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Programmable Multi-Chemistry Fast-Charge Management IC

Check for Samples: bq2000T

FEATURES

« Safe Management of Fast Charge for NiCd,
NiMH, or Li-lon Battery Packs

e High-Frequency Switching Controller for
Efficient and Simple Charger Design

e Pre-Charge Qualification for Detecting
Shorted, Damaged, or Overheated Cells

e Fast-Charge Termination by AT/At for Nickel
Chemistries, Minimum Current for Li-lon
Chemistries, Maximum Temperature, and
Maximum Charge Time

e Selectable Top-Off Mode for Achieving
Maximum Capacity in NiMH Batteries

e Programmable Trickle-Charge Mode for
Reviving Deeply Discharged Batteries and for
Postcharge Maintenance

e Built-in Battery Removal and Insertion
Detection

e Sleep Mode for Low Power Consumption

APPLICATIONS

e Multi-Chemistry Charger

* Nickel Charger

» High-Power, Multi-Cell Charger

8-Pin DIP or Narrow SOIC or TSSOP
U/
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GENERAL DESCRIPTION

The bg2000T is a programmable, monolithic IC for
fast-charge management of nickel cadmium (NiCd),
nickel metal-hydride (NiMH), or lithium-ion (Li-lon)
batteries in single- or multi-chemistry applications.
The bg2000T chooses the proper battery chemistry
(either nickel or lithium) and proceeds with the
optimal charging and termination algorithms. This
process eliminates undesirable, undercharged, or
overcharged conditions, and allows accurate and safe
termination of fast charge.

Depending on the chemistry, the bg2000T provides a

number of charge termination criteria:

» Rate of temperature rise (AT/At) (for NiCd and
NiMH)

* Minimum charge current (for Li-lon)

e Maximum temperature

* Maximum charge time

For safety, the bq2000T inhibits fast charge until the

battery voltage and temperature are within

user-defined limits. If the battery voltage is below the

low-voltage  threshold, the  bg2000T  uses

trickle-charge to condition the battery. For NiMH

batteries, the bg2000T provides an optional top-off
charge to maximize the battery capacity.

The integrated high-speed comparator allows the
bg2000T to be the basis for a complete,
high-efficiency battery charger circuit for both
nickel-based and lithium-based chemistries.

Pin Names

SNS Current-sense input

Vss System ground

LED  Charge-status output
BAT Battery-voltage input

TS Temperature-sense input
RC Timer-program input

Ve Supply-voltage input
MOD  Modulation-control output

2 Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

PIN DESCRIPTIONS

SNS Current-sense input

Enables the bg2000T to sense the battery current via the voltage developed on this pin by an
external sense-resistor connected in series with the battery pack

Vss System ground
Connect to the battery’s negative terminal
LED Charge-status output

Open-drain output that indicates the charging status by turning on, turning off, or flashing an external
LED, driven through a resistor.

BAT Battery-voltage input

Battery-voltage sense input. A simple resistive divider, across the battery terminals, generates this
input.

TS Temperature-sense input

Input for an external battery-temperature monitoring circuit. An external resistive divider network with
a negative temperature-coefficient thermistor sets the lower and upper temperature thresholds.

RC Timer-program input

Used to program the maximum fast charge-time, maximum top-off charge-time, hold-off period, trickle
charge rate, and to disable or enable top-off charge. A capacitor from V¢ and a resistor to ground
connect to this pin.

Vee Supply-voltage input
Recommended bypassing is 10 puF + 0.1 pF to 0.22 pF of decoupling capacitance near the pin.
MOD Modulation-control output

Push-pull output that controls the charging current to the battery. MOD switches high to enable
charging current to flow and low to inhibit charging-current flow.
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FUNCTIONAL DESCRIPTION

The bg2000T is a versatile, multi-chemistry battery charge control device. See Figure 1 for a functional block

diagram and Figure 2 for a state diagram.
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Figure 1. Functional Block Diagram
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NOTE: If V15 < V1o at any time, may only return to Trickle Maintenance Charge state and not to Top-Off.

Figure 2. State Diagram
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ABSOLUTE MAXIMUM RATINGS®

VALUE UNIT
Vee Vcc relative to Vgg -0.3to 7 \%
Vr DC voltage applied on any pin, relative to Vsg -0.3t0 Ve \%
Torr Operating ambient temperature —-20to 70 °C
Tste Storage temperature —40 to 125 °C
TsoLpER Soldering temperature (10 s max) 260 °C

(1) Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation should be limited to the
Recommended DC Operating Conditions detailed in this data sheet. Exposure to conditions beyond the operational limits for extended
periods of time may affect device reliability.

DC THRESHOLDS®™
Ta = Topr: Vec = 5V £ 20% (unless otherwise specified)

PARAMETER TEST CONDITIONS TYPICAL TOLERANCE UNIT
Vrco Temperature cutoff Voltage at the TS pin 0.225 x Ve +5% \%
Vure High-temperature fault Voltage at the TS pin 0.25 x Ve +5% \Y
Ve Low-temperature fault Voltage at the TS pin 0.5 x Ve +5% \%
Vyev Maximum cell voltage Voltage at the BAT pin 2.00 +0.75% \%
VigaT Minimum cell voltage Voltage at the BAT pin 950 +5% mvV
VTHERM TS input change for AT/At detection Voltage at the TS pin -Vec/161 +25% V/min
VsnsHI High threshold at SNS Voltage at the SNS pin 50 +10 mvV
VsnsLo Low threshold at SNS Voltage at the SNS pin -50 +10 mv
Vg p Sleep-mode input threshold Voltage at the BAT pin Vee-1 +0.5 \%
VReH Recharge threshold Voltage at the BAT pin Vyev—0.1 +0.02 \%
(1) All voltages are relative to Vgg except as noted.
RECOMMENDED DC OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)
TEST CONDITIONS MIN NOM MAX UNIT
Vee Supply voltage 4 5 6 \%
lec Supply current Exclusive of external loads 0.5 1 mA
lecs Sleep current VgaT = Vg1p 5 HA
V1s Thermistor input V15 < 0.5 V prohibited 0.5 Vee \%
VoH Output high MOD, loy = 10 mA V0.4 \%
Voo Output low MOD, LED, g, = 10 mA 0.2 \%
loz High-impedance leakage current LED 5 pA
Isnk Sink current MOD, LED 20 mA
Ruvto Charge timer resistor 2 250 kQ
Cuto Charge timer capacitor 0.001 1 uF
IMPEDANCE
PARAMETER MIN TYP MAX UNIT
RgaT Battery input impedance 10 MQ
Rts TS input impedance 10 MQ
Rsns SNS input impedance 10 MQ
TIMING
Ta = Topr; Vec =5V £ 20% (unless otherwise noted)
PARAMETER MIN TYP MAX UNIT
dvto MTO time-base variation -5% 5%
frreL Pulse-trickle frequency 0.9 1 11 Hz
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Initiation and Charge Qualification

The bg2000T initiates a charge cycle when it detects
» Application of power to V¢

» Battery replacement

» Exit from sleep mode

» Capacity depletion (Li-lon only)

Immediately following initiation, the IC enters a charge-qualification mode. The bg2000T charge qualification is
based on battery voltage and temperature. If the voltage on the BAT pin is less than the internal threshold, V| gar,
the bg2000T enters the battery conditioning state. This condition indicates the possibility of a defective or shorted
battery pack. In an attempt to revive a fully depleted pack, the bq2000T enables the MOD pin to trickle-charge at
a rate of once every 1.0s. As explained in the section "Top-Off and Pulse-Trickle Maintenance Charge," the
trickle pulse-width is user-selectable and is set by the value of the resistance connected between the RC pin and
VSS.

During charge qualification, the LED pin blinks at a 1-Hz rate, indicating the pending status of the charger.

Once battery conditioning (trickle charge) has raised the voltage on the BAT pin above V ga1, the IC enters fast
charge, if the battery temperature is within the V|1 to Ve range. The bg2000T stays in the battery conditioning
state indefinitely and does not progress to fast charge until the voltage on the BAT pin is above V gar and the
temperature is within the V,1r and V¢ range. No timer is implemented during battery conditioning.

Battery Chemistry

The bg2000T detects the battery chemistry by monitoring the battery-voltage profile during the initial stage of the
fast charge. If the voltage on the BAT pin rises to the internal Vycy reference, the IC assumes a Li-lon battery.
Otherwise, the bg2000T assumes a NiCd/NiMH chemistry. While in the fast charge state, the LED pin is pulled
low (the LED is on).

As shown in Figure 3, a resistor voltage-divider between the battery pack's positive terminal and Vgg scales the
battery voltage. A low-pass filter then smooths out this voltage to present a clean signal to the BAT pin. In a
mixed-chemistry design, a common voltage-divider is used as long as the maximum charge voltage of the
nickel-based pack is below that of the Li-lon pack. Otherwise, different scaling is required.

Vss

bq2000T Rg4

BAT

T
- ; —
Figure 3. Battery Voltage Divider and Filter

Once the chemistry is determined, the bq2000T completes the fast charge with the appropriate charge algorithm
(Table 1). The user can customize the algorithm by programming the device using an external resistor and a
capacitor connected to the RC pin, as discussed in later sections.

NiCd and NiMH Batteries

Following charge qualification (which includes trickle charge, if required), the bg2000T fast-charges NiCd or
NiMH batteries using a current-limited algorithm. During the fast-charge period, it monitors charge time,
temperature, and voltage for adherence to the termination criteria. This monitoring is further explained in later
sections. Following fast charge, the battery is topped off, if top-off is selected. The charging cycle ends with a
trickle maintenance-charge that continues as long as the voltage on the BAT pin remains below Vycy.
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Lithium-lon Batteries

The bg2000T uses a two-phase fast-charge algorithm for Li-lon batteries (Figure 4). In phase one, the bq2000T
regulates constant current until Vgt rises to Vycy. Once Vear = Vv, the device identifies the cell as a Li-ion,
and changes the termination method from AT/At to minimum current. The bg2000T then moves to phase two,
regulates the battery with constant voltage of V¢, and terminates when the charging current falls below the Iy
threshold or the timer expires (whichever happens first). A new charge cycle is started if the cell voltage falls
below the Vgcy threshold.

T Tmmm e : Vimev
I 5 - Voltage |
MAX |- p-S--- -
o ® Pid 1
= O -,
T &= -, 1
S -7 !
= =) ’ Fast\ Charge 1
c ] ’ V
O b JI LBAT
£
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o e Phase 1 Phase 2 |
p 1
/ 1
) ,
Trickle | :
4
Current : g
©
IMiN =
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, =
| I—
]

Time

Figure 4. Lithium-lon Charge Algorithm

During the current-regulation phase, the bq2000T monitors charge time, battery temperature, and battery voltage
for adherence to the termination criteria. During the final constant-voltage stage, in addition to the charge time
and temperature, it monitors the charge current as a termination criterion. There is no post-charge maintenance
mode for Li-lon batteries.

Table 1 summarizes the charging process for both Nickel and Li-lon batteries.

Table 1. Charge Algorithm

BATTERY CHEMISTRY CHARGE ALGORITHM

1. Charge qualification
2. Trickle charge, if required

NiCd or NiMH 3. Fast charge (constant current)

(Veat < Vmcv always) 4. Fast charge termination (rate of temperature rise, maximum charge time = 1 MTO)
5. Top-off (optional)
6. Trickle charge
1. Charge qualification

_ 2. Trickle charge, if required

I(‘\ll_::: <Vyey) 3. Fast charge (constant current)
4. Fast charge (constant voltage)
5. Charge termination (minimum current, maximum charge time = 2 MTO)
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FAST CHARGE TERMINATION

Initial Hold-Off Period

The bg2000T incorporates a user programmable hold-off period to avoid premature fast charge termination that
can occur with brand new nickel cells at the very beginning of fast charge. The values of the external resistor and
capacitor connected to the RC pin set the initial hold-off period. During this period, the bq2000T avoids early
termination due to an initial rise in the battery temperature by disabling the rate of temperature rise (AT/At)
feature. This period is fixed at the programmed value of the maximum charge time (MTO) divided by 32.

hold-off period = MTO
32 (1)

Maximum Charge Time (NiCd, NiMH, and Li-lon)

The bg2000T sets the maximum charge-time through the RC pin. With the proper selection of external resistor
and capacitor values, various time-out values may be achieved. If the timer expires while still in constant-current
charging, the bq2000T assumes a Nickel chemistry and proceeds to top-off charge (if top-off is enabled) or trickle
maintenance charge. Figure 5 shows a typical connection.

Vss Vee

bg2000T Curo

RC

Rmto

Figure 5. Typical Connection for the RC Input

The following equation shows the relationship between the Ryro and Cy1o values and the maximum charge time
(MTO) for the bg2000T:

MTO = RMTO X CMTO X 35,988 (2)

MTO is measured in minutes, Ryro in ohms, and Cyyg in farads. (Note: Ryto and Cyro values also determine
other features of the device. See Table 4 and Table 5 for details.)

If, during fast charge, V15 > V| 1r, then the timer is paused and the IC enters battery conditioning charge until Vg
< V_1r. Since the IC is in the battery conditioning state, the LED flashes at the 1 Hz rate. Once V1s< V| 1f, fast
charge restarts and the timer resumes from where it left off with no change in total fast charge time.

For Li-lon cells, when the battery reaches the constant-voltage phase of fast charge, the bg2000T adds an
additional MTO of time to whatever time was left over from the constant current fast charge timer. Thus, the pack
could spend longer than 1 MTO in constant-voltage fast charge, but is always limited to 1 MTO in
constant-current fast charge. This feature provides the additional charge time required for Li-lon cells.

For Nickel cells, if top-off is enabled, the timer is reset on the completion of fast charge before beginning top-off
charge.
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Maximum Temperature (NiCd, NiMH, Li-lon)

A negative-coefficient thermistor, referenced to Vg5 and placed in thermal contact with the battery, may be used
as a temperature-sensing device. Figure 6 shows a typical temperature-sensing circuit.

Vee
0

bq2000T

TS

Figure 6. Temperature Monitoring Configuration

During fast charge, the bg2000T compares the battery temperature to an internal high-temperature cutoff
threshold, V1co, and a low-temperature threshold, V 1. During fast charge only, the Ve fault comparator is
disabled. When the voltage at the TS pin is lower than V1¢o, the bg2000T terminates fast charge, moves to the
charge suspended state, and turns off the LED. When Vg rises above Vyrg, the bg2000T resumes charging in
the trickle maintenance charge state, per Figure 2. In fast charge (either constant current or constant voltage fast
charge), when the voltage on the TS pin is higher than V| 1g, the charger enters the battery conditioning state, as
described in the previous section. Fast charge is resumed when Vg is less than V| 1r.

Rate of Temperature Rise (NiCd, NiMH)

The bg2000T uses a rate of temperature rise (AT/At) scheme to terminate fast charge for NiCd and NiMH
batteries. During fast charge, it samples the TS pin voltage every 8 seconds and compares it to the value
measured 2 samples earlier. This feature terminates fast charge if this voltage declines at a rate of Vc/161
(V/min). Figure 6 shows a typical connection diagram. In preparation for sampling the TS pin voltage, the
bqg2000T briefly turns off most circuits (the MOD and RC pins both go low) in order to get the cleanest possible,
noise-free measurement. While the monitoring of the TS pin voltage is continuous, the sampling of the TS pin
voltage with the internal ADC only occurs during the constant current regulation phase of fast charge. If the cell
voltage reaches Vv, the pack is assumed to be Li-lon and the TS pin voltage sampling is disabled, as AT/At is
not a termination criterion for Lithium cells.

Minimum Current (Li-lon Only)

The bg2000T monitors the charging current during the voltage-regulation phase of Li-lon batteries. Fast charge is
terminated when the current is tapered off to 7% of the maximum charging current. Note that this threshold is
different for the bg2000.

Once constant-current fast charge has ended, the bg2000T either measures the value of the Cyro capacitor (in
the case of Nickel batteries) and then proceeds to either top-off or trickle maintenance charge or simply
completes the constant-voltage stage of fast charge (in the case of a Li-lon cell).

Top-Off and Pulse-Trickle Maintenance Charge

An optional top-off charge is available for NiCd or NiMH batteries. Top-off may be desirable on batteries that
have a tendency to terminate charge before reaching full capacity. To enable this option, the capacitance value
of Cuto connected between the RC pin and V¢ (Figure 5) should be greater than 0.13 pF , and the value of the
resistor connected to this pin should be less than 250 kQ . To disable top-off, the capacitance value should be
less than 0.07 pF. The tolerance of the capacitor needs to be taken into account in component selection.
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Once top-off is started, the timer is reset and top-off proceeds until the timer expires, Vycy is reached, or there is
a temperature fault. During top-off, current is delivered to the battery in pulses that occur each second. The fixed
pulse width allows an average current of 1/16 of the fast charge current to be delivered to the battery every
second. The LED is always off during top-off and trickle maintenance charge.

During top-off, there are three different temperature faults that can occur. If V15 > V| 1¢, top-off is suspended, the
timer is paused, and trickle charge is started. When V+g falls below V| 1, top-off is resumed. If Vig < Vi1, all
charging stops, but the timer keeps counting. When V15 > Vy1E, top-off is resumed, if there is still time remaining
on the timer. If there is not time left, trickle maintenance charge is entered. If V5 < V1co, all charging stops. Only
trickle maintenance charge may resume after V1g > Ve

Following top-off, the bq2000T trickle-charges the battery by enabling the MOD pin to charge at a rate of once
every 1.0 second. The trickle pulse-width is user-selectable and is set by the value of the resistor Ryro,
connected between the RC pin and Vgs. Figure 7 shows the relationship between the trickle pulse-width and the
value of Ryto. The typical tolerance of the pulsewidth below 150 kQ is £10%.

200
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Figure 7. Relationship Between Trickle Pulse-Width and Value of Ryo

Note that with an Ryto value around 150 kQ, the trickle charge pulse width is nearly identical to the top-off pulse
width of 62.5 ms (1/16 of a second for a 1A fast charge current). With Ryt values near 150 kQ, it can be difficult
to tell which state the IC is in (top-off or trickle charge). The best way to tell if the bq2000T is in top-off or trickle
charge is to look at the RC pin when the temperature is between the LTF and HTF. In top-off, the RC pin is
counting and has a sawtooth waveform on it. In trickle charge, there is no timer and the RC pin is at a DC value.

The RC pin contains valuable information in determining what state the bg2000T is in, since it always operates in
one of three modes. If the RC pin is low (around Vgg potential), the IC is in sleep mode. (If the RC pin is low for
brief instants during fast charge, the bg2000T is sampling the TS pin for AT/At). If the RC pin is at some DC
value (usually around 1 V to 2 V), then the IC has paused the timer or the timer is inactive. If the RC pin is a
sawtooth waveform (similar to Figure 15), then the timer is running and the RC pin is considered “active.” Lastly,
the RC pin can be loaded by too large of a C or too small of an R. This sometimes makes the usual sawtooth
waveform look like a triangle waveform on an oscilloscope (the rise time is lengthened), or the RC signal could
have the appearance of being clipped (flat top or bottom). The timer is unreliable under these conditions and the
bg2000T should not be operated in this manner. Table 2 summarizes the different states of the RC pin.

Table 2. RC Pin Status

bg2000T CHARGE STATE TS PIN STATE RC PIN BEHAVIOR
Battery absent N/A 1-V to 2-V DC level
Sleep mode N/A Ground (Vss)
Charge qualification (including battery
conditioning (trickle charge) and charge N/A 1-V to 2-V DC level
suspended)
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Table 2. RC Pin Status (continued)

bg2000T CHARGE STATE TS PIN STATE RC PIN BEHAVIOR
V1s < Vi T1r Active

Fast charge (current and voltage regulation) Vs >V 1f (in battery conditioning state) | 1-V to 2-V DC level (timer is paused and
resumes when V1s < V| 1F)

V1s >V 1F (in trickle maintenance charge | 1-V to 2-V DC level (timer is paused and

state) resumes when V1s < V| 1g)
Top-off charge Vi 1E > V1s > Ve Active
Active (timer is still counting, even though
Vute > V1s > Vrco charging is suspended)
Trickle maintenance charge (after fast charge) | N/A 1-V to 2-V DC level
Charge complete N/A Active

Both top-off and trickle maintenance charge are terminated and the pack never receives any more charge (until a
charge initialization occurs) if the voltage on the BAT pin reaches V\cy. During trickle maintenance charge,
charging is suspended if V15 < Vyre. It resumes when Vg > V1e. The bq2000T is designed to remain in trickle
maintenance charge forever (excluding the two faults just mentioned) in order to keep a Nickel pack full.

Charge Current Control

The bg2000T implements a hysteretic control loop that regulates the current being delivered to the battery pack
to a user programmable value that is set by the value of the Rgyg resistor. A second, outer control loop reduces
the average current delivered to the pack in order to clamp the voltage at the BAT pin to a maximum of Vycy.
The bg2000T controls the MOD pin to regulate the current and voltage of the pack. The bg2000T monitors
charge current at the SNS input by sensing the voltage drop across a sense-resistor, Rgys, in series with the
battery pack. See Figure 8 for a typical current-sensing circuit.

SNS

Vss

bq2000T

-4 Power Supply ground

{7 bg2000T ground and BAT-

Figure 8. Current-Sensing Circuit

Rsns is sized to provide the desired fast-charge current (lyax)-
0.05

Rsns (3)

Imax =

If the voltage at the SNS pin is greater than Vgyg o Or less than Vgygyi, the bg2000T switches the MOD output
high to pass charge current to the battery. When the SNS voltage is less than Vgyg o O greater than Vgysuy, the
bg2000T switches the MOD output low to shut off charging current to the battery. A hysteresis capacitor (Cpys) is
required between the Cyop pin and the SNS pin to add a healthy amount of hysteresis to the current sense
signal. Typical hysteresis values are between 5 mV and 25 mV. The amount of hysteresis can be calculated by
examining the capacitive divider formed by C,ys and C;.

C
Hysteresis (V) = Vo x __HYS
(Chys *+Cf) @
Copyright © 1999-2010, Texas Instruments Incorporated Submit Documentation Feedback 11
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Being a hysteretic controller, the switching frequency of the bq2000T is determined by the values of several of
the external circuit components. The components that affect the switching frequency are: input voltage, Rgys
value, inductor value, hysteresis capacitor value (Cys), and the value of the filter on the current sense signal (R;
and C; values). R; and C; have the most impact on the switching frequency and are also the components that are
easiest to change to adjust the frequency, as they do not affect anything else in the circuit (besides, of course,
the cleanliness and quality of the current sense signal being fed to the bgq2000T). In general, increasing the input
voltage and/or inductor value or decreasing Cnys and/or the R; x C; filter corner frequency increases the
switching frequency. Figure 9 and Figure 10 show empirical data on the variation in switching frequency based
on adjusting R; and C;. This data was taken with an input voltage of 12 V, inductor value of 220 pH, Rgys Value
of 50 mQ, and Cyys value of 4.7 pF. Typical switching frequencies for the bg2000T are between 100 and 200
kHz, though it is possible to achieve switching frequencies in excess of 300 kHz.

180

160

Ry = 748Q
140

120 N

100 SN
~N

©
o

|

fs - Switching Frequency - kHz

H
o

20

0
220 720 1220 1720 2220 2720 3220 3720 4220
Cf'pF

Figure 9. Switching Frequency vs Capacitance

210

190

\ C; = 1000pF
170
150 \

130 N
N

110 ~—
90 —

fs - Switching Frequency - kHz

70

50
200 300 400 500 600 700 800 900 100011001200
Rf-Q

Figure 10. Switching Frequency vs Resistance
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BATTERY VOLTAGE INPUT

As shown in Figure 3, a resistor voltage-divider between the battery pack's positive terminal and Vgg scales the
battery voltage measured at the BAT pin.

For Li-lon battery packs, the resistor values Rg; and Rg, are calculated by the following equation:

Re1 _ [N » VCEl.l_J_1
Rga MCV

®)

where N is the number of cells in series and Vg, is the manufacturer-specified charging voltage. Rg; + Rgs
should be at least 200 kQ and no more than 1 MQ.

A NiCd or NiMH battery pack consisting of N series cells may benefit by the selection of the Rg; value to be N-1
times larger than the Rg, value. This sets the per cell regulation voltage (Vcg ) equal to Vyey. It is critical that
VceLL be set high enough that the nickel pack not reach voltage regulation, thus allowing proper termination by
AT/At. The typical Vg setting for a nickel pack is between 1.7 V and 2 V.

In a mixed-chemistry design, a common voltage-divider is used as long as the maximum charge voltage of the
nickel-based pack is below that of the Li-lon pack. Otherwise, different scaling is required. See Figure 11 for an
example.

Q1 L1
| D4 . R FMMT718
I Q2 47 uH BAT ]
S1A .
D3 :D4C76HF MMBT3904LT1 % D2
MMSD914LT
SD9 L [ zHcs1000
D5 R12
MMSD914LT € 120 Q
c9
R10
1kQ
Q3
VvCC MMBT3904LT1
R6
;2 LCS R11 210 kQ
D6 Rz Tiowr c7 220 O
BZT52-C5V1 ?{/ .
ca 47 pF = ap
0.0022 uF c8 =< SR4 - 10 uF
R1 0.33 uF 12.4 kQ
D1
U1 100 kQ
RED [¥ 1 8
11sNs mop[8
IFTLSS VCC e
SHLED RC[S
BAT TS * THERM |
==C2
bq2000T
0.1 uF a L R5 R9
0.1 uF R8 20ka CHEMISTRY |
6.81 kQ 221 kQ
BAT- ]
R7
200 kQ 'ﬁ

R13
1.1 kQ R3
0.05Q
(be- ¢ n

NOTES: 1. For Li-lon, CHEMISTRY is left floating.
For NiCd/NiMH, CHEMISTRY is tied to BAT-
2. DC input voltage: 9-16V
3. Charge current: 1A
4. L1: 3L Global P/N PKSMD-1005-470K-1A

Figure 11. Single-Cell Li-lon, 3-Cell NiCd/NiMH 1-A Charger
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TEMPERATURE MONITORING

The bg2000T measures the temperature by the voltage at the TS pin. This voltage is typically generated by a
negative-temperature-coefficient thermistor. The bg2000T compares this voltage against its internal threshold
voltages to determine if charging is safe. These thresholds are the following:

» High-temperature cutoff voltage: Vico = 0.225 x V¢ . This voltage corresponds to the maximum temperature
(TCO) at which any charging is allowed. The bg2000T terminates charging if the voltage on the TS pin falls

below Vico.

» High-temperature fault voltage: Ve = 0.25 x V¢ . This voltage corresponds to a maximum allowed pack
temperature (HTF) in all states except for fast charge. During fast charge, HTF faults are disabled to allow for

a normal increase in pack temperature.

* Low-temperature fault voltage: Vg = 0.5 x V¢ . This voltage corresponds to the minimum temperature
(LTF) at which fast charging or top-off is allowed. If the voltage on the TS pin rises above Vg, the bq2000T
suspends either fast charge or top-off and begins a trickle charge. When the voltage falls back below V| g,
fast charge or top-off resumes from the point where suspended. If V15 > V| 1g, the charger is always in trickle

charge.

Table 3 summarizes these various conditions.

Table 3. Temperature-Monitoring Conditions and Actions

TEMPERATURE CONDITION ACTION
During charge qualification, no effect
During fast charge, suspends fast charge and moves into charge
. qualification, pauses timer, and flashes LED
V1s > Vi 1E Cold battery — checked at all times

During top-off, suspends top-off and moves into trickle maintenance
charge and pauses timer

During trickle maintenance charge, no effect

Vit < Vrs < Vite

Optimal charging range

Allows all stages of charging

Hot battery — checked at all times,

During charge qualification, stops charging

During fast charge, no effect

Vs < Vire except during fast charge During top-off, stops charging
During trickle maintenance charge, stops charging
During charge qualification, stops charging
Battery exceeding maximum During fast charge, terminates fast charge and stops charging, turns off
Vs < Vrco allowable temperature — checked at | LED

all times

During top-off, terminates top-off and stops charging

During trickle maintenance charge, stops charging

Table 4. Summary of NiCd or NiMH Charging Characteristics

PARAMETER VALUE®W
Maximum cell voltage (Vycv) 2V
Minimum pre-charge qualification voltage (V gaT) 950 mV
High-temperature cutoff voltage (V1co) 0.225 x Ve
High-temperature fault voltage (VytE) 0.25 x Ve
Low-temperature fault voltage (V_1g) 0.5 x Vee
bg2000T fast-charge maximum time out (MTO) Ryto X Cuto % 35,988
Fast-charge charging current (Iyax) 0.05/Rgns
Hold-off period MTO/32
Top-off charging current (optional) Imax/16
Top-off period (optional) MTO
Trickle-charge frequency 1Hz
Trickle-charge pulse-width See Figure 7

(1) See the DC Thresholds Specification for details.
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Table 5. Summary of Li-lon Charging Characteristics

PARAMETER VALUE®

Maximum cell voltage (Vycv) 2V

Minimum pre-charge qualification voltage (V_gaT) 950 mV

High-temperature cutoff voltage (V1co) 0.225 x Ve

High-temperature fault voltage (Vytr) 0.25 x Ve

Low-temperature fault voltage (V_1g) 0.5 x Ve

2 x Ryto % Cyuro % 35,988

bq2000T fast-charge maximum time out (MTO) (See Maximum Charge Time section for full explanation)

Fast-charge charging current (Iyax) 0.05/Rgns
Hold-off period MTO/32
Minimum current (for fast-charge termination) Ivax/14
Trickle-charge frequency (before fast charge only) 1Hz
Trickle-charge pulse-width (before fast charge only) See Figure 7

(1) See the DC Thresholds Specification for details.

Charge Status Display

The charge status is indicated by open-drain output LED. Table 6 summarizes the display output of the bq2000T.
A temperature fault or timer expiring changes the charge state immediately (according to Figure 2) and thus
changes the LED status immediately and accordingly.

Table 6. Charge Status Display

bg2000T CHARGE STATE LED STATUS
Charge qualification (including battery conditioning and charge suspended) 1-Hz flash
Fast charge (current and voltage regulation) Low

Top-off charge

Trickle maintenance charge (after fast charge)

Charge complete High impedance

Battery absent

Sleep mode

Sleep Mode

The bg2000T features a sleep mode for low power consumption. This mode is enabled when the voltage at the
BAT pin is above the low-power-mode threshold, Vg p. During sleep mode, the bgq2000T shuts down all
unnecessary internal circuits, drives the LED output to high-impedance state, and drives the MOD pin low.
Restoring BAT below the V\cy threshold initiates the IC and starts a fast-charge cycle. Normally, the bq2000T
only enters sleep mode when there is no battery connected on the output and the charger is idling with nothing to
charge. In addition, V|y needs to be high enough such that when V,y is present on the output, Vgar Would be
greater than Vg p. In sleep mode, the output voltage decays to Vycy at which point the bq2000T turns on and
pulses the MOD pin several times. With no battery connected, the output rises to near Vi at which point the
bg2000T re-enters sleep mode. During sleep mode, the RC pin is at Vgg potential. A typical sleep mode
waveform is shown in Figure 18.
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TYPICAL CHARACTERISTICS

CH1 = RC plin, 2V/div

L |

CH2 = MOD pin, 5V/div —+

'CH1=RCpin, 2Vidiv |

CH2 = MOD pin, 5V/div

1 1
CH3 =V}, 5V/div

Voltage -V
Voltage -V

CH3 =V, 5VIdiv

—— CH4 = LED pin, 5V/div —- 3 CH4 = LED pin, 5V/div —- 3
T 4 T la
Time - 0.2s/div Time - 0.2s/div
Figure 12. bq2000T Start-up on Battery Insertion Figure 13. bq2000T Start-up on Vin
T T T T
T CH1 =V, 5Vidiv T
i U O 5 —
© CH1=V, 5wdivh-.*'.J.E. R . -'-""““—--.. . CH2=RC pin, 1V/div. | . E A

T N r 1
I \ T 1)
I 1 N T \

> > \ _ N \

[ é \\.N o

g + = = T g HIIHHHHHHHI__ -

3 CH2 = BAT pin, 1V/div = T

S destae pn v T S CH3 = MOD pin, 5V/div T 2
I 2

Time - 0.5s/div Time - 0.5ms/div
Figure 14. Battery Removal During Fast Charge Figure 15. bq2000T in Fast Charge
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TYPICAL CHARACTERISTICS (continued)

[ T T
CH1 =V, 5Vidiv T I 1
| — _i I
. CH2=RC pin, WVidiv. . | ... ... |.
I . 11 CH1 =SNS pin, 20mV/div. | |
o T
f,.f”";: T F\‘
T T g
> ] T > L mml o A =
g H{HHHHHH“HH g’ IHHII’I’I’F—HHI \f
g T S o L("
S CH3 = MOD pin, 5Vidiv| T 2 S T
T T 3 CH2 = MOD pin, 5V/diy T
_ CH4=TEDpin, Vidiv __ + | 4 \ T ( N ‘ 2
Time - 10ps/div Time - 2us/div
Figure 16. bg2000T in Fast Charge Figure 17. bg2000T Fast Charge SNS and MOD Waveforms
RIS vgrova | Qmﬁ
-iﬁ‘_' L
— 1 s S \\
T 1
>. CH2 = BAT pin, 1VI(;::“‘"‘
o [l + e
o R e AR RN
=
o
> ‘cm =RC pin, 2V/div
T 2
o 3
T 4
CH:|4= MOD pin, 5V/div T
Time - 1s/div
Figure 18. bq2000T Cycling In and Out of Sleep Mode (No battery present)
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REVISION HISTORY

Changes from Original (January 1999) to Revision 1 Page
¢ Changed the device status From: Preliminary TO: FINAl ........c..ooiiiiiiiiiiii et e e et e e e e e s earaee s 1
LI Yo [0 [=To IS e= 1 (=30 [ =To | ir= Yo o PR ERP SR 4

e Changed minimum current termination From: 1490 TO: 790 .....cceiiiiiiiireeiiiiiiiee et e e sreee e e e s sereee e e s sntaeaeeeennnes 9
¢ Changed capacitor value for enabling top-off From: 0.13 PF T0: 0.26 HF ...coiiuiiiiiiieiiiieeeieee e 9
I O o =Yg To T=To I T U= 0t PR UUUPRRPN 13
LI 1 0 F= g T T= o B O PSP PP PP OPPPPTRPPRPN 14
I O =T g T 1= To YRR STPPPPRRNt 14
L O =T g Vo T=To Y e PR SUPUPRRTN 14
Changes from Revision 1 (May 1999) to Revision 2 Page
¢ Changed minimum current (for fast-charge termination) From: lyax/7 TO: Iyax/14 .eveeeeeiiiiiiiieiiiiies e 15
Changes from Revision 2 (February 2000) to Revision 3 Page
e Changed ordering INFOMMALION ...........uiiiiiiieii et e et e et e e e b et e e e s bt e ettt e bb e e e e ab e e e ebbe e e nab e e e s breeeanneeennnes 1
¢ Changed Figure 1 - connection added between TS and ADC and connection deleted between BAT and ADC ................ 3
¢ Changed Figure 2 - battery temperature From: (checked at all times) To: (sampled every 16 seconds for AT/At) ............ 4
Changes from Revision 3 (February 2001) to Revision 4 Page
¢ Changed resistor value From: 15 KQ T0: 250 KO .....uiiiiiiiiiiiiee ettt e e et e e e s ettt e e e e et e e e e e e e aata e e e e e s ssraeeas 9
Changes from Revision 4 (January 2008) to Revision D Page
e Changed the data Sheet tNFOUGNOUL ...........oiuiiiiii ettt e s e e st e nbb e e s br e e ebne e e nnnees 1
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
BQ2000TPN-B5 ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
BQ2000TPW ACTIVE TSSOP PW 8 150 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)
BQ2000TPWG4 ACTIVE TSSOP PW 8 150 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)
BQ2000TPWR ACTIVE TSSOP PW 8 2000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)
BQ2000TPWRG4 ACTIVE TSSOP PW 8 2000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
BQ2000TSN-B5 ACTIVE SOIC D 8 75 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
BQ2000TSN-B5G4 ACTIVE SOIC D 8 75 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
BQ2000TSN-B5TR ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
BQ2000TSN-B5TRG4 ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

@ 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI 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 TI
to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
* —» =K e— P1—
% { I
iy’
& & & || 8o
x | l
A T {
Cavity (€ A0 P,
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v w Overall width of the carrier tape
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
BQ2000TPWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
BQ2000TSN-B5TR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ2000TPWR TSSOP PW 8 2000 367.0 367.0 35.0
BQ2000TSN-B5TR SoIC D 8 2500 367.0 367.0 35.0
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NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
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Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.
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Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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LAND PATTERN DATA
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NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA
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NOTES:

A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0,15 each side.
Body width does not include interlead flash.

E. Falls within JEDEC MO-153

Dimensioning and tolerancing per ASME Y14.5M-1994.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and Tl will not be responsible for any failure of such
components to meet such requirements.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com

www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

TI E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

Wwww.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
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