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1. Introduction

This document describes the CTDB, in detall itasteg functionality. Each CTDB is connected to 8BS
via Cat.7 cables. The L2-crate is populated witlCT®Bs. The slot address (L2-crate position, th®8Ts
plugged to) of each CTDB is hard encoded in the R,2Beans there is no need to assign an addredsye.g.
using jumpers. The CTDB, like the L2CB is powered an auxiliary power supply, NOT by the main
camera power supply being used to power the 265sFHBe auxiliary power supply comes up first,
ensuring that all FPGAs are loaded, before thevswoé is able to power on the FEBSs.

Main tasks of the CTDB are:
» clock and 1PPS distribution to the FEBs, sourcethby.2CB
* reception and propagation of 15 L1 signals
» fanning out and propagating the camera triggevaditp the FEBs
* reception and propagation of the FEB BUSY signalkhé L2CB

The 256 x 16 bit register block is accessible ki@ $PI bus, physically located on the L2BP. ThiklsiB is
shared among all 18 CTDBs, populating the L2-cfates master is the L2CB.

PULS{|PULS||PULS| PULS_’ 1‘_l:'l.!LS PULSYPULS|JPULS
24V || 24V || 24V || 24V PDB 24V | 24V || 24V || 24V
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Y
TR 1 > CTDB —rv 115 L2CB
PPS_24V_1 . ety o e.thernet « =E
" rPeA L1 251-265 FPGA
- L2
#1 S Camera_trig |¢ TIB
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e, L2-Crate
f%éc

» DS

Figure 1: Trigger and Power Topology
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2. Slow Control via SPI Bus
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Figure 2: SPI Bus Modes. The used SPI Bus mode is of e §POL =0, CPHA=1

L2 Backplane, SPI Bussignals
SP|_SCLK L2CB output that provides 32 clock cy@¢gach slow control access. The frequency of the
clock itis 6.25 MHZ . The electrical standard fhis signal is LVDS. Other frequencies are|
possible.
SPI_SYNCn L2CB output , low during the slow contactess and else high. Electrical standard for this
signal is LVDS.
SPI_MOSI Master output / slave input data line.2Al8t word is transmitted at each slow
control access. Electrical standard for this sighaVDS.
The most significant bit is transmitted first. Thoemat of the 32-bit word is shown in table 1.
SPI_MISO Master input / slave output data lineedfiical standard for this signal is LVDS.
A 16-bit word is transmitted at each slow contrmdess. The most significant bit is
transmitted first. Active at a read access, elstated. This line provides the information of
the addressed CTDB register.
Bit range Usage
31 RD =0, WR ="
30..29 ‘0’, not used
28..24 slot address 4..0 (1..9, 13..21)
23..16 CTDB register address 7..0
15..0 CTDB register data 15..0

Table 1: SPI bit usage, Bit-31 (MSB) is sent first
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Figure5: Measured, SPI1 write cycle of 1234h to addressdf@TDB at slot 2
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Figure 6: Measured, SPI read of 1234h from address 20hT@f&Cat slot 2

Measured SPI bus cycles are illustrated above Blisecycle time is about 5.4 us. Higher rates can
be achieved by adapting the L2CB firmware accoiging
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3. FEB Powering and Current Measurement

To power on the FEBSs, one has to set the appregriabf the PONF register. The bit position
corresponds to the CTDB channel number, with nuroberfor the top and number 15 for the
bottom channel. The numbers are engraved at theidief of the RJ45 connectors. Because the
CTDB channel numbering starts with ‘1’, Bit_Otbé registers PONF, OVER_CUR and
UNDER_CUR is unused.

The firmware continuously measures the currenttferl5 FEBs. The default cycle time is 44.8us.
The registers CUR_01 to CUR_15 provide a 12 bitenurvalue. To get mA it has to be multiplied
with 0.485 resulting in almost 2A for the full raag

The current limits are defined by the CUR_MIN andRC MAX registers. Once the current of a
particular channel is not within the limits, thewsr gets shut down immediately and the STAT
register bit_0 pops up. By reading both, the OVERBRGnd the UNDER_CUR register, the male
functioning channel can be identified easily by éipgropriate bit been set. In case of a real
shortcut, it is possible that the bit of the UNDERJR register is set, instead of the expected bit of
the OVER_CUR register. Reason is the power swiitcuic FPF2702MX , acting faster than the
firmware fuse (max. 44.8us).

To recover from such a state, the appropriatefite@PONF has to be cleared and set again. This
operation clears the corresponding error statgsasitwell.

SADC1_nCS

SADC1_SCLK

SADC1_DIN

SADC1_DOUT

Chi1_ 2.00Vv M1.00mus A Chl 5 EB80omv

23 Jul 2017
mi10.20% 08:40:36

Figure 7: SPI signals of the ADC AD7928 (U45, U46), usedtfe current measurement
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Figure 9: one of two ADCs AD7928, being used for the cotmaeasurement
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3.1 FEB Powering by Jumper
" w_3298%
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Figure 10: Test pins SEL(0) to SEL(3)

The FEBs can also be powered in groups by sgtimgers on the test pin field J16, signals

SEL(0)...SEL(3), according to the following schema:

SEL-jumper set CTDB channel powered

3(2|1|]0}|15|14|13|12|11|10/9|8|7|6|5|4]|3|2]|1
X X
X X| X
X | x X| x| x
X x| x| x| X
X X X[ x| x| x| X
X | X | x| x| x| x| x
X | x| x x| x| x| x| x| x| x
X x| x| x| x| x| x| x| x
X X | x| x| x| x| x| x| x| x
X X x| x| x| x| x| x| x| x| x| X
X X | X | x| x| x| x| x| x| x| x| x| x
X | X | x| x| x| x| x| x| x| x| x| x| X
X | x X X | x| x| x| x| x| x| x| x| x| x| x| X
X | x| x X| x| x| x| x| x| x| x| x| x| x| x| x| x
X | x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x

The jumper setting overwrites the software conifbk current limitation is fixed at 2A. The

DEBUG register value must be 0000h (power up value)
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4. Register Description

Some registers, located at the top address regjiomy additional tuning. Their default settings
after power on usually do not need any modificatB®ut if required, there is some room for
optimizing or debugging.

4.1. PON_TIME Register

This register defines the period of time in msega#ioftware controlled power on, while the
firmware fuse is disabled. Otherwise the firmwarsef would react, once the inrush current is
above the programmed max. value of 1.6A (typick.measurement below shows the typical FEB
inrush current (green curve,~2A pk). The curramitttion of about 2A here is due to the
configuration of the FPF2702MX, see R63 at Figure 8

Tek Run e —— | ] Trig?. Tek Run s | ] Trig?

. PON_TIME: - ' POFF_TIME

— <
AR BN |
: \ ; TCUR_MAX ,
: i %5 e Current T |

CUR_MIN [

\oltage wwwx

@ S0V 10.0ms 10.0k8/5 @ 15Dec 2t FD 5.00V J[lﬂ Oms 10.0kS/s @\ J[ 15 Dec 2016]
500mA 1000 points 5.00V 07:38:28 € 500m4 1000 points 213V 07:46:43

Figure 11: 24V Power on (left) and off (right), measured F&Brent and voltage

4.2. POFF_TIME Register

This register defines the period of time in msgiafioftware controlled power off, before the next
power on is possible. Goal is, to wait until alpaaitors are fully discharged and the FEB voltage i
almost zero. Keep in mind, the FPGA configuratieeds a voltage ramp to get started.

4.3. ADC_SRATE Register

The refresh rate for tHeEB current ADC can be set by writing a number leetaw8 and 255 to the
ADC_SRATE register. The standard refresh rate i8B!l (~22kHz) .

refresh_rate = 5.6us * ADC_RATE (= 44.8 us aftewpr on)

-10 -
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4.4. DEBUG Register

The DEBUG register allows to program the usagéeftést pin field J16 (SEL(0)..SEL(3)), see

figure 10. After power up, the test pins can beduss inputs to power a group of FEBs according
to the table shown at chapter 3.1. . By writingalue according to the table shown below, the test
pins can be used to verify the timing of severghals, e.g. for the backplane SPI bus or the S®I bu

used to control the two serial ADCs (FEB currenaswement). Note, the pins 1,3,5,7 of J16 are
connected to GND.

DEBUG-reg. value| J16-Pin Signal (CTDB-schemaltic) Ré&mar
2 SEL(0)-input Set jumpers to power on groups dBR#oO any
software control. Current limit is fixed at abow 2
4 SEL(1)-input
00h
6 SEL(2)-input
8 SEL(3)-input
2 SADC1_nCS Check the timing for the current measun¢ime
probing the SPI bus signals of the serial ADC
oth 4 SADC1_SCLK AD7928 (U45).
6 SADC1_DIN
8 SADC1_DOUT
2 SADC2_nCS Check the timing for the current measun¢ine
probing the SPI bus signals of the serial ADC
ooh 4 SADC2_SCLK AD7928 (U46).
6 SADC2_DIN
8 SADC2_DOUT
2 SPI_SYNC Check the timing and monitor the SPI bus
communication on the L2-crates backplane, with
oah 4 SPI_SCLK L2CB acting as the bus master.
6 SPI_MOSI
8 SPI_MISO

he

-11 -
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5. Register Address Map

hex
addr. | Name Usage

00 PONF Power On / Off register

01 | CUR_O1

value * 0.485 = FEB_24V_current in mA, RJ45 portd 3,

OF | CUR_15

10 CUR_00 value * 0.485 = CTDB_(own)_24V_currentmA

11 CUR_MIN FEB current, lower limit

12 CUR_MAX FEB current, upper limit

13 OVER_CUR over current detected

14 UNDER_CUR under current detected

20 CTRL control register for common usage

21 STAT status register for common usage

FB | PON_TIME time in ms, to disable the firmwaredwafter power on
FC | POFF_TIME time in ms, after power down, befibre next power on is possiblg
FD | ADC_SRATE ADC (cur. measurement) sampling rate

FE | DEBUG to program the usage of the test pins (6BL

FF | FREV Firmware Revision, bits 15..0

-12 -
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6. Register, Bits and Bytes

PONF @ address 00h, 16 bit RW, power_on_value = 0 (P00

Bit | Attr. | Usage
0 RO | ‘0, reserved
15.1 | RW | port_15..1, port_1 is the top conneatoite a ‘1’ to power on individual
ports, write a ‘0’ to power off the port or to cigie errors status

CUR_01..15 @ address 01..0Fh, 12 bit RO, power_on_valueG60ah)

Bit | Attr. | Usage
11..0 RO | FEB current, 0.485 mA / bit, full sca2A
15..12| RO | ‘O

CUR_00 @ address 10h, 12 bit RO, power_on_value = 0 (@000

Bit | Attr. | Usage
11..0 | RO | CTDB-own current load at 24V_aux, 0.485 wigit, full scale ~2 A
15..12| RO | ‘O

CUR_MIN @ address 11h, 12 bit RW, power_on_value = 10Q@&Eh)

Bit | Attr. | Usage
11..0 RW | lower current limit, 0.485 mA / bit, fidtale ~ 2 A
15..12| RO | ‘O

CUR_MAX @ address 12h, 12 bit RW, power_on_value = 160Q@®A&3h)

Bit | Attr. | Usage
11..0 | RW | uppper current limit, 0.485 mA / bit,|Ifstale ~2 A
15..12| RO | ‘O

-13 -
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OVER_CUR @ address 13h, 15 bit RO, power_on_value = 0 (0000
Bit | Attr. | Usage

0 RO | ‘0, reserved
15..1 RO

ports 15..1, ‘1'=individual currentoafe the max. current limit

UNDER_CUR @ address 14h, 15 bit RO, power_on_value = 0 (@000
Bit | Attr. | Usage

0 RO | ‘0, reserved
15..1 RO

ports 15..1, ‘1’'=individual currentld& the min. current limit

CTRL @ address 20h, 16 bit RW, power_on_value = 0 (P01
Bit | Attr. | Usage

0 RW | firmware fuse enable (check, if FEB currenwithin the limits)
15..1 | RW | reserved

STAT @ address 21h, 16 bit RO, power_on_value = 0 (9000
Bit | Attr. | Usage
0 RO

1 RO | if set, current values are available, “dumnigygn 20us after FPGA loag
15.2 | RO | ‘0, reserved

over or under current for at least 1 of thgpdfis detected

)

-14 -
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PON_TIME @ address FBh, 8 bit RW, power_on_value = 0032m&

Bit | Attr. | Usage

7..0 RW | period of time, after power on, while tivenfvare fuse is disabled,
multiples of 1ms

15.8| RO | O

POFF_TIME @ address FCh, 8 bit RW, power_on_value = 0030m§&)
Bit | Attr. | Usage

7.0 RW | period of time, after powering off, prevMagtpower up while capacitors
at the FEB are not yet fully discharged

15.8| RO | O

ADC_RATE @ address FDh, 8 bit RW, power_on_value = 0 (Op08h
Bit | Attr. | Usage

7.0 RW | FEB current ADC, refresh rate, only nunmize8 will be accepted,
standard min refresh rate is 44.8us

refresh_rate = 5.6us * ADC_RATE (= 44.8 us aftewpr on)
15.8| RO | ‘O

DEBUG @ address FEh, 8 bit RW, power_on_value = 0 (0p0OOh

Bit | Attr. | Usage

7.0 RW | 00h : power on groups of FEBs by settingpars

01h : serial ADC1 (U45), monitoring SPI bus sigrati$est pin field J16
02h : serial ADC2 (U46), monitoring SPI bus sigrati$est pin field J16
03h : L2-crate backplane, monitoring SPI bus signal

15.8| RO | ‘O

FREV @ address FFh, 16 bit RO, power_on_value : bifiangvare rev. number
Bit | Attr. | Usage
15..0 | RO | CTDB firmware revision

-15 -
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