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OUTLINEOUTLINE  

�� Architecture of Architecture of **__XYTER ChipsXYTER Chips  

    ((MSGCROCMSGCROC, , NN__XYTERXYTER).).  

            --  Timing channelTiming channel  

            --  Energy channelEnergy channel  

�� Test setup              Test setup                  

�� Some test resultsSome test results..  

�� ConclusionsConclusions..  

�� CBMCBM__STS STS Targeted SpecificationsTargeted Specifications……  

        ……  and perhaps and perhaps ASIC for ASIC for other FAIR experimentsother FAIR experiments  
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Position - X, Y, Time and Energy Readout 
Electronics (XYTER VLSI ASIC) 

Front-End: 
� 4 128 channel data driven charge sensitive front-end 
� 4 Front end for either polarity input signals 
� 4 Fast charge sensitive pre-amp and peak detector 
� 4 Time stamping with 1ns resolution 
� 4 Purely data driven, autonomous hit detection 
 
Readout: 
� 4 Aanalogue energy and digital time stamp 
      FIFO per channel (1ns resolution) 
� 4 De-randomizing, sparsifying Token Ring readout at       
      32 MHz 
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XYTER Architecture 
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Slow ControlSlow Control::  
88Bit Registers accessible by IBit Registers accessible by I22CC  

  

�� 1616  mask registers with a mask bit for every channelmask registers with a mask bit for every channel  

�� 1414  frontfront--end adjustment registers for setting voltages end adjustment registers for setting voltages 
and bias currents in the analogue part of the chipand bias currents in the analogue part of the chip  

�� 22  configurationconfiguration//status registersstatus registers  

�� 2 2 diagnostic countersdiagnostic counters: : token lost and token lost and FIFOFIFO--overflowoverflow  

�� 2 2 testtest--delay registersdelay registers    ((useful for iduseful for id. . of pickupof pickup--paths etcpaths etc.) .)   

�� 11  shift register shift register 129129  bytes deep for bytes deep for   
� local channel threshold trimming (bit 0 to 4) and  

� individual selectable analogue channel shutdown (bit 5) 

�� 33  delay registers for LSB timedelay registers for LSB time--stamp generation and tuningstamp generation and tuning  
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AMS CMOS 0.35µ 

N_XYTER MSGC_ROC 
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Multiplexed ASICs 8-bit digital 
data output format 
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Timing diagram for multiplexed 
ASIC readout 
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nn__XYTER TEST XYTER TEST SSETUPETUP  

  

 USB 
2.0 

 

 
 Virtex 2 FPGA 

 I2C 

 LVDS 

 2 n-XYTER ASICs 
AC coupled detector 

 Monitor & test pins 

 Detector bias 
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Closer lookCloser look  

 

Silicon 
detector 

128-stripes 
AC-coupling 
75 um pitch 
1 cm length 

  

 
Several 
channels 
left floating 

  
 

FAST 
channel 

SLOW 
channel 

ENC 
26.9 e/pF 
+ 200 e 

12.7 e/pF 
+ 233 e 

Peaking 
time 18.5 ns 139 ns 

Engineered for 30 pF, giving        
~1000 e          ~600 e 

pre-amp and shaper power 
consumption: 12.8 mW/channel 
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Trigger efficiency vsTrigger efficiency vs. . threshold for different threshold for different 
input charges after trimming the thresholdinput charges after trimming the threshold  
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Pulse waveforms recorded at the output of slow Pulse waveforms recorded at the output of slow 
shaper in the test channel for preamplifiershaper in the test channel for preamplifier  

GAIN=1 
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Timing channelTiming channel  

Fast Shaper 

Preamplifier 
with variable 

gain 

Peak Detect 

& 
Hold 

Comparator 
with TWC 

Slow Shaper 

Time Stamp 
Latch 

Analogue 
FIFO 

Digital FIFO 

Readout channel 

CT 

CAC 

 

•  Each comparator is equipped with a 5-bit trimming DAC, which allows to 
correct the threshold offset on the channel basis with a precision better 
than 1 LSB in the threshold DAC common for all channels 
 



6/6/2008  A. Czermak FREEDAC_Ljublijana_Maj_2008 14 

Time Stamp GenerationTime Stamp Generation  
 

CLK256A 

Delay buffer #0 

12-bit 
Gray counter 

D Q 

C 

TS<1> 

TSCLKLSBSEL 

CLKDEL#0 

CLKDEL#1 

CLKDEL#2 CLK256B 

TS<13:2> 

A 

B 

S 

Q TS<0> 

Delay buffer #1 

Delay buffer #2 

The 14-bit time stamp signature 
is combined of: 

•  12-bit Gray-encoded counter, 

•  toggle flip-flop 

•  and input clock. 

In this scheme we can achieve 
1 ns resolution at 256 MHz 
input clock frequency. 
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Timing measurementsTiming measurements  

The histogram of Time Stamp coincidence between X and Y strips 
demonstrates the coincidence resolution of 2 ns as expected for the clock 
frequency of 128 MHz  

TS LSB = 2ns 
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Energy Energy channelchannel  

Fast Shaper 

Preamplifier 
with variable 

gain 

Peak Detect 

& 
Hold 

Comparator 
with TWC 

Slow Shaper 

Time Stamp 
Latch 

Analogue 
FIFO 

Digital FIFO 

Readout channel 

CT 

CAC 

 

•  The PDH circuit detects peaks of incoming pulses and holds their 
values for a given time period controlled with respect to the 
response of the comparator in the fast timing channel. 
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MSGCROC ASICMSGCROC ASIC  

Energy channel linearityEnergy channel linearity  
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Energy measurementsEnergy measurements  

Amplitude distribution 
Electrons 90Sr source 
Landau distribution 

Amplitude distribution 
γ-rays 241Am source 
Gaussian distribution 

γ 60keV 
(in Si – 2.64 fC) 

in 300µm Si – 
QMostProba. ≈4.2 fC 
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�� The testThe testss  performed on the performed on the **__XYTER ASICs demonstrate XYTER ASICs demonstrate 
correct functionality of all building blockscorrect functionality of all building blocks..  

�� The analogue parametersThe analogue parameters, , ii..ee. . gaingain, , noise and matching of noise and matching of 
parameters are in agreement with the design specificationsparameters are in agreement with the design specifications. .   

�� The critical digital circuits responsible for data The critical digital circuits responsible for data 
derandomization and zero suppression tokenderandomization and zero suppression token--based readout based readout 
have been tested at a lower have been tested at a lower ((128128  MHzMHz) ) clock frequency clock frequency 
compared to the nominal one compared to the nominal one ((256256  MHzMHz).).  

�� There areThere are, , however clear indications that the ASIC should however clear indications that the ASIC should 
work correctly at higher clock frequencieswork correctly at higher clock frequencies..  

�� In the near future tests of two chips connectedIn the near future tests of two chips connected  

      to to DSDS__Si strip detectorSi strip detector  will be will be performedperformed..  

ConclusionsConclusions  
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CBM-XYTER Architectural 
Specifications 
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Front End Relevant Specifications 
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CBMCBM__STS TargetedSTS Targeted  
SpecificationsSpecifications  

�� 800800  ENC on the timing channelENC on the timing channel  

�� 3030  pF detector capacitancepF detector capacitance  

�� 500500  kHz per channelkHz per channel, , 5%5%  occupancyoccupancy  

�� DC couplingDC coupling, , leakage current compensationleakage current compensation  

�� Channel pitch Channel pitch 4040  µµmm, , detector strip pitch detector strip pitch 6060  µµmm  

�� Maximum design size Maximum design size 55mm x mm x 55mmmm  

�� 2,62,6  Gbit serial interface for data transferGbit serial interface for data transfer  

�� Data element Data element 3232bitbit  

�� Energy resolution Energy resolution ? ? 7 7 to to 10 10 bitbit??  

�� ADC for each channelADC for each channel  ??  

�� Technology UMC Technology UMC 00..180  180  µµmm  ??  
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ENDEND  

  

  

�� Thank you for the attentionThank you for the attention  
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Analogue Signal SequenceAnalogue Signal Sequence  
((Test ChannelTest Channel))    

 

Test pulse Release 

Slow Shaper 

Fast Shaper 

Discriminator 
Output 



6/6/2008  A. Czermak FREEDAC_Ljublijana_Maj_2008 25 

Block diagram of the test channel and Block diagram of the test channel and 
locations of the test padslocations of the test pads  

  
 

Fast 
Shaper 

Slow 
Shaper 

Peak Detector 
& Hold 

Comparator  
& TWC 

Preamp 

pre_out 

cal_out<3> 

ssh_out 

fsh_out 

inv_out 

dig_out 
CT 

Analog_Out 
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Analogue PulsesAnalogue Pulses, , Peaking TimePeaking Time,,  
FrontFront--End NoiseEnd Noise  

  
 

FAST channel SLOW channel 

ENC 26.9 e/pF + 200 e 12.7 e/pF + 233 e 

peaking timea 
(1% to 99%) 

18.5 ns 139 ns 

Engineered for 30 pF, giving  (850 ) 1000 e      600 e 

pre-amp and shaper power consumption: 12.8 mW per channel 
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Response curve and integral nonlinearity Response curve and integral nonlinearity 
of the threshold DACof the threshold DAC    

 

vTH = 1.98 [mV/LSB]-0.26[mV] 
ASIC no. 01/06 

Till now 8 ASICs have been tested 
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Trigger efficiency vsTrigger efficiency vs. . threshold for threshold for 
channelschannels: : 00, , 44, , 88, , 1212, , 1616, , 2020, , 2424, , 2828    

 Threshold offset correction TrimDACs values (6-24) 


