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PSCL
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VLDO T T T T HBL1 | HBL2 HBR1| HBR2 PGNDBST
—— =
Power P3.1 P3.0 P1.0 P3.2 P2.0 P2.3 P24 P25
DVSS Management GPIOs
GPIOs
P11 USCIAO
H P2.1
P12 IrDA & SPI
P14 Interface 1 p2.2
-l ! P2.6
P15 USCI BO Microcontroller Core
GPIOs H P2.7
o SEbk S
ntertace
P1.7 H P1.3
H P3.5
L] H P3.3
— JTAG
Interface Brownout Protection | WDT+ Timers
- |I__| Watchdog A0 &A1
TEST/SBWTCK l s O : External Pin
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i |
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* 1-1. 51

314 T vo | simEs |y
HIEE A (PMIC)
VIN | 26 AC 3¢ USB & fii#ifi A
ISET 110 18 PRIAFS HL LU T HBELES
Ts | 19 Pin for 10 kQ NTC Thermistor Connection
FLOAT IF THERMISTOR / TS FUNCTION IS NOT USED
Open-drain Output, Charger Status Indication
NCHG_STAT © 38 CONNECT TO GROUND IF FUNCTION IS NOT USED
BAT l[e} 22 70 H A D) 3R 0 R L i SR N
SYS o} 23 B RGH i
VLDO o 27 LDO fiith
VLDO_SET | 28 Sets LDO Output Voltage (see £ 2-2)
R | 33 FH T 28 A0 R W 1 I RN
SW_SEL | 35 Selects Type of Switch Connected to SWITCH Pin (see & 2-6)
BST_SW | 12 TEHTF RS 1
BST_FB | 15 T S 25
BST_OUT o] 11 T s Hin
LCRN o] 8 T4 LC BT H AR, “f(—) s
LCRP o 7 AT LC YRITM H e, “IE(+)" 0T
LCLN o] 6 FIF22 LC BT H AR, 6 (—)"si 7
LCLP (0] 5 HF7e LCHRITM H A%, “IE(+)" 5
I2C Clock Pin (only used for TI debug and test)
pSCL Vo 87 GROUND PIN IN APPLICATION
I2C Data Pin (only used for Tl debug and test)
PSDA Vo 36 GROUND PIN IN APPLICATION
PGNDBST - 14 PMIC Fh it @
AGND - 29 PMIC 545 )
DGND - 4 PMIC %741 V)
MSP430 fds il 4%
P1.1/ General-purpose digital 1/0 pin
TAO0.0/ Timer0_A, capture: CCIOA input, compare: OutO output
UCAORXD/ /o 30 USCI_AO receive data input in UART mode
UCAO0SOMI/ USCI_AO slave data out/master in SPI mode
Al/ ADC10 analog input Al
CAl Comparator_A+, CAl input
P1.2/ General-purpose digital 1/0 pin
TAO.1/ Timer0_A, capture: CCI1A input, compare: Outl output
UCAOTXD/ /o 31 USCI_AO transmit data output in UART mode
UCAO0SIMO/ USCI_AO slave data in/master out in SPI mode
A2/ ADC10 analog input A2
CA2 Comparator_A+, CA2 input
P1.3/ General-purpose digital 1/0 pin
ADC10CLK/ ADC10, conversion clock output
A3 /o 32 ADC10 analog input A3
VREF-/VEREF-/ ADC10 negative reference voltage
CA3/ Comparator_A+, CA3 input
CAOUT Comparator_A+, output
P1.4/ General-purpose digital 1/0 pin
SMCLK/ SMCLK signal output
UCBOSTE USCI_BO slave transmit enable
UCAOCLK/ o) 34 USCI_AO clock input/output
A4 ADC10 analog input A4
VREF+/VEREF+/ ADCI10 positive reference voltage
CA4 Comparator_A+, CA4 input
TCK JTAG test clock, input terminal for device programming and test

(1) MSP430 [ttt PMIC CHELJEE LML) (¥ dE Py R .
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GBS 110 SRS | W

P1.5/ General-purpose digital I/O pin

TAO.0/ Timer0_A, compare: OutO output

UCBOCLK/ USCI_BO clock input/output

UCAOSTE/ 110 39 USCI_AO slave transmit enable

A5/ ADC10 analog input A5

CA5/ Comparator_A+, CA5 input

T™MS JTAG test mode select, input terminal for device programming and test

P1.6/ General-purpose digital I/O pin

TAO.1/ Timer0_A, compare: Outl output

A6/ ADC10 analog input A6

CA6/ 110 13 Comparator_A+, CA6 input

UCBOSOMI/ USCI_BO slave out/master in SPI mode

UCBOSCL/ USCI_BO0 SCL 12C clock in I12C mode

TDI/TCLK JTAG test data input or test clock input during programming and test

P1.7/ General-purpose digital I/O pin

A7/ ADC10 analog input A7

CA7/ Comparator_A+, CA7 input

CAOUT/ lfe] 16 Comparator_A+, output

UCBOSIMO/ USCI_BO slave in/master out in SPI mode

UCBOSDA/ USCI_BO SDA I2C data in 12C mode

TDO/TDI JTAG test data output terminal or test data input during programming and test(®

P2.1/ /o 1 General-purpose digital 1/0 pin

TALl.l Timerl_A, capture: CCI1A input, compare: Outl output

P2.2/ o) 2 General-purpose digital I/O pin

TA1.1 Timerl_A, capture: CCI1B input, compare: Outl output

P2.6/ General-purpose digital I/O pin

XIN/ /10 24 XIN, Input terminal of crystal oscillator

TAO.1 TAO.1, TimerO_A, compare: Outl output

P2.7/ o) 21 General-purpose digital 1/0 pin

XOUT Output terminal of crystal oscillator®))

P3.3/ o) 3 General-purpose digital 1/0 pin

TA1.2 Timerl_A, compare: Out2 output

P3.5/ o) 9 General-purpose digital I/O pin

TAO.1 Timer0_A, compare: OutO output

nRST/ Reset

NMI/ /10 17 Nonmaskable interrupt input

SBWTDIO Spy-Bi-Wire test data input/output during programming and test

TEST/ | 20 IEFRE AT 1 R JTAG SIS, BRI 2218325 TEST.

SBWTCK G SR I W2k X ITAG (Spy-Bi-Wire) IR B £ A\

DVSS - 25 MSP430 41 2% )

MISC. FE}%¢
FERRE AR S B AE 1 AGND M5 IIWZ AT BE T MR i (e B . W B AIE R R 5

Thermal PAD - 41 EVBIFRLERA 111 AGND 51 IR R LA, . ANEDKE BCH BTIME AR A1 E 2N . AGND 511
WA L A

Fasnd - 10, 40 FTA 7S (NIC) BIME TR AR (e ) o NI EITER S R GH.

(2) TDO = TDI i) JTAG 454 Kitft.

(3) Wk P2.7 HAE—AAN, WP AR IR, 3 P2SEL.7 B kR 1be X T A7 G YR 4 it AR Eh A e iR R T 8
(4) MSP430 [fiih5 PMIC CHELJEEFENAZ) (¥ dE Py R .

R 1-2. 5BV de K0 B fH

5l AgTL R A

iEcEdl

il (VIN. BST_OUT. BST_SW. BST_FB. VLDO. LCLP. LCLN. LCRP. LCRN. AGND. DGND. PGNDBS 03VET0V
T J& MSP430 WA% 5 I BIBRAE) i A\ FEL 8 13 L AGND 4 54k

VIN (H#*+F AGND) 0.3V E 280V
BST_OUT. BST_SW (fH*}J- PGNDBST) 03V # 180V
BST_FB (#%} T PGNDBST) , VLDO (%} T DGND) -03VZE36V
MSP430 W% 51 -03VE41V
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1.5  HEES AR

|_
L
U)I
2 o o 0
- 5 8 838 z 2 g ¢ 2 3
o < > > > (@) o ()] [a1] o
P1.2 31 | | 20 TEST/SBWTCK
T Tt T T T T T T T T T T T T T T T T |
P13 | ! s
| |
SWITCH | : : | ISET
| |
P1.4 | : : | nRST/NMI
| |
SW_SEL | TPS65835 | | P1.7
| |
PSDA I I BST_FB
] : Top View : [ ]BsT
PSCL | : | | PGNDBST
|
|
nCHG_STAT | : : | P1.6
|
|
P1.5 | | : | BST_SW
| |
|
NC[ 4] TTTTTTTTTTTT oSS TTooosmoes ' [ |BsT our

Pins 10 & 40 = N/C. No internal connection, connect to main system ground.
K 1-2. TPS65835 45| i o3 A
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2 POWER MANAGEMENT CORE

2.1

Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

SUBSYSTEM AND PARAMETER MIN NOM MAX UNIT
CHARGER / POWER PATH
Vuin Voltage range at charger input pin 3.7 28® \Y
vin Input current at VIN pin 200 mA
Cvuin Capacitor on VIN pin 0.1 2.2 10 uF
Lvin Inductance at VIN pin 0 2 uH
Vsys Voltage range at SYS pin 2.5 6.4 \%
Isys(ouT) Output current at SYS pin 100 mA
Csvs Capacitor on SYS pin 0.1 4.7 10 uF
Vpat Voltage range at BAT pin 2.5 6.4 \%
CgaT Capacitor on BAT pin 4.7 10 uF
RexT(ncHG_STAT) Resistor connected to NCHG_STAT pin to limit 320 Q
current into pin
BOOST CONVERTER / H-BRIDGE SWITCHES
ViNEBST sw) Input voltage range for boost converter 25 6.5 \%
VBsT out Output voltage range for boost converter 8 16 \%
CgsT out Boost output capacitor 3.3 4.7 10 uF
Lest sw® Inductor connected between SYS and BST_SW pins 47 100 pH
LDO
CviLpo ‘ External decoupling cap on pin VLDO 1 10 uF
POWER MANAGEMENT CORE CONTROL (LOGIC LEVELS FOR GPIOs)
ViLpmic) GPIO low level (BST_EN, CHG_EN, SW_SEL, 0.4 \%
VLDO_SET and to switch H-Bridge inputs to a low, 0,
level)
Viemic) GPIO high level (BST_EN, CHG_EN, SW_SEL, 1.2 \%
VLDO_SET and to switch H-Bridge inputs to a high,
1, level)
(1) VIN pin has 28 V ESD protection
(2) See i 2.9 for information on boost converter inductor selection.
(3) Design optimized for boost operation with 10 pH inductor
2.2 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)
PARAMETER MINIMUM MAXIMUM UNITS
Operating free-air temperature, Tp 0 60 °C
Max Junction Temperature, T, Electrical Characteristics Guaranteed 0 85 °C
Max Junction temperature, T;, Functionality Guaranteed ) 0 105 °C

(1) Device has a thermal shutdown feature implemented that shuts down at 105 °C

12 POWER MANAGEMENT CORE
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2.3 Thermal Information
TPS65835
THERMAL METRIC RKP UNITS
40 PINS

B3 Junction-to-ambient thermal resistance 31.9
B3ctop Junction-to-case (top) thermal resistance @ 22.7
B8 Junction-to-board thermal resistance® 6.2 .
Wit Junction-to-top characterization parameter(4) 0.3 cw
Wis Junction-to-board characterization parameter(s) 6.1
B3chot Junction-to-case (bottom) thermal resistance ©) 1.4
(1) The junction-to-ambient thermal resistance under natural convection is obtained in a simulation on a JEDEC-standard, high-K board, as

specified in JESD51-7, in an environment described in JESD51-2a.

(2) The junction-to-case (top) thermal resistance is obtained by simulating a cold plate test on the package top. No specific
JEDEC-standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.

(3) The junction-to-board thermal resistance is obtained by simulating in an environment with a ring cold plate fixture to control the PCB
temperature, as described in JESD51-8.

(4) The junction-to-top characterization parameter, w;, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining 634, using a procedure described in JESD51-2a (sections 6 and 7).

(5) The junction-to-board characterization parameter, y;g, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining 6,4 , using a procedure described in JESD51-2a (sections 6 and 7).

(6) The junction-to-case (bottom) thermal resistance is obtained by simulating a cold plate test on the exposed (power) pad. No specific
JEDEC standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.

2.4 Quiescent Current

over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
lo(sLEEP) Power management core quiescent | @ 25° C 8.6 10.5 HA
current in sleep mode Vgar =36V
VVIN =0V

No load on LDO

CHG_EN, BST_EN grounded
BST_FB =300 mV

Power management core in sleep
mode / device 'off'

loacTivey | Power management core quiescent | @ 25° C 39 53.5 MA
current in active mode Vgar =36V
VV|N =0V

Boost enabled but not switching,
H-bridge in grounded state

No load on LDO

Power management core in active
mode

2.5 Electrical Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
BATTERY CHARGER POWER PATH
Vuvioiny | Undervoltage lockout at power path | Vyn: 0V — 4V 3.2 3.3 3.45 \%
input, VIN pin
Vhys.- Hysteresis on UVLO at power path | Vyn:4V >0V 200 300 mV
UVLO(VIN) input, VIN pin
V|N-DT Input power detection threshold Input power detected if: (Vyiy > VeaT 40 140 mV
+ ViN-DT);
VBAT =36V
VVIN: 35V—-4V
VHYS-INDT HySteresis on VIN-DT VBAT =36V 20 mV
Vyn:4V —> 35V

JiRA © 2011, Texas Instruments Incorporated POWER MANAGEMENT CORE 13
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Electrical Characteristics (continued)

over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vovp Input over-voltage protection Vyn: BV =7V 6.4 6.6 6.8 \%
threshold
Vhys.ovp | Hysteresis on OVP Vyn: 11V -5V 105 mV
Vboin- VIN pin to SYS pin dropout voltage | Isys = 150 mA (including IgaT) 350 mV
svs) Vvin = Vsvs Vyin =435V
VBAT =36V
Vbo(eaT- BAT pin to SYS pin dropout voltage | lsys =100 mA 150 mV
svs) VeaT — Vsvs Vyin=0V
Vgar >3V
lvingmax) Maximum power path input current | Vyy =5V 200 mA
at pin VIN
Vsupent) | Enter battery supplement mode Vgys < \%
(Vpar - 40
mV)
Vsupexim | Exit battery supplement mode Vgys 2 \%
(Vear - 20
mV)
Vsup(sc) Output short-circuit limit in 250 mV
supplement mode
Vo(sc) Output short-circuit detection 0.9 \%
threshold, power-on
BATTERY CHARGER
Icc Active supply current into VIN pin Vyn =5V 2 mA
No load on SYS pin
VBaT > VBAT(REG)
IzaT(sC) Source current for BAT pin 1 mA
short-circuit detection
VBAT(SC) BAT pin short-circuit detection 1.6 1.8 2.0 \%
threshold
Veat(reg) | Battery charger output voltage -1% 4.20 1% \%
Viowv Pre-charge to fast-charge transition 2.9 3.0 3.1 \%
threshold
IcHG Charger fast charge current range Vyn =5V 5 100 mA
Iche = Kiser / Riser VBaT(REG) > VBAT > Viowy
KiseT Battery fast charge current set factor | Vyy =5V —-20% 450 20% AQ
Iche = Kiset / Riser Ivingwaxy > IcHe
lchg = 100 mA
No load on SYS pin, thermal loop
not active.
IPRECHG Pre-charge current 0.07 x 0.10 x 0.15 x mA
lche lcHe Iche
ITERM Charge current value for termination | Icyg = 100 mA 7 10 15 mA
detection threshold
VRcH Recharge detection threshold VgaT below nominal charger voltage, 55 100 170 mV
VBAT(REG)
IgAT(DET) Sink current for battery detection 1 mA
tcHe Charge safety timer 18000 S
(18000 seconds = 5 hours)
tPRECHG Pre-charge timer 1800 s
(1800 seconds = 30 minutes)
VDPPM DPPM threshold VBAT + \Y
100 mV
I eak(ncHe) | Leakage current for nCHG_STAT Viche_stat = 4.2V 100 nA
pin CHG_EN = LOW (Charger disabled)
Rpsonper | On resistance for nCHG_STAT 20 60 Q
G) MOSFET switch

14 POWER MANAGEMENT CORE
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Electrical Characteristics (continued)
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
IMax(ncHe) | Maximum input current to 50 mA
NCHG_STAT pin
BATTERY CHARGER NTC MONITOR
lTsBias TS pin bias current 75 HA
Vcolp 0°C charge threshold for 10kQ NTC 2100 mV
(B = 3490)
Vhys(coLp) | Low temperature threshold Battery charging and battery / NTC 300 mV
hysteresis temperature increasing
Vhor 50°C charge threshold for 10kQ 300 mV
NTC
(B = 3490)
Vhysror) | High temperature threshold Battery charging and battery / NTC 30 mV
hysteresis temperature decreasing
BATTERY CHARGER THERMAL REGULATION
Tyrec_Lo | Charger lower thermal regulation 75 °C
WER) limit
Tyrec_upp | Charger upper thermal regulation 95 °C
ER) limit
Ti0FF) Charger thermal shutdown 105 °C
temperature
TjoFr-Hys) | Charger thermal shutdown 20 °C
hysteresis
LDO
IMax(LDO) Maximum LDO output current, Vgys =4.2V 30 mA
VVLDO =22V VVIN =0V
VLDO _SET=0V
Maximum LDO output current, Vgys =4.2V 30
VVLDO =30V VVIN =0V mA
VLDO_SET = VSYS
Iscoo) Short circuit current limit 30 100 mA
Vvipo LDO output voltage VLDO_SET = LOW 2.13 2.2 2.27 \%
(VLDO_SET pin connected to
DGND)
37VSVyns65V
lLoaD(LDO) = -10 MA
Vvipo LDO output voltage VLDO_SET = HIGH 291 3.0 3.09 \%
(VviLpo_seT = Vsys)
37VZVyn<65V
lLoaD(LDO) = -10 MA
Vbo(Lbo) LDO Dropout voltage Vvin - Vipo When in dropout 200 mV
lLoaD(LDO) = -10 MA
Line regulation 37VsSVyn<65V -1 1 %
lLoaD(LDO) = -10 MA
Load regulation Vyn =35V -2 2 %
0.1mA=< ILOAD(LDO) <-10 mA
PSRR Power supply rejection ratio @20 KHz, | oapLpo) = 10 mA 45 dB
VDO(LDO) =05V
Cvipo = 10 pF
BOOST CONVERTER
lo@sT) Boost operating quiescent current Boost Enabled, BST_EN = High 2 4.5 WA
loures) =0 MA
(boost is not switching)
VBAT =36V
RpsonsT) | Boost MOSFET switch on-resistance | Vin@sT) = 2.5 V 0.8 1.2 Q
Isw(main) = 200 mA

JiRAL © 2011, Texas Instruments Incorporated
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Electrical Characteristics (continued)

over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
I ke@sT s | Leakage into BST_SW pin BST_EN signal = LOW (Boost 20 nA
w) (includes leakage into analog disabled)
h-bridge switches) Vest sw =42V
No load on BST_OUT pin
IswuimsT) | Boost MOSFET switch current limit 100 150 200 mA
Vpiope@sT | Voltage across integrated boost BST_EN signal = HIGH 1.0 \%
) diode during normal operation Vest sw=16.0V
IgsT ouT = -2 MA
Vrer@sT) | Boost reference voltage on BST_FB 1.17 1.2 1.23 \%
pin
VrerHys(s | Boost reference voltage hysteresis 2 2.5 3.2 %
T on BST_FB pin
TonesT) Maximum on time detection 5 6.5 8 us
threshold
Torr@st) | Minimum off time detection threshold 1.4 1.75 2.1 us
Tshutest) | Boost thermal shutdown threshold 105 °C
TsHUT- Boost thermal shutdown threshold 20 °C
HYS(BST) hysteresis
FULL H-BRIDGE ANALOG SWITCHES
loHsw) Operating quiescent current for 5 HA
h-bridge switches
Rpsonsw | H-bridge switches on resistance 20 40 Q
)
ToeLay(Hs | H-bridge switch propagation delay, | Vpgyy = 0V — Vypo 100 ns
W-H) input switched from low to high
state.
ToeLay(Hs | H-bridge switch propagation delay, | Vpgyy = Vyipo — 0V 100 ns
W-L) input switched from high to low
state.
POWER MANAGEMENT CORE CONTROLLER
ViLemic) Low logic level for logic signals on 10 logic level decreasing: 0.4 \%
power management core Vgys —> 0V
(BST_EN, CHG_EN, SLEEP, HBR1, | Iy =1 mA
HBR2, HBL1, HBL2)
ViHemic) High logic level for signals on power | 10 logic level increasing: 1.2 \%
management core 0V — Vgys
(BST_EN, CHG_EN, SLEEP, HBR1, | Iy =1 mA
HBR2, HBL1, HBL2)
Veoop(po | Power fault detection threshold VyLpo decreasing 1.96 \%
)
Veoop_Hys | Power fault detection hysteresis VyLpo increasing 50 mV
(LDO)
Veatcomp | COMP pin voltage (scaled down Vear = 4.2V 1.85 \%
battery voltage) Vyipo = 2.2V
VBAT =25V 1.10 Vi
Vvipo = 2.2V
VBAT =42V
Vyvipo =3.0V 1.90 v
VBAT =33V 1.50 Vi
Vvipo =3.0V

16 POWER MANAGEMENT CORE
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2.6 System Operation

The system must complete the power up routine before it enters normal operating mode. The specific
system operation depends on the setting defined by the state of the SW_SEL pin. The details of the
system operation for each configuration of the SW_SEL pin are contained in this section.

2.6.1 System Power Up

________________________________________________________

POWER UP State

= No Power Present
(VIN or BAT not Detected)

VIN Det. or
BAT Det.?

NO

SYS Above UVLO?

!

. Turn Internal Sleep Control
Supervisor On

Internal
Sleep
Supervisor
On?

SLEEP State

Sleep control supervisor = ON
SLEEP / DEVICE IDLE Boost = OFF

Refer to specific system LDO = OFF
state diagrams for switch :

specific operation

Charger / Power Path = ON
H-Bridge = 'Grounded State'

2-1. System Power Up State Diagram

JiRA © 2011, Texas Instruments Incorporated POWER MANAGEMENT CORE 17
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2.6.2 System Operation Using Push Button Switch

AC Detected

- Charger enabled

i -MCU LDO =ON

AC Detected
-MCU LDO =ON

- Charging status
depends on state of
CHG_EN pin and BAT
voltage

Thermal shutdown,
VvLpo < VGooD(LDOy
SWITCH "off" event,
or SLEEP signal high to
low level transition:

. Return to SLEEP state

SLEEP State

Sleep control supervisor = ON
Boost = OFF

(tprRESS < 32 ms)

LDO = OFF
Charger / Power Path = ON
H-Bridge = 'Grounded State'

Resistor divider tracking BAT voltage
for comparator input is disabled

Push
Button
Pressed?

YES
(tprESS > 32 ms)

ACTIVE State

Reset Internal Logic
Load OTP
LDO turned ON
(Boost not enabled)

v

\4

MCU Controlling BST_EN signal

H-bridge in grounded state

Boost enabled
H-bridge state defined by MCU GPIOs

(tprESS > 32 ms)

NO
Push (tpPRESS < 32 ms)
Button

Pressed?

YES

(This step gives visual indication to user

Boost disabled

that device is OFF)

Push Button Switch Released
(SWITCH not connected to AGND)

f 2-2. Push Button State Diagram
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2.6.3 System Operation Using Slider Switch

AC Detected:

- Charger enabled

: - MCU LDO = ON

AC Detected:
- MCU LDO = ON

- Charging status
depends on state of
CHG_EN pin and BAT
voltage

Thermal Shutdown,

VvLpo < VGoob(Lboy
SWITCH "off" event,
or SLEEP signal high to
low level transition:

Return to SLEEP state

Vsys

SLEEP State

Sleep control supervisor = ON

Boost = OFF
LDO = OFF

Charger / Power Path = ON
H-Bridge = 'Grounded State'

Resistor divider tracking BAT voltage
for comparator input is disabled

Reset Internal Logic
Load OTP
LDO turned ON
Boost not enabled

v

MCU Controlling BST_EN signal
H-bridge in grounded state

Boost enabled
H-bridge state defined by MCU GPIOs

GND

State?

ACTIVE State

K| 2-3. System Operation Using Slider Switch

JiRAL © 2011, Texas Instruments Incorporated
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2.7

2.7.1

2.7.2

Linear Charger Operation

This device has an integrated Li-lon battery charger and system power path management feature targeted
at space-limited portable applications. The architecture powers the system while simultaneously and
independently charging the battery. This feature reduces the number of charge and discharge cycles on
the battery, allows for proper charge termination, and enables the system to run with a defective or absent
battery pack. It also allows instant system turn-on even with a totally discharged battery.

The input power source for charging the battery and running the system can be an AC adapter or USB
port connected to the VIN pin as long as the input meets the device operating conditions outlined in this
datasheet. The power-path management feature automatically reduces the charging current if the system
load increases. Note that the charger input, VIN, has voltage protection up to 28 V.

Battery and TS Detection

To detect and determine between a good or damaged battery, the device checks for a short circuit on the
BAT pin by sourcing Igat(sc) to the battery and monitoring the voltage on the BAT pin. While sourcing this
current if the BAT pin voltage exceeds Vgar(sc), @ battery has been detected. If the voltage stays below
the Vgat(sc) level, the battery is presumed to be damaged and not safe to charge.

The device will also check for the presence of a 10 kQ NTC thermistor attached to the TS pin of the
device. The check for the NTC thermistor on the TS pin is done much like the battery detection feature
described previously. The voltage on the TS pin is compared against a defined level and if it is found to be
above the threshold, the NTC thermistor is assumed to be disconnected or not used in the system. To
reduce the system quiescent current, the NTC thermistor temperature sensing function is only enabled
when the device is charging and when the thermistor has been detected.

VbD

VcoLb
o— - nCOLD

TS

VHoT
o— - nHOT

P

¥ 2-4. Thermistor Detection and Circuit

Battery Charging

The battery is charged in three phases: conditioning pre-charge, constant-current fast charge (current
regulation), and a constant-voltage tapering (voltage regulation). In all charge phases, an internal control
loop monitors the IC junction temperature and reduces the charge current if an internal temperature
threshold is exceeded. |5 2-5 shows what happens in each of the three charge phases:

20
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PRECHARGE | CONSTANT CURRENT CONSTANT VOLTAGE DONE
FAST CHARGE TAPER
Battery Voltage
VBAT(REG)
lo(cHG)
Viowv

(TERM)

l(PRECHG)

2-5. Battery Charge Phases

In the pre-charge phase, the battery is charged with the pre-charge current that is scaled to be 10% of the
fast-charge current set by the resistor connected to the ISET pin. Once the battery voltage crosses the

V. owy threshold, the battery is charged with the fast-charge current (Icyc). As the battery voltage reaches
Veat(rec), the battery is held at a constant voltage of Vgarreg) and the charge current tapers off as the
battery approaches full charge. When the battery current reaches ltggy, the charger indicates charging is
done by making the nCHG_STAT pin high impedance. Note that termination detection is disabled
whenever the charge rate is reduced from the set point because of the actions of the thermal loop, the

DPM loop, or the Vyiowv) loop.

2.7.2.1 Pre-charge

The value for the pre-charge current is set to be 10% of the charge current that is set by the external
resistor, Riset. Pre-charge current is scaled to lower currents when the charger is in thermal regulation.

2.7.2.2 Charge Termination

In the fast charge state, once Vgar 2 Vgar(res), the charger enters constant voltage mode. In constant
voltage mode, the charge current will taper until termination when the charge current falls below the Irggrm)
threshold (typically 10% of the programmed fast charge current). Termination current is not scaled when
the charger is in thermal regulation. When the charging is terminated, the nCHG_STAT pin will be high
impedance (effectively turning off any LED that is connected to this pin).

2.7.2.3 Recharge

Once a charge cycle is complete and termination is reached, the battery voltage is monitored. If Vg7 <
Veat(reo) - Vrens the device determines if the battery has been removed. If the battery is still present, then
the recharge cycle begins and will end when Vgar 2 Vearrec)-

2.7.2.4 Charge Timers

The charger in this device has internal safety timers for the pre-charge and fast charge phases to prevent
potential damage to either the battery or the system. The default values for these timers are found as
follows: Pre-charge timer = 0.5 hours (30 minutes) and Fast charge timer = 5 hours (300 minutes).

JiRA © 2011, Texas Instruments Incorporated POWER MANAGEMENT CORE 21
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2.7.3

2.8

28.1

During the fast charge phase, the following events may increase the timer durations:

1. The system load current activates the DPM loop which reduces the available charging current

2. The input current is reduced because the input voltage has fallen to V yow)

3. The device has entered thermal regulation because the IC junction temperature has exceeded T;geg)

During each of these events, the internal timers are slowed down proportionately to the reduction in
charging current.

If the pre-charge timer expires before the battery voltage reaches V| owy, the charger indicates a fault
condition.
Charger Status (nCHG_STAT Pin)

The nCHG_STAT pin is used to indicate the charger status by an externally connected resistor and LED
circuit. The pin is an open drain input and the internal switch is controlled by the logic inside of the
charger. This pin may also be connected to a GPIO of the system MCU to indicate charging status. The
table below details the status of the nCHG_STAT pin for various operating states of the charger.

% 2-1. nCHG_STAT Functionality

Charging Status NnCHG_STAT FET / LED
Pre-charge / Fast Charge / Charge Termination ON
Recharge OFF
OVP OFF
SLEEP OFF

LDO Operation

The power management core has a low dropout linear regulator (LDO) with variable output voltage
capability. This LDO is used for supplying the microcontroller and may be used to supply either an
external IR or RF module, depending on system requirements. The LDO can supply a continuous current
of up to 30 mA.

The output voltage (Vy po) of the LDO is set by the state of the VLDO_SET pin. See 3 2-2 for details on
setting the LDO output voltage.

% 2-2. VLDO_SET Functionality

VLDO_SET State VLDO Output Voltage (VvLpo)
Low (VLDO_SET < VIL(PMIC)) 22V
ngh (VLDO_SET > VIH(PMIC)) 3.0V

LDO Internal Current Limit

The internal current limit feature helps to protect the LDO regulator during fault conditions. During current
limit, the output sources a fixed amount of current that is defined in the electrical specification table. The
voltage on the output in this stage can not be regulated and will be Voyt = Iyt X RLoap- The pass
transistor integrated into the LDO will dissipate power, (V\\ - Vout) X lumim until the device enters thermal
shutdown. In thermal shutdown the device will enter the "SLEEP / POWER OFF" state which means that
the LDO will then be disabled and shut off.
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2.9 Boost Converter Operation

Efficiency (%)

The boost converter in this device is designed for the load of active shutter 3D glasses. This load is
typically a light load where the average current is 2 mA or lower and the peak current out of a battery is
limited in operation. This asynchronous boost converter operates with a minimum off time / maximum on
time for the integrated low side switch, these values are specified in the electrical characteristics table of
this datasheet.

The peak output voltage from the boost converter is adjustable and set by using an external resistor
divider connected between BST_OUT, the BST_FB pin, and ground. The peak output voltage is set by
choosing resistors for the feedback network such that the voltage on the BST_FB pin is Vggr@est) = 1.2 V.
See ¥ 4.2 for more information on calculating resistance values for this feedback network.

The efficiency curves for various input voltages over the typical 3D glasses load range (2 mA and lower)
are shown below. All curves are for a target Voyt of 16 V. For output voltages less than 16 V, a higher
efficiency at each operating input voltage should be expected. Note that efficiency is dependent upon the
external boost feedback network resistances, the inductor used, and the type of load connected.

100 100
90 90
80 80 L
L] ’,f‘
70 /,’ 70 ~
60 L~ e\; 60 //
50 // S 50 Ve
40 £ 40
w
30 30
20 20
[ [

100 yy=30v | — Vor=160v 0] yy=37v | — Vor=160v

0 0

0.01 0.1 1 2 0.01 0.1 1 2

Output Current (mA) Output Current (mA)

G0ooC G000

E 2-6. Boost Efficiency VS. IOUT! VlN =3.0 V, VOUT = FS] 2-7. Boost EffiCiency VS. IOUT! VlN =3.7 V, VOUT =
16V 16V

Efficiency (%)

100 100
90 90
" "]
80 o 80 Prey
70 70
/ S /
60 - S ,
50 / g 5 /
40 = 40
30 30
20 20
[ [

10 yy=42v | — Vor=160v 0] yy=55vV | — Vor=160v

0 0

0.01 0.1 1 2 0.01 0.1 1 2

Output Current (mA) 00 Output Current (mA) G000

2-8. Boost Efficiency vs. lgyt, Vin=4.2 V, Vour = 2-9. Boost Efficiency vs. loyt, Vin =5.5V, Vour =
16V 16V

29.1

Boost Thermal Shutdown

An internal thermal shutdown mode is implemented in the boost converter that shuts down the device if
the typical junction temperature of 105°C is exceeded. If the device is in thermal shutdown mode, the
main switch of the boost is open and the device enters the "SLEEP / POWER OFF" state.
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2.9.2 Boost Load Disconnect

2.10

When the boost is disabled (BST_EN = LOW), the H-bridge is automatically placed into the OFF state. In
the OFF state the high side H-bridge switches are open and the low side switches of the H-bridge are
closed. The OFF state grounds and discharges the load, potentially prolonging the life of the LC shutters
by eliminating any DC content (see "7 2.10.1 for more information regarding the H-bridge states). The
disconnection of the load is done with the H-Bridge and can be seen in the next figure (| 2-10).

d
" LINEAR CHARGER | T " | bc-DC BOOST CONVERTER |

|
|
VIN T L ' I 4—DH——g—{18sT 0UT
T ! ' [
TS I | L |
Power | |
Boost PGNDBST
ISET gr?;?gir —0 | | Converter Control |
NCHG_STAT Control I | 1 [
' |
|

BAT

Load isolation done

7 9 } __/with H-Bridge switches
—L Ia_ - EI .L_ e

LCRN

0 /

1
s ==
| LCLN
—LJLeLe

|“ |

|

|

|

|

|

|
|
VLDO T
| | oawpo | |
VLDO_SET Clif |
|
|

—_— e — - — =

2-10. Boost Load Disconnect

An advantage to this topology for disconnecting the load is that the boost output capacitor is charged to
approximately the SYS voltage level, specifically Vsys - Vpiope@st), when the boost is disabled. This
design ensures that there is not a large in-rush current into the boost output capacitor when the boost is
enabled. The boost operation efficiency is also increased because there is no load disconnect switch in
the boost output path, such a switch would decrease efficiency because of the resistance that it would
introduce.

Full H-Bridge Analog Switches

The TPS65835 has two integrated full H-bridge analog switches that are connected to GPIO ports on the
MSP430 and can be controlled by the MSP430 core for various system functions. There is an internal
level shifter that takes care of the input signals to the H-Bridge switches.

2.10.1 H-Bridge Switch Control

The H-Bridge switches are controlled by the MSP430 core for system operation - specifically to control
charge polarity on the LCD shutters. Depending on the state of the signals from the MSP430 core, the
H-Bridge will be put into 4 different states. These states are:

* OPEN: All Switches Opened

+ CHARGE+: Boost Output Voltage Present on Pins LCLP or LCRP

*+ CHARGE-: Boost Output Voltage Present on Pins LCLN or LCRN

*+  GROUNDED: High side switches are opened and low side switches are closed
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If CHARGE-+ state is followed by the CHARGE- state, the voltage across the capacitor connected to the
H-Bridge output terminals will be reversed. The system is automatically put into the GROUNDED state

when the boost is disabled by the BST_EN pin - for more details see 7 2.6.

% 2-3. H-Bridge States from Inputs

HBx2 [HBL2 & HBR2] | HBx1[HBL1 & HBR1] | H-Bridge State
0 0 OPEN
0 1 CHARGE +
1 0 CHARGE -
1 1 GROUNDED
OPEN CHARGE + CHARGE - GROUNDED
VBST ouT VBST ouT VBST ouT VBST ouT

T
~I.

bk

¢

T

P P
2-11. H-Bridge States
LELP
LEFT
CHARGE+
LEFT
= LCLN\J . CHARGE-
ere RIGHT
o » CHARGE+
Lk RIGHT
CHARGE-

2-12. H-Bridge States from Oscilloscope
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2.11 Power Management Core Control

The power management core is controlled with external pins that can set system behavior by their status
along with internal connections to GPIOs from the MSP430 that can be modified depending on the code
implemented in the MSP430.

2.11.1 SLEEP / Power Control Pin Function

The internal SLEEP signal between the power management device and the MSP430 can be used to
control the power down behavior of the device. This has multiple practical applications such as a
watchdog implementation for the communication between the sender (TV) and the 3D glasses (receiver)
or different required system on and off times; typically when the push-button press timing for an off event
is a few seconds in length, programmable by software in the system MCU.

If there is a requirement that the push-button press for system on and off events are different, the SLEEP
signal must be set to a logic high value (Vs gep > Vinemic)) Upon system startup. This implementation
allows the device to power down the system on the falling edge of the SLEEP signal

(when: Vs eep < Vigewmic))-

Ywpo pmr4—4——2—7—7m7m—7——/7"7"7Z9Z7"—7---- - - - - -

SLEEP ‘\
GND b - - - - - - — o oo o oo oo oo oo S ——
Power down MCU with
falling edge of SLEEP
VWLDO N ;;__"/
VLDO \

GND

K 2-13. SLEEP Signal to Force System Power Off

2.11.2 COMP Pin Functionality

The COMP pin is used to output a scaled down voltage level related to the battery voltage for input to the
comparator of the MSP430. Applications for this COMP feature could be to generate an interrupt on the
MSP430 when the battery voltage drops under a threshold and the device can then be shut down or
indicate to the end user with an LED that the battery requires charging.

BAT PMIC MSP430

Closed when device
is in ACTIVE state

RescL1

comp | P10
T} +

P INTERRUPT
RescL2 VREF | .

O : External Pin
B : Internal Pin

2-14. COMP Pin Internal Connection
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#* 2-4. Scaling Resistors for COMP Pin Function (Vy.po

=2.2V)
Scaling Resistors for COMP Pin value
Function
RescL1 3.0 MQ
RescL2 2.36 MQ

# 2-5. Scaling Resistors for COMP Pin Function (Vypo

=3.0V)
Scaling Resistors for COMP Pin value
Function
RescL1 3.0 MQ
RBSCLZ 2.48 MQ

Using the designed values in % 2-4 or & 2-5, the voltage on the COMP pin will be: Veoup = 0.5 X Vy po +
300 mV. This assures that the COMP pin voltage will be close to half of the LDO output voltage plus the
LDO dropout voltage of the device. The COMP pin can also be used as an input to ADC channel AO of the
integrated MSP430 microcontroller. This is useful if greater measurement accuracy or increased
functionality is desired from this function.

2.11.3 SW_SEL Pin Functionality

The SW_SEL pin is used to select what type of switch is connected to the SWITCH pin of the device.
Selection between a push-button and a slider switch can be made based on the state of this pin.

#* 2-6. SW_SEL Settings

SW_SEL State Type of Switch Selected
Low . .
Slider Switch
(Vsw_seL < ViLemic))
High
Push-button
(Vsw_seL > Vinemic))

When the push button switch type is selected, the device will debounce the SWITCH input with a 32 ms
timer for both the ON and OFF events and either power on or off the device. Using the push-button switch
function, the ON and OFF timings are equal; toy = toge. If the system requirements are such that the on
and off timings should be different, ton # torg, then refer to the following section for the correct system
setup: ¥ 4.3. When the slider switch operation is selected, the SWITCH pin must be externally pulled up
to the SYS voltage with a resistor and the output connected to the slider switch. When the SWITCH pin is
pulled to ground, the device will turn on and enter the power up sequence.

2.11.4 SWITCH Pin
The SWITCH pin behavior is defined by the SW_SEL pin (17 2.11.3) which defines the type of switch that
is connected to the system; either a slider switch or push-button.

2.11.5 Slider Switch Behavior

If a slider switch is connected in the system then the system power state and VLDO output (which powers
the internal MSP430) is defined by the state of the slider switch. If the slider is in the "off" position than the
SWITCH pin should be connected to the SYS pin. If the slider is in the "on" position than the SWITCH pin
should be connected to ground. ¥ 2-15 details the system operation using the slider switch configuration.

JiRA © 2011, Texas Instruments Incorporated POWER MANAGEMENT CORE 27


http://focus.ti.com.cn/cn/docs/prod/folders/print/tps65835.html
http://www.ti.com.cn

TPS65835 I3 TEXAS

INSTRUMENTS

ZHCS358—-JUNE 2011 www.ti.com.cn

SWITCH Power On-Off Behavior
Slider Switch

Vsys - - """ - - - - - - - -----------

SWITCH

GDF ----"lb0r—m—— - - - - - -

wpop--"-"-"- ---—--"———AT—x kk - - - - -
VLDO / \\ \-«—~— V/LDO turns off MCU
GND e N

VLDO turns on MCU

>
time
& 2-15. SWITCH, Slider Power On-Off Behavior

2.11.6 Push-Button Switch Behavior

The system is powered on or off by a push-button press after a press that is greater than 32 ms. The
following figures (¥l 2-16 and ¥ 2-17) show the system behavior and the expected VLDO output during
the normal push-button operation where the ON and OFF press timings are the same value,

ton = torr-

SWITCH Power On Behavior
Push-button, Normal

Vsys e o
SWITCH r

GNDfF - - - b— -
tPRESS <32 ms T o R 7 p——
WIDOf - - - - - -----------------------~-
VLDO / \VLDO turns on MCU
eMpbrroorn-—mw—o -
>
time

%] 2-16. SWITCH, Push-button Power On Behavior
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Vsys

SWITCH

GND

VVLDO

VLDO

GND

SWITCH Power Off Behavior
Push-button, Normal

o -

tPRESS <32 ms Je———tPRESS > 32 MS

>
time
K| 2-17. SWITCH, Push-button Power Off Behavior
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3 MSP430 CORE

3.1 MSP430 Electrical Characteristics

3.1.1 MSP430 Recommended Operating Conditions

MIN  NOM  MAX| UNIT
During program execution 18 3.6
Vee Supply voltage During flas_,h 22 36 v
programming/erase ' ’
Vss Supply voltage 0 \%
VCC =1.8 V, de 6
Duty cycle = 50% + 10%
Processor frequency (maximum MCLK frequency using the | Vec =2.7 V,
fsvstem USART module) s Duty cycle = 50% + 10% de 12| MHz
VCC =3.3 V,
Duty cycle = 50% + 10% de 16

(1) The MSP430 CPU is clocked directly with MCLK. Both the high and low phase of MCLK must not exceed the pulse width of the

specified maximum frequency.

(2) Modules might have a different maximum input clock specification. See the specification of the respective module in this data sheet.

A

! Legend:
16 MHz — — T — —
N
s I
=
2 12MHz — — 4 — —
[&]
5 |
(]
3
o
o I
[T
£ |
- 6 MHz — —
>
(%)
\ 1 l\ |
1.8V 22V 2.7V 3.3V 36V

Supply Voltage - V

Supply voltage range
during flash memory

programming

Supply voltage range
during program execution

Note:  Minimum processor frequency is defined by system clock. Flash program or erase operations require a minimum Vcc

of 2.2 V.
3-1. Safe Operating Area

3.1.2 Active Mode Supply Current Into V¢ Excluding External Current

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®®

PARAMETER TEST CONDITIONS Ta Vce MIN TYP MAX | UNIT
foco = fmecik = fsmerk = 1 MHz, 22V 230
faclk = 0 Hz,

Program executes in flash,
BCSCTL1 = CALBC1_1MHZ,
DCOCTL = CALDCO_1MHZ, 3v
CPUOFF =0, SCG0 =0, SCG1 =0,
OSCOFF =0

| Active mode (AM)
AM,1MHz current at 1 MHz

HA
330 420

(3) Allinputs are tied to 0 V or to Vcc. Outputs do not source or sink any current.

(4) The currents are characterized with a Micro Crystal CC4V-T1A SMD crystal with a load capacitance of 9 pF. The internal and external

load capacitance is chosen to closely match the required 9 pF.
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3.1.3 Typical Characteristics, Active Mode Supply Current (Into V)

5.0 4.0
40 foco=16MHz _| Tpo=85°C
T v/ T 30
| I Ta=25°C
§ 30 > E
3 / 3, 0 Ve =3V
% foco =12 MHz// § '
= 20 ‘ > = Tp=85°C
2 o
< foco = 8 MHz < 1.0 / e e
10 /
foco =1 MHz / Vec=22V
0.0 0.0
15 2.0 2.5 3.0 3.5 4.0 0.0 4.0 8.0 12.0 16.0
Ve — Supply Voltage - V foco — DCO Frequency — MHz
¥ 3-2. Active Mode Current vs Ve, Tp = 25°C ¥ 3-3. Active Mode Current vs DCO Frequency
3.1.4 Low-Power Mode Supply Currents (Into Vc) Excluding External Current
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)® @
PARAMETER TEST CONDITIONS Ta Vee MIN  TYP MAX| UNIT

ILPMO,1MHz (LPMO) current®

fmcLk = 0 MHz,

fsmeLk = foco = 1 MHz,
fACLK = 32768 HZ,
BCSCTL1 = CALBC1_1MHZ, 25°C 22V 56 WA
DCOCTL = CALDCO_1MHZ,
CPUOFF =1, SCG0 =0, SCG1 =0,
OSCOFF =0

Low-power mode O

Ipwmz (LPM2) current®

fmeLk = fsmerk = 0 MHz,
fDCO =1 MHz,

fACLK = 32768 HZ,
BCSCTL1 = CALBC1_1MHZ, 25°C 22V 22 WA
DCOCTL = CALDCO_1MHZ,
CPUOFF =1, SCG0 =0, SCG1 =1,
OSCOFF =0

Low-power mode 2

foco = fmeik = fsmerk = 0 MHz,
Low-power mode 3 | fack = 32768 Hz,

lLPM3LFXTL (| pM3) current® | CPUOFF = 1, SCGO = 1, SCG1 = 1, 25°C 22V 07 15| WA

OSCOFF =0
L de3 | oo o ema L ostilator (VLO)
ow-power mode ‘acLk from internal oscillator , o

lLemsvio  current, (LPM3)®@ CPUOFF =1, SCGO = 1, SCG1 = 1, 25°C 22V 05 071 WA
OSCOFF =0
fDCO = fMCLK = fSMCLK =0 MHZ, 25°C 0.1 0.5

| Low-power mode 4 | fac .k = 0 Hz, 290y A

LPM4 (LPM4) current® CPUOFF =1, SCGO = 1, SCG1 =1, 85°C : 0.8 171 M

OSCOFF =1

(1) Allinputs are tied to 0 V or to Vcc. Outputs do not source or sink any current.

(2) The currents are characterized with a Micro Crystal CC4V-T1A SMD crystal with a load capacitance of 9 pF. The internal and external

load capacitance is chosen to closely match the required 9 pF.

(1) Current for brownout and WDT clocked by SMCLK included.

(2) Current for brownout and WDT clocked by ACLK included.

(3) Current for brownout included.
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3.1.5 Typical Characteristics, Low-Power Mode Supply Currents
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
3.00 2.50
2.75 2.25
<
< 250 3
i L 200
£ 225 <
ata g 1.75
8 2.00 o
o ] 1.50
g 1.75 é
=
. 190 Voo =36 VS 5 12 Vec=3.6V
2 125 | | / g 1.00 | | \
i? Vec=3V /// o : Vec=3V
:  1.00 | | - \ N\
o | | /, e o075
3 o5 Vcc=2.2V s m Vec=22V
! ’ ~ <
2 50 g—) —— —= 2 050 N a
- : =
0.25 Vcc=1.8V 0.25
0.00 0.00 YCC = 1.§ \"
40 =20 0 20 40 60 80 -40 20 0 20 40 60 80
T, — Temperature — °C T, — Temperature — °C
K 3-4. LPM3 Current vs Temperature K 3-5. LPM4 Current vs Temperature
3.1.6 Schmitt-Trigger Inputs, Ports Px
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee MIN  TYP MAX | UNIT
Vv Positive-going input threshold volt 045 Vee 05 Vee|
oslitive-going Inpu reshold voltage
i gomg np 9 3V 1.35 2.25
Vv Negative-going input threshold volt 025 Vee 055 Vee|
_ egative-going inpu resnold voltage
T gative-gomg np 9 3V 0.75 1.65
Vhys Input voltage hysteresis (Vit+ — Vi1_) 3V 0.3 1| Vv
. For pullup: V|y = Vss
Rpul Pullup/pulldown resistor For pulldown: Vyy = Vee 3V 20 35 50| kQ
C Input capacitance VN = Vss Of Ve 5 pF
3.1.7 Leakage Current, Ports Px
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee MIN  MAX| UNIT
likg(Pxy) High-impedance leakage current (ORC) 3V +50| nA

(1) The leakage current is measured with Vgg or V¢ applied to the corresponding pin(s), unless otherwise noted.
(2) The leakage of the digital port pins is measured individually. The port pin is selected for input and the pullup/pulldown resistor is
disabled.

3.1.8 Outputs, Ports Px
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
Vou  High-level output voltage |(OHmax) = —6 MA® 3V Vee - 0.3 v
VoL  Low-level output voltage loLmax) = 6 MAW 3V Vgs + 0.3 \Y

(1) The maximum total current, lioHmax) @nd lioLmax), for all outputs combined should not exceed +48 mA to hold the maximum voltage drop
specified.
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3.1.9 Output Frequency, Ports Px
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
Port output frequency _ _ o @
foxy (with load) Px.y, CL = 20 pF, R, = 1 kQ 3V 12 MHz
foor clk  Clock output frequency | Px.y, C = 20 pF® 3V 16 MHz

(1) Aresistive divider with two 0.5-kQ resistors between V¢ and Vsg is used as load. The output is connected to the center tap of the

divider.

(2) The output voltage reaches at least 10% and 90% V¢ at the specified toggle frequency.

3.1.10 Typical Characteristics, Outputs

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
TYPICAL LOW-LEVEL OUTPUT CURRENT

| oL~ Typical Low-Level Output Current - mA

30

25

20

VS
LOW-LEVEL OUTPUT VOLTAGE
T
VCC =22V

P1.7 Ta=25C <

|

<

/ — 9

Tp = 85°C 5

"4 A - O

5
o

5

/ o

/ g

>

(0]

=

/ L

(o]

—

w

o
o
>

|
o

0 0.5 1 15 2 25

VoL - Low-Level Output Voltage - V

3-6.

50

40

30

20

10

TYPICAL LOW-LEVEL OUTPUT CURRENT

VS
LOW-LEVEL OUTPUT VOLTAGE
T T
VCC =3V _ o
05 Tp = 25°C
o
/ ] Ta = 85°C
///
/
o 05 1 15 2 25 3 35

VoL - Low-Level Output Voltage - V

K| 3-7.
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over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
TYPICAL HIGH-LEVEL OUTPUT CURRENT TYPICAL HIGH-LEVEL OUTPUT CURRENT
A VS
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
0 T 0 T
VCC=2.2V VCC=3V
P1.7 P1.7
-5 -10 7
-10 -20 /

5 //

, /)
7,

T = 85°C /7

lon — Typical High-Level Output Current - mA
lon — Typical High-Level Output Current — mA

Tp =85°C %

-20 | / -40 /
> /4'/’
Ta =25°C

Ta =25°C ‘

-25 -50
0 0.5 1 1.5 2 25 0 0.5 1 1.5 2 25 3 3.5
Voun — High-Level Output Voltage - V Vou — High-Level Output Voltage - V
3-8. K 3-9.

3.1.11 Pin-Oscillator Frequency — Ports Px
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
o P1.y, C_ =10 pF, R, = 100 kQW® 1400

fopy x Port output oscillation frequency NG 3V kHz
P1.y, C_ = 20 pF, R_ = 100 kQW® 900
o P2.0 to P2.5, C, = 10 pF, R, = 100 kQW®) 1800

fopo .« Port output oscillation frequency NG kHz
P2.0 to P2.5, C, = 20 pF, R, =100 kKQW®@ | 3V 1000

fopy 617 Port output oscillation frequency Eé'(%(ag?d P2.7, CL =20 pF, R, =100 3V 700 kHz
o P3.y, C_ = 10 pF, R, = 100 kKQ®® 1800

fopa.x Port output oscillation frequency e kHz
P3.y, C_ = 20 pF, R, = 100 kQ®® 1000

(1) Aresistive divider with two 0.5-kQ resistors between V¢ and Vss is used as load. The output is connected to the center tap of the
divider.
(2) The output voltage reaches at least 10% and 90% V¢ at the specified toggle frequency.
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3.1.12 Typical Characteristics, Pin-Oscillator Frequency

1.50

1.35

1.20

1.05

0.90

0.75

0.60

0.45

0.30

fosc — Typical Oscillation Frequency - MHz

0.15
0.00

TYPICAL OSCILLATING FREQUENCY
Vs
LOAD CAPACITANCE

TYPICAL OSCILLATING FREQUENCY

T T
\ VCC= 3.0V

1.50

'S

LOAD CAPACITANCE

1.35 I\

VCC =22V

1.05

\\ P1ly

1.20 \

\

0.90 \

\
|
\
X

fosc — Typical Oscillation Frequency - MHz

—
\

\_+P20..P25
— 075
P2.6, P2.7
\\§ 0.60
§§ 0.45
= 0.30
\ .
0.15
0.00
10 50 100 10

CLoap — External Capacitance - pF

A. One output active at a time.

3-10.

3.1.13 POR/Brownout Reset (BOR)®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

50

100

CLoap — External Capacitance - pF

B. One output active at a time.

3-11.

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
Vecean ~— See [ 3-12 dVeo/dt < 3 Vis V(E'TT_: v
Ve 1) See 4| 3-12 through 4] 3-14 dVee/dt< 3 Vis 1.35 \Y
VhyS(B_IT—) See 3-12 dVcce/dt < 3 Vis 140 mV
td(BOR) See 3-12 2000 us
Pulse length needed at RST/NMI pin to
Yresen) accepted reset internally 22V 2 Hs

(3) The current consumption of the brownout module is already included in the Icc current consumption data. The voltage level Vg 1) +
VhyS(B_ITf)IS <1.8V.

JiRAL © 2011, Texas Instruments Incorporated
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A

Vee T

ViB_IT-)
Veestart)

A
1

0 >
> < td(BOR)

3-12. POR/Brownout Reset (BOR) vs Supply Voltage

3.1.14 Typical Characteristics, POR/Brownout Reset (BOR)
Veca «— tyw——

2
T T T T T 1]
Vec=3V SVeofp—— - -
Typical Conditions | |
> 1.5 = I |
| gt ] I
— / | |
3 f | |
5 1 | |
5 [l |} |
9 / Vec(drop) [~ - ) -
05 / [ o
4 L L
I I I I
0 — i >
0.001 1 1000 > >
1ns 1ns
tow — Pulse Width - ps tow — Pulse Width - ps
5 o-15. eve ith a uare Voltage brop to Generate a rownou igha
Kl 3-13. Veeqarop) Level With a S Voltage Drop to G te a POR/B t Signal
VecA ety
2T T T T VT N, | -
VCC =3V :
? 1.5 1~ Typical Conditions !
— Lt ) |
s /’ \\ A !
S 1
3 / :
L / Vec(drop) - -~ Foommmmood , :
0.5 ! 1 !
| \ |
| ' |
| te=t; |
0 : - : g
0.001 1 1000 «— t —PE— .
tow — Pulse Width - us tow — Pulse Width - ps

3-14. Veeropy LeVeEl With a Triangle Voltage Drop to Generate a POR/Brownout Signal
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3.1.15 DCO Frequency

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
RSELx < 14 1.8 3.6
Ve Supply voltage RSELx = 14 2.2 3.6 Y
RSELx = 15 3 3.6

foco(0,0) DCO frequency (0, 0) RSELx =0, DCOx =0, MODx =0 3V 0.06 0.14| MHz
foco(,3) DCO frequency (0, 3) RSELx =0, DCOx = 3, MODx =0 3V 0.07 0.17| MHz
foco(1,3) DCO frequency (1, 3) RSELx =1, DCOx = 3, MODx =0 3V 0.15 MHz
foco@,3) DCO frequency (2, 3) RSELx =2, DCOx = 3, MODx =0 3V 0.21 MHz
foco,3) DCO frequency (3, 3) RSELx = 3, DCOx = 3, MODx =0 3V 0.30 MHz
foco,3) DCO frequency (4, 3) RSELx = 4, DCOx = 3, MODx =0 3V 0.41 MHz
foco,3) DCO frequency (5, 3) RSELx =5, DCOx = 3, MODx =0 3V 0.58 MHz
focos,3) DCO frequency (6, 3) RSELx = 6, DCOx = 3, MODx = 0 3V 0.54 1.06 | MHz
foco7,3) DCO frequency (7, 3) RSELx =7, DCOx = 3, MODx =0 3V 0.80 1.50| MHz
foco,3) DCO frequency (8, 3) RSELx =8, DCOx = 3, MODx =0 3V 1.6 MHz
foco,3) DCO frequency (9, 3) RSELx =9, DCOx = 3, MODx =0 3V 2.3 MHz
foco(10,3) DCO frequency (10, 3) RSELx = 10, DCOx = 3, MODx = 0 3V 3.4 MHz
foco(11,3) DCO frequency (11, 3) RSELx = 11, DCOx = 3, MODx = 0 3V 4.25 MHz
foco(12,3) DCO frequency (12, 3) RSELx = 12, DCOx = 3, MODx = 0 3V 4.30 7.30| MHz
foco(13,3) DCO frequency (13, 3) RSELx = 13, DCOx = 3, MODx = 0 3V 6.00 7.8 9.60| MHz
foco(14,3) DCO frequency (14, 3) RSELx = 14, DCOx = 3, MODx = 0 3V 8.60 13.9| MHz
focos,3) DCO frequency (15, 3) RSELx = 15, DCOx = 3, MODx = 0 3V 12.0 18.5| MHz
focos,7) DCO frequency (15, 7) RSELx = 15, DCOx = 7, MODx = 0 3V 16.0 26.0| MHz
SRrsEL rgﬁggeggéftzﬁdbatggfrl SrseL = focorseL+1,0co)/focorsEL DCO) 3V 1.35 ratio
Sbco {:ars cgjggcg:éegggﬂeen Sbco = foco(rseL,bco+1)focorsELbco) 3V 1.08 ratio
Duty cycle Measured at SMCLK output 3V 50 %
JiRA © 2011, Texas Instruments Incorporated MSP430 CORE 37
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3.1.16 Calibrated DCO Frequencies, Tolerance
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vce MIN TYP  MAX| UNIT
BCSCTL1 = CALBC1_1MHZ,
tlen’\ﬁI ng;?llﬁﬁ?)ce over DCOCTL = CALDCO_1MHZ, 0°C to 85°C 3V -3 05 3| %
P calibrated at 30°C and 3 V
BCSCTL1 = CALBC1_1MHZ,
1-MHz tolerance over V¢ DCOCTL = CALDCO_1MHZ, 30°C 1.8Vto3.6V -3 12 3 %
calibrated at 30°C and 3 V
BCSCTL1 = CALBC1_1MHZ,
1-MHz tolerance overall DCOCTL = CALDCO_1MHZ, -40°C to 85°C 1.8Vto3.6V -6 +3 6 %
calibrated at 30°C and 3V
BCSCTL1 = CALBC1_8MHZ,
t8en’\4I ng;?llﬁﬁgce over DCOCTL = CALDCO_8MHZ, 0°C to 85°C 3V -3 05 3| %
P calibrated at 30°C and 3 V
BCSCTL1 = CALBC1_8MHZ,
8-MHz tolerance over Ve DCOCTL = CALDCO_8MHZ, 30°C 22Vto36V -3 +2 3 %
calibrated at 30°C and 3 V
BCSCTL1 = CALBC1_8MHZ,
8-MHz tolerance overall DCOCTL = CALDCO_8MHZ, -40°C to 85°C 22Vto36V -6 +3 6 %
calibrated at 30°C and 3V
BCSCTL1 = CALBC1_12MHZ,
12-WHz tolefance over DCOCTL = CALDCO_12MHZ, 0°C to 85°C 3V 3 105 3 %
P calibrated at 30°C and 3 V
BCSCTL1 = CALBC1_12MHZ,
12-MHz tolerance over Ve DCOCTL = CALDCO_12MHZ, 30°C 27Vto36V -3 +2 3 %
calibrated at 30°C and 3 V
BCSCTL1 = CALBC1_12MHZ,
12-MHz tolerance overall DCOCTL = CALDCO_12MHZ, -40°C to 85°C 27Vto3.6V -6 +3 6 %
calibrated at 30°C and 3 V
BCSCTL1 = CALBC1_16MHZ,
16-MHz tolefance over DCOCTL = CALDCO_16MHZ, 0°C to 85°C 3V 3 105 3 %
P calibrated at 30°C and 3V
BCSCTL1 = CALBC1_16MHZ,
16-MHz tolerance over Ve DCOCTL = CALDCO_16MHZ, 30°C 33Vto36V -3 12 3 %
calibrated at 30°C and 3 V
BCSCTL1 = CALBC1_16MHZ,
16-MHz tolerance overall DCOCTL = CALDCO_16MHZ, -40°C to 85°C 33Vto3.6V -6 13 6 %
calibrated at 30°C and 3 V

(1) This is the frequency change from the measured frequency at 30°C over temperature.

38 MSP430 CORE

WAL © 2011, Texas Instruments Incorporated



http://focus.ti.com.cn/cn/docs/prod/folders/print/tps65835.html
http://www.ti.com.cn

I3 TEXAS TPS65835

INSTRUMENTS

www.ti.com.cn ZHCS358—-JUNE 2011

3.1.17 Wake-Up From Lower-Power Modes (LPM3/4)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
t DCO clock wake-up time from BCSCTL1 = CALBC1_1MHz, 3V 15 S
DCOLPM3/4 | pMm3/4() DCOCTL = CALDCO_1MHz : H

Utmewrk +
tClock,LPM3/4

tcpulpmas  CPU wake-up time from LPM3/4?

(1) The DCO clock wake-up time is measured from the edge of an external wake-up signal (e.g., port interrupt) to the first clock edge
observable externally on a clock pin (MCLK or SMCLK).
(2) Parameter applicable only if DCOCLK is used for MCLK.

3.1.18 Typical Characteristics, DCO Clock Wake-Up Time From LPM3/4

10.001\
= |
[0} |
S
— |
2
< RSELx = 0...11
% 1.00}— * AN RSELx = 12...15 |
g — \
i N
0.10 [ L LTI [ LI l
0.10 1.00 10.00

DCO Frequency - MHz
¥ 3-15. DCO Wake-Up Time From LPM3 vs DCO Frequency
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3.1.19 Crystal Oscillator, XT1, Low-Frequency Mode
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER® TEST CONDITIONS Vce MIN TYP  MAX| UNIT
LFXT1 oscillator crystal _ _
fLEXTLLE frequency, LF mode 0, 1 XTS =0, LFXT1Sx=0or1 1.8Vto3.6V 32768 Hz
LFXT1 oscillator logic level
fLEXT1,LF logic sguare wave input frequency, | XTS = 0, XCAPx = 0, LFXT1Sx = 3 1.8Vto3.6V | 10000 32768 50000 Hz
LF mode
XTS =0, LFXT1Sx =0, 500
OA Oscillation allowance for fLexToLE = 32768 Hz, Cyeff = 6 pF Q
t LF crystals XTS =0, LFXT1Sx = 0, 200
fLFXTl,LF = 32768 Hz, CL,eff =12 pF
XTS =0, XCAPx =0 1
Integrated effective load XTS =0, XCAPx =1 5.5
CLeff ; @ — — pF
capacitance, LF mode XTS = 0, XCAPx = 2 8.5
XTS =0, XCAPx =3 11
XTS =0, Measured at P2.0/ACLK, o
Duty cycle LF mode fLpxraLr = 32768 Hz 22V 30 50 70 %
Oscillator fault frequency,
frautLF LF mode® quency XTS = 0, XCAPx = 0, LFXT1Sx = 3¢ 22V 10 10000| Hz
(1) To improve EMI on the XT1 oscillator, the following guidelines should be observed.

Keep the trace between the device and the crystal as short as possible.
Design a good ground plane around the oscillator pins.

Prevent crosstalk from other clock or data lines into oscillator pins XIN and XOUT.
Avoid running PCB traces underneath or adjacent to the XIN and XOUT pins.
Use assembly materials and praxis to avoid any parasitic load on the oscillator XIN and XOUT pins.

If conformal coating is used, ensure that it does not induce capacitive/resistive leakage between the oscillator pins.
Do not route the XOUT line to the JTAG header to support the serial programming adapter as shown in other documentation. This

signal is no longer required for the serial programming adapter.

(2) Includes parasitic bond and package capacitance (approximately 2 pF per pin). Since the PCB adds additional capacitance, it is
recommended to verify the correct load by measuring the ACLK frequency. For a correct setup, the effective load capacitance should
always match the specification of the used crystal.

(3) Frequencies below the MIN specification set the fault flag. Frequencies above the MAX specification do not set the fault flag.
Frequencies in between might set the flag.

(4) Measured with logic-level input frequency but also applies to operation with crystals.

3.1.20 Internal Very-Low-Power Low-Frequency Oscillator (VLO)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER Ta Vce MIN TYP  MAX| UNIT
fuLo VLO frequency -40°C to 85°C 3V 4 12 20| kHz
dfyo/dt VLO frequency temperature drift -40°C to 85°C 3V 0.5 %/°C
dfy o/dVce VLO frequency supply voltage drift 25°C 1.8Vto3.6V 4 %IV
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3.1.21 Timer_A

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
fra Timer_A input clock frequency SMCLK, duty cycle = 50% + 10% fsysTEM MHz
tracap Timer_A capture timing TAO, TA1 3V 20 ns

3.1.22 USCI (UART Mode)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
fusci USCI input clock frequency SMCLK, duty cycle = 50% + 10% fsysTEM MHz
Maximum BITCLK clock frequency
fmax giToLk (equals baudrate in MBaud)™® 3V 2 MHz
t; UART receive deglitch time @ 3V 50 100 600| ns

(1) The DCO wake-up time must be considered in LPM3/4 for baud rates above 1 MHz.
(2) Pulses on the UART receive input (UCxRX) shorter than the UART receive deglitch time are suppressed. To ensure that pulses are
correctly recognized, their width should exceed the maximum specification of the deglitch time.

3.1.23 USCI (SPI Master Mode)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see /¥ 3-16 and
3-17)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
fuscl USCI input clock frequency SMCLK, duty cycle = 50% + 10% fsystem| MHz
tsumi SOMI input data setup time 3V 75 ns
tHp,mi SOMI input data hold time 3V 0 ns
tvALID,MO SIMO output data valid time UCLK edge to SIMO valid, C, = 20 pF 3V 20| ns

|‘7 1IfUCxCLK 4"
CKPL=0 )!l * * * / \
UCLK | | | |
CKPL=1 % % % % \ /
I I
I‘* toom 4T* tom 4’: toumm
| | tHD.MI
I
I
r"ﬁ tHD,MO
f‘l’"ﬁ tVALID,MO

smo —< X X D >—

3-16. SPI Master Mode, CKPH =0

JiRA © 2011, Texas Instruments Incorporated MSP430 CORE 41


http://focus.ti.com.cn/cn/docs/prod/folders/print/tps65835.html
http://www.ti.com.cn

TPS65835 I3 TEXAS

INSTRUMENTS

ZHCS358-JUNE 2011 www.ti.com.cn

|
|‘"|7 tHD,MO
|‘+’|7 tVALID,MO

wo — XXX

4] 3-17. SPI Master Mode, CKPH =1

3.1.24 USCI (SPI Slave Mode)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see /¥ 3-18 and
3-19)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
tSTE,LEAD STE lead time, STE low to clock 3V 50 ns
tsTE,LAG STE lag time, Last clock to STE high 3V 10 ns
tsTE ACC STE access time, STE low to SOMI data out 3V 50 ns

STE disable time, STE high to SOMI high
tsTEDIS impedance 3V 50 ns
tsu,si SIMO input data setup time 3V 15 ns
thp,si SIMO input data hold time 3V 10 ns
tvaubso  SOMI output data valid time gf'j;g‘:?; to SOMi valid, 3V 50 75| ns
|‘_’|_ ts'rE.LEAD tsTE,LAG _|‘_’|
STE — | 2
Nt —
: : 1/fUCxCLK I : :
CKPL=0 | % * )!I * / S& |
UCLK [ | I | I
CKPL =1
I — — |
: L_ tLO/HI tLO/MI _1 > - tSU.SI :
| I ‘ I'_”_ tHD.SI |
I I I
l |"47 tHD,SO l
L—’l— tSTE,Acc l‘—"’l_ tVAuD,so

'STE,DIS

e —
R S e e——

3-18. SPI Slave Mode, CKPH =0
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I‘—’F tSTE,LEAD tSTE,LAG H‘—'I

STE _*

|
‘*’Iﬁ tHD.MO

UCLK I | | | I
CKPL m / 5\ %
o | | | |
I "* Lom 4"‘* L 4" ‘ I
| —— tios |
‘ ‘ tsu,sl H‘_’l ‘ ‘
‘ I
|
tSTE,ACC Ia—I—»F tVALID,SO tSTE,DIS 41‘—’(

Y e s ' B

¥l 3-19. SPI Slave Mode, CKPH =1

3.1.25 USCI (12C Mode)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see & 3-20)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
fusci USCI input clock frequency SMCLK, duty cycle = 50% + 10% fsystem| MHz
fscL SCL clock frequency 3V 0 400| kHz

. fscL <100 kHz 4.0
tHD sTA Hold time (repeated) START 3V us

' fSCL > 100 kHz 0.6
. fscL <100 kHz 4.7
tsu.sTA Setup time for a repeated START 3V us
' fSCL > 100 kHz 0.6
tHp, DAT Data hold time 3V 0 ns
tsu pAT Data setup time 3V 250 ns
tsu,sTo Setup time for STOP 3V 4.0 us
tep Pulse Wldth of spikes suppressed by 3V 50 100 600! ns
input filter
I‘—’I» tHD.STA tSU,STA HD STA BUF
[ I I
son T\_1_/ X X\ I,CZX:H:}\_/_\_
T : T
I‘* tLow A*tmeH* | | | tSP
. | I
' |

| I‘ >| tsu,DAT tsu sm
tHD,DATH

3-20. 12C Mode Timing
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3.1.26 Comparator_A+
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
ooy ™ CAON =1, CARSEL = 0, CAREF =0 3V 45 pA
|(Ref|adder/ CAON =1, CARSEL =0, CAREF = 1/2/3, 3V 45 A
RefDiode) No load at CAO and CA1
Viic) Common-mode input voltage CAON=1 3V 0 Vee-1 \%

PCAO =1, CARSEL =1, CAREF =1,
V(Ref025) (Voltage at 0.25 VCC node) / VCC No load at CAO and CA1 3V 0.24
PCAO =1, CARSEL =1, CAREF =2,
V(RefOSO) (Voltage at 0.5 VCC node) /VCC No load at CAO and CAL 3V 0.48
PCAO =1, CARSEL =1, CAREF =3
- & 3- ) ) )
ViRevr)  See [ 3-21 and [4 3-22 No load at CAO and CA1, TA = 85°C 3V 490 mv
Voffset) Offset voltage® 3V +10 mv
Vhys Input hysteresis CAON =1 3V 0.7 mV
Ta = 25°C, Overdrive 10 mV, 120 ns
¢ Response time Without filter: CAF = 0 y
(response) - (low-high and high-low) Ta = 25°C, Overdrive 10 mV, 15 S
With filter: CAF = 1 : H

(1) The leakage current for the Comparator_A+ terminals is identical to lygpx.y) Specification.
(2) The input offset voltage can be cancelled by using the CAEX bit to invert the Comparator_A+ inputs on successive measurements. The
two successive measurements are then summed together.

3.1.27 Typical Characteristics — Comparator_A+

650

V(refvT) — Reference Voltage — mV

400

600

550

500

450

N

AN

N

N

Typical

RN

-45

25 5 15

T, — Free-Air Temperature — °C
Kl 3-21. V(rervt) VS Temperature, Vec =3 V

35

55

] ]
Vee=3V \ Ve =22V
T 600 \
1 \
(]
> \ Typical
S 550 N
[ \
(%]
c
o \
2 \
\ S 500 S
|
N 3 \
s N
= 450
400
95 115 45 25 5 15 35 55 75 95 115

75

T, — Free-Air Temperature — °C

Kl 3-22. V(reryt) VS Temperature, Vee = 2.2V
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g Ve =18V
|
Q
o
=
©
®
‘®
[+
14
€ \
.g \
n \
Ve =3.6V
\ | |
0 0.2 0.4 0.6 0.8 1

VinVcc — Normalized Input Voltage — V/V
& 3-23. Short Resistance vs V\/Vcc

3.1.28 10-Bit ADC, Power Supply and Input Range Conditions
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Ta Vee MIN TYP MAX | UNIT
Vee Analog supply voltage Vss =0V 2.2 3.6 \%
. o) All Ax terminals, Analog inputs
Vax Analog input voltage selected in ADC10AE register 3V 0 Vec| V
ABEI6GN = 1. REFON =0
@ =1, =0, o
IaDC10 ADC10 supply current ADC10SHTO = 1, ADC10SHTL = 0. 25°C 3V 0.6 mA
ADC10DIV =0
fapciocLi = 5.0 MHz,
ADC100N =0, REF2_5V =0, 0.25
REFON =1, REFOUT =0
REFr  rojerence buffer sisabled!¥ 25°c | 3V mA
fapciocLi = 5.0 MHz,
ADCI100N =0, REF2_5V =1, 0.25
REFON =1, REFOUT =0
. bufh | fapciocLi = 5.0 MHz,
Reference buffer supply ADC100N =0, REFON =1, o
reFB,0 current with ADC10SR = 0®) | REF2_5V = 0, REFOUT = 1, 25C 3V 11 mA
ADCI10SR =0
Reference buffer supply | ABGTOON = 0, REFON = 1
eference buffer supply =0, =1, o
IreFs,1 current with ADC10SR = 1©) | REF2_5V = 0, REFOUT =1, 25°C 3V 0.5 mA
ADCI10SR =1
c Input capacitance Only one terminal Ax can be selected 250G 3V 27| pF
at one time
R Input MUX ON resistance 0V =Va <V 25°C 3V 1000 Q

(3) The leakage current is defined in the leakage current table with Px.y/Ax parameter.

(1) The analog input voltage range must be within the selected reference voltage range Vg to Vg_ for valid conversion results.

(2) The internal reference supply current is not included in current consumption parameter Iapcio-

(3) The internal reference current is supplied via terminal V. Consumption is independent of the ADC100N control bit, unless a
conversion is active. The REFON bit enables the built-in reference to settle before starting an A/D conversion.
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3.1.29 10-Bit ADC, Built-In Voltage Reference
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
v Positive built-in reference | lvrer+ £1 MA, REF2_5V =0 22 v
CC.REF+ analog supply voltage range | | .-, < 1 mA, REF2 5V = 1 29
v Positive built-in reference | lvrer+ < lvrer+smax, REF2_5V =0 3V 1.41 15 159 v
REF* voltage Ivrers < lrersmax, REF2 5V = 1 235 25 265
Maximum VREF+ load
ILp,vREF+ current 3V 1| mA
lyrer+ = 500 pA £ 100 pA,
Analog input voltage Vayx *# 0.75 V, 2
) REF2_5V =0
VREF+ load regulation 3V LSB
IVREF+ =500 HA + 100 HA,
Analog input voltage Vayx * 1.25 V, 2
REF2_5vV =1
lyrer+ = 100 yA—900 pA,
Vrer+ load regulation Vax # 0.5 x VREF+, 3V 200! ns
response time Error of conversion result < 1 LSB,
ADC10SR =0
CvRrer+ g’i'ﬁx\'/gé?fapac'tame a || rers < 1 MA, REFON = 1, REFOUT = 1 3V 100 pF
TCrer+ Temperature coefficient lyrer+ = const with 0 mA < lyggrs £ 1 MA 3V +100 pop(r:n/
Settling time of internal _ _
theron reference voltage to 99.9% | VREFs =05 MA, REF2_5V:=0, 36V 30| us
VREF
. . IVREF+ =0.5mA,
tREFBURST ggggpgotgegg; "\f;e;:me REF2 5V = 1, REFON = 1, 3V 2| us
' REFBURST =1, ADC10SR =0

3.1.30 10-Bit ADC, External Reference®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
VEREF+ > VEREF-,
. . _ _ 1.4 Vee
VEREF+  Positive external reference input SREF1=1, SREFO=0 v
voltage range VEREF- < VEREF+ < Veg — 015V, 14 3
SREF1=1,SREF0=1© .
VEREFE—  Negative exter(ns?l reference input |\ =oee, S VEREF- 0 12| v
voltage range
Differential external reference
AVEREF  input voltage range, VEREF+ > VEREF- ¥ 1.4 Vee| V
AVEREF = VEREF+ — VEREF-
0V £ VEREF+ £ Vg,
o , SREF1 = 1, SREFO = 0 3V *l
IVEREF+ Static input current into VEREF+ WA
0V <VEREF+ <£Vcc-0.15V<3YV, 3V 0
SREF1 =1, SREF0 = 1
VEREF— Static input current into VEREF- |0V < VEREF- < V¢ 3V 1 HA
(1) The external reference is used during conversion to charge and discharge the capacitance array. The input capacitance, C,, is also the

dynamic load for an external reference during conversion. The dynamic impedance of the reference supply should follow the
recommendations on analog-source impedance to allow the charge to settle for 10-bit accuracy.

(1) The accuracy limits the minimum positive external reference voltage. Lower reference voltage levels may be applied with reduced
accuracy requirements.

(2) Under this condition the external reference is internally buffered. The reference buffer is active and requires the reference buffer supply
current Irgrg. The current consumption can be limited to the sample and conversion period with REBURST = 1.

(3) The accuracy limits the maximum negative external reference voltage. Higher reference voltage levels may be applied with reduced
accuracy requirements.

(4) The accuracy limits the minimum external differential reference voltage. Lower differential reference voltage levels may be applied with
reduced accuracy requirements.
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3.1.31 10-Bit ADC, Timing Parameters
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX UNIT
ADC10 input clock For specified performance of |ADC10SR =0 0.45 6.3
fabciocik o 3V MHz
requency ADCI0 linearity parameters ADC10SR = 1 0.45 15
ADC10 built-in oscillator | ADC10DIVx = 0, ADC10SSELXx =0,
fapcioosc frequency fapciocLk = fabcioosc 3V 3.7 6.3 Mhz
ADC10 bullt-ln oscillator, ADC10SSELx = 0, 3V 206 351
fapciocik = fapcioosc
t Conversion time S
CONVERT fapciocLk from ACLK, MCLK, or SMCLK: ADClI%BIV y !
ADC10SSELx # 0
UiapciocLk
Turn-on settling time of
tADCI00N  the ADC 9 @ 100 ns

@

The condition is that the error in a conversion started after tapcigon iS less than +0.5 LSB. The reference and input signal are already
settled.

3.1.32 10-Bit ADC, Linearity Parameters
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN  TYP MAX| UNIT
E, Integral linearity error 3V 1| LSB
Ep Differential linearity error 3V 1| LSB
Eo Offset error Source impedance Rg < 100 Q 3V +1| LSB
Ec Gain error 3V +1.1 2| LSB
Er Total unadjusted error 3V +2 5| LSB

3.1.33 10-Bit ADC, Temperature Sensor and Built-In Vyp

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
Temperature sensor supply REFON = 0, INCHx = 0Ah,
Isensor current® Ta=25°C 3V 60 HA
TCsensor ADC100N = 1, INCHx = 0Ah @ 3v 3.55 mv/°C
t Sample time recguired if channel ADCI100N = 1, INCHx = 0Ah, 3V 30 s
Sensor(sample) 10 is selected © Error of conversion result < 1 LSB H
lymID Current into divider at channel 11 | ADC10ON = 1, INCHx = OBh 3V @ uA
. ADC100N =1, INCHx = 0Bh,
Vuip Vcc divider at channel 11 Vi # 0.5 % Vee 3V 15 \%
Sample time required if channel ADCI100N =1, INCHx = 0Bh,
tMID(sample) 11 is selected (% Error of conversion result < 1 LSB 3V 1220 ns
(1) The sensor current Isensor is consumed if (ADC100N = 1 and REFON = 1) or (ADC100N =1 and INCH = 0Ah and sample signal is
high). When REFON = 1, Isgnsor iS included in Iggr+. When REFON = 0, Isensor applies during conversion of the temperature sensor
input (INCH = 0Ah).
(2) The following formula can be used to calculate the temperature sensor output voltage:
Vsensor,yp = T Csensor (2703 +T[C])+ VOffseg,sensor [mV] or
VSensor,t_yp = TCSensor T_[ C] + Vsensor(Ta = 0°C) [_mV] ) ) ) )
(3) The typical equivalent impedance of the sensor is 51 kQ. The sample time required includes the sensor-on time tsensor(on)-
(4) No additional current is needed. The Vyp is used during sampling.
(5) The on-time tymip(on) is included in the sampling time tymipsample); NO additional on time is needed.
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3.1.34 Flash Memory
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER CONDIIONS Vee MIN TYP MAX| UNIT
Vecpemerasey  Program and erase supply voltage 2.2 3.6 \%
fere Flash timing generator frequency 257 476 kHz
lpam Supply current from Ve during program 22VI36V 1 5 mA
lERASE Supply current from V¢ during erase 22VI36V 1 7 mA
tept Cumulative program time® 2.2VI3.6V 10| ms
tcMErase Cumulative mass erase time 22VI36V 20 ms
Program/erase endurance 104 10° cycles
tRetention Data retention duration T;=25°C 100 years
tword Word or byte program time @ 30 tere
tBlock, 0 Block program time for first byte or word @ 25 tere
talock, 1.63 \llgvlgrijk program time for each additional byte or @) 18 tere
tBlock, End Block program end-sequence wait time @ 6 trro
tmass Erase Mass erase time @ 10593 trro
tSeg Erase Segment erase time @ 4819 trro

(1) The cumulative program time must not be exceeded when writing to a 64-byte flash block. This parameter applies to all programming
methods: individual word/byte write and block write modes.
(2) These values are hardwired into the Flash Controller's state machine (trrg = 1/fe1g).

3.1.35 RAM
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  MAX| UNIT
V(RAMR) RAM retention supply voltage CPU halted 1.6 \Y

(1) This parameter defines the minimum supply voltage Vcc when the data in RAM remains unchanged. No program execution should
happen during this supply voltage condition.

3.1.36 JTAG and Spy-Bi-Wire Interface
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX UNIT
fspw Spy-Bi-Wire input frequency 22V 0 20 MHz
tsew,Low  SPY-Bi-Wire low clock pulse length 22V 0.025 15 us
tsBw.En (STpI%/SI?FI P%Letin;cbclgptgr?ce of first clock edge ™) 22V 1 HS
tsew,ret  SPy-Bi-Wire return to normal operation time 22V 15 100 ys
frex TCK input frequency @ 22V 0 5| MHz
Rinternal Internal pulldown resistance on TEST 22V 25 60 90 kQ

(1) Tools accessing the Spy-Bi-Wire interface need to wait for the maximum tsgw g, time after pulling the TEST/SBWCLK pin high before
applying the first SBWCLK clock edge.
(2) frck may be restricted to meet the timing requirements of the module selected.

3.1.37 JTAG Fuse®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX UNIT
Veers) Supply voltage during fuse-blow condition Ta=25°C 25 \Y
Veg Voltage level on TEST for fuse blow 6 7 \%
Irg Supply current into TEST during fuse blow 100 mA

(3) Once the fuse is blown, no further access to the JTAG/Test, Spy-Bi-Wire, and emulation feature is possible, and JTAG is switched to
bypass mode.
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over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER

TEST CONDITIONS MIN MAX UNIT

e

Time to blow fuse

1 ms

3.2 MSP430 Core Operation

For support and specific questions related to the MSP430 in the TPS65835 device, please
refer to TI's E2E PMU forum and post relevant questions to the forum at the following link:

TI E2E PMU Forum.

Please format your posting as follows:

+ Title: TPS65835 "specific topic"

+ Body: Question, with supporting code and oscilloscope screen captures if applicable.

3.2.1 Description

The MSP430 integrated into the TPS65835 is from the MSP430x2xx family of ultralow-power
microcontrollers. The architecture, combined with five low-power modes is optimized to achieve extended
battery life in portable applications. The device features a powerful 16-bit RISC CPU, 16-bit registers, and
constant generators that contribute to maximum code efficiency. The digitally controlled oscillator (DCO)
allows wake-up from low-power modes to active mode in less than 1_s. The list of the peripherals and

modules included in this MSP430 are as follows:

Up to 16 MHz CPU
16 kB Flash Memory
512 B RAM

Basic Clock Module

— Internal Frequencies up to 16 MHz with
one Calibrated Frequency

— Internal Very-Low-Power
Low-Frequency (LF) Oscillator

— 32 kHz Crystal Support

— External Digital Clock Source

10-Bit ADC

— 200-ksps Analog-to-Digital (A/D)
Converter with Internal Reference,
Sample-and-Hold, and Autoscan

Comparator A+ (Comp_A+)

— For Analog Signal Compare Function or
Slope Analog-to-Digital (A/D)
Conversion

Timer0_A3 and Timerl A3

— Up to Two 16-Bit Timer_A with Three
Capture/Compare Registers

Watchdog WDT+

USCI A0, Universal Serial Communication
Interface

— Enhanced UART Supporting Auto
baudrate Detection (LIN)

— IrDA Encoder and Decoder

— Synchronous SPI

- I°C

USCI BO, Universal Serial Communication
Interface

— Synchronous SPI

- I°C

JTAG / Spy-By-Wire
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| 3-24. MSP430 Functional Block Diagram

3.2.2 Accessible MSP430 Pins

There are a number of internal pins connected between the MSP430 core and the power management
core as well as external pins on the MSP430. Internal pins are not available externally but can be
controlled by the MSP430 core in various ways. A table describing all available MSP430 pin functions
(% 3-1) along with a block diagram detailing the MSP430 core and the pin connectivity (see ¥ 3-24) has
been made available.

% 3-1. Internally Connected Pins: MSP430 to Power Management Core

Power Management . . .
Core Pin MSP430 Core Pin Functionality
Voltage supplied by LDO on power management core, connected to MSP430 power
VLDO AVCC /DvCC management module
Enabled by SWITCH pin input
Scaled down voltage of the BAT pin. Connected to Comparator_A+ channel CAO or
ADC channel A0 of the MSP430
To use "COMP" and Comp_A+ module function of the MSP430, the pin must be
cowmp PLO/A0/CAD configured properly
DO NOT CONFIGURE THIS PIN AS A GPIO AND PULL THIS PIN UP OR DOWN,
THIS WILL INCREASE THE OPERATING CURRENT OF THE DEVICE
BST_EN P3.2 Enable pin for the boost on the power management core, ACTIVE HIGH
CHG_EN P3.1 Enable pin for the charger on the power management core, ACTIVE HIGH
Can put entire device into SLEEP state dependent upon system events, e.g.,
SLEEP P3.0 extended loss of IR or RF synchronization )
HBL1 P2.0 Control pin 1 for left frame of active shutter glasses
HBL2 pP2.3 Control pin 2 for left frame of active shutter glasses
HBR1 pP2.4 Control pin 1 for right frame of active shutter glasses
HBR2 pP2.5 Control pin 2 for right frame of active shutter glasses

(1) Note that the SLEEP signal can not be used to wake the system if it is already in the SLEEP state since the LDO used to power the
MSP430 would be disabled in this state.
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% 3-2. Externally Available MSP430 Pins

Pin Name 110 Functionality
P1.1/ General-purpose digital I/O pin
TAO0.0/ Timer0_A, capture: CCIOA input, compare: OutO output
UCAORXD/ /o USCI_AOQ receive data input in UART mode
UCAOSOMI/ USCI_AO slave data out/master in SPI mode
Al/ ADC10 analog input Al
CAl Comparator_A+, CA1 input
P1.2/ General-purpose digital I/O pin
TAO0.1/ TimerQ_A, capture: CCI1A input, compare: Outl output
UCAOTXD/ /0 USCI_AO transmit data output in UART mode
UCAOSIMO/ USCI_AO slave data in/master out in SPI mode
A2/ ADC10 analog input A2
CA2 Comparator_A+, CA2 input
P1.3/ General-purpose digital 1/0 pin
ADC10CLK/ ADC10, conversion clock output
A3 /o ADC10 analog input A3
VREF-/VEREF-/ ADC10 negative reference voltage
CA3/ Comparator_A+, CA3 input
CAOUT Comparator_A+, output
P1.4/ General-purpose digital I/O pin
SMCLK/ SMCLK signal output
UCBOSTE USCI_BO slave transmit enable
UCAOCLK/ /o USCI_AO clock input/output
A4 ADC10 analog input A4
VREF+/VEREF+/ ADC10 positive reference voltage
CA4 Comparator_A+, CA4 input
TCK JTAG test clock, input terminal for device programming and test
P1.5/ General-purpose digital 1/0 pin
TAO0.0/ Timer0_A, compare: OutO output
UCBOCLK/ USCI_BO clock input/output
UCAOQSTE/ 1/0 USCI_AO slave transmit enable
A5/ ADC10 analog input A5
CA5/ Comparator_A+, CA5 input
T™MS JTAG test mode select, input terminal for device programming and test
P1.6/ General-purpose digital 1/0 pin
TAO.1/ Timer0_A, compare: Outl output
A6/ ADC10 analog input A6
CA6/ 110 Comparator_A+, CA6 input
UCBOSOMI/ USCI_BO slave out/master in SPI mode
UCBOSCL/ USCI_BO0 SCL 12C clock in 12C mode
TDI/TCLK JTAG test data input or test clock input during programming and test
P1.7/ General-purpose digital I/O pin
A7/ ADC10 analog input A7
CA7/ Comparator_A+, CA7 input
CAOUT/ 110 Comparator_A+, output
UCBOSIMO/ USCI_BO slave in/master out in SPI mode
UCBOSDA/ USCI_BO0 SDA 12C data in 12C mode
TDO/TDI JTAG test data output terminal or test data input during programming and test®
P2.1/ /o General-purpose digital I/O pin
TAl1 Timerl_A, capture: CCI1A input, compare: Outl output
pP2.2/ /0 General-purpose digital I/O pin
TAl.1l Timerl_A, capture: CCI1B input, compare: Outl output
P2.6/ General-purpose digital 1/0 pin
XIN/ 110 XIN, Input terminal of crystal oscillator
TAO.1 TAO.1, Timer0_A, compare: Outl output
pP2.7/ /o General-purpose digital I/O pin
XOUT Output terminal of crystal oscillator )
P3.3/ /0 General-purpose digital I/O pin
TAL1.2 Timerl_A, compare: Out2 output
P3.5/ /o General-purpose digital I/O pin
TAO.1 Timer0_A, compare: OutO output

(1) TDO or TDI is selected via JTAG instruction.
(2) If P2.7 is used as an input, excess current will flow until P2SEL.7 is cleared. This is due to the oscillator output driver connection to this
pad after reset.
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%% 3-2. Externally Available MSP430 Pins (continued)

Pin Name I/0 Functionality
nRST/ Reset
NMI/ | Nonmaskable interrupt input
SBWTDIO Spy-Bi-Wire test data input/output during programming and test
TEST/ | Selects test mode for JTAG pins on Port 1. The device protection fuse is connected to TEST.
SBWTCK Spy-Bi-Wire test clock input during programming and test
DVSS N/A MSP430 ground reference

3.2.3 MSP430 Port Functions and Programming Options

This section details the programming options that are available for each of the pins that are accessible on

the MSP430.
# 3-3. Internal MSP430 Pin Functions and Programming Options
BIN NAME MSP430 CONTROL BITS / SIGNALS @
FUNCTION
(P_x)® P_DIRx P_SEL.x P_SEL2.x ADCIOAE.x CAPD.y
INCH.x=1

P1.0/ P1.x (I/0) 1:0;0:1 0 0 0

A0/ A0 X X X 1(y=0)

CAO CAO X X X 0 1(y=0)
P2.x (1/0), HBL1 internal A A

P2.0/ signal 1:0;0:1 0 0 — —

TAL.0 Timerl_A3.TAO 1 1 0 — —

P23/ P_Z.x (I/0), HBL2 internal 10O 1 0 0 . _
signal

TAL.0 Timerl_A3.TAO 1 1 0 — —
P2.x (1/0), HBR1 internal A A

P2.4/ signal 1:0;0:1 0 0 — —

TAL.2 Timerl_A3.TA2 1 1 0 — —

P25/ P_Z.x (I/0), HBR2 internal 001 0 0 . _
signal

TAL.2 Timerl_A3.TA2 1 — —

P3.0/ P3.x (1/0), SLEEP signal 1:0;0:1 0 — —

TA0.2 Timer0_A3.TA2 1 — —
P3.x (1/0), CHG_EN signal, A A

P3.1/ ACTIVE HIGH 1:0;0:1 0 0 — —

TAL.2 Timerl_A3.TA2 1 1 0 — —
P3.x (1/0), BST_EN signal, A A

P3.2/ ACTIVE HIGH 1:0;0:1 0 0 — —

TAL.2 Timerl_A3.TA2 1 1 0 — —

(1) Example: To program port P2.0, the appropriate control bits and MSP430 signals would need to be referenced as "P2DIR.0",
"P2SEL.0", and "P2SEL2.0".
(2) X =don't care, — = not applicable
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% 3-4. External MSP430 Port 1 Functions and Programming Options

PIN NAME MSP430 CONTROL BITS / SIGNALS @

(PLX)® FUNCTION P1DIRX P1SEL.x PiseL2x | ADZIOAEX CAPD.y
P1.1/ P1.x (1/0) 1:0;0:1 0 0 0 0
TAO0.0/ TA0.0 1 1 0 0 0

TAO.CCIOA 0 1 0 0 0
UCAORXD/ UCAORXD from USCI 1 1 0 0
UCAOSOMI/ UCAOSOMI from USCI 1 1 0 0
Al/ Al X X X 1(y=1) 0
CA1/ CAl X X X 0 1(y=1)
Pin Osc Capacitive sensing X 0 1 0 0
P1.2/ P1.x (1/0) 1:0;0:1 0 0 0 0
TAO0.1/ TAO.1 1 1 0 0 0

TAO.CCI1A 0 1 0 0 0
UCAOTXD/ UCAOTXD from USCI 1 1 0 0
UCAOSIMO/ UCAOSIMO from USCI 1 1 0 0
A2/ A2 X X X 1(y=2) 0
CA2/ CA2 X X X 0 1(y=2)
Pin Osc Capacitive sensing X 0 1 0 0
P1.3/ P1.x (1/0) 1:0;0:1 0 0 0 0
ADC10CLK/ ADC10CLK 1 1 0 0 0
A3/ A3 X X X 1(y=3) 0
VREF-/ VREF- X X X 1 0
VEREF-/ VEREF- X X X 1 0
CA3 CA3 X X X 0 1(y=3)
Pin Osc Capacitive sensing X 0 1 0 0
P1.4/ P1.x (1/O) 1:0;0: 1 0 0 0 0
SMCLK/ SMCLK 1 1 0 0 0
UCBOSTE/ UCBOSTE from USCI 1 1 1(y=4) 0
UCAOCLK/ UCAOCLK from USCI 1 1 1(y=4) 0
VREF+/ VREF+ X X X 0
VEREF+/ VEREF+ X X X 1 0
A4/ A4 X X X 1(y=4) 0
CA4/ CA4 X X X 0 1(y=4)
TCK/ TCK (JTAG Mode = 1) X X X 0 0
Pin Osc Capacitive sensing X 0 1 0 0
P1.5/ P1.x (1/O) 1:0;0: 1 0 0 0 0
TAO0.0/ TA0.0 1 1 0 0 0
UCBOCLK/ UCBOCLK from USCI 1 1 0 0
UCAOSTE/ UCAOSTE from USCI 1 1 0 0
A5/ A5 X X X 1(y=5) 0
CAS5/ CA5 X X X 0 1(y=5)
T™S/ TMS (JTAG Mode = 1) X X X 0
Pin Osc Capacitive sensing X 0 1 0 0

(1) Example: To program port P1.1, the appropriate control bits and MSP430 signals would need to be referenced as "P1DIR.1",
"P1SEL.1", and "P1SEL2.1".

(2) X =don't care
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%% 3-4. External MSP430 Port 1 Functions and Programming Options (continued)

BIN NAME MSP430 CONTROL BITS / SIGNALS @

PL)® | X FURCTION P1DIR X P1SEL.x P1SEL2.x ﬁﬁ%ﬁ?ﬁfix CAPD.y
P1.6/ P1.x (/0) 10;0: 1 0 0 0 0
TAO0.1/ TAO.1 1 1 0 0 0
UCBOSOMI/ UCBOSOMI from USCI 1 1 0 0
UCBOSCL/ 5 UCBOSCL from USCI 1 1 0 0
A6/ A6 X X X 1(y=6) 0
CA6/ CA6 X X X 0 1(y=6)
TDI/TCLK/ TDI/TCLK (JTAG Mode = 1) X X X 0 0
Pin Osc Capacitive sensing X 0 1 0 0
P17/ P1.x (/0) 10;0: 1 0 0 0 0
UCBOSIMO/ UCBOSIMO from USCI 1 1 0 0
UCBOSDA/ UCBOSDA from USCI 1 1 0 0
A7/ . A7 X X X 1y=7) 0
CA7/ CA7 X X X 0 1y=7)
CAOUT/ CAOUT 1 1 0 0 0
TDO/TDI/ TDO/TDI (JTAG Mode = 1) X X X 0
Pin Osc Capacitive sensing X 0 1 0

#* 3-5. External MSP430 Port 2 Functions and Programming Options

MSP430 CONTROL BITS / SIGNALS @

PEII;IZI-\ISPA”E X FUNCTION P2DIR.x P2SEL.x P2SEL2.x

pP2.1/ P2.x (1/0) 1:0;0:1 0 0
TAL1.1/ 1 Timerl_A3.CCI1A 0 1 0
Timerl_A3.TAl 1 1 0
Pin Osc Capacitive sensing X 0 1
pP2.2/ P2.x (1/0) 1:0;0:1 0 0
TAL1.1/ 2 Timerl_A3.CClI1B 0 1 0
Timerl_A3.TAl 1 1 0
Pin Osc Capacitive sensing X 0 1
P2.6/ P2.x (1/0) 1:0;0:1 0 0
XIN/ 5 XIN, LFXT1 Oscillator Input 0 1 0
TAO0.1/ Timer0_A3.TAl 1 1 0
Pin Osc Capacitive sensing X 0 1
P2.7/ P2.x (1/0) 1:0;0:1 0 0
XOUT/ 7 éi)tL;It LFXT1 Oscillator 1 1 0
Pin Osc Capacitive sensing X 0 1

(1) Example: To program port P2.1, the appropriate control bits and MSP430 signals would need to be referenced as "P2DIR.1",
"P2SEL.1", and "P2SEL2.1".

(2) X =don't care
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% 3-6. External MSP430 Port 3 Functions and Programming Options

MSP430 CONTROL BITS / SIGNALS @

PIN NA!V'DE X FUNCTION
(P3.x) P3DIR.x P3SEL .x P3SEL2.x
P3.3/ P3.x (1/0) 1:0;0:1 0 0
TA1.1/ 3 | Timerl_A3.TA2 1 1 0
Pin Osc Capacitive sensing X 0 1
P3.5/ P3.x (1/0) 1:0;0:1 0 0
TA1.1/ 5 | TimerO_A3.TA2 1 1 0
Pin Osc Capacitive sensing X 0 1

(1) Example: To program port P3.3, the appropriate control bits and MSP430 signals would need to be referenced as "P3DIR.3",

"P3SEL.3",

and "P3SEL2.3".

(2) X =don't care

3.2.4 Operating Modes

The MSP430 has one active mode and five software-selectable low-power modes of operation. An
interrupt event can wake up the device from any of the five low-power modes, service the request, and
restore back to the low-power mode on return from the interrupt program.

The following six operating modes can be configured by software:

* Active mode (AM)

All clocks are active

* Low-power mode 0 (LPMO)

CPU is disabled

ACLK and SMCLK remain active, MCLK
is disabled

* Low-power mode 1 (LPM1)

CPU is disabled
ACLK and SMCLK remain active, MCLK
is disabled

DCO's dc-generator is disabled if DCO
not used in active mode

3.2.5 MSP430x2xx User's Guide

To view the user's guide for the MSP430 integrated into this device, see MSP430x2xx Family User's
Guide. The list of peripherals found in this MSP430 is listed in the section: 15 3.2.1.

Low-power mode 2 (LPM2)

CPU is disabled

MCLK and SMCLK are disabled
DCO's dc-generator remains enabled
ACLK remains active

Low-power mode 3 (LPM3)

CPU is disabled

MCLK and SMCLK are disabled
DCO's dc-generator is disabled
ACLK remains active

Low-power mode 4 (LPM4)

CPU is disabled

ACLK is disabled

MCLK and SMCLK are disabled
DCO's dc-generator is disabled
Crystal oscillator is stopped

JiRAL © 2011, Texas Instruments Incorporated
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4 APPLICATION INFORMATION

4.1 Applications Schematic

AC or USB See tables for settings
Adapter SYS VLDO
I_Lzz F VI oS Slider or Pushbutt
2| ider or Pushbutton
/Y sys SW_SEL (Pushbutton = AGND
Pl- 147 uF puts device in 'ON' state)
VLDO SWITCH
RVIN_LED Q
P
TS
BAT
Optional BST SW
NTC
BST_OUT
RISET
‘!—AAA/—[] ISET
P
P BST_FB [
RnCHG\fSTAT
svs
=\
v
T—N—«Nv—[] nCHG_STAT TPS65835 LCRP
Right LC Shutter
LCRN
P1.1
P1.6 LCLP
P1.7 Left LC Shutter
P1.2 LCLN
GPIOs & USCI Pins P1.4 P10 & ot
(SPI, IC, UART) s & other
and JTAG Pins P15 P13 MSP430
P2.1 Functions
VLDO
P2.2
nRST/NMI/SBWTDIO P27
5 TEST/SBWTCK P26
P33
PSDA
P35
PSCL AGND PGNDBST DGND DVSS
D

T

K 4-1. TPS65835 Applications Schematic

4.2 Boost Converter Application Information

4.2.1 Setting Boost Output Voltage

To set the boost converter output voltage of this device, two external resistors that form a feedback
network are required. The values recommended below (in 3 4-1) are given for a desired quiescent
current of 5 A when the boost is enabled and switching. See |4 4-2 for the detail of the applications
schematic that shows the boost feedback network and the resistor names used in the table below.
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4.2.2

| | SYs
BST SW []_m'n_T
BST OUT

REB1

BST OUT [] I _L
P

BST FB [

REg2

4-2. Boost Feedback Network Schematic

# 4-1. Recommended Rgg; and R, Values (for Iggg) = 5 pA)

Targeted Vst our Rep1® Reg2
8V 1.3 MQ 240 kQ
10V 1.8 MQ 240 kQ
12V 2.2 MQ 240 kQ
14V 2.4 MQ 240 kQ
16V 3.0 MQ 240 kQ

(1) Resistance values given in closest standard value (5% tolerance, E24 grouping).

These resistance values can also be calculated using the following information. To start, it is helpful to
target a quiescent current through the boost feedback network while the device is operating (Iorg)). When
the boost output voltage and this targeted quiescent current is known, the total feedback network
resistance can be found.

The value for Rgg, can be found by using the boost feedback pin voltage (Vg = 1.2 V, see "Electrical
Characteristics" in 15 2) and lgg, in the following equation:

Rre1 + Res2 = Vest out / lors)
Reg2 = (1.2 V) [ lgp)
To find Regy, simply subtract the Reg; from Regrory:
Ree1 = ReeroT) - Rrs2
Boost Inductor Selection

The selection of the boost inductor and output capacitor is very important to the performance of the boost
converter. The boost has been designed for optimized operation when a 10 yH inductor is used. Smaller
inductors, down to 4.7 yH, may be used but there will be a slight loss in overall operating efficiency. A few
inductors that have been tested and found to give good performance can be found in the list below:

Recommended 10 uH inductors
+ TDK VLS201612ET-100M (10 pH, Iyax = 0.53 A, Rpc = 0.85 Q)
+ Taiyo Yuden CBC2016B100M (10 uH, lyax = 0.41 A, Rpc = 0.82 Q)
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4.2.3 Boost Capacitor Selection

The recommended minimum value for the capacitor on the boost output, BST_OUT pin, is 4.7 yF. Values
that are larger can be used with the measurable impact being a slight reduction in the boost converter
output voltage ripple while values smaller than this will result in an increased boost output voltage ripple.
Note that the voltage rating of the capacitor should be sized for the maximum expected voltage at the
BST_OUT pin.

4.3 Bypassing Default Push-Button SWITCH Functionality

If the SWITCH pin functionality is not required to power on and off the device because of different system
requirements (SWITCH timing requirements of system will be controlled by the internal MSP430), then the
feature can be bypassed. The following diagram shows the connections required for this configuration.

PMIC
SWITCH PMIC Control
I el
PUSH BUTTON i
VLDO
/10.6Y '-7F = SLEEP
, vee P3.1 MSP430
L P2.1
Due to MSP430 input low logic level, _[] > Timer_A+ Module
VpiobE < (13 x V| po)
Ton and Topg programmable by timer

‘L—[l] DVSS

O : External Pin
B : Internal Pin

4-3. Bypassing Default TPS65835 Push Button SWITCH Timing

In a system where a different push-button SWITCH off timing is required, the SLEEP pin is used to control
the power off of the device. After system power up, the MCU must force the SLEEP pin to a high state
(VsLeep > Vinemic)). Once the SWITCH push-button is pressed to shut the system down, a timer in the
MCU should be active and counting the desired tor time of the device. Once this toer time is detected,
the MCU can assert the SLEEP signal to a logic low level (Vs ggp < Viemicy)- Itis on the falling edge of
the SLEEP signal where the system will be powered off (see ¥ 4-4)
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SWITCH Power Off Behavior
SLEEP Controlling Off

Veys f————- - - - - - - - - - - - - - - - - - - - - -4

SWITCH

GD}F ---"rrrrnrn-— /e - - - - - -
Je— tpRESS > (time defined for custom topfE timing) ——mt

VvLbo ----

SLEEP
GND F - - - - = = - s s e e e e e maa oo — \
Power off after falling
edge of SLEEP
VvLbo {-_/

GND

VLDO

K] 4-4. SWITCH Press and SLEEP Signal to Control System Power Off
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4.4 MSP430 Programming

In order to program the integrated MSP430 in the TPS65835 device, ensure that the programming

environment supports the TPS65835 device.

4.4.1 Code To Setup Power Functions

This section will detail a basic code to control the MSP430 in the TPS65835 and how to configure the
power functions and control the power die. Please reference % 3-3 for the details on configuring the
MSP430 pins. Note that "//" is a comment and this code was written using Code Composer Studio in C.

/1 SETUP H BRI DGE PI NS

P2DIR |= (BIT5 + BIT4 + BIT3 + BITO); // Set PxDIRto 1 for outputs
P2REN | = (BIT5 + BIT4 + BIT3 + BITO); // Enable pullup/pulldow resistors on outputs

/1 SETUP SLEEP, CHG EN, AND BST EN
P3DIR |= (BIT2 + BIT1 + BITO);
P3REN |= (BIT2 + BIT1 + BITO);

// Set PxDIRto 1 for outputs
/1 Enabl e pul | up/pul | down resistors on outputs

The previous code setup the power pins for outputs, now they must be controlled with MSP430 code.
Refer to the following code to perform initial setup and to control the power functions (SLEEP, CHG_EN,

and BST_EN):
P30UT &= ~BI TO; // Set SLEEP node signal |ow, SLEEP Function is disabled
/1 P3QUT | = BITO; /1 Set SLEEP node signal high (sleep control via MSP430)
/1 P3QUT &= ~BIT1; /1 Set CHG EN signal |ow (disable charger)
P30QUT | = BITY, /1 Set CHG EN signal high (enable charger)
/1 P3QUT &= ~BI T2; /1 Set BST_EN | ow (di sabl e boost)
P3QUT | = BIT2; /1 Set BST_EN high (enabl e boost)

The H-Bridge pins can be controlled in a similar manner (see {7 2.10.1). The following code is only meant
to cover each H-Bridge mode of operation and the appropriate code needed to put it in that state:

/1 BOTH SI DES | N OPEN STATE

P2QUT &= ~(BIT3 + BITO); /l HBL2 = 0, HBL1 =
P20OUT &= ~(BIT5 + BIT4); /l HBR2 = 0, HBRl =
/1 BOTH S| DES | N GROUNDED STATE

P2QUT | = BI T3 + BI TO; /l HBL2 = 1, HBL1 =
P2QUT | = BIT5 + BI T4, /l HBR2 = 1, HBRL =
/1 LEFT SIDE I N CHARGE+ STATE

P2QUT &= ~BI T3; P2QUT | = BI TO; // HBL2 = 0, HBL1 =1
/1 LEFT SIDE I N CHARGE- STATE

P2QUT | = BIT3; P2OUT &= ~BI TO; // HBL2 =1, HBL1 = 0
/1 RIGHT SIDE | N CHARGE+ STATE

P2QUT &= ~BI T5; P2QUT | = BI T4; // HBR2 = 0, HBRL = 1
/1 RIGHT SIDE I N CHARGE- STATE

P2QUT | = BIT5; P2OUT &= ~BI T4; // HBR2 = 1, HBRL = O
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

© Lead finish/Ball material - Orderable Devices 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.

Important Information and Disclaimer: The information provided on this page represents TlI'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.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
TPS65835RKPR ACTIVE VQFN RKP 40 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS
65835
TPS65835RKPT ACTIVE VQFN RKP 40 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 258835 Samples
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MECHANICAL DATA

RKP (S*PVQFN*NZKD PLASTIC QUAD FLATPACK NO—LEAD
5,15
¢ 4,85
B]
5,15
\ B 4,85
PIN 1 INDEX AREA ﬁ\

TOP AND BOTTOM 1
2)’?3% 0,20 NOMINAL
Y —i l LEAD FRAME
LD—D—D—D—D—D—D—D—D—FI:IA SEATING BLANE
~Jo08[c] 4 3
0,05
0,00
0,50
f 40X 530
1 10
uuuuuuuuuu_]
40 P {ﬂjﬁ
= ’7THERW\L PAD ani T
P d
P d
SIZE AND SHAPE SHOWN
Sl R i a= 4X 13,60
P e
P d
e S0
ANANAINNNAN
* 2 0,40
0,25
40X 015
[¢]0.10 @c[Al8]

4211175/8 01/12

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994.

B. This drawing is subject to change without notice.

C. QFN (Quad Flatpack No—Lead) Package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.
E

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
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THERMAL PAD MECHANICAL DATA

RKP (S—PVQFN—N40) PLASTIC QUAD FLATPACK NO—-LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

«— 3,15+0,10 —»|
PIN 1 INDICATOR
C 0,30 N\ 1 10
Uuuuujuuuul
40D an
) ([@m
) ([@m
+ = | _ - ——= d Thermal Pad
3,15£0,10 = = xpose ermal Pa
)
l ) x/g
) | ([am
= d 20
NNNNNNNNANN
30 21

Bottom View

Exposed Thermal Pad Dimensions

421176-3/H  06/12

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

RKP (S—PVQFN—N40)

PLASTIC QUAD FLATPACK NO—-LEAD

Example Stencil Design
Example Board Layout 0.125 Thick Stencil or Thinner
(Note E)
36x0,4— |— 40x0,8 36x0,4— =~
TN00000000 JUU0DOOD
— [ G— 'LI:) [ @—
— [ @— j_l: | G—
D | O O O | = 40x0,2— — | 03— |— —
— —r — r°v3 —
— [ e— ] — | G—
— |0 0 o |=""4160 = S 415 595
— [ @— — 4.3 t4x [ e—
— O O O | G— — ! =137 3
— — — ! EI
,([@]HDHHDDI 1000000001
[ 7 210 415
! 50 5,95
/.i ' (64% Printed Solder Coverage by Area)
| Non Solder Mask Defined Pad ‘Example Via Layout Design
Via layout may vary depending
T on layout constraints
(Note D, F)
Example
S Solder Mask Opening
(Note F)
/ o o o+t
,l 6x1,0
i Example O f
\ 0.2 Pad Geometry 9x#0,3
\ g / (Note C) 0O O
0,05
Al Around 6x1,0
T 4211681-3/D 07/12
NOTES: Al linear dimensions are in millimeters.

A
B. This drawing is subject to change without notice.

C. Publication IPC—7351 is recommended for alternate designs.
D

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout.

www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations.

These documents are available at

Customers should
Refer to IPC 7525 for stencil design considerations.

F.  Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting

recommendations for vias placed in the thermal pad.
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