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DCDB Introduction
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DCDB's Internal Structure (simplified!)
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DCDB's Analog Pixel (simplified!)

Pad

Analog Pixel
cf 2b
Probe Probe C)IC"C ADC g //
=
* Receiver
) 2b
DAC Cyclic ADC ) L
o 7
_.<D -
/
y, 2b

DAC: Dynamic offset correction by adding a variable current to the input node

Receiver: Trans-Impedance Amplifier for amplification of the input current
Two Cyclic ADCs: Alternatingly converting analog input current to digital value

Probes: The input and output node of every pixel's receiver is accessible via the monitor pin
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DCDB Main Features

256 ADC channels
9 Bit data output

 Dynamic offset adjustment

IE
¥ ! ]
e 5

+ 80ns target sampling period 38X

Fully synthesized digital readout

and control block
8x 8 Bit data output @ 400MHz

JTAG configuration interface
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DCDB Pictures
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DCDB Test Setup
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DCDB Test Environment: Pictures

Jochen Knopf - LS Schaltungstechnik & Simulation - Universitat Heidelberg 10/24



DCDB Test Environment: Pictures
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DCDB Test Environment: Hardware

Return Clk
Data

FPGA Host

cikres | |Xilinx Virtex4 PC
Data

JTAG

The test environment is based on the SiLab's (Uni Bonn)
Virtex4-Board

The DCD-RO is used for signal conversion and static 2:1 multiplexing

SMA connectors bonded to the monitor and some of the analog input
pads provide direct access to the DCDB's analog pixel

* The FPGA is used for configuring, controlling and reading the DCDB
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DCDB Test Environment: FPGA Firmware Details

Xilinx Virtex4 FPGA
Chip Synchronizer
DCDB Clock <=
Reset Clock -
DCDB RESEt < Log|k Manager Reg
File
Data Sampler <
Ll Channel #0
DCDB Lt Channel #1 ¢
Data Channel #2
Out . anne
| Channel #3 -
External
[?CDF Offset Comp. Mem. |q— | USB -« USB
ataln Interface Controller
DCDB
JITAG IF -4/—»{ JTAG Controller |-—»

Modular Setup: All of these Blocks are reusable for the PXD read out system!
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DCDB Test Environment: Software

Features:
* Scanning the DCDB's boundary Chain (JTAG)

e * Configuring the DCDB's DACs and Registers
(JTAG)

Enable Digital Test Injection

Initialization  Tools

Boundary Scan | DCDB Global Settings  DCDB Pixel Settings | Run Control | Sweep | DebugTab

DAC IAmpBias &0 Monitor IAmpBias EnCap 4

LS+

DAC IFBPBias 100

DAC IPSource 110

DAC IPSource. 2 78

Test SyncO

* Control the DCDB clocking

Test SampleEnL

DAC IPDel 100

DAC InjPSignal 0

am

e e, = s o msen * Manipulate the data sampling (DCDB's data into
- me the FPGA)
i e * Perform automated measurements (e.g.

DAC [TCCasc 64 Enable S0 |

- parametric sweep)

Enable Double Sampling  +|

DACWNSubin 0

DAC WNSubOut 0

Ol OO OO0 OO0 000000000

DAC VTCSFN O Enable Double Sampling B |

O’ i File:///fhome/knopfidcd env/Messungen/firstADCCurvewithSMUSource AmpLowl-4 Refinl-1.kpfl _ O X

Program! | Need to program the global chain O

730—2

* Read / plot raw data =
 Using KUPE - our group's plot
environment

r T T T T T T T 1
0 le-06 2e-06 3e-06 4e06 5e06 6e06 7e-06 8e-06
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Measurements
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Measurements: Power Consumption

225 (max. 357)

231 (max. 362)

238 (max. 370)

259 (max. 390)

/8

131

183

290

18

28

28

28

129 (max. 250)

128 (max. 250)

128 (max. 250)

128 (max. 250)

0,56 (max. 0,8)

0,68 (max. 0,92)

0,79 (max. 1,02)

1,02 (max. 1,25)

Compare to estimated total power consumption
@400MHz after design phase (— simulated): 1,56W

nnnnnnnnnnnnnnnnn
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Measurement: Digital Block's Functionality

Successes:
1. Observable control signal behave as simulated

(ADC Control, Return Clock)
2. Internally generated test pattern is produced correctly.

Note: The timing for the synchronous reset seems to be critical

Getriggert

‘ Analog Block
' Analog
Pixel

Static Test

(_ | Injection
v Test Enable

Converter

=
ﬁ Digital Block

H 200ns A 4 30.0mvy

28 Apr 2010
y TRER KA 13:21:09
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ADC's First Characteristic Curve

- Single Measured Value - Average of 100 Measurements

ADC Curve
150+

100-

50+

ADU
o

.50

-100

_150_| T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

0 Te-06 2e-06 3e-06 4e-06 5e-06 6e-06 7e-06 8e-06
Input Current [A]

Jochen Knopf - LS Schaltungstechnik & Simulation - Universitat Heidelberg 18/24

Schaltungstechnik
und Simulation



ADC Curve: Offset Adjustment (1/2)

-No Subtraction  —Subtract1 -Subtract3 Subtract 5 - Subtract 7
ADC Curve Offset Adjust

R

w100l
llext H00 T

Receiver Y )—e—

l Isub

ADU
o
|

504

-100-

-150-
0 le-06 2e-06 3e-06 4e-06 5e-06 6e-06 7e-06 8e-06
Input Current [A]
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ADC Curve: Offset Adjustment (2/2)

R

Receiver

l Isub
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w100
Voo o

—-Subtract 85 -Subtract 80 -Subtract75 Subtract 90

ADC Curve Offset Adjust
150-

O ’_50__

ADU
o
|

.50

-100-

-150-
L L L L L I L A B L L
5e-05 5,1e-05 5,2e-05 5,3e-05 5,4e-05 5,5e-05 5,6e-05 5,7e-05 5,8e-05
Input Current [A]
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ADC Curve: Gain Adjustment

-R=30kOhm -R=60kOhm -R=90kOhm
Receiver Gain Adjustment

140 -
120-
R _ 47 ADU 5, nd
Il 1 ud ADU ADU nd
ext b 4— 2
100- ¥4~ P apu
Receiver Y )—e— .
80 -
l Isub - T
ADU nA
@) - 17 —— 59
< 60 wd 2 ADU
40
204
04
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Input Current [A]
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ADC Curve: Noise

66 | | I | I I I I |
ADC Raw Data

64 -

-2
=)
<
Counts:Value x? / ndf 6689 / 12
54 - R | Constant 276.2+18.53
£300— "| Mean 58.75 + 0.1072
52 | § - Sigma  1.392+0.1093
50 | | 1 | 1 1 250:_
0 100 200 300 400 500 600 B
Sample # A=
150
100—
Setting: . 50
Feedback Resistor = 60k .
Sigma = 1.392 ADU corresponds to 40nA % 52 54 56 58 60 62 64 Val 66
alue
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DCDB production is finished. The 7" metal layer / bump bond process seems to work
Test environment is set up: DCD-RO, bumping, PCB, FPGA firmware, software
Power consumption within the expected range

JTAG configuration interface is operating

JTAG Boundary Scan is operating

Digital data conversion and serialization is working

LN N NI N N N N

ADC's point of operation is found

Investigate reset timing

Still some fine-tuning necessary

Check double correlated sampling mechanism

>
>
» Check offset compensation mechanism
>
» Characterization of every pixel

>

Find maximum operation frequency (probably PCB upgrade necessary)
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