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Introduction
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Introduction I – Max. Voltage 
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Usual PDK HBT current/voltage limits in IHP 0.13µm BiCMOS technology:

 Open base breakdown voltage 

 BVCEO: ca. 1.6V (“high-performance” HBTs), 2.5V…3.6V  (“high-voltage” HBTs)

 for many designers this has been the significant DC and RF limit (“safe operating area”, SOA) 

 Open emitter breakdown voltage

 BVCBO: ca. 4.8V (“high-performance” HBTs), 8.5V…16V  (“high-voltage” HBTs)

 “Ultimate” voltage limit for low collector currents

 so, daring designers enter the range between BVCEO and BVCBO

 SOA extended to “Stable Operating Region” (SOR)

 Well-defined and introduced by M. Jaoul (IMS Bordeaux) for STM 

 see AKB 2019 or BCICTS 2019

AK Bipolar
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SOR for IHP SG13G2 HBT npn13g2
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Output characteristics measured with
(a) constant forced IE (FOIE)
at Tambient=27°C

Green area indicates “safe operating area” 
(SOA)  Currently allowed operating range.

For stress voltages VCE>BVCEO HBT ageing 
commences. Degradation is by increase of IB

only (IC stays constant).

HBT stability is limited by emitter current 
“pinch-in”, visible as kinks in FOIE.

SiGe HBT npn13g2:
fT/fmax=350/450GHz
AEmitter = 0.12x0.96µm²
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SOR for IHP SG13G2 HBT npn13g2
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Output characteristics measured with
(a) constant forced IE (FOIE)
(b) constant applied voltage VBE (FOVB)
at Tambient=27°C

Green area indicates “safe operating area” 
(SOA)  Currently allowed operating range.

For stress voltages VCE>BVCEO HBT ageing 
commences. Degradation is by increase of IB

only (IC stays constant).

HBT stability is limited by emitter current 
“pinch-in”, visible as kinks in FOIE or current 
jump in FOVB.
FOIE exhibit instability at ≈1V higher VCB

than FOVB. 

 SOR limit: VCEmax = 2.2V

SiGe HBT npn13g2:
fT/fmax=350/450GHz
AEmitter = 0.12x0.96µm²
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SOR for IHP SG13G2 HBT npn13g2
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When taking into account an external base load resistance RBL

AK Bipolar

Example for HBT npn13g2 
(Emitter number Nx=8)
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What happens under High-current Stress?
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Example for HBT npn13g2 
(Emitter number Nx=8)
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Current max. collector current density in 
PDK (e.g. 1.45x JC @peak-fT for npn13g2) is 
introduced to
(a) restrict self-heating to below ∆Tj=100°C, 
(b) avoid electro-thermal run-away at high 
power load, 
(c) avoid high-current aging,
(d) avoid electromigration failure.
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Introduction II – High Current Region
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These limits deliver not much information about maximum current densities, 
therefore I performed

 stress tests under high current/low voltage conditions (HiJ stress) on SiGe HBTs

Additionally, there are electromigration (EM) limits IDC,max for contacts, via, and 
metal layers as defined in the PDK. How do they apply to HBTs?

 Electromigration tests performed

 on test structures with MET1/W contact

 SiGe HBTs

Further SiGe reliability aspects under RF large-signal stress are covered by 
Christoph Weimers presentation

AK Bipolar
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High-Current Aging Behavior
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High-Current Stress Tests
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High-Current Stress Tests
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Degradation due to Auger
generated hot electrons
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High-Current Stress Tests
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Long-term HiJ Stress Tests
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Example: 
HBT npn13p
fT/fmax=250/350GHz

t=0

• HiJ stress = 30mA/µm² = 2x JC@peak-fT

• Only base current decrease  beta increase
• No Auger effect observed
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Electromigration Issues
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PDK Maximum Currents
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 From electromigration tests one gets max. current densities for the PDK:

 Definition: 1 FIT (“failure in time”) = (0.01% cumulated failure)/(100kh operation) at 105°C

 Failure definition: 20% increase of ohmic resistance of a given test structure under EM stress

AK Bipolar

Layer/Connect

Contact 0.3 mA/CNT

MET1 0.36 mA w = 0.16…0.36 µm

1 mA w > 0.36 µm
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What is Electromigration failure?

17

 Apply current to a long metal line (> 100µm) then

 Over time electron wind leads to build up of hillocks and voids  either short to neighboring 
line or current flow breakdown (resistance increases abruptly)

 Short lines (some 10 µm) do experience less EM induced line voiding (Blech effect)

AK Bipolar

EM resilience depends on:

1) Grain microstructure (size etc.)

2) Temperature (-gradient)

3) Internal strain

4) Impurities
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EM Failure of IHP Contact Chains
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IHP standard test structures:

AK Bipolar

4 contact pairs connected by 50µm metal 1 lines

W contact

Poly-Si

IIN

IIN

VIN

VOUT

IEXTR
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EM Failure of IHP Contact Chains
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Typical failure behavior at 180°C under stress current 3mA/CNT:

 Application of Black’s equation 

𝑇𝑇𝐹0.01% ∝ 𝐼−𝑛 exp
𝐸𝐴

𝑘𝐵𝑇
, 𝑛 = 2, 𝐸𝐴 ≈ 1𝑒𝑉

 IDC,max(100kh,105°) = 0.3 mA/CNT

AK Bipolar
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SiGe HBT Interconnects
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Contact bars to IHP HBT configurations:

AK Bipolar
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IC@peak-fT ≈ 2.5 mA/emitter
From PDK:
IDC,max@emitter ≈ 2 mA
IDC,max@collector ≈ 3.2 mA

IC@peak-fT ≈ 6 mA/emitter
From PDK:
IDC,max@emitter ≈ 5 mA
IDC,max@collector ≈ 5.3 mA  10.6 mA (2 coll.-bars!)

Electron wind from emitter to collector  collector most critical ? max. current load for single-emitter ≈ 1.4xIC@peak-fT

Via1
Contact bar
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EM Tests on SiGe HBTs
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Experiments with BEC HBT, Nemitter = 8

AK Bipolar

Although slow increase of resistance, no 
failure observed within 1000h.
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Tstress = 185°C, Istress = 64mA (≈3.2x IC@peak-fT) Tstress = 185°C, Istress = 77mA (≈4x IC@peak-fT)

First DUTs start to failure after 300h …
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EM Tests on SiGe HBTs
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Experiments with CBEBC HBT, Lemitter = 2.5µm, Nemitter = 2

AK Bipolar

After 200h DUTs begin to failure …

Tstress = 200°C, Istress = 58mA (≈5x IC@peak-fT)
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Summary
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 Max. collector voltage range defined by series of output characteristics

 Low-voltage, high-current DC stress tests show 

 slight base current reduction for IC ≥ IC@peak-fT

 base current degradation in low-VBE range due to Auger generated hot electrons for 
VBE=VCB≥1.1V (IC ≥ 3xIC@peak-fT)

 Electromigration studies indicate HBT resilience up 3xIC@peak-fT

 Current data do not yet allow well-defined max. current limits

 Preliminary FIB analysis indicate thermal failure in emitter and EM failure in base interconnects 
rather than in collector

AK Bipolar
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