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By: Jorge Ramirez

1 Purpose Contents

1 Purpose........... . iiiiiiiiiinnnnnns 1
This document is intended to show good practices on how to

layout the MC13892 PCB for a correct functionality of the 2

SCOPEe ..t e 1

whole system.

3 Packaging............ oo 1
2 Scope

4 PinEscape .........ccciviiiiiiinnnnnnnn 7
This document contains the packaging and recommended
footprint for the IC, pinout, and layer stacking 5 SPI/12C Communication and Real Time Clock
recommendations, and layout tips for routing transmission Signals..................o ol 9
lines and switching power supply traces.

6 Switching Power Supplies Traces . ...... 10
3 PaCKaglng 7 FeedbackSignals .................... 13
The MC13892 is offered in two BGA packages: a 139 pin )
7x7 mm, 0.5 mm pitch package, and a 186 pin 12x12 mm, 8 LDO and Battery Charger Routing........ 14
0.8 mm pitch package. The package style is a low profile BGA
semi populated matrix, MC13892VK includes 139 balls 9 References.......................... 15
including 4 sets of triple corner balls, so in total 131 assigned
signal pins, where the MC13892VL includes 186 balls, all of
which are assigned signal pins.
© Freescale Semiconductor, Inc., 2010. All rights reserved.

freescale"

semiconductor



PACKAGING
7 (8]
/» Al INDEX AREA
| SEATING
! A PLANE
N\ 5 ! £
I
| ]
Y
| |
i |
I ||
| 1
' 4X [~ ]0.15 |
TOP VIEW - }l
|
12X 0.5
n |
N b b b4 g |
M J OGSO OE(
Y'Y Y'Y YY Y'Y |
L|&¢ -S-&
K| oo Relos %|
J| o S0
H| 60 4 & o 12X 0.5 .
: )
F|-&&
ibe¢ S e s I
D | && S0 \_
0.35
g <>—e>$ ﬁ? f ﬁ? f ﬁ? f i\e—e 139X 9532 & ] ‘—8‘125?
AP P PP IPP OO $—||—||—I—Izg:£%§BC 092 I
Z‘—Nnd-u'uor OO =AM ’
A1 INDEX AREA — 1.2 MAX [=—
BOTTOM VIEW SIDE VIEW
Figure 1. MC13892JVK Package
13892
Analog Integrated Circuit Device Data
2 Freescale Semiconductor



PACKAGING

A1 INDEX AREA c
/
| —aA , SEATING
N I A PLANE
§S§\ I ZZE& ZZE&
| b
I
+-——+—-——-+ [12] |
| I
I %
| I
|
I 4x [ Jo15 I
TOP VIEW
-—
13X 0.8 |~— ﬁ
I-'— I
I ﬁ
. T
N ! I
N i
L ! 13X 0.8 I
K &>
J | ¢I
Fst i e
c | T
E
5 | \ 0.45 |l 034
c I 186X 9q 35 A 0.20
B t
. 20.15@]A[B]C (1.18)
AN | ¢ ¢0.08@i
Z"N”*“’“"\'wmswe":: 1.6 MAX—
A1 INDEX AREA
SIDE VIEW

BOTTOM VIEW

Figure 2. MC13892JVL Package

13892

Analog Integrated Circuit Device Data
Freescale Semiconductor 3



PACKAGING

3.1 Recommended Footprints

The MC13892JVK footprint consists of 10 mil pads with a 19.68 mil pitch, and the MC13892JVL footprint has 16 mil
pads with a 31.496mil pitch. These are recommended as shown in Figures 3 through 4.
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Figure 3. Recommended Footprint for the MC13892JVK (Top View)
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Figure 4. Recommended Footprint for the MC13892JVL (Top View)
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PACKAGING
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PACKAGING
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Signals are placed on the most convenient sides and grouped according to which block they belong. The most
critical signals are located on the outer sides of the integrated circuit to easily route them, which improves the

performance of the whole circuit.
Table 1 shows the recommended layer stack-up for the signals to receive good shielding.

13892

Table 1. Layer stacking recommendations

Layer Stack-up
Layer 1 (Top) Signal
Layer 2 (Inner 1) Fanout/Ground
Layer 3 (Inner 2) Power
Layer 4 (Bottom) Signal/Ground
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PIN ESCAPE

NOTE
Note: A more detailed layer design may be required to route the i.MX. If the
MC13892 is being interfaced with an i.MX, just four of the layers will be needed to
route it. Please note, for the MC13892VK, the fan-out needs to be made on the
layer right next to the top, since micro vias will be needed to take the signals out of
the IC as explained in the Pin Escape section.

3.2 Component Placement Hints

»  Place these components first so they are as close as possible to the IC:
— Place input caps of the switchers first (SW1, SW2, SW3, and SW4)
— Place the output diode of the boost (SWBST)
— Place output caps and diodes of the boost (SWBST) and SWLED
— Place the REFCORE cap
»  Shield feedback paths of the switchers (trace them on the bottom so the ground and power planes shield these traces).
+  Sense pins must be directly connected to the pads of the sense resistors via separate traces (BATT, BATTISNS,
BATTISNSCC, BPSNS, and CHRGISNS).
*  BATTISNSCC must be connected directly to the pads of the sense resistor via a separate trace from BATTISNS.
. External pass devices of regulators must be closer to the load, but be careful with the sense and drive traces.
«  Output caps of LDOs with the external pass device option should be close to the transistor (VVIDEO, VCAM, VSD,
VGEN1, VGEN2 and VGEN3).
* Avoid a coupling trace between important signal/low noise supplies (like REFCORE) from any switching node.
»  Ensure each of the components is referenced, or at least it does not have a long return path to the ground of the block
to which it belongs.
+ Trace REFCORE away from, or shielded from SWLEDOUT
+  Traces that go from BP to a pin of the MC13892 must reach a capacitor before the pin.
*  Routes for GNDSW should be suitably large. They will carry heavy switching currents.

. Switcher inductors should also be placed close to the IC, and switching node traces should be short and wide, to reduce
conduction losses.

4 Pin Escape

Pin Escape is defined as the manner by which the signals leaving the IC from their associated pin, can be delivered
on a circuit board trace of a specified size, to a point at which the traces can acquire the size necessary to perform
their process function.

4.1 The MC13892VK Package

The most convenient way to approach pin escape is to take the signals coming from the bottom of the IC, with 3.0 mil
traces on the top layer. Micro vias can be put on the pads of the footprint for the signals on the center of the IC.
These will take the signals from the outer layer to the following one, once there, since this layer will not be as
crowded as the top one, 5.0 mil traces can take the signal between the vias. These traces can become bigger once
they are out from the bottom of the IC. More micro vias can be put among the pins to take the signal to another layer.

The recommendation is for the micro vias to have a 10 mil diameter (same as the pads of the footprint) with a 5.0 mil
drill, which along with the 3.0 mil traces, will result in a 3.0 mil separation between the pad and the trace. This can
be done with a 0.5 oz copper thickness on the top layer. The rest of the layers can have 1.0 oz copper thickness for
better current handling. Care must be taken on these layers that the separation is more than 5.0 mils between
traces, vias, pads, and planes. Reference Figure 7.

13892
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PIN ESCAPE

Legend

Trace onInner 1 Through via

Trace on Top

Trace on Bottom

Micro via in pad Footprint pad

Figure 7. Pin Escape for the MC13892VK
Figure 7 shows the top left side of the MC13892VK. Note how the outer pins can have wider traces, and inner pins
have narrow traces that become wider once out (escaping) from the bottom of the IC.

Bigger vias can be put on the clear area of rows C and L, and columns 3 and 11 (see Eigure 5) to route critical
signals.

The most convenient way to trace a signal depends on the length and width it must have. Tips for each kind of signal
are found in SP1/12C Communication and Real Time Clock Signals and Switching Power Supplies Traces.

4.2 The MC13892VL Package

Since the pins of this version of the device are wider, the use of micro vias can be avoided, and through vias can be
used for the whole design for cost savings. The problem with through vias is that, since they go through the entire

13892
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SP1/12C COMMUNICATION AND REAL TIME CLOCK SIGNALS

board from top to bottom, the drill can not be too narrow. The MC13892VK’s small pins do not allow their use, but
MC13892VL does.

Vias placed on the pads of the footprint can have a 12 mil diameter hole, with an 8.0 mil drill for the manufacturer to
be able to use a conductive fill in them. 12 mil diameter vias will allow 9.0 mil traces to pass through them on the
inner and bottom layers of the board, while 16 mil pads of the footprint will only allow 5.0 mil traces on the top layer
below the IC. It is recommended to place high current traces on the bottom layer.

5.0 mil traces passing through 16 mil pads will result in a 5.0 mil separation between the pad and the trace, which
can be made with a 1.0 oz. copper thickness.

Taking advantage of the trough vias, the fanout can be primarily made on the top and bottom layers, for the inner
ones to be completely ground and power.

5 SPI/I2C Communication and Real Time Clock Signals

CLK is the fastest signal of the system, so it must be given special care. Here are some tips for routing the
communication signals:

To avoid contamination of these delicate signals by nearby high power or high frequency signals, it is a good practice
to shield them with ground planes placed on adjacent layers. Make sure the ground plane is uniform throughout the
whole signal trace length.

DON’T!

DO

Figure 8. Recommended Shielding for Critical Signals.

These signals can be placed on an outer layer of the board to reduce their capacitance in respect to the ground
plane.

The crystal connected to pins XTAL1 and XTAL2 must not have a ground plane directly below.

The following are clock signals: CLK, CLK32K, CLK32KMCU, XTAL1, and XTALZ2. These signals must not run
parallel to each other, or in the same routing layer. If it is necessary to run clock signals parallel to each other, or
parallel to any other signal, then follow a MAX PARALLEL rule as follows:

* Upto 1 inch parallel length — 25 mil minimum separation.

* Upto 2 inch parallel length — 50 mil minimum separation.

*  Up to 3 inch parallel length — 100 mil minimum separation.

*  Upto 4 inch parallel length — 250 mil minimum separation.

Care must be taken with these signals not to contaminate analog signals, as they are high frequency signals.
Another good practice is to trace them perpendicularly on different layers so there is a minimum area of proximity
between signals.

13892
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SWITCHING POWER SUPPLIES TRACES

6 Switching Power Supplies Traces

6.1 Buck Converter

To place and route adequately external switcher components, follow the current paths of a Buck converter, as shown
in Figure 9 and Figure 10.
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Figure 9. Current flow on a buck converter.

There are paths of 2 colors and paths with only one-color. Special attention must be paid to the one-color paths,
because there the current alternates between zero and full value. These one-color paths are areas with high di/dt,
that generate a significant magnetic field around the PCB traces.

| vin High di/dt trace

R e e e High di/dt traces if
schottky diode added

T = o0,

O
FH

Figure 10. Critical traces of a buck converter.

It is important that all of these critical traces must be kept as short as possible. Each trace has an inductance
proportional to the length. Inductance cannot tolerate high di/dt, so a high di/dt in long traces will result in a high
ringing dv/dt. A wide trace is not a compensating solution for a long trace, as inductance is NOT inversely
proportional to the width of the trace.

Traces must be very short and fairly wide (large amount of current flow in these traces), and should not go through
any vias, as they also add impedance and inductance. Switcher components such as inductors and capacitors
should be as close to the IC as possible to achieve a proper trace length.

Make sure that each trace is capable of handling the current it will carry. As a rule of thumb, it can be considered
that a 10 mil trace with a thickness of 1.0 oz/ft?, is capable of handling 1.0 ampere. Therefore, a trace that will carry
1.3 Aina 1.0 oz/ft? copper layer (as could be the case with an SW1 signal, because of the transient off the caps),
must be 13 mils wide.

13892
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SWITCHING POWER SUPPLIES TRACES

The switcher output to output capacitor connections should introduce negligible parasitic inductance, with regard to
the coil inductance. Nevertheless, the switcher output capacitor to load connections are critical traces with high di/dt,
and must have a maximum parasitic inductance of 1.0 nH, and an ohmic impedance of less than 20 mQ.

6.2 Input Capacitor

An input capacitor is recommended to ensure a stable input voltage of the switcher during large load transients. It
will provide the necessary energy to source current to the switcher until the battery supply is able to fill the demand.
Ceramic capacitors fit well into applications, as they have a very small ESR.

The placement of this capacitor on the PCB is very important.

silicon

Rboardl Ve Rboard2 VIIY
Ibqtt

[szg [\H\ I::I_{ivi

Teir

Vbatt

- é switcher
— CIN
|

Figure 11. Input Capacitor Diagram.
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A Vhatt Ve VIN

Vbatt 1°* drop due to Rboard1
T~ 2" drop due to Rboard2
N vl

VINpp

t
Figure 12. Current and Voltage Signals on a Buck Converter.

Figures 11 and 12 (ESR effect of CIN disregarded) bring out the effect of a resistive path Rboard1 and Rboard2,
that must be minimized as much as possible. Rboard2 must be kept as small as possible, as all the switcher current

(transient steady state and also local transient peaks) flows through this resistive path. Place CIN ACAP (as close
as possible) to the chip.

Depending board constraints, it may not be possible to put the switchers close to CIN. In this case, it is
recommendable to add an extra, small capacitor Cin_sw (still ceramic) ACAP to the switcher input. This extra cap
will provide the main transient current during crossover transition of the switcher, whereas CIN will continue to
prevent a drop on the input supply during large load transients.

Note: The recommended value for this capacitor on this application is 4.7 uF.

13892
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SWITCHING POWER SUPPLIES TRACES

6.3 Switching Node

The components associated with this node must be placed as close as possible to one another to assure the
switching currents are small enough not to contaminate other signals. However, care must be taken to ensure the
copper traces joining these components together on this node are capable of handling the necessary current.

Figure 13 shows the placement and layout philosophy for a recommended PCB:

PCB power plane

VIN == High current (up to 1.3A) and High
di/dt trace (up to 500e9 A/s)

_ AE_I High current (up to 1.3A)
—_ Low, DCR

- o N Afaa

Very noisy signal ;
AEL\ /
N F

SWGND

FB

PCB ground plane

—— Each one of the 4 traces must be < 1nH and < 20mQ
——  Total trace must be < Lo/10 (H) and <dcr/10 (Q)
—— Total trace must be < 5nH, 20m¢£,

Figure 13. Placement and Layout Philosophy for a Recommended PCB.

6.4 Boost converter

—— ON phase
OFF phase

o o

FH

\ \//

Figure 14. Current Flow on a Boost Converter.
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FEEDBACK SIGNALS

High di/dt trace
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Figure 15. Critical Traces on a Boost Converter.

fefefel

High di/dt trace
_ N
- L

[

FH \
AV
Lowc:i plane lcycl.

—— Keep VERY short and wide keep far away from

switching signal

——  Keep short and wide

Figure 16. Placement and Layout Philosophy for a Recommended PCB.

7 Feedback Signals

To compensate for the voltage drop on the MC13892 power management IC switchers line due to the PCB wire
resistance, the PCB wire resistance needs to be placed inside the closed loop of the switcher. The goal is to stabilize
the voltage on that switcher line output.

The capacitor and coil components L and C are usually placed close to the MC13892 package. The voltage,
SWxOUT, is equal to the programmed output switcher voltage, minus the dropout caused by the PCB trace. This
dropout is also dependent on the DC load current on SWxOUT. In a typical configuration, the feedback loop is not
usually shielded.

The feedback signal is the core of the loop, with the functional information fed back and compared for reference (this
trace must be shielded from other signals). Moreover, it is a very high-impedance signal, so keep its trace thin and
far from the switching signal (the length of this trace does not matter).

Freescale recommends following the L and C configuration as designated. The output capacitor should be placed
near the point where the current is drawn on the output side of the PCB wire resistance, as shown in Figure 14. The
PCB wire resistance is now inside the closed loop of the switcher, so it does not impact the DC voltage at SWxOUT.

The switcher feedback trace must be shielded, as this line is attached to a high-impedance point in the MC13892.
Any perturbation on this line must be minimized to ensure the stability of the switcher.

Figure 17 shows the recommended configuration for the MC13892 power management IC, to stabilize the voltage
on the switcher line.

13892
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LDO AND BATTERY CHARGER ROUTING

Switcher =x

(Buck)

_{
_{

8

Figure 17. Recommended Configuration.

LDO and Battery Charger Routing

BF
SWxIN —:;}
L PCB Wire Besiztance
SWxOUT YT VAV e { SWVOLT
SWxFB —— Shislded Trace
N DSV
GND

The LDOs and battery charger do not handle much current in this application, so their routing is not critical. The
same philosophy must be followed for current handling on the traces though.

For a proper functionality of these supplies, bypass and output capacitors must be placed near the IC to achieve a
good width and shortness of the traces. The ESR of the output capacitors of the external PNP LDOs must be
between 20 and 100 mQ, in order to achieve good stability. If they are not within these values, an additional resistor
will be needed. This resistance can be achieved with a copper trace on the board and is also a cost saving.

The critical signals for the charger that must not be contaminated by high frequency or power ones are highlighted

in Figure 18.
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Power Limiter
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Charge Path Voltage Reg
Charge Path Current Regulation

To ADC

To Core Supply

and Control

| ntc1ok |

Check
10K

5
£
3
£

o

To ADC and ACC

VCORE

Figure 18. Critical Signals on the Battery Charger.

The sense lines should be routed from the sense resistor endpoints and should not be included in high current
charge path. They should also have a maximum of 1.0 nH parasitic inductance and 30 mQ of resistance.

Charge path can handle up to 1600 mA, so following the rule listed previously, for 1.0 oz copper, the trace width must

be at least 16 mils.

As a placement suggestion, the thermistor must be located as close to the battery as possible for a correct

temperature reading.
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