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A. Matsuzawa

4Performance and architectures of ADCs
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ADC has a suitable performance domain.
SAR ADC expands the performance area

OpAmp based

Comparator based
Our target range (8-10b, 100M-1GS/s) 

- Electron microscope with DEPFET 

- Quantum computing

Uni. Bonn is working on different architectures: SAR (T65N, C. Kennedy) and FLASH (T28N, me).

Rad-hard, Fast ADC is still crucial component in big-data experiments (eg, ECAL upgrade).

Current activities: Fast ADC design
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Block diagram of our ADC

4bit
FADC

4bit
FADCVIN

4

7bit + IP
CDAC

Thermometer to Binary Encoder

132 HOYONG JUNG et al : A 12-bit 10-MS/s PIPELINED SAR ADC SHARING FLASH ADC AND RESIDUE AMPLIFIER OF …

the residue amplifier has a closed-loop voltage gain error 
of 0.5%, the SNDR of the pipeline SAR ADC decreases 
by more than 6 dB. However, this performance 
degradation is mitigated by the DCL used in the pipeline 
SAR ADC, as shown in Fig. 7.

4. Sharing of FADC1 and FADC2

Fig. 8 shows the block and timing diagrams of the 
FADC for data conversion in the two stages to reduce the 
area and power consumption. Fourteen comparators and 
one resistor string are used to share the 3-bit FADC1 in 
stage 1 and the 4-bit FADC2 in stage 2. For the operation 
of the stage 1, the IN1 signal is activated and the 

differential analog input signals, VINP and VINM, are fed 
to the FADC. In this case, 6 of the 14 comparators are 
operational and output the digital signal of D1<2:0>. For 
the operation of the 4-bit FADC2 in stage 2, the IN2 
signal is enabled, which causes all 14 comparators to 
operate and output D2<3:0>. Meanwhile, the sampling of 
the reference voltage from the resistor string is done by 
the REF signal, which is done every cycle for the 
operation of FADC1 and FADC2. On the other hand, like
the closed-loop voltage gain error of the residue 
amplifier in the MDAC, the offset voltage of the 

(a)

(b)

Fig. 6. Simulation results of residue amplifier: (a) frequency 
response; (b) closed-loop voltage gain.

Fig. 7. Dynamic performance of pipelined SAR ADC according 
to closed-loop voltage gain error of residue amplifier.
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Fig. 8. Proposed FADC: (a) block diagram; (b) timing diagram.

H. Jung et al.
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The organization of this paper is as follows. Section II de-
scribes the interpolated pipeline architecture. The technical de-
tails of the prototype ADC are discussed in Section III. Experi-
mental results are presented in Section IV. Finally, conclusions
are drawn in Section V.

II. INTERPOLATED PIPELINE ARCHITECTURE

The pipeline architecture is suitable for high speed and mod-
erate resolution conversion. However, the insufficient opera-
tional amplifier gain of the scaled CMOS technologies makes
designing high-accuracy closed-loop residue amplifiers chal-
lenging. In addition, the limited headroom from a scaled supply
voltage makes the design even more cumbersome.
Alternatively, the interpolation technique [18], [20] can be

applied in a pipeline fashion [19], [21], [22]; thus, the gain accu-
racy requirement of the residue amplifiers shifts from absolute
to relative gain accuracy between a pair of residue amplifiers.
Due to the relaxed gain requirement, open-loop amplifiers with
simple topologies can be employed. Such simplification may
help to overcome issues related to supply voltage scaling. Fur-
thermore, the use of simple amplifiers may help to enhance the
conversion rate of a pipeline ADC [23].
Fig. 1(a) and (b) show the conceptual diagrams of a conven-

tional pipeline ADC and an interpolated pipeline ADC. For the
conventional pipeline ADC, once the input signal level is de-
termined by comparing it to the reference levels, the residue
( , where is the pipeline stage) must be amplified by an
exact amount, in this case four times. If the amplification factor
deviates, then a conversion error may occur. This is because

in a conventional pipeline ADC is typically compared to
a fixed reference in every stage of the pipeline; therefore, it must
be amplified by an exact amount to match the reference. Unlike
the conventional pipeline ADC, the interpolated pipeline ADC
amplifies a pair of residue signals, and , as illus-
trated in Fig. 1(b). The sum of and is the LSB of
the th pipeline stage. Thus, the reference information becomes
embedded within this pair of signals [19]. By comparing the rel-
ative strength between these two signals, the residue can be fur-
ther quantized. As long as the amplification factor for the pair of
residue signals is sufficiently high and relatively matched, then
the interpolated pipeline architecture can function correctly.
Fig. 1(b) also shows the voltage diagram of the interpolated

pipeline ADC. To generate and in each stage, the
input signal is shifted and interpolated in the first stage and only
interpolated in the following stages. Conceptually, this is equiv-
alent to shifting the conventional folded input signal at the th
stage up and down by an offset voltage that varies
with the LSB of a pipeline stage as shown below,

(1)
(2)

where is the LSB of the th pipeline stage and may vary
stage to stage. Fig. 1(c) illustrates how the residue signals
are generated using interpolation and propagated through the

Fig. 1. Conceptual operation diagrams of (a) a conventional pipeline ADC and
its voltage diagram and (b) an interpolated pipeline ADC and its voltage dia-
gram using interpolation. Unlike conventional pipeline ADCs, the interpolated
pipeline architecture requires relative gain accuracy between a pair of residue
amplifiers instead of absolute gain accuracy. (c) A voltage diagram showing
how residues are generated using interpolation.

pipeline stages. A more detailed flow of the signal through the
pipeline stages is described below.
Fig. 2 shows the block diagram of the proposed interpolated

pipeline ADC with dynamic amplifiers as its residue ampli-
fiers. A fully differential scheme is implemented; however, a
single-ended scheme is used in this paper for simplicity. In the
first stage, an input signal, , and a reference voltage, , are

J. Lin et al.

6
(4-1)+(4-1)

- 10-bit: 4b FLASH + 3b FLASH (after residue calc.) + 3b FLASH (IP) 
- VDD: 0.9 V in T28N CMOS, Target speed around 200 MS/s

(IP)

coarse conv. fine conv.
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test_local_TB_FLASH_2ND_MONO_1	:	test_local	TB_FLASH_2ND_MONO	schematic 12:46:45		Mon	Jun	16	2025

Transient	Response Mon	Jun	16	12:42:41	2025
Name Vis

	/CLK_CMP_C
	

1.01

-0.113

V

	/CLK_CMP_F
	

1.01

-0.111

V

	/VDAC_DAC_C
	

	/VINP
	

	/VOUT_DAC_F
	

457.6

448.2

m
V

	/CLK_SMP
	

1.0

-0.107

V

304.3 994.3ns

Printed	on	
by	tekishis

Page	1	of	1

Waveforms

0.879 mV! (=900 mV/2^10)

Test bench: /users/kisisita/tsmcN28/test_local/TB_FLASH_2ND_MONO

(1) 1st flash-ADC (4 bits) (2) calculate residue (3) 2nd flash-ADC (3 bits) (4) calculate residue (5) 2nd flash-ADC (3 bits)

Schematic simulation

comparison after residue calc.
comparison after IP

coarse CLK

fine CLK

sampling CLK

T28N

- Average power consumption: 690 uW (17.3 fJ/conv. step) @125MS/s, including control circuits.
will be submitted in Nov. 2026 4
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Near future application
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Project Description – Initiation of International Collaboration Programme 
 
[First name last name, research institution, city of all applicants] 
Tetsuichi Kishishita, Universität Bonn, Bonn 
 
 
[First name last name, research institution, city, country of the persons with whom the 
international collaboration will be carried out (cooperation partners)] 
Noritaka Kitamura, University of Tokyo, Tokyo, Japan 
 
 
[Title of the topic to be explored within the international collaboration (for workshops) 
and/or of the joint project to be prepared (for trips abroad and guest visits)] 
JSPS Joint Seminar: Novel Silicon Carbide Detectors for Nuclear Physics Experiments 
 
 
1 State of the art in the relevant subject area 

Nuclear physics experiments using radioactive beams aim to construct a unified theoretical 
and physical picture that can describe various isotopes systematically by producing unstable 
nuclei that are not naturally occurring. While recent developments in experimental techniques 
have made it possible to produce various unstable isotopes, the radiation tolerance of detectors 
becomes an issue as the beam intensity increases. In particular, the radiation tolerance of ToF 
(Time of Flight) detectors which plays a key role for individual tagging of isotopes with good time 
resolution becomes an urgent need in nuclear physics experiments with high intensity beams.  

Figure 1 shows a conventional detector system for tracking and tagging unstable nuclei. A 
combination of silicon detectors, organic-scintillator based hodoscopes, and gas detectors is 
generally used at the radioactive beam facilities, such as the GSI FAIR (The Facility for 
Antiproton and Ion Research) in 
Germany and RIKEN RIBF (RI Beam 
Factory) in Japan. These detectors, 
however, have low radiation tolerance 
to heavy ion beams. For example, 
when the detector is irradiated with the 
maximum intensity of the radioactive 
beam available at the RIKEN RIBF, its 
detection performance deteriorates 
within a day-scale and it becomes 
necessary to replace it. For this 
reason, the beam intensity is 
intentionally reduced at the 
experimental site. However, the recent 
emerge of the FRIB (Facility for Rare 
Isotope Beams) in the USA surpasses 
the existing supply capabilities of unstable 
nuclei and it gives a new opportunity for 
understanding the unified nuclear picture 
based on precise measurements with a 
high statistical approach. Thus, a novel radiation-tolerant detector with a good timing resolution 
is highly required and it also provides an ultimate solution by replacing all conventional 
detectors, e.g., with a single type of detectors, as shown in Fig. 1. 

Figure 1: Example of the configuration of the 
detectors for beam measurement in the 
unstable nuclear experiment (RIKEN RIBF) 

Current status Ultimate solution
Si detector

ToF detector Gas detector

beam

RIKEN RI Beam Factory

Beamline for nuclear reaction 
research with unstable nuclei

Stable nuclear beam

Unstable nuclei

Detectors for tracking 
and tagging

Production target of unstable nuclei

Superconducting Ring Cyclotron

SiC strip detectors
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Current status Ultimate solution
Si detector

ToF detector Gas detector

beam

RIKEN RI Beam Factory

Beamline for nuclear reaction 
research with unstable nuclei

Stable nuclear beam

Unstable nuclei

Detectors for tracking 
and tagging

Production target of unstable nuclei

Superconducting Ring Cyclotron

SiC strip detectors

- Large signals in SiC sensor—> 
direct readout with fast ADC

(timing + position)

- Interleaving approach (200 MS/
s x 5 = 1GS/s)

Fukuda et al., NIM B, 317 (2013) 323-332

- Nuclear Physics Experiment, e.g., @RIKEN RI Beam Factory
- Replace conventional detectors with SiC strip sensor (timing+position)

Combination of Fast ADC + SiC sensor for TOF detector
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Timing performance (sensor side)

Useful as TOF-start counter in heavy-ion nuclear experiments.

Transient response of the SiC sensor without 
amplification, recorded with an oscilloscope.

Time difference between the SiC and 
scintillator+PMT, after correcting the 
slewing effect.

- Conducted beam test with 40Ar ions at 6 MeV/nucleon→ energy deposition of 240 MeV to SiC!

- Close to the time resolution of a polycrystalline diamond
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SiC-strip sensor (1 cm x 1 cm, 52 strips with 200 um pitch) under testing.

Sensor status

investigated in DFG Japan-Germany Collaboration program
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 次に上述の方法で確立した低温エレクトロニクの設計手法を軸に、これまでの研究において室温環

境下で性能が実証されている TPC読み出し回路に対して、低温下で正しく動作するように回路修正を施

したチップを製作する。この液体アルゴン TPC読み出し回路へのユニークな要求の 1つに、ワイドダイ

ナミックレンジ性能が挙げられる。これは、最小電離粒子による小信号事象だけでなく、陽子が測定器

内で止まった時などからくる大信号事象といった 2種類の信号事象に対応したいとの要求から来る (図
1)。この要求に対応するために、各信号チャンネルに 2種類の入力電荷信号に対応する信号処理回路を

組み込み、それぞれの波形に対してアナログ・デジタル変換回路でサンプリングを実施する。その際、

多チャンネルによる消費電力の増大を抑えるために、超低消費電力のアナログ・デジタル変換回路を新

たに設計し搭載する。回路設計は主に申請者が担当し、チップの試作費用は極力他のプロジェクトとウ

ェハーの相乗りをすることで費用を安く抑える。基板設計やデータ収集系のファームウェア開発は、必

要に応じて申請者の所属する E-sysグループの技術職員の助けを借りる。また製作した ASICを液体アル
ゴン TPCへと実装するフェーズでは、共同研究者を中心に検出器全体のシステム設計を行い、基板との

配線接続や冷却オペレーションなどを実施する。以下に本研究で開発する ASICの回路性能をまとめた。 
・最小信号量:	-10	fC	(1	MIP) 
・整形時定数: 1~3	μs程度 

・動作環境: 87	K 

・検出器容量: ~300	pF 

・最大入力電荷信号: ~80	fC	&	~1600	fCの 2種類 

・雑音特性: <	3000	e-	(小信号事象),	<6.4	x	104	e-	(大信号事象)	

３．代表研究者および協同研究者のこれまでの業績概要 
   代表研究者はこれまでの研究において、物理実験を目的としたマイクロエレクトロニクスの開発を、

0.35	umから 65	nmまでの複数の CMOSプロセスを用いて行ってきた。シリコンを中心とした半導体検

出器の読み出し回路においては、宇宙科学研究所で 6年間、ドイツのボン大学で 6年間の研究開発を行

い、宇宙硬 X線イメージャや完全空乏層型モノリシックアクティブピクセルセンサーの設計に携わって

きた。2016年 11月より素粒子原子核研究所に着任し、J-PARCにおけるミューオン g-2/EDM実験のため

のシリコンストリップ検出器の読み出し ASICの開発 (発表論文リスト[3]) やミューオン・電子転換過程

探索実験 COMETに用いるワイドギャップ半導体検出器の開発を行なっている(発表論文リスト[1,	2])。 
  本研究に関係するニュートリノ実験用液体アルゴン TPC用の ASIC開発においては、180	nm	CMOSプ
ロセスを用いて試作チップをこれまでに 2回開発し、その性能を評価してきた。液体アルゴン TPCに要
求されるエレクトロニクスはそのユニークな要求性能から市販のチップでは代用できず、自分たちの手

で設計する必要がある。申請者はこれまでの開発で複数の信号処理アーキテクチャを考案しており、い

ずれも室温での評価試験では、基本的な回路の動作や雑音特性、ダイナミックレンジ性能などが液体ア

ルゴン TPCの読み出し回路としての要求を満たしていることを確認している (発表論文リスト[4])。また
開発した ASICがニュートリノ実験だけでなく、暗黒物質探索を目的とする他の希ガス TPCにも応用でき

ることを実証するため、Micromegasと接続した陰イオンガス TPCから信号を読み出すことにも成功して

いる。低温エレクトロニクスの開発では欧米が先行する中で、申請者らは超低雑音読み出しを武器に着

実に液体アルゴン検出器実現へと歩みを運んでいる。本研究はこうした過去の取り組みをベースに開発

の流れを中断することなく、液体アルゴン温度にまで拡張した低温エレクトロニクスの完成を目指す。 
  共同研究者はこれまでの研究において、加速器ニュートリノ振動実験 T2Kでニュートリノ研究を続

けている。大強度陽子加速器施設 J-PARCの建設に参加し、世界最大強度の陽子ビームを加速器から取 

－ 4 － 

図 1: 本研究で期待されるニュートリノから
生じる陽子イベント事象。飛跡の線の色が信

号の大きさに比例する。 

Another interests: Cryogenic CMOS
- Cryogenic liquid-Ar (LAr) Time Projection Chamber  
- 3D Tracking for neutrino studies (eg. hadronic interaction with neutrinos). 
- Collaboration with KEK

R&D goals of signal readout electronics 
◦ high integration 

‣ multi-channel signal readout

◦ low power consumption 

‣ No bubbles in LAr to reduce HV discharge risk.

◦ High gain 

◦ Wide dynamic range 

‣ To detect shower events with about 50 times larger than MIP signal. 

◦ Low noise 

‣ To read out the MIP signal with the signal-to-noise ratio of higher than 10. 

◦ stable operation in low temperature environment.

Introduction
Huge size TPC based 3D tacking detector is considered to be used 
for future neutrino experiment and directional dark matter search; 

We have developed a signal readout electronics  
LTARS (Low Temperature Analog Readout System)  

based on ASIC technology for the detector

2

Negative Ion Micro TPC 
(NIµTPC)Liquid Ar TPC 

(LAr-TPC)
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Cryogenic test setup

Direct immersion of the ASIC in a dewar vessel filled with LN2 (77K). 

① ASIC board

② Power supplies and parameter tuning board

③ Custom FPGA board for DAQ

-T180N, 16 ch CSA+Shaper: 10mV/fC (high gain), 0.5mV/fC (low gain) + ADC+TX: 10 MS/s (8b)
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Waveform comparison

No clear degradation is found between room temperature and LN2 temperature.

低温試験結果
LTARS2018での低温試験と同様
のセットアップで低温試験を行
い、LTARS2020の低温動作の確
認を行なった。 
• 低温環境下でも室温時と同様
のアナログ出力波形を取得 
• ゲインの自動切り替えも確認で
きた。 

LTARS2020は低温環境でも室温
と同様の動作をする。

14

アナログ出力波形の比較
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低温時
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アナログ出力波形の比較
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低温時Room temperature LN2 temperature200mV, 4us/div 200mV, 4us/div
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Testing with TPC

TPC anode pad

30L TPC @ KEK

2 ASIC boards for X Y 
directions are  mounted  
directly  above anode. 

◦ TPC is filled with gas argon.

◦ 241Am ( alpha source ) is set 

under the anode pad.

Can we apply the cryogenic know-how to other experiments?

ASIC  was mounted  on 30L sized TPC.

New chip submitted in Jan. 2026 including newly designed PLL.
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Thank you very much.


