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Introduction

Analog Applications Journal is a collection of analog application articles
designed to give readers a basic understanding of TI products and to provide
simple but practical examples for typical applications. Written not only for
design engineers but also for engineering managers, technicians, system
designers and marketing and sales personnel, the book emphasizes general
application concepts over lengthy mathematical analyses.

These applications are not intended as “how-to” instructions for specific
circuits but as examples of how devices could be used to solve specific design
requirements. Readers will find tutorial information as well as practical
engineering solutions on components from the following categories:

e Data Acquisition

e Power Management

e Interface (Data Transmission)

Where applicable, readers will also find software routines and program
structures. Finally, Analog Applications Journal includes helpful hints and
rules of thumb to guide readers in preparing for their design.

High-Performance Analog Products www.ti.com/aaj; 40 2006 Analog Applications Journal
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Data Acquisition

Clamp function of high-speed ADC THS1041

By Hui-Qing Liu (Email: liu_hui-ging@ti.com)
Applications Engineer, High-Speed ADC

Introduction

The THS1041 from Texas Instruments (TI) is a 10-bit,
40-MSPS, CMOS high-speed analog-to-digital converter
(ADC). It has many good features, including a single 3-V
supply, low power, a flexible input configuration, a built-in
programmable gain amplifier (PGA), and a built-in clamp
function. Because of these features, especially the built-in
clamp function, the THS1041 has been used in various
applications for many years. The clamp function enables
the device to generate and output a buffered dc voltage
for flexible ADC applications—for example, to provide a
common-mode voltage for the ADC or to allow dc restora-
tion on an ac-coupled video signal at the ADC analog input.
This function can be enabled or disabled. As shown in
Figure 1, the THS1041 clamp function consists of an on-chip
digital-to-analog converter (DAC), logic control, a clamp
input, a buffer, and a clamp output. The clamp output can
be a continuous or interrupted dc signal depending on
whether its Clamp pin receives a dc or pulse signal from an
external source. When this interrupted dc signal is applied
to the ADC single-ended (SE) input circuit to provide
common-mode voltage, the dc stability at the ADC analog
input becomes a concern. Some users have questioned dc
stability when the clamp function and SE input configura-
tion are applied at the same time. This article presents
some test data that explains how the dc voltage behaves in

Figure 1. THS1041 clamp function block diagram

this kind of application condition and how to get the best
ADC performance when the clamp function is on.

Clamp function

Figure 1 shows that the THS1041 clamp function is imple-
mented by setting four pins—Clampin, Clampout, Clamp,
and Mode—as well as the device internal registers. With
on-chip DAC, digital data from the THS1041 internal regis-
ter written by data bus b0 to b9 can be converted into an
analog dc voltage. This dc voltage is then buffered and
output to Clampout through internal switches. The internal
switch between the buffer and DAC can be on or off
depending on how the register is set. The DAC can provide
different dc voltages with a range between reference volt-
ages REFT and REFB for different application needs.
Setting different voltage levels at the Mode pin permits
the input of the internal buffer to also simply be connected
to an internal fixed dc voltage or to Clampin for an external
dc voltage input. The Clampout pin can be connected to
or disconnected from the buffer output of the clamp func-
tion by controlling either the dc or the pulse signal on the
Clamp pin. The THS1041 clamp function can be on with
an ADC differential input or SE input configuration. Its
output from Clampout can be connected to both analog
inputs, AIN+ and AIN-, to provide common-mode voltage,
or to only one of them for other applications.

Ii‘_WR
i Logic |, 1/0 Bits
GENTD= l Control | 0to9
Clampout «—o—_ 0o 4@ o~ lo— DAC
i i
1 1
1 1
1 1
i i
| > Switch Switch »
Clamp Control Control L)
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Figure 2 shows a fundamental configuration of the
THS1041 with the clamp function at the SE input. Setting
Mode as AV},,/2 puts the device in an internal reference
mode; and dc voltage at Clampout is from Clampin, not an
internal DAC. The output of the clamp function, Clampout,
is connected to AIN+ and also to a capacitor C2 through a
small resistor R for a clamp pulse control application.!
Capacitor C2 is used to hold dc voltage when Clampout is
disconnected internally during the clamp pulse interval. It
is also used to couple ac signals from the source to AIN+.
Another ADC analog input, AIN—, is connected to an
external dc source and should have the same dc voltage
as AIN+ for normal operation. The Clamp pin controls the
internal switch between Clampout and the buffer output.
When Clamp is logic high, Clampout is internally connected
to the buffer output; and when Clamp is logic low, Clampout
is disconnected from the buffer output.

Testing dc behavior with clamp dc control

Clamp dc control means adding a dc signal at the Clamp
pin to control the Clampout pin’s access to the internal
buffer. To see dc behavior at AIN+ and AIN- when the
clamp function is on, two different dc voltages are added to
AIN+ and AIN-, and the logic level at Clamp is controlled
manually. Based on the configuration in Figure 2, V2 is set
at 1.5 V at Clampin, V1 is set at 1 V at AIN—, C2 is 0.6 pF,
and R is 10 Q. No ac signal is added to analog input AIN+
in this case. The ADC clock is running at 40 MHz. When
Clamp is manually set to logic high (3 VDC), the AIN+ is
stable at 1.5 V; and when Clamp is set to logic low (0 VDC),
the AIN+ is stable at 1 V. In other words, when the Clamp
pin is logic high, the voltage at AIN+ is driven by an inter-
nal buffer; and when the Clamp pin is logic low, AIN+ is
disconnected from the buffer and its voltage drifts toward
the voltage at AIN-. On the other hand, if AIN- is floating,

Figure 2. A clamp-mode configuration of THS1041
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then the voltage at AIN- follows the voltage at AIN+. The
dc voltages at AIN+ and AIN- drift toward each other
after their voltage sources are disconnected. This is
because significant charge or discharge occurs internally
between the sampling capacitors in the ADC’s sample-and-
hold circuit during the hold phases after many clock cycles.
The test data is shown in Tables 1 and 2.

The test data in Tables 1 and 2, measured when the
ADC clock was active, shows that disconnecting the analog
input pins from the source makes their dc voltages affect
each other. When the ADC clock is not running, the dc

Table 1. Analog input dc voltage when clock is active and AIN-
is connected to dc supply

Clampin AIN- AIN:+ (charged
or discharged
. (connected (connected
Clamp Logic based on
to dc supply) to dc supply) .
) ) Clamp logic)
(v)
Low 15 1 1
High 15 1 15
Low 15 1 1

Table 2. Analog input dc voltage when clock is active and AIN-

is floating
Clampin AIN- AIN+ {charged
or discharged
. (connected (charged or
Clamp Logic . based on
to dc supply) discharged) .
W) V) Clamp logic)
V)
Low 1.5 0 0
High 15 15 15
Low 15 0 0

DC Supply V1 AIN-| ------------mmmmmmmmm oo ,
[ > I I
i i
1 1
i i
cr_é AIN*L E ADC Core i
i i
50 Q ; i
1 1
. |
,7-4—WR
DC Supply V2 Clampirl Logic |, 1/0 Bits
g l Control 0to9
CIampouE
T = 00— 0 " lo—— DAC
1 1 1
c3=— i ;
0 i i
\V : :
EDTTD ETTED | | switch Switch «Mode = VoD
Clamp Control Control N 2
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voltages at AIN+ and AIN- don’t affect each other (see
Tables 3 and 4). In addition, whether or not capacitor C2
is used does not affect the dc voltage test result but does
affect the transition time of the voltage change at AIN+.

Table 3. Analog input dc voltage when clock is not active

Clampin an- | AN (charged
or discharged
. (connected (connected
Clamp Logic based on
to dc supply) | to dc supply) .
V) ) Clamp logic)
(V)
Low 1.5 1 0
High 15 1 15
Low 1.5 1 0*

*Discharge slowly

Table 4. Analog input dc voltage when clock is not active and

AIN- is floating
Clampin AIN- AIN+
Clamp Logic (connected ((_zharged or ((_:harged or
to dc supply) discharged) discharged)
(v) (v) (v)
Low 1.5 0 0
High 15 0 15
Low 15 0 0%

*Discharge slowly

Testing dc behavior with clamp pulse control

Clamp pulse control means adding a pulse signal at the
Clamp pin to control the Clampout pin’s access to the
internal buffer. To observe dc behavior at the THS1041
analog input, a pulse signal instead of a dc signal is added
to the Clamp pin with a frequency of 16 kHz and a duty
cycle of 6% (see Figure 2). Similar to the previous test, a
fixed dc voltage of 1 V from a well decoupled supply is
added to Clampin, and a variable dc voltage is added to
AIN-. In this case, AIN+ is driven to 1 V by the internal
buffer during the clamp pulse and is well maintained at
that level by capacitor C2 during the clamp pulse interval
when AIN-is 1 V. The capacitance C2 must be large enough
and the clamp pulse interval short enough to keep the dc
voltage at AIN+ the same level as the dc voltage at Clampin.!
However, the dc signal will be distorted if the dc offset at
AIN- is set differently from AIN+. As mentioned earlier,
the dc voltages at the analog input pins can drift when one
pin or the other is floating. The test with clamp pulse con-
trol further proves this statement. The dc drift appears as
a voltage spike when a pulse is applied to the Clamp pin,
and this is observed by oscilloscope as shown in Figure 3.
The spike periodically appears at AIN+ at clamp pulse
frequency, and its amplitude increases as the dc voltage
difference between the analog input pins increases. The
test data shows that when Clampin is connected to a 1-V

Analog Applications Journal 40 2006
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Figure 3. Spikes can appear at AIN+ with dc
voltage on AIN—

e TN NN

AIN-t 0.5 VDG —— A \ \
o \ )| \ \

supply and AIN-is connected to a 0.5-V supply, the dc
measurement at AIN+ is 1 V during the clamp pulse logic
high and low. The ac measurement at AIN+ is a positive
spike at about 20 mV and appears when the clamp pulse
transitions from low to high. When AIN-is connected to a
1.5-V supply and Clampin is still connected to a 1-V supply,
the dc measurement at AIN+ is 1 V. The ac measurement
at AIN+ is a negative spike at about 30 mV and appears
when the clamp pulse transitions from low to high. When
AIN- is connected to a 1-V supply, the same as the dc
voltage at AIN+, the spike disappears and the 1-V dc
voltage at AIN+ is smooth and stable.

Further testing shows that the spike gets smaller when
the duty cycle of the clamp pulse goes higher. Adding a
capacitor C3 at the Clampout pin will significantly limit
the spike.

THS1041 ac performance with clamp pulse control

The spike at analog input AIN+ can degrade the ac
performance of the THS1041 (see Figures 4 and 5 and
Table 5). Figures 4 and 5 are FFT plots of the THS1041
with clamp pulse control and different dc voltage conditions
on the analog input pins. The FFT plots are generated
from a Labview FFT program based on the data captured
from the THS1041 EVM by an HP1600 logic analyzer. The
test signal at the analog input of the EVM is a 2.2-MHz sine
wave with an amplitude of 20 dBFS (20 dB below the
ADC’s full scale). It is generated from an HP8644 sine-wave
generator and received by the SE input of the THS1041
through an onboard transformer. (Detailed settings of the
EVM board for this test are described later in this article.)
A pulse generator triggered by the HP8644 is running the
THS1041 input clock at 40 MHz. The clamp pulse is gener-
ated from a pulse generator with a frequency of 15.6 kHz
and a 50% duty cycle.

In time domain the spike appears periodically at clamp
pulse frequency as shown in Figure 3. In frequency domain
the spike appears at 15.6 kHz (the low end of the frequency
axis) on the FF'T. When the dc voltage difference at the
analog input pins is 0.5 V (AIN+is 1 V and AIN-is 0.5 V),
the spike at 15.6 kHz is —-67 dBF'S, the largest spike in the
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FFT (see Figure 4). This spike is much higher than any
harmonic on the FFT and contributes to the spurious-free
dynamic range (SFDR) with a low value. When the dc
voltage difference is zero (AIN+ and AIN- are 1 V), the
spike at the same frequency is —-82 dBF'S, a 15-dB
improvement (see Figure 5). This spike is lower than the

second and third harmonics and lower than the total har-
monic distortion (THD).

Figures 4 and 5 show that with the dc voltage difference
between AIN+ and AIN- increasing to a certain degree,
the SFDR decreases and could be significantly worse than
the THD if the input analog signal was small. This would

Figure 4. FFT of THS1041 in clamp mode with 0.5-VDC difference
between analog input pins
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Figure 5. FFT of THS1041 in clamp mode with 0-VDC difference
between analog input pins
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be especially true if the decoupling capacitance C3 at
Clampout (see Figure 2) was not large enough. Based on
these test results, a further test was conducted with a
different decoupling capacitance at Clampout. With an
analog input amplitude of -21 dBF'S (21 dB below the 2-V
full-scale input of the THS1041), a C3 value of 0.4 pF, and
a dc voltage difference between AIN+ and AIN- of 0.5V,
the SFDR is about 16 dB worse than the THD. At the
same value of C3, the SFDR is 3 dB worse than the THD
when the dc voltage difference between AIN+ and AIN- is
decreased to 0 V. If C3 is increased to 1.4 pF, the overall
ac performance—including the SFDR, THD, and signal-to-
noise ratio (SNR)—improves significantly. In this case the
SFDR is about 5 dB better than the THD when the dc volt-
age difference between AIN+ and AIN- is zero, and about
6 dB worse than the THD when the dc voltage difference
is 0.5 V. The test data is shown in Table 5.

Table 5. THS1041 ac performance with different C3 values and
different dc voltages at AIN- (clamp pulse is on and
analog input is —21 dBFS)

SFDR Relative to THD SFDR Relative to THD
AIN+ | AIN- (C3 =0.4 pF) (C3 =1.4 pF)
(V) (V) (dB) (dB)
1 0.5 -16 -6
1 1 -3 5
1 1.5 -17 -5

The test data shows that the dc voltage differences
between AIN+ and AIN- cause not only a spike at the
analog input but also early output saturation, therefore
decreasing the maximum analog input amplitude. For
example, when the dc voltage difference between AIN+
and AIN-1is 0.5 V with AIN+ at 1 V, the maximum analog
input amplitude has to be 20 dB below full scale to avoid
output saturation. When the dc voltage difference is 0.3 V
with AIN+ at 1 V, the maximum analog input amplitude is
3.5 dB below full scale. So the dc voltage at AIN+ and
AIN- should be the same in order to maintain the best ac
performance and the specified maximum input amplitude.

The test data also shows that with the loss of maximum
analog input amplitude, the THS1041 seems able to tolerate
small dc voltage differences between AIN+ and AIN- to
maintain the specified ac performance (see Table 6). In this
test, the analog input sine wave is 2.2 MHz with 1.4 V peak
to peak, 3.5 dB below the full scale of the THS1041. The
sampling rate is 40 MHz, the clamp pulse is 16 kHz with a
6% duty cycle, and the dc voltage difference at the analog

Table 6. THS1041 ac performance with SE input, clamp
pulse control, and dc voltage difference of 0.3 V
at analog input

Data Acquisition

input is 0.3 V (AIN+is 1 V and AIN-is 0.7 V). In this case,
the ac performance is still within the specification, with
SNR at 59 dBF'S, SFDR at 70 dBc, and THD at 64 dBc.

Test setup conditions

This ac performance test was based on the THS1041 EVM
board. The EVM schematic is shown in Reference 2. The
basic SE configuration of the EVM is similar to that of
Figure 2. C2is 0.6 pF, C3 is 1.4 pF, and the dc source at
AIN- is well decoupled from a 3.3-V supply. On the EVM
board, pin 1 of T1 (transformer) is open for SE input, and
J2 is the analog input. The jumpers for pins 1 to 2 are on
at W1 and W2, the jumper for pins 1 to 2 is off at SJP6,
and the jumpers for pins 1 to 2 are on at SJP2 and SJP1.

Conclusion

To maintain the maximum input range and best ac perform-
ance of the THS1041, the common-mode voltages added
to analog inputs AIN+ and AIN- should meet the require-
ment in the datasheet, and the dc voltage added to AIN—
should be the same as the dc voltage at AIN+ with an SE
input configuration. Adding different dc voltages to AIN+
and AIN- can cause a spike at the analog input when the
clamp function is on and a pulse signal is applied to Clamp.
The higher the dc voltage difference between analog inputs
AIN+ and AIN-, the larger the spike. The spike also gets
worse if the duty cycle of the clamp pulse is decreased.
This is because the dc voltages at AIN+ and AIN- drift
toward each other after their external voltage sources are
disconnected. In this case the charge or discharge occurs
internally between the sampling capacitors in the ADC’s
sample-and-hold circuit during the hold phases. The dc
voltage difference between AIN+ and AIN- also causes
early output saturation and degrades the maximum analog
input amplitude, so the difference should be limited.
Increasing decoupling capacitance at Clampout will mini-
mize the spike, increase dc voltage difference tolerance at
the analog input, and improve overall THS1041 ac perform-
ance. This conclusion is based on the THS1041 bench test.
The observation and test method in this article are also
helpful for other high-speed ADCs.
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A 3-A, 1.2-V;; linear regulator with
80% efficiency and P <1W

By Jeff Falin (Email: j-falini@ti.com)
HPA Portable Power Applications

Introduction

Using linear regulators for higher-current (>1-A), low-
output voltage applications has been a challenge for many
years due to the regulator’s dropout requirements, related
inefficiency, cumbersome output capacitor requirements
for stability, and large inrush currents at startup. The
Texas Instruments (TI) dual input rail TPS74x01 solves
these problems.

Linear regulator topology review

The primary drawback of linear regulators for higher-
current applications is their low efficiency, computed as
Vour/ Vin- The power lost (P qp) in a linear regulator,
computed as

1— VOUT
IN

must be dissipated by its package. The TO-263 or D2PAK
package is the largest surface-mount package in which
linear regulators are available. Without additional airflow,
its maximum power dissipation capability is approximately
2.75 W (assuming it is soldered to a large copper plane for
heat sinking). Many higher-current, “low-dropout” linear
regulators with PMOS pass elements have minimum input
voltages of 2.5 to 2.7 V, not only to power the internal

x Py = (Vin = Vour) X Iour

LDO drive circuitry but also to drive the PMOS FET hard
enough to provide higher output currents.

Therefore, using many PMOS-pass-element-based linear
regulators for output voltages below 1.8 V and output
currents above 2.5 A is cumbersome and costly due to the
additional airflow and/or external heat sinking required to
dissipate the heat generated by the regulator.

Since NMOS FETs have inherently lower rpg ) than
similarly current-rated PMOS FETs, an NMOS FET pass
element needs less Vi — Viyyyp drop to provide the same
current. However, the source-follower configuration of the
NMOS-based regulator requires that the gate of the FET
be at least a threshold voltage drop (typically 1 V) above
the output voltage. The regulator needs either an internal
charge pump to provide a higher gate-drive voltage or,
more simply, a second low-power input rail from an exist-
ing 5-V or 3.3-V bias supply. This is the reasoning behind
the development of the dual-rail, NMOS-pass-element-
based TPS74x01 family of linear regulators.

Dropout

As shown in Figure 1, the TPS74x01 regulators have two
input voltages, one providing the low-current bias voltage
to power the internal circuitry that controls the NMOS
pass device and one as a second power input. Since all the

Figure 1. Block diagram of the TPS74201 and TPS74401
linear regulators

Current out
IN Limit 1¥v T Vour
BIAS { UVLO '—
Thermal % R1
Dorsum o
SS [
+
Soft-Start A1
Discharge I_ PY i
—_
- PG
0.8-V —
Reference ,J_ % R2
Hysteresis — }
EN T and *
Deglitch 9 0.9 x Vpgr
[
GND
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internal circuits run off the
higher BIAS input, the device
is capable of achieving regula-

Figure 2. Load transient response with various output capacitors

Power Management

tion from a low-voltage input

supply. In fact, the power Cour =2 x 470 pF (OSCON)
input, IN, is limited only by the 50 mV/div \/_—‘u-_/\
output voltage and dropout of Coyr = 100-pF Ceramic i

the device. 50 mV/dlv
There are two different spec- C. = 10-uF Cerami V ’\
ifications for dropout voltage 50 mV/div our = T7-HF Leramic :

with the TPS74x01. The first is
referred to as V},; dropout and
is for users who wish to apply

an external bias voltage to Cour =0 pF

achieve low dropout. This spec- 50 mV/div
ification assumes that Vg, is

at least 1.62 V above Vi Such
an application might be a low-
ripple, 1.2-V, 3-A power rail for 2 A/div
an FPGA transceiver where Vi

1A/ps
Ny -+ ‘
100 mA :

L

and Vi, are provided by 1.5-V e
and 3.3-V switching supplies,
respectively. In this configura-

1
LUSLI B N B N N B N R S N S B R N N R N

0 ps/div)

Il
LU I B N B S |

Time (5

tion, the 3 X 3-mm QFN pack-
age, which is capable of dissi-
pating 1.9 W at 55°C, needs to dissipate only

(15V-12V)x3A=09W,

thereby achieving 1.2 V/1.56 'V = 80% efficiency.

The second specification is referred to as V5, dropout
and is for users who wish to tie the IN and BIAS pins
together. This allows the device to be used in applications
where an auxiliary bias voltage is not available or low drop-
out is not required. Dropout is limited by BIAS in these
applications because Vg;,o provides the gate drive to the
pass FET and therefore must be 1.4 V above Viy;p.. For
example, the TPS74201 can provide a 3.3-V, 1.0-A soft-
starting supply (discussed later) from a 5-V rail with
3.3 V/5V = 66% efficiency and can dissipate

BV-33V)x1.0A=17W.

Stability and transient response

Until recently, linear regulator loop stability presented a
challenge to analog IC designers because one of the control-
loop poles, created by the output capacitor and the imped-
ance at the load, varies in frequency location based on the
output current. Regulators with the NMOS pass element in
source-follower configuration have always been slightly
easier to compensate because their output impedances are
lower than similarly rated PMOS regulators in common-
source configurations. This means that the NMOS regulator’s
moving pole is higher in frequency than the comparably
rated PMOS counterpart and so is further away from the
internal error amplifier’s pole(s). Older methods of ensuring
stability were either to roll off the control-loop response at
low frequency, thereby killing transient response, or to
counteract the moving pole with a zero created by an out-
put capacitor with a certain amount of equivalent series

resistance (ESR). Using a patented feedback control topol-
ogy, the TPS74x01 family, configured with Vi, ¢ = 3.3V,
Vi = 1.8 Vaand Vi = 1.5V, achieves fast transient response
times (see Figure 2) with no output capacitors but is still
stable with larger capacitors having ESR. The absence of
output voltage ringing after the load transient shows that
the regulator is very stable with no output capacitance.
Since the TPS74x01 family is stable with no output
capacitor but has such fast transient response, local bypass
capacitance for the device under power may be sufficient
to meet the transient requirements of many FPGAs and
DSPs. This reduces total solution cost by eliminating the
need to have multiple bulk capacitors for the power rail.

Soft start and sequencing

Many older linear regulators start up fast because the feed-
back loop senses the low output voltage and turns on the
pass FET hard. For some applications, fast startup is
required; however, such fast turn-on causes large inrush
currents, up to the current-limit rating of the device, to
charge output capacitors. These large currents may pull
down the input power bus and cause system-level problems.
To achieve a linear and monotonic soft start that reduces
peak inrush current during startup and minimizes startup
transients seen by the input power bus, the TPS74201 and
TPS74401 error amplifiers track the voltage ramp of the
external soft-start capacitor until its voltage exceeds the
internal reference. The soft-start ramp time is dependent
on the soft-start charging current (Igg), soft-start capaci-
tance (Cqq), and the internal reference voltage (Vppp)- It
can be calculated with

_ Veer XCgg

tss
Isg
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Note that since the soft start is voltage-controlled, the
startup is not dependent on the output load.

Instead of an SS pin, the TPS74301 version has a TRACK
pin. As summarized in Figure 3, with the center tap of a
resistor divider from an external supply connected to
TRACK, the TPS74301’s output voltage will track the
external supply until the TRACK voltage reaches 0.8 V.
This feature can be used to implement simultaneous or
ratiometric sequencing. It is useful for minimizing the
stress on ESD structures that are present between the
Core and I/O power pins of many processors and/or for
managing integrated power-on reset circuitry. All members
of the TPS74x01 family facilitate implementation of sequen-
tial sequencing by tying the integrated PG signal to the EN
pin of a following supply.

Conclusion

With a dual input rail and low dropout voltage, the TPS74x01
family has made linear regulators more appealing than
switching regulators, reducing board size and cost and
providing comparable efficiency for powering many lower-
voltage, higher-output-current power rails. The family’s
additional features—including controllable soft starting,
tracking, and integrated PG—manage start-up problems
that have plagued linear regulators in the past. Add in

Texas Instruments Incorporated

the fast transient response, which minimizes the total
number of output capacitors, and you have a nearly ideal
dc/dc converter.
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hq25012 single-chip, Li-ion charger and
dc/dc converter for Bluetooth® headsets

By Lingyin Zhao (Email: Izhao@ti.com)
Application Engineer, Portable Power Management

Introduction

Highly integrated charger and dc/dc converter ICs have
become more and more desirable as portable power man-
agement technology continues to advance. These ICs not
only support size reduction of portable devices but also
incorporate more functionality and enhance performance
in diagnostics, monitoring, control, and protection.

As an example, a typical Bluetooth headset needs a
rechargeable battery (and thus a battery charger) and a
1.8-V dc/dc converter to power the core chip. With small
size, light weight, and low cost being the major concerns,
the bg25012 is an ideal solution for this application. A single-
chip 3.5 x 4.5-mm QFN package incorporates a linear
charger with dual inputs for both the ac adapter and the
USB, and a dc/dc converter with integrated FETs saves
board space and reduces system design time. Figure 1
shows a typical application circuit with a 1.8-V, 100-mA
power converter and a 500-mA linear battery charger
using the bg25012.

Single-cell, Li-ion battery charger

The bg25012 offers an integrated power MOSFET and
charge controller with programmable charge current up
to 500 mA for single-cell, Li-ion battery applications. It

Figure 1. bq25012 application circuit

charges the battery and powers the system from either
the ac adapter or the USB with autonomous power-source
selection. When the V., supply is removed, the bq2501x
automatically enters sleep mode with reverse blocking
protection to extend the battery runtime.

The bg25012 charges the battery in three phases with
high-accuracy current and voltage regulation: precharge,
constant current, and constant voltage. Charging is termi-
nated based on minimum current. An internal charge timer
provides an additional safety feature for charge termina-
tion. The bg2501x automatically recharges the battery if
the battery voltage falls below an internal voltage thresh-
old, which is 100 mV below the voltage regulation point.

The STAT1 and STATZ open-drain outputs indicate
various charger and battery conditions, while the PG pin
indicates whether the ac adapter is present. The digital input
(@) is used to enable and disable the charging process.

High-efficiency dc/dc converter

The high-efficiency, synchronous switching dc/dc converter
with integrated power MOSFETSs is capable of supplying up
to 1560 mA. The bg25012 has fixed dc/dc converter output
voltage at 1.8 V, while the bq25010 has adjustable output
from 0.7 to 4.2 V. They use the battery voltage, Vg ,p, &

their input. The synchronous pulse width modulation (PWM)

bg25012
Adapter q L:22pH 1.8V, 100 mA
AC sw
SB T T COUT
D - usB FB I 47 uF
l J_ R1: 10 kQ
C1 Cc2
Vss EN
10 HFII10 uF o P
= = vss CE Current:
AT FPWM 500 mA
R2:2kQ 77 = | _ = Vear
WA ‘; AC_ " 1pG BAT/OUT e
R3:2kQ  ch L Ieu
o =219€ | STAT1 ISET1 ) uF == Lon
R 2k 7 attery
YWW— one STAT2 ISET2
RSET1
1.62 kQ
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controller operates at 1 MHz, minimizing the size of the
filter inductor and capacitor. The undervoltage lockout
circuit prevents the converter from turning on the switch
or rectifier MOSFET at low input voltages or under
undefined conditions.

During PWM operation, the converter uses a unique,
fast-response voltage-mode-controller scheme with input
voltage feedforward to achieve good line and load regula-
tion, allowing the use of small ceramic input and output
capacitors. As the load current decreases, the converter
enters power-save, or pulse frequency modulation (PFM),
mode. In this mode the converter operates with reduced
switching frequency and with a minimum quiescent current
to maintain high efficiency. However, in cases when PFM
is not desirable, driving the forced PWM pin high overrides
power-save mode and forces the dc/dc converter to remain
in the PWM mode.

Figure 2 shows measured dc/dc converter efficiency
when the bg25012 EVM is used.

Design example

Requirements

Adapter voltage: 5V

Battery pack: Single Li-ion, 1800 mAH
Battery regulation voltage: 4.2 V

Fast-charge current: 500 mA

Precharge and termination current: 50 mA
dc/dc converter output voltage: 1.8 V/100 mA

Determine the inductor L
Given 40% ripple current, the inductance when

Vin = VBAT max @ Viy = Vear pin 18

_ Vearmax—Vour  Vour 1 _ .. uH

AIL VBAT_ max fS

Select L = 22 pH.

The inductor saturation current should be larger than
the peak current to prevent inductor saturation. Select the
Taiyo Yuden LBC2016T220M inductor (22 pH, 165 mA,
0806).

L

Determine the output capacitor C;

To achieve optimum loop stability, the resonant frequency
f,, composed of the inductor and output capacitor of the
dc/dc converter, is approximately 16 kHz.

1

———— =45x10"%(farads)
(2nty)’L

Cour =

Select a 4.7-pF, 6.3-V, 0603 ceramic capacitor.

Determine current setting resistor Rgpr,
With Vgpr = 2.5 Vand Kgpp = 320 V/A,

SET

R =
SET1
IFast—charge 0.5

Select 1%, 1.62-kQ resistors.

=16 kQ.
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Figure 2. Efficiency vs. I
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(b) Forced PWM (Vy;; =18V, T = 22°C)

Determine USB charge current

The ISET2 pin determines the charge current for the USB
port (high = 500 mA, low = 100 mA, high-Z = disable USB
charge).

Conclusion

The bg25012 fully integrates a single-cell Li-ion battery
linear charger up to 500 mA and a high-efficiency, 1-MHz,
synchronous switching step-down dc/dc converter. The
small size, high efficiency, and easy design make this a
simple and versatile IC to use for many portable power
applications such as Bluetooth headsets and MP3 players.

Related Web sites

power.ti.cony
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Fully integrated TPS6300x buck-boost
converter extends Li-ion battery life

By Bill Johns (Email: w-johns2@ti.com)
HPA Portable Power Applications

Introduction

For portable power applications to take advan-
tage of the small size and high energy density of
modern battery technology, they must operate

Figure 1. TPS63001 efficiency at 1.8 to 5.5 V with
320-mA load (VOUT =33V)

efficiently over the full battery-discharge voltage 100

range. This presents a design challenge for Li-ion- 95 et e e AAaa, -
powered systems requiring a 3.3-V bus. While 90 anl

standard buck converters excel at efficiently ”y‘

converting a 4.2- to 3.0-V Li-ion battery to lower g £ v

output voltages such as 1.8 V, and standard boost 2 80

converters efficiently convert a Li-ion battery to 3 75

higher output voltages such as 5 V, neither pro- é’

vides an optimal solution for generating the ever- ui 70

present 3.3-V bus. Topologies such as the SEPIC 65

and traditional buck-boost utilize the full battery 60

capacity but suffer from drawbacks such as low

efficiency, high cost, increased board area, and 35

high part count. The TPS6300x, available in three 50

configurations, can solve many of these problems. 1.5 20 25 30 35 40 45 50 55
The TPS63000 has an adjustable output from Vin (V)

1.2 Vto 5.5 V. The TPS63001 and TPS63002

outputs are fixed at 3.3 V and 5.0 V, respectively.

All are available in the space-saving 10-pin QFN

(DRC) package. buck and boost functions into a single 3 x 3-mm QFN
package, including switching FETs, compensation, and

TPS63001 protection features. Only three external parts are required
The Texas Instruments TPS63001 efficiently converts the for operation: input and output capacitors and an inductor.
Li-ion input to a 3.3-V bus with minimized part count, The converter operates with a peak efficiency of 96% (see
small board area, and reduced cost. It integrates both Figure 1). With a peak output current of 800 mA, it delivers

enough current to power most
portable loads. A wide input volt-

Figure 2. Typical application circuit age range of 1.8 to 5.5 V allows
operation with many popular power

L1 sources such as dual- and triple-
A cell alkaline and NiMH batteries
el J as well as 3.3- and 5-V buses.
L | TPS63001 Figure 2 shows a typical 3.3-V
L1 L2 supply that could be powered by
v ~ VIN VouT - . a single Li-ion battery. A switch-
0 5.5'\'; l l 3%‘1\}' ing frequency of 1.5 MHz .allows
c1 VINA c2 the use of a small 2.2-11H inductor
10 pF EN 10 uF and small 0603-sized ceramic
FB input and output capacitors. High
—| PSISYNC efficiency combined with a low
g GND PGND jﬁ
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external part count reduces the total solution size to only
6 x 6 mm (see Figure 3).

Advanced control topology maximizes efficiency
The TPS6300x is based on the standard H-bridge buck-
boost power stage shown in Figure 4. It contains both
buck and boost switching-FETs configurations that are
connected to a single inductor. Unlike a standard buck-
boost mode that continuously switches all four FETs
simultaneously, the TPS6300x utilizes a proprietary
modulator design that switches only two FETs at a time.
This control scheme significantly reduces unnecessary
switching losses. The TPS6300x also reduces power loss
by operating in the more efficient buck or boost mode
rather than the traditional buck-boost mode.

As the Li-ion battery discharges down to and below 3.3 V,
a buck-boost converter must transition from buck mode to
boost mode. Many buck-boost control schemes exhibit
efficiency drops, power-supply jitter, or unstable output
voltage at this transition point. The TPS6300x transitions
seamlessly between buck and boost modes on a pulse-by-
pulse basis as necessary. This provides constant PWM
switching over the buck and boost range with no overlap
or dead time between the two modes.

Additional features

The TPS6300x contains additional integrated features that
enhance its usability in portable applications that have, for
example, an extremely low quiescent current (less than
50 pA), a user-selectable power-save (PS) mode that main-
tains efficiency at light loads, or external synchronization
to help minimize system noise.

Figure 4. Block diagram of power section

Texas Instruments Incorporated

Figure 3. Typical layout in a 6 x 6-mm area

Average-current-mode control topology provides fast
transient response and low output ripple in both buck and
boost modes. Output regulation tolerance is 1% over the
input and load ranges. Internal compensation is optimized
for an external inductor of 2.2 to 4.7 pH with an output
capacitor between 10 and 22 pF.
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Short-circuit protection provides a foldback current
limit that reduces the output current limit from its maxi-
mum value of 1.7 A to 800 mA when the output voltage
falls by 3%.

This reduces power dissipation on the device during an
output overload condition. When the overload has cleared,
normal operation resumes. One advantage of this approach
is the ability to charge large-output capacitors such as
super capacitors.

PS-mode features maintain very high efficiency, even at
light loads below 300 mA. In the PS mode, switching occurs
only long enough to raise the output voltage slightly above
the output-voltage set point. Switching then stops until the
output voltage falls below the set point again. This “on then
off” switching provides excellent efficiency at light loads.

Power Management

with a resistor in the return path of the WLED. Since the
typical forward voltage drop of a WLED is 4.2 to 3.5V,
powering it from a Li-ion cell presents a problem to most
power-supply topologies because the supply is required to
both buck and boost its output voltage. The TPS6300x’s
buck-boost functionality solves this problem and easily
delivers 500 mA of current for a torch or flash application.

Conclusion

The TPS6300x is an ideal solution for converting a Li-ion
battery to a 3.3-V bus. Its features such as high efficiency,
small board area, low cost, and seamless transition from
buck mode to boost mode make it an easy choice for the
design engineer needing a high-performance design with
quick turnaround.

Other applications Related Web sites
The TPS6300x also operates in a current-regulation mode powerticom .
to drive a white-light-emitting diode (WLED). This is accom- wwy ti.com/sc/device/TPS63000:
plished by replacing the output voltage divider network
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Detection of RS-485 signal loss

By Kevin Gingerich (Email: k-gingerich@ti.com)
High-Performance Linear/Interface

Introduction

Fault isolation and safety shutdown protocols are critical
in many industrial, telecommunication, automotive, and
data processing systems. While built-in test routines may
provide fault isolation when the system is offline, real-time
fault detection requires continuous monitoring of signals.
These systems often use RS-485 to share data between
sensors, actuators, single-board computers, or communi-
cation processors.

RS-485 signals are differential, using two signal wires to
transmit data, and detection of valid signal levels requires
a differential window comparator. Designing this circuit
function is complicated by the wide common-mode range
of RS-485 signals and, in many cases, the availability of
only positive supply rails.

This article shows how a differential window comparator
can be constructed with the passive-failsafe feature* of
two SN66HVD3088E RS-485 transceivers and an AND

*See Reference 1 for more on this feature.

Figure 1. RS-485 transceiver with loss-of-signal indicator

gate. It also provides theory of operation, the basic circuit
schematic, test results, and other design considerations.

Theory of operation

The differential input threshold is the voltage between the
non-inverting and inverting RS-485 signals above which
the bus state is high and below which the bus state is

low. The differential input voltage threshold of standard
receivers is between —200 mV and 200 mV. The differential
input voltage threshold of the SN65HVD3088E is between
—200 mV and —10 mV. This gives a known (high-level)
receiver output state with zero volts (no input signal) and
is called passive failsafe. It does not distinguish between
a valid high input and no signal.

A single SN656HVD3088E can determine if the differen-
tial input voltage is less than —200 mV or above —10 mV.
Reversing the input polarity of a second SN656HVD3088E
can determine if the differential input voltage is below
10 mV or above 200 mV and is the basis for constructing
the differential window comparator shown in Figure 1.

Primary RS-485 Transceiver
SN65HVD3088E
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1
1
1
1
1
1
1
1
1

DE

Optional

(o \ 4 L4 °B

Received Data o+

F-—-—-
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I

i
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F I
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Vag <10 mV

SN65HVD3088E Added Circuit
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The upper-receiver output in Figure 1 is true (high) if
the differential input voltage, V,, is greater than —10 mV.
Since the inputs of the lower receiver are reversed, the
output is true (high) if -V, ; > =10 mV or, dividing both
sides of the inequality by negative one, V,p < 10 mV. If
both receiver outputs are true, then the differential bus
voltage is between —10 mV and 10 mV and is not a valid
input. This fault is indicated by the AND gate F output
using inputs of the two receiver outputs.

Test results

Figures 2 and 3 show the F and V, low-to-no and high-to-
no signal transitions and the desired fault indication.

Figure 2. Loss of valid low-level signal

Input, Va5 (0.5 V/div) / Output, F (1 V/div)

Time (1 00 nsldlv)

Figure 3. Loss of valid high-level signal

Input, V,z (0.5 V/div) / Output, F (1 V/div)

Time (200 ns/div)

www.ti.com/aaj;
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Other design considerations

While this example circuit uses the SN66HVD3088E, any
RS-485 receiver with the passive failsafe feature may be
used (Texas Instruments offers over thirty such products).
A similar approach may be applied to unidirectional
(simplex) connections. The parallel connection of the

two transceivers will halve the unit loading and double the
stray capacitance presented to the bus. This may limit the
number and spacing of devices on a bus segment (see
References 2 and 3).

If the system timing budget allows, filtering of F' may
prevent false fault indications from differential noise or
from very slowly changing input signals. Filtering may be
done by adding gating or by choosing a very slow AND gate.

Conclusion

A differential window comparator can be constructed by
adding a passive-failsafe RS-485 receiver and one AND
gate to another passive-failsafe receiver. The circuit then
provides a loss-of-signal indication from an RS-485 data
bus. This fault flag may then be used for system fault
isolation or safety shutdown protocols.
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