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Traditionally, SOI channel thermal resistance Rthc is used 
to describe heat loss in SOI devices to BOX [1-4].  Rthc was 
proposed to be [3] 

)2()( , wtkktR Sideffoxboxthc = ,      (1) 

where w, tbox, tSi, kd and kox,eff are device width, buried oxide 
thickness, Si film thickness, and effective drain/source and 
oxide thermal conductivities, respectively. This is however 
only valid for a drain/source region much longer than its 
thermal length and may not be realistic. In this study, Si film 
thermal resistance defined as Rthf = 〈TSi〉 /(IdVds) is proposed 
for study of heat flow in SOI devices. Based on heat flow 
from the channel to the source/drain and to BOX and FOX, a 
Rthc-Rthf relation is derived from the heat flow equation, 
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where Lg is the gate length, LSi is the Si island length, αm = 
mπ/2/(tbox+tsi), thermal length in the drain/source is give as λd 

= SidSithf LkwtR , and kox,eff,c is extracted from a curve-fitting 
equation for the stripline capacitor [6] based on the 
electrostatics and thermostatics analogy Lg/tbox< 0.7 
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For Ld>> λd, Eq. (2) reduces to Eq. (1) if Rthf=tbox/(kox,eff LSi w). 
kox,eff and kox,eff,c are effective oxide conductivities for the Si 
film and the channel respectively. The former has finite Si 
film thickness, and the latter is only for a thin plate at the 
bottom of the channel. Fig. 1(a) shows that the maximum 
deviation of Eq. (2) is below 6% for 40nm≤ tSi ≤400nm. With 
measured Rthco [4,5], Rthfo can be estimated from Fig. 1(a).  
 

Rthf describing heat loss to the oxide/substrate is applied 
to develop an analytical heat flow model in SOI devices. 
Heat loss to poly or interconnect lines is modeled by thermal 
resistance of the interconnect or poly line, Rint,n, where the 
subscript n denotes the s (source), c (channel) or d (drain) 
region. This is only valid for physical line length shorter than 
its thermal length. The thermal length is estimated to be near 
6-13µm or 2-3µm for the M1 or poly line, respectively [1,3].  
 

Fig. 1(b) displays the temperature profiles in an SOI 
device with tSi=150nm. For simplicity, Rint,s=Rint,c=Rint,d. 
Comparison between the analytical model and device 
simulation indicates that the analytical model provides a very 
good description for heat flow in SOI devices. Due to self-
heating and the thin Si island, large temperature variation is 
observed in the Si film, and the peak temperature is 
considerably greater than the average channel temperature. 
These are useful information for study of electronic 
characteristics and device reliability.  
 

The developed model is extended to describe heat flow in 
a 2-device SOI structure shown in Fig. 2. In the simulation, 
Tint,Is =20K, Tint,Ic=Tint,IIc=10K, and 3 values of temperature for 
Tint,IId (20K, 40K and 80K) are applied. Fig. 3(a) shows that 
the increase in Tint,IId raises temperatures in Devices I and II. 

In Fig. 3(b), the simulation is carried out without the 
interconnect between Devices I and II; i.e., heat exchange 
between these 2 devices can only go through FOX. Without 
heat flow through the metal line between devices, the 
temperature profile in Device I is nearly unchanged, when 
Tint,IId  changes from 20K to 80K regardless of the substantial 
temperature increase in Device II.  Results clearly suggest 
that heat exchange between devices in SOI structures 
through oxide is negligible. This demonstrates the 
importance of the interconnects for heat exchange between 
devices and for cooling in the SOI structures. 
 

Acknowledgement - This work was partially supported by 
NYSTAR and by SRC under Grant No. 2000-RJ-873G. 
 

References 
1. K.E. Goodson, M.I. Filk, IEEE Trans Comp. Hybrids 

Manufact. Technol. 15, 715 (1992). 
2. J. S. Brodsky, R. M. Fox, D. T. Zweidinger, S. 

Veeraraghavan, IEEE Trans. Elect. Dev. 44, 957 (1997). 
3. L.T. Su, J.E. Chung, D.A. Antoniadis, K.E. Goodson, 

M.I. Flik, IEEE Trans. Elect. Dev. 41, 69 (1994). 
4. W. Jin, W. Liu, S.H.K Fung, P.C.H. Chan, C. Hu, IEEE 

Trans. Elect. Dev. 48, 730 (2001). 
5. B.M. Tenbroek, R.J.T. Bunyan, G. Whiting, et. al., IEEE 

Electron Dev. 46, 251 (1999). 
6. H. Howe, Stripline Circuit Design, Artech House, 

Dedham, Mass, 1974. 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1 (a) Rthfo vs. Rthco. Rthco=wRthc, and Rthfo=wRthf. Symbols are 
from the device simulation. (b) Temperature along the channel 
direction. Dash and dot lines are results at the top and bottom of 
the Si film, respectively. Curves extend to FOX for x < 0 and x > 
1.18µm  
 

 
Fig. 2  Simplified 2-device SOI structure. 0.9mW/µm is applied 
to each device. The Device-I drain and Device-II source are 
interconnected by aluminum vias and an M1 line. Tint,Is, Tint,Ic, 
Tint,IIc and Tint,IId are temperatures at the end of interconnect or 
poly lines. Separation of 2 devices d = 0.2µm. 
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Fig. 3 Temperature profiles in the 2-device SOI structure (a) 
with and (b) without the interconnect between the devices.  
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