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Introduction Results Summary

Overview

> What is a PDIC?

> Why usage of lateral PNP transistors?

> What about the modeling?

> What are the requirements of the device?

> Where are problems for the application?

> How can the performance be improved?
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What is a PDIC?

> PDIC – Photo Detector Integrated Circuit

Source: Dominik Krause et al. Workshop Analogschaltungen 2008 

DVD
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Circuit

> PNP transistors used in differential amplifier with 
current mirror 
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Why usage of lateral PNP transistors?

> Lateral PNP exist in BiCMOS (0.6 µm) technology CORE 
module without additional masks -> very cheap

> But:

> FT very low

> Variation of Beta large

> Parasitic current gain high

> Process is fixed due to CMOS parameter

> For modeling: pmos has to be taken into account

NWELL
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Layoutvariations
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DC Characterization

qpa: Gummelplot
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qpc: Gummelplot

-vb  [E-3]

  
ib

.m
  

ic
.m

  
is

.m
  

[L
O

G
] 

 

200 400 600 800
1E-15

1E-14

1E-13

1E-12

1E-11

1E-10

1E-9

1E-8

1E-7

1E-6

1E-5

1E-4

qpc: beta

ic  [LOG]

  
b

e
ta

 (
m

/s
) 

 [
E

+
0

] 
 

/

1E-12 1E-11 1E-10 1E-9 1E-8 1E-7 1E-6 1E-5 1E-4
0

100

200

300

400

500

Problem: parasitic gain >1
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Open in active (isolation)

Old layout New layout

Parasitic Gain
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Parasitic Gain

qpa (old layout):parasitic gain
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qpa (new layout): parasitic beta
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DC Modeling

.SUBCKT LATPNP 1=c 2=b 3=e 4=s  

.param area='1'
q1 1 2 3 4 main
m1 1 3 3 4 modp w=14.4u l=0.9u ad=0 as=0 pd=0 ps=0
q2 4 2 3 pnpC
q3 4 2 1 pnpE

.model main pnp
+subs=-1    dcap=1
…
.model pnpC pnp
+subs=-1    dcap=1
…
.model pnpE pnp
+subs=-1    dcap=1
…
.model modp pmos version=3.10 level=49
+capmod=2     mobmod=1     nqsmod=0     noimod=1
…
.ends

SUBCKT Model:

-> Gummel Poon used for technologies > 0.35µm
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DC Modeling

qpa:  Beta vs IC; VC=-1V,-2V,-3V
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qpa: Gummel P lot; VC=-1V,-2V,-3V
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DC modeling 2

qpa: output characteristic; IB=1uA..21uA
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qpa: output characteris tic; IB=1uA...21uA
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RF modeling
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Requirements for the application (PDIC)
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FT optimization
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FT optimization

FT vs Gate Length; VCE=-3 V
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Beta vs. Gate Length

Beta vs Gate Length; VCE=-1 V; IC=1µA
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Channel leakage vs. Gate length

Channel Leakage vs Gate Length; VG=0V; VC=-5V
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- 0.6µm technology!
- short channel effect
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Summary

> FT requirements of costumer could be fulfilled, but
only with channel length < 0.6µm

> Leakage too high

> Parasitic gain at the limit

> Beta variation due to poly width process variation
very large

> Usage of vertical pnp transistors (additionally mask
required) recommended
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Thank you for your attention.

http://www.xfab.com


