BIT-X / SE-08 Stress-Adaptive Analog Gating Circuit for Edge Sensors Trang

BIT-X / SE-08

Stress-Adaptive Analog Gating Circuit for Edge Sensors
Mach Gating Tuwong Tw Thich Nghi Ung Suét cho Cam Bién Bién
Tac gid: Bui Quang Trinh - Nghién ctru doc lap, Viét Nam - 2026

Zenodo SE-07: 10.5281/zenodo.20457031 - SE-08: 10.5281/zen0do.20501925 - GART:
10.5281/zenodo.20457606

ABSTRACT

SE-08 ra doi sau khi SE-07 hoan thanh benchmark phdn mém. Céu héi tw nhién tiép theo:
néu logic loc tai Q(t) da chieng minh dworc trong sandbox — liéu né cé thé dworc thuc
thi bang phan cteng analog, khéng can CPU? SE-08 dé xuét kién tric mach ba khéi
(Analog Absorption Core, Edge Isolation Gate, Schmitt Quantization Block) anh xa truc tiép
Stress Evolution PDE sang vét ly dién ti thu déng. Hé thong chi phat xung sé (spike) khi tin
hiéu nam trong hanh lang sinh tén [0.0225, 0.616], CPU phia sau dwoc mién nhiém hoan toan
voi rac dir liéu trong bao tai. Day la proposed exploratory architecture — chwa qua
fabrication hay peer review, trinh bay dé céng déng kiém ching.

l. Tor Phan Mém dén Phan Clirng — Cau Héi Ké Tiép

SE-07 da chirng minh trong sandbox phan mém: mét van loc tai thich nghi Q(t) c6 thé bao
vé 8/8 nodes song sot qua bao 18x ma khong ngat ctrng. Benchmark Step 2 cho thay
topology ty phuc hoi sau khi LCC roi xuong 0.50.

Nhwng benchmark dé chay trén CPU. M0| tick, CPU phai tinh toan Q(t), cap nhat Aij(t), kiém
tra Heaviside H(®i - ). Nghia la CPU van phai xr ly ngay cé trong bao tai — dung cai diém
ma né can dwoc bao vé nhét.

Cau héi SE-08 dat ra: Qc') thé chuyén ‘goén bd logic dé, sang linh kién thu déng — tu dién,
dién tré, MOSFET — dé CPU khoéng can lam gi cho dén khi tin hiéu da dworc loc sach?

Bo nao ngu;o"i tiéu thu ~‘20 Watt. Cum GPU chay Al tiéu thu hang Megawatt. Sy’ chénh léch dé
phén Ién dén tir mét diéu: ndo khéng xu ly tin hiéu rac. SE-08 mubn hoc ttr kién tric do.

Il. Anh Xa: PDE — Mach Dién

Trwéc khi mo ta mach, can thiét 1ap phép anh xa twéng minh gitva SE-07 va vat ly dién to:

Pai lwong SE-07 Linh kién twong dwong \ Phwong trinh anh xa
Ung suét di(t) Dién ap Vi(t) trén tu Ci ®i = Vi/ V_ref
Dong xung kich Wd_i(t) Nguén dong |_in(t) ttr cadm dVi/dt = |_in/Ci +

bién
Van xa taiy_valve - ®; Dién tré n6i dat R_leak y_valve = 1/(R_leak - C))
Khuéch tan a-Laplacian Memristor M_ij gitra nut i—j Dong tran ty & (Vj — Vi)
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Dai lwong SE-07 Linh kién twong dwong | Phwong trinh anh xa

Heaviside H(®;i - 0) Voltage Comparator + Diode Output HIGH khi Vi > Ve
Zener

Cétcanh A_ij — 0 MOSFET ngéat mach (G_ij=0) Gate = HIGH — channel off

Schmitt Trigger [BL, BH] Schmitt Trigger v&i hysteresis Spike khi BL < Vi < BH

Gi&i han anh xa: Phép anh xa RC — PDE chi giai ding mét s6 hang tiéu tan (-y-®;). S6
hang Laplacian can mang memristor thyc té. Bay la hypothesis can verification bang SPICE
simulation va do dac thyc nghiém.

lll. Kién Trac Ba Khoi (Three-Block Architecture)

M&i node trong mang cam bién dugc trang bi mét Boundary Spiking Gate gém ba khéi néi
tiep:

3.1 Khdi 1 — Analog Absorption Core
Khéi nay nhan tryc tiép tin hiéu analog tlr cdm bién vat ly ma khéng qua ADC.
+ Tu dién Ci — tich Ily dién &p Vi(t), twong dwong tng suét ®i. Dién ap tang khi dong
vao manh (cwc tinh Hbi tu).
+ Dién tr& R_leak — mac song song v&i Ci, xa dién tich theo ham ma: Vi(t) =
Vip-e(—t/RC). Thyec thi y_valve tw dong, khdng can Iénh CPU.
«  Memristor M_ij — nédi gitra nut i va nat j. Khi Vi > Vj, dong dién tran tw nhién sang
nut 1an can — thye thi Laplacian khuéch tan ma khéng can thuéat toan dinh tuyén.

Biém méau chét: Khdi nay khdng can clock, khéng can firmware. Vat Iy RC ty gidi phuong
trinh tiéu tan lién tuc 24/7 voi céng suat tiém can 0 khi idle.

3.2 Khoi 2 — Edge Isolation Gate (Van Tt Thu)

Day la co ché sinh tén clia toan hé théng. N6 thuc thi Heaviside H(®i - 8) bang linh kién
cng:
+ Voltage Comparator — do lién tuc dién ap Vi. Output HIGH khi Vi > V6 (ngwdng an
toan, cau hinh b&i Diode Zener).

+ Diode Zener — ghim ctrng nguéng VO vao thuc tai dién tlr. Khdng thé bi software
override.

+  MOSFET ngat mach — khi Comparator output HIGH, MOSFET tat kénh dan, G_ij
roi vé 0. Nut bj ¢b 1ap hoan toan vé mat vat ly trong vai nanosecond.

Nguéng V6 tuong duong 6=150 trong SE-07 sandbox. Tuy nhién gia trj tuyét dbi phu thuéc
vao dién ap cap nguén thuc té cia mach — cén calibration cho tirmg deployment.

3.3 Khoi 3 — Schmitt Quantization Block (TOUCH-01)

Khéi nay thwc thi co ché 'dén nhay' — chi phat spike khi tin hiéu an toan:
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+ Schmitt Trigger v&i hysteresis — hai ngwdng V_high va V_low tao dead-band,
chong chatter ON/OFF lién tuc.

+ Hanh lang spike: V_low = 0.0225-V_ref, V_high = 0.616-V_ref — anh xa tryc tiép tw
M_crit va y_nom cua SE-07.

+  Output: Chudi xung vuéng 0/1 sach, an toan dé dwa thang vao interrupt line cla
MCU/CPU. CPU chi wake up khi nhan spike.

Diéu kién Vi Khéi 2 (MOSFET) | Khéi 3 (Schmitt) CPU nhan dwoc

Vi > V6 (qua tai) NGAT — 6 lap Khong c¢6 input Khong cé spike — ngu
dong

Vi € [0.0225, MO — dan dién Phat spike Spike — x@ ly

0.616]-V_ref

Vi< 0.0225-V_ref MO — dan dién Silent (dwéi nguéng) Khong co6 spike — ngu
doéng

IV. Tai Sao SE-08 Khac V&i Neuromorphic Chip Hién
Tai

SE-08 khéng phéi chip neuromorphic theo nghia truyén théng. Sw khac biét quan trong can
lam ro:

Intel Loihi 2 / Schmitt Trigger SE-08 (proposed)
TrueNorth chuan
Muc tiéu chinh SNN learning, Noise rejection fixed Adaptive load gating
inference
Threshold Fixed per neuron Fixed Vth Adaptive theo stress
history
Topology isolation Khéng co (software- Khéng co MOSFET cut +
level) memristor
CPU involvement Co (host CPU) Khong can Zero khi idle/bao
Target application Al inference, robotics Signal conditioning Ultra-low-power loT
edge
Complexity R4t cao (millions of Thép Trung binh (3
neurons) khoi/node)

Dinh vi chinh xac: SE-08 |a stress-adaptive analog gating circuit cho ultra-low-power edge
sensors — ngoi trwé'c CPU/MCU, loc nhiéu va bao tai bang vat ly dién ttr thu déong, chi wake
up processor khi tin hiéu thuwc sy cé y nghia.

V. Simulation Kernel — Xac Nhan Hanh Vi Hé Thong

Dé validate hanh vi clia kién tric ba khéi trwéc khi xay dwng mach thye, mét simulation
kernel da dwoc phat trién trong JavaScript/HTML vé&i cac dac diém:
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* N=7 nodes, mdi node doc lap véi leak variation £20% (md phéng mismatch linh kién
thwc té)

« Symmetry-broken initialization — ®; kh&i tao ngau nhién, khong déng déu
+ Hysteresis Schmitt Trigger v&i dead-band diéu chinh dwoc, chéng chatter
* Recovery timer — do tick-to-recovery sau shock injection
+ Targeted shock — inject vao node cu thé ho&c broadcast toan mang

Két qua quan sat tr simulation (chwa phai thwc nghiém vat ly):

Test Két qua Quan sat

A — Scale test (Wd 0.08 — PASS Boundaries 0.0225/0.616 survive; extreme
8.0) Wd — MOSFET cut

B — Targeted shock (node 3 PASS Diffusion sang nodes lan can ré rang;
only) rewiring sau shock

C — Chatter test (6 = BH, PASS Hysteresis dead-band ngan ON/OFF lién
oscillate) tuc

D — Recovery timer MEASURED Recovery phu thuéc a, y_valve, B_isolate

— metric kha thi

VI. Gi#i Han va L6 Trinh Kiém Chirng

Nhirng gi SE-08 chwa lam dwoc:
« Chuwa fabrication: Toan b6 kién tric la proposed — chwa c6 mach thuc trén
breadboard hay PCB

- Anh xa RC < PDE chwa day da: Mach RC don I& chi giai s6 hang tiéu tan; s6 hang
Laplacian can mang memristor thyc té

+ 0.616 va 0.0225 la design choice: Chwa dwoc dan xuat tir ly thuyét — can nghién
cru déc lap vé ngudn goc hai hang s6 nay

* Memristor: Linh kién nay van dat va kho kiém & quy md nho — c6 thé thay bang
RRAM hoac mé phéng bang mach CMOS twong dwong

« Chuwa do nidng lwong thwe té: Claim 'tiéu thu tiém can 0' cAn dwoc do bang power
analyzer trén mach thyc

Lo trinh kiém chirng dé xuét:

Bwéc Viéc can lam Céng cu

1 SPICE simulation mach RC + LTspice (free) hoac Ngspice
Comparator + MOSFET

2 Breadboard prototype v&i op-amp Arduino/STM32 + oscilloscope dé do Vi(t)
comparator + MOSFET 2N7000

3 Bo power consumption khi idle vs Current probe + power analyzer
burst

4 So sanh véi ADC-based baseline Cung diéu kién tai, do latency va energy
cung sensor

© PCB custom v&i RC + Schmitt + KiCad (free) — JLCPCB fabrication

MOSFET tich hop
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VII. Két Luan

SE-07 dat cau hoi: diéu gi xay ra truée khi thong tin duge dém? No tra |61 bang phan mém
sandbox — van loc tai thich nghi va topology tw phuc hoi.

SE-08 dat cau héi tiép:‘ ligu cau tra loi do co thé duoc thye thi béng dién tré va tu dién,
khéng can CPU? N6 dé xuat mét kién truc ba khoi anh xa Stress Evolution PDE sang vat ly
dién tlr thu dong.

Néu kién tric nay duoc xac nhan qua SPICE simulation va breadboard prototype, né cé thé
m& ra mot hwéng méi cho ultra-low-power loT edge sensing: cdm bién tw loc nhiéu bang
vat ly, chi bao dong khi tin hiéu thirc sy virgt hanh lang an toan — khong can firmware,
khéng can ADC, khéng tbn nang lwong khi idle.

Day la proposed exploratory architecture. Chuwa qua fabrication, chwa qua peer review. Tac
gia cong bé dé cong d'ong kiém ching va phé binh. Néu y twéng nay ding huéng, né thuéc
vé tat cd moi nguoi. Néu né sai, tac gid muén biét tai sao.
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