, use the
u.h.t. 11dt package style and can d is"i
pate 400 mW. I used these diodes for
the evperimenrs performed to write
this article because they are service
shop replacement lines, and both ECC
and NTE are widelv d istributed in
local parts stores. An alternative that
might be harder to come by is the
MP:--':34{)·t which uses a TO-9~ p lastic
package.

Radio frequency signals can pass
through the p-i-n device, and in fact
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Figure 1. (A) PH Junc
tion diode; BJ P.I·N
d iode.

Let us consider some of the appli
ca tions of the p-i-n diode. Most mod
em radio transceivers (i.e. "tra nsnut
te r-receivers") usc "relayloss" switch
ing 10 go bile" and forth betwe en the
r"Ct"i,'" a nd transmit !'o ld Ies. Rd ,ly]C SS

swit ching is usually done with p-i-n
diod es. Receiver d . filters a nd ironl
end bandpass filters Me selected with
a front pan el switch th,l! handle only
direct curren t. How? A!-idin, p-i-n
diodes. These inte resting litt le com
ponen ts a llow us to do sw itching at
r.f., d. and audio frequencies wi thout
routeing the signa ls I Ilt.'m ~d\'l' s ,111
over the cabinet . In this article In' will
see how these circuits wo rk.

The p-i-n d iode is different from
the standard p-n junction diode (see
Fig. tAl. It has an insula ting ('in trin
sic', hence the "i" in ' p -i-n ] regio n
between the p- and n-rype material
(Fig. 18). It is therefore a mulnregion
semicond ucto r device d espite having
o nly two electrod es. The i-region is
not reallv a trot' sermconductor insu
lator, but rat her is a wry lightly
doped n-type region. II is called an
' In trinsic' region b,'cilu'!>t.' it has \'l'ry
few charge carrie rs to su pport the
flow of an dt.'CtriCill curren t.

Wh en a forwa rd bias poten tia l is
applied to the p-i-n d iode, charge ca r
riers a re Injected into the i-region
from roth n- an d p-regions. But the
ligh tly-doped design of the in trinsic
region is such that the n- and p-type
charge ca rriers don't immediate ly
recombine (as in r-n junction diod es ).

The p-i-n (or PIN)
diode is a semicon

ductor diode that
contains a region of

almost intrinsic
(i-type) semiconduc

tor between the
p-type and n-type

regions. The deple
tion layer associated
with the p-n junction
is entirely contained

within the i-type
region in the p-i-n

structure . At low sig-
nal frequencies the

diode behaves simi
larly to a normal p-n
junction, but at high

frequencies it exhibits
a variable resistance.

The p-i-n diode is
used extensively as a
modulator and switch

in microwave sys
tems.

By Joseph J Carr. BSc . MSEE
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Figure 3. Switched and
unswitched inpur/o ut
put waveforms.

Figure 5. Series -s hunt
switch circuit.

Figure 4. Shunt switch
circuit.
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When used as a sw itch . p-i-n
d iodes can be used to switch devices
such as at tenuators, filters and arnpli
flers in a nd o ut of the circu it. It has
become standa rd practice in modern
rad io equipmen t to switch d.c. volt
ag t's III bias p-i-n d iod es ra ther than

circuit o f Figure ~B using a 455 kH z
if. signal tth e 'scope was set to show
only a few cycles of the 455 kHz). The
upper trace in Figu re . 3A shows the
in pu t signa l and the lowe r trace the
ou tpu t signal. The am plitu de of th e
nearly una ttenuated ou tpu t signal is
1.200 mV peak-to-pea k. The trace in
Figure . 3B shows the same signals
when the switc h op.:n (Le. + 12 \' d .c.
discon nected ). bu t with the o-cillo
scope <;("1 to the same level. Increasing
the ·;'t·nr.ith ·ity of the 'scope showed a
level of 11 mv getting through. This
means that thi s simple st circuit pro
vide s ,1 100:1 on/off ratio, which is 40
d Bof isolation. (Note: for thi s expert
ment the ECC-555 and NTE-555 hot
carrier p- i-n d iod es were used].

Figu re -I ..hows th e circuit for .'I

shunt p -i-n d iode swi tch. In th is case ,
the diode is placed across the signal
lint'. rather than in se ries with it.
When the diod e is tu rned off, the
resistance across th e signal pa th is
hig h. so o pera tion of the circuit is
u nimpeded. But whe n the diode is
tu rn ed on (51 d OSt.>J ) a nea r-short-cir
cu it is placed across the line. This type
of circuit is turned off wh ...n the diode
is forward biased . This ac tion is in
contrast to the series sw itch in which
a forward biased diode is. used to tu rn
the circu it on .

A combina tion se ries-sh un t circui t
is shown in Figu re 5. In this circuit 0t
and 0 z are p laced in se ries wi th the
signa l line. .....hile 0 ) is in parallel with
the lint' , 01 an d 0::, will tu rn on with
a positive potenti al applied, wh ile 0 )
tu rns on when a negative potential is
applied . Whe n switch 51 is in the
100w r position , a positive potential is
a pp lied 10 the jun ction of the th ree
diodes. As a res ult. Dl and 0 z art' for
w ard biased end thus take on a low
resis tance . At the same time. 0 ) is
hard reverse biased. so ha s a very
high rest..ra nee. Signal is pa ssed from
inpu t 10 outp u t essentt ally u nim
peded (mos t p-i-n d iodes han> a wry
low series resistant-e).

But wh en 51 is in the upper posi
tion. the opposite ..itu a tion obtains. In
this case, the applied pot ential is neg
ative so D1-0:: are reve rse biased [an d
take on d high sent'S resis tance], wh ile
D) is forw ard biased (and takes on a
low series res istance). This circui t
action creates a tremendou s attenua 
tion of the sign al between inpu t and
ou tpu t.

•

I' ·l - ]'Ij J)J O H [ S W IT C H
f l R C l1 I T S
P-I-N diodes can No used as swi tches
in either series or parallel modes. Fig
ure 1 ",hows IWO similar switch ctr 
cults. In the circuit of Figure. 3A the
diode (OJ! is placed in series with the
signal line. When the d iode is tu rn ed
on, the signdl path has .t low rests
lance, and when the d iol.k is turned
oli it has a "ery high resis tance (thus
prov id ing Ihe sw itching action) .
When switch 5\ is oren, the d iod ..- is
unbiased so lilt' cir cuit is open b~'

virtue of the very high series res ts
tance. But when 5 1 is clo-ed . the
diode is forward biased and th ... sig
nal pa th is now a low res istance. The
ratio of o ff/o n resistances provid...s ,1

measu re of th t' isolation p rovid ed by
the circu it. A pair oi rad io freque ncy
chokes \RFCI and RFC~) are used to
provide a high impedance 10 r.f. sig
nals. while offering low d .c. rests
tance.

Figu re 1B is similar to Figu re :!A
evcept that the r.f. chokes.are de leted ,
and a resisto r is added . Fig ur e 3
shows a test tha t I performed on the
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*'"it in some circumstances .IS merelv
a parallel plait' capacitor. Wt-' can u~
p-i-n dio..h--s .'IS electronic sw ilcht>" ior
d . signals . and dS an d . delay lin..' or
phase-shifter, or as an amplilud..,
modula tor.
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Figure 2. Series p-/-n
diode switch circuits:
(A) RF choke loadedi
(B) resistor loaded.
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Figure 9. Simple vari
able nt. a Nenuaror csr
cult.
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Figure 8. Fronl-e nd fil
ter SWitching ,
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diod es, bu t in the actua l receive r thi s
pot ential is digi ta lly con trolled. The
d igital logic eleme nts sense which o f
thirty blinds are being used, a nd
selects the input d . filter accord ingly.

1'-1 - :\ DI O D E
AT TE:-'; UATORS
Anot he r a pplica tion for p-i-n diodes
is as a voltage-va riable attenuetor in
r.f circui ts. Becau se of its va riable
res istance cha rac te ristic, the p-i-n
diode can be used in a variety o f
attenu ator circu its . One o f the sim 
plest is the shun t auenuator of fig
ur e 9. Th e p-i-n d iod e acts like an
electrorucallv va riable resistor. The
resistance across the d iode's terminals
is a function of the applied bias volt 
i1ge. This voltage, hence the degree of
atte nuation o f th e d . signal. is pro
portiona l to the setting of poten
tiom eter RI. The series resistor (RlJ is
used to limit the curren t when the
d iod e is forward biased. This step is
necess.ary beca use the d iod e becomes
a ve ry low resistance whe n a certa in
ra the r low potential is exceed ed. This
circuit is used as an r.f. gain con trol on
some modern receivers. lor.1lJ131
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situa tio n occurs: both Dl and D,1 are
now forward biased. Diode 0 , is now
a 10w res istance in series with the
transmi tte r ou tpu t sig nal, so the
transmitte r is effective ly con nected to
the antenna . Diod e D~ is also .I low
resista nce, and is across the receiver
inpu t so causes it to short out.

Figu re 7 sho ws how multiple i.f.
bandpass filters are selected with only
d .c. being routed a round the cabinet
between circuitry and front panel .
Whe n the sw itch is in the po sitio n
show n, V+ is fed to filter no .::? diodes
and V- to those o f BPFl ; so filter no .
::? is actin led and BPFl is blocked .
When the swi tch is in the oppos ite
posi tion, the alterna te filter is turned
o n. Thi s sam e arrangeme nt can be
used in the front-end of the receiver,
or the local osci lla tor, to selec t LC
components for d ifferent bands.

Ano ther filter selectio n me thod is
shown in Figure 8. Th is circui t is a
pa rtial representation of the front-end
circ uit rv for the Heathkit 5W-7&lO
ge neralcoverage shortwave receiver.

Th e circui t of Figure 8 is show n
using a switch (51) to apply or remove
the + I::? V d .c. bias potential o n the

Figure 6. P-I-H diode
f IR switching.

Figure 7. IF bandpass
filter switching,

-
d irectly switch d JiJ . signals. In some
cases, the p-i-n d iode can (:II.' used to
simply short ou l th e lran ..mission
path to bypass the de vice.

The p-i-n diode will ,1]S(l wo rk as
an amplitude modulator. In this appli
calion, d p-i-n diode is co n nected
acro ss a trans mis sion lin t", o r inserted
into on e end of a piece of microwave
waveguide. The au dio modu lating
voltage is app lied throu gh an d .
choke to the p-i-n diod e. When a c.w.
signal is ap pl ied to the tran smissio n
line, th e vary ing resis tance o f th e
p-i-n diode causes t he signa l to be
amplitude mod ulated .

Ano ther a pp lica tion is shown in
Figur e b. Here we have a pair of p-i-n
diode, used as a transmit-receive (TR)
switch in a rad io tra nsmitt er ; modele
from low-h.f. to microwave use this
techni que. Whe re you set' a so-called
'relayless TR switch', it ts almost cer 
tain that a p-i-n diod e network such
as Figu re b is in use. Whe n switch 51
is open, diodes 0 , and 0 1 are unbi
ased , so present a high imped ance to
the signal. Diode 0, is in se ries with
the transrrutter slgnal, M) blocks it
from reaching the antenna. d iode D~
on the other hand. is across the
receiver inpu t 0;.0 does nOI at tenuate
the receiver inpu t SigMI at all. But
when switch 5, is closed, the opposi te
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