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Abstract

In this document, | review the design of the new
calorimeter el ectronics readout preamp motherboard
for Run Il. Both schematic and PCB layout are
included. The electrical safety issues of the
motherboard and the preamp box backplane as well
are aso thoroughly discussed.



1. Overview

In the Run |l upgrade of the Calorimeter Electronics, the Preamp Motherboard was
redesigned to accommodate the changes in the preamp circuits and the power supplies.
Each preamp Motherboard houses 48 preamps and plugs into the backplane of a preamp
box, which houses 96 Preamp Motherboards. The backplane and preamp boxes remain
unchanged from Run I. There are 12 preamp boxes in the detector plus one preamp box in
test area, which contain a total of 1248 motherboards. Figure 1.1 is a drawing by Dave
Huffman that gives a good overview of the system. A photograph of a preamp box is aso
shownin Figure 1.2

Any questions regarding Preamp Motherboard, please contact:

Ledlie Groer groer @fnal.gov
Mike Tuts tuts@fnal .gov
Dean Schamberger dean@cusbh.physics.sunysb.edu
Mingcheng Gao mcgao@fnal.gov
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Figure 1.1: System overview
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Figure 1.2: Preamp Box in 5K test area

Figure 2.1: A loaded preamp motherboard v3.1

2. The Design

The upgraded motherboard (version 3.1/3.2) is an 8layer printed circuit board with power
planes separating layers containing signa traces to minimize noise and cross talk. High
frequency filter capacitors are connected to the power planes at both ends of the



motherboard. The preamps are mounted vertically into sockets that are surface mounted on
the motherboard (See Figure 2.1 for a picture of a loaded motherboard). To ensure that
preamp is inserted correctly, two pins of each preamp connector are removed and the two
corresponding holes of the socket are stuffed with polarizing pins. Version 3.2 adso has
three LEDs as power indicators. There is a specia version 3.2b (red colored), whose
resstors al have the same value 2R rather than both 2R and R as on the version 3.2a boards

(green colored).

The motherboard was designed using ACCEL EDA for Windows, Version 14.0 (Accel

Technologies, Inc.)

Part Type Value Rating  Quantity Designators
CAP_POL_LARGE Panasonic 220UF 50V 3 C1C3C5
DIODE 1N5400 50V 3 D1D2D3
3A
CAP_0805 NIC NMCZ5U 0805  0.1uF 50V 3 C2C4C6
CAP_1206 TAIYO GMK316 4.7uF 35V 6 C101 C102 C103 C104
F4752G-T C105 C106
PREAMP SOCKET SMM-113-02-S-D 600V 48 48 channels
CONNECTOR Berg 92324-204 1000V 2 J132
1.5A
FUSE Littlefuse Nano 2A 125v 3 F1F2F3
So-Blo SFM
RES 500 KOA RSS1/2 0.5W 300V 6 R1 R2 R3 R4 R5 R6
LED (SMR) HP HSMG-C660 25mA 3 LED1 LED2 LED3
5V(reverse)
RES 0805 National 1.4kW 1 RL1
2.0kw 1 RL2
3.4kwW 1 RL3
RES 1206 CCE RN12B2002CT  20kW 28 RO00 ROO1 ROO7 RO08 R009
R010 RO11 R100 R101 R107
R108 R109 R110 R111 R200
R201 R207 R208 R209 R210
R211 R300 R301 R307 R308
R309 R310 R311
CCE RN12B1002CT  10kwW 22 R002 R0O03 R0O04 RO05 RO06
R102 R103 R104 R105 R106
R202 R203 R204 R205 R206
R302 R303 R304 R305 R306
RP4 RP5
CCE 5kw 6 RP1 RP2 RP3 RP6 RP7 RP8

Table 2.1: Components list



2.1 Circuit

Figure 2.3 shows the schematic of the Motherboard. The nominal current on each voltage
rail, based on data collected from testsin 5K test areg, is given in the following table:

+12V supply +8V supply -6V supply
Nominal Current 0.46 A 0.89 A 050 A

2.2 Components

Table 2.1 shows all the components used in the motherboard as well as their current and
voltage ratings.

2.3 PCB Layout

The photo-plotter output for each layer of the motherboard can be found in Appendix |
(Figures 2.4).

2.4 Capacitance of 8 Channels

The capacitances of the 8 pulse injection traces on 1288 bare motherboards were measured
for pulse calibration. This will enables us to isolate those boards that may cause problems.
From the distribution (Figure 2.2), we can see that the values are centered at 35-36 pF with
arange of 7 pF. The sigmais estimated to be ~1.5 pF.
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Figure 2.2: Digtribution of capacitance of 8 channels
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3. Safety Issues

It is important that the motherboards not burn or catch fire under al possible operating
failure modes. In this section, we discuss the safety issues from a technical design point of
view and elaborate on the experimental tests performed on production motherboards.

3.1 Thermal capacity of the circuit

The section of the motherboard of most concern is the path from the power connector to the
power plane, since the current density on the power plane is significantly reduced. This part
of the circuit includes a 96-pin backplane connector, etched copper conductor, fuse, two
resistorsin parallel, two pads and one via, as shown in Figure 3.1 .
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Figure 3.1: Power traces on Top layer

3.1.1 Fuses

We used So-Blo type NANO SMF Fuse with Ampere Rating of 2A. Figure 3.2 shows its
average opening time at different currents. For example, it will blow in about 14 minutes at
3A and in about 11 seconds at 4A. We need to make sure that the circuit is safe during the



opening period. As indicated in Section 2.1, under norma operating conditions, the
expected current loads are approximately from 0.4A to 0.9A.
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Figure 3.2: Average time (seconds) vs. Current (A) Curve

3.1.2 Resistors

The two 0.5Wresistorsin parallel are of type RRS1/2 made by KOA Speer Electronics, Inc.
RRSL/2 has a power rating of 0.5W. When the current is 2A, calculation shows the power
dissipated on each resistor is 0.5W, i.e. a 100% rating. The surface temperature is 55 °C.
As the current rises above 2A, the power dissipated aso rises and increases the surface



temperature to 100 °C. However, since the fuse melts quickly under these circumstances,
thereisno fire risk. Thiswas aso verified experimentally (see Section 3.2).
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Figure 3.3. Properties of RSS resistors

3.1.3 Backplane Connector

The Backplane Connector is Din 41612 Standard Connector made by Berg Electronics. Its
current rating is 1.5A per pin (see Appendix I1). Each of the three power supplies (+12v,
+8v, —6v) is connected to the circuit through 3 pins. Therefore, we have a total current
capacity of 4.5A each, well above the 2A rating of the fuse.

3.1.4 Etched copper conductor
The preamp motherboard’ s power traces use Y20z copper conductor and have awidth of 50

mils. Thus, according to the standard current carrying capacity chart in Figure 3.4, the
temperature riseis calculated to be 15 °C at 2A and approximately 30 °C at 3A.

"Graph by AP Circuits: http://www.apcircuits.com/html/technical .html
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3.1.5 Padsand Via

Two pads of 38 mils in diameter and one via of 20 mils in diameter connect each power
trace to its corresponding power plane on the inner layers of the motherboard. Their cross-
sections (in square mils) are as follows: 1134, 1134 and 314. If we use the same chart in
figure 3.4, they are able to carry 10A current with atemperature rise less than 10 °C.

3.2 Experiments

Two kinds of experiments are done to test the safety of the Motherboard.

3.2.1 Current Overload

If the current is near to or alittle higher than the fuse's rating, then the fuse will not blow
immediately. We tested the board and the resistors at different steady currents for a long
period or until the fuse blew. The results are summarized in the table below:

Current Average Time Observations Signs of burn
1.5A | 6 hours (fuse doesn’'t blow) Only resistors are warm. None
2.0A | 4 hours (fuse doesn’'t blow) Resistors become hot but still touchable. None
25A | Fuseblowsin 1.5 hour Resistors are very hot. None
2.8 A | Fuseblowsin 30 minutes Resistors are extremely hot but ook fine. None

3.0A | Fuseblowswithin 10 minutes | Resistorsare extremely hot but look fine. None

Table 3.2.1: Observations at overloaded currents

3.2.1 Short circuit

The most probable failure mode is one in which there is a short. We artificially shorted the
power lines in different places and observed that in al cases the fuse would blow
immediately, and no damage to the board occurred.

3.3 Conclusions

From the above analysis of the circuit and results from experiments, we conclude that the
Motherboard does not pose afire risk when working continuously under all possible failure
modes.
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4. Power Traces on Preamp Box Backplane

Figure 4.1: Backplane: front side (right) and back side (left)

Figure 4.1 shows the picture of one backplane piece that accommodates JEpm
8 preamp motherboards. It’'s a 9-layer board with power planeson inner ¥
layers. Each preamp box has 12 such pieces. >

A metal 6-leg power bug (Figure 4.2) connects each power supply to its
power plane. The diameter of each via is about 40mils. Hence, the
current capacity of each power trace is above 50A, according to the
chartinfigure 3.4. Figure 4.2:Power Bug

Experiments were also done to test the safety of the backplane by M. Gao and D. Huffman.
We tried the backplane at a current of 30A for one hour. We found that the power bug is
only dlightly warm and there are no dangerous signs of any kind.

1



Appendix I: PCB layout of motherboard v3.2
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Figure 2.4(d): Layer 3 — +8v plane
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Layer 8 — Gnd
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Figure 2.4(g): Layer 6 — GND
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Figure 2.4(h): Layer 7 — Out/In
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Appendix Il: Data Sheet of RRS Resistor

Wart &lUmbar Saasch

Compotitive T TAdastng
X-Roferance

- rmp——-——
. A?pilcﬂ:on P !
Standard : Tradao Nama
Scarch : Scarch i

Soarch é%%?-l::rlf
DIN 41612 Product Data Sheet
92324-204 l .

Standard DIN Header, Rigilt angle, Solder-to-Board, 96

Position, 2.54 mm (0.100 in.) Centerline FX Adobe
DIN 41612 Standard Connectors

Image Disclaimer: Please use Customer Drawing fur design activity: line srt and other picturcs
are general representatmns of product dirmnensions.

Fealures You Selected

Region Asta/Pacilic
Europe
Giobal
Product Type Board Connector
Gender Header .
Drlanta‘llqn Right angle
Type ) -~ Signal Only
Board Aftachrment Suldar—iu-l_:omd
Total ¥ of Positions BB
Aows Loaded Al
Loading Pattern All
Housing Style Standard
Current Rating 1.5 amps at 20°C
Tall Length 200 mm
Tall Length {in.) 00118 in.
Contact Area Plating Specification BE class 2 gold
Tail Piating Specification Tin-ead
Mn;mting Eamn Yeas
Packnging Type - TRAY

http://catal og.fci connect.coﬁVfci/ r ed/datasheet/datasheet.asp?ProductNumber = 92324-204

21



