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A b s t r a c t

H ere w e p res en t a s y s tem allo w in g s im u ltan eo u s m eas u rem en t o f the RF an d o p tical b ehav io u r o f o n -

w afer dev ices , w hich p erm its Fu lly Activ e H arm o n ic L o ad-P u ll techn iq u es to b e em p lo y ed w hile

either o b s er v in g o p tical p hen o m en a s u ch as Electro lu m in escen ce, o r ap p ly in g o p tical s tim u li fo r

trap p in g in v es tig atio n s . Fu ll acces s to the b ack s ide o f the w afer is achiev ed, allo w in g m eas u rem en ts

o n dev ices w ith s o u rce co u p led field p lates o r air b ridg es , w hich n o rm ally o b scu re the g ate reg io n .

Electr o lu m in escen ce can b e o b s er v ed w ith an u ltra-lo w lig ht cam era o r a s p ectro m eter. P rev io u s ly it

has b een s ho w n that trap s in GaN dev ices can react to lig ht at 3 85n m , here the w av elen g th s en s itiv ity

is in v es tig ated. T he tes t dev ice w as a GaN o n s ilico n carb ide H FET .

I n tr o d u c tio n

It has p rev io u s ly b een sho w n that trap p ed charg es w ithin GaN dev ices can res p o n d to lig ht

s tim u latio n [1]-[ 2], an d that the m eas u rem en t o f electro lu m in escen ce (EL ) du e to ho t electr o n s is a

u s efu l to o l fo r reliab ility an aly s is [3 ]. T he s tu dy o f b o th o f thes e p hen o m en a is im p eded b y the

p res en ce o f a field p late o v er the g ate reg io n , an d s o u rce-g r o u n d air b ridg es , as sho w n in fig . 1, s o a

m ean s o f o b s er v in g o r s tim u latin g the chan n el reg io n fr o m the b ack-s ide o f the w afer w o u ld b e

adv an tag eo u s . W hile EL an aly s is u n der RF o p eratio n w as achiev ed b y B raz z in i et al, [4], this w as

u n der p as s iv e lo ad-p u ll o p eratio n , w hich res tricts the p o w er lev els an d m o des w hich can b e

in v es tig ated. H ere w e dem o n s trate the accu rate m eas u rem en t o f RF I-V w av efo rm s in a Fu lly Activ e

H arm o n ic L o ad-P u ll en v ir o n m en t u n der p u ls ed o r CW co n ditio n s w hile s im u ltan eo u s ly p erfo rm in g

EL m icro sco p y o r s p ectr o sco p y .

Fig u re 1 A 8x 125 U M S GaN die s ho w in g the air b ridg es o b scu rin g the g ate reg io n
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T he m ain differen ce b etw een this s y s tem an d p rev io u s eq u ip m en t is that the p ro b e s tatio n w as

redes ig n ed s p ecifically to allo w g o o d acces s to the b ack s ide o f the w afer, w hile n o t co m p ro m is in g the

o ther req u irem en ts fo r a w afer p ro b e s tatio n . A s tab le an d reliab le o n -w afer FAH L P s tatio n w as

achiev ed, des p ite the ran g e o f o p tical facilities av ailab le.

T he dev ice u s ed fo r the electro lu m in escen ce m eas u rem en ts w as a U M S 8 x 125µm GaN H FET o n a
s ilico n carb ide s u b s trate, as sho w n in fig . 1, the drain b ias v o ltag e w as s et at 28V .

T h e M e a s u r e m e n t S y s te m s

A p ro v en L arg e Sig n al (L SN A) s y s tem architectu re b as ed o n a V T D SW AP -X 40 2 receiv er w as u s ed

fo r this s tu dy [5]. An ex tern al m o du lato r can b e u s ed fo r p u ls in g the RF an d D C drain b ias if req u ired,

w ith hig h s p eed RF s w itches to m o du late the RF w hile a hig h s ide FET s w itch m o du lates the drain

D C b ias [2]. T he RF an d drain b ias can b e in dep en den tly s w itched b etw een p u ls e an d CW , en ab lin g

three differen t m eas u rem en t co n ditio n s w itho u t m ak in g an y chan g es to the sam p lin g reg im e, therefo re

an y m eas u red chan g es can s afely b e ascrib ed to the dev ice u n der tes t. T he RF an d D C s w itches als o

fu n ctio n as circu it b reak ers in the ev en t o f an o v erlo ad, this p er m its the fu ll ran g e o f circu it to p o lo g ies

s u ch as A,B ,AB ,C,F,F -1,J an d co n tin u o u s F b e ex p lo red in b o th p u ls e an d CW m o des , w ith m in im al

ris k to the m eas u rin g eq u ip m en t, an im p o rtan t p o in t in v iew o f the co s t o f w afer p ro b es .

Fig u re 2 A Cascade w afer p ro b e s tatio n .

A ty p ical w afer p ro b e s tatio n has a larg e deg ree o f m o v em en t b u ilt in to all o f the m ain featu res , the

to p -s ide o p tical m icro sco p e u s ed fo r p o s itio n in g , the RF w afer p ro b es an d the s am p le u n der tes t can

all b e m o v ed, the X -Y tab le u sed fo r the latter n o rm ally p reclu des an y b ack s ide acces s an d the w ho le

s tru ctu re is co m p lex . T he Cascade Su m m it 120 0 p ictu red ab o v e (fig . 2) in co rp o rates Z ax is an d T heta
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(ro tatio n ) as w ell. In fact m u ch o f this co m p lex ity is redu n dan t, s in ce the p o s itio n in g m icro sco p e, the

w afer p ro b es an d w hatev er in s tr u m en t is acces s in g the b ack s ide m u s t all addres s the sam e p lace

w ithin a fractio n o f a m illim etre. B y fix in g the p o s itio n in g m icro sco p e w e can defin e a p o in t o f

m eas u rem en t w hich ev ery thin g els e can b e adju s ted to an d then left in p lace, o n ly the v ario u s dev ices

u n der tes t n eed to m o v e s ig n ifican tly . T he co n cep t m ak es it eas ier to alig n a b ack s ide fix ed

m ag n ificatio n m icro sco p e, as this can b e do n e co ars ely b y rem o v in g the w afer an d alig n in g the cen tre

o f the o b jectiv e w ith the w afer p ro b e tip s , as s een thro u g h the o p tical to p s ide m icro sco p e. It is then a

s im p le m atter to fin aliz e the alig n m en t directly . In a s im ilar fas hio n the o p tical fib re fo r the

s p ectro m eter can b e alig n ed, in this cas e fin e alig n m en t is as s is ted b y attachin g an L ED to the o ther

en d o f the cab le, in p lace o f the s p ectro m eter, s o that the dev ice u n der tes t ap p ears clearly b ack -lit b y

the fib re, allo w in g the fib re to b e cen tred ex actly b en eath the dev ice chan n el.

T he n ew s tatio n (fig . 3) w as m ade fro m a 19” rack fram e, w ith a 1/4” s teel p late attached acro s s the

to p b y s tiffen in g an g le s ectio n s , w ith cro s s b racin g added to s tiffen the fram e its elf. A 1 1/2” diam eter

ho le thro u g h the cen ter o f the p late defin es the m eas u rem en t area. T he w afer p ro b e p o s itio n ers are

m o u n ted o n rais ed an d u n dercu t b lo ck s , en ab lin g an y p art o f a 4” w afer to b e p laced u n der the p ro b e

tip s . T he RF m eas u rem en t co u p ler s are s ecu rely attached to the deck o f the p ro b e s tatio n , an d

attached to the w afer p ro b es b y s ho rt flex ib le cab les , fo rm in g a co n s is ten t calib rated as s em b ly . T he

cab les to the res t o f the lo ad p u ll s y s tem w ere fed o u t the rear, s o as to facilitate the p lacin g o f a

b lack o u t co v er o v er the m eas u rem en t area.

Fig u re 3 T he RF deck o f the n ew w afer p ro b e s tatio n

A cu s to m v acu u m chu ck w as fab ricated fro m alu m in u m , to s u p p o rt the w afer an d help to dis s ip ate the

ther m al lo ad. In additio n to the u s u al v acu u m p o rts to ho ld the w afer to the chu ck an d the chu ck to the

deck , a p atter n o f 5 m m ho les thro u g h the chu ck w as arran g ed s o as to p erm it an y p art o f the w afer to

b e p laced directly o v er a ho le, b y ro tatin g the chu ck relativ e to the w afer an d deck .
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Fig u re 4 T he v acu u m chu ck w ith ho les g iv in g rear acces s .

E le c tr o lu m in e s c e n c e M e a s u r e m e n ts

Fig . 5 T he u ltra-lo w lig ht cam era in p o s itio n u n der the RF deck .

T here are tw o p arts to the H o t Electr o n EL m eas u rem en ts , m icro sco p y an d s p ectro sco p y , to deter m in e

in ten s ity an d s p ectral dis trib u tio n . Fo r the fo rm er, a P eltier co o led lo w lig ht as tr o n o m ical cam era
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fitted w ith a x 50 L W D o b jectiv e len s w as m o u n ted o n an X Y Z m icro -p o s itio n er, s u p p o rted o n a

p latfo rm s u s p en ded b en eath the deck . In itial fo cu s in g an d alig n m en t can b e p erfo rm ed w ith the dev ice

p o w ered do w n an d w ith the to p s ide lig ht o n , ho w ev er s in ce the EL is g en erated in the chan n el,

b en eath the dev ice electr o des , a fin e adju s tm en t w ill b e n eeded to o p tim iz e the im ag e. Fig u re 6 s ho w s

a ty p ical im ag e in n eg ativ e m o n o chro m e. Im ag e an aly s is s o ftw are can b e u s ed to co m p are in ten s ities

in differin g o p eratio n al co n ditio n s . It is als o p o s s ib le to iden tify dam ag ed areas fo rm in g “ ho t s p o ts ”

alo n g the chan n el, in cas e fo r ex am p le o f OFF-s tate s tres s [6].

Fig . 6 Electro lu m in escen ce fro m a 8x 125 U M S GaN die (m o n o chro m e, n eg ativ e).

On ce the in ten s ity has b een reco rded fo r the ran g e o f co n ditio n s b ein g s tu died then the m icro sco p e is

rep laced b y the s p ectr o m eter, an Ocean o p tics QEp ro u n it w ith a P eltier co o led s en s o r. T he lig ht is

directed in to the s p ectro m eter b y a b ro ad s p ectr u m fib er o p tic cab le, the o p en en d o f this is attached to

a m icro -p o s itio n er o n the u n ders ide o f the p ro b e s tatio n deck , b y o b s er v in g thro u g h the w afer the

activ e area o f the fib er can b e cen traliz ed b en eath the dev ice u n der tes t.

Fig . 7 T he RF dev ice cen tred o v er the fib re o p tic cab le
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On ce the cab le is alig n ed then the s eries o f co n ditio n s m eas u red w ith the cam era can b e rep eated an d

the s p ectral dis trib u tio n reco rded fo r each cas e (fig . 8). After calib ratin g the res p o n s e o f the s y s tem

w ith an Ocean o p tics lam p s tan dard, the real s p ectral dis trib u tio n o f the lig ht em itted fro m the dev ice

can b e ex tracted (fig . 8). T he fittin g o f the s p ectra w ith an ex p o n en tial decay fo rm [4] can g iv e an

es tim atio n o f the electro n tem p eratu re related to the carriers in v o lv ed in the tran s p o rt an d EL em is s io n

du rin g RF o p eratio n .

Fig . 8 T he electro -lu m in escen ce s p ectra u n der D C an d lo w p o w er RF

Fig . 9 Co rrected dis trib u tio n u n der Clas s B o p eratio n fo r a ran g e o f RF p o w er lev els .

As sho w n in the p as t, the EL em is s io n an aly s is  co n tain s im p o rtan t in fo rm atio n lin k ed to the p o s s ib le

deg radatio n du e to ho t electro n s . T han k s to this an aly s is it has b een p o in ted o u t ho w av erag e ho t

electr o n effects in AlGaN /GaN du rin g RF s tres s m ay actu ally n o t hav e a m ajo r ro le w hen co m p ared

6



to a D C s tres s o n the sam e lo ad lin e [4]. T his has b een co n firm ed b y b o th EL in ten s ity an d an d

electr o n tem p eratu re m eas u rem en ts fo r Clas s B an d Clas s J m o des o f o p eratio n [7]. H ig hes t EL

in ten s ity o ccu rs w hen the cu rren t an d v o ltag e are b o th hig h, at the cen ter o f the lo ad lin e. U n der RF

o p eratio n m o re tim e is s p en t n ear o n e o r o ther o f the ax is w hile the s ig n al s w eep s o v er the lo ad lin e,

hen ce EL in ten s ity is redu ced as p o w er in creas es (fig . 9). In s tan tan eo u s deg radatio n effects can

ho w ev er tak e p lace at hig h v o ltag e p o in ts du rin g the s w eep in g an d n o t b e o b s er v ed.

P h o to s e n s it iv ity M e a s u r e m e n ts

In “ Adv an ced RF IV W av efo rm En g in eerin g T o o l fo r u s e in dev ice techn o lo g y o p tim iz atio n : RF

P u ls ed Fu lly Activ e H arm o n ic L o ad P u ll w ith Sy n chro n iz ed 3 eV L as er” [4] the effect o f sho rt

w av elen g th lig ht o n k n ee w alk o u t in GaN dev ices w as describ ed, see fig . 10 , ho w ev er this w as p u rely

q u alitativ e, n o attem p t w as m ade to as s es s the in ten s ity o f the lig ht, the ap p aratu s describ ed here

p ro v ides a co n v en ien t w ay to deliv er a co n s is ten t an d q u an tified am o u n t o f lig ht.

Fig u re 10 T he effect o f 3 eV las er lig ht o n the lo ad-lin es o f a W in GaN dev ice.

In the earlier w o rk the o u tp u t fr o m a 3 eV (40 5n m ) las er dio de w as co n cen trated b y o p tics o n to the to p

s u rface o f the die, w hile effectiv e this do es n o t p erm it co m p aris o n s b etw een lig ht s o u rces o f differen t

w av elen g ths . W ith this ap p aratu s it is p ractical to detach the o p tical fib er fr o m the p ro b e s tatio n an d

co n n ect that en d to the s p ectro m eter, s o that an L ED attached to the o ther en d can b e characteriz ed,

in ten s ity v s . cu rren t. On ce the cab le is reattached b en eath the die the effect u p o n the lo adlin es acro s s

the cu rren t ran g e can eas ily b e m eas u red, this p ro ces s can then b e rep eated fo r differen t s o u rces . In

fig u re 11 b elo w w e can s ee the effect o f eq u al in ten s ities o f b lu e (480 n m ) an d v io let (3 95 n m ) lig ht o n

the sam e W in Sem ico n du cto r Co rp 2 x 125 dev ices u s ed p rev io u s ly , w ith the fu n dam en tal, s eco n d

harm o n ic an d third harm o n ic lo ads all s et to a reflectio n co efficien t o f 0 .5, an d a du ty cy cle o f 10 % (it

s ho u ld b e n o ted that thes e are p ro to ty p e dev ices , the p erfo rm an ce is n o t rep res en tativ e o f cu rren t

p ro du ctio n p arts). T he b lu e lig ht has a s lig ht effect, w hile the v io let has a p ro n o u n ced effect, clearly

the en erg y lev el o f the p ho to n s is a s ig n ifican t facto r in the p ho to s en s itiv ity .
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Fig u re 11 T he differin g effects o f 3 95n m an d 480 n m illu m in atio n

T he effect o f in ten s ity can als o b e o b s erv ed , fig u re 12 sho w s that the rate o f chan g e o f the lo ad-lin e

w ith reg ard to in ten s ity is rap idly dim in is hin g at the u p p er en d o f the ex p erim en tal ran g e, in dicatin g

that the ap p aratu s is adeq u ate fo r the tas k .

Fig u re 12 T he effect o f 3 95 n m in ten s ity o n the lo ad-lin es .
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Co n clu s io n

It has b een dem o n s trated that accu rate w av efo rm en g in eerin g techn iq u es can b e u s ed to

co m p rehen s iv ely ex ercis e an o n w afer dev ice w hile s im u ltan eo u s ly m eas u rin g H o t Electr o n

Electr o lu m in escen ce, o r co n v ers ely to q u an tify the effect o f illu m in atio n o n dev ice RF b ehav io r, an d

s o help to diag n o s e p ro ces s p ro b lem s w hen dev elo p in g n ew m aterials .
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