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Abstract 
Within this paper we present an Intelligent Analog IP design flow and its successful application on an industrial-level 
mixed-signal ASIC design. This novel design flow is based on a library of flexible (configurable), robust (Design for 
reliability awareness) and technology-independent Analog IPs, available from primitive device level up to complex cir-
cuit blocks. Its application leads to a significant increase in efficiency of the overall design process due to reduced de-
sign and layout cost, speed-up or even avoidance of redesign cycles and very fast technology porting. For the design of 
a multi-physical SMART sensor interface with a low-power 12-bit RSD ADC we already saved 43 % of layout time 
using the Intelligent Analog IP design flow. In addition, system-level and schematic design as well as post-layout veri-
fication was more efficient compared to conventional design flows. 
 
 
 

1 Introduction 
Analog parts of mixed-signal circuits like interfaces for 
sensor signal processing still cause a huge amount of total 
design effort. For typical, digital dominated mixed-signal 
ICs with an area share of 10 to 30 % for the analog parts, 
this analog design effort may have an amount of up to 
80 %. 
The well-known reason is the much higher complexity of 
performance and parameter constraints of analog blocks 
and the resulting lack of mature automation tools like to-
pology and layout synthesis known from digital IC de-
sign. The large amount of manual work leads to a strong 
dependence of design quality on the individual designer’s 
experience and thus to a higher sensitivity to expensive 
re-design cycles due to parasitic effects or bad yield with 
again large effort for circuit sizing or even topology 
change and layout. The same effort is usually needed for 
technology migration. 
General approaches to address this problem would be: 
 Avoid analog circuits. This is partly addressed 

by using the high computing power of todays digital 
ICs e.g. for advanced signal processing in wireless ap-
plications, but each sensing or wireless application 
still needs at least amplifiers and data converters for 
signal conditioning. 

 Decrease complexity. In the digital world this is 
achieved by the (re-)use of standard cells. These pre-
characterized IP blocks with known behavior and 
properties significantly limit the space of possible to-
pologies, sizing and layout variants for the final cir-
cuit.  

 Handle complexity. This includes all automa-
tisms that support the design and layout engineers 
with their daily tasks. Examples are fast search algo-

rithms for appropriate topologies (synthesis) [1], de-
vice sizing with optimization of circuit performances 
and parametric yield [3], automatic placement and 
routing based on matching and geometrical con-
straints. 

Even though several new approaches for analog design 
and layout automation were presented during the last dec-
ade [1][4][5][6][7][8][9], we still see conventional, hand-
work-dominated design cycles and layout implementation 
practiced by the major part of analog design teams. Estab-
lished EDA design environments like Cadence Virtuoso 
GXL provide several new features for automatic sizing, 
placement and routing of analog circuits, but they still 
show several problems [2] and are mainly intended to just 
increase productivity of single design steps, not to change 
them. 
Our resume is that a combination of the latter two ap-
proaches – decrease and handle complexity – would be 
the most promising solution for a faster and more reliable 
analog circuit design flow. This led to the idea of the In-
telligent Analog IP library (Section 2). Complexity is de-
creased and design know-how is retained by IP re-use, 
which limits the variety of possible topologies to pre-
defined, hierarchical, general-purpose analog IP blocks 
from which a designer or optimization algorithm can 
choose to create new circuits. The remaining complexity 
and necessary flexibility is handled by the “intelligence” 
of the IPs and the design flow (Section 3): parameters to 
adapt performance and layout properties of the IP, com-
mon generation of consistent schematic and layout views 
of the IP, automatic consideration of design rules, match-
ing and reliability constraints during layout generation, 
parasitic-aware circuit optimization flow. 
A further important and often underestimated requirement 
of successful design flow improvements is usability and 
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Figure 5 State diagram and switching sequence of the 
RSD algorithm 

Figure 6 shows the physical layout of the high resolution 
variant of the SMART sensor interface chip with indicat-
ed generator usage. In total we implemented 3 different 
chips using the RSD ADC core IP generator: 

 version A: for high-resolution specification, 
 version B: for low-power specification, 
 version C: for high-speed specification. 

In Figure 7 the layouts of the generated RSD ADC core 
designs with different specifications for version A, B and 
C are shown. 

 
Figure 6 Chip layout of the SMART sensor interface IC 
with high-resolution RSD ADC. Analog parts, automati-
cally generated by mid- and high-level generators, are in-
dicated with white frames. 

Complete designs for different specifications are push-
button generated by varying input parameters adjusting 
operational amplifier gain, settling and power consump-
tion, capacitor and switch size as well as geometric pa-

rameters affecting parasitic coupling and layout shape. 
The design parameters were determined in a circuit opti-
mization that can be coupled with the generator. 
All designs were implemented in XFAB 180 nm CMOS 
technology [13] and were taped-out for fabrication. 

 
Figure 7 Layouts for three different specifications, gener-
ated by the parametric RSD ADC core generator with 
placement variability: A – high resolution design, B – low 
power design, C – high speed design 

4.2 Postlayout simulation results 
In advance to “proof of silicon” we verified the different 
chip versions using our Intelligent Analog IP generators 
by postlayout simulation analyses, summarized in Table 
2. For comparison reason the commonly used figure of 
merit FOM = P/(2bit fs) is given, where P is the power dis-
sipation during conversion, bit is the ADC accuracy and fs 
is the sample rate. 

 
Figure 8 Comparison of ADC accuracy indicator INL 
with 16 bit resolution for the different chip designs 

In Figure 8 the INL (integral nonlinearity) as indicator for 
ADC accuracy is illustrated for all different versions. We 
could manage the trade-off between accuracy, speed and 
power consumption by applying one and the same high-
level Analog IP generator for the RSD ADC core. It push-
button generated a high-accuracy design with 13.5 bit ac-
curacy (12 bit with offset compensation), a low-power 



 

 

design with 73 µW power consumption and a significant 
faster design with 62.5 kS/sec sampling rate. 

version A B C 
resolution [bit] 16 16 16 
accuracy [bit]  
no offset-compensation 

13.5 13.0 10.5 

accuracy [bit]  
4 SSB offset-compensation 

12 11.9 10.0 

sampling rate [kS/sec] 12.5 12.5 62.5 
power consumption [µW] 248 73 511 
input voltage range [V] 2.0 2.0 1.8 
FOM [pJ/bit-Conversion] 1.7 0.7 5.6 
active chip area [mm2] 0.4 0.4 0.4 

Table 2 Postlayout performance of three different 
SMART sensor interface chip versions A, B, and C 

4.3 Concrete design benefits by using 
Intelligent Analog IP generators 

The postlayout results above clearly show the capability 
of our parametric Analog IP generators to generate com-
plete designs for a wide specification range within sec-
onds. Beside the enormous reduction of layout cost of 
43 % for three chip versions with different specification 
requirements (see Table 3), we gained a significant effi-
ciency during system-level design and postlayout verifica-
tion phase. Schematics and layouts were implemented for 
all three different generator usage levels listed in Table 3. 
Variants 2 and 3 were taped out for fabrication very re-
cently. 

layout method 1 2 3 
generator implementation 0 0 5 
RSD ADC core layouts A - C 15 11 1 
Layout remaining analog parts 20 16 12 
Top-level layout 5 5 5 
Total effort 40 32 23 
Layout cost reduction [%] 0 20 43 

Table 3 Comparison of layout cost [in man-day] for three 
chip designs version A-C for: 1 – conventional hand-
made layout, 2 – using base-level generators only, 3 – us-
ing up to high-level generators for RSD ADC core 

The automated generation of schematics and layouts with-
in a variable design parameter range did speed up system-
level and postlayout simulation and analysis. Since we 
have the layout available immediately after automated IP 
generation, postlayout optimization [14] within our design 
flow avoids inefficient over-margin design caused by the 
discrepancy between pre- and postlayout performances. 
Furthermore, the reproducibility of design data for all de-
sign parameter variations increases design safety and re-
duces or even avoids redesigns. Since the Intelligent Ana-
log IP generators are technology-independent, we expect 
a further significant speed-up of technology migration for 
the presented multi-physical SMART sensor interface 
chip. 

The presented work was partly supported by the European Union and
the Free State of Saxony within the project ILIAS. 

5 Resume and Outlook 
In this paper the successful application of the Intelligent 
Analog IP library and the corresponding design flow on 
the design of a multi-physical SMART sensor interface 
chip is presented. We gained significant efficiency im-
provements in all design steps from system-level design 
down to layout generation and verification.  
This demonstrates the great potential of our approach to 
reduce the immense analog design costs and time effort 
that have to be spent by mixed-signal design companies. 
This potential may be used to improve flexibility of de-
sign services, to implement customer-specific IP genera-
tors for external use or even to let customers implement 
own special IP generators on top of a base library. 
Our current activities follow short-term and long-term 
goals. A permanent short-term goal is the maintenance 
and extension of the Intelligent Analog IP generator li-
brary. This also includes support for further PDKs and IP 
design views like datasheets and especially behavioral 
and system models. Long-term goals include further flow 
automation e.g. to consider reliability issues (electro-
migration, device aging, self-heating, safe operating areas 
[11]) during layout generation, parasitic-aware circuit op-
timization, and topology synthesis. 
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