Overview of the LArIAT analog front end electronics
up to the CAEN digitizers.

Version: vl
Date: 9 January 2015

The following slides step through the system along the signal path.

| will expand on this quite a bit in the next few days, but | thought it
would be nice to send this version out as a primer.

Dean.Shooltz@gmail.com
(517) 214-6929



Overview of LArIAT Front End Electronics
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Feed-through/backplane card

Backplane/feed-through card location at the cryostat flange.
Note: this cartoon is old, but the overall layout is the same.
The current version has double the number of DIN41612 96 pin connectors.

The manufactured version holds power distribution for the WRD-48 cards



Feed-through/backplane card mounted to the cryostat flange

4




Warm receiver/Driver card block diagram
Each warm receiver card supplies power and control signals to one 48 channel ASIC motherboard.
The ASIC control lines are routed to/from the front panel through buffers to protect the ASICs.
From the front panel the ASIC control lines are daisy chained and then connected to inexpensive fiber optic links.
Front panel status LEDs will assist in diagnosing any problems during a run.

ASIC power regulation (2 * 1.8 volts 500 mA)
Crowbar protection on the regulators
ASIC current monitoring

Voltage monitoring

Status LEDs for
power and control lines

(2) 1.8 VDC outputs

ASIC control lines (buffered and monitored)

LED status indicators
ASIC control

ASIC Signals
16 differential

96 pin DIN41612 connectors

48 channels of single-ended to
differential amplifiers/cable drivers

ASIC Signals 16 differential

+5 VDC, -5 VDC inputs 16 differential




Warm receiver/driver design: 10” x 7” pcb
(orientation reversed from previous slide)

Voltage monitor lines

Analog test signal input

Status LEDs

ASIC control
4 bus lines (CLK, CS, RESET, TEST)
1 daisy chained line (SDO - SDI)

16 differential signal outputs

16 differential signal outputs

1 of the 48 differential driver channels

R328 C305 R326 L303

Backplane connector

Backplane connector



D2S (differential to single-ended) card
Card supplies a simple function- no major design challenges.
Cards will reside in a simple card file above the CAEN ADCs.
Card size will probably be same size as VME 6U.
Cards will be supplied from +/- 5 volt linear power supplies.

Rear of card Front of card

32 ch From WR cards

64 ch to CAEN ADCs

32 ch From WR cards

64 channels of differential to

single-ended amplifiers

32 ch From WR cards

64 ch to CAEN ADCs

32 ch From WR cards

+/- 5 VDC power Status LEDs for power




LArIAT Front End electronics

Information for safety and ORC reviews

This file: Power distribution block diagram and finer details
Another file: full schematics of all boards

Dean Shooltz Feb. 27, 2015



Sheet: ArgoNeut—power—pan—1

Sheet: WRD—crate—wiring

Filer ArgoNeuT—power—pan,sch

Sheet: ArgoNeut—power—pan—2

Sheet: Feedthrough—Backplane Sheet: ASIC—card

ile; WRD—crate—wiring,sch

Sheet: D2S—crate—wiring

ile: Feed{

Sheet: W

rough—Backplangsch

~L48—card

fles ASTC—card,sch

File: ArgoNeut—power—pan.sch

ile: WRD—

LB—card.sch

Sheet: D2S—6L4—card

iles

—Crate—wiring,sch

ile; DZ2S—

64—card.sch

File: LArIAT—Power—Dist.sch

Sheet: /

Titles

Size: Ab | Date: 27 feb 2015 [ Reyt
KiCad E.D.A. eeschema (2013-07-07 BZR 4022)—stable _ Id: 1/9

T

I




1 L 2 L 3 4 L 5
1A — 18
Return Pin13D 14 AWG BLK
2A 28
Return Polarizing—PinD——4 3h 3B
4A 4B wo
Return Pinl4D> 14 AWG BLK mO o
5A 58 mO o =
O
14 AWG WHT A 14 AWG WHT F Lo Z| 2
-5V Pin16D> W 6 68 TN~ 5975 &
; 7A 78 14 AWG RED 3 amp 20 S
; 14 AWG RED Ol
FEV Pini5E 11 88 14 AWG RED LM\ %2
9A 9B 3 amp 8 ~——
Power entry on a Cinch—Jones B Ol
model S2404 connector. . . LN P 70 . Pi and P4 are TE p/n 796634-8
Cinch 141 Series I\ 60 o 2
Connector rated for 15 A Barrier Block. 3 amp 50, -] 8 P2 and P5 are TE p/n 796634—4
a
per contact. 7/16" pitch. wOPW v These connectors are rated
Rated for 20 »)QN , mw Ol .z for 15 amps per pin.
ated for amps a
per contact. 3 amp L 1o P1,P2,P4,P5 connect to the
Feedthrough—Backplane card.
F5
»)/\N All wiring from fuses or ground
5 return to P1 and P4 is 20 AWG.
amp
bor—] © All wiring from fuses or ground
Ol g 9
L P2 55 3| & return to P2 and PS5 is 18 AWG.
-/ 29 2| &
5 amp i 8l ¢
F7 =
»)/\ 2
NQTES: 1/2 amp b ©
uw a8
All wiring has 105 degree C insulation. mO%W o
ol o
All wiring has standardized colors: iol © W
RED = +5 VDC
WHT = -5 VDC
BLK = Power returns
4 @ This connector supplies power to
3 z a small board with opto couplers.
2 a
1 o Connector: AMP MOD IV
I Contacts: TE p/n 1-87309-4
o Contacts rated for 3 amps.
Wiring from fuse and power
return to connector is 22 AWG.
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eessse
Power into and out of the WRD-48 cards is through
DIN 41612 (VME-style) backplane connectors.
o These connectors are rated for 2 amps per contact.
TE p/n 796636-4 (I "
Rated for 15 A per contact c 3 3 <l < sosse \\m\c\umkww \J:ijqmﬂ\c\ﬁv\,@m\
ol ¥ 4 of u The WRD-48 cards each contain two 1.8 VDC regulators. +5V ASIC 6 pins
g > > 8 2 . . 1.8V ASIC VDD 6 pins
o o Each 1.8 VDC supply is connected to the cryostat cabling 1.8V ASIC VDDP 6 pins
[ R B through 5 pins of a 3M 81020 connector (rated 1 amp per pin). +5 Driver 9 pins
tor sosse —5V Driver g pins
TE p/n 796636-8 Ground plane 98 pins
Rated for 15 A per contact WRD-48 card #1
o
D 2
o D3
= o4
NM. 5 Feed—through / Backplane card copper:
- "u GND 1 ounce copper on all layers.
o8 Distribution net Minimum caopper width
+5V ASIC
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+5V Driver
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@©

Connection to Feed—through / Backplane card
6 pins of a DIN 41612 VME—style connector. 1.8 VDC regulators
Contacts rated for 2 amps per pin

u?
TPS78601
Connection to Feed—through / Backplane card
feeerel ASIC +5V »)/Um 21N ouT —% »)f@ 2 1.8V VDD ASIC 6 pins if a DIN 41612 VME-style connector,
1 amp 1 amp Contacts rated for 2 amps per pin
s Az u?
™ 1 5
DS-TRIAC E FB
Transient voltage supressor 7W 2
1SMA5.0AT3G v o
GND GND
Crowbar triac.
Triac: BT1375-600D
uz
TPS78601
Connection to Feed—through / Backplane card
21N ouT —% »)f@ 2 1.8V VDDP ASIC 6 pins if a DIN 41612 VME-style connector,
1 amp Contacts rated for 2 amps per pin
I tey, fBf—2
=z 2
[CRN]
Connection to Feed—through / Backplane card “
9 pins of a DIN 41612 VME-style connector.
Contacts rated for 2 amps per pin
breerrered 1/ 22 Driver +5 for 48 op amps
/
1 amp
S Az Subset of the full WRD—48 schematic set detailing
N the power distribution nets.
PCB is made with 1 ounce copper on all layers.
GND
Distribution Net Minimum copper width fram power entry until fuse
. +5V ASIC
Connection to Feed—through / Backplane card +5V Driver
9 pins of a DIN 41612 VME-style connector. —5V Driver
Contacts rated for 2 amps per pin
beverrored 1/ f?2 2 Driver =5 for 48 op amps
/
1 amp
&
Y N
M
GND
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3M 82020
3M 82020

Requlated 1.8 VDC for ASIC VDD ASIC VDD power plane

Regulated 1.8 VDC for ASIC VDDP ASIC VDDP power plane

[ [ ot oce
I

20 line ribbon cable.

30 AWG copper

FEP insulation

es are 1.8 VDC for ASIC VDD
5 lines are 1.8 VDC for ASIC VDDP
10 lines are digital control and
voltage monitor lines

3M 81100
3M 82100
3M 82100
[ 3M 81100

|

Feed—through card ground plane o . ASIC card ground plane

o
=
S

100 line ribbon cable.
30 AWG copper

L ey e bround ASIC card in cryostat (CMB—-48)

48 lines are low—level signals

Feed—through / Backplane card
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Return Pin13D-

14AWG BLK

s

Return Polarizing—PinD———4

14AWG BLK

20 AWG wires soldered to 14 AWG bus wire

Return Pinl4D-
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14AWG RED

+5V Pin15D———12—=—
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D2S crate power distribution.

Representative wiring is shown.

Wiring up to fuses is 14 AWG w/ 105C insulation.
Wiring beyond fuses is 20 AWG w/ 105C insulation,
All fuses are 5 amp.

All wire colors are standardized:

RED: +5 VDC

WHT: —5 VDC

BLK: Power Returns

Input connector:
Cinch—Jones S2404 rated 15 amps/contact

Connections to D2S-64 cards:
TE 796634 Terminal Block Plug rated 15 amps/contact
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1/ 72 +5 VDC power plane for 32 op amps
/
1 amp

D?
ZENER

Transient voltage supressors

GND 1SMA5.0AT3G
GND
P N Ghb Power input on TE 796638—4 Terminal Block Headers
s 1 Rated 15 amp per contact.
»)/(Um —5 VDC power plane for 32 op amps PCB had 1 ounce copper layers.
1 amp Minimum trace thickness from power entry to fuse
1/ P2 +5 VDC power plane for 32 op amps
-/
1 amp o
SAZ
N
GND Transient voltage supressors
1SMA5.0AT3G
GND
& GND
Y
N
1/ 2 —5 VDC power plane for 32 op amps
/
1 amp
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Following two slides: CMB-48 card.

There are ten of these in the LArIAT cyrostat.
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Following two slides: LArIAT cryostat feed-through/backplane card.

This is the large card that is sandwiched between a flange and a cap
on top of the cryostat.
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Following 6 slides: Schematics of the WRD-48 card.
There are ten of these cards in the 480 channel LArIAT readout.
These cards plug into the Feed-through / Backplane card.

These cards do the following:

1) Provide 1.8 VDC regulated power to the ASIC cards in the cryostat

2) Provide buffered and monitored digital control lines to the ASIC cards
3) Amplify the ASIC analog output signals as differential analog.

4) Connect to the 25 foot long pleated-foil signal cables.
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7 LM393 comparator supply and LEDs Adjustable requlators CMOS digital gate supply net ;
Range: 1.79-2.35 volts
A5V
A U4 o

TPS78601 VDD -to—ASIC

1 2 . \ \ . 2 4 . 1 Fi 2
ASIC+5V-IN W\ IN-ouT Somh
+]cs 4| c7 3 17 19 4| c23 4| c25 4| c27 4| c29 4|31 4

9 c11 c33
“
oW Tou T00n 1 0 T00n ~ |10u
VS diod “Z e 100u | 100y E = 100u 00u 00u |100u |100u | 100w
iode
1SMA5.0AT36 w8
JUMPER3
ReRe GND GND GND GND
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e
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ZENER

GND®
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o
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]

§
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1 1
S
1358 03 GND GND GND GND GND GND GND
GND GND N gpyg Ll © 14 1K
U1 O| VR3
TRIAC DNP
o R4 GND  GND 3 vrt These two Schottky diodes clamp
2SS E 58 ISR ® the two 1.8V ASIC supplies to be
Over—voltage crowbar 1K & OVP1 o within about 300 mV of each other,
Setpoint: 1.85V — 2.46V "o .
R s st i o 24 %ﬁo, £ Penalty: about 600 pF AC coupling.
A jumper allows for Reg—Disable - > R B
field—adjustment of ovPi ovP2 1000 < S ° @
the triac trip point. ' . Remote Requlator
Shutdown Option GND
The ASIC +5V power input supplies the following loads (Front Panel Pin) GND
VDD 1.8 VDC for an ASIC card in the cryostat o o GND
<Uc7yu 1.8 VDC for an ASIC card in the cryostat U5
5 LM393 comparators VDDP—to—ASIC
8 CMOS Schmitt buffers TPS78601 Vs
2N out |2 , 1 2
The total normal load supplied from the ASIC NS 500mA\_/
+5V power input is approximately 500 mA. 4|cs 4|cB 10 12 i 18 20 "% 4| c2u 4| c26 4| c28 4| cao 4| caz 4| can
The ASIC +5V power input enters this card on 6 paralle [10u [100n 1 5 o<ln 1000 10u
pins of a DIN41612 (VME backplane style) connector. 100u | 100u BN, FB 470p & 100u [ 100u | 100u | 100u | 100u | 100u
From the connector the power is carried directly to the S = =<3
1 amp fuse on a PCB trace that is 130 mils wide at the
narrowest point. The board will have 1 ounce copper GND GND GND GND GND GND GND GND GND GND GND

on all four layers,
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b
2
.
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2
2
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GND OVP2 Formality: Flag the
Power input and fusing for the 48 differential driver channels 22 power nets s powered
352 PHRFLAG
Each of the two driver power inputs enters the card on 9 parallel pins Toons <
of a DIN 41612 (VME backplane style) connector. From this connector the - > GND
power is routed directly to the on—board 1 amp fuse with a minimum trace
width of 150 mils on one ounce copper. GND PWR_FLAG
M e
GND -
[Driver+5V—UNFUSED AN Driver+5V] (Driver+5V]
1+r c1 1+r Cc3 PWR_FLAG
Y W Differential driver power: 64 channels of AD8137 (fully
oMy differential) amplifiers. VCC-D
100u 100u
Each amplifier output is coupled to load through 75 ohm series resistance. PUR FLAG
VS diodes oAb eho oo Quiescent power 3.65 mA per amplifier, 175 mA for all 48 channels. (Driver—5V]
1SMAS.0AT3G Maximum passible normal current draw (48 channels full swing FURIUAG
5 volt swing into normal 910 ohm load): 415 mA
@)
Gho GND GhD Maximum current possible under fault (all 48 channels full 5
volt swing into fully shorted load): about 3 amps.
o« Hl2 4o —
Dy & , . File: Power—Distribution.sch
c AL A 1 amp fuse seems appropriate for these power inputs. Sheet: /Power—Distribution/
N P 100u 100u Titles
Driver—5V-UNFUSED Driver—5V
[Driver w\ river—5V] Size: Ak | Date: 26 jan 2015 [Revt
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2 |

Serial data daisy chain between cards p1
[FPsoi 1 7 —_ 8 Normal connection: SDO-3 ——> SDI-1 »mw — Mmm
—o0 S - 0= 17 Z UT-ASICI-0-N
_wU\mE\N w & m In the case of a dead ASIC Swﬂ.am the _DCH ASIC1-0-P _oﬁ:\>m,MH\H\U 16A 16B 0 _ Dca\)m,ﬁ»\H\Z_
[FP=SDI-3 T cryostat the SDI-2 and SDI-3 inputs 15A 158 OUT-ASICI—2-N]
_mnwmcowu N can be enabled to override the daisy _D:a\\/m,m»\mwn 14A 148 Dca\\/m,ﬁpwu\z_
13 1T chain. There are on—board jumpers for _oﬁ:\\ym,mpwu\n 134 138
M this option. [OUT-ASICI-4-P [CUT-ASICI=5=p 124 | 9 [C128 OUT-ASIC1-4-N] OUT-ASICI-5-N]
ouT- —5— 2 - -
[OUT=ASICI-6-P e e OUT-ASICI-6-N]
7 — 8 [OUT-ASIC1-7-P oa | = Cos ] OUT-ASIC1-7-N]
[FP=CLK o . OUT—ASIC1I-8-P Bl QUT-ASIC1-8-N
s ds.
_mn\ﬁm w g m Serial control bus across cards _ _oﬁ:\\ym,npwm\n mw wm Dca\\/m,ﬁpwmwz_
[FP=RST s [OUT-ASICI-10-P w, o5 OUT-ASICI-10-N]
[FP=TEST-D N [OUT-ASICI-11-P m> o o OUT-ASICI-11-N]
J4 OUT-ASIC1-12-P OUT-ASIC1-12—-
m _ [OUT-ASICI-13-P ww wm OUT-ASICI-13-N]
lator shutd ti [ouT-ASic1-14-P 2A 2B OUT-Asic1-15-N] OUT-ASICI-15-N]
Reg-Disable . . Remote regulator shutdown option. _oca\\/m,mpwpmwm 2 2 —
3 e A Short TEST-D and FP—TEST-A at the . - .
jmma\c 1 i > front panel for the on—board test signal N
x —0or—
FP-TEST-A J6 h Inject an analog test signal on the k370 P2 Rz
END front panel at FP—TEST 18A —— 18B
17A 178
OUT-ASIC2-0-P Dca\\/m,nm\o\z_
_ [OUT-ASIC2-1-P 164 168 OUT-ASIC2-1-N]
[OUT—ASIC2-2-P 154 Mmm OUT-ASIC2-2-N]
[OUT-ASIC2-3-P 144 48 OUT-ASIC2-3-N]
[VDD-S1 [OUT—ASIC2—4-P mw 2 Wm OUT-ASIC2—4-N]
10K R367 17 18 [OUT-ASIC2-5-P TeE AR ] OUT-ASIC2-5-N]
VDD-52 itori OUT—ASIC2—6-P g OUT—ASIC2—6-N
16 Volt tarin ort
o 7 m 14 °rege monterng P | [OUT-ASIC2-7-P %,» + [H2E OUT-ASIC2—7-N]
[VDD-S3 , 11 ] [12 AUl lines current limited by 10K [OUT=ASIC2-8-P ol e OUT-ASIC2-8-N]
o 518 10 series resistance [OUT-ASIC2-9-P o 5 ST OUT-ASIC2-9-N]
[VDDP-S1) @ OUT-ASIC2-10-P - -10-
R366 10K w 5 M Note: VDD-S3 and VDDP-S3 monitor _ [OUT-ASICZ2-11-P 6A 6B OUT-ASIC2—11-N]
VDDP-S2 % 4 lines are protected by 10K ohm [OUT-ASIC2-12-P 5A 5B OUT—ASIC2—12-N]
A 7 M N 2 s tance on the ASIC cards [OUT-ASIC2-13-P 4A 4B OUT-ASIC2—13-N]
_<canwmu inside the cryostat _ocaw\ym,mmwpbwm 3A 38 Dca\)m,nm\Hr\z_
10K J5 h [OUT—ASIC2-15-P 2A 28 OUT-ASIC2-15-N]
_D1<mﬂ+m< GND 1A 18
10k Ri6 0 2R 0
Ri7 R371 R373
P3
18A — _18B
17A 178 - 0=
[CLK—LED) ac (¢ A |ALA - [OUT-ASIC3-0-P T 2 Ten OUT-ASIC3-0-N] ST ST N]
1 - 15A 158 TASIC3 o=
[C5—LED) A2C | poc AoA |_A2A [OUT-ASIC3-2-P e M:w Wm QUT-AS N] RN
- - 3 UT-ASIC3-4-N
[RST-LED)——A3C  asc A3A [A3A [OUT—ASIC3—4-P - — 124 18 128 0 _ OUT-ASIC3-5-N]
499 [OUT-ASIC3-5- e AR
ALC 1 auc Aup [AGA [OUT-ASIC3-6-P £ OUT-ASIC3-6-N]
13 [OUT-ASIC3—7-P A 1 108 OUT-ASIC3—7-N]
N " 9. — —8—
N0 [SDI—1—LED BIC | pyc N BiA B1A Frant panel diagnostic LEDs _Dca\\,m,mu\m\m _OCA — o M o5 OUT-ASIC3-8 Z_ D:a\»m,muwowz_
! All are driven by 5 VDC through - — 7A 78 = —T10=
B2C > B2A y 9 OUT-ASIC3-10-P OUT—ASIC3-10-N]
SDI—2-LED B2C X 826 499 ohms. _ [OUT-ASIC3-11-P NM mm OUT-ASIC3-11-N]
@ —_ — —
SOI=3-LED B3C | g3c SJEEN B3A [OUT-ASIC3-12-P TR " o OUT-ASIC3-12-N] TSN
o 3A 3B — — —
<DO=3-LfD B4C | puc o pup |B4A [OUT-ASIC3-14-P et o 5 OUT-ASIC3-14—N] SUT ASICTT51]
c1a [-CiA 5 1A 1B )
-9 W
C2A _|_J|\Wu\m/m\/\‘ R374
e 499 The shields of the 25 ﬂooﬁw Moﬁ:@ mh h
T signal cables are connected to -
c3A L34 (Driver+5V] the WRD-48 local ground by File: Front—Panel.sch
GND LA RiB R369 to R374. By default these Sheet: /Front—Panel/
[Driver—5v) C4C 1 cuc cuA n\_._._ are zera ohm resistors Tittes _
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1 L 2 L 3 L 4 I 5
Front panal digital contral
Wmmﬂa,wﬁwwﬁaﬂwmuamm %Hmfwmujnwzm«mn Connection to ASIC Comparator for front Unused comparator channel Comparator reference
by the ASIC VDD supply card in cryostat panel status LED ® R72
74LVC1G17 u1se
1K U6 499 1K
LM393
2 4
1 GND
3 R
U12A
GND
Typical digital control line setup 74LVC1G17
ND u16 LM393 b
1K 499 ypass caps
e (] 5D0-3 v 20 Dyt FP-500-3 [A5V)
1K 499 1K R57 RE6
[FP=CSH—AAA ~7: , LM393 . Taeo
R20 7 7
GND 100K 100n| 100n| 100n| 100n| 100n|
x . R
g S o U12B S@ c39) Q@ cus| cug|
GND GND GND GND GND
GND
74LVC1G17
i« us . .
CMDS gate bypass caps
100n| 100  100n  100n
nu% cud) Cl cu
GND GND GND GND
GND
74LVC1G17 Short TEST-D and FP—TEST-A at the front
u10 panel for the on—board test signal
LM393 —or—
499 Inject an analog test signal on the
SDI—2—LED front panel at FP—TEST

U14A

SPECIAL USE ONLY:

Install jumpers for SDI-2 or SDI-3 to override

74LVC1G17
uis

. (TEST

GND the output of a dead ASIC in the cryostat “ m><wmub 3 S
§SE “ME E%E
74LVC1G17 3 N a3 8
uil
GND GND GND GND
SDI=3-LED File: ASIC—Control.sch
Sheet: /ASIC—Control/
Titlez
Size: Ab | Date: 26 jan 2015 [ Rey:
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sheet; 410 (OUT=ASICT=0-P]
OUT—-ASIC1-0

- -N
Sheet; A1-1 OUT-ASIC1-1-P
- -N

OUT-ASIC1-1

: One-Driver.sch

Sheet: A2

(QUT=ASICI=2-F]
OUT-ASIC1-2-N
Sheet: A1-3 OUT-ASIC1-3-P
OUT-ASIC1-3-N
Sheet: Al-4 OUT-ASIC1-4-P
OUT-ASIC1-4-N
Sheet: A1-5 (OUT=ASICI=5-F]
OUT-ASIC1-5-N

: One-Driver.sch

: One-Driver.sch

Sheet: A1—-6

(QUT=ASICT=6-7]
OUT-ASIC1-6-N
OUT—-ASIC1-7-P

OUT-ASIC1-7-N

: One-Driver.sch

Sheet: A1-7

sheet; 410 QQUTASICL=8-7]
OUT-ASIC1-8-N
N

Sheet A1-s (QUTASICT=9-7]
QUT-ASIC1-9—

IN-ASIC1-10

File: One-Driver.sch

IN-ASIC1-11

IN-ASIC1-12

Driver.sch

Sheet: A1-14

One-Driver.sch

Sheet: A1—15

IN-ASIC1-15

File: Drivers—Bankl.sch
Sheet: /Drivers—Bankl/
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Size: Ab | Date: 26 jan 2015 [ Rey:
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The signal input from the ASIC
inside the cryostat.

This input is AC coupled. =
o 1 lo0p
100n 4.99K
VS+ VS—
52 1K R76
|0 R74
lcuo c50 ] ITO\
M iAD8137
1000 1000 _._-_|u\ T
2K M
a
o
R75 4.99K
R77
| ks
1 Joop

75
uto +—ANVN—0UT-N
R78B

75
+— " \NN\——ouT-P
R79

Differential signal output to front panel, through cables,
and finally to the D25—64 cards near the CAEN digitizers

Front panel connection to 25 foot long pleated foil cables.

Back termination resistors decouple the amplifier from
the capacitive load of the cable.

Gain

Fc =

Single—ended to differential amplifier.

=25

Feedback network RC = 499 nsec

319 kHz

Note: the ground reference resistor is 2k.
This is to balance the feedback network, since the ASIC output
is coupled through a 1k series resistance inside the cryostat.

File: One—Driver.sch
Sheet: /Drivers—Bank1/A1-0/

Titles
Size: Ab | Date: 26 jan 2015 [ Rey:
KiCad E.D.A. eeschema (2013-07-07 BZR 4022)—stable _ Id: 7/57
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Following 6 slides: schematics for the D25S-64 cards.

These cards reside in a custom card file located in the DAQ rack.

They should be located close to the CAEN digitizers.

These cards convert 64 channels of differential analog to single-ended analog.

Power is distributed to two separate banks of 32 channels on each card.



Expected D2S power consumption: 32 channels of AD8091 amplifier per bank. The two banks per D2S card are on separate fused power.

Quiescent current of each amplifier= 4.8 mA. 32 amplifiers= 154 mA

Amplifier output current limited by R=75 ohms. Narmal external load is the 50 ohm input impedance of the CAEN digitizer.

If all channels go into full voltage swing (unlikely) into the normal 50 ohm load of the CAEN input termination then the current draw will be 1.28 amps.

If all channels are shorted to ground and all channels go into full voltage swing (very unlikely) then the current draw will be 2.13 amps

PWR_FLAG PWR_FLAG
4 o X , 1 F4 2 . .
AV, (vsi+ AV (vs2+]
o +| c1 +| C3 o 4| C5 +| C7
Power input no::mnﬂﬁoz ) ZAZ o< SAZ a<le
PCB: TE 796638-4 (Digi—Key A98237 N = N s o
CableMount: TE 796634—4 (Digi—Key A98225) 100uF 100uF 100uF 100uF
These connectors are rated at 15 amps per pin.
GND GND GND GND GND GND
p7 PYR_FLAG TVS diode 100 uF 16V P8
1 <> 1SMAR.03ATG Tantalum LED—DUAL 1 LED—DUAL
« [ 2 « [ 2
=3 L3
o L a L
rh rh
PCB copper details: cho TVS diode 100 uF 16V o
4—layer PCB with 1 ounce copper on all layers. 1SMA5.03ATG Tantalum
Copper pullback is 50 mils from all edges.
The +5VDC and —5VDC power inputs are connected o GND H@_ﬂo +] C4 ¢ND <3 o oNp AL CO onp
to the on—board fuses on 120 mil wide traces. S Az = SAz
N - - N
Each power return line is connected to a ground ~ P 100uF 100uF ~ 100uF
plane through thermal reliefs with a total width 1 2 . . VSIi= 1 2 >
of 360 mils. 2n \/ D 2n \/
After the on—board fuses each voltage supply is PHRFLAG PUR-FLAG
connected to a power plane through 15 vias
with 25 mil hole size. This is the +/— 5 VDC power for the first bank of 32 channels This is the +/— 5 VDC power for the second bank of 32 channels
of differential to single—ended canverters. of differential to single—ended converters.
is arrangement allows for half of a card to be powere is arrangement allows for half of a card to be powere
Thi g tall for half of a D2S d to be p d Thi g t all for half of a D2S d to be p d
while the other half is not powered. while the other half is not powered.
In LArIAT we have 480 channels, so 7.5 64—channel D2S In LArIAT we have 480 channels, so 7.5 64—channel D2S
cards are needed. cards are needed.
This is an optional way to bring an external ground reference
onto the D2S card for the differential amplifiers. The external
reference, if used, will be clamped to within about 300 mV of
the D2S gound by the Schottky diodes.
By default this option will not be enabled:
1) The fuse will not be installed. 1 3o )
MNW The External Reference net will not be [External-Ground 500mAN_/ External—Reference]

connected at any individual amplifier.

The reasaning for including this option is as follows: 3

Refer to the schematic of an individual amplifier
to see the connectivity of the External-Reference

The CAEN digitizers measure the single—ended signals mmwggwwmmﬁﬂn&j Umv\E%mrMm,mT%mﬁm are resistors that are

relative the the local ground on the CAEN card.

3
DIODESCH
DIODESCH

D4

The ground on the D2S card may be slightly different. It GRD GND
may be fluctuating at frequencies that may affect signal

File: Power_Distribution.sch

We may be able to reduce noise by using the CAEN ground Sheet: /Power_Distribution/

as the reference for the D2S amplifiers. Titley
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18A ]UH i88 18A ik 188
IN-ASICI—0-P IN-ASICI—0— IN-ASIC3—0-P IN-ASIC3-0—
N—A 1 17A 178 N—A 1 N N—A 17A 178 N—A N
[IN-ASICL-1-P 164 168 IN-ASICLI-1-N] [IN-ASIC3-1-P 164 168 IN-ASIC3-1-N]
[IN-ASICI-—2-P 15 158 IN-ASICI-2-N] [IN-ASIC3-2-P L5 158 IN-ASIC3-2-N]
[IN-ASICL-3-P 144 148 IN-ASICLI-3-N] [IN-ASIC3-3-P 144 148 IN-ASIC3-3-N]
[IN-ASICI-4-P i34 |, (138 IN-ASIC1-4-N] [IN-ASIC3-4-P isA |, 138 IN-ASIC3-4-N]
[IN-ASICLI-5-P 124 5 | 128 IN-ASICI-5-N] [IN-ASIC3-5-P f2h o d28 IN-ASIC3-5-N]
[INZASICLI—6-P A o U8 IN-ASICI—6-N] [INZASIC3-6-P LA o | 1B IN-ASIC3-6-N]
[IN-ASICL-7-P i0A |1 [ 108 IN-ASICLI-7-N] [IN-ASIC3-7-P ioA 1) | 108 IN-ASIC3-7-N]
[IN-ASICI-8-P 9A 13 | 98 IN-ASICI-8-N] [IN-ASIC3-8-P 9A_|3 | 98 IN-ASIC3-8-N]
[IN-ASICL-9-P gA — IN-ASICI-9-N] [IN-ASIC3-9-P BA — IN-ASIC3-9-N]
IN-ASICL-10-P 7A 78 IN-ASICI-10-N] [IN-ASIC3-10-P TA 78 IN-ASIC3-10-N]
[IN-ASICI-11-P GA 68 IN-ASICI-11-N] IN-ASIC3-11-P EA 68 IN-ASIC3—11-N]
IN-ASICI-12-P 5A 58 IN-ASICI-12-N] [IN-ASIC3-12-P 5A a8 IN-ASIC3-12-N]
[IN-ASICI-13-P A 4B IN-ASICI-13-N] [IN-ASIC3-13-P AA 4B IN-ASIC3-13-N]
[IN-ASICL-14-P 34 38 IN-ASICI-14—N] [IN-ASIC3—14-P 3h 38 IN-ASIC3-14—N]
[IN-ASICI-15-P 2 2B IN-ASICI-15-N] [IN-ASIC3-15-P 24 28 IN-ASIC3-15-N]
1A 1B 1A 1B
0805-DNP 0805-DNP 0805-DNP 0805-DNP
GND GND GND GND
P2 P4
18A —_188B 18A —_188B
[IN-ASIC2-0-P 174 178 IN-ASIC2-0-N] [IN-ASIC4—0-P L7A 118 IN-ASIC4—0-N]
[IN-ASIC2-1-P 16A 168 IN-ASIC2-1-N] [IN-ASICL—1-P 16A 168 IN-ASIC4L—1-N]
[IN-ASIC2-2-P 454 158 IN-ASIC2-2-N] [IN-ASIC4—2-P 154 158 IN-ASIC4—2-N]
[IN-ASIC2-3-P L4 148 IN-ASIC2-3-N] [[N-ASIC4—3-P Lad 148 IN-ASIC4—3-N]
[IN-ASIC2-4-P 34 | (138 IN-ASIC2-4—N] [IN-ASIC4—4-P iss |, |138 IN-ASIC4—4—N]
[IN-ASIC2-5-P 128 o | 128 IN-ASIC2-5-N] [IN-ASIC4L—5-P 128 o | 128 IN-ASIC4L—5-N]
[IN=ASIC2—6-P 48 o 1 diB IN-ASIC2—6-N] [IN=ASICL—6-P LA o | 118 IN-ASIC4—6-N]
[IN-ASIC2-7-P 08 | | 108 IN-ASIC2-7-N] [IN-ASIC4L—7-P o | | L08 IN-ASIC4—7-N]
[IN-ASIC2-8-P 9A_ | | 9B IN-ASIC2-8-N] [IN-ASIC4-8-P 9A |, | 9B IN-ASIC4—8-N]
[IN-ASIC2-9-P BA ge IN-ASIC2-9-N] [IN-ASIC4—9-P BA g8 IN-ASICG—G9-N]
[IN-ASIC2-10-P ZA ~ IN-ASIC2-10-N] [IN-ASIC4L—10-P 1A - IN-ASIC4—10-N]
[IN-ASIC2-11-P GA 68 IN-ASIC2-11-N] [IN-ASIC4—11-P EA 68 IN-ASIC4—11-N]
[IN-ASIC2-12-P 5A 58 IN-ASIC2-12-N] [IN-ASICG—12-P 5A 2B IN-ASIC4-12-N]
[IN-ASIC2-13-P bA 48 IN-ASIC2-13-N] [IN-ASIC4—13-P bA 48 IN-ASIC4—13-N]
[IN-ASIC2-14-P 34 3B IN-ASIC2-14—N] [IN-ASICL—14—P 3h 38 IN-ASIC4—14—N]
[IN-ASIC2-15-P 2 28 IN-ASIC2-15-N] [IN-ASICL-15-P 24 28 IN-ASIC4—15-N]
1A 1B 1A 1B
0B05-DNP 0805-DNP @ m 0805-DNP
GND GND NOTE: The 3M—MDR36 connectors have a connection to the
cable shield available through the connector mounting holes.
I have explicitly shown the connections to the shield as
pins 19 and 20 in the schematic.
The intent is to have the cable shields grounded only at the
source of the signals: the WRD—48 cards.
By default resistors R901-R308 will not be installed.
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t 1 2
[OUT-ASICI-0 . &
[OUT-ASICI-1 3 6

[OUT-ASICI-2 z &
[OUT-ASICI-3 - 10

[OUT-ASICI-4 1L 12
[OUT-ASICI-5 13 L

[OUT-ASICI-6 15 L6
[OUT-ASICI-7 17 18

[OUT-ASICI-8 19 20
[OUT-ASICI-9 2L 22

[OUT-ASIC1-10 23 24
[OUT-ASICI-11 25 26

[OUT-ASICI-12 21 28
[OUT-ASICI-13 = —

[OUT-ASICI—1L L 32
[OUT-ASICI-15 e

[OUT=ASIC2-0 35 36
[OUT=ASIC2-1 37 38

[OUT=ASIC2-2 39 40
[OUT—ASIC2-3 4l >

[OUT—ASIC2-4& 43 bl
[OUT-ASIC2-5 5 6

[OUT-ASIC2-6 47 49
[OUT—ASIC2-7 49 50

[OUT—ASIC2-8 51 52
[OUT-ASIC2-9 33 34

[OUT-ASIC2-10 53 36
[OUT-ASIC2-11 37 38

[OUT-ASIC2-12 29 60
[OUT-ASIC2-13 - -

[OUT-ASIC2-1k 63 b4
[OUT-ASIC2-15 £5 66

67 68

External—Ground

The signal outputs to the CAEN V1740 digitizer are single—ended
analog with a maximum swing of +/— 2 volts into the CAEN 50 ohm
input termination resistors,

The connection from the D2S to the CAEN card is through two 68-line

ribbon cables.

Each ribban cable connected to the D2S provides 36 lines connected
to the local ground of the CAEN card.

Refer to the sheet entitled "Power Distribution” for the connectivity
of this external ground.

P6
1o 2
[OUT-ASIC3-0 3 &
_ [OUT-ASIC3-1 w N
OUT-ASIC3-2
| [OUT=ASIC3-3 m m
OUT—ASIC3—4
[OUT-ASIC3-5 M MN
[OUT-ASIC3-6
| [OUT-ASIC3-7 K WN
OUT—ASIC3-8
[OUT=ASIC3-9 24 22
[OUT-ASIC3-10 2 28
[OUT-ASIC3-11 25 26
[OUT-ASIC3-12 27 28
[OUT-ASIC3-13 = —
[OUT-ASIC3-14 S
[OUT-ASIC3-15 33 15| 3b
[OUT=ASIC4—-0 e
[OUT-ASIC4-1 37 38
[OUT-ASIC4-2 39 40
[OUT-ASIC4-3 L 42
[OUT—ASIC4—4 =1 bl
e [OUT-ASIC4-5 e -
s [OUT-ASIC4—7 MM 22
[OUT-ASIC4-9 53 54
[OUT-ASIC4-10 33 36
OUT-ASIC4—11 57 58
59 60
[OUT-ASIC4-12
[OUT-ASICL—-13 6 -
[OUT-ASICL—14 63 b4
[OUT-ASICL4-15 £5 &6
67 68

External—Ground
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_<mH+ o o o o o o o Py Py Py Py Py Py Py Py
+5 bypass for amplifiers in Banki and Bank2. 650 654 658 662 666 670 674  [c678  [c682  [c6B6  [C690  [c694  [c698  [c702  [c706  [C740
There are two amplifiers per each capacitor. [10u [10u [10u [10u [10u [10u [10u 10u 10u 10u 10u 10u 10u 10u 10u 10u
GND
_<mH\ ., ., ., ., ., ., ., 5 5 5 5 5 5 5 5
-5 bypass for amplifiers in Banki and Bank2. 651 655 659 663 667 671 675 [c679  [c683  [c687  [c691  [c695  [c699  [C703  [c707  [c711
There are two amplifiers per each capacitor. [Lou [Lou [L0u [L0u [L0u [L0u [L0u 10u 10u 10u 10u 10u 10u 10u 10u 10u
GND
_<mN+ > ., > ., > ., > . 5 . 5 . 5 . 5
+5 bypass for amplifiers in Bank3 and Bankb. 652 656 660 664 668 672 676  [c680  [cess  [ceed  [c692  [c696  [c700  [c704 708 [c742
There are two amplifiers per each capacitor. 10u 10u [10u 10u 10u 10y [10u 10u 10u 10u 10u 10u 10u 10u 10u 10y
GND
_<mM\ . . . . . . . . . . . . . . .
-5 bypass for amplifiers in Bank3 and Bank&. 653 657 661 665 669 673 677 [c684  [c685  [c6B9  [c693  [c697  [c7oi  [c705  [c709  [c743
There are two amplifiers per each capacitor. 100 100 100 100 100 100 100 10u 10u 10u 10u 10u 10u 10u 10u 10u
GND
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Sheet; ASIC1-0

[N=ASICI=0-P)—DIN-P  V5+q]

[IN=ASICI=0-N)——D IN-N VS—g

ouTG

One_Driver.sch

Sheet: ASIC1—-1

IN-ASIC1-1-P)—DIN-P VS+ G

IN-ASIC1-1-N DIN-N VS=<

ouTG

One_Driver.sch

Sheet: ASIC1-2

[N=ASICT=2-P)—>N-P  v5ig
IN-ASIC1-2-N DIN-N VS-&G

ouTG

ile: One_Driver,sch

Sheet: ASIC1-3

[N=ASICI=3-P)—HN-F  v5:q
IN-ASIC1-3-N DIN-N VS-¢

ouTG

One_Driver,sch

Sheet; ASICi—4

[IN-ASICT-4-P)}—DIN-PF Vs+ g
ouTG
[IN=ASICZ=4=N)}———p IN-N Vs—g
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Sheet: ASIC1-5

[IN-ASICI=5-P)}—PIN-P Vs+ g
ouTd
[IN=ASICI=5-N)———7D IN-N Vs—g
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Sheet; ASIC1-6

[N=ASICI=6=P)—DIN-P  V5+q]
ouTdg
IN-ASIC1-6-N DIN-N VS-¢
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Sheet; ASIC1-8

IN-ASIC1-8-P)——DIN-P VS+G

ouTg

IN-ASIC1-8-N)——DIN-N Vs-=4

One_Driver.sch

Sheet: ASIC1-9

[IN=ASICL=9-P)—5 - V5:q

ouTG

IN-ASIC1-9-N)——PDIN-N VS=4

iles One_Driver.sch

Sheet: ASIC1-10

[N=ASICL=10-P)—pN-P Vi

ouTG

IN-ASIC1-10-N DIN-N VS=4
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Sheet: ASIC1-11
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ouT

IN-ASIC1-11-N DIN-N VS=¢

ile: One_Driver,sch

Sheet; ASIC1-12

IN-ASIC1-12-P DIN-P VS+{

ouT

IN-ASIC1-12-N DIN-N Vs-4
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IN-ASIC1-13-P DIN-P VS+ G
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IN-ASIC1-13-N DIN-N Vs-4
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VS+ VS—
c10 cii
100n 100n
GND GND

Bypass capacitors:
o% ufF 16V X7R

Differential to single—ended amplifier.

Gain (including source impedance of 75 Ghm) is about 1.02
The RC in the feedback loop is 0.47 microseconds.

This will roll off the gain for signals above the frequencies

The AD8091 amplifier has a rail—to—rail output section.

The output current is limited by the 75 ohm output coupling resistor,
The output is connected to a CAEN V1740 digitizer with 50 ohm input termination.
This circuit can drive the CAEN input to (+/-5V)(50 ohms)/(125 ohms)=+/— 2V.

<Jout

of interest,
SE
I
1k
910 Ri4
IN-ND ANN—
R12 +
&
Z\
I
ouT
T
Wt ~AD809L-S0T23-5
910 <
IN-PD> , ANAVN—
R13
Tlg <3
nﬁu GND
GND

These are termination resistors for the pleated—foil cables
coming from the warm receivers.

We are dealing with slow signals (150 kHz), so the termination
resistors are not necessary.

These circuit elements are specified so that the circuit board
copper layout includes the possibility of adding termination
resistars as an optional feature.

mxﬁmﬂgmﬁ\mmﬂm«mjmm_

This resistor allows for the optional connection of an external
reference for the differential to single—ended amplifier.

By default this connection will not be enabled.

This option allows for the ground of an external device

(such as the CAEN digitizer) to be used as the output
reference. The may be able to reduce signal noise caused by
the different ground potentials of the D2S and the input of
the CAEN digitizer.
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1962 LArlTPC
Preamp Power Cable

Power Supply
D.C. Output 25 Feet
Terminal Strips

Preamp Box
Power Connectors

PreAmp Vcc Red 15

.,

PreAmp Vee White 16 —

PreAmp Return Black 13 —

PreAmp Return Black 14 —

Pin —

Filter Vcc Yellow 15 —

Filter Vee Orange 16 —

Filter Return Black 13 —

Filter Return Black 14 —

Pin —

These cables are made with The connectors are
number 14 AWG wire. Each set Cinch Jones P2404

of 4 wires is twisted together 15 Amps per contact

and the overall cable is covered
with a woven sleeving.

Rev. 1-SEPT-2008



duy ¢|
asn4 yndinQ

1HM

118

33A BHl4 IHM |O O
uiniay J8}li4 X198 |0 O
uamasy Jejil4 M189 |O O.|_

OOA 43Il 439 (O O

118

a3y

sdiu}g |purwia |

ndino '0°Q

asn4 jndinQ
dwy gl

dwy g
asn4 ndinQ

1HM

A8

(]

asp dwosid IHM |0 Of
uJn}ay dwosud Mg |0 O
uinyay dwoaid 319 [0 O
20A dwpaud g3y |0 O

118

a3y

asn 4 yndinQ
duy g|

T
R

8007-1d3S-91 A3y

Alddng 2oA dwyeld

S}HOA OLL'S
:0} 385 indinQ — 'pi0Jqg Jaddod 74 yum punosb Buiping gvd
dwy 8l 5y 3y) O} Pa)ddUUOD SI }D}S0AUD Z96] 9yl
Inding 1OA G 'sbn] puo eum 9My QL Jequinu o Yyym
'0'a _ ~ OO }0}s044d 96l Sy} O} Pa}d3uuod SI
m.v< dA0/8l-S 3H asn4 i A|ddns Jamod sy} JO SISSDYd ayj
ON duQ Jomodg duny &
\A_Qasm Jamoy ‘'sdwy (¢ JOj pa}DJ 3JD yoiym
SQ39L 0°¢S9S’I¥ELT  PUDIdIM
\A_Qajm SN quq__h_ 940 sdujs |ouiwid} (ndino ayj
‘sasny o0d21d dwy ¢ yym
pajoajoud s oy} OMY ZZ
SIOA OIS si Buiim juiod 3s3) puo Q37
:0} }8s ndin
MWCM\H w“_‘o nduyj OMY L st Bum ynding 5°Q
oV A
a0 WOA G OMv 8L st Buim yndui Dy
20 1 9V-dA0/8L-GIH o — :S3JON
. asn 4
T ON PuUQ Jomod dun ¢
A|lddng Jamog
UV
Aiddng 20oA Ja}|i4
SJ010N
uD 4
om |
SHOA GZ0'9
:0} 39S ndinQ g
induj
dwy 9 v
ndino 1OA G %2011y Mumwom
20 | 9Y-dAO/9-GOH oo JomoIg v cwbsdd
—
"ON 2uQ Jomo °sn4 e _o»ﬂ_wm
Z O ﬂ_ dwy | punou9
Aiddng Jamoy SSZYZaMO ISETS
‘oN wopki)
—©,6 PO —Aojay Jamog
\A_O_Q_Jm SENN QE<®\_0_ _ 9]101S-PIIOS
1
\V _\U }nduy
Jamod
S}OA 00L'8 Yopums 3y
:0} 185 indinQ 440/NO
QE< oL yndu)
oV
indino HOA ZL —
Y0 | 9v-Z'0L-ZLIH N0 Alddns demod
"ON du( Jamod doond _
v ¢
+ Kiddng uamog QCCO@x_ﬂ_

Odl4v 1 C961



