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Device Approach 
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Most applications require long-term circuit operation.

!

A03/.$-/B":/$+0.5:05./+$,%-$9,0/.",7+$3,B/$8/0$01$-/91%+0.,0/$C>>>D$
315.+$12$=>>$?#$+0,67/$/7/:0.":,7$1;/.,0"1%@

!""#$%&&'(#))*&+(,*-(-,./0)-+1%20")*-(-)1-(2,*&+(,*-(-,./0)34564447785,'9:

NASA Glenn Gen. 13 JFET SPICE Modeling May 2021 3

https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20180003391.pdf


+ VIN  -
- VOUT +

VSS

Diff-Amp Level-Shifters

VDD VDD VDD VDD

VSS

VSS

8 sq.

36µm
6µm

36µm
6µm

36µm
6µm

50 sq. 50 sq.
36µm
6µm

36µm
6µm

30 sq. 30 sq.

30 sq. 30 sq.

Circuit Approach 

All integrated circuits in this project are 
comprised of interconnected 4H-SiC n-JFET’s 
and 4H-SiC n-resistors.
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https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20160014879.pdf


NASA Glenn Gen. 13 JFET SPICE Modeling May 2021 5

!"# $%&'()*+,-"./

>%"$:/??/@2*.$<$(?29"($(ABB-+2C"$&%"$!2D EFG>$9"021"$(&+A1&A+"$-*9$(AH(&-*&2-?$
&"B'"+-&A+"I$@-:"+$'/(2&2/*I$-*9$(AH(&+-&"$H/9J$H2-($9"'"*9"*1"$/:$EFG>$"?"1&+21-?$
'+/'"+&2"( /H("+0"9$2*$'-(&$KL!L$M?"**$ND$@-:"+$+A*(,

>%"$(AH(&-*&2-?$@-:"+$'/(2&2/*I$&"B'"+-&A+"I$-*9$(AH(&+-&"$H/9J$H2-($9"'"*9"*12"($BA(&$
H"$A*9"+(&//9$-*9$&-O"*$2*&/$-11/A*& @%"*$1/*9A1&2*.$9"(2.*$-*9$!PNDG$B/9"?2*.$/:$
12+1A2&($&/$H"$2B'?"B"*&"9$2*$&%"$KL!L$M?"**$!2D EFG>$ND$Q"+(2/*$53$@-:"+$+A*,



N-Channel JFET Bias Limitations

n Channel
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Forward bias of gate pn junction and substrate pn junction is to be avoided.
- Keeps desired signal currents confined/isolated to n-channel.

N-channel electron current flow from Source to Drain is modulated by Gate voltage VG.

JFETs are “normally ON” - n-channel is “on” to current flow at VG = 0 V.
- JFET “turn-off” requires application of VG ≤ VT “Threshold Voltage” < 0 V.
- N-channel epilayer control is not yet sufficient for “normally OFF” JFET approach
- VS < 0 is needed to guarantee substrate pn junction reversed bias in all circuits.

- Impacts JFET current-voltage characteristics through “body bias effect”
- See: https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20160005307.pdf
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Substantial SiC JFET Threshold (VT) Non-Uniformity

Wafer Probe Map of Wafer 8.1 JFET VT
T = 25 °C, VD = 20V, VS = -15V 

(76 mm diameter wafer)

Plot of Measured JFET VT
vs. Radial Distance (r)

from Wafer Center

Positional variation of JFET VT is radial 
and due to non-uniformity in 
as–grown epilayers from commercial 
wafer supplier.

See more at: https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20160005307.pdf
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SiC JFET Dependence on Temperature

Significant change in JFET parameters with increasing T, consistent with prior works.
- Some channel mobility loss offset by more negative JFET threshold voltage.
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https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20160014886.pdf
https://sic.grc.nasa.gov/files/HiTEC2016-NeudeckV1A.pdf
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NASA Glenn SiC JFET SPICE Modeling Approach
Many different SPICE versions and enhancements are available, but most share “baseline” 
features and device models from original SPICE version (developed at UC Berkeley).

However, baseline version SPICE JFET model DOES NOT include body bias effect that 
significantly impacts electrical behavior of NASA-implemented IC devices.
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Instancing JFETs
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Example SPICE Simulation of SiC JFET I-V Characteristics
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Example SPICE Simulation of SiC JFET I-V Characteristics
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