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400 GHz Band Operation of COO■ ed Si■icon IMPATT Diodes
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Recently, oscil-lation freguency of IMPAT! d.iodes has been increased to near
r\

4OO GHz.l) In high frequency region, several effects such as the ionization rate

saturation, carrier diffusion, series resistance, velocity moclufat5-onretc. retluces

oscillation perforf,rance of IMPATI diod.es. Howeverr a larger current d.ensity and

the increase of carrier satr.rated velocity and ionization rate will inprove the

diod.e characteristics. so, liquid nitrogen cooled silicon IMPAII d-lodes were ex-

arnined on a viewpoint of hi-gh frequency p,V;r#ornance.

Fig.1 strows the calcurated. smal1 signal d.iotle admitta"nce of p+nn* SDR (n=4.5

X1017 co'T ) for operation temperature, I=l7ooC a.nd ll=2oo0 at current density,

.rdc=B.ox lo4 *tc{. fhe temperat,re dependence of carrier satrrratea /erocity2ta

ionization ratelrartd ionization d.ead space ( [hrestrolcl enerryt)t"=,.8 eV for elec-

tron and E,=2.4 eV for hole ) were considered. With increasing the temperaturet

the decrease of negative cond.uctance pa.r-ticularly in high frequency region and' the

shift of optinun frequency to lower one are fowrd-. fhe frequency shift are causdd

mainly due to the saturated velocj-ty d.ecrease. llhe decrease of the negative con-

d.uctarrce reduces a diod-e transfer effieiency too.

Iested d.iod.es ru"" p**r+ structrge SDRg of clepletion layer nidth about O.157n

at breakdown voltage (room temp.). Diod.e parameters are listed. in Sable 1' The

p* lrye" vras formed. by boron d.i-ffusion at 9OOoC, for 4 min., and n layer was formed

uy 51p ion inplantation of two accelerationenergiesrto get uniform d.onor density'

The oiode was mounted, in fu11 height R-22O0 (t.OgZ xo.546 m2 ) waveguide

cavity with an acljustable short, and. diod.e moirnt was contacted' with liquid nitrogen

vessel in vacuuro. An output power l,Ias measured by thin filn thermo-coupte ('OO

GHz band ) or lf-pSi point contact diode (4OO Ctlz band)'

At 41 Z GHz, an output power of 2.2 nW with conversion efficiency 0,O47 /" and

at 295 GHz, 4.5 nW with O .1f /" were obtained. (trlie.e) lt 412 GHz operation' the

ciod.e was biased. in voltage and current, 9.37 V and 1.2xto5 l'/cm2, respectively'

The junction tenperature was estimated, to be about 25O" C. The highest frequency

of 45O GHz was observed with cutput power of several ,[rW'
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