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1. CONTEXT



Context 4

• In BiCMOS technologies, VCEMAX usually targeted = BVCEO

• BVCEO = Junction breakdown if Open base (high R on Base pin)

• BVCEO is used as a traditionnal figure of merit for Bipolar transistors

• Indicated inside DRM as electrical parameter, useful to compare technologies

• Easy process PT Monitoring: VCE(IB=0) due to Avalanche generation

Ic, Ib, Gain

Early plot=VCB sweep, for a fixed low VBE  
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Context (con’t) 5

• fT × BVCEO increased  by a factor 3 in 20 years for STM 

technologies

• BVCEO reduced by a factor of 2.4 (accompanying VDD reduction) 
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Context (con’t) 6

• But, BVCEO guidelines are:

• Not aligned with designers community needs, esp. for Power Amplifier circuits, 

Wireless applications, Large Signal, etc…

• Too conservative because not based on reliability & breakdown physics

« I need my RF Power Amplifier to get:

- Good Gain !!

- Good Output Power !!

- Good power efficiency !! »
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• But, BVCEO guidelines are:

• Not aligned with designers community needs, esp. for Power Amplifier circuits, 

Wireless applications, Large Signal, etc…

• Too conservative because not based on reliability & breakdown physics

« I need to supply VCE beyond BVCEO to get the 

largest swing possible, and get also a trustable

Spice simulation! »

forbidden forbidden
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• In a perfect world, we would provide to Design Teams :

• Accurate compact model cards until BVCBO, and not only until BVCEO !

• BVCBO and destructive breakdown simulated accurately !

• Reliabilty, lifetime and degradation mechanisms simulated in Spice through Ageing

model

• And thus for all devices of all technologies, T°C and geometry dependent, with

spread corners etc.

• Christmas is soon….
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• Proposal: pragmatic approach

• Allow VCE usage beyond BVCEO, by implementing Safe Operating 

Area (SOA) rules in Spice simulators, based on silicon

characterizations and conclusions

• In details

1. SOA rule for Functionnality check (destructive breakdown limit)

2. SOA rule for Reliability check (reliability limit w.r.t. technology mission profile)

3. Improve Spice model between BVCEO and BVCBO



2. DEFINITIONS
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• SOA = Safe Operating Area

• Feature of EDA simulators to check safe operating area rules defined by a foundry, 

for all devices of the circuit netlist, during Spice simulations 

• SOA Reliability: RVCE

• Guarantee long-term operating period without any significant transitor degradation

• Criteria: defined with the customers and in line with technology mission profile, for 

example IB shift <50% at VBE=0.70V and at end of 10yrs operating period, for 

T°C=125°C

• SOA Functionnality: BVCE

• Device destruction limit

• Reliability not guaranteed in [RVCE ; BVCE] range
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« Historical » 

SOA=BVCEO

RVCE SOA

BVCE SOA

Device is

safe

Device is

damaged

Device is

dead!



3. SOA Functionality BVCE 

(Breakdown)



Characterization principle 14

• Characterization principle for each device geometry

• T=125°C (linked to technology or product mission profile)

• IE fixed, VB=0V

• VC ramp up to junction breakdown  BVCB determined

• BVCE is the results of BVCB + VBE@breakdown

C

VB=0

E

IE

VCB



BVCE assessment: IB=f(VCB) 15

• Characterization principle

• VCB ramp with fixed IEup to junction BC breakdown

• BVCE is measured for various IE at 125°C
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Results example of BVCE SOA for STM 55nm NPN HS flavor 16

JE(fT) means Emitter current density at fT peak

=15mA/µm²@125°C in emitter physical dimension



Results example of BVCE SOA for STM 55nm NPN HS flavor
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Measurements data
SOA implemantation in Spice libraries

Polynomial approach



4. SOA Reliability RVCE



Bipolar Reliability background 19

• Failure Mode: defects generation by Hot Carrier

• At Junctions Base-Emitter, Base-Collector

• At Base-Spacer interface 

• Consequence: 

• Hole-electron Generation-Recombination center 

enhanced 

 IB increase

Gain decrease

Depending on stress & temperature
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Characterization principle
• Objective: IB/Gain drift monitoring

• Test principle:
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Example for experimental results of degradation

• For different transistor geometries (W,L), following degradation dependance are 

studied:

• IB drift vs Time, IE, VCE 

• Saturation of IB drift with time  Existence of a maximum defects quantity generated

by Hot Carrier
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DIB vs Time 

NPNMV L=5µm W=0.2µm
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Degradation model and extrapolation

• Consistent Reliability model which fits all stress conditions

• Dependance of IB drift with VCE & IE in Power law

• Projection of IB drift to any IE, VCE

• RVCE=VCE for which DIB<50% at 10yrs@125°C
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Results example of RVCE SOA for STM 55nm NPN HS flavor

JE(fT) means Emitter current density at fT peak

=15mA/µm²@125°C in emitter physical dimension
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Results example of RVCE SOA for STM 55nm NPN HS flavor

(con’t)

Measurements data

SOA implementation in Spice libraries

Polynomial approach
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4. Model validity beyond BVCEO



Model compact beyond BVCEO?
26

• Designers are now allowed to use HBT beyond BVCEO, and sometimes

almost until BVCBO under some conditions of BVCE SOA respect…

• But what about HICUM model accuracy?

Using latest version HICUM v2.40 gives good results

Avalanche model improved thxs to M. Jaoul’s Phd



5. Conclusion and limitations



Conclusion

• Context:

• Recent and performant BiCMOS technologies (featuring high fT) exhibit

low BVCEO close to 1V and VDD power supply

• Since the Safe Operating Area for VCEMAX allowed for HBT usage was

historically the BVCEO, it is a huge constraint for circuits design, esp. 

Power Amplifier efficiency
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Conclusion (con’t)

• Proposed solution to customers with pragmatic approach:

1. Perform intensive silicon measurements campaigns to define 2 different

Safe Operating Area limits:

• BVCE SOA: limit of HBT destruction

• RVCE SOA: limit of HBT reliability based on lifetime, T°C, degradation criteria

and mission profile defined with customers

2. Implement those BVCE and RVCE SOA rules into the Spice libraries of 

PDK

3. Guarantee that Spice simulation is accurate between BVCEO and 

BVCBO, using HICUM v2.40
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Conclusion (con’t) 30

BEFORE NOW

Allowed Forbidden

BVCEO

Allowed < SOA RVCE

BVCEO

Alive but strong

degradation < 

SOA BVCE

Forbidden > 

SOA BVCE

Forbidden > 

SOA BVCE



Limitations

• Pragmatic and useful approach BUT:

• Empirical approach and based on numerous and long measurements, esp. for 

Reliability SOA

• The measurements done are worst-case since based on conditions of technology

mission profile (ex. Ibdrift+50% at 10y +125°C)

• The reliability criteria is a single criteria corresponding to technology mission profile 

(ex. Ibdrift+50% at 10y +125°C). Does this criteria satisfy all circuits constraints?

• The measurements are done in DC, the SOA is then implemented whatever the 

analyze is DC, AC or Transient. So SOA violations of short transient waveforms are 

considered as DC violations

• Those SOA rules are not Ageing model

31
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