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Chapter 3: Body Currents Model 

Body currents determine the body potential and therefore the drain current through the body effect. 

Beside the impact ionization current considered in BSIM3v3, diode (bipolar) current, GIDL, oxide 

tunneling and body contact current are all included in the BSIMPD model [Fig. 3.1] to give an accurate 

body-potential prediction in the floating body simulation [18]. 

3.1. Diode and Parasitic BJT Currents 

In this section we describe various current components originated from Body-to-Source/Drain (B-

S/D) injection, recombination in the B-S/D junction depletion region, Source/Drain-to-Body (S/D-B) 

injection, recombination current in the neutral body, and diode tunneling current.   

 

 

 

Fig. 3.1 Various current components inside the body.  
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 The backward injection current in the B-S/D diode can be expressed as 
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 (3.1) 

Here dioddifddiodeddiosdifsdiodes WjnWjn ,,,,,  are the non-ideality factor, the saturation current, the effective 

B-S diode width and the B-D diode width, respectively.  

The carrier recombination and trap-assisted tunneling current in the space-charge region is modeled 

by 
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 (3.2) 

Here recdrecrdrecfdrecsrecrsrecfs jnnjnn ,,,,,  are non-ideality factors for forward bias and reverse bias, the 

saturation current, respectively. Note that the parameters drecsrec VV 00 , are provided to model the current 

roll-off in the high reverse bias regime. 

The reverse bias tunneling current, which may be significant in junctions with high doping 

concentration, can be expressed as 
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  (3.3) 

where tundtuns jj ,  are the saturation currents. The parameters tundtuns nn ,  and dtunstun VV 00 ,  are provided 

to better fit the data. 
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The recombination current in the neutral body can be described by 
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Here bjtα  is the bipolar transport factor, whose value depends on the ratio of the effective channel 

length effL  and the minority carrier diffusion length nL . bjtsj  and bjtdj  are the saturation currents, while 

the parameters 0bjtL  and bjtN  are provided to better fit the forward injection characteristics. Notice 

that hlisE  and hlidE , determined by the parameter hlisA  and hlidA , stand for the high level injection 

effect in the B-S/D diode, respectively. 

The parasitic bipolar transistor current is important in transient body discharge, especially in pass-

gate floating body SOI designs [7]. The BJT collector current is modeled as 
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where ndE2  is composed of the Early effect elyE  and the high level injection roll-off hliE . Note that 

elynd EE →2  as hliely EE >> . While hlind EE →2  as elyhli EE >> , in which case the Early voltage 

effelyAbjt LAV +  is high. 

To sum up, the total B-S current is ∑
=

=
4

1i
bsibs II , and the total B-D current is ∑

=

=
4

1i
bdibd II . The 

total drain current including the BJT component can then be expressed as 

 cMOSFETdstotalds III += ,,  (3.6) 

3.2. New Impact Ionization Current Equation 

An accurate impact ionization current equation is crucial to the PD SOI model since it may affect the 

transistor output characteristics through the body effect [11]. Hence in BSIMPD we use a more decent 

expression [22] to formulate the impact ionization current Iii as   
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Here the cbjtiiIF  term represents the contribution from the parasitic bipolar current. Notice that the 

classical impact ionization current model [12] adopted in BSIM3v3 is actually a special case of Eqn. 

(3.6) when ( ) ( )0,0,1,, 210 −=βββ . However, the dependence of )log( dsii II  on the drain overdrive 

voltage diffV  is quite linear [22] for state-of-the-art SOI technologies due to thermally assisted impact 

ionization [23]. In this case, ( ) ( )1,0,0,, 210 ≅βββ .  

     The extracted saturation drain voltage dsatiiV  depends on the gate overdrive voltage gstV  and effL . 

One can first extract the parameters ( )iidsatii LV ,0  by the dsatiiV - effL  characteristics at 0=gstV . All the 

other parameters ),,,,( 021 iidiiiiiisatii SSSSE  can then be determined by the plot of dsatiiV  versus gsV  for 

different effL . Notice that a linear temperature dependence of 0dsatiiV  with the parameter iiT  is also 

included. 

3.3. Gate Induced Drain Leakage Current 

GIDL can be important in SOI device because it can affect the body potential in the low Vgs and 

high Vds regime. The formula for GIDL current is: 
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where AGIDL, BGIDL, CGIDL, and EGIDL are model parameters and explained in Appendix A. 

CGIDL accounts for the body-bias dependence of IGIDL and IGISL. 

3.4. Oxide Tunneling Current 

     For thin oxide (below 20Å), oxide tunneling is important in the determination of floatin-body 

potential [20]. In BSIMPD the following equations are used to calculate the tunneling current density 

Jgb: 

In inversion, 
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In accumulation, 
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Please see Appendix B for model parameter descriptions. 

3.5. Body Contact Current 

In BSIMPD, a body resistor is connected between the body (B node) and the body contact (P 

node) if the transistor has a body-tie. The body resistance is modeled by 
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Here bpR  and bodyextR  represent the intrinsic and extrinsic body resistance respectively. bodyR  is the 

intrinsic body sheet resistance, Rhalo accounts for the effect of halo implant, Nrb is the number of square 

from the body contact to the device edge and Rbsh is the sheet resistance of the body contact diffusion. 

The body contact current bpI  is defined as the current flowing through the body resistor:  
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where bpV  is the voltage across the B node and P node. Notice that 0=bpI  if the transistor has a 

floating body. 

3.6. Body Contact Parasitics [17]  

The effective channel width may change due to the body contact. Hence the following equations are 

used: 
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Here bcdW  is the width offset for the body contact isolation edge. bcN  is the number of body contact 

isolation edge. For example: 0=bcN  for floating body devices, 1=bcN  for T-gate structures and 

2=bcN  for H-gate structures. dbcpP / sbcpP  represents the parasitic perimeter length for body contact at 

drain/source side. The body contact parasitics may affect the I-V significantly for narrow width devices 

[20]. 

  

After introducing all the mechanisms that contribute the body current, we can express the nodal 

equation (KCL) for the body node as  

 ( ) ( ) 0=−+−−++ gbsgidldgidliibpbdbs IIIIIII  (3.14) 
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Eqn. (3.14) is important since it determines the body potential through the balance of various body 

current components. The I-V characteristics can then be correctly predicted after this critical body 

potential can be well anchored.  

    


