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Computer architecture has a major bottleneck in the transfer of data between memory 
and computation units. One of the solutions that has been proposed is Compute-in-
memory (CIM) architectures, to accelerate the computations. A key component in such 
mixed-signal CIM architectures is the Analog-to-Digital Converter (ADC), and in 
particular the Successive Approximation Register (SAR) ADC, which digitizes the analog 
computation results from RRAM crossbar arrays. 

This project focuses on the circuit-level design and characterization of an 8-bit SAR ADC 
with a StrongARM comparator, inspired by the methodology presented in [1] [2]. The 
emphasis is on measuring and modeling the dynamic power consumption of the 
comparator and CDAC, as a function of input-dependent switching activity. The project 
includes characterization of energy per comparison, extracting CDAC switching energy 
as a function of output code and SAR decision step, and building a lookup table (LUT) 
for comparator dynamic energy versus differential input voltage. Through this work, 
students will experience mixed-signal circuit design, understand the role of ADCs in 
compute-in-memory architectures, and explore how analog design choices impact 
system-level behavior and potentially even security. 

The main architecture- an 8-bit binary-weighted CDAC SAR ADC [1]: 

 

 
 

 

 

 

 

 

 

 

 

 

 

 



With StrongARM latch comparator [2]: 

 

 
 

 

 

 

 

 

Specific objectives:  

• Design an 8-bit charge-redistribution SAR ADC with binary-weighted CDAC. 

• Implement a StrongARM latch comparator at transistor level. 

• Characterize: 

• Comparator dynamic energy per comparison cycle. 

• CDAC switching energy versus output code. 

• Generate input-dependent dynamic power traces per conversion. 

• Analyse how circuit-level switching activity translates to data-dependent 
dynamic power variations. 

Scope of the project:  

• Architecture design: Define the SAR ADC, with two main components 
comparator and switched-capacitor DAC and timing requirements.  

• Implementation and Verification: in Virtuoso, including layout.  

Course Requirements: 0460237 - Integrated Circuits - Introduction to VLSI. 
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