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IHP‘s SG13 Technology

• 0.13µm BiCMOS technology currently in qualification at IHP

• Includes 3 HBT types

• High-speed HBT in BEC configuration with emitter lengths 
0.48/0.84 µm and fT/fmax/BVCE0 = 250GHz/300GHz/1.7V

• High-speed HBT in CBEBC configuration with emitter lengths 
up to 5µm

• High-voltage HBT with fT/fmax/BVCE0 = 45GHz/120GHz/5.0V
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Scaling

• Drawn emitter width = 0.12µm for HS-HBT and 0.18µm for HV-HBT

• HS-HBT BEC type

• Emitter lengths 0.48µm and 0.84µm

• Emitter number scaling NX=1-8

• HS-HBT CBEBC type

• Emitter lengths 1, 2, 5 µm

• Emitter number scaling NX=1-8

• HV-HBT CBEBC type

• Emitter lengths 1, 2, 5 µm

• Emitter number scaling NX=1-8

B C
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Compact Models

• VBIC 1.15 model parameters are extracted from HBTs of recent 
technology qualification lots

• HICUM/L2 fitted to data from earlier technology development phase 

• HICUM model parameter were extracted with ADS but did not 
work under Spectre  not further developed

• In both cases simulations below are from scaled models

• no optimization for the example HBT

• VBIC scaling by simple scaling functions like: 

IS = IS_0 x NXISN_SKF x ELISL_SKF

• HICUM scaling based on TRADICA by B. Ardouin
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HS-HBT Gummel Characteristics

• Both models lead to   

VBIC HICUM

VCB=0V VCB=0V

VBIC HICUM

VCE=0.4(0.4)2.0V VCE=0.4(0.4)2.0V
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HS-HBT Output Characteristics
VBE controlled
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HS-HBT fT and h21 Characteristics
VCE=0.4(0.4)2.0V VCE=0.8(0.4)1.6V

VBIC HICUM

VCE=1.2V
VBE=0.83(0.02)0.93V

VCE=1.2V
VBE=0.84(0.02)0.94V

VBIC HICUM

Remark:
VBIC optimized for 
VCE=1.2V; cannot 
simulate VC 
dependence!
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HS-HBT Y-Parameter Characteristics

VCE=1.2V
VBE=0.83(0.02)0.93V

VBIC HICUM

VCE=1.2V
VBE=0.84(0.02)0.94V
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VCE=1.2V
VBE=0.83(0.02)0.93V

HS-HBT Unilateral Gain
• Fmax = Mag(GU)^0.5*freq

VBIC HICUM
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HV-HBT Gummel Characteristics

VBIC
HICUM

8x0.18x1.0µm² 4x0.18x1.0µm²

0.83V
0.89V

VCB=0V VCB=0V

VBIC HICUM

VCE=0.5(1.0)4.5V VCE=0.5(1.0)3.5V

Remark:
HICUM useful up to 
0.6V higher VBE !
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HV-HBT Output Characteristics
VBE controlled

0.85V

0.8V

0.90V

VBIC
HICUM
0.95V

1V

0.90V

0.85V

IB @ peak-fT

IB controlledVBIC HICUM

IB @ peak-fT

Remark:
VBIC cannot 
properly simulate 
avalanche effect here
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HV-HBT fT Characteristics

VCE=0.5(1.0)4.5V

VCE=0.5(1.0)3.5V

VBIC

HICUM

Remark:
VBIC optimized for VCE=1.5V; cannot 
simulate VC dependence!
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Summary

• HS-HBT

– Quality of VBIC models sufficient and not much inferior to 
HICUM

• HV-HBT

– VBIC valid only up to peak-fT; for higher currents increasing 
discrepancy

– Significant improvement with HICUM

• Above situation valid already for older technology generations

– VBIC as good for 250GHz devices as it was for 50GHz devices

– VBIC always a disadvantage for HBT with lower collector 
doping
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