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DISCLAIMER 

The APVDAQ is a complex electronic system which can be 
damaged if handled improperly. In particular, the following 
guidelines must be respected by the operator. We decline any 
responsibility for errors, damage or injury resulting from misuse 
in disrespect of the items stated below. 

• Double-check jumpers and switches. 

There are several jumpers on the APVDAQ VME module, and 
things can go badly wrong if they are set improperly. 
In particular, the -5V supply can be set in different ways of which only one 
must be activated at a time, and the same applies to the CLK source. 
Moreover, if several VME modules are operated in the same crate, make 
sure that there is exactly one master and all other modules are set as 
slaves. 

• Double-check cable connections. 

Obviously, it is not a good thing to connect two outputs 
together. 
This can create shorts which may harm the corresponding drivers. 

• Do not use the JTAG feature. 

Programming Altera devices on the APVDAQ modules is for 
experts only. 
The Altera Stratix device can be programmed by the JTAG bus that is 
accessible by VME. Obviously, much harm can be done by improper use of 
this feature. In the worst case, the Altera and/or other devices on the 
board may blow up. 
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1 Contact 
The APVDAQ system is designed, built and maintained by the Electronics-2 
group at HEPHY Vienna. Contact: 

Markus Friedl (friedl@hephy.oeaw.ac.at) 
Christian Irmler (irmler@hephy.oeaw.ac.at) 

Institute of High Energy Physics of the Austrian Academy of Sciences 
Nikolsdorfergasse 18 
A-1050 Vienna 
Austria 

Phone: +43-1-5447328-0 Fax: +43-1-5447328-54 

2 Overview 
This document describes the APVDAQ system, consisting of one or more 
VME modules, each of which is connected to one repeater board with an 
attached APV hybrid. 
Additional information is contained within the schematic drawings, which are 
available as well as layouts and this document at http://apvdaq.hephy.at .  

2.1 System 
The picture below shows two possible configurations of the APVDAQ: single 
VME-module or multiple boards, e.g. for double sided readout as shown here.  
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Up to 4 parallel VME modules have been tested extensively, but even more 
should be possible, provided that a suitable P2 backplane bus is used. In that 
case, the master module distributes clock and trigger information to the 
slave module(s). 
Please note that an external linear laboratory power supply is needed for 
cable lengths of more than 2m between VME and repeater as well as for 
double sided readout with any cable length. 
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2.2 Cable Connections 
Each VME module is connected to an AC Repeater by three cables: 

• 34 wire flat twisted pair (power, control); VME ↔ Repeater 
• CAT5 (or 7) for CLK and TRG; VME → Repeater 
• CAT7 for analog signals; Repeater → VME 

For both flat and CAT cables, all connections are straight, i.e. pin1-pin1, 
pin2-pin2, etc. with adjacent pairs (1/2, 3/4, 5/6, etc.). Thus, standard 
Ethernet patch cords are NOT SUITABLE since they have different pairing. 
The correct scheme for APVDAQ CAT5 and CAT7 cables is shown below, 
where differences to the standard Ethernet pinout are indicated in red. 

 

The length of these cables is arbitrary. 2, 7 and 30m cables were tested. 
While power, controls, CLK and TRG do not care about the cable length, the 
equalization circuit of the signal drivers on the AC repeater boards has to be 
adjusted to the actual signal cable length (see 3.2.2.2 Signal Cable 
Equalization, p. 14) in order to achieve proper signal transmission. 
While the cable choice is pretty arbitrary for short length, we recommend 
the use of cables as mentioned above for connection distances above a few 
meters. The particular reason for CAT7 signal cables is the reduced skew 
(different propagation delay) between pairs which is important for the 
APVDAQ system since all 4 signals are sampled by ADCs at the same time.  
Measurements with 30m of CAT5 and CAT7 cables returned these numbers: 

Cable Vendor name Color Propagation 
Delay 

Skew 
max.

Bandwidth 
(vendor specs)

CAT5 UTP 4x2xAWG26 Grey 150ns 5ns 300MHz 

CAT7 STP 4x2xAWG27 GE Yellow 133ns 2ns 750MHz 

If two or more VME modules are used in parallel, they need a P2 backplane 
connection to propagate clock and trigger signals between master and slave 
modules. See 3.1.1.2 P2 Backplane Bus, p. 8 for details. 

See 3.2.1 I/O, p. 12 for details on the cables between AC Repeater and the 
APV25 hybrid. 
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3 Hardware 

3.1 APVDAQ VME (V2) 
The 6U VME module is used for both control and readout functionality. It 
consists of the central Stratix Altera (on a daughter board), the VME 
protocol Altera, the ADC daughter board and supplemental electronics. 

 

Please note that the module might look slightly different depending on the 
supply option for -5V. In this photo, the negative supply is generated with a 
DC/DC converter located in the bottom center. Alternatively, -5V can be 
taken from the central VME PAUX connector (which is not assembled here). 
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3.1.1 I/O 

3.1.1.1 Front Panel 
The front panel reveals several inputs and outputs as shown on the drawing 
on the next page. 

• Signal In; RJ45; analog 
o Differential analog signals from AC Repeater (CAT7 cable) 

• CLK/TRG Out; RJ45; LVDS 
o Fast control signals to the AC Repeater (CAT5/7 cable) 

• VME activity LED 
• DAC Out; 2xLEMO; analog (untested) 

o For user purposes 
• Repeater; IDC34; mixed (power, analog, TTL, LVDS) 

o Power and slow control (Reset, I2C, Switch) to/from AC 
Repeater (34 wire flat TP cable) 

• TTM In; IDC20; differential TTL (untested) 
o (optional) TTM control signal inputs (20 wire flat TP cable) 

• CLK In; LEMO; NIM 
o (optional) external clock input 

• TRG In; LEMO; NIM 
o External trigger input 

• CLK Out; LEMO; NIM 
o System clock output 

• TRG Out; LEMO; NIM 
o Output of accepted and CLK-sync’d triggers, can be used as a 

TDC Stop (together with TRG In as TDC Start) to measure the 
time between incoming trigger and clock edge 

In case of several APVDAQ modules operating in parallel, CLK In and TRG In 
must only be connected to the master, which distributes the clock and 
accepted triggers (same as TRG Out) to the slave modules using the P2 
backplane bus. 

3.1.1.2 P2 Backplane Bus 
When several VME modules are operated in parallel, the master needs to 
distribute clock and trigger signals to the slave(s). This is done with user 
defined pins on the P2 (bottom) VME connector using LVDS signals. Pins 
A2/C2 are used for clock and A4/C4 for trigger information. 
The P2 bus should be terminated with 100Ω on both ends, which can either 
be done on the bus itself or preferably on the APVDAQ VME module by a SIL 
resistor network being plugged into a socket next to the P2 connector. 
The APVDAQ VME module is fully compatible with the SVD2 P2 backplane and 
can thus also be used in existing SVD2 VME crates (untested). Otherwise, a 



 9

simple P2 backplane can be made by a short piece of flat ribbon cable with 
VME connectors attached directly to the cable. 

3.1.2 Switches and Jumpers 
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Each APVDAQ module has several switches and jumpers to configure supply 
voltage options, clock source and master/slave modes. These must be 
carefully selected to avoid damage to the electronics. 
The default settings shown here in green are suitable for both single-module 
operation as well as the master module in case of multiple modules. 
These jumpers and switches are not dependent on SSD or DSSD operation. 
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3.1.2.1 Supply Voltage Jumpers 
These jumpers define the -5 and +12V sources. 

3.1.2.1.1 +12V 
J12V is unused. This is a legacy jumper; there is no part in the APVDAQ 
system which needs +12V. 

3.1.2.1.2 -5V 
Four different ways can be chosen to supply -5V: 

• VME PAUX: J-5PAUX closed, J-5VP2 / J-5VDCDC / J+5VDCDC open 
o The small, centered VME connector supplies -5V on rows 9 and 

10. Not all VME crates support PAUX, and sometimes a metal 
bar even prevents insertion of VME modules with PAUX 
equipped. In that case, it must be unsoldered and another option 
must be used. 

• VME P2: J-5VP2 closed, J-5PAUX / J-5VDCDC / J+5VDCDC open 
o This option is intended for use in an SVD2 crate, where -5V is 

supplied by pins C18 and A30 (untested). 
• DC/DC Conv.: J-5VDCDC / J+5VDCDC closed, J-5PAUX / J-5VP2 open 

o If the DC/DC converter (Newport Components NMXS0505SO; 
RS stock no. 192-0696, Farnell stock no. 283230) is 
assembled, it can provide -5V from +5V. This is the default. 

• External: J-5VDCDC / J+5VDCDC / J-5PAUX / J-5VP2 open 
o -5V could also be supplied externally, e.g. between J-5VDCDC 

and GND jumpers. 
Make sure to use exactly one mode, avoiding potential shorts. 

3.1.2.2 Clock Source 
Four different clock sources can be selected, where the first three are only 
available to the master VME module, while the last mode is for slaves. 

• Master – Internal 40MHz: CLK_OSC on, CLK_TTM / CLK_EXT off 
o A 40MHz clock is taken from the on-board oscillator. 

• Master – TTM: CLK_TTM on, CLK_OSC / CLK_EXT off (untested) 
o Intended to take the 20MHz clock from the TTM input, which is 

doubled in the Altera and provided to the system (currently not 
implemented in firmware). Proper TTMTERM termination DIL 
resistor networks must be installed to use the TTM inputs. 

• Master – External: CLK_EXT on, CLK_OSC / CLK_TTM off 
o The CLK In on the front panel provides the clock. It supports a 

wide range of frequencies and has been tested with 40, 50, 63 
and 80MHz. Please note that the APVDAQ system does not 
work between 58.5 and 62.5MHz. 

• Slave – P2 Backplane: CLK_OSC / CLK_TTM / CLK_EXT off 



 11

o The clock is provided on the P2 backplane for all slaves, so all 
other sources must be turned off. 

Make sure to use exactly one clock input to avoid driver conflicts. 

3.1.2.3 Master or Slave 
In a multi-VME module environment, only one master module is allowed to 
talk to the P2 backplane bus, all other modules are slaves and must listen. 
Moreover, the master is the only one to get clock and trigger inputs, is 
responsible for trigger synchronization and vetoing and finally distributes 
clock and accepted triggers on the P2 backplane bus. 

• Master or Single: CLK_BUS / CONTROL_BUS on 
o The master talks to all bus lines.  

• Slave: CLK_BUS / CONTROL_BUS off  
o Slave modules are not allowed to talk. 

REJ_ALT and ADR_BUS are currently not used by the Altera firmware, so 
they can be kept off for all modules. 
The P2 backplane bus should be terminated with 100Ω differentially on both 
ends. The P2TERM socket can be used for this purpose with a SIL resistor 
network or two wired resistors. 
If there is only a single VME module, it must be configured as a master and 
the P2TERM on-board termination resistors must be installed, even though 
there is no P2 backplane bus to other modules. 

3.1.2.4 VME Related 
VME bus features: 

• VME Base: A[31..28] / A[27..24] 
o Sets the most significant digits of the VME base address (A32). 

Do not set A[31]=1 (i.e. switch setting ≥ 0x8) since this is 
reserved for global addressing.  

• VME Programming: D4_OE 
o Enables or disables the ability to re-program the Stratix Altera 

firmware over the VME bus. 
SW1_LD1 is only meant for programming the Stratix Altera using the nearby 
connector and thus not relevant to users. 

3.2 AC Repeater (V3/V4) 
The AC Repeater board is an interface between the local APV25 hybrid and 
the remote VME board. Apart from “repeating” signals between those two 
parts, it has to bridge signals to the floating power scheme of the APV chips 
by means of capacitive coupling for CLK, TRG and analog signals and 
optocouplers for I2C and Reset. 
The low voltage side is powered from the APVDAQ VME module, while the 
floating power for the APV25 hybrid can either be bridged to the VME 



 12

voltages by 3 jumpers (for single sided detector operation where no actual 
level shifting is required) if and only if using a short cable (up to 2m) 
between VME and repeater, or connected to an external (floating) linear 
laboratory power supply by using the three banana jacks or the small 
connector aside. 
When the cable to VME is longer than 2m, an external linear lab power 
supply MUST be used to power the front-end in any case. Whenever 
external power is supplied by the banana jacks, the three jumpers next to 
them MUST be removed (otherwise the external power supply is shorted 
with the VME power which can lead to excessive equalizing currents through 
the cable). 

 

3.2.1 I/O 

3.2.1.1 APVDAQ VME Side 
• SIGNAL_OUT aka AN_DATA; RJ45; analog 

o Differential analog signal output (yellow CAT7 cable) 
• CLK/TRG_IN aka CONTROL; RJ45; LVDS 
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o CLK/TRG signal input (grey CAT5 cable) 
• 1ST1; IDC34; mixed (power, analog, TTL, LVDS) 

o Power and slow control (Reset, I2C, Switch; 34 wire flat TP 
cable) 

The connection is straight for each cable to the corresponding APVDAQ VME 
module as explained in section 2.2 Cable Connections, p. 6. 

3.2.1.2 APV25 Hybrid Side 
• HYBRID_CONN; Samtec FTSH-125-01-L-DV-EJ-K-A; mixed (power, 

analog, digital) 
o Single 50 pin connector to the APV25 hybrid 

• HV, GND; pins; power 
o (optional) bias voltage connection to the silicon detector 

Fine-pitch (0.025”) Samtec connectors are used for the repeater-hybrid 
connection. The associated part numbers are 

• FTSH-125-01-L-DV-EJ-K-A: repeater side, with ejection mechanics 
• FTSH-125-01-L-DV-K-A: hybrid side, without ejection 
• FFSD-25-D-02.00-01-N: 2” cable assembly 

3.2.1.3 Biasing 
A high voltage cable can be attached to the HV connector on the repeater. 
There are three jumpers on the repeater: 

• J_HV; this jumper is located between HV connector and hybrid 
connector and must be placed whenever this HV path shall be used 

• J_HVRET_LVGND; this jumper connects the HV return path with the 
earth related ground (supplied by VME) 

• J_HVRET_GND; this jumper connects the HV return path with the 
local (floating) ground of the repeater 

Please note that no connection is foreseen between HV and local (floating) 
ground on the repeater. This contact should be made on the hybrid so that 
it is close to the sensor which avoids large ground loops. 

3.2.1.4 Power 
• FLOATING POWER; Banana jacks or power connector; power 

o Floating APV25 power (red=+5V, black=GND, blue=-5V) 
• HV; SHV; power 

o (optional) bias voltage 
In case of single sided detector operation, the front-end power can also be 
taken from VME (being delivered to the repeater through the 34 wire flat 
twisted pair cable) by bridging the 3 jumpers close to the banana jacks.  
In case of double sided detectors, the DC power to the APV25 should be 
provided from a floating laboratory power supply with linear regulation. 
According to our experience, the quality of this power supply is essential for 
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low-noise operation of a silicon detector, but is less critical for a bare 
APV25 hybrid. 

3.2.2 Repeater Adjustments 

3.2.2.1 +2.5V Regulator 
There is a potentiometer close to the top voltage regulator (with heat sink) 
as shown on the photo on the previous page, which can be used to tune the 
+2.5V power to the APV25 from 2.25 to 2.75V, which is the 10% range of 
tolerance specified for the APV25 (CMOS 0.25µm process). By default, this 
voltage is set to the nominal 2.5V. 
The +1.25V power line to the APV25 is fixed. 

3.2.2.2 Signal Cable Equalization 
In the BELLE SVD2.5 configuration, the APV25 output consists of analog 
channel values multiplexed at 40MHz (CMS: 20MHz). The transmission 
channel needs a bandwidth in excess of the switching frequency to 
propagate the signals without deformation, ideally in the order of 100MHz. 
This is no issue for short (few meters or less) cables or optical links, but 
problematic for cables of 30m length.. Thus, the cable driver needs special 
adjustment depending on the cable length. 
The scheme below shows the transmission path in the APVDAQ system as 
implemented with 30m cables. 
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The capacitors across the 50Ω resistors after the driver enhance higher 
frequencies which are more damped by the cable. So far, the proper 
capacitor was identified for cable lengths as shown in the table below. 

Cable length Capacitors 

≤2m 68pF 

7m 82pF 

16m 100pF 

30m 150pF 

The suitable value has to be found by trial for a given cable length. On the 
PCB, the capacitors actually sit on top of the resistors in the very center of 
the AC Repeater (close to the EL5173 drivers). 
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For such evaluation, it is not recommended to probe the signals on the 
receiving end. In fact, it is much better to use the real system for this 
evaluation. The APV25 produces tick marks every 35 CLK cycles which are 
big spikes with a width of one clock cycle, hence a perfect emulation of a 
huge signal on one channel (strip). The APVDAQ VME module features a delay 
chip for the ADC clock that can be programmed in steps of 1ns to 
progressively scan those tick marks along the time axis with a resolution of 
1ns. The pulse shapes below were recorded using this feature. 

  
C too low 

(30m, 82pF) 
C good 

(30m, 150pF) 
C too high 

(30m, 300pF) 

3.2.2.3 I2C 
The APV25 chip uses the I2C bus for slow control (programming and reading 
bias registers). It has two bonding pads for SDA (SDAIN and SDAOUT) 
which should preferably be kept separated throughout the system. 
In the current implementation of the APVDAQ system, the two SDA lines are 
completely separated from the VME module (SDA_In, SDA_Out) to the AC 
Repeater including the optocouplers there. After translation to the high 
voltage side, the two lines are still kept apart all the way to the hybrid which 
has proven superior in terms of reliability, compared to joining the lines onto 
a single bus.  

4 Operation 

4.1 Front-end to Back-end Connections 
There are three cables running between each VME module and the 
corresponding AC repeater: 

• Clock and trigger (digital), grey CAT5 cable 

• Signals (analog), yellow CAT7 cable 

• Slow control (digital) & power, colorful twisted flat cable 
Those cables are connected as shown in the scheme below, which also 
includes the fine-pitch flat twisted cable between AC repeater and the front-
end hybrid (left side). 
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4.2 Single APVDAQ VME Module 
The single VME module operation is pretty straightforward, since all 
connections are clear and no P2 backplane bus is needed. 
The jumpers should be set in the “Master” mode and a termination resistor 
network must be installed on the APVDAQ module just as shown in the figure 
in 3.1 APVDAQ VME, p. 7. 

4.3 Multiple APVDAQ VME Modules 
In a multi-module system, there is always one master and one or more 
slaves. 
Clock and trigger are prepared by the master and distributed to the slaves 
using the P2 backplane bus, which must be terminated on both sides (either 
on the APVDAQ VME modules or on the bus itself) as shown on the figure on 
the next page. The clock can either be external or taken from the onboard 
oscillator, but in any case only on the master module. Similarly, the hardware 
trigger signal is fed into the master. Alternatively, triggers can be issued by 
software which is usually done by global VME addressing mode such that all 
modules work synchronously. 
The order of modules is deliberately, but it shall be noted that due to the 
realization of the bus distribution there is a small delay in the order of 2ns 
between the master and the slaves, and a similar delay may occur at the end 
of the bus. These delays can easily be checked using the CLK outputs on the 
front-end of each module. 
APVDAQ VME modules are hot-pluggable, i.e. they can be inserted or 
removed from the crate while the power is on. However, the VME crate 
controller might not like this, requiring a reset. 
Make sure that all jumpers and switches are in the correct position, 
especially that there is only one APVDAQ VME module configured as master. 
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4.3.1 2 APVDAQ VME Modules 
The recommended positions for switches, jumpers and VME address 
selectors are shown below. Backplane bus termination resistors are placed 
on both modules. 

1 1

D E

Master Slave  
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4.3.2 4+ APVDAQ VME Modules 
The recommended positions for 
switches, jumpers and VME 
address selectors are shown to 
the right. Note that backplane bus 
termination resistors only appear 
at the edges of the chain. 
For any number of modules, but 
especially the case of more than 4 
modules, please follow the rules 
listed here: 

• The first module (Master) 
always has the same settings, 
regardless of the number of 
slaves (if any) 

• Switches and jumpers are 
identical for all slaves, 
regardless of their number 

• The VME base addresses are 
arbitrary, but increasing order 
is recommended 

• The P2 backplane bus must 
reach all modules 

• First and last module in the 
chain must be terminated for 
the backplane bus lines 

 
Please note that in general, the 
order of modules is irrelevant as 
long as (a) all boards are connected 
to the backplane bus and (b) both 
ends of the bus are terminated. 
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4.4 Detector Type: SSD or DSSD 
The AC Repeater works with both types of silicon detectors, provided that 
the jumpers and connections are made in the right way as demonstrated 
below. In both cases, the bias voltage can be applied through the HV 
connector. 

4.4.1 Single-sided Silicon Detector 
(SSD) 

Essentially, all jumpers must be closed, but no extra LV power needs to be 
supplied. Once the J_P5V, J_GND and J_M5V jumpers are placed, the front-
end power is taken from the VME as supplied through the 34-conductor 
twisted flat cable. If – e.g. in case of a noisy VME power supply – this is 
undesirable, the user may remove those three jumpers and supply his or her 
own low voltage to the front-end. In any case, the ground potential of the 
front-end will be the same as the one of VME, namely earth. 
A single bias voltage can be applied to the HV connector and will be guided 
to the front-end hybrid through the small-pitch cable. From there, it must 
be connected to the back-plane of the sensor. In case of p-bulk detectors, 
the bias voltage must be positive w.r.t. ground (earth). 

J_HV

J_HVRET_GND

J_HVRET_LVGND

J_P5V

J_GND

J_M5V
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4.4.2 Double-sided Silicon Detector 
(DSSD) 

In this case, each repeater connects to one side of the detector and hence 
needs either positive (n-side) or negative (p-side) bias voltage which can be 
applied through the HV connectors on the repeater. 
Moreover, two different floating LV low-noise power supplies, each 
delivering ±5V, must be connected to the two repeaters. Those floating 
power sits on top of the respective bias voltage and level translation of the 
signals is made by capacitive connections as well as optocouplers on the 
repeater.  
We recommend to use linear regulated power supplies (not switching ones) 
for the floating LV and to use equal bias voltages for p and n sides, e.g. ±40V 
for a total depletion voltage of 80V. 

J_HV

J_HVRET_LVGND

+5V

GND

-5V

 

5 VME Commands 

5.1 Functionality 
The drawing on the next page shows the data flow within the APVDAQ VME 
modules. 
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The top box applies to the master only, which provides clock and trigger 
signals on the P2 backplane bus to itself and the slaves. For historical 
reasons (backwards compatibility with SVD2) the clock is propagated on a 
pair of lines called CLK_20M, even though it is typically 40MHz with the 
APVDAQ, and the trigger is sent on the ADC_STOP line pair, and this name 
does not really fit either. 
In parallel to the hardware trigger input from the front panel (TRG In), such a 
signal can also be produced by VME. Then, the trigger input is sent through 
a programmable delay (Delay 3) before it is synchronized to the system 
clock. This delay can be used for fine timing adjustment particularly with a 
narrow trigger pulse (i.e. shorter than the clock period). 
In the next step, a trigger conditioner and veto logic ensures that the APV 
condition for minimum trigger spacing (two empty clock cycles) is met and 
blocks triggers exceeding a predefined count (typically 1) until the veto is 
explicitly cleared. Once a trigger signal passed this logic, it is accepted and 
thus distributed to all modules (including the master itself) on the P2 
backplane bus. 

D
TRG In

WRITE_TRG
Delay 3

Delay 1

DAC

4 x ADC
+ FIFO

Frame
Detection

Q Veto Logic

Sequencer

Shift Register

ADC_STOP

CLK_20M

TA0 (APV Trigger)

Signal In

AUX_OUT (Switch)

SCL
SDA_In
SDA_Out

CA0 (APV Clock)

ADC_STOP

CLK

CLK_20M CLK

CLK

CLK

CLK

Delay (0..24ns)

Delay (0..24ns)

READ_VETO
WRITE_VETO

Allowed triggers (1..15, )∞

Configuration

Configuration
WRITE_TRG_SEQ

ConfigurationConfiguration
READ_FIFO

WRITE_LRES

Delay AI2C

start

data

test/offset

P2 Backplane Bus

To AC Repeater

P2 Backplane Bus

Master only

Master and Slave(s)

I2C Master

RED: VME functions  

Both clock and trigger signals are picked up by master and slave modules 
from the bus. Depending on the configuration, the trigger signal is either 
delayed through a shift register or initiates a predefined sequence. 
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Both methods are equal for simple single-trigger propagation. However, once 
a series of closely spaced triggers shall be forwarded to the APV25 as 
presented on the TRG In input, the Shift Register must be used, which is up 
to 256 clock cycles deep. On the other hand, in case of multi-peak mode 
where not just 3, but 6,9,…,30 samples shall be recorded, a suitably 
programmed sequence (also 256 bits deep) must be used. 
Apart from the sequence which is initiated by a hardware trigger, there are 
three more programmable sequences for purposes such as software trigger, 
calibration request and reset. Moreover, a 256-word sequence can be 
programmed for each of the three 10-bit DACs, of which one is sent to the 
ADCs and thus can be used to simulate any data pattern or simply define a 
baseline offset which is added to the incoming signals. 
Another delay (Delay 1) is used for the sampling clock of the ADCs, which 
has to be carefully selected depending on the cable length and clock 
frequency. It is recommended to progressively scan this delay to measure a 
step response (e.g. using the APV25 tick marks) and then choose the best 
sampling point (see 3.2.2.2 Signal Cable Equalization, p. 14). 
The Frame Detection unit is used to close an electronic switch on the AC 
Repeater whenever the APV output is idle. Since the signals are translated 
over a capacitance which acts as a high pass filter, the signals decay with a 
time constant of 484µs which is barely visible in single mode, but becomes 
an issue in high-samples multi-peak mode. The switch is foreseen to 
immediately tie the capacitor output to the zero level and thus quickly 
restore the baseline rather than having it relax with the same long time 
constant. Obviously, frame length and the time between APV25 tick marks, 
reduced by the doubled propagation delay of the cable, has to be configured 
for this unit to work properly, but it can also be turned off completely. 
Two I2C masters exist on the APVDAQ VME module, where one is used to 
communicate with the APV25 chips, while the other one is used to program 
the delay chip (PHOS4). 
Most of the logic functionality is built into the central Stratix Altera, while 
the VME Protocol Altera is responsible for VME communication and hosts 
the I2C masters. They communicate via a local bus which is transparent to 
VME for all addresses where A15=1. Thus, the user does not need to care 
where the logic is located as long as the correct VME address offsets (see 
5.3 Registers and Functions, p. 23) are used. 

5.2 Addressing 
The APVDAQ VME module uses A32 addressing where the highest 8 bits of 
the base address can be selected by switches (see 3.1.2.4 VME Related, p. 
11). Please note that A31=1 is reserved for global addressing, thus select a 
base address between 0x01 and 0x7f. The global addressing is e.g. useful 
to synchronously send software triggers to all APV25 chips in the system. 
The data words can be 16 or 32 bits wide. Supported data transfer modes 
are shown in the table below. 
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Mode Address Modifier 

Extended non-privileged data access 0x09 

Extended non-privileged block transfer 0x0b 

The VME block transfer can only be used for read operations and is intended 
to transfer the ADC FIFO contents to the computer. 

5.3 Registers and Functions 

The table on the next page gives an overview of the VME addresses used on 
the APVDAQ module. Each address will be described in detail thereafter. 
Please note that the READ_EVENTNR function is only available with the TLU-
Extension firmware described in 7 TLU-Extension, p. 36. 

The pseudo code used to give examples of VME programming uses the self-
explanatory syntax 

vme_write (address, data) 

vme_read (address, data) 

vme_block_read (address, data) 

wait time 

Naturally, the block transfer is much faster than a loop of single read 
operations when transferring large data arrays from the ADC FIFOs. 
Nevertheless, both options are fully functional. 
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5.3.1 APV-I2C 
This is the I2C master for communication with the APV25 chips. SCL, 
SDA_In and SDA_Out are extended to the AC Repeater, where they are 
translated to the floating APV levels using optocouplers. 
It is recommended to reset the I2C state machine before each write or 
read cycle. Moreover, read back each register value after writing to confirm 
that I2C operation is successful. If not, the transaction should be repeated 
(after resetting the I2C) for a few times before giving up. 
Pseudo code for resetting the I2C controller: 

// set RESET I2C STATE MACHINE 

vme_write (WRITE_AI2C_RESET, 0x2) 

wait 100us 

// unset RESET I2C STATE MACHINE 

vme_write (WRITE_AI2C_RESET, 0x0) 

wait 100us 

Pseudo code for I2C write cycle: 
Reset i2c state machine (see above) 

// write (up to) 4 data byte(s) 

vme_write (WRITE_AI2C_WORD, data[0] | (data[1]<<8) | (data[2]<<16) | 
                                                     (data[3]<<24)) 

// write address, number of data bytes and issue I2C write command 

vme_write (WRITE_AI2C_ADDR_RW, (bytes<<8) | (address<<1)) 

wait 1ms 

// read back error word 

vme_read (READ_AI2C_ERR, e) 

// OK: error=0, see big table otherwise 

error = (e & 0x0f) 

Pseudo code for I2C read cycle: 
Reset i2c state machine (see above) 

// write address, number of data bytes and issue I2C read command 

vme_write (WRITE_AI2C_ADDR_RW, (bytes<<8) | (address<<1) | 1) 

wait 1ms 

// read back error word 

vme_read (READ_AI2C_ERR, e) 

// OK: error=0, see big table otherwise 

error=(e & 0x0f) 

// read back data byte(s) and split 

vme_read (READ_I2C_WORD, data) 

data[0] = data & 0x0f 

data[1] = (data >> 8) & 0x0f 

data[2] = (data >> 16) & 0x0f 
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data[3] = (data >> 24) & 0x0f 

Please refer to the APV25 manual available at 
http://www.te.rl.ac.uk/med/projects/High_Energy_Physics/CMS/APV25-
S1/pdf/User_Guide_2.2.pdf for information on the I2C settings for the APV25 
chips.  

5.3.2 TLC 
The TLC is a slow serial ADC intended to monitor voltages and currents, but 
this feature is not implemented in the AC Repeater, since all measurements 
would need voltage translation. Consequently, nothing needs to be described 
here. 

5.3.3 PHOS-I2C 
The PHOS4 ASIC is a four channel delay chip which is currently used to 
delay the incoming trigger signals (on the master APVDAQ VME module) and 
to adjust the ADC sampling clock (on all modules), as explained in 5.1 
Functionality, p. 20. 
The related code is the same as for APV-I2C where “AI2C” is replaced by 
“PI2C”, but the PHOS chip does not support to read back register values. 
Moreover, the PHOS chip has no explicit reset line, and thus the first I2C 
write transaction will be interpreted as a reset but otherwise ignored. 
Furthermore, it is recommended to power-cycle the PHOS using its VME-
controlled power switch prior to an “I2C” reset. According to other users, 
the PHOS internal delay line can sometimes lock to wrong frequencies, but 
this was actually never observed with the APVDAQ system. 
Despite of the system clock, the PHOS chip is always operated on the 
internal 40MHz clock, and thus the delay settings are 0…24ns in any case 
which might be more that one system clock cycle. 
Pseudo code for resetting the PHOS chip: 

// power off PHOS (config register: PHOS4_PWR bit off (D6=0)) 

conf_register = (conf_register & 0x01bf) 

vme_write (WRITE_CONF, conf_register) 

wait 10ms 

// power on PHOS (config register: PHOS4_PWR bit on (D6=1)) 

conf_register = (conf_register | 0x40) 

vme_write (WRITE_CONF, conf_register) 

// write dummy I2C 

phos_i2c_write (address=99, data=1, bytes=1) 

Pseudo code to set delay line: 
// delayline=1: ADC clock; delayline=3: Trg In; delay [ns] 

phos_i2c_write (address=0, data=((delayline << 5) | delay), bytes=1) 

While shifting the ADC clock delay, the digitised data can be in any phase to 
the system (=Altera internal) clock. Thus, the Altera can either use normal 
or inverted clock to accept incoming ADC data. The proper configuration 
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register bit setting depends on the clock frequency and the ADC delay 
setting and has been experimentally found for some frequencies and delay 
values as shown in the table below. 

Delay [ns] 40MHz 50MHz 63MHz 80MHz 

0 1 0 1 1 

1 1 0 1 1 

2 1 0 1 0 

3 1 0 0 0 

4 0 0 0 0 

5 0 0 0 0 

6 0 0 0 0 

7 0 0 0 0 

8 0 0 0 1 

9 0 1 0 1 

10 0 1 0 1 

11 0 1 0 1 

12 0 1 0 1 

13 0 1 0 1 

14 0 1 0 0 

15 0 1 0 0 

16 0 1 0 0 

17 0 1 0 0 

18 0 1 0 0 

19 0 1 1 0 

20 0 1 1 0 

21 1 0 1 1 

22 1 0 1 1 

23 1 0 1 1 

24 1 0 1 1 

According to the table above, the proper bit must be set in the configuration 
register as shown in the pseudo code below: 

// config register: clksetting = FIFO_CLK_POL bit (D2)) 

conf_register = (conf_register & 0x01fb) | (clksetting << 2) 

vme_write (WRITE_CONF, conf_register) 
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5.3.4 JTAG 
The JTAG can be used to reprogram the central Stratix Altera. Since this is 
a dangerous field, it will not be documented here, but a ready-made piece of 
software will be provided together with a suitable binary firmware file in case 
of updates. 

5.3.5 NCONFIG 
The NCONFIG register is used to initialize the central Stratix Altera 
(configuration is reloaded from the EEPROM). This procedure takes less than 
one second to complete. Even though it should automatically happen at 
power-on, it is recommended to issue such signal during startup to reset 
the system to a known, clean state. 
Pseudo code to initialize Stratix Altera: 

// set START_LD_ALT1 

vme_write (WRITE_NCONFIG, 1) 

// START_LD_ALT1 must be high for at least 40us 

wait 100us 

// unset START_LD_ALT1 

vme_write (WRITE_NCONFIG, 0) 

// make sure configuration is completed 

wait 1s 

5.3.6 LRES 
This function clears the FIFOs where ADC samples are stored and should be 
issued after reading an event (or part of it). 
Pseudo code to clear FIFOs: 

// FIFO clear (pulse) is bit 31 

vme_write (WRITE_LRES, 0x80000000) 

Unlike most other VME write functions on the APVDAQ VME module, this is 
not a static register to be turned on or off, but just creates a strobe pulse 
that does the job. Hence, a single VME write operation is enough here. 

5.3.7 CONF 

5.3.7.1 CONF Register 
The configuration register is used for many important settings and is the 
only VME address that can be written to (WRITE_CONF) and read back 
(READ_CONF) at the same VME address, accessing the actual contents of 
the register (this allows bit-wise AND/OR operations with memory mapped 
VME address space). The bit meanings are given in the table below. 

CONF Bit Meaning 

D0 Enable internal frame detection 
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D1 Enable external frame detection (RESERV P2 backplane input) 

D2 Normal (0) or inverted (1) clock for ADC data acceptance 

D3 ADC_S1=0 

D4 ADC_S2=0 

D5 Shift register (0) or Sequencer (1) 

D6 PHOS4 power (1=on) 

D7 APV25 power (unused) 

D8 RESET_APV25 (1=reset) 

The frame detection circuit (D0 and D1) is used to close a switch on the AC 
repeater in order to quickly restore the baseline when the APV25 outputs 
are idle. This condition can either be detected internally and requires proper 
setting of two counters (see below), or taken from the RESERV P2 
backplane bus line (untested). This mode is intended for the case where the 
APVDAQ VME module is only a controller together with FADC modules. In 
case of internal mode, input channel 0 is used to derive the switch signal, 
relying on synchronous operation of all APV25 chips. The baseline restoration 
unit is completely turned off with D0=D1=0 (or D0=D1=1). 
The ADC-FIFO clock polarity (D2) for acceptance of digitized ADC data is 
explained in 5.3.3 PHOS-I2C, p. 26. 
D3 and D4 control the gain or phase settings (depending on the version) of 
the two dual ADC chips on the ADC daughter board and should be set to 0 in 
all cases with the APVDAQ system. 
As described in 5.1 Functionality, p. 20, the APV25 trigger signals can 
either be generated by a sequencer or by a shift register, which is selected 
by D5. The usual mode of operation with the APVDAQ system in view of the 
BELLE SVD upgrade will be the sequencer, since it enables the multi-peak 
mode with 6,9,… samples per incoming trigger. 
The power supply of the PHOS4 delay chip can be switched on or off using 
D6. See 5.3.3 PHOS-I2C, p. 26, for details.  
Finally, the APV25 reset line can be asserted by D8. Please note that this 
is a static register, i.e. it needs two VME transfers to generate a transient 
reset pulse. 
It is quite obvious how to write or read the configuration register, as shown 
in the pseudo code below: 

vme_write (WRITE_CONF, config_word) 

vme_read (READ_CONF, config_word) 

5.3.7.2 CNT Register 
The counter register combines four count limits used for different purposes 
as explained below. Please note that WRITE_CNT is write-only.  

CNT Bits Meaning 



 30

D[5..0] Frame detection: (63-Tick length) 

D[15..7] Frame detection: (511-Frame length)=(511-138)

D[23..16] (255-Shift register delay) 

D[27..24] Number of allowed triggers 

The frame detection unit uses two counters: The tick mark detection 
asserts the switch output for the number of clock cycles as specified by the 
inverse (hence “63-…”) of D[5..0]. It must be set such that it is turned off 
before the next tick mark or data frame. The proper value depends on 
operating frequency and cable length. Useful values found by experiment are 
shown in the table below. 

Cable length Clock Tick length 

7m 40MHz 19 

7m 63MHz 17 

7m 80MHz 15 

30m 40MHz 9 

Once a data frame is detected, it disables the tick mark detection circuit for 
the length of the frame (inverse of D[15..7]) minus an offset. This value is 
always 138, independent on clock frequency or cable length. 
The shift register delay (inverse of D[23..16]) is only relevant if this mode is 
enabled in the configuration register (D5=0). 
The veto circuit in the master APVDAQ VME module (see 5.1 Functionality, 
p. 20) allows to propagate a certain number of triggers as specified by 
D[27..24] and blocks further triggers until the veto status is explicitly 
cleared (see 5.3.8.2 Veto Logic, p. 31). It is normally set to 1. In the shift 
register mode, it might also be useful to set it to higher values when 
experimenting with closely spaced triggers. A value of 0 completely turns off 
the veto logic, allowing all triggers to pass. 
Again, setting the CNT register is pretty straightforward: 

vme_write (WRITE_CNT, cnt_word) 

5.3.8 TRG 

5.3.8.1 Test Trigger 
There is a possibility to issue a trigger signal by VME in the master module 
as if it was received on the front panel input, even though this is meant for 
test purposes only and not recommended for normal operation. Software 
generated triggers should rather be generated by the sequencer (see 5.3.9 
SRSeq, p. 31.) while the veto is enabled, thus blocking all incoming hardware 
triggers. 
To generate such a test trigger, write any data word to the associated VME 
address as shown in the pseudo code below: 
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vme_write (WRITE_TRG, 0) 

5.3.8.2 Veto Logic 
The veto logic controls the number of hardware (or test) triggers 
propagated from the master to all modules. Once the maximum count of 
accepted triggers (according to the number specified in the CNT register, 
see 5.3.7.2 CNT Register, p. 29) is reached, the veto status is set and 
must be cleared by a VME command before further triggers are accepted. 
On the other hand, the hardware trigger input can be disabled by setting the 
veto to on, which is useful for pure software triggered runs. 
The current status of the veto bit can be read to check if one or more 
triggers were received and thus ADC data is waiting in the FIFO to be read 
out. 
Read veto status: 

// veto=0: not set; veto!=0: set (=data received in FIFO) 

vme_read (READ_VETO, veto) 

Clear veto status/enable hardware triggers: 
vme_write (WRITE_VETO, 0) 

Diasable hardware triggers: 
// set veto permanently on 

vme_write (WRITE_VETO, 1) 

// clear FIFO to get rid of previous data (if any) 

vme_write (WRITE_LRES, 0x80000000) 

5.3.9 SRSeq 
There are three different sequencer memories implemented in the APVDAQ 
VME module logic: 

 1 hardware trigger sequence (256 x 1 bit) 
 3 software trigger sequences (256 x 1 bit each) 
 3 DAC sequences (256 x 10 bit each) 

All of those sequences are 256 cells (clock cycles) long and fully 
programmable, which normally means that all cells are zero except one to 
few. The corresponding pulse train is then sent to the APVs on the trigger 
line or sent to the DAC, respectively. 
While HW_TRG can only be activated by a hardware trigger received on the 
front panel (and distributed through the P2 backplane), all other sequences 
are exclusively triggered by software. 
In order to activate such software triggers synchronously on several 
modules, one must use the global VME addressing scheme (A31=1) in a 
single VME write command. 
Certain meanings are behind the names of the three software triggered 
sequences, although there is no physical difference between them except 
that only one actually implies ADC data storage in the FIFO. The other two 
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are meant for calibration requests and soft resets, which do not generate 
any APV output data such that nothing needs to be recorded. 

RAMDAC0 can be used to send any pattern to all ADCs in parallel or simply 
define an ADC offset (precisely by the last RAMDAC0 memory cell, 
RAMDAC0[255]) which is added to the incoming APV signals. RAMDAC1 is 
sent to the AC Repeater, but unused there and RAMDAC2 drives the analog 
output on the APVDAQ VME module front panel (untested). Once the 
RAMDAC sequence is completed, the last value RAMDACx[255] remains on 
the outputs until a new RAMDAC sequence is initiated. Unused RAMDACs 
should thus be set to the center value of 512 (decimal), corresponding to 
zero differential output. 

The table below summarizes the sequencer situation. 

Sequence Triggered by FIFO write Length Bits Meaning 

HW_TRG Hardware Yes 256 1 HW trigger 

SW_TRG Software Yes 256 1 SW trigger 

SW_CAL Software No 256 1 CAL request 

SW_RES Software No 256 1 Soft reset 

RAMDAC0 Software No 256 10 ADC offset 

RAMDAC1 Software No 256 10 Repeater 

RAMDAC2 Software No 256 10 Front panel 

Software trigger sequences can also be combined. In particular, this makes 
sense with SW_CAL and SW_TRG, where the first one only contains the 
calibration request itself, while the latter issues the trigger after a fixed 
number of clock periods (APV25 latency, LAT register). 
A loop is required to write the trigger sequence memories as shown below: 

for i=0 to 255 

   // D3: HW_TRG, D2: SW_TRG, D1: SW_CAL, D0: SW_RES 

   vme_write (WRITE_SEQ_RAM + i<<2, HW_SW_SEQ_D4[i]) 

   // D[29..20]: Front-panel, D[19..10]: Repeater, D[9..0]: ADC 

   vme_write (WRITE_DAC_RAM + i<<2, RAMDAC_D32[i]) 

end for 

The WRITE_TRG_SEQ function is used to issue one or more sequences in 
parallel, defined by the bits set to one. 

// x = D3: RAMDAC, D2: SW_TRG, D1: SW_CAL, D0: SW_RES 

vme_write (WRITE_TRG_SEQ, x) 

The broadcast mode can be utilized to simultaneously launch such sequences 
synchronously in all APVDAQ modules, as shown in the following example.  

// broadcast APV software trigger (D2=1): 

vme_write (0x80000000 | WRITE_TRG_SEQ, 4) 
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Below, the trigger sequence functionality shall be demonstrated by several 
examples, where only memory cells set to 1 are stated, while all others are 
zero. 

5.3.9.1 Single peak mode 
Both hardware and software triggers have just one entry. These values are 
for 7m cables, 50MHz, LAT=95, Tp=50ns and Delay3=1ns, but may slightly 
depend on the detailled configuration. 

Sequence Addresses of sequence cells=1 

HW_TRG 83 

SW_TRG 83 

SW_CAL 2,3,250,251 

SW_RES 2,4 

SW_CAL and SW_RES are always the same. The calibration request is issued 
twice since it toggles the polarity of the test pulse. The first request (2,3) 
will consequently be read out using SW_TRG, while the second request 
(250,251) of opposite polarity is not read out, but restores the original 
polarity. 

5.3.9.2 Multi-peak mode (12 samples) 

Sequence Addresses of sequence cells=1 

HW_TRG 78,81,84,87 

SW_TRG 78,81,84,87 

SW_CAL 2,3,250,251 

SW_RES 2,4 

Consecutive triggers are always 3 clock cycles apart, since the APV25, 
provided that it is set to the multi-peak mode, generates output frames for 
time slices 78, 79 and 80 upon receiving the trigger at 78. Thus, a 
consecutive output stream of up to 30 samples can be generated (limited by 
the APV25 internal event buffer FIFO which is 32 cells deep). 

5.3.10 FIFO 
Starting with HW_TRG or SW_TRG signals, 8192 ADC data words are 
written to the FIFOs inside the Stratix Altera. Since this is more than the 
actual frame length (even with 30 samples in multi-peak mode) only a part of 
that FIFO needs to be read out since this is a time-consuming process, 
limiting the maximum event rate. Since there is a certain gap (and jitter) 
between the trigger and the start of the (first) data frame, about 320 FIFO 
cells must be read out to safely obtain a complete single data frame, and 
140 more cells are to be added for each additional frame. 
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APV Samples FIFO cells to read 

1 320 

3 600 

12 1860 

30 4380 

The four ADC data are contained in the FIFO words as shown in the pseudo 
code below. Tick recognition, frame recognition and the switch output of the 
baseline restoration are also contained in the FIFO words for test purposes. 
With the block read function, the VME address should always remain 
constant. 

vme_block_read (READ_FIFO_AB, data_ab(up to 8192 words)) 

vme_block_read (READ_FIFO_CD, data_cd(up to 8192 words)) 

// data_ab[9..0]: ADC_A, data_ab[12..10]: tick, frame, switch 

// data_ab[25..16]: ADC_B 

// data_cd[9..0]: ADC_C, data_cd[25..16]: ADC_D 

After reading a part of the FIFO, it should be cleared (see 5.3.6 LRES, p. 28) 
to get rid of the remaining data. 

5.3.11 TESTPINS 
Several groups of internal Stratix Altera signals can be sent to test pins on 
the VME board for debugging reasons (located below the Altera daughter 
board). The signals and groups are indicated on the Altera internal 
schematics, and thus it is probably not too interesting to the user. 
The pseudo code is shown below: 

// sel=0..3 

vme_write (WRITE_TP_SEL, sel) 

Please note that the test pins are not available with the TLU-Extension (see 
7 TLU-Extension, p. 36), as they are used for I/O signals in that case. 

6 Getting Started 
So far, details on each part of the APVDAQ system were described in a 
reference manual fashion. Now, we will give a short guide of the steps 
required to start up this system with pointers to the detailed description. 

6.1 Hardware 
Here is a rough guideline of steps needed in hardware before turning on the 
system: 

• Prepare cables of desired length (see 2.2 Cable Connections, p. 6) 
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• Adjust equalization capacitors on AC Repeater depending on cable 
length (see 3.2.2.2 Signal Cable Equalization, p. 14) 

• Use a noise-free linear dual lab power supply for floating APV power if 
needed (see 3.2.1.4 Power, p. 13)  

• Set all jumpers and switches on APVDAQ VME modules, depending on 
master/slave definition (see 3.1.2 Switches and Jumpers, p. 9) 

• In case of master/slave(s): apply P2 backplane bus and termination 
(see 3.1.1.2 P2 Backplane Bus, p. 8 and 4.3 Multiple APVDAQ VME 
Modules, p. 16) 

Once everything is properly connected and adjusted, say your prayers, turn 
on the power and proceed with the software if nothing blew up. 

6.2 Software 
Again, this is a rough guide of steps to do in software, extracted from 
Vienna’s APVDAQ software. Its source code is available at 
http://apvdaq.hephy.at , and all VME related functionality can be found in the 
apvdaq.h file. 
Most of the steps can be done in broadcast mode for all VME modules at the 
same time. This is obviously not possible for I2C and FIFO readout. 

6.2.1 Initialization 
Several steps are needed to put the VME modules in a defined state. This is 
needed only once after power-on or, to be on the safe side, at the start of 
each run. The order of commands (apart from the first one), is rather 
arbitrary and can be modified according to the user’s needs. 

• Initialize Stratix Altera (see 5.3.5 NCONFIG, p. 28) 
• Write CONF register (see 5.3.7.1 CONF Register, p. 28) 
• Reset PHOS4 chip (see 5.3.3 PHOS-I2C, p. 26) 
• Write CNT register (see 5.3.7.2 CNT Register, p. 29) 
• Write sequencer RAM for triggers and DAC (see 5.3.9 SRSeq, p. 31) 
• Launch RAMDAC trigger to apply ADC offset (see 5.3.9 SRSeq, p. 31) 
• Send APV25 reset pulse (see 5.3.7.1 CONF Register, p. 28) 
• Set veto to disable hardware triggers (see 5.3.8.2 Veto Logic, p. 31) 
• Program PHOS4 delays for hardware triggers and ADC sampling (see 

5.3.3 PHOS-I2C, p. 26) 
• Program APV25 chips using I2C (see 5.3.1 APV-I2C, p. 25) 
• Send APV25 soft reset (see 5.3.9 SRSeq, p. 31) 
• Read APV25 error register via I2C (see 5.3.1 APV-I2C, p. 25) 
• Write dummy software trigger (see 5.3.9 SRSeq, p. 31) 
• Read dummy FIFO contents (see 5.3.10 FIFO, p. 33) 
• Clear FIFO (see 5.3.6 LRES, p. 28) 
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Now, the system is in a well defined state and one can start taking real 
data, either from software (random) triggers (pedestal, calibration) or with 
hardware triggers (source, beam). 

6.2.2 Software triggers 
Please note that the hardware trigger input is disabled after executing the 
above initialization steps which is perfectly fine for software triggered runs. 
The following steps should be programmed in the event loop and generate a 
trigger with consecutive readout: 

• Send APV25 software trigger (see 5.3.9 SRSeq, p. 31) 
• Readout FIFO contents (see 5.3.10 FIFO, p. 33) 
• Clear FIFO (see 5.3.6 LRES, p. 28) 
• Process data 

6.2.3 Hardware triggers 
First of all, the hardware trigger input must be enabled: 

• Clear veto to enable hardware triggers (see 5.3.8.2 Veto Logic, p. 31) 
Unlike the software triggers, hardware triggers may arrive at any time and 
thus the veto register must be polled to check if data is available: 

• Read veto register (see 5.3.8.2 Veto Logic, p. 31) 
• If veto≠0: 

o Readout FIFO contents (see 5.3.10 FIFO, p. 33) 
o Clear FIFO (see 5.3.6 LRES, p. 28) 
o Clear veto (see 5.3.8.2 Veto Logic, p. 31) 
o Process data 

7 TLU-Extension 
An adapter was made to hook up the APVDAQ system to the EUDET TLU 
(Trigger Logic Unit) and receive both trigger and event number from that 
box. If you don’t know what TLU means, you can safely ignore this chapter. 
Please find the latest TLU manual at http://svn.phy.bris.ac.uk/svn/uob-hep-
pc017a/trunk/www/Docs/tlu_v0_1_manual_eudet_note . 
The TLU uses a standard RJ45 connector with standard Ethernet cables 
(unlike the APVDAQ system itself, see 2.2 Cable Connections, p. 6). For 
some reason, the pinout of the RJ45 connector on the actual TLU was 
swapped compared to what the manual explains. As our adapter was 
designed according to the manual, we fixed this pinning mismatch by an 
additional, external I-piece of two RJ45 sockets soldered back-to-back and 
thus crossing over pins 1-8, 2-7, 3-6 and 4-5 just as it happened in the TLU 
box. Consequently, the connection to TLU must be made with two standard 
Ethernet cables where the I-piece is in between. 
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As the TLU adapter is a plug-on board on the master VME APVDAQ module, 
it increases its thickness beyond the standard slot size. Hence, it is 
recommended to locate the master to the right with all slave modules 
adjacent to the left. In this way, the modules can still be placed next to 
each other without any gaps and thus allowing a short P2 backplane bus. 
Please note that the TLU trigger input operates in parallel with the trigger 
input on the front panel of the APVDAQ module. Thus, if you want to use 
TLU triggers only, remove any trigger cable connected to the front panel. 
The photo below shows the location of the TLU adapter board on the 
APVDAQ module and the RJ45 I-piece. 

 

Please note that the TLU adapter board also requires a special firmware in 
the FPGA. Both the APVDAQ VME board as well as the TLU adapter can be 
damaged if the firmware is not correct, i.e. using the standard APVDAQ 
firmware. Moreover, the special firmware without an actual TLU adapter may 
experience spurious triggers. 
We ship the APVDAQ module and mounted TLU adapter as a unit (if 
requested by the client). Do not unmount the TLU adapter and/or mount it 
on a different APVDAQ board! 
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The sketch above illustrates the connection scheme between TLU box and 
APVDAQ. Please note that the total cable length is limited to about 20m. 
With longer cables, the trigger reception still works, but the event number 
will not read correctly due to propagation delays. 
The pseudo code for reading the event number transferred from the TLU is: 

vme_read (READ_EVENTNR, eventnumber) 

The APVDAQ system supports 32bit long event numbers, but alas the TLU 
presently uses only 15 bits, resulting in the largest possible event number 
of 32767 (being followed by 0 with the next trigger). 
The event number transfer between TLU and APVDAQ takes about 13µs. It 
is therefore recommended to read out the event data from the FIFO first 
and only afterwards collect the TLU event number. The suggested software 
sequence for hardware triggers (see 6.2.3 Hardware triggers, p. 36) with 
TLU event number is: 

• Read veto register (see 5.3.8.2 Veto Logic, p. 31) 
• If veto≠0: 

o Readout FIFO contents (see 5.3.10 FIFO, p. 33) 
o Read TLU eventnumber (see above) 
o Clear FIFO (see 5.3.6 LRES, p. 28) 
o Clear veto (see 5.3.8.2 Veto Logic, p. 31) 
o Process data 

8 Epilog 
Certainly, this manual cannot explain everything about the APVDAQ system, 
but together with the schematics of both hardware and firmware it should 
be a reference for the basics of the APVDAQ. 
There might be future updates with additions or error corrections which will 
get an increased version number (as shown on the title page) and will be 
published on http://apvdaq.hephy.at . 
Please don’t hesitate to contact the designers (see 1 Contact, p. 5) in case 
of any questions that cannot be answered by this manual. 
 
 

- May the force be with you. 


