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RESUME 
O n  presents tcr l'analyse d%ne strurture d canal p d hatrt itoltnqe romple'temrnt cornpol7hl1, 
avec totctes les archrtectures CMOS Elle met e n  e'vzdenre 11- rrilt- critrque lose' pnr In cotirhr drt 
"druan extenston" sur la preqtatton hfectnque du drrposrttf el pnr I'Pparqsear de l'orvde dc chan~p 
pinphinque sur la fiabrlatb du drsposrtrf Ces re'sultat soat utilrs pour deccrner drc drcportttfc n 
haul voltage avec un procds compattble danr une iechnologzc C'ATOS avoncPe 

ABSTRACT 
An analysis of a P-ch High Voltage structure fully compatible trrtth 011 CMOS orchitcrtirrc.~ 1.9 

presented. It points out the critical role played by drain ezleir.cion layer on rlrctr.ic.nl 1ic,c,7rr. 
performance, and by the field thick oxide periphery on the do~rcr: reliability. Thrsc lrs7rll.r ntt 
useful i n  designing HV process compatible devices in advancrd CMOS technology. 

1 Introduction 

The electronic evolution towards submicron dimensions flnds an irnpcwtnnt ronztrnint in t l ~ r  rr,rn- 
patibility with existing systems. Many of these must he stippliecl with vctltages greator tl~:iii tlrr 
maximum voltages allowed for scaled circuits, hut must often be directly interfaced to them. Henre, 
the problem of designing and characterizing High Voltage MOS devices compatible with si1t)rnirron 
technologies must flnd an increasing interest [1,2]. 
Luckily, the general trend from NMOS to CMOS technologies introdrices some drgrres of frrc.rlorn 
to  build-up new, not standard structures, which may he iisefirl for high voltagrs. 
But unluckily, the well known technological tricks to prodrice low-threshold MOS devices wmkcm 
the structure with respect to HV effects, and especially with rrsprrt to hot clrctrori effects. 
In this paper we examine a particular, self-aligned P-ch strrictrirt! co~npat.il)le with all CMOS pro- 
cesses. We consider its evoliltion on different process generations, and after trchirr~lr>pir:nl nntl 
electrical simulations, we identify the critical points and some drsign criteria for srich a str~irt.rir(~ 
in the advanced processes. 

2 P-channel structure 

Three main effects limit the HV perfonlances in a MOS structure: the thickness of the gate oxirlr 
over the drain junction, the drain dopant concentration and the curvature of the drain .junction. 
The P-ch structure shown in Fig.1 is an optimization of these three points with respect to an iis~inl 
P-ch structure. The oxide over the drain junction is the fleld oxide, the thickest one available in 
t,he process. The transistor drain extension is made by P-isolation implant, at least two ordcr of 
magnitude less doped than normal P'+ drain. The junction cnrvature is softed hy t,he long diffiisioli 
neceesary for fleld oxide (LOCOS) growth. 
The interest of this structure resides in the fact that it is the only structiire rompat.ihle with 
both P- and N-well CMOS technologies, since it is based on F'-istd~tion, i.e. the P-t.ypr: cliatrrlel 
stopper necessary in both types of architectures. In the shown sertion an N-well technology lias 
been chosen, but the only difference with P-well technology is that in the latter the t.rnnsistor is 
embedded in the N-type substrate instead of in the N-well. 
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In  any case, the P-iso layer determines the transistor performance. To improve it, the P-iso shciet 
resistance ought to be reduced by increasing its doping density. This ind~lces a (process compatible) 
increase in N-ch parasitic threshold, but might equally induce an excessive lowering ofNC/P-iso 
junction breakdown on N-ch devices 131. 
At the flrst glance, the device optimization looks to be simply to find the best con~promiscx trf 
opposite requirements. But other structural parameters must he taken into accoi~nt. 

3 Experimental 

The P-channel structure has been simulated by using the program TITAN [4] and performed on 
silicon in two different processes, according to the scheme shown in Tab.1, to verify the si~itahility 
to be scaled down in different process generations and to verify the frill compatibility with the 
assigned process architecture (no extra mask, ion implant or thermal treatments). Both these 
processes are CMOS: Process 1 is P-well based and its typical gate length is 3pn1; Process 2 in 
N-well based and its typical gate length is 1.5p1n. 
In  Fig.2 a comparison is made between the output characteristics of HV P-channel structurr and the 
output characteristics of a standard P-ch transistor of same length achieved by the sarrlr pro(-ess. 
But since reliability is a major concern when strong electric fields are involved, a rnain parameter 
to be carefully taken into account is the drain/channel overlap [5,6], i.e. the encroachment h e t w c ~ n  
the P-iso and the thin oxide region, simulated in Fig.3 according to the process schemes given in 
Tab.1. 
Fig.4 shows the substrate parasitic currents for transistors procl~iced by Process 1 nnd Process 2. 
I t  is worthwhile to note that the bell-shaped curve is associated with the s t r ~ ~ c t ~ l r e  that in Fig.3 
results well overlapped (Process I) ,  while the diverging current in related to the not overlapped 
structure (Process 2). 
After considering these currents, it is straightforward to consider the degradation of the Process 2 
transistor. The Fig.5 shows that no degradation occurs on the not overlapped transistor. 

4 Discussion 

In  the general trend of CMOS processes towards thinner oxides and tighter design rules, the de- 
scribed experimental data show the critical role played in the discussed HV device not only I,y 
P-iso layer, but also by the LOCOS bird's beak shape. 
P-iso sheet resistance is critical in determining the transistor gain and current drive capability [7]. 
Its effects are apparent in the output curves of Fig.2: the decrease of current drive cnpahility is 
heavier for Process 2 (10 kfl/D P-iso layer) than for Process 1 (3 kfl/Kl P-iso layer), while the device 
reliability more strongly feels the shape of LOCOS beak. 
From the beak height/width ratio F the drain/channel encroachment strongly depends. For the 
considered Process 1 and Process 2 HV transistors, the different Nitride/Pad oxide ratio, and the 
different field oxide growth conditions, produce different LOCOS beak shapes. The different shape 
produces the different P-iso/channel overlap of Fig.3, and this produces the different substrate 
currents shown in Fig.4. 
The unexpected and important effect found in this work, i.e. the absence of degradation on the non 
overlapped transistor, is just explained by considering the LOCOS beak shape and the underlgir~g 
region. If the. beak is very steep as in Process 2 (F=3, in contrast to Process 1, where the shape 
is very soft (F=l)), an almost vertical gap exists between the channel region and the lateral P-iso 
diffusion. This gap is not controlled by the gate voltage (then substrate current diverges, Fig.4). 
the maximum electric field is not close to the thin gate oxide but it is deeper in the semiconductor. 
This inhibits any charge injection into the gate oxide, then inhibiting device degradation too. 
The correctness of this interpretation is confirmed by considering the Fig.6, that shows the clegra- 
dation occurring on a normal P-ch transistor achieved by Process 2, after a stress con~parahlc: t,o 
that performed on the HV transistor. For this normal P-ch transistor, the gate oxide thickness 
is the same as for the HV transistor, body concentration is the same, and there is evidence of a 



positive drainlchannel overlap (see Fig.7), but a 15% degradation orritrs. The rrnson is t.ll;rt t l ~ c .  
maximum electric field is close to gate oxide, so that chargr injrrtion may nrcnr. 

5 Conclusions 

A HV P-ch structure has been shown and discusst!d on different CMOS processes. Its relii11)ility 
has been related to the local physical characteristics of ant1 ~lrldcr the LOCOS peri~~llc-ry. This 
structural element is of increasing importance in the general process trend towartls thinttrr <)xirlc.?;, 
for which reliability is a major conccrn. 
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Process 1 Process 2 
I 

Figure 1: HV switching P-ch structure for 

N-wel l  CMOS architecture. 

1 Transistor body concentration 

Nitride thickness 
Pad oxide thickness 

P-iso ion dose 
P-iso energy 

Field oxide (rowth 
Field oxide thickness 

Gate oxide growth 
Field oxide thickness 

Threshold shift dose 
Threshold shift energy 

2 10" cm ' 
25 KeV 

5 10" BF, cm-' 
60 KeV 

Figure 2: O u t p u t  curves for Process 1 (a) and  

Process 2 (b) HV transistors. 
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(a) ( b )  

- LOCOS BEAK ' = / 

Figure 3: Dran-channel overlap in Process 1 (a) Figure 4: Substrate current vs gate voltage for 

and Process 2 ( b )  t IV t~ansistor. Process 1 (a) and Process Z(b) HV transistors. 

Note. in  (b), the almost vertical gap between For fa) LeII= 5 p m  

channel and P-ISO layer. For (b) L.,/= 3 p m  

Figure 5: Process 2 HV transistor. 
Comparison of Iu current (also in subthreshold 
region) and transconductance before and after 
voltage stress: no difference is appreciable. 

Figure 6: Process 2 std not HV transistor. 
Comparison of lu current (also in subthreshold 
region) and transconductance before and after 
a voltage stress comparable t o  that performed 
on H.V. transistor. 
The gain (G) degradation is apparent. 

Figure 7: Substrate current of Process 2 std not 
HV transistor. 


