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The Requirement of Low-Power

⚫ AI Edge Applications
◼ Sensor, Smart-phone, watch, Automotive electronics, glasses … etc.

◼ Edge computing will be commonly used in the 5G era

◼ Challenges: privacy, security, reliability, power consumption and other factors.



⚫ Memory-Centric design
◼ AI algorithm needs a lot of computing units to implement a neural network. 

◼ Replacing the fully digital computing unit to mixed memory computing unit to reduce the power 
consumption and huge I/O bandwidth requirement.

◼ Deploying computation to storage and enabling efficient IMC while avoiding massive amount of 
data movement.
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⚫ Successive-Approximation-Register (SAR) Analog-to-Digital Converter (ADC)
◼ Excellent power efficiency 

◼ Consists of individually switched binary-weighted capacitors, a comparator, and SAR logic.

◼ Many works try to reduce the capacitance of Cap Array to achieve better power efficiency.



⚫ Very small finger unit cap [6] (90nm CMOS Process, M4-M7 stacked)

⚫ Some works [6-10] have replaced the traditional MOM CAP Array with this structure 
of cap array (Finger Cap Array) to further reduce the power consumption.
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Motivation --- Parasitic Impact on SAR-ADC

⚫ The accuracy and performance of a SAR-ADC are highly correlated with the accuracy 
of capacitance ratio of binary-weighted capacitors, while the power consumption
and setting time depends on the absolute capacitance values.



⚫ Most of the previous works focus on the placement and/or routing in the 
MOM/MIM-Cap structure.
◼ [5, 16] emphasized the matching properties of common-centroid placement.

◼ [9, 11] proposed some methods or guidelines for routing to minimize the parasitic capacitance 
and/or the mismatch of the capacitance ratio.
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Previous Works

⚫ None of the previous works optimizes the matching properties automatically in the 
structure of Finger-Cap-Array. 

⚫ The impact from routing parasitics becomes enormous with such small unit 
capacitor.
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Contribution

⚫ We presents a new framework to synthesize a Finger-Cap-Array layout for low-
power SAR ADC
◼ We first adopt the common-centroid placement style, “partially interdigitated” (PI), in [10] to 

generate an optimal binary-weighted capacitors placement result in SAR-ADC with balanced 
parasitic capacitance and mismatch.

◼ In the routing stage, we present the parasitic-aware ILP-based weight-dynamic network routing 
algorithm to generate the optimal layout.

◼ Our approach helps designers save much time when designing the switched binary-weighted 
capacitors.
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⚫ Objective: To generate the capacitor-array layout with the minimized total parasitic 
capacitance and capacitance ratio mismatch for optimal Effect Number of Bit (ENOB)
result

⚫ Cost function:
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where ෡Ci and ෩Ci is the target and real capacitance.

Problem Formulation
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Algorithm Overview
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One-Dimension Unit Finger Capacitors Placement
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⚫ [10] proposed a common-centroid placement style, 
“partially interdigitated”(PI), that strikes a balance 
between the inter-bit parasitic capacitance and symmetric.

⚫ Most of the previous works evaluate the matching quality 
of a common-centroid placement with the cost function:

(a) fully interdigitated (b) non-interdigitated (c) partially interdigitated

Input: Cap. Array Info

Placement in PI 
Common-Centroid form

Construct the Routing 
Graph G(V,E)

output: layout
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One-Dimension Unit Finger Capacitors Placement
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Input: Cap. Array Info

Placement in PI 
Common-Centroid form

Construct the Routing 
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output: layout

ILP-based Routing
Considering Parasitic and 
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placement
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⚫ Example: 3 nets with the ratio 1 : 2 : 4.
◼ The capacitors of the net with the biggest ratio are put at the 

outermost of the array.

◼ The vertical line of the net with the biggest ratio is put at the 
farthest row.



Parasitic-aware ILP-based Weight-Dynamic Network 
Routing Algorithm
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⚫ Cost assignment and network construction
 Transfer each pin and wire to node.

 𝜑 = σ𝑖
𝑁 𝛼 ∗ ෩Ci + 𝛽 ∗ ෡Ci − ෩Ci

 where ෡Ci and ෩Ci is the target and real capacitance.

 ෡Ci = ෪C0 ∗ ri/r0

 ෩Ci = 2ri−1 ∗ Cu + Cparai
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⚫ Connectivity Constraint
 Group the connected edges for connectivity


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Routing Algorithm



⚫ Cost assignment and network construction
 Transfer each pin and wire to node. 

 𝜑 = σ𝑖
𝑁 𝛼 ∗ ෩Ci + 𝛽 ∗ ෡Ci − ෩Ci

 where ෡Ci and ෩Ci is the target and real capacitance.

 ෡Ci = ෪C0 ∗ ri/r0

 ෩Ci = 2ri−1 ∗ Cu + Cparai

2023/4/23 23

Input: Cap. Array Info

Placement in PI 
Common-Centroid form

Construct the Routing 
Graph G(V,E)

output: layout

ILP-based Routing
Considering Parasitic and 

Cap Mismatch

placement

routing

Parasitic-aware ILP-based Weight-Dynamic Network 
Routing Algorithm (𝛼 = 1)
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Parasitic-aware ILP-based Weight-Dynamic Network 
Routing Algorithm (𝛼 = 0.35)



⚫ The objective function of the ILP-based routing problem:







⚫ The constraint function of the ILP-based routing problem:


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Objective and Constraint Functions for ILP
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⚫ Implement on 4-bit binary search SAR ADC
◼ cap. ratio = 1:1:2:2:4:4

◼ ideal ENOB = 4-bit

⚫ The proposed algorithm can generate the layout with better ENOB
◼ Considering the total cap. and cap. ratio mismatch
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Experiments



⚫ Although (a) has lowest total cap., the layout (b) with considering both total cap. 
and cap. ratio shows better ENOB result

Experiments
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(a) Only minimum ෩Ci (b) Considering cap ratio matching
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Conclusion
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⚫ We present a framework to synthesize binary-weighted capacitors in the structure 
of Finger-Cap-Array.
◼ The partially interdigitated common-centroid placement is presented to generate a placement 

result considering the parasitic effect and the process-gradient-induced mismatch.

◼ The parasitic-aware ILP-based weight-dynamic network routing algorithm is performed to finish 
the connectivity for all net simultaneously as well as minimize the parasitic capacitance and 
capacitance ratio mismatch with the proposed objective function and constraints



Thank you
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