FEATURES

Flexible Power Supply Tracking and Sequencing
Adjustable Ramp Rates, Offsets and Time Delays
Controls Three Supplies with Series MOSFETs
Integrated Remote Sense Switching

FAULT Input/Output

STATUS Output/Power Good Input

Available in 20-Lead Narrow SSOP and 20-Lead QFN
(4mm x 5mm) Packages

APPLICATIONS

Veore and Vg Supply Tracking
Microprocessor, DSP and FPGA Supplies
Servers

Communications Systems

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.
All other trademarks are the property of their respective owners.
*Protected by U.S. Patents including 6897717.
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MOSFET-Conftrolled
Power Supply Tracker

DESCRIPTION

The LTG2926 provides a simple solution for tracking and
sequencing up to three power supply rails. An N-channel
MOSFET and a few resistors per channel configure the
load voltages to ramp up and down together, with voltage
offsets, with time delays or with different ramp rates.

Automatic remote sense switching compensates forvoltage
drops across the MOSFETs. The LTC2926 provides two
integrated switches as well as a signal to control optional
additional external N-channel MOSFET sense switches.

The LTC2926 includes I/0 signals for communication with
other devices. The status output asserts after tracking and
sequencing have completed. A low voltage on the power
good input after an adjustable timeout period causes load
disconnect. A low voltage on the fault I/0 causes immedi-
ate load disconnect. Until it is reset, a fault latch prevents
tracking and keeps the loads disconnected.

1.8V MODULE 752
1.8V
Uty 15T SLAVET
1000 _|r
SENSE oS
=+ 1
3.3V MODULE RETa137
0UT o 3 3.3V
147 SLAVE2
100 | O-1MF —o
SENSE - 109%
J?_ Voo SGATE2 SGATET
—1 D1 St f—e
<>
< 15.0k
D2 FB1 —1&
S
RAMPBUF ie.mk
15.0k =
15.0k 52
<

TRACKT 5o
LTC2926 :
9,53 80
= v
TRACK2 e 4.02

Vee
STATUS/PGI
10k
_ MGATE
FAULT FAULT | | .
ON I

ON/OFF GND RAMP

402k $

>
>
>
L.

A

PGTMR

I 2926 TAOT
1uF
T

3.3V SLAVE2
J/,'

///

: 1.8V SLAVET
500mV/DIV /!

.

3.3V SLAVE2 [———
1.8V SLAVE -

\ 500mV/DIV

5ms/DIV

2926 TAO1c

2926f

LY AR



LTC2926

ABSOLUTE MAXIMUM RATINGS

(Notes 1, 2)
Supply Voltage (Vgg) «eeeeevvveereeersiieereienns -0.3Vto 10V RMS Currents
Input Voltages TRACKT, TRACKZ ..o omA
ON e -0.3Vto 10V FBT, FB2 ... 5mA
RAMP ..o, -0.3Vto Veg + 1V D1,S1,D2,S2...oeeeeeeeeeeeeee 30mA
TRACK1, TRACK2.......corrrenne. -0.3Vto Voo + 0.3V Operating Temperature
PGTMR ... -0.3V to Ve + 0.3V LTC2926C ........cocoeveeeeeeeeeeeeeeeeeeeeeeeeeeerernens 0°C to 70°C
Input/Output Voltages LTC29261 ... -40°C to 85°C
FAULT .o, -0.3Vto 10V  Storage Temperature Range
STATUS/PGI (Note 3)...c.covvecrerernne. -0.3Vto 11.5V GN Package .......ccceeeveeeeveeeererererenen -65°C to 150°C
Output Voltages UFD Package........ccccccoevevevevirirerenne, -65°C to 125°C
RAMPBUF......coiiieeeecne, -0.3Vto Voo + 0.3V Lead Temperature (Soldering, 10 sec)
FB1, FB2, D1,S1,D2,S2....cocoevevevve -0.3Vto 10V GN PaCKage ........ccovveveverereccieeeeeccve e, 300°C
MGATE, RSGATE (Note 3)........ccc........ -0.3Vto 11.5V
SGATE1, SGATE2 (Note 3).................. -0.3Vto 11.5V
PACKAGE/ORDER INFORMATION
TOP VIEW
TOP VIEW § g %
Ve [1] 20] RAMPBUF ESZE
TRACK1 [2] 9] TRACK2 U CHIT
FB1 [3] 18] FB2 P e 1 18] FB2
51 [4 7] 52 sif2] | | 5] 52
SGATET [ 5] [16] SGATE2 SGATE1 3] : 21 | 4] SGATE2
D1 [6] 15] D2 D14} : : {13) 02
oNf5! | I [12] sTATUS/PGI
I I B
FAULT [9] [12] MGATE 'rZ' 'ri_' 'ri_' 'rf'
GND [10] [11] RAMP >3 = =
GN PACKAGE =

20-LEAD PLASTIC SSOP
Tymax = 125°C, 6p = 85°C/W

UFD PACKAGE
20-LEAD (4mm x 5mm) PLASTIC QFN
EXPOSED PAD (PIN 21) IS GND
PCB CONNECTION OPTIONAL
Tymax = 125°C, 6yp = 43°C/W

ORDER PART NUMBER

ORDER PART NUMBER UFD PART MARKING*

LTC2926CGN
LTC29261GN

LTC2926CUFD 2926
LTC2926IUFD 2926

Order Options Tape and Reel: Add #TR
Lead Free: Add #PBF Lead Free Tape and Reel: Add #TRPBF
Lead Free Part Marking: http://www.linear.com/leadfree/

Consult LTC Marketing for parts specified with wider operating temperature ranges.
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| TC2926
GLGCTRKHL CHHRGCTGBIS.“CS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V¢ = 3.3V unless otherwise specified.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS
Supply Voltage
Ve Input Supply Voltage Operating Range ° 2.9 3.3 55 V
Ice Input Supply Current ItrAcKn = OMA, Irgy = OmA, ° 1.5 2.5 35 mA
IrampsuF = OMA
ItrRAGKn = —1MA, Irgn = —1mA, ° 8.5 9.5 10.5 mA
IRAMPBUF = —3MA
VeouvLo) Input Supply Undervoltage Lockout Ve Rising ° 2.2 2.4 2.6 v
AVeeuvLo) Input Supply Undervoltage Lockout ° 15 50 75 mV
Hysteresis
Control and 1/0
Von(rH) ON Pin Threshold Voltage Von Rising ) 1.20 1.23 1.26 V
AVon(TH) ON Pin Threshold Voltage Hysteresis ° 40 75 110 mV
lon ON Pin Input Current Von =1.2V, Voo = 5.5V ° 0 +100 nA
Von(cLRr) ON Pin Fault Clear Threshold Voltage | Vqy Falling ® | 0.465 0.500 0.535 V
Von(arm) ON Pin Fault Arm Threshold Voltage | Vgy Rising ® | 0.565 0.600 0.635 V
VEAULT(TH) FAULT Pin Input Threshold Voltage ViaurT Falling ® | 0465 0500 0.535 v
IFAULT(UP) FAULT Pin Pull-up Current Fault Latch Clear, Veayr1 = 1.5V e | 30 -85 -13 HA
VEauIT (oL FAULT Pin Output Low Voltage Fault Latch Set, Igagrs = 5mA, Vg = 2.7V ° 100 400 mV
VEAULT(0H) FAULT Pin Output High Voltage Fault Latch Clear, Ifap = —1pA ° 300 550 900 mV
(Ve — Veaurm)
VPGI(TH) STATUS/PGI Pin Input Threshold VSTATUS/PGI Rising (] 110 1.23 1.36 V
Voltage
AVpg(TH) STATUS/PGI Pin Input Threshold ° 30 75 150 mV
Voltage Hysteresis
|PGI(UP) STATUS/PGI Pin Pull-Up Current STATUS/PGI On, Vstatus/pgr = 1.5V ® -7 -10 -13 HA
Vstatus(oL) STATUS/PGI Pin Output Low Voltage | Voy Low, IsTatus/pgl = SMA, Vgg = 2.7V (] 200 400 mV
VSTATUS(OH) STATUS/PGI Pin Output High Voltage | IsTatus/pai = —1HA ° 5.0 5.5 6.0 V
(VsTarus/eal — Voc)
VPGTMR(TH) PGTMR Pin Threshold Voltage VPGTMR Rising [ ] 1.10 1.23 1.36 V
|PGTMR(UP) PGTMR Pin Pull-Up Current ON High, Vpgtmg = 1V -5.0 -8.5 -13 HA
e | -30 -8.5 -13 pA
|PGTMR(DN) PGTMR Pin Pull-Down Current ON Low, Vpgtmr = 0.1V, Vg = 2.7V ® 0.5 4 10 mA
VPGTMR(CLR) PGTMR Pin Clear Threshold Voltage | VpgTumr Falling ° 50 100 150 mV
Ramp Buffer
[RAMP(IN) RAMP Pin Input Current 0V < VRamp < 5.5V, Vgg = 5.5V [} 0 £1 pA
VRAMPBUF(0S) Ramp Buffer Offset Voltage Vramp = 1/2 Vg, Irampaur = 0mMA ® 0 +10 mV
VRAMPBUF(OL) RAMPBUF Pin Output Low Voltage IrRaMPBUF = 3MA o 32 60 mV
VRAMPBUF(OH) RAMPBUF Pin Qutput High Voltage IRaMPBUF = —3MA [ J 60 80 mV
(Ve — VRampaur)
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LTC2926
GLGCTI“CHL CHHRHCTGI“ST'CS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V¢ = 3.3V unless otherwise specified.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS
Tracking Channels
|ERROR(%) Irgn to lTRacKn Current Mismatch ItrAcKn = —10pA ® 0 +3 %
(IrBn — ITRACKn)/ITRACKN ® 100% ITRACKn = —TMA o 0 +3 %
VTRACK TRACK Pins Voltage ItRackn = —10pA ® | 0776 0800 0.824 V
ItRAcKn = —1TMA ® | 0.776 0.800 0.824 V
VrB(RER) FB Pins Internal Reference Voltage Vrrackn = Vee, Irgn = 0mA ® | 0784 0.800 0.816 v
|FB(LEAK) FB Pins Leakage Current Vg = 0.8V, Vg = 5.5V ® 0 +10 nA
VFB(CLAMP) FB Pins Clamp Voltage =1mA < lggp < =1pA ® 1.7 2.0 2.4 V
Master Ramp and Supply
AVMGATE M(_SATE Pin External N-Channel Gate | lygate = —10A ® 5.0 55 6.0 v
Drive (Vmgare — Voc)
IMGATE(UP) MGATE Pin Pull-Up Current Fault Latch Clear, Vgy High, Viygare = 3.3V ® -7 -10 -13 HA
IMGATE(DN) MGATE Pin Pull-Down Current Fault Latch Clear, Voy Low, Viygare = 3.3V ® 7 10 13 pA
|IVIGATE(FAULT) MGATE Pin Fault Pull-Down Current Fault Latch Set, Vo High, Vigare = 5.5V, ® 5 20 50 mA
Ve = 5.5V
Slave Supplies
AVsGATE SGATE Pins External N-Channel Gate | Isgaten = —1HA, Vigp = 0.75V ) 5.0 55 6.0 Y
Drive (Vsgaten — Voc)
ISGATE(UP) SGATE Pins Pull-Up Current Fault Latch Clear, Vg = Ve(rer) — 15mV, [ -6 -10 -13 pA
Vsgaren = 3.3V
|SGATE(DN) SGATE Pins Pull-Down Current Fault Latch Clear, Vg = Ve(rer) + 15mV, ® 6 10 13 HA
Vsgaten = 3.3V
|SGATE(UPFST) SGATE Pins Fast Pull-Up Current Fault Latch Clear, Vegn = 0V, Vggaten=3.3V | @ -21 -30 -39 HA
|SGATE(DNFST) SGATE Pins Fast Pull-Down Current Fault Latch Clear, Vegn = 1V, Vsgaten=3.3V | @ 21 30 39 HA
|SGATE(FAULT) SGATE Pins Fault Pull-Down Current | Fault Latch Set, Vgy High, Vsgaren = 5.5V, ° 5 20 50 mA
Voo =5.5V
Remote Sense Switches
AVRsGATE RSGATE Pin External N-Channel Gate | Irsgate = —1pA ) 5.0 5.5 6.0 v
Drive (Vrsgate — Veo)
|RSGATE(UP) RSGATE Pin Pull-Up Current Fault Latch Clear, Switches On, Vrsgate =0V | ® -7 -10 -13 HA
|RSGATE(DN) RSGATE Pin Pull-Down Current Fault Latch Clear, Switches Off, ® 7 10 13 pA
VRsgare = 3.3V
|RSGATE(FAULT) RSGATE Pin Fault Pull-Down Current | Fault Latch Set, Switches Off, o 5 20 50 mA
VRsgaTE = 9.5Y, Vg = 5.5V
Rswion) Remote Sense Switch On-Resistance | Switches On, Vp, = Vg + 0.3V, Igh =—10mA | @ 2 10 Q

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

of a device may be impaired.

Note 2: All currents into the device pins are positive; all currents out of

Note 3: The MGATE, SGATE1, SGATE2, RSGATE and STATUS/PGI pins are

internally limited to a minimum of 11.5V. Driving these pins to voltages

the device pins are negative. All voltages are referenced to ground unless

otherwise specified.

beyond the clamp level may damage the part.
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LTC2926

T'I'PICHL PEBFOﬂm ﬂﬂCG CHHRHCTGRISTICS Specifications are at Ty = 25°C, Ve = 3.3V

unless otherwise specified.
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LTC2926
T'I'PICHL PGBFORmﬂﬂCG CHHRHCTERISTICS Specifications are at T = 25°C, Vgg = 3.3V

unless otherwise specified.
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LTC2926

PIN FUNCTIONS GN/uFD Packages

D1, 81, D2, S2 (Pins 6, 4, 15, 17/Pins 4, 2, 13, 15):
Remote Sense Switches #1 and #2. A 102 (max) switch
connects each pair of pins (D1/51and D2/S2) after MGATE,
SGATE1 and SGATE2 are all fully enhanced (MGATE
> RAMP + 4.9V, SGATE1, SGATE2 > Vg + 4.9V). The
switch can be used to compensate for the voltage drop
across the external MOSFET that controls a slave or the
master supply. Connect the switch between the load and
the supply’s sense node. Before the external MOSFET is
fully enhanced, a resistor between the supply’s output
and sense nodes provides local feedback. When the ON
pin voltage is low, the switch will open before the MGATE,
SGATE1 and SGATE2 pins will ramp down. Leave unused
switch terminal pairs unconnected.

Exposed Pad (Pin 21, UFD Package Only): Exposed pad
may be left open or connected to device GND.

FAULT (Pin 9/Pin 7): Negative-Logic Fault Input/Output.
Under normal conditions the internal fault latch is not set
andan 8.5pA current pulls up FAULT to a diode drop below
V. When the voltage at FAULT is pulled below 0.5V, a
fault condition is latched and an internal N-channel MOS-
FET pulls FAULT to GND until the latch is reset. The fault
condition also pulls STATUS/PGI low, opens the remote
sense switches, and pulls MGATE, SGATE1 and SGATE2
to GND to disconnect the master and slave supplies from
their loads. Pulling STATUS/PGI below 1V after the power
good time-out delay also latches a fault. The fault latch is
reset when the ON pin voltage is below 0.5V, or when Vg
is undervoltage. The fault latch is armed when the ON pin
voltage exceeds 0.6V. To auto-retry after a fault, connect
FAULT to the ON pin. Leave the FAULT pin unconnected
if it is unused.

FB1, FB2 (Pins 3, 18/Pins 1, 16): Feedback Control In-
put/Outputs. Each FB pin connects to the feedback node
of a slave supply. Connect an FB pin to the tap point of a
resistive voltage divider between the source (load side)
of the external MOSFET and GND. For a slave supply with
an accessible feedback path, no external MOSFET may
be necessary. In that case, connect an FB pin to the tap
point of a resistive voltage divider between the supply
generator’s feedback node and GND. To prevent damage
to the slave supply, the FB pins will not force the slave’s
feedback node above 2.4V. In addition, it will not actively

sink current even when the LTG2926 is not powered. Tie
unused FB pins to GND.

GND (Pin 10/Pin 8): Device Ground.

MGATE (Pin 12/Pin 10): Master Gate Drive for External
N-Channel MOSFET/Master Ramp. Whenthe ON pinis high,
an internal 10pA current charges the gate of an external
N-channel MOSFET. A capacitor from MGATE to GND sets
the master ramp rate. Add a 10Q resistor between the
capacitorand the MOSFET’s gate to prevent high frequency
oscillations. Aninternal charge pump guarantees that the
MGATE pin voltage will pull up to 5V above Vgg, which
ensures that logic-level N-channel MOSFETs are fully
enhanced. When the ON pin is pulled low, the MGATE pin
is pulled to GND by a 10pA current source. Upon a fault
condition, the MGATE pin is pulled low immediately with
20mA. To create a master ramp signal without an external
MOSFET, tie the MGATE pin to the RAMP pin. Leave the
MGATE pin unconnected if it is unused.

ON (Pin 7/Pin 5): On Control Input. The ON pin has
a threshold of 1.23V with 75mV of hysteresis. A high
causes 10pA to flow out of the MGATE pin, ramping up
the supplies. A low causes 10pA to flow into the MGATE
pin, ramping down the supplies. Pull the ON pin below
0.5V to reset the fault latch. Pull the ON pin above 0.6V
after a fault latch reset to arm the fault latch.

PGTMR (Pin 8/Pin 6): Power Good Timer. Connect an
external capacitor between PGTMR and GND to set the
Power Good Time-Out Delay. When the ON pin is above
1.23V,an 8.5pAcurrent pulls up PGTMR to Vg, otherwise
an internal N-channel MOSFET pulls PGTMR to GND. If
the voltage on PGTMR exceeds 1.23V and the voltage
on STATUS/PGI is not above 1.23V, a fault condition is
latched, the remote sense switches are opened, and FAULT,
STATUS/PGI, MGATE, SGATE1, SGATE2 and RSGATE will
be immediately pulled to GND. To disable the Power Good
Timer tie PGTMR to GND.

RAMP (Pin 11/ Pin 9): Ramp Buffer Input. Connect the
RAMP pin to the master ramp signal to force the slave
supplies to track it. When the RAMP pin is connected to
the source of an external N-channel MOSFET, the slave
supplies track the MOSFET’s source, the master supply
voltage, as it ramps up and down. When a master supply
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LTC2926

PIN FUNCTIONS GN/uFD Packages

is not required, the RAMP pin can be tied directly to the
MGATE pin to form a master ramp voltage. In this con-
figuration, the supplies track the capacitor on the MGATE
pin as it is charged and discharged by the 10pA current
source that is controlled by the ON pin. Ground the RAMP
pin if it is unused.

RAMPBUF (Pin 20/Pin 18): Ramp Buffer Output. The
RAMPBUF pin provides a low impedance buffered ver-
sion of the signal on the RAMP pin. This buffered output
drives the resistive voltage dividers that connect to the
TRACK pins. Limit the capacitance at the RAMPBUF pin
to less than 100pF.

RSGATE (Pin 13/Pin 11): Gate Drive for Internal and
External N-Channel MOSFET Remote Sense Switches. A
remote sense path between a load and the sense input of
its supply generator automatically compensates for volt-
age drops across the tracking MOSFET. After the series
MOSFETs are fully enhanced, a 10pA current pulls up
RSGATE. Aninternal charge pump guarantees that RSGATE
will pull up to 5V above Vg, which ensures that logic-level
N-channel MOSFETSs are fully enhanced. When the voltage
atRSGATE exceeds Vg +4.9V, the STATUS/PGI pull-down
is released. Whenthe ON pinis low, a 10pA current source
pulls RSGATE to GND. Supplies will not track down until
the RSGATE pin voltage falls below 1.23V, which ensures
that the remote sense switches open before the loads are
disconnected. Connect RSGATE to the gates of additional
external N-channel MOSFETs to create more remote sense
switches. Upon a fault condition, the RSGATE pin is pulled
low immediately with 20mA. Optionally connect a capaci-
tor between RSGATE and GND to set the switch-on rate
or to add delay between switch closure and STATUS/PGI
assertion. Leave RSGATE unconnected if it is unused.

SGATE1, SGATE2 (Pins 5, 16/Pins 3, 14): Slave Gate Con-
trollers for External N-Channel MOSFETs. Each SGATE pin
ramps a slave supply by controlling the gate of an external

N-channel MOSFET so that its source terminal follows the
tracking profile set by external resistors and the master
ramp. Itis a good practice to add a 10Q resistor between
this pin and the MOSFET’s gate to prevent high frequency
oscillations. An internal charge pump guarantees that the
SGATE pin voltage will pull up to 5V above Vgg, which
ensures that logic-level N-channel MOSFETs are fully
enhanced. Leave unused SGATE pins unconnected.

STATUS/PGI (Pin 14/Pin 12): Status Output/Power Good
Input. A10pA current pulls up STATUS/PGI when MGATE,
SGATE1 and SGATEZ are fully enhanced, and the remote
sense switchesare closed, otherwise aninternal N-channel
MOSFET pulls down STATUS/PGI. If the STATUS/PGI pin
is pulled below 1V after the power-good time-out delay
(see PGTMR pin description), the fault latch is set, and
MGATE, SGATE1, SGATE2 and RSGATE are all pulled low
immediately. An internal charge pump guarantees that
the STATUS/PGI pin voltage will pull up to 5V above V¢g.
An external pull-up resistor may be added to limit the
STATUS/PGlvoltagetologic levels. Leave the STATUS/PGI
pin unconnected if it is unused.

TRACK1, TRACK2 (Pins 2, 19/Pins 20, 17): Tracking Con-
trol Inputs. A resistive voltage divider between RAMPBUF
and each TRACK pin determines the tracking profile of
each supply channel. Each TRACK pin pulls up to 0.8V,
and the current supplied at TRACK is mirrored at FB. The
TRACK pins are capable of supplying at least 1mA when
Ve =2.9V. They may be capable of supplying up to 10mA
when the supply is at 5.5V, so care should be taken not to
short this pin for extended periods. Limit the capacitance
atthe TRACK pins to less than 25pF. Leave unused TRACK
pins unconnected.

Ve (Pin 1/Pin 19): Positive Voltage Supply. Operating
rangeis from 2.9V 10 5.5V. An undervoltage lockout resets
the part when the supply is below 2.4V. V¢ should be
bypassed to GND with a 0.1uF capacitor.
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LTC2926

FUNCTIONAL BLOCK DIAGRAM
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LTC2926

APPLICATIONS INFORMATION

Power Supply Tracking and Sequencing

The LTC2926 handles a variety of power-up profiles to
satisfy the requirements of digital logic circuits including
FPGAs, PLDs, DSPs and microprocessors. These require-
ments fallinto one of the four general categoriesillustrated
in Figures 1 to 4.

Some applications require that the potential difference
between two power supplies must never exceed a speci-
fied voltage. This requirement applies during power-up
and power-down as well as during steady-state operation,
often to prevent destructive latch-up in a dual supply IC.
Typically, this is achieved by ramping the supplies up
and down together (Figure 1). In other applications it is
desirable to have the supplies ramp up and down ratio-
metrically (Figure 2) or with fixed voltage offsets between
them (Figure 3).

Certain applications require one supply to come up after
another. For example, a system clock may need to start
before a block of logic. In this case, the supplies are se-
quenced as in Figure 4, where the 1.8V supply ramps up
completely followed by the 2.5V supply.

MASTER

~— SLAVE2

SLAVE1
500mV/DIV

2926 FO1

S
Figure 1. Coincident Tracking

,/—- — | MASTER
rd
S —{ SLAvE2
o/ /'
g //
// /" s~ SLAVE1
500mV/DIV S A
// '/'///'
AL
Ay S/

2926 FO3

T
Figure 3. Offset Tracking

Operation

The LTC2926 provides a simple solution to allow all of
the power supply tracking and sequencing profiles shown
in Figures 1 to 4. A single LTC2926 controls up to three
supplies: two “slave” supplies thattrack a “master” signal.
Withjustfour resistors and an external N-channel MOSFET,
each slave supply is configured to ramp up and down as
a function of the master signal. This master signal can
be a third supply that is ramped up through an external
MOSFET, whose ramp rate is set with a single capacitor,
or it can be a signal generated by tying the MGATE and
RAMP pins together to an external capacitor.

Tracking Cell and Gate Controller Cell

The LTC2926’s operation is based on the combination of
a tracking cell and a gate controller cell that is shown in
Figure 5. The tracking cell servos the TRACK pin at 0.8V,
andthe currentsupplied by the TRACK pinis mirrored at the
FB pin. The gate controller cell servos the FB pinat 0.8V by
driving the gate of the external N-channel MOSFET (Qgx),
and establishes the slave output voltage at the source of
the MOSFET based onthe TRACK pin currentand resistors

rmreeeeneeed. S| LAVE2

_——————1 SLAVE1
500mV/DIV A

o
Figure 2. Ratiometric Tracking

~— SLAVE2

I I SLAVE1

RN
o
Figure 4. Supply Sequencing
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L h——
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Figure 5. Simplified Tracking Cell and Gate Controller Cell Combination

Reaand Reg. The slave output voltage varies as a function
of the master signal with terms set by Rya and Ryg. By
selecting appropriate values of Rya and Ryg, it is possible
to generate any of the profiles in Figures 1 to 4.

Controlling the Ramp-Up and Ramp-Down Behavior

The operation ofthe LTC2926 is most easily understood by
referring to the simplified functional diagram in Figure 6.
Whenthe ON pinis low, the remote sense switch is opened
and the MGATE pin is pulled to ground causing the master
signal to remain low. Since the current through Rygy is at
its maximum when the master signal is low, the current
sourced by FB1 is also at its maximum. The current forces
the FB1 pin voltage above 0.8V, which pulls the SGATE1
pin low and disconnects the slave’s supply generator. The
minimum voltage across the slave load is a function of the
maximum FB1 current, the feedback divider resistors, and
the load resistance (see Load Requirements).

When the ON pin rises above 1.23V, the master signal
ramps up, and the slave supply tracks the master signal.
The master ramp rate is set by an external capacitor driven
by a 10pA current source froman internal charge pump. If
no external MOSFET is used for the master signal, the ramp
rate is set by tying the MGATE and RAMP pins together
at one terminal of the external capacitor (see Ratiometric
Tracking Example or Supply Sequencing Example).

The rising master signal decreases the tracking current
mirrored out of the FB1 pin. The gate controller circuitry
maintains 0.8V at FB1 by driving the SGATE1 voltage and,
viathe external MOSFET source-follower, the slave supply
output. When the slave supply output reaches the slave
supply module voltage, the FB1 pin will fall below 0.8V
and the gate controller will drive the SGATE1 pin above
Vg to fully enhance the MOSFET.

After the MGATE, SGATE1 and SGATE2 pins reach their
maximum voltages, the RSGATE pin is pulled up by a
10pA current source from an internal charge pump,
which closes the integrated remote sense switches. The
integrated remote sense switch allows the slave supply
generatortocompensate forvoltage drop acrosstheslave’s
MOSFET (Q1).

When the ON pin falls below VON(TH) - AVON(TH)a typically
1.16V, the remote sense switch opens and the MGATE pin
pulls down with 10pA. The master signal and the slave
supplies will fall at the same rate as they rose previously,
following the tracking or sequencing profile in reverse.

The ON pin can be controlled by a digital 1/0 pin or it
can be used to monitor an input supply. By connecting a
resistive voltage divider from an input supply to the ON
pin, the supplies will ramp up only after the monitored
supply reaches a preset voltage.

2926f
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Figure 6. Simplified Functional Block Diagram

Optional Master Supply MOSFET

Figure 7 illustrates how an optional external N-channel
MOSFET (device Q0) can ramp up asupply that doubles as
the master signal. The MOSFET’s gate is tied to the MGATE
pin and its source is tied to the RAMP pin. The MGATE pin
sources or sinks 10pA to ramp the MOSFET’s gate up or
down at a rate set by the external capacitor connected to

the MGATE pin. The series MOSFET controls any supply
with an output voltage between 0V and V.

To compensate for voltage drop across the master supply
MOSFET, add an optional external remote sense switch
(device Q3 in Figure 7) connected between RAMP and the
sense input of the master voltage supply module. Tie the
gate of the external switch MOSFET to the RSGATE pin
for automatic remote sense switching.

2926f
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Figure 7. Typical Application with Master Supply
Ramp Buffer

The RAMPBUF pin provides a buffered version ofthe RAMP
pin voltage that drives the resistive dividers on the TRACK
pins. Whenthere is no external MOSFET, it sources or sinks
up to 3mA to drive the track resistors even though the
MGATE pin only supplies 10pA (Figure 8). The RAMPBUF
pinalso proves usefulin systems withan external MOSFET.
If Rrgn were directly connected to the MOSFET’s source
(the master output), the servo mechanism of the tracking
cellcould potentially drive the master output towards 0.8V
when the MOSFET is off. The ramp buffer prevents this
by eliminating that path for current.

Fault Input/Output

The FAULT pinallows external upstream monitoring circuits
to control and to communicate with the LTG2926. The pin
is driven internally by an N-channel MOSFET pull-down to
GND, and by 8.5pA pull-up to V¢ through a series diode.
Under normal conditions, the MOSFET is off and the cur-

1.8V MODULE

Vin— IN OUT at 1.8V
N . 131 SLAVE1
4: Rx1 —l
SENSE St
p:
=
2.5V MODULE -
25V
Vin— IN OUT
P omenre | L¥1 SLAVE2
< Rx2
SENSE NC -I- 10Q
I I = ;
- RSGATE MGATE RAMP SGATE1 SGATE2
— D1
D2
Vin ? Vee S1—4
0.1uF g RAMPBUF 82
I >
= | Rypt :; Rra1
TRACKT FB1 —%
LTC2926 .
f <;RTA1 EIRFM |
g L T;_ $ R
" TRACK2 FB2
Rraz SR
3 vy SR
= 10k é_‘-‘
FAULT FAULT 10k
ON/OFF ——{ ON GND  PGTMR STATUS/PGI STATUS

CpaTMR

J_- J_ zzzzzzz
T

Figure 8. Typical Application Without Master Supply

rent pulls the FAULT pin voltage high. When an upstream
monitor signal pulls FAULT below 0.5V, the LTGC2926’s
internal fault latch is set, which immediately opens the
remote sense switches and cuts off the master and slave
supplies by pulling MGATE, SGATE1 and SGATE2 to GND.
Afaultalso activates the internal MOSFET pull-down onthe
STATUS/PGI pin, which indicates to external downstream
monitoring circuits that the supplies are no longer valid
(see Status Output). Until the fault latch is reset, the sup-
plies stay disconnected and an internal pull-down keeps
the FAULT pin low as a signal to upstream monitors.

Fault latch reset is initiated by bringing the ON pin voltage
below 0.5V, and completed when PGTMR is <0.1V. Reduc-
ing the Vg pin voltage below Vegwvio) — AVecuvLo),
typically 2.35V, also resets the fault latch. After it is
cleared, the fault latch is armed by bringing the ON pin
voltage above 0.6V. No faults can be latched until after
the latch is armed.

The FAULT pin is pulled up by 8.5pA to Vg through a
Schottky diode, which allows the pin to be pulled safely
above the LTC2926’s supply if required. Leave the FAULT
pin unconnected if it is unused.

2926f
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Status Output

The output aspect of the STATUS/PGI pin allows the
LTC2926 to control and communicate with external
downstream circuits. The pin is driven internally by an
N-channel MOSFET pull-down to GND and a 10pA pull-
up to an internal charge pump. The pull-down keeps the
STATUS/PGI pin low until MGATE, SGATE1 and SGATE?2
are fully enhanced, and the remote sense switches are
closed. The pull-down then shuts off, and STATUS/PGI
pin rises, indicating to downstream monitors that the
supplies are fully ramped up. The STATUS/PGI pin pulls
low when the MGATE, SGATE1, SGATE2 or RSGATE pin
is low, either because a fault has been latched, or because
the ON pin is low.

An internal charge pump rail at Voo + 5V sources the
STATUS/PGI pull-up current. An external resistor may
be added to create logic level voltages, or the pin may be
used to enhance the gates of external N-channel MOSFET
switches, if desired.

Power Good Timeout

The input aspect of the STATUS/PGI pin allows external
downstream monitoring circuits to control the LTC2926
as shown in Figure 9. The power good timeout circuit
disconnects the supply generators if for any reason the
voltage level of the STATUS/PGI pin is not high after the
timeout period. During a ramp-up, the timeout circuit will
tripiftheinternal pull-down on STATUS/PGl failsto release,
which indicates that supply ramping was not completed

1.8V o1 1.8V
SOURCE 137 SLAVET
B
2.5V 3% w 2.5V
SOURCE 14T SLAVE2

LTC2904

10Q V2 \al
RST 52

SGATE? SGATEZ| < —RrsT s1 %
ON/OFF —] ON FB1 GND  ToL
LTC2926 Jf'— LoD oL TnGE =
STATUS/PGI (10% TOLERANGE) :E e
GND PGTMR FB2
J- = S Rem
= ICPGTMR L

Figure 9. External Load Monitor Controlling LTC2926 via Power
Good Input

in the time allotted. If supply ramping completes, any
downstream circuits that pull down the STATUS/PGI pin
after the timer duration also will trip the timeout circuit.
A fault caused by a power good timeout has the same
effect as a fault triggered by the FAULT pin: supplies are
disconnected and the fault latch is set. The fault latch
may be cleared as described in the FAULT Input/Output
section above.

The power good timer durationis configured by a capacitor
tied between PGTMR and GND. The pin’s 8.5pA current
source ramps up the capacitor voltage when the ON pin is
high, otherwise 4mA pulls PGTMR to GND. The capacitor,
CpgTMR, required to configure the power good timeout
duration, tpgTyR, IS determined from:

8.5uA * thgTiR

CraTir == o3y

If the power good timeout feature is not used, tie PGTMR
to GND.

Retry on Fault

The LTC2926 continuously attempts to ramp up the supplies
after a fault if the FAULT pin is tied to the ON pin. When
the FAULT and ON pins go low together, the internal fault
latch is set by the falling FAULT pin, and the fault latch is
reset by the falling ON pin. A shortinternal delay of several
microseconds guarantees triggering of fast pull-down
circuits on the RSGATE, MGATE, SGATE1 and SGATE2
pins, which opens the remote sense switches and discon-
nects the master and slave supplies before the fault latch
is reset. If no external signal pulls down the FAULT pin,
the internal 8.5pA pull-up current or an external pull-up
resistor increases the ON (and FAULT) pin voltage above
0.6V, which arms the fault latch. A ramp-up begins when
ON is above 1.23V.

In applications where the LTC2926 is configured for fault
retry, some details of the retry behavior are determined by
the source and duration of the fault signal. When a fault
is triggered by an external pull-down signal on the FAULT
(and ON) pin, supply ramping will not restart until the low
input ceases. When a power good fault is triggered by an
external pull-down signal on the STATUS/PGI pin, supply
ramping restarts immediately. If the low signal persists

2926f
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through the power good timeout period, a fault and retry
will subsequently occur.

To ensure a consistent power good timeout period, the
LTC2926 requiresthe PGTMR pin voltage to fall below 0.1V
forthe fault latch resetto complete. The ON pin needs to be
held low for only 10ps to initiate fault reset; it is allowed to
go high while the timing capacitor on PGTMR discharges
to 0.1V (see Functional Block Diagram).

When a resistive voltage divider drives the ON and FAULT
pins together, include the contribution of IFagETup) When
choosing the resistor values (Figure 10a). When a logic
output drives both pins, up to 30k<2 of series resistance
may be added to limit the output current while the fault
pull-down is active (Figure 10b).
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Figure 10. Fault Retry Configurations, (a) Resistive Voltage
Divider and (b) Logic Driven

Automatic Remote Sense Switching

The LTG2926 provides integrated remote sense switches
thatsolve the problem of voltage drops inthe external series
MOSFETs that control supply ramping. A switch creates
a feedback path from a slave supply output to the slave
supply generator sense input that allows the generator
to compensate for the | R drop across the controlling
MOSFET (see, for example, Figure 6). After the supply
ramping is complete, but before the internal pull-down
releases the STATUS/PGI pin, the two integrated remote
sense switches are closed.

For applications that require more than two remote sense
switches, connectthe RSGATE pintothe gates of additional
external N-channel MOSFETs. An internal charge pump
guarantees that RSGATE will reach Vg + 5V, which allows
full enhancement of logic-level MOSFETs with source or
drain voltages up to V.

The switches are open when supply ramping has not
completed to avoid creating a power path between the
supply generator and the load. When the remote sense
switchesare open, the supply generator’s sense input must
be connected locally to its output through a resistor that
is much larger than the remote sense switch resistance
of 10Q (max); a 100Q resistor is adequate for most ap-
plications as in Figure 7.

Some supply modules have built-in resistors of 10Q or
less between their out and sense pins, which may require
a lower switch resistance. Choose an external N-channel
MOSFET with an Rpgon) that is at most 1/10 the module
out-to-sense resistance, but that is still much larger than
the Rps(on) of the power path MOSFET.

If neither external remote sense switches nor a sta-
tus activation delay is required, leave the RSGATE pin
unconnected.

2926f
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Figure 11. Supply and Sense Path Detail, (a) Functional Diagram
and (b) Equivalent Circuit When Remote Sense Switch Is Closed

Considerations when Using Remote Sense Switches

Consider the supply and sense path detail functional
diagram and equivalent circuit in Figure 11. For proper
compensation of the | « R drop across the external control
MOSFET QO by the supply module, the voltage at its sense
pin input must be equal to the supply voltage at the load.
Solving for Vseyse in the equivalent circuit yields:

R R
Vsense =[WJ’ VsuppLy +[Rx+s—évsvv). Vour

For the best compensation, i.e., Vsense = Vsyppry, choose
RX >> st.

The remote sense switch is intended to be a low-current
voltage feedback path. The control MOSFET (QO in Figure
11a) should carry all but a tiny fraction of the entire load
current. The remote sense switch current is:

low =| o RDS
SW —'LOAD RX+RSW+RDS

To minimize switch current, choose Ry >> Rps. In appli-
cations that use the LTC2926’s integrated remote sense
switches, Isyy must not exceed the Absolute Maximum
Ratings for switch pin currents.

It is recommended design practice to satisfy both
resistance value conditions.

SGATE Voltage at Ramp Start/End

When the master ramp is OV (before ramp up or after
ramp down), the control MOSFET ideally conducts no
current. If the tracking profile has no delay or offset, the
gate control loops may force the SGATE pins either to
ground or to just below the MOSFET threshold voltage,
depending on reference offsets, resistor mismatches and
the load resistance. In both cases the slave load will be at
about 0V, but if a known state of SGATE is desired, include
an offset in the tracking profile.

To guarantee grounding of the SGATE pins at RAMP =0V,
include a positive offset, Vgg, based onthe maximum slave
supply voltage, Vg aye(max), and the tracking/feedback
resistor tolerance. Note that at the start of ramp up, the
gate capacitance of the MOSFET must be charged to the
threshold voltage before the source begins ramping. The
SGATE pins do provide extra current to speed the initial
charging.

Vos 2 k * V| aye(max)

To guarantee the SGATE pins sit at the MOSFET threshold
voltages at RAMP =0V, include a negative offset. Note that
when the master ramp goes to 0V, the slave supplies will
remain above ground by the magnitude of the offset.

Vos < —K* Vs ave(max)

For 1% resistors k = 1/8, for 5% resistors k = 1/4, for
10% resistors k = 2/5.

2926f
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Figure 12. Three-Supply Application

Three-Step Design Procedure

The following three-step design procedure allows one
to choose the FBn resistors, Rpan and Regp, the TRACKN
resistors, Rtan and Rygp, and the master ramp capacitor,
CmcaTe, that give any of the tracking or sequencing profiles
shown in Figures 11to 4. Athree-supply application circuit
is shown in Figure 12.

1. Set the ramp rate of the master signal.

Solve for the value of Gygate, the capacitor on the MGATE
pin, based on the desired ramp rate (volts per second)
of the master ramp signal, Sy, and the MGATE pull-up
current lygate, Which is nominally 10pA.

I
CrmeaTe =%&TE M

If the master ramp signal is a master supply, consider
the gate capacitance of the required external N-channel
MOSFET. If the gate capacitance is comparable to CygaTe,
reduce the external capacitor’s value to compensate for
the gate capacitance of the MOSFET.

If the master ramp signal is not a master supply, tie the
RAMP pin to the MGATE pin.

2. Choose the feedback resistors based on the slave
supply voltage and slave load.

It is important that the feedback resistors are significantly
larger than the load resistance, especially as the slave
voltage nears ground (see Load Requirements).

First determine the effective slave load resistance, R (not
shown), at low slave voltage levels, and select the value
of the top feedback resistor, Reg, to satisfy:

Rrg > 100 * R; (recommended),
Rrg > 23 * R (required) (2)

Second, determine a value for the lower feedback resistor,
Rea, that will ensure that the LTC2926 fully enhances the
gate of the slave control MOSFET at the end of ramping.
Select Rpa based on Rgg, the resistor tolerance, TOLR,
the maximum slave supply voltage, Vg ave(max), and the
minimum feedback reference voltage, Veg(rer)(min), from
the Electrical Characteristics:

1-TOL V. (max)
Rex <Rep @ R SLAVE 1 (3)
e (1+TOLR)/[VFB(REF)(mm)
Note: Choose the value of Vg avg(max) to cover all slave
supply voltage tolerances by agood margin. Exceeding the

Vs ave(max) voltage used for this calculation can result
in triggering a Power Good Fault.

If the slave generator has an accessible resistive divider
and a ground-based voltage reference, it may be able to
be controlled without a series MOSFET. In that case, let
the generator’s design set Rpa and Rgg, substitute the
generator’s reference voltage for Veg(rer) in step 3, and
see the subsection Slave Control Without MOSFETs.

3. Solve for the tracking resistors that set the desired
ramp rate and voltage offset or time delay of the slave
supply.

Choose a ramp rate for the slave supply, Ss. If the slave
supply tracks coincidently with the master supply or with
only afixed offset or delay, then the slave ramp rate equals

the master ramp rate. Be sure that the slave ramp rate and
its offset or delay allows the slave voltage to finish ramping
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Figure 13. Coincident Tracking Waveforms from Figure 14 Circuit

before the master ramp reaches its final value; otherwise,
the slave supply voltage will be held below its intended
level. Calculate the upper track resistor, Ryg, from:

Rrg=Reg ‘[:—Z) 4)

Choose a voltage difference between the master and slave
ramps, AV, if offset tracking is desired. If a time delay is
desired for supply sequencing, calculate an effective volt-
age difference based on the master ramp rate. If neither
voltage offset nor time delay is required, set AV = 0V.

AV = a voltage difference (offset tracking), or  (5a)
AV = Sy tpry (supply sequencing), or (9h)
AV = 0V (coincident/ratiometric tracking) (9¢)

Use the following formula to determine the lower track
resistors, Ra, using the TRACK pin voltage, Vyrack, and
the FB pin internal reference voltage, Veg(rer), both from
the Electrical Characteristics:

Ry = VIRACK 6)
VEB(REF) . VeB(REF)  Vrrack LAV
Rrg Rea R Rig

Note that large ratios of slave ramp rate to master ramp
rate, Sg/Sy;, may result in negative values for Rra. In such
casesincrease the offset or delay, or reduce the slave ramp
rate to realize positive values of Rya.

Coincident Tracking Example

A typical three-supply application is shown in Figure 14.
The master signal is 3.3V, the slave 1 supply is a 1.8V
module, and the slave 2 supply isa 2.5V module. Allow for
+10% tolerance of the slave supply voltages. Both slave
supplies track coincidently with the 3.3V master supply
thatis controlled by an external MOSFET. The ramp rate of
the supplies is 100V/s. The slave supplies” minimum load
resistancesare 150Q. The external configuration resistors
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Figure 14. Coincident Tracking Example
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have 1% tolerance. The 3-step design procedure detailed
above can be used to determine component values. Only
the slave 1 supply is considered here, as the procedure
is the same for the slave 2 supply.

1. Set the ramp rate of the master signal.
From Equation 1:

_10uA _

2. Choose the feedback resistors based on the slave supply
voltage and slave load.
R =150Q
From Equation 2:
Rrg > 100 ¢ 150Q = 15kQ
Choose Rrg = 15.0kQ.
From Equation 3:

0.99 /( 1.98V
RFA<15.Ok£2-(1.01)/(0.784\/—1)_9.64%2

Choose Rpp = 9.53kQ.

3. Solve for the tracking resistors that set the desired ramp
rate and voltage offset or time delay of the slave supply.

From Equation 4:

100V/s
100V/s

RTB:15.0on( ):15.0k£2

Since no offset or delay is required, Equation 5¢ applies:
AV =0V
From Equation 6:

0.8V
Rta=—08v 08V o0sv  ov 203k

15.0k2 " 9530 15.0kQ  15.0kQ

In this example, all supplies remain low while the ON pin
is held below 1.23V. When the ON pin rises above 1.23V,
10pApulls up Cygare and the gate of MOSFET Q0 at 100V/s.
The source of QO follows the gate and pulls up the output
to 3.3V at the rate of 100V/s. This output serves as the
master ramp and is buffered from the RAMP pin to the
RAMPBUF pin. As the master output and the RAMPBUF
pinrise, the current from the TRACK pins is reduced. Con-
sequently, the voltage at the FB pins begins to fall below
0.8V, which causes the SGATE pins to rise. The sources
of the slave supply MOSFETs, Q1 and Q2, follow the rising
SGATE signals, and the slave supplies track the master
supply. When all the supplies have finished ramping, the
RSGATE pin voltage rises to close the integrated remote
sense switches, which allows the slave supply modules
to compensate for voltage drops in the series MOSFETSs. If
the supplies have ramped within the power good timeout
period (about 145ms in this example), the STATUS/PGI
pin will rise, indicating completed ramping. When the
ON pin is again pulled below 1.23V, the STATUS/PGI pin
falls and the RSGATE pin falls, which opens the remote
sense switches. Next, 10pA will pull down Cygare and the
gate of MOSFET QO at 100V/s. If the loads on the outputs
are sufficient, all outputs will track down coincidently at
100V/s.

2926f
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500mV/DIV Y

5ms/DIV

ot SLAVET f—————_ N

NN 500mV/DIV

292615

5ms/DIV

Figure 15. Ratiometric Tracking Waveforms from Figure 16 Circuit

Ratiometric Tracking Example

This example converts the coincident tracking example to
the ratiometric tracking profile shown in Figure 15, using
two slave supplies and a master ramp signal (not a master
ramp supply). The ramp rate of the master signal remains
unchanged (Step 1), the minimum load resistance of the
slave loads remains unchanged (Step 2), and there is no
delay in ratiometric tracking. Only Step 3 of the three-step
design procedure needs to be considered. Inthis example,

1.8V MODULE a1
o IRF7413Z 18v
3.3v—] » * :
Ao 131 SLAVE1
1000
SENSE 100
‘>
4
2.5V MODULE Q2
T IRF7413Z 95V
3.3v— :
Roo veyee N SLAVE2
0.1uF 0.1uF
1002 | 54y
SENSE o =1 100
4 = =
- Voo MGATE RAMP SGATE1 SGATE2
D1
D2 S1—4
RAMPBUF s2
£,
> A
TRACK1 FB1 —qt
< Rrat
Rrgs < 7.68k LTC2926 <i’g.s3k<> .
18.2k L ghm
TRACK2 :
Riso B2 [—
5.36k N :i}?%k
= % %wk =
FAULT FAULT STATUS/PGI STATUS
ON/OFF =——] ON GND  PGTMR RSGATE f[—— NC
J_- J— CpgTMR

S

Figure 16. Ratiometric Tracking Example

the ramp rate of the 1.8V slave supply is 60V/s, and the
ramp rate of the 2.5V supply is 83.3V/s. Always verify that
the chosen ramp rate will allow the supplies to ramp-up
completely before RAMPBUF reaches V. Ifthe 1.8V slave
supply were to ramp up at 50V/s it would only reach 1.65V
because the RAMPBUF signal would reach its final value
of Voo = 3.3V before the slave supply reached 1.8V.

3. Solve for the tracking resistors that set the desired ramp
rate and voltage offset or time delay of the slave supply.

From Equation 4:

100V/s
60V/s

RTB:15.0on( ):ZSKQ

Choose Rrg = 24.9kQ.

Since no offset or delay is required, Equation 5¢ applies:
AV =0V

From Equation 6:

0.8V
Ra=—08v 08V o0sv ov /0K

15.0kQ  9.53kQ  24.9kQ  24.9kQ
Choose Ryp = 7.68k2.
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] MASTER
~ kN
/./ ] SLAVE2 |
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oS / NN \
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Figure 17. Offset Tracking Waveforms from Figure 18 Circuit

Offset Tracking Example

Converting the circuitinthe coincidenttracking example to
the offset tracking profile shown in Figure 17 is relatively
simple. Here the 1.8V slave supply ramps up 1V below the
master, and the 2.5V slave supply ramps up 0.5V below
the master. The ramp rate remains the same (100V/s), as
do the slave supplies’ minimum load resistances, so there
are no changes necessary to steps 1 or 2 of the three-step

Qo

IRF7413Z 33V
3.3VVy .
1.8V MODULE Iyl at MASTER
sav—Tm oo IRF7413Z 18V
3v—] ® * :
Ao | 147 SLAVE
100Q neg m
<
Sj\‘_SE 1003
2.5V MODULE Q2
T IRF7413Z 25V
3.3V — :
Foe CAGATE 131 SLAVE2
1050 | 01wF | 0wF
SENSE Iy O 100
4 = | =
- Voo MGATE RAMP SGATE1 SGATE2
D1
D2 S1H—¢
RAMPBUF s2
< Reet
S 15.0k
TRACK1 FB1
Rra1
Rraz < 5.36k LT62926 e53L
15.0k = 3 15F502k
TRACK2 :
Rra2 Vin B2 v,
4.64k IN g%k
= 10k% 10k =
FAULT FAULT STATUS/PGI STATUS
ON/OFF——ON  GND  PGTMR RSGATE — NC
J_- J— CpgTMR

S

Figure 18. Offset Tracking Example

design procedure. Only step 3 must be considered. Be
sure to verify that the chosen voltage offsets will allow
the slave supplies to ramp up completely. In this example,
if the voltage offset on the 1.8V supply were 2V, it could
ramp up only to 3.3V -2V =1.3V.

3. Solve for the tracking resistors that set the desired ramp
rate and voltage offset or time delay of the slave supply.

From Equation 4:

100V/s
100V/s

RTB:15.0kQ.( ):15kQ

Choose Ryg = 15.0kQ.

Since offset is required, Equation 5a applies:
AV =1.0V

From Equation 6:

0.8V
RIA=—08v 08V 08V 10V -~ 2SIk

15.0k2 T 953k 15.0k  15.0k2
Choose Ryp = 5.36kQ.

2926f

L] TECHNOLOGY

21



LTC2926

APPLICATIONS INFORMATION
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Figure 19. Supply Sequencing Waveforms from Figure 20 Circuit

Supply Sequencing Example

InFigure 19, the two slave supplies are sequenced using a
master ramp signal. As inthe ratiometric tracking example,
the master signal ramps up at 100V/s, and the minimum
slave loads are the same as the coincident example, so
steps 1 and 2 remain the same. The 1.8V slave 1 supply
ramps up at 1000V/s beginning 10ms after the master
signal starts to ramp up. The 2.5V slave 2 supply ramps
up at 1000V/s beginning 20ms after the master signal

10k =
STATUS
NC

1.8V MODULE o}
33v—{ IN ouT | RA 18v
B 141 SLAVET
100Q
SENSE |-& 100
I 7
2.5V MODULE Q2
sav—Tm oo IRF7413Z 25V
: - oworel . L¥Y SLAVE2
1000 | 55y o204 0.1pF
SENSE [-® | == = 100
L = =
- Vg MGATE RAMP SGATE1 SGATE2
—1D1
D2 S1H—o
9—— RAMPBUF s2
Rrg1 < Res1
1.50k 15.0k
TRACK1 FB1
Rrat Rra1
Riao < 2.94k LTC2926 9.53k
TB2 > 2 R
24%S = = ons
TRACK2 - :
Riee S Vin v
< IN Rra2
133 o2
= 10k

FAULT STATUS/PGI
ON/OFF —— ON

PGTMR RSGATE

GND

J- | 2926 F20
— CpgTMR
h pu

uF

Figure 20. Supply Sequencing Example

starts to ramp up. Note that not every combination of
ramp rates and delays is possible. Small delays and large
ratios of slave ramp rate to master ramp rate may result
in solutions that require negative resistors. In such cases,
either the delay must be increased or the ratio of slave
ramp rate to master ramp rate must be reduced.

3. Solveforthe tracking resistors that set the desired ramp
rate and voltage offset or time delay of the slave supply.

From Equation 4:

100V/s
Rig=15.0kQe =1.5kQ
™ (moows)

Choose Ryg = 1.50kQ.

Since a delay is required, Equation 5b applies:
AV =100V/s*10ms =1V

From Equation 6:

0.8V
Rta=—08v 08V 08V v =296k

15.0k2 T 953k~ 1.50kQ " 1.50kQ

Choose Ryp = 2.94kQ.

Note that the values of Rpao and Rggo are larger than those
ofthe Coincident Tracking Example. Larger feedback resis-
tor values resulted in larger tracking resistor values for
Rya2 and Rygp, which limits the maximum TRACK2 pin
current to <1mA; see Final Sanity Checks.
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Slave Control Without MOSFETs

The LTG2926 can control tracking and sequencing of a
slave supply without a MOSFET if the supply generator’s
output voltage is set by an accessible resistive voltage
dividerand if its voltage reference is ground-based. Track-
ing currents mirrored to the FB pins are injected into the
feedback nodes of the supply generators to control the
output voltage. When master ramp signal has reached
it maximum voltage, the FB pin current is zero, and the
LTC2926 has no effect on the output voltage accuracy,
transient response or stability of the generator.

To controla supply generator (e.g., DC/DC converter) with
a feedback reference voltage Veg(gen) 0f 0.75V or less,
connect the FB pin of the LTC2926 to the tap point of the
generator’s resistive divider, as shown in Figure 21a. Fol-
low steps 1 and 3 of the Three-Step Design Procedure to
set the ramp rates and tracking profile. Use the feedback
resistor values required by the supply generator for Rpa
and Rgg in step 3.

Agenerator with Veg(gen)>0.75V may be controlled without
a MOSFET if the slave voltage is large enough (see Figure
22). First follow steps 1 and 3 of the Three-Step Design
Procedure to set the ramp rates and tracking profile.

SUPPLY GENERATOR SUPPLY GENERATOR

Use the feedback resistor values required by the supply
generator in step 3. Next, split resistor Rga as in Figure
21b, so that

0.75V
Rean <Rga ®
FAATTRA Veg(GEN)

and

Rrag = Rra — Rraa

and tie the LTC2926’s FB pin to the node in between. The
new tap point allows the LTC2926’s FB pin to see <0.75V
at the end of ramp-up. Finally, scale the track resistors to
match Reaa:

, Rran
"= *Rra and
Reaa +Rras
R

Rig=r Tt —eR

Reaa +Rras
Voltage regulators that force their reference voltage be-
tween their output and feedback nodes do not employ a

ground-based reference, and thus will not be controllable
by the LTC2926 without a series MOSFET.

Slave Supply Control Without

v * LAVE Vi — LAVE a MOSFET
N i 1l our s L ITY | ouT s 6 ‘ ‘
B i CONTROL VIA
S Rrs Rrs 5 FB PIN AND
é e : SPLIT Rea
VrB(GEN) VeB(eEN) . r RESISTOR
GND FB > GND FB = f
SR R =
S Rea FAB . CONTROL
= i = = VIAFB PIN
LTC2926 = LTC2926 ; 2
RAMPBUF  SGATE f— NC RAMPBUF  SGATE f— NC FAA 2 /
Rrs Rfg = ;
TRACK f8 TRACK F8 11 ,/ MOSFET
GND GND , C‘ONTROI‘_ ONLY
F{TA R‘i’A 2926 F21 r
O IR IR TR Il IR IR
L 1 J:‘ 0 025 050 075 1.00 125 150

(a) (b)
Figure 21. Slave Supply Control Without a MOSFET

(a) Generator Reference Vrg(gen) < 0.75V and (b) Generator Reference Veggen) > 0.75V

Veg(gen) (V)

Figure 22. Regions of Possible
Slave Control Without a MOSFET
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Final Sanity Checks

The collection of equations below is useful for identifying
unrealizable solutions.

As stated in step 3 of the design procedure, the slave
supply must finish ramping before the master signal has
reached its final voltage. This can be verified with the
following equation:

R
VvasTeR > VrRack ® (1 + Rﬂ]
TA

Here, Vitrack = 0.8V. ViasTer is the final voltage of the
master signal, eitherthe supply voltage ramped up through
the optional external MOSFET or Vg when no MOSFET
is present.

It is possible to choose resistor values that require the
LTC2926 to supply more current than the Electrical Char-
acteristics table guarantees. To avoid this condition, check
that each TRACK pin’s current, ltrackn, does not exceed
1maA, and that the RAMPBUF pin current, Irampsur does
not exceed +3mA.

To confirm that Itrackn < 1MA, verify that:

MgmA
RrallR7s

Check that the RAMPBUF pin will not be forced to sink
more than 3mA when it is at 0V and will not be forced to
source more than 3mA when it is at VjasTER.

V- V.
TRACK TRACK < 3mA and
Rra1llRte1  Rra2llRTe2
V\IASTER VMASTER amA
Rra1+R7e1  Rraz +Rpy

Load Requirements

A weak resistive load can cause static and dynamic track-
ing errors. The behavior of the source-follower topology
of MOSFET-controlled tracking relies on the load’s abil-
ity to support the ramp rates and tracking currents of a
particular application. Consider the simplified slave load
schematic in Figure 23.

SUPPLY
MODULE

Qn SLAVEn

out
1

L

SGATEn
FBn
LTC2926

— 2926 F23

Figure 23. Simplified Slave Supply Load

Whenthe supplies are ramped down quickly, the load must
be capable of sinking enough current to support the ramp
rate. Forexample, ifthereisalarge output capacitance and
a weak resistive load on a particular supply, that supply’s
falling rate will be limited by the RC time constant of the
load. In Figure 24, the falling 2.5V slave cannot keep up
with the falling master ramp.

When the supplies are near ground, the load must be
capable of sinking the tracking current without creating
a large offset voltage. For weak resistive loads and slave
voltage levels near ground, the tracking current (at its

2926f
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maximum there) can be in excess of the load’s current
demand. Having no capability for sinking current, the
MOSFET shuts off. All of the mirrored tracking current that
flows through Reg also flows through the load resistance,
RL, which creates a voltage offset between the slave and
ground. In Figure 24, the 1.8V supply shows an offset
from ground.

Under worst-case conditions, FB pin voltages may reach
the maximum clamp voltage of 2.4V. To limit the slave
voltage offset to below 100mV, choose Rrg > 23  R,.
Add a resistor in parallel with the load to strengthen weak
resistive loads as required.

MASTER [

SLAVE2 |——— \

SLAVET |—
500mV/DIV

Yo

S
Figure 24. Tracking Effects of Weak Resistive Load

Start-Up Delays

Often power supplies do not start up immediately when
theirinputsuppliesareapplied. [fthe LTC2926 tries to ramp
up these power supplies as soon as the input supply is
present, the start-up of the outputs may be delayed, which
defeats the tracking circuit. Make sure the ON pin does not
initiate ramp-up until all supply sources are available.

Layout Considerations

Be sure to place a 0.1pF bypass capacitor as near as pos-
sible to the supply pin of the LTG2926.

To minimize the noise on the slave supplies’ outputs, keep
the traces connecting the FB pins of the LTC2926 and the
feedback nodes of the slave supplies’ resistive voltage
dividers as short as possible. In addition, do not route
those traces next to signals with fast transitions times.

To get the best compensation of the series | ® R drops
of the external MOSFETs, make sure the supply output
nodes and the supply generator sense connections use
Kelvin-sensing. The feedback resistive voltage divider
should Kelvin-sense the slave supply output node for
accuracy, as well.

SUPPLY
MODULE

our 11

100Q
KELVIN-SENSE & 10Q
CONNECTIONS

D1 SGATE1 g4

SENSE
GND

KELVIN-SENSE

CONNECTIONS

MINIMIZE
TRACE
LENGTH

Vee
L [

KELVIN-SENSE ‘ 2926 F25

CONNECTIONS =

LTG2926 SLAVE

LOAD

MINIMIZE  Rrg
TRACE LENGTH

FB1

0.1uF

Figure 25. Layout Considerations
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PACKAGE DESCRIPTION

GN Package

20-Lead Plastic SSOP (Narrow .150 Inch)
(Reference LTC DWG # 05-08-1641)

noooooooooE

1000000001

0165 +.0015 —=| |=— <—.0250 BSC
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015 +.004
(0.38£0.10)
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x% —
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.
(

0.406 — 1.270)

x 45°

9‘ -
0

NOTE:
1. CONTROLLING DIMENSION: INCHES
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2. DIMENSIONS ARE IN (MILLIMETERS)

3. DRAWING NOT TO SCALE

*DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH
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PACKAGE DESCRIPTION

UFD Package

20-Lead Plastic QFN (4mm x 5mm)
(Reference LTC DWG # 05-08-1711)
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2.65 +0.05
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2. DRAWING NOT TO SCALE
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TYPICAL APPLICATION

Chaining to Track/Sequence More Supplies

SUPPLY GENERATOR 4 "
Vin—{ IN ouT SLAVE4
:: Rx4 J;‘*l
SENSE 3100
SUPPLY GENERATOR 3 _l_ 0 <
vin— v out T = 14T SLAVE3
<S Rx3
SENSE I gosz
T
= D1 D2 SGATE1 SGATE2
—1—1Vee 51—
0.1uF ___E - :
- ON < Rra3
NC —— MGATE FB1
RAMP LTC2926 SRea |
RAMPBUF 1 SR Vee
Rre FB2 |—
TRACK1 3 Rend < <L
Rrag RSGATE — NC _l_ 10k :: :;10k
Rrea < L FAULT -
——— TRACK2  GnD PGTMR STATUS/PGI
Riae S
mél_- SUPPLY GENERATOR 2 JT- JT- -
Vin—{ IN ouT SLAVE2
SR J;‘*rl
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vin—{ In out s - 14T SLAVE1
< Rxi
SENSE %09
T I
- D1 D2 SGATE1 SGATE2
o - Vee S1 —¢
Rong :: 0.1pF ___E - .
~ don 3 Regt
Rona g e _%
I 3 Rea
Z MGATE L Shm
CugAT 1 | LTC2926 -
_-TE y RAMPBUF b Rep2
Rg1 jL
TRACK1 =
R RSGATE — NC
> TA1
Ree S 1 FAULT FAULT
- TRACK2 GND PGTMR STATUS/PGI STATUS
RTAZ;E_ J__ E CraTMR 2926 TA2
PART NUMBER DESCRIPTION COMMENTS
LTG2908 Precision Six Supply Monitor Four Fixed (Various Levels) and Two Adjustable Input Thresholds
LTC2920 Power Supply Margining Controller Single or Dual, Symmetric/Asymmetric High and Low Margining
LTC2921/LTC2922 | Power Supply Tracker with Input Monitor Monitor up to Five Supplies, Includes Remote Sense Switches
LTG2923 Power Supply Tracking Gontroller Controls Two Supplies Without FETs, MSOP-10 and DFN-12 Packages
LTC2925 Multiple Power Supply Tracking Controller with Controls Three Supplies Without FETs, Includes Three Shutdown Control Pins
Power Good Timeout
LTC2927 Single Power Supply Tracking Controller Controls Single Supply Without FETs, Daisy-Chain for Multiple Supplies
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