USB-C1 VBUS 5-48 V
PD 3.1 EPR
240 W giris / 140 W cikis

Batarya-bara mimarisi: paketler (her biri kendi CHG/DSG FET'leri ile) VBUS_SYS'e baglanir; sarj cihazi once yuku besler, kalan gucle paketleri sarj eder.

o
S

U7 TPS26750
PD 3.1 EPR denetleyici
+ U20 TPD4S480 koruma

v

U8 BQ25756
cift yonlu 4-anahtarli
buck-boost sarj (240 W)

USB-C2 65 W
U10/U11l LMR36006
3V3 + 5V yardimci Uile Toe saiet
+ U15 TCPP02-M18
A A
sarj / hibrit
VBUS_SYS
R ——
A A
 J  J
FRAGWATT Core paketi FRAGWATT Pack x2 (Trio)
6S1P Molicel P45B 97.2 Wh her biri 6S1P 97.2 Wh
Ul BQ76942 AFE + U2 BQ77216
F1 SCP sigorta, Q1-Q4 N-FET

VOUT, GND, TIP, ID, SNS

15-25.2V
 J
U4A/U4B 2 x LM5177
2 faz, cift yonlu buck-boost _ hot-st?aLN/ISeQSig s
kendi BQ76942 BMS'i 330 W cikis / 330 W DC-IN > MO 22A TS
12 pin manyetik pogo %98.4 verim, faz kapatma
A b4
\ //
\ 7’
“ TCA9543A JRe
\ 12C1/ALERT ,
\‘ ///
\ //
7’  /
‘\ //
19.5/20 Vv .
) Oyun laptopu KX-T / KX-D uc KX-Link kablo
UART U9 STM32GOB1RET6 USARTZ 1-Wire / RE 1D orijinal adaptor sanir = KX-T: laptopa cikis + kimlik | 1.0 m 12 AWG
Ul2 ESP32-C3 BMS + guc yonetimi firmware -7 ->tam TGP / AC modu KX-D: laptop adaptorunden giris
BLE: Kararti Link < —————— UCPD (C2), DAC (VOUT), ADC -~
uygulamasi (OTA) I12C1 AFE, 12C2 PD/pot/OLED,
12C3 sarj, USART2 1-Wire ID
OLED 128x32 | buton | buzzer | akilli fan (giris havasi NTC) | 3x hucre NTC + guc NTC | TIP_SENSE ADC | DAC -> LM5177 SS/ATRK | SYNC_A/B

KARARTI SOLUTIONS | FRAGWATT | Sayfa 1: Sistem blok diyagrami
Guc akisi (kirmizi) ve kontrol/haberlesme (mavi)
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BAT+ = CELL6

CELL6

CELL5

CELL4

CELL3

CELL2

CELL1

CELLO

CELLO

R1
100R

VCO

CELL2

R18

R9
1k
1k

SV2
DSG

DSG_G

CELL6

R24
100R

BAT 2ND

Q

—e
S 4.5 Ah
—e

l

B6 P45B

— B5 P45B
—— 4.5 Ah

B4 P45B
4.5 Ah

B3 P45B
4.5 Ah

— B2 P45B
— 4.5 Ah

— B1 P45B
— 4.5 Ah

B1..B6: Molicel INR-21700-P45B
6S1P, 21.6 V nom., 97.2 Wh
CELLO = BAT- = VSS

CELL1

R2
100R

VC1

CELL3

R10
1k

SV3

PDSG

R19
1k

PDSG_G

BAT 2ND

—— C14
—1— 1luF

VSS

CELL2

R3
100R

VC2

CELL4

R11
1k

Sv4

PDSG_R

R20

47R 2W

VBUS_SYS

BREG

—Lci15
—— 470nF

VSS

VC6
VC6
VC6
VC6
VC6
VC5
VC4
vC3
VC2
VC1
VCo
BAT AFE
SRP
SRN

VSS

CELL3

R4
100R

VC3

CELL5

R12
1k

—AM—

SV5

RS1

GND

—A\N— &

0.5mR 3W

Ul BQ769

42

VC10

VC9

VC8

VC7

VC6

VC5

VC4

VC3

VC2

VC1

VCO

BAT

SRP

SRN

VSS

cP1
BREG
REGIN
REG18
REG1
REG2
CHG
PCHG
DSG
PDSG
LD
PACK
FUSE
TS1

TS2
TS3
CFETOFF
DFETOFF
ALERT
RST_SHUT
SCL
SDA
DCHG

DDSG

inputs' kuralina gore VC6'ya baglanir (dogrula).

Vcell Mode = 6 hucre

CP1

BREG
REGIN
REG18

CHG

DSG

PDSG
LD_SNS

PACK_SNS

NTC1
NTC2
NTC3

CFETOFF

DFETOFF
AFE_ALERT

AFE_RST

CELL4

R5
100R

VC4

CELL6

R13
1k

SV6

R21
100R

SRP

7 (BREG/REGIN on-regulator): MMBT5551, kollektor BAT AFE, baz BREG, emiter REGIN (datasheet tipik devresi).
I12C1 pull-up'lari (4.7k -> 3V3) MCU sayfasinda. AFE adresi 0x10 (7-bit 0x08).

CELL5

R6
100R

VC5

SV6

Cc7
— 100nF

VSS

GND

R22
100R

SRN

12C1_SDA

3-10S AFE: hucre/akim/sicaklik olcumu, CC, SCD/OCD/OV/UV
korumalari, yuksek taraf N-FET suruculeri

CELL6

R7
100R

VC6

CELL6

R14
20R

BAT AFE

SRP

—— C12
—— 100nF

SRN

FET_MID FET_MID
F1 SCPI30A
3 uclu) Q1,02 Q3,04
BAT_F CSD18510Q5B x2 CHG_G CSD18510Q5B x2 DSG_G
CELL6 CHG (paralel) DSG (paralel)
VC7..VC10 kullanilmiyor: datasheet 'unused cell
F1_HEATER BAT F VBUS_SYS
U2 BQ77216
BAT_2ND vbD
SV6 Ve
SV5 Vs
sva V4 ouT FUSE_G
<v3 V3 D Cb2
SV2 V2
sv1 vi
VSS VSS
ikincil OVP (4.35 V) -> SCP sigortayi atar
firmware'den bagimsiz 3. koruma katmani
VC1 VC2 VC3 VC4 VC5 VC6 CELL1
——C1 ——C2 C3 ——C4 ——C5 ——C6 R8
—T— 100nF —T— 100nF 100nF —T— 100nF —T— 100nF —T— 100nF 1k
VCO VC1 VC2 VC3 VC4 VC5 Sv1
BAT AFE CP1 REG18 REG1_3V3 VBUS_SYS VBUS_SYS CHG
C8 Cc9 C10 Cl1 R15 R16 R17
—T— 2.2uF 50V —T— 2.2uF 50V 2.2uF —T— 2.2uF 10k 10k 1k
VSS VSS VSS
— BAT_AFE —— — PACK_SNS LD_SNS CHG_G
NTC1 NTC2 NTC3 VBUS_SYS FUSE_DRV FUSE_G CcD2
k TH1 k TH2 k TH3
D1 D2 R23 —— C13
10k B3435 10k B3435 10k B3435 -
\ hucre ust \ hucre orta \ FET \SZ SMCJ28A S BAS16 100k 100nF
N N
VSS VSS VSS GND VSS VSS
— — — FUSE_G —— —

REG1_3V3

FUSE_DRV

12C1_SCL

Arka arkaya (ortak drain) yuksek taraf N-FET: CHG kapaliyken sarj, DSG kapaliyken desarj engellenir.
Govde diyot korumasi: FET kapaliyken ters yon akimi esigi asarsa AFE FET'i acar (ideal diyot davranisi).

FET_MID

Q5
CSD18543Q3A PDSG_G
on-desarj

GND
3v3
3v3

GND
12C1_SCL
12C1_SDA

GND

AFE_ALERT

AFE_RST
CFETOFF
DFETOFF
GND
BLE_TX
BLE_RX
BLE_EN

GND

PDSG_R

F1_HEATER

Q6
2N7002K FUSE_G
sigorta atesleme

VSS

J7 FFC 16p 0.5mm (guc kartina)

GND_1

3v3.1
3v3 2
GND_2

SCL

SDA
GND_3
ALERT

RST

CFETOFF
DFETOFF
GND_4

BLE TX

BLE_RX
BLE_EN

GND_5

kartlar arasi esnek kablo:
BMS+BLE karti <-> guc karti (J8)

Hucre olcumu, koruma FET'leri, akim sontu, ikincil koruma, NTC'ler )
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KARARTI SOLUTIONS | FRAGWATT | Sayfa 2: Core BMS (6S1P, BQ76942 + BQ77216)




VBUS_SYS

BB_EN

U4A LM5177

VOUT_INT
BB_CFGA
BB_PSM

SYNC_A

BB_RTA
BB_SLOPEA
DAC_VSET

BB_VCCA

BB_COMP
BB_FB
VOUT INT

AGND

HB1

VIN HO1
EN/UVLO SW1
BIAS LO1
CFG CSA
MODE CSB
SYNC HB2
RT HO2
SLOPE SW2
SS/ATRK LO2
DTRK ISNSP
COMP ISNSN
FB IMONOUT
VOUT nFLT
AGND VCC
PGND

HB1A
HO1A
SWI1A
LO1A
CSA
PGND

L1A 3.3uH Isat>=20A

| mmij \ SW2A
SW1A

Faz A: 60 V cift yonlu 4-anahtarli buck-boost denetleyici
300 kHz, SYNC ile 0 derece; VREF 1.00 V

VBUS_SYS
BB_EN
VOUT INT

BB_CFGB

BB_PSM
SYNC B
BB_RTB

BB_SLOPEB

DAC_VSET
BB_VCCB
BB_COMP

BB_FB

VOUT_INT

AGND

U4B LM5177

HB1

VIN HO1
EN/UVLO SW1
BIAS LO1
CFG CSA
MODE CSB
SYNC HB2
RT HO2
SLOPE SW2
SS/ATRK LO2
DTRK ISNSP
COMP ISNSN
FB IMONOUT
VOUT nFLT
AGND VCC
PGND

HB2A

HO2A

SW2A

LO2A
VOUT_RAWA
VOUT_INT
IMON_A
BB_FLT
BB_VCCA

PGND

HB1B
HO1B
SW1B
LO1B

CSB

Faz B: 60 V cift yonlu 4-anahtarli buck-boost denetleyici
300 kHz, SYNC ile 180 derece; VREF 1.00 V

HB1A

—— C22A
—— 100nF

SW1A

BB_VCCB

C24B
—1— 4.7uF

PGND

BB_COMP

R33
10k

BB_CZ

VOUT_ADC

R45
12k

AGND

HB2A

—L—C23A
—— 100nF

SW2A

RS2B
3mR

PGND

BB_CZ

—— C27
—1— 10nF

AGND

VSNS_TIP

R46
100k

VTIP_ADC

BB_VCCA

—— C24A
—1— 4.7uF

PGND

VOUT_RAWB

RS3B
2.5mR

VOUT_INT

VOUT_INT

R34
200k

BB_FB

VTIP_ADC

R47
12k

AGND

PGND
HB2B
HO2B
SW2B
LO2B

VOUT _RAWB

VOUT_INT

IMON_B
BB_FLT

BB_VCCB

PGND

CSA

RS2A
3mR

PGND

BB_RTB

R32B
30.1k 300kHz
AGND

BB_FB
R35
10k

AGND

R48
10k

TIP_SNS

L1B 3.3uH Isat>=20A

VBUS_SYS SW1A
Ql0A Q11A
CSD18510Q5B HO1lA CSD18510Q5B LO1A
HO1 LO1
SW1A CSA
VBUS_SYS SW1B
Ql0B Q11B
CSD18510Q5B HO1B CSD18510Q5B LO1B
HO1 LO1
SW1B CSB
VOUT_RAWA BB_RTA BB_SLOPEA BB_CFGA IMON_A
RS3A R32A R38A R39A R53A
2.5mR 30.1k 300kHz 24k egim config 10k
AGND AGND AGND AGND
VOUT_INT fp— fp— fp— fp—
BB_SLOPEB BB_CFGB IMON_B IMON_B SW1B
R38B R39B R53B C32B RSN1B
24k egim config 10k -1 1nF 2.2R
AGND AGND AGND AGND
p— p— p— j— SN1B
DAC_VSET RAW DAC_VSET VOUT_INT VOUT_INT HS_UVLO
R37 —— C28 RS4 R40 R41
10k —— 100nF 2.5mR 100k 17.4k
AGND PGND
DAC_VSET — HS_SNS HS_UVLO ——
TIP_SNS TIP_ADC TIP_SNS ID_OD ID_SW
R49 —— C31 \S D4 R50 R51
1k —— 10nF TPD1E10BO6 100R 47R
AGND AGND
TIP_ADC ID_EMU ID_LINE

VOUT ayari: FB bolucu 200k/10k -> tavan 21.0 V (VREF 1.00 V); SS/ATRK (MCU DAC, PA4) hedefi dusurur: 0.952 V =20.0V, 0.929V =19.5 V.
Iki faz ortak COMP/FB ile calisir; SYNC_A/SYNC_B MCU zamanlayicisindan 180 derece kaydirilmis 300 kHz (Tl SLVAFK5A paralel calisma).

Faz kapatma: toplam akim < 7 A iken firmware SYNC_B'yi durdurup B fazini PSM'e alir (hafif yuk verimi). IMON_A/IMON_B ile paylasim izlenir.
DC-IN (KX-D takili): SYNC_A/B baslangicta dusuk -> LM5177 negatif akim siniri; enerji VOUT_DC -> VBUS_SYS yonunde, laptop adaptoruyle sarj.
KX-T uc: barrel fis + R_TIP + ID pini. Dell/HP: 1-Wire (U16), Lenovo/ASUS: direnc (U18). Uc kodu okunmadan cikis ACILMAZ.

| mmij \ SW2B
SW1B

IMON_A
—— C32A
—1 1nF
| AGND
SN1B
CSN1B
—1 1nF
| PGND
VOUT_INT
R42
100k
HS_OVLO
ID_LINE

AGND

CSD18510Q5B

SW2A

QI12A
LO2

CSA

SW2B

| LO2A

Q12B
CSD18510Q5B
LO2

LO2B

A
TPD1E10B06

CSB

SWIA

RSN1A
2.2R

SN1A

SW2B

RSN2B
2.2R

SN2B

HS_OVLO
R43
12.7k

PGND

R52
4.7k

ID_EMU

SN1A

—— CSN1A
—1 1nF

PGND

SN2B

CSN2B
—1 1nF

PGND

HS_TMR

—L—c29
—— 47nF

PGND

3V3

R55
10k

BB_FLT

VOUT_RAWA
Q13A
CSD18510Q5B HO2A
HO2
SW2A
VOUT _RAWB
Q13B
CSD18510Q5B HO2B
HO2
SW2B
SW2A SN2A HB1B
RSN2A —L— csN2A ——c228
2.2R —1— 1nF —1— 100nF
PGND
SN2A p— SW1B
VBUS_SYS VOUT_INT VBUS_SYS
C20 C21 R30
—T— 2x(4x10uF+100uF) —T— 8x22uF+2x220uF 100k
PGND PGND
p— p— BB_EN
HS_PWR VOUT DC VOUT DC
R54 \S D3 ——c30
20k SMCJ22A —— 10uF 35V

PGND

.||_/\/\/\/_

PGND

PGND

HS_SNS

Q15
CSD18510Q58B

hot-swap (cift yonlu)

BB_EN
Ql4
HS_GATE 2N7002K
MCU kapatma
VOUT _DC gp—
U5 LM5069
VOUT_INT VIN GATE H>_GATE
HS SNS SENSE ouT VouT_bC
HS UVLO UVLO PGD OUT_PG
Hs ovLo — ovio PWR H5_PWR
PGND GND TIMER H5_TMR
hot-swap: yumusak baslatma, devre kesici,
UV/QV kilidi
Ule 74LvC1GO07
OW_TX A Y 0P
AGND ———1 GND vce 3v3
1-Wire acik-drain surucu
HB2B
—— C23B
—— 100nF
SW2B
BB_EN
R31
10k
AGND
VOUT DC
R44
100k
VOUT_ADC

AGND

VOUT INT
HS_SNS

AGND

ID_SW
ID_MODE

AGND

BB_OFF

HS_UVLO
Q16
2N7002K
cikis kapat
_|_ ponD
U6 INA186A2
N+ ouT IOUT_ADC
IN- Vs 3V3
GND REF AGND
cikis akimi (50 V/V)
Ul7 TS5A3159
oM NO ID_EMU
N NC._ ID_RES
GND V+ 3V3

ID modu: 1-Wire / direnc

OUT OFF

VOUT DC
VOUT DC
PGND
PGND
TIP_SNS
ID_LINE

VSNS_TIP

ID_RES
AGND
AGND
AGND

J1 KX-Link 7p (20 A)

VOUT 1

VOUT 2

GND_1
GND 2
TIP

ID

SNS

kilitli dairesel konnektor; uca gore
CIKIS (KX-T) veya GIRIS (KX-D)

Ul8 TPL0102-100

HA SDA
WA SCL
LA AO
GND VDD

dijital reosta: direnc-ID emulasyonu

12C2_SDA
12C2_SCL
AGND
3v3

2 x LM5177 180 derece faz kaymali buck-boost -> LM5069 e-sigorta -> KX-Link; KX-D ile laptop adaptorunden sarj
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KARARTI SOLUTIONS | FRAGWATT | Sayfa 3: 330 W DC cikis (2 faz, cift yonlu), KX-Link ve uc kimligi




L2 6.8uH Isat>=15A

[ 666 6 \ SW_C2
SwW_C1 -

U8 BQ25756
BTST1 b— C.BT1 CHG_IN SW _C1 SW_C2 CHG_OUT
VBUS _C1 VBUS_CHG HIDRV] ——— C HD1
I sWi . Q22 Q23 Q24 Q25
U7 TP526750 VBUS_CHG VAC LODRV1 C LD1 CSD19532Q5B C_HD1 CSD19532Q5B C LD1 CSD18532Q5B C LD2 CSD18532Q5B C_HD2
Q20 Q21 ACP — HD1 LD1 LD2 HD2
VBUS POWER PATH EN C1_PPEN CSD19533Q5A C1_PPEN CSD19533Q5A C1_PPEN VBUS_CHG BTST2 C_BT2
C1_VBUS_LV AR EPR VBUS ters blok
J2 USB-C (C1) —EEe- 2C2 SDA CHG_IN — ] ACN C_HD2
c1 cc1 — ca 12Ct_SDA — - HIDRV2 f——m— -
- — REGN PGND PGND
vBUs |——— VBUS.CL c1 ccp — e 12Ct_SCL 12C2_scL REGN swz f—— °W-C2 SW_C1 — — SW_C2
- DRV_SUP - -
ccl p——— Clcccl PD ADCL ADCIN1 12Ct_IRQ PD_IRQ C1_MID C1_MID REGN LODRV2 e CLD2
- - - ILIM_HIZ
CHG_ILIM -
cc2 p——— clccc2 PD ADC2 ADCIN2 12Cc_SDA PD_EE_SDA - SRP CHG_OUT
- —— ] CE
D+ —ouX vz ———] vin3v3 12Cc_scL PD_EE_SCL CHG_CE# SRN VBUS_SYS
—F TS
N e — TV 12Cc_IRQ PD_EE_IRQ CHG_TS SDA I2C3_SDA
- CHG VFB — VFB
SBU1 C1_SBUC1 oD LDOLS LDO_1V5 GPIOO C1_EPR_EN _ scL 12C3_SCL
- —— GND
<BU2 C1_SBUC2 SGND PP5Y GPIO1 C1_FILT AGND INT CHG_INT
GND |——— PGND pGND ——1 VsYs GPI04/LD1 CL LDl PG CHG_PG
SHIELD f——— SHIELD PGND ———1 GND GPIO5/LD2 ClLb2 PGND PGND
EPR 48 V /5 A (e-marker kablo) USB PD 3.1 EPR (28/36/48 V) DRP denetleyici, USB-IF sertifikali cift yonlu 4-anahtarli buck-boost sarj
sarj cihazi MCU tarafindan yonetilir; ayarlar EEPROM'dan (ters modda Cl'e 5-28 V kaynak)
Ul4 TPS552892
C2_VSNS
BOOT1 €2 BTL
w1 C2_SW1 026
VBUS_SYS VIN swo C2 SW2 STL6N3LLH6 | C2_GATE
U20 TPD45480 2 EN — EN U1l5 TCPP02-M18 €2 VBUS anahtari
_ BOOT2 C2_BT2
I2C2 SDA — | SPA
cc1 clccl - VOUT f—— C2_VRAW ———{ vee
3v3 C2_ccic 3 USB-C (C2)
c.ccl c1.cc2 I2c2_scL — | ¢t C2 VRAW ccic J
C1_ccc1 - cez - MODE ISP f—— - c2 cct —— ¢a coac 2 cCac VBUS_C2
C1 LD1 C2_MODE C2_VvouT -
c1cccy ——— c.ce2 SBUL - ISN —— "~ c2cc2 ——| ¢ C2 GATE VBUS C2 — | VBUS
C1 LD2 C2_vce vee C2_INT GATE -
C1 SBUCL C SBU1 SBU2 - FB_INT — ~4_ C2 VEN VBUS_CTRL c2 ccic —1 cc1
- U1l9 24LC256 —— ] AGND - ISNS+ c2_vout _
—  lcsBw VBUS_LV Cl VBUS_LV AGND comp c2_comp SR T —Jce2
C1l_SBUC2 — — C2_FLT ISNS C2_VSNS C2_CcC2C
RPD_G1 EPR_EN C1_EPR EN — 1spa PGND |——— PGND ——1 6o _ ——1 6o
C1_ccc1 . - PD_EE_SDA PGND PGND
RPD_G2 EPR BLK G }——X ——sCL
C1_Cccc2 . _PL PD_EE_SCL
- 1 FIT - - 36 V buck-boost, 12C ile 3.3-21 V USB-C kaynak koruma (OVP/OCP, CC 22 V) 65 W cikis
VBUS C1 - VBUS FLT p—m— - PGND — WP (PD/PPS kaynagl, 65 W)
PD_LDO3
C1_VBIAS VBIAS VPWR - PD_LDO3 vee
GND |——— PGND pGND — GND
USB-C 48 V EPR port koruyucu: CC/SBU 63 V OVP + ESD, PD yapilandirma EEPROM'u
EPR'de VBUS'i PD denetleyicisi icin boler (TPS26750 acilista okur)
VBUS_C1 VBUS_C1 C1_VBIAS C1_VBUS_LV PD_LDO3 PD_LDO3 PD_LDO3 PD_LDO3 C1_PPEN SHIELD SHIELD PD_LDO3 PD_ADC1 PD_LDO3
\S D6 —L_ca0 —L 55 —L_cs6 R75 R76 R77 R78 R79 R60 —1_ca1 R61 R62. R63_
SMCJ51A —— 1uF 100V —— 100nF 100V —— 100nF 25V 2.2k 2.2k 10k 10k 100k 1M —— 4.7nF config config config
PGND PGND PGND PGND PGND PGND PGND
 — — — — PD_EE_SDA PD_EE_SCL PD_EE_IRQ C1_FILT C1_MID — — PD_ADC1 — PD_ADC2
PD_ADC2 PD_LDO3 PD_LDO15 VBUS_CHG CHG_OUT CHG_IN CHG_IN CHG_OUT C BT1 C _BT2 REGN VBUS_SYS CHG_VFB 3v3
R64 —L_c42 —L 43 RS5 RS6 —L_ca4 —L_cas —L_c46 —L_ca7 —L 48 —L_c49 R65 R66 R67
config —— 10uF —— 4.7uF 5mR 5mR —— 4x4.7uF 100V —— 47uF 63V —— 4x10uF 50V —— 100nF —— 100nF —— 4.7uF 1.5M hesapla 10k
PGND PGND PGND PGND PGND PGND PGND AGND
— — — CHG_IN VBUS_SYS — — — SW _C1 SW_C2 — CHG_VFB — CHG_ILIM
CHG_ILIM CHG_TS REGN C2_Sw1 C2_BT1 C2_BT2 C2_VRAW C2_VouT C2_vcC C2_COMP c2. Ccz VBUS_C2 VBUS_C2_ADC VBUS_C2
R68 k TH4 R69 L3 —L_cs0 —L_cs1 RS7 —L_c52 —L 53 R70 —L 54 R71 R72 \S D7
hesapla \ 10k B3435 5.23k 2.2uH —— 100nF —— 100nF 10mR —— 4x22uF 25V —— 4.7uF 10k —— 4.7nF 100k 12k SMBJ24A
N
AGND AGND PGND PGND AGND AGND PGND
— — CHG_TS C2_SW2 C2_Sw1 C2_SW2 C2_VouT — — c2.cz — VBUS_C2_ADC — —
3v3 C2_MODE

R73 R74
100k config
AGND

C2_EN —— N

C1 sarj: TPS26750 EPR sozlesmesini yapar (48 V/5 A'ya kadar); TPD4S480 EPR'de VBUS'i denetleyici icin boler (VBUS LV)

ve CC/SBU'yu 48 V kisa devresine karsi korur. POWER_PATH_EN, Q20/Q21 arka arkaya FET'lerini surer. MCU BQ25756"nin giris akimi
limitini sozlesmeye, sarj akimini (ICHG = |_yuk + | paket hedef) hibrit moda gore 12C3 ile ayarlar.

C1 cikis: BQ25756 ters modda VBUS Cl'e 5-28 V (140 W) uretir, TPS26750 kaynak PDO'larini ilan eder.

R61..R64 ve R66/R68 degerleri TPS26750 ADCIN yapilandirma tablosu ve BQ25756 VFB/ILIM denklemlerinden hesaplanir.

KARARTI SOLUTIONS | FRAGWATT | Sayfa 4: USB-C portlari: C1 PD 3.1 EPR (240 W) + C2 (65 W)

TPS26750 PD (EPR) + TPD4S480 48 V port koruma + BQ25756 cift yonlu sarj; TPS552892 + TCPP02-M18 kaynak portu
Rev C | 2026-09-27 | Konsept tasarim - prototip oncesi dogrulama gerekir




TIP_ADC

VOUT _ADC

U9 STM32GOB1RET6

PAO

PA1

OW_TX
VTIP_ADC
DAC_VSET RAW

IOUT_ADC

PA2

PA3

PA4

PA5

NTC_PWR
VBUS_C2_ADC
c2 cc1

BLE_RX

PAG

PA7

PA8

PA9

BLE_TX
ID_MODE
BB_OFF

SWDIO

PA10

PA11l

PA12

PA13

SWCLK
FAN_PWM
IMON_A

IMON_B

PA14

PA15

PCO

PC1

SYNC_A
SYNC B
BB_PSM

NRST

PC8

PC9

PC10

NRST

3V3
3V3
GND

VDD

VDDA

VSS

PBO

PB1

PB2

PB3

PB4

PB5

PB6

PB7

PB8

PB9

PB10

PB11

PB12

PB13

PB14

PB15

PC6

PC7

PC13

PC14

PC15

PDO

PD1

PD2

PD3

NTC_INTAKE
OUT_OFF
CHG_CE#
12C3_SCL
12C3_SDA
AFE_ALERT
AFE_RST
CFETOFF
12C1_SCL
12C1_SDA
12C2_SCL
12C2_SDA
BTN
BUZZER
DFETOFF
C2_CC2
CHG_INT
PD_IRQ
OUT PG
BB_FLT
BLE_EN
C2_VEN
C2 FLT
CHG_PG

C2_INT

Cortex-M0+ 64 MHz, 512 KB flash, UCPD x2, DAC, 3x 12C, LQFP64
(pin atamalari STM32CubeMX ile dogrulanacak)

SW_3V3

L4
22uH

3Vv3

3V3

R84
4.7k

12C1_SDA

NRST

—L—C68
—1— 100nF

GND

BT 3V3

—L— C60
—— 100nF

SW_3V3

3V3

R85
4.7k

12C1_SCL

3V3

R97
10k

BTN

3V3

R80
100k

FB_3V3

3V3

R86
2.2k

12C2_SDA

SW1
guc/profil

|
-
i

FB_3V3

R81
43.2k

GND

3V3
R87
2.2k

12C2_SCL

3V3
R98
10k

BLE_BOOT

VBUS_SYS
VBUS_SYS

GND

VBUS_SYS
VBUS_SYS

GND

3V3

—— C61
—T— 2X22uF

GND

3V3
R88
2.2k

12C3_SDA

3V3
R99
10k

BLE_EN

I2C1: AFE (0x08) + TCA9543A (0x70) -> eklenti A/B | 12C2: TPS26750, TPL0O102, TPS552892, OLED | 12C3: BQ25756 (ozel hat).
Kritik koruma sinyalleri (CFETOFF/DFETOFF, OUT_OFF, BB_OFF) dogrudan GPIO: firmware kilitlense de AFE ve donanim korumalari calisir.

Bagimsiz watchdog (IWDG) 500 ms; ESP32-C3 guvenlik zincirinde degildir (sadece telemetri/ayar).

U1l0 LMR36006 (3V3)

VIN

EN

GND

SW

BOOT

FB

VCC

PG

60V, 0.6 A buck

Ull LMR36006 (5V)

VIN

EN

GND

SW

BOOT

FB

VCC

PG |——

fan, buzzer, OLED

VCC_3V3R

—— C62
—1— 1luF

GND

3V3

R89
2.2k

12C3_SCL

FAN_N

5V

S 32T54

SW_5V

L5
22uH

5V

3V3

R90
4.7k

EXT_A SDA

3V3

R100
10k

NTC_INTAKE

SW_3V3
BT 3V3
3Vv3
FB 3V3
- BLE_EN
VCC _3V3R
- BLE_BOOT
GND
I2C1_SDA
12C1_SCL
SW_5V
GND
BT 5V
GND
FB_5V
3Vv3
VCC_5VR
3Vv3
GND
BT 5V
—L— C63
—1— 100nF
SW_5V
3v3
R91
4.7k
EXT_A SCL
NTC_INTAKE

\ TH5
\\\\ 10K fan girisi

N

GND

Ul2 ESP32-C3-MINI-1

3V3

EN

109

GND

TXDO

RXDO

BLE 5 - Kararti Link uygulamasi

Ul3 TCA9543A

SDA

SCL

AO

Al

RESET

VCC

GND

SDO

SCo

SD1

SC1

INTO f—

INT1 p———

eklenti paketleri icin 12C anahtari

5V
R82
100k
FB 5V
3v3
R92
4.7k
EXT_B_SDA
3v3
R101
10k
NTC_PWR

FB 5V

R83
24.9k

GND

3V3

R93
4.7k

EXT B_SCL

NTC_PWR

\ TH6
\\\ 10k L1 yani

N

GND

BLE_TX

BLE_RX

EXT_A SDA
EXT A SCL
EXT_B_SDA

EXT B_SCL

5V

—L— C64
—T— 2X22uF

GND

3V3

R94
10k

PRES_A#

5V

4

J5 OLED 128x32

3v3 vce
GND GND
12C2_SCL sCL
12C2_SDA SDA
SSD1306 12C
J4 Pogo 12p (eklenti)
PACK+_EXT PACK+_1
PACK+_EXT PACK+_2
PACK+_EXT PACK+_3
GND PACK- 1
GND PACK- 2
GND PACK- 3
EXT_A_SDA SDA_A
EXT_A_SCL SCLA
EXT_B_SDA SDA_B
EXT_B_SCL SCLB
PRES A% PRES A#
PRES B# PRES B#
manyetik, 3 A/pin; serit kaydirmali
zincir (bkz. sayfa 6)
VCC_5VR VBUS_SYS
—L ce5 —L ce6
—1— 1luF — 4.7uF
1 GND 1 GND
3v3 VBUS_SYS
R95 F2
10k 20A
PRES B# PACK+_EXT
5V

BZ1

M1
fan 5V 20x20x6 radyal | 5V buzzer

L_[J

FAN_N

BZ_N

GND
3v3
3v3

GND
12C1_SCL
12C1_SDA

GND

AFE_ALERT

AFE_RST
CFETOFF
DFETOFF
GND
BLE_TX
BLE_RX
BLE_EN

GND

J6 SWD
3yz ——— 3V3
SWDIO SWDIO
SWCLK SWCLK
NRST NRST
GND —— GND
programlama
FAN_N
Q30
2N7002K
fan
i GND
3V3
—— C67
—T— 4x100nF
1 GND
3V3
R96
10k
NRST

FAN_PWM

J8 FFC 16p 0.5mm (BMS kartina)

GND_1
3v3.1

3v3 2

GND_2
SCL
SDA

GND_3

ALERT

RST

CFETOFF

DFETOFF

GND 4
BLE_TX
BLE_RX

BLE_EN

GND_5

J7 ile ayni pin sirasi; U12 BLE modulu

arka (BMS) kartinda, anten arka kapaga bakar

Q
2N7002K
buzzer

GND

BUZZER

KARARTI SOLUTIONS | FRAGWATT | Sayfa 5: MCU, yardimci beslemeler, arayuz ve eklenti (pogo) portu

STM32GO0B1 + LMR36006 x2 + ESP32-C3 + TCA9543A + OLED/buton/buzzer/fan
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E CELL6 —®

E CELLs —®

E CELL4 —®

E CELL3 —®

E CELL2 —®

E CELLL —®

E_CELLO

E_CELLO

R31
100R

E_VCO

E_VSS

R50
100R

E_SRP

E_NTC3

k TH33
\ 10k

E_VSS

Serit kaydirma: J31'in B serit hatlari (SDA_B/SCL_B/PRES_B#) J32'de A konumuna tasinir. Boylece Core'a en yakin modul A kanalini,

B36

B35

B34

B33

B32

B31

P45B

P45B

P45B

P45B

P45B

P45B

E_CELL1

R32
100R

E_VC1

E_PACK-

R51
100R

E_SRN

E_PACK+

\S D31
Z SMCJ28A

E_PACK-

E_CELL2

R33
100R

E_VC2

E_SRP

—— C31
—T— 100nF

E_SRN

E_FUSE_DRV

N/ Biéie

E_FUSE_G

U31 BQ76942

Pl E_CP1
EVCE VC10 BREG E_BREG
EVCE vCo REGIN E_REGIN
EVCE vcs REG18 E_REG18
E VC6 VC7 REG1 E_REG1
EVCE VC6 CHG E_CHG
£ ves ves DSG E_DSG
E vCa VC4 PDSG f——*
E VC3 VC3 LD E_LD
C Ve Ve PACK E_PACK_SNS
. vel FUSE E_FUSE_DRV
£ VCo VCo TS1 E_NTC1
E BAT BAT TS2 E_NTC2
£ SRp SRP 53 E_NTC3
E SRN SRN ALERT |———%
E Vss vss scL EScL
<DA E_SDA
Core ile ayni koruma ayarlari; host Core MCU
E_CELL3 E_CELL4 E_CELL5
R34 R35 R36
100R 100R 100R
E_VC3 E_VC4 E_VC5
E_CHG E_DSG E_PACK+
R52 R53 R54
1k 1k 10k
E CHG G E DSG G E_PACK_SNS
E_CELL6 E_CD E_BREG
R57 —L 36 —Lc37
100R —— 100nF —— 470nF
E_BAT2 E_VSS E_VSS

altindaki modul Core'un B kanalini gorur; iki ayni modul ayni I2C adresiyle cakismadan calisir (TCA9543A kanallari).

PRES_A# modul icinde PACK-'ye baglidir -> Core 'modul var' algilar. Sigorta F31 + FET etkinlestirme, Core komutu olmadan kapali.

Q35 (sigorta atesleme, 2N7002K), F31 isitici ve Q36 (BREG, MMBT5551) baglantilari Core sayfasi 2 ile aynidir.

E_CELL6

E_CELL6

R37
100R

E_VC6

E_PACK+

R55
10k

E_LD

F31 SCP 30A

E_CELL1

R41
1k

E_SV1

E_CELL6

R56
20R

E_BAT

E_BAT F

E_CELL2

R42
1k

E_SV2

E_BAT

—— C32
—T— 2.2uUF

E_VSS

Q31,
CSD18510Q5B x2

Q32
E_CHG_ G
CHG

E_MID

E _BAT F

E_BAT2
E_SV6
E_SV5
E_SV4
E_SV3
E_SV2
E_SV1

E_VSS

E_CELL3

R43
1k

E_SV3

E_CP1

—— C33
—T— 2.2uUF

E_BAT

E_ MID
Q33,Q34
CSD18510Q5B x2 E DSG_G
DSG
E_PACK+
U32 BQ77216
VDD
V6
V5
va ouT E_FUSE_G
V3 D E CD
V2
V1
VSS
ikincil OVP
E_CELL4 E_CELL5 E_CELL6
R44 R45 R46
1k 1k 1k
E Sv4 E SV5 E SV6
E_REG18 E_REG1 E_NTC1
—1l— C34 —l— C35 k TH31
-1 2.2uF -1 2.2uF \ 10k
N
E VSS E VSS E VSS

E_PACK+
E_PACK-
E_SDA
E_SCL
PASS_SDA
PASS_SCL
E_PACK-

PASS_PRES#

E_VSS

RS31
0.5mR 3W

E_PACK-

E_NTC2

k TH32
\ 10k

E_VSS

J31 Pogo UST (Core'a)

PACK+x3
PACK-x3
SDA A
SCL A
SDA B
SCL_B
PRES A#

PRES B#

bu modul A seridini kullanir

E_PACK+
E_PACK-
PASS_SDA

PASS_SCL

PASS_PRES#

J32 Pogo ALT (sonraki Pack)

PACK+x3
PACK-x3
SDA A

SCL A

— 1 SpAB

— IscLB

PRES A#

—— PRES B#

B seridi alttaki modulde A olur

Kendi BMS'i olan istiflenebilir paket; serit kaydirmali pogo zinciri
Rev C | 2026-09-27 | Konsept tasarim - prototip oncesi dogrulama gerekir

KARARTI SOLUTIONS | FRAGWATT | Sayfa 6: FRAGWATT Pack eklenti modulu (97.2 Wh)




Ul ATMEGA2560

POT_LOAD PFO/ADCO PCO
T AMB PF1/ADC1 PC1

TIP ID PF2/ADC2 PC2

POT VIN PF3/ADC3 PC3
CELL1_OFS PKO/ADCS8 PC4
CELL2_OFS PK1/ADC9 PC5
CELL3_OFS PK2/ADC10 PLO
CELL4 OFS PK3/ADC11 PL1
CELL5_OFS PK4/ADC12 PL2
CELL6_OFS PK5/ADC13 PL3
POT_DCIN PK6/ADC14 PL4
POT_HOT PK7/ADC15 PL5
BTN_POWER PAO PBO
BTN_PROFILE PA1 PB1
BTN_SHORT PA2 PB4
SW_EXT1 PA3 PB5
SW_EXT2 PA4 PB6
VCC_5V RESET PB7
VCC 5V AvVCC PEO/RXDO
x| AREF PE1/TXDO

Program File: fragwatt_bms_atmega2560.hex | Clock 16 MHz
CKSEL: Ext. Crystal, CKDIV8: Unprogrammed

LED_DSG

R1
RES 330R

LED_DSG_A

LED_BAL3

R8
RES 330R

LED_BAL3_A

VCC_5V

R20
RES 10k

T _AMB_TOP

LED_DSG_A LED_CHG

D1
LED-GREEN

R2
DSG FET RES 330R

VAN

GND

LED_CHG_A

LED_BAL3_A LED_BAL4

D8
LED-YELLO

R9
BAL3 RES 330R

VAN

GND

LED_BAL4 A

LCD1 LMO044L (20x4)

GND ——— VSS
VCC 5V vDD
oND ——1 VEE
LCD_RS RS
GND — | RW
LIcCDE — 1 E
LED_DSG ——1 oo
LED_CHG . b1
LED_OUT — 02
LED_FAULT ——1 b3
LED_FAN LD D4 D4
BUZ LCD_D5 D5
LED BAL1 LD D6 D6
LED_BAL2 LD D7 07
LED_BAL3
LED_BAL4 DISPLAY.LIB
LED_BAL5
LED_BAL6
LCD_RS
LCD_E
LCD_D4
LCD_D5
LCD_D6
LCD_D7
VT TX
VT _RX
VT1 VIRTUAL TERMINAL
VT _RX RXD
VT TX TXD
«— RTS
X cTS
9600 8N1
LED_CHG_A LED_OUT LED_OUT A LED_FAULT
Vs BoraoS e 7% Dae S,
—L_ oo LED_OUT A —L_ oo LED_FAULT A
LED BAL4 A LED_BAL5 LED BAL5_A LED BAL6
SZ§ E‘;?XELLO RES 330R SZ§ E‘;—iﬁgﬂm RES 330R
i GND i GND

LED_BAL5_A

LED_BAL6_A

RV10 yerine gercek NTC kullanilacaksa: VCC_5V - RES 10k - T_AMB - NTC (10k, B3950) - GND. Potla: %50 = 25 C, %20 = ~60 C, %77 = ~0 C.
Hucre potlari ortada (%50) = 0 mV sapma; her %1 = 10 mV. LOAD potu %1 = 3.5 W. VIN potu 5/9/15/20/28/36/48 V'a oturur, %98 ustu = asiri gerilim testi.
Proteus'ta guc pinleri gizlidir (VCC/GND otomatik). Ayrinti: hardware/proteus/PROTEUS_KURULUM.md

LED_FAULT A

LED_BAL6_A

VAN

VAN

LED_FAN

D4
LED-RED

R5
HATA RES 330R

GND LED_FAN_A

BTN_POWER

D11 BTN1
LED-YELLOW BUTI'ON
BAL6 GUC

. i

VCC_5V VCC_5V VCC_5V VCC_5V VCC_5V VCC_5V
BOT.HG POT LOAD RYZHG POT VIN R9LHG TIP ID POLHG CELL1 OFS R3HG CELL2 OFS B8 G CELL3 OFS
POT-H POT-H POT-H POT-H POT-H POT-H
~[5AD 0-350W STSECVUIN <gcRobU “SH0CREL +-0.5V ~q0CRES - ~H0CRES -
GND GND GND GND GND GND
VCC_5V VCC_5V VCC_5V T_AMB_TOP VCC_5V VCC_5V
POT-HG CELL4 OFS B8 HG CELLS OFs POLHG CELL6_OFS o 6 \TAMB o G POT DCIN BOTHG POT HOT
POT-H POT-H POT-H ot ROTH R
*HUCREA - ~q0CRES - ~*HUCRE6 TO) 5N 0-330W *E£G707 30-70C
GND GND GND GND
LED_FAN_A LED BAL1 LED BAL1 A LED BAL2 LED BAL2_A
SZ RN PED-GREEN R6 SZ A DEDYELLO SZ A LED.YELLOW
3 N RES 330R LED) REs 330R 3 E
GND GND GND
—— LED _BAL1 A — LED_BAL2_A —
BTN_PROFILE BTN_SHORT SW_EXT1 SW_EXT2 BUZ
BTN2 J) BTN3 sw1 SW2 BUZ1
BUTTON BUTTON SWITCH SWITCH BUZTER
PROFIL KISA DEVRE EKLENTI 1 EKLENTI 2
‘ ‘ GND GND | o

KARARTI SOLUTIONS | FRAGWATT | Sayfa 7: Proteus simulasyon devresi (ATmega2560)

hardware/proteus/fragwatt_bms_atmega2560.hex ile calisir - parca adlari Proteus 9 kutuphanesinden
Rev C | 2026-09-27 | Konsept tasarim - prototip oncesi dogrulama gerekir




G_PFC_DRV
G_VCC
G_RDRV1
J40 AC giris IEC C8 BR40 GBU4)J
G_ACL c Lo ACL N G_VREC
G_ACN - ACo ) G_PGND
2 pinli (sinif 1), 90-264 VAC 4 A 600 V kopru
G_vcC
G_PGND
G_VOSNS
U46 STM32G031K8
G_VOUT _ADC PAO
& IMON PAL PAd G_VSET_PWM
G BEN
PA2 PA5 -
G_BFLT - 42 SWD 4p
G_I2C_SCL PA9 PAG -
G 12C SDA PA10 PA13 G_swblio G SWDIO SWDIO
G NRST NRST PA14 G_SWCLK G SWCLK SWCLK
G 3V3 VDD PBO G_PD_IRQ G 3V3 3V3
G_SGND VSS G_SGND GND
PD sozlesmesi -> cikis gerilimi (PWM->RC -> programlama
SS/ATRK), akim/sicaklik izleme
U49 TPS26750
G VBUS LV VBUS POWER_PATH_EN G_PPEN
G cc1 ccl 12Ct_SDA G_I2C_SDA
C co - 2t scL G_l2C_sCL
| G PD IRQ U51 24LC256
G ADC1 ADCIN1 12Ct_IRQ _PD_|
G_ADC2 ADCIN2 12Cc_SDA CFESDA G_EE_SDA SDA
G 3v3 VIN_3V3 12Cc_SCL G_EE_SCL G EE SCL scL
G LDO3 LDO_3V3 12Cc_IRQ G_EE_IRQ G SGND WP
G_LDO15 LDO_1V5 GPIOO G_EPR_EN G_LDO3 vee
G 5V PP5V GPIO1 G_PFLT G SGND GND
G SGND VSYs GPI04/LD1 GLb1
- G LD2 PD yapilandirma EEPROM'u
G SGND GND GPIO5/LD2 —
USB PD 3.1 EPR kaynak (USB-IF sertifikali):
5/9/15/20/28/36/48 V + AVS, 5 A e-marker
G_ACL G_ACL F G_ACL F G_ACL F G_ACN G L1
F40 \S RV40 —L cx40 L40A L40B —Lcx41
T4A 250VAC MOV 275VAC —— 470nF X2 CMC 2x10mH (A) CMC 2x10mH (B) —y— 220nF X2
G_ACL F G_ACN G_ACN G L1 G_N1 G_N1
G_VBULK G_BLK G_LLSS G_vcep G_vCC G_RDRV1
R44 R45 C49 C62 R63 R64
3x1.5M 20k -1 1luF -1 22uF 10k 20k slew
G_BLK G_PGND G_PGND G_PGND G_GAN_FLT G_PGND
G V24 G_BEN G_BCFG G_BSLOPE G_BCOMP G_BCZ
R67 R68 R69 R70 R71 —1— C63
100k 10k config 24k egim 10k —1— 10nF
G_BEN G_SGND G_SGND G_SGND G_BCZ G_SGND
G_LDO3 G_ADC1 G_LDO3 G_ADC2 G_LDO3 G_LDO3
R77 R78 R79 R80 R81 R82
ADCIN1 ADCIN1 ADCIN2 ADCIN2 10k 10k
G_ADC1 G_SGND G_ADC2 G_SGND G_EE_IRQ G_PFLT

Guc yolu: AC 90-264 V -> EM| (CX40/CX41, CMC L40, CY40) -> kopru BR40 -> TM/DCM PFC (UCC28056 + LMG3624 + SiC diyot) 390 V bara (C42)
-> LLC yarim kopru (UCC256404 + 2x LMG3624, ~200 kHz, rezonansa yakin) -> T40 8:1:1 -> senkron dogrultma (UCC24624 + 2x CSD19532Q5B) -> 24 V ara bara

-> 4 anahtarli buck-boost (LM5177, 300 kHz) 5-48 V -> Q49/Q50 guc yolu -> USB-C PD 3.1 EPR (TPS26750 + TPD45480). Hedef verim (230 VAC, 240 W)

Q40 LMG3624

VDD

RDRV

PFC anahtari: 700 V 155 mOhm GaN,

entegre surucu + akim algilama emulasyonu

U40 UCC28056

VCC

GND

VOSNS

TM/DCM PFC (300 W'a kadar), 390 V bara

G_V24

G_V24

G_SGND

G L1

N

G_L2

G_RDRV2

R65

20k slew

G_HB_SW

G_BHB1

—L— C64
—1— 0.1uF

G_BSW1

G_LDO3

R57
2.2k

G_EE_SDA

PFC %98 x LLC %97,5 x buck-boost %98 = %93,6. Izolasyon: T40 ve optokuplor (5 kV), tek Y1 kondansator. 24 V bara UCC24624'u dogrudan besler (<= 24.75 V).

MCU (STM32G031) TPS26750'nin sozlesmesini 12C'den okur, cikisi PWM->RC ile LM5177 SS/ATRK'ye yazar (FB tavan 48 V); NTC ile GaN sicakligini izler.

Dogrulanacak: LMG3624'un UCC256404 HO/LO ile surulmesi (ust anahtar bootstrap), FLT'nin BLK'yi cekerek kapatma devresi, EMI (EN 55032 B) ve Y1 kacak akimi.

Q41 LMG3624

k NTC40
\ 5R 3A inrush

G_SR1 G_SR2
b G_VBULK
G_HO IN < G_HB_SW
Q43 Q44
G_HB VvbD s X CSD19532058 G_SRG1 CSD1953205B G_SRG2
RDRV SR 1 SR 2
D G_PFC_SW G_RDRV2 o "
S G_PGND
LLC ust anahtar (bootstrap beslemeli)
CS e T40 LLC trafo 8:1:1 PQ32 G_oGND G_oGND
G_GAN _FLT rato a:1: Q
FLT -
<1 G_SR1
GIR —| P
_ oT G V24
GTXB — | P2
_ < G_SR2
5 kV izolasyon, merkez uclu ikincil
Q42 LMG3624
b G_HB_SW
G_LO IN < G_PGND
G_vcC VDD s X U42 UCC24624
G_RDRV3 RDRV - G_GAN_FLT DL G_SR1
G V24 VDD VG1 G_SRG1
LLC alt anahtar -
G SGND GND VD2 G_SR2
VG2 G_SRG2
DRV G_PFC_DRV
cift kanal senkron dogrultucu
zcp/cs G_ZCD
comp G_PFC_COMP
U41 UCC256404 TP40 Test noktasi
G_HV HV GGANFIT — T
G_BLK B GaN ariza (FLT) izleme
G_VvCCP VCCP HO G_HO
G VCC RVCC HS G_HB_SW
- u43 TLv431 U44 Optokuplor 5 kV
FB HB G_HB
G_FB
G LO G TLK G FB
G_ISNS ISNS LO - REF K - G_OPTA A = -
G_TLREF G_SGND G_PGND
G_LLSS LL/SS A - G_TLK K E -
G_PGND GND . .
- 24 V referans izole geri besleme
LLC denetleyici: HV baslatma, X-kondansator
desarji, hibrit histerezis kontrol
u4s5 LM5177
HB1 G_BHB1
G V24 VIN HO1 G_BHO1
G BEN EN/UVLO Swi1 G_Bswl
G 5V BIAS LO1 G_BLO1
G BCFG CFG CSA G_BCS
G SGND MODE CSB G_SGND G V24 G_BSW1 G_VOUT_RAW
x— SYNC HB2 G_BHB2
G BHO2
RT HO2 -
oBr G_BSW2 355 G_BHO1 358 G_BLO1 35t G_BHO2
CSD19532Q5B CSD19532Q5B CSD19532Q5B
G_BSLOPE SLOPE SW2 - HO1 Ii - LO1 Ii - HO2 Ii -
G VSET SS/ATRK LO2 G_BLO2
G BVCC DTRK ISNSP G_VOUT_RAW
G BCOMP comp ISNSN G_VouT G_BSW1 G_BCS G_BSW2
u47 LMR36006 (5V) - G IMON
G BFB FB IMONOUT -
SW G_SW5 G VOUT VOUuT nFLT G_BFLT
G BTS U48 TLV75533 - G BVCC
VIN BOOT - G SGND AGND vCC -
EN FB G_FB5 G 5V IN PGND G_SGND
GND vCC G_VCCSR G 5V EN ouT G_3v3
X - 4 anahtarli buck-boost: 24 V -> 5-48 V (PD sozlesmesine gore)
PG p— G_SGND GND
60V, 0.6 A buck 3.3V LDO
U50 TPD45480
J41 USB-C (cikis)
cc1 G_CcC1
G cccl c cc1 cc2 G_CC2 G_VOouT G_VBUS VBUS G_VBUS
G VBUS LV CSD19533Q5A G_PPEN CSD19533Q5A G_PPEN G SBUC1
G_SBUC2 C_sBu2 VBUS_LV - - guc yolu | B ters blok | B SBU1 B
G SGND RPD_G1 EPR_EN G_EPR_EN <BU> G_SBUC2
G SGND RPD_G2 EPR BLK G }—X GND G_SGND
G_VBUS VBUS FLT G_PRLT G_MID G_MID SHIELD G_SHIELD
G VBIAS VBIAS VPWR G_LDO3
- EPR48V/5A
GND G_SGND
48 V EPR port koruyucu (kaynak: RPD_G topraga)
G L1 G_N1 G_VREC G_VREC G_PFC_SW G_VBULK G_VBULK G_VBULK G_VOSNS G_PFC_CS G_PFC_COMP G_VCC G_HB G_HB_SW G_TXB G_TXB
S D42 S D43 —l—c41 L41 S D40 ——c42 ——c43 R40 R41 R42 —L—c44 —L—c45 —L— c46 L42 —— c47 —L—c48
1N4007 1N4007 —— 1uF 450V film 150uH PFC PQ26 SiC 650V 6A —— 100uF 450V —— 100nF 630V 3x1.5M 25.5k 1k — 1uF —— 22uF 35V —— 0.22uF Lr 30uH —— Cr 33nF 1kV —— 150pF 1kV
G_HV G_HV G_PGND G_PFC_SW G_VBULK G_PGND G_PGND G_VOSNS G_PGND G_ZCD G_PGND G_PGND G_HB_SW G_LR G_PGND G_ISNS
G_RDRV3 G_PGND G V24 G V24 G V24 G_TLREF G_TLK G_BSW1 G_BCS G_VOUT_RAW G_VouT G_VouT G_BFB G_VSET_PWM G_VSET G_BVCC
R66 CY40 C50 . R47 R48 R49 C51 L43 RS40 RS41 C53 R51 R52 R53 C54 C55
20k slew —T— 1lnFY1 —T1— 4x470uF 35V polime 1k 100k 5.49k —— 10nF 6.8UH Isat>=15A 2mR 3mR —T— 4x22uF 100V 470k 10k 10k —— 100nF —— 4.7uF
G_PGND G_SGND G_SGND G_OPTA G_TLREF G_SGND G_TLREF G_BSW?2 G_SGND G_VOUT G_SGND G_BFB G_SGND G_VSET G_SGND G_SGND
G_BHB2 G_IMON G _3V3 G_VouT G_VOUT_ADC G_NTC G _3V3 G_NRST G_SWS5 G_5V G_BT5 G_5V G_FB5 G_VCC5R G _3V3 G_LDO3
—1— C65 R72 R73 R74 R75 k TH40 R76 —1— C66 L44 —L— C56 —L— C57 R55 R56 —L— C67 —L— C58 —1— C68
—— 0.1uF 10k 10k 100k 6.8k \ 10k NTC 10k —— 100nF 22uH —— 22uF —— 100nF 100k 24.9k —— 1uF —— 1uF —— 10uF
N
G_BSW?2 G_SGND G_BFLT G_VOUT ADC G_SGND G_SGND G_NTC G_SGND G_5V G_SGND G_SW5 G_FB5 G_SGND G_SGND G_SGND G_SGND
G_LDO3 G _3V3 G _3V3 G _3V3 G_VBIAS G_VBUS_LV G_PPEN G_VBUS G_VBUS G_SHIELD G_SHIELD
R58 R61 R62 R60 —1— C59 —1— C60 R59 \S D41 —— C61l R83 —— C70
2.2k 4.7k 4.7k 10k —— 100nF 100V —— 100nF 100k SMCJ51A —r— 1uF 100V M —— 4.7nF
G_EE_SCL G_I2C_SDA G_I2C_SCL G_PD_IRQ G_SGND G_SGND G_MID G_SGND G_SGND G_SGND G_SGND

G_

Q48

CSD19532Q58B

G_ISNS

R43
150R

G_PGND

G_BRT

R54

30.1k 300kHz

G_SGND

G_LDO15

—L— c69
—— 4.7uF

G_SGND

LO2

BSW2

| G_BLO2

G_BCS

KARARTI SOLUTIONS | FRAGWATT | Sayfa 8: Kararti GaN 240: 240 W USB-C PD 3.1 EPR sarj cihazi (FRAGWATT eslikcisi)

AC 90-264 V -> EMI -> GaN PFC (UCC28056 + LMG3624) -> GaN LLC (UCC256404 + 2x LMG3624) -> SR (UCC24624) -> 24 V -> buck-boost (LM5177) -> USB-C EPR 5-48 V
Rev C | 2026-09-27 | Konsept tasarim - prototip oncesi dogrulama gerekir




