Neuromorphic and Biomedical
Engineering (NBME) LAB

NTHU - NBME 1



o™

N

“Oouipug 1e>9°

(I/ -

Contact Information

Ekttang@ee.nthu.edu.tw

B +886-3-5162178

mhttps://nbme.ee.nthu.edu.tw/

/ﬁ\SIZR, Delta Building,
Dept. of Electrical Engineering, National Tsing Hua University,
Hsinchu 30013, Taiwan

gL KR

Kea-Tiong (Samuel) Tang Research Interests
Professor > GHEAIFES S (4 HAEL L BBE)
Vice President, IEEE CASS Neuromorphic Al chip
, e . > RFA AR (RMAE+FRMABE)
Past Chair, IEEE Taipei Section Miniature Electronic Nose System
Editor-in-Chief, TBioCAS > AFHTR .&tf TR R Ae A EEE (R AR SBE)
Medical implant, brain-machine interface, neural prosthesis

Department of Electrical Engineering . .oy oy | s grgm o sgul £ g5 ~ A SLE B (4 A4k $BE)
National Tsing Hua University Algorithm, Signal processing, Analog circuit, System-on-chip



https://nbme.ee.nthu.edu.tw/
http://www.ee.nthu.edu.tw/
http://www.ee.nthu.edu.tw/

—F RS RAH B FPGA4: & E (Deep/Spiked
Neural Network FPGA accelerator)

Sensors)
-4 F & ¢ MR B (Bio-signal amplifier, low-
power ADC, power regulator, etc.)



REH TREFPGA4E &

Classification
+ Localization

Classification

H; W T g

'-“:

e @ DD EE R CAT |
Input Image FPGA System Predict Result

o P HATHS 45 % Bt s A S e (£(CNN, SNN) ~ FPGA & 529 it % o



N | | |

4 [ N T T N
Weight Ctrl. | Synaptic Weight Buf. | | Population Input Buf.
T Nj € g g
)
-c% = = Post-Synaptic Core Accumulation MACs
[5)
32
= m - -
% & Reciprocal-decay logic
o E_’) \l/ \|/ """
‘_L; g Neuron cluster
o @©
Ss | Nearono Newonl | = ====-= NeuronM
S 3
= 5 L J  ------ N I
| O Neuron — Bi-directional I/O path —  Bi-directional synapse | (2 | Spike stream buffer »

"\

o KA ER DG > P BAHG FE R A S REEK I (SNN)  FPGA & HF (8 o

NTHU - NBME 5




IReset

Counter

- 6 D z
S : | RSENSOR
Reset .S
Vref |
=

L #-p EATSRIT s x £ p)

° ﬂ’b‘%%%—é é@/ﬁljéﬁ\é\ﬁbbﬁ‘i ?_,ﬁ%'?&




A Low-Noise Neural Signal Amplifier with Adjustable Gain and
Bandwidth for Capturing AP/LFP Signals Separately

v" Low Noise, Low Power
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A Figl. Block Diagram of three stage low-noise amplifier. LFP. mode £ Gain=47. 3488
TT37°C spec Pre-sim Post-sim 1] [3]
Total current(uA) 1.60 1.65 3.60 2.82
Gain(dB)
SleD/EReT >40 47.7 /429 471/ 421 45755 45/ 63
Bandwidth(Hz) 20-4k / 6.5-5.51k / 10.8-4.56k / 0.8-4.15k / 1-0.5k /
AP/LFP 400-4k 335-5.94k 300-5.09k 300-8.2k 800-5.8k
Power(uW) <6 1.60 1.65 3.60 2.82
Noise (uvrms) <15 7.17 8.05 2.1 36
Supply voltage (V) 1 1 1 1 1
PSRR(dB) AP/LFP =60 70/ 67 68 /67 92.48 70
CMRR(dB) AP/LFP =60 78/70 66.9/65.1 98.28 80

A Tablel. Performance Table

A Fig2. The test chip is fabricated in TSMC 0.18um CMOS
process and the chip size is 0.93 mm?
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Fig. 1 Block Diagram of the neural recording front-end.

Fig.2 Block diagrams of logic circuits.
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Fig 3 The folded-cascode amplifier Fig. 4 The two-stage amplifier

used in LNA. used in PGA.

Implementation and Improvement of An Automatic Gain
Control (AGC) Amplifier for Deep Brain Stimulation

v" Low Noise, Low Power
v Automatic adjustable Gain (prevent HVS)
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Fig.5 Simulation waveform.
Specification Spec, This work Pre-sim(TT)
Fower Supply(V) 1.2V{Analog) 1.2V(Analog)
Closed-loop Gain (dB) 6 63.3
{L(Hz)/ [H(Hz) <1.8/>300 146/ 349
IRN(jiVrms) < 0.64
Chip size{mm’) 09309 <09x09

A Fig6. The test chip is fabricated in TSMC 90um

A Tablel. Performance Table CMOS process and the chip size is 0.80 mm?

8



A 6 bits 25MS/s 3b/cycle SAR ADC with Boundary Detection
Code Overriding (BDCO)

v" SAR + Flash A/D — Speed 1, Efficiency 1

Decoder&BDCO

3 bit/cycle SAR Logic

N

=
\O

L.

- |(p8 l p7 I(pG Cps | p4| pal p’J-(pl
u 7/8Cn|Cu |(u Cu|Cu |Cu |Cu |Cu

v" Interpolation — Comparator Counts |
e v" BDCO — Accuracy 1, Power Consumption |

Dst

. | N ° Vp7
| _|DAC (78, Tl64)vref [ |7 > | Latch | \ Comparater
Vn7
; Vi O
] J/ | Latch I m Jasu-ll/sc-lf 1J- J_ CuJSu CuJ_(u
— \ ooy | 1
- il DAC (5/8, 5/64)Vref| |7 > | Latch L 'l‘(.1 ]9'|‘( Pyr: -FH-FI;FH;I(- -Fl -Fm
T J, I —_:L, . DAC7
atch /
5 4 /¥ =Vrefp / Vrefn ling + pres
M vac ¢, 3/64)Vrcf:+ o [ Latch |_< gl ‘3 ¥ 4 L LR 2 1. Sampling + preset
Bootstrapped > —
0(;:“1:\0};?6 T l — Vref - Vrefp - Vrefn © © e o 4 o 4 [ 2. Precharge
) N t i t i t t i t 3. Compare+ switching
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B7 B7 B6 B5 B4 B3 B2 Bl
MUXGLR. A Fig2. Switching Scheme
.
6 TT SS FF
Vrefp/Vrefn L
_ _ SNDR(dB) 37.09657 37.17924 36.84520
A Figl. Block Diagram ENOB(BIts) 5.869862 5.883594 5828106
SFDR(dB) 4946530 49.96652 48.79998
Power(mW) 1.2482 1.0483 1.5735

A Fig3. Pre-sim Table
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A Fig.1 Block Diagram of SAR ADC
A Fig.2 Sample and hold circuit, S/H
Vs cm—”{l Iy
CLKc

Vi [j

.

o
=

A Fig.3 Comparator

QOutput

Code

IME(sec) (lin) b

100n

2 OIOn

200n

Consumption

A Fig.4 ADC work schematic waveform

Supply Voltage 1.2V
Sampling Rate 320kS/s
SNDR (dB) >56(dB)
ENOB >9bits
Power <5uw

A Tablel. Performance Table

e spec | tswork

1.2V
320KS/s
>58.2(dB)
9.2bit
4.82uW



LDO PSR Enhancement with Cur
Loop Gain Stabilizer

rent-mode FFRC and

Current-mode FFRC
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The output of the Error Amplifier (EA) is fixed at Ve

v" Operation point of EA and the loop gain of the
LDO is stable

Buffer is added between MP and EA

v High impedance of EA output and high capacitance
of MP gate are split

Current-mode feedforward ripple cancellation (FFRC)

v Power supply noise is cancelled, PSR is enhanced
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Digital LDO Transient Response Enhancement with VCO
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Nearly all digital architecture

v Low power supply can be achieved compared to analog LDO
Voltage-controlled oscillator and adaptive clock are used

v Low quiescent current (I,) at steady state

v" High speed clock for fast load transient response



. HEFEG2 P BN ERES A

-3 %f(?ss;) CRBRE (R R BERP (R R EF R
Verilog ~ FPGA ~ AIC ~ VLSI ~ IC Lab#®

- BFINEFREFAFT W
« FY A¥EI2-34

"J

Bk 2128

Y €§f'l='v’74iﬁf',i‘ Y EHEP S RUF T TREAP S TRF
o T KRER

HER: S HE *Bﬁ “ 4 B2 P

FERFPEZBLET®
kttang@ee.nthu.edu.tw



mailto:kttang@ee.nthu.edu.tw

