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I3 TEXAS
ZHCAC67 INSTRUMENTS

1 EARARRIA

FEAMGEAF I ORI BOA AR, A A aRe S0t e it s M6 T, X EUT T H B
AT, ZPCN 4 AT H g el 2 R AT — .

e VIN_3V3 3|k F 3.3V AL

e LDO_3V3fl LDO_1V8 5| kA 4351 3.3V Al 1.8V )% h

e |2C_SCL #112C_SDA A1 5%t

e it CC1 M1 CC2 Hi*F 5 Firmware ' Port Configuration (0x28) (% R 1%L, 4 Figurel fiR
o DRP: CC fEm R Z R ABr I, BIEan Figure2 firs
o DFP: CC HLUEARFFTE 3.3V
o UFP: CC HIEFR-RE MK,

Port Configuration ( 0x28 )

Field Walue
TypeC State machine —] DRFP state machine j
P Sink slate machine only
I Ty
[Crossbar Type Source siate machine onk
Typel Support Options DRF stale maching
Type-C state-maching is disabled {CC pins are high-z)
INic ke 0N I

Figure 1. PD Firmware ¥ CC R &% E

¥ 3387V

Figure2. DRPEZET CC

2 USB Type-C PD _£ 4 debug 772K # Y 184 Hr
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2 MECCHE

9 Type C ¥ #4d Bi, £i# CC 5l H 42 % A1 Firmware #1 Port Control(0x29) 77 f7- 4 it & &
B—3, W Figure3 flizn, 5 CC 5| JHL KX N2 & 40 Figured s .

Port Control ( 0x29)

Field Value

ITypeC Current I [2.0a -
Process Swap 1o Sink ?SﬁliDEfau‘l Current
Initiate Swap to Sink

Reserved

Figure 3. TypeC Current B Bi%E

Detection Min voltage Max voltage Threshold
vRa -0.25V 0.15V 0.2V
vRd-Connect 0.25V 2.04V
vRd-USB 0.25V 0.61V 0.66V
vRd-1.5 0.70 V 1.16 V 1.23 V
vRd-3.0 1.31V 2.024V

Figure 4. TypeC Current 5 CC BLEN X% &

3 KE Firmware IRRE&
3.1 Firmware S ARIIHIWKIE

o LN OxO03 FFf7#%, KB iLEIf) ASCIid2E 5 “APP” , HJ “Ox41, 0x50, 0x50”, % Figure5
P, tEREEERE BN “BOOT” i “PTCH” , NI¥48] Firmware S A, T2 3.3
Firmware § A0 B #E Hridt 4T A Firmware.

Indicates the operational state of the port.

‘APP ' = The PD Controller is fully functioning in the application
firmware.

0x03 Mode RO 4CC ‘BOOT' = Device booting in dead battery.

‘PTCH’ = Device in patch mode.

Any other value indicates the PD Controller is functioning in a
limited capacity.

Figure 5. 0x03 A HFHAE

o HY Ox2D %174 bit[7:0]=0x18, 0x78, Ox1C,E# 0x7C, UHWIKIHFANT FW code.
o LHL OX06 24 178%, XTEL FW JRAS, M2 RS2 75 1/

USB Type-C PD _ ] debug /ZF2R & B & 747 3
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3.2 1T 12C Hilkf GUI PA R aE# v B £ A ILAD

K #r ADCIN1 fl ADCIN2 it & & 75 1E#f. 41 Figure6 Tz, ADCINL Al ADCIN2 J2& i TIc &
12C1 Huhik i), EiL ADCINX 51 BAIEE ) HL P 7 A >R A 7€ 12C1 HBCE, HIFH 2055 ADCINX
flhLOC & Figure7 fin (ERXHEZHEARBIEME) o FRYE Figure? #1453 2% ADCINX

FERGAE N B 2] Figure8 H (1] 12C Index B m] A e st 11 o FEAC B %5 B2 1) 12C1 sk, 5 1%

i

Mokt X$ N Figure9 AR R Ok A BT AT e 24T 1 12C 1 B HLhE

#iltn: ADCIN1 b3 /& HiFfH Rup=100Kohm, 43 HiFH Rooww=12Kohm, ADCIN2 H#4# %
LDO3V3, #i4 ADCINI figfi{=12/(100+12)=0.107=>2, ADCIN2 fiitf{t=>7, FHiE
Figure8, 2/7 X1 Index#4, A4z Figure9, Index#4 fRNi[1) 12C1 Huht A PortA=0x23,

PortB=0x27

Mux and
Dividers

Figure 6. ADCINx g &

DIV = Rpown / (Rup * Rpown)" Without using Ryp ADCINX decoded value
MIN Target MAX or Rpown

0 0.0114 0.0228 tie to GND 0
0.0229 0.0475 0.0722 N/A 1
0.0723 0.1074 0.1425 N/A 2
0.1425 0.1899 0.2372 N/A 3
0.2373 0.3022 0.3671 N/A 4
0.3672 0.5368 0.7064 tie to LDO_1V5 5
0.7065 0.8062 0.9060 N/A 6
0.9061 0.9530 ‘ 1.0 tie to LDO_3V3 7

USB Type-C PD _£ 41 debug 7725 #5 W 1 Hr

Figure 7. ADCINX f##g®
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ADCIN1 decoded ADCIN2 decoded
value @) value ()

12C address Index (1)

Dead Battery Configuration

7

AlwaysEnableSink: The device always enables the sink path

regardless of the amount of current the attached source is
offering. USB PD is disabled until configuration is loaded.

SinkRequires_3.0A: The device only enables the sink path if the

attached source is offering at least 3.0A. USB PD is disabled
until configuration is loaded.

SinkRequires_1.5A: The device only enables the sink path if the

attached source is offering at least 1.5A. USB PD is disabled
until configuration is loaded.

NegotiateHigh\Voltage: The device always enables the sink path

during the initial implicit contract regardless of the amount of

current the attached source is offering. The PD controller will
enter the 'APP ' mode, enable USB PD PHY and negotiate a

Wl W N O | N (R W RN =M,

N|lolw(w(dNo|o|o|NO| kBN O||og

B ES I EHE RTS8 X

contract for the highest power contract that is offered up to 20 V.
This cannot be used when a patch is loaded from EEPROM.

SafeMode: The device does not enable the sink path. USB

PD is disabled until configuration is loaded. Note that the

configuration could put the device into a source-only mode.
This is recommended when the application loads the patch from

|| o~

~N|lo|lo| o

B8

EEPROM.

Figure 8.

ADCINX 5 12C Index X}k &

I2C address index
(decoded from ADCINA
and ADCINZ}“)

Port

Solsblise Available During

Bit7

Bit 6

Bit5

Bit 4 Bit3 Bit 2 Bit1 Bit0 BOOT

R/W Yes

R/W No

R/W Yes

R/W No

Yes

R/W No

RW Yes

S I s

w|>» o> ol > ol >

olo|lojlo|jlojlo|o|o

alalalala|l a4 =

o|lolololo|lOo|Oo| o

o|lolololo|lOo|Oo| o

0
1
0
1
0
1
0
1

= alal a0 O0lO0| O
=l = =0 O

R/W No

Figure 9.

Port 0 12C1 #i3k 5 12C Index X RiK R

USB Type-C PD _£ 41 debug 7725 #5 Y 158 Hr
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3.3

e Deadbattery mode 11+ . 4 PD ) FW I8 A Load R Ihit, PD 2% deadbattery 1% B
AT TAE, Wi Figure8 fizn. f£ ECH FW [N, FRATE AT VIR deadbattery £z, 1
RIS charger BEF: )2 BQ248xx &%), MLAEFE “NegotiateHighVoltage” #55; 7
EEPROM # FW IR T, #EFFiL#E “SafeMode” #izt

FW BC B iR

PDECE FW K7 XA Wi, Eid 12C1 RS EC i@l 12C3 #4271 slave address & 0x50 f) 4k
i EEPROM . £ EEPROM (& 4L F PD 2 Hahi#t Tl EEPROM BN, Tos L
YE. THBA M ECBE FW 115 R T4

3.3.1 SafeMode # =, ~ EC it Eifif. W Figure 10 fii7~y SafeMode T EC it & FW )i fs

USB Type-C PD _£ 4 debug 772K # Y 184 Hr
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Full Host Interface avallable and
normal operetion isunder way.

OI0E = "&PP " on al

PL controflers /7
Start

{WIN_3W3 of all PO controllers is high)

|

L4

Aead INT_EVENTL on IZC_E(I:_hu: from
each PO cantreller,

HT_EWENTL PatchLoad=d =
on all FD ontrollers 17
lgnom other INT_EVENT1 bRsread
during this 120 transaction.

_EVEMNT1 feacyForPetch =
on all 0 controliers?

Handle Emrer
Condition

i Yes A

Read MODE on 12C_EC bus from each PD
controlier

L J

ead DATAL= Doneech
cortroller 17

Ho

legus PEMe I
ACC task to

each PO
controller 4.

MODE = FTCH on &l PD
controllers?

[

Prepare bo wiite "PEMs’ by writing DATAL
for each PO controller on the RC_EC bud?.
DATAL SkveAddress should be the seme
v for all PD controllers. Yer

REad CMDL= ICMD' an
cantrolier 7

De by 10m=

Mo

jEY)

DATAL write completed
ressfully on all PO controlie

Read CMDI register

i

Wirite CMDI="P8Mc’ on 2€_EC bus ™

Wrrite CMD1="PF30Mz" on 2ach PD controller +
onthe 120_EC hus !

—Dl Read CAD register

D lay at east 500us

ntire Patch Burdle has beer
weritkzn?

CMD1 =180 on a PD controller?

The 12C transaction ic
Ackno e dped

&
o '@un eech PO @
‘Write Patch Bundle burst dataon the

12C_EC bus using the slave address
T3 specified in DATAL SlaveAddress.
Terminate burst dets with & Stop bit.

F

'

Aead DATAL= 0 (Successfully
mpleted) oneach PO controlle

Tes

Figure 10. EC BitE FW ¥#if2

USB Type-C PD _£# debug 772K # L 158 7



ZHCACG67

I3 TExXAS
INSTRUMENTS

3.3.2 NegotiateHighVoltage #::\ T~ EC & 253G ntn NP g FdiAT 3.3.1 iR N AT L E -

Start (VINIV3 of 992AE is 0, ADCINK for
NegoticteMHighVoltage)

Device boots in dead-battery with default
NegotizteHighVoltage configuration and
transition to APP

Start of EC P‘nl::lil}uwnlmd Sequence

Read VERSION [DxF) register

Version ==
OocfEOS0T00

Prepare to write ‘MEMw” by writing 8
bytes GxDDO00OO002002271C to DATAL

NO TAl write is comple
sucoess fullly
| Wirite ChMIDL="MEMw" |
.
Read CMDL register |
| no

Read DATAL=0
ceessfully completed

YES

Prepare to write ‘MEMw”" by writing 8
bytest OxfFFFf200211d4 to DATAL

= T,
M —OETAL write is cumpﬁh}
—— successfully o
-\-\_"-\_\_\_ P

| Write CMD1="MEMw" |

v

Read CMD] register |

r

MO =" wmp1=0 =

— -

—
=~ Read DATA1=0 ~
essfully comple
-\M-""\-\. !_‘__Edk

\I VIS

= O [0KF7020800)

Prepare to write "MEMw' by writing &
brytest OxfFFFFAFF20041410 to DATAL

— T
—
MO ——DRTAL write is completatt—___
— successfully e
1
l Write CMD1="MEMw' |

—Il-l Read CMD] register |

'

e —
LHO = Mpt=0 =
-\-\_'-‘—\_\_\__ _‘_'_,—I-'-'_F-

—— -
" Read DATAL=0 .

.
fuull plet
~{Euccesafu Fm':___f__'ﬂdi"—-

T
-
"'+ YES
| Write CMD1="G02P" ]
—D-I Read CMD] register l

Read DATAL=0
coessfully comiplatad

Execute patch download sequence as
describe din Saction 5.2 [Loading a Patch
Bundle] of HI-TRM

Figure 11. NegotiateHighVoltage #53\F EC B2 & FW &

USB Type-C PD /- # debug Ji#0¢ # . 178 4 Hr
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4 & Dead Battery Flag

7EFW BLE R Ih G, %S —2% 4CC i 4 KkiE Dead Battery Flag, Wl Figurel2 fiir. J7sCAS %
0x08 5 ASCII i “DBfg” , ERX 4 K/NE. FE/ER T 0x2D i f£4% bit 2: Dead Battery Flag. # 4
0, D56 B i 2 AT B o

Table 4-34. 'DBfy" - Clear Dead Battery Flag

Description | The 'DBfg’ Task is used to clear the dead battery flag. This Task does not disable the PP_EXT input switch that can
have been enabled during dead battery operation.
INPUT
DATAX  |Nore
OUTPUT
paTax  |Nome
Task . . )
Completion The 'DBfg’ Task completes after the effects of clearing the Dead Batiery Flag are complete.
The Dead Batiery Flag causes the PD Controller to take specific actions, so cearing this flag will have side effects. PD
Side Effects | Controller 's power input is forced to VBUS until the Dead Battery Flag is cleared, so executing this Task will change PD
Controller 's power input.
Additional
Information None

4

Figure 12. DBfg 4CC #r4

EUEHTIA TAF e, AT PAEREAN R AT 3t — i

23 3k

1. TPS65994BF datasheet (SLVSG33)
2. TPS65994BF TRM (SLVUC95)

USB Type-C PD _£ 41 debug 7725 #5 Y 158 Hr
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