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pnp in CMOS tech: cross section 

DC Characterization 

RF Characterization 

 Temp Characterization 

 Important for Bias Ref & Temp Sensor 

Variability Analysis 
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Cross Section 
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Substrate pnp Cross Section 
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DC Characterization 
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Forward Gummel Measurement 
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Output Characteristics 
Forward & Reverse 

7 



Emitter and Base Resistances 
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Emitter resitance: re Base resitance: rb 
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RF Characterization 
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Definition 

    is the frequency where the magnitude of the short-circuit 
common-emitter current equal unity 

 Importance 

   determines the depletion capacitance between base and emitter 

 This capacitance has a stong effect on device high frequency 
performance 

 Physical meaning 

 

Transit Frequency  
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  : Available Collector: Low Freq 
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  : Grounded Collector: Low Freq 
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  : Available Collector: Mid Freq 
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  : Grounded Collector: Mid Freq 

14 

b e 

c 

b 

e 

c 



  : Available Collector: High Freq 
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  : Grounded Collector: High Freq 
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    : Available vs. Grounded Collector 
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Relationship Between     and  

Measurement of the grounded 
collector pnp 

Exctraction of collector to base 
current gain 
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Current Gain RF Measurement 



Transit Frequency vs. IC 
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     : Base Resistor 



Base Resistance from RF Measurements 
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Temp Characterization 
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Measurement Setup for Veb vs. Temp vs. Ie 
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Veb and Temperature Coefficient 
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Statistics of Veb 
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Negative-Temp Coef Voltage 

 Assumptions 

 The forward voltage of a diode exhibits a negative TC 

 This diode can be either the base-emitter junction or the nwell-psubstrate 

 

 

 

 

 

 

 

 

 

 ΔVBE is independent of the bias current 

 TC is independent of the temp 
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Positive-Temp Coef Voltage (PTAT) 

Assumptions 

 Two identical transistors 

 Negligible base compare to collector current (or high beta) 

 

 

 

 

 

 

 

 

 ΔVBE is independent of the bias current 

 TC is independent of the temp 
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Positive-Temp Coef Voltage (PTAT) 
Assumptions 

 Two identical transistors 

 Non-negligible base compare to collector current (or low β) 

 Constant β over collector current: Ebers-Moll Model predicts 

 

 

 

 

 

 

 

 ΔVBE is independent of the bias current 

 TC is independent of the temp 
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Positive-Temp Coef Voltage (PTAT) 
Assumptions 

 Two identical transistors 

 Non-negligible base compare to collector current (or low β) 

 Non-constant β over collector current: Gummen-Poon Model (SGP) 

 

 

 

 

 

 

 

 

 

 ΔVBE does depend on the bias current since β depends on bias 
current 

 TC depends on both the temp and bias current 
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Veb vs. Temp vs. Ie 
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Ie=1nA 

Ie=10nA 

Ie=100nA 

Ie=1uA 

Ie=10uA 

Ie=100uA 

Ie=1mA 



32 

Variability of ΔVeb vs. Temp 
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