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Introduction: History of DCDB Development
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History of DCDB Developments (1/2)

Aug - Sep 2010
Tests with Hybrid board 4.0:

01.04.2010: Still poor per.formance at Nov 2010:

DCDBv1 returned target sampling rate of 100ns Test beam @ CERN

from production with DCDBv1 operating
with 320ns sampling rate

2009 2010

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Oct - Nov 2009:

Development and May 2010, Ringberg Meeting:

submission of the First DCDBv1 test results presented Oct 20.1 0: .
first full size - Digital logic, JTAG Conf. working Potentially problematic
Belle-version of the - First ADC transfer curves @ 320ns sampling rate design fractions identified
DCD chip (DCDBv1)

Submission of test
chip (DCDB-TC)
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History of DCDB Developments (2/2)

Feb 2011:

DCDBv1 Operating
@100ns with reasonable
performance

Mar 2011:
The next full size chip,
DCDBv2, was submitted

2011 /

R S S S B S S e S

Jan Feb * Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Feb 2011: Apr 2011:
fDCDB-TCdlretu.lrlned Significantly improved
fom production performance of the DCDBv1

at target sampling rate of 100ns
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Part |
Latest Improvements in DCDBv1 Performance
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What Led to the Improvements?

WrSignal

i VPInjSig i
i Injectl_ﬂ:» ’g i EnDKSB
s, o vec | -1 14@% Get better understanding by
1 EnlnjLoc EnDC | .
i ) i 7 detailed measurements:
000 =N =ffjiP:etiez_____'E____________l e
<«— AmpOrADC Presamp. CMC
B N B W I - Potential of internal nodes
i 30k 30k 30k 30k ! m cmc [ cmp @ CMC e
DAC1 |DACO e (e e \e i l
bAC : N0 N0 | N0 | Vs i ~—— L -{>—> . .
i H E cMC CMP CMC [ ¢ TIA CharaCter|Zat|On
- E ’._«_/\/ E ADCL :
iB.efEi.‘LeI.---------_-------__: SMPR | emc CMP CMC j— ¢ ADC'S Current Memory Ce”
e . ' A Characterization
= @ = @ cMe CMP, CMC e
ADCR @ >
Results:

« Suboptimal bias of TIA

« Voltage drop,
NOT primary inside the
chip but on the WB
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Measurement Setup

Scenario:
e T  TestBeam 2010 Module used!
i Injectloc :g' E
! —J g ! : : .
| strobe (D) | o-voc ! « Signal sampling rate : 100ns
| EnlnjLoc ) EnDC !
: >, — :
000 VPDAC |calibraon Y 1 « Single matrix row is constantly
| 4 AMPOrADC activated.
T . — Offset Current (with variation)
: n120| En90| EnGOI En30 : ]
DAC i | i « Offset is subtracted by current
| i i source @max!
DEPFET _ | pad |—4—¢—+—4 W (VNSubln = 127) — Realistic!
Receiver i
« Signal is generated by internal
VNSublIn VNSubOut . .
—® —®) source, each calibrated via SMU.

Jochen Knopf, Ivan Peric, Peter Fischer - LS Schaltungstechnik & Simulation - Universitat Heidelberg 8/29

Schaltungstechnik
und Simulation



The DCDBv1's Current Performance (1/5)

Golden Module: All ADC Transfer Curves

Facts:

* 100ns sampling rate!

 Transfer curves of all 256
accessible ADCs

« Each point is the mean of 100
samples

e Here: 1ADU = ~84nA

| x10°

- -IlillllillllillllilllliIIIIiIIIIiIIIII
150 50 55 60 65 70 75 80 85

Input Current [A]

Conclusions:

« 8 bad ADCs have already been identified during TB2010 analysis.
» Vertical dispersion: ~73LSB. Note: This includes DEPFET variations!
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A Propos: Bad ADCs

Simulation of the ADC transfer curve

with one of the two lines belng broken. Measurement: Bad ADC's Transfer Curve
| — 9-bit ADC characteristic for "too high" broken \ é [
0 -
- |
i -20 N
X - |
| -40 N
-100 4 X
-60 N
= i
<Dt -150 80
-200 -100 |
-250 - 120
-|||||||||||||||||||||||||||||||||||||| ‘10_6
45 50 55 60 65 70 75 80
-300 T T T T T Input Current [A]
4 2 0 2 4
v v Input
Digital
Processing .
— Fits to at least 6 of the broken ADCs of the Golden Module.
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The DCDBv1's Current Performance (2/5)

Golden Module: Mean Noise of All ADCs Golden Module: Mean Noise vs. ADC Position

Y
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o

Noise [nA]
S
o

DCDB Row

-
N
o

100

so || T | - |
oo || R N - | — -
wof || BN . - 1 -

P - N N . - - -

Gy
250 9L 9R 10L 10R 11L 11R 12L 12R 13L 13R 14L 14R 15L 15R 16L 16R

ADC Index DCDB Columns

Ll
200

1 I1 50I 111

B 1 L L 1 I L L L L I L L
% 50 100

« Mean ADC noise is homogeneous all over the chip.

« Main source of noise is NOT the ADC but rather the TIA.
— These numbers are based on 30k TIA feedback resistor.
— Noise almost halves with 60k!
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The DCDBv1's Current Performance (3/5)

Golden Module: Peak-to-Peak INL of All ADCs Golden Module: Peak-to-Peak INL vs. ADC Position
. = »n 16
E 1200 :
3 1200 ~ o ]
= i 01}
- :
1000~ Q,
800 1
600
400

200

|

1
150 200 250 9L 9R 10L 10R 11L 11R 12L 12R 13L 13R 14L 14R 15L 15R 16L 16R

ADC Index DCDB Columns

11 L1 1 1 I 11
50 100

« Integral non-linearity (peak-to-peak) is roughly in the order of 2x noise.
« Homogeneous distribution over the chip.
« ~5 ADCs with fairly increased non-linearity. (— next slide)
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The DCDBv1's Current Performance (4/5)

Golden Module: ADC with worst INL (A3<27>L) Golden Module: INL of ADC A3<27>L

=2 R
2 I
0] PSS OSSP 0000 S SN S N — -

INL [nA]
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« Non-linearity is caused by steps in the ADC's transfer curve.
« Could be another yield issue.

Jochen Knopf, Ivan Peric, Peter Fischer - LS Schaltungstechnik & Simulation - Universitdt Heidelberg 13/29

Schaltungstechnik
und Simulation



The DCDBv1's Current Performance (5/5)

Golden Module: Gain of All ADCs
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Golden Module: Gain vs. ADC Position

-
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DCDB Rows
=

[y
N
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DCDB Columns

. Gain for applied bias settings and 30k TIA feedback resistor: ~ 834nA/ADU
« There are two clear but quantitatively small gradients!
— Vertical gradient might be on-chip voltage drop.
— The reason for the horizontal gradient is unknown. (Chip layout is symmetrical!)
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Part Il

DCDB in DEPFET Readout Operation -
Dynamic Offset Compensation
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Dynamic Offset Compensation - Principle of Operation

« Current is dynamically added (!) to the

input signal from the DEPFET.

VPInjsig P The lower the pixel's offset, the more
Injectmc} g current is added.
— §

1
i :
1 1
1 1
1 1
1 1
: 1

1
I Strobe (TDI) ) i
i oD o voc :
- :
1 1
: i

1

1

EnlnjLoc ) EnDC
—_— —

N VPDAC ! Calibration « Technical realization: There are three
""""""" < AmpOrADC _ _
il identical sources, each constantly

»
>

DACL ‘DACO delivering a unit of current. An additional

DAC

between 0x and 3x.

Pad H—o—-—o—’o—o—«r.—k

VNSubIn ® VNSubOut @ « Parameters to define:

2bit factor defines the multiplication

a) Unit current (per chip)

b) Multiplication factor: 0-3 (per matrix pixel)
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Expected Influence on Measurements (1/2)

Strategy:

“Bring the effective offsets of all
pixels into the uppermost bin.”

Question:
How to set the bins?
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Expected Influence on Measurements (2/2)

Sim u’a tion: — Sigma after Carrection vs. Bin Size

« Assuming uncorrected pedestal distribution
with o = 1

« Perform correction based on bin sizes
between 0.50 and 1.60

« Calculate o of resulting corrected distribution

Bin: 0.50 Bin: 1.00 Bin 1.50
Pedestal Distribution After Correction Pedestal Distribution &fter Carrection Pedestal Distribution After Correction

13.000 - T itk i
120004 -- ! SRR
110004 - 30007~ 55004+
10.000 4 7,000} 5.000
9.0004-- ! 4.500 -+
£.000 GO0 4.000 4
70004 - soo0 - 35004 --
6000} iy 3000f -
50004 -4 ; 250044
4.0004-- F00054 20004 -
30004 -+ somd- 1.500 4 -
20004 i 100042
1,000 1 1000 = 5004 -
GE ] o

Corrected Distribution:

o =0.51 0=0.34 o0=044
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The Optimization Algorithm

|. Scan: Measure ADU for every combination of
a) Matrix pixel
b) Unit current
c) Multiplication factor
— Brute force algorithm

— DC Measurements

ll. Calculate o for raw distribution
(= correction off)

lIl. Define bin width

V. Find best multiplication factor map for each unit current

V. Pick unit current with lowest remaining o
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Dynamic Offset Compensation - The Results

Before: Histogram After: Histogram
Entries 44019 Entries 478802
' Mean  -78,62|] - Mean  -2045]]
9000, rus_ ("2301] [ 18000, rus (" 10.46]
8000, 15000,;‘
7000, 14000,;—
6000, 12000,
5000, 10000,
4000, 8000,
3000, 6000,F
2000, 4000,F
1000, 2000,F
n IIIIIIIIII n: I.IIIIIIIIIII
*-100, -50, 0, 50, 100, 100, -50, 0, 50, 100,

« Same settings and speed as for the DCDB characterization (100ns).
« Here: Bin width = 1.50 — Expected reduction = 44%, Measured reduction = 44.3%
 — Indirect prove of TIAs dynamic performance!
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What About the Noise Introduced by Dynamic Offset Compensation?

F‘edestals distribution (Mod14) l Pedall14 [Noise distribution (Mod14) PedRMSall14
Befo re: 25:_ : : : . Entries 1701 ~-{ Entries
' - Mean -67.04 { Mean
W T T — RMS AL {RMs
- Underflow 0 1 Underfl 0
- 1 : | Overflow 0 0 st { undertiow
18 - ‘ : overﬂow o
bl 10| - -
10 ARSI Sty & | | S U SUN
1L i
M) -50 0 50 100  — 2 4. 3 ] 10 12 14
[ADC value] [ADC value]
After' Pedashls distribution (Modi‘)l Pedall14 PedRMSall14
- . . Entries 1954 i Entries 1954
sol..... AR S | , ......... Mean -24.71 . Mean
: RMS 16.15
Undertlow 0 . RMS 0.2504
Overflow 0 1] Underflow 0
S S SR .| Overfiow 0
R T T —T 0 T T
[ADC value] [ADC value]
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Part lll:
DCDB-TC Measurement Results
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DCDB-TC: Fact Sheet

» Why did we submit a DCDB test chip at all?
— Because we thought the DCDBv1 would have serious issues...

» Major changes / improvements in DCDB-TC

« 32 Channels only, standard technology without bumps
— smaller & cheaper, faster production

« Delay bias generator was made stronger
« Separate bulk potential for switch transistors
* Modified ADC switches: Low-Vt transistors used
 Input subtraction source doubled (VNSubin)
 Internal voltage drops measurable

» Production details:
e Developed & submitted in October 2010
« Expected delivery ~Jan 2011, the chip arrived end of Feb 2011!
— Only very few days of testing before DCDBv2 submission!
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DCDB-TC Measurement Results (1/3)

DCDB-TC: Transfer Curves of all ADCs

5150 F
o I
<1003_  Operation speed: 400MHz
i — 80ns sampling rate
sof  Internal signal source,
i calibrated via SMU
of « Each point is the
: mean of 100 samples
~or « Vertical dispersion:
- 53 ADUs
—100_—
_15()5-.I....I....I....I....I....-1O_3
0 0.01 0.02 0.03 0.04
Input Current [A]
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DCDB-TC Measurement Results (2/3)

DCDB-TC: Mean Noise of All ADCs

< 150F :
S f Like DCDBv1
5 140
z C
130 F r
120F . .
s DCDB-TC: Mean Noisgls. ADC Position DCDBYNC: Peak-to-Peak INL vs. ADC Position
1M10F
C wn 1 1
100 ‘é’ ' 21 1
C @]
oF 814 . 140 214: : 900
8 : ot ]
80 (] —130 Oon 1 |
a12 - Q12 800
N . :
70¢ A —120 ' '
:l 11 1 l 11 1 1 I 11 1 1 l 11 1 1 I 11 1 1 l 11 1 1 I 11 1 1 10 : 1m I _700
0 10 20 30 40 50 60 ' 110 ' '
ADC Index o ' g 00
[ ]
DCDB-TC: Peak-to-Peak INL of AIlADCs 1 —1100 :
]
—_ C 6 1 o —500
<1000 - 1 —o90 :
= C 1
Z 900F 4 . 80 4 ] 00
E 1 1 1
800 1
E 5 : - 70 X ! 300
700 ' :
E 0 = =t . 60
600 :_ oL OR 1L 1R o oL OR 1L 1R 200

500

400

\ l

300 This implementation is used for DCDBv2

200

10 20 30 40 50 60
ADC Index

O
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DCDB-TC Measurement Results (3/3)

DCDB-TC: Transfer Curves of all ADCs DCDB-TC: Mean Noise of All ADCs
150 F N
[ < -
- S 140 |-
- g |
100 [~ 2 [
i P -
B 120
50_— - h ﬂ
B 100 |-
0_— N
i 80l
-50 |-
- 60 | U {
-100 | -
i 40
_]50:_|||...I..|||||||||||||||||-10-3 _1|||||||1|||1||||1|||1||||||||1|||
0 0.01 0.02 0.03 0.04 0 10 20 30 40 50 60
Input Current [A] ADC Index

Here: 60kQ TIA feedback resistor
— Smaller dynamic range but better noise performance.
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Summary
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» DCDB-TC measurements
-~ [mprovements in noise and linearity
= DCDBV2 (next full size chip) benefits from this achievement.

» Dynamic Offset Compensation
-~ Characterization algorithm exists
= Measured reduction fits perfectly to the expectations
-~ Noise performance is not influenced

» Latest DCDBv1 performance measurements @ lowest TIA amplification:

-+ 100ns sampling rate
= ~115nA mean noise
= ~270nA non-linearity (peak-to-peak!) G(')Od

-+ ~22uUA dynamic range
News!!

No magic or fundamental fixes!
The DCDBv1 has been working ever since!
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