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‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.
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PIN FUNCTIONS

BALL NO. PIN NAME TYPE | DESCRIPTION
D1 VBAT - 3.0 — 4.4V Battery supply voltage
A2 VDDIO - 1.8 ~ 3.3V Logic Supply
A5 VBUS | USB connector VBUS
Ad ouT O Phone charger output
E5, D3, D4 GND — Ground
Bl DP_HT I/0 USB data plus
C1 DM_HT I/0 USB data minus
D2 IDBP I/0 USB ID data
El RxD I/0 UART receive data
E2 TxD I/0 UART transmit data
C3 NC - Not connected internally
B4 MIC I/0 Microphone signal
C4 S R I/0 Stereo headset right sound
B3 S L I/0 Mono or stereo headset left sound
Cc2 SCL | 12C clock
B2 SDA I/0 12C data
C5 DP I/0 Common USB connector plus 1/O port
B5 DM I/0 Common USB connector minus I/O port
D5 ID I/0 Common USB connector ID I/O port
Al INTB O Interrupt signal when peripheral is plugged/unplugged. Push-pull output
A3 ISET O High current charger detected. Open-drain output
E4 JIG O GPIO factory output. Open-drain output
E3 BOOT O GPIO factory output. Push-pull output

4 Copyright © 2013, Texas Instruments Incorporated
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ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range (unless otherwise noted)

MIN MAX| UNIT
VBUS Supply voltage from USB connector -0.5 28 \%
VBAT Supply voltage from battery -0.5 6 \%
VDDIO Logic supply voltage -0.5 4.6 \%
VBUS_OUT Phone charger output -0.5 7 \%
DP DP Connector voltage -0.5 VBAT+0.5 \%
DM DM Connector voltage -0.5 VBAT+0.5 \%
ID ID Connector voltage -0.5 VBAT+0.5 \%
IDBP ID Host Side voltage -0.5 VBAT+0.5 \%
VAUDIO Audio Switch (S_L, S_R) -1.5 VBAT+0.5
VMIC Switch I/0 voltage range | Mic Switch (MIC) -0.5 VBAT+0.5 \%
VUSB/VUART USB/UART Switch -0.5 VBAT+0.5
VJIG & VISET JIG and ISET voltage -0.5 VBAT+0.5 \%
VLOGIC_O Voltage applied to logic output (SCL, SDA, INTB, BOOT) -0.5 VDDIO \%
IBUS Peak input current on VBUS pin (12.5% duty cycle) 2.0 A
Peak input current on VBUS pin (3% duty cycle, 4ms on-time) 25
Peak input current on VBUS pin (12.5% duty cycle) 2.0
IBUS_OUT , ) : A
- Peak input current on VBUS pin (3% duty cycle, 4ms on-time) 25
liseT & l3i6 ISET and JIG pins peak current 50| mA
IK Analog port diode current -50 50| mA
ISW-DC ON-state continuous switch current -60 60| mA
ISW-_ PEAK ON-state peak switch current -150 150 mA
K CDL'J?E: t'og'c inputclamp | \ppi10 < 0 50| mA
ILOGIC_O Continuous current through logic output (SCL, SDA, INTB, BOOT) -50 50 mA
IGND Continuous current through GND 100 mA
Tstg Storage temperature range —65 150 °C
THERMAL IMPEDANCE RATINGS
VALUE UNIT
03a Package thermal YFP package 98.8 °C/wW
impedance
SUMMARY OF TYPICAL CHARACTERISTICS
AMBIENT TEMPERATURE = 25°C USB/UART PATH AUDIO PATH MIC PATH
Number of channels 2 1 1
ON-state resistance (ron) 6 Q/7Q (USB/UART) 25Q 40 Q
ON-state resistance match (Aron) 02Q/15Q 0.15Q N/A
ON-state resistance flatness (roniat) 1.4Q/1.4Q 0.15Q N/A
Turn-on/Turn-off time (ton/torr) 130 ps/ 100 ps 200 ps/100 ps 260 ps /180 ps
Bandwidth (BW) 510 MHz 450MHz 250 MHz
OFF isolation (Oysp) —26 dB at 250 MHz —-100 dB -95 dB
Crosstalk (XtaLk) —32 dB at 250 MHz -85 dB -85 dB
Total Harmonic Distortion (THD) N/A 0.05% 0.46%
Leakage current (lioony) 50 nA 200 nA 5nA
Copyright © 2013, Texas Instruments Incorporated 5
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RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)

PARAMETER DESCRIPTION MIN MAX UNITS
Vgus VBUS voltage 4.0 6.5 \%
VAT VBAT voltage 3.0 4.4 \Y
Vppio VDDIO voltage 1.65 3.6 \Y
ID_Cap ID capacitance 3 nF
USB_I/O USB path signal range 0 3.6 \%
UART_I/O UART path signal range 0 2.7 \%
Audio_I/O Audio path signal range -15 15 \%
MIC_I/O MIC path signal range 0 2.3 \%
Temperature Operating Temperature -40 85 °C
ELECTRICAL SPECIFICATIONS
DIGITAL SIGNALS — I°C INTERFACE (SCL and SDA)
T =-40°C to 85°C, Typical values are at T, = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN MAX | UNIT
Vppio Logic and I/O supply voltage 1.65 3.6 \%
Viy High-level input voltage VDDIO x 0.7 VDDIO \%
Vi Low-level input voltage 0 VDDIO x 0.3 \%
Vou SDA High-level output voltage lon = -3 MA VDDIO x 0.7 \%
VoL SDA Low-level output voltage loL =3 mA 0 0.4 \%
fscL SCL frequency 400| kHz
JIG AND ISET FAST-MODE CHARGER OUTPUT (OPEN-DRAIN OUTPUT)
T =—40°C to 85°C, Typical values are at T, = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN MAX | UNIT
VOL_JIG Low-level output voltage loL =10 mA, VBAT =3.0V 0 0.5 \%
VOL_ISET Low-level output voltage loL =10 mA, VBAT =3.0V 0 0.7 \%
INTB AND BOOT (PUSH-PULL OUTPUT)
Ta =-40°C to 85°C, Typical values are at T, = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN MAX | UNIT
VoH High-level output voltage lon =—4 mA , VDDIO = 1.65 V 1.16 VvDDIO \%
VoL Low-level output voltage lo=4 mA,VDDIO=1.65V 0 0.33 \%
TOTAL SWITCH CURRENT CONSUMPTION
T =-40°C to 85°C, Typical values are at T, = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
IBAT(Standby) VBAT Standby Current Consumption VBUS =0V, Idle state 36 50| pMA
IBAT(Operating) VBAT Operating Current Consumption | VBUS =0V, USB switches ON 60 80| MA
IVBUS VBUS Operating Current Consumption | No load on OUT pin, VBUS =5V 135 155| pA
VBUS CAP SWITCH CHARACTERISTICS
T =—40°C to 85°C, Typical values are at T, = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
RDS-VBUSCAP VBUS CAP switch resistance VBUS =5V, IOUT =-20 mA 90 Q

Copyright © 2013, Texas Instruments Incorporated
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VOLTAGE PROTECTION

Ta =—40°C to 85°C, Typical values are at T, = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VvBus_uvLo Vgys under voltage+ Voltage is Rising, device power-up 30 325 36 \%
Vgys under voltage— Voltage is Falling, device reset 2.7 3 33
VvBuUs_VALID Vgys interrupt threshold Voltage is Rising 3.6 \%
VvBaT uvLO VgaT Under voltage+ Voltage is Rising, device power-up 2.5 2.8 3.1 \%
VgaT Under voltage— Voltage is Falling, device reset 2.3 26 29
LOAD SWITCH CHARACTERISTICS
Ta =-40°C to 85°C, Typical values are at T4 = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
SES-SSWITCH VBUS switch resistance VBUS =5V, IOUT = 100 mA 90 150 mQ
toNa Turn-ON time automatic mode RL =36 Q, CL =400 pF, Vbus rising > 3.6V 175 ms
toFFa Turn-OFF time automatic mode RL =36 Q, CL = 400 pF, Vbus falling < 3.6V 25 ms
fonm Turn-ON time manual mode tF)Qllt_ =36 Q, CL =400 pF, From receipt of 12C ACK 230 us
torem Turn-OFF time manual mode bRllt_ =36 Q, CL =400 pF, From receipt of 12C ACK 180 us
12C reg0x22h, Bit [2:0] = 000 08 10 1.2
| Programmable overcurrent Ve = 5.5V 12C reg0x22h, Bit [2:0] = 001 (default) 13 15 17 A
oce protection BUS 2% 112¢ regox22h, Bit [2:0] = 010 2.0
12C regOx22h, Bit [2:0] = 011 2.0
12C reg0x21h, Bit [7:5] = 000 1.25 15 1.75
. 12C reg0x21h, Bit [7:5] = 001 (default) 1.67 20 233
locL Programmable overcurrent limiter | Vgys = 5.5V - A
12C reg0x21h, Bit [7:5] = 010 25
12C regOx21h, Bit [7:5] = 011 25
VBUS OVERVOLTAGE PROTECTION (OVP)
xgl\ﬁ iﬂfeusthoo‘ﬁ“’o'tage protection VBUS increasing from 6 V to 8 V 68 7 72| V
VBUS OVP delay Delay from Vgys > VOVP to Load switch OFF 200 ps
tOFF(OVP)
VBUS Hysteresis on OVP VBUS decreasing from 8 Vto 6 V 140 mV
VHYS-OVP
:ggl\?(gvp) E\ZC r?/;iggi”li:\:ﬁ%;‘npUt Delay from Vgys < VOVP-VHYS, to Load switch ON 9 ms
%I—TPP OTP Rising Turn Off Temperature rising until load switch shut off 130 °C
%‘I:I_PP OTP Falling Turn On ;Il'Jer:‘ngirature falling after OTP shutoff until switch 120 oc

Copyright © 2013, Texas Instruments Incorporated
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AUDIO SWITCH ELECTRICAL CHARACTERISTICS®W®
Vgar =3.0V t0 4.4V, Vpp o = 2.8V, To =-40°C to 85°C, Typical values are at T4 = 25°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS | MIN TYP MAX| UNIT
ANALOG SWITCH
Vaubio Analog signal range -1.5 3 Y
ToN ON-state resistance S Lor V|, =10.8 V, Ig =-20 mA, Vgar = 3.0V 2.5 Q
Argy ON-state resistance match ST:R » DM or V;=0.8V, |, =-20 mA, Vgar =3.0V 0.15 0.5 Q
between channels
TON(flat) ON-state resistance V=208V, lpg=-20 mA, Vga1 =3.0V 0.15 0.5 Q
flatness
(V| =-0.8V, Vo = 0.8 V) or (V| =08V,
lio(oFF) V| or Vg OFF leakage current Vo = —0.8 V), Vgar = 4.4 V, Switch OFF 200 500 nA
lioony VO ON leakage current V| =OPEN, Vo =-0.8V or0.8V, Vgar =44V, 10 300
. nA
Switch ON
DYNAMIC
ton Turn-ON time From 200 ps
i : receipt of V) or Vo = Vgat, RL. =100 Q, C_ = 35 pF
torr Turn-OFF time 12C ACK bit 100
CioFF) VI OFF capacitance . . 5.5 pF
- DC bias =0V or 1.6 V f = 10 MHz, Switch OFF
CooFr) VO OFF capacitance 10 pF
Ciiony Coony VI, VO ON capacitance DC bias =0V or 1.6 V f = 10 MHz, Switch ON 13 pF
BW Bandwidth R =50 Q, Switch ON 450 MHz
Oiso OFF Isolation f =20 kHz, R_ =50 Q, Switch OFF -100 dB
XT1ALK Crosstalk f=20kHz, R_. =50 Q -85 dB
THD Total harmonic distortion R_. =16 Q, C_ =20 pF, f = 20 Hz-20 kHz , 0.05 %
1.6 Vpp output
R =16 Q, C_ = 20 pF, f = 20 Hz—20 kHz , 0.1 %
3 Vpp output

(1) V,is equal to the asserted voltage on S_R and S_L pins. Vg is equal to the asserted voltage on DP and DM pins. |, is equal to the
currentonthe S_ R and S_L pins. Ig is equal to the current on the DP and DMpins
(2) Audio Switch is intended for signals to be asserted on S_R/S_L pins and pass to DM/DP

8 Copyright © 2013, Texas Instruments Incorporated
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MIC SWITCH ELECTRICAL CHARACTERISTICS®
Vgar =3.0V 10 4.4V, Vppo =2.8V, T4 =—40°C to 85°C, Typical values are at T, = 25°C (unless otherwise noted)

Vin = 0.1 Vpp centered at Vgat/2

PARAMETER | TEST CONDITIONS MIN  TYP MAX ‘ UNIT
ANALOG SWITCH
Vmicio Analog signal range 0 VBAT \%
ToN ON-state resistance MIC, VBUS V=23V, lg=-20 mA, Vgar =3.0V 40 52 Q
MIC, DP V, =23V, || =-5mA, Vgar =3.0V 15 25| O
lio(oFF) V, or Vo OFF leakage current Vi=03V,Vo=23Vor(V,=23V,Vo=03 5 500 nA
V),
VLAT = 4.4V, Switch OFF
DYNAMIC
ton Turn-ON time From receipt of V, or Vg = Va1, RL. =100 Q, C, =35 pF 260 ps
tore Turn-OFF time 1°C ACK bit 180
Ciorp) VI OFF capacitance DC bias =0V or 3.6 V, f = 10 MHz, Switch OFF 130 pF
Co(oFF) VO OFF capacitance 10.5 pF
Ciiony Coony VI, VO ON capacitance DC bias =0V or 3.6 V f = 10 MHz, Switch ON 140 pF
BW Bandwidth, MIC to VBUS R =50 Q, Switch ON 40 MHz
Bandwidth, MIC to DP R =50 Q, Switch ON 250
Oiso OFF lIsolation f =20 kHz, R =50 Q, Switch OFF -95 dB
XT1ALK Crosstalk f=20 kHz, R =50 Q, to audio output -85 dB
THD Total harmonic distortion R =600 Q, C, =20 pF, f =20 Hz-20 kHz , 0.05 0.65 %

(1) V,is equal to the asserted voltage on VBUS/DP pin. Vg is equal to the asserted voltage on MIC pin. |, is equal to the current on the

VBUS/DP pin. lg is equal to the current on the MIC pin.

Copyright © 2013, Texas Instruments Incorporated
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USB & UART SWITCH ELECTRICAL CHARACTERISTICS
Vgar =3V t04.4V, Vppo = 2.8V, Tp =-40°C to 85°C, Typical values are at T, = 25°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS | MIN TYP MAX| UNIT
ANALOG SWITCH
Vuysgio Analog signal range 3.6 Y
VyaRTIO Analog signal range 2.7
ToN ON-state resistance DM_HT,DM V=0Vt 3.6V,Ilg=-20 mA, Vgar = 3.0 6 11 Q
DP_HT,DP \%
TxD, DM V,=0V1to3.6V,lg=-20 mA, Vgar = 3.0 7 143
RxD, DP \Y
ToN ON-state resistance ID, IDBP V=0Vt 3.6V,Ilg=-20 mA, Vgar = 3.0 30 Q
\%
Aroy ON-state resistance match | DM_HT,DM V=04V, lg=-20mA, Vgar=3.0V 0.2 1 Q
between channels DP_HT,DP
TxD, DM V,=0.4V, lg=—-20 mA, Vgar = 3.0V 15 3
RxD, DP
TON(flat) ON-state resistance DM_HT, DP_HT, Vi=0V1t03.6V,Ilp=-20mA, 14 32 Q
flatness TxD, RxD, DM, DP | Vgar =3.0V
lio(oFF) VI or VO OFF leakage DM_HT, DP_HT, Vi=03V,Vg=27VorV,=27V, 45 200 nA
current TXD, RxD, DM, DP | V5 = 0.3V, Vgat = 4.4 V, Switch OFF
lioon) VO ON leakage current DM_HT, DP_HT, V| =O0PEN, Vo =0.3Vor27V, 50 200 nA
TXD, RxD, DM, DP | Vgar = 4.4 V, Switch ON
DYNAMIC
ton Turn-ON time From receipt of I°C |V, or Vo = Vgat, R. =100 Q, C, = 35 pF 130 ps
tore Turn-OFF time ACK bit 100
Ciorp) VI OFF capacitance DC bias =0V or 1.6 V, f=10 MHz, pF
Co(oFF) VO OFF capacitance Switch OFF pF
Ciiony Coony VI, VO ON capacitance DC bias =0V or 3.6 Vf=10 MHz, pF
Switch ON
BW Bandwidth R_ =50 Q, Switch ON 510 MHz
Oiso OFF Isolation f =240 kHz, R_ = 50 Q, Switch OFF —26 dB
XT1aLK Crosstalk f=240 kHz, R_. =50 Q -32 dB
10 Copyright © 2013, Texas Instruments Incorporated
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GENERAL OPERATION

The TSU6721 is a multimedia switch that connects a common USB connector to USB, UART or audio signals.
The device also has a MIC switch that connects to either VBUS or DP. It has an integrated load switch to support
charging. The load switch has OverVoltage Protection as well as OverCurrent Limiting Protection. In addition, the
TSU6721 also has an ID bypass switch to transmit ID signal from the connector to the host. It has an internal
FET switch that disconnects the coupling capacitor connected to the VBUS line.

Standby Mode

Standby mode is the default mode upon power up and occurs when no accessory has been detected. During this
mode, the VBUS and ID lines are continually monitored through comparators to determine when an accessory is
inserted. Power consumption is minimal during standby mode.

Load Switch

The integrated load switch provides both overvoltage/undervoltage and overcurrent limiting protection:

Overvoltage Protection

When the input voltage rises above VOVP, the internal load switch is turned off. The response is very rapid, with
the FET turning off in less than 1us tOFF(OVP). The OVP_EN interrupt bit is set high when an overvoltage
condition is detected. When the input voltage returns below VOVP-VHYS_OVP and remains above VUVLO, the
VBUS switch is turned on again after a deglitch time of tON(OVP). This deglitch time ensures that the input
supply has stabilized before turning the switch on. When the OVP condition is cleared, the OVP_OCP_DIS
interrupt bit is set high.

Undervoltage Protection

When VBUS is not present and VBAT is less than 2.5V, VBAT and VBUS voltages are below the undervoltage
threshold and TSU6721 is powered off.

Overcurrent Limiting Protection

The TSU6721 also provides overcurrent limiting protection. When current increases beyond the Igcp threshold, a
time-out delay is initiated. After the delay has expired, and the current is still greater than Iocp, then load switch is
disabled. The maximum current that flows through the load switch is controlled by the lgc, limit. This feature
provides control on the VBUS charging current and minimizes the chance of internal circuitry damage caused by
overcurrent event. The overcurrent level can be programmed through 12C.

Power Supervisor

TSU6721 uses VBAT as the primary supply voltage. VBUS is the secondary supply. VDDIO is used for 12C
communication.

Table 1. Supply Voltage States

VBAT VBUS | VDDIO DETECTION LOAD SWITCH 12C COMMENTS

Yes No No Enabled Not Enabled Not Enabled VBAT is supply

Yes Yes No Enabled Enabled Not enabled VBAT is supply. LOAD SWITCH controlled by
VBUS

Yes No Yes Enabled Not Enabled Enabled VBAT is supply

Yes Yes Yes Enabled Enabled Enabled VBAT is supply. LOAD SWITCH controlled by
VBUS

No Yes No Enabled Enabled Not Enabled VBUS is supply. LOAD SWITCH controlled by
VBUS

No Yes Yes Not valid

No No Yes Not valid

No No No Power Down Reset

Copyright © 2013, Texas Instruments Incorporated 11
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ACCESSORY ID DETECTION

If VBUS is high and the attachment is a non-compliant charger (see Table 5), the impedance on the ID pin is
then determined. If VBUS is low and an accessory is attached, then an ADC for impedance sensing is used on
the ID pin to identify which accessory is attached and/or what kind of remote control key button is pushed.

The TSU6721 features impedance detection for identification of various accessories that might be attached to the
micro-USB port. Each accessory is identified by a unique resistor value connected between the ID pin and
Ground. During impedance detection a current source is applied to the ID pin. The current source is then applied
to the ID pin while an internal voltage reference is incremented till it matches the ID pin voltage. This produces a
5-bit ADC value that corresponds to the ID resistance found. Once an ID resistance is identified, a current source
is continuously applied to determine when the resistance is detached.

TSU6721
Vee
VBUS
D-
Iske D+
ID
VRer
GND .
Rp ____ CID,MAX(1)

(1) Maximum ID_Cap capacitance as noted in RECOMMENDED OPERATING CONDITIONS
Figure 1. Impedance Detection Circuitry

Impedance Buckets for Each Accessory and Remote Control Key Button

In order to implement ID detection, each accessory and remote control key button of audio accessory should
contain below ID impedance resistor value which is 1% tolerance accuracy.

Switch Matrix

MCPC accessory table is selected only when MCPC mode is enabled in Control Reg02h. VBUS to OUT Load
Switch is enabled anytime VBUS is applied to the USB connector.

12 Copyright © 2013, Texas Instruments Incorporated
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Table 2. Accessory ID and Switch States

Res

ADC

SWITCH STATE

STATUS OUTPUT

ACCESSORY ID o DP/DM VBUS ID
(%) Value - ISET JIG BOOT
UsSB UART Audio MIC ID_HT

OTG 0 - 00000 ON OFF OFF OFF ON OFF OFF OFF
Video 75 5% 00000 OFF OFF ON OFF OFF OFF OFF OFF
MHL 1K 5% 00000 OFF OFF OFF OFF OFF OFF OFF OFF
Send_End Button 2K 10% 00001 OFF OFF ON ON OFF OFF OFF OFF
Stereo Headset RC S1 2.604K 5% 00010 OFF OFF ON ON OFF OFF OFF OFF
Button

Stereo Headset RC S2 3.208K 5% 00011 OFF OFF ON ON OFF OFF OFF OFF
Button

Stereo Headset RC S3 4.014K 5% 00100 OFF OFF ON ON OFF OFF OFF OFF
Button

Stereo Headset RC S4 4.82K 5% 00101 OFF OFF ON ON OFF OFF OFF OFF
Button

Stereo Headset RC S5 6.03K 5% 00110 OFF OFF ON ON OFF OFF OFF OFF
Button

Stereo Headset RC S6 8.03K 5% 00111 OFF OFF ON ON OFF OFF OFF OFF
Button

Stereo Headset RC S7 10.03K 5% 01000 OFF OFF ON ON OFF OFF OFF OFF
Button

Stereo Headset RC S8 12.03K 5% 01001 OFF OFF ON ON OFF OFF OFF OFF
Button

Stereo Headset RC S9 14.46K 5% 01010 OFF OFF ON ON OFF OFF OFF OFF
Button

Stereo Headset RC S10 17.26K 5% 01011 OFF OFF ON ON OFF OFF OFF OFF
Button

Stereo Headset RC S11 20.5K 5% 01100 OFF OFF ON ON OFF OFF OFF OFF
Button

Stereo Headset RC S12 24.07K 5% 01101 OFF OFF ON ON OFF OFF OFF OFF
Button

Audio Device Type 3 28.7K 5% 01110 OFF OFF ON OFF OFF OFF OFF OFF
Reserved Accessory #1 34K 5% 01111 OFF OFF ON ON OFF OFF OFF OFF
Reserved Accessory #2 40.2K 5% 10000 OFF OFF ON ON OFF OFF OFF OFF
Reserved Accessory #3 49.9K 5% 10001 OFF OFF ON ON OFF OFF OFF OFF
Reserved Accessory #4 64.9K 5% 10010 OFF OFF ON ON OFF OFF OFF OFF
Audio Device Type 2 80.27K 5% 10011 OFF OFF ON OFF OFF OFF OFF OFF
Phone Powered Device 102K 5% 10100 OFF ON OFF OFF OFF OFF OFF OFF
TTY Converter 121K 5% 10101 OFF OFF ON ON OFF OFF OFF OFF
UART Cable 150K 5% 10110 OFF ON OFF OFF OFF OFF OFF OFF
Type 1 Charger 200K 5% 10111 ON OFF OFF OFF OFF ON OFF OFF
Factory Mode - Boot Off USB 255K 5% 11000 ON OFF OFF OFF OFF OFF ON OFF
Factory Mode - Boot On USB 301K 5% 11001 ON OFF OFF OFF OFF OFF ON ON
Audio/Video Cable 365K 5% 11010 OFF OFF ON OFF OFF OFF OFF OFF
ANV + VBUS 365K 5% 11010 OFF OFF ON OFF OFF OFF OFF OFF
Type 2 Charger 442K 5% 11011 ON OFF OFF OFF OFF ON OFF OFF
Factory Mode - Boot Off 523K 5% 11100 OFF ON OFF OFF OFF OFF ON OFF
UART

Factory Mode - Boot On 619K 5% 11101 OFF ON OFF OFF OFF OFF ON ON
UART

Sterero Audio Device Type 1 | 1000.07K 10% 11110 OFF OFF ON ON OFF OFF OFF OFF
Mono Audio Device Type 1 1002K 10% 11110 OFF OFF ON ON OFF OFF OFF OFF
Copyright © 2013, Texas Instruments Incorporated 13
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Table 3. Accessory ID and Switch States MCPC Mode
SWITCH STATE STATUS OUTPUT
ACCESSORY ID RES (%) ADC DP/DM VBUS ID
VALUE AUDI ISET | JIG | BOOT
UsB UART o MIC ID_HT

10000
Send_End_SW 47K 5% OFF OFF ON ON OFF OFF OFF OFF

10001

10000
Send_End_SW with VBUS 47K 5% 10001 OFF OFF ON OFF OFF OFF OFF OFF

) 10110

Maintanence 180K 5% o111 OFF OFF OFF OFF OFF OFF OFF OFF

11000 ON ON OFF OFF OFF OFF
Mode 1 Stereo 47K + 240K 5% OFF OFF

11001

11000 ON OFF OFF OFF OFF OFF
Mode 1 Stereo with VBUS 47K + 240K 5% OFF OFF

11001

11010 OFF | OFF | OFF OFF OFF OFF
Reserved 390K 5% OFF OFF

11011

11100 OFF OFF OFF OFF OFF
Mode 3 Monaural 47K + 510K 5% DM to S_L; DP to MIC

11101

11100 OFF OFF OFF OFF OFF
Mode 3 Monaural with VBUS 47K + 510K 5% 11101 DM to S_L; DP to MIC
Mode 2 Monaural 47K + 750K 5% 11110 DM to S_L; DP OPEN ON OFF OFF OFF OFF
Mode 2 Monaural with VBUS | 47K + 750K 5% 11110 DM to S_L; DP OPEN OFF OFF OFF OFF OFF

14 Copyright © 2013, Texas Instruments Incorporated
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CHARGER DETECTION

Table 4. Chargers Detected and Switch States
SWITCH STATE STATUS OUTPUT
ADC
ACCESSORY D RES (% DP/DM VBUS D
6 | vaLUE ISET JIG BOOT
USB UART | AUDIO MIC ID_HT
No ID - - 11111 OFF OFF OFF OFF OFF OFF OFF OFF
Apple Charger - - 11111 OFF OFF OFF OFF OFF OFF OFF OFF
Non-standard Charger - - 11111 OFF OFF OFF OFF OFF OFF OFF OFF
LSB Standard Downstream - - 11111 ON OFF OFF OFF ON OFF OFF OFF
gg’r? Charging Downstream - - 11111 ON OFF OFF OFF ON ON OFF OFF
Dedicated Charging Port - - 11111 ON OFF OFF OFF ON ON OFF OFF

Table 5 lists the configurations of the DP_CON (D+) and DM_CON (D-) that are internal to the various device
types.

Table 5. Charger Detection Table

DEVICE TYPE VBUS DP_CON (D+) DM_CON (D-)
Standard Downstream Port >4V Pull-down R 15k to GND Pull-down R 15k
Charging Downstream Port >4V Pull-down R 15k to GND Vpwm_src =0.6V

Dedicated Charging Port >4V Short to D— Short to D+

Apple Charger >4V 20<Vpp<28 20<Vpy<28

U200 >4V Vpp = 1.34 Vpw = 1.34
Non-compliant USB Charger Any >4V Open Open
Device

Power-On Reset

When power (from 0 V) is applied to Vgat, an internal power-on reset holds the TSU6721 in a reset condition
until Vgar has reached Vpog. At that point, the reset condition is released, and the TSU6721 registers and 1°C
state machine initialize to their default states.

After the initial power-up phase, Vgat must be lowered to below 0.2 V and then back up to the operating voltage
(Vppio) for a power-reset cycle.
Software Reset

The TSU6721 has software a reset feature. Set the reset bit in the 12C register high to reset TSU6721. After
resetting, INTB will keep low until INT_Mask bit of Control register (0x02) is cleared.

Copyright © 2013, Texas Instruments Incorporated 15
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Key Press Identification

Key

» Key Press Timing

# Long Key Press Timing

INTB

Key Press
Interrupt

Long Key
Press Interrupt

Long Key
Release Interrupt

A. Key press
B. Released key press — Set KP Interrupt — Set error bit in Button register — INTB pulled low
C. I12C read of INT register — Clear KP interrupt — INTB goes back high

Figure 2. Short Key Press

Key
% » Key Pfess Tijming
< l l » Long Key Press Timing
INTB | \ [
Key Press l l )
Interrupt | i |
Long Key l l l
Press Interrupt l l l
Long Key | | |
Release Interrupt ! | |
(A) (B) (©)

A. Key press
B. Released key press — Set KP Interrupt — Set Key (S/E, 1-12) bit in Button register — INTB pulled low .
C. I2C read of INT register — Clear KP interrupt — INTB goes back high.

Figure 3. Normal Key Press

16 Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tsu6721yff?qgpn=tsu6721yff
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS

TSUG721YFF

www.ti.com.cn ZHCSB46 —JUNE 2013

Key

»Key Press Timinglg
» Long Key Press Timing

e mansmnmen

INTB

Key Press
Interrupt

Long Key
Press Interrupt

Long Key
Release Interrupt

2_' R R D Y Y

A. Key press

B. Long key press timing reached — Set LKP interrupt bit — Set Key (S/E, 1-12) bit in Button register — INTB pulled
low

C. 12C read of INT register — Clear LKP interrupt bit — INTB goes back high
D. Released key press — Set LKR Interrupt bit — INTB pulled low
E. 1°C read of INT register — Clear LKR interrupt bit— INTB goes back high

Figure 4. Long Key Press
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Key
| | | | I
| | | | |
) » Key Press Timing ! : :
o p Long Key Press Timing | !
| | | | |
| ‘ I’ ‘ I’
| I | [ |
INTB | | ! | |
| | |
| | |
| | | | |
| | | | |
Key Press ! ! ! ! !
Interrupt : : : : :
i i : i i
Long Key l I’ |\ I I
| | | | |
Press Interrupt | i | |
' 1 | ' '
| | | |
| | | |
| | | | 1
Long Key : | i J |\
Release Interrupt [ [ [ . !
| | | | |
(A) (B) (C) (D) (E)
A. Key press detected when accessory attached
B. Long key press timing reached — Set SK interrupt bit — Set Key (S/E, 1-12) bit in Button register — INTB pulled low
C. I2C read of INT register — Clear SK interrupt bit — INTB goes back high
D. Released key press detected when accessory ID resistor is 1 MQ — Set SKR Interrupt bit — INTB pulled low
E. 12C read of INT register — Clear SKR interrupt bit — INTB goes back high
Figure 5. Stuck Key Press
Rsend snd R1 R2 R3 R4 R5 R6 RT R8 R9 R10 R11 R12
AN ANA

"\fl\l "l,‘ N'—\'J | & 'F'U' «\f" vV ‘ P\t '\v'!‘.‘ ‘ u’. v'—\ ‘ 'W—‘J ‘ F\!AV'-“J ‘ \.',‘u’ A\ ‘ ‘\‘-‘f\‘f\ ‘ “.Au’ A\/ ‘ ."- J.'U(\l | '\wr\l A |

Send End— S1}— S2}— S3}+— S4}— S5}0— S6F— ST~ S84~ SO0 S04 S}~ S12)}— = Rp

. | | | | | | | | | | | |

T HOLD

Figure 6. Audio/Remote Controller Accessory

STANDARD I2C INTERFACE DETAILS

The bidirectional I1°C bus consists of the serial clock (SCL) and serial data (SDA) lines. Both lines must be
connected to a positive supply via a pull-up resistor when connected to the output stages of a device. Data
transfer may be initiated only when the bus is not busy.

I2C communication with this device is initiated by the master sending a START condition, a high-to-low transition
on the SDA input/output while the SCL input is high (see Figure 7). After the start condition, the device address
byte is sent, MSB first, including the data direction bit (R/W). This device does not respond to the general call
address. After receiving the valid address byte, this device responds with an ACK, a low on the SDA input/output
during the high of the ACK-related clock pulse.
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Start Condition Stop Condition

Figure 7. Definition of Start and Stop Conditions

The data byte follows the address ACK. The R/W bit is kept low for transfer from the master to the slave. The
data byte is followed by an ACK sent from this device. Data are output only if complete bytes are received and
acknowledged. The output data is valid at time (tpv) after the low-to-high transition of SCL, during the clock cycle
for the ACK.

On the I°C bus, only one data bit is transferred during each clock pulse. The data on the SDA line must remain
stable during the high pulse of the clock period, as changes in the data line at this time are interpreted as control
commands (START or STOP) (see Figure 8).

SDA / X \

SCL

Data Line |Change

Figure 8. Bit Transfer

A Stop condition, a low-to-high transition on the SDA input/output while the SCL input is high, is sent by the
master (see Figure 7).

The number of data bytes transferred between the start and the stop conditions from transmitter to receiver is not
limited. Each byte of eight bits is followed by one ACK bit. The transmitter must release the SDA line before the
receiver can send an ACK bit.

A slave receiver that is addressed must generate an ACK after the reception of each byte. The device that
acknowledges has to pull down the SDA line during the ACK clock pulse so that the SDA line is stable low during
the high pulse of the ACK-related clock period (see Figure 9). Setup and hold times must be taken into account.

Data Output

e N e \

NACK
Data Output Sa
by Receiver -
ACK
|
|
SCL From |

Master 0
: 1 2 8 9
| - -
|
|

Start Clock Pulse for
Condition Acknowledgment

Figure 9. Acknowledgment on 1°C Bus
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Writes

Data is transmitted to the TSU6721 by sending the device slave address and setting the LSB to a logic 0 (see
Figure 10 for device address). The command byte is sent after the address and determines which register
receives the data that follows the command byte. The next byte is written to the specified register on the rising
edge of the ACK clock pulse.

se. [y ey

Slave Address Sub Address Date Byte Date Byte
s A\ N z A\ N Z \ N Va \ N
sDA |sTlo]|1]oJo|1]o]1]of[A]Jofo]Jo]Jo]Jo]o]1]0]A|D7|D6[D5|D4|D3|D2|D1]|D0| A |D7|D6|D5|D4]D3[D2|D1|D0]| A |SP|
v Vv Vv
Start W/IR Register Address ACK Data to Control ACK Data to Control ACK Stop
ACK From Slave (Control Reg) From Register From Register From
Auto-Inc. Slave Slave Slave

Figure 10. Repeated Data Write to a Single Register

Slave Address Sub Address Date Byte Date Byte
Va N\ AN Z N\ AN Z N\ N Va N\ N -
sDA JsT|oJ1JoJo[1JoJ1JoJA[1JoJoJoJ1]oJo[o]A]|D7[D6[D5|D4|D3|D2|D1|D0] A [D7|D6|D5[D4[D3[D2|D1|DO[ A| _
A4 N w
Start W/R Register Address ACK Data to Timing Set 1 ACK Datato Timing Set2 ACK
ACK From Slave (Timing Set 1 Reg) From Register From Register From
Slave Slave Slave

Auto-Inc.

Figure 11. Burst Data Write to Multiple Registers

Reads

The bus master first must send the TSU6721 slave address with the LSB set to logic 0. The command byte is
sent after the address and determines which register is accessed. After a restart, the device slave address is
sent again but, this time, the LSB is set to logic 1. Data from the register defined by the command byte then is
sent by the TSU6721. Data is clocked into the SDA output shift register on the rising edge of the ACK clock
pulse. See Figure 12.

Slave Address Sub Address Slave Address Date Byte
s N\ N z N\ N s N\ N s A\ N
sDA |sTlof1]oJof1]o]1]o]A]JoJoJofJo]ofJo]1]1[A[rRS]of1]o]Jof[1]o0[1]1]A]|D7|D6|D5|D4|D3|[D2|D1]|DO] <--
\ / J N\ v /
Start WIR Register Address  ACK Re-Start WIR Data from Interrupt 1 Reg.
ACK From Slave (Interrupt 1 Reg) ~ From ACK From Slave
Auto-Inc. Slave
Date Byte Date Byte
z A\ N z A\ N
continued e+ A |D7|D6|D5|D4|D3|D2]|D1|D0| A |D7|D6|D5|D4|D3|D2|D1|DO|NA|SP|
Data from In?grrupt 1 Reg. Data from In?grrupt 1 Reg. Stop
ACK From Master ACK From Master No ACK From Master (Message Ends)

Figure 12. Repeated Data Read from a Single Register — Combined Mode
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seo [y Uy It

Slave Address Sub Address Slave Address Date Byte
s A\ N . A\ N s A\ N s A\ N
SDA |sT/of1]oJo|1fof1]oJA]1]oJoJoJoJo]|1]1]JA[RS[oJ1]oJo]1]o]1]1]A]|[D7[D6|D5|D4|D3|D2|D1]|DO] **°
< v; 7 < ~ >
Start W/R Register Address  ACK Re-Start W/R Data from Interrupt 1 Reg.
ACK From Slave (Interrupt 1 Reg) From ACK From Slave
Auto-Inc. Slave
Date Byte Date Byte
. A\ N . A\ N
continued +++ A |D7|D6|D5|D4|D3|D2|D1|D0] A |D7|D6|D5]|D4|D3|D2|D1|DO|NA|SP]|
Data from In?grrupt 2 Reg. Data from In‘t’Mask 1 Reg. Stop
ACK From Master ACK From Master No ACK From Master (Message Ends)

Figure 13. Burst Data Read from Multiple Registers — Combined Mode

Slave Address Sub Address Slave Address Date Byte
Va N\ N Z N\ N Va N\ N Z /\ N
spAlsTfo]1]ofo]1]of1]o]AfloJo]oJoJoJo]1]1]A]sP|sTfo]1]ofo]1]o|1]1]A|D7|D6|D5|D4|D3|D2|D1|DO0]ee*
\ N/ J N\ v/ V4
Start WIR Register Address ACK | Start WIR Data from Interrupt 1 Reg.
ACK From Slave (Interrupt 1 Reg) From stop ACK From Slave
Auto-Inc. Slave Continued
Date Byte Date Byte
. A\ N . A\ N
continued e+ A |D7|D6/D5|D4|D3|D2|D1|D0| A |D7|D6|D5]|D4|D3|D2|D1|D0|NA|SP|
Data from In\t,errupt 1 Reg. Data from In\t,errupt 1 Reg. Stop
ACK From Master ACK From Master No ACK From Master (Message Ends)

Figure 14. Repeated Data Read from a Single Register — Split Mode

see [y U U U uu L

Slave Address Sub Address Slave Address Date Byte
Z A N Va A N Z A N Va A N
spA|sT/ofJ1]oJofJ1]of1Jo|AJ1]oJoJoJoJo[1[1]A]|sP|sTIo]1foJo]1fof[1]1]A][D7|D6[D5|D4|D3[D2[D1|DO| ee«
v N
Start WIR Register Address ACK Start WIR Data from Interrupt 1 Reg.

ACK From Slave (Interrupt 1 Reg) From Stop ACK From Slave
Auto-Inc. Slave Continued
Date Byte Date Byte

. A\ N Z N\ N
continued e+ A |D7|D6|D5|D4|D3|D2|D1|D0| A |D7|D6|D5|D4[D3|D2|D1]|D0O|NA|SP]
Data from In?srrupt 2 Reg. Data from In\t,Mask 1 Reg. Stop
ACK From Master ACK From Master No ACK From Master (Message Ends)

Figure 15. Burst Data Read from Multiple Registers — Split Mode

Notes (Applicable to Figure 10 — Figure 15):

* SDA is pulled low on Ack. from slave or Ack. from master.

* Register writes always require sub-address write before first data byte.

* Repeated data writes to a single register continue indefinitely until Stop or Re-Start.

» Repeated data reads from a single register continue indefinitely until No Ack. from master.

» Burst data writes start at the specified register address, then advance to the next register address, even to
the read-only registers. For these registers, data write appears to occur, though no data are changed by the
writes. After register 14h is written, writing resumes to register 01h and continues until Stop or Re-Start.

* Burst data reads start at the specified register address, then advance to the next register address. Once
register 14h is read, reading resumes from register 01h and continues until No Ack. from master.

Copyright © 2013, Texas Instruments Incorporated 21
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I’C REGISTER MAP

ADDRESS REGISTER TYPE SESEE BIT7 BIT 6 BIT 5 BIT4 BIT 3 BIT 2 BIT1 BITO
01h Device ID R 00010010 Version ID Vendor ID
02h Control R/W xx011111 MCPC Mode | Switch Open Raw Data Manual S/W Wait INT Mask
03h Interrupt 1 R 00000000 OVP—O[ig—OTP OCP_EN OVP_EN LKR LKP KP Detach Attach
Stuck_Key_ ADC_ Reserved_
04h Interrupt 2 R 00000000 VBUS OTP_EN CONNECT RCV Stuck_Key Change Attach AIV_Change
05h | InterruptMask1 | R | 00000000 OVP—ODCIE—OTP OCP_EN OVP_EN LKR LKP KP Detach Attach
Stuck_Key_ ADC_ Reserved_
06h Interrupt Mask 2 R/W 00000000 VBUS OTP_EN CONNECT RCV Stuck_Key Change Attach A/V_Change
07h ADC R xxx11111 ADC Value
08h Timing Set 1 RIW 00000000 Key Press Device Sleep
09h Timing Set 2 RIW 00000000 Switching Wait Long Key Press
0Ah Device Type 1 R 00000000 USB OTG DCP cpP sz F(’fhlggf UART UsB Audio Type2 | Audio Typel
. . JIG_UART JIG_UART JIG_USB
0Bh Device Type 2 R 00000000 Audio Type3 AN TTY PPD OFF “ON _OFF JIG_USB_ON
0Ch Button 1 R 00000000 7 6 5 4 3 2 Send_End
0Dh Button 2 R x0000000 Unknown Error 12 11 10 9 8
13h Manual S/W 1 R/W 00000000 DM Switching DP Switching VBUS Switching
14h Manual S/W 2 RIW xxx00000 ISET BOOT JIG ID Switching
. . VBUS non- VBUS
15h Device Type 3 R 0000x000 Video U200 Chg Apple Chg AV VBUS standard Debounce MHL
1Bh Reset w XXXXXXXO0 Reset
20h Timer Setting RW | oooio101 | 'SET Enable | Load Switch BCDv1.2 Timer ADC Start Time
Time Enable Time
OCL/OCP . . . . BCDv1.2
21h Setting 1 RIW 001010x1 OCL Protection Level Setting OCP Timeout Delay Setting Enable
22h OCL{OCP R/W xxx11001 OC Enable OCP Protection Level Setting
Setting 2
23h Device Type 4 RIW Xxxxx111 MCPC ID Resistor Value
Notes:
1. Do not use blank register bits.
2. Write “0” to the blank register bits.
3. Values read from the blank register bits are not defined and invalid.
4. When reading 12C table after an interrupt first read register Interrupt 1 (03h) followed by Interrupt 2 (04h).
5. Interrupt 1 (03h) and Interrupt 2 (04h) should not be read when INT Mask = 0.
6. 12C should not be accessed within 5 ms of device power-up.

Slave Address

SIZE DESCRIPTION

NAME
(BITS) BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
Slave address 0 1 0 0 1 0 1 R/W

22
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Device ID
Address: 01h
Reset Value: 00010010

Type: Read
SIZE
BIT NO. NAME (BITS) DESCRIPTION
2-0 Vendor ID 3 A unigue number for vendor
010b for Texas Instruments
7-3 Version ID 5 A unique number for chip version
00010b for TSU6721
Control

Address: 02h
Reset Value: xx011111
Type: Read/Write

SIZE
BIT NO. NAME (BITS) DESCRIPTION
0: Unmask interrupt
0 INT Mask 1 1: Mask interrupt
1 Wait 1 0: Wait until host re-sets this bit(WAIT bit) high
1: Wait until Switching timer is expired defined in Timing Set 2
0: Manual Switching
2 Manual SIW 1 1: Automatic Switching
0: Report the status changes on ID to Host
3 RAW Data ! 1: Don't report the status changes on ID
. 0: Open all Switches (Including load switch)
4 Switch Open ! 1: Automatic Switching by accessory status
0: Non-MCPC Mode
5 MCPC Mode 1 1: MCPC Mode
7-6 Unused 2

Copyright © 2013, Texas Instruments Incorporated
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Interrupt 1

Address: 03h

Reset Value: 00000000
Type: Read and Clear

BIT NO. NAME (SII‘IZ'E) DESCRIPTION
0 Attach 1 1: Accessory is attached
1 Detach 1 1: Accessory is detached
2 KP 1 1: Key press
3 LKP 1 1: Long key press
4 LKR 1 1: Long key release
5 OVP_EN 1 1: OVP enabled
6 OCP_EN 1 1: OCP enabled
7 OVP—OCE—OTP—DI 1 1: OVP_OCP_OTP disabled (device is out of OVP, OCP or OTP)
Interrupt 2
Address: 04h
Reset Value: 00000000
Type: Read and Clear
. NAME (g'ﬁg) DESCRIPTION
0 A/V_Change 1 1: Accessory Change is detected when A/V cable is attached
1 Reserved_Attach 1 1: Reserved Device is attached
2 ADC_Change 1 1: ADC value is changed when RAW data is enabled
3 Stuck_Key 1 1: Stuck Key is detected
4 Stuck_Key_ RCV 1 1: Stuck Key is recovered
5 Connect 1 1:Switch is connected (closed)
6 OTP_EN 1 1: Over Temperature Protection enabled
7 VBUS 1 1: VBUS detected

24
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Interrupt Mask 1
Address: 05h

Reset Value: 00000000
Type: Read/Write

SIZE
BIT NO. NAME (BITS) DESCRIPTION
0: Unmask Attach Interrupt
0 Attach 1 1: Mask Attach Interrupt
0: Unmask Key press Interrupt
1 Detach 1 1: Mask Detach Interrupt
2 KP 1 0: Unmask Key press Interrupt
1: Mask Key press Interrupt
3 LKP 1 0: Unmask Long key press Interrupt
1: Mask Long key press Interrupt
4 LKR 1 0: Unmask Long key release Interrupt
1: Mask Long key release Interrupt
0: Unmask OVP_EN Interrupt
5 OVP_EN 1 1: Mask OVP_EN Interrupt
0: Unmask OCP_EN Interrupt
6 OCP_EN 1 1: Mask OCP_EN Interrupt
0: Unmask OVP_OCP_OTP_DIS Interrupt
! OVP_OCP_OTP_DIS 1 1: Mask OVP_OCP_OTP_DIS Interrupt
Interrupt Mask 2
Address: 06h
Reset Value: 00000000
Type: Read/Write
SIZE
BIT NO. NAME (BITS) DESCRIPTION
0: Unmask A/V_Change Interrupt
0 AV_Change 1 1: Mask A/V_Change Interrupt
0: Unmask Reserved_Attach Interrupt
! Reserved_Attach ! 1: Mask Reserved_Attach Interrupt
0: Unmask ADC_Change Interrrupt
2 ADC_Change 1 1: Mask ADC_Change Interrrupt
0: Unmask Stuck_Key Interrupt
3 Stuck_Key ! 1: Mask Stuck_Key Interrupt
0: Unmask Stuck_Key_ RCV Interrupt
4 Stuck_Key_RCV 1 1: Mask Stuck_Key_ RCV Interrupt
0: Unmask Connect Interrupt
5 Connect ! 1: Mask Connect Interrupt
0: Unmask OTP_EN Interrupt
6 OTP_EN 1 1: Mask OTP_EN Interrupt
0: Unmask VBUS Interrupt
! VBUS ! 1: Mask VBUS Interrupt

Copyright © 2013, Texas Instruments Incorporated
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ADC Value
Address: 07h

Reset Value: xxx11111

Type: Read
BIT NO. NAME SIZE (BITS) | DESCRIPTION
4-0 ADC value 5 ADC value read from ID
7-5 Unused 3
Timing Set 1

Address: 08h

Reset Value: 00000000
Type: Read/Write

BIT NO. NAME SIZE (BITS) | DESCRIPTION
3-0 Device Sleep 4 Device Sleep duration
7-4 Key press 4 Normal key press duration
Timing Set 2

Address: 09h

Reset Value: 00000000
Type: Read/Write

BIT NO. NAME (Sﬁg) DESCRIPTION
3-0 Long key press Long key press duration
7-4 Switching wait Waiting duration before switching
Time Table
SETTING VALUE DEVICE SLEEP KEY PRESS LONG KEY PRESS SWITCHING WAIT(1)
0000 50 ms 100 ms 300 ms 10 ms
0001 100 ms 200 ms 400 ms 30 ms
0010 150 ms 300 ms 500 ms 50 ms
0011 200 ms 400 ms 600 ms 70 ms
0100 300 ms 500 ms 700 ms 90 ms
0101 400 ms 600 ms 800 ms 110 ms
0110 500 ms 700 ms 900 ms 130 ms
0111 600 ms 800 ms 1000 ms 150 ms
1000 700 ms 900 ms 1100 ms 170 ms
1001 800 ms 1000 ms 1200 ms 190 ms
1010 900 ms - 1300 ms 210 ms
1011 1000 ms - 1400 ms -
1100 - - 1500 ms —
1101 - — - —
1110 - - - —
1111 - — - -
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Device Type 1
Address: 0Ah
Reset Value: 00000000

Type: Read

BIT NAME SIZE DESCRIPTION

NO. (BITS)
0 Audio type 1 1 Audio device type 1
1 Audio type 2 1 Audio device type 2
2 usB 1 USB host
3 UART 1 UART
4 Typel/Type2 1 Typel/Type2 Charger
5 CDP 1 Charging Downstream Port (USB Host Hub Charger)
6 DCP 1 Dedicated Charging Port
7 USB OTG 1 USB on-the-go device

Device Type 2
Address: 0Bh
Reset Value: 00000000

Type: Read

BIT NO. NAME SIZE (BITS) | DESCRIPTION
0 JIG_USB_ON 1 Factory mode cable
1 JIG_USB_OFF 1 Factory mode cable
2 JIG_UART_ON 1 Factory mode cable
3 JIG_UART_OFF 1 Factory mode cable
4 PPD 1 Phone-powered device
5 TTY 1 TTY converter
6 AV 1 A/V Cable
7 Audio Type 3 1 Audio device type 3

Copyright © 2013, Texas Instruments Incorporated
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Button 1
Address: 0Ch
Reset Value: 00000000
Type: Read and Clear

BIT NO.

NAME

SIZE (BITS)

DESCRIPTION

Send_End

1

Send_End key is pressed

1

Number 1 key is pressed

Number 2 key is pressed

Number 3 key is pressed

Number 4 key is pressed

Number 5 key is pressed

Number 6 key is pressed

N~Njoja|h|{w|(N|FL|O

N[O |~ WIN

RlRrRr|Rr|R|R|~

Number 7 key is pressed

Button 2
Address: 0Dh
Reset Value: x0000000
Type: Read and Clear

BIT NO. NAME SIZE (BITS) | DESCRIPTION
0 8 1 Number 8 key is pressed
1 9 1 Number 9 key is pressed
2 10 1 Number 10 key is pressed
3 11 1 Number 11 key is pressed
4 12 1 Number 12 key is pressed
5 Error 1 Error key is pressed
6 Unknown 1 Unknown key is pressed
7 Unused 1
28 Copyright © 2013, Texas Instruments Incorporated
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Manual S/W 1

Address: 13h

Reset Value: 00000000

Type: Read/Write
BIT NAME SIZE (BITS) | DESCRIPTION
NO.
1-0 Vgus Switching 2 00: Open all switch
01: VBUS is connected to VBUS_OUT (charger)
10: VBUS is connected to MIC
4-2 DP Switching 3 000: Open all switch
001: DP is connected to DP_HT of USB port
010: DP is connected to S_R
011: DP is connected to RxD of UART
100: Reserved 101: DP is connected to MIC
110-111: Reserved
7-5 DM Switching 3 000: Open all switch
001: DM is connected to DM_HT of USB port
010: DM is connected to S_L
011: DM is connected to TxD of UART
100-111: Reserved
Manual S/W 2
Address: 14h
Reset Value: xxx00000
Type: Read/Write
BIT NAME SIZE (BITS) | DESCRIPTION
NO.
1-0 ID Switching 2 00: Open all switch
01: Reserved
10: ID is connected to IDBP
11: Reserved
2 JIG 1 0: Low (JIG OFF)
1: High (JIG ON)
3 BOOT 1 0: Low (BOOT OFF)
1: High (BOOT ON)
4 ISET 1 0: Low (ISET OFF)
1: High (ISET ON)
7-5 Unused 3
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Device Type 3
Address: 15h

Reset Value: x000x000

Type: Read
BIT NAME SIZE (BITS) | DESCRIPTION
NO.
0 MHL MHL device detected
1 VBUS Debounce This bit goes high after the 8ms VBUS debounce time
2 VBUS Non- 1 A non-standard charger device detected. This bit goes high after BCDv1.2 timer expires
Standard
3 Unused 1
4 AV VBUS 1 A/V Dock with VBUS connected
5 Apple Chg 1 Apple Charger
6 U200 Chg 1 U200 Charger
7 Video 1 75 Ohm video cable
Reset
Address:1Bh
Reset Value: xxxxxxx0
Type: Write
BIT NO. NAME SIZE (BITS) | DESCRIPTION
0 Reset 1 Manual reset on device
7-1 Unused 6

30
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Timer Setting
Address: 20h
Reset Value:00010101
Type: Read and Write

BIT NO. NAME

SIZE (BITS)

DESCRIPTION

2-0 ADC Start Time

3

000:
001:
010:
011:
100:
101:
110:
111:

ims
2ms
ams
8ms
12ms
16ms
20ms
24ms

5-3 BCDv1.2 Timer

000:
001:
010:
011:
100:
101:

0.6s
1.2s
1.8s
2.4s
3s

3.6s

6 Load Switch Enable
Time

0:1

50ms

1: 450ms

7 ISET Enable Time

0: 40ms
1:100ms

OCP Setting 1
Address: 21h

Reset Value:001010x1
Type: Read and Write

BIT NO. NAME

SIZE (BITS)

DESCRIPTION

0 BCDv1.2 Enable

1

0: disabled

1. en

abled

1 Unused

4-2 OCP Timeout Delay

000:
001:
010:
011:
100:
101:

ims
2ms
ams
8ms
12ms
16ms

7-5 OCL Current Limiter
Setting

000:
001:
010:
011:

15A
2.0A
2.5A
2.5A

Copyright © 2013, Texas Instruments Incorporated
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OCP Setting 2
Address: 22h

Reset Value:xxx11001
Type: Read and Write

BIT NO. NAME SIZE (BITS) | DESCRIPTION
2-0 OCP Protection Level 3 000: 1.0A
Setting 001: 1.5A

010: 2.0A
011: 2.0A

4-3 OC Enable 2 00: OCP & OCL disabled
01: OCP disabled & OCL enabled
10: Unused
11: OCP & OCL enabled

7-5 Unused 3

Device Type 4
Address: 23h

Reset Value:xxxxx111
Type: Read and Write

BIT NAME SIZE (BITS) | DESCRIPTION

NO.

2-0 MCPC ID 3 000: 47k ohms
Resistor Value 001: 180k ohms

010: 390k ohms

011: 287k ohms (Mode 1)
100: 557k ohms (Mode 3)
101: 797k ohms (Mode 2)
110: Error 111: Reset

7-3 Unused 5
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APPLICATION SCHEMATIC

VBAT
1kQ ~ )
10kQ ISET Resistor
PMIC 10uF %
JIG
ISET
VvDDIO
AP OR 1k ~ "~
BASEBAND | %2 10k
SCL
SDA
INTB
TxD
RxD
DM_HOST
DP_HOST
IDBP
BOOT
MIC BIAS
|
I

AUDIO H

CODEC |

i

ouT

JIG

ISET

SCL

SDA
INTB
TxD
TSU6721
RxD

DM_HOST

DP_HOST
IDBP

BOOT

VBAT

VDDIO

VBUS

DM

DP

GND

01pFI I
I10|,|FI T

Battery

J, T 1.7~3.6v
F

o.1pFI T
2.20
1pF~ L L
220 | gNp OWF[ W[
%WF
ESD
220
%haF
ESD
2.2Q(optional)
1

v MICRO
UsB

DN

DP

moap

KR

GND
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CRITICAL COMPONENTS

PIN NAME PIN NUMBER | CRITICAL COMPONENT
VBUS A5, B5 220
D3 1 pF~10 pF
VDDIO H "
0.1 pF
1 uF~10 pF
VBAT C3 Battery
0.1 pF
JIG E3 1 kQ~10 kQ
2.2 kQ
MIC B3
10 pF
ISET A2 Resistor determined by Battery Charger
S R D4 220 pFW
S L ca 220 pF®W
ouT A4, B4 10 pF
SCL Al 1 kQ~10 kQ
SDA B1 1 kQ~10 kQ
220
DM C5 - -
ESD Protection Diode
220
DP D5 - -
ESD Protection Diode
220W
ID E5 - -
ESD Protection Diode

(1) Optional Components

SCHEMATIC GUIDELINES

1. VBUS, VDDIO, and VBAT require decoupling capacitors to reduce noise from circuit elements. The
capacitors act as a shunt to block off the noise. The 0.1uF capacitor smoothes out high frequencies and has
a lower series inductance. The 1uF~10uF and 1pF capacitors smooth out the lower frequencies and have a
much higher series inductance. Placing both decoupling capacitors will provide better load regulation across
the frequency spectrum.

2. OUT requires a 10pF load capacitor to prevent sudden increases of voltage on the pin during charging

3. JIG is an open-drain output and therefore requires a 1kQ ~ 10kQ pull-up resistor to VBAT

4. ISET is an open drain output. It can be used by the battery charger to set the input current limit with a series
resistor (for example 75Q determined by the charger)

5. SCL and SDA require 1kQ ~ 10kQ pull-up resistors to VDDIO to prevent floating inputs

6. Depending on the codec used, S R and S_L may require DC blocking capacitors as high as 220uF. The
capacitor might not be needed if the codec has the capability to provide ground centered signals.

7. Mic requires a 2.2kQ pull-up resistor to MIC_BIAS to provide DC bias for the microphone. Additionally the
10uF capacitor is required to block the DC signals from MIC_BIAS to the Audio Codec

8. VBUS, DM and DP are recommended to have an external resistor 2.2Q to provide extra ballasting to protect
the chip and internal circuitry
(&) For ID, if there is less stress on the ID pin then the external 2.2Q resistor is optional
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9. DDM, DP, and ID are rated for 6kV IEC contact discharge protection. To prevent failure in case of an IEC
contact discharge of 8kV or greater, it is recommended to have an external ESD Protection Diode (~1pF of
capacitance allowed) rated for greater than 8kV IEC protection. It is also recommended to have an external
ESD Protection Diode to prevent DP and DM from failure in the event of EOS related to electrical surge

propagated downstream from the AC power supply

10. VBUS is rated for 6kV IEC contact discharge protection. To prevent failure in case of an IEC contact
discharge of 8kV or greater, it is recommended to have an external ESD Protection Diode (~1pF of
capacitance allowed) rated for greater than 8kV IEC protection. It is also recommended to have an external
ESD Protection Diode to prevent VBUS from failure in the event of EOS related to electrical surge

propagated downstream from the AC power supply.
PCB ROUTING GUIDELINES

Routing Guidelines for USB Signal Integrity

1. All the USB lines DP_CON, DM_CON, DP_HT, DM_HT, TxD and RxD

(&) Must have 45Q single ended characteristic impedance
(b) Must have 90Q differential ended impedance
(c) To fulfill USB 2.0 requirements

2. TSU6721 location
(&) Close to the USB connector as possible

(b) The distance between the USB controller and the device less than 1 inch
(c) Shorter length of the trace will reduce effect of stray noise and radiate less EMI

3. Minimize use of VIAs for USB related signals

(a) Differential transmission lines should be matched as close as possible

(b) No VIAs for optimum USB2.0 performance

DUT PAD

DECOUPLING
CAPACITORS
d
45 Degree Tuins
USB DP & DM lines
I'I,.]I{:1RD USB length matched
CONNECTOR

Flace the USB connector as close as

possible to the DUT
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TSU6721YFFR Active Production DSBGA (YFF) | 25 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40to 85 TSU6721
TSU6721YFFR.A Active Production DSBGA (YFF) | 25 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40to 85 TSU6721
TSU6721YFPR.A Active Production DSBGA (YFP) | 25 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 B8

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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% PACKAGE OUTLINE
YFFO0025 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY
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4223786/A 06/2017

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
YFFO0025 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY
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OPENING EXPOSED METAL SOLDER MASK
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE
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NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SNVA009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN
YFFO0025 DSBGA - 0.625 mm max height
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BASED ON 0.1 mm THICK STENCIL
SCALE:30X
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NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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PACKAGE OUTLINE
YFP0025 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
YFP0025 DSBGA - 0.5 mm max height
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NOT TO SCALE

4225306/A 09/2019

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
See Texas Instruments Literature No. SNVA009 (www.ti.com/lit/snva009).

INSTRUMENTS
www.ti.com




EXAMPLE STENCIL DESIGN

YFP0025

DSBGA - 0.5 mm max height
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NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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