DEPFET-LAB
Dec 2, 2015

DEPFET

Pilot Run: PXD9 W30 0OB1
(Quter Backward)




Overview

. Module overview
 Boundary Scan
. DHPT Serial Link Measurements

 Delays
* CrossTalk (EMCM)
+ ADC Curve

+ Sample Point Curve
o Switcher Sequence
o Dependency of Settling Time
o Adjustment of GateOn/Off
o Comparision to Hybrid6 (large matrix), EMCM & Hybrid5 (small matrix)
* Noise / Common Mode Contribution / Grounding Scheme
« Zero Suppressed Data taking (masking)
o Radioactive Source
«  PXD9 metal routing
 Open issues and discussion
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Pilot Run — W30_0OB1

= Power-up ASICs — sanity check voltages + currents 4x DHPT1.0
= Configure ASICs via JTAG 4x DCDpp
= Boundary Scan 6x SwitcherB18v2

= DHPT serial link — parameters of the pre-emphasis

= DCD <-> DHPT communication — timing adjustment

= Sampling point scan

= Pedestal distribution for various GateOn voltages

» Measure DEPFET response (Source, Laser spot, homogeneously illuminated)
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Boundary Scan

File Edit View RunTests Tools Help
BeR9 T

Screen Explorer o JTAG CON
= s 4 CONNTEST passed i i CONNTEST
PcwerfGround Nets - = " JTAG Chain

Checking the integrity of the JTAG chain. b CheckChain
@J‘I’AG Chain #11140 CheckChain passed o
@Cahegorise Devices i 222z BRSSEDussss

E Constant Pins

Passive Device Files

HAME
JIAG CON Passzed 1.152

JIAG Chain| Passed 0.234
TOTAL TIME

Test Device Files

Logic Files

Circuit Code Files

Place Boundary Scan Board between DHE and Pilot Run

l .Fun;ﬁonaITests | .
%Dmm Software can requires <2sec

m

@ Pin Mapping
Analyser

Debug Connection Test
E ¥IRunner Sety

. 0 Selected Test ~ | Select = |[C] Loop Selected Tests
@RI.I’I Tests e

Continue on Failure u Options..

4

R x Emors

Basic Configuration Complete

analysis.

The bazic steps for configuring your circuit have now been carried out, and it i= now possible to perform DFT

However, XJ Developer cannot detect whether or not all aspects of your circuit have been configured. You should check through the screens, and ensure that all
items such as tions and Co t Pins have been defined and that the | apping has been defined correctly.

The next step is to write XJEase test code for your T

Many of the test files from the XJEase library will already contain 2ome tests. You may also
want to write global XJEase test code by editing the C =

@Errors ]E Project Motes |#? Uncategorised Devices |&Warnings (20} |
i Passed | Project saved
€l ® ofN
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Data Eye - Basics

: Overlaying of bit sequences to
form an eye diagram

< EMCM_W18_4 DHPT2_DHPCore1.2V_EyeOpen_50mV_Bias15 BiasD150.png

Height1: Eye Diagram Y. Voltage Height2: Eye Diagram

50 [ O .. e ? e 150m
100y IR = = g B 100mb

s0my -

Eye diagram for transition bits and non transition bits (according to the PCI Express compliance).
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MPG(
,L/[[ Data Eye - EMCM

Aﬁ-ﬂy)f

DHP3_1.2V_76.23MHz_Bias15 BiasD30BiasDelay50_ bath_Ul.pngg

« Using DHPT pseudo random bit pattern

 pl_cml_dly sel=0

« BiasDelay is not used in DHPT1.0

» 48cm Kapton + Patch Panel with Infiniband connector + 3m Infiniband cable

" Woltage Height1: Eye Diagram S 8 a Height2: Eye Diagram

300m
200my : P 4 200m

100m

-1 00mY D= i : s -100m'
-200m

200p= 400p=

Width@BER1: Bathtub

0.0001

S0ps  700ps

DCDs analog: OFF
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.H[ g Data Eye - EMCM

DHP3_1.2V_76.23MHz_Bias15_BiasD30BiasDelay50_bath_UIl_allASICsOn.png
« 48cm Kapton + Patch Panel with Infiniband connector + 3m Infiniband cable
 DHP1,2,3 show similar data eye DHP4 not yet measured

. Differential peak-to-peak input voltage requirement of Virtex 6: 125mV

f:67> iy

Height1: Eye Diagram H:Ti Y al Height2: Eye Diagram

200my

100mé

-100m'

200ps 400p= -4 - 0= 200p= 400p=
Widthi{@BER1: Bathtub Unit Interval: Histogram

o0l -

0.0001 -

0
400ps S00ps G00ps Tl0ps S00ps S00ps

DCDs analog ON
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@ Delays — asicpair 4

Delay scan - W30 _OB1 - asicpair: 4
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Delay Scan — asicpair 4

Delay scan - W30 _OB1 - asicpair: 4

LSE 1 ADU 4 ADLg 8 ADU 16 ADU 32 ADU
pit 00 bit D BiL o3 bit 04 bit 05

ch0-31
e G B

ch3z2-63
S S

bit 19

| | 2 l8

bit 2 : 2 l4

ch&4-95
SRt

- 5

Y

S B

bit 35 2.0

bit 43 1-6

TR __ T
1.2

bit 51

_ i E - 0.8

£

Global Delays

S e BT g

GCK=76.23MHz
DHP-Core=1.61V
DHP-10=1.8V
DCD-DVDD=1.9V

=

5 B D P

bit 59

L

0.4

[
i
I
(V=]
=]
£
[
h
%3]
b
=]
I
[
£Z
[
[
oy
]
[=
(=]
-
£Z
[
m
I
5
[
(=]
I
£
[
%)
[T
[
=T
In
[
£
[

5 B B D ot

D246 6101214 0246 B101Z14 0246 6101214 0246 B10L214 0246 B 10LEL4 0246 6101214 0246 BLO1Z214 D246 BL0LZ14

Local Delays 0.0

bit error

11 02.12.2015 Felix Mtiller, Christian Koffmane



[0}
s
© 4=
= N
. S e | s
© a W g
n [13
£ 2 ,UojoBlIP* BJEp i S
cC A e\ - x
o o 3 &
3 | § :
()
u 3 ......................... : o)
s o S s ey ©
c o LW O®
I m @) ©A
2 Ie 00O
T O uonoalip* eyep o0
O <o
:QIU T n S
O B
1
=
@®
ot
(7))
(7))
@
O

Coengr i

o T A YR s R T e R v

02.12.2015

i

N
b




Cross Talkk - EMCM W18_3 — 76.23MHz — DCD4

Testpattern - wrong channels - 10 frames

0-pattem
T
i

— =sshits: 37 46 48
50 it - I i IR L I i T T T
— PRI
e e R e B T Fom r B A R R T T | R e e T e e e T L T e e P e R P ]
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— CREEFI
. - I I I I |

ADU
2-pattern
T

3-pattern
|

i

random

L] 200 400 &0 B0 1000

Reading
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. Cross Talkk - EMCM W18_3 — 76.23MHz — DCD4
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Pedestal Distribution, Noise, Occupancy - 10 frames
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ADC Transfer Curve

« GCK=76.23 MHz

- DCD_DVDD = 1.9V,
DHPT_10 = 1.8V,
DHPT_Core = 1.64V

e TR T . AR R W N
BAS g 30 W0 150 300 350 00 3%

Many bit errors in the DCD-DHPT
communication
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16

.. ADC Transfer Curve

(31,15)
(30,14)
(29,13)
(28,12)
(27,11)
(26,10}
(25,9)
(24.,8)
(23,7)
(22,6)
(21,5)
{20.,4)
(19,3)

(18,2))

(17,1)

{16.0)

H[Z

« GCK=62.5MHz

« DCD_DVDD = 2.2V, DHPT 10 = 2.1V, DHPT Core = 1.64V

- Delay Scan using the DCD Test pattern

» ADC transfer curves using the DCD internal current source |_Sig_Mirror

» ASIC-pairs 3 + 4 all channels (but only 2 x 2 IPSource/IPSource2 settings)

D3-R3 D4-R4

bit error (dacifbpbias=85, dacipsource=90, dacipsource2=85, dcd-amplow=400, dcd-refin=900) bit error {dacifbpbias=85, dacipsource=90, dacipsource2=80, dcd-amplow=400, dcd-refin=900)

{31,15)
(30,14)
{29,13)!
(28,12)
{27,11)
{26,10)!
(25,9}
(24,8}
(23,7)]

(22,6}

21,5)
(20,4}
(19,3}
(18,2}
(17,1)
(16,0}

4 4 3 3 2 6 5 5 4 4 3 3
DCD half-column DCD half-column

6 5 5

6 channels showed bit errors No bit errors
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ADC Transfer Curve

channel011_dacipsource-090_dacipsource2-080_dcd-amplow-0400_dcd-refin-0900_dacifbpbias-085___reduced_code_ri

ADC Curve Histogram 30 Noise
: . mean noise = 0.98
1) | I i : e S e T z 2 i B median noise = 1.06
(4 T
ID = reduced_range ,
min_code = 46 0 10
max_code = 255 : e
LSB = 5.44 nA ! Al 2.5
i ",.-"
200/
2.0
o 150 ) -
° c m
0 [} 7]
[¥] 3 =
15 E’ o 1.5
£ & 2
3 =
o 10'a -
g
100[-
50
0.5 B ot Lo s 4
|
|
|
|
o : i 10° 0.0 L H H !
50 100 150 200 750 300 350 0 50 100 150 200 250 300 350

Current DAC Current DAC

* R4 (asic-pair 4) channel not connected to DEPFET matrix
« GCK=62.5MHz

17 02.12.2015 Felix Miiller, Christian Koffmane



MPGl;

@,

ApDy= 11

31024_dacipsource-090_dacipsource2-080_dcd-amplow-0400_dcd-refin-0900_dacifbpbias-085__ reduced _code_range__ noi

ADC Curve Histogram - Noise
250/
ID = reduced_range :
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2 7| S ERE e Tt i PN IR | SRSty 4
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* R4 (asic-pair 4) channel connected to DEPFET matrix
« GCK=62.5MHz
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SCP

¢ @

ple Point Curve - W30 _OB1 - asicpair 4

Sam

gateon1,2,3

2500mV,
gateoff=2000mV

1),

lowgain (gain

deactivate caps

ITCPL=30

nano seconds

Felix Miiller, Christian Koffmane
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SCP

int Curve - W30 OB1 - asicpair 4

Sample Po

gateon1,2,3

2500mV,
gateoff=2000mV

1),

lowgain (gain

deactivate caps

ITCPL=5

600 800 1000 1200 1400 1600
nano seconds

400

Felix Miiller, Christian Koffmane
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SPC - 1280ns integration time - noCM

V77 [
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}fﬂ

ApDy= 11

- asicpa

next row

Clear (236ns)

OBL1 - asicpair 4

le Point Curve - W30_
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M Pilot Run W30-OB1

Afa-ﬂy) 1t

- TinerVNC: l.rgﬁnypiu

File Vertical Timebase Trigger Display Cursors Measure Math  Analysis  Utiliies Help

applied voltages:
e GateOn=-1.5V
e GateOff= 3V

e ClearOn=20V
e ClearOff=5V

G4
StdHor P1rise(C4) P2fall{C4) P3:period(C4) P4 freq(C4) Phwidth(C4) P6:duty(C4) FPT.delay(C4) P8npoints{C4)
value 3.200 ns 13.540 ns — - 13.157 ns — 2879 ps 2492e+3
status X X b 8 W v
Timebase -G89 nsfTrigger
50.0 ns/div | Stop 15.04 VW
250kS 5.0GS/s |[Edge  Positive

1= -400ps AX= 156ns

[ X2= 152 ns 1AX= 64 1MHz

TELEDYNE LECROY 04.11.2015 16:54:30
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&2 Pilot Run W30-OB1

L/

Afa-ﬂy)z’

- TigerVNC: I.Er.:rnypix

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Ulilities Help

clear191 - E?ns 'I

applied voltages:

e GateOn=-1.5V

. 8ate%ﬁ= 3V

° |ear n=20V clear1%1 - 16ns
ClearOff=5V

FY
StdHor P1rise(C4) P2fall{C4) P3period(C4) P4 freq(C4) Phwidth{C4) PG.duty(C4) P7.delay(C4) P8npoints(C4)
value 10834 ns 12669 ns — — 2961 ns 2.500e+3
status HA A A H v v
c4 imebase A Trigger
2.00idi 50.0 ns/div | Stop 1438V
-18.360 5.0 GS/s |[Edge  Positive

TELEDYNE LECROY 04.11.2015 17:17:25
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L

&2 Pilot Run W30-OB1

Afa-ﬂy)z’

] TigerVN c: .I.r-.-::ruypix

File Vertical Timebase Trigger Display Cursors Measure WMath Analysis Ultilities Help

Aclear=~11V

applied voltages: S N
e GateOn=-1.5V !
° GateOﬁ= 3V clear1® - 16ns || ;

¢« ClearOn=20V
e ClearOff=5V

Q4
StdHor P1rise(C4) P2fall{C4) P3.period{C4) P4 freq(Cd) PSwidth{C4) PG.duty(C4) FPT7.delay(C4) P8npoinis(C4)
value 14820 ns 11814 ns — - 31642 ns 5414 ns 2500e+3
status Fiy 'y v v v
e 114 imebase -G8 ns
5.00 Vidiv) ] 1440V
- TRANW nF .
29.15 1 X1= 314ns AX=
1377\ i - ¥2= -14ns 1UAX= -305MHz
Ay -15.38 VJ Ly 77
TELEDYNE LECROY 04.11.2015 17:18:46
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M

Pedestal Distribution

| - L[
?sync_proc_d,y?
107 Pedestar Distributienr—a-ED0 3 PXD9 Mapping - W30_OB1 ADU
: | BN pedestals ] e —
spread=224 ; ' .| 700¢ i
Kol SO ! i
I 210
| 600¢
max;;a224
10° . 1180
: 500¢
min==] i dedil 15
10? | i 7
i [@)] e aas!
& ~ 400¢
3 wn T
8 & 1120
10° 13 e
Y 300 : =
| e 190
10° .
] 200} B o
vnsubin=21
. [l lowgain, En30
10" @ itcpl=5 i 1008 .
all settings are the same |
10° i oL Tl 0
0 50 100 150 200 250 0 50 100 150 20
ADU channels
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N... @/

10% Noise Distribution - DCD1

Noise Issues — GCK 62.5MHz

10? Noise Distribution - DCD2

10* Noise Distribution - DCD3 10% Noise Distribution - DCD4
.
threshdld=3.00 P it

thre UT0=3.UU
threshald=3.00 fit megn=2.53
fit_ medn=2.59 fit ;Si%zs
fit std=0.27 :

fit medn=2.58
fit Std—';LO‘ZS
10°

10°

S S 10° .......... ---------------- 4 10° ’

! 2
i : 1D
P02 Ll e 102 HE - B 10° il
[=] [ [ 3
> 3 I3 2
o c . Q o
hv] v} ]

B S b b /10t

ot L | 10' pf-

10° 1

I I b | 10

‘ . é 10° |
R R s 1 10° | S b B 1
.

No CM Correction applied

fits are applied for

test pattern is not a good indicator
values< threshold

for proper communication
Increased noise due to bot errors?
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Cd109 Hitmap

Afa-ﬂy);’f‘
hitmap not mapped

000 .

e All DHPTs read-out simultaneously
GCK =62.5 MHz

_ Pedestals taken with data link: Full-rate

860 ZS-data taken data link: Half-rate
Threshold =5

e Cut on CM (offline) to mask rows with large

a0 CM

L Ring of low sensitivity — as seen on
Hybrid5

00

100 CM Hist CM masked pixel firing pixel - seed hist

[1a]4]

300 150000 o] b B

200 0

10

o 0 100000k B
0 50 100 150 200 250 0 50 100 150 200 250
50000}
OU 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
ADU ADU ADU
28 02.12.2015 Felix Miiller, Christian Koffmane



Aﬁ-ﬂy)f iy

MPGy :
@7, Cd109 Hitmap

hitmap not mapped

1000 160

140

300
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100 120

100

100 80

400

i00 60
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200

20

o o0
0 50 100 150 200 250 0 50 100 150 200 250

1]
0
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100 150 200 250

120

105

a0

75

60

45

Moo

200

0
0 50 100 150 200 250

Change the Clear On voltages

helps

29
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&2 Cd109 Hitmap

L/
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{400
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Trace to trace distance for the digital lines between DHPT and DCD
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PXD9 Layout Changes
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Unit Interval: Histogram

DCDs analog: ON
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Height1: Eye Diagram Height2: Eye Diagram

Width{@BER1: Bathtub Y Hi Unit Interval: Histogram
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W30-OB-1 — bad ClearOn for SWB1-3

Sample Point Curve - W30_OB1 - asicpair 4
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