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NCollector NCollector
NBase ° NBase o
NSubstrate NSubstrate
NEmitter NEmitter
@ (b)

Figure 1: Q — Bipolar Polar Junction Transistor: (a) NPN transistor; (b) PNP transistor.

fREEDA™ Form: bjtnpn:(instance name) nj ny n3 (parameter list)
ny, is the base node

no s the collector node
ng is the emitter node

SPICE Form:
Qname NCollector NBase NEmitter [NSubstrate] ModelName [Area] [OFF] [IC=Vbe,Vce]

where
NCollector is the collector node.

NBase is the base node.
NEmitter is the emitter node.

NSubstrate is the optional substrate node. If not specified, then the ground is used as the
substrate node. If NSubstrate is a name as allowed in it must be enclosed in
square brackets, e.g. [NSubstrate], to distinguish it from ModelName.

ModelName is the model name.

Area is the area factor. If the area factor is omitted, a value of 1.0 is assumed.
(Units: none; Optional; Default: 1; Symbol: Area)

OFF indicates an (optional) initial condition on the device for the dc analysis. If
specified the dc operating point is calculated with the terminal voltages set to
zero. Once convergence is obtained, the program continues to iterate to obtain
the exact value of the terminal voltages. The OFF option is used to enforce
the solution to correspond to a desired state if the circuit has
more than one stable state.

IC is the optional initial condition specification using IC=Vgg, Vog is intended
for use with the UIC option on the .TRAN line, when a transient analysis is
desired starting from other than the quiescent operating point. See the .IC
line description for a better way to set transient initial conditions.



Ezample:

bjtnpn:Q20 10 50 0
bjtnpn:QFAST 1C=0.65,15.0
bjtnpn:Q5PUSH 10 29 14 200 MODEL1

Model Parameters:

Name | Description Units | Default
AREA | Current multiplier 1.0
BF | Ideal maximum forward beta (Bp) 100.0
BR | Ideal maximum reverse beta (Bg) 1.0
C2 | Base-emitter leakage saturation coefficient Isg/Is
C4 | Base-collector leakage saturation coefficient (Isc/Is)
CJC | Base collector zero bias p-n capacitance (C¢) F 0.0
CJE | Base emitter zero bias p-n capacitance (Cyg) F 0.0
EG | Bandgap voltage (F¢) eV 1.11
FC | Forward bias depletion capacitor coefficient (F¢) 0.5
IKF | Corner of forward beta high-current roll-off (Ix ) A 10~10
IKR | Corner for reverse-beta high current roll off (Ixg) 10-10
IS | Transport saturation current (Ig) A 10-1¢
ISC | Base collector leakage saturation current (Is¢) A 0.0
ISE | Base-emitter leakage saturation current (Igg) A 0.0
IRB | Current at which RB falls to half of Ry (Igp) A 1010
ITF | Transit time dependency on IC (I7p) A 0.0
MJC | Base collector p-n grading factor (M ;¢) 0.33
MJE | Base emitter p-n grading factor (M g) 0.33
NC | Base-collector leakage emission coefficient (N¢) 2.0
NE | Base-emitter leakage emission coefficient (Ng) 1.5
NF | Forward current emission coefficient (Np) 1.0
NR | Reverse current emission coefficient (Npg) 1.0
RB | Zero bias base resistance (Rp) Q 0.0
RBM | Minimum base resistance (Rpas) Q Rp
RE | Emitter ohmic resistance (Rg) Q 0.0
RC | Collector ohmic resistance (R¢) Q 0.0
T | Operating Temperature T' K 300
TF | Ideal forward transit time (Ts) secs 0.0
TNOM | Nominal temperature (Tyoar) K 300
TR | Ideal reverse transit time (Tg) S 0.0
TRB1 | RB temperature coefficient (linear) (Trp1) 0.0
TRB2 | RB temperature coefficient (quadratic) (Trp2) 0.0
TRC1 | RC temperature coefficient (linear) (Trc1) 0.0
TRC2 | RC temperature coefficient (linear) (Trco2) 0.0
TRE1 | RE temperature coefficient (linear) (Trg1) 0.0
TRE2 | RE temperature coefficient (quadratic) (Trgs2) 0.0
TRM1 | RBM temperature coefficient (linear) (Tras1) 0.0
TRM2 | RBM temperature coefficient (quadratic) (Trarz) 0.0




Name

Description Units | Default
VA | alternative keyword for VAF (Vy) \Y% 10-10
VAF | Forward early voltage (Var) \Y% 10-10
VAR | Reverse early voltage (Var) 10-10
VB | alternative keyword for VAR (V) 10~10
VJC | Base collector built in potential (V;¢) A% 0.75
VJE | Base emitter built in potential (V;g) \Y% 0.75
VTF | Transit time dependency on VBC (Virp) \Y% 10-10
XCJC | Fraction of CBC connected internal to RB (X ) 1.0
XTB | Forward and reverse beta temperature coefficient (Xr5) 0.0
XTF | Transit time bias dependence coeflicient (X7r) 0.0
XTI | IS temperature effect exponent (Xypy) 3.0
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Figure 2: Schematic of the BJT Model



Standard Calculations

The physical constants used in the model evaluation are

k | Boltzman’s constant | 1.3806226 10~2% J/K
q | electronic charge 1.6021918 1071 C

Absolute temperatures (in kelvins, K) are used. The thermal voltage

Veu(Tnom) =k Tnowm /g

Current Characteristics

The base-emitter current,
Ipg = Ipr/Br + ILE

the base-collector current,
Ipc = Ipr/Br +ILc

and the collector-emitter current,
Icp =1pr — Ipr/KgB

where the forward diffusion current,

Ipp = Ig (eVBE/(NFVTH) - 1)

the nonideal base-emitter current,
Iigp = Isk (eVBE/(NEVTH) - 1)

the reverse diffusion current,
Inp = Ig (evBC/(NRVTH) - 1)

the non-ideal base-collector current,

Ine =Isc (eVBC/(NCVTH) — 1)

and the base charge factor,

Kop=1/2]1—-Vpc/Var — Vee/Vas) ™" (1 +1+4(Ipr/Ixr + IBR/IKR))
Thus the conductive current flowing into the base,
Ip =1Ipe +Ipc
the conductive current flowing into the collector,
Ic =Icg — Ipc
and the conductive current flowing into the emitter,
Ic =1Ipp+Ick
Capacitances

Cpr = Area(Cpgr + Cpry) where the base-emitter transit time or diffusion capacitance

Cper = TrErr0lpr/0VBE
5

(13)



the effective base transit time is empirically modified to account for base puchout, space-charge limited
current flow, quasi-saturation and lateral spreading which tend to increase 7p

TFREFF = TF [1 + XTF(?)x2 — 2x3)e(VBC/(1'44VTF)} (14)

and © = IBF/(IBF + ATeaITF).
The base-emitter junction (depletion) capacitance

—M
Cop :{ 78 ( BE/ViE) e < FoVig (15)

Cre(1— FC)_(I + M) (1-Foc(1+M;g)+M;eVer/Vie) Vee > FcVig
The base-collector capacitance, Cpc = Area(Cpor + XcscCpey) where the base-collector transit time

or diffusion capacitance
Cpcr = TROIBR/OVBC (16)

The base-collector junction (depletion) capacitance

) Cre(1— VBC/VJC)_MJC Vee < FoVie
Cpcs = “(1+ Mye) (17)
Cjc(1-Fe) (1= Fc(1+M;jc)+ M;cVee/Vic) Vee > FoVic
The capacitance between the extrinsic base and the intrinsic collector
Area(l — Xcyc)Cic (1 — VBX/VIC)iMJC Vex < FcVie
Cpx = (18)

(1—-Xcse)Cie (1 — Fc)_(l +Myc) Vex > FcVic
X (1=Fo(l+Mjc)+ M;cVpx/Vic)

Bugs:

Parameters: OFF and IC are not functional.
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