19-2142; Rev 0; 8/01

3A, 1TMHz, DDR Memory Termination Supply

General Description

The MAX1809 is a reversible energy flow, constant-off-
time, pulse-width-modulated (PWM), stepdown DC-DC
converter. It is ideal for use in notebook and subnote-
book computers that require +1.1V to +5V active
termination power supplies. This device features an
internal PMOS power switch and internal synchronous
rectifier for high efficiency and reduced component
count. The internal 90mQ PMOS power switch and
70mQ NMOS synchronous-rectifier switch easily deliver
continuous load currents up to 3A. The MAX1809 accu-
rately tracks an external reference voltage, produces
an adjustable output from +1.1V to VIN, and achieves
efficiencies as high as 93%.

The MAX1809 uses a unique current-mode, constant-
off-time, PWM control scheme that allows the output to
source or sink current. This feature allows energy to
return to the input power supply that otherwise would
be wasted. The programmable constant-off-time archi-
tecture sets switching frequencies up to 1MHz, allowing
the user to optimize performance trade-offs between
efficiency, output switching noise, component size, and
cost. The MAX1809 features an adjustable soft-start to
limit surge currents during startup, a 100% duty-cycle
mode for low-dropout operation, and a low-power shut-
down mode that disables the power switches and
reduces supply current below 1pyA. The MAX1809 is
available in a 28-pin QFN package with an exposed
backside pad or a 16-pin QSOP package.

Applications

DDR Memory Termination
Active Termination Buses

Typical Operating Circuit
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Features
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Source/Sink 3A

+1% Output Accuracy

Up to 1MHz Switching Frequency
93% Efficiency

Internal PMOS/NMOS Switches
90mQ/70mQ On-Resistance at VIN = +4.5V
110mQ/80mQ On-Resistance at VN = +3V

+1.1V to V|N Adjustable Output Voltage

+3V to +5.5V Input Voltage Range

<1pA Shutdown Supply Current
Programmable Constant-Off-Time Operation
Thermal Shutdown

Adjustable Soft-Start Inrush Current Limiting
Output Short-Circuit Protection

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX1809EGI -40°C to +85°C 28 QFN
MAX1809EEE -40°C to +85°C 16 QSOP

Pin Configurations
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QFN
Pin Configurations continued at end of data sheet.
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For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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3A, 1TMHz, DDR Memory Termination Supply

ABSOLUTE MAXIMUM RATINGS

Ve, INTOGND L -0.3V to +6V
INEO VGG i +0.3V
GND toO PGND ...t +0.3V
SHDN, SS, FB, TorF, RREF,

EXTREFtO GND......ooovviiiiiiiiiecciec, -0.3V to (Vce + 0.3V)
LX Current (NOte 1)...vvieiiieeiiiceiee e +4.7A
REF Short Circuit to GND Duration ................cc.......... Continuous

Continuous Power Dissipation (Ta = +70°C)
28-Pin QFN (derate 20mW/°C above +70°C;

part mounted on 1in2 of 10z copper).........cccccevveeiiieinn.n 1.6W
16-Pin QSOP (derate 12.5mW/°C above +70°C;
part mounted on 1in2 of 10Z COPPEr).....ccccvvvvvvieiiiiiiiii 1w

Operating Temperature Range .....

Junction Temperature ... +150°C
Storage Temperature Range .........c...cocveeeevnene, -65°C to +150°C
Lead Temperature (soldering, 10S) .......ccccoocvviiiiiiiirnnnnn. +300°C

Note 1: LX has clamp diodes to PGND and IN. If continuous current is applied through these diodes, thermal limits must be

observed.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(VIN = Voo = 3.3V, VEXTREF = +1.1V, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Input Voltage VINVCC 3.0 55 Vv
Feedback Voltage Accuracy VIN = Vce = +3.0V to +5.5V, I .poaD = 0, 12 12 my
(VFB - VEXTREF) VEXTREF = 1.25V (Note 2)
Feedback Load Regulation Error AVFB ILoAD = -3A to +3A, VEXTREF = +1.25V 20 mV
E:tr?ér‘;al Reference Voltage VEXTREF | ViN = Voe = 43.0V to +5.5V Vg%i - \/1”,\‘7_ v
Reference Voltage VREF 1.078 1.100 1.122 \
Reference Load Regulation IREF = -1pA to +10pA 0.5 2 mV
PM witch VIN = +4.5V 90 200
On—ORijst;Ece RPMOS | Ix=0.5A I s ov 1m0 20 | ™
i VIN = +4.5V 70 150
(,\Dlmgisisg;r?:e RNMOs | lx = 0.5A V:E — +30V 80 200 maQ
Current-Limit Threshold ILiMIT VIN > VLX 3.5 4.1 4.7 A
Switching Frequency fsw (Note 3) 1 MHz
No Load Supply Current loc fow = 500kHz ! mA
IIN faw = 500kHz 16
Shutdown Supply Current ISHDN | SHDN = GND, Icc + liN <1 15 pA
Thermal Shutdown Threshold Hysteresis = 15°C 160 °C
Undervoltage Lockout Threshold Vcc falling, hysteresis = 90mV 2.5 2.6 2.7 \
FB Input Bias Current IFB VEB = VEXTREF + 0.1V 0 60 250 nA
RTOFF = 30.1kQ 0.24 0.30 0.37
Off-Time tOFF RTOFF = 110kQ 0.9 1.0 11 us
RTOFF = 499kQ 3.8 4.5 5.2
Startup Off-Time 4 x toFF us
On-Time tON (Note 3) 0.35 us
2 W AXIW




3A, 1TMHz, DDR Memory Termination Supply

ELECTRICAL CHARACTERISTICS (continued)

(VIN = Ve = 3.3V, VEXTREF = +1.1V, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Tp = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
SS Source Current Iss 4 5 6 pA
SS Sink Current Iss Vgs = 1V 1 50 mA
SHDN Input Current VSHDN = 0, Vcc -1 +1 uA
S ViL 08
SHDN Logic Levels \
VIH 2.0
Maximum Output RMS Current lOUT(RMS) 3.1 ARMS
ELECTRICAL CHARACTERISTICS
(VIN = Vce = 3.3V, VEXTREF = 1.1V, Ta =-40°C to +85°C, unless otherwise noted.) (Note 4)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Input Voltage VIN, Vce 3.0 5.5 \
Feedback Voltage Accuracy VIN = Vce = +3.0V to +5.5V, IL.oAD = 0, o4 +94 mv
(VFB - VEXTREF) VEXTREF = 1.25V
External Reference Voltage _ _ VREF - VIN -
Range VEXTREF | VIN =Vcc = +3.0Vto +5.5V 0.01V 1.9V \
Reference Voltage VREF 1.067 1.133 \
PMQOS Switch VIN = +4.5V 200
On-Resistance RPMOS | ILx = 0.5A VIN = +3.0V 250 me
NMOS Switch VIN = +4.5V 150
On-Resistance Rnmos | Ix = 0.5A VIN = +3.0V 200 me
Current-Limit Threshold ILMIT VIN > VLX 3.3 4.9 A
FB Input Bias Current IFB VFB = VEXTREF + 0.1V 300 nA
Off-Time tOFF RTOFF = 110kQ 0.85 1.15 us

Note 2: The output voltage will have a DC-regulation level lower than the feedback error comparator threshold by 50% of the ripple.
Note 3: Recommended operating frequency, not production tested.

Note 4: Specifications from 0°C to -40°C are guaranteed by design, not production tested.

MAXIMN
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3A, 1TMHz, DDR Memory Termination Supply

Typical Operating Characteristics
(Circuit of Figure 1, Vout = 1.25V, for VIN = +5V: L = 1uH, RTorF = 130kQ; for V|N = +3.3V: L = 0.68uH, RTOFF = 73.2kQ.)

EFFICIENCY vs. OUTPUT CURRENT EFFICIENCY vs. OUTPUT CURRENT NORMALIZED OUTPUT ERROR
(SOURCING) (SINKING) vs. OUTPUT CURRENT
100 ———— _ 95 . o
- E ViN=+5V, R =0Q |2 g
95 Roroop = 0Q : % Vour—s2 5V DROOP g 02 N ! ! ! %
% | — T 5 /'\\‘ X 5 g 05 N ViN=+3.3V E
- \\ 8 = T~ S \
& fame AEVA . / R~ N = N
g 4 [ L = ’ AN & 10 N
z [ ViN=+5V, ~ ~ S 75 = N
=z VouT = +2.5V N = I N % -14 ViN=+5V ~
S | N S 710 ViN=+5V, N a ™N
= 70 ViN=+3.3V, [ Vour =+1.25V g 18 ~__»%
65 / Vout =+1.25V 65 §' " —
Il _ = ¢ ~
o | TRE I A RN z ~
o [v Vout = +1.25V_| 55 ouT=+1. 26
. NN ST . N
0 1 2 3 0 1 2 3 -3 -2 -1 0 1 2 3
OUTPUT CURRENT (A) OUTPUT CURRENT (A) OUTPUT CURRENT (A)
NO LOAD SWITCHING FREQUENCY
SUPPLY CURRENT vs. SUPPLY VOLTAGE OFF-TIME vs. RroFF vs. OUTPUT CURRENT
- 50 s 1200 — p
= 4 g g £
B \ g 45 g V=133V 2
S % \ g 40 £ 1000 \K g
= I~
= 35 ~
= — L/ £ 80 ~—
= 30 Wi =3
£ El // z —— ™~
< T 25 va S 600
SOV 5 Y S /
2 20 7 & A
a / 5400 ViN=+5V
3 8 15 /
= 10 /|
g , 200
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0 0 0
0 1 2 3 4 5 6 0 50 100 150 200 250 300 350 400 450 500 -3 -2 -1 0 1 2 3
Vi (V) Rrorr (k) OUTPUT CURRENT (4)
STARTUP AND SHUTDOWN LOAD TRANSIENT RESPONSE
] g N _ Roroop =022 | 2
- Ty : I : X\%U(TJOUPLED)
OA A .Jl MM A LR AL L ) H
AR \J\"'Iilﬁnfl'lu l“u""f\i'”f'\” m Y;W\w SR | somV/div
VSHON L AR 1
o 5V/div Idk““ﬂmu-lkd.]llglﬂ RN JMMMHM VLX)
5V/div
VOUT_ IJ‘HM-IM\.\M-:A;M;
T I G W B " i i lour
R Sy | | 5A/div
. . . —" : : : Vsg I I |
OV : - ; .I:_- . 2V/dIV _____ . | S——
1ms/div 10us/div
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3A, 1TMHz, DDR Memory Termination Supply

Typical Operating Characteristics (continued)

(Circuit of Figure 1, Vout = 1.25V, for VIN = +5V: L = 1uH, RToFF = 130kQ; for V|N = +3.3V: L = 0.68puH, RTOFF = 73.2kQ.)

LOAD TRANSIENT RESPONSE

Roroop 12mQ i
| [ ,memé
|| 'll'\ .M’ll' ﬁ'-ln'lﬁ'[ i':‘ \J|‘.'Ir‘1!| u
i) i I I
oV IMNMHMM } ]L 1[";]} l|||-ll s’}lq ] H memum
et estbinir
oA l fooeloned
| I |
d |
10us/div

Vextrer = 1.25V, Vin=3.3V, lour = -2A to +2A to -2A

SWITCHING WAVEFORMS (SOURCING)

MAX1809 toc11

0A

ov-L

F— " F
400ns/div
lour=2A, Viy =5V

MAXIMN

Vout
(AC-COUPLED)

50mV/div

V(LX)
5V/div

lout
5A/div

Vour
(AC-COUPLED)

50mV/div
(LX)
2A/div

V(LX)
5V/div

ov

0A

ov

LINE-TRANSIENT RESPONSE

20ps/div

lour=2A, Viy =5V 103.3Vto 5V

SWITCHING WAVEFORMS (SINKING)

)

400ns/div
lour=-2A, VI =5V

MAX1809 toc10

MAX1809 toc12

Vour
(AC-COUPLED)
50mV/div

ViN
2V/div

Vout
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Pin Description

PIN (QFN) PIN (QSOP) NAME FUNCTION
1,5, 10, 11, 12, . )
22 24, 26, 28 N.C. No Connection. Not internally connected.
54 54 IN Supply Voltage Input for the Internal PMOS Power Switch. Not internally
' ' connected. Externally connect all pins for proper operation.
Inductor Connection. Connection for the drains of the PMOS power switch
and NMOS synchronous-rectifier switch. Connect the inductor from this
3,18,19,23,25 314,16 LX node to the output filter capacitor and load. Not internally connected.
Externally connect all pins for proper operation.
6 5 ss Soft-Start. Connect a capacitor from SS to GND to limit inrush current
during startup.
7 6 EXTREF External Reference Input. Feedback input regulates to VExTREF. The PWM
controller remains off until EXTREF is greater than REF.
8 2 TOFF Off-Time Select Input. Sets the PMOS power switch constant-off-time.
Connect a resistor from TOFF to GND to adjust the PMOS switch off-time.
Feedback Input. Connect directly to output for fixed-voltage operation or to
9 8 FB L L ; )
a resistive-divider for adjustable operating modes.
13, backside pad, Analog Ground. Connect exposed backside pad and corner tabs to analog
9 GND
corner tabs GND.
14 10 REF Reference Output. Bypass REF to GND with a 1uF capacitor.
15 11 GND Tie to GND (pin 13 QFN; pin 9 QSOP)
16 19 V. Analog Supply Voltage Input. Supplies internal analog circuitry. Bypass
cC Vce with a 10Q and 2.2uF low-pass filter. See Figure 1.
17. 20, 21 13,15 PGND Powgr Grognd. Internally connected to the internal NMOS synchronous-
rectifier switch.
Shutdown Control Input. Drive SHDN low to disable the reference, control
27 1 SHDN circuitry, and internal MOSFETs. Drive high or connect to V¢ for normal
operation.

Detailed Description

The MAX1809 synchronous, current-mode, constant-
off-time, PWM DC-DC converter steps down input volt-
ages of +3V to +5.5V to an adjustable output voltage
from +1.1V to V|N, as set by the voltage applied at
EXTREF. It sources and sinks up to 3A of output cur-
rent. Internal switches composed of a 90mQ PMOS
power switch and a 70mQ NMOS synchronous-rectifier
switch improve efficiency, reduce component count,
and eliminate the need for an external Schottky diode
across the synchronous switch.

The MAX1809 operates in a constant-off-time mode
under all loads. A single resistor-programmable con-
stant-off-time control sets switching frequencies up to
1MHz, allowing the user to optimize performance trade-

offs in efficiency, switching noise, component size, and
cost.

When power is drawn from a regulated supply, con-
stant-off-time PWM architecture essentially provides
constant-frequency operation. This architecture has the
inherent advantage of quick response to line and load
transients. The MAX1809'’s current-mode, constant-off-
time PWM architecture regulates the output voltage by
changing the PMOS switch on-time relative to the con-
stant off-time.

Constant-Off-Time Operation
In the constant-off-time architecture, the FB voltage
comparator turns the PMOS switch on at the end of
each off-time, keeping the device in continuous-con-
duction mode. The PMOS switch remains on until the

MAXIMN




3A, 1TMHz, DDR Memory Termination Supply

L Roroop Vouv(@)

" MAXIM . SCOHF

MAXT809 penp | :E 15mQ
Vee GND =
SHDN FB
EXTREF REF —_
TOFF SS — W

0.01uF
RorF

.

FOR Viy =5V: L = 1uH, Rrorr = 130k
FOR Viy = 3.3V: L = 0.68uH, RroFF = 73.2kQ

Figure 1. Typical Application Circuit

feedback voltage exceeds the external reference voltage
(VEXTREF) or the positive current limit is reached. When
the PMOS switch turns off, it remains off for the pro-
grammed off-time (toFF). To control the current under
short-circuit conditions, the PMOS switch remains off for
approximately 4 x toFF when VFB < VEXTREF / 4.

Synchronous Rectification
In a stepdown regulator without synchronous rectifica-
tion, an external Schottky diode provides a path for cur-
rent to flow when the inductor is discharging. Replacing
the Schottky diode with a low-resistance NMOS syn-
chronous switch reduces conduction losses and
improves efficiency.

The NMOS synchronous-rectifier switch turns on follow-
ing a short delay (approximately 50ns) after the PMOS
power switch turns off, thus preventing cross-conduc-
tion or “shoot through.” In constant-off-time mode, the
synchronous-rectifier switch turns off just prior to the
PMOS power switch turning on. While both switches
are off, inductor current flows through the internal body
diode of the NMOS switch.

Current Sourcing and Sinking
By operating in a constant-off-time, pseudo-fixed-fre-
quency mode, the MAX1809 can both source and sink
current. Depending on the output current requirement,
the circuit operates in two modes. In the first mode the
output draws current and the MAX1809 behaves as a
regular buck controller, sourcing current to the output
from the input supply rail. However, when the output is
supplied by another source, the MAX1809 operates in

MAXIMN

a second mode as a synchronous boost, taking power
from the output and returning it to the input.

Thermal Resistance
Junction-to-ambient thermal resistance, 6ya, is highly
dependent on the amount of copper area immediately
surrounding the IC leads. The MAX1809 QFN package
has 1in2 of copper area and a thermal resistance of
50°C/W with no forced airflow. The MAX1809 16-pin
QSOP evaluation kit has 0.5in2 of copper area and a
thermal resistance of 80°C/W with no forced airflow.
Airflow over the board significantly reduces the junc-
tion-to-ambient thermal resistance. For heat sinking
purposes, it is essential to connect the exposed back-
side pad of the QFN package to a large analog ground
plane.

Shutdown
Drive SHDN to a logic-level low to place the MAX1809
in low-power shutdown mode and reduce supply cur-
rent to less than 1pA. In shutdown, all circuitry and
internal MOSFETSs turn off, so the LX node becomes
high impedance. Drive SHDN to a logic-level high or
connect to Vcc for normal operation.

Power Dissipation
Power dissipation in the MAX1809 is dominated by
conduction losses in the two internal power switches.
Power dissipation due to charging and discharging the
gate capacitance of the internal switches (i.e., switch-
ing losses) is approximately:

Pp(caP) = C x VIN2 x fsw
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where C = 2.5nF and fsw is the switching frequency.
Resistive losses in the two power switches are approxi-
mated by:

PD(RES) = loUT? X RPMOS

where RpmoOs is the on-resistance of the PMOS switch.
The junction-to-ambient thermal resistance required to
dissipate this amount of power is calculated by:

0UA = (Tu,MAX - TAMAX) / (PD(CAP) + PD(RES))
where:

6JA = junction-to-ambient thermal resistance

TJ,MAX = maximum junction temperature

TAMAX = maximum ambient temperature

Design Procedure

For typical applications, use the recommended compo-
nent values in Figure 1. For other applications, take the
following steps:

1) Select the desired PWM-mode switching frequency.
See Figure 4 for maximum operating frequency.

2) Select the constant off-time as a function of input
voltage, output voltage, and switching frequency.

3) Select RTOFF as a function of off-time.

4) Select the inductor as a function of output voltage,
off-time, and peak-to-peak inductor current.

Setting the Output Voltage
The output voltage of the MAX1809 is set by an exter-
nal voltage applied to the EXTREF pin. This can come
directly from another voltage source or external refer-
ence.

As an active termination supply in DDR applications
(see Active Bus Termination in the Applications
Information section), the output of the MAX1809 is reg-
ulated at half the DDR supply voltage. In mobile sys-
tems, the DDR supply voltage is 2.5V, and the
termination voltage is 1.25V +40mV. To regulate to
1.25V, an external divide-by-2 resistor network is
placed across the DDR supply voltage to generate
1.25V. This 1.25V is connected to EXTREF, which sets
the output voltage of the MAX1809. When FB is directly
tied to the output (Figure 5), the output voltage range is
limited by the external reference’s input voltage limits
(see EC table). External reference may not be set within
1.7V of the minimum supply voltage. VEXTREF should
be limited to less than 1.4V for +3.3V input voltage.
Failure to comply can cause the part to operate abnor-
mally and may cause part damage.

Alternatively, the output can be adjusted up to V|N by
connecting FB to a resistor-divider between the output
voltage and ground (Figure 6). Use 50kQ for R1. R2 is
given by:

=

g 0.01pF
SS
Vin Vee FB Vin
—VV \/T N (+3.0V T055.5V)
220F M SORFET €I o
% MAX1809 SENSE J_: CERAMIC
PWM LOGIC
EXTREF _ AND
DRIVERS X L
SHDN —I Cour
I L
REF
REF TIMER
L
1uF |
% GND PGND
\VA4 RrorF

Figure 2. Functional Diagram
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,,,,,,,,,,,

I
SOURCE >

SYNCHRONOUS BUCK MODE
(SOURCING CURRENT)

,,,,,,,,,,,

Vsource > Vout

SYNCHRONOUS BOOST MODE
(SINKING CURRENT)

Figure 3. Sourcing and Sinking Capabilities of the MAX1809

R2 = R1 (M _1]
VEXTREF

Programming the Switching Frequency
and Off-Time and On-Time
The MAX1809 features a programmable PWM mode
switching frequency, which is set by the input and out-
put voltage and the value of RTOFF, connected from
TOFF to GND. RTOFF sets the PMOS power switch off-
time in PWM mode. Use the following equation to select
the off-time while sourcing current according to the
desired switching frequency in PWM mode:

__ (Yin-Vour - Vemos)
fsw(Vin - VPMos +Viumos)

toFF

MAXIMN

1400
™™~

ﬁ1200 oy o Y
z N /i
> 1000 y p
= ‘\> Vour = +2.5V
= 800 A TS
g // “‘~~
< 600 / 7 1 5\/“ S2§
= ouT=+
= /
S 400
5 /

200 M

0

27 31 35 39 43 47 51 55
ViN (V)

Figure 4. Maximum Recommended Operating Frequency vs.
Input Voltage

where:
toFF = the programmed off-time
VIN = the input voltage
VouT = the output voltage
VPMOS = the voltage drop across the internal
PMOS power switch llouT x RPmOs!

VNMOS = the voltage drop across the internal
NMOS synchronous-rectifier switch llout x
Rnmos!
fsw = switching frequency

Make sure that toN and toFF are greater than 400ns

when sourcing current. Select RTOFF according to the
formula:

RTOFF = (tOFF - 0.07us) x (117k€ / 1.00ps)

Recommended values for RTOFF range from 36kQ to
430kQ for off-times of 0.4us to 4us.

When sinking current, the switching frequency increas-
es due to the on-resistances of the internal switches
adding to the voltage across the inductor, reducing the
on-time. Calculate toN when sinking current using the
equation:

Vout -WWmos }

ton =toFF {
ViN-VouT +VPmos

Check that toN in the current sinking mode is greater
than 350ns.
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Inductor Selection
The key inductor parameters must be specified: induc-
tor value (L) and peak current (IPEAK). The following
equation includes a constant, denoted as LIR, which is
the ratio of peak-to-peak inductor AC current (ripple
current) to maximum DC load current. A higher value of
LIR allows smaller inductance but results in higher loss-
es and ripple. A good compromise between size and
losses is found at approximately a 25% ripple current to
load current ratio (LIR = 0.25).

(Vout X torF)

|_ =
(IsoURCE - Isink ) x LIR

The peak inductor current at full load is calculated by:

e (Vout x torr)
PEAK = louT +T

where louT is the maximum source or sink current.

Choose an inductor with a saturation current at least as
high as the peak inductor current. Additionally, verify
the peak inductor current while sourcing output current
(louT = ISOURCE) does not exceed the positive current
limit. The inductor selected should exhibit low losses at
the chosen operating frequency.

Input Capacitor Selection
The input filter capacitor reduces peak currents and
noise at the voltage source. Use a low ESR and low
ESL capacitor located no further than 5mm from IN.
Select the input capacitor according to the RMS input
ripple-current requirements and voltage rating:

JVour x (Vin - Vour)
ViN

IRIPPLE = loUT

where IRIPPLE = input RMS current ripple.

Output Capacitor Selection
The output filter capacitor affects the output voltage rip-
ple, output load-transient response, and feedback loop
stability. The output filter capacitor must have low
enough effective series resistance (ESR) to meet output
ripple and load transient requirements, yet have high
enough ESR to satisfy stability requirements. Also, the
capacitance value must be high enough to guarantee
stability and absorb the inductor energy going from a
full-load sourcing to full-load sinking condition without
exceeding the maximum output tolerance.

10

For stable operation, the MAX1809 requires a minimum
feedback ripple voltage of VRIPPLE = 1% X VEXTREF.
The minimum ESR of the output capacitor should be:

RESR > 1% x (L / tOFF)

Stable operation requires the correct output filter
capacitor. When choosing the output capacitor, ensure
that:

Cout = “OFF x 70uFV/ps
Vout

In applications where the output is subject to large load
transients, the output capacitor’s size typically depends
on how much ESR is needed to prevent the output from
dipping too low under a load transient. Ignoring the sag
due to finite capacitance:

RESR < AVoUT / AIOUT(MAX)

The actual microfarad capacitance value required is
defined by the physical size needed to achieve low
ESR, and by the chemistry of the capacitor technology.
Thus, the capacitor is usually selected by ESR, size,
and voltage rating rather than by capacitance value
(this is true of tantalums, OS-CONs, and other elec-
trolytics). When using low-capacity filter capacitors
such as ceramic or polymer types, capacitor size is
usually determined by the capacity needed to prevent
VsaG and VsoaAR from causing problems during load
transients. Generally, once enough capacitance is
added to meet the overshoot requirement, undershoot
at the rising-load edge is no longer a problem. The
amount of overshoot and undershoot due to stored
inductor energy can be calculated as:

VSOAR = L x AlouT? /(2 x CouT % VouT)
VsaG = L x Alout?/[2 x CouT % (VIN - VouT)]

Soft-Start
Soft-start allows a gradual increase of the internal cur-
rent limit to reduce input surge currents at startup and
at exit from shutdown. A timing capacitor, Css, placed
from SS to GND sets the rate at which the internal cur-
rent limit is changed. Upon power-up, when the device
comes out of undervoltage lockout (2.6V typ) or after
the SHDN pin is pulled high, a 4pA constant current
source charges the soft-start capacitor and the voltage
on SS increases. When the voltage on SS is less than
approximately 0.7V, the current limit is set to zero. As
the voltage increases from 0.7V to approximately 1.8V,
the current limit is adjusted from OV to the current-limit
threshold (see Electrical Characteristics). The voltage
across the soft-start capacitor changes with time
according to the equation:
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Vout = VexTReF

X MTO
Vona NAXIMN I

MAX1809

VEXTREF EXTREF FB
(1.1V < VextRer < Vin - 1.7V)

LX Vour
MAXI

MAX1809 R2

1H

— EXTREF "B

R1
R2 = R1[(Vour / Vexrer) - 1]

Figure 5. Adjusting the Output Voltage Using EXTREF

Vag = 4uA x t
Css

The ouput current limit during soft-start varies with the
voltage on the soft-start pin, SS, according to the equa-
tion:

Vgg - 0.7V

ILimss) = RV ILimiT

where ILMIT is the current-limit threshold from the
Electrical Characteristics table. The constant current
source stops charging once the voltage across the
soft-start capacitor reaches 1.8V.

Applications Information

Frequency Variation with Output Current
The operating frequency of the MAX1809 is determined

primarily by torr (set by RTOFF), VIN, and VouT as
shown in the following formula:

... (%n-Vour -Vewos)
Sw =
torr (VN - ViPMOos + Viumos )

However, as the output current increases, the voltage
drop across the NMOS and PMOS switches increases
and the voltage across the inductor decreases. This
causes the frequency to drop. Assuming RpPMOS =
RNMOS, the change in frequency can be approximated
with the following formula:

Afgyy =-2lout XRemos
(Vin > toFF)

where RpMOs is the resistance of the internal MOSFETs
(90mQ typ).

MAXIMN

Figure 6. Adjusting the Output Voltage at FB

Circuit Layout and Grounding
Good layout is necessary to achieve the MAX1809’s
intended output power level, high efficiency, and low
noise. Good layout includes the use of ground planes,
careful component placement, and correct routing of
traces using appropriate trace widths. The following
points are in order of decreasing importance:

1) Minimize switched-current and high-current ground
loops. Connect the input capacitor’s ground, the
output capacitor's ground, and PGND close togeth-
er. Connect the resulting PGND plane to GND at
only one point.

2) Connect the input filter capacitor less than 5mm
away from IN. The connecting copper trace carries
large currents and must be at least Tmm wide,
preferably 2.5mm.

3) Place the LX node components as close together
and as near to the device as possible. This reduces
resistive and switching losses as well as noise.

4) Ground planes are essential for optimum perfor-
mance. In most applications, the circuit is located on
a multilayer board and full use of the four or more
layers is recommended. For heat dissipation, con-
nect the exposed backside pad of the QFN pack-
age to a large analog ground plane, preferably on a
surface of the board that receives good airflow. If
the ground plane is located on the top layer, make
use of the N.C. pins adjacent to GND to lower ther-
mal resistance to the ground plane. If the ground is
located elsewhere, use several vias to lower thermal
resistance. Typical applications use multiple ground
planes to minimize thermal resistance. Avoid large
AC currents through the analog ground plane.

Voltage Positioning
In applications where the load transients are extremely
fast (>10A/us), the total output capacitance has to be
large enough to handle the Vsag and VSOAR require-
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ments while keeping within the output tolerance limits.
Voltage positioning reduces the total amount of output
capacitance needed to meet a given transient
response requirement. With voltage positioning, the
output regulates at a slightly lower voltage under a
given load, allowing more voltage headroom as the
load changes suddenly to zero or to the opposite polar-
ity (sinking mode). By utilizing the full-voltage tolerance
limits, the total output capacitance can be reduced and
the capacitor's ESR can be increased.

Choose RprooOP such that the output voltage at the
maximum load current, including ripple, is just above
the lower limit of the output tolerance.

RDROOP x lIOUT(MAX) < VOUT(TYP) - VOUT(MIN)-
(VRIPPLE / 2)

Voltage positioning results in some loss in efficiency
due to the power dissipated in Rbroop. The maximum

power loss is given by RDROOP x 0UT(MAX)?. RDROOP
must be able to handle this power.

Ceramic Output Capacitor Applications
Ceramic capacitors have advantages and disadvan-
tages. They have ultra-low ESR and are noncom-
bustible, relatively small, and nonpolarized. They are
also expensive and brittle, and their ultra-low ESR char-
acteristic can result in excessively low output-voltage
ripple (affecting stability in nonvoltage-positioned cir-
cuits). In addition, their relatively low capacitance value
can cause output overshoot when going abruptly from
full-load sourcing to full-load sinking conditions, unless
the inductor value can be made small (high switching
frequency), or there are some bulk tantalum or elec-
trolytic capacitors in parallel to absorb the stored ener-
gy in the inductor. In some cases, there may be no
room for electrolytics, creating a need for a DC-DC
design that uses nothing but ceramics.

The MAX1809 can take full advantage of the small size
and low ESR of ceramic output capacitors in a voltage-
positioned circuit. The addition of the positioning resis-
tor increases the ripple at FB, satisfying the minimum
feedback ripple voltage requirement.

Output overshoot (VsoAR) determines the minimum
output capacitance requirement (see Output Capacitor
Selection). Often the switching frequency is set as high
as possible (near 1000kHz), and the inductor value is
reduced to minimize the energy transferred from induc-
tor to capacitor during load-step recovery.

Input Source
The output of the MAX1809 can accept current due to
the reversible properties of the buck and the boost con-
verter. When voltage at the output of the MAX1809

12
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Figure 7. Soft-Start Current Limit Over Time
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Vour
(MAX1809) +
T Vopa/2 = Vi1

Figure 8. Active Bus Termination

(low-voltage port) exceeds or equals the output set
voltage the flow of energy reverses, going from the out-
put to the input (high-voltage port). If the input (high-
voltage port) is not connected to a low-impedance
source capable of absorbing energy, the voltage at the
input will rise. This voltage can violate the absolute
maximum voltage at the input of the MAX1809 and
destroy the part. This occurs when sinking current
because the topology acts as a boost converter, pump-
ing energy from the low-voltage side (the output), to the
high-voltage side (the input). The input (high-voltage
side) voltage is limited only by the clamping effect of
the voltage source connected there. To avoid this prob-
lem, make sure the input to the MAX1809 is connected
to a low impedance, two quadrant supply or that the
load (excluding the MAX1809) connected to that sup-
ply consumes more power than the amount being
transferred from the MAX1809 output to the input.

Active Bus Termination
DDR memory architecture is a high-speed system that
clocks data on both the rising and falling edges of the
clock. This increases the data rate, and at the same
time increases the system power dissipation. High-
speed digital logic requires termination of the buses to

MAXIMN
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INPUT VOLTAGE
(3.0T055V)
IN LX
o MAXIM
10Q I MAX1809
Vee PGND
2.2uF
YT GND
SHDN—] SHDN
EXTREF

V1T =VDD0O/2

Figure 9. Discharging the Output of the MAX 1809 in Shutdown

Pin Configurations (continued)

INPUT VOLTAGE
(30T05.5Y) L V7 =Vppor2
IN LX
o MAXIMN
100 T wAxigos B +
= 100Q COUTT
Vee PGND ® _T_
2.0uF _T =
T GND
. {
0.01uF
L

Figure 10. Starting the MAX1809 in Sinking Mode with
Vout>VEXTREF

minimize ringing and reflection. Using an active termi-
nation scheme reduces the power dissipation of the
bus. By connecting the termination resistors to a supply
voltage (VTT) that is half the memory voltage (VDbDQ),
the dissipation in the termination resistor is halved com-
pared to a termination scheme that connects the resis-
tive terminators to ground.

The VTT supply requires that it regulates to half the
memory voltage (VDDQ), tracks the changes of the
memory voltage, and is able to source and sink current
depending on the state of the bus. These requirements
are met in the MAX1809.

Discharging the Output in Shutdown
When SHDN is brought low after the controller has
been on for a while, the output may remain high if there
is no leakage or discharge path to bring the output
down. For DDR memory systems, keeping VTT at 1.25V

MAXIMN

TOP VIEW
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N [2] 15] PaND
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ss 5] [12] vee
EXTREF [6 | 1] GnD
TOFF [ 7] [10] R
FB 8] [9] 6nD
QSOP

when VppQ (2.5V) is shut down violates the DDR speci-
fications. This can result in the bus latching if the sys-
tem is subsequently turned on or possibly damaging
the memory subsystem.

When using the MAX1809 to generate the V1T output of
1.25V, several circuits are recommended to discharge
the output when the MAX1809 is shut down. These are
shown in Figure 9. Solution (a) is a diode added from
VTT to VpDQ so that V1T is discharged when VDDQ
goes low. Alternatively, solution (b) uses a small signal
transistor to discharge V1T when the MAX1809 is shut
down.

Startup in Sinking Mode
The MAX1809 will not startup until the feedback voltage
is made less than the external reference voltage when

13
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power is applied or when the part is exiting shutdown. Chip Information
In applications that cannot guarantee VFB < VEXTREF ]

before startup, a 100Q resistor should be added in the TRANSISTOR COUNT: 3662
feedback path, and a diode from FB to SS as shown in
Figure 10. SS will keep FB low during the startup
sequence, ensuring that the MAX1809 enters into PWM
mode and begins sinking current. Refer to the, “Soft-
Start Sink Current” specification in the Electrical
Characteristics for resistor selection.

Package Information
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Package Information (continued)

NOTES:

1. DIE THICKNESS ALLOWABLE IS 0.305mm MAXIMUM (.012 INCHES MAXIMUM)
2. DIMENSIONING & TOLERANCES CONFORM TO ASME Y14.5M. — 1994,

N IS THE NUMBER OF TERMINALS.

Nd IS THE NUMBER OF TERMINALS IN X—-DIRECTION &
Ne IS THE NUMBER OF TERMINALS IN Y-DIRECTION.

B COMMON
DIMENSION b APPLIES TO PLATED TERMINAL AND IS MEASURED 5 o DI EﬁlghIAONSM s
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AT [ 0.00 0.01 0.05 [ 11
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PROPRIETARY INFORMATION
TITLE:
PACKAGE OUTLINE, 16,20,28,32L GFN, 5x5x0.90 MM
APPROVAL DOCUMENT CONTROL NO. REV e
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Package Information (continued)
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