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i Nano CMOS Era Has Come
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Position of Analog Technology
‘-L in Modern Electronics

@® Digital technology is great !
@® Today,

analog technology is

for digital technology.

Cooperation between analog and digital
IS Important !



Digital Signal Feature (1)
Discrete Time (Sampling)

'y

— analog signal
@ sampled point
Ts=2n/ ms

» time

0 Ts 21s 31s 4ls b5ls 61s

7Ts 81s

Take sampled points and discard the others.



Digital Signal Feature(2)
i Amplitude Quantization

Yk — analog signal
F'y - -
7 — digital signal
6 : Ts=2n/ ms
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Amplitude rounding



‘L 4 Regions for Circuit Design

Continuous Time Discrete Time
Continuous Region 1 Region 2
Amplitude Ana|og Switched Cap. Sampler
Discrete Region 3 Region 4
Amplitude TDC, PWM Digital
Region1: Good for bipolar

Region 2, 3, 4: Good for CMOS

Statement of this paper

Analog in nano CMOS era I:{) Use all 4 regions
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[1] M. Hirano, N. Kushita, Y. Moroshima, H. Harakawa, T. Oikawa, N. Tsukiji, T. Ida, Y. Shibasaki,
H. Kobayashi, “Silicon Verification of Improved Nagata Current Mirrors”,
IEEE International Conference on Solid-State and Integrated Circuit Technology (Nov. 2018)
[2] M. Hirano, N. Tsukiji, Haruo Kobayashi,
"Simple Reference Current Source Insensitive to Power Supply Voltage Variation
- Improved Minoru Nagata Current Source",

IEEE International Conference on Solid-State and Integrated Circuit Technology (Oct., 2016) 10
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Original Nagata Current Mirror

1 |
\v/
i ) North Star

< R 1
! IOUT
| = _ "IN Vpp
M1 M2 Peaking current characteristics
IT 4 At peak vicinity A
MOS Nagata ‘
Current Mirror Circuit Small output current change

. against input current change )

Simple - Widely used. Ex: in DC-DC converter ICs
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Previous Improved Circuit
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MOS Reference Current Source Operation A
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* Chip Fabrication / Measurement
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Supported by ASO Inc.
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voltage

s

Sampling Circuit

time

Vine

Vin

SW

Vin o e o Vout
swW [
_—C
SW ON
Track mode
SW OFF
Vout(t) = Vin(toer)
Hold mode




Frequency Estimation Sampler System
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Giga Hertz order Based on residue number system

unknown Rel Complex | fres1
fin sampler
FFT
| Iml
Acos(2mf it + 0
cos(2mf,t) RC cos@nf )# fsi
| polyphase
filter [Asinnfit+6)] | r or o Complex | fresz | chinse
Ssampiler FFT remainder
l Im2 theorem
fs2
_Re3 Complex | fress
sampler
— FFT
I Im3
fs3

kHz order sampling frequencies
fsl, fs2, [£s3 are prime numbers.

estimate

fin
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Time-to-Digital Converter (TDC)

® Testing the timing CLKI
between two repetitive digital signals " -
Ex. Data and clock - -
in Double Data Rate memory CLK2 __ I

ok X XX OO OO

® Short testing time command —(READ )
® (Good accuracy pas . I\ —

l' Data OO O)——

Implement BOST with small circuitry

BOST: Built-Out Self-Test



Phase Noise Test with AZ TDC

Phase noise in oscillator

Necessary signal Malfunction of electronic systems
. * RF circuit & system
Phase Noise

« ADC

Power

frequency Phase noise test at low cost, in short time

Conventional Proposed

Simple circuit e

AX Time-to-Digital Converter

IH l
., i

® Expensive :Spectrum analyzer
® Long : testtime ( ~10seconds)

m) cost @ @

[1] Y. Osawa, H. Kobayashi, “Phase Noise Measurement Techniques Using Delta-Sigma TDC”,
IEEE International Mixed-Signals, Sensors and Systems Test Workshop (IMS3TW'14),
Porto Alegre, Brazil (Sept. 17-19, 2014). 20
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Low uost high quality
Phase noise test




TDC BOSTs for Timing Signal Testing

Flash-type TDC with analog FPGA Flash-type TDC with digital FPGA

[2] T. Chujo, H. Kobayashi, “Experimental Verification of Timing Measurement
Circuit With Self-Calibration”, IEEE International Mixed-Signals, Sensors and
Systems Test Workshop (IMS3TW'14), Porto Alegre, Brazil (Sept. 17-19, 2014).



On-chip Jitter Measurement Circuit

----------------------------------------------------------------------------------------------------------------------------------
- -
-

Cascaded TDA

CLK \_ mbit _ pjgital Code
E(Period:T)‘ ; D Latch [ )~ Counter D" o)

>
nT- . 4
delay 9 'E_
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Digital o ©
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® -
. 45um
Experiments show that _ b,
1.67 ps RMS timing jitter ~ Process : 65 nm CMOS =k
can be measured Supply Voltage : 1.2V 30 um
1350 um?

[3] K. Niitsu, H. Kobayashi , “CMOS Circuits to Measure Timing Jitter
Using a Self-Referenced Clock and a Cascaded Time Difference Amplifier
with Duty-Cycle Compensation,” IEEE Journal of Solid-State Circuits, Nov. 2012.
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Research Background & Objective o

B Background ATE System

High-speed sampling time-interleaved ADC for ATE system
Timing skew ™  Bigissue

Error compensation of timing skew effects

Conventional
‘Analog method + Digital method |

B Objective
Proposal
| Full digital method |

High accuracy, Stable, Reliable

i
& % ; 3 niversi
Kobayashi. Lab (@ Gunma_ University




2-channel Interleaved ADC

s, <ADC,

1 1
CLK,

Analo Digital
input output
o—| S/H, --<ADIC2 —0
1 $

CLK,
CLKI S e Y Y S Y S
CLK,
Timing skew At
CLK’

Time >

CLK1 reference
CLK2 delayed by half period

2 times sampling rate

e - A
:E! ' Kobayashi. Lab (@ Gunma_University




Timing Error in Sampling

Output error due to timing skew

J/

-4 = A

'l Ny —— |deal clock
:_T L_ i _}Tq:_(_ ;“ Actual clock
AN Timinﬁeﬂ\}v * Ideal sampling points

= Actual sampling points

Timing error (horizontal error)

4

Sampled voltage error (vertical error)

Kobayashi. Lab (@ Gunma_University




Input Frequency & Output

Low freq.

High freq. :

;\;

\/

T At

|
|
.|.

Input freq. £

N

Output errort

/.&'t

Timing skew

As input frequency increases,
timing skew problem
becomes serious

in interleaved ADC.

Kobayashi. Lab (@ Gunma University




Proposed Calibration System

B
@® Full digital
@® Timing Skew Detection
- Cross-correlation of two channel ADC outputs
@® Timing Skew Effect Compensation
- Delay linear digital filter
@ Calibration Control
- Successive approximation algorithm
- Foreground calibration

-
:E‘ ' Kobayashi. Lab (@ Gunma_ University



Timing Skew Detection

P Correlation of R(0)and R(1)
CH1 ADC output: f17] . T
CH2 ADC output: gln]=fIn+T-ai] 1 T 1
: va |
ag 0. L R
R(0)=R,[0]=lim—Y f[n)fln+T-As] | ‘b | |
n—% gy . i _: : l |
lag 1‘ 1 n % ];1l L:l | ;5
R =R,[2T]=lim=)_ f[n]f[n-T—-Ar]  'fcT-a0 " f(T-a0
LEaal / B, f(0)

Timing skew At
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Timing Skew Detection
Cross-Correlation without Timing Skew
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Timing Skew Detection
Cross-Correlation with Timing Skew

1 i
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Timing Skew Effect Compensation

P Linear Phase Delay Digital Filter

Linear phase - maintain time-domain waveform

Conventional Linear-Phase Digital Filter :
Group delay time resolution T./2
Proposed Linear-Phase Delay Digital Filter [1] :
Arbitrary small time resolution 1

[1] K. Asami, et. al., “Timing Skew Compensation Technique using Digital Filter with

W' Novel Linear Phase Condition,” IEEE International Test Conference (Nov. 2010).

Kobayashi. Lab (@) Gunma_University



Calibration Control

# Calibration Done
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i Conclusion

In nano CMOS era,
analog/mixed signal IC design should use
all of 4 circuit design regions.

Analog & digita

signal processing

Good performance, low power,
low cost, fast turn around time
can be achieved.
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