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Motivation AKB 2019

InP HBTs show promising electrical properties, but often
models are

» not scalable [1].
» not accurate enough [2].

» not accounting for special 11lI-V physics [1].
Goals today:

» highlight special modeling issues for InP HBTs

» demonstrate geometry scalable HICUM/L2 applicability
» point out open research questions
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Mesa Process Overview AKB 2019
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Sketch of mesa process cross section.

» process herein: fr ~ 300 GHz InP Mesa HBT
» large external BC area — Cpcy, Icx large

» drawn emitter dimensions not accurate enough for
classical PoA analysis

» few different sheet resistances
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Scaling - Classic Approach AKB 2019

> any quantity @ given as Q = Qa Ago + Q;)PEO
> it follows that - = Qx + Qp Fi2

Ago

» straight line for every operating point

» slope and y-axis intercept of line allow to separate @ into QA

and Qp
» positive y-axis intercept if @ > 0

Markus Miiller, 14.11.2019 Scaling 5



Scaling - Measurement Results for I¢

AKB 2019
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» left: Ic over ﬁ for different Vg in low bias region
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right: Ic over bg drawn for different Ig grawn at Vag = 0.7V

» [ scales linearly along both Igo and bgg, however (slightly)

different slopes

P negative y-axis intercept
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Scaling - Measurement Results for Cgg AKB 2019
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» left: Cgg over i for different Vg in low bias region

» right: Cgg over bE,drawn for different Ik drawn at Veg = 0.7V

» (g scales linearly along both Igg and bgg, however different
slopes

P positive y-axis intercept

Markus Miiller, 14.11.2019 Scaling 7



Scaling - Bilinear Ansatz AKB 2019

"Classic" PoA analysis Q = Qa Aro + Qp Pro does not work!
Bilinear scaling ansatz works:

Q = Qalrobeo + 2Qylm0 + 2Q,beo + 4Qc
lEO = lE,drawn + Al
bEO = bE,drawn + Ab

v

() variables operating point dependent

v

(Al,Ab) account for inaccuracy in (Igo, bgo) and do not
depend on operating point.

» overdetermined and ill-posed equation system (if enough
geometries available)
» suitable choice to determine (Al,Ab) — I¢

» Al and/or Ab from TEM (if possible) — reduced
complexity of equation system
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Scaling - Application of Bilinear Ansatz

AKB 2019
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» Ic (left) and Cpg (right) @Vze = 0V for CBEBC devices

with different (Igo, bgo) in pm
» shown are HICUM simulations
» parameter extraction with DMT
» scaling with TRADICA
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Scaling - Ce AKB 2019

» (e dominated by external part

v

PoA "classic" and bilinear ansatz do not work for Cgc.

» (e originates mainly from Agg and the BC-Mesa area
Apcyx — ansatz:

Cic = Cpe,aAro + Cre,axABcx

» Apcy as a function of transistor geometry known from
layout

» (possible) double plateau behavior in Cpc

» compact formulation from [3] available in experimental
HICUM version
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Scaling - Cgc Results AKB 2019
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» left: Cgc as a function of % for different Vac
OVag =0V
» right: Cgc simulated vs. measured for different (Igg, bro) in
pm @VBE =0V

» accurate results possible

» external mesa area related part dominates Cgc
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Internal Transistor - NDM Effect (1) AKB 2019
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relation between internal and external fr by removing different
model elements at three Vg — what happens here?
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Internal Transistor - NDM Effect (1) AKB 2019
extrinsic ----- Cgcx removed
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Internal Transistor - NDM Effect (1) AKB 2019
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Internal Transistor - NDM Effect (2) AKB 2019
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sketch of InP band structure

E|

resulting v (E) relationship

» at low energies most carriers are in I' valley — high

mobility

» with increasing energy carriers scatter into L valley —
total mobility decreases
» since | <0 this effect is called Negative Differential
Mobility (NDM) effect
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Internal Transistor - NDM Effect (3) AKB 2019

» dependence of fr; on Ve

1 Cioi + Cigi
=7+ 25— + Clei and T o< v
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n,collector

» Vgc dependence of fri mainly from vy, colector and Cie

» currently no TCAD simulations possible — can only
speculate [4]!

» work on multi-valley in-house TCAD simulator ongoing

— verify physics-based Ty model accounting for NDM
effect [5]
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Internal Transistor - NDM Effect (4)

AKB 2019
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» left: InP Bulk velocity field curve with parameters from
[4] and sketched (!) velocities in each valley

» right: Measured Cgc@Vpg =0V
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Comparison - PDK model vs. HICUM AKB 2019
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» Measured (symbols), HICUM (lines) and PDK model (dashed
lines) fr (left) and I (right).

» PDK model has no self heating (7)
» PDK model is not scalable
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Conclusion AKB 2019

» process is scalable

v

HICUM can be used to model the process.

» special issues: bilinear scaling, Cgc formulation, NDM
effect

» fr at low Vpc could be better — improved 7 model
required

P> fiax NOt yet satisfactory — reason currently under
investigation
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CEDIC - Reliability Project AKB 2019

» researcher: Dipl.-Ing. Christoph Weimer

» dynamic large-signal voltage swings beyond breakdown
voltages

» impact on the degradation of the static and dynamic
behavior of SiGe HBTs

RF switch RF switch

'z
r,
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CEDIC - SiGe HBT at Cryogenic Temperatures ~ AKB 2019

» researcher: M.Sc. Xiaodi Jin

» compact modeling and measurement of SiGe HBTs at
cryogenic temperatures
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CEDIC - NQS Effects AKB 2019

» researcher: Dipl.-Ing. Mario Krattenmacher

» compact modeling of non-quasi-static effects in highly
scaled SiGe HBTs

» physics based vertical diffusion charge partitioning
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