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The schematic and Gerber data shown within
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PCB. The schematic and Gerber datadoesnot
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all the necessary pull-ups and AC caps
required outside the BGA fan-out area. This
level of detail is captured as part of the
MPCB8536E devel opment system.
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Ballmap Organization

1 Ballmap Organization
The MPC8536E isa 783-pin, 28 x 28 BGA array. The bus organization of the deviceisshown in Figure 1.
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Figure 1. MPC8536E Bus Groupings
(Viewed from the top of the device)

2 Interface Support in Six Layers

Though the MPC8536E device can be fully broken out in six layers, there are ahandful of signalsthat are
not necessarily optimal fromasignal integrity perspective, mainly dueto splitsin the reference plane. Such
cases are very limited and are, therefore manageable. Table 1 enumerates the MPC8536E interfaces and
whether there is proper signal referencing in the six-layer PCB fan-out example.

Table 1. Interface Support in Six Layers

Interface Configuration Reference Plane Comment
DDR2 Full 64-bit + ECC DDR Data—GND Fully supported.
DDR ADDR—1.8 V
DDR CLKs—1.8V
ETSEC RGMII RGMII I/0—2.5V Both Ethernet ports can be fully routed in RGMII

GTX_CLK125—GND

mode with proper signal referencing to the
TVpp/LVpp power split, setat 2.5 V.

Signals needed for GMII can be broken out, but have
breaks in their reference plane.
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Interface Support in Six Layers

Table 1. Interface Support in Six Layers (continued)

Interface Configuration Reference Plane Comment
POR Config | Alluser defined POR pins are | GND and PWR Fully supported. Some POR pins cross splits but
accessible. since they are static, there is no concern.

PCI Full 32-bit PCI with 3 GNTs |GND PCI_REQ[4:5] and PCI_GNT[4:5] not broken out on

and 3 REQs same layer as rest of the PCI bus.

LB All signals are accessible GND and PWR LB_LADJ[23:31] cross split boundaries. These signals
are not edge sensitive, therefore imperfections in their
transitions can be managed. Use of stitching caps
could be used.

SERDES1 All eight lanes accessible GND Fully supported
SERDES?2 Both lanes accessible GND Fully supported
IRQ All IRQs (0-11) and GND and PWR Fully supported
IRQ_OUT useable
SPI All signals are accessible GND Fully supported
SDHC All signals are accessible GND Fully supported
JTAG/COP All signals are accessible GND and PWR Fully supported
DUARTS Both UART ports are fully GND and PWR Fully supported
accessible
USB All three ports fully accessible | GND Fully supported
Power pins and | All unique powers accessible | N/A Fully supported
AVpp filters
12C Both 12C port accessible GND and PWR Fully supported
Clocking SYSCLK, RTC,and DDRCLK | GND and PWR Fully supported
accessible
1588 All signals are accessible GND and PWR Signals cross split boundaries. Most customers do
not use. Use of stitching caps could be used.
GPIO and All signals are accessible GND and PWR Fully supported
miscellaneous
signals
DEBUG TRIG_OUT PWR Signal crosses split boundaries. Noncritical debug

signal. Use of stitching cap could be used.
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Board Stackup Considerations

3

Board Stackup Considerations

This section presents the considerations associated with the PCB and its stackup. Table 2 list the target
impedances needed in a six-layer design.

Table 2. Target Impedance for a Typical MPC8536E Design

Interface Connection Target Impedance

DDR2 8536E-to-DDR2 memory Single ended impedance = 55-60 Q
Differential impedance = 100 Q + 10%

SERDES1 (PCle) 8536E-to-PCle connector or device MicroStrip
Single ended impedance = 60 + 15%
Differential impedance = 100 Q + 20%
Stripline
Single ended impedance = 60 + 15%
Differential impedance = 100 Q + 15%

SERDES2 8536E-to-connector or device Differential impedance = 100 Q + 15%
(SGMII/SATA)

All 8536E signals 8536E-to-connector or device Single ended interface = 55-60 Q

Other system Items:
USB differential USB Phy to connector Differential impedance = 90 Q + 15%

Ethernet differential | Ethernet Phy to connector Differential impedance = 100 Q + 15%

Additional considerations for the stackup include

3.1

Must utilize high volume, low cost PCB technol ogy
Routing density

Aspect ratio less than 10:1

Drill size set at 10 mil

Common core construction

Proper signal referencing for all critical signals

Stackup Proposal

Figure 2 shows a viable stackup for achieving the target impedances noted in Table 2. The target card
thickness used is 62 mils (£7 mils). All signal routing is done on the inner two signal layers, or on the top
and bottom signal layers. No signal routing is performed on the power and ground layers.

A Strategy for Routing the MPCB8536E in a Six-Layer PCB, Rev. 0
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Board Stackup Considerations

Figure 2. Example Six-Layer PCB Stackup (Provided by Sanmina-SCI; www.sanmina-sci.com)

Table 3. Impedance Information (Provided by Sanmina-SCI; www.sanmina-sci.com)

. . tpd Impedance
Layer Type Line Width Center-to-Center (psfin.) Q)

1 Single-ended 5 mil n/a 153 55.15
Microstrip

1 Differential 4 mil 8 mil 154 93.28
Microstrip

1 Differential 5 mil 12 mil 154 96.54
Microstrip

3 Single-ended 4 mil n/a 179 56.0
Stripline

3 Differential 4 mil 10 mil 181 96.38
Stripline

4 Single-ended 4 mil n/a 179 56.0
Stripline

4 Differential 4 mil 10 mil 181 96.38
Stripline

A Strategy for Routing the MPCB8536E in a Six-Layer PCB, Rev. 0
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4.1

Table 3. Impedance Information (Provided by Sanmina-SCI; www.sanmina-sci.com) (continued)

. . tpd Impedance
Layer Type Line Width Center-to-Center (psfin.) Q)

6 Single-ended 5 mil n/a 153 55.15
Microstrip

6 Differential 4 mil 8 mil 154 93.28
Microstrip

6 Differential 5 mil 12 mil 154 96.54
Microstrip

Signal Breakout

Inside the BGA area

The key strategy used in breaking-out the MPC8536E is centered on the use of inexpensive through-hole
vias and the use of two track routing for the inner and bottom layers (see Figure 4). For al mainstream
PCB fabrication shops, this approach is considered “ production-level” technology and is capable of being
produced in high volumes. Additionally, this approach produces a cheaper overall PCB design, avoiding
the additional cost associated with blind and buried type approaches.

The key items of the strategy are asfollows:

1 mm (39.3 mil) ball pitch

Plastic substrate

22 mil attach pad on top layer

19 mil via pad

28 mil anti-pad

Single track routing on top layer (between attach pads)
Two track routing on inner layers and on the bottom layer
— Using 4 mil traces and 4 mil space

Figure 3 and Figure 4 show the track routing strategy used for each of the signal layers.

A Strategy for Routing the MPCB8536E in a Six-Layer PCB, Rev. 0
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Signal Breakout
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Figure 3. Signal Routing (Top and Layer #2)
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Signal Breakout
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Figure 4. Signal Routing (Signal Layer #3 and Bottom)

4.2 Outside the BGA Area

Inside the BGA area, two track routing limits the minimum trace width to 4 milsand the minimum spacing
to 4 mils. Outside the BGA area, thisis not the case. Since wider traces have less dielectric |oss, the
designer may find it useful to use larger trace widths once outside the viaarray. Similarly, in the cases of
differential pairs, the air gaps can be adjusted as needed in order to hit desired impedance targets.

4.3 Trace Spacing Outside the BGA Area

To minimize crosstalk opportunities once outside the BGA area, the spacing between differing signa
groups must be observed. This spacing, denoted as* S, is based on the dielectric thickness ‘H’ (shown in
Figure 5). For the stackup shown in Figure 2, the dielectric thicknessis 4.0. Using a 3:1 spacing rule, the
air gap between differing signal groups should be at least 12 mil.

A Strategy for Routing the MPCB8536E in a Six-Layer PCB, Rev. 0
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Via Usage

Trace 1 Trace 2

B

T Reference Plane

Figure 5. Trace Spacing Outside the BGA Area

5 ViaUsage

For the six-layer PCB a10-mil drill isused. A 10-mil drill hasfavorably cost advantages since smaller drill
sizesincur additional cost. During fabrication, the drill tolerance is specified as +0/-3 mil, giving a
finished hole size (FHS) of approximately 7—7.5 mil.

Using a 10-mil drill an aspect ratio of ~ 6:1 isrealized. This aspect ratio is based on an 0.062-inch board
thickness and is well within the high volume, production capabilities of all mainstream PCB vendors.
Figure 6 depicts the viamodel used for the six-layer PCB.

< 39.3 mil (1 mm) BGA Pitch -
28 mil Anti-Pad—>= >
19 mil Pad >l
10 mil Drill >
7-7.5 mil FHS >l ;i

[ [

Standard Via

Legend
M = Section of power plane flowing between vias

I - Outer layer signal tracks
1 = Inner layer signal tracks

= Via barrel/via pad copper
[ = PCB
Figure 6. Cross Section of PCB
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Power and Ground Strategy

6 Power and Ground Strategy

The MPCB8536E requires severa power suppliesfor each subsystem (DDR, Ethernet, SerDes, and so forth)
aswell astheinterconnect fabric itself (the platform voltage). Thetotal number of supplies asystem needs
depends on the interfaces, the interface voltages required to connect with external peripherals, and the
number of those voltages that are common and shareable.

Consult the MPC8536E PowerQUICC™ |11 Integrated Processor Hardware Specificationsfor accurate
voltage and current requirements. For convenience, Table 4 provides a snapshot of the MPC8536E power
requirements at the date of this application note. The table also reflects the unique power splitswhich
where constructed in the six-layer PCB example (refer to the Power Rails column). In short, atotal of
seven unique power rails are used.

Table 4. MPC8536E Power Requirements 1

. Typical
Power Rails Symbol Voltage Tolerance Pmax
Core power Vbb_CORE 11V +50 mV 7TW
AVbDp CcoRE or
10V
Platform Vbp_pLAT 10V +50 mV 5W
(internal buses) AVpp pLAT
AVpp pci
AVpp DDR
AVpp |BIU
AVpp_srps
AVpp srps?
SerDes SVpp 10V +50 mV 0.71W
XVpp
DDR2 bus GVpp 1.8V +90 mV 25W
Ethernet LVpp 25V +125 mV 0.24wW
TVpbp
Local bus BVpp 33V +125 mV 0.33W
Misc/PClI OVpp 33V +125 mV 0.33W

1 These figures are subject to change without notice. Consult the latest
version of the MPC8536E PowerQUICC ™ Il Integrated Processor Hardware
Specifications.

Note that Table 4 lists the power requirements for the MPC8536E only; it does not include requirements
for external devices, memory, and soforth. At the very least, additional power isneeded to drive connected
I/O pins, and theinternal logic of the other devices often shared with the MPC8536E supplies.

6.1 Power Planes

The following pictures (Figure 7 through Figure 10) highlight the power strategy used for the six-layer
PCB. The ground reference for the PCB isasolid ground plane at layer 2. Sinceit isasolid plane with no
splits, the ground layer is not shown.

A Strategy for Routing the MPCB8536E in a Six-Layer PCB, Rev. 0
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Power and Ground Strategy

Figure 7. Power Plane (Layer 5 of 6)
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Power and Ground Strategy

Figure 8. SXVpp Power (Layer 2 of 6)

Figure 9. VDD PLAT (Layer 4 of 6)

A Strategy for Routing the MPC8536E in a Six-Layer PCB, Rev. 0
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Power and Ground Strategy

Figure 10. OVpp, Vpp_pLaT and Rest of SXVpp (Layer 6 of 6—Bottom)

For sensitive supplies (such as XV pp and SVpp), akey requirement for power sharing isthat the planes

berelatively isolated. One effective strategy isto route the power planes separately and tie them together
at the power source. See Figure 11.

MPCB8536E

Vbp_pLAT

Ay

.0 V Power Supply

Figure 11. Common Source Split Planes

Another strategy isto use alow-passfilter to eliminate coupled noise, aslong as there is sufficient current
capacity in the components and connections. In either case, once separated, treat the two as independent
power planes and route and bypass them separately.

A Strategy for Routing the MPCB8536E in a Six-Layer PCB, Rev. 0
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Power and Ground Strategy

6.2  Current Delivery

An important consideration in the six-layer PCB is ensuring all power rails have sufficient copper for
proper current delivery. Thetwo highest power railsonthe MPC8536E are Vpp corg @ndVpp pat- The
max power requirement for Vpp core is 7 W and the max power requirements for Vpp p a1 1S5 W.

Within acongested BGA array, the current travels down multiple 11-mil trace segments asit travelsto the
power pins, assuming theviastackup referenced in Figure 6 isused. The current-carrying capacity of these
11-mil tracesis highly dependent on the current model chosen, either IPC2221A or the newer research
performed by Johannes Adam of FlomericsLtd. For greater detail on these two approaches see Section 9,
“Current Delivery in the BGA Field.”

In short, Table 5 depicts the current capacity differences between the two approaches assuming a
maximum temperature rise of 20°C. Additionally, the last column highlights the current capacity assumed
for the MPCB8536E six-layer PCB.

Table 5. Current Capacity of an 11-mil Trace Adam’s Model vs. IPC

C Platin 11-mil Trace 11-mil Trace (Cay aci%l-;\nsi!szrni‘zz for the

Location °ppforz_) 9 | (Adam’s Model) |  (IPC2221A) Mpgssng Six.L ayer PCB)
(A) (A) A)
Outer 0.5 1.210 0.777 1.0
1.0 1.711 1.285 15
15 2.420 1.730 N/A
2.0 3.422 2.130 N/A
Inner 0.5 1.149 0.390 0.75
1.0 1.625 0.582 1.1
15 2.299 0.865 N/A
2.0 3.251 1.065 N/A

Taking the last column from Table 5 and the number of 11-mil channels achieved in the six-layer PCB,
Table 6 highlights the current capacity for both Vpp core ad Vpp pLaT:

Table 6. Current Capacity Achieved in the Six-Layer PCB

Copper Weight s Current per | Total Current Supplied
Power Rail Used Nghg:ﬂlylinrg'gg@gres Trace in Six-Layer PCB Tolilqilijrggm
(0z.) (A) (A)
VDD _CORE 1.0 13 1.1 14.3 6.4 A (7W/L1V)
VDb pLAT 0.5 11 0.75 8.25 5.0 A (5 W/1.0 V)

6.3 PLL Filters

The MPCB8536E has six PLLswhich each require afilter circuit. The PLL pins are placed on the package
in order to minimize noise and to allow ease during layout. An example layout for the filters are shown in
Figure 12. This figure shows the filtersfor AVpp pc), AVpp ppr: AVpp_core: ad AVpp paT- The

A Strategy for Routing the MPCB8536E in a Six-Layer PCB, Rev. 0
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Power and Ground Strategy

residual filters would be similar. For the exact filter values refer to the MPC8536E Power QUICC™ Il
Integrated Processor Hardware Specifications.

To ensure a high quality filter isrealized, use the following rules:

» Place the components of the filter as close a possible to their respective pin

» Keep the traces as short as possible

* Useal0-mil trace width or larger. An areafill is also a possibility.
* Maintain at least 20-mil clearance between the filter and other signals.

Ty k“““"“

o’

\:

X

i

9

Figure 12. Example Layout for AVpp Filters

6.4  Sharing Power Supplies

n
%‘u‘.

Filters

The six-layer design referenced in this application note assumes all processor powersreferenced in Table 4
are supplied by unique power supplies. If the customer chooses, further sharing of power supplies can be
achieved to reduce the number of supplies needed at the board-level. Table 7 shows some acceptable

options for sharing MPC8536E power rails.
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Power and Ground Strategy

Table 7. MPC8536E Power Requirements

Power Source Symbol Voltage Comments
Core power + Vbb_core 10V If core and platform rails are shared, the upper core frequency is restricted.
PLL filter AVbp CoRE Additionally, there is no option for disabling the core power when the device is
in ‘deep sleep’ state and the platform is alive.
PLLs are sourced from RC filter circuit derived from 1.0 V rail.
Platform VDD_PLAT
(internal buses) AVpp pci
+ other PLL AVpp pDR
filters AVpp 1BIU
AVpp srps
AVpp_srps?
SerDes SVpp Separate filtered plane but derived from the same 1.0 V power regulator.
XVpp
Memory GVpp 18V Unique rail on the MPC8536E device. Could possibly be shared with another
1.8 V device on the board.
Ethernet LVpp 25V 2.5 Vis readily usable by most PHYs; however, 3.3 V is not suitable for RGMII
TVpp mode.
Local bus BVpp 2.5 V requires low-voltage flash memory and so forth
Or alternatively
Ethernet LVpp 3.3V [3.3Vis not suitable for RGMII mode
TVpbp
Local bus BVpp
PCI/Misc OVDD
6.5 Bypass Capacitor Placement

Because of the high current transients on the Vpp corg @nd Vpp pat POWer pins, take care to bypass
these power pins and to provide a good connection between the BGA pads and the power and ground
planes. In particular, the SMD capacitors should have pads directly attached to the viaring (or even better,
within it using via-in-pad methods). Figure 13 shows the dispersion of Vpp core and Vpp pLat pOWer
pins along with the ground pattern. a a

A Strategy for Routing the MPCB8536E in a Six-Layer PCB, Rev. 0
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Power and Ground Strategy
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Figure 13. MPCB536E Vpp core: Vop_pLaT: @nd Ground Pattern (Bottom View)

NOTE
Thisisabottom view of the center portion of interest within the BGA array.
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Power and Ground Strategy

After the power and grounds are escaped, the SMD 0402 capacitors can be placed so that the capacitor
pads attach directly to the power vias on the side. Minimize or eliminate the trace between the viaand the
capacitor pad. Figure 14 shows three possible attachment methods.

All are SMD0402

] ‘N -

o [ ] [ J
Vias Embedded in Pads Vias to the Side of Pads Vias Offset From Pads
Best Good OK

Figure 14. MPC8536E SMD Capacitor Via Placement

Using either of these methods, Figure 15 shows the relative attachment of the SMD 0402 capacitors.
Again, thisisaview through the top of the board.

A Strategy for Routing the MPCB8536E in a Six-Layer PCB, Rev. 0
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Power and Ground Strategy

11

12

. Q
15 D) é D .
16 ? %, Y,

17

19 D) =D ED
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Vop_pLAT ‘ GROUND % Vbb_core
Figure 15. MPC8536E CORE, PLAT, and Ground SMD 0402 Capacitor Placement (Bottom View)
Other capacitors, such as those required for the other power rails, are not shown but can be attached in the
same manner. If the PCB is not permitted to use via-in-pad connections, the capacitors can be shifted to

attach to a pad in the area between the BGA pads. In that case, use the same relative pattern, but each
capacitor shiftsalittle.
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6.6

Bulk Capacitors

Bulk capacitors can be placed outside the periphery of the M PC8536E die, as close as reasonably possible.
Systems with heatsinks and/or sockets probably need some additional spacing, but the high-frequency

capacitorshandlethefastest transients, allowing the bulk capacitorsto be spaced alittlefurther away. Keep
them within 2 cm. Figure 16 shows the M PC8536E VDD CORE and VDD PLAT bulk Capacitor p| acement.

‘®

<>
0.46 mils

/

[

MPCB8536E

-

—

—

\
~

\
AN

0.46 mils

Low-ESR
Bulk Capacitors

Vcore
Power

Split

Low-ESR
Bulk Capacitors

VpLaT |
Power

Split l

Figure 16. MPC8536E Bulk Capacitor Placement (Top View)
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Signal Layer Gerber Plot

7 Signal Layer Gerber Plot

Figure 17 through Figure 20 show the signal layersfor the six-layer PCB example. Again, theintent isto
demonstrate that the MPC8536E signals can be broken in asix-layer PCB and does not include all the
decoupling, nor doesit show all the necessary pull-ups, AC caps, and other circuitry that would berequired
outside the BGA fan-out area. Thislevel of detail is captured as part of the MPC8536E development

system.
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Signal Layer Gerber Plot

Figure 17. Top Gerber Plot (Layer 1 of 6)
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Signal Layer Gerber Plot

Figure 18. Signal #2 Gerber Plot (Layer 3 of 6)
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Signal Layer Gerber Plot

Figure 19. Signal #3 Gerber Plot (Layer 4 of 6)
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Signal Layer Gerber Plot

Figure 20. Bottom Gerber Plot (Layer 6 of 6)
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8 Fan-Out Schematics

This section contains the fan-out schematics used to perform the six-layer PCB study. It does not include
all the decoupling, nor does it show all the necessary pull-ups, AC caps, and other circuitry that would be

required outside the BGA fan-out area. Thislevel of detail is captured as part of the MPC8536E
development system.
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22 F MDQ22 MDM6; 8
2: 1 wpazs DDR_SDRAM  womz[ L2
24 MDQ24 moms|_F13 8
25 MDQ25
26 S was |+ OF 10 e ég
27 MDQ27 MBA1 <0.2>
28 B MDQ28 MBA2 2 @ MBA<0.2; [OOT) 982 1082
29 A MDQ29
30 A MDQ30 maoo | BT 00
31 B MDQ31 maot |G 01
3 R MDQ32 MAO2 g . 0
33 MDQ33 MAO3 0 < o
34 G MDQ34 maos [ D! 04 MA<00..15 [OUT) 982 1082
35 H2Impass mags [ CT0 05
[ E4 lupass maos [ ATT 06
[az G5 lmpasr mao7 [ FO o7 |
38 H3  Impass macs | E9 8
[aa — J& lvpase MA0S 09
[40 B2 lvpado mato [ AS 10
41 C3  Ivpast watt [ AT2 1
42 F: MDQ42 MA12 ikl 12
43 G2 |mpa43 mata [ FT 13
44 A2 |vpa4s mat4 [ ET0 14
45 MDQ45 mats [ _F10 15
46 ET_|wpass
4 F1__]wpbasr Mwe_sp, B4 MWE B_roOTY 9c2 foc2
48 L5 lvpass
49 4 IMpadg MRAS_B|, C5 MRAS B 9c2  10C2
50 3 mpaso mcas Bl E7 MCAS B @ 9c2 102
51 3 |mpast
5: J3__ |mpas2 mcso_B |, D3 MCS0_B 9c2
53 K& Ivpass MCs1 B 5 H6 MCS1 B 9c2
54 N4 Impass mcsz2 8, C4 MCS2 B 10C2
55 P4 |vpass Mcs3_B |, G6 MCS3 B 1002
56 JT lmpase
GVDD 57 KT Impas7 mckeo | _H10 MCKEQ 9c2
[s8 P lupass mcket [ K10 MCKET sc2
o) 59 RT__Impase mckez [ G10 MCKE2 10C2
60 J2_ Ivpaso mckes [ HOY MCKE3 10C2
61 K2 Impast
6; P2 Impas2 mopto| E5 MODTO 9c2
63 R2_ mpass MODT1 7 MODTT 9c2
T teo s R
mpICt MODT3 102
18 __MDICO MDICO
A13 _ |MAPAR ERR_B MAPAR_OUT |_AB MAPAR_OUT [OOTy 02 1003
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Fan-Out Schematics

3 4 5 6
PBGA_28X28_1MM_SKT
u1 SD1_TST_CLK | 122 SD1_TST CLK o
SD1_TST_CLK_B 123 SD1_TST CLK B o
1106 SD1_RX0 28 |sp1_Rxo SD1_TX0 3 D1_TX 1103
11D6 §SDT RX0 B 27 {sp1_Rxo_B SD1_TX0_B 2 SD1_TX0 1103
1106 SD1_RX1 26 "|sp1_Rx1 SD1_TX1 1 D1_TX 1103
1106 SDT RX1 B 25 Ispi_Rrx1_B SD1_TX1_B 0 SD1_TX 1103
11D6 SD1 _RX2 28 1sp1_Rx2 SD1_TX2 3 D1 _TX 1103
1106 SDT_RX2 B 27 {sp1_Rrx2_B SD1_TX2_B 2 SD1_TX: 103
11C6 SDT_RX 26 “Isp1_Rx3 SD1_TX3 1 D1_TX: 11c3
11C6 SDT_RX3 B 125 |sp1_Rrx3 B SD1_TX3 B 0 SD1_TX3 B 1103
s SD1_Rx4 Y26 u21 D1_TX4 Pol ExpE
1106 SD1_RX4 SD1_Tx4 1103
1106 SD1 RX4 B Y25 |sp1_Rx4 B MPC8536 SD1_TX4_B [, U20 SD1_TX4 B 11C3
116 § SD1 RX5 AAZ8 “Ispi_Rxs SERDES 1 SD1_Txs [ V23 D1 X5 1103
1106 SDT_RX5 B AA%%_CSDLRXELB 2 OF 10 SDI_TX58 2 SD1_T1X5 B 103
11C6 SDT_RX6 A SD1_RX6 SD1_Tx6 1 D1_TX6 11C3
11C6 SD1 RX6 B AB25 _ Isp1_Rxe_B SD1_TX6_B 20 SD1 _TX6 B 1103
11C6 SD1_RX7 AC28 “Isp1 Rx7 SD1_TX7 23 Di_TX7 1103
11C6 SD1_RX7 B AC27_|sp1_Rx7_B SD1_TX7_B SD1 _TX7 B 1103
SD1_ReF_cLk | U28 SD1_REF CLK o
SD1_REF_CLK_B u27 SD1_REF_CLK B o
sp1_pLL TPD | V28 SD1_PLL TPD o7 13
So1 PLLTPA | V26 SDT_PLL TPA 778 Sewe b
SD1_IMP_CAL_Tx | AE28 SD1 IMP CAL TX ) 100
V27 |aGND_SRDS SD1_IMP_CAL_RX M26 SDT_IMP_CAL_RX 200
PBGA_28X28_1MM_SKT
u1
sp2_TsT_Clk | L8 SD2_TST _CLK o
SD2_TST_CLK_B L9 SD2_TST_CLK B o
oMl o SD2_RX0 P6__ [sp2 rxo sp2_Txo | P11 SD2_TX0 s SATA OR SGMIl
e SD2 RX0_B P7 " |sp2_Rrxo_B SD2_TX0_B |, P12 SD2_TX0 B il
kS SD2 RX1 N8 "lsp2_Rrxt sb2_Tx1 [ M1 SD2 X1 i
e SDZ RXT B NS s> Rx1 B so2. X1 8 | MIZ SDZ X1 B B
MPC8536
SERDES 2
3 OF 10
sD2_REF_cLk |__M6 SD2 REF_CLK -
SD2_REF_CLK_B |y M7 SD2_REF_CLK_B o
sp2_PLL_TPA | T3 SD2 PLL TPA i s
sp2 PLLTPD | L7 SD2_PLL_TPD Tz Qe b
SD2_IMP_CAL_RX R7 SD2_IMP_CAL_RX R10 100
T2 |AGND_SRDS2 SD2_IMP_CAL_TX L6 SD2_IMP_CAL TX 00
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Fan-Out Schematics

PClI 32 BIT

PBGA_28X28_1MM_SKT

u1
AD26 _|pci1_apoo
PCI1_ADO1 PCl_C_BEOB |, AH25 PCI1_C BEO_ B 1288 12C3  12C6
[2 — AF26_ lpci_apo2 PCI1_C_BE1B 1286 1288 12C3
[03a  AG26 |pci1_apo3 PCH_C_BE2_ B 1286 1288 12C3
04 AF25  |pci1_apoa PCH_C_BE3_B AD18 PCI1_C BE3 B 1283 1286 1288
[ AC22_Jecit_apos
[06 — AG27 lpcii_apos MPC8536 pcii_PAR | _AC22 PCI1_PAR LB 1203 1208 12C8
7 AD24 __|pci1_apo7 PCIM AH2G PG CLK
L 08  ALzO  Ipci1_AD08 PCI1_CLK
09 AE24__ |pci1_Apo9 4 OF 10 P25
10 AG24__|pci1_ap10 PCI1_FRAME B |, AE20  PCI1_FRAME B 1281 1283 1286
11 AH PCI1_AD11 PCI1_TRDY B [ AF21 PCI1_TRDY B 1281 1283 1286
12 AH24 lpcii_AD12 PCI1_IRDY_B 0 PCI1_IRDY B 1281 1283 1286
1, AC PCIH_AD13 pcii_stop.B |, AD2T PCI1_STOP B 1281 12B3 1286
14 Al PCI1_AD14 PCI_DEVSEL B |, AC2T PCI B 1281 1283 1286
15 A PCI1_AD15
16 AC. PCI1_AD16 pcipse. | AE16  PCHMIDSEL g
1 Al PCH_AD17 P19
18 Al PCI1_AD18 PCI_PERR B |, AB21 PCl1_PERR B 1281 1283 1286
19 AC PCI1_AD19 PCI1_SERR B ”ﬁm@ 1281 1283 1286
20 AE PCI_AD20
1 Al PCI1_AD21 PCI1_REQO_B | AA16 PCI1_REQO
2: Al PCI1_AD22 PCI1_REQ1_B PCIT_REQT E
23 AE PCI1_AD23 pCI1_REQ2 B [, AF13 _ PCIT REQ2 E
24 Al PCI1_AD24 GPIO00_PCI1_REQ3_B Y15 GPIO00_PCI1_REQ:
25 PCI_AD25 GPIO01_PCI_REQ4_B AET5  GPIO0T_PCIH_REQ!
26 AC PCI1_AD26
27 AB PCI1_AD27 PCI1_GNTO_B W18 PCI1_GNTO
28 AC PCI1_AD28 PCI_GNT1_B Y16 PCI1_GNT1
29 AN PCI1_AD29 PCIT_GNT2 B, AF14 PCIT_GNT2
30 Y PCI1_AD30 GPIO02_PCI1_GNT3_B AAT5__GPIO02 PCI1_GNT3
a1 AB15 _ |pci1_AD31 GPIO03_PCI1_GNT4_B ACT4 _ GPIO03_PCI1_GNT:
M@ 1201 1203 1205
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Fan-Out Schematics

LOCAL BUS

PBGA_28X28_1MM_SKT

ut
13A2 LAD<00.31> o 2 [LAD0O Lcso_B | K18 LCSO P27
<O o1 L21 LADO1 Lcs1 B [y G19 LCS1 TP28
0 [22 |, Apo2 Lcs2 B [y HI9 LCS2 P29
o 2 LAD03 Lcs3 B O%%g LCS3 P30
0 LADO4 Lcs4 B LC! P31
o [24 1, Apos Lcs5_B_DMA_DREG2_ B |3 H16 LCS5 B DMA_DREQ2 P32
" [25 | Apos LCS6_B_DMA_DACK2_B [y J16 LCS6_B_DMA DACK2 B P33
0 25 |Lapo7 LCS7_B_DMA_DDONE2_B |, L18 LCS7 B_DMA DDONE2 B P34
0 L LADO8
o L27 1, Apoy LWE0 B (BSOBLFWEB |, 22 ~ LWEOBLBSOBLFWEB o 1p3s
0 28 |Lap10 LWE1_B_LBS1 B |5 H22 LWE1 B LBS1 B P36
1 27 |LaD11 LWE2 B LBS2 B |y H23 LWE2 B LBS2 B TP37
41% 2238 LAD12 LWE3 B LBS3 B |y H21 LWE3 B LBS3 B P38
A LAD13
u H27 _ liap14 MPC8536 LectL | J25 LBCTL [ouTy 182
S0k (ooa sus "
16 28 oo 5 OF 10 LALE [oUTy 13t
1 r LAD17
4 F26_ | AD18 LGPLO_LFCLE \&2200 \[gst?_tigt: P47
10 F: LAD19 LGPL1_LFALE | P44
0 :gg LAD20 LGPL2_LOE_B_LFRE_B p-S2 6128 LGPLLLLOSEELLTVEEBB TP45
1 LAD21 LGPL3_LFWP_B | | TP42
E26  liAD22  LGPL4_LGTA_B_LUPWAIT_LPBSE_LFRB £20 LGPL4_TGTA_B_LUPWAIT_LPBSE_[FRD TP49
£ ‘: LAD23 LepLs [ K19 TGPL5 TP43
= LAD24
J;—éigi LAD25 LCLKO 5‘22: LgLKn TP39
|26 2<% |IAD26 LCLK1 LCLK1 TP40
Au%u\ov Lcike [ H25 LCLK2 ©n=n
LAD28
J_GL? LAD29 LsyncN | D27 LSYNC_IN P46
JTzfmmo Lsync_out [ D28 LSYNC OUT %1506
A LAD31
19 GPIO4_SDHC_CD 22112) GPIO4_SDHC_CD .
1302 LA<27.31> L LA27 GPIOS_SDHC_ WP GPIO5_SDHC_WP
<ot} [ 6 |ia28 SDHC_CLK | _AGT3 SDHC CLK IEE:
} 2 X ; LA29 spHc_cvp| _AHTO SDHC_CMD e
P LA30
B T
SDHC_DAT1 |
TP185 LDPO K26 | ppo SDHC_DAT2 |_AHT3 SDHC_DAT: Iggz
TP130 @: LDP1 G281 pp1 SDHC_DAT3 [ AGTT SDHC_DAT: TP124
TPt g OP2Z  B27 lioee SPI_CS0_SDHC_DAT4 | AEB SPI_CSO_SDHC_DAT4 i
TP132 LDP3 E25 |ipp3 SPI_CS1_SDHC_DATS ﬁg& 0 SPI_CS1_SDHC_DAT5 Totag
s e L
SPI_CS3_SDHC_DAT? Tors
SPI_MOSI QESQ SPI_MOSI Tp120
SPI & SD SPI_MISO SPL_MISO
SPI_CLK AD8 SPI_CLK Ig}g?
INTERFACE
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Fan-Out Schematics

2 3 4 5 6 7
PBGA_28X28_1MM_SKT
143 TSEC1_TXDO W6 |Tsec1_Txpo U1 TSEC3_TXDO | T SEC3 TXDI 1483
14C3 TSEC1_TXD1 WA__|rsEct_TXD1 TSEC3_TXD1 |1 SEC3 TXD 1483
14C3 TSEC1_TXD2 W5 |sect_TxD2 TSEC3_TXD2 | T SEC3_TXI 1483
14C3 TSEC1_TXD3 W3 |Tsec1_Txp3 TSEC3_TXD3 |__T! SEC3_TXD: 1483
TP146 @ TSECT TXD4 Y5 |Tsec1_Txpa TSEC3_TXD4 |V SEC3_TXD: =
TP147 G TSEC 5 Y8 |rseci_xos TsEC3_TXD5 | U SEC3 TXI To1es
TP148 @ TSECT TXDE AA5__|Tsec1 TxD6 TSEC3_TXD6 |V SEC3 TXD6 Thisa
TP149 @ TSECT TXD7 AA8 _|Tsec1_TxD7 TSEC3_TXD7 | 112 SEC3_TXD7 Thiss
143 OUT} SEC1_TX EN W1 |Tsect_TX_EN TSEC3_TX EN | V5 TSEC3 TX EN 1483
TP150 @ TSECT TX ER AB5__|Tseci TX_ER TSEC3_TX ER |_U! TSEC3_TX ER TP156
TPi51 @ TSECT TX CLK _ AB4 _ lrsect Tx_cik TsEC3 Tx_clk | U10  TSEC3 TX CLK TP157
14c3 (OUT} SECT GTX CLK W2 |1SEC1_GTX_CLK TSEC3 GTX_CLK [ U TSEC3 GTX CLK 1483
©ISECT CRS AA9__|Tsec1 crs TsEC3_cRs |_T110  TSEC3 CRS e
msg ©_TSECT COL AB6 _|tseci_coL Tseca_coL |19 TSEC3_COL ©4;m
1403 TSECT RXD0 Y2 |rsect_Rrxpo TsEC3 Rxpo | V3 SEC3 RXD 14C3
14D3 TSEC1_RXD1 Y TSEC1_RXD1 MPC8536 TSEC3_RXD1 |_U2 SEC3_RXD 1483
14D3 TSECT_RXD2 Y: TSEC1_RXD2 ETHERNET TsEC3_RxD2 |_U3 SEC3_RX 1483
1403 TSECT_RXD3 AAZ |7sect_RXD3 6 OF 10 TSEC3_RXD3 | V1 SEC3 RX 1483
TP173 @ TSECT RXD4 V6 lrsect Rxp4 TSEC3_RXD4 |__V6 SEC3 RXD. TPTE0
TP174 @ TSECT RXD5 AB8 _|Tsec1_RxD5 TSEC3_RXD5 |_UB SEC3 RXD! Thig1
TP175 @I TSEC1_RXD6 AB TSEC1_RXD6 TsEC3_RxD6 |_U13 SEC3 RXI TP182
TP176 @ TSECT RXD7 AB3 _|rseci_Rxp7 Tseca Rxp7 [ U12 SEC3 RXD7 TP18s
1403 [T TSEC1_RX DV AA1 |TsEc1_RX_DV TSEC3 RX_DV | V2  TSEC3 RX DV 14C3
TP177 G ISECT RX ER Y9 |tsect RX_ER TSEC3_RX_ER TSECS RXER & 000
103 [TN> TSECT1 RX CLK AA3__|TSEC1_RX_CLK TSEC3 RX_CLK | _UT _ TSEC3 RX CLK Yaum =
1471 EC_MDC Y10 |ec moc £C_GTX Clki2s | _AA6 EC GTX CLK125 550
14A1 @ EC_MDIO YT |ec_mpio
Tsec_1s88 ik out | V10 TSEC 1588 CLK OUT o168
TP20 @ TSEC 1588 CLK W9 |rsec_1588_CLK TSEC_1588_TRIG_OUTO U TSEC_1588 TRIG_OUTO TPios
P21 @ TSEC 1588 TRIG INQ W8 | 1sec_1588_TRIG_INO TSEC_1588_TRIG_OUT1 WT0 __TSEC 1588 TRIG_OUTT TPies
TP24 @ TSEC 1588 TRIG INT W7 l7sec 1588 TRIG_IN1 TSEC_1588_PULSE_ouT1 | VIT  TSEC 1588 PULSE OUT1 _ ¢ Thise
TSEC 1588 PULSE_ouT2 | _T11___TSEC_1588_PULSE_OUTZ TPi6e
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Fan-Out Schematics

MISC / OTHERS

PBGA_28X28_1MM_SKT

ut
TEmP_aNoDE |_R4 TEMP_ANODE .
TEMP_CATHODE |__RB TEMP_CATHODE 9 Tres
TRIG_OUT_READY_QuUIESCE B | V19 TRIG_OUT READY QUIESCE B .
. GPIO10_DMA_DACKO_B L2065 |cpioto_owa packo 8 RGN [ WIS TRIG_IN Tres
©—GPIoT1 DMA DACKT B “OMA_ v
Tree @—CF GPIO11_DMA_DACK1_B HRESET B ﬁg}g ggégg g o
© GPIO12_ DMA_DDONEO_B AA11 GPI0O12_DMA_DDONEO_B SRESET_B TGT5—© P87
TP &__GPIOT3 DMA DDONET B ABTT__|GPIO13_DMA_DDONE1 B HReseT Req B |, AGTS ——— HRESET REQ B 1700
T S - AH22 IIC1_SDA
©@—CGP1014 DMA DREQO B AB10 _ |GPIO14_DMA_DREQO_B lIc1_SbA TP158
TPS2 GPIO15_DMA_DREQT B ADT1 —OMA - nic1_scL AG21 1IC1_SCL
TP53 o0—= Q (GPIO15_DMA_DREQ1_B lc2_scL AHT5 TIC2 SCL © ;’:1‘33
UDE B AB14_Jooe s G2 soa | _AGT4 1IC2_SDA TP
P58 !
P51 MCP_B Y14_gwce s MSRCIDO w}g g;g |)3$ TPo1
R G MSRCID1 Cl
pss RQO0 AG22 lRaoo MsRoID2 | V12 SRCID2 TPo2
RQO1 AFT7  liraot D5 —© TP93
P60 wsreips [ W14 SRCID3
RQ02 AB23 IRQO2 TP94
P61 RQ0S AFTO MsRciDs [ WIT SRCID4
TPG2 RQU4 AGT7T | oo MPC8536 wovaL V13 DVAL Tees
s RQgS AFTE | Roos MIsc AAT3 TEST SEL B
xgg RQO6 AA22iraoe 7 OF 10 TTSEB PSS —="S==0 g
RQOL Y19 {iraor L2 TSTCLK
TP66 RQOS AB? RGOB L2_TSTCLK L2 IsTo P02
P67 Q09 DVA DREQ3 B AE IRQ09_DMA_DREQ3_B b [SSD_MODE B TP103
P68 RQT0 DMA DACK3 B AD IRQ10_DMA_DACK3 B LSSD_MODE _8& © TP110
};gg 5 RQ11_ DMA DDONE3 B AD IRQ11_DMA_DDONE3_B oI
TP104
IRQ OUT B AC17 _Jira_ouT B Do TP105
7 -OUT oK TP106
UART_SOUTO AF10 __ |uaRT_souto TRST.B 1RS MBS TP107
I:g UART_SINO AC%Z UART_SINO TP108
UART_CTS0 B AE UART_CTS0_B
P74 G{UART_CTSO | powER ok|_AC26 POWER OK
TP UART_RTS0_B ABT2_JuarT_RTS0_B FoweR eN|_AE2/  POWEREN Q e
UART_SOUT1 AA12  |yART souT1 asieep [ AGZ0 ASLEEP 6 1pio9
P76 ©—UART SINT AF12  uART_sINt
TP77 UART_CTS1 B Y12 JuarT cTs1 B
Ig;g UART RTS1 B ADT2 _JUART RTS1 B
CKSTP_IN B AG18 _ lcksTe B
I:g? CKSTP_OUT B AHT7 _JcksTP_OUT B
SYSCLK AH14_|syscik cLk_ouT | W15 CLK ouT
@—SYsolk  AH1d | 2
P99 DDRCLK ACT3_|ppReLk e
TP113 RTC 5 RTC
P @
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GVDD
DDR POWER
=N 1|
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ovbD
VDD_CORE
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88558823800000000000800808088038883
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ovopey 00000300000 00000000000000000006300
ovoboz
ovDD03 vbD_coreot | P13
ovDDO04 vbD_CoRe02 [ UTE
ovDD0S VDD_CORE03 -115
ovoDos VDD_CORE04
ovbDo7 PBGA_28X28_1MM_SKT VDD_CORE0S }
ovooos VDD_CORE0S CORE
MISC  SIGNALS ovDD09 VDD_COREO? il
ovDD10 VDD_CORE08 il
ovDD11 VDD_CORE09 i
t ovop12 vop_coreto [ UT
SXVDD e AE2Z lovoois u1 VDD_CORE11 1
AFTTovo14 voo_corerz [ L1 Sxvon
AF20__lovopis vDD_CORE13 [ 115
AF24"lovop1e MPC8536 vDD_CoRE14 [ RI6 o)
r M27__|svopot POWER Rt
H N25_|svopoz X2vDDo1 SxvDD
« P28 |svobos 8 OF 10 xavopoz2 [ N1
& R lsvopos xavopos [ L1T
@ 0 R¥® lsvonos
124" svooos PCI EXPRESS XMTR PWR P b AVDD SRDS 705
T27 " |svopor xvopor | M21 p Icms Icwza I c130
222 SvDDO8 XVDD02 g%g Forr
PoI EXPRESS ROVR PWR e oo 5 , Ty
T Svoot1 O - ——
7 |svop12 xvopos [_U23 4 AVDD_SRDS2 7ps
« 25 SVDD13 XVDDO7 V2 ) | C117 [C124 c131
H AB28_|svopita XvoDos [ W22 1 VDD_PLAT S
AD27_|svopis xvopos [ Y20 1 Taur zavr
xvopto [_AAZS I
R6__|savopot R13
Notworo0 AVDD DDR
e N swvoome CRpEeeEEen 3 2 Wk O
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S88952298¢ Zzzaszazanm =1 R AVDD LBIU 7p5
s
E ? E 5 C133
o) = SRS oo 10 OAUF
v e E P =i Z2UF [ 220F
P B RS |
SENSEVDD . '
L e
SENSEVSS ) x:gi r CmA\/DD PCI1  7ps
0 i iowr
PLATFORM LTvoD —m{ I
GIGABIT ~ ETHERNET AN 0 AVDD PLAT 705
VDD_PLAT () VDD_CORE 10 s
m{ |v
AVDD_DDR 7c8 o AVDD CORE 7ps
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PBGA_28X18_1MM_SKT
ISP1505CBS
7
Ut — vee us
3
seNDot1 | M28 23 — xg%;
SGNDO2
seNDo3 [ P24
N 2 A—— sa6 USB1_DO 2 | patao
ol e . 4 s USBT DT DATA1  VBUS_FAULT | 8 USB1 PWRFAULT gg6
SONDO6 | o @ 886 USBT D 24| DATA: -
SONDOT |t ® 886 USBT D 22| DATA3 DM |5
SONDOS g @ 886 USBT D 20| pATA4
SONDO9 | 886 USBT D 19| DATAS oP | 6
oy 886 USBT D 18| DATA6
SonD1s AAZE 886 USB’ 17 DATA7 PBGA_28X28_1MM_SKT
seND13 | AA26 U1
SGND14 4
senprs [_AB27 1 e e P 3 one USB1DO  ABI lusei oo
seND16 | _AD28 1 spe USBTNXT 16 | nxr 8Ad ,3221 D1 AKB? USB1_D1
USBTCLK 21 ] 9 ana | CT_Jussi o2
XGNDO1 120 i %'E%%’fr_ Egg%g —13 84 USBT D ACZ_|use1 D3
XGND02 2; -q a — 8A4 ,Egg D4 ﬁ? USB1_D4
XGNDO3 10 < 4 8as L D ET "luss1_ps
Xon: [P 0 E O Reer | s USBIDs ——AEr userhe
xanpos [_R23 - o oas USBI D7 AFT usaror
xGNDO6 [ T21 o
xGNDo7 |_U22Z ) T 8B4 _USB1_NXT AF2  lusB1_NxT
xGNDos | V20 as _USBT DIR AH USB1_DIR
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Current Delivery in the BGA Field

9 Current Delivery in the BGA Field

The MPCB8536E comesin a1l mm pitch, 783 BGA package arranged asa 28 x 28 array (with pin Al
missing). The BGA pads and vias usually have the physical parameterslisted Table 8.

Table 8. MPC8536E Escape Dimensions

Dimension Size Notes
Drill diameter 10 mils Via drill
Finished hole size (FHS) 7-7.5 mils After plating
Pad 19 mils
Anti-pad 28 mils Clearance from via pads to adjacent plane area-fills
Thermal relief 33 mils?
Via keepout 23 mils As above, but for traces on signal (inner) planes

Keep the following points in mind while reading this section:

* Theremainder of thissectionisbased on the padstack dimensionsin Table 8. If adifferent padstack
isused, most or all of the numbers derived probably need to be recal culated.

» Itisassumed that each BGA connection carries current equally, no matter its proximity to the
power supply and/or processor internal power pads. In reality, the current is nonuniformly
distributed due to internal BGA-to-die substrate connections and other factors. There are no
guaranteeabl e distributions among the power pins.

All commentsin this section about power planesapply equally to thereturn ground. Multilayer PCBs often
have multiple ground planes, so thisrestriction is occasionally overlooked; however, the ground return
path requirements are exactly equal to the power source path requirements.

In addition to bypass capacitor placement, the designer must a so consider the wholesale delivery of power
to the Vpp pins. On most PCBs, the power planeis not actually solid, but is perforated by numerous vias.
Thisisillustrated in Figure 21, where the wide plane is actually only as wide as its narrowest point.

Power Plane Area-Fill
W=7 Units

Effective Width =
W=3 * 1U

CPU

Figure 21. Restricted Current Flow
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Current Delivery in the BGA Field

For many applications, the effect of the vias passing through the power plane on the flow of current is
insignificant. However, as the power reaches the outer periphery of the MPC8536E, it must flow through
the outer array of signal BGA vias. While some BGA pads may not need vias (outer BGA pads may be
able to route out on the top layers); in most cases the number of interfering vias ranges from 8 to 11.

For many layouts, the outer one or two BGA padsdo not requirevias asthese signalsare usually “ escaped”
on the top layer of the PCB. Delivering power properly to the power pins requires planning the flow of
current around these vias, or more properly, the antivias or antipads that surround the viaand cause a hole
on the power plane layer. When coupled with a 1-mm spacing, the cross section of the PCB typically
resembles that shown in Figure 6.

The anti-pad is larger than the spacing between the via barrels, which in effect reduces the width and
capacity of thetrace. In effect, the power plane is not a solid plane but a parallel array of traces with one
of the following widths:

* 11.3 mils, when planes must be isolated from both vias
* 19.3 mils, when planes connect to one of the vias

The standard formul ae to determine the limits of the copper trace are described in the IPC-2221A standard
and are given by:

0.725

'(Trace Outer) = 0.048 x (maxTempRise)O'44 x (viaPlating x viaDiameter x m) Egn. 1

0.725

'(Trace Inner) = 0.024><(maxTempRise)0'44x(viaPIating¥viaDiameterxn) Eqn. 2

Using these formulae, and using an 11-mil trace as a standard (rounded down from the actual 11.3-mil max
tracewidth), for variouslayout rulesthe amount of current that can be safely carried, assuming amaximum
temperature rise of 20°C, isshown in Table 9.

Table 9. Current-Carrying Capacity per Standard IPC2221A

. Copper Platin 11-mil Trace
Location pp(oz.) 9 A)
Outer 0.5 0.777
1.0 1.285
1.5 1.730
2.0 2.130
Inner 0.5 0.390
1.0 0.582
15 0.865
2.0 1.065

9.1  Via Current Capacity

Unlessthe power isdelivered on thetop plane and attachesdirectly to the BGA pad of the processor (which
asnotedisfairly difficult to accomplish), power isdelivered from one or more PCB planesto the processor
through vias. Given the padstack parameters in Table 8 and the number of vias allocated, the next step to
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ensure aquality PDSisto evaluate the individual and aggregate via current capacity using the following
formula:

0.725

IVIA = 0.048><(maxTempRise)0'44x(viaPIating xviaDiameter x 1) Eqn. 3

Table 10 shows afew via current capacities for given PCB process parameters.
Table 10. Via Capacity

maxTempRise viaPIgting viaDiameter IV Notes
(°C) (mil) (mil) (A)
10 1 10 1.609 Standard
10 1 11 1.724 —
10 1 15 2.159 —
10 15 10 2.159 —
20 1 10 2.183 —

At 1.609 Alvia, we have a maximum current capacity of 22.5 A for Vpp core (14 vias* 1.609), and 16
Afor Vpp par (10* 1.609). B

9.2  Alternate Plane Current Capacity

Research performed by Johannes Adam of Flomerics as preparatory work for arevision to one of therules
of the|PC2221 standard (specifically, design rule 2152), found that the formulafor outer traces was based
on materials and assumptions no longer prevalent. Additionally, he discovered that the 50 percent derating
factor used for inner traces is wholly arbitrary and should be approximately 5 percent. In particular,
thermal conduction to adjacent traces and power planes was found to be vastly more important than
conduction to free space. Refer to Section 10, “References,” for details on this paper and associated
historical data.

At thetime of publication, the IPC2221 has not been updated based on these findings, so the designer can
either follow the published standards and accept overly conservative numbers or incorporate the pending
changes. Freescale cannot recommend one course over the other and advises designers to consult the
original source documentation and decide for themselves. Examining the | EEE paper, “case 5" shows an
outer trace of variable width over a 35 um (1 oz. copper) plane. This correlates nicely with an external
power connection residing over an inner ground plane immediately adjacent toit. Such aplaneisdesirable
not only for power purposes but for routing differential pairs such as those on the SerDes or DDR
interfaces. Extracting the data for a0.3 mm trace (~11 mils), and applying a curve fitting process to the
data produces the following formula, which is represented in Figure 22:

T(trace) = 19.473 + 3.228IMAX + 4.469IMAX? + 0.385IMAX> Eqn. 4
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Figure 22. Extrapolated Current Flow

CAUTION

Thiscurveisvalid only for the 0.3 mm trace. The IPC standard will likely
include a more complicated curve equation that accepts both current and
trace width as a parameter.

Note that the Y-axisis the total trace temperature. Because we are concerned with a maximum 20°C rise,
the Y-axis starts at 20 as the ambient temperature is also assumed to be 20°C. The crossover point of 40°C
occurswhen | =1.711 A. Using this new data, Table 9 can be updated as shown in Table 11:

Table 11. Current-Carrying Capacity Extrapolated from Adams

Location Copper Plating | A/11-mil Trace
(oz.) (A)
Outer 0.5 1.210
1.0 1.711
15 2.420
2.0 3.422
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Table 11. Current-Carrying Capacity Extrapolated from Adams (continued)

Copper Plating

A/11-mil Trace

Location (0z) ?)
Inner 0.5 1.149
1.0 1.625
1.5 2.299
2.0 3.251

The IEEE paper included in the references explains why the classic IPC-275/IPC2221A values for inner
current layers are extremely misleading. IPC-2152 is not published at the time of this application note.
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Table 12 lists useful resources for further reading.
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11 Revision History
Table 13 provides arevision history for this application note.

Table 13. Document Revision History
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