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TECHNOLOGY

FEATURES

Flexible Power Supply Tracking

Tracks Both Up and Down

Power Supply Sequencing

Supply Stability is Not Affected

Controls Two Supplies Without Series FETs
Controls a Third Supply With a Series FET
Adjustable Ramp Rates

Electronic Circuit Breaker

Available in 10-Lead MS and 12-Lead
(4mm x 3mm) DFN Packages

APPLICATIONS

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

Communication Systems

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.
All other trademarks are the property of their respective owners.
Patents Pending.

| t ’\D LTC2923

Power Supply
Tracking Controller

PDESCRIPTION

The LTC®2923 provides a simple solution to power supply
tracking and sequencing requirements. By selecting a few
resistors, the supplies can be configured to ramp-up and
ramp-down together or with voltage offsets, time delays
or different ramp rates.

By introducing currents into the feedback nodes of two
independent switching regulators, the LTC2923 causes
their outputs to track without inserting any pass element
losses. Because the currents are controlled in an open-
loop manner, the LTGC2923 does not affect the transient
response or stability of the supplies. Furthermore, it
presents a high impedance when power-up is complete,
effectively removing it from the DC/DC circuit.

For systems that require a third supply, one supply can be
controlled with a series FET. This optional series FET can
also control a supply that does not allow direct access to
its feedback resistors (e.g., a power module) or a supply
whose output cannot be forced to ground (e.g., a 3-termi-
nal linear regulator). When the FET is used, an electronic
circuit breaker provides protection from short-circuit
conditions.
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LTC2923

ABSOLUTE MAXIMUM RATINGS (ote 1)

Supply Voltage (Vgg) woveeeveeveerevererererennee -0.3Vto 10V  Average Current
Input Voltages TRACKT, TRACKZ ..o omA
ON e, -0.3Vto 10V FB1, FB2 ..o, SmA
TRACK1, TRACK2...................... -0.3Vto Vge + 0.3V RAMPBUF ..o omA
RAMP ..o, -0.3VtoVge + 1V Operating Temperature Range
Output Voltages LTC29230 ..o, 0°Cto 70°C
FB1, FB2, SDO, STATUS .......cocveveee -0.3Vto 10V LTC2923 ..., -40°C to 85°C
RAMPBUF ... -0.3VtoVee + 0.3V Storage Temperature Range................. -65°C to 150°C
GATE (NOtE 2) . -0.3Vto 11.5V  Lead Temperature (Soldering, 10 sec)
MS PaCKage ......cccooveveveeeeceeeeeeeeeeee e 300°C
PACKAGE/ORDER INFORMATION
ORDER PART TOP VIEW ORDER PART
NUMBER Ve I3 (7 I (12| RAMP NUMBER
TOP VIEW on [ 1 I i11] GATe
Voo 10 10 RAMP LT02923CMS TRACKT :3:| : I EOZ STATUS LTCZQZSCDE
TRACKY o5 Dy oA LTC2923IMS moefal s LTC2923IDE
TRACK2 40 7 FB2 | i
RAMPBUF 5] 16 GND RAMPBUF [ 51 | | Ca ] rat
MS PACKAGE MS PART no [6 | ) 7|2 DE PART
10-LEAD PLASTIC MSOP MARKING — MARKING
Tyumax = 125°C, 0yp = 120°C/W DE12 PACKAGE
LTAED 12-LEAD (4mm x 3mm) PLASTIC DFN 2993
Tywax = 125°C, 64 = 43°CAW
LTAEE EXPOSED PAD (mexm) INTERE%LLY CONNECTED TO GND
(PCB CONNECTION OPTIONAL)
Consult LTC Marketing for parts specified with wider operating temperature ranges.
ELGCTRICHL CH I'-IﬂﬂCTERISTICS The @ denotes the specifications which apply over the full operating
temperature range, otherwise specifications are at Ty = 25°C. 2.9V < V¢ < 5.5V unless otherwise noted (Note 3).
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Ve Input Supply Range ) 2.9 55 v
Ico Input Supply Current lgx = 0, ITRackx =0 ) 1.3 3 mA
legx = —1mMA, Itrackx = —1mA, [ 5 7 10 mA
IraMPBUF = —2MA
Veouwy Input Supply Undervoltage Lockout Ve Rising ) 2.2 2.5 2.7 \
AVecuvinysT) | Input Supply Undervoltage Lockout Hysteresis 25 mV
AVGATE External N-Channel Gate Drive (VgaTe — Vec) lgate=—1vA [} 5 5.5 6 \
lgaTE GATE Pin Current Gate On, VgaTe = 0V, No Faults ) -7 -10 -13 uA
Gate Off, Vgate = 5V, No Faults ° 7 10 13 uA
Gate Off, Vgatg =9V, [ 5 20 50 mA
Short-Circuit Fault
Von(TH) ON Pin Threshold Voltage Von Rising e | 1212 1230 1.248 v
AVonys) ON Pin Hysteresis ) 30 75 150 mV
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LTC2923

GLGCTBICHL CHHRHCTGRISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. 2.9V < V¢ < 5.5V unless otherwise noted (Note 3).

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Von(ro) ON Pin Fault Clear Threshold Voltage [ 0.3 04 0.5 V
lon ON Pin Input Current Von=1.2V, Vg =5.5V o 0 =100 nA
AVpg(TH) FET Drain-Source Overcurrent Voltage Threshold ) 160 200 240 mV
(Ve — Vramp)
IRAMP RAMP Pin Input Current 0V < RAMP < Vg, Vo = 5.5V ) 0 +1 uA
VRAMPBUF(OL) RAMPBUF Low Voltage IRAMPBUF = 2MA (] 90 150 mV
VRAMPBUF(OH) RAMPBUF High Voltage (V¢e — Vrampsur) IRAMPBUF = —2MA ® 100 200 mV
Vos Ramp Buffer Offset (Vrampsur — Vramp) VRampsur = Vcc/2, Irampaur = OA -30 0 30 mV
IERROR(%) Iy t0 ITRACKK Current Mismatch ItRACKx = —10uA ° 0 +H %
lERROR(%) = (IFBx — ITRACKX)/ITRACKX ITRACKx = —1MA ] 0 5 %
VTRACKx TRACK Pin Voltage ItRACKx = —10uA (J 0.776 0.8 0.824 V
ItRAcKx = —1mMA (J 0.776 0.8 0.824 V
IFB(LEAK) Irg Leakage Current Vg = 1.5V, Vg = 5.5V [ +1 +100 nA
VFB(CLAMP) Vig Clamp Voltage TuA < Ipg < TMA (J 1.5 1.7 2 v
V3Do(0L) SDO Output Low Voltage Ispg = 3MA ° 0.2 0.4 v
VsTatus(oL) STATUS Output Low Voltage IsTaTUS = 3MA ° 0.2 0.4 V
tpse Short-Circuit Propagation Delay Vpg High Vps = Vg, Voo = 2.9V 10 20 us
to GATE Low
Note 1: Absolute Maximum Ratings are those values beyond which the life Note 3: All currents into the device pins are positive; all currents out of
of a device may be impaired. device pins are negative. All voltages are referenced to ground unless
Note 2: The GATE pin is internally limited to a minimum of 11.5V. Driving otherwise specified.

this pin to voltages beyond the clamp may damage the part.

TYPICAL PERFORMANCE CHARACTERISTICS

Specifications are at Ty = 25°C unless otherwise noted.
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LTC2923

TYPICAL PERFORMANCE CHARACTERISTICS

Specifications are at Ty = 25°C unless otherwise noted.
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LTC2923

Pln FUI'ICTIOI'IS MS/DE Packages

Vee (Pin 1): Positive Supply Input Pin. The operating
supply input range is 2.9V to 5.5V. An undervoltage
lockout circuit resets the part when the supply is below
2.5V. Ve should be bypassed to GND with a 0.1uF
capacitor.

ON (Pin 2): On Control Input. The ON pin has a threshold
of 1.23V with 75mV of hysteresis. Anactive high will cause
10uA to flow from the GATE pin, ramping up the supplies.
An active low pulls 10uA from the GATE pin, ramping the
supplies down. Pulling the ON pin below 0.4V resets the
electronic circuit breaker in the LTC2923. If a resistive
divider connected to Vg drives the ON pin, the supplies
will automatically start up when Vg is fully powered.

TRACK1, TRACK2 (Pins 3, 4): Tracking Control Input. A
resistive voltage divider between RAMPBUF and TRACKx
determines the tracking profile of a slave supply (see
Applications Information). TRACKx pulls up to 0.8V and
the currentsupplied at TRACKxis mirrored at FBx. TRACKX
is capable of supplying at least 1mA when Vgg = 2.9V.
Because a TRACKX pin is capable of supplying up to 30mA
under short-circuit conditions, avoid connecting TRACKx
to GND for extended periods. Limit the capacitance at each
TRACKX pin to less than 25pF. Float the TRACKX pins if
unused.

RAMPBUF (Pin 5): Ramp Buffer Output. Provides a low
impedance buffered version of the signal on the RAMP pin.
This buffered output drives the resistive dividers that
connect to the TRACKXx pins. Limit the capacitance at the
RAMPBUF pin to less than 100pF.

GND (Pins 6, 13): Circuit Ground.

FB1, FB2 (Pins 8, 7): Feedback Control Output. FBx pulls
up on the feedback node of slave supplies. Tracking is
achieved by mirroring the current from TRACKXx into FBx.
If the appropriate resistive divider connects RAMPBUF
and TRACKX, the FBx current will force OUTx to track
RAMP. To prevent damage to the slave supply, the FBx pin
will not force the slave’s feedback node above 1.7V. In
addition, it will not actively sink current from this node
even when the LTC2923 is unpowered. Float the FB pins if
unused.

GATE (Pin 9/Pin 11): Gate Drive for External N-Channel
FET. When the ON pin is high, an internal 10uA current
source charges the gate of the external N-channel MOS-
FET. A capacitor connected from GATE to GND sets the
ramp rate. An internal charge pump guarantees that GATE
will pull up to 5V above Vg ensuring that logic level
N-channel FETs are fully enhanced. When the ON pin is
pulled low, the GATE pin is pulled to GND with a 10uA
current source. Under a short-circuit condition, the elec-
tronic circuit breaker in the LTC2923 pulls the GATE low
immediately with 20mA. Tie GATE to GND if unused. It is
a good practice to add a 10Q resistor between this
capacitorand the FET’s gate to prevent high frequency FET
oscillations.

RAMP (Pin 10/Pin 12): Ramp Buffer Input. When the
RAMP pin is connected to the source of the external
N-channel FET, the slave supplies track the FET’s source
as it ramps up and down. If the GATE is fully enhanced
(GATE > RAMP + 4.9V) and (Vg — RAMP > 200mV)
indicates a shorted output, then the electronic circuit
breaker trips and GATE quickly pulls low with 20mA. The
GATE will not ramp up again until ON is pulled below 0.4V
andthen above 1.23V. Alternatively, when no external FET
is used, the RAMP pin can be tied directly to the GATE pin.
In this configuration, the supplies track the capacitor on
the GATE pin as it is charged and discharged by the 10uA
current source controlled by the ON pin. RAMP must not
be driven above V¢ (except by the GATE pin).

SDO (Pin 9, DE Package Only): Slave Supply Shutdown
Output. SDO is an open-drain output that holds the shut-
down (RUN/SS) pins of the slave supplies low until the ON
pinis pulled above 1.23V. If the slave supply is capable of
operating with an input supply that is lower than the
LTC2923’s minimum operating voltage of 2.9V, the SDO
pin can be used to hold off the slave supplies. SDO will be
pulled low again when RAMP < 100mV and ON < 1.23V.

STATUS (Pin 10, DE Package Only): Power Good Status
Indicator. The STATUS pin is an open-drain output that
pulls low until GATE has been fully charged at which time
all supplies will have reached their final operating voltage.
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LTC2923

FUNCTIONAL BLOCK DIARGRAM
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LTC2923

APPLICATIONS INFORMATION

Power Supply Tracking and Sequencing

The LTC2923 handles a variety of power-up profiles to
satisfy the requirements of digital logic circuits including
FPGAs, PLDs, DSPs and microprocessors. These require-
ments fall into one of the four general categories illus-
trated 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,
oftento prevent destructive latch-upinadual supply ASIC.
Typically, this is achieved by ramping the supplies up and
down together (Figure 1). In other applications it is desir-
able to have the supplies ramp up and down with fixed
voltage offsets between them (Figure 2) or to have them
ramp up and down ratiometrically (Figure 3).

MASTER

SLAVE1
1V/DIV SLAVE?

e

1ms/DIV 2923 Fo1

Figure 1. Coincident Tracking

——————+ MASTER

oot S| AVET

1V/DIV SLAVE?

P

Figure 3. Ratiometric Tracking

1ms/DIV 2923 F03

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
sequenced as in Figure 4 where the 2.5V supply ramps up
after the 1.8V supply is completely powered.

Operation

The LTC2923 provides a simple solutionto all of the power
supply tracking and sequencing profiles shown in Figures
1to4. Asingle LTC2923 controls up to three supplies with
two “slave” supplies that track a “master” signal. With just
two resistors, a slave supply is configured to ramp up as
a function of the master signal. This master signal can be
a third supply that is ramped up through an external FET,
whose ramp rate is set with a single capacitor, or it can be
asignal generated by tying the GATE and RAMP pins to an
external capacitor.

————————  MASTER

SLAVE1
1V/DIV SLAVE?

74

1ms/DIV 2923 F02

Figure 2. Offset Tracking
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SLAVE2

1V/DIV |
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Figure 4. Supply Sequencing

2923fa

LY UNER

7



LTC2923

APPLICATIONS INFORMATION

Tracking Cell

The LTC2923’s operation is based on the tracking cell
shown in Figure 5, which uses a proprietary wide-range
current mirror. The tracking cell shown in Figure 5 servos
the TRACK pinat 0.8V. The current supplied by the TRACK
pin is mirrored at the FB pin to establish a voltage at the
output of the slave supply. The slave output voltage varies
with the master signal, enabling the slave supply to be
controlled as a function of the master signal with terms set
by Rraand Ryg. By selecting appropriate values of Rypand
Rtg, it is possible to generate any of the profiles in
Figures 1 to 4.

Controlling the Ramp-Up and Ramp-Down Behavior

The operation of the LTC2923 is most easily understood
by referring to the simplified functional diagram in Fig-
ure 6. When the ON pin is low, the GATE pin is pulled to
ground causing the master signal to remain low. Since the
currents through Rygs and Rygp are at their maximum
when the master signal is low, the currents from FB1 and
FB2 are also at their maximum. These currents drive the
slaves’ outputs to their minimum voltages.

When the ON pin rises above 1.23V, the master signal
rises and the slave supplies track the master signal. The
ramp rate is set by an external capacitor driven by a 10uA
current source from an internal charge pump. If no exter-
nal FET is used, the ramp rate is set by tying the RAMP and
GATE pins together at one terminal of the external capaci-
tor (see the Ratiometric Tracking Example).

Inaproperly designed system, when the master signal has
reached its maximum voltage the currentfromthe TRACKx
piniszero. Inthis case, there is no current from the FBx pin
and the LTC2923 has no effect on the output voltage
accuracy, transient response or stability of the slave

supply.

When the ON pin falls below Vo rh) — AVonHysT), typi-
cally 1.225V, the GATE pin pulls down with 10uA and the
master signal and the slave supplies will fall at the same
rate as they rose previously.

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 divider from an input supply to the ON pin, the
supplies will ramp up only after the monitored supply has
reached a preset voltage.

Optional External FET

The Coincident Tracking Example (Figures 8 and 9) illus-
trates how an optional external N-channel FET can ramp
up a single supply that becomes the master signal. When
used, the FET’s gate is charged by the GATE pin and its
source is tied to the RAMP pin. Under normal operation,
the GATE pin sources or sinks 10uA to ramp the FET’s gate
up or down at a rate set by the external capacitor con-
nected to the GATE pin. It is a good practice to add 10Q
between the FET’s gate and the external capacitor to
prevent high frequency oscillations.

—s
(]

LT

MASTER
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e
@

L TRACK

SLAVE

"= 2923F05

Figure 5. Simplified Tracking Cell
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APPLICATIONS INFORMATION
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Figure 6. Simplified Functional Diagram

The LTC2923 features an electronic circuit breaker func-
tion that protects the optional series FET against short
circuits. When the FET is fully enhanced (GATE > RAMP +
4.9V), the electronic circuit breaker is enabled. Then, if the
voltage acrossthe FET (Vpg) exceeds 200mV as measured
from V¢ to the RAMP pin for more than about 10us the
gate of the FET is pulled down with 20mA, turning it off.
Because the slaved supplies track the RAMP pin, they are
pulled low by the tracking circuit when a short-circuit fault
occurs. Following a short-circuit fault, the FET is latched
off until the fault is cleared by pulling the ON pin below
0.4V.

Ramp Buffer

The RAMPBUF pin provides a buffered version of the
RAMP pin voltage that drives the resistive dividers on the
TRACKx pins. Whenthere is no external FET, it provides up
to 2mA to drive the resistors even though the GATE pin
only supplies 10uA. The RAMPBUF pin also proves useful
in systems with an external FET. Since the track cell in the
simplified functional diagram above drives 0.8V on the
TRACKX pins, if Rgy is connected directly to the FET’s
source, the TRACKX pin could potentially pull up the FET’s
source towards 0.8V when the FET is off. RAMPBUF
blocks this path.

2923fa
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LTC2923

APPLICATIONS INFORMATION

Shutdown OQutput

In some applications it might be necessary to control the
shutdown or RUN/SS pins of the slave supplies using the
12-lead LTC2923CDE or LTG2923IDE. The LTC2923 may
not be able to supply the rated 1mA of current fromthe FB1
and FB2 pins when Vg is below 2.9V. If the slave power
supplies are capable of operating at low input voltages,
use the open-drain SDO output to drive the SHDN or
RUN/SS pins of the slave supplies (see Figure 7). This will
hold the slave supplies’ outputs low until the ON pin is
above 1.23V, V¢ is above the 2.6V undervoltage lockout
condition and there are no short-circuit faults latched. It
pulls low again when the ON pinis pulled below 1.23Vand
the RAMP pin is below about 100mV. When two supplies

Vin Qi
3.3V ’__|{I_"_3-3V
CeaTE
10Q 2 {onF Vin
|_'L RstaTus
dl 10k
Voo GATE  RAMP Vin
ON STATUS |
— RUN/SS IN
3 DC/DC
FB1 FB=1235V  OUT 1.8V
LTC2923 ‘
3 1
- RAMPBUF 3 16.5
16.5k% V{N
" Rrop o | HACKT SD0 RUN/SS IN
15 S 887k DC/DC
TRACK2 FB2 FB-08V  OUT 2.5V
= Rm2 ND
412k G cv—AMJ

||+-

R
>Ry, LFB2
410 887k

= 2923F07

Figure 7

must have their RUN/SS or SHDN pins controlled indepen-
dently, tie a Schottky diode between each pin and the SDO
output (see Figure 8).

Status Output

The STATUS pin provides an indication that the supplies
are finished ramping up. This pin is an open-drain output
that pulls low until the GATE has been fully charged. Since
the GATE pin drives the gate of the external FET, or the
RAMP pin directly when no FET is used, the supplies are
completely ramped up when the GATE pinis fully charged.
It will go low again when the GATE pin is pulled low, either
because of a short-circuit fault or because the ON pin has
been pulled low.

Vin Q1
Y »—_l EI—«»— 3.3V
CeaTE
102 2 qonF Vin
|_'L RstaTus
a8 10k
Voo GATE  RAMP Vin
ON STATUS |
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23 1%
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TRACK1 P
Rrar & FTE2 S SDO ||« RUN/SS IN
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TRACK2 FB2 FB=0.8Y  OUT|e-25V
= R ND
412k G o—nva

|
||+-

R
SRepp  LFB2
410k 887K

= 2923F08

Figure 8
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LTC2923

APPLICATIONS INFORMATION

3-Step Design Procedure

The following 3-step procedure allows one to complete a
design for any of the tracking or sequencing profiles
shown in Figures 1 to 4. A basic three supply application
circuit is shown in Figure 9.

1. Set the ramp rate of the master signal.

Solve for the value of Cgate, the capacitor on the GATE
pin, based on the desired ramp rate (V/s) of the master

supply, Sp.

CeATE = lGSAJ where Igate = 10uA (1)
M

Ifthe external FET has a gate capacitance comparable to
CgaTe, then the external capacitor’s value should be
reduced to compensate for the FET’s gate capacitance.

If no external FET is used, tie the GATE and RAMP pins
together.

2. Solve for the pair of resistors that provide the desired
ramp rate of the slave supply, assuming no delay.

Choose a ramp rate for the slave supply, Ss. If the slave
supply ramps up coincident with the master supply or
with a fixed voltage offset, then the ramp rate equals the
master supply’s ramp rate. Be sure to use afast enough
ramp rate for the slave supply so that it will finish
ramping before the master supply has reached its final
supply value. If not, the slave supply will be held below
the intended regulation value by the master supply. Use
the following formulas to determine the resistor values
for the desired ramp rate, where Rgg and Rgp are the
feedback resistors in the slave supply and Vg is the
feedback reference voltage of the slave supply:

Sm
Rtg =Rrp *
Ss

(2)

, VTRACK
Rta = 3
T~ Vg . VB _ VIrack )

Rrs Rea  Rrs

where Vtrack = 0.8V.

Note that large ratios of slave ramp rate to master ramp
rate, Sg/Sy, may result in negative values for Ryp'. If
sufficiently large delay is used in step 3, Rya will be
positive, otherwise Sg/Sy must be reduced.

3. Choose Ry to obtain the desired delay.

If no delay is required, such as in coincident and
ratiometric tracking, then simply set Rp = Rya’. If @
delay is desired, as in offset tracking and supply se-
quencing, calculate Ryp"” to determine the value of Ryp
where tp is the desired delay in seconds.

n _ VrRack *R7B
Ry = —TRACK “1TB
TA ip * Sy (4)

Rra = Rra’l|R1a” (9)
the parallel combination of Rtp" and Ryp”

As noted in step 2, small delays and large ratios of slave
ramp rate to master ramp rate (usually only seen in
sequencing) may result in solutions with negative values
for Rra. Insuch cases, either the delay must be increased
orthe ratio of slave ramp rate to master ramp rate must be
reduced.

Vin

Q1
p— MASTER
1+¢7

10Q S Ceate

v

>
Rons Voc  GATE  RAMP DC/DC
ON FB1 FB ouT
Roa LT62923

RAMPBUF
Rs1 = Vin

—— TRACK1
Rtaq Rrs2
TRACK2 FB2
Rra2 GND
i L

Figure 9. Three Supply Application

0.1uF

H e

SLAVE1

VWA 1

SLAVE2

= 2923F09

2923fa

LY UNER
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LTC2923

APPLICATIONS INFORMATION

Coincident Tracking Example

1V/DIV

1ms/DIV

2923 F10a

MASTER
SLAVE2

SLAVE1

1V/DIV

1ms/DIV

Figure 10. Coincident Tracking (from Figure 11)

Atypicalthree supply applicationisshowninFigure 11. The
mastersignalisa 3.3V module. The slave 1 supplyisa1.8V
switching power supply and the slave 2 supply is a 2.5V
switching power supply. Both slave supplies track coinci-
dently with the 3.3V supply that is controlled with an ex-
ternal FET. The ramp rate of the supplies is 1000V/s. The
3-step design procedure detailed previously can be used
to determine component values. Only the slave 1 supply is
considered hereasthe procedureisthe same forthe slave 2
supply.
1. Set the ramp rate of the master signal.
From Equation 1:

10uA

1000V/s

CeATE =

2. Solve for the pair of resistors that provide the desired
slave supply behavior, assuming no delay.

From Equation 2:

1000V/s
Rrp = 16.5kQ » ~16.5kQ
18 1000V/s
From Equation 3:
: 0.8V
RTA = 7935V 72357 08V ~ oK

16.5k2 ' 35.7kQ  16.5kQ

3. Choose Rty to obtain the desired delay.
Since no delay is desired, Rya = Ra’

2923 F10b

Q1
3.3V
33V >—-|_FI_ p MASTER

CoaTE
102 2 1onF

|:|_ 3.3V

il |

= IN

Voo GATE  RAWP DC/DC

1.8V
oN FB1 FB =1.235V OUT SLAVE1

LTC2923 4
> Rra1 Regy 16.5k

RAMPBUF 35.7k 33y

TRACK1 IN

Riaz < DC/DC

R B2

i éﬁé 887k FB2 FB=08V OUT
TRACK2

2.5V
SLAVE2

———AWN———

< Rrg2
%n”éﬁ 887k

@D
=
o

|||—

= 2023F11

Figure 11. Coincident Tracking Example

In this example, all supplies remain low while the ON pin
is held below 1.23V. When the ON pin rises above 1.23V,
10uA pulls up Cgate and the gate of the FET at 1000V/s. As
the gate of the FET rises, the source follows and pulls up
the output to 3.3V at 1000V/s. This output serves as the
master signal and is buffered from the RAMP pin to the
RAMPBUF pin. As this output and the RAMPBUF pin rise,
the current from the TRACK pins is reduced. Conse-
quently, the voltage at the slave supply’s outputs in-
creases, and the slave supplies track the master supply.
When the ON pin is again pulled below 1.23V, 10uA will
pull down Cgate and the gate of the FET at 1000V/s. If the
loads on the outputs are sufficient, all outputs will track
down coincidently at 1000V/s.

2923fa
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LTC2923

APPLICATIONS INFORMATION

Ratiometric Tracking Example

1V/DIV

1ms/DIV 2923 F12a

SLAVE2
SLAVE1

1V/DIV

1ms/DIV 2923 F12b

Figure 12. Ratiometric Tracking (from Figure 13)

This example converts the coincident tracking example to
the ratiometric tracking profile shown in Figure 12, using
two supplies without an external FET. The ramp rate of the
master signal remains unchanged (Step 1) and there is no
delay in ratiometric tracking (Step 3), so only the result of
step 2 in the 3-step design procedure needs to be consid-
ered. In this example, the ramp rate of the 1.8V slave 1
supply ramps up at 600V/s and the 2.5V slave 2 supply
ramps up at 850V/s. Always verify that the chosen ramp
rate will allow the supplies to ramp-up completely before
RAMPBUF reaches V. If the 1.8V supply were to ramp-
up at 500V/s it would only reach 1.65V because the
RAMPBUF signal would reach its final value of Vg = 3.3V
before the slave supply reached 1.8V.

2. Solve for the pair of resistors that provide the desired
slave supply behavior, assuming no delay.

From Equation 2:

1000V/s

~ 27.4kQ
600V/s

R1g =16.5kQ *

From Equation 3:

. 0.8V
Th T7235V 1235V _ 0.8V

16.5kQ * 35.7kQ  27.5kQ

Step 3 is unnecessary because there is no delay, so
Rra=Rma".

=10kQ

3.3V _i_
01uF CaATE 33V
T ——10nF L
1?;' = IN
Rons
Rone Veo GATE RAMP DC/DC 1.8V
ol FB1 FB =1.235V OUT SLAVET
LTC2923
Rra1  Repy
— 35.7k 16.5k

TRACK1

Rs2
g
L TRACK2 FB2 . ouT SLAVE2
= Rraz GND
383k T

= 2923F13

Figure 13. Ratiometric Tracking Example
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LTC2923

APPLICATIONS INFORMATION
Offset Tracking Example

1V/DIV

1ms/DIV 2923 Fl4a

MASTER

SLAVE2
SLAVET 1V/DIV

1ms/DIV 2923 F14b

Figure 14. Offset Tracking (from Figure 15)

Converting the circuit in the coincident tracking example
to the offset tracking shown in Figure 14 is relatively
simple. Here the 1.8V slave 1 supply ramps up 1V below
the master. The ramp rate remains the same (1000V/s), so
there are no changes necessary to steps 1 and 2 of the
3-step 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. Inthis example,
if the voltage offset were 2V, the slave supply would only
ramp up to 3.3V -2V =1.3V.

3. Choose Rty to obtain the desired delay.

First, convert the desired voltage offset, Vg, to a delay,
tp, using the ramp rate:

Vos W
Sg  1000V/s

to - 1ms 6)

From Equation 4:

"o 0.8V *16.5kQ

=——— =13.2kQ
Ims+1000V/s

TA

From Equation 5:
Rra = 13.1kQ2||13.2kQ =~ 6.65kQ

3.3V

33V | { | MASTER
CaaTE
102 S50nF
h_ 3.3V
— |
- IN
Ve GATE RAMP DC/DC
ON FB1 FB =1.235V OUT
LTC2923 4
— SReat  Repy
RAMPBUF 35.7k 16.5k
RtB1 — 3.3V
16.5k ;
. | TRACK N
1Al S 887k DC/DC
6.65k
L TRACK2 FB2 FB=0.8V OUT
- g aho
—— W——
24 T g

R
RFAZ FB2
imk 887k

= 2923F15

Figure 15. Offset Tracking Example

1.8V
SLAVET1

2.5V
SLAVE2
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LTC2923

APPLICATIONS INFORMATION
Supply Sequencing Example

1V/DIV J[

A

10ms/DIV

2923 F16a

MASTER

SLAVE2
SLAVE1

\

LR

2923 F16b

1V/DIV

10ms/DIV

Figure 16. Supply Sequencing (from Figure 17)

In Figure 16, the slave 1 supply and the slave 2 supply are
sequenced instead of tracking. The 3.3V supply ramps up
at 100V/s with an external FET and serves as the master
signal. 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
25ms after the master signal begins to ramp up. Note that
not every combination of ramp rates and delays is pos-
sible. 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. In this example, solving for the
slave 1 supply yields:

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

10uA

_ T0uA S oonr
Caate = gy = 100N

2. Solve for the pair of resistors that provide the desired
slave supply behavior, assuming no delay.

From Equation 2:

100V/s

Ry = 16.5kQ *
18 1000V/s

=1.65k<2

From Equation 3:

Ry 0.8V
™ 71235V 1235V _ 0.8V
16.5kQ ~ 35.7kQ  1.65kQ

3. Choose Rty to obtain the desired delay.

!

=-2.13kQ

From Equation 4:

0.8V +1.65kQ
~ 10ms*100V/s

14

TA =1.32kQ2

From Equation 5:
Rya = —2.13kQ|[1.32kQ = 3.48kQ

Q1
T

L

RAMP
FB1

LTGC2923

3.3V
MASTER

3.3V
|
IN
DC/DC
FB =1.235V OUT

Vee GATE

N 1.8V

SLAVE1

S Rra1 Rppt 16.5k
§35'7k 3.3V

IN
DC/DC 25y
SLAVE2

FB=0.8V OUT
!P—WVJ;S A7

SRFA2  Rego
412k 887k

RAMPBUF

TRACK1

FB2

TRACK2

@D
=
o

|||—

Figure 17. Supply Sequencing Example
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LTC2923

APPLICATIONS INFORMATION

Final Sanity Checks

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

As stated in step 2, the slave supply must finish ramping
before the master signal has reached its final voltage. This
can be verified by the following equation:

VTRACK(1 + Sﬁ) < Ve, where Vrpack = 0.8V
TA

It is possible to choose resistor values that require the
LTC2923 to supply more current than the Electrical Char-
acteristics table guarantees. To avoid this condition, check
that ltrackx does not exceed 1mA and Irampeyr does not
exceed £2mA.

To confirm that lrackx < 1MA, the TRACKX pin’s maxi-
mum guaranteed current, verify that:

VTRACK
RralR7s
Finally, check that the RAMPBUF pin will not be forced to

sink more then 2mA when itis at 0V or be forced to source
more than 2mA when it is at V(.

<1mA

VTRACK N VTRACK <9mA and
RtB1 Rte2
Vee . Vee
Rta1+Rte1  Rra2 +Rtpo

< 2mA

Caution with Boost and Linear Regulators

Note that the LTC2923’s tracking cell is not able to control
the outputs of all types of power supplies. If it is necessary
to control one of these types of supplies, where the output
is not controllable through its feedback node, the series
FET can be used to control one supply’s output. For
example, boost regulators commonly contain an inductor
and diode between the input supply and the output supply
providing a DC current path when the output voltage falls

below the input voltage. Therefore, the LTC2923’s track-
ing cell will not effectively drive the supply’s output below
the input.

Special caution should be taken when considering the use
of linear regulators. Three-terminal linear regulators have
a reference voltage that is referred to the output supply
rather than to ground. Inthis case, driving current into the
requlator’s feedback node will cause its output to rise
rather than fall. Even linear regulators that have their
reference voltage referred to ground, including low drop-
out regulators (LDOs), may be problematic. Linear regu-
lators commonly contain circuitry that prevents driving
their outputs below their reference voltage. This may not
be obvious from the data sheets, so lab testing is recom-
mended whenever the LTC2923’s tracking cell is used to
control linear regulators.

Load Requirements

When the supplies are ramped down quickly, either the
load orthe supply itself must be capable of sinking enough
current to support the ramp rate. For example, if there is
a large output capacitance on the supply and a weak
resistive load, supplies that do not sink current will have
their falling ramp rate limited by the RC time constant of
the load and the output capacitance. Figure 18 shows the
case when the 2.5V supply does not track the 1.8V and
3.3V supplies near ground.

Start-Up Delays

Often power supplies do not start-up immediately when
their input supplies are applied. If the LTC2923 tries to
ramp-up these power supplies as soon as the input supply
is present, the start-up of the outputs may be delayed,
defeating the tracking circuit (Figure 19). Often this delay
is intentionally configured by a soft-start capacitor. This
can be remedied either by reducing the soft-start capacitor
on the slave supply or by including a capacitor in the ON
pin’s resistive divider to delay the ramp up. See Figure 20.

10



LTC2923

APPLICATIONS INFORMATION

MASTER
SLAVE2
SLAVE1

1V/DIV

Figure 19. Power Supply Start-Ups Delayed

1V/DIV

1ms/DIV 2923 F18

Figure 18. Weak Resistive Load

e

1ms/DIV 2923 F19

=

[

-

1ms/DIV 2923720

Figure 20. ON Pin Delayed

1V/DIV

MASTER

SLAVE1

SLAVE2

ON

MASTER

SLAVE1

SLAVE2

ON

Layout Considerations

Be sure to place a 0.1uF bypass capacitor as near as
possible to the supply pin of the LTC2923. A 10Q resistor
located near the FET and connected between the FET’s
gate and the external Cgatg capacitor is recommended.
This willalmost assuredly eliminate the troublesome high
frequency oscillations that can occur due to the FET
interacting with PCB parasitics.

To minimize the noise on the slave supplies’ outputs, keep
the traces connecting the FBx pins of the LTC2923 and the
feedback nodes of the slave supplies as short as possible.
In addition, do not route those traces next to signals with
fast transition times. In some circumstances it might be
advantageous to add a resistor near the feedback node of
the slave supply in series with the FBx pin of the LTC2923.

This resistor must not exceed:

1.5V -V, 1.5V
RSERIES = e i =( Veg _1)<RFA||RFB)

This resistor is most effective if there is already a capacitor
at the feedback node of the slave supply (often a compen-
sation component). Increasing the capacitance on a slave
supply’s feedback node will further improve the noise
immunity, but could affect the stability and transient
response of the supply.

10Q
FET |—WW\

Ve o —1_
cc =1 = ouT __L_CGATE

LTC2923 J
Vee RAMP

GATE RsERIES DC/DC
FB1 =AM FB OUT

| MINIMIZE |
aND TRACE

LENGTH ERFA Rrs

0.-1uf — o
I I - 3 F21

1
Figure 21. Layout Considerations
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LTC2923

PACKAGE DESCRIPTION

MS Package
10-Lead Plastic MSOP
(Reference LTC DWG # 05-08-1661)

0.497 = 0.076
(0196 = .003)
REF

3.00 +0.102
(118 = .004)

(NOTE 4)

0.889 = 0.127
(:035 = .005)
(52'32) 3. 20 3.45
MIN 126— 136)
R DDD[P[E 3.00 +0.102
0.305+0.038 0.50 (118 = .004)
(0120 = .0015) (0197) (NOTE 3)
TYP BSC
RECOMMENDED SOLDER PAD LAYOUT
054  DETAIL'A (193 = .006)
(-Olo) 0° - 6° TYP
GAUGE PLANE — 1 — AN
ﬁ ¢0.53 +0.152
—> -— = 7
(.021 +.006) 1.10
g (.043)
DETAIL “A i
018 ‘
(.007) j
‘ SEATING E ﬂ ﬂ ﬂ ﬂ a
% [ —
PLANE
k oo
' : 050
: (0197
NOTE: 019

1. DIMENSIONS IN MILLIMETER/(INCH)
2. DRAWING NOT TO SCALE
3. DIMENSION DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.

MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.152mm (.006") PER SIDE

4. DIMENSION DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSIONS.
INTERLEAD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.152mm (.006") PER SIDE
5. LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING) SHALL BE 0.102mm (.004") MAX

! 01272 0076

(.005 = .003)

MSOP (MS) 0603
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LTC2923

PACKAGE DESCRIPTION

DE Package
12-Lead Plastic DFN (4mm x 3mm)
(Reference LTC DWG # 05-08-1695)

'

Dﬂﬂﬂﬁﬂm#m

3.50 +0.05 1.70 =0.05 777777‘7777,
2.20 +0.05 (2 SIDES)

|
0.25+0. OST%»T
0 50

~<— PACKAGE OUTLINE

3.30 £0.05
(2 SIDES)
RECOMMENDED SOLDER PAD PITGH AND DIMENSIONS
4,00 +0.10 R=0.115
-~ SIPES) 7 7 Tvﬂ 12
| - UUUYUU
\ TYP \ ) |
| I
1 ls00x010 t70:010}) | | |
PIN 1 T (2SIDES) (2 SIDES) |
TOP MARK A
wes |0 il mim N0
| [l
0.200 REF 0.75 =0.05 0. 25 0. os%»
‘ -~ 0 50
l [ v 3.30£0.10
fEHZHZHZHZI%;: 0.00-0.05 (2 SIDES)
! BOTTOM VIEW—EXPOSED PAD
NOTE:

1. DRAWING PROPOSED TO BE A VARIATION OF VERSION
(WGED) IN JEDEC PACKAGE OUTLINE M0-229
2. DRAWING NOT TO SCALE
3. ALL DIMENSIONS ARE IN MILLIMETERS
4. DIMENSIONS OF EXPOSED PAD ON BOTTOM OF PACKAGE DO NOT INCLUDE
MOLD FLASH. MOLD FLASH, IF PRESENT, SHALL NOT EXCEED 0.15mm ON ANY SIDE
5. EXPOSED PAD SHALL BE SOLDER PLATED
6. SHADED AREA IS ONLY A REFERENCE FOR PIN 1 LOCATION
ON THE TOP AND BOTTOM OF PACKAGE

0.38 £0.10

'

—>

PIN 1
NOTCH

(UE12/DE12) DFN 0603

2923fa

LY UNER

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
tation that the interconnection of its circuits as described herein will not infringe on existing patent rights.
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LTC2923

TYPICAL APPLICATIONS

Daisy-Chained Application

3.3V 1
0.1uF
T -
i | i IN
Vee GATE DC/DC 33y
— on FB1 FB =1.235V OUT SLAVEL
LTC2923
RAMPBUF
RB1 %
TRACK1
Rieo S
R1a1 B2 S
2.5V
h 1 —{ TRACK? FB2 OUT|H— S aver
- RTAQ :> GND RAMP
L
3.3V | .
I
—T—CGATE
—10nF T
Rong <€ = IN
138k Vec GATE RAMP DC/DC 18y
ON FB1 FB =1.235V OUT SLAVEL
Rona
100k LTC2923
RAMPBUF
Rs %
TRACK1
Rig S
Rta B S ey
h 1 %— TRACK2 FB2 OUT H— o v
= Ra < GND

= 29237TA03

High Voltage Supply Application

3.3V D:
0.1uF
T .
—T—CGATE
—10nF T
Rong = IN
138K Voc GATE RAMP DC/DC iy
R ON FB1 FB =1.235V OUT SLAVET
ONA
100k LTC2923
RAMPBUF
RB1 %
] TRACK1
RTA1§ Rre2 5V
h 1 TRACK2 FB2 OUT[— 3| avE2
= Rta2 GND

|||—

= 29237TA04

RELATED PARTS

PART NUMBER DESCRIPTION COMMENTS

LTC1645 Dual Hot Swap™ Controller Operates from 1.2V to 12V, Allows Supply Sequencing

LTC2920 Power Supply Margining Controller Single or Dual Versions, Symmetric as Symmetric High and Low Margining

LTC2921/LTC2922 | Power Supply Tracker with Input Monitors Includes 3 (LTC2921) or 5 (LTC2922) Remote Sense Switches

LTC2925 Multiple Power Supply Tracking Gontroller Up to 4 Supplies, Status and Fault Pins, Slave Supply Shutdown, Remote
Sense Switch

LT®4220 Dual Supply Hot Swap Controller +2.7V to =16.5V, Supply Tracking Mode

LTC4230 Triple Hot Swap Controller with Multifunction 1.7V to 16.5V, Active Inrush Limiting, Fast Comparator

Current Control

L TC4253 —48V Hot Swap Controller and Supply Sequencer Floating Supply from —15V, Active Current Limiting,

Enables Three DC/DC Converters

Hot Swap is a trademark of Linear Technology Corporation.
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