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Power and ground trace width calculations for low mass region of Phase-1 readout cable
We are designing the low mass region of the kapton flex cable to be used for reading out the Phase-1 sensors. In this region, radiation length is a critical parameter for the detector performance. We are optimizing the amount of conductor used in this region such that resistive losses in the traces that supply power and ground do not affect the sensor performance, but trace conductor is minimized as it represents the largest component of the radiation length budget in this area. We will describe the cable sections and propose a conductor geometry.
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Figure 1 Ladder cable structure with low mass region shown in the sensor area. The sensors are shown in red and the low mass region in the z-direction indicated by the arrow bounds. In this area we propose to design the cable to be a 2 conductor trace layer Cu or Al conductor cable. In the driver region we can use as many layers as needed for the full routing of the design.

The power requirements of the Phase-1 sensor can be found in this document http://rnc.lbl.gov/hft/hardware/docs/Phase1/Phase-1_and_Ultimate_power_consumption.doc. The analog power is static and consumes ~400 mW / sensor. The digital power is variable and consumes ~ 178mW / sensor. The ground return path is required to be the sum of these two. Calculating the copper trace widths required to feed power supplied 1 cm from the low mass region in the driver region (assuming feeding power to the center of the sensor) at 3.3V and looking for a 25mV drop due to resistance in the power trace (the 25mV drop is arbitrary. We will characterize the sensors and look for the voltage variation tolerance). The traces are assumed to be Cu and ½ oz (17.5 um) thick.
For analog power:

Power/sensor = 400mW, V = 3.3V, I = 0.121A, R(trace) = 0.207 ohm
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For digital power:
Power/sensor = 178mW, V=3.3V, I = 0.054A, R(trace) = 0.463 ohm
This gives a power trace requirement shown graphically below
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The cable width is 23.08 mm. of which 16.154 mm is already taken with power and ground traces (the widest parts of the trace structure are required to be at the same x position on the cable).
	Power trace
	Width at thickest part

	Analog power
	0.220” (5.588 mm)

	Digital power
	0.098” (2.489 mm)

	Ground
	0.318” (8.077 mm)

	Total
	0.636” (16.154 mm)


The signal list for the ladder in the low mass region has already been compiled and is available on the schematic linked (in Orcad format) here http://rnc.lbl.gov/hft/hardware/docs/Phase1/PIXEL_RDO_MASS_TERM_v1.1.zip
This list is shown below;

	Signal
	# of traces
	type
	Width (0.005” t&s)

	Sensor output
	10 x 4 x 2 = 80
	LVDS
	0.800” (20.32 mm)

	CLK
	2
	LVDS
	0.020” (0.51 mm)

	CLK_RETURN
	2
	LVDS
	0.020” (0.51 mm)

	Marker
	1
	CMOS
	0.010” (0.25 mm)

	START
	1
	CMOS
	0.010” (0.25 mm)

	SPEAK
	1
	CMOS
	0.010” (0.25 mm)

	JTAG + RSTB
	5
	CMOS
	0.050” (1.27 mm)

	TEMP
	2
	analog
	0.020” (0.51 mm)

	Total
	94
	
	0.940” (23.88 mm)


If we assume that we are using standard fabrication for the PCB we can use 5 mil spacing and 5 mil traces. This gives 94 x 2 x 0.005” = 0.940” (23.88 mm).
We are attempting to fit the routing onto two sides of a 23.08 mm wide cable or 46.16 mm. The absolute minimum space required would be ~0.650” + 0.94” = 1.59” (40.4 mm). Designing a layout that fits into the required width will be very challenging if it is even possible.

We can make some optimizations that help within a small range in the parameter space. If we increase the conductor layer thickness by 20%, we can reduce the trace and space requirements to 0.004” traces and 0.004” spaces while keeping the conductor cross-section the same. These feature sizes (0.004” traces and spaces) are at the limit of what standard PCB fabrication will attempt. This width reduction also applies to the power and ground. This would give a conductor trace thickness of 21 um and an absolute minimum width of 1.325” (33.65 mm). This certainly helps the layout, but the fabrication becomes harder and the cable fabrication yield drops. We will attempt the layout with these parameters.
A quick estimate of the radiation length of a cable with these parameters is shown below. 

Parameters:

	Layers
	2

	Conductor thickness
	21 um

	Fill factor
	70 %

	X0 Cu
	1.43 cm

	X0 Al
	8.9 cm

	X0 Kapton
	28.6 cm

	X0 Adhesive (if needed)
	28


In the low mass region, the cable consists of 2 layers of conductor, 2 layers of adhesive and 1 layer of Kapton.

For Cu: X0 = 2*(0.0021*0.7)/1.43 + 2*0.0025/28 + 0.0025/28.6 = 0.002056 + 0.0001786 + 0.0000874 = 0.002322 => 0.232 %
For Al: We scale the conductor X0 by the product of the ratios of the Al/Cu X0 and the Cu/Al conductivity which is 1.43/8.9 * 58/37.8 ≈ 0.2465
Al X0 = 0.002056*0.2465 + 0.0001786 + 0.0000874 = 0.000773 => 0.0773 %
