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List of updates in V1.1.0 from V.1.0.0 

The following updates and bug fixes have been made in V1.1.0 from the V1.0.0 release: 
 

1. Two op-point additions 

2. Source and drain terminal swapping correction for Source and drain access regions (SAR 

and DAR) 

3. “Type” factor correction in access regions 

4. Implementation of capacitive sub-circuit based gm-dispersion models 

5. OMI and aging parameter list  

OP-point additions 

Two op-points are added to the op-point list, namely:  
 
1. Threshold voltage variable that accounts for drain-induced barrier lowering (DIBL): 
Vtdibli  
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2. The second parameter pertains to the drain-to-source saturation voltage Vdsat1i which 
governs the VDS at the onset of drain-current saturation. This is given by: 
 

𝑉𝑑𝑠𝑎𝑡1𝑖 = 𝑉𝑑𝑠𝑎𝑡𝑠1( 1 − 𝐹𝐹) + 2𝒏𝝓𝑻𝐹𝐹  where 𝑉𝑑𝑠𝑎𝑡𝑠1 = 𝑣𝑥0𝑳/𝝁𝟎[√(1 + 2
𝑄𝑖𝑛𝑣
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) − 1] 

 
Changes in the code: 
 

 
 



Terminal-voltage swapping in SAR and DAR [bug fix] 

The VGS and VGD of SAR and DAR transistor elements are referenced to the lowest terminal 
voltage. This would be source-voltage (VS) in forward mode and drain-voltage (VD) in 
reverse mode. The referencing is necessary since the implicit-gate-voltage, VIG is computed 
from surface-states that is referenced to vacuum-level as 

(𝑉𝐼𝐺 = 𝑽𝑻𝑶𝒓𝒔(𝒅) +
𝟏

𝒓𝒔𝒉 𝒄𝒈𝒓𝒔(𝒅) 𝒎𝒖𝟎
) 

 
From this equation, it is clear that the gate-voltage is not referenced to any-terminal 
voltage. Therefore the lowest-voltage-reference becomes necessary as it ensures relative 
terminal-voltage-computation for the access regions. This ensures that the scenarios of 
raising or lowering external terminal-voltages (VD, VG, VS, VB) by the same amount will have 
no impact on the device-currents. The following if-statements check the mode of operation: 

Forward- or reverse-mode is checked: 𝑖𝑓 (𝒕𝒚𝒑𝒆 𝑉(𝑠𝑟𝑐, 𝑑) ≤ 𝒕𝒚𝒑𝒆 𝑉(𝑠𝑟𝑐, 𝑠)) 

VGS assignment in forward-mode: 𝑉𝑔𝑠𝑟𝑠 = 𝑉𝑖𝑔𝑠 − 𝑉(𝑠𝑟𝑐, 𝑠) 

VGS assignment in reverse-mode: 𝑉𝑔𝑠𝑟𝑠 = 𝑉𝑖𝑔𝑠 − 𝑉(𝑠𝑟𝑐, 𝑑) 

 
Changes in the code: 
 

 
 
Impact on device characteristics: 
 

 
The bug-correction ensures IDS-saturation in reverse mode, as can be seen in the figure. 



“Type” factor correction [bug-fix] 

The parameter “type” is now included in the branch voltage assignment to access regions. 
The inclusion of the parameter in the computation of VDS, VGS, and VGD of SAR and DAR 
transistors ensures the support of both N-type (electron-gas) and P-type (hole-gas) GaN 
HEMTs. 

Example code-line in branch voltage assignment: 𝑖𝑓 (𝒕𝒚𝒑𝒆 𝑉(𝑠𝑟𝑐, 𝑑) ≤ 𝒕𝒚𝒑𝒆 𝑉(𝑠𝑟𝑐, 𝑠)) 

 
Impact on device characteristics: 

 
The changes give symmetric NFET and PFET behavior with sign-flipped for IDS for VGS and 
VDS of same magnitudes and opposite signs. 

Capacitive-implementation of gm-dispersion model 

The second-order transfer function of drain-current response to an RF-VGS signal that 
incorporates dispersion (excess phase) effect is based on the sub-circuit shown and is 
given by: 
 

𝐼𝑑𝑠𝑟𝑓 =
𝐼𝑑𝑠

( 1 + 𝑠𝝉𝒈𝒎𝒓𝒇 + 𝑠2𝝉𝒈𝒎𝒓𝒇
𝟐 /3)

 

 
The two state-variables in the above expression can be expressed as a capacitive-resistive 
sub-circuit following the approach in [1] and computed as: 
 

𝐼𝑑𝑠 = 𝐼𝑑𝑠𝑟𝑓 + 𝑠𝝉𝒈𝒎𝒓𝒇 ( 𝐼𝑑𝑠𝑟𝑓 + 𝑠𝝉𝒈𝒎𝒓𝒇𝐼𝑑𝑠𝑟𝑓/3) 

𝑉(𝑥𝑡1) =  ( 𝐼𝑑𝑠𝑟𝑓 + 𝑠𝝉𝒈𝒎𝒓𝒇𝐼𝑑𝑠𝑟𝑓/3) 

𝑉(𝑥𝑡2) = 𝐼𝑑𝑠𝑟𝑓  

[1] McAndrew et. al., JSSC, 2009 



Changes in the code: 

 

OMI parameter list 

The following parameter list has been provided to include all possible aging effects. 
 
// Model  parameters   
   ` MPRoz(cg,        4. 00e- 03,  "F/m̂ 2" ,    "Gat e cap/area")     
   ` MPRcz(rsh,       150. 0,     "Ohms/Sq" ,  "2- DEG Sheet  Resi st ance")     
   ` MPRcz(rcs,       800e- 6,    "Ohms*m" ,   "Source cont act  resi st ance * Wi dt h")     
   ` MPRcz(rcd,       800e- 6,    "Ohms*m" ,   "Drai n cont act  resi st ance * Wi dt h")     
   ` MPRoz(vx0,       3. 0e5,     "m/s" ,      "Source i nj ect i on vel oci t y")     
   ` MPRoz(mu0,       0. 135,     "m̂ 2/Vs" ,   "Low- f i el d mobi l i t y")     
   ` MPRnb(vt o,       - 2. 72,     "V" ,        "Threshol d vol t age")  
   ` MPRoz(ss,        0. 120,     "V/dec" ,    "Sub- t hreshol d sl ope")     
   ` MPRcz(del t a1,    16e- 3,     "" ,         "DI BL Coef f i ci ent  1")     
   ` MPRcz(nd,        0. 0,       "" ,         "Puncht hrough f act or f or subt h sl ope")     
 
// Source access regi on parameters 
   ` MPRoz(cgrs,      5. 0e- 3,    "F/m̂ 2" ,    "SAR gat e- cap/area")  
   ` MPRoz(vx0rs,     100e3,     "m/s" ,      "SAR source i nj ect i on vel oci t y")     
   ` MPRoz(mu0rs,     100e- 3,    "m̂ 2/Vs" ,   "SAR l ow- f i el d mobi l i t y")     
   ` MPRcz(del t a1rs,  100e- 3,    "" ,         "SAR DI BL Coef f i ci ent ")     
   ` MPRoz(srs,       0. 100,     "V/dec" ,    "SAR Sub- t hreshol d sl ope")     
   ` MPRcz(ndrs,      0. 0,       "" ,         "SAR puncht hrough f act or f or subt h sl ope")       
 
// Drai n access regi on parameters 
   ` MPRoz(cgrd,      4. 3e- 3,    "F/m̂ 2" ,    "DAR gat e- cap/area")  
   ` MPRoz(vx0rd,     100e3,     "m/s" ,      "DAR source i nj ect i on vel oci t y")     
   ` MPRoz(mu0rd,     100e- 3,    "m̂ 2/Vs" ,   "DAR l ow- f i el d mobi l i t y")     
   ` MPRcz(del t a1rd,  0. 35,      "" ,         "DAR DI BL Coef f i ci ent ")     
   ` MPRoz(srd,       0. 3,       "V/dec" ,    "DAR Sub- t hreshol d sl ope")     
   ` MPRcz(ndrd,      3. 8,       "" ,         "DAR puncht hrough f act or f or subt h sl ope")      
 
// Fi el d- Pl ate 1 parameters 
   ` MPRnb(vt of p1,    - 44. 5,     "V" ,        "FP t hreshol d vol t age")  
   ` MPRoz(cgf p1,     2. 0e- 4,    "F/m̂ 2" ,    "FP gat e- cap/area")  
   ` MPRoz(vx0f p1,    1. 2e5,     "m/s" ,      "FP source i nj ect i on vel oci t y")   
   ` MPRoz(mu0f p1,    0. 2,       "m̂ 2/Vs" ,   "FP l ow- f i el d mobi l i t y")     
   ` MPRcz(del t a1f p1, 0. 0,       "" ,         "FP DI BL Coef f i ci ent ")     
   ` MPRoz(sf p1,      3. 2,       "V/dec" ,    "FP Sub- t hreshol d sl ope")     
   ` MPRcz(ndf p1,     0. 0,       "" ,         "FP puncht hrough f act or f or subt h sl ope")     
  
// Fi el d- Pl ate 2 parameters                     
   ` MPRnb(vt of p2,    - 74. 5,     "V" ,        "FP t hreshol d vol t age")  
   ` MPRoz(cgf p2,     1. 0e- 4,    "F/m̂ 2" ,    "FP gat e- cap/area")  
   ` MPRoz(vx0f p2,    1. 2e5,     "m/s" ,      "FP source i nj ect i on vel oci t y")   



   ` MPRoz(mu0f p2,    0. 2,       "m̂ 2/Vs" ,   "FP l ow- f i el d mobi l i t y")     
   ` MPRcz(del t a1f p2, 0. 0,       "" ,         "FP DI BL Coef f i ci ent ")     
   ` MPRoz(sf p2,      3. 2,       "V/dec" ,    "FP Sub- t hreshol d sl ope")     
   ` MPRcz(ndf p2,     0. 0,       "" ,         "FP puncht hrough f act or f or subt h sl ope")     
 
// Fi el d- Pl ate 3 parameters                     
   ` MPRnb(vt of p3,    - 44. 5,     "V" ,        "FP t hreshol d vol t age")  
   ` MPRoz(cgf p3,     2. 0e- 4,    "F/m̂ 2" ,    "FP gat e- cap/area")  
   ` MPRoz(vx0f p3,    1. 2e5,     "m/s" ,      "FP source i nj ect i on vel oci t y")   
   ` MPRoz(mu0f p3,    0. 2,       "m̂ 2/Vs" ,   "FP l ow- f i el d mobi l i t y")     
   ` MPRcz(del t a1f p3, 0. 0,       "" ,         "FP DI BL Coef f i ci ent ")     
   ` MPRoz(sf p3,      3. 2,       "V/dec" ,    "FP Sub- t hreshol d sl ope")     
   ` MPRcz(ndf p3,     0. 0,       "" ,         "FP puncht hrough f act or f or subt h sl ope")     
 
// Fi el d- Pl ate 4 parameters                      
   ` MPRnb(vt of p4,    - 44. 5,     "V" ,        "FP t hreshol d vol t age")  
   ` MPRoz(cgf p4,     2. 0e- 4,    "F/m̂ 2" ,    "FP gat e- cap/area")  
   ` MPRoz(vx0f p4,    1. 2e5,     "m/s" ,      "FP source i nj ect i on vel oci t y")   
   ` MPRoz(mu0f p4,    0. 2,       "m̂ 2/Vs" ,   "FP l ow- f i el d mobi l i t y")     
   ` MPRcz(del t a1f p4, 0. 0,       "" ,         "FP DI BL Coef f i ci ent ")     
   ` MPRoz(sf p4,      3. 2,       "V/dec" ,    "FP Sub- t hreshol d sl ope")     
   ` MPRcz(ndf p4,     0. 0,       "" ,         "FP puncht hrough f act or f or subt h sl ope")     
  
// Gate l eakage parameter    
   ` MPRcz(pg_params, 1. 00,      "1/V" ,      "G- S somet hi ng l i ke 1/et a*Vt ")   
   ` MPRcz( i j s,       1. 00e- 12,  "A/m" ,      "G- S reverse l eakage current  normal i zed t o wi dt h")      
   ` MPRcz(pg_paramd, 1. 00,      "1/V" ,      "G- D somet hi ng l i ke 1/et a*Vt ")   
   ` MPRcz( i j d,       1. 00e- 12,  "A/m" ,      "G- D reverse l eakage current  normal i zed t o wi dt h")    
 
   ` MPRcz(pgsrecs,   0. 5,       "" ,         "G- S somet hi ng l i ke 1/et a f or reverse recombi nat i on")     
   ` MPRcz( i recs,     1. 0e- 18,   "A/m" ,      "G- S reverse l eakage current  normal i zed t o wi dt h")    
   ` MPRcz(pgsrecd,   0. 8,       "" ,         "G- D somet hi ng l i ke 1/et a f or reverse recombi nat i on")     
   ` MPRcz( i recd,     2e- 5,      "A/m" ,      "G- D reverse l eakage current  normal i zed t o wi dt h")    
 
// Trappi ng model  parameters f or Ron i ncrease 
   ` MPRcz(vt t rap,    230,       "V" ,        "Trappi ng st ress t hreshol d vol t age")    
   ` MPRcz(t aut ,      3e- 5,      "s" ,        "Trap t i me const ant ")    
   ` MPRcz(al phat 1,   1e- 4,      "" ,         "Trap coef f i ci ent  1 on bi as st ress")    
   ` MPRoz(al phat 2,   21,        "V" ,        "Trap coef f i ci ent  2 on bi as st ress")  
 
// Noi se model  parameters 
   ` MPRcz(shs,       3. 0,      "" ,          "G- S shot  noi se paramet er")    
   ` MPRcz(shd,       3. 0,      "" ,          "G- D shot  noi se paramet er")    
   ` MPRcz(kf ,        1. 0e- 4,   "" ,          "Fl i cker noi se coef f i ci ent ")    
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