Understanding IRS3B, board-stack and
MTC operation/calibration
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Roadmap

e MTC Readout
— Currently at about Phase 1.5
— You can get us to Phase 2.5

o Specifically
— Operators need to understand Hardware/Firmware/Software
— Develop real-time Data Quality Monitoring

e \What | hope to convey:

1.
2.
3.

Details of the hardware: ASIC + boardstack
Firmware and Configuration/Operating parameters

Understand how to read and comprehend documentation
and ask meaningful questions (“it doesn’t work” notably not
amongst them)



IRS3B block d|agram
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"PCLK #" Register/Value Default value # bits
1 Threshold Ch. 1 TBD (0x000}) 12
2 Threshold Ch. 2 TBD (0x000) IPE
3 Threshold Ch. 3 TBD (0x000}) 12 g
4 Threshold Ch. 4 TBD (0x000}) 12 o
5 Threshold Ch. 5 TBD {(0x000) 12 o
6 Threshold Ch. & TBD (0x000}) 12 g
7 Threshold Ch. 7 TBD (0x000}) 12 3
8 Threshold Ch. 8 TBD {Ox000) 12
9 ¥BDhias Ox400 12 DAC buff bias for Vbias, Vbias2
10 Vhbias 0x380 12 Buff amp bias -- initial sample
11 Vbias2 0x370 12 Buff amp bias -- transfer samples
12 Misc Reg {incl. SGN} 0x000 3
13 WBDbias 0x400 12 DAC buff bias for Whias
14 Whias Ox307 12 Trigger Width adjust {Whias)
15 TCBbias 0x400 12 DAC buff bias for Trigger Comparator
16 TRGhias 0x350 12 Trigger Comparator bias
17 THDbias 0x400 12 DAL buff bias for Trigger Thresholds
18 Thhias 0x400 12 Internal Trigger Threshold buffer kias {disable for external drive)
19 TRGDbias O0x400 12 DAC buff bias for TRGhias2, TRGthref
20 TRGbias2 0x350 12 TRGhias for reference channel
21 TRGthref 0x800 12 Trigger threshold for reference channel
22 Lea_d_ing Edge SSP.in Ox060 3 Timing Gen: SSPin
23 Trailing Edge SSPin 0x010 8
24 Lea.d.ing Edge 51 0x028 3 Tirming Gen: 51
25 Trailing Edge 51 0x058 3
26 Lea.d.ing Edge 52 Ox068 8 Timing Gen: S2
27 Treailing Edge 52 0x018 8
28 Lea.d.ing Edge PHASE Ox018 8 Timing Gen: PHASE
29 Treiling Edge PHASE 0x030 8
30 Lea_d_ing Edge WR_STRB 0x040 8 Timing Gen: WR_STR3 MNOTE: WR_ADDR phase CRITICAL
31 Trailing Edge WR_STRB 0x070 8
32 Timing Generator Reg Oy *H+* 8 Select Timing signals viewed, Phase clear, RCO running decode for
33 PDDbias 0x400 12 DAC buff bias for CMPhias
34 CMPbias 0x500 12 Storage Cell Comparators {Pull-Down) bias
35 PUDbias 0x400 12 DAC buff bias for CMPhias
36 PUbias OxBFO 12 Storage Column Comparators {Pull-Up) bias
37 5BDbies 0x400 12 DAC buff bias for Super Buffer bias
38 Sbbias Ox400 12 Super Buffer bias
39 |SDhias 0x400 12 DAC buff bias for ISEL
40 ISEL 0x900 12 Voltage Ramp Current Initial config required
41 VDDbias Ox400 12 DAC buff bies for Vdly
42 Vdly OxB54 12 Wilkinson counter ad] voltage Servo-lock target value
43 VAPDbias Ox600 12 DAC buff bies for VadjP
44 VadjP Ox5ES 12 Timing Generator delay adjust PMOS Initial config required
45 VANDbias Ox600 12 DAC buff bias for Vad|N
46 VadiN OxADO 12 Timing Generator delay adjust NMQOS Servo-lock target value
60 DatOut_ctr_CLR AddrMode ADDR_M  Clear Data Qutput Address Registers
61 RD_ctr_CIR AddrMode ADDR_M Clear Read Address Registers
62 Start_WilkMon AddrMode ADDR_M  Start Wilkinson Reference counter
63 Boin_CLR AddrMode ADDR_M  Stop/Clear Wilkinson Reference counter
64 Trig_In AddrMode ADDR_M  Pulse Trigger test circuit

Hopefully, these
will start to make
sense in terms of

how these
settings map onto
operational
parameters of the
IRS3B ASIC



re3dControl_writeD efaultDacH egs. cpp

control->writeDACReg (board id, 169, 737): CMPbiasZz

control->writeDACReg(board id, 170, 3112); PUbias S|mp|e SOftware

control->wWwriteDACReg (board id, 171, 1000} : CMFPbias

, 1300); SBbias

2, 1300); ./ SBbias
control->writeDACReg (board id, 173, 0); Vdischargs
control->writeDACReg (board id, 174, 2300); ISEL
control->writeDACEReg (board id, 175, 1300); DBbi1as

Once have

TGy L writing template
Misc. Timing Select Register (3-bit) - BCLK 180 that talks to the
picoblaze, tuning

i operational

[F]
[1i]

. parameters of the
cnntrul—::-writeDﬂCitegi]::l:nard_id, 178, 0): IRSBB ASIC

control->writeDACEeg (board id, 180, Z800);: Vad real Iy eaSy
control->writeDACReg (board id, 113 1 H VAPburf

control->writeDACReg (board id, 13

control->writeDACReg (board id, 13

N Pt i s e LI P | S i I Y O el Lo N

control->writeDACReg (board id, 134, 0): WFR =
control->writeDACReg (board id, 185, 0);: WE SYNC TE -—--— IRSX anlv?
control->writeDACReqg (board _id, 1386, S6): S8R

control->writeDACReg (board id, 127, 16): SSPin TE Ox10
control->wWwriteDACReg (board id, 13 i
control->writeDACReg (board id, 13
control->writeDACReg (board id, 190, 104); EE LE Ox &R
control-r»writeDACReg (board id, 191, 24); ko ?Z Ix18




time (ps)

Servo-controls (3 parameters)

Temperature Dependence . | , , ,
N calculated sampling frequency —+—
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) 4
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182 & -
0.2%/degree C /p.{*‘pﬁ o
180 (can correct) ;y*_{;:% ?.}_ 3 ¢ S li d
o — s, | ampling spee
y = 0.4378x + 160.84 =
178 f R® = 0.9991 E 11
174 =2 ©
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170 -2000 -1000 0 1000 2000
25 30 35 40 45 50 55 d fference in DAC counts (V_ad] P -V _ad_N)
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¥ E Trigger 1-shot Width Adjust | ¢ T-1.TRG
Z 750 = Power (T_1_TRG)
E'{ooz_ 100 I
3650 -
3 eoof- Trigger output
< F — .
ss0f- ADC z Width
500 =
4505— C I OCk i 10 +
4002— g
380E, T
24
PROVDD {V)
Suggested initial operating point: >~740MHz = 1800mV ! 0 2‘0 4‘0 (;O E;O 160 120
This is the Wilkinson clock adjustment Discharge Current [uA]




time (ps)

Speuﬂcally

Temperature Dependence
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€« a https://code.google.com/p/idlab-scrod/source/browse/SCROD-boardstack/iTOP/IRS3B_CRT/srefasic_interfaces/wilkinson_monitoring 7 & | | @ ~ Ask.com

[=]
L=

&

[=1] [=1]
(= I i SR S

Tibrary IEEE;

use IEEE.5TD_LOGIC_1164.ALL;

usc ICCC. NUMCRIC_STD. ALL:

use work.asic_definitions_irs3b_carrier_revB.all;
use work.IRS3E_CarrierRevB_DAC_definitions.all;

[=2]

[=y W=7 ]
|

68

59  entity wilkinson_feedback 1=

70 port

71 CLOCK :in std_logic;

72 CLOCK_ENAELE :in std_logic; -
73 FEEDEACK_ENAELE : in =std_logic:

74 CURRENT_VALUE : in Counter;

75 TARGET_VALUE :in Counter;

76 DAC_WVALUE : out DAC_Setting;

=
=

STARTIMG_WALUE : in DAC_Setting

J
(-]

21 architecture Behavioral of wilkinson_feedback 1=

82 zignal internal_DaC_VALUE : DAC_Setting:

B3 signal internal _MEXT_DAC_VALUE : signed(13 downto 0);

B4 =zignal internal_CURRENT_DIFFERENCE : signed(16 downto 0);

B85 zignal internal _STEP : signed (1l downto 0);

A6  begin

87 --Map the =ignals to the output

58 DAC_WALUE <= internal _DAC_VALUE;

89 --Calculate the difference between what we have and what we want

90 process (CLOCK) begin

91 if (rising_edge(CLOCK)) then

92 1f (CLOCK_ENABELE = "1') then

93 internal _CURRENT_DIFFERENCE <= signed( 0" & TARGET_WALUE) - =igned ('0" & CURRENT_VALUE);

94 end if;

95 end if;

96 end process;

97 --The effective proportionality constant is chosen here by truncating the L5Bs.

98 internal _STEP <= internal CURRENT_DIFFEREMCE(16 downto 5);

99 internal _NEXT_DAC_WVALUE <= signed(resize(unsigned(internal_DAC_VALUE) ,internal _MNEXT_DAC_VALUE length)) +
zigned{resize(internal _STEP,internal _NEXT_DAC_WVALUE'lengthl);

100 --Apply the correction

101 process (CLOCK) begin

102 if (rising_edge(CLOCK)) then

103 1f (CLOCK_ENABELE = "1') then

104 if (FEEDBACK_ENAELE = '0') then

105 internal _DAC_VALUE == STARTING_VALUE;

106 elsze

107 i (internal _NEXT_D&C_VALUE < 07 then

108 internal _DAC_VALUE == (others == "0');

1049 elzif (internal_NEXT_DAC_WALUE = 4095) then

110 internal_DAC_VALUE == (others == "1");

111 el=ze

112 internal _DAC_VALUE <= std_logic_vector(internal _NEXT_DAC_WALUE(1l downto 0));

113 end if;

114 end if;

115 end if:

116 end if;

117 end process;

118 end Behavioral;
119

7 )i
72 end wilkinson_feedback; e rVO - I O C
50



mTC software pointer



A word of caution
Sampling Rate Feedback

VrefP+VrefN Adjust We typically operate ~2.7 GSals

Slope in this region: ~10GSa/s / V

——\refP

VoD -vref 12-bit DAC can adjust by 0.6 mV per
step:
0.6 mV * 10 GSa/s / V = 6 MSa/count

’

sampling Rate [G5a/s]

@ 2.7 GSals, this is 0.2% per count:
0.2% *1/2.7 GSa/s =0.74 ps

i . : . ] i . =2Over the full 128 samples, this is ~95
VrefN[V] PS of INL.

Comments/questions:
1) 12-bit DAC resolution does not seem sufficient to ever control this effect to < ~50 ps.
* Higher resolution DAC could help, but only if noise is reduced to the level where
the LSBs actually matter.
2) Noise on the two control lines contributes to sampling rate uncertainties. If so, 1 mV
of noise would roughly correspond to 150 ps over the full range. 10




What limits timing?

Increased Amplification:

]
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Want >100 ADC counts (>~ 60mV) for smallest pulses:
Carrier Rev C 90-100ps =» 60-70ps
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scilloscope on a chip? =» Calibration

I PSEC3 eval

Graph | Raw Cutput

Wertical Offset: | J
CH3 Wertical Scaling: '
CH4 ? B J
SavedCH1 ) )
SavedCHz [ Display CH Online lOFFIine]
SavedCH3
SavedrHE epy ta... Create Pedestal Save Pedestal | SYMC_USE Log Data
Create LUT Single Event Total readouts: 7574
—_— — ] CH1:5476
n CHz2: 2
Event #: 7574 reset Bvent # ‘ el | =
Load Pedestal Event # on board: 952 CHe: 1

Load LUT ‘

2045 il 0.600000 % | Save Spike Hiskogram
Tr Cancel ‘ - Set Ped Wolkage

Init settings

LUT: LUT.ExE = . .
Pedestal: pedestal.txt |ID GSals ﬂ |e><terna|, - j |III :‘Trlgger Thres: 0.00Y Init

Display: USE
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Oscilloscope on a chip? =» Calibration

13



Calibration and Sources of
Timing Error

voltage noise Au

signal height U
timing uncertainty At

Au_U
At t
> tr ~ 1
rise time £, 3 f30”3
Au Au Au t. Au \/H’{ Au 1

At="".t = t

U " Uvn " U ftof. U Jf. U J3f f,,

*Diagram, formulas from Stefan Ritt 1



« \ltage uncertainties
e Timing uncertainties

Calibration and Sources of Timing Error

Contributions to timing
resolution:

voltage noise Au

timing uncertainty At

signal height U

v *Diagram from Stefan Ritt

P
<

rise time £,

Of these contributions:

Random — irreducible (without
hardware redesign)

Deterministic — in principle can be
calibrated away.

v

Let’s talk about where the
deterministic pieces come from
and what has been done about

them. o



First ASIC Calibration — Pedestals

e Each storage cell has its own “offset” value.
— Measure with no signal input.
— These offsets must be removed in order to see a clean(er) signal.
— We call this “pedestal subtraction.”
— 32k pedestals per channel (quarter million per ASIC!)

o Example:

2- 02__
3 — @ [~
[+] — [=)]
LS 900 g8
3 F 20.151—
> — E _.
o 800 5 g1
a n g .
= E g

a0 -

300

0

1 P R
250

sample cell

Before pedestal subtraction

- - .
K o,
L hd P
S A o
A + WF + .
* - * * 4+t
* P . - L
L *, + . . N .”‘ , P g £
. C
700 — s & . s =0.05 "
C. ; o % F-
- . X h . @ =
= X 5 ¢ . ® ! .
(I - + Fy @ [
600[—% " . g o
r . v, "' E
.t —
- . 3 -0.05— °
500 — A . el il . o
— +t . . - * . — *
.“4 ':' R *
et + tar RO
LM Yoo
RIS

01
015 ~ ¢
C %

-02F
1 1 1 1
0

1 1
250

sample cell

After pedestal subtraction
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Comparator Transfer Functions

Wilkinson comparator.
Ramp is supplied to all storage cells.

Comparator output fires when ramp
exceeds stored voltage.

Signals are stored with DC offset to fit
into the comparator’s dynamic range.

—  Offset varies somewhat for each storage
cell. This is what we try to remove with
pedestal correction.

Comparator response is nonlinear.
Example shown for IRS3B comparator

ADC Counts vs. Voltage

&

Ln

o

(=]
II|IIII|IIII|I

00 pedestal

2000

1500

1000

¥ p1

¥2 I ndf 3.394e+05/ 118
po -762.3+ 0.6
2774+0.5_

(5,
o
o
III|III|III|III| IIII|IIII|IIII|IIII|I||

B i

Pl
|

fit - data (counts)

[=le=]e=lwlm Y

[ S

LLL 1 [ ] 1 1
BRNOOGOER

St
o

ol
Ll

2 25
voltage (V) 17



AC vs. DC Response, Pulse Persistence

Previous slide transfer functions
measured with DC inputs.

AC response may not be the same!

Why not? One example... persistence.

— Voltage has some dependence on
previously stored voltage.

— Example from Eric Oberla, PSEC3
ASIC.
e This shows a pulse whose “ghost”

persists for one or more cycles after the
pulse.

* The inverse is almost certainly true: a
pulse does not reach its full height due to

[ 'H'nl:luw IEnE |

Woltage ["-.-’]

/\

Orlglnal pulse

“Ghost” pulse — result of
writing pedestal voltage

onto original pulse 1

\\cle later.

15

20

28
Time [ns]

[ wlm:l-:w- 0. ﬂ? ru |

Woltage [V]

15

20

25
Time [ns)

25
Time [ns]
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Timing Uncertainties and Timing Calibration

Time interval between delay line stages has intrinsic variation.
Not accounting for this properly causes significant timing errors
Differential (DNL) and Integral (INL) [run-out] Non-Linearity

Fake signal

= real sample

® Sample wo correction
X After interpolation

Real signal

correction

- -
g
M
.
. .
.
.
= .
"
a -
« 5
= -
S .
" = r
. & .
" " & |
o = " |
i s « |
' = P
. " & I
o - 5
'
&
=
E
.
.

: Do s i*éff{

U .

Nuclear Instruments and Methods in Physics Research A 629 (2011) 123-132

.
.
.
.
&
.
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One calibration scheme

« Inject fixed amplitude pulses at a constant time relative to

7 500 .
system trigger. §. .0 ﬂ
» Measure times using a simple fixed threshold analysis. &, f
«  Simple gain correction applied sample-by-sample. Emf_
« Two point linear fit at threshold crossing. -
* Trying to add information from other samples complicates . |

the procedure, since it includes contributions from many o
« Measured time should be a constant value regardless of -
where the pulse was captured in the sampling array, but @ @& w0 e wwmgm
we see significant structure. Post-cal’ roc e _
Pre-cal: v e
- “E ~67 ps E o ommsonns

& TTTT

0.2;— .
o .|« Havetried many, and they each
] sample number have their merits and drawbacks ;-

20



A word of caution (anon)
Sampling Rate Feedback

VrefP+VrefN Adjust We typically operate ~2.7 GSals

Slope in this region: ~10GSa/s / V

——\refP

VoD -vref 12-bit DAC can adjust by 0.6 mV per
step:
0.6 mV * 10 GSa/s / V = 6 MSa/count

’

sampling Rate [G5a/s]

@ 2.7 GSals, this is 0.2% per count:
0.2% *1/2.7 GSa/s =0.74 ps

i . : . ] i . =2Over the full 128 samples, this is ~95
VrefN[V] PS of INL.

Comments/questions:
1) 12-bit DAC resolution does not seem sufficient to ever control this effect to < ~50 ps.
« Higher resolution DAC could help, but only if noise is reduced to the level where
the LSBs actually matter.
2) Noise on the two control lines contributes to sampling rate uncertainties. If so, 1 mV
of noise would roughly correspond to 150 ps over the full range. 21




Timing Resolution as a Function of
Sample Number

75ps

50ps

0.08

0.075

0.07

0.065

0.06

0.055

0.05

0.045

0.04

temp?2 temp2
— Entries 128 J
— | Mean 63.5 - . ..
- Meany 0.06245 . . .
—_ | RMS 36.95 ‘ -
= |RMSy 0.00953" . LR I
= by se s oy .
= - ‘e -, *
E_ 4 = ’ . .' " . % ] * ]
S P B Should be taking a lot of
SR . such data and analyzing
AR it to understand timing
S . error contributions
0 | 2|EI I 4|EI I ﬁlﬂ I Blﬂ — I1IZ|I'|:'.I — I12|'IZ'.I =

 Timing resolution as a function of sample number of the
threshold crossing (pulser data).

e Indicative of noise contributions.
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IRS3D Improvements over IRS3B

1. Improved Trigger Sensitivity

dT hardware adjust

Improved linearity/dynamic range
Improved Wilkinson ADC

No high current at power-on

2

= originally reported for TARGET7/X

= LABRADOR4 independent confirmation
= All ASICs since IRS3C

23



Trigger Threshold Improvement

« A ssignificant improvement for smaller pulses where “first strike”
Initiation of the MCP charge development is retarded

Threshold Response

iy o

cy [%]
W=

| €

i

10
0 W
0 2 4 6 8 10

Pulse Amplitude [mv]

o 16x doesn’t improve further, as already at the signal-to-noise limit ,,



Timebase servo-locking (DLL)

VadjN (V)

1.15

=& dtTrim=1000
1.13

1.11

w

DLL Coarse Tuning

no
©

1.09

N
o

N
\l

1.07

N
o

1.05

Sampling Rate [GSPS]

N
ol

N
~

105 110 115

SST_FB (tap stage)

110 115 120 125

Feedback Tap Number [of 128]

=—IRSX

Sampling tracks target delay

Target sampling rate: 2.8 GSal/s
Feedback tap = 121

(indirect “RCO” feedback mechanism injects asynchronous noise into timebase
generator, degrading timing performance — so this is a significant improvement)
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Time base non-uniformity...

L ok [

~34 ps RMS

10-15% of dT
typical

1 1 L 1 I L 1 L L L I 1 1
250 300 350 400 450 500 550 600
- Bin width in Calibration File [ps] -

I ~
processing time
dramatically, as this is the
most computationally-

Intensive aspect of “fast
feature extraction”
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280

Roughly Adjusted dT Sampling

2.7GSals

Sampling not working \

i
4
o = 3.2GSa/s
tl_l I 5;]1 I I I1|]I|t| I I I1H!t| Elllltll EHII.'I
Sample #
Simple, linear dT slew correction Still room for improved tuning
300 ——
mm-;—
1Dl}:
0
-100 ;
-
-3cmﬂ—, 55 B T 00 —TT

Sample #
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Observed IRSX noise

5000 —
— htemp
— Ertrigs B35E2
— Mean 000349849
— AME 1.381
2
— x* ndt 1160 7 44
4000 L Caonstant 4440 L+ 206
| Mean 00008138 & 0.0054209
Sigma 1.35 & 0.00
3000—
2000—
1000 —
ol |

6
pedestal subtracted output [mV]

=)

Non-gaussian distributions expected for small noise amplitude due to
non-linearity in Gray-code least count

Take away message: noise is comparable, or better than IRS3B,
and acquired while sampling continues to run 28



T5 (Runs 56158 to 56182): INL = 337.8 counts I R83 B T5 (Runs 56158 to 56182): INL = 337.8 counts
: 40

4000‘ 0‘ | .
—linear fit
3500+ —mean of 64 transfer functions 300
= .
1=
3
8 200+
o
a
< 100}
)
]
3
o s
4
£ 100}
48]
@
£
— -200+
-50 : ' -30 : L ‘
800 1000 1500 2000 00 1000 1500 2000
DC voltage (mV) DC voltage (mV)
T7 (Runs 96385 to 96409): INL = 76.9 counts I R 83 D T7 (Runs 96385 to 96409): INL = 76.9 counts
4500 : : 80 ; _
—linear fit
40001 —mean of 64 transfer functions 60

)
L c
5 3500 3 40|
c Qo
3 3000¢
3 é 20+
Q 2500 =
= s O
o 2000 35
E 3 -207
5 1500 =
< &5 -40
c
£

-60
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Improved Residuals, repeatability

Note: IRS3D -- no comparator bias tuning yet done

IRS3D 3rd-order Residual

= 10
E pX
3 Entries 26 + +
5 Mean 1498
& °|Meany -1.769 '
a RMS  373.8 +
RMSy 6.406

o
I‘\\\\‘\\\I‘\\\\‘IIII|IIII

P

. e

_5 + +
-10 +
-15 !
| | | | | | | | | | | | | | | | | | | | | | |
0 500 1000 1500 2000 2500

Input Voltage [mV]

~1% Integral deviation from
3'd-order over key sensitivity
range

Difference [mV]

IRS3D Residual Difference, Sample 2 vs Sample 1

0 L px
C Entries 26
C Mean 1498
-1— |Meany -3.346
- RMS 373.8
- RMSy 1.725 * +
_2j
3— +
N
_5:_
-6}
: | | ‘ | | | | T | | | | ‘ | | | | ‘ | | | |
0 500 1000 1500 2000 2500

Input Voltage [mV]

Shape repeatable sample-
sample (common lookup table,
with only pedestal offset)
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Useful Diagnostic tool

* Plot correlations between pairs of samples:

— To determine At;, plot V, =V, versus V; + V,

f‘g‘,m_ i & - Input signals given by:
LA E‘a £ % V. = Asin(wt, + ¢)
= 4 \ ]
& & | |
“:};- ?r \ f a( Effectively rotate by 45%:
=l 1 r q
“V /oamf y | TEuy
el T O v L —y:=V,-V,
aso- W e S . > x> y?
S S T R T RS R 1A% cost(wit/2)  4AZsin’(wot/2)

time (s}

=1

* iandjcan be adjacent (or not), but cycle ambiguities exist if > 1 period apart.

Quite sensitive to yuckiness in the data
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Improved Wilkinson “cross-feed”

fWaveform[2][5]:fWaveform[2][9]

Waveform[2][5]

120

100

80

60

fWaveform[7][6]

IS

— IRS3B E —-_l
— “kinks”
-

-I;2|5fIJI I-Izlljclll I-|1|5(|JH-|1:|JCIJI I I-5|l2lI = IE;I = I5|DI = I1lZ||0I = I15|(JII 200

fWaveform[2][9]

fWaveform[7][6]:.fWaveform[7][7]

IRS3B
“broadening”

e “Kinks”

== <« “pinch-off”

S

| | 1 1 11 |
-300 -200 -100 0 100 200 300

fWaveform([7][7]

o

ample 3 Amplitude [mV]

S

-100

_200/— Broadening is “AC noise”
i In vernacular of CTA colleagues
_30 B | | | | ‘ | | | | | | | | | | | | | | ‘ | | | | ‘ | | | |
00 -200 -100 0 100 200 300

® Broadening at the extrema

» Breakdown of simple ellipses expect
otherwise

 Kinks/inflections hard to manufacture

without some type of digital interference
80MHz sine input [IRS3D]

w
o
[=]

Sample 2 vs 3, Ch 1
Entries 100000
Mean x -0.01012
Meany -0.02859
RMS x 178.6
RMS y 180.6

200

100

i

Sample 2 Amplitude [mV]

Much improved — some additional
Improvement expected with linearity
correction

I120|

1001

800

600

400

0
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Result: visually nicer waveforms

Amphtu&e (m\IQ
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of the waveforms
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900 i_ Entries Soeses 3710
= Mean -2.323e-1

800 — RMS 0.03105
= ¥ 1 ndf 1457 1 14
~ Constant 797.7 + 20.0

700 — ~31ps RMS Mean 0.002605 + 0.000499
- Y _ Sigma 0.02739 + 0.00049

00 timing difference

s~ (2 edges)

400

s00E- Slingle edge

znnf— tlmlng:

100F- ~22ps RMS

-%_3 I-D|.2I | =0.1 — [; — 0.1 — ID.|2 — ID.B

For stretch goal of <= 50ps single p.e. timing, the electronics contribution should be
<= 36ps for 35ps MCP-PMT TTS (best case) [<=30ps for 40ps MCP-PMT TTS (worst case)]

IRS3D timing

(no detailed timebase calibration)

Net timing difference (Ch.7 — Ch. 4) [ns]

IRS3D looks capable of achieving this goal.

Single photon timing [ps]

70

60

50

40

30

20

10

Single Photon Timing

20 40

Electronics Contribution [ps]

60

==40ps TTS
=8=35ps TTS
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Summary — Day 3

Final batch of detailed information presented

* Hopefully useful
*All of these concepts are straightforward, though
much, much, much to be assimilated all at once
 Typically 3+ times through needed to “‘get it’
 Essential issues to be addressed for quality mTC
data-taking:

» Are register configurations/feedbacks being

set properly ?

» Can we tell ? (meaningful DQM tools ?)

» Understanding what is being done ?

» Calibration! (and diagnostics)
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Resources (where to find more)

e Hardware:
— IRS3B webpage:

http://www.phys.hawaii.edu/~idlab/taskAndSchedule/ASIC/IRS3B/IRS3B__homepage.html

— Board stack schematics:

http://www.phys.hawaii.edu/~mza/PCB/iTOP/carriers/index.html
http://www.phys.hawaii.edu/~mza/PCB/iTOP/index.html (Interconnect)
http://www.phys.hawaii.edu/~mza/PCB/SCROD/index.html

e FiIrmware:

— References link:
http://www.phys.hawaii.edu/~idlab/task AndSchedule/ASIC/Firmware/Firmware_homepage.html

— RepOSitOrieS: http://idlab-scrod.googlecode.com/svn/SCROD-boardstack/i TOP/IRS3B_CRT/

https://code.google.com/p/idlab-general/source/browse/#svn%2Funiversal_eval%2FIRS3B_DC-stand-alone-firmware%?2Fsrc

e Software:

— Wil talk about next time: https://iwww.phys.hawaii.edu/elog/
https://www.phys.hawaii.edu/elog/mtc/152
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Simplified IRS3B Block Diagram

Input

Analog
Input

e |
"
&= 3 B |
Storage w4 W508 w1 w2 l
i ]
[ Ramp Generator ] [ Timing Generator
e Per channel:
— Single input line « Common to all channels:
— 128 sampling cells/capacitors « Timing generator
— 256 transfer cells/capacitors - Ramp generator

— 32,768 storage cells/capacitors
— 64 counters used to digitize 64-samples in parallel 38



3 DSP_cPCl

MTC Readout

IRS3B sampling 12 DAQ fiber
ASIC transceivers Giga-bit Fiber

Transceiver Links

= -nn',ing L Y
generator . . i Subdetector Readout Module
{111 ASICs

FPGA

or ADCs m

On or in Detector

FPGA firmware consists of 3 parts:
1) ASIC/ADC driver (common)

2) Trigger/feature extract (subdet. specific)
3) Unified DAQ transport protocol

] Ed VU UV U L

T CAJIPCI clock,

| —— i | o = - $ d - trigger,
""" ¢ programming
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Example window buffer mgmt

 Laser fired randomly with respect to FTSW clock...
— ...but at a fixed time relative to the global trigger.
— Example 1:

PiLas Trigln

PiLas Fires H

System Trigger (CAMAC

EP QIF—FZHIQI'SW Trigger Issued

t
< FTSW

(CAMAé(r:n ;I_ Ilé)r(%hifgqf);lrger tersw
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Understanding Expectations: IRS3B “toy” Monte Carlo

Vheal 100 ADC 40% CFD ratio:

Risetime 2.7 ns ) " _

Sampling rate 2.72 Gsa/s Applied bgtween_z_ points on leading edge that
nom dT 0.368 ns bracket this transition

nom dV 13.617 ADC/sample

900

800F

700

600

500

400

300

200

100

IRS3B sim of operating parameters

Il Il - ‘ I L ‘ L
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

Leading Edge time [ns]

~44ps for 100mV peak,
2mV noise

Leading Edge time [ps]
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0

IRS3B Estimated

\ sSNR = dV/noise

—&—IRS3B

R

4.0 6.0 8.0 10.0 12.0 14.0 16.0

Sample Signal-Noise-Ratio [sSNR] 41




