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® Electrical Multi-Chip Module — a reminder MPG(7

3 metal layers on silicon substrate

2149 different electrical nets

4055 test pads (size down to 70um x 70pum and 50um x 100pum)

YV VWV V V

~15k vias connecting the metal system in 3D (10k aull to alu2, 5k alu2 to cu)

Pads for control and read-out ASICs
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® Electrical Multi-Chip Module — Substrate Testing
(/YA

Metal 2

Wire bond pad
\

Poly-Si 1 P°'V'\S‘ = Metal 1

Implants in
sensitive region

Silicon Substrate

- Technology of the inter-metal dielectric chosen after EMCM3 wafer
measurements

- Open/short and breakdown structures (summary was given at the 18t B2GM June
2014 by Paola Avella)

- EMCM4 to verify the results from EMCM3

- 5 Wafers have been finalized with Cu last week - wafer-level testing will take
place in the next week

- EMCM3 wafers cut and modules used for the latest assemblies
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@ EMCM as of today

EMCM  nhttp://www.hll.mpg.de/twiki/bin/view/Depfetinternal/ShoppingMall#EMCM

D Project  Status Comment DHP  DCD  Switcher Location lastedit
" ax 6x
~ opu (1} ne: Al nepny: cakepnp/nepl nems/view: - Witcher-
P41 ZMI5  (fully populated hitp://wwaw hephy atihephydbicakephp/hephydblitems/view/9486 . DCD-  Switcher- HLL  2014/09/19
< B2 BIBVIO
_ . . 1% 1%
SWEB: Du‘tpu‘t Sﬂna|3 don’t toggle after accident dUI'II"Ig . _ ~ 1% .
PE1 EMOM_T e bond wires fouching) DHP & DCD ok hiip:/www hephy atihephydbicakephp/hephydblitemsiview/9515 ., DCD-  Switcher- MPP  2014/09/19
Bv2  Bi8vi0
" 1% 1%
P6-2  EMCM_2 Clear to Source short -> not suited for PXD6 matrix  hip:/www hephy atihephydbicakephp/hephydbliemsiview/9515 . DCD-  Switcher- HLL 201410919
“ B2 B18V0
1% 6x
W1 EMCM-2- 1%
. term resistor shorted comer is broken (where PXD6 could be assembled) Dpop DCD-  Switcher HLL  2014109/19
q < B BiE8viO
1% 6x
Wo2  EMCM-2- 1%
w2 2 SWB (all SWB assembled) 1 missing pad in DCD Opop DCD-  Switcher HLL  2014109/19
q < B BI8VIO
EMCM-3- x bx
WA73 ~ - crack in Si-Substrate, not suited for small PXD mattix Switcher- HLL  2014/09/19
B18v2.0
Three samples fully populated o
EMCM-3-
W74 — =" Probe Card - : - Switcher- HLL ~ 2014/09/19
2 with latest ASICs (DCDPipeline, i
n Ax 6x
W18-3 QEMJ'& PXD6 matrix EO7 Wafer22 mounted DHPT, SW|tCherBl8V2) DCD-  Switcher- HLL  2014/09/19

Pipeline B18v2.0
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® EMCM3 W17-3

- DCDPipeline 1-4 and DHP 1-4 can be configured and read out

MPG[7

@

- SWB5 and SWB6 not functional (crack in Si-substrate — from the corner of the hole
for the small PXD6 matrix)
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MPG[
® EMCM3 W17-4
HZ /

- Fully assembled with DCDPipeline, DHPT, SwitcherB18v2
- Dedicated for EMCM probe card setup

- Probe card Setup is in preparation by Marca Boronat at the HLL

- since last week all components (DHH, LMU Power Supply, mechanical holder for probe
card) are available

- Integration is ongoing (help from DHH and power supply experts needed)
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@ EMCM3 W18-3 MPG

- All ASICs can be configured and read out, SWB outputs ok!

- Small PXD6 matrix (Wafer 22, EO7, standard design 50 x 75 pm=2, short gate
length 4um) connected to (¥2) DCDPipeline

- EMCM connected to short (10 cm) Kapton, Data Patch Panel, Infiniband cables
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@ What do we want to learn from the EMCM?

» Technology, backend assembly processes (ASICs, passives, Kapton), Signal

and power integrity of the cables/PCBs

JTAG programming of all ASICs (incl. Boundary Scan of the digital 10s)
Stable operation of the 4 high speed links from DHP to DHH
Low noise of all 1000 DCD channels at 320MHz

Stable Switcher outputs on a fully assembled EMCM

vV V V V V

PXD6 operation on the EMCM
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@ What do we want to learn from the EMCM?

» JTAG programming of all ASICs (incl. Boundary Scan of the digital 10s)
- JTAG programming of all ASICs done (see talk Dmytro Levit)
- Boundary Scan:

— Manual scanning of single links possible (e.g. SWB control lines)

- Systematic scanning using dedicated hardware and software is not done yet
(Philipp Leitl, Master Student @ MPP, started to work on that)
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MPG,

@7

What do we want to learn from the EMCM?

» Stable operation of the 4 high speed links from DHP to DHH

305MHz, 3m Infiniband cables, 1.62V, EMCM W18-3

150 -

100 - -

biasd

50 -

1500 - -

biasd

DHPT1.0 - channel 0
000000000000000000000
- - 900000000000000000000
- - 900000000000000000000
000000000000000000000
- 900000000000000000000
- 9000000000000000000000
- 900000000000000000000
- 900000000000000000000
000000000000000000000
- 0000000000000000000000
- 0000000000000000000000
0000000000000000000000
- 0000000000000000000000
- 0000000000000000000000
00000000000 0000000000

biasd

100 - -

s0f - -

10 20 30 40 50
bias

biasd

1501

150

100

50

DHPT1.0 - channel 1

- @ Datalink up

e Data link down

30 40 50
bias

10 20

DHPT1.0 - channel 3
- 0000000000000000000000
- 9000000000000000000000
- 0000000000000000000000

:‘-........O.............
- 9000000000000000000000
s0f -

- 0000000000000000000000
- 0000000000000000000000
- 0000000000000000000000
- 0000000000000000000000
- 0000000000000000000000

10 20 30 40 50
bias

Scan of DHPT output driver parameters of the 4 DHPTs assembled on the EMCM
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@ DHPT Output Driver on Hybrid5

15m Infiniband cable

DHPT

Wirebond Adapter

Infiniband connectors

250m

200m
150m'
100m
S0m'
|:| "..."
-s0ms

-100my (S

. g T .. e . DHPT link tested by Leonard Germic
000:31883, Ta 5 : 1 5 (Uni Bonn) with 15m cable ok!
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@ Difference in the link

15m Infiniband cable

DHPT

Wirebond Adapter

Infiniband connectors

EMCM Setup

EMCM Kapton

NN
S0
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® Short Kapton

= -

Layout of high speed links
better (in terms of impedance
control) compared to the long

- Still some lines are too close

at the edge

il

Signal layer vs. layer 2 (no split plane)

N\

Signal layer vs. layer 4



@ What do we want to learn from the EMCM?

» What do we want to learn from the EMCM?
» Low noise of all 1000 DCD channels at 320MHz

- New firmware for DHH available which allows the reduction of DHPT data

rate to 800Mbit/s (instead of 1.6Gbit/s) while keeping the nominal frequency
for DHPT/DCDPipeline

- To be investigated!
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@ What do we want to learn from the EMCM?

» Stable Switcher outputs on a fully assembled EMCM

Switchers are

‘n_otconfigured_ o

Switchers are

. W LeCroy
configured | . EMCM W9-2
. i .
A T S m - SwitcherB — Control
............................................ e ; !JM !”L _, . lines
IR R RAL I A
- IR AR -
E\ 4L ;r;ir:;mnow ::: IDCODE  0x23456789
IBIAS1
l \ l \‘ \ IBIASBOOSTO [ [ X X Read IDCODE
IBIASBOOST1 ] X X
u}\ ]q \ L' \ hl RESERVED [ XX
)| | | | Pfl
| Write Userreg ‘ IRead Userreg
vF I | | ! A '|
|
g | (262 mv) X L
StdVer F1.pkpk(C1)y P2:ampl{C1) F3:max(C1) F4:miniC1)  Pbsdev(C1) PGmeaniC1)  FT:base(C1) Fa:top(C1)
value 322mv 211.2mv 1320V 9499 mv 100.9 my 11521V 1.0362V 1.2474V
status v v v v 4 v U4 v
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@ EMCM W9-2 SwitcherB — Gate Outputs

Switcher (5): Output of 3 consecutive Gates (190, 191, 192)

1589 frames,
~—22 3 Gates @ 3 Switchers:
. Work properly

.

e .
)

21 =t e N, ek -

F1pkpk(C1)  P2:ampliC1) F3:max(C1) F4:min(C1y  PhsdeviC1) PGmean(C1)  P7:base(C1) Fatop(C1)
G.26T Y 946V 560 mY 1956 T31TV 1749 a.015Y
v

100 nsfdiv] Auto -60 mv|
500kS 5.00GS/s]Edge Positive
Xl= 10940ns  AX= 108.00ns
2= -140ns 1AX= 9259 MHz
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@ EMCM W9-2 SwitcherB — Gate & Clear Outputs

Switcher (5): Output of Gates & Clear, Channel 191

| :i LeCroy

i
4 1 Pl i A BB Ao p il
by kAol | W‘} L‘/\;Wu TR o
, ]

I y :?.l T TR TERER {0 Y FRRTTRNTN R i
""I'.'u"' y | 4

- I
“ | R
C1 | 4 |

\ 1

| I

- = |

, -
StdVer F1.pkpk(C1)  P2:ampl{C1) F3Imax(C1) F4:min(C1)  PisdeviC1) PGmean(C1)  F7:base(C1) Fatop(C1)
value 947V 6.63TV M1z 165W 1410V 3382V 3092V 9729V
status v v v v v v v

2.00vidiv

50.0 ns/div] Stop
250kS 5.0GS5)Edge  MNegative
1= -978ns AX= 107.2ns
2= 94ns 1AX= 933 MHz

-4 760V ofst

Belle 11 PXD SVD Workshop, Pisa, Oct. 2014 Christian Koffmane, MPG Halbleiterlabor



Belle Il PXD SVD Wi

EMCM W9-2 SwitcherB — Gate & Clear Outputs

! |
I |
@z i
i
c1 : |
1 ! amm \
[cFrm)
(AR
: - R S
= N,V S
¢ = N
StdVer PipkpkiC1) P2ZampliCl) P3max(C1)  P4min(C1) Fisdev(C1) PBmean(C1) FP7:base(CH
| — teen Zesu Zesar 910V 154V 641 mv 8.049V 154V
: I eCroy’ v v v
; I
i e |
- | SHRPRINRAES NN PR § | PSS " - | U AX=  16.0060 ps
| | - X2= 156.5208 ps 1/AX= 62.4766 kHz
Y I
Al H |
L]
K
wi
—1 e L ; t h 2
| R c e r
e
Stevar PrpipkiC1)  FRampKCY)  PImakC1)  PemIniCT)  PSedeiCl) PEmean(Ct)  FTbase(C1) FRtopICT)
valug T4V 5968V iy 161Y G4 my G095V 1208V @176V
statug o - o o - v o b
. \ LeCroy|
T | 05238 ug 16.0060
#:& 1565208 us 1iAX= 624T66IHE
Sexrm) i
[eexim)
: : . c“e‘
- oW
<
A Al Lk .
+ T
<= Text of label 1
1
! CEEER
1
1
s A o el | .
1
) [
e
Stdver P1pkpk(C1) PZampl(C1) P3max(C1)  P4min(C1) PSsdev(C1) PEmean(Cl) FTbase(Cl)  PSiop(C1)
value 736V 6.024V a.07Vv 171V 645mv 8125V 2190V 8215V
status v v v v v

155870 ps
X2= 156.1108 s 1/AX= 64.1560 kHz
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@ EMCM3 W18-3 first glimpse on PXD6 matrix

HZ[

Eils ESe Yisw Sptions Toels

XY DCD (Mod11) abs. diff. between last two frames(Mod11)
T, 00
z T |
280 B
760 i
740} L
e B
C T - |
720¢ = = 600/
= - L
700f £ |
é g -
680 - E g 400
660 - i
i 200
640 i
620 L
ll G U 1 1 1 1 | L1 11 | 111 1 | 1 1 1
190 200 210 220 230 240 250 0 50 100 150
[col_d] [col_d]

- Very first glimpse on PXD6 standard design, short gate length 4um (assembled 25th
Sept. 2014) read out by DCDPipeline and DHPT @ 305 MHz

- Mapping in Online Monitor must be adapted
- Pedestal distribution, noise, laser and source tests to be done/analyzed
... and Gated-Mode
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@ Changes to PXD9 Layout (done by Christian Kreidl)

- Remove not used differential lines (not needed by DHPT anymore)

- Re-size the wirebond pads for several voltages
> DHPCore ca. 700mA -> 6bonds = 117mA/bond
> DHPIO  ca. 220mA -> 3bonds = 73mA/bond
> DCD_DVDD ca. 720mA -> 6bonds = 120mA/bond
> Refln  ca. 200mA -> 3bonds = 67mA/bond

- Increase trace width of differential lines to 30um
- Increase spacing of the termination resistors to 200pm
- Increase width of the power routing on copper




® Summary and Next Steps /V/
.H[Z

» EMCM4 wafer-level testing to confirm technology

» Studying DCDPipeline performance at full-speed (using new DHH firmware)
» PXD6 matrix on EMCM - mapping of pixel in Online Monitor, pedestal distribution,

noise, laser and source tests, gated-mode

» Discussion on the further PXD9 processing ...
> Start with PXD9 production (2-3 hot wafers) + several metal “only” Wafer (PXD9 layout)

> Question: When to continue with further PXD9 wafer production?
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Thank you for your attention!
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Setup

Pico Probe

Micro
Manipulator

EMCM

Power Patch
Panel

Power cable

LMU Power
Cable

PCB, Switcher
Qutput Control

Data cables
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=
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Data Patch Panel
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@ Fully Assembled EMCM

H[Z

4 x High Speed Link

— DHP | | DHP | | DHP | | DHP
DCD DCD DCD DCD
eml Serln
Q | =
+—= )
@l L SerOut
I
o=
| (9p)
O [
D> m
®
g |3
2
OS> m
SR
b [
(b
o
=
o
m
—> =
(7))

N

JTAG and
Control Signals

New configuration:
» JTAG chain with 14 ASICs
» 6 Switchers in serial

» Multiple ASICs connected to the
same power supply
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® EMCM W18-3, 3m cable, 250MHz, V_DHP_Core 1.42 V

Aurora Links — DHHO

MPGY;

@

250MHz. 3m Infiniband cables, 1.42V, EMCM W18-3

DHPT1.0 — channel O

iwor - - - - 99000000000000000000
0000000000 0000000000
00000000000000000000
00000000000 00000000

C 000000000000 00000000
100 20000000000 000000000

C 900000000000 00000000
0000000000000 000000
000000000000 00000000
00000000000 00000000
0 - - 9900000000000 00000000
0000000000000 0000000
0000000000000 00000000

- 9000000000000 00000000
P 0000000000000 0000000
0 10 20 a0 40 50

bias

biasd

DHPT1.0 — channel 2

150 - - - 0000000000000 00
------------ 0000000000000
---------- o0 2000000000
B 0000000000000
0000000000000
0000000000000
0000000000000
- - 0000000000000
---------- 00000000000 000
S - 0000000000000
s0f - R 0000000800000

C 0000000000000
- 900000000000
S o 0000000000
p-----------......Ollil..

0 10 20 30 40 50
bias

1oofF - - - - - - -

biasd

biasd

biasd

10 -

100

50

150

oo

DHPT1.0 - channal 1
- 900000
- 900000
- 900000
- 9000000
- 900000
- 9000000
- 9000000
- 9000000
- 9000000
c - 9000000
© - 90000000 - - -
- 900000000 &
20000000000
200000000009
oco00® & @& 9

30

10 20 30 40 50
bias

DHPT1.0 - channel 3
- - 990000000000000000000
- - 990000000000000000000
- - 900000000000000000000
- - 9090000000000000000000
- 900000000000800000000

10 20 30 40 50
bias
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