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TECHNOLOGY

FEATURES

Tracks Multiple Supplies with MOSFET Switches
Monitors 5 Input Voltages Including Vg
Guaranteed Threshold Accuracy: +1% at 0.5V
Automatic Remote Sense Switching

Adjustable Supply Ramp Rate

Overvoltage Monitor

Adjustable Electronic Circuit Breaker

Adjustable Power-Good Delay

Available for V¢ Supply Voltages of 5V, 3.3V and 2.5V
Available in 16-Pin Narrow SSOP (LTC2921 Series)
and 20-Pin TSSOP (LTC2922 Series)

APPLICATIONS

Desktop Computers
Plug-In Cards
Telecom Infrastructure
Supply Sequencing
Instruments

| [ ’ \D LTC2921/LTC2922 Series

Power Supply Tracker
with Input Monitors

DESCRIPTION

The LTC®2921 and LTC2922 monitor up to five supplies
and force them to track on power-up in multiple supply
systems. Using external N-channel pass transistors, the
supplies can be ramped up at an adjustable rate. Auto-
matic remote sense switching allows the DG/DC convert-
ers to compensate for series voltage drops in the wiring.
Anincorrect level on one or more of the supplies triggers
disconnect of all supplies. Tight 1% accuracy and glitch
immunity on the low 0.5V monitoring level ensure no false
error disconnects.

The LTC2921 and LTC2922 each feature an adjustable
electronic circuit breaker to protect the Vg supply against
short circuits. Capacitance at the TIMER pin programs the
delays in the monitoring sequence.

The LTC2921 includes three remote sense switches in a
16-pinnarrow SSOP package, while the LTC2922 includes
five remote sense switches in a 20-pin TSSOP package.
Both parts are available for Vg supply voltages of 5V,
3.3V, and 2.5V.

AT, LTC and LT are registered trademarks of Linear Technology Corporation.

TYPICAL APPLICATION

Three-Supply Tracker and Monitor (5V, 3.3V, 2.5V)
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LTC2921/LTC2922 Series

ABSOLUTE MAXIMUM RATINGS (vote 1)

Ve Supply Voltage.......c.cevevevevevcvevcrcierenee -0.3Vto 7V Switch Currents (DC, RMS)
V1, V2, V3, V4 Voltages .......cccoereerrnnnee. -0.3Vto 7V S0, DO, S4, D4 (LTC2922 Series) ........cccvevueee. 30mA
SENSE Voltage ......ccoooveveveeieeeeeceeeeeee, -0.3Vto 7V S1,D1,52,D2,S3,D3 ... 30mA
TIMER Voltage ......cccovvverccerenenes -0.3Vto (Vg +0.3V)  Operating Ambient Temperature Range
Charge Pumped Output Voltages LTC2921C/LTC2922C .......coovevereerree 0°Cto 70°C
GATE, PG -0.3Vto12.2V LTC29211/LTC2922I ........ococvevererereee. -40°C to 85°C
Switch Voltages Junction Temperature (NOt€ 2) ........cccccvevevevenene, 125°C
S0, DO, S4, D4 (LTC2922 Series) ............ -0.3Vto 7V  Storage Temperature Range .................. -65°C to 150°C
S1,D1,S2,D2,S3,D3 ..o -0.3Vto 7V  Lead Temperature (Soldering, 10 S€C).................. 300°C
PACKAGE/ORDER INFORMATION
ORDER PART TOP VIEW ORDER PART
TOP VIEW NUMBER so[1]e 20] Do NUMBER
vi [1] [16] TIMER TIMER [2]] [19] Vee
V3 E E SENSE LT02921CGN‘25 V2 E E GATE LT 2922 F'33
V4 E E GATE LT02921 IGN ’ V3 E E’ PG LT02922CF'25
5[] 2l e LTC2921IGN-3.3 v [5] ] oo Teoooalr
o2 0] ] oo LTC2921IGN-2.5 4 [1 ] o TCoamalFa s
52 7] 0] o1 : o4 5] 3 s LTC2922IF-2.5
02 [3] 9] st GN PART MARKING s3[g] 3] 02
2921 D3 [10] 1] s2
16-LEAD NAPROW PLASTIC $50P 292133
Taw = 125°C, 60 = T1O°CW 292125 20-LEAFD|DF’/?_(/;\};‘EAF(I5(E TSSOP
2921 | Tymax = 125°C, 6y = 90°C/W
921133
921125
Consult LTC Marketing for parts specified with wider operating temperature ranges.
GLECTBICHL CHHBHCTGBBTKS The « denotes the specifications which apply over the full operating
temperature range, otherwise specifications are at Ty = 25°C. V¢ = 5V for LTG2921/LTC2922, V¢ = 3.3V for
LTC2921-3.3/LTC2922-3.3, and V¢ = 2.5V for LTC2921-2.5/LTC2922-2.5, unless otherwise noted.
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Supply Pin
Ve Supply Voltage Typical Operating Range
LTC2921/LTC2922 4.50 5.00 5.50 v
LTC2921-3.3/LTC2922-3.3 2.97 3.30 3.63 v
LTC2921-2.5/LTC2922-2.5 2.37 2.50 2.63 v
Ico Supply Current 2 mA
Veomon) Supply Monitor Threshold Voltage LTC2921/LTC2922 o | 4285 4350 4415 v
LTC2921-3.3/LTC2922-3.3 o | 2828 2.871 2.914 V
LTC2921-2.5/LTC2922-2.5 o | 2.265 2.300 2.335 V
Veciov) Supply Overvoltage Threshold LTC2921/LTC2922 o | 5.82 6.13 6.43 \
LTC2921-3.3/LTC2922-3.3 o | 384 4.04 4.24 V
LTC2921-2.5/LTC2922-2.5 o | 3.08 3.24 3.40 V
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LTC2921/LTC2922 Series
ELGCT‘“CHL CHHBHCTG‘“STKS The « denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V¢ = 5V for LTC2921/LTC2922, V¢ = 3.3V for
LTC2921-3.3/LTC2922-3.3, and V¢ = 2.5V for LTC2921-2.5/LTC2922-2.5, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
VecuvLo) Supply Undervoltage Lockout Ve Rising o | 208 2.20 2.30 \
Vecuvh Supply Undervoltage Hysteresis Ve Falling 120 mV
Electronic Circuit Breaker
AVgensE Circuit Breaker Trip Voltage AVsense = Voe - Vsense ° 45 50 55 mV
ISENSE SENSE Pin Input Current 150 500 nA
tv1(pLy) Gircuit Breaker Trip Delay Time Ve - Vsense = 150mV
LTC2921/LTC2922 0.5 1.5 3.0 s
LTC2921-3.3/LTC2922-3.3 0.5 1.5 3.0 s
LTC2921-2.5/LTC2922-2.5 0.5 1.5 6.0 s
ty1(rsT) Circuit Breaker Reset Pulse Width Guaranteed Not to Reset o 50 1]
Guaranteed to Reset o | 150 [
Vv1rsT) Circuit Breaker Reset Threshold Voltage e | 0.490 0.500 0.510 \
Monitor Inputs
Vmon V1-V4 Monitor Threshold Voltages 0.495 0.500 0.505 \
e | 0492 0500 0508 v
Vov V1-V4 Overvoltage Thresholds e (0665 0.700 0.735 \
Ivon V1-V4 Input Currents +0.1 VA
TIMER Pin
VTIMER(TH) TIMER Ramp Threshold Voltage o | 1.15 1.20 1.25 \
ITIMER(PU) TIMER Pull-Up Current Vriver = 1V o | 13 -2.0 -2.5 PA
|TIMER(PD) TIMER Pull-Down Current VCC =2.35V, Vimer = 0.4V 100 VA
VTIMER(CLR) TIMER Cleared Threshold Voltage Vriver Falling 150 250 mvV
GATE Pin
Viarte GATE Drive Output Voltage LTC2921/LTC2922 e | 100 111 12.2 v
LTC2921-3.3/LTC2922-3.3 o 8.4 9.1 9.8 v
LTC2921-2.5/LTC2922-2.5 o | 6.1 6.8 7.5 v
|GATE(PU) GATE Pull-Up Current Veate = Ve ° -6.5 -10.0 -12.5 pA
|GATE(PD) GATE Pull-Down Current Voo =2.35V, Vgare = 2.35V 10 mA
Remote Sense Switches
Ros(re) Feedback Switch Resistances (Note 3) | Vp = Vg . 2 10 | Q
PG Pin
|pG(pU) PG Pull-Up Current Vpg = Ve ° -2.6 -4.0 -5.0 PA
lPG(PD) PG Pull-Down Current Voo =2.35V, Vpg = 2.35V 10 mA
Vpg(oL) PG Output Low Voltage Voo =235V, lpg = SmA o 0.4 V
Vpg PG Output Voltage (Note 4) LTC2921/LTC2922 e | 100 111 12.2 v
LTC2921-3.3/LTC2922-3.3 o 8.4 9.1 9.8 v
LTC2921-2.5/LTC2922-2.5 o | 6.1 6.8 7.5 v

Note 1: Absolute Maximum Ratings are those values beyond which the life

of a device may be impaired.

Note 2: T, is calculated from the ambient temperature Tp and power

dissipation Pp as follows:
LTC2921 Series: Ty=Ta + (Pp ® 110°C/W)

VS < VD-

Note 3: This specification applies to all switches, and is measured with

Note 4: The PG pin will rise to approximately the same voltage as the
GATE pin when not pulled up or pulled down by external resistance.

LTC2922 Series: Ty = Ta + (Pp * 90°C/W)
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LTC2921/LTC2922 Series

TYPICAL PERFORMANCE CHARACTERISTICS

Specifications are at Ty = 25°C unless otherwise noted.
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LTC2921/LTC2922 Series

TYPICAL PERFORMANCE CHARACTERISTICS

Specifications are at Ty = 25°C unless otherwise noted.

Gate Voltage vs Supply Voltage Gate Voltage vs Temperature Gate Voltage vs Load Current
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LTC2921/LTC2922 Series

PIN FUNCTIONS (LTC2921/LTC2922 or [LTC2922 Only])

S0, DO (Pins 1, 20 [LTC2922]): Remote Switch 0. These
pins are the terminals of an internal N-channel FET switch
that is enabled after the GATE pin is fully ramped up. This
switch can be used to connect a remote sense line to
compensate for IR drop acrossthe external FETs. The gate
of the internal switch ramps up ata nominal rate of 8V/ms.
The pins are interchangeable, either switch pin can be tied
to the load side. Tie both pins to ground if unused.

S4,D4(Pins 7, 8[LTC2922]): Remote Sense Switch 4. Tie
to GND if unused.

83, D3 (Pins 5, 6/Pins 9, 10): Remote Sense Switch 3. Tie
to GND if unused.

S2, D2 (Pins 7, 8/Pins 11, 12): Remote Sense Switch 2.
Tie to GND if unused.

S1, D1 (Pins 9, 10/Pins 13, 14): Remote Sense Switch 1.
Tie to GND if unused.

TIMER (Pin 16/Pin 2): Timing Delay Input. Connect a
capacitor between this pin and ground to set a 600ms/uF
delay at two points in the monitoring sequence. This sets
the delay after all monitors are good, before the start of
GATE ramping, and the delay after the remote sense
switches are on, before PG is activated. TIMER must fall
below 150mV before a timing delay can start. The TIMER
pin is pulled to ground at other points in the sequence.

V1-V4 (Pins 1-4/Pins 3-6): Supply Monitor Inputs. All four
inputs must lie above the monitor threshold level (0.5V)
and below the monitor overvoltage level (0.7V) for a turn-
onsequence tocommence or continue. Whenany monitor
input falls outside those levels, the GATE and PG pins are
pulled low, disconnecting all the loads. Glitch filtering on
the 0.5V monitor threshold prevents low-energy voltage
spikes from affecting the comparators’ results. V1 also
servesas anactive-low reset pin forthe circuit breaker. Tie
unused monitor inputs to used monitor inputs.

GND (Pin 11/Pin 15): Circuit Ground.

PG (Pin 12/Pin 16): Power Good Output. A 4pA current
source from the internal charge pump rail (Vpymp) pulls
PG up after the turn-on sequence is complete. The output
is pulled to ground before turn-on is complete, when any
monitor is out of compliance, when the circuit breaker
trips, and when Vg is undervoltage. An external resistor
can be added to pull up to a lower voltage and to improve
pull up speed. This pin can also be configured as a gate
drive for external N-channel FETs in sequencing applica-
tions. Inapplications not requiring the PG output, leave the
pin unconnected.

GATE (Pin 13/Pin 17): Gate Drive for External N-Channel
FETs. A 10pA current source from the internal charge
pump rail (Vpymp) ramps the gates of the external N-
channel MOSFETSs forcing all supplies to track on. The
resistor and capacitor network from this pin to ground
sets the supplies’ ramp rate and enhances control loop
stability.

SENSE (Pin 14/Pin 18): Circuit Breaker Sense Input. An
external resistor between Vg and SENSE sets the elec-
tronic circuit breaker trip current. The breaker trips when
the voltage across the resistor exceeds 50mV for 1ps. To
disable the circuit breaker tie SENSE to V¢g. To reset the
circuit breaker after the current falls below the trip point,
pull the V1 pin below 0.5V for >150us or go into
undervoltage lockout for >10ps.

Ve (Pin 15/Pin 19): Supply Voltage. The voltage at Vg is
monitored through an internal resistive divider in a man-
ner similar to the V1-V4 inputs. An undervoltage lockout
circuit disables the part until the voltage at Vg is greater
than 2.2V. The Vg pin must be connected to the highest
supply voltage. Bypass the Vg pin to ground with a 10pF
capacitor.
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LTC2921/LTC2922 Series

FUNCTIONAL DIAGRAM
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Figure 1. LTC2921 and LTC2922 Functional Diagram
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LTC2921/LTC2922 Series

OPERATION

General Operation

The LTC2921 and LTC2922 track multiple supplies, moni-
tor multiple inputs, and provide integrated switches for
remote sensing. Once all input voltages lie between moni-
toring and overvoltage threshold levels, in-line FETs are
turned on to simultaneously ramp power to the loads. The
automatic remote sense switches are then activated, and
the power good signal is asserted. After initial power-on
the LTC2921 and LTC2922 continue monitoring the in-
puts. Several types of events will trigger interruption, any
of which will disconnect all supplies, deactivate the power
good signal, and open the remote sense switches.

Monitoring Sequence

A normal power-on sequence comprises the following
steps:

Step 0) Wait for V¢ to exceed the undervoltage lockout
threshold. Continue checking V.

Step 1) Confirm thatthe circuit breaker has nottripped and
wait for all monitored supplies, including Vg, to be
between their programmed monitor and overvoltage
thresholds. Continue checking these conditions.

Step 2) Check that the TIMER pin voltage starts below
150mV. Create a delay by ramping up the TIMER pin until
it trips an internal comparator.

Step 3) Ramp the GATE pin to turn on the external
N-channel FETs, simultaneously ramping the suppliesinto
their loads. Await confirmation of full GATE enhancement,
i.e., GATE voltage within ~1V of Vpyp. Continue checking
this condition.

Step 4) Activate the remote sense switches. Await confir-
mation of full Feedback Switch Gate enhancement.

Step 5) Wait again for another TIMER cycle delay.

Step 6) Release the pull-down on the PG output. Continue
checking V¢, the circuit breaker, the input voltages, and
the GATE voltage.

Interrupting Events

Three events caninterruptthe sequence andtriggerimme-
diate disconnect of all supplies, pull-down of the PG

signal, and deactivation of the remote sense switches. The
three interrupting events are a lockout, a fault, and an
error.

A'lockout occurs when Vg falls below the undervoltage
threshold (including hysteresis). Escape from lockout
requires sufficient Vg voltage. Leaving lockout, the se-
quence begins at Step 1. A lockout condition supersedes
faults and errors.

Afault occurs when the circuit breaker trips. Escape from
a fault requires pulsing the V1 pin below the reset thresh-
old of 0.5V(nom) for more than 150us after the current
falls below the trip point. When V1 returns high, the
sequence begins from Step 1. An undervoltage lockout of
>10us also clears the circuit breaker fault latch. A fault
condition supersedes errors.

An error occurs when one or more of the monitor inputs
(V1-V4 pins) or V¢ falls below its monitor threshold, or
rises above its overvoltage threshold. A loss of voltage on
the GATE pin, once it has fully ramped up, also causes an
error. An error sends the sequence to Step 1.

Feedback Switches for Remote Sensing

The integrated N-channel switches of the LTC2921/
LTC2922 automatically compensate for the voltage drops
caused by the Rpg(on) of the external load-control MOS-
FET switches. This is accomplished by modifying the
normal feedback path of each power supply that is con-
trolled by the LTG2921/LTC2922. When the load-control
switches are off, the remote sense switches are also off,
and the power supply uses its normal feedback path to
sense its output voltage. After the load-control switches
are turned on, the remote sense switches are turned on to
create dominating feedback paths. The feedback loops
include the load-control switches, thus compensating for
their voltage drops.

In order to eliminate glitching on the output of the power
supply, the remote sense switches are turned on at a
controlled rate of about 8V/ms. The gates of these inte-
grated N-channel devices are pulled up above Vg to
Vpymp SO as to provide a low-resistance path for a wide
range of voltages.
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LTC2921/LTC2922 Series

OPERATION

Electronic Circuit Breaker

Placing a resistor between the Vg and SENSE pins allows
the partto detect shorts and excessive currents on the Ve
supply. The electronic circuit breaker trips when the
voltage across the resistor is >50mV for more than 1ps. A
trip causes a fault condition which interrupts the monitor

sequence, and which requires reset of the circuit breaker
latch (see Interrupting Events section). Breaker reset is
achieved by pulling V1 below the reset threshold for
>150us after the current falls below the trip point, or by
returning from undervoltage lockout on Vgg.

TIMING DIAGRAMS

The timing of a typical start-up sequence for the LTC2921/
LTC2922is showninFigure2.Vgc exceedsthe undervoltage
lockout level at time 0. All monitor inputs settle between
the 0.5V monitor threshold and the 0.7V overvoltage
threshold by time 1, thena TIMER cycle starts. The TIMER
pin reaches 1.2V at time 2, and GATE ramping begins.
When the GATE ramp completes at time 3, the automatic
remote sense switches close. Another TIMER delay
begins at time 4 and finishes at time 5, at which time PG
is activated.

0 12 3 4 5
L
UNDERVOLTAGE
Ve ] LOCKOUT LEVEL
, Vec
SENSE Vog-50mV
0.7V
Vi 0.5V
0.7Vt
V2 0.5v7t
0.7V
V3 0.5V
0.7V
V4 0.5V
1.2V 1.2V
TIMER
v
GATE c¢
REMOTE R
SENSE
SWITCH
GATE
PG

Figure 2. Typical Start-Up Sequence

The timing of a monitor failure and subsequent regular
turn-on is shown in Figure 3. Prior to time 1, a successful
turn-on sequence had completed. At time 1, monitor V2
falls below the 0.5V reference, triggering an error. The
GATE pin, PG pin, and the remote sense switches fall at
rates determined by the pull-down currents and loading
conditions of each (times 2, 3, 4). At time 5, monitor V2
recovers, and a normal turn-on sequence begins.
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Figure 3. Monitor Failure and Start-Up Sequence Timing

29212fa

LY UNER

9



LTC2921/LTC2922 Series

TIMING DIAGRAMS

The timing of a circuit breaker trip and reset, and a
subsequent regularturn-onare shown in Figure 4. Prior to
time 1, a successful turn-on sequence had completed. At
time 1, excessive current pulls SENSE more than 50mV
below Vgc. The GATE pin, PG pin, and the remote sense
switches fall at rates determined by the pull-down currents

andloading conditions of each (times 2, 3,4). Note that the
excessive current condition ceases at time 4. A circuit
breaker reset pulse is initiated at time 5. The latch resets
attime 6 since the V1 pulse is wide enough. Anormal turn-
on begins when V1 rises above the monitor threshold
(time 7 onward).

Ve 1 234 5 6 7
1]
_| UNDERVOLTAGE
seNsE | VLCOCCKOUT LEVEL Voo
Voe-50my Y ewsom7
INTERNAL
CIRCUIT
BREAKER
LATCH
0.7V
Vi 0.5V
07V
V2 0.5V
07V
V3 05V
07V
V4 0V 1oy 1.2V
TIMER /T
T \
GATE N Vee
REMOTE
SENSE T\
SWITCH
GATE
PG ’

Figure 4. Circuit Breaker Trip, Reset and Start-Up Sequence Timing

APPLICATIONS INFORMATION

Multiple supply systems have become commontoaccom-
modate circuits on the same board with different voltage
requirements. Desktop PC motherboards, instrumenta-
tion circuits and plug-in boards of all kinds often require
tracking and control of several supply voltages.

The LTG2921 and LTC2922 ramp and monitor up to five
supply voltages in such systems. External resistive volt-
age dividers independently program four monitor levels,
while an internal divider sets the Vgg pin supply monitor
level. Time delays in the monitoring sequence are set by an
external capacitor at the TIMER pin.

The GATE pin provides a high side drive voltage appropri-
ate to logic-level and sublogic-level N-channel power

MOSFETs. The external RC network on GATE programs
the supply ramp rate and eliminates possible high fre-
quency oscillations in the power path. Featured in the
LTC2921/LTC2922 series are sub-10Q internal remote
sense switches to compensate for voltage drops between
the supplies and the loads.

Attheend ofasuccessful power-onsequence, the LTG2921/
LTC2922 asserts the PG output. A typical application uses
an external pull-up resistor between PG and the load side
of a supply. In applications where supply power-on se-
quencing is required, the PG pin can function as a second,
separate high side driver.
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LTC2921/LTC2922 Series

APPLICATIONS INFORMATION

Setting the Supply Monitor Levels

The LTG2921 and LTC2922 series both feature low 0.5V
monitoring thresholds with tight 1% accuracy. To set a
supply monitoring level tightly, design a precision ratio
resistive divider to relate the lowest valid supply voltage to
the maximum specified monitor threshold voltage. Use
resistors with 1% tolerance or better to limit the error due
to mismatch. The basic resistive divider connection for
supply monitoring is shown in Figure 5.

_ VsRet + Va1 — vy

Vout

LOAD

Ves
VA GATE

LTC2922

C
GND GATE
1— 1 L

2921/22 F05

GND

DC/DC =
CONVERTER

Figure 5. Basic Monitor Connection

First, divide the nominal monitor threshold voltage by an
acceptable bias current (la1), and choose a nearby stan-
dard value for resistor Ra1 (see Equation 1).

Next, calculate the bounds on the value of Rgy that
guarantee that the divided minimum supply voltage ex-
ceeds the maximum specified monitor threshold voltage,
and that the minimum specified overvoltage threshold
exceeds the divided maximum supply voltage. Use Equa-
tions 2and 3 to calculate Rgy(max) and Rg1(miny from Ra,
the resistor tolerance (RTOL), the supply voltage, the
monitor threshold and overvoltage specifications, and the
monitor pin leakage current specification.

When the integrated remote sensing switch is closed, the
DC/DC converter will compensate for the IR drop from
drainto source of the external N-channel FET (Vq1(on)) by
increasing the supply voltage by the same amount. Calcu-
late with Vq1(onymax) = OV if the remote sense switch is
not used.

0.500V
Rat ==
A

(1)

Rei(max)
M1-RTOLO OVsreiminy —0.908V O

Raqe 0 (2)

ATy RTOLD H0.505V + 0. 1uA *Rpq 0

D1+RTOLD.
H—RToLO

[Vsrcivax) + Vatonymax) — 0.665V 0 (3)
0.665V — 0.1uA *Rp1

Reiminy =Rate

Choose a standard resistor value for Rgq that satisfies the
inequality of Equation 4.

Re1(miny < Rg1 < Re1(max) (4)

When several standard values meet the requirement,
choose the value closest to Rgymax) to set the tightest
monitor threshold. This also allows more headroom for
larger Vay(onymax). Alternatively, choose the standard
value closest to Rg1(min) to set the tightest overvoltage
threshold.

All four monitor input voltages must be between the
monitor threshold and the overvoltage threshold for the
turn-on sequence to begin. Connect unneeded monitor
input pins to any of the utilized monitor input pins.

Selecting the External N-Channel MOSFETs

The GATE pin drives the gate of external N-channel
MOSFETs above Vg to connect the supplies to the loads.
The GATE drive voltage provided by the LTG2921/LTC2922
series is best suited to logic-level and sublogic-level
power MOSFETs. To achieve the lowest switch resistance,
the Vg pin must be connected to the highest supply
voltage.

Consider the application requirements for current, turnoff
speed, on-resistance, gate-source voltage specification,
etc. Refer to the Electrical Specifications and Typical
Performance Curves to determine the GATE voltages for
given Vgc voltages over the required range of conditions.
Calculate the minimum gate drive voltage for each moni-
tored supply for use in selecting the FETs. Check the
maximum GATE voltage against the FETS’ gate-source
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LTC2921/LTC2922 Series

APPLICATIONS INFORMATION

voltage specifications. On-resistance is a critical param-
eter when choosing power MOSFETs. The integrated
remote sense switches compensate for IR drops, but
minimizing V(vax) leaves more margin for designing the
resistive voltage divider for the monitors.

Setting the GATE Ramp Rate

Application of power to the loads is controlled by setting
the voltage ramping rate with an external capacitor on the
GATE pin. During Step 3 of the monitoring sequence, a
10pA pull-up ramps the GATE pin capacitance up to
Vpyump, the internal charge pump voltage. Use Equation 5
to calculate the nominal GATE pin capacitance necessary
to achieve a given ramp rate, AV/At:

10pA
AV /At ©)

Alternatively, to calculate the GATE capacitor to achieve a
desired nominal ramp time, use Equation 6. The GATE
drive voltage (VgaTg) varies with Vg voltage. Consult the
Electrical Characteristics table and Typical Performance
curves to choose an appropriate value to insert for Vgate.

CGATE =

10pA * tramp

CGATE = Voare

(6)
When the GATE pin drives several FETs in parallel, the load
voltages ramp together at the same rate until the lowest
supply reaches its full value. The other supplies continue
to track until the next lowest supply reaches its full value,
and so on.

The GATE pin must not be forced above the level it reaches
when fully ramped. An internal clamp limits the GATE
voltage to <12.2V relative to ground.

Damp possible ramp-on oscillations by including a 10Q
resistor in series with each external N-channel gate, and as
necessary, a 0.1uF capacitor on each external N-channel
drain, as shown in Figure 6.

Setting the Sequence Delay Timer

The turn-on sequence includes two programmable delays
set by the capacitance on the TIMER pin. More precisely,
asingle delay value is used at two points in the sequence.

VsRre2 —T_ 1 {IQZ_ Vio

Vsrei ‘I 1 {101_ Vi1

VsRreo 9 1 {IT Vio

GATE

LTC2922 ConTe
GND =
L
- 2921/22 FO6

Figure 6. Ramping and Damping Components on GATE Pin

In both cases, the delay provides a measure of confidence
that conditions are stable enough for the sequence to
advance.

The first TIMER delay begins once all monitor voltages
comply withtheirthresholds, the electronic circuit breaker
has not tripped, and Vg is not undervoltage. The TIMER
pin sources 2pA into an external capacitor, which ramps
itsvoltage. Acomparatortrips whenthe TIMER pin voltage
reaches the internal 1.2V reference, then the GATE ramp
begins,and TIMER is pulled to ground. The second TIMER
delay begins after the gate of the remote sense switches is
fully ramped up. After the TIMER ramp completes, the PG
pin is activated. An internal circuit pulls-down the TIMER
pin with >100pA of current at all times, except during the
ramping periods, and when Vg is undervoltage.

Calculate the nominal value for the timing capacitor by
inserting the desired delay into Equation 7:

2uA

ot
1oy oYY (")
For delay times below 60us, be sure to limit stray capaci-
tances on the TIMER pin by using good PCB design
practices. To program essentially no delay (<1ps), float
the TIMER pin.

Internal circuitry guarantees that the TIMER pin is pulled
below 150mV (typical) before a delay cycle can begin.

CrimER =

29212fa
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LTC2921/LTC2922 Series

APPLICATIONS INFORMATION

Electronic Circuit Breaker

The LTC2921/LTC2922’s electronic circuit breaker pro-
tects against excessive current on Vgg. The circuit breaker
trips when the SENSE pin falls more than 50mV below the
Vi pin for more than 1ps. When the breaker trips, the
remote sense switches are opened and the PG and GATE
pins are pulled to ground, disconnecting the supplies. An
internal latch guarantees that the monitoring sequence
cannot start until the breaker is reset. To reset the circuit
breaker, cyclethe V1 inputbelow 0.5V(nom) for more than
150ps. Vg falling below the undervoltage threshold also
resets the breaker. After reset, the sequence returns to
Step 1, awaiting valid monitor levels.

Figure 7 shows an equivalent schematic for the electronic
circuit breaker function. Using Equation 8, set the circuit
breaker by selecting Rggyse to drop less than the mini-
mum AVsense at the desired trip current:

AVSENSEMIN)

Rsense <
lLo(TRIP)

(8)

After selecting a resistor, use Equations 9a and 9b to
calculate the actual minimum and maximum trip current
threshold limits:

AVSENSEMIN)

| -
TRIF(MIN) RsENSEMAX) (%)
bratprga = L SENSEMAX) o
(AR RSENSE(MIN) (90)
Vsrzco—ES'E‘N‘SE o Vio
Hade) l*llol

Vo | SENSE Vpump
50mV R
4pA GO
10Q
i LOAD

GATE
REMOTE
ENABLE J urm Saie
OVERCURRENT
Al
LE=

CaaTe
SWITCH -
COMPARATOR I

GATE

SWITC!
ENAB v
PUMP

LaTch|_|conTroL
LOGIC ;%_ A
£ 3 PG
| ENABLE = -
v1|PULSE

—T—{WIDTH

MEAS. ;3__ oo 1

LT1C2922

.

@

Figure 7. Circuit Breaker Functional Schematic

Be mindful of thermal effects and power ratings when
choosing a resistor. Place Rggyse as close as possible to
the LTC2921/LTC2922 pins to reduce noise pickup, and
use Kelvin sensing to ensure accurate measurement of the
voltage drop. In applications not requiring the current
sensing circuit breaker, tie the SENSE pin to the Vg pin.

Configuring the PG Pin Qutput

The LTC2921 and LTC2922 each include a power good
indicator, the PG pin. During the turn-on sequence, and
upon detection of errors, a strong FET pulls PG to ground
with >10mA of current. When all supplies have satisfied
theirmonitorand overvoltage thresholds, the circuit breaker
has not tripped, the GATE pin has reached its peak, and the
remote sense switches have turned on, a 4pA current
source from Vpymp pulls up PG.

Configure PG as a logic signal by adding an external pull-
up resistor to a voltage source. For example, create a
negative-logic system reset signal by adding an external
pull-up resistor to the load side of a supply voltage, as in
Figure 8. Calculate the minimum pull-up resistor value that
meets the output low voltage specification for Vpg(oy):

Viovax) — 0.4V

R = 10
PG(MIN) Y (10)
Do not pull PG above the GATE pin’s fully ramped voltage.
An internal clamp limits the PG voltage to <12.2V relative
to ground. In applications that do not require the PG
output, leave the pin unconnected.

The PG output can also be used as the gate drive for
external N-channel MOSFETs, as in Figure 9. The delay
between the GATE ramp and the PG activation makes a
supply sequencer, useful when two supplies (or two
groups of supplies) need to be ramped one after another.
Choose the FETs and design the ramp rate in the same way
as for the GATE pin. Refer to Equations 5 and 6, substitut-
ing 4pA for 10pA, to choose capacitor Cpg.

Integrated Switches for Remote Sensing

A significant feature of the LTC2921/LTC2922 series
is a set of remote sense switches that allow for
compensation of voltage drops in the load path. Switch
activation occurs in the turn-on sequence after the GATE
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LTC2921/LTC2922 Series

APPLICATIONS INFORMATION

v Rsense Q0 y
SRCO A Lo
[ 1824
'] 53
v, SENSE
o GATE
Vpump CaATE
£
A Rpg uc
EG RESET
ENABLE I >° h%_ JT-
LTC2922 GND __l
2921/22 FO8 —
Figure 8. PG Pin as Logic Output
5
Vsres 1 {I— Vis
L,
RsEnsE 210Q
VSRCD —ng

Vee SENSE

1OQ
GATE

Veump

4pA

PG
ENABLE

LTC2922 GND __l

2921/22 F09 —

Figure 9. PG Pin as Sequenced N-Channel Gate Driver

o
D
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<]
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pin has fully ramped up. The switches are N-channel
MOSFETs whose gates are ramped from ground to Vpywp
at a nominal rate of 8V/ms. The PG pin is activated upon
completion of the TIMER delay cycle that follows GATE
ramp-up and remote sense switch activation. When con-
ditions indicate a supply disconnect, the switches shut off
in less than 10ps.

Figure 10 shows an example of how to connect a switch to
remote sense the load voltage. Although only one remote
sense switch is referred to in this section, the calculations
and comments apply to all.

Before the activation of Q1 and the internal switch, resistor
Rx1 provides a direct path between the DG/DC converter’s
output voltage and its feedback network (Ryq and Rz4).
Once Q1 activates, the supply energizes the load. When
the internal switch turns on, it provides a remote sense
path between the load voltage and the converter’s feed-
back network.

VsRe1 _ Qi Vi
Vout 14T
Rx1 < R
x1g Rt Re1
Ry1 10Q
Vr M\ V1 GATE
S Ra1 LTC2922 - Caate
b4 Z1 =
GND = L
V.
CHl W 1
DC/DC = L
CONVERTER o mﬂ

=
Figure 10. Automatic Remote Sense Switching Connection

To choose a value for resistor Ry4, consider the remote
sense switch connection equivalent network in Figure 11.
Resistor Ro1(on) represents the on-resistance of Q1, and
resistor Reg+(on) represents the on-resistance of the inter-
nal switch.

Vspor 0t ANA Vi1

Vour

LTC2922

e lozmeoi| [o]
|

RrB1(0N)

DC/DC = =
CONVERTER 202122 F11

Figure 11. Remote Sense Switch Connection Equivalent Network

To allow the load voltage to dominate the feedback to the
converter when the internal switch is closed, make Ry >>
Res1(on)- To set the converter feedback ratio accurately
with Ryy and Rz, make both Ry and Regq(ony much less
than (Ryq + Rz1). To ensure that most of the load current
flows through the external N-channel FET, choose (Ry1 +
Res1(on)) >> Ra1(on)- Summarized, these requirements
amount to:

Ra1(on) Rra(on) << Rx1 << (Ry1 + Rz1) (11)
Approach the selection of Ry4 in the following way: design
the DC/DC converter feedback based on the resistive
divider formed by Ryy and Rz¢ with Vg at the desired
supply voltage value. When the resistor values satisfy
Equation 11, Equations 12 through 15 are valid.
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LTC2921/LTC2922 Series

APPLICATIONS INFORMATION

Before Q1 closes to connect the load, the actual supply
voltage relative to Vgq is given by Equation 12.

Rxi Do
x1+Ry1 +Rz 112

N
AVspet = Vspet1 — Vg1 = Vg1 B

After both Q1 and the internal remote sense switch have
closed, the load voltage relative to Vg is given by Equation
13.

(R O
AVL1 = VL1 = Vst = It *Raton * FI?)E?N) H 13

A small part of the load current will flow through the
remote sense switch. Use Equation 14 to calculate the
current, and do not exceed the switch current Absolute
Maximum Rating when choosing the value of Ryj.

_, . Raton O
Ips1=1I1° WE (14)

In addition, once the remote sensing is active, the supply
voltage Vgpe1 will rise by approximately the drop across
the external FET. The effect on the monitor resistive divider
design has already been accounted for in the previous
section, Setting the Supply Monitor Levels.

_ Regyon O
Rxi (15)

Vsre1 = Vs1 +IL1*Raton %

=Vs1 +Vo10n)

The terminals of each switch are interchangeable; choose
the connections to optimize the board layout. Ground all
unused switch pins.

Design Example

Consider the design of a three-supply monitoring system,
as shown in Figure 12, with specifications as listed in
Table 1.

Table 1. Design Example Electrical Specifications
Supply Specifications

5V +7.5% Vsreoo(Max) = 9.375V
Vsrcominy = 4.625V

(
(
Vsre1(max) = 3.5475V
(
(

ILo = 0.8A (max)

3.3V+7.5% L1 =1.6A (max)
Vsre1(miny = 3.0525V
2.5V £7.5% Vsrea(Max) = 2.6875V [ o = 0.4A (max)

Vsreominy = 2.3125V
External N-channel FET Drain-Source Voltage Specification

5V Supply Vao(on)(max) < 250mV
3.3V Supply Vai(onymax) < 250mV
2.5V Supply Vaz(onymax) < 150mV
Timing Specification

TIMER Delay tpLy = 150ms (nom)
GATE Ramp Time | tramp = 500ms (nom)

Bias Current Specification

Monitor Resistive | Ia1= 10pA (nom)
Divider Current [a2 = 10pA (nom)

Other Requirements

* Remote Sense all 3 Load Voltages

¢ Tight Monitoring Levels

* Use Circuit Breaker Function

* DC/DC Converter Feedback Resistive Divider >100kQ

The LTG2921 suits this application because the largest
supply in the system is 5V, and only three remote sense
switches are required.

Start with the design of the resistive dividers that set the
monitor levels. As the largest supply voltage, the 5V
supply must be connected to the Vgg pin; an internal
resistive divider sets that monitor level. Consult the
Electrical Characteristics table to confirm that Vsrcowin)

>Veomonyvaxy and Vsreomax) <Vec(ov)Miny-

The bias currentin the lower resistor for the 3.3V supply’s
dividers yields a standard 1% value of Rpq = 49.9k:

0.500V
Rpq = =" = 50k = 49.9k
AT 0pA
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LTC2921/LTC2922 Series

APPLICATIONS INFORMATION

RsENSE
WSL1206 Q0
Vis oMW 10%X£ % (- Coo _LJ-*_-T- 0.8A MAX
DC/DC é 3 0;;‘\5 T < Re
CONVERTER = - 10Q
Voor |33V =75% _ o s
Vrg %—W\'— 10%)8 % i ?ﬁ} _Ll*l(slgzsmns 1.6A MAX
DC/DC ey I S Rai
CONVERTER = = 10Q
25V =75% _ ~ = 25V
o R p 1yl I(S.(ZAADMAX
Vre 1006 < %YF r 0?3% _ 51231608
wrai || | [WT] [PT 3%
B 25k S 16 151 {
1% 1% 1 Ve SENSE |43
V1 GATE ‘
al: i %
aRsT sisuis T v HE22 v L A7k
Si1012R 1%: 1%7 - 12 —
oot R1 ﬁ 3 s1 o1 22
B g8 mg
GIRCUIT BREAKER GND__ TIVIER
RESET CONTROL 1 _116 Cryyeq
—— 0.22,F
— —= 10V 2921/22 F12
Figure 12. Design Example of a Three-Supply Tracker and Monitor (5V, 3.3V, 2.5V)
Selecting Rpq = 243k satisfies the range restrictions be- 0,500V
low: : _
=——— =50k =49.9%
A2 7oA
= .EH_0.01|:|. R82 MAX :499k0§ﬂ§.
RB1(IVIAX) =49.9% +0.01E ( ) +0.01
0 3.0526V-0505V [0, o Eo 2.3125V - 0.505V gz 173.3k
505V +0.1uA+49.0k0_ < 505V +0.11A +49.9K
R =49 9k.m+0'01D. Re2(Min) :49.QK°W§°
BI(MIN) = 49- %—WE -0.01
_ [P.6875V +0.150V - 0.665V 0 _
H 0.665V-0.1uA49.9k O 0.665V — 0.1A +49.9k

Similar calculations for the 2.5V supply yield suitable
standard 1% values of Rpp = 49.9k and Rgp = 169k.

Tie the unused V3 and V4 monitor pins to V2 for proper
operation.
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LTC2921/LTC2922 Series

APPLICATIONS INFORMATION

Next, consider the supply ramping N-channel MOSFETSs
Q0, Q1 and Q2. Transistor Q0 will have >4.5V of gate-
source voltage, even at maximum supply voltage (5.375V)
and minimum GATE pin voltage (10V). Considering the
voltages, temperatures, and currents involved, the maxi-
mum on-resistance (Rq(on)(max)) of the Vishay Siliconix
Si2316DS is about 150mQ. Switches Q1 and Q2 will see
even higher gate-source voltages, implying even smaller
Ra(on)(max) values. Table 2 summarizes the calculated
Vo(ony(max) voltages. Include the additional 50mV drop
across Rsgyse when budgeting for the Vg supply path.

Table 2. External MOSFET Drain-Source Voltage Drops

Supply External Ro(on) I Va(on)

Voltage MOSFET Max Max Max
120mV

5V Qo ~150mQ 0.8A (+50mV = 170mV)

3.3V Q1 <150mQ 1.6A <240mV

2.5V Q2 <150mQ 0.4A <60mV

The 20V absolute maximum gate-source voltage rating
of the Si2316DS easily accommaodates this design.

Next, calculate the necessary capacitance on the GATE pin
to realize the desired ramp rate. Use the nominal value of
VeaTe from the Electrical Specification, and choose a
standard value.

10pA «500ms
10.8V
Include drain bypass capacitors of 0.1uF and series gate

resistors of 10Q on each external power FET to damp turn-
on oscillations.

CeaTE = = 0.463UF = 0.47pF

Find the capacitance at the TIMER pin required to set the
delays in the power-on sequence:

Crer = 22 o 150ms = 0.25F = 0.22F

1.2V

The application requires the use of the circuit breaker

function onthe Vg supply. First, find the upper limit on the
sense resistor value:

45mV
R <——=53.25mQ
SENSE 0.8A m

Select a precision power sense resistor, such as the
Vishay Dale WSL1206 series. They can be specified to 1%,
and exhibit <1% variation over the LTC2921/LTC2922
operating range; choose Rggyse = 90mQ. Including toler-
ances, the circuit breaker trip current threshold variation
will be:

45mV

ITRIP(MIN) = MO 0.88A
a5mV
ITRIP(MAX) = me 1.12A

The PG pin is configured as a 2.5V negative-logic reset
signal forthe microcontroller. The minimum pull-up resis-
tance for proper operation is:

2.6875V -0.4V
5mA

Figure 13 shows Rpg = 4.7k. The value is somewhat
arbitrarily chosen, but it does limit the pull-down current
to <500pA. Trade off lower pull-down currents against
faster pull-up edge rates in other applications.

= 460Q

Rpain) =

Recall that proper operation of the remote load sensing
function requires:

Ra(on), Res(on) << Rx << (Ry +Ry)
Inthis example, the operating conditions and the Si2316DS
give Ro(onymax) = 150mQ, the Electrical Characteristics
table guarantees Rrg(on) < 10Q, and the example design
specification requires that (Ry + Rz) <100k. Selecting Ryq
= Ryx1 = Ry = 100Q satisfies the inequality.

Before the loads are connected to the supplies, the voltage
error due to the Ry resistors will be <0.1% for all three
supplies:

_ . 00Q O Vsre
AVsre = Vsre * Hi ook B 7000

After the remote sense switches close, the load voltage
errors due to Ry at maximum loads will be:

=0.1%of Vgpg
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LTC2921/LTC2922 Series

APPLICATIONS INFORMATION
110Q

AVip = —0.8A+150mQ « -2 H=—12mV rei= 0 SA'E 50mQ - 12ma
H00Q0 ps1 =Y. 1000 .2m
=-0.24%of 5V
0o b Ios = 1.6A-€50m9§: 2 4mA
AV 1 =-1.6A150mQ * [F—" (1= —24mV 1000
0100Q0
e Ips = 0.4A«H2MRH_ g 6ma
=-0.73%0f 3.3V H1000 H
_ 010Q O_ The pull-down transistor Q5 on the V1 pin is a circuit
AV = —O.4A-150mQ-%OOQE— —6my breaker reset mechanism. Choose the transistor to pull

down Vi below the reset threshold under worst-case
conditions, and choose a gate-grounding resistor based
on speed and current considerations. The Vishay Siliconix
Confirm that the currents through the remote sense ~ Si1012R and a 100k resistor proved sufficient for this
switches are less than the Absolute Maximum Ratings; ~ design. Finally, bypass the Vg pin with a 10uF capacitor.

=-0.24%o0f 2.5V

TYPICAL APPLICATIONS

Five-Supply Tracker and Monitor (3.3V, 2.5V, 1.8V, 1.5V, 1.2V)

3.3V 10% L 33v

Vour W LOAD
|
y WA R RseNse oo | Iylao 0.8A MAX
8 S WSL1206 o 51231605
DC/DC 1002 0.050, 1% T S Ra
CONVERTER L = 100
r 25V
2.5V +5%
Vout 1415 LOAD
Vig WA Rui g Co1 . 2.3A MAX
1000 0.1pF Ror
DC/DC 2L $he
CONVERTER L =
Vour 138V + 5% q 1L§XD
v M | Lelo 1.6A MAX
" o 10%’%1; 0 fﬁé Si2316DS
DC/DC < 25\ I Rgo
CONVERTER L. = 10Q
P 15V
15V + 5%
Vour . 1515 LOAD
M 1.4 MAX
Vrg VWv Rx3:> 0 1032 _L Si2316DS
DC/DC 10002 sy L S R
CONVERTER L = 100
3 1.2V
1.2V + 5%
Vour 141 LOAD
AN 04 1.2A MAX
Vee o s Cerp | 0 ?ﬁ‘g Si231608
> 10uF : o
DC/DC 5 T
CONVERTER Rer & Rz o Resd Real 25v L 2V = 100
= 178k S 113k S 86.6k S 60.4kS =
1%y 1%y 1%Y 1% 19 18
Voo SENSE
31 vy GATE
]2 e
5 A7ul
QRST 7 3 fiViom SR
- V4 = S 4.7
Si1012R 16 o
Rars PRaos Rass Rmg PG RESET
CBRST 1993 49.kS 409 4.9k o283 PG PIN AS FESET
. 1%y 1% 1%y 1% -3. WITH PULL-UP
100k = = =T = ) T0 2.5V
L L 50 Do |22
= = 13| o o1 |24
CIRCUIT BREAKER T -
RESET CONTROL 4] 82 2 (12
7] 3 D3
s4 D4 |8
G ND Tl M ER 2921/22 TAD2
=
220
T

29212fa

18 LY UNER




LTC2921/LTC2922 Series

PACKAGE DESCRIPTION

F Package
20-Lead Plastic TSSOP (4.4mm)
(Reference LTC DWG # 05-08-1650)

6.40 - 6.60"

_ £l (
I]I]I]I]I]I]I]I]I]I]-T-- e e

6.60 +0.10 450+0.10
6.40
BSC
0.45 £0.05 —=| [<— q]q] 0.65 TYP DOHEEEHER 3
RECOMMENDED SOLDER PAD LAYOUT 123456738910
o 110
NOTE: % (-0433)
1. CONTROLLING DIMENSION: MILLIMETERS (189-.177) MAX
2. DIMENSIONS ARE N MILLIMETERS — 0°-8° —
(INCHES) % { \ L ¢
3. DRAWING NOT TO SCALE .%/ \ 7S A A AR AT vy
*DIMENSIONS DO NOT INCLUDE MOLD FLASH. MOLD FLASH 0.45 - 0.75 ‘ ‘ 0.65|
SHALL NOT EXCEED .152mm (.006") PER SIDE 0.09-0.20 (o18-030) ' ™ f (.0256) %‘ ‘e 0.05-0.15
**DIMENSIONS DO NOT INCLUDE INTERLEAD FLASH. INTERLEAD ~ (.0036 -.0079) BSC 0.495 - 0.30 (.002 -.006)
FLASH SHALL NOT EXCEED .254mm (.010") PER SIDE 0T iqa >~ 20 T550p 0502
(0077 - .0118)
GN Package

16-Lead Plastic SSOP (Narrow .150 Inch)
(Reference LTC DWG # 05-08-1641)
.189-.196"

.045 +.005 18014678
@ 978) 009

touobooooy —| iz
16 15 14 13 12 11 109 REF

.254 MIN 150 -.165
229 —.244 150 —.157**
|:| |:| |:| |:| |:| |:| Y (5.817 - 6.198) (3.810 - 3.988)
0165 +.0015 —=] < J] q]« 0250 TYP
RECOMMENDED SOLDER PAD LAYOUT H H H H H H H
1 23 456 7 8
NOTE:
1. CONTROLLING DIMENSION: INCHES % X 45° —»| e .053 - .068 .004 - 0098
38 +0. TaET 107 o o0l
2. DIMENSIONS ARE IN ~——INCHES ( ) ‘ (1.351-1.727) (0-102 - 0.249)
(MILLIMETERS) 007 - 0098 o _goTyp
3. DRAWING NOT TO SCALE (0.178 ;0.249)j%k ¢ { ) i
*DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH _— —— 7m:
SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE /‘ ‘ 016 -.050 P oo ‘ ‘ ‘ ‘ o0 |
**DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD T =T (0406 -1.270) (0203-0305) ' ™ 7 ™ (06s35)
FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE BSC GN16 (SSOP) 0502
29212fa
Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
‘ ' Llnw However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
TECHNOLOGY tationthatthe interconnection of its circuits as described herein will notinfringe on existing patent rights.



LTC2921/LTC2922 Series
TYPICAL APPLICATION

Early-Late Supply Sequencer with Early Supplies LED Indicator

5V £10% 5V

Vour ° 2\ T
S—AAA RsEnsE 2% Qo EARLY
Veg VWV 10%)8 3 WSL1206 o ?Dg | 1*lSi2316DS 0.8A MAX
DC/DC > 0.05Q, 1% QEV I Rgo
CONVERTER —L 10Q
N 25V
Vour 28V £ 5% ° lii EARLY
e L Rei < Cos at 1.5A MAX
10003 0T s|231eos
DC/DC 25V __L_ 109
CONVERTER L.
Vour |8V £ 5% ~ ~ i w
1T
Vre 10@8% 0 1CD§ _L Si2316DS 5 MAX
DG/DC A WL <R
CONVERTER - = 10Q
4
Vour |3:3V£10% 3.3V
]_ LATE
Vrg 0 fﬁg J_ Si2316DS
DC/DC 25y —_|_— Ra3
CONVERTER L 100
Vour |28V £10% _ o 25V
Lylog LATE
i Cove 1 0 fﬁ‘g J— Sizsiens
COBS/E%%ER Rp B1 & Rpo < RBS S Rp4 ZEV I 25V I 10Q
= 169k< 113k< 23%k 162k =
1%Y 1%y 1%] 1% 19 18
® 3 Ve SENSE 17
v GATE Co
QRST 5 \ 0.47uF ——
. V3 I
snmzﬂ 6] s % 8V = PG PIN AS
CBRST Rl Rl Rl Rul PG SEQUENGED
R1 49.9kS 49. 9k<> 49.9kS 49.9kS - 0 QgpF | GATE DRIVER
100k 1 /°: /JI_ 1 /JI_ 1 /": 257 L
= = 1 20
CIRCUIT BREAKER 73l 2 00 =7
RESET CONTROL e DS
2 D2
3 83 D3 ;L 2921/22 TA03
r S4 D4 t ~500ms
R6 — GND__ TIMER 17 tﬁéTf 600ms
3300 Jls L2 CTiMER
EARLY I 0.224F
“MVOLTAGES = = 10V
ON
PART NUMBER | DESCRIPTION COMMENTS
LTC2900 Programmable Quad Supply Monitor Adjustable RESET Timer, 10-Lead MSOP Package
LTC2901 Programmable Quad Supply Monitor with Watchdog Adjustable RESET Timer and Watchdog Timer,
Individual Comparator Outputs
LTC2902 Programmable Quad Supply Monitor Adjustable RESET Timer, Selectable Tolerance,
RESET Disable for Margining.
LTC4211 Hot Swap Controller with Multifunction Current Control Operates from 2.5V to 16.5V, 10-Lead MSOP Package
LTC4230 Triple Hot Swap Controller with Multifunction Current Control Operates from 1.7V to 16.5V, Supply Tracking
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