


Many measurements are still on going on test board and at
system level to characterize in detail the ROC chips before
submitting 3rd generation chips

— HARDROC3: will be submitted in Feb 2013

- Many measurements performed on SKIROC?2 (see Stephane’s talk)
and on SPIROC2B and 2C

— SKIROC2 and SPIROC2B/2C are the same except for the input
preamplifier: same fast and slow channel, same digital part.
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SPIROC2C >y
7

Same pinout as Spiroc2b
New input PA
Independant Cf for HG and s
HG/LG coupling reduced / $trocc RICITALEART j g“ﬂ
New delay box s e e B S
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SPIROC2C: FS Uniformity (HG=200; LG=10Q) 2

50% trigger efficincy
FSH pedestal dispersion
max=185

min=182.5

mean=183.5
sdev=0.6

FSh pedestal dispersion: <>=183.5 DACU sdev=0.6 DACU

181 —

50% Trigger efficiency_pedestal dispersion
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1 DACU ~2mV

FS: 50% trigger efficiency of chO for various injected charge.
Noise=5 fC ; 50 noise= 25 fC

50% Trigger efficiency threshold (UDAC)

9 10 11 12 13 14 15 16
Charge (nulber of pe)
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SPIROC2C: 4-bit DAC channel wise tuning 2

FS@ 10 pe injected

All individual 4bit dacs=8 After 4bit-dac correction
| |<>=458.472; sdev=4.43677 <>=458.292; sdev=2.3433
i [min= 449 (ch15) ; max= 469 (ch34)| min= 453 (ch15); max= 466 (ch34)

50% trigger efficiency in DAC Units (fs @10pe-)

pedestal NOT substractedl

I T T I I I | I
20 22 24 26 28 30 32 34

VV‘V
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SPIROC2C: HG and LG slow shapers

PA_HG=Dbit100 x 6.25fF= 625fF => G=20pF/625fF= 32 => dyn range up to 100 pe-

PA_LG= b|t200x6 25 fF=1. 25pF => G= 2pF/1 25pF 1.6 => dyn range up to 1500 pe-

S mV/div

‘:0 ns/div

HG SSh: Vmax= 14.65 mV/pe (1pe=160 fC) RMS noise =1.2mV =>SNR ~ 12

tp HG,LG ~50 ns

Kl= 268ns &=
X2= 1056 ns 1/&%= 12.69 MHz

DAQ/Electronics meeting 10-11 Dec, 2012 N.Seqguin-Moreau




HG SSH UNIFORMITY BEF. and AFTER Cf cor.

=) 524 |Injecﬂon in Ctest: 1.6V@50dB, before and after Cf correclinn)l
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Uniformity for 3 injected charges (Q, Q/3 and 3*Q),

using the same gain correction
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8-bit input DAC linearity ) 2e1
Linearity of the 36 input dac

8-bit input DAC uniformity

8-bit DAC

] LSB=16.5 mV
—a—E—a 5 - Vmax= 4.51
0 — it —am2 IV _ “_ Vmin= 0.28

—— ¢h13 — ch14 — chi15

SPIROC2B

—— ch16 — chi7 chig
—— ¢h19 — ¢h20 — ch21
— ¢h22 — ch23 — ch24

Voltage (V)

ch25 — ch26 — ch27
—— ¢h28 — ch29 — ch30
—— ch31 — ch32 ch33
—— ch34 — ch35

T T

" oaCvalue iLayout redone: better linearity,
‘but_ non uniformi %) same

50 100 150
Input DAC_units

8-bit input DAC uniformity_slope
4 slope (mV) vs channels
-15.0 Slope_min=-0.017 V

1 Slope_max=-0.014 V
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-15.5

-16.0 3

100 125 150 175 200 225 -16,5—; S P I ROCZC
Slope of the 36 input dac

OAT wIope re parmuon

7.0

Non uniformity: gradiant effect
New architecture necessary to
- decrease this effect.

Channels

-17.5

-18.0x10° |

Slope of the 36 input dac
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Spiroc2c: Digital coupling with G hg_ssh=100 20

Acquisition using the autotrigger mode _
Injection through 100pF, 2 and 3 pe- pe-, HG Ssh @ 50ns 1 ADCU= 400 pv
HG: G=100 (Cf=100x 6.25fF) for all the channels,

Vth=230 (=1.7 pe-)
TDC OFF, Cf=100x6.25fF TDC ON, G=100x6.25 fF

Charge
I

100 -

I I 1
S60 570 580 590 600 610 = —aLE . : L : R |
Charge (ADC unit) 510 520 530 540 S50 560 570 580 590 600 610

Charge (A0C umit)

L
a
f
=]
[
o
w
]
p
i
0
[S
3
=

Murber of entries

TDC => digital coupling in spiroc2c through the substrate (NMOS preamp connected to gnd)
There is no digital coupling in spiroc2b (PMOS transistor connected to vdd)
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Digital coupling in Spiroc2c with G hg_ssh=32 20

Injection through 100pF, 2 and 3 pe- HG with G=32 (32x6.25fF) for all the channels, ssh@50
Vth=260 ¢1pe-)

TDC OFF, G=32x6.25 fF TDC ON, G=32x6.25 fF

100-

Mumber of entries
Mumber of entries

P |\IIIIII | l" H
1= 660 &80 700

EID 220 63EI 640 E-SEI EuEuEI Ev?EI EuEI:I Eu‘_:JEI ?EIEI ?IEI ?EEI ?SEI ?40 ?SI:I Tirne: (A0C unit)
Time (AT unit)

TDC coupling in Spiroc2c doesn’t prevent to distinguish 2 and 3 pe-
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DELAY BOX 2

Uniformity of the 36 ch
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SPIROC 2c: TDC 7

SPIROC2B TDC: Dead time due to the o
mutiplexer £ 3 ©Dskar Hartbrlg,l} @Wuppertal ]

SPIROC2C TDC

— To decrease dead time during transition
=> alternation of a rising and a falling
ramp implemented

Conservative modification

By

Out_trigger
SlowClk @2 5MHz

imehase -436nsS
200 nsidivy Stop 205V
10.0kS 50GS/sjEdge MNegative
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SPIROC 2c: Charge and time meas. 7

e 3 pe-injected in one channel = Min=2068 Max=3134 ¢/
ML@Z 555 max=585<>571 rmms5.3 1000 -

Mumber of entries

10+
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1 i i
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1 1 I I
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SPIROC 2c: Charge and time meas.

e 2 and 3 pe- injected in one
channel

Time, BCID N

10-

Murber af enkries
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TDC for SPIROC3: PARISROC TDC ramp ? tested by IPNO team

2 independent ramps and an overlap between them to 1. Coarse time by 24-bit gray
minimize dead time. counter

. - working at 10 MHz
Sampled at the same time - with 1_%7 s of dynamic

Internal module to tag the valid ramp - 100 ns steps

2. Fine time by analog TDC
- 100 ns dynamic
- 100 ps step

StartRampTDC

from d@utol part Ciscriminator

RampTDC1 |

g

StartRamp _4¢

Mul'rn_p_le_x;F "

[

{ I

B i

LI
-—

RampTDC 2 ;

2

Select gond TDC
53|E‘-CTTDC SL'T stzred
StartRampTOC delayed i i i i

Usable Ramp /
(Wirtual view)
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PARISROC TDC ramp tested by IPNO team

Reconstruction of the ramp from the time values saved in the analog memory and converted
by the ADC (10-bit).
The validation of the good ramp is made automatically

CAP 1 o o
800 RAMP_TDC_auto mode
Ramp1 and Ramp2 N
CH1_C1and C2 o
100 ps_3000 steps
B — Ramp TDC C1
e — Ramp TDC C2 Sec?”d
version
] Time 100 ns
R dynamic range
9}
Q .
. “Blind zone” 0
@ "] RAMP 2 :
E linear zone 100 ns
Ramp 1 linear t1ns
= .
m Ramp 2 linear t1ns
T 1 T I T 1 T T I
250 300x10°

time dynamic range
100 ns

NOT DEAD ZONE
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SPIROC3 ©) AIDA
Complex chip (internal SCA, ADC, TDC)

Many bugs corrected + new features in SPIROC2c:

HG/LG coupling

Independent Cf for HG and LG
4-bitsDAC

Delay box

Rate dependency

Pedestal shift (to be checked by DESY)
Zero events

Still improvements to be done:

8-bit input DAC: to be improved
NMOS or PMOS preamp? = digital coupling vs pedestal shift

= TDC

HBU with spiroc2c to be tested
I2C link: feedback from HR3 necessary
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ROADMAP of 3rd generation chips 2e1

* HARDROC3 o~
First of the “3r generation ROC chip” to be submitted ‘. # AlDA

independent channels, one register/channel, 12C link for SC
parameters(@IPNL), triple voting, circular memory, temperature sensor

Digital part finished in July 2012

Analog part: No major modifications in the analog part. Extension of the
dynamic range to set Vth0=100fC Vthl1=5pC and Vth2 > 15 pC

Die size ~30 mm?2
Submission in FEB 2013=> reception in June 2013.

= Next: SPIROC3 or SKIROC3 ?

= Still many tests to be done at the system level/testbeam
Hardroc3 test feedback necessary before submitting Spiroc3/skiroc3
Spiroc3= 36 channels, 8.5 x5 mm2 => 42.5 k€ in MPW run

Skiroc3= 64 channels, 8.5x9.5 mm2 => 81 k€ in a MPW run => dedicated
run mandatory

SPIROC3 and SKIROC3 in Feb 2014 in a dedicated run (AIDA, CALICE and
other partners)
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BACK UP Slides
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3Gen ROC chips: common features 2

e Slow control parameters:
— Backward compatibility with 2Gen ROC chips slow control
e Use of classical shift register slow control
- Embedded 12C
e 7-bit address + 1 general call address (127 chips can be addressed)
e Access port doubled
e Bidirectional data line with open collector (Driver will be the same as Dout)

— Read back capability of SC bits (non destructive)

e Write frame:

S Slave addresval Reg addreI

e Read frame:

S Slave addressV\/l Reg addrel P
S Slave address RmA data E
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3Gen ROC chips: common features 2
e Extra pin needed for I12C / SC:

HARDROC 2 HARDROC 3

ShiftReg_1In ShiftReg_1In
ShiftReg_Out ShiftReg_Out
ShiftReg_Clk ShiftReg_Clk
ShiftReg_Rst ShiftReg_Rst
ShiftReg Loadb

ShiftReg_ReadBack ~ SC with triple voting
Error_Triple_Voting

~— Standard SC

7-bit I1I2C @

2 X (SCL / SDA)
Select_I12C_Port
Clk_I2C_SR

Rstb_I2C _J

Select 12C_SR } Selection 12C or std SC
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FS @1/3 and 1pe, Cf=32x6.25fF=200fF 2

Vout for 0.3 pe = 40mV
Noise: 5mV.

95 mY
99 mY

830 m¥
FPositive

-38.5 MHz

\Vout for 1pe=110mV
| Noise: 5 mV ’

M NI

2.00 Vidiv
-4.080 V ofst
B mYy

-34 mY

-40 my

50.0 nsf
250kS 50GS
Kl= 826ns &=
K2= 26.6ns 1AX= -38.5MHz
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SPIROC 2c: Pedestal shift 7.

« Pedestal shift » due to coupling on Vdda_pa on spiroc2b

Spiroc2c: Injection of 10, 100, 300 and 1000pe- in chO and
measurement of the charge (HG) seen on the neighbours (all preamp
on but all discris masked except of ch<0>:

Ch<0> 950 UADC 3500
Ch<1> 470 470
Ch<2> 470 460
Ch<3> 460 463
Ch<20> 460 457
Ch<35> 455 457

When discris of the other channels are ON => we measure Xtk in the
neighbours
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SPIROC2C: Xtk >y

10 pein ChO (250mV), Xtk in Ch1=3.5mV

imebase 0.0 ng
2.00 Vidiy 5.00 myirdi . fdivf Normal 1.02V
-4 080V ofst 20.0 nsidiy .00 kS Edge MNegative
0 i XK1= -974ns AX= 404ns
K2= -57.0ns 1/AX= 24.8 MHz

in Ch1l=10 mV

imebase 0.0n
MNormal  1.02V
Edge MNegative
Kl= -98.4ns A= 476 ns
K2= -50.8ns 1/AX= 21.01 MHz
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SPIROC 2c: Zero event bug

HG

Hold Read<n>
/ > e

LG I

Hold l Read<n>

L

Ramp_siy

“zero event” occurs

randomly

Problem solved in

SPIROC 2c

No major char%?e in the
|

digital part D-

p-flop, a

gate on ADC discri and
delays on control signals

Elements
added in
SPIROC 2¢

ADC

Arbitrary single

Er =" 'zero events’

| ,/;
|1

o B R A

5 6400 6450 6500 6550 6600 6650 6700 6750 6800 6850 6'9'1:1

events

Sl =
Situation in SPIROC 2b

Start_convb

Read<n>

All the signal occur at the

Gain_selection

same time

Hi or Lo depending on the GS discri (not lached)

Start_rampb_adc

Start_convb

Read<n>

. 100ns . 100ns . 100ns

Situation in SPIROC 2c

, All the signal occur at
i i gate
i has been added to avoid

Load gs

unexpected signal during
i the transitions

Gain_selection

Hi or L'e/dependingion the GS discri (latched)

Start_rampb_adc

Gate_adc
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SPIROC2C: New Delay box

Injectldn through Ctest ch<0> onlyﬁ

a
22 ,‘ N
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4_;-,«\4")

,N’,« N st el 0

"
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A NN

JyeC T

Mt s wmuw\“),,m )

20 ns/div
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RN, kv
Y e

WidthleOnsﬁ

hase -144.8ns
20.0 nsidiv

1.00kE 5.0 GS/s
XK1= 1656 ns

(EREL E/10]DC]
Auto 8 U m\f
Edge Positive
&K= -99.8ns

K2= 6B58ns 1/AX= -10.02 MHz

: o Panetf
e AN AT
P

J./

B e

A AL,
et -«-J-A»-;,o.ﬁ A .vk«de MG

20 ns/div

RN

Width=107

Injection in all th

Wit L

100 m¥idiyv

2.0 m¥ ofst

286.2 m¥,

29.4 mvj 1
-256.8 mvj Ay

hase  -144.8n¢g |Trigge {ENENEHN
20.0 nsidivf Normal 830 m\,

100kS8 550G
XK1= 184.4 ns

SisjEdge Positive

&¥= -107.0ns

®2= TT7.4ns 1/&X= -9.35MHz
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] |HG Gain=100 all gain and discri ON, TDC OFF, Vth=210 (‘Ipe-)|

bt |Fit: 33.208 £ 0.129 x + 428.68 £4.3|

Charge max Charge min Mean Charge Sigma Charge

| 451 | 429 | |
Charge
100-

2
c
-
Q
(@]
<
£
=
1]
w
O]
I
=]
5]

40 50 60
Injected charge in pe-

Murnber of entries

1_I 1 | 1 1 1 | | | 1 | | |
436 430 432 434 436 438 440 442 444 446 448 450 452
Charge (ADC unit)
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