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CircuitPal V2 (CPAL): Uriin Datasheet’i

Axion Robot CircuitPal V2
Rev 2.0-MFG - 5 Agustos 2026 - Axion Robot™ Tasarim: Hiiseyin Efe Karatekin - Dogrulama: gok-turlu datasheet-kanitli denetim zinciri
Durum: Uretimde (JLCPCB, her iki kart 5 Agu 2026’da gonderildi)

Ozet—Bu belge CircuitPal V2 egitim robotunun teknik sozles- III. MUTLAK MAKSIMUM DEGERLER
melerinden birini IEEE dergi biciminde sunar. icerik depodaki
Markdown kaynagindan iiretilmistir; kaynak ile bu cikt1 arasinda
bir fark goriiliirse depo kazanir.

Index Terms—CircuitPal, ESP32-S3, egitim robotu, gomiilii
yazihm, Axion Robot

I. GENEL TANIM

CircuitPal V2, cocuklara yonelik egitici bir robotik plat-
formun iki kartli kontrol elektronigidir. Oncelik sirasi: giiven-
lik — ariza tolerans1 — kurtarilabilirlik. ESP32-S3 tabanh
tist kart (giic, haberlesme, kullanici arayiizii) ile motor/sensor
alt kart1, 5.5cm kablo kopriileriyle baglanir ve miihiirlii (sealed)
bir gévdede calisir.

Ozellikler:

o ESP32-S3-WROOM-1-N16R8 (16MB flash, 8MB oktal

PSRAM, WiFi/BLE, native USB)

e 2S Li-ion giic (Aspilsan INR18650A28 x2), S-8252AAK

BMS + cift FDS6690A
o QC hizli sarj (IP2326, 15W; pil >7.8V’ta 7V giris talebi) +

¢ift USB-C (USBI1 sarj / USB2 veri), LM393 tabanli VBUS

OR-ing
o Donanimsal soft-latch gii¢c anahtar1 + firmware’den bagim-

s1z zorla-kapatma
e TB6612FNG ¢ift motor siiriicii (V-M = pil dogrudan),

20kHz PWM
e 5x TCRT5000 cizgi sensorii, VL53L1X ToF, LSM6DSL

IMU, LDR, NTC
o I2S ses: MAXO98357A amfi (mono-mix) + INMP441

MEMS mikrofon (donanim kapil1)

o 8x WS2812 RGB, 1.3” SH1106 OLED, 5-buton ladder,

PWM fan
o Cift 4 katman PCB, kirmizi maske + ENIG, JLC04161H-

7628 stackup

USB1 (QC sarj) PTC 3A USB2 (veri) PTC 1.1A
[LM393 VBUS OR-ing, 2xA03401A]
USBLC6 ESD ESP32 USB
1P2326 SARJ (QC: pil>7.8V>7V talebi)
25 Li-ion S—-8252AAK BMS (2xFDS6690A, eksi hat) BAT
SOFT-LATCH Q5 (A03401A) (dogrudan)
BUCK_IN TPS54332 +5V AMS1117 +3.3V
UST KART: ESP32-S3 . OLED - IMU - TOF - mikrofon - amfi - butonlar

Képrii-1 (9 tel) + Kdéprii-2 (9 tel) + BATx2/GND/MGND padleri
ALT KART: TB6612 (VM=BAT) - CD74HC4051 mux - 5xTCRT - WS2812 3-8 - fan

Axion Robot, Istanbul. https://axion-robot.com - contact@axion-robot.com
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Tasro 1
Parametre Min Max Birim Not
Pil gerilimi (BAT) 0 8.7 v BMS agirt sarj kesimi 4.35V/hiicre
USB1 VBUS (sarj) -0.3 12 A\ PTC -12RY + SMAJ8.0A TVS
USB2 VBUS (veri) -0.3 6 \% 5V-only mimari, USBLC6
V-M (motor ray) - 8.7 \' SMAIJS8.5A kenetleme; regen pil emer
GPIO gerilimi -0.3 3.6 \% 5V toleransli DEGIL
Calisma sicakligr (kavite) 0 60 °C ESP32 modiil ortam simir1 65°C
Lehim (hotplate) - 235 °C ENIG, kursunsuz profil

IV. ONERILEN CALISMA KOSULLARI
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TaBLO 2
Parametre Min Tip Max Birim
Pil gerilimi 6.0 7.4 8.4 \Y%
Sarj girisi (USB1) 4.75 5.0/ 7.0 (QC) 9.5 v
+5V rayi yiikii - 0.6 1.36 (1.6 tepe) A
+3.3V ray1 yiikii - 0.20 0.31 A
Ortam (govde igi) 5 25 50 °C

V. ELEKTRIKSEL KARAKTERISTIKLER

A. Giig raylarn

B. Koruma egsikleri (S-8252AAK + 2xFDS6690A)

C. Tiiketim profilleri
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TaBLo 3
Ray Kaynak Gerilim Siirekli akim Not
BAT 2S pil 6.0-8.4V 5.5A tepe (gift stall) Soft-latch ONCESI; V-M ve VBAT_SENSE buradan
BUCK_IN QS5 sonrasi BAT—(Ix50mS2) ~1.3A 2x22uF/25V X5R giris
+5V TPS54332 @1MHz  5.07V 1.5A tasarim noktasi WS2812, amfi, IR, fan, LDO girisi
+3.3V AMSI1117 3.3V 0.31A max ! kapali-kutu Tj testi gating (LDO 0.53W)
MGND motor topragi - motor+fan doniisii GND ile TEK birlesim: P3<+P4 kablosu

TaBLO 4
Koruma Esik Gecikme
Asir sarj 4.35V/hiicre 1.0s
Asirt desarj (donanim) 2.30V/hiicre 128ms
Desarj asir1 akim 4.3-10.2A (RDS bandi) 8ms
Kisa devre ~11-25A 280us
Sarj asir1 akim ~9A 8ms
FW yumugak kesim 3.0V/hiicre (6.0V pack) firmware

TaBLO 5

Mod

Pil akim (tip)

Kapali (soft-latch off)

Bosta, WiFi bagh
Siiriig + LED + ses

En kotii (¢ift stall + tam
yiik)

<50uA (BMS+sizintilar; VBAT béliicti 26pA
dahil)

~150-250mA

0.8-1.5A

~5.5A (BMS band1 i¢inde, TB6612 termal
sinirlar)

VI. GUC MIMARISI VE YONETIMI

Acilis: SW9 basilir — Q5 iletir — sistem boot. Firmware

~2s i¢cinde GPIO15’i (GPIO_HOLD) HIGH yapmazsa kart

kendini kapatir.

Kapams: GPIO15 LOW. Zorla kapatma: SW9’a 2-8s

basili tutma, Q6/Rt/Ct devresi MCU’dan tamamen bagimsiz
keser (donmus MCU dahil).

Sarj (IP2326, otonom): pil <6.2V — 5V girisle; pil >7.8V

— adaptorden 7V QC talebi (basarisizsa 5V ta kalir, akimi
2.4-3A’ya cikarir, 15W). Sarj sirasinda robot ¢aligabilir. 0V

pil kurtarma etkin.

« Motor ray1 pil dogrudan: regen (tekerlek elle cevrilir)
pile emilir; BMS kesmigse SMAJ8.5A kenetler. Kapaliyken
motor giivenligi: TB6612 STBY 100K pull-down + BMS.

VIL. GPIO HARITASI (ESP32-S3)

* Modiil pad numarasi; sematik net adlar1 esastir.



AXION ROBOT - CPAL V2 DATASHEET

TaBLO 6
GPIO Net Yon Aciklama / kisit
0 BOOT IN Strap; SW1 + 10K PU + 100nF (EN’den hizli T, degistirme!)
1 ESP_MUX_ADC_READ ADC1_CHO 100Q2+1nF pin dibinde; kanal sonras1 >20us bekle, medyan-3
2 BTN_LADDER_ADC ADCI1_CH1 5-buton ladder (bkz. §11.3)
3 SL_BTN_READ ADC1_CH2 Gii¢ butonu algisi; strap, boot’ta siirme
4/5 12S_BCLK / WS ouT Mikrofon + amfi ORTAK saatler
6 MIC_EN ouT HIGH = mikrofon verisi geger (LVC1GO08 kapis1)
7 MIC_LED ouT Kayit LED’i
8 12S_MIC_SD IN AND kapisi lizerinden, 100K PD
9 12S_SPK_DIN ouT Amfi verisi
10/ 11 12C SDA / SCL 1/0 400kHz; pull-up’lar modiillerde (DNP1/2 yedek)
12 SPK_SD_MODE_CTRL ouT HIGH=amfi agik (mono-mix), LOW=shutdown
13 TOF_XSHUT OD OUT ! YALNIZ open-drain, push-pull HIGH yasak
14 /47 /48 ESP_MUX_3/1/2 ouT Mux S2/S0/S1
15 GPIO_HOLD OouT setup() ILK SATIR HIGH, gii¢ kilidi
16 IR_CTRL ouT TCRT IR LED’leri (okuma-senkron)
17 TB6612_EN ouT Motor STBY; 100K PD; sira: PWM—DIR—EN
18 IMU_INT1 IN LSM6DSL kesmesi
19720 USB D-/D+ 1/0 Native USB (CDC/DFU)
21 GPIO_WS2812 ouT RMT 800kHz; FW parlaklik tavani <%85
31* TOF_INT_GPIO IN JP1 lehim kopriisii kapaltysa (varsayilan acik)
32/33/34/35%* MOTOR ouT LEDC 20kHz; modiil pin no
PWM_A/DIR_A/PWM_B/DIR_B
36/37* UARTO RX/TX I/0 Yalniz test padleri TP1/TP2
38 BTN_LADDER_ADC - (modiil pin 38 = GPIO2 hatt1)
45 - , Strap, bos birakildi
46 FAN_CONTROL ouT LEDC 25kHz; strap, boot bitmeden siirme
GPIO35-37 - Oktal PSRAM, dokunulmaz

VIII. CEVREBIRIMLER
A. I2C bus (400kHz): zamanlama séozlesmeli
B. I2S (full-duplex, tek denetleyici)

Philips formati, BCLK = 64 xfs (INMP441 sart1), fs 16kHz
varsayilan (48kHz’e kadar). Amfi (L+R)/2 mono-mix pence-
resinde (SD_MODE 0.458V). Kayit ve calma aym anda
etkinlestirilmez (GPIO12 LOW <> MIC_EN HIGH).

C. Analog mux (CD74HC4051 — GPIOI)

ADC: 11dB atten + kalibrasyon APl + medyan-3; VBAT a
ek 1s ortalama.

D. USB

Native USB (CDC konsol + DFU). Brick kurtarma: BOOT
basili + Reset - ROM download — USB2’den yiikle. UARTO
yalniz test padlerinde.
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TaBrLo 7

Cihaz Adres Not

SH1106 OLED 1.3” 0x3C Sayfa modlu (SSD1306 init KULLANMA); tam yenileme parcalanir

LSM6DSL IMU 0X6A INT1—GPIO18

VL53L1X (TOF400C) 0x29 IMP=100ms otonom mod; XSHUT ile ac-kapa YAPILMAZ
TaBLO 8

Kanal Sinyal Olgek/Not

Y0-Y4 TCRT_OUTI1..5 Cizgi sensorleri

Y5 LDR_OUT 47K boliicii, kaynakta 100nF

Y6 VBAT_SENSE V_BAT x 0.3125 (8.4V—2.625V)

Y7 NTC_OUT 100K/100K B4100, kavite sicakligi

IX. KARTLAR ARASI KOPRU ARAYUZU

Kablolar 5.5cm; pinler AYNALI eslesir (TOP n < BOT
10-n), demet 180° cevrilerek baglamr. Tel: giic 22AWG
silikon (MGND 16-18AWG), sinyal 26AWG.

Koprii-1 (iist kart pin sirasi): GND - +5V - GND
- IR_CTRL - TB6612_EN - +3.3V - LDR_OUT - GND
- ESP_MUX_ADC_READ Koprii-2: MOTOR_PWM_B -
DIR_B - PWM_A - DIR_A - MUX_1 - MUX_2 - MUX_3 -
FAN_CONTROL - WS2812 (LED2—LED3 zincir ortasi, 5V
seviye) Gii¢ padleri: P1+P2 = BAT (cift tel) - P3 = GND - P4
= MGND (GND<+MGND tek birlesim = bu kablo; kartlarda
kopriilenmez!) Montaj: govde i¢i plastik kablo tasiyicilarla
gerginlik alma; MOTOR_GND teli Koprii-2 demetiyle birlikte
yiiriitiiliir.

X. MEKANIK VE URETIM

Dizgi: hotplate reflow (iist SMD) — alt yiiz SMD sicak hava
— THT el lehimi (kart 1lik plakada; direct-connect padler i¢in
>80W havya).
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TaBLO 9
Ozellik Ust kart Alt kart
Boyut 100.0 x 100.0 mm 99.97 x 65.26 mm
Katman 4L (JLC04161H-7628) 4L
Kalinlik 1.6mm £10% 1.6mm
Maske / yiizey Kirmiz1 parlak / ENIG 1U” Aym
Bakir D1s loz, i¢ 0.50z Ayn1
Montaj delikleri 3.2mm PTH, toprakli, via halkal Ayn1 (6 adet)
USB diff ¢ifti 0.254/0.152mm ~ 912 (L1—=L2) -

XI. YAZILIM ARAYUZU VE BOOT SOZLESMELERI
A. Iki zorunlu firmware sozlesmesi

1) setup() ilk satiri: GPIO15 = HIGH (pencere ~2s; kagiri-
lirsa gii¢ diiser).

2) Task + Interrupt watchdog ACIK, donmus MCU’nun tek
otomatik kurtarma zinciri (WDT — Hi-Z — ~2s — gii¢
diiger).

B. Aktif seviyeler ve reset garantileri

GPIO_HOLD, TB6612_EN, SPK_SD, MIC_EN, IR_CTRL
= aktif-HIGH; TOF_XSHUT, BOOT = aktif-LOW. Reset
aminda TUM aktiiatorler donanmimsal kapali (pull-down ag-
lar1), firmware ¢aligmadan hicbir sey hareket edemez. Cevre-
birim acilig sirasi: 12C tara — I2S saatleri — GPIO12 —
LEDC(duty0) — DIR — GPIO17 — mux/TOF.

C. Buton ladder pencereleri (GPIO2, 12-bit, 11dB)
OK <300 - UP 500-900 - DOWN 1100-1500 - LEFT 1750-

2250 - RIGHT 3000-3600 - bos >3900 (5ms debounce + ¢ift
okuma).

D. Batarya yonetimi (FW gorevi)

6.6V uyar1 — kis; 6.0V kaydet + kapan; stall algila (gift
stall ~5.5A BMS bandina girebilir, duty diisiir). Fan: kickstart
0.7s %100, min %35, NTC 45/40°C histerezis.

XII. KORUMA OZELLIKLERI OZETI

BMS (asir1 sarj/desarj/akim/kisa) - donanimsal force-off (2-
8s) - USBI1: PTC 3A + SMAIJ8.0A; USB2: PTC 1.1A +
USBLC6; USB1 data: 2xSESD0201 - V-M: SMAIJ8.5A - boot-
safe strap aglart - mikrofon donanim kapisi (mahremiyet) -
tiim aktiiatorler reset’te kapali - OV pil sarj kurtarma - brick
kurtarma.

XII. TEST NOKTALARI

JLC flying-probe tam test + 3 adet fabrika test padi
(+3.3V/+5V/GND).
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Tasro 10
TP Net TP Net
BAT / BATM / BAT- pil uglari TP1/TP2 UARTO RX/TX
TPVBUS VBUS ortak ray TPS1/TPS2 Hoparlor N/P
TPINT IMU INT2 JP1 TOF_INT — GPIO kopriisii

XIV. BILINEN SINIRLAMALAR & ERRATA (Rev 2.0)
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TaBro 11

Kayit

Etki / ¢oziim

E-1 Sematik F2/F3 etiketi taban siiriim (KLM3S300RY/110RY)
E-2 AMS1117 kapali-kutu termali

E-3 WS2812 zincir sirast kart1 2 kat eder

E-4 Buck DB1/LB yerlesimi ideal degil (DB1 5.3mm)

E-5 M1-/M2- faz boyunlar1 0.55-0.6mm

E-6 Silkscreen’de refdes yok

E-7 OLED/mikrofon modiil pin siras1 saticiya gore degisebilir

Monte edilecek parga KLM3S300-12RY / KLM3S110-12RY (12V),
taban siirim Vmax 6V, QC 7V hattinda yetersiz. Footprint ayn1 (1206)
0.31A siirekli @50°C’de Tj~90°C, bring-up’ta kapali-kutu testi GATING;
iiretimde LM1086/buck degerlendirilir

Fonksiyonel; rev-B’de siralama diizeltilecek

EMI marj1 yeter; rev-B iyilestirmesi

loz’da ~2A simufi, stall kisa siireli; rev-B’de >0.8mm

Dizgi interaktif BOM/CPL ile yapilir

Her partide modiil silk’i dogrulanir (footprint: OLED VCC-6nce)

XV. REFERANS DOKUMANLAR VE REVIZYON

e CircuitPal V2 Tasarim Notlari.md, tim
kararlarin gerekgeli kaydi

e CPAL_PCB_Layout_Rehberi.md, layout kurallari
+ denetim kapanislar1 (§9)

¢ CPAL_vyazilim bringup_rehberi.md, bring-
up prosediirii (bu datasheet’in yazilim eki)

e CPAL_v2_sematik_denetim_raporu.md, dene-
tim tarihi (EK-2/EK-3)

e CPAL_dual_usb_test_protokolu.md, USB
dogrulama protokolii
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TaBLo 12

Rev Tarih

Not

2.0-MFG 5 Agu 2026

[lk iiretim gonderimi (bu dokiiman)
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