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OUTLINE

» Research Background and Objective
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Research Background

Digital-to-Analog Converter (DAC)

@® Key component in modern transmitter circuits.

@® High linearity is required.



Research Objective

Nano-CMOS implementation of DAC

@ Device mismatch is large

@® DAC linearity deteriorates

@® Digital circuit can be implemented
with small chip area

$

Development of digital calibration method
for DAC non-linearity

Digitally-assisted analog technology
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Segmented DAC Configuration: 4-bit case
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Segmented DAC Operation: Digital Input = 0 N
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Segmented DAC Operation: Digital Input = 1
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Segmented DAC Operation: Digital Input = 7
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Segmented DAC Operation: Digital Input = 8
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Segmented DAC Operation: Digital Input = 15
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OUTLINE

 Problem Formulation




Problem of Actual Segmented DAC
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Actual DAC : Mismatches among current sources
11 =I+A11,12 =I+A12,I3 =I+AI3, ...,IN =I+AIN

I Average current
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Problem Formulation

Current sources with mismatches
11 :I‘l‘AIl,Iz :I‘l‘AIz, ...,IN :I‘l‘AIN

Definition of average current
1
[=—(1+L++Iy) W Al +AL +-+Aly=0

For digital input = k

—

Integral Non-Linearity (INL)

Choose k current sources to INL become small
VOUT — R(Inl + Inz Tt Ink) — R{kl + (élnl + Alnz Tt Alni)}

INL should be small




16/41

OUTLINE

« Unit Current Cell Sorting Algorithm




17/41

Switching Sequence Post-Adjustment (SSPA)

Features
« Calibration method after fabrication process.

« Change the switching sequence of unit current cells.
 DAC integral linearity is improved.

Concept
« Offsetting together with larger and smaller mismatch.
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T. Chen, G. Gielen (KU Leuven), “A 14-bit 200-MHz Current-Steering DAC
with Switching Sequence Post-Adjustment Calibration”, IEEE ASSCC (Nov. 2006)
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Proposal “Rearrange”. Step 1

Example: 4bit DAC
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Proposal “Rearrange” : Step 2

Example: 4bit DAC
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Proposal “Rearrange” : Step 3

Example: 4bit DAC
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Proposal "Rearrange” : Rearrange 1

Example: 4bit DAC o
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Proposal “Rearrange” : Step 4

Example: 4bit DAC
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Proposal “Rearrange” : Step 5

Example: 4bit DAC
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Proposal "Rearrange” : Rearrange 2

Example: 4bit DAC ©)Combine
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Proposal “Rearrange” : Step 6

Example: 4bit DAC B ©Combine
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Proposal “Rearrange” : Step 7

Example: 4bit DAC
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Proposal "Rearrange” . Rearrangﬁ

Example: 4bit DAC
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Proposal “Rearrange” : Step 8

Example: 4bit DAC
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Proposal "Rearrange” . Rearrangﬁﬁfl

Example: 4bit DAC Separate (Called "Rearrange 4 time”)
| l (Same as original SSPA) o
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OUTLINE

« Simulation Results
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Simulation Conditions

Assuming a 7-bit DAC, 127 current sources are used.
The current sources have mismatches. (41;)
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Mismatch variation as a parameter

Mismatches vary within the range of SD [%].
The simulation was performed by varying the degree of
mismatches from 1% to 20% as parameter SD.
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DNL & INL of Rearranges

Example: 3bit DAC
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DNLmax

DNLmax=maximum(DNL, : DNL,,-)

W Original MWRearrange 1 m Rearrange 2 Rearrange 3
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SD: standard deviation of normaf’distribution of current source mismatch

« Rearranges does not change DNL.
« DNL is proportional to SD(standard deviation of current source mismatch).
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INLmax

INLmax=maximum(INL, : INL,,,)
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SD: standard deviation of normaI]distribution of current source mismatch

« Rearranges reduce INL (average of reduction ratios are...)

» Rearrange 1 : 56% » Rearrange 4 : 31%
» Rearrange 2 : 36% » Rearrange 5 : 31% B Rearrange 2 is enough

» Rearrange 3 : 32% » Rearrange 6 : 31%
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OUTLINE

* DAC Architecture with Sorting Algorithm
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DAC Architecture with Calibration using Sorting Algorithm

« Current comparator is used in conventional SSPA.
T. Chen, G. Gielen (KU Leuven), “A 14-bit 200-MHz Current-Steering DAC with
Switching Sequence Post-Adjustment Calibration”, IEEE ASSCC (Nov. 2006)

« Qur proposal is VCO instead of comparator.

Vop
Enable Clock
Calibration Circuit
Ti b b INCY) o
S S2 83 SN _

VCON VCOouUT EN
Vout VCO Counter
R ; ;
—h START RESET
= S1---5N :
/
BI'“'B.\{ Binary Tl TN ‘
— to / :
Thermometer ! 1 CPU & Memory
Decoder

@® Implementation with only digital circuit

No need for a current comparator
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VCO with Current-Controlled Inverters and START Circuit
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OUTLINE

 Conclusion
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Conclusion

@® Investigated the segmented current-steering DAC
linearity improvement algorithm
using unit current cell sorting algorithm (SSPA).

@® Proposed "Rearrange” stops the SSPA step in the middle.

@® Simulation results show:
- "Rearrange2" reduces INL enough.
(conventional SSPA is same "Rearrange6")
- DNL is proportional to variation size of current source
mismatch

@® Proposed a digital implementation method
of the SSPA.



May.18, 2022
ULSI Workshop 2022

Thank you for listening

Kobayashi
Laboratory

NS

GUNMA UNIVERSITY

Kobayashi Lab.

Gunma University



42/41

Simulation Procedure

Al; are generated by rand function in C language.
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Q&A

.Eﬁtﬁ :
TDOF v )T L —3 9 TDACDO A B — Ni%
BELLRBER20WON?

YA
HAONZIExX YU T —3 g R Lo
T, TORITELS 2B 20,

(FFEHA 7N LI I TL— 3 U BR5H
DI TlEZn, )




