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- @)/, Outline

1. Overview of EMCMs

2. Nomenclature

3. Setup

4. EMCM (fully populated one)
5. DCD ADC characterization
6. Latest Test Devices

7. Drawbacks

8. Conclusion and Outlook
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,m Overview of EMCMs

AVRAYDS

ID Project DHP DCD Sw Location Comment / Status
0.2 Bv2 B18vl
P4-1 ZMI5 4 4 6 MUC Fully populated
P6-1 EMCM 1 1 1 1 MUC
P6-2 EMCM 2 1 1 1 BN—MUC
W2-4 1 1 1 MUC Matrix glued (DESY)
W9-1 EMCM 2-2 1 1 6 MUC Short of term.
resistors
W9-2 EMCM 2-2 1 1 6 MUC Short of capacitors
EMCM_3-2 (Q
EMCM_3-2 (00
EMCM_3-2 ‘\\)
EMCM_3-2 (00
EMCM_3-2
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H.M Overview of EMCM - Nomenclature

A A SHf
Serin-SerOut (control) Switcher
TDI-TDO (JTAG) Outputs - ation Re 0
Clear & Gate C
DHP 3 #DCR 3
DHP 2 £DCD
DHP 1 DCD 1 e
DHP 0 DCD 0 e
Sw 0 Sw 1 Sw 2 Sw 3EEESw 48822Sw 5
Capacitors ST
load simulation Outputs
(Clear & Gate) SRR
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.ﬁ,.u Measurement Setup @ Semiconductor Laboratory

AVRAYDS

Data cables

Micro
Manipulator

Pico Probe

Power cable

Water cooling

LMU

—
Power - T —— "‘""7
Cable ‘ -
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&2 EMCM P4-1 -- Switcher

/7’[ ?4

ApDg=1t

Switcher: Output signals; falling edge of the gate signal is much too slow after problems with the
powering of the SWB (bond wires melted)

=> Only last Switcher (5) was measured
_ | _ | on too long

' |
| TR s configure
I/ ) Switchers via
= VYA S —— JTAG

L] h
Z2 i | ('.1 _) repeat .
i AR configuration with
’ O . new Software
¥ ' - R
StdHor F1rise(C4) F2falliC4) P3:period{C4) F4freq(C4) FSwidth{C4) Fa.duty(C4) P7.delay(C4) Panpoints(C4)
value 4177585pus  1.156387 ps 6468296 s 1546002 kHz  1.157296 s 2544 % —  2.495026e+6
status A

50.0
250 MS g
XK1= -402478 s AX= 2378 ns
X2= -40.0100 ps VAX= 4.205 MHz

timing problems
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&2 EMCM P4-1 -- DCDs

ApDyzit
DCDO and DCD3 seem to work
DCDL1 does not react on changes VNSublIn (0-127), maybe trans-impedance amplifier is damaged
In addition, only if EnMonlIn is off, one can see a test current 'peak’. One can see a double
structure => is it an artifact of odd and even ADCs ? (has to be further investigated)
DCD2: Auroralink crashes when one tries to read a "full frame" from DHP2. Moreover, all Auroralinks
(DHPO,1,2,3) break.
e ————— _— - ADC AAW and with GM corr (Mad11)
U U ) T U S Y R U L O RO
1§_ 5'}. .IIII;IIIIEL;: 1§_ ........ I.II ......
[A0C valug) = [&0c -‘wﬁfi
DCDO, DCDO,
EnMonlin off, EnMonin on,
VNSubIn 2, VNSubOut 10, VNSubIn 2, VNSubOut 10,
SMU: 4uA, 1.8V, SMU: 4uA, 1.8V,
ADC-channel 128 ADC-channel 128
7 27.05.2014 Felix Mller, 16th International Workshop on the DEPFET
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Cwverlay plot of mean A0C transfer curves

2al |

200

150 |

100

mean &0C reading in &0U

ol

1] a 10 15 20 23
Current in u&

Setup is prepared for
automatic characterization

EMCM P4-1 -- DCDs

0 ... 25 UA, 0.1 uA steps

— — ADCL

. - N—
of ADC transfer curves: still  ynsubIn D> VNSubOUt
needs couple of hours i Recelver , SmpR

scan was done with 250MHz

——— ADCR
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DCD Characterization - Noise

128 Measurements of each ADC

FMean value of pedestals per DCD channel at 5.00 uA

00F----- -

‘]DD_ ........

ADC counts

1]

I
|
I
I
I
|
I
I

Pedestals Mean

Distribution of pedestal mean values

ADCL, p=23.08, 5=5.19
ADCR, u=23.50, 5=5.42

0

NN NN S S - mesm

DCD channel
nn%%pe%ﬁlctﬁ charinel
U RRTRRRER R EE R S S UUUU S UUREUT Y

ADC counts

1

0a 150

) ED_
ADCL ||
ADCH-: |
: a0t
| |
o |
........ 2 |
N aaf [l
3 I
- |
0 |
250 0

100 150 200 250

C coun
= Eilsfrth&Er)] Dﬁuis%aluﬁ e omm mmoeE

ADCL, u=0.33, 5=0.23
ADCR, u=0.57, 5=0.24

—n Mo I I n il
0 50 100 150 ] 250 15 z 25 g
DizD channel ADC counts
Pedestals Noise
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MPG
@)/, DCD ch. - Detailed analysis: Finding the linear region

AVRAYDS

1) Smoothen the curve: each point is the

- Smoothed transfer curve (only for finding the linear range) average of 10 adjacent pointS
sen | . A= 2) Linear fit to upper part of the curve,
- i ; i repeat as function of upper limit.
| / I Calculate sum of square deviation (x?),
| Vs [ ..
1501 K 1 divide by number of degrees of freedom
100} i L~ | (= #points — 2 fit param).
| = [
a0 r /M i 3) Same for lower part of the curve
0 | L L L [l I . . . .
0 5 10 15 a zs 4) Calculate gradient, arbitrarily define
C tin ua . . 0 : ”
AR linear region as “gradient < 0.3
Chiz, narmalized by the number of degrees of freedom First derivative of normalized Chiz
‘||:|_ ........................... .. ......... ”

P N L
E 1 T T S T ” .. “
T e O P L)
2 T 3 T A ” . .
|:| .o TTTTEETT——————————— L
| | | |
0 5 10 15 pall
Current in LA Current in ud
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Transfer curve of channel 10.00

mean &0C reading in ADU

ADC reading in ADU

] 10 15 20 29
Current in ug

Deviation from straight line fit, channel 10.00

ADCL, chizndf=0.44/inl=3.44 |:

I

| ]
| : ADCR, chiZndf=057, inl=3.97 |:
e . —_—
| : :
I

10 15 0 £a
Current in uA

@);7,DCD ch. - Detailed analysis: Observables calc. for every channel

From transfer curve:

1) Gain: Fit to linear range, find
inclination

2) Linear region in ADUs

From deviation from fit line:

3) Integral nonlinearity: maximum

deviation from fit line (within the
linear region)

4) Sum of square deviation from fitline,
normalized by the number of
degrees of freedom (within the
linear region)

27.05.2014
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AVRAYDS

HZ ?4

DCD characterization - Results

ADC gain
|G- e——— RRRER R R [ e KRS LR P TRRRERRE o
T : : . : :
= co | : I co [ I o
a o A
=L - I I I : I -
= o I I I | - I -
= o | I I | I -
5 10 L ] | L L | ||
1] a0 100 150 200 Zal
0D channel
Distribiution of gain values
40
ADCL, p=13.27, 5=0.17
ADCR, p=13.23, =016
20+ I
|
|
i L L o Ep | L |
10 11 12 13 14 15

A DL A

periodic structure w.r.t. half columns

12
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&7, EMCM P6-1 & P6-2

ALzt

P6-1 (1x Switcher, 1x DCD, 1x DHP):

« Switcher: output signals don’t toggle after accident during probing (bond wires
touching)

« DHP & DCD ok
« DCD has not been characterized

P6-2:

» Clear to Source short — not suited for PXD6 matrix

« SWB, DHP and DCD ok

* Item was located at Bonn = is currently sent to Munich

« Switcher outputs have to be measured again (= Rework - slide 17)

Felix Mdller, 16th International Workshop on the DEPFET
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EMCM W2-4

Backup solution for Beam Test in January

= was brought untested to DESY (due to missing test devices in MUC)
= showed strange voltages & currents (Clear, Gate)

= most probably this was Power connector problem (Samtec)

L)

‘Data Patch Pane

Belle 2

EMCM Mounting

‘Samtec connector JF or oot eSS

‘Power Patch Pane

support
frame

Felix Mdller, 16th International Workshop on the DEPFET
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EMCM W2-4 -- Switcher

| A
*—WH L W’ MM E:all(%}(é)kns

v I Toay

StdHor Plrise(Cl)  P2fall == S .

value 5903 ns 886 = LeCroy
stat v

~130 ns

|
\
| Strobe Clear
\
|

g = L v
StdHor P1rise(C1) P2fall(C1) P3period(C1)  Pdifrec =

value 146.657 ns 73.896 ns 128.958ns  7.75444

[ LeCroy

status

:é‘:u_-_._ J—

== Strobe Gate
~130 ns

Probe signals after last
SWItC. h e r. (5) at th e JS’thor P1rise(C1) P2.f:ll(01) P3:period(C1) Pdfreq(C1) PSwidth(C1) PE:duty(C1) PT.delay(C1) PS.npumts(CW;
termlnatlon reSIStOrS :Z;lus; 10833 nf 235 EEBE 130439 nf 7.6664 Ml—iz 108.802 nf a3 41‘20 -182 52Qn"s 50009;3

100 ns/div] Single 700 mV]|
500kS 5.0GS/is|Edge Positive,
X1= 360.0ns LX= 1300ns
X2= 490.0ns 1AX= T7.69 MHz

Felix Mdller, 16th International Workshop on the DEPFET
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EMCM W2-4 — Power Patch Panel

SWB: output signals don’t toggle, Clear channels are stuck to ClearOn potential

— Repair of Samtec Power Connector

ot
200, 00um

Felix Mdller, 16th International Workshop on the DEPFET
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EMCM W2-4 -- Switcher

- LeCroy

T yrmTE TV row 190 - Gate

HAR A MWW Wb oA

J - only 1 Switcher (5)
N J o assembled

s v
. 10

i
StdHor Pirise(C1)  P2fall(C1) P3period(C1)  P4freq(C1) PSa _ LeCroy
value — — — — J\
status R R R R
2.00 Vidiv H
-9.020 V ofst {
I ;
A NI " N
row 190 - Clear e kA A s et i |
oo s N i - hl My Mo, P gt st gt et b s
row 190 - Gate o > \ ( e
\vm Sttty ok ﬁwvf\nvﬂ'.r‘\-i\_[
o =
StdHor F1:rise(C1) Fz:fall(C1) P3:period(C1) Fd:freg(C1) Poowidth(C1) FE.duty(C1) F7:.delay(C1) P8:npoints(C1)
value — — — — — — — 2.500e+3
status g g g g g g iy '

2.00 Vidiv| S .
-10.000 V| 250kS 50GS/i]Edge MNegative

Felix Mdller, 16th International Workshop on the DEPFET
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EMCM W9-1

Shorts of Termination Resistors of LVDS Switcher Signals

=> does not work

Felix Mdller, 16th International Workshop on the DEPFET
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EMCM W9-2

DCD: Refln is shorted to GNDA

=> not suited for matrix since DCD cannot work properly

50,00um

Felix Mller, 16th International Workshop on the DEPFET
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./,,.U EMCM W9-2 — Switcher Clock

Switchers are
not configured

ALyt

Switchers are
configured |
\ \ II '\ l “ \ I |
SR
l \ \ TERMINATION g [ XX
IBIASD @90 IDCODE  0x23456789
k IBIAST E [ X X ]
IBIASBOOSTO 290
‘\ L | \ | L| \ hlh IBIASBOOST1 O eee M’
‘i. | I W u RESERVED D eee
W M WMy W
3 Tt | | ! ' 1 g
| | Write Userreg ‘ IRead Userreg
g . EEEm X
StdVer F1:pkpkiC1)  PZ:ampl{C1) F3:max(C1) P4:min{C1)  P5sdeviCi1) PGmean(C1) P7:base{C1) P&:top(C1)
value 322 mv 2112 mv 1320 999 mv 1009 mv 11521V 1.0362V 12474V
status v v v v v v s v
imebase 848 ns
100 ns/div] Stop 2050 mV/|
F00KS 50GS/isjEdge Megative
X1= -B020ns AX= -1204ns
X2= -9324ns 1AX= -T73MHz
20 27.05.2014 Felix Mdller, 16th International Workshop on the DEPFET
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MPG@ :
EMCM W9-2 - Switchers
. 1/
Switcher 6: Output of 3 consecutive Gates (190, 191, 192) 305MHz
1
.................................................................................................................. . . . . 1589 frames’
!"- ~ ~ T JF, Sl 3 Gates @ 3 Switchers:
, — :L:: %‘:Hﬁ""“"” ::Wk I
&3 T I N OrkK properily
= e .
‘ | | =
' i
k | e
“\\ %’

. ‘l-/___b_f*"'_‘—‘ﬂ-.____hhd_ﬁw_“d__ﬂ_m_
. o AN
StdVer F1.pkpkiC1y  P2:amplic1) F3:max(C1) Fd:min(C1y  PSsdeviC1) Pomean(Ci) FTV.base(C1) Fatop(C1)
value ga0v 6267V 946V 560 mV 1.956 WV 7317V 1749V g.015v
status v v v v v v

imebase -183 ns

100 ns/div] Auto

5.00 kS5 5.0 G5/s| Edge

1= -10840ns  AX= 108.00ns
t e X2= -1.40ns 1AX= 9259 MHz
Ay 2683 V] Ay

21 27.05.2014 Felix Mdller, 16th International Workshop on the DEPFET
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. %f

ApDg=1t

EMCM W9-2 - Switchers

L[
Switcher 6: Output of Gates & Clear, Channel 191 305MHz
| :i LeCroy
| 1 |
: Nl
i .
Aty R | W} IW\HVW'-*WW‘-W et Wb A i

ety A e B ol e e WLt
ez | |
¢t I |

1 1 I

| o |

1 i 1
StdVer F1pkpkiC1)  P2:amplic1) F3:maxiC1) Fd:min(C1y  PosdeviC1) Pomean(C1)  FTbase(C1) Fatop(C1)
value 947V G637V A2V 165V 1410V 3382V 3002V 9729V
status v v v v

2.00 Vidiv 50.0 ns/div] Stop
-4 760 V ofst 250kS 50GS/s|Edge Heqahe
3 ¥1= -978ns AX= 1072ns
¥2=  94ns 1AX= 933 MHz

22 27.05.2014
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EMCM W9-2 — Switchers 1-3

. -
i i
i A
i f
T [erwzam) | LeCroy i k
I : | 1 o = k
i | : et A
e=r) i N
j @ i o,
| i |
i i il i
. i i G y i
) fx) I if il ey S Hd :
- i B
H
. i : = z il
i |
S i ; i !
L — b 1 e i R s
2 ) § ' !
N Vi« i i
) fex) N Y I i
Stdver PIMAXCY  P4mINGY  PssdevCl Pemeann)  PToaseCTNGEURYQ i i
; — e 910V 154V 641 my 8049V 156V v S i i
: I v v v v 2 7 i i
; | :

5.00 ps/div| B
= ‘lr ‘.b# 5065 }

| | | NN I T 1 PR ; 5238 15

1 i !| - X2= 1565298 ps 1IAX= 62 4766kHz i
¥ ] 1 2 %
| : E i
| e i fi
3 i
I = %
P K il
m- | | Swit ; |
- | itcher 2 kr |
e i i
Stevar PIppKCY)  FRAaMpKCY)  PIManCY)  PAmMInCT)  PSedeiCl) PEmean(Ct)  PThase(C1)  PRIpCT) }
valug 149V 5968 w10V 161V G mV 8065V 2208V 8176V i
status v v v Pl v v o B fi
i
il
| LeCroy| § E ]
i | 1405234 us 16.0060 s - }
. 1565200 s 1K= B24TEEIHE & ;
L ’JF i
@ i :
= s i
i B i
i i
E - “ ‘ i L= i
¥ i
' i
=< Text of labél ! }
! i
S : i
1 [rneom] i
il
! M H]
; OTHOT i
b ab A b bsatthna , ) 1
il I - il
B3 = : |

A
stdver Pipkpk(G1) P2ampiCl) PImax(Cl) PAmin(C1) PSsdeviCl) Pmean(Gf) P7base(C1)  P8top(cl) =3 =]
valug 736V 6.024V 907V 171V a5 mv 8125V 2190V 8215V & : i
status v v v v v v v - %
j
Ao 40mV] i
Edge Megative #in (i
155870 s i 14
X2= 1561108 ps 1iAX= 641560 kHz | H i i
* -t
¥ : ek

Felix Mdller, 16th International Workshop on the DEPFET
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Software (JTAG)

DCD Settings and Switcher (Termination Resistors) are configured via JTAG

— is required !

Software for 4 DCDs/DHPs and 6 Switchers is different compared to
Software for 1 DCD/DHP and 1 Switcher
(Bitarray, Bitstream, Dummy Bits)

not fully understood (Assembly problem?, DCD problem’))
— in discussion with Ilvan, lgor, Dima, Florian .

Felix Mdller, 16th International Workshop on the DEPFET
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Drawbacks

« Connectors (Power Samtec and Infiniband) — bulky cables
= finding the cold / bad solder connection is a mess!
= Ordered additional Power Patch Panel
= 5 ‘new’ Data Patch Panel are assembled

 Software / Bitstream

e Switcher-B18v1.0 — cannot apply nominal voltages — use ClearHigh only 13V
= hard / impossible to operate small PXD6 test matrix

ID Project DHP DCD Sw Location Comment / Status
0.2 Bv2 B18vl
x P4-1 ZMI5 4 4 6 MUC Fully populated
x P6-1 EMCM_1 1 1 1 MUC
P6-2 EMCM_2 1 1 1 BN—MUC
W2-4 1 1 1 MUC Matrix glued (DESY)
x W9-1 EMCM_2-2 1 1 6 MUC Short of term. resistors
x W9-2 EMCM_2-2 1 1 6 MUC Short of capacitors
25 27.05.2014 Felix Mdller, 16th International Workshop on the DEPFET
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Improved Setup — Inside the Dark Box

Stress relief

Bulk — PPP holder

EMCM

Microscope holder
moveable

Bulk — Probe holder

Moveable

/_\

Oz,

ahl

Drawing by K. Ackermann

Felix Mdller, 16th International Workshop on the DEPFET
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@7 Conclusion and Outlook

ALzt

Done:

6 Switchers are working properly (still some timing issues)
One Aurora link crashes (at fully populated EMCM)
Bitstream Shifts

To do:

PXD6 operation on EMCM
Faster DCD Characterization
Gated Mode

We need:
data base

Felix Mdller, 16th International Workshop on the DEPFET
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