BINHO ANGO13 APPLICATION NOTE
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>

7

SHSHE AL 22 2MT|E I AIX|L 0= A T etofl §3 8 A wete| Fatet 7|22 JHX| 1
UASLICE AL Ol X[= HE2 O 7|FS MHUE & A=XIYLICH

O] M 12C2t Binho Pulsar0i| CH3l| O] ZE20i| EEfLICE MU S sAst= |FE2E|, Of2e] ZE +XIE
A2 ZAL d2|10 Aol AL YA HatAl= dAlol et 2ES MSELICE Of Xto[7t HA L T,
HIO|EE CHA| EUl= A2 EXIQf TR SateL|C.

e
O] EMOiIM CIR = 82 THEat Z&LIT.

. Saleae 12C £417| CSV LHELH7| TIUS 9|1 IREE| EHMMS =Helt)|
o et EGTM S PulsarO| A Python L=

o EtZIO| ARY mf OfHETL Hdh= A0t E05HK] ob= A
Al

- EAD|Z F NS RS ESIRIA X0 AR MM Lol Helst]
. S I OfEEIS 0| E20|M EZloE AR o|EHoE HEE S|
« Bl 97|, EBMM 20|, EFO|, T A, 10HIE T K

SPI, 13C EE= UART ZX2| Hd, Mission Control 30 M 2| x4 5, 2417| MM Tt = HE{ 2| ZHA XY
T42 UEX| 5L of OEE'EIEIE =479 7|2 ME mHo| OfL|2f CSV LHELHY| IS ELITH

g rjutoA

B 1. HE C[Ho|A

oA 22 AlH HE =
W HE Binho Pulsar StEgof 2[H[F C, H EJE, o 2M
= o] 4.4.0
Ml HE Binho Supernova StERof 2| C, | AL HZE Pulsaret 2R E. ZHEEZ
= gllof 4.5.0 2EMHEZ XK 2
ollZzi|0] I2C EFZICR S&f5h= stEgof 2jH[™ C, | ZHE, O] 2M
M ERA Binho Supernova 20 4.5.0
X EH| Saleae Logic Pro 8 Logic 2 v2.4.46, £, o] 2
12C 2417]
LRSI Acute TravelBus 8xl'd 2 HAE ALY REEE= O LY
HU7| s AHX| gts
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BINHO ANGO13 APPLICATION NOTE

=M H=
ANO0002 Binho PulsarE A%t 12CE E% STM32 OI0|ZZHEEZ Z2T24Y
ANO008 Binho SupernovaE A%t 1I2CE S8t CMIS & 28 X£7| &8

2t TH A L2ZEH 0

12C CIRE7} Qs 25 2447
R AH CHA 12C EF2L

A5Z0|M of 22f0|H EZICZ AIBY &

rE

M Binho O{HE]

USB-C #0|=
1.289 & 2M7| 25 0| HAE CIREHLICE o{7|Me £H2 RE2IE|I7L iy 247|9 LHELHY| IHU S
Z1Y ¢17| wj20| Saleae Logic Pro 82 &M &LICL. Acute TravelBuskE Z2 E2iZS 24510 XHA|
AZEQ00 M 12CE CIZYSHX|CH LHELHY| mo| HAlo| 282 O WHE o RE2|E[of doa{H &
HI7t Md5h= THU0M 4.2E2 oM 74 B2 ZfdslioF &LICt. O] BXIJt SaleaeE TH 2 St= OlfR= 2
E o|{ELICE.

ik
H 4. MESt= A=
M 2
SCL 12C 25, HEEHOM EIU & M| Z2EHZ
SDA 12C Cllo|E], e, M7 Z2HZ: HE
33V ERZl &, Mo = ofHE{OM 33
GND 2|d, = o{HE{et BM7|of| 35
HA= StLIO|H, O 9|9 AEE2{= "ets| stLILICH = Huf O{HE{Tt 0| 2|0 M EfU 2 E SEiSt= E
2 1 O{|E| Xpalof 12C HEER{= Holl X7|215HK| ¢&LICEH of HAOM X7|otE & HAEER = S O
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SCLZ} SDAE T30t = Lt S Bt T 2ol MYUE SStEZ, A7 Z0to| v ot ZFRE HY
2|=uo] LstH of= 0|2 v LFEMY 2 LICt

EE2 FUSE Z2UHLCE M2 2Y2 M= Aol X2 C|2Eof| XIFsHof stH, 7Hgst7| =t
7EX[7t QELIC. SCLIF SDAZL F{HER e = C|FYsHH F 7} ofL|2t OZ X e £=0] L7

A=

klxo-l 7t

HA Pulsar HA A, Qwiic ZE

£ 100 kHz

=Y 2.2 kOhm, H|0] = O HE{0]| Mt

A Mt 3.3V, 2= 3299 mV

247 6.25 MS/s, A2t 3.3 V 2, fi'd 02 SCL, *'2 12 SDA

. EQI0| LT ZstH 2rH3HE EfZI0] 2O|X| A E|H, O SA2 #0[S0| 22| et 1HE
&Lt x50 OIA EFZISZ 2M5tEl Supernovad| CHel Pulsare| 2 O
OhmOf|M= E}ZI0| M| SESHK] @k 470 OhmEE 4 kOhm7HK|= Of

o

2 FW_I2C BUS WITH NO TARGETS CONNECTED £ HFetstil 2% M7|= Fw I2C NACK ADDRESS

rE mlo
olo |>

BHSh=C, Ol= HAT AZE[X] GhRtS W Bretel= gt Yed| ZELth Bl 20 2ES MA 2 dstAl
Q.
ADELof

LIS SDK7} HIBots F A2 ZF MSEH 22 ZUS AHLLICEH XH0| SEHOF = AL
=]

Python, pyCosmicSDK 7|4t Python 3.11 0|4}

pip install pycosmicsdk
python i2c replay.py selfcheck

C++, CosmicSDK 7|8t C++17 At 2{et MX|El CosmicSDK:

cmake -B build -DCOSMICSDK RO0T=/opt/cosmicsdk
cmake --build build
./build/i2c_replay selfcheck

T XA M 2% OfRHELE AT ERSHK| B2, Hi M| Tol| YEES =Held 4+~ ASFLITE AX=
EM7| XAl 2T EL 07t ER0IH, 4.2F0M T §l0| Logic 2€ 7&dt= WS 20| FLIL|.
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BINHO ANGO13 APPLICATION NOTE

i C++ HH2 HHME %'I'_ Mdsh= 7| CHELICE O{HE S ol S2fo|d EP'OE gdssh= Jls

g)2 Python H{Z0|2t AFLIC SDK £Z2| 0|R= F 7t

‘él'-l'if CosmicSDK= HA A3 HtetSh= i2cDeinit 2 1.5.001M F7HEX|D +n+$4|01'— 4.5.05E{ 2t
0| X|sI2E, 0| O{HE{0l| A= C|HtO| AT} 2| ME W7kX| EFZ] HE0| RX[ELIC ESH Xt Ol EFL0)
Chol mdsh= SXtol|l A= ol 224[0|M EfZl0| H& HRSHX| t&LIC.

Tg
U'I
>|
E
lo
H1
Ja}
0
Hu
N
_|
1]
Jo
ne
O
rr
o
>
ro

3 M Al x| S=

31 AX= 23R ET oL} 7S YLICE
0| DE HHO|E 1 27H0) EXBT uHo| AEHoll QB EFAO| SEFSH HULIC HKES MAIHE 1 bt
O|E 0] ARzt 0|0 HH# A0 FRILICE 01714 Ul 7K 2ot LoD, 0|2 S0] ofeHel BE I8 S 2
Metct
M7 RS 4 AKT 27| MHY 2+ HSLICH 2K E 2470 |28 vto| == EFZ10] 448 Zi0|x] Ef
200/l 258 Z00] OFEILIT RfA10| 1 HO|ES S ZHBHE HS 0|02 4 YUALICH SY2|ElS 97IE Tl
St SEHO| OfH| UX[SHEX| HIstn, Ol XfAO| OFL|zt HFRULICE

HEE i EMMM XM S SRYLICL EL2I0| SESHA| o™ Heol= LIHX| H0[ZES 222 = LELY
X g 3 XHAM WSS STHHYLIC 0= O{-E{2| SE0|H FEE|E|7F Fdgt 20| otgL|Tt.

oefo|Y2 7| E Zo| ofL|2t FEE ZL|CE E447| LHELYZ| Iholl= START ZO|LI STOP E0| gi&
LICE J™-0| = AAESE Slst= H2 3.3H-0|M & oi. L|C},

x| OlE|HE = HA EMMMO] EL|CL 2M7[7t of|X|E 22 CZEotH FA71 BHE0X| 1, [HM2 T F

A5 SHSHA| XIFELIC

3.2 £ 7}x] H=22} 74527} obcl 3t 71|
Ol”iE= & 71X HI{E FESHH, 1 Xto| 7t 1 H1AM L8] MR LT

I 6. EfZI0| HRotE YA OB 7} E03H= L&

HAOAM 2ojit A meoflo] AEl JZio| &Hst= A
OIRAE F20| SHOHX| ¢S FW_I2C NACK ADDRESS C|O|E{ HIO|EJf LI MEE|X| %S
(0x0203)
E}Z10| ZAE 2 & [|0|E FW_I2C_NACK BYTE (0x0204) TS0| i HIO|EO A STHE| D Lt
HIO|EE HEg HXl= HEEX] &2
5 MEf BE HEEI HIO|EQ| QIHA S &1 QIX| QELICH MM HEOME o HEI Lo{Lt=X= TE 4
U2t HO|Z2E9| A{C|A AN LA E=ER= HE 4~ SLICH 560N O QHAE SRS £+ A= F X2

HAlZLCE

Ot X7t elZ2 2l0Iots NAKE UASLICH AEES = 1719 OFX[2f HIO[EE HMQPt 2= HfolEoﬂ S
Bot, OFX[2H HIO|E0fl= NAKE 2 EFZIOA &2 B2t LELICE Ol WELHZ| THEOM 84719
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3.3

BINHO ANGO13 APPLICATION NOTE

ObX[2} HEO|E0f| THEF NAKZ LIEHELICE O] HEZ ME Xl HME &4 A= BA5HA £BEZ,
FEE[E|= 0|2 BAHCZ H|elglL|Tt.

EA7| 27| ordof Zetx]= 2dat ZekE|x] pfs A

LHELH7| mhdo| &= 7kX| E40| RE2|E|Q] WEIE BHsIH, = Lt € MF2=2E =5 4= glaUrh

Packet ID €2 O} AT I ES}SHX| pE&LICE. Of #IX|Q| 4259 2K 0| A 395712 H|O|E] & 27t

Packet ID o 2 7t&l11, 307H2| =4 NAK ATt ZHo| AJASLICE WEtM Packet ID2 EHMMA S 1FES}S}
M

2 Qs HE0| MTLICH ME A 179 ZoIE MT[9F ¢17| HIO|ET} SHLt2| 12HI0|E M 7|2 gt
HESLICH REE|E= 0] 0| &H|= Hot= Z02 0| mELICt.

EM A= 2MS 12tO 2 HE| X28{0f BHL|C}. START EO|L} STOP &o| gloo = 8t Z=A0 Chst
2 HWgo| = MJ|E AESHE YT 22 HIO|E Ato|Q] ZHARQILICE, JEiAM SEE|E[= 2K 2| HIO|E 2t
ZtASl ZAZFS EX™st O HiS0f| A RHELICE.

The analyzer export has one row per byte and no STOP column,
so a transaction boundary is recovered from the silence between bytes.

One phase: bytes back to back
the cut

l 00 II DE II AD II BE I 8x the median
inter-byte gap,

about 760 us here.

95 us between bytes, one byte time at 100 kHz. Never a boundary.

Above it, a STOP.
Below it, the same
transaction continues.

Two phasgfs, no STOP: a repeated START

|ee|§|ne||m||se|

—

Measured per capture,

210 us, about two byte times: the START plus the re-sent address. .
so it follows bus speed.

Two trans@ctions: a STOP between them

|

11.6 ms, two orders of magnitude clear of the other two.
JE 1. 5 XS5 XHO|7F Lh= Ml ZEX] 2t 3E, 1 Atolofl M EEHEO| 50| = 21K,

7.0 AXNo|M ZFet Ml 7HX] 284, 100 kHz

i

LUK £ o|oj

3t 1|0| = LY HIO|E A}O| 95 us 1HEO|E A|ZH, HcH ZA|7} ot

ME A 9l7|9| £ 0| X At 209~210 us 9t START. H{AT SX|E

&t EBHTHMI} CHS EBTHA ALO| 1.6 ms STOP
7|2 HetEel Zate| 8hli= 2F 760 usE, 5 B At M| HI & AtO|of| B = ot Xl 42| 04Tra =
I SYULICL Hf+~E 32 1™ 287 us7t =0 BH= START ZHAELC} 1.4H 50| 2X| QfQEE HATJL =
I X HHE STARTE STOPRE 97| AIZF&LICE. --gap-seconds & O FE|AEIS 2t EH11|°”—|
Ct.
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4.2
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X}
HiA}7] Holl RE2|E| Stols}y|

python i2c replay.py selfcheck

i2c replay.py 1.0 self-check: 18/18 OK

./build/i2c_replay selfcheck

i2c_replay 1.0 self-check: 11/11 OK

N

47k CHE 22 Python EIAE 2 20| CH OfRAE{O]| T3 A4 RO T Ch2 4= Ui, C++ HAE D2
S22 AN HX|o| Z7|7] 2eLICh & C IS CHELICH

|

Axsto|
EM712 12C CIZEHE AZS HEjoM 2t A= EHEE 7|=¢ THE, 247| 20HE CSVE LHEHL|C
ool } &2 thaa Z&U L

Time [s],Packet ID,Address,Data,Read/Write, ACK/NAK

A= LHELZ|0 AF2 & 21 OU2 45|22, 1674, 10T = 22 & WEWY| oY 25 oHE
L|C}.

#1: Logic 2= F 7HX| ME L2 CSVE ZAsHH, 07| M A8 E = = A2 IF SHLHELICE 2M7|
LHELH7|(analyzer export) It 2 HIO|ES o SHO|H 92| €2 7HRILICL. HI0|E H|0|& LHELH7|(data
table export) IfY2 2t M| CHE T2 2

name, type,start time,duration,data,read,address,ack 0| TE2EZ Tt ot SHo|H FTAT}
X7t ol 20|22 EA|EIL|CE H|o|H HIO|E2 REEIEIM H7|H 2R It E|= il 0|EQE HEE|
M, 2F HAIX|= CHAl O IbA S ALESHOF SH=X| e FLCt.

Logic 2= & ¢10| O] &S Al = USLICEL PreferencesOllM XtE2t HHE
Saleae®| logic2-automation INZ|X|7t ZAHE P St 22 MU ZHMBILICE

TECHSUPPORT@BINHO.IO - REV 1.0 7/ 19



BINHO ANGO13 APPLICATION NOTE

from saleae import automation

with automation.Manager.connect(port=10430) as manager:
device = automation.LogicDeviceConfiguration(
enabled digital channels=[0, 1], # 0 = SCL, 1 = SDA
digital sample rate=6 250 000,
digital threshold volts=3.3)
timed = automation.CaptureConfiguration(
capture mode=automation.TimedCaptureMode(duration seconds=2.0))
with manager.start capture(device configuration=device,
capture configuration=timed) as capture:
capture.wait()
i2c = capture.add analyzer("I2C", settings={"SDA": 1, "SCL": 0})
capture.legacy export analyzer("capture.csv", i2c,
automation.RadixType.HEXADECIMAL)

legacy export _analyzer 7t O] REEIE|7t el= EA7| LHELHY| DU JLICE 22 2K
export data table 2 CHE IMUS ZfABL|CE

4.3 M4dst7| Hofl A CEAl 8171

parse © HAES EZ|X| o0 EMMMS SBILIC Ol= X7 7hESt IS X2 B2 A=K =l
St THAILIC.

python i2c replay.py parse capture.csv

capture.csv: 152 transactions (121 write, 31 read), 395 payload bytes, 30 refused in
the

capture, 31 held by a repeated START

capture spans 2.028226 s

0.007708s write Ox50 00 [repeated START, bus held]
0.007911s read 0x50 DE AD BE EF

0.019486s write 0x62 - [captured: address NAK]
0.051084s write Ox50 00 DE AD BE EF

0.063084s write 0x50 04 11 22

O] ZH0l|lM H0f & THet MR ALRO| M| 7EX| JSLICE 2| XIAE ZRIE = HO|2EE MMELICE write
0x50 00 DE AD BE EF = 2{|X|AE{ 0x00 Ol DE AD BE EF £ M= Z0|H, LHELI| MU= MSME Ol
E{ HO|EE L ESIX| 27| MiZ0l| RE2|E[= Z2IE HIO|EE H0|ZE 2tof] RXILICH ME =4 27|=
ERIHE A5tz MU|9 HIO|EE #H6t= Y4712 & H|o| =2 LtEtLt=d|, =M oM HXZ 37|
w2 L|ch 22|10 F Ho|= & A Hij= RXIE A2 HAIE|H, 0|210] 3.3H2| Ht= STARTRL|C}.
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Hdsto|
python i2c replay.py replay capture.csv --serial <pulsar serial> --pullup KOHM 2 2

B8 1l =4

=M =21
--pace USB £ = 1 sh= CHAl 24K XpM|e] EMTMM 7F 7tAS J|CH
--stop-on-nak XS HRE EHMMO|M TN M S ST
--include-captured-naks HHOIA o|0] HEE EHMME CHA| 2l
--gap-factor, --gap-seconds 3.3Ho EMMM AA HHHEZ 0|5

olExoz A% gus]

HE = NS JHK|7 oM, Ol= oMo 2 HEES AOo7ICH= SEQIL|CE & HK O{HE E, AI2 S of
XtAl9] =40 NACKE U= S 6t= 0f|228/|0|M EEPROMRZ 2 3}8tL|Ct. 0= 24Cxx HIO|E{A|
a

Eo| 23 SE Y MEMHO|ZYLICE

python i2c replay.py arm-target --serial <supernova serial> --write-cycle-us 5000

python i2c replay.py replay capture.csv --serial <pulsar serial>
python i2c replay.py release-target --serial <supernova serial>

Ol EE M7| f|of= EtZI0| RpAQ| FAE HESH= 5 ms 717t0| 222, of Z2i|0| MEl £F0| U=
AELCHHEA Mz THHE FA H 0| =0 HRELICH 20| ELIH S sHASHIA 2. HE2 vtetE
If77tX] ClHEO| A0 &3tH, IS0t HAE @M= ZAEE2{= Fw_I2C_ROLE_CONFLICT £ S ELIC}
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BINHO ANGO13 APPLICATION NOTE

5 =% 23}
5.1 HIAE 2M
H9 HAE 1Y
s o
ZEE  Binho Pulsar, St=8I0] 2[H|X C, H20] 4.4.0, HA A
B
[SA Binho Supernova, 5t=%0f 2[H|™ C, BRI 4.5.0, 0x50 OlA 12C EtZSZ 235t EEPROM 2
dl, 256 B, I|O|X| 8 B, 47| A}O|2 5 ms, A8 & 5% NACK
SDK pycosmicsdk , Python 3.12, Ubuntu 26.04
A 100 kHz, Z¢ 2.2 kOhm, 3.3 V, 2|=84 3299 mV
M7 Saleae Logic Pro 8, Logic 2 v2.4.46, 6.25 MS/s, X{< 02 SCL, ti'd 12 SDA
(= b 2|IX|AE 0x00 Of CHE 4HIO|E M7|, 0x04 Of CH$E 2H[O|E M7], 0x00 0|A2] 4HIO|E ME A

24 2xiot

5.2 ST

27|, OFF U= SHOIA| 2= 0x62 O CHEE 247

ME2 22 HZ 7|SYRLZ, of2io] BE Hlu=

HE HO|ES MY

T 54 AO|of| M O] RO{FLICE.

15271 ETM(M7] 12170, 247] 317H), 75 307K, He STARTE RX|E % 317HE DAL ACH,
TSt Eefmla Hats| AX[ELICE O3 Ohg B2M7|7t &= HIE J7|E5t= S¢t --pace E X

HX=
o= &X=
dySLCt

16

16

14

15

H10. ERAM e, Y2 2 Of XA

HEl e

write 0x50 00 (Y= STARTZ RXIE) 31

read 0x50 DE AD BE EF 31

write 0x50 00 DE AD BE EF 30

write 0x50 04 11 22 30

write 0x62 (F2 NAK) 30
M7 CHE A2 5 A F2he] Zoot 2X| ¢fh, &= | #£7Fo| Bl i Xij440| oF%] M3 F0|U7| HE
L|Ct HIO|E= CHEX| ef&LCH ST Mol ciet R E2(E| AtH|el E 1= T332t Z&L|C}

122 replayed, 0 aborted on a NAK, 0 failed otherwise, 0 read(s) answered
differently than the capture
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3VHSl Y71 RF7F # =2 AKX 7|=E HIO|EE et SLICE 30712 T4 NAK EHMME J|2X o2
AU FIH, o[ 2d0] mbAEl 152712t XM El 1227H2] Xt L|Ct.

£ HHS UNE S SELICt

Python ItA{2t C++ DM E 22 425 LIE Y| ThUof| CHsl AHstn 1 =S ot SM H I_'ﬁ”ﬁl—llif T
Ot = SYUTH155E S HIO|E CHoI7HA| £Z0| ZHYLICH 22 1527H EMMN, 22 M1 121712 A47|
3Vhel 74, Z2 30712 AR, H= STARTZ |XAIE Z2 31742 Hjo|=x, 12|11 2= EMMMPNM 2

Ho|2EQiL|ct.

HN 5FHEQE M2t Z2 AN

HH EdMM ]| 2471 Hg X EHES
i2c_replay.py , pyCosmicSDK 152 121 31 30 31 155
i2c_replay , CosmicSDK C++ 152 121 31 30 31 155

EHAO| ZHAHHS  C++ HTE 122 replayed, 0 aborted on a NAK, 0 failed otherwise & HII3H
O, 0|= Pythonzt Z2 12270 LICt THAEN 152700 7|2 O 2 {5 = 307H2] F4 NAK E=H™
M i LT

Ol= Z&¢e ol&tel Qu|7t AELICE 3.3E FA| T2 A2 O] =70A HHEHO| 7HRlE= Rt £20|
=

o, M2 SEHl & 70| Z2 15271 EMMO| ZEHUCH= W2 0] 72|0] of 210{9| H=T EA{o] 2=
L 2ot Fol=|of /ULt SHYLICE

=
THo
o
2
-
I
02

U STARTE MY 0= X[ Eto]Y 2 HX| FSLICt
MM FXIE A= HA|E HIO|== STOPO| OtL|2t gh= STARTZ MM EL|Ct Ol= Z2o|d2 = +

Qi 212 Za| Aol £23 200] OFLIZL, type Holl TAISQ! start I stop Z2eS EHm Yl o

HATS 12— 7T T

O[E{ O] = LHE 7| THAOM &2 ZYLICE.

I 12. G|O|E] El|O]= LHELHZ| ThUol M EAISH Z2fo|Y

A STOP 0|%2| H|o|= HhE START 0|9| Hjo|= HHE START Ato]2] 2+
= 121 31 209~210 us
T 45 16 1511~1761 us

M2 2ol 2= 8i7|0f CHal| Hh= STARTS YU, ZQIE M7[9t g{7] AtO[o]| STOP2 SUASLICE
| HoISER| 2ot 42 EFOIYRILICE. F H|0| == EIHe| & SAE HHO|EZE HA = 1HIO|E A[ZHO]|
OfL|2t USB &= AlZt S2t R XI=|H, ZtH2 2F 210 usOllA 2f 1.6 ms= SO{ELICt.

2 FELE| XtH2l FE|AES RoRLICE Mol XS ChAl ThStH 1.6 ms
EFEEL 37| hZof 31 Ho|=S0| RXI=X| 42 A= HOELCE A= 4
|E{ Efl0[=0] O|E SHHA|T, EA7| LILELHZ| U2 O AMd S B2 AUX| gheH 24
= P O 0| OIS 20|stx| eiELICE Z20]Yol S mi= HIO|H Eo|=S A H

seconds € 2AE X|HECLt 30 EMMM 7H Bl JZIELH &2 oz 22k 0|2 e &+ ASLICH
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5.5

5.6

5.7

BINHO ANGO13 APPLICATION NOTE

Binho E}ZI0| OIS0 W 4 Q=&

oflZ2|0] M E}ZI0] HMSdt= ZE M2 MO HFHLIES SEAIA, M= 9[0 24X =2 20| LIEtLH=X] =t
UM SLIC.

H 13. 0| 221|0]M Binho 12C EFA0IM HE |L5L7]

NE 21
OFR AT HRSIX| A2 Fa0 M| FW_I2C NACK_ADDRESS
EEPROM ZEIQ| M7| AFO|S 17t T MT| FW I2C NACK ADDRESS

MI| AO|20| X[t = E2 M7

0x
OH

0x
OH

EEPROM R MI| Hz HHoj| 47|

0x
OH

7| MEQE MAUE REGISTER MAP FH0f| 47|

AT|/M7| St g7

o
dlo
o8
I
oM
kY
i

v
>
rir
I
5
o
ok

FW I2C NACK BYTE = ZHEE2| ZZ20|| EMstH =&tsHH 2 E|[X|2 &= Binho EHZl 22 & ot M0

ME 0|5 2HS0] U= ZRE X RHUSLICE 2 Moo= =83 I "—*.%E!I—Ilif EtZl2 2= HIO|Eo| SE St
0 MHSHX| 242 HIO|E= HELICE ox40 Of §47|/M7] FHut 17| & Y BAHE ZH 4HI0|EE &Ei
MZO0| Btete|n 22 HHS CHA| 249™ 00 01 00 00 O] LfQF*I_U:} S2E E HIO|EE HEEY
HRE F HFOI_._ HEEX| EUACH, Mz M 2lof= F HHES PEY £ U= A0 OFF AL 8l %LIEL
= J32 2= Etlo| HRgtL|ct.

ZImt GlO|E H[O|= NAKE FLdtz{H

O ZTH= T AFBAIH HE 2= KBS FTSLIC SIS EFIS HHO|ES HEeHs £F210] ObgiLict. 7
2L m0Ey| G2t s RS M| SEE 5| DS B2l EFIRLICH e et NES
T6HRIHEFIS BHRIR] h2t7| R QILICt M7|] A M7} HIEIQICHS S47F OFHILICE ChA|
SHOISHIAIR.

HEE HO|E QIHAS BT A YL R

M
TR MEi 25 HIO|E QIHAS B UX| §EX|T, CHE & 2EX= OIS 7HX|2 AELICH

i

EfZ] XpAQ| HHA OHIETL O|E JHK| 1 JELICE I2cTargetBusEvent = EtZl SIEL012| & FH2EN|A
742 payload length & B U2MH, 0|= EtZI0| H|O|H Hf|0|=0f|A AX|E M&ot HIO|E S~RL|C XY
Mo| B2l 2 SMIE O{HEE 18ots 42 0| 7H2ETL 2 Qe AQIL|CE

\J

247| 0|2 74X T YALICH L7 Trlofls Hio| St S Ho| oDz
WO A 2 HelLict,

{25l BHo| £ Rhayo)

rr

I

x| =LCt ibh =] X 4S5HH 2t} upLct

--pace & EX|2|7t OFLL|CE. 0fZ2{|0]4 EEPROM El2l S &M3ot HEH0l|lAM, 0.5% ZtH2 2 0|R0{Zl
THe HIO|E M7| A| 2| 4K E 0] Z2H2F HHr0f & tH UM SLICE.
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6.1

6.2

6.3

6.4

BINHO ANGO13 APPLICATION NOTE

H14. 22 HNME USB £ A 2 R MeH 2t

o AH A8 AZH Hqn

7122k, USB7t 5186t= At £ 0.743 s 3 replayed, 2 aborted on a NAK

- -pace 1.728 s 3 replayed, 0 aborted
£ Ho| ZTH2 EFZI0| O|™ M7[9] 5 ms M7| ALO|2E &ESHE SOt AHAQ| FAE HESH W=, 45T 9
S ZY MHEMOIATH o7 [X] QA LIEHF ZAJLICEH K XbM|Q| EFJARMI= T MT|S ALO|0]] 0.5XE
Faneobz WH HZX0M= 2= AO|20| 2t= 511 OFR AL HRE|X| Sb&LICH AN 282 AlZte] XHO]
0.985 s= F H2o[ 0.5% 7H20| X|AHTI ZpLC.
O] w2 O EtzlE Fof LHStEL|CE X 2] Efo| Y2 Z2]0] OfL |2} LHEQILICE. AL & 7|2t LHE ALO|
2 E= M2l AlZto] ZE|= BHO| U= EFI2 A2 S0 M= AIRAS 2HotS0|1, 22 A[ZASE HA
L2 JHAlSHH AR & JASLICH AX0Ms STHE|X| f4=0 X4o| ZLHEICHH, HIO|EE 2| Ms}7|
Ho|| --pace E A|ESHMAIL.

=

Ao xHjeig + = A

L

o] xdoflrfe] ZejjolY

X2l 2t5 STARTE= 54201 M =helsh T2 MAELILE HX| = A2 Ml HXNoM 2HE = =
SHYULILE F Ho|=7t £ JH2| = AE HHO|7| iE0| FX| ZHH0] 2F 210 usOllA 2 1.6 ms= =01

Fiz #7h2 O ofd Z0|Y S o|0fstX| ELICt. watM M2 oM oAM= SastA|Tt x|

o HCZME YEE AUSLICEH YO MUS H4HSIH, --gap-seconds E 110f| HA| S2[7Lt 0]
[0|£2 &0 S =FQIsHA| gb= o WjADICE Z2i|0| YOl A{SHE LT,

[

e R SO (4
_rurzl-_lrlrrHI

Ef

HA Efo|%

--pace — = ?HX-I xl-x-”ol EI-OlAEH]IEHE-I EEHIH M Al-olol f % XH'(')':IJo'l-D:‘

[l B R

. 9.
HIE Jt2= AHHE 20 FLICHL EAMM LRO| BHo|Y, 25 AEYY E= el 25 Fofe= Mdst

[y R A

X gfen, 25 Fote= HA LHEO| OfL|2t HA AFEL|CE

&7l

120N CHEASLICE MYE 47]= oAxh EtAof Tet 22 ZE /LT

i

S2 QA HFE H2 ME2 &5, t= FHH SCLI SDA SO Z A2 K= JHZs HO|X| 2t
L . SE 0| Missing ACK/NAK 2 EAIE LHELHY| It 2 2M7|7} ofZ
CREEElE O- AS BASHK[D A EX ZXO0|EE HEE FFHX]

Ja}

Im
iy
[l
>
Q
39
ful
rir
A
°
i
o

o &
Oy = M0 0

I3
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6.5

6.6

BINHO ANGO13 APPLICATION NOTE

10H|E F=A XA
2A47|2| L7 mIHU0f|= 10H|E F4 JHE0| RELICH 2= T4 W2 7HE o= HASEE =, 10|
E ESMME 0f|2tEl 0x78 ~ 0x7B HP|Q| AR LIEILIT FAL| LIHX|= A1 MM CJ|0|E{ HIO|E 2 LIE}
EfLICE O] =SS RdlsH Z2 HIO|EJF Mz Moj| CHA| S0|2 2 SASHK|2H 21 M0ll= SXHF ot X
Roh= FATF EAELICE O] L2 FEet 20| ofL|2t 2497] AA0M 210] H Z40|0{, HIX|ofl= 10H|E
EtZl0| i SLICE

o] 2 M0 Erolstx o2 %

o AF| mellofoflA WA= H|O|Ef H|O]= NAK. FW I2C NACK BYTE = ZXI6IH & E|X|FH O Binho
EFZE 0|5 LHELHX| Q47| 20| O 211 AZ &= C|HFO| A0 ofs MM Z SEtst Mo| G&LICE 0|2 |

252 ™ o|O|E HIO|EE HEst= MEIIE| EFZIO| 2Bt Ct,

o MM HEEZZE M| Supernova. H7|M s F HH ZEOA Pulsarft HME 253
= 3RE X0, 2RECHD siA ZHFE 22 obEL|Ct

« Linux 0]|2|2] EA0j|M2| C++ HA. Ubuntu 26.040|A GCCE CosmicSDK 1.5.00]| Cisi &l=Ezin
0 stZ0| HIX|of| A MSHMALICE SHH M 2E|l= CMakes 0|Al JHSSHEE R 2| X|2H WindowsLt
macOSO|AE S2F 2tol2 SHX| UUSELICE.

o O] HIX|OJM2] i2cDeinit . 07|2] Pulsar= O HHECE ot HYY0] 4.4.02 AI2SI2Z, C++0{[A] &
A A28 SEAZI Mo| gl&LICt.

o TOHIE F& X|H. 6.5% T=. HIX|0f 10H|E EI2I0| Y= HEHOIM 247| 2A2HE] H0f H ZALICH
e 100 kHzE X3}5l= £ [t HA MO £ W Ef2l. 5HC| B E £H2 100 kHz HAAM ox50 0f U
= StLte| Etlof Cist Zd LT,

—

il}e

Lct, 3= 22

o
FEelE
22 T E SDKOCE SHLHM = JHX| 2 MSEL|Ch ThA 2L HAY of0] M|A|= & T2 3 R0, 5.3%0|
0|2 Ho &= EHYULICH
H15. RE2|E| HE
o2 Python, . C++, . sc
pyCosmicSDK CosmicSDK
selfcheck of o O E{Qt KA Qo] 2E2RICZ TIME HY
parse ol off HHON EHMMP S FSRI6I0] £
replay o of K E HAO CRA| LHE LD 2F ERmMo| A
WEED
scan o o HAOM St FAE LIE
arm-target ofl otLI2 OHEHE AIE Y m XHAQ| =40 NACKE
HUliE o 2230]4 EEPROMOZ 243}
release- off ot EfZl &2 ClHo| A0 Bist
target
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o £t 24
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X|HSt= --serial 2 2O,
1EHSIX| O, M EHE {HE I HAEEZY 75Tt EFIY 7HsH2 #&LICH

BINHO ANGO13 APPLICATION NOTE

Ol= O{RE{ 7t & 7Hel HIX|of| A SRELCt. & SDK| &t

o JrA

2 DFMYLICE Db = LHELZ| Dol 2f|ofotR 2 Ofl= RSt RE0[H, 3.3E 2

=

=

|cr Packet D 11210| i3t ZS0l 2t mf2 T, 2= WA X2l ol E S0 of
Zb0]

2t= AQUL|Ct LHX|= 25 SDK 22| 8f2 AZLIc
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BINHO ANGO13 APPLICATION NOTE

8 =M ol &

H16. =X ol 2

4 2tol Abet

AZHOAf FW I2C BUS WITH NO TARGETS CONNECTED EY0| HF Zet 2.3Fo # HE

7} dtetE

DE E2MMO| A NAKZ SEHE Etzl0| CHE A0 JA7LE, E0] 330 Ohm 0|
oFd

Et2l 23t Al Fw I2C ROLE CONFLICT 2 il CIHIO|A S HA J StLtOA 12C HHEE2
7h gdetlof /S, B sHHE A

FW INTERFACE ALREADY INITIALIZED 7}Htete|n E o|0] gAstel QlE{o|AE O] ™S {X[E.

ol HHX| et= REZEI7} £7| & =ES AH83t= 0|R 71 0
740l
A

FEZEI7 HME O|ECE HEY 2417| 21t ciAl HIo|E EI0|ES LHEY. 4.2F
o| kb1 &=

M 7HE Of| & U=Cll 12H}0| E EHZHM SHLETL LI= O] Z4Xofl IS HA HEHEO| HE W8, --gap-
factor & %&7Lt --gap-seconds £ A&H
g A

HE= HHO|ET 242 o ERMMMO Z My & HCHHOo| A HIO|E AZHECH g, 23 A

ME Fa 47171 BtLtel 47| 2 mhel & Packet ID 23t ii20|H, o] RE2|E|= O
Al SHX| gf2. mdo| 27| LHELHY| MU QIX| =t
g A

HNMOME STHEX| AU=0 THA0] SThHE --pace E AT . 57T EFZl0| JeH 2t
ol Hee = AS

e txst MEg HaskX|or EFZI0| HEHX| F2 EfZl0| X7|E R3] HE| 1 AS. CHA| AHof &l
st 558 &x

A AEIO| A28 M gli= FATF EMOf| LIEF UK OIE[HET SHSHA xHME A

23T EHZI0| udev HZE = SEHE HE HE7H7E ofHE{2| HAYO| AENS 2B EF2
Aot A & ChA| et A

o I ZHSIEHR] QE2 AN C++ HTO HRE O|HE S EUS. Lot AE2 M3 BAHE

FW I2C ROLE CONFLICT £ 2%t O|HEIE AI2SIEZ --serial 2 X[EE A

i2cDeinit O] FW_UNSUPPORTED COMMAND £ Hlztst O] HHS H0] 4.5.05E X|2IE. o] Heof
Ol = MBS 25t S siing

CMake?} hidapi.h £ %x| 23t CosmicSDK.hpp 7} O|E Zgtst,

COSMICSDK ROOT £ include/ & lib/ E
DE 2 2 E X-EE A
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BINHO ANGO13 APPLICATION NOTE

H17. 20f
20 o|oj
ACK 2&H(Acknowledge)
Ccsv HHEZ FEE Zf(Comma-separated values)
NAK, NACK H| & (Not acknowledge)
SCL XI™ 22 2IQI(Serial clock line)
SDA 2 o|o|E| 2t2l(Serial data line)
SDK AITEQO] 7Y 7| E(Software development Kit)
START 12C ERHMME A St =7
STOP 12C EHMME BLf= =A
VTARG O{™ME{7t 3&dh= Etal T 2|
WP M7| HS (Write protect)
10 EM W AA 0 2 HT

O] EMofl HAI=|1 ePAl MISE[= ot7to|=ofl ZE Ofjd| 2E= HIt 3 F 08O 2 I ELCL 0| 2E=
MIT 20| A2 BHE =T, 2to| A T Z2 OFFt0[20i| Zet=|0f RAELICE

I 18. 0f| 4l Of7t0[E 9| L E

ol o4
ANOO13.md 0| 22| Markdown AA
assets/i2c_replay.py &= RE2|E|, pyCosmicSDK 7|8t Python H
H

assets/i2c_replay.cpp &= fE2|E[, CosmicSDK 7|8t C++ HH
assets/CMakelLists.txt C++ SEZ|E|8 Y= ot
assets/captures/original-analyzer- 5.2H9| BM7| LELH7| ot K et OcH=Z
export.csv
assets/captures/replay-analyzer-export.csv S IS xSt Z2ate| 2A17| LHE LYY | mhd
assets/LICENSE ofl® 20 HE&|= MIT 2fo|MdA

& UHE MSot= A2 WX 10| parse T E 5.2H9| H{WE CHA| Adlid £ JEE 57| IS LICEH
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1" i o=

H19. 7iHE 0|

2|H|H S M
0.1 10 September 2026 Els
1.0 6 November 2026 SH.
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WY X|(S2)
Definitions

Draft

A document marked draft is under internal review and
subject to formal approval. Binho Inc. makes no
representation or warranty as to its accuracy or

completeness and accepts no liability arising from its use.

Disclaimers

Limited warranty and liability

Information in this document is believed to be accurate
and reliable. Binho Inc. makes no representation or
warranty, express or implied, as to its accuracy or
completeness, accepts no liability for the consequences
of its use, and takes no responsibility for content
originating outside Binho Inc.

In no event shall Binho Inc. be liable for any indirect,
incidental, punitive, special or consequential damages,
including without limitation lost profits, lost savings,
business interruption, or costs of removing or replacing
any product, whether or not based on tort, warranty,
breach of contract or any other legal theory.
Notwithstanding any damages a customer might incur,
the aggregate and cumulative liability of Binho Inc. is
limited in accordance with its terms and conditions of
commercial sale.

Right to make changes

Binho Inc. reserves the right to change the information in
this document, including specifications and product
descriptions, at any time and without notice. This
document supersedes all information supplied prior to its
publication.

Suitability for use

Binho Inc. products are not designed, authorized or
warranted for use in life support, life-critical or safety-
critical systems or equipment, nor in applications where
failure of a Binho Inc. product can reasonably be
expected to result in personal injury, death, or severe
property or environmental damage. Any such inclusion or
use is at the customer's own risk and Binho Inc. accepts
no liability for it.

Applications

Applications described here are illustrative only. Binho
Inc. makes no warranty that they are suitable for the
specified use without further testing or modification.
Customers are responsible for the design and operation
of their own applications and products, for appropriate
design and operating safeguards, and for determining

REV 1.0

whether a Binho Inc. product is suitable and fit for their
purpose. Binho Inc. accepts no liability for assistance
with applications or customer product design.

Third-party products and specifications

This document refers to products, boards, specifications
and documentation supplied by third parties, which
remain the responsibility of their respective owners.
Binho Inc. makes no warranty regarding them and their
behavior may change without notice. Register maps,
protocol details and device identifiers reproduced here
were observed on the specific hardware and firmware
versions stated in this document and must be confirmed
against the vendor's own documentation for the reader's
part.

Example code

Source code supplied with this document is provided as
an example, for evaluation and reference. It is not
qualified for production use, has not been developed
under a functional safety or security process, and is
licensed under the terms accompanying it in the
distribution archive.

Terms and conditions of commercial sale

Binho Inc. products are sold subject to the general terms
and conditions of commercial sale published by Binho
Inc., unless otherwise agreed in a valid written individual
agreement, in which case only the terms of that
agreement apply.

Export control

This document and the items it describes may be subject
to export control regulations. Export may require prior
authorization from the competent authorities.

Security

All products may be subject to unidentified vulnerabilities
or may support security standards with known limitations.
The customer is responsible for the design and operation
of its applications and products throughout their lifecycle
to reduce the effect of such vulnerabilities, and for
compliance with all legal, regulatory and security
requirements concerning its products.

Trademarks

All referenced brands, product names, service names
and trademarks are the property of their respective
owners. Binho and the Binho logo are trademarks of
Binho Inc. Saleae, Logic %! Logic Pro= Saleae, Inc.2| &4H
= S2 AEQILICE Acute % TravelBuse= Acute
Technology Inc.2| AH E&= S5 AHEQULICE Qwiic2
SparkFun Electronics, Inc.2| AEIL|C},
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