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Outline

1. Research Objective
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Research Motivation

Brain A lot of neurons
4 4
K Smart Each neuron has low capabiliy

Each transistor has only simple capability

Large number Good performance
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Research Objective

1. Analysis of basic trigger circuits
(two-stage and three-stage)

2. Extension to an N-stage trigger circuit, and
Its output formula.

3. Application to SAR-TDC
for one-shot timing measurement
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Outline

2. Analysis of Trigger Circuit
O T/H Circuit, Gilbert Analog Multiplier
O Basic Trigger Circuit
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Trigger Circuit Configuration
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rack / Hold Circuit
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Gilbert Analog Multiplier
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V(in1)

tran 0 4m 0 0.1u

_ v, — 7, Vv, -7,
Vour1 — Vout2 = RU, —1,) = Rl * tanh oV * tanh oV

EVl*Vz

Vour1 = Vee — RI_O
Vourz = Vee — R,



Analysis of Two-stage Trigger Circuit.
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Track&Hold
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|t coset Track&Hold 1
A
Q% AX)

/-Track mode
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Vy rrack = cos(wt) cos(wt) + cos (wt + E) COS (wt + —)

2
= cos?(wt) + sin?(wt)
=1
Hold mode
Vo Hota = cos(wt) cos(wty) + sin(wt) sin(wt,)
= cos(w(t—t,))

X Trigger time:t,

\_

11/40




12/40

wo-stage CMOS Trigger Circuit
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wo-stage CMOS Trigger Circuit
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Simulation of Two-stage Trigger Circuit

Input signal(sin,cos)
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hree-stage Trigger Circuit
Input
[o—=—
0 sinwt L——:l Track& |F1 Trg 935
oo A Hold i
S1 X
Out tVO‘3
sin(wt+21/3) ¢ —1 N Track& FZ' -|\-/ X utpu
A 5»—> _Hold _ > 7
u -
: TN
|
sin(wt+4n/3) “———3 Track& F3‘ -\l_/ to
@ —e— —) Hold _
S3
Signal source
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Analysis of Three-stage Trigger Circuit

Signal source

Sy =sinwt, S, = sin(a)t+?>, S; = Sln<a)t+?)

Triggered T/H circuit output

. . 21 _ 41
F; = sinwty, F, = sin| wt +? , F3 = sin ((Uto +?>

*Track mode
Vorrack = S1(S2 — S3) + 5,(S3 — S1) + 53(51 — S2)

=0 (Constant)
*Hold mode
Vonota = S1(F; — F3) + Sp(F3 — Fy) + S3(Fy — F)

= %gsin(w(t —to))
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Three-stage CMOS Trigger Circuit
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Voltage [V]

15mV

Simulation of Three-stage Trigger Circuit

Input signal

V{no11)
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Spectrum Comparison of Two-stage, Three-stage

-40
Red :3 stage
20 | Black :2 stage
- . -50dB
)
c-120
© .
o L. AL . Y NS
"":. : : “ Ty
-160 iy 14
T
A
-200
100K 1M 10M 100M
Frequency[Hz]

Cancellation of the third harmonics
due to three—stage structure.
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Outline

3. Multistage Trigger Circuit
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Configuration of N-stage Trigger Circuit
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Consideration of N-stage Trigger Circuit
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Consideration of N-stage Trigger Circuit

- Signal source of three—stage ™

2m 41
Sy =sinwt, S, = sin(a)t+?>, S; = Sin<a)t _|_?>

~— Signal source of N—stage —\

2T
S, =sin(wt+ (n—-1)0), 0 = ~
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Derivation of N-stage Output

Using difference sequence

3stage — 4stage — bstage — -+ — N—-1stage — Nstage
-/ -/ LA -/
X3 X4 X5 e XN=2 XN-1

Increment when increasing the stage number

X = Vigr — Vi

k-1 k-1
= Fea(Si= ) 51| = 28R+ Sena | Fi= )
m=2

=1

N-stage Output

l

Il
[

=2

1 k-1 |
S; | — 25, F; +Spi1| F1 — Z F,
m

N-1 k
VN — S]_FZ + SZFl + 2 Fk+1 Sk -
k=2
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Confirmation of N-stage Output

Matching with Three-stage

k—1 k-1
Fk+1 (Sk z ) — 25k F1 + Sk <F1 — z Fm)]

=1 m=2

N-

2 1 1
Ft1 <Sk - 2 51) — 25k F; + Sp4q <F1 - 2 Fm)

VO_3 — SlFZ —+ SZFl + z
k=2 =1 m=2

= SlFZ —+ SZFl + [Fg(SZ - Sl) _ ZSZFl + SB(Fl - FZ)]
= Sl(FZ — F3) + Sz(F3 — Fl) + Sg(Fl - FZ)

Vo3 = S1(Fy — F3) + S(F5 — Fy) + S3(Fy — Fy) M atc h
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Output of Five-stage Trigger Circuit
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Gain[dB]

Multistage Configuration Merit
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Outline

4. Application to SAR-TDC



Time Digitizer Circuit
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[ Digital output }
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Time-to-Digital Converter (TDC)

Measure time difference between Start and Stop signals.
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SAR-TDC Configuration

| (AT = 4.3,

(:l'k(]""f 1 1 "jrr-"—
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Reference[5]

Y. Ozawa, T. Ida, S. Sakurai, R. Jiang, H. Kobayashi, R.
Shiota, “SAR ADC Architecture for One-Shot Timing
Measurement with Full Digital Implementation,”




71 Myth )
@ Voltage signal can be held.
Timing signal cannot be held.
\_ /
coswt . Wi N K1 START —
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Problem of SAR-TDC and Remedy

Timing signal can be held !
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One-shot Timing Measurement Using Trigger Circuit

Suggestion

Input START,STOP signal s —J

4

Oscillate with initial phase
at input timing

P o vt e e ot v

[ It can hold the time difference using two trigger circuits.]

2017/11/17
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One-shot Timing Measurement Configuration
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One-Shot
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Iming Measurement Simulation
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Outline

5. Summary
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Summary

 |nvestigation of CMQOS trigger circuit

« Extension to N-stage trigger circuit, and
its confirmation with SPICE simulated
sinusoidal output power spectrum.

m=) Harmonics reduction

* Proposal of one-shot timing measurement
with trigger circuits and SAR-TDC.
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Future works

 Harmonics suppression analysis
based on derived formula.

 Circuit configuration
that reduces Gilbert cell nonlinearity

* Implementation consideration
iIncluding SAR-TDC.
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