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HaRDROC architecture

Cho63:

Full power pulsing ANALOG PART
/ ; Cho: : + Hold Read Multiplex
Digital memory: Data SNAROGEAR | sLow | v R —
. . Shaper , TN
saved during bunch train. II E
. Ch0 | variable Bipolar FAST L — . Cho_urigo
Only one serial output Gain PA Shaper vino | RS
@ 1 or BMHz or more
_I_L _I Chi_trigl
Store all channels and ’

Latch
Vithl n RS
SCTI

BCID for every hit.

Depth = 128 bits
DIGITAL PART N %
Common to the 64 channels Digital Memory §
Data format : —=, Cho_trigo Ch63_trigl
128(depth)*[2bit*64ch+2 el L S I R
4bit(BCID)+8bit(Header)] - : E =
- H DACO i
= 20kbits o e : Nt -
Ch63_trigd | 128 I SERIAL OUTPUT
Based on MAROC ASIC, aetl = :;:r.:;gmd to DAQ

bl.l'l' sever'al design 24 Bit counter BCID Inter Bunch
changes /
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HARDROC1: TESTBOARD with Chip On Board

PCB for COB: to estimate feasability
(ECAL)
6 layers, COB on Layer 5

2 steps to facilitate the bonding
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Trigger efficiency: Scurves

&= Charge injected in one channel: 100fC
m Typically 3.5mV/fC

B Scurves performed by varying the DAC value (Threshold)
m 2 integrated DACs to deliver Threshold voltages
m Residuals within +£5 mV / 2.6V dynamic range. INL= 0.2% (2LSB)
= 2.5 mV/DAC Unit ie 0.7 fC/UADC

S 2,5 ._DACO HARDROGT | 32/nBt4176E—02/ 998 Out FSB @Qinj=100fC
s P1 2.585 - : : :
5 2 P2 —0.2410E-02
= as5f
=
005
< .
= 0.5 i

L L i | L L i | | I i | i i i | i i i 1 1.2

0 200 400 600 800 1000
DAC count
; 1.8
~ 0,004
tn
o 0.002
s | 1.7
2 Q
%
T —0.002
1.&
—0.004 0 50N 100n 1E0m Z00n
I 11 I 11 I 1 1 I 1.1 I 11

L1 1 I 11 | 1 1 I 1 | 11 1 1 1 ] I 11
0 100 200 300 400 500 600 700 800 900
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Trigger efficiency: Scurves

| DACO=Vth0=180 (~2.1V)

DC=2V

Trigger eff 0-7

Pedestal (Qinj=0)

P U 6 S S | m
: i 0 jll lll
Qinj=100fC 1 Ji 1L
—{ Vth0=350 (~1.65V) 240
1.6 E E I I
110-
. EE 3
60 fl Pedestal ]‘\
Trigger B k
Efficiency 2_';' ] |
IEIIII EIIIIIII EEIIII EJHII 2E||III EEIIII 3IIIIIII SEIIII S-ﬂlrlil 35|
— | vtho
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Scurves of the 64 channels, Gain PA=1

B Charge injected in each channel: 100fC

® Non uniformity quite large (+25%) due to current mirror
mismatch (small transistors to optimise speed)

B Can be compensated by tuning the gain of each channel

120 ¢

100 |

80 |

80 |

efficiency (%)

40 ¢

20 | BICHN | &

0 25 50 75 100 125 150 175 200
Threshold (fC)
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FSB DC measurement: Uniformity
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SS waveforms (scope measurements)

B Out Q: Very usefull for detector characterisation
= DAQO

® SS: 10 pC => 535mV, slowest peaking time:tp=150 ns

1.11 ¢ :
1.108 E rms.=.1.8. mV
1 O O 8 [ o | S

1'???1‘”1.1 Iy ""‘“'u'ﬂ"!l

1.098 L i iy g
LI T e e e S s S
1.094 |
1.082 |

nedestal (V)

“I" Slow Shaper (SS) —
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Channel number

DC level |
~ 1V
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Cho: y Hold Read  Nfulfiplex
ANALOG PART SLOW |~ + Charge outpu
Shaper . El j—/ —j
Zin (PA)=50(2 with Vgain=3V, |7 | T
. ] ] €00 | Variable | | [Bipolar FAST — | o
Zin (PA)=70(2 with Vgain=3.5V Gain PA Shaper | | yyuo }— a1
JL J
Qinj=100fC on Ch7 >

o> 7‘"’"‘
= out_fsb=160mV (on 50(2), tp=15ns \

Xtk: well differentiated - Scope, 50Q) i
= Ché: +3mV § Discri out/10
m Ch8:+3mV (x 2%) S DR S U SRR .

= Ch9:+0.5mV &
o _— ; _ —

Xtk: on the input

m Gain=1 on Ch7 and Gain=0 on Ch8,
- => Xth (ch8)=0

_______________________________

Xtk Ch8 *10

a S0n 1001 150n 200
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Trigger Xtk:

Bipolar FAST
Shaper Vil

v 5

Latch &
RS

B DACO and DAC1= 300
m (=> V+hO =Vth1~50fC) e

=

B Qinj in Ch7
) Latch
m Up to 1.6 pC: triggers on Vihl RS
CH7 only, nothing on the Wi
neighbors

= 1.8 pC: Triggers on Ch7
and CH6, no trig on other
channels

m 2 pCup to D,6pC:
Triggers on CH7, CH6 an
8

= 10pC Triggers on Ch7 anc 197" 11.8pC
on the 4 direct neighbor: >0r¢ Threshold (fC)

1

[ I v T
L R 4 B

o
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=
N
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o
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ve)

efficiency (%)
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e
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Power dissipation

B Measured power dissipation (no power pulsing)
Preamp : 6 mA = 100 pA/ch

Fast shaper : 5,3 mA

Discriminators (2): 5.9 mA

Slow shaper (used only for backup) : 14.5 mA
DAC: 0.8 mA

Bandgap reference : 5 mA

Digital part : 3 mA

B Total : : 26 mA*3.5V = 90 mW/64ch = 1.4 mW/channel
= 140 mW if slow shaper (analog readout) is used

B Need to test power pulsing (0.5 to 1% duty cycle) -> 8-15 yW/ch
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MEMORY FRAMES: Auto trigger mode

Auto trigger with 10fC:
Qinj=10fC in Ch7
DACO and DAC1=255 (~5fC)

3-Apr-Q7 UTILITIES
16:44:44

BCID

Header

EAE M5/ =
SLOW TRIGGER
| HORMAL
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HARDROC1 PERFORMANCE SUMMARY

Number of inputs/outputs

64 inputs, 1 serial output

Input Impedance 50-7012
Gain Adjustment O to 4, 6bits, accuracy 6%
Bipolar Fast Shaper %3.5 mV/fC tp=15ns

10 bit-DAC

2.5 mV/fC, INL=0.2%

Trigger sensitivity

Down to 10fC

Slow Shaper (analog readout)

%50 mV/pC, 1fC to 10pC , tp= 100ns to 150ns

Analog Xtk

2%

Analog Readout speed

5 MHz

Memory depth

128 (20kbits)

Digital readout speed

BMHz or more

Power dissipation (not pulsed)

100 mW (64 channels)
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CONCLUSION

| P rmarmanco -F hardrarcr1l: cn far cn
— @l 1IIWI TIINAl T W) TIGAI WMl W & © [~ A4 J GAl [~A "4

m Autotrigger down to 10fC
= Digital part: OK for one chip

B Lot of work to be done for the readout of several chips
with DAQO and DAQ?2

m 15 chips measured before being mounted on DHCAL PCB (4 chips
/PCB), which were received at the beginning of May.
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ANNEXE
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Digital architecture towards 2nd generation DAQ @@9

Calorimeter for ILC

detector readout

Clock+Canfig+Control

B

\ 4
Clk
< Clock FPGA Config/Clock
Bunch/Train Timing - mi B
Config Data
VFE ASIC 1
0 Suppress
Data tocol/SerDes 1G/100Mb Ethernef—3—>
ADC PHY —o—
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HARDROC1: digital part

Slow control
Register
N bifs register
sertal loading & reading

Needs D, Q, CIk. Reset*
Will be designed in the ASIC Analog part

Dicris

Analog
channgl

Analog
Channel

D)
E'

s
D

May 07

Slow control

DHCAL ASIC

Analog to Digital interface o

DHCAL ASIC
Digital part

channel address

Slow control

RamPFull Ctil

ASIC

)
: Outside
)
)

f

RamFull*
Connected

Z
N

v

ValEvtOut

—
e

direct_fri er' '
e RS frigeeV  EndReadOuf’  Dout

:gmtwh Reset* - Clk 40MHz
External L i . . Y
Tigge TriggerOut  gReset* ! L
. L
OR64 ' Svichro WriteEvents
=Internal ] block State Machine
Trigger ]
Tiigger 0
]
Slow control '
Trigger otrl [
RAM
O | Buh | (Sovconcl 128 x 160b
] Counter Chip Tag
' Data
128 bits .24 bits Sbits £ 160 bits 160 bitgf Serializer | | i
Din ~ Dout
[ A{]dl'
' Thits S
q ’ workig @ IMHz
Skw control | | Slow cantrol RAM address I .
EndReadOutctrl | | Dout ctrl ' Counter ReadOut
! Start — | StateMachie
ReadOut
' From Synchro Block_—1
O_
]
0 ]
]
]
]
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]

onPCB

# ValEvtOut & RazChoOut
¢ could be comnected
' to mputs Valkvt & RazChn

O ValEviOut hasts 4 periods
pof the Clic 40MHz after

¢ receiving the Synchronized
X Trigger.

O RazChnOut is delaved by 2
o periods after ValEvtOut is
¢ fnished and lasts 1 period.



8x32 pads: RPC and yMegas
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FPGA
4 areas of 64 pads of 1 sq cm : bottom layer
Hardroc external components : top layer
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-6 PCBs (4chips): received
beginning of MAy

-Tests with cosmics (standalone
USB DAQ) in LLR +IPNL in June

-Testsin July07 with test beam at
DESY and CERN with DAQO

-Can be used for DAQ2 tests (UK)
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