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Complete IF Receliver

Has 16-Bit, 130Msps ADC,
Fixed-Gain Ampli er

and Antialias Filter In
11.25mm x 11.25mm
LModule Package

by Todd Nelson
Introduction

In the design of high speed receiv-
ers for communications, test or
instrumentation equipment, several

specialized disciplines converge in
one place—the analog-to-digital con-
verter (ADC). Unfortunately, the ADC
is not a simple black box where an
RF designer applies the signal and a
digital designer retrieves the accurate
output. Careful design of the signal

The LTM9001 is built using
Linear Technology's uModule
technology to create an IC
form factor System-in-a-
Package (SiP) that includes
a high speed 16-bit ADC,

antialiasing lter and a low

conditioning circuitrytodrive the ADC

is critical. Something as seemingly
straightforward as board layout can
degrade the downstream signal by a
few precious decibels. The problem

noise, differential ampli er
with xed gain. It can

digitize wide dynamic range

signals with an intermediate

frequency (IF) range
up to 300MHz.

is that the disciplines required for
the engineering on either side of the
ADC, namely RF/IF designand digital
design, do not include mastery of the
art of ADC interface design. Someone
hasto putinthe effortto properly drive
the ADC. But who? Instead of adding
more work to either designer’s plate,
what if the ADC were really a black
box, already loaded with integrated
signal conditioning componentsinan
optimized layout? Now, that would be
a better solution.

The LTM9001 is exactly that black
box. It is built using Linear Technol-
ogy’s UModule™ technology to create
anlCformfactor System-in-a-Package
(SiP) that includes a high speed 16-
hit ADC, antialiasing Iter and a low
noise, differential ampli er with xed
gain. ltcandigitize wide dynamicrange

continued on page 3
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L LINEAR IN THE NEWS

Linear In the News...

New pModule Receiver Family Launched

Recently, Linear introduced a new family of signal chain
1UModule receiver products. The LTM9001, the rstin a
series of System in Package (SiP) signal chain receiver
modules, uses Linear’s breakthrough puModule packaging
technology, now incorporated in a growing family of power
HModule DC/DC controllers. The LTM9001 is a semi-cus-
tomizable IF/baseband receiver subsystem that includes
a high performance 16-bit Analog-to-Digital converter
(ADC) sampling

up to 160Msps,

an antialiasing

[ter, and xed

gain differen-

tial ADC driver.

The LTM9001

UModulereceiv-

er is applicable

in high sensi-

tivity wireless

basestations

and high reso-

lution instrumentation. Systems designers bene t from
simpli ed design and test, consistent high performance,
a compact footprint and the elimination of layout-related
performance problems.

Announced in early February, the LTM9001 uModule
receiver has already received coverage in several major
technical publications. The product will be featured in
upcoming cover articles in  High Frequency Electronics in
the US, Electronic Product Design in the UK, Elektronik
Informationen in Germany, as well as in articles in key
publications throughout Asia.

TheLTM9001isgainingsigni cantinterestfromrec
manufacturers as a way reduce time-to-market while
improving functionality. It does so by delivering a high
level of integration without compromising performance.
The device combines RF, digital and mixed-signal tech-
nology in a tiny package, precluding the need to call on
applications specialists when a project is underway. All
internal components are optimized for the highest system
performance, with integration and layout issues resolved
in the package. The LTM9001 is a tested, individual pack-
age that can be picked and placed easily on the board,
thus reducing the required design time and complexity
normally associated with such functions.

In addition, the LTM9001 has the potential for custom-
ization. For orders meeting a minimum size, the LTM9001
can be congured for various sampling rates and the
differential ADC driver can be substituted for xed gain
versions ranging from 8dB up to 26dB. As a result, the
LTM9001 signi cantly eases the challenge in designing
high performance communications and instrumentation
systems.

eiver

EDN Innovation Award Finalists

EDN magazine in January announced nalists for the
annual EDN Innovation Awards, which includes several
Linear Technology nominees.

g For Innovator of the Year, EDN nominated Linear co-
founder and Chief Technology Of cer Robert Dobkin.

g Inthe Power ICs category, EDN selected as a nalist
the LT3080 3-terminal adjustable LDO regulator,
which was designed by Bob Dobkin and his team at
Linear Technology.

g Forthe Analog IC category, the LTC6102 current
sense ampli er.

g For Best Contributed Article, Jim Williams’ article,
“Designing Instrumentation Circuitry with RMS/DC
Converters.”

Visit www.linear.com for complete descriptions and
data sheets for these products. See www.edn.com for Jim

Williams’ article.

On the Road in China

Linear Technologyisontheroadin China, exhibitinginthe
4-city 1IC Conference & Exhibition. Linear is participating
with a booth at all four conference locations:
g Chengdu—February 28-29, Booth 5D32
g Shenzhen—March 3-4, Booth 2H06
g Beijing—March 6-7, Booth B17
g Shanghai—March 10-11, Booth 4Q09

AtthellC Conference, where overall attendanceis expect-
ed to exceed 30,000, Linear will highlight a broad range of
products and solutions. Theseinclude Power Managem
ICs (PMICs), power uModule controllers, LT3080 3-termi-
nal linear regulator, high speed ADCs, the new LTM9001
UModule receiver, highfrequency RF productsinclud ingthe
LT5570 RMS

ent

power detector,
the LTC6102
current sense
amplier, ADC
drivers, DACs,
and LED driv-
ers. L

Linear Technology
will highlight a
broad range of
products at the

IIC Conference
with a booth at all
four conference
locations in China.

2
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LTM9001, continued from page 1
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Figure 1. A typical application and simpli ed block diagram of the LTM9001

signalswithanintermediate frequency
(IF) range up to 300MHz. Figure 1
shows a typical application.

How is a puModule component
different than a traditional IC? The
1UModule construction allows the
LTM9001 to mix standard ADC and
amplier components regardless of
their process technology and match
them with passive components for
a particular application. The result
is a high performance product with
no process technology compromises
and the potential for semi-custom
adaptations.

What's Inside?

The uModulereceiver consists of wire-
bondeddie, packaged componentsand
passives mounted on a high perfor-
mance, 4-layer, Bismaleimide-Triazine
(BT) substrate. BT is similar to other
laminate substrates such as FR4 but
has superior stiffness and a lower
coef cient of thermal expansion.

In time, several different versions
of the LTM9001 will be available. The
LTM9001-AA, as the rst release, is
congured with a 16-bit, 130Msps
ADC. The ampli er gain is 20dB with
an input impedance of 200 7 and an
input range of +250mV. The match-
ing network is designed to optimize
the interface between the amplier
outputs and the ADC inputs under
these conditions. Additionally, there
is a second order bandpass lter
designed for 162.5MHz, +25MHz to
prevent aliasing and to limit the noise
from the ampli er.

Extracting the full performance
from 16-bit, highspeed ADCsrequires
careful layout as well as good circuit
design. The substrate design carefully
shields sensitive analog traces, maxi-
mizes thermal conduction through
multiple ground pads and minimizes
coupled noise by including bypass
capacitorsinside the module and close
to the ADC. A common problem with
traditional ADC board layouts is long
traces from the bypass capacitors to
the ADC. The bare die construction
with internal bypass capacitors pro-
vides the closest possible decoupling
and eliminates the need for external
bypass capacitors.

The passive lter network imple-
ments an antialias Iter and matches
the ampli er outputs to the ADC in-
puts. Most communications receiver
applications utilize a highly selective
Iter between the mixer and the ADC
driver. The antialias lter between
the ADC driver and the ADC inputs
limits the wideband ampli er noise
and helps preserve the high SNR of
the ADC. Printed circuit board (PCB)
layout has a signi cantimpact on the
performance even if the circuit topol-
ogyandcomponentvaluesare correct.
The signal paths must be symmetric
andisolated fromthe clockinputs and
digital outputs.

Thelownoise, low distortion ampli-
erstage provides gainwithoutadding
signi cant noise or distortion to the
signal. Despite the low noise of the
ampli er, the noiseis multiplied by the
same gain as the ampli er, so higher

gain unavoidably adds noise to the
system. However, the input range of
theampli erisproportionately smaller
thanks to the gain and this smaller
inputrange allows for lower distortion
from the preceding components. The
amplier inputs present a resistive
200 7 differential input impedance
which is simple to match to most
common, high speed, single-ended or
differential signal paths. This presents
amore straightforward interface than
aswitched-capacitor ADC and simpli-
es the connection to the nal stage
of the RF signal chain.

Why 162.5MHz?

The ADC inside the LTM9001 has
a full power bandwidth of 700MHz
and the ampli er is suitable for in-
put frequencies up to 300MHz, so
why was 162.5MHz chosen for this
rst version? Nyquist theory tells us
that the minimum sample rate for a
given input frequency is twice that
frequency. Working backwards, an
ADC sampling at 130Msps can cap-
ture a frequency range up to 65MHz
wide. Undersampling allows us to
move that frequency range. Hence
the rst Nyquist zone is DC — 65MHz,
the second is 65MHz to 130MHz, the
third is 130MHz to 195MHz, and so
on, see Figure 2.

The LTM9001-AA is intended for
instrumentation applications. Insuch
applications, the linearity and dynamic
range requirements are extremely
high. Traditional instruments utilize
preselectors and multiple down-con-
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. NYQUIST ZONE 1
DC TO 65MHz

. NYQUIST ZONE 2

. NYQUIST ZONE 3

65MHz TO 130MHz 130MHz TO 195MHz

< NYQUIST ZONE 4
195MHz TO 260MHz

DC CENTER = 32.5MHz

version stages to place the band of
interestat DC. Withthe advent of high
performance ADCs capable of unders-
ampling, moderninstrumentsare able
toeliminatethe naldown-conversion
stage withoutsacri cing performance.
The LTM9001-AA con guration se-
lects the third Nyquist zone with the
bandpass lter set squarely in the
middle of the zone.

More than Just

a Buffered ADC

The sample-and-hold front end of
discrete ADCs presents a complex
charge/discharge pro le to the drive
circuitry. Ideally, the input circuitry
should be fast enough to fully charge
the sampling capacitor during the
sampling period (half of the clock
period), but this is not always pos-
sible and the incomplete settling may
degrade the SNR and SFDR. Some
manufacturers promote a “buffered”
ADC as a solution but this falls short
ofaddressingthe system-level solution
since a low distortion ampli er is still
requiredto providethefull-scaleinput
to the ADC.

From the system view, the ADC
follows the RF and IF portions of the
receiver chain and converts the signal
to a digital format. The signal comes
fromthe antennawithverylittle power.

0

AMPLITUDE (dBFS)
O N S
o o o o

|
=
o
o

-120
0 4096 12288 20480 28672

FFT BIN NUMBER (32k TOTAL)
Figure 3. An FFT of the LTM9001 at 160MHz
input frequency with the randomizer on

4

65MHz CENTER = 97.5MHz safipLe  CENTER = 162.5MHz

Figure 2. Nyquist zones for 130MHz sample rate

The signalmustbe Itered and ampli-

edthrough each stage. Ampli cation
(gain) increases the total noise and
reduces the headroom, which gener-
allycausesmoredistortion. Theadded
distortion may be addressed with a
higher supplyvoltage orahigher power
ampli er, neither of which is prefer-
able. Therefore, from the system-level
point of view, an ADC with a small
input range is better.

The LTM9001 meets these system-
level criteria. The resistive ampli er
inputs are easily matched and it has
an input range of £250mV, enabling
the use of low OIP3 components or
higher loss SAW lters. The noise of
the ampli er is low enough that the
SNR of the LTM9001 is good despite
the high gain (see Figure 3).

Working with a

UModule Receiver

The LTM9001 uses a land grid array
(LGA), which provides higher pin den-
sitythandualin-line orquad packages
and better thermal conduction than
BGA packages. The high integration
of the LTM9001 makes the PCB board
layoutsimple. The multilayer substrate
allows greater exibility in pin place-
ment on the package relative to pin
placement on the die. The LTM9001
has beenoptimizedfora ow-through
layout so that the interaction between
inputs, clock and digital outputs is
minimized. The analog and clock in-
puts are surrounded by ground pads
and a continuous row of ground pads
further separate the analogand digital
signal lines. However, to optimize its
electrical and thermal performance,
some layout considerations are still
necessary. See the actual evaluation
board in Figure 4.

Use large PCB copper areas for
ground. This helps to dissipate heat
through the board and also helps
to shield sensitive on-board analog
signals. Common ground (GND) and

195MHZCENTER = 227.5MHz ~ 260|

outputground (OGND) are electrically
isolated onthe LTM9001, but for most
digital output con gurations should
be connected on the PCB underneath
the part to provide a common return
path.

Use multiple ground vias. Using as
manyviasas possible helpstoimprove
the thermal performance of the board
and creates necessary barriers sepa-
rating analog and digital traces on the
boardathighfrequencies. Takecareto
separate analog and digital traces as
much as possible, using vias to create
high frequency barriers. This reduces
digital feedback that can reduce the
signal-to-noise ratio (SNR) and dy-
namic range of the LTM9001.

Conclusion

1UModule technology, introduced rst
by Linear Technology for DC/DC con-
verters, now brings the advantages of
smallsize, higherintegrationand ease
ofuseforhighspeed ADC applications.
By integrating ne-line CMOS and
SiGe components with appropriate
passive networks, the challenging
task of matching a xed gain ampli-
erto ahigh speed ADC is done. All is
reduced to an easy-to-use black box:
the LTM9001. L

Figure 4. An evaluation board shows the
small overall circuit. Note that no external
components are required.

Linear Technology Magazine « March 2008
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Voltage and Current Monitoring from
7V to 80V In 3mm x 3mm DFN-10

Introduction

Accurate power supply voltage and
current monitoring is increasingly
important in everything from in-
dustrial and telecom applications to
automotive and consumer electronics.
A complete power monitoring system
typically includes a sense resistor, a
precisionampli er,ananalogtodigital
converter (ADC)andaproperinterface
to report data to a host controller. The
LTC4151and LTC4151-1 combine all
ofthese components (exceptthe sense
resistor) into one IC, resulting in a full
featured, rugged and simple-to-use
solution for accurate high side cur-
rent sensing and voltage monitoring
(see Figure 1).

High Side vs

Low Side Sensing

In a power monitoring system, the

sense resistor can be placed either
between the system ground and the
load (low side sensing) or between
the system supply and the load (high

side sensing). For many applications,

high side sensing is desirable, but

S>> ~ 9+ \\\—9

The LTC4151 and
LTC4151-1 offer the bene ts
of high side current sensing

without any of the usual
complexity. Each integrates
a precision high voltage
ampli er and associated
level shift circuit for high
side current sensing, a
precision voltage divider for
supply voltage monitoring,
al2-btADCandanl 2C
interface—all in small MS10
or tiny 3mm x 3mm
DFN-10 packages.

it is traditionally more dif cult to
implement.

Lowside sensingisrelatively simple
in concept and design, but a low side
sense resistor oats the load above
system ground. Thus, the ground
potential seen by the load varies

by Zhizhong Hou

with changing load current. This can
result in the load seeing signi cant
ground noise duringtransient spiking
load currents. Worse yet, a failed or
disconnected low side sense resistor
causes the load ground to be charged
to the full supply voltage, presenting
a potential safety hazard.

Highside sensingavoidsthese prob-
lems, but requires a number of high
performance devices and interfaces.
Forinstance, arobust high side sense
amplier is required to withstand
high supply voltage or high voltage
transients. Also, a precision level shift
circuit is needed to accurately trans-
late the large supply-referred signals
to appropriate ground level signals
for the ADC.

Full Featured High Side,

High Voltage Digital Monitors
TheLTC4151andLTC4151-1offerthe
bene ts of high side current sensing
without any of the usual complex-
ity, plus they provide supply voltage
monitoringinthe same package. Each

LTC4151

VREF= 2.048V

Figure 1. Full featured current and voltage monitor simpli es high voltage, high side sensing.




L DESIGN FEATURES

Figure 2. Typical INL error of ADIN
voltage is within ~ +0.5LSB.

integrates a precision high voltage
amplier and associated level shift
circuit for high side current sensing,
a precision voltage divider for supply
voltage monitoring, a 12-hit ADC and
an | 2Cinterface—all in small MS10 or
tiny 3mm x 3mm DFN-10 packages.
A dedicated ADIN pin is directly con-
nectedtothe ADCinputformonitoring
any external voltage. See Figure 1 for
a simpli ed block diagram.

Using the | 2C interface, the parts
canbe con guredintoeitheracontinu-
ous scan mode (default upon power
up) or a snapshot mode. In continu-
ous scan mode, the parts repeatedly
measure three voltages in sequence:
the differential high side sense voltage
betweenthe SENSE *and SENSE ~pins,
the supply voltage at the V. |y pin and
an external voltage at the ADIN pin

Rs
VIN 5> . %02

Figure 3. Typical INL error of current
sense voltage is within +1LSB.

at a refreshing frequency of 7.5Hz. In
snapshot mode, the host controller
can instruct the parts to perform a
one-time measurement of a specic
signal. The conversion time of SENSE
voltage is 67ms and that of V. and
ADIN voltages is 33ms. Thanks to the
oversampling Sigma-Delta ADC, any
ripples within each conversion cycle
are simply averaged out.

Easy to Use

Figure 1 shows just how easy it is to
put together a complete voltage and
high side current monitor. The only
required external components are a
sense resistor and two pull-up resis-
tors(withthe SHDN  pin oatand ADIN
pin tied to GND).

The LTC4151 and the LTC4151-1
maintain high precision for supplies

from 7V to 80V, an ideal range for
applications with 12V, 24V or 48V
supply voltages. The absolute maxi-
mum voltages of the supply pin and
the two sense input pins are all rated

at 90V, which helps the part survive
high voltage transients. This wide
input voltage range allows the part to
be directly connected to high voltage
supplieswithoutthe need ofasecond-
ary supply, unlike many other supply

monitors.

The LTC4151 and the LTC4151-1
can be con gured with one of nine |
addresses via the ADR1 and ADRO
pins (high, low or open). These two
pins are also rated at an absolute
maximum voltage of 90V, again pre-
cluding the need for a separate low
voltage supply.

2C

Wide Dynamic Range

and High Accuracy

LTC4151 and LTC4151-1 each
combine a precision high side sense
ampli er and a true 12-bit ADC. The
result is a current and voltage moni-
tor that offers a unique combination
of high resolution and wide dynamic
range. The full scale of the current
sense voltage is 81.92mV with a reso-
lution of 20uV/LSB. The full scale of
the supply voltage is 102.4V with a
resolutionof25mV/LSB. Thefull scale
at ADIN is 2.048V with a resolution of
500pV/LSB. As Figures 2and 3 show,
thetypicalintegral nonlinearity errors

3.3V
. — o d

28V VWA

—\\N\—e
VWA—¢
ANVN—S
a3
; w

R4 %RS %RG R7
0.51k 0.51kS 10k & 10k

Figure 4. The LTC4151-1 makes it easy to implement optoisolation.
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(INLs) of the ADIN voltage and the vy

current sense voltage are both within 48v_dF\2'°
+1LSB. In addition, the current sense Y;gg—d\p—
voltage, the supply voltage and the
ADIN voltage are all measured with
high accuracy atthe full scale (1.25%,
1% and 1%, respectively) over the full

industrial temperature range. R1 R2
150k 301k

V D3

Power-Saving Shutdown

or Easy Optoisolation? —*
You Choose. R3
TheLTC4151featuresaSHDN  pinwith 84k
an internal 5pA pullup. When SHDN

is tied to GND, the part enters shut
down mode and the typical quiescent
current is reduced to 120pA at 12V, CONDITION* RESULT

about 10% of the normal operating Napin 1375 * Ny NORMAL OPERATION
current (1.2mA). In applications with R

battery supplies, one can use this pin 285 N _ Thoie= 0555 ° Ui

GND
D1, D2, D3, D4: MBRM5100

. (IZC NOT RESPONDING) BOTH F1 AND F2 ARE OPEN
to save power Consumptlpn' - * Vin1and 2 differ by less than 20% aNjyand Ny are digital
TheLTC4151-1tradesinthe SHDN codes measured by the ADC at the ADIN gruing, respectively.

pin for an inverted SDAO  pin to en-

: ) - Figure 5. A single LTC4151 monitors current, supply voltage and fuses.
able a simple optoisolation scheme.

Optoisolation s inevitably required in SDAI and SCL, all pull-up resistors pins. ADIN is connected to the two
applicationswhere the host controller on these three pins can be directly inputs after the fuses through a Y
sits at a different ground level from connected to the high voltage supply, divider. Diodes D3and D4 compensate
the power monitor. The LTC4151-1 eliminatingthe needforaseparate low the diode-OR D1 and D2. The voltage
makes this job easy with split SDA voltage pull-up supply. at ADIN varies as the status of the
pins: the SDAI (data input) pin and a L fuses changes, as shown in the table
unique SDAO (inverted data output) ADIN Pin is Useful for in Figure 5. Since the ADIN voltage is
pin. Inaddition, the SCL and the SDAI Fuse Monitoring and approximately ratiometricto V. |y, the
pins each have an internal 6V clamp Temperature Sensing results are independent of the supply
(sinking up to 5mA current). TheLTC4151andthe LTC4151-1fea- seenatV . Thelimitation ofthis circuit
When using optoisolators with the ture a dedicated ADIN pin that can be is that the two inputs must remain
LTC4151-1, connectthe SCLand SDAI used to monitor any external voltage. within 20% of each other.
pins to the outputs of the incoming Figure 5 shows a simple circuit that The ADIN pin can also be used to
optoisolators and connect the SDAO not only measures current and sup- monitor board temperature with an
pin to the anode of the outgoing op- ply voltage but also monitors a pair of NTC thermistor as shown in Figure 6.
toisolator, as shown Figure 4. With fuses on the high side. Inthatcircuit,V |y is connected onthe
the outgoing optoisolator clamping the Thefusesare monitored by compar- downstream side of the sense resistor
SDAO and the internal 6V clamps on ing the voltages at the V. |y and ADIN  so that the quiescent current of the

LTC4151 is measured.

VIN
48V

Conclusion

High side current sensing and voltage
monitoring could not be easier than
withthe LTC4151 andthe LTC4151-1
supply monitors. Their wide supply
range and high level of integration
simpli es design, while desirable fea-
tures, such as 12-bit resolution, high
accuracy, | C interface, optoisolation
support and small footprints make
them an easy tin a wide variety of
applications. L

VISHAY 100k AT 25C
2381 615 4.104 1%

Figure 6. Temperature monitoring is simple with LTC4151 and an NTC thermistor.
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Increase | C or SMBus Data Rate and
Reduce Power Consumption with

Low Power Bus Accelerator

Introduction

12C and SMBus 2-wire buses use
simple open-drain pull-down drivers
with resistive or current source pull-
ups. Communications protocols in
these systems allow multiple devices
to drive and monitor the bus without
bus contention, creating a robust
communications link. Unfortunately,
assystemstrend towards higher com-
plexity and lower supply voltages, the
advantages gained by the simplicity
of the open-drain pull-down protocol
are offset by the disadvantages of
increased rise times and greater DC
bus power consumption.

Asdesignsrequire higher reliability
and a greater number of features, the
number of peripherals attached to the
12C or SMBus systemincreases. Some
systemsextendthe bustoedge connec-
tors where 1/O cards with additional
peripherals are removed and inserted
onto the bus. The added peripherals
directlyincreasethe equivalent capaci-
tance on the bus, slowing rise times.
Slow rise times can seriously impact
datareliability and limitthe maximum
practical bus speed to well below the
established | 2C or SMBus maximum
transmission rate. Rise times can be
improved by using lower bus pull-up
resistor values or higher xed current
source values, but the additional bus
pull-up current raises the low state
busvoltage,V o ,aswellasthe DCbus
power consumption. Another issuein
systems with swappable 1/O cards is
ESD susceptibility.

The LTC4311 bus accelerator ad-
dresses all of these issues. It comes
inatny 2mm  s2mm DFN or SC70
package and operates over a wide
power supply range of 1.6V to 5.5V,
making it easy to t in any number
of applications.

Figure 1 shows a typical low volt-
age application circuit. The LTC4311

8

by Sam Tran

S DATA
IN

DATA
ouT i 1

Figure 1. Typical LTC4311 low voltage application circuit

provides strong slew rate controlled
pull-up currents on the bus for
smooth, controlled transitions during
rising edges to decrease rise times in
highly capacitive systems, as shown
in Figure 2. The LTC4311’s slew rate
controlled pull-up currents are strong
enoughtoallow! 2CorSMBussystems
to achieve switching frequencies up
to 400kHz for bus capacitances in
excess of 1nF. In addition, because
the accelerator pull-up impedance
is signi cantly lower than the bus
pull-up resistance, the system has
greater immunity to noise on rising
edges.

1V/DIV LTC431

7

Pl
I

/1

ReuLL-up= 15.8k

1us/DIV

Vec=5V
C_p= 200pF
fi’c = 100kHz

Figure 2. Comparison of | 2C waveform
for the LTC4311 vs resistive pull-up

The LTC4311’s strong pull-up cur-
rents allow users to choose larger bus
pull-up resistor valuestoreduce V. ¢,
DC bus power consumption and fall
times, while still meeting rise time and
switching frequency requirements.
This is especially helpful for 2-wire
systems where devices require resis-
tances in series with their pull-down
devices for ESD protection, since
VoL on these devices is reduced with
largerbus pull-upresistorvalues. The
larger bus pull-up resistor values are
also bene cial in systems operating
at bus supplies below 2.7V, where
VoL can be reduced well below the
12C speci cation, thereby increasing
noise margins.

For 12C or SMBuSs systems where
large numbers of I/O cards can be
inserted and removed, the LTC4311's
slew rate controlled pull-up currents
properly address rise time issues
despite large variations in bus ca-
pacitance. The controlled slew rate
regulates the rise rate of the bus to
50V/us-100V/ps,independentofbus
capacitance.

With very light loads, as occurs
when some or all cards are removed,
no re ections occur on the bus due
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to the slew rate controlled nature of
the pull-up currents. When the busiis
heavily loaded, the LTC4311 provides
strong, controlled pull-up currents
to signicantly decrease rise times
on the bus for capacitive loads well
beyond 1nF.

All of these features, coupled with
high +8kV HBM ESD ruggedness,
make the LTC4311ideally suited, and
in many cases necessary, for I 2C or
SMBus systems havinglarge numbers
of removable 1/0 cards.

Circuit Operation

Figure 3 shows a functional block
diagramoftheLTC4311.TheLTC4311
consists oftwoindependentbutidenti-
cal circuits for each bus, consisting of
a slew rate detector, two voltage com-
parators, and a slew rate controlled
bus pull-up current.

The slew-rate detector monitors
thebus and activatesthe accelerators
only when the bus rise rate is greater
than 0.2V/ps. This ensures that the
accelerators never turn on when the
bus voltage is in a DC state or falling.
The rstvoltage comparatorisusedto
hold off the accelerator until the bus
voltage exceeds a threshold voltage,
V1ur- FOr supply voltages below 2.7V,
V1R IS supply dependent, de ned as
0.3 ¢V ¢. At higher supply voltages,
Vinrisaconstant0.8V. Thisoptimizes
the LTC4311 for use in low voltage
systems, while offering rise time ac-
celeration over a larger voltage range
for | 2C and SMBus systems operating
at bus voltages above 2.7V.

Once both conditions are met, the
slewlimited busacceleratorisenabled
to quickly slew the bus. An internal
slewrate comparator monitorsthe bus
rise rate and controls the accelerator
pull-up current to limit the bus rise
rate to 50V/us-100V/ps, independent
of the bus capacitance. A second volt-
age comparator disables the pull-up
currentwhenthe busiswithin 400mVv
of the bus pull-up supply.

For systems where a single bus ac-
celerator is not suf cient to meet the
rise time requirement, additional bus
accelerators can be added in parallel
to further decrease the rise time.

continued on page 23
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Figure 3. LTC4311 functional block diagram
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6-Input Supervisors Offer Accurate
Monitoring and 125°C Operation

by Shuley Nakamura and Al Hinckley

Introduction

The latesttrio of power supply supervi-

sors from Linear Technology is ideal
for today’s multi-voltage systems that

require accurate supply monitoring.

TheLTC2930,LTC2931,andLTC2932
are 6-inputvoltage monitors capable of

maintaining 1.5% threshold accuracy

from —40°C to 125°C. The combina-
tion of monitored supply voltages is
set by a single pin. Each part offers
16 threshold voltage combinations,
thus meeting the needs of almost
any multi-voltage system. This pro-
grammability eliminates the need to

qualify, source and stock unique part

numbersfor differentthresholdvoltage

combinations.

The overall architecture and op-
erating speci cations of these three
devices are similar, but each has
unique features (see Table 1). The
LTC2930 generates a reset after
any undervoltage event or when the
manual reset input (MR ) pulls low. It
isideal for space-constrained applica-
tions as it comes in a compact 3mm
x 3mm 12-lead DFN package. The
LTC2931 includes a watchdog input

(WD), a watchdog output (WDO ) and

user-adjustable watchdog periods to
enable microprocessor monitoring
and control. The LTC2932 can vary
its monitor thresholds from 5% to
12.5%, and a reset disable pin pro-
vides margining capability. Both the
LTC2931 and LTC2932 are packaged
in 20-pin TSSOP packages and have
separate comparator outputs, en-
abling individual supply monitoring
and/or sequencing.

R1
1%

R2
1%

Figure 1. Mode selection

10

Table 1. LTC2930, LTC2931, LTC2932 feature summary

Feature LTC2930 LTC2931 LTC2932
Con gurable Input
Threshold Combinations 16 16 16
Threshold Accuracy 1.5% 1.5% 1.5%
Adjustable Reset Time L L L
Buffered Reference L L L
Individual Comparator
L L
Outputs
Manual Reset L
Independent Watchdog
o L
Circuitry
Reset Disable L
. . I User Selectable
0, 0,
Supply Tolerance Fixed, 5% Fixed, 5 éb/o, 7.5%, 10%, 12.59
Package 12-lead 20-lead 20-lead
9 3mm x 3mm DFN F Package F Package

Single Pin Con guration
Makes Life Easy
These supervisors offer an elegant
method of con guring the input volt-
age thresholds. Figure 1 shows how a
single resistive divider at the VPG pin
sets the supervisor into one of the 16
threshold options shown in Table 2.
Seethe datasheetforsuggested mode-
setting resistor values.

The actual thresholds are set by
integrated precision dividers for 5V,

VIRIP

2a.

3.3V, 3V, 2.5V,1.8V,and 1.5V supply
monitoring. For other supply values,
uncommitted comparators with 0.5V
thresholds allow virtually any positive
supply to be monitored using a resis-
tive divider, as shown in Figure 2a.
The V4 input also monitors negative
voltages—with the same 1.5% accu-
racy—using the integrated buffered
reference for offset (see Figure 2b).

2b.

Figure 2. Using a resistive divider to set the voltage trip point
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What Does Threshold

Accuracy Mean?

Consider a 5V system with ~ £5% sup-
plytolerance. The 5V supply may vary
between 4.75V to 5.25V. System ICs
powered by this supply must operate
reliably within this band (and a little
more, as explained below). A perfectly
accurate supervisor for this supply
generates a reset at exactly 4.75V.
However, no supervisoristhis perfect.
Theactualresetthreshold ofasupervi-
sor uctuates over a speci ed band;
the LTC2930,LTC2931 and LTC2932
vary +1.5% around their nominal
threshold voltage over temperature
(Figure 3). The reset threshold band
andthe power supply tolerance bands
shouldnotoverlap. This preventsfalse
or nuisance resets when the power
supply is actually within its speci ed
tolerance band.

The LTC2930, LTC2931 and
LTC2932boasta +1.5% reset thresh-
old accuracy, so a “5%" threshold is
usually setto 6.5% below the nominal
input voltage. Therefore, a typical
5V, “6%" threshold is 4.675V. The
threshold is guaranteed to lie in the
band between 4.750V and 4.600V
over temperature. The powered sys-
tem must work reliably down to the
low end of the threshold band, or risk
malfunction before a reset signal is
properly issued.

Alessaccurate supervisorincreases
the required system voltage margin
andincreasesthe probability of system
malfunction. Thetight ~ £1.5%accuracy
speci cationofthe LTC2930,LTC2931

sV — T T T —

MINIMUM
RELIABLE
SYSTEM
VOLTAGE

4.75V
+1.5%

THRESHOLD 4.675V — — |— — — —

BAND

Table 2. Voltage threshold modes

V1 (V) V2 (V) V3 (V) V4 (V) V5 (V) V6 (V
5.0 3.3 2.5 1.8 ADJ ADJ
5.0 3.3 2.5 1.5 ADJ ADJ
5.0 3.3 2.5 ADJ ADJ ADJ
5.0 3.3 1.8 ADJ ADJ ADJ
5.0 3.3 1.8 ~ADJ ADJ ADJ
5.0 3.3 ADJ ADJ ADJ ADJ
5.0 3.3 ADJ ~ADJ ADJ ADJ
5.0 3.0 2.5 ADJ ADJ ADJ
5.0 3.0 1.8 ADJ ADJ ADJ
5.0 3.0 ADJ ADJ ADJ ADJ
3.3 2.5 1.8 15 ADJ ADJ
3.3 2.5 1.8 ADJ ADJ ADJ
3.3 2.5 1.8 ~ADJ ADJ ADJ
3.3 2.5 1.5 ADJ ADJ ADJ
3.3 2.5 ADJ ADJ ADJ ADJ
3.3 2.5 ADJ ~ADJ ADJ ADJ

and LTC2932 improves the reliability
of the system over supervisors with
wider threshold speci cations.

Glitch Immunity =

No Spurious Resets!

Monitored supplyvoltagesare farfrom
being ideal, perfectly at DC signals.

Riding on top of these supplies are
high frequency components caused
by a number of sources such as the
output ripple of the power supply or

NOMINA

______ SUPPLY
SUPPLY TOLERANCE

VOLTAG

IDEAL
SUPERVISOR
THRESHOLD

4.6V —8%
REGION OF POTENTIAL MALFUNCTI|

Figure 3. Tight 1.5% threshold accuracy yields high system reliability

coupling from other signals. If the
monitored voltage is near or at the re-
setthreshold voltage, this noise could
cause spurious resets. Fortunately,
the LTC2930,LTC2931and LTC2932
have beendesignedwith this potential
issue in mind, so spurious resets are
of little to no concern.

Some supply monitors overcome
spurious resets by adding hysteresis
to the input comparator. The amount
of applied hysteresis is stated as
a percentage of the trip threshold.
Unfortunately, this degrades monitor
accuracy because the true accuracy
of the trip threshold is now the per-
centage of added hysteresis plus the
advertised accuracy of the part. The
LTC2930, LTC2931 and LTC2932 do
not use hysteresis, but instead use
an integration scheme that requires
transients to possess enough mag-
nitude and duration to switch the
comparators. This suppresses spu-
rious resets without degrading the
monitor accuracy.

The COMP5 comparator output
response to a “noisy” input on the
LTC2931isdemonstratedinFigure 4.

11
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/ —2mV DC STEP APPLIED HERE

V5
100mV/DI

N

300us PROPAGATION DELAY

100m\b_p

COMPSH

Figure 4. Comparator output is
resistant to noisy input voltage

In the example shown, a 500kHz,
100mV p_p sine wave centered at
500mVis appliedto the V5 input. The
threshold voltage of the adjustable
input, V5, is 500mV. Even though
the signal amplitude goes as low as
450mV, COMPS5 remains high. Next,
the DC level of the input is dropped
2mV. In response, COMP5 pulls low
andremainslow. Asmentioned earlier,
onlytransients oflongenoughduration
and magnitude trigger the comparator
output to pull high or low.

Adjustable Reset Timeout Period

for Varied Application Needs

Each of the supervisors includes an
adjustable reset timeout period, t
Once all the inputs are above their
threshold values, the reset timer is
started (Figure 5). RST  stays low for

5V

RST-

500m\

| tRST |
— tuv
RST 7L

COMR

Figure 5. RST  timing diagram

the duration of t st @and remains low
aslongasthetime betweentransients
isless than the resettimeout. In other
words, the resettimeout prevents sup-
plytransientswith frequencies greater
than 1/t rsr from causing undesired
toggling at the RST  output. Keeping
RSTlowduringthese supplytransients
SUpPresses spurious resets.

The reset timeout period is adjust-
able to accommodate a variety of
microprocessor applications. Con g-
ure the reset timeout period, t  rsT, bY
connecting a capacitor, C gy, between
the CRT pin and GND. The value of
this capacitor is determined by

t
Car ZTA_S; 500 pF/ms* kst

Leaving the CRT pin unconnected
generates aminimumresettimeout of

3.3V
1.8V
-5.2v

v
0.9V
%68.lk 86.6k< 487k
1% 1% 1%

— < < <
0.1\

< 100k < 100k
S1% 31%

S10k
b3

approximately 25ps. Maximum reset
timeout is limited by the largest avail-
able low leakage capacitor.

Additional Glitch Filtering

Even though all six comparators
have built-in glitch ltering, adding
bypass capacitors on the V1 and V2
inputs is recommended, because of
these two, the input with the higher
voltage functionsasV ¢ for the entire
chip. Additional lter capacitors may
be added to the V3, V4, V5 and V6
inputs if needed to suppress trouble-
some noise.

Open-Drain Reset

The RST outputs on the LTC2930,
LTC2931 and LTC2932 are open-
drain and contain weak pull-up
current sources to the V2 voltage.

5V

3V

12V

O
Car I_ MANUAL RESET
T47nF T PUSHBUTTO

12

trsT= 94ms

**OPTIONAL FOR EXTENDED ESD TOLERANCE

Figure 6. Wired-OR system reset

[ L — V1
< 10201 1400k 21504
S1% S1% S1% V2
V3 RST,
va LTC2930
V5
—] V6
MR f—
| ! | R1B VREF
< 100k < 100k < 100 ND RT
:; 1% :; 1% S1% K401'02/0 VPG G c
R2B, J_ CrT
59k: 47nF
1% |
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12V (9.6V THRESHOLD)

5V

LT3028
VOUT

3.3V

élok élok
< < 3.3V

LT3028
VOUT
SHDN

1.8V

1.8V

LTC3704
VOUT
RUN/UVLO

-5.2V

-5.2v

LT3028
VOUT

z

2.5V

2.5V

DONE

0.1\

)

< 365k < 487k

$l% $ 1%

LTM4600
ViN 5v
Vourt
RUN
Vi
I n
= SHDN
10k
N
EN VIN
LTC2950-1 [ |
Vin INT! ) 10k
\4
é_ PB KILL}—e
1P T
1 10k
= W
VIN
S
10k
N
S0k
s
< 1820k
<
T 1%

100k
1%

12V |
SUPPLY
STATUS |

SYSTEM
LOGIC

trsT= 9.4ms

Figure 7. Five supply 12.5% tolerance power-up sequencer with pushbutton

The open-drain structure provides
many advantages. For instance, each
of these outputs can be externally
pulled-up to voltages higher than V2
usingapull-upresistor. Thisfacilitates
the use of multiple devices operating
under different I/O voltages. In addi-
tion, multiple open-drain outputs can
be con gured in a “wired-OR” format
where the outputs are tied together.
Figure 6 showcases two LTC2930

supervisors, whose open-drain RST

outputs are tied together and pulled-
up to 5V via a 10k pull-up resistor.
If one RST output pulls low due to a
reset event, it sinks current and pulls
the other output low.

Comparator Outputs Enable
Individual Supply Monitoring

and Sequencing Support
Real-time comparator outputsonboth
the LTC2931 and LTC2932 indicate
the status of the individual inputs.
Similar to the RST  output, the com-
parator outputs are also open-drain
andhave weak pull-up currentsources
to the V2 voltage.

While RST pulls low when an
undervoltage event occurs on any of
the monitored supplies, acomparator
output pulls low only when its coun-
terpart input is below its threshold
voltage. The ability to monitor the
status of each supply is useful in

multi-voltage systems where it is

important to know which particular
supply has failed.
Theindividual comparator outputs

also allow power supply sequencing.
Figure 7 shows the LTC2932 in a
5-supply power-up sequencer. As

an input reaches its threshold, the
respective comparator output pulls
high and enables the next DC/DC
converter.

The LTC2950-1 is used to provide

pushbutton control for the sequencer.
After the pushbutton is pressed, the
LTC2950-1 pulls the RUN pin of the

LTM4600 high. Subsequently, the

LTM4600generatesa5V outputwhich

13
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supplies power to each of the four
DC/DC converters.

Three Supervisor Flavors

LTC2930: Manual Reset (MR~ )
Forces RST  Low

Use the manual reset input (MR ) on
the LTC2930 to issue a forced reset,
independent of input voltage levels. A
10pA (typical) internal current source
pullsthe MR pintoV cc.Alogiclowon
this pin pulls RST ~ low. When the MR
pin returns high, RST  returns high
after the selected reset timeout period
has elapsed, assuming all six voltage
inputs are above their thresholds
(Figure 8). The input-high threshold
onthe MR pinis 1.6V (max), allowing
the pin to be driven by low voltage
logic as well.

LTC2931: Monitor a Microprocessor
with the Watchdog Function
TheLTC2931'sindependentwatchdog
circuitry monitors a microprocessor’s
activity. The microprocessor is re-
quired to change the logic state of the
WDI pin on a periodic basis in order to
clearthewatchdogtimer. TheLTC2931
consists of a watchdog input (WDI), a
watchdog output (WDO ) and a timing
pin (CWT), which allows for a user
adjustable watchdog timeout period.
Figure 9illustratesthe watchdog timer
and its relationship to the reset timer
and WDI.

The watchdog timeout period is
adjustable and can be optimized for
software execution. The watchdog

<—tvRD <——tRsT—>

N/

~<~—tMRW—>

Figure 8. MR timing diagram

timeout period, t p, is adjusted by
connecting a capacitor, C 1, between
the CWT pin and ground. The value of
this capacitor is determined by

two .
S 7 P PR/ ms* {yp
Leaving the CWT pin unconnected
generates aminimum watchdog time-
outofapproximately 200ps. Maximum
watchdogtimeoutislimited by the larg-
est available low leakage capacitor.

LTC2932: Margining Capabilities

and Wider Threshold Tolerances

In high reliability system manufac-
turing and testing, it is important to
verify that the components will con-

Table 3. LTC2932 Tolerance Selection

To T1 TOL(I;)R)’ANCE \?\q/%,:

Low | Low 5 1.210
Low | High 7.5 1.175
High | Low 10 1.146
High | High 125 1.113

tinue to operate at or below the rated
power supply tolerance. Veri cation
usually involves margining the power
supplies, running their outputs at or
beyondratedtolerances. The LTC2932
isdesignedtocomplementsuchtesting
intwoways. First,the RST  outputcan
bedisabled by pullingRDIS  low. Inthis
state, the RST output remains high
despite any undervoltage eventswhich
may occur during marginingtests. This
does not affect the individual supply
monitoring, which is independent of
the logic state of RDIS.  Second, lower-
ing the trip thresholds can increase
supply headroomto matchthe margin-
ing ranges. This is simply a matter of
changing the two tolerance selection
inputs, TOand T1, to adjustthe global
supply tolerance to 5%, 7.5%, 10%, or
12.5% (see Table 3).

Automotive Application

The ease of implementation, wide
operating temperature range, and
low supply current requirements for
the LTC2930,LTC2931andLTC2932
supervisors make them ideal for
automotive applications. Figure 10

- —\H tRsT—>
__/

WDI

WDO 7

A B

A. UNDERVOLTAGE EVENT OCBSRBULLS LOWVDOPULLS HIGH, ANESTTIMER STARTS.

B.RSTTIMES OUT (ALL INPUT VOLTAGES BECOME GOOMRBEFOEOUT)Risy THEN WATCHDOG TIMER STARTS.
C. WATCHDOG TIMES Qpd, ANDWDOPULLS LOVRSTTIMER STARTS.
D. WDI TRANSITION OCCURS BERSREMEOUTWDOPULLS HIGH ANDDOTIMER STARTS.

E. WDI TRANSITION OCCURS WHDRES HIGH. WATCHDOG TIMER CLEARS AND RESTARTS.
F WATCHDOG TIMES QVOOPULLS LOW ANRSTTIMER STARTS.
G.RSTTIMES OUWDOPULLS HIGH AND WATCHDOG TIMER STARTS.
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Figure 9. Watchdog timing diagram
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Figure 10. The LTC2931 and LTC2932 in an automotive application

comfort and entertainment acces-

is a block diagram schematic of an
automotive application that uses
the LTC2931 and LTC2932. It was
designed to highlight and utilize the
features ofthese parts beyond simple
voltage monitoring. The voltage moni-
tors are powered by the LT3010-5,
a xed 5V micropower linear regu-
lator. Voltage transient protection
is provided by the LT4356DE-1

overvoltage protection regulator and
inrush limiter.

In a typical automotive power sys-
tem, a distinction is made between
“Always On” and “In Cabin” electron-
ics. “Always On” systems include
critical electronics that deal with the
safety and security of an automobile
and, as the name implies, are always
on. “In Cabin” electronics pertain to

sories used in automobiles. In the
event the battery is low, for instance,
the in cabin electronics are turned off
to preserve and siphon power to the
critical path.

Inthisautomotive application, pow-
erforthe alwayson critical electronics
is generated by the LTC3780 buck

continued on page 34
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High Power, Single Inductor,
Surface Mount Buck-Boost pModule
Regulators Handle 36V |, 10A Loads

by Manjing Xie

Introduction

One of the most daunting tasks for a
power supply designer is producing a
high power density supply where the
output voltage sits within the input
voltage range. High power density
buck-boostconvertersusually require
complex and bulky magnetics, run at
low ef ciency, and place high electri-
cal and thermal stresses on devices.
The LTM4605 and LTM4607 uModule
regulators can cure these buck-boost
headaches. The secret is in reducing
the component selection to an induc-
tor, a sense resistor and bulk input
and output capacitors. The resulting
solutionis as close to a plug-and-play
buck-boost converter you can get in
an IC form factor.

The LTM4605 and LTM4607
incorporate most of the
components needed for a
complete buck-boost solution
in their 15mm x 15mm x
2.8mm low pro le packages,
including the switching
controller, power FETs and
support components.

The LTM4605 and LTM4607 incor-
porate mostofthe components needed
for a complete buck-boost solution in
their 15mmx 15mmx 2.8mmlow pro-

le packages, including the switching
controller, power FETs and support
components. Their synchronous 4-
switch architecture can achieve up
to 92% ef ciency in boost mode and
97.7% ef ciency in buck mode.

The LTM4605 has a 4.5V to 20V
input range and a 0.8V to 20V output
range, whilethe LTM4607 takesa 4.5V
to 36V input to a 0.8V to 24V output.
Such wide voltage ranges save signi -

16

ViN
5V TO 36V _1

CLOCK SYNC

12v

_L22uF i330pF 5A
25V 25V
47uH = I: x2 =

Figure 1. Remarkable simplicity in the face of an otherwise daunting task. Only a few
components are required to provide an ef cient 12V, 5A output from a 5V-to-36V input.

Vour

12\

CONTROLLER

INT
FILTER|

v

SGND 1000p|

Figure 2. Simpli ed block diagram of the LTM4607

5A
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Swi L
10V/DIV i
Sw2 2
10V/DIV 4
VouT(ac) ) >)
200mV/DIV/| 4
Vin= 32V 2us/DIV Vin= 5V 2us/DIV Vin= 12V 2us/DIV
Vout= 12V VouTt= 12V VouTt= 12V
lout= 5A lout= 5A louT= 5A

Figure 3. Buck mode waveforms

cantdesigntimeasonepartcanservea
wide variety of applications—reducing
the need to certify and stock different
parts for different applications. To
round out these devices as complete
power supplies, both include impor-

tant safety features including true

soft-start, output overvoltage protec-
tion (OVP) and foldback protection in
buck, boost and buck-boost modes.

12V, 5A Supply

from a 5V=36V Input

Figure 1showsthe LTM4607 providing
a 12V, 5A output from a 5V-36V in-
put. The LTM4607 operates as a buck
converter at input voltages above the
output, as a boost converter at input
voltages well below the output, and a
combination of the two in the transi-
tion region where the input voltage is
close to the output.

Figure 4. Boost mode waveforms Figure 5. Transition mode waveforms

Inside the LTM4605

and LTM4607

Figure 2 is a simpli ed internal dia-

gramofthe LTM4607, showing the two
switchinglegs: the boostleg connected
to the output, and the buck leg to the

input. Each synchronous switching
leg is formed by two MOSFETs. SW1
and SW2tapthe middle of theinternal
boost leg and buck leg respectively.
Operation of the LTM4607 buck,
boost and transition regions can be
seen in Figures 3 to 5. In buck mode,
SW1isconnectedtothe outputandthe

8

100 | i internal buck leg switches to regulate
//>‘V\: o viy=32v | 7] the outputvoltage. Inboostmode, SW2

el 4 " ~T|® . isconnectedtotheinputandtheboost

5 / < |, s 2 legisinaction. During the transition
§ % AL A, % mode, when the input voltage is close
e R g totheoutput, both bucklegandboost
. / A 1 1° 2 legsareinaction. Tokeeptheinternal

L 2 Y p

N [EER e POWER LOSS| 2~ Dootstrap circuits constantly alive for
I] T e—e V= 1201 both legs, the “inactive” leg refreshes
go 1| YourTt2Y | it V= 32v every tenth cycle of the “active” leg.
o2 o :D CURQENT (A)S 10 That is, the boost leg switches once

for every ten switching cycles in buck
mode while the buck leg switches

Figure 6. Ef ciency and power loss for the o .
similarly in boost mode.

LTM4607 at different input voltages

VIN= 6V

VouT= 12V

ILoAD™ 5A

CURSOR 1 = INDUCTOR
CURSORS 2, 3, 4, 5 = LTM4607

7a

Figure 7. Thermal images with V

VIN = 32V

VouT= 12V

ILoaD= 10A

CURSOR 1 = INDUCTOR
CURSORS 2, 3, 4, 5 = LTM4607

7b

out = 12V and 25°C ambient temperature.
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Vin
5V TO 36V
CLOCK SYNC 0° PHASE
j— S R5
T 3 100k Vin PLLIN -
LTM4607 /_I_\
LTC6908-1

v ouT—
GND OUTZ—
SET  MOD[—e

A 10pF

pa 1

= 330pF
T

Figure 8. Schematic of two LTM4607 in parallel to provide 12V at 10A output from 6V to 36V source

Ef ciency Considerations

The internal MOSFETSs are optimized
and able to deliver up to 12A output
current for the LTM4605 and 10A
for the LTM4607 in buck mode. The
LTM4607's maximum output current
in boost mode is rated at 5A DC (typi-
cal). Eitherpartcanbeeasily paralleled
for higher current applications (see
next section). The current limitations
are imposed by power losses from the

Figure 6showsthetypicalef ciency
of the LTM4607 at various input volt-
ages. Worst-case ef ciency usually

occursatminimumand maximumV N

At minimum V |y, increased inductor
currentandrelated conduction losses
take the biggest bite out of ef ciency,
while at maximum V y, switching
losses dominate. Derating is neces-
sary under certain input, output and
thermal conditions. Thermal images

shown in Figure 7. Note that Figure
7b shows a single uModule regulator
supplying 10A in buck mode.

PolyPhase © Paralleling for
High Output Current

If an application requires higher
current than a single LTM4605 or
LTM4607 can supply, two or more
IUModule regulators can be connected
in parallel (Figure 8) to increase the

internal MOSFETS. of the circuit shown in Figure 1 are  available output current. The current
VouT(AC)
200mV/DIV
IL1 I
SADIV 20ADIV
IL2 I
SAIDIV 10A/DIV
|
iy 10ADIV
Vin= 5V 5ms/DIV ViN= 20V 100us/DIV
VouTt= 12V VouT= 12V
lout= 10A LOAD STEP = 15A
9a 9b

Figure 9. Inductor current waveforms at start-up and load transient with two LTM4607s in parallel
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mode architecture of the LTM4607 fa-
cilitates ef cient PolyPhase operation
(interleaved switch operation) of the
parallelregulators. Inaparallel setup,
asingle V oy setresistor is shared by
the regulators. The current control
signaland COMP pinsaretiedtogether,
thus resulting in balanced current
sharing, as shown in Figure 9

The 200kHz to 400kHz phase lock
loop of LTM4607 enables interleaved
switch operation, whichreducesinput
and output ripple current. Figure
shows two LTM4607s connected in
parallel to provide a 12V, 10A output.
Interleaved clock signalsare generated
by the LTC6908-1.

8

PCB Layout Considerations

With over 12A of inductor current
and four switching MOSFETS, care
must be taken during the PCB layout
to minimize EMI and thermal stress.
Figure 10 shows the recommended
component placement of components
on both the top and bottom of the
board.

There are two critical loops. One is
formed by input capacitors, the SW2
pins, the sense resistor and GND;
the other is formed by output capaci-
tor, the SW1 pins, the sense resistor
and GND. Because of the high dl/dt
pulsing current in both loops, their
area should be minimized. Thus, the
sense resistor should be put directly
beneath the module with as many
vias as possible on R ggnse and GND.
Whencomponentsarerestrictedtoone
layer, place the sense resistor as close
as possible to the module. Low ESR

Figure 10. Recommended parts placement and layout

and ESL ceramic capacitors should
be used at the input and output and
be placed as close to the module as
possible. The second layer should be
a solid ground plane.

Because both the LTM4605 and
LTM4607 use a versatile and respon-
sive currentmode controlarchitecture,
an external sense resistor is required.
Accurate sensing of the inductor
current is required for both system
stability and an accurate current
limit. Because the sensed current is
pulsating, parasitic inductance along
the current path should be minimized.
A Kelvin connection is recommended
as shown in Figure 11, and the cur-
rent sense traces should be close to
each other. *

Layout with the LTM4605 and
LTM4607 couldn’tbe easier—thereare

ViN

00000OGOO
o000 o0
eee 0@ SWliee
o000 o0

[ X X N J
eoece
° o000
[} [ X ]
o SW2 9o

10b

sofewcomponents—butitisimportant
to carefully consider thermal design.

SW1 and SW2 nodes should be
connected to alarge sized copper con-
ductor utilizing the inner and bottom
layers to help dissipate heat. Thermal
vias should be placed beneath the
module and on the copper planes as
shown in Figure  10.

Since boththe SW1and SW2nodes
produce high dV/dt values, it is bet-
ter to keep control signal traces away
from these nodes.

To improve reliability and thermal
performance, the thermal profile
should be tuned to minimize voids.
Also try to place control signals in in-
ner layers to free the thicker top and
bottom layers for current conduction
and thermal dissipation.

continued on page 36

Swi SW2 Vin
e o o o e o e o o
EEEEEEEEEEEN
o o o . ° o ° o o
EEEEEEEEEEER 000000
e o o o . ° ° o o
EEEEEEEEEEEN -
o o o L[] L] e o o
IIIII.I.IIIIII G
N
Vour o.o.o.o. .o.o.-o!o.o.o.o.o RsENSE
esoecee HEENEEENNEEEEN
o o o .'....
- .... EEEDN 1 [ | oy
= EEEEEE ;o
Ul mEEEBENE ]
o o o o
- EEEEEN |
° o o
eoc0000 EEEEER
o o
EEEEEN
o o + —
PGND PGND
RsENSE

KELVIN CONNECTIONS 3ENBE

Figure 11. Kelvin connection

used to sense current.
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1.5% Accurate Single-Supply
Supervisors Simplify Part Selection
and Operate to 125°C

by Bob Jurgilewicz and Roger Zemke

Introduction

Anewline offull-featured single-input
supervisors are easy to place, easy to

Table 1. LTC2915, LTC2916, LTC2917 and LTC2918 feature summary

bias and easy to con gure. They are Feature LTC2915 LTC2916  LTC2917  LTC2918
also highly accurate, an important
feature for keeping systems running 9 Selectable Thresholds | L L L L
reliably. Wide Temperature Range

The LTC2915, LTC2916, LTC2917 —40°C to +125°C - L - L
mgnthsg%/giSint%rgg?eed,iss erp-eslg?/ecis Threshold Accuracy +1.5% +1.5% +1.5% +1.5%
able thresholds that are compatible Shunt Regulator for High L L L L
with many standard power supply Voltage Operation
voltages. Auser-adjustable inputalso :
allows for customizable thresholds. Quiescent Current 30pA 30uA 30pA 30pA
The reset timeout period is xed at Low Voltage Reset 0.8v 0.8V 0.8v 0.8V
200ms, or add a capacitor to generate Reset Timeout: 200ms Fixed
acustomtimeout. Theeven-numbered or Externally Adjustable L L L L
parts include an option to generate a
reset-on-demand using the manual Power Supply L L L L
reset input, which is compatible with Glitch Immunity
mechanical or electrical switching. The Selectable Supply Tolerance
LTC2917and LTC2918 havewat.Chdog —5%, —10%, —15% L L
circuits that monitor processor signal
activity within a user-adjustable win- Manual Reset L L
dow or non-windowed time period. Watchdog Timeout:

Electrical speci cations are guar- 1.6s Fixed or L L
anteed to 125°C, so these supervisors Externally Adjustable
are perfect for high temperature .
envirgnments, suchg as au?omotive Non-Windowed Watchdog A A
applications. Operating voltage range Windowed Watchdog -B -B

beginsatalow1.5V,andextendstoany

Vee
LTC2915

VM RST, 3.3V

SEL1

SEL2

TOL
GND

Figure 1. A 12V supply monitored from 12V, utilizing Figure 2. A 5V, =10% tolerance supply monitor
internal shunt regulator with 3.3V logic out with 200ms internal reset timeout
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LTC2915
VM RST
SEL1
= SEL2

TOL

I GND

Figure 3. A 9V, —15% tolerance supply monitor with 3.3V logic out

positive high voltage when biasing the
integrated 6.2V shunt regulator. With
allthese features (and more discussed
below), users can qualify one product
to meet almost any supervisory need.
Table 1 summarizes the features for
all four products.

Easy Placement

Despiteageneraltrendtointegrate de-
vicesasmuchaspossible, single-input
supervisors have certain advantages
overmulti-voltage devices. The single-
input supervisor is not taxed with
the requirement to be engaged with
multiple supply voltages so that it is
much easier to place. Lead pitches on
modern device packages dictate that
multi-supply supervisors have their
monitor inputs physically close to
each other. Such covenants naturally
lead to signal routing and congestion
problems. Furthermore, due to the
close proximity of multiple supply
lines, undesirable noise coupling can
be a problem.

Specifying a physical system loca-
tion for a multi-supply supervisor
involves tradeoffs since an optimal
distance between supplies, super-

—L Gaypass
—Oo1F

Vee
LTC2915
VM RST,

SEL1

' —
TOL

visor and microprocessor may be
dif cult to achieve. Systems using a

single supervisor do not suffer from

these problems; the supervisor may
be located as near to the monitored
supply or processor as desired. The
LTC2915 and LTC2916 are available
in low prole (Imm) TSOT-23 and

DFN (3mm x 2mm) packaging. The
LTC2917 and LTC2918 are available
in 10-lead MSOP and DFN (3mm x
2mm) packaging.

Correct and Stable Operation

In concept, the job of a good supply
monitoring supervisoris simple: when
a power supply voltage drops below a
speci ed value, generate a reset. In
reality, the job of a supervisoris much
more complicated. Start-up and shut-
downconditions, noise, andtransients
all contribute to the complexity of a
real supervisor’s job. If the supervisor
generates a reset while the monitored
supplyisactually within speci cation,
the result is annoying and consumes
operating margin. Spurious resets
generated by typical supply noise are
equally vexing. Worse yet, not eliciting
amicroprocessor reset at voltages too

L i Gaypass
I 01F
- Vee
LTC2916
VM RST
SEL1
SEL2
MR

10k*

MANUAL RESET ©
PUSHBUTTO

Figure 4. A 1V, =15% tolerance supply monitor with 90ms timeout

low for proper system behavior can be
catastrophic.

Supervisor threshold accuracy is a
critical speci cationand mustbe reck-
oned with during the system design
phase. Most power supplies are speci-
edtooperate withinatolerance band.
Consider the example of monitoring
a 5V supply with a +10% tolerance.
The lowest speci ed output voltage is
therefore 4.5V. Anideal voltage moni-
tor (perfect accuracy) would generate
a reset at precisely 4.5V and below,
regardless of operating conditions,
indicating an out-of-tolerance supply
voltage. The problem is that ideal,
perfectly accurate voltage monitors
donotexist. Arandomly selected real-
world voltage monitor has a threshold
that resides within a distributed band
of values. All 27 of the LTC2915,
LTC2916, LTC2917 and LTC2918
selectable thresholds have the same
relative threshold band of +1.5% of
the selected nominal input voltage,
overthefulltemperature range (-40°C
to 125°C). The 5V monitor threshold
band is therefore 150mV wide.

The upper limit of the threshold
band should be coincident with the

3.3V

—L GByPAssS<S R
Py
I 01F 10k

*OPTIONAL RESISTOR RECOMMENDED TO EXTEND ESD TOLERANCE

Figure 5. 1.8V, -5% supply monitor with manual reset

Figure 6. 1.5V supply monitor with tolerance control
for margining, —5% operation with —15% margining
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lowest speci ed power supply output
voltage (4.5V in our example). Other-
wise, operating range is potentially
consumed if the monitor threshold
reachesabove4.5V. Using the monitor
voltage select (SEL1, SEL2) and toler-
ance(TOL)inputsonthe LTC2915and
LTC2917 (for 5V supply, 10% reset
threshold), we can con gure the up-
per threshold limit to 4.5V. The lower
threshold limit is 150mV below, or
4.35V. Statistically, most devices will
have an actual threshold closer to
4.425V, which is the center of thresh-
old band. Because of the threshold
spread, the powered systemmustwork
reliably down to the  lower threshold
limit, over temperature. It is easy to
seewhy less accurate monitors (larger
threshold spreads) can contribute to
system problems.

The monitor threshold discussion,
so far, deals only with the DC value of

12v

AAA

LTC2917

RST
WDI

Figure 8. A 12V supply monitor powered from 12V,
utilizing the internal shunt regulator with 3.3V logic out

1.8v

LTC2916
VM
SEL1
SEL2
MR

MANUAL RESET ©
PUSHBUTTO

Rpy
S0k

Vee
LTC2915

VM RST

SEL1

SEL2

TOL
GND

|||—

Figure 7. Dual supply monitor (1.8V and 12V) with manual reset and 200ms Reset timeout

the monitored supply. Real supplies
also have AC components or noise
from sources such as load transients
and switching artifacts. These AC
components should be ignored by the
monitor, since they can cause undesir-
able spurious reset events. One way
toavoid noise-induced sporadicresets
is to add hysteresis to the monitor

comparators—many monitors on the
market use this method. There is a
problem with this approach, in that

the added hysteresis degrades the ac-
curacy of the monitor and ushers in

the design problemsdiscussed earlier.
The LTC2915, LTC2916, LTC2917
and LTC2918 single supervisors do
not apply hysteresis. Instead, the

v

LTC2917-B
VM RST
SEL1 WDI
SEL2
TOL J_

GND WT

twpu= 1.6s
twpL= 50ms
trsT= 200Ms

Figure 9. A 1V supply monitor with windowed

3.3V L
GByPAsS
__E 0.1

Vee

LTC2917-A
12v— RST
WDI

Figure 10. A 12V supply monitor with 20ms reset
timeout and 3.4s watchdog timeout, with 3.3V logic out
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watchdog timeout and internal timers selected

3.3V

|||—

LTC2917
VM RST;
SEL1 WDI
SEL2

|||—

GND

Figure 11. A 3.3V, —10% tolerance supply

monitor with disabled watchdog
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comparators incorporate anti-glitch
circuitry. Any transient at the input
of the monitor comparator must be
of suf cient magnitude and duration
(energy) to switch the comparator. De-
signsutilizingthese single supervisors
promote correctand glitch-freeresets,
which leads to stable and ultimately
more reliable systems.

Processor Communication

Two of the monitors (LTC2917 and
LTC2918) communicate with host
processors through their watchdog
circuits. The basic requirement for
the processor is to “pet” the watchdog
periodically to avoid being “bitten” by
the dog. Processor resets are invoked
by the built-in watchdog hardware
when the watchdog petting frequency
has become too slow or too fast. Pre-
cise knowledge of the system’s timing
characteristics is required to set the
watchdog timeout period. Adjust the
watchdog timeout period by connect-
ing a capacitor between the watchdog
timinginput(WT)andground. Connect
WT to V ¢ to achieve a default 1.6s
timeout, without the need for external
capacitance.

Simple and Compliant Bias

A unique feature common to all four
of these devices is the ability to pro-
vide operating bias from almost any
positive voltage. It does not matter
whetheritisa 1.8V LDO, 5V switcher,

12V car battery, 24V wall-wart or 48V
telecom supply; the integrated 6.2V
shunt regulator can work with any
system. Forinputvoltages above 5.7V
the only requirement is to size the
hias resistor (R ¢c) to the range of the
input voltage. Connect R ¢ between
the high voltage supply and the V. ¢
input. Below 5.7V, simply connect
the supply directly to the V. ¢ input.
Deriving resistor sizing for worst-case
operation requires knowledge of the
minimum (V' guny) and maximum

(Vsmax)) input supply:

Vgmay 57V Vamy 7V
5mA C ™ 250M

Be sure to decouple the V¢ input
using a 0.1pF (or greater) capacitor
to ground.

Qualify Once, Specify Forever

During product development cycles,
power supply requirements often
change. While supply requirements
are changing, your choice of supervi-
sor doesn’t have to. The LTC2915,
LTC2916, LTC2917 and LTC2918
can relieve the burden of having to
nd the right supervisor for the job.
Qualifyany one ofthese partsand you
can monitor any one of eight different
supply voltages, each with three dif-
ferentinternally xedthresholds. You
can also monitor any custom voltage
down to 0.5V using an external resis-
tor divider. Multi-supply monitoringis

easily achieved by using two or more
devices and connecting their RST
outputs together.

Meet Your Match

TheLTC2915,LTC2916,LTC2917and
LTC2918 single supervisors are the
perfect match for a variety of applica-
tions. Browse the applications shown
inthe guresandquickly ndtheright
application for your system.

Conclusion

The LTC2915, LTC2916, LTC2917
andLTC2918 are feature-ladensingle
supervisors that can be comfortably
placed near your monitored supply
and/or microprocessor, leading to
easy printed circuit board layout and
reliable system operation.

Unprecedented configurability
makes it possible to qualify and stock
just one product that can meet all of
your supervisory needs. Integration
provides twenty-seven user-select-
able monitor thresholds with £1.5%
accuracy. Any non-standard thresh-
old can be user-con gured with the
adjustable setting.

Other features include high volt-
age operation, con gurable reset and
watchdog timers, manual reset, and
low quiescent current. External com-
ponentsare seldomrequiredtorealize
fully functional designs. Electrical
speci cations are guaranteed from
—-40°Cto 125°C. L

LTC4311, continued from page 9

Auto Detect Standby Mode

and Disable Mode

To conserve power, when both bus
voltages are within 400mV of the bus
pull-up supply, the LTC4311 enters
standby mode, consuming only 26 A
of supply current. When ENABLE
is forced low, as shown in Figure 4,
the LTC4311 enters a disable mode
and consumes less than 5pA of sup-
ply current. Both bus pins are high
impedance when in disable mode or
when the LTC4311 is powered down,
regardless of the bus voltage.

Conclusion

TheLTC4311ef cientlyand effectively
addresses slow rise times, decreased
noise marginsatlowbus supplies, and
increased DC bus power consumption
found in 2-wire bus systems. Strong
slew rate controlled pull-up currents
quickly and smoothly slew the |  2C
or SMBus bus lines, decreasing rise
times to allow up to 400kHz opera-
tion for bus capacitances in excess
of 1nF. The advantages of the strong
slew rate controlled currents extend
to reducing the low state bus voltage,

DC bus power consumption, and fall
times, since larger value bus pull-up
resistors can be used.

Withasmall2mm  s2mm s0.75mm
DFNorSC70footprint,high ~ +8kVHBM
ESD performance and low power con-
sumption in standby or disable mode,
theLTC4311Low\Voltagel 2CorSMBus
accelerator is also ideally suited for
all I 2C or SMBus systems. Examples
of such systems include notebooks,
palmtop computers, portable instru-
ments, RAIDs, and servers where /O
cards are hot-swapped. L
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Versatile Current Sense Ampli ers
Offer Rail-to-Rail Input,
150°C Operating Temperature

Introduction

Fast and accurate current measure-
ment is required in an increasing
number of electronics subsystems.
The list of applications that call for
current sensing includes diagnostic
system assessment, fault detection,
load protection and scaling, battery
“gas gauge” monitoring, and impend-
ing component failure detection, to
name just a few. The challenge is that
thereisnoone-size- ts-all solutionfor
current measurement. For example,
protection circuits often emphasize
measurement speed, while battery
applications usually emphasize ac-
curacy and low power. Nevertheless,
design time can be reduced by using
anaccurate currentmeasurementam-
pli er with features suited to the task
at hand, such as the latest members
of Linear Technology’s current sense
ampli er family, the LT6105, LT6106
and LT6107.

The LT6105 is distinguished by its
rail-to-rail inputs. It is a perfect t
for automatic test equipment (ATE)
systems and other systems that use a
combination of xed voltage supplies
and programmable or switched sup-
plies. The LT6105 features an input
voltage range of —-0.1V to 44V that
is independent of the power supply
voltage. The supply voltage for the
LT6105 can be obtained from any
convenient source within the supply
range of 2.85V to 36V. For instance, a
programmable supply with an output
of OV to 24V can be monitored while
the LT6105 is powered by a xed 5V
supply.

The LT6106 is distinguished by
ease-of-use and accuracy in single
supply environments. Just add two
resistorsandtie the supplytothe sense
resistor, and the device is con gured
to measure currents in supplies from
2.7Vt036V. Inputoffsetvoltageisalow

24

by William Jett and Glen Brisebois

3V TO 36V

|

Vout
200mV/
uT

Figure 1. Typical current sense application using the LT6106. Sense resistor is 20m Yand gain is
10, so transfer function is V out!l Loap =0.2VIA.

SOURCE

-0.3V TO 44V
VS+
002 Vours IV Vour Vs Vs +toUT
IN
Rout Av Rour
Vs 4.99k Rin
Rn: Rne  Rn
TO LOAD 2.85V TO 36V
Figure 2. Typical LT6105 connection. Sense resistor is 20m Yand gain is 50, so the transfer

functionis V. our/l Loap = 1V/A. Note the wide input source.

2500V and the power supply rejection 06
of 106dB makes the accuracy almost
independent of supply.
TheLT6107isfunctionallyidentical
to the LT6106, but provides guaran-
teed performance and speci cations
atjunctiontemperaturesupto 150°C.
This suitsitto under hood automotive
and some industrial applications that

T T T T
04 LIMIT OVER TEMPERATURE

0.2

0 TYPICAL PART AL 325°C—
—
—

-0.2

—

LIMIT OVER TEMPERATURE
-0.6 i }
08 N

5A FULL SCALER\ = 100

-0.4

ACCURACY (% OF FULL SCALE)

can exceed 125°C for relatively short ~1.0 {Reense 0.02 Rour= 1k
periods of time. Input offset voltage is Y ks i
less than 400uV over the entire tem- e+ 2 3 4 5

LOAD CURRENT (A)

perature range of —40°C to 150°C. As
withthe LT6106' tWO externalresistors Figure 3. Measurement accuracy vs load
set the ampli er gain. current for the LT6106 and LT1607
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Table 1summarizesthe guaranteed
performance of the LT6105, LT6106
and the LT6107.

Flexible Gain Setting

The LT6105, LT6106 and LT6107
use traditional external gain-setting
resistors. Thisisactuallyanimportant
feature in a current sense ampli er.
Most current sense applications re-
quire a very small maximum sense
shuntvoltage (tominimize powerloss),
which must be amplied to match
either a very specic comparator
threshold or ADC input voltage span.
The ability to carefully controlthe gain
isparamountto optimize performance.
Figures 1 and 2 show typical applica-
tions of the LT6106 and LT6105.

LT6106, LT6107

Theory of Operation

Referring to Figure 1, the current to

be measured, | |oap, passes through
a sense resistor R ggnse, resulting in
a voltage drop of V ggnse. Feedback
from the ampli er causes a current

to owin R y and Q1 such that the
ampli er inputs are equal, V
The currentin Q1 also ows through
Rout- The output voltage is therefore
proportional to the load current and
is given by

Rout
Vout lLoasR SENSEm

The overall accuracy graph shown
in Figure 3 combines the effects of
gain error and input offset voltage
to create a worst-case error band for
the application circuit in Figure 1. A
slight negative gain error, typically
—0.25%, is due to the nite current
gain of the PNP.

The LT6105:

Robust and Easy to Use

The LT6105 tolerates negative volt-
ages on its inputs of up to —9.5V. In
addition, it can also be used to sense
across fuses or MOSFETSs as shown
in Figure 4. The LT6105 has no prob-
lem when the fuse or MOSFET opens
because it has high voltage PNP’s and
a unique input topology that features
full high impedance differential input
swing capability to £44V. This allows

Table 1. Guaranteed performance speci cations

o=V

Parameter LT6105 LT6106 LT6107
25°C 25°C —40°C to 150°C
Input Voltage Range —0.3V to 44V 2.7V to 36 2.7V to 36V
Supply Voltage Range 2.85V to 36\, 2.7V to 36V 2.7V to 36V
Vos 300uV/1000pV* 250V 400pV
Maximum Differential a4V 0.5V 0.5V
Input Voltage
CMRR 95dB N/A N/A
PSRR 100dB 106dB 106dB
Gain Error +1%/+2.5%* —0.65% to 0% —0.65% to 0%
Output Current 1ImA 1mA 1ImA
Supply Current 340pA 95pA 125pA
Package MS8, DFN TSOT-5 TSOT-5
* Input common mode voltage = 12V, OV
Do Rsense FUSE DC SOURC

LT6105

(44v)

OUTPUT

Figure 4. The LT6105 can monitor across a fuse or switch. It's inputs are undamaged even when
split wide apart, and current is limited to about 3mA.

Figure 5. Block diagram of the LT6105
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24\pc
l

.

24V, 3W
SOLENOIC

200
1%

VouTt= 25mV/m.

Figure 6. Simplest form of solenoid driver. The LT6105 monitors the current in both on and
freewheel states. Lowest common mode voltage is 0V, while the highest is 24V plus the forward
voltage of the Schottky diode. See waveforms, Figure 7.

direct sensing of fuse or MOSFET
voltage drops, without concern for
an open circuit condition in the fuse
or MOSFET.

Another bene t of the LT6105
is that you can leave it connected to
a battery even when it is unpowered.
When the LT6105 loses power, or is
intentionally powered down, both
sense inputs remain high imped-
ance. In fact, when powered down,
the LT6105 inputs actually draw
less current than when powered up.
Powered up or down, it represents a
benign load.

1 19vioN—
1%

The LT6105 extends the current
sense measurement concept used in
the LT6106 (and others) to accom-
modate an input voltage range that
includes ground. Forboththe LT6105
and LT6106, the voltage developed
across a sense resistor is translated
into a current that appears in the
output pin. The voltage gain is set
by the ratio of the input and output
resistors, (R our/R ). The wide input
range in the LT6105 is obtained by
the use of two feedback paths to the
input pins.

24\pc

24V/OFF
TPO610L

200
1%

200

1N914 1%

24V, 3W
SOLENOI

d
A0 1N581L

VouTt= 25mV/mA

Figure 8. Similar circuit to Figure 6 but with solenoid grounded, so freewheeling forces inputs
negative. Providing resistive pullups keeps ampli er inputs from falling outside of their accurate

input range.
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VeaT= 3.6V
Icpg= 200pA
sviplv Ccpo=2.2F

10v/DIV

2VIDIV
50ms/DIV

Figure 7. Waveforms for solenoid driver. Top
trace is the MOSFET gate, with high on.
Middle trace is the bottom of the solenoid/
inductor. Bottom trace is the LT6105 output,
representing solenoid current at 80mA/DIV.
Glitches are useful indicators of solenoid
plunger movement.

Referring to Figure 5, when the in-
putvoltageV s.isbetween0Vand1.6V,
devices Q1,Q2,and Q3 are active and
devices Q4-Q7 are off. Feedback from
theampli ercausesthe currentto ow
in Q1, which equalizes the ampli er
inputvoltages. DevicesQlandQ3are
matched, so the collector current of
Q3 will equal the collector current of
Q1. The output voltage is then

Rout
Vout lLoa R senges™
Rint

WhentheinputvoltageV  sisgreater
than 1.6V, devices Q4, Q5, Q6, and
Q7 are active and devices Q1-Q3 are
off. Again, feedback fromthe ampli er
causesthe currentto owinQ4which
equalizesthe ampli erinputvoltages.
The current in Q4 is mirrored to the
output through the matching of Q4 to
Q5 and Q6 to Q7. The output voltage
for this mode is given by

Rout
Vout lLoas R SENsERE

LT6105 Application:

Solenoid Current Monitor

The large input common mode range

of the LT6105 makes it suitable for

monitoring currents in quarter, half,

and full bridge inductive load driving

applications. Figure 6 shows an ex-

ampleofaquarterbridge. The MOSFET

pulls down on the bottom of the sole-
continued on page 38
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Compact Hot Swap Solution Simpli es
Advanced Mezzanine Card Design

Introduction

Advanced Mezzanine Cards (Ad-

vancedMC) are 80W add-on modules
that are central to the extensibility

of MicroTCA and AdvancedTCA high
availabilitysystems. AdvancedTCAtar-
gets high capacity, high performance
applicationswhereas MicroTCAserves
smaller, cost-sensitive applications
with less demanding requirements.

Unlike other mezzanine modules,
which are bolted on, AdvancedMC
modules can be inserted into a live
backplane improving serviceability
and exibility.

BYPASS CAPACIT

The LTC4223 offers a
compact and comprehensive
Hot Swap solution for
Advanced Mezzanine Cards,
providing inrush control,
overcurrent protection and
supply monitoring. It also
detects board insertion and
extraction, thus protecting

the connector.

Q1

Si7336ADP

by Chew Lye Huat

The LTC4223 offers a compact and
comprehensive Hot Swap solution for
AdvancedMezzanine Cards, providing
inrush control, overcurrent protection
and supply monitoring. It detects
board insertion and extraction, allow-
ing the 12V and 3.3V auxiliary power
supply to be delivered in a controlled
mannerwithoutdamagingthe connec-
tor. The LTC4223 provides a current
monitor output for the 12V supply,
allowing real-time currentmonitoring.
Short-circuit faults on the 12V and
3.3V output are rapidly isolated with

CARRIER AMIODULE AMC
CONNECTORCONNECTOR

_ PWR[ ]
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T_‘.

BULK SUPPL:

.||—%
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Lyl
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107 477 15nF
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R2 MP 3.3v
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= mmmmmmm e e mmmmmmmmm—mm o ' 1 s30nF
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Figure 1. Typical Advanced Mezzanine Card application for MicroTCA systems
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EN
2VIDIV

TIMER
1V/IDIV

FAULT]
2VIDIV

5ms/DIV

Figure 2. TIMER blanking time prevents false
fault reset from EN pin contact bounces.

a fast acting current limit to prevent
theinputsupply fromcollapsingwhen
the output is shorted or overloaded.
The LTC4223-1 features a latch-off
circuit breaker, while the LTC4223-2
provides automatic retry after a fault.
Both options are available in 16-pin
SSOP and space-saving 5mm x 4mm
DFN packages.

Typical AdvancedMC

Hot Swap Application

In a typical AdvancedMC application,
the LTC4223 resides on the carrier
board, delivering 12V and 3.3V aux-
iliary power to the modules, as shown

in Figure 1. It controls the 12V main
supply with an external N-channel
MOSFET andthe 3.3V auxiliary supply
with an integrated 0.3 Y switch. The
currentforthe 12V supplyismonitored
via sense resistor R 5. The monitored
current is reproduced as a relative
voltage signal atthe 12IMON pin. This
signal can be fed to a control system
using an LTC1197L ADC.

Resistor R3prevents highfrequency
MOSFET self-oscillation in Q1, and
Rc/C g compensatesthe active current
limitloop. R2/C2 Iterstheinputpow-
ersupply,V cc,fromsupplytransients.
Several timers are con gured by the
capacitor, C 1, including the debounce
cycle delay (C 1  741[ms/uF]), aux
current limit time-out during start-
up (C 1+ 123[ms/uF]) and 12V supply
overcurrentresponse (C  1+6[ms/uF]).
Thetwosuppliescanbeindependently
controlled by theirrespective ON pins,
and their power-good and fault status
are indicated using open-drain out-
puts with internal pull-ups.
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EN
5V/DIV
TIMER
2VIDIV
AUXOUT|
5V/DIV
12\out
5V/DIV
AUXPGOO
5V/DIV
12PGOOD
5V/DIV
20ms/DIV
Figure 3. Normal power-up sequence with C 1

=2200uF and C |, = 150pF after a debounce
timing cycle

In a typical AdvancedMC
application, the LTC4223
resides on the carrier board.
It controls the 12V main
supply with an external

N-channel MOSFET and
the 3.3V auxiliary supply
with an integrated 0.3 7
switch. The current for the
12V supply is monitored
via sense resistor and is
reproduced at the 12IMON
pin as a relative voltage
signal, which can be fed to
a control system using an
LTC1197L ADC.

LTC4223

Card Presence Detect

Ignores Contact Bounces
Contactbouncesasconnectorpinsare
mated can trigger unwanted system
resets or can cause supplies to turn
on unintentionally. To prevent this
behavior, the LTC4223 ignores these
contact bounces for one TIMER cycle
before turning on the supplies.

When the connector pin PS1 s
engaged low upon card insertion,
EN goes low and initiates a start-up
debounce cycle if the ON pin is high.
Any contact bounces on the EN pin
resetthe TIMER and restart the ramp
up until it reaches 1.235V, at which
timethe faultlatchesarecleared. fEN ~
remainslowatthe end of the debounce
cycle, the switches are allowedtoturn
on. If EN" toggles high indicating card
removal, all switches are turned off in
20us, disconnecting the supplies to
the modules. Latched faults are not
cleared. However, because removing
the card could cause the EN  pin volt-
age to bounce, the clearing of latched
faultsisblankedinternallybya TIMER
ramp-up time given by C 1+ 123[ms/
WF], as shown in Figure 2.

Power-Up Sequence

Figure 3 shows the 3.3V auxiliary
and 12V supplies powering up in
sequence after EN  transitions low.
The pre-conditions for start-up are:

Vce and the input supplies exceed

12v

X 1mi 3.3V
I =
v Ve
N e e
TO SYSTEM
LTC1197L DOUT [ ( cONTROLLER
-IN cs |-
GND

422312 F10

=

Rout

Vout=

* \6ENSE 33 * ¥ENSE

Figure 4. High side current sense monitor with the LTC1197L ADC
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theirundervoltage lockoutthresholds,
TIMER is less than 0.2V and EN s
pulling low. If all of these conditions
are met, a debounce timing cycle is
initiated when the ON pin pulls high.
By default, the internal Aux switch
turns on rstif both ON pins are high
at the end of the debounce cycle. This
satis es the requirement to power up
the controller rstonthe AdvancedMC
module before turning on the 12V
supply.

The charge current applied to the
output capacitor C |, is limited to
240mA by an internal ACL (Active
Current Limit) ampli er, well below
the maximum 500mA allowed for Ad-
vancedMC modules. Whenthe current
limit is active, the TIMER pin ramps

up with a 10pA pull-up. AUXPGOOD

pulls low when AUXOUT exceeds its
power-good threshold of 2.901V un-
lessthe TIMER pinreaches 1.235V and
times out. When the TIMER pin falls
below 0.2V with a 2pA pull-down, the
12V supply external MOSFET turns
on by charging the GATE with a 10pA
currentsource. The GATE voltagerises
withaslopeequalto 100A/C  gandthe
inrush current owing into the load
capacitor C 4 is limited to (C 4/C ¢) *
10pA. Ifthe senseresistor voltage drop
becomes too large, the inrush current

is limited at 60mV/R ¢ by the internal
currentlimitcircuitry. 122PGOOD pulls
low when 12V 7 exceeds 10.36V.

Power Monitoring with

High Side Current Sense

The LTC4223 features a high side
current sense amplier for the 12V
supply that translates the sense re-
sistor voltage drop from the positive
rail to the negative rail. The voltage
at the 12IMON pin is equal to 33 °
Vsense- This can drive the input of an
LTC1197L ADC, as shown in Figure
4 for data conversion, and allows
the system controller to monitor the
power consumed by the AdvancedMC
module. Fullscaleinputtothe current
senseampli eris82.5mV correspond-
ing to an output of about 2.7V. If the
input exceeds 100mV, the 12IMON
output clamps at 3.2V.

VSENSE
200mV/DIV]

12\out
5V/DIV

12\GATE
5V/DIV

5 s/DIV

Figure 5. Fast acting current limit isolates
severe short-circuit fault on 12V output

Thermal Shutdown Protection
The internal 3.3V auxiliary supply
switch is protected by a thermal
shutdown circuit. If the switch’s
temperature reaches 150°C, the
Aux switch shuts off immediately
and FAULT pulls low. The external
12V supply switch also turns off.
The switches are allowed to turn on
again only after both the ON pins are
cycled low and then high after the
internal switch’'s temperature falls
below 120°C.

Fast Acting Current Limit
Isolates Fault

The LTC4223 features an adjustable
current limit with circuit breaker
function that protects the external
MOSFET against excessive load cur-
rentonthe 12V supply. Inthe event of
a severe short-circuit fault as shown
in Figure 5, the LTC4223 brings the
surge current under control within
1ps by pulling the MOSFET's GATE
down to the SOURCE pin. Thereafter,
the GATE recovers rapidly due to the
Rg/C ¢ compensation network and

TIMER
1V/IDIV

FAULT
5V/DIV

12VeATE
5V/IDIV

12IMON
2VIDIV

20ms/DIV

Figure 7. Auto-retry with 0.5% duty
cycle during 12V output short

FAULT
5V/DIV

ILoAD
1A/DIV

AUXOUT|
5V/DIV

5us/DIV

Figure 6. Fast acting current limit isolates
short-circuit fault on 3.3V auxiliary output

entersintoactive currentlimiting that
maintains 60mV across the sense re-
sistor. Whenthe sense voltage exceeds
the circuit breaker threshold (50mV
with 5% accuracy), the TIMER capaci-
toris pulled highwitha200pA current
untilthe TIMER reaches 1.235V, after
which it pulls down with 2pA. When
this occurs, FAULT  pulls low and the
GATE is pulled down to ground with
1maA, turning off the MOSFET but not
the internal Aux switch. Similarly, an
internal ACL amplier protects the
3.3Vauxiliary supply fromovercurrent
by pullingdownthe gate oftheinternal
passtransistorrapidly. Thereafter, the
gate recovers and servos the output
current to about 240mA for 25ps
before pulling down to ground gently,
turning the transistor off, as shown
in Figure 6. Atthis time, FAULT ~ pulls
low and the 12V supply switch also
shuts off.

Auto-Retry after a Fault

The LTC4223-1 latches off after an
overcurrentfaultwhilethe LTC4223-2
automatically restarts. Following an

TIMER
1V/IDIV

FAULT
5V/DIV

AUXOUT
5V/DIV

ILoAD
0.5A/DIV

50ms/DIV

Figure 8. Auto-retry with 6.5% duty cycle
during 3.3V auxiliary output short
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BACKPLANE CARD

CONNECTORCONNECTOR Rs Q1L
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overcurrentfault,the LTC4223-1does
not power up again until the fault is
cleared by either pulling the ON or
EN pin from high to low or by V
falling below its UVLO threshold. The
LTC4223-2 automatically clearsfaults
after a cool-off cycle and powers up
again, as shown in Figure 7 for a 12V
fault and Figure 8 for a 3.3V fault.
The latched fault is cleared during

the start-up cycle and FAULT  pulls

high. If the output-short persists, the
device powers upinto an output-short
with active current limiting until the

TIMER times out and FAULT  pulls

low again. The device restarts after a
cool-off cycle and the process repeats
until the output-short is removed.
The cool-off cycle time is given by
Cr + 1358[ms/pF] after a 12V supply
faultand C 1t 1482 [ms/uF] after an
auxiliary supply fault. If the TIMER
capacitor C 1 = 0.1yF, the auto-retry
duty cycle is 0.5% for the 12V supply
and 6.5% for the 3.3V auxiliary.
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Cr

Vec  VRer
CLK f—
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CS f—

GND

T oww T

Figure 9. A 12V at 18A card-resident application

12V at 18A

Card-Resident Application

In addition to the AdvancedMC ap-
plication where the LTC4223 is on
the carrier board, it can also reside on
the plug-in card side of the connector.
Figure 9 shows a typical 12V at 18A
application. The 3.3V auxiliary supply
may be usedto powerupon-boardlogic
drawing not more than 150mA. The
12V supply inrush current is limited
to 0.7A by R ¢/C g compensation net-
work when powering up into a large
load capacitor of 1000uF. When no
bulk capacitor is present on the card
supply, transientvoltage suppressors
(21, 22) are required to clamp supply
transients and the snubber (R1/C1,
R7/C3) eliminates ringing during an
output-short. Forthe LTC4223towork
with a different load at 12V output,
choosing the correct sense resistor
and external MOSFET is crucial.
This ensures that the circuit breaker
threshold is not exceeded under the

maximum load condition, and that

the power dissipated in the MOSFET
is well within its safe operating area
(SOA) while in active current limit
during an output-short.

Conclusion

The LTC4223 provides Hot Swap
control for a 3.3V auxiliary and a
12V supply. It features board inser-
tion and extraction detection, active
current limit into large load capaci-
tors and sequenced supply turn-on
with power-good status, all critical
in Advanced Mezzanine Card appli-
cations. Its tight 5% circuit breaker
threshold accuracy and fast acting
current limit protect the supplies
againstovercurrentfaults. The current
monitor outputallows measurementof
the 12V supply’s power consumption.
With these features, the LTC4223 of-
fersacompact Hot Swap solution that
simplies the Advanced Mezzanine
Card design. L
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Tiny, Fast and Ef cient Comparator
Regenerates Clock Signals

up to SMHz

What is it?

The LTC6702 is a tiny dual compara-
tor that is designed to bridge the gap
betweenrelatively slow ultralow power
comparators and very fast high power
comparators. The LTC6702 combines
speed, low voltage operation and
micropower operation, making itideal
inbattery poweredcircuitsthatrequire
high performance. Additional features
such as built-in hysteresis (to ensure
stable operation) and CMOS inputs
simplify designs and allow the use of
large source impedances. Offered in
the tiny 2mm x 2mm DFN package,
the LTC6702 is the smallest dual
comparator currently available, with
a footprint nearly 40% smaller than
that of a SOT-23.

What's So Special?

Guaranteed Speed

The two main benchmarks of a com-
parator are propagation delay and
supply current. Most comparators
only list a typical value for propaga-
tion delay. The LTC6702 goes one
step further, fully testing and guar-
anteeing apropagation delay of500ns
maximum from —-40°C to 125°C. It
manages to do this while drawing only
30pA maximum supply current per
comparator. Guaranteed operation

The LTC6702 combines
speed, low voltage operation
and micropower operation,
making it ideal in battery
powered circuits that require

high performance.

with a supply voltage as low as 1.7V
optimizes battery life.

Excellent Output Swing

The LTC6702 uses patented break-
before-make circuitry in its output
stage to minimize shoot-through cur-

800
VsTER= 100mV
OVERDRIVE = 50mV/
700} Ta = 250

600

500 A
V=17 =
1 [} o
FALLING T / il

RISINGIL ——FALLING ="

\

400

[l

PROPAGATION DELAY (ns)

300==
v

RISING
3V, 5
Cd L L

200
10 100 1000 100C

LOAD CAPACITANCE (pF)

Figure 1. Speed is maintained
with high capacitive loads

by Jim Sousae

rent when the output changes states
(typically problematicin CMOS output
stages). The result is an output stage
with three times better swing than the
typical bipolar outputstage and much
lower shoot-through current than the
typical CMOS output stage, allowing
the LTC6702 to maintain its ef cient
operation, even at high toggle rates.
The push-pull output stage topology
providesrail-to-rail operation without
the need of a pull-up resistor.

Capacitive Load Handling

The LTC6702 has the ability to drive
large capacitive loads due to its high
output drive current, unusual in
such a small, low quiescent current
device. The outputcurrentis speci ed
at +15mA from —40°C to 125°C and
has a typical short circuit current of
+250mA. Competing products show
capacitive load handling to 400pF due
to the degradation of their rise/fall
times and propagation delay with
higher capacitive loads. Figure 1
shows the LTC6702’s ability to drive
up to 10,000pF with signi cantly less
degradation to these parameters. The
high output drive current also allows
the LTC6702 to drive low current
relays directly.

V*=3v

IN LT6650
Vi =400mv]_|
REFERENQE ouT

FB

C1
0.1NF

]
JUV

1L

RECOVERE
CLOCK
(UP TO 3MH

CLOCK INPUT > 100g0¢

Figure 2. Clock recovery circuit ef ciently recovers clock signals up to 3MHz
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Inputs Operate Above V. *
Mostcomparators protecttheirinputs
from ESD strikes by diode clamping
the inputs to supply. Instead, the
LTC6702 uses a ground referenced
ESD device on each input pin, thus
allowing the inputs to operate above
the positive supply without additional
input currentor damage tothe device.
As long as one input is within the al-
lowed common-mode range, the other
input can go as high as the absolute
maximum rating of 6V, regardless of
the supply voltage.

What's It Good For?

Clock Regeneration

The high toggle rate and ef ciency of
the LTC6702 is ideal for clock regen-
eration in battery powered circuits.
It is no longer necessary to waste
milliamps of supply current powering
anultrafastcomparatorwhenultrafast
speeds are not required. The simple
circuit in Figure 2 can recover clock
signals with frequencies up to 3MHz
while burning only 225pA of supply
current.

Level Translation

TheLTC6702's push-pull outputstage
and its ability to operate with either

input above the positive supply rail
simpli eslogicleveltranslation. Many

comparators use an open collector or
opendraintype outputstage toenable

1.8v

I—I 1.8v
ouT ov

I—I 5.5V
ouT ov

Figure 3. Level translation without the need of an additional supply or pull-up resistor

leveltranslation and require a pull-up
resistor and separate supply to set
the output logic level. The circuits in
Figure 3 show how the LTC6702 can
perform both high-to-low and low-to-
highleveltranslationwithoutthe need
of an additional pull-up resistor, thus
reducing componentcountand saving
board space.

Current Sense Alarm

A typical swing of 300mV from either
rail with +60mA output drive allows

the LTC6702 to directly drive an LED
orrelayforalarmannunciation orload

protection switching. Figure 4 showsa

5.5V

dual load current sense alarm circuit
that provides resistor programmable
thresholds, turns on an LED when an
overload conditionis detected and has
a quiescent current of only 31pA.

Conclusion

Theuniquefeature setofthe LTC6702
makesitaveryversatile dual compara-
tor. Its tiny footprint and rail-to-rail
output capability allow the designer
to conserve board space, while it's
high speed to power ratio and low
voltage operationenable ef cientclock
regeneration and maximize battery
life. L

:

—| LOADAI

ILoADA
Rsa
017

LEDA ON IEhaps> 2.5A
LEDB ON IEhapg> 5.0A

Figure 4. This micropower dual low side current sense alarm can drive an LED or relay
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9V to 80V Ideal Diode Reduces Heat
Dissipation by Order of Magnitude

over Schottky

Introduction

Highavailability systems oftenemploy
parallel-connected power supplies
or battery feeds to achieve redun-
dancy and enhance system reliability.
Schottky ORing diodes have longbeen
used to connect these supplies at
the point of load. Unfortunately, the
forward voltage drop of these diodes
reduces the available supply voltage
and dissipates signi cant power at
high currents. Costly heat sinks and
elaborate layouts are needed to keep
the Schottky diode cool.

A better solution is to replace the
Schottky diode witha MOSFET -based
ideal diode. This reduces the voltage
drop and power dissipation, thereby
reducing the complexity, size and cost
of the thermal layout and increasing
system ef ciency. The LTC4357 is an
ideal diode controller that drives an
N-channel MOSFET and operates over
a voltage range of 9V to 80V.

How It Works

The LTC4357's basic operation is
straightforward. The external MOSFET
source is connected to the input sup-
ply and acts like the anode of a diode,
while the drain is the cathode. When
poweris rstapplied, theload current
initially owsthroughthe body diode of
the MOSFET. The LTC4357 sensesthe
voltage drop and drives the MOSFET
on. The LTC4357’s internal ampli er
and charge pump try to maintain a
25mV drop acrossthe MOSFET. Ifthe
load current causes more than 25mV

FDB3632

by Meilissa Lum

VINA= 48V

Lyl

Ve a8y FDB3632
INB=

p— VouTTO LOA

Lyl

Figure 1. Two load-sharing, redundant, 48V/10A power supplies using an ideal diode

of voltage drop, the MOSFET is driven
fullyon,andthe forward dropbecomes
equaltoR ps(on)® ILoap- Ifthe load cur-
rentreverses, as may occur during an
inputshort, the LTC4357 responds by
quickly pulling the MOSFET gate low
in less than 0.5s.

Load Sharing

Redundant Supplies

Figure 1 shows a 48V/10A ideal di-
ode-OR application. An MBR10100
Schottky diode would dissipate 6W
under these operating conditions.
In contrast, the FDB3632 7.5m

MOSFET dissipates only 7.5m Y e

(10A)2=0.75W. Thereduced power loss
increases ef ciency and saves space
required for heat sinking. If the power

supply voltages are nearly equal, the

FDB3632

14v

L/

74 SHUNT
REGULATOR

T

"I

+
-— 12v
T BATTERY

Figure 2. Solar panel charging 12V battery through ideal diode to prevent back feeding

load currentis shared betweenthe two
supplies. Otherwise, the supply with
the highest output voltage provides
the load current.

Load sharingisaccomplished using
a simple technique known as droop
sharing. Load current is rst taken
fromthe highestsupply output. Asthis
output falls or droops with increased
loading, the lower supply begins to
contribute. Regulating the forward
voltage drop to 25mV ensures smooth
load sharing between outputs without
oscillation. The degree of sharing is a

functionof MOSFETR  4on), the output

impedance of the supplies and their
initial output voltages. Backfeeding of
one supply into the other is precluded
by the diode action of the LTC4357.

Solar Power Application
In solar power systems, Schottky di-

odes are used to prevent discharge of

the battery during hours of darkness.

Unfortunately, the voltage drop and
power dissipation of a Schottky diode
can be quite large when used with
highwattage solar panels, thusreduc-
ing the amount of power available to
charge the battery. Figure 2 uses the
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LTC4357 with a FDB3632 MOSFET

to replace the Schottky diode.
Whenthe solar panelisilluminated

by full sunlight, itcharges the battery.

A shunt regulator absorbs any excess

charging currentto preventovercharg-

ing. If the forward current is greater

than 25mVIR  pson), the MOSFET is

fully enhanced and the voltage drop

rises accordingto R pg(ony* (I sarrery +

| Loap)- In darkness, or in the event of
a short circuit across the solar panel
or a component failure in the shunt
regulator, the output voltage of the
solar panel will be less than the bat-
teryvoltage. Inthis case, the LTC4357
shuts off the MOSFET, so the battery
will not discharge. The current drawn
from the battery into the LTC4357’s
OUT pinis only 7pA at 12V.

Protecting Against

Reverse Inputs

In automotive applications, the
LTC4357 inputs can be reversed.
An additional component, shown in

Figure 3, prevents the MOSFET from
turning on and protects the LTC4357.

VIN

Si4874DY Vou

12v

MMBD1205

Lyl

"9 12v
_L q 10A
OAD
L

Figure 3. =12V Reverse input protection blocks reverse input voltage to the load

With a reverse input, the diode con-
nected to system ground is reverse
hiased. The GND pin is pulled by the
second diode to within 700mV of the
reverse input voltage. Any loading
or leakage current tends to hold the
output near system ground, biasing
the LTC4357inthe blocking condition.

If the output is held up at +12V by a
backup source or stored charge in
the output capacitor, roughly double
the input voltage appears across the
MOSFET. The MOSFET is offand held
in the blocking state.

Conclusion

TheLTC4357ideal diode controllercan
replace aSchottky diodeinmanyappli-
cations. This simple solution reduces
both voltage drop and power dissipa-
tion, thereby shrinking the thermal
layout and reducing power loss. Its
wide 9Vto 80V supply operatingrange
and 100V absolute maximum rating
accommodate a broad range of input
supply voltages and applications,
including automotive, telecom andin-
dustrial. Adualversion, the LTC4355,
is available in 4mm x 3mm DFN-14
or SSOP-16 packages. L

LTC293x, continued from page 15

boost regulator and monitored by the
LTC2931. The LTC3780 is protected
from transients by the LT4356DE-1
and is capable of delivering full power
totheload withasupply voltage as low
as 6V. The LTC2931 is con gured to
monitor four xed and two adjustable
voltages, including two independent
5V supplies. 1.5% voltage monitor-
ing accuracy is guaranteed over the
entire operating temperature range.
Additionally, each voltage monitor-
ing channel has its own comparator
output that can be used by the micro-
processor toidentify a fault condition.
The comparator outputsare pulled up
to the 5V bus that powers both volt-
age monitoring devices. The LTC2931
has an adjustable watchdog timer,
which allows the LTC2931 to report
a malfunctioning microprocessor to
the rest of the system.

The unregulated battery voltage
and power supplies delivered to the in
cabinelectronics are monitored by the
LTC2932. This application monitors
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the unregulated battery voltage, and
the COMP4 output alerts the system
toalowbattery condition, allowingthe
system to enter a standby or power
save mode.
The LTC2932 also provides a

mechanism to override areset or fault
condition. This is accomplished by

pulling the RDIS  pin low. With RDIS

pulled low, the RST  output pulls up
to the V2 input voltage. Since V2 is
tied to V1, the reset high level is 5V.
The RDIS function allows the system
to have exibility in controlling the
power sourceswithoutgenerating sys-
temfaults. Additionally, the LTC2932
allows real time setting of the voltage
monitoring threshold. This could be
useful when changes in loading or
environment make for predictable
supply variances.

Conclusion

TheLTC2930,LTC2931andLTC2932
can each monitor six supplies, saving
valuable board area in space con-

strained applications. The LTC2930is
available ina3mm x 3mm DFN, while
the LTC2931 and LTC2932 are avail-
able in 20-pin TSSOP packages.

Allinclude design-time saving fea-
tures for multi-voltage applications.
Voltage thresholds are accurate to
+1.5%, guaranteed over the entire
—-40°C to 125°C temperature range.
This translates directly to simpli ed
power supply design, as threshold
accuracy must be accounted for in
the entire power supply tolerance
budget.

Comparator glitch immunity elimi-
natesfalseresets, withno effectonthe
high accuracy of the monitor. These
devices support a variety of voltage
combinations, easily set with only a
few external components. The reset
timeout period is also adjustable with
a single capacitor.

Lastly, the features which differ-
entiate the LTC2930, LTC2931 and
LTC2932 give users the exibility to
choose one for any application. L
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CMOS Op Amp Outperforms Bipolar
Amps in Precision Applications

Introduction

The LTC6081 and LTC6082 are dual
and quadlow offset, lowdrift, lownoise
CMOS operationalampli erswithrail-
to-rail input and output stages. Their
0.8uV/°C maximum offset drift, 1pA

inputbiascurrent, 1.3V, 0f0.1Hzto

10Hz noise, 120dB openloop gainand
110dB CMRR and PSRR make them
perfectfor precision applications. The
LTC6081 and LTC6082 have a gain
bandwidth product of 3.6MHz, with
each ampli er only consuming about
330pA current for a supply voltage of
2.7 to 5.5V. The 10-lead DFN pack-
age of the LTC6081 offers a shutdown
function to reduce each amplier's
supply current to 2pA.

Superior Precision

CMOS Op Amp

Bipolar ampli ers can have low offset
and low offset drift, but their nA level
input bias current make them inap-
propriate for high input impedance
applications such as photodiode
ampli ers. CMOS ampli ers usually
offer inferior offset drift, CMRR, and
PSRR speci cations and therefore
are not suitable for precision applica-
tions. Chopper stabilized ampli ers,
also known as zero drift ampli ers,
can achieve superior offset and offset
drift by means of offset cancellation,
but have clock noise and fold-back
noise due to sampling. LTC6081 and
LTC6082, however, are continuous
time CMOS operational ampli ers,
which use a patented methodology
to improve their offset voltage, offset
voltagedriftand CMRR. They combine
the features of low input bias current,
low offset drift and low noise.

Instrumentation Ampli er
Figure 2 shows a typical three op amp
instrumentation ampli er. IfR1=R2,
R3 =R5 and R4 = R6, then

¥ RIS

V il — =,V \
OUT & ‘RO Wiz ¥ ' MM I

NUMBER OF AMPLIFIERS (OUT OF 10
= = N ) w
o S a o a s}

o

VosprirtHVFC)

Figure 1. Vg drift histogram of LTC6081

In this two stage structure, the dif-

Ving

ViN2

ferential voltage passes through the
rstgainstage withgainof1+2R1/R0
while the common mode voltage has
only unity gain at the rst stage, thus
improving CMRR. Ratio matching of

R3

R1

RO

R2

R5

by Hengsheng Liu

R4/R3andR6/R5iscriticalfor CMRR.
Gaincanbe changed by simply chang-
ing RO without affecting the resistor
matching.
The input referred offset of the
amplier is
Ve Voo V Vosc
os VosB VoOsAT ong
1 —=
RO

ZVose Vosa

Statistically, the total V. o5 is 2
times the V o5 of a single op amp.
Since a single LTC6081 op amp drifts
less than 0.8uV/°C, the ampli er in
Figure 2 will driftlessthan 1.1pV/°C.

One drawback of the circuit in Figure
2isits common mode operating range
is no longer rail-to-rail. Assuming

R4

— Vout

R6

—W—

Figure 2. Typical three op amp structure of instrumentation ampli er

VIN

R3

R5

ViN2

A4\ ¢

R4

— Vout

R6

—W——W——)

Figure 3. Instrumentation ampli er with unity gain buffers
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the differential and common mode
input voltage are V. ypum) and V cwm
respectively, the output voltages of op
ampAandBarethenV ycum — (2R1/
RO)Vinpm) andV iyewy +(2RURO)V ypow)
respectively. So

2R
V= Mxew IOE:VN py Vv

2R

v ﬁ iom Vg ey
2Rl

ViR, hom

where V * and V ~ are the positive and
negative supply voltage respectively.
The larger the rst stage gain or input
differential signal is, the narrower
the input common mode range is. To
widen the input common mode range,
the rst stage gain can be reduced,
but this will compromise CMRR per-
formance.

Figure 3is areduced circuit of Fig-
ure 2 with a unity gain buffer at the
front stage. This circuit can achieve
rail-to-rail input range. As mentioned

|||—
|||—

previously, it won't have the high
CMRR of the circuit in Figure 2 since
we reduced the front stage gain to
unity. If the input resistance require-
ment can be eased, Figure 3 can be
reduced to Figure 4, a single stage
difference ampli er. Theimpedance of
the non-invertingandinvertinginputs
are R3 and R5 + R6, respectively. An
obvious advantage of the LTC6081 is
its super low input bias current. Even
with a IM 7 input resistor R3 or R5,
the less than 1pA input bias current
of LTC6081 will add less than 1pVv
to Vos.

The above discussion assumes
a perfect matching of R4/R3 and

R6/RS. If
R, gR
RS R3

then the CMRR degrades to
A
20log—~
Og—E
where Ay is the differential gain of

the instrumentation ampli er. For
example, atgainof 10, toachieve 80dB

SV oo1F

p— VouT= 10mV/C
0 C TO 50@C

Figure 5. Thermocouple ampli er

ViN2

Figure 4. Difference ampli er
with no input buffers

CMRR, mismatchof R4/R3and R6/R5
should be less than 0.1%. This is true
for all the above three circuits. The
advantage of the circuit in Figure 2 is
that gain can be put at the front stage
to ease the matching requirements of
the second stage. Matching of R1 and
R2 in Figure 2 is not important.

Thermocouple Ampli er

Figure 5 shows the LTC6081 in a
thermocouple amplier. The IM  7re-
sistors protect the circuit up to +350V
with no phase reversal to amplier
output. The 1pA maximum IBIAS of
the LTC6081 translatestoaminiscule
0.05°C temperature error with the
1M 7 input protection resistor. The
+90pV offset over the entire operating
temperaturerange ensuresalessthan
2°C temperature offset.

Conclusion

The LTC6081 and LTC6082 are high
performance dual and quad op amps
combining excellentnoise, offset drift,
CMRR, PSRR and input bias current
speci cations. They performinavari-
ety oftopologieswithoutcompromising
performance. LTC6081 is available in
8-lead MSOP and 10-lead DFN pack-
ages. LTC6082 is available in 16-lead
SSOP and DFN packages. L

LTM4605/07, continued from page 19
Conclusion

The LTM4605 and LTM4607 uModule
regulators simplify the design of buck-
boostpower supplies. Theirlowpro le
15mm x 15mm x 2.8mm packages
and minimal component count help
free up valuable PCB area. High input
and high output ratings suit these

36

regulators to networking, industrial,
automotive systems and high power
battery-operated devices. Their opti-
mized internal 4-switch architecture
provides high ef ciency and high
performance. Overall, the LTM4605
and LTM4607 reduce product design
and test time with a mix of high per-

formance features, exible settings
and ease-of-use. L

Notes

1 For more about layout with Kelvin sense resis-
tors, see “Using Current Sensing Resistors with
Hot Swap Controllers and Current Mode Voltage
Regulators”by Eric Trelewiczin  Linear Technology
Magazine, September 2003, page 34
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New Device Cameos

Low Voltage Hot Swap
Controller Provides Additional
GPIO Capability

The LTC4215-1 is a low voltage Hot
Swap controller with an onboard
ADC and | 2C compatible interface.
Functionally, the LTC4215-1 is simi-
lar to the LTC4215 with additional
General Purpose Input/Output (GPIO)
functionality for a total of three GPIO
pins.

The additional GPIO pins of the
LTC4215-1 may be usedtolightLEDs
to ag a card for service, turn on or
reset downstream circuits, or moni-
tor digital signals from other blocks.
GPIO1 and GPIO2 default to a high
impedance state for an output high or
digital input, and GPIO3 defaults to
outputlow. Thismix of states provides
exibility in the application—a simple
circuit can be used to invert the state
of the pin or provide a higher current
if desired.

The GPIO1 pin may still be con g-
ured to signal power good, as in the
LTC4215,andthe GPIO2 pinmayalso
still be used to generate fault alerts in
additiontothe new GPIOfunctionality.
The GPIO3 pin replaces the ADR2 pin
onthe LTC4215, reducingthe available
addresses from 27 t0 9.

The LTC4215-1 works in applica-
tionsfrom 12V (withtransientsto 24V)
downto 3.3V wherethe operating volt-
age can drop to 2.9V and is available
ina 4mm x 5mm QFN package.

Low Voltage Current Limiting

Hot Swap Controller

The LTC4210-3 and LTC4210-4 are
new members of the LTC4210 family
of tiny SOT-23 Hot Swap controllers.
These two products are ideal for low
voltage applications from 2.7V to 7V
where superior currentlimitresponses
are absolutely essential to high per-
formance systems. The LTC4210
rides through short duration of over-
load transients. Severe load faults
are isolated after a programmable
circuit breaker time-out to prevent
system and MOSFET damages. The

LTC4210-3retriesafter circuitbreaker
timeout, whereasthe LTC4210-4 con-
tinue latches off till system reset.

The gate driver maximum output
voltage is clamped to ground with a
12V Zener.

The LTC4210-3 and LTC4210-4
allow safe board insertion and re-
moval with inrush current control.
The LTC4210-3 and LTC4210-4 also
can be utilized as high side gate driver
to control a small footprint logic level
MOSFET.

Precision Voltage Reference
with Wide Operating
Temperature Range Simplies
High Temperature Industrial

and Automotive Design

The LTC6652 is a high precision, low
noise voltage reference with internal
output buffering thatis fully speci ed
over the —40°C to 125°C temperature
range. Thewide operatingtemperature
range, combined with low noise and
low power consumption, allows system
designerstoachieve high performance
in the most demanding applications.

First and foremost, the LTC6652
is a high precision voltage reference.
Speci cations include a maximum
0.05% initial accuracy and 5ppm/°C
temperature drift. This precision satis-
es the high performance application
requirements of monitor and control
systems, instrumentation and test
equipment.

The part is designed using high
precisioncircuitry carefully tailored to
high temperature operation. In order
to reliably meet the speci cations in
high volume manufacturing, the low
temperature drift is consistent from
part to part. These characteristics
make it easy to design systems using
the LTC6652. Perhaps mostimportant,
the performance is measured at the
temperature extremes for every unit,
not just sample tested. This gives sys-
temdesignersadditional con dencein
their product’s quality. The electrical
speci cations are also guaranteed
across the entire temperature range.

Second, the LTC6652 exhibits low
noise, making it a good choice for
systems that require large dynamic
range. At only 2.1ppm
10Hz), the noise is well below the
drift, allowing full access to the high
performance accuracy and drift char-
acteristics. The LTC6652 makesiteasy
to achieve repeatability, stability and
wide dynamic range in just about any
high performance application.

Third, the LTC6652 simpli es sys-
temdesigns by eliminating the needfor
abufferampli er. The output canboth
sink and source 5mA, and s stable for
awiderange ofload capacitances. Both
lineandloadregulation are exception-
al, maintaining system performance
underawide range of conditions while
reducing complexity.

Finally, the LTC6652 requires only
a small amount of power and board
space. It draws only 350pA supply
current, and is available in an 8-lead
MSOP package.

With its high precision, wide
temperature range, low noise and
small size, system designers should
be able to meet the most demanding
speci cations. Using parts that are
individually and fully tested at three
temperatures will help them sleep at
night.

DualTriple Supply Monitor
Maintains 1.5% Accuracy
Over Temperature
The LTC2919 is a triple/dual input
monitor intended for a variety of sys-
temmonitoring applications. The 0.5V
threshold of the two adjustable inputs
featuresatight1.5%accuracyoverthe
entire operating temperature range.
Additionally, anaccurate threshold at
the V ¢ pin provides an undervoltage
monitor fora 2.5V, 3.3V or 5V supply.
Each input features glitch rejection,
which ensures that the outputs oper-
ate reliably without false triggering.
The polarity selection pin (SEL)and
buffered reference output (REF) allow
the LTC2919 to monitor positive and
negative supplies for undervoltage

o (0.1Hz to
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(UV) and overvoltage (OV) conditions.
It can monitor two supplies for UV
or OV, or a single supply for UV and
OV simultaneously. The adjustable
trip thresholds are set with external
resistive divider networks, giving users
complete control over the trip voltage.
Anopen-drain RST  output s held low
when any adjust supply is invalid
or V¢ is in undervoltage. When all

the inputs are valid, the RST  pin is

released after a timeout delay, which

can be set to 200ms, adjusted with
an external capacitor, or con gured
for no-delay.

When compared to the LTC2909,
the LTC2919 provides two additional
independent output pins to indicate
the status of each adjustable input.
When connected to the enable pins of
power supplies these outputs can be
used to implement start-up sequenc-
ing. In addition to providing a highly
versatile, precise solution for supply

monitoring, the low quiescent current

of 50pA and the tiny DFN package
makes the LTC2919 an ideal choice
in space limited applications. With

the addition of a single external cur-

rent limiting resistor, the LTC2919’s

onboard 6.5V shuntregulator permits

operation from a high voltage supply.

The IC is offered in 10-pin plastic
MSOP and 3mm x 2mm DFN packages
and is speci ed over the C, |, and H

temperature ranges. L

LT6105/6/7, continued from page 26

noid to increase the solenoid current.
It lets go to decrease current, and the
solenoidvoltage freewheelsaroundthe
Schottky diode. Currentmeasurement
waveforms are showninFigure 7. The
smallglitchesoccurduetothe action of
the solenoid plunger, and this provides
anopportunity formechanical system
monitoring without an independent
sensor or limit switch.

Figure 8 shows another solenoid
driver circuit, a high side drive ap-
proach with one end of the solenoid
grounded and a P-Channel MOSFET
pulling up on the other end. In this
case, the inductor freewheels around
ground, imposing a negative input
common mode voltage of one Schottky
diode drop. This voltage may exceed
the input range of the LT6105. This
does not endanger the device, but it
degrades the accuracy. In order to
avoid exceeding the input range, pul-
lup resistors may be used as shown.

LT6105 Application:

Supply Monitor

The input common mode range of
the LT6105 also makes it suitable for
monitoring either positive or negative
supplies. Figure 9 shows one LT6105
applied as a simple positive supply
monitor, and another LT6105 as
a simple negative supply monitor.
Note that the schematics are practi-
cally identical, and both have outputs
conveniently referred to ground. The
only requirement for negative supply
monitoring, in addition to the usual
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constraints of the absolute maximum
ratings, is that the negative supply to
the LT6105 be at least as negative as
the supply it is monitoring.

Conclusion

The LT6105, LT6106, and LT6107
provide simple, exible solutions to
high side (and low side) current sens-
ing. Common to all the parts is the

+15V, ®

exibility of external gain setting. The
-0.1Vto44Vinputrange ofthe LT6105
enables the current in switched sup-
plies to be monitored from initial
turn-on/turn-off to the steady state
value. The LT6106 provides a simple
butaccurate solution for systemswith
a single supply. The LT6107 extends
the temperature range of current
measurements to 150°C. L

CURRENT FLOW

R

TO +15V

POSITIVE
SUPPLY 100
1%

-15V

VWA *
20m 100
1% 1%

LOAD

Vout= 1V/#

Vout= 1V/#

NEGATIVE
SUPPLY

CURRENT FLOW

Figure 9. The LT6105 can monitor the current of either positive or negative supplies, without
a schematic change. Just ensure that the current ow is in the correct direction.
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