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Introduction: SiGe spike emitter

 Basic principle: 

From Choi IEEE EDL 2007

Inserting SiGe Spike

inside mono emitter

Increases hole recombination Increases base current



HICUM  workshop Bordeaux June 2011 4/14

 SiGe spike emitter is constructed with the help of IMEC device.

Introduction: SiGe spike emitter

SiGe spike mono-emitter mono-emitter

SiGe Spike
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Device simulation on SiGe spike transistor

 Device is simulated with calibrated parameter file and applying 
additional recombinatio for SiGe spike 

-0.05 -0.04 -0.03 -0.02 -0.01 0.00
1E15

1E16

1E17

1E18

1E19

1E20

 

 

h
_

d
e

n
s

it
y

(c
m

-3
)

X (µm)

 mono_emitter

SiGe_spike

-0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.08 0.10

-2.0

-1.8

-1.6

-1.4

-1.2

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

 

 

B
a

n
d

_
e

n
e

rg
y

 [
e

V
]

X [µm]
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Energy band diagram comparing

SiGe spike emitter and mono emitter

h carrier density at VBE= 0.9V

h carrier density slope increses

near BE junction.
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Device simulation on SiGe spike transistor

 DC and AC Simulaton results with SiGe spike emitter are compared with the mono

emitter
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Device simulation on SiGe spike transistor
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 Excess recombination charge affects the phase of dynamic parameters at low

frequency

Phase of h21 at VCE= 0.5V and

VBE= 0.75V, 0.79V, 0.83V, 0.87V

Phase of Y11 at VCE= 0.5V and

VBE= 0.75V, 0.79V, 0.83V, 0.87V
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Compact modeling on SiGe spike transistor
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 SiGe spike mono emitter device simulation data are exported to ICCAP to perform

compact modeling with HICUML2

Gummel plot at VCB= 0V
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Base current is not perfect with the existing HICUM
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Compact modeling on SiGe spike transistor
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 Modeling results of phase of h21 and Y11 also show some inconsistency at low frequency

Phase of h21 at VCE= 0.5V and

VBE= 0.75V, 0.79V, 0.83V, 0.87V

Phase of Y11 at VCE= 0.5V and

VBE= 0.75V, 0.79V, 0.83V, 0.87V

Additional recombination parameter necessary to model the phase
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HICUM with an additional base current: formulation 
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Where,

 Base current components in HICUML2

Introducing an additional recombination current due to the excess hole charge

New model parameter

model parameter
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 Modeling results with the extended model, 

HICUM with an additional base current: modeling 
results 
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Base current is perfect with the extended model
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 Modeling results with the extended model, 

HICUM with an additional base current: modeling 
results 
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Conclusion

 A SiGe spike mono emitter device is considered for physical device
simulation (TCAD).

 TCAD simulations show an increase in base current without affecting the
transit frequency.

 Simulated results are modeled with HICUML2V24 model.

 A small extension of HICUM with an additional recombination current is
formulated.

 Base current and Y11, h21 phase are accurately modeled with the new model.
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