Layout Considerations Document

Agile Number LCD-27259 Rev X1
for
Tower MC56F8400 (170-27259)
1 Board Mechanical Data

1.1 Dimensions and Tolerances
1.1.1 All dimensions for the board shall be in English units. All lengths 1 inch or longer are expressed in inches. All lengths less than 1 inch are expressed in mils (thousandths of an inch).

1.1.2 Tolerances shall be specified with all dimensions or will be inferred from the least significant digit. (For example 2.3 inch implies a tolerance of +/- 0.1 inch and 235 mils implies a tolerance of 1 mil.)
1.2 Board Geometry Requirements
1.2.1 The board dimensions shall be per 900-76126.

1.2.2 Three board fiducials shall be placed in the corners of the board.
1.2.3 Desired board thickness is 62 mils. Maximum board thickness is 67 mils. Minimum board thickness is 57 mils.
1.3 Stack up Requirements
1.3.1 Board stack up shall be four conductive layers.
1.3.2 Route the board in two routing layers and two reference planes. 

1.3.3 A four layer stack up shall be used as follows:

Layer
Component
Routing
Reference 

1 Signal 1
X
X

2 Power 1


X (3.3V)
3 Ground


X (GND)
4 Bottom
X
X
2 Board Identification

2.1 The bare board number and revision (170-27259 REV A) shall appear in bottom side etch.
2.2 The following shall appear in silkscreen on the top of PCB:

2.2.1  Board Name and version: MC56F8400
2.2.2  Assembly number (PWA) and revision: 700-27259 REV X1
2.2.3  Freescale Logo

2.2.4  Serial number block

2.2.5  Copyright text (© 2011 FREESCALE)
3 Fabrication Drawing Requirements
3.1 The fabrication drawing title block shall include the following:

3.1.1 Drawing number: FAB-27259
3.1.2 Drawing title: MC56F8400
3.1.3 Part number: 170-27259
3.1.4 CAD file name: LAY-27259
3.2 The base material shall be high grade FR4 S1170 (or equivalent RoHS compliant).

3.3 Copper foil shall be 1 oz on external layers and ½ oz on internal layers.

3.4 Plating finish shall be immersion gold: 3-8 micro inches of gold over 100-200 micro inches minimum nickel – both sides of the board.

3.5 The PCI card edge connector fingers shall be plated with a minimum of 30 micro inches of hard gold over a minimum of 50 micro inches of nickel – both sides of the board.

3.6 Board shall be 100% electrical tested per IPCD356.

3.7 Through vias may be plated closed.

3.8 The solder mask shall be blue taiyo on both sides of the board.
3.9 The silkscreen shall be white epoxy ink on both sides of the board. Silkscreen text shall not touch pads.
4 Schematic

4.1 Bill of Materials BOM-27259 Rev X1 shall be used to place this board.

4.2 Schematic SCH-27259 Rev X1 shall be used to route this board.

4.3 All clock signals contain “CLK” as part of the net name such as CLKA or CLKA_B or PCICLK1. 

4.4 All differential pair signals including differential clock pairs conform to the following naming convention: SIGNAL-NAME_P and SIGNAL-NAME_N or CLK-NAME_P and CLK-NAME_N..

4.5 The schematic checklist has been completed.
5 Layout Requirements

5.1.1 Layout shall comply with the “Freescale PCB Design Requirements” document, Agile number XXXXX, the latest revision.
5.1.2 The TWR-56F8400 will be an expanded design of the TWR-56F8257 board (700-26034), to accommodate the 100 LQFP package
6 Power Distribution and Reference Planes
6.1 Power/Ground nets are P3_3V, P3_3V/5V, P3_3V_ELEV, P3_3V_MOTOR, P3_3V_REG_OUT, P5V, P5V_ELEV, P5V_REG_IN, P5V_TRG_USB, P5V_USB, PWR_JACK, PWR_IN, USB_VBUS, VDDA, VSSA and GND. 

6.2 The 3.3V and GND power/ground nets shall be implemented as individual planes and those layers shall serve as reference planes.

6.3 Avoid creating slots and voids in reference planes. (Through hole anti-pads shall have a smaller diameter than the pad to pad spacing.)

6.4 The PWR_JACK, PWR_IN, P5V_ELEV, USB_VBUS, P5V_USB, P5V_TRG_USB, P5V_REG_IN, P3_3V_REG_OUT, P3_3V_ELEV, P3_3V_MOTOR power nets are to be implemented as wide traces (at least 50 mils wide unless specified otherwise) and may be routed on the top and/or bottom layers. If vias are used in the routing of the nets a pair of vias are to be used at each layer transition.
6.5 The nets named P5V, P3_3V/5V, VSSA and VDDA are to be routed using 10 mil traces on the top and/or bottom layers.

6.6 Copper Fill for Heat Sinking

6.6.1 Use a copper pour underneath U1 and another pour on the other side of the board from U1 with voids as necessary for vias and other circuitry. Minimum area of the pour under U1 shall be 1/2 square inch. Minimum area of the pour on the other side of the board shall be 1 square inch. The tab of U1 shall be soldered directly to the copper pour. Connect these pours to the GND plane with at least 2 vias near the tab of U1 and spaced at least 0.25 inches apart. These vias shall have plated through holes with a minimum inside diameter of 25 mils and shall be filled with solder. This is for heat sinking for the voltage regulator.

7 Impedance Requirements

7.1 Maintain a controlled impedance of 60 ohms +/- 10% on all single ended signal traces unless otherwise specified. This tolerance is to cover board fabrication deviations. The design tolerance is +/- 2%.

8 Component Placement Requirements

8.1 No-pop components are marked in the schematic.

8.2 No components shall be placed on the primary side or top of the board no components that will be taller than 0.591 inches. 

8.3 No components shall be placed on the solder side or bottom of the board that will be taller than 0.157 inches. Exceptions are connectors J501 and J502.

8.4 The following components shall be placed on the primary side of the board:

8.4.1 U1, U605, R4, R10, R5, R7, R6, Y1, C6, C5, U6, U2, U603, D122, D123,D120, D12-9, F1, J1-17, J19, J21, JP1, JP2, P1, P2, RT1-4, SW1-3, and TP6.

8.5 The following components shall be placed on the secondary side of the board:

8.5.1 J50 and J502. They are to be mirrored so that pin 1 is at the lower right corner of each connector as seen from the top of the board.

8.6 Refer to mechanical drawing 900-76126 for the following component placements. 

8.6.1 Except for the fingers of J500A and J500Bno components are to be closer than 10 mm to the upper or lower edges of the board.

8.6.2 Except for I/O and power connectors no components shall be closer to the right and left edges of the board than 250 mils.

8.6.3 Place J500A at the upper edge of the board. Pin B1 should be on the top to the right.
8.6.4 Place J500Bat the lower edge of the board. Pin B1 should be on the top to the left.
8.6.5 Place J20 on the right edge of the board toward the upper edge.

8.6.6 Keep the components associated with power near J3. (F1, D11, J10, J11, C1, U1, C2, J6, J7, C520, R1, D10, L2, U501, D501, and D500.)

8.6.7 Place J18 on the right edge of the board toward the lower edge.

8.6.8 Place U605, U4, U6, U6, J14, J21, J20, J22, and J17 to the left of J18.

8.6.9 Place J501 on the left edge of the board on the bottom side with pin 1 toward the lower edge. Pin 2 will be nearer the left edge than pin 1. Center J501 vertically.
8.6.10 Place J502 just to the right of J501 on the bottom side with pin 1 toward the lower edge. Pin 1 must be at least 0.4 inches to the right of pin 1 on J501. It is not necessary to vertically center J502 with respect to J501.

8.6.11 Place RT1- 4 and the associated resistors, capacitors, and headers in the four corners of the board.

8.6.12 Place U2 inside of the footprint of U3 at a convenient place near the center of the board.

8.7 Place R536, C523, R541, C524, R533, C521, R534, C522, R517, C507, R515, C504, R511, C502  near U3 to minimize the net lengths of GA0-3 and GB0-2.
8.8 Place R544, C525, R545, C526, R533, C528, R548, C527, R519, C512, R522, C517, R530,  C519,R524,C518 near U3  to minimize the net lengths of GA4-7 and GB4-7. 

8.9 Place R571, R576, R567, R566, R505, R506, R508, R509 near U3 to minimize the net lengths of GA3-7 and GB3-7.
8.10 Place R518,R521,R529,R512,,R510,R514,,R516,R526,R542,R546,R551,R537,R535,R532,R540,R550 near U3 to minimize the net lengths of GA0-7 and GB0-7.
8.11 Place R560 and J15 next  to J13.
8.12 Place J8 and J9 side by side.
8.13 Crystals and associated components shall be placed as close as possible to the associated IC.

8.14 If possible place SW1-3 so that there are no headers within 0.25 inches of the center of the switches.

8.15 LEDs D12 and D13 shall be in the vicinity of U6.

8.16 LEDs D7 through D9 shall be placed in order together.

8.17 Bulk Capacitors – 1uF, 10uF, 47uF, etc.
8.17.1 Keep C1 and C2 near U1. 
8.17.2 Keep C506 near D500 and D501. 

8.18 Bypass Capacitors
8.18.1 Capacitors C505,C503,C513,C547,C508,C509,C511,C510,C545,C546,C515 shall be placed as close as possible to U3. 
8.18.2 Capacitors C8, C539, C540 shall be placed as close as possible to U6. 
9 Silkscreen Text Requirements

9.1 All QFP components shall include pin numbers on all corners.
9.2 All BGA components shall have pin rows and columns marked.

9.3 The following components shall be marked with the indicated silkscreen text. Text may be abbreviated as shown in parenthesis if room does not allow for the full text:

	Reference Designator
	Component Silk-screen Text
	Pin Number
	Pin Silk-screen Text

	D12
	STATUS
	
	

	D13
	TPWR
	
	

	D10
	POWER
	
	

	D1
	E0
	
	

	D2
	E1
	
	

	D3
	E2
	
	

	D4
	E3
	
	

	D5
	E4
	
	

	D6
	E5
	
	

	D7
	E6
	
	

	D8
	E7
	
	

	D9
	F6
	
	

	J14
	OSBDM
	
	

	J20
	OSBDM EN
	
	

	J22
	JM60 BDM
	
	

	J17
	JM60 BOOT
	
	

	J18
	USB
	
	

	J3
	5V -9V
	
	

	J10
	
	1
	J3 IN

	J11
	5V SRC
	1
	USB

	
	
	3
	ELEV

	J6
	
	1
	REG OUT

	J7
	3.3V SRC
	1
	MOTOR

	
	
	3
	ELEV

	J23
	THERM1
	
	

	J19
	THERM2
	
	

	J1
	THERM3
	
	

	J2
	THERM4
	
	

	J15
	CAN TERM
	
	

	J16
	CAN
	
	

	J13
	CAN OUT
	
	

	J12
	MIC
	
	

	J501
	MOTOR
	
	

	J4
	IRQ1
	1
	TB0

	
	
	3
	TB2

	J502
	AUX
	
	

	J5
	IRQ0
	1
	TB1

	
	
	3
	TB3

	J8
	RXD SRC
	1
	ELEV0

	
	
	2
	8257 RXD0

	
	
	3
	USB

	
	
	4
	8257 RXD12

	
	
	5
	ELEV1

	J9
	TXD SRC
	1
	ELEV0

	
	
	2
	8257 TXD0

	
	
	3
	USB

	
	
	4
	8257 TXD12

	
	
	5
	ELEV1

	SW3
	RESET
	
	

	SW2
	IRQ0
	
	

	SW1
	IRQ1
	
	


10 General Routing Requirements
10.1 Signals shall not be routed over any area without its reference plane directly below it. No signals shall be routed over or near slots created by plane boundaries (such as split planes), via anti-pads or thru-hole anti-pads or any other area without a reference plane.

10.2 Each route shall have no more than 3 vias total excluding pin escapes and be no longer than 4 inches except as may be noted otherwise.

10.3 No trace angles (bends or corners) shall be less than 135°. If arcs are used they shall have an inside radius of no less than twice the trace width.
10.4 No traces shall be closer to the edge of the board than 250 mils.
10.5 Nets associated with crystal circuits (Y1 and Y2) shall be kept as short as possible.

10.6 Keep VSSA and VDDA nets as short as possible.

10.7 All nets shall be routed as ECL nets (i.e. daisy chained – no forks) unless otherwise directed.

10.8  No stub lengths shall be longer than 100 mils
10.9  Loops in the same plane as the board shall be avoided.

10.10 All pin escapes to power or ground planes shall be at least 25 mils wide, or the width of the device pad, whichever is less.

10.11 All pin escapes to power or ground planes shall be no longer than 50 mils.

11 Parallel Routing Requirements
11.1 The following are analog signals: GA0-11, GB0-11. These nets shall not exceed 2 inches in length. These signals shall not run parallel to each other or other nets if possible. If it is necessary to run them parallel to each other or parallel to other nets then there shall be a MAX_PARALLEL rule as follows:

11.1.1 Up to 1 inch parallel length – 25 mil minimum separation.

11.1.2 Up to 2 inch parallel length – 50 mil minimum separation.

12 Differential Routing: 

12.1 The following signals are differential pairs and have the maximum or required length and length difference requirements shown:
	Net Names
	Differential
Impedance
	Difference In Length (Max)
	Max or Required Length

	USB_DN and USB_DP
	90 ohms
	10 mil
	2.0 inch max

	JM60_DN and JM60_DP
	90 ohms
	10 mil
	0.5 inch max

	CANP and CANN
	120 ohms
	100 mil
	2 inch max


12.2 Each pair shall be routed so they are tightly coupled in the same layer and the separation between the two traces of the pair remains constant over the entire length.
12.3 The number of vias on any differential pair shall be less than or equal to 4.
13 Net Specific Routing Instructions

13.1 Analog Signal Routing
13.1.1 The analog nets GA0-11, GB0-11 shall not exceed 2 inches in length.

13.2 CAN routing

13.2.1 Keep the routing between J15, J13, and R560 as short as possible.

13.2.2 Keep the net CANT as short as possible – maximum length of 50 mils.

13.3 USB routing

13.3.1 None of the USB nets (USB_DN, USB_DP, JM60_DN, and JM60_DP) shall have test points

14 Test Points

14.1 User Test points – Using vias with open solder mask to create these test points is desired, pads on top side are acceptable as an exception.

14.2 Solder mask on bottom side vias shall be open, 4 mils larger than the outer diameter (O.D.) of the annular ring, except where prohibited by design rules or manufacturing rules.

14.3 Via/Pad specs for Flying Probe Test points – minimum sizes are 18mil O.D. vias, with 33mil Center to Center spacing accessible from the bottom side. Bottom side pads can also be used as flying probe points. Boards need to have at least one of each power and ground test points placed on the TOP side at least 1 inch apart.TP1, TP5, TP6 and TP4  
14.4 FPT/ICT Probe Points - If a net does not have a test point but already has an accessible bottom side via, open the solder mask around the via to allow it to be used as a test point. If no via exists on a bottom side net, add a bottom side test pad per specifications if possible. 

14.5 Except for USB, Ethernet nets, and Critical nets (high speed, differential), each net (including NC and dummy nets if possible) shall have a test point on the bottom side of the board in accordance with “PCB Test Point Design Requirements” (DOC-36003) unless otherwise specified. 
14.6 The test coverage goal is 100%. A test coverage percentage less than 100% must be approved by the Test Engineer.
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