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A Novel Approach to Suppress the Collecto
Induced Barrier Lowering (CIBLEffect in
Narrow MesdGBTs

Peng Luo, Hong Yao Long, and E. M. S. Narayasamior Member, IEEE

Abstract— A recessed p-cathode IGBT (RP-IGBT) structure
with very narrow mesa is analysedthrough 3-D simulations in
1.2-kV, field stop technology.Comparedto a conventional narrow
mesa IGBTSs, the RPIGBT can effectively restrain the collector
induced barrier lowering (CIBL) effect and hence, twaethirds
reduction in saturation current can be achieved. As a result, more
than 10us short circuit capability is enabled at a junction
temperature of 400K. Most importantly, the proposedRP-IGBT
structure has no influence upon ofstate performance andits
forward voltage drop remains at 1.1V at a current density of
200A/cn? at 400K.

R
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Index Terms—IGBT, RP-IGBT, recessed p-cathode, narrow
mesa, collector induced barrier lowering (CIBL), short circuit
capabhility.
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. INTRODUCTION

MPROVING efficiency in power conversion is essential to
counter the significant increase in demand for worldwide

€’ cross section along C-C'

electrical energy, as 280% of wasted energy can be saved by —

using stateof-the-art power semiconductor technologigg. (b)

For medium to high power conversion applications, siliconFig.1. Schematic crossections of (a) the coemtional narrow mesa IGBT
based IGBTwplay a crucial role and the theoretical limit of and(b) the proposed RFGBT structure.

onstate performance has yet to be reached even after ~40 years

of continuous technology advancemef#f]. Most recent ) )

developments on trench gated IGBTs are foaisgen scaling N&rrow mesa IGBTS without degrading-state performance.
down mesa regions sandwiched between the gates to reddid® 1 CAD tools in Synopsys Sentaurus Device are used to
on-state losses by enhancing the injection enhancement (iRyestigate the electrical characteristics of the-klM2Field
effect[3-6]. However, the IGBTs with very narrow mesa suffeP©P RPIGBT [10 with models calibrated against the
from poor short circuitrobustness because of the collectopiMulated data ife].

induced barrier lowering (CIBL) eff€§7, 8], which occus at

the P-base/f-cathode junctioncaused by the conductivity Il DEVICE STRUCTUREAND STATIC
modulation in the channel inversion layg3% CHARACTERISTICS
In this lette, a recessed ‘pcathode IGBT (RRGBT) The single cell schematic cressctions of the conventional

structure issuggestd to restrain the CIBL effect of the very narrow mesa IGBTand the proposed RIBBT structureare
shown in Fig. 1(agnd (B, respectively. It can be seen from the

. : , . top view thatboth structures feature ladder design of the mesa
Manuscript received ; revised ; accepted . Date of current version

Recommended for publidah by Associate Editor regions and trench gates run across the active areas. Major
structural parameters are kept identical for comparison and

The authors are with the Electrical Machines and Drives Res@aotlp, gymmarized in Table |. The cell pitCh is 10pm and the mesa
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TABLE | i L n+ inversion layer: N-drift i L p+ Phase N-drift
MAJOR STRUCTURAL PARAMETERS S R T T e 1 o= INC I | | Teatme 1
Parameters Conv. Conv. A DustiEiechan ] B8 i DahizEMstoan i |
(Unit:um) IGBT-A IGBT-B RP-IGBT Tt EERE Lt B L | Conv.iGBT |
Cell Pitch 10 10 10 Frery ' grev 5 :
Mesa width 0.4 0.4 0.4 e Lress | A Sl ——
Gate oxide thickness| 0.03 0.03 0.03 %m!si : RP-IGBT %ms,} J" i 1
n* cathode length 1 1 1 Bieug | Depingeoncentration] BiEM{ &t %I Dopingconcentration
p* cathode length 1 1 1 L _ B B S |
P‘base depth 13 13 13 0.0 % 1.0 Dep;hstpmizc 25 a0 (1] o5 IoDeptllqzm-m 20 25 i
n" cathode depth 0.3 0.3 0.3 (a) (b)
p' cathode depth 0.3 0.3 0.3 Fig. 3. Comparison of carriegistributions within mesa regions betwe:
Trench depth 2.5 2.5 2.5 conventional IGBTA and RPRIGBT. (a) Acrossn*-cathode/inversion layer
Recesglepth D) N.A. N.A. 0.5 N-drift, (b) acrosg*-cathode/Fbase/Ndrift. (V4=5V, Jk=500A/cnt)
P-base peak doping
! 7el7 1.1e18 7el7
cm t——m———-y—-—-——— =
( 3) s, Conv. IGBT-A < : RP-IGBT
4000 . . . : 5. E,l
200 e g | 5
s Tj=300K g | £,
E 5.1 5 Voe=av
$100 g’ £° ]
3000 = ; 2. g,
8 ! g, Vee=2v g, karnd
= 0.0 v%g (V; 0 15 i R ¥ lnePbase, N-drift
E oo 08 18 15 20 25 30 35 “a0 05 186 15 20 25 a0 45
© 2000 - 8 Depth (um) Depth (um)
2 _ &) (b)
v Fig. 4. Comparison of potential distributions withie thiddle of mesa region:
_“1000_ P P W W e v between (a) conventional IGBA and (b) RAIGBT. (V4=5V)
—a— Conv.IGBT-A
o— Conv.IGBT-B 4000 -+ . . ~ : L .I:,o ;i‘.
0 - ; RP-IIGBT | /-,——Conv, IGBT-A ..g_;.g‘;:csa‘] I = § . !
0 2 4 6 8 N s 5]
Vce (V) h§ | = E 3 i
. L . 22000 1128 o] Vee=4V
Fig. 2. Jc-Vce characteristicef conventional IGBEandRP-IGBT. (V,=5V) 5 ] | % 57
1000 | [osd &1
. . | Conv. IGBT-B " § Vce=2V
RP-IGBT structure, after thenplantation of fi-cathode, 0.5um o nes0ok |~ wey e i 1
HH H - . . i T . id | |
of silicon is etched prior to the implantation of the recesse &7 soen it e taei oo o5 1o D. NECNECIE
p*-cathode. The lateraliffusion of the recessed*gathode @ (LD)I )
a

moves into Fhe '.FbasereQion below ncathOdqegionS WhiCh Fig.5. (a) Dependence offfase doping concentration up@gsayandJsa of
helps to maintain theP-basen’-cahode junction barrier and the.cc.)nventionaiarrow mes#GBT. (b) Potential distributions(\j\a/l;)thin thsgmesa
suppresasthe CIBL effect.More importantly, as the-Base region oftheconventional IGBTB device (V4=5V)
region is not penetrated by the-qathodes, there is no
influence upon threshold voltage as well asstate voltage. to exist to cause conductivity modulation in thédse region
Fig.2 depics theJ.-Vce characteristicof the conventional of the conventional IGB-B device.
and proposed devisewhile Fig. 3 and Fig.4 compare the In contrast, it should be noted from Fig. 2 that the proposed
carrierdistributions ancn-state potentiadlistributions within RP-IGBT can reduce thelsa to ~1100A/cn? at T;=300K
the mesa regions between the conventional |@BJeviceand without increase of Pase doping concentratioSignificant
the RRIGBT device respectively. It can be observed from Figreduction inJsa can be explained by the fact that the recessed
2 that the conventional IGBA shows norsaturatedendency p*-cathode dives the flow of holes into the*gathode rather
of the Jc-V¢e characteristicslue to CIBL effec{7]. TheCIBL than the channel inversion layers. It is evident from Fig. 3(a)
mechanism can be explained as follows: during forwaithat the hole density in the inversion layer of thelBBT is
conduction, the whole mesa region becomes conductivigignificantly reduced compared to that of conventional IGBT.
modulated, which is caused by the halerent flowing inothe  Therefore, the condttivity modulation is effectively
inversion layers and*rcathode, as shown in Fig. 3(a). As asuppressed in the-lRase region, as shown in Fig(b).
result, it can be seen from Fig. 4(a) that tHeaBe/fi-cathode Furthermore, the lateral diffusion of thé-gathode increases
junction barrier reduces significantly with increased collectdhe acceptor concentration beneath théaBe/ri-cathode
voltage resulting in the nesaturation behaviour of the junction andcontributes to maintain the-Base/n-cathode
collector current, which will cause premature latgh and junction barrier during conduction. Due to the suppression of
degrade the short circuit capabilitpcreasing Pbase doping conductivity modulation in the mesa region, thebd2e/
concentration is a potential solution to lowey at the expense n*-cathode junction barrier does not decrease with increased
of increase in the threshold voltage, which will influence theollector voltage, as illustted in Fig. 4(b). Consequently, the
on-state performance, as illustrated in Fig. 5{@preover,it  current saturation characteristics are significantly improved
can be observed from Fig. 5(b) that the Cl&fectcontinues compared to that othe conventionaiharrow mesalGBT.
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3000 R . 1500 - : :
Mesa Width=20nm IVCC—SDOV ,I === Conv.IGBT-A
2500 E <= 1
_____ - | Ti=400K ——RP4GBT
~2000 Conv. IGBT |
E | 1000 + :
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Fig. 6. Comparison of (a).-V.e characteristics and (b) carrier distributions ~ Fig. 9. Influence of the tolerance of (a)-pathode depth and (b)-pathode
within mesa regions for thease of 20nm mesa structurééy£1.2V) length uporVcesayandJsa. (V¢=5V)
3500 —— : - T 13 800V, the rated current is 100A at a currensity of
3000, r,«'\\l ] _*_"‘vce(sat} 112 200A/cn?. In addition, seHheating effect is considered herein
e 2 and the initial junctiortemperature is set as 400K. Unlike the
.?25“” ” 5 conventional IGBTA devicewhich fails immediatelafter the
$ 2000 108 device turns ONthe RP-IGBT deviceclearly shows morenain
pe ® 10us shd-circuit withstand capability, which is also superior
? 1500 {08 g . . . o
E % to that ofthe conventional IGB®B device This shoricircuit
00—t 08 S robustness is contributed by the recessedathode which
s Empy: Tﬂ;mK 2 suppresses the CIBL effect and maintains the saturation current
00 02 04 06 08 level.
Recess Depth (um)
Fig.7. Influenceof recesslepthuponV esayandJsa. (Vg=5V) IV. SENSITIVITY ANALYSIS

Moreover, note that RFGBT structure can suppress the From a fabrication point of view,a robust process
conductivity modulation in the channels and enable curreompatibility is essential toneet the commercially available

saturation behaviour even though the mesa width is reduced@ghnologes The sensitivity of the recessed trench deigth
20nm, as shown in Fig. 6. shown in Fig7, while Fig. 9 shows the sensitivity anaigsof

Fig. 7 shows the influence ofthe recessdepth of the the recessed*mgathode. As showrgven witha tolerance of
p*-cathodeupon the VeesanandJsa of RP-IGBT. As shown, the Plus or minus 20%there isno significant influence upon
recessdepthdoes not affecthe on-state performance. This is electrical characteristicSherefore RP-IGBT structure isully
because the lateral diffusion of the.qathode does not affect compatible witnarrow mesaGBT processing technoldgs
the threshold voltage as well as ttlgannel resistance difie
RPIGBT. However, its saturation current density shows V. CONCLUSION
significant reduction as the recessed depth increases and tends method tosuppresshe CIBL effect in a narrow mesa
to increase when the recessed depth exceeds 0.5um. ThiExGBT is proposed and analysed. Compared with the
because the lateral diffusion of the-gathode has less conventional narrow mesa IGBT, theD3simulation results
influence on the Mase/ri-cathode junction barriewhenthe show that the recessettgathode in an IGBT can significantly

recessed depth is deeper and away from this junction. reduce the saturation current level while maintaining the
onstate performance. Due to the suppression of CIBL effect,
[ll.  SHORT-CIRCUIT CHARACTERISTICS the shorcircuit capability is enabled. Therefore, the-REBT

The shorcircuit withgand capability of the proposed Structure can provide a much wider short circuit safe operating
RPIGBT structure is investigated in Fig. 8. The DC bias idrea (SCOA) than the conventional narrow mesa IGBTs.
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