











REFERENCE VOLTAGE GENERATION (continued)

noise voltages induced onto the VVger line. The resistors shown in signal is assigned to pin 1 on the 184-pin DDR DIMM, which is at
this figure may be eliminated when using the ML6554 switching one end of the connector. Vsg is also at the same end of the
regulator, since this device integrates the resistor divider on-chip. connector, so it is relatively easy to shield Vrgr with Vssg on one
Either the ML6554 VREF,\ or VREFoyT pins may be used to side (Vss and Vssg are usually shorted on the motherboard). If this
distribute the global Vger instead; however, we recommend using shielding approach is used, Vppg should be routed on the
VREFoyT to generate Vggr and achieve the lowest offset of V11 opposite side of Vggr to maintain symmetry in the presence of
relative to Vggr. noise on Vppg and Vssq. Vppg and Vssg should be “stitched”
every 10-15mm to the associated reference plane to maintain a
It is also necessary to keep Vggr as isolated from induced noise as low impedance (inductance) connection to the plane. Figure 6
possible. Vrer should be routed over a reference plane and shows an example of the shielded Vrege PCB layout approach.

isolated, and possibly shielded, from other noise sources. The Vree
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Figure 6. Shielded Vrgr PCB Layout
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TERMINATION VOLTAGE GENERATION

The V7 generation circuit should be placed as close as possible to along the island to minimize the ESL and ESR of the decoupling
the parallel termination resistors to reduce the impedance and network. A top signal layer V1 island provides a good solution,
length of the signal return path. The parallel termination resistors since it eliminates additional vias that would be necessary to
should be placed just after the last DIMM socket to minimize the connect the signals to an internal V1t plane (the termination

bus lengths. It’s necessary to provide a low impedance connection resistors would be located on the top plane either way). Further,
from the termination resistors to V7. The V7 side of the the island is located at the end of the bus, so it does not interfere
termination resistors should be placed on a wide V7 island on the with the signal routing. Figure 7 shows an example of the PCB
top signal layer, and decoupling capacitors should be distributed layout for the V7 island.

<] <] <] <] <] <]
ki ki kl ki ki kl

LU LU

[1[]

4

1 et T pivitel L. Y- LR EEE R R L EE Rt 1 P Lt in EREEEREE
VbD

VCCQ AVce VREFoUT

[
OSCILLATOR/ \

1
[}
[}
[}
[}
l

RAMP GENERATOR |
l W s !
| i
1 > +
1 |
LR 7 <
1
1
1
1
1

v

VReg BUFFER

@VREF'N \I ERROR AMP

ot A RAMP

Figure 8. Micro Linear ML6554 Bus Terminator
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TERMINATION VOLTAGE GENERATION (continued)

The ML6554 switching regulator (Figure 8) is designed to convert
voltage supplies ranging from 2.3V to 4V into a desired output
voltage or termination voltage for various applications. The
ML6554 can be implemented to produce regulated output
voltages in two different modes. In the default mode, when the
VRer pin is open, the ML6554 output voltage is 50% of the voltage
applied to Vccg. The ML6554 can also be used to produce
various user-defined voltages by forcing a voltage on the VREFy
pin. In this case, the output voltage follows the input VREFy
voltage.

This switching regulator is capable of sinking and sourcing 3A of
current without an external heatsink. The ML6554 uses a power
surface mount package (PSOP) that includes an integrated heat
slug. The heat can be piped through the bottom of the device and
onto the PCB (Figure 10).

The ML6554 integrates two power MOSFETSs that can be used to
source and sink 3A of current while maintaining a tight voltage
regulation. Using the external feedback, the output can be
regulated well within 3% or less, depending on the external
components chosen. Separate voltage supply inputs have been
added to accommodate applications with various power supplies
for the databus and power buses.

OUTPUTS

The output voltage pins (V 1, Vo) are tied to the databus, address,
or clock lines via an external inductor capacitor filter. Output
voltage is determined by the Ve or VREF)y inputs.

INPUTS

The input voltage pins (Vccg or VREFN) determine the output
voltages (V1 orVy). In the default mode, where the VREFy pin is
floating, the output voltage is 50% of the Vccg input. Vecg can be
the reference voltage for the databus.

Output voltage can also be selected by forcing a voltage at the
VREF\ pin. In this case, the output voltage follows the voltage at
the VREF,y input. Simple voltage dividers can be used in this case
to produce a wide variety of output voltages between 2.3V to 4V.

Vger INPUT AND OUTPUT

The VREFy input can be used to force a voltage at the outputs. The
VREFouT pin is an output pin that is driven by a small output buffer
to provide the Vggr signal to other devices in the system. The
output buffer is capable of driving several output loads and can
handle 3mA. The Vggr and V1t accuracy (as implemented in Figure
8 at R1 and R2) is achieved internally using poly-resistors that are
trimmed so that the V1t (as shown in Figure 10) is 50% of the
Vecegq. Using careful internal layout and circuit design, offset
between the V11 and VREFgyT are guaranteed and tested to
+12.5mV.

FEEDBACK INPUT
The Vgg pin is an input that is used for closed loop compensation.

This input is derived from the voltage output. See application
section for recommendations (Figure 9).

Q25vTO 4V
1000 0.1pF
|1
ANV 11
100Q O'IlfF J
) (A I L 220pF
== 2204F
ML6554 ]
1 = 16 >
PI VoD Avce [ Z100ke
o 2 15
RS PVDD1 Vee Ovceq
3.3uH 0.14F == 3 "
Vi1 O ~n Vi1 VREFOUT O VREFoUT
1
4 PGND1 AGND 3
l 4 5 PGND2 SHDN 12 OSHDN
—— 820uF 0.1uF _L 6 1
F2v 0.1uF — Vi, VREF|N O VREF|N
0S-CON T 10
TO SDRAMS . A ovppo Veg
8 9
DeND VbD _I
100kQ
MWy
1kQ 1nF
Wy I
GND O O GND
Figure 9. Micro Linear ML6554 Evaluation Board Schematic
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TERMINATION VOLTAGE GENERATION (continued)

USING THE ML6554 FOR SSTL BUSTERMINATION

The circuit schematic in Figure 9 shows a recommended approach
for constructing a bus terminating solution for an SSTL_2 bus. The
VREF\ pin should be left unconnected, while VREFg T should be
used to distribute Vggr using the decoupling network shown in
Figure 5. The ML6554 can provide the voltage reference (Vggr) and
terminating voltages (V7). Using the layout shown in Figures 11
through 13, the ML6554 delivered a V11 £20mV for 1A to 3A
loads (Figure 14).

POWER HANDLING CAPABILITY OF THE PSOP PACKAGE

See Figure 10 for a cutaway view of the PSOP package. Also see
the board layout shown in Figures 11 through 13. Make sure the
heat slug is soldered to the board. At zero LFPM, the temperature
around the package measured 55°C for 3A loads. Note that a one
ounce copper plane was used in the board construction.

HEAT SLUG

Figure 10. Cutaway view of PSOP Package
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TERMINATION VOLTAGE GENERATION (continued)

DESIGN CONSIDERATIONS

Tailoring the ML6554 V17 output with respect to the SSTL_2
specification (and a 3A output load current) will place constraints
on the output components to fulfill the required task. This section
will examine the transient capability of the output filter capacitor(s)
to see how these components will affect overall performance. The
specifications affected can be broken down into two distinct areas:

Equivalent Series Resistance (ESR)
Equivalent Series Inductance (ESL)

The ESR of the output bulk capacitors will primarily affect the
capability to deliver a current surge within a specified delta voltage
drop (AV) at V1t out (Figure 15). With a given capacitor ESR, the AV
drop will be proportional to the load current, and a step in output
voltage will occur. (AVstep peak = ESR x 1.) This step assumes a DC
condition, i.e., no inductor ripple current. The SSTL_2 spec
indicates a maximum delta voltage drop of 40mV. Assuming a 3A
transient in one direction, the output capacitor ESR would allow a
maximum INITIAL step of 40mV/ 3A, or 0.0133Q (maximum ESR).
Note that this does not give any margin for the slope condition
when the output capacitor is sourcing (or sinking) current shown in
Figure 15. Therefore, the capacitor ESR must be less than 13.3mQ.

This step in voltage would be followed by a steady discharge of the
output capacitor, resulting in a continued drop in the output
voltage (Figure 16). During this discharge time, the V17 output
capacitor will continue to supply the current demand to the load
until the ML6554 senses the drop in output voltage and provides
an output "correction current" to compensate for the deviation in
output voltage. Holdup time is a function of the output capacitor
value and the time the ML6554 takes to respond to the drop in
output voltage (due to the current slew rate of the inductor (Al / AT)
and voltage feedback components). The feedback loop
components will affect the holdup time required, since the
feedback bandwidth is lower than the PWM switching frequency.

The ESL of the system will affect the output voltage in a transient
manner. That is, a spike will appear on the V1 output when a load
current is demanded. The amplitude of the spike is related to the
amount of current, the current switching speed, and the stray loop
inductance in the circuit. AV =L x (Al / AT) This is in addition to the
aforementioned conditions. Thus, the primary issue in dealing with
ESL on the V1t plane is to reduce it as much as necessary. For
example, the V17 plane may have 20 multilayer film capacitors
distributed over the plane area. The 1nH rating of a single cap will

I S

Figure 15. Voyr Step

—

Figure 16. Voyr Slope

Figure 17.Voyr Step+VsLopetVspike

be effectively reduced to 50pH with 20 film caps in parallel. Using
the equation above, this translates into a 75mV perturbation on the
V7 plane during a 3A transition in 2nS. With this information,
higher current slew rates require lower stray inductance on the V1
plane to keep voltage transients within the SSTL_2 spec. The
combined effects are shown in Figure 17.

In order to obtain the best performance from the ML6554, all of
these issues must be resolved to acceptable levels. It is interesting
to note that SSTL requirements emphasize the need for low ESR/ESL
components. Even a linear system requires a place to store the load
current and the ability to keep the transient voltages below 40mV.
For a given current, for either a linear or switching solution, the
output ESR and ESL required are the same.

For a bus terminator, these issues become apparent when the full
load current is taken all at once, at a fast slew rate (1-10nS).
Another consideration is the potential of current slewing in both
directions, first in one direction and then instantly in the other. The
transient on the output capacitor would be 6A, requiring a further
reduction in ESR and ESL to meet the SSTL_2 spec of 40mV.
Knowing the required system performance will help in choosing
the correct ESR and ESL values.
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TERMINATION VOLTAGE GENERATION (continued)

PCB LAYOUT

High-current, high-frequency PWM based DC/DC converters
require the use of good layout practices. Current mirroring for
PVpp and GROUND traces will reduce stray lead inductance at
the IC. Bypass capacitors should be placed as close to the IC as
possible, especially at the PVpp and GROUND pins. Good
thermal management is also required. Ensure that sufficient copper
area directly under the IC is available to aid in spreading the heat
over a larger area on the PCB.

Directly under the ML6554 is a heat slug. This slug should make
contact with the ground plane, which will act as a heat spreader. If
copper under the IC is unavailable, a buried layer may be used as
a heat spreader. Use vias to conduct the heat into the buried PCB
layer. The vias should be small enough to retain solder when the
board is wave-soldered.

For more information on the ML6554 Evaluation Board, please
contact Micro Linear.
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DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO

ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME
ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support

which, (a) are intended for surgical implant into the body;, device or system whose failure to perform can be
or (b) support or sustain life, and (c) whose failure to reasonably expected to cause the failure of the life support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com © 2000 Fairchild Semiconductor Corporation
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