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CEPC OutTracker

* 16ASIC/module
 128ch /ASIC
* LGAD pitch 100um

Power and FPC cable

r: 406mm - 1816mm
Group B:
% _ Optical fiber module
Data Link

Group A:
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Data Link Optical module

2nd Aggregation -

(Concentrator Card) ‘%NA

1%t Aggregation (IR

(Frond End Board) module ladder

« EEMEESIR B R EENY
o T FHE12VEE, FXmodulellim o B EIERISICE . B

o TR FAEI2VEEER, AmoduleiZfRTEHFANETR, FXLadderfIEICE . FH




Data transmission for OTK

Data rate: 48 bit/ hit  BR#EFEE1.39GbpsiRIE32 ASICs HEHEITH

I _i _CLK,_ Control
|

+ channel(7bit, 128) VECIME !
+bunch ID(8bit) . TaoTie 1 39Gbps!

+ chip ID (5 bit)

A

TaoTie

» Max Hit rate: :
* Endcap: 1.34 KHz/ TaoTie 347Mbps | 2.77Gbps
T ¢ . ) .
I > ChiTu L ooeh > KinWoo
| | . ps
= kY 73 3 .
R AHHEE6.5 Mbps ! i
TaoTie :
Estimated Silicon Tracker Hit Rates [10% Hz/cm?] Ta OTI e 1396 bps:
ALowLumJin < I:g[iggsM AI-[ighLumli’IZ |=
verage ax verage ax verage ax .
L N5l N R TaoTie ! Bt MR 2.77Gbpstk &
ITKB3 | 095 194 | 027 050 | 598 . I
OTKB | 062 092 | 023 035 | 330 :
ITKEI | 1120 5096 | 2.72 1208 | 98.64  34. TaOTIe 347|\/|bps |
ITKE2 | 7.01 4159 | 189 965 | 5030 32648 433 MDpShm mm mm o= o e e e o o e o o - - — -
ITKE3 | 3.3 2893 | 092 753 | 1757 13050 S b .
OTKE | 058 490 | 031 145 | 545 2o JERRBURE T HIZER

Table 5.19: Estimated Silicon Tracker Hit Rates (data:250118)

« TaoTie (DOJp&Hn) * ChiTu
* Input: 8 uplinks, 1 clk * input: 7 uplinks (1.39Gbps)
* Output: 1 uplink e Qutput: 16 downlinks, 16 clks




48V

OTK Power Supply —

* HV: HIZEBRVIEHE
e LV: #IFE{EER48V

* Basha_48: 48V->12V (10A)
* Basha_12:12V-1.2V (10A) /3.3V

o LV{HEE
* FlexZzPRITE :

12V

T

R=0.05Q/m (h=35um, w=10mm copper) BaSha_12 12w
o HFH P ModulefY{HE B 72.5A (30W) BaSha_48 120W

2 SAEEBIEZY0.25V/m, £3510.7W/m #&Eﬁlﬂ% 8 R TR
. /|\LadderEl’\Jﬁi\EEEE*}ﬁ5A, (240W) 20mW/ch | 300mW/cm2

SAE SR EZ0.5V/m, 212 5W/m, 1 ASIC (128 chs) 2.56W 1.7W

ERIK2.9MBY 2L 151 7.5W/(3%) 1 Module (16 chips) 40.96W  27.4W
v 1 ladder (8 modules) 328W 219W

HV !




OTK Front End Board

1st Aggregation 2nd Aggregation
(FEB)

A

avot

avot

Data, CLK, Control, HV, LV(12V)

(CC)

* FEB: Ry A1.2V

« CC: BaSha_1210]#2{#1.2V45ChiTu#
TaoTie, 1R{£3.3V45KinWoo
ASICEE B R ERE A FEE

e B2k HBE A 2-layer Flex PCB
ChiTufg == LGAD . ChiTu(8x8)

KinWoo [ PCB or Flex
fiteg . KinWoo(15x10)
I JuLoong(12. 5x6)

I Connecter(10x3) ] DC-DC(20x20)
= Res & Cap(1x2.5) ] 2-layer Flex PCB

B TaoTie (5x5) [ 1 Multi-layer layer Flex PCB
Wire Bonding area

HV, LV(48V)
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RV

arimiZ s (JuLloong ) i&it3E4R 5 2244

OTKZE % BfjE]2#%<50ps, fLE 7 FE<10um
LGAD: 8|4 #%#40ps, pitch 100um

43.3MHz

[%ﬁi*ﬁ%} [aﬁ%ﬁJ

> T2 SMIC55
> BIEE 128
> BEMERE: 30ps
> TDC TOAMIE——15ps (LSB=15 *v/12=52ps)

7 Naaa )

* BIM——25ps TOA

s Cs~10p Event

. HTJ‘:E[I]—SpS F TDC ToT | builder
B e &SEE: 0.5ns~23.3ns

IH%E: <20 mW/channel
HBEESE: <100u
LGADEEA: 10pF

YV V VYV V




VoD b
T E T__’l E ( ) 440 3 1.3 4 (b) trans-impedance amplifier
M5 }—r{ TE T 10 M ME 3 L~ EA ] e —
S1:H G. IE3 }‘><‘( }_r‘ 380 3 H'Jﬁiiﬁﬂ II:I:II 1.1 HE 9 oo £A.
out PA o le i i e 1 :l:]ijj Jﬁ%iﬁu II:I-_-II
Il'l w Ibims In+ KM.I A 0.9 ":
‘“'ithl.‘d- IL -—I g 0.7 {
- I ]
M cL ;J: | w7 || “ - 05 :
HHT_“ l 1 |[ iz 0.3 '
1 _I_ : 01 -_-—
vss VES ;'|"H'|"'-|"H|H-'|"-'|'_'H|‘--»|----|'---u----|'-"|""|-"'|-H'|‘I 0.1 +——— ——— —————r——————
N 8. 85 9.0 95 100 105 I1.01illnlc.5‘m1]2.0 125 13.0 135 14.0 145 15.0 ) 10.71 10.73 10.75 10.77 10.79 10.81 10.83
Figure 2. Schematic of the preamplifier (a) and the comparator (b). Time [ns]
Transient noise simulation for output of preamplifier@8pF 16fC
0.02 -

AC-LGAD Beta it &5 2

LGAD {5 8I,F~300ps

o

-jitter <15ps

-BW~1.2GHz % 0.01 ¥
-Gain: 67.5dBQ o ..
- Input impedance : ~50Q (LGADKFRfEHIZPEITIFN) ~ o0 _
- Power Consumption: 8mwW 3

-5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10
Time (ns) 10
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J_I_ RO_key - TOT_code [10:0]
- Fine data [29:0]x3 i

Pulsef&s | ToTpde) BRI, TOT. TOA. CAL TOA code [10:0]
> . > . N _code : _
peag | = CLK pulse =1t Counter [5:0]x3 TRAles 7 >
v YNV LU o
43 3MES S CLK_latch BiFF TOT. TOA. CAL CAL_code [10:0] _
> = 4 i

> TDCEH D HEBFEHIRR. MR EMPFERER. REFR=I0HENK, XWTOANE. TOTNE, BINE
BITOT, TOANEZR/E, FINMIE—RSENHNEL (CALNE) , KIMIREINRE,
> FFRHRRERESESIMSENH, FERRBEES. TOTHTOAEZLIIFES. CALBIEFES,
> MREMABIFRRF, TOT, TOA, CALHE = A0 Mt EUR EAD+6 R H T4 — 3 Hil4D
> RIDER ORI A i HIAD .
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Robin
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REETY

2024 Q4 2025 Q2 2025 Q4 2026 Q2 2026 Q4 2027 Q2 2027 Q4
s
( 7\
OTKLGAD 1st || Test & OTKLGAD 2nd || Test with ASIC, || OTKLGAD 3rd Test
Sensor: | submission characterization || submission Test beam , submission(large
L (4cm long) | (optimization) || radiation test array) )
( 2
ASIC: OTKroc ASIC ASIC OTKroc ASIC ASIC OTKroc ASIC ASIC
1st submission Test 2nd submission Test 3rd submission Test
- )
g 2
Module: Module built and test piotalypelbuicand
test(large size)
- >

2025 Q1, preamplifier discriminator and TDC modulest&E RIS |IF
2025 Q2, Q3, MIXARGOXITHIS A e, EF IR FPGALGIE
2026 Q1, 1R, iﬁnéi%ﬁﬁﬁu\%% ZiBEER

2026 Q2, Q3,Z@iESA MR %K ﬁ%ﬂfs}#dﬂﬂﬁ

2026 Q4 , ZiBiE S f ou#, LGADEH REe ikt

2027 Q2, 1t A M3 X LGADELIE M.

2027 Q4, T4 =%
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Pulse{ 5

»

43.3MHAT5h

1z

ik

RO_key

TOT_pulse

»

CLK_pulse

CLK latch R

78/
21
BT

Fine data'[29:0]><3

TOT. TOA. CAL
Counter [5:0]x3

v

TOT. TOA. CAL

v

R

TOT _code [10:0] =
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CAL_code [10:0]
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1z L RE By UE i iy 4244

> BTOARR, WO EMINRE;
> Bfanm. BitHIR. TDC. SEAITHR.

N C aeexame

> SMBBAUBIMBERIS, ST sowesew [ gugr | oo M
1.732GH$h, S55MBL732GH$hERB /T %ﬁﬁﬁ%g ;
L ERITRY, Signal o 1L v >
IR » TDC | cikazam i

> TDCrathig B 40K Rl fF AV EIE 11284 Pulse !
KB EAEIE (D55 T frheader) | i ] e |
SN S B TR R4, | |
> WARTH, HPBTRTHLRDRE ; ;

H40-bitBIR B ADRTRY128-bitsedE, 0000 CTTTTTTTTmmrmmmmmmmmmmmmmmmmmemmmenneee
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B IR E LTI R

=5 Ix 5h BV IR Hk tie High

fEREfSSRO_key HORY, FEIRFERSIR%
SRS 2 RO key 'w .................. w

101010101010101 “s2d” “s2d’ ‘s2d” “sad
] ] 1 [

1% ﬁ[é %%Ro_keyEJ- HTJ- ) %T}L:‘E-Tl-ﬁ [/X —Ffﬂ@ﬂ: 15-stage NAND delay chain + s2d block, 30 bit fine phase output

HES.

CLK TOT
101010101010101 bmhlTﬁuff‘?fiiﬁ““““‘?ﬁfiﬁ‘iﬁﬁﬁ en O O O OO

001010101010101

I , _ _
011010101010101 | CLK (ﬂﬂi%__i%iﬁ_________Tiﬁiﬁ§%35 — T
atch?2
FR— s CE— R s TOT fine count latch

010101010101010 S I o [
110101010101010

TOA and CAL fine count latch

101010101010101

BRI R gt K B RRAE A

16



B IR E LTI R

> SRPIFE
« 15*34ASREi7FEE, SLIMTOA. TOT. CAL

= VRIS ThAE RO key ‘w .................. w

tie High

© SRYFBABILYE, BHTHHLER wr] [ wr]  [ws
]\ 7@;:1)6 ) TEE EE,SIZ Hq_iﬁj H:Il /:E)ijl:: ) JJ:IS 15-stage NAND delay chain + s2d block, 30 bit fine phase output

CLK latchl, CLK latch2, TOT latch{Z 515

— CLK TOT
HE—EEE (>300ps) fpulseEEE, Iatchlmﬁ—ﬁ_ﬁ_—w IatchW

CLK
latch?2

.................. L : TOT fine count latch
Lyl REI HIH
ToT
Pulse > TOA and CAL fine count latch
AL NP N \
on BB IE FEIR ik K 2R EAER]
CLK

TOA. TOT. CALREE
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B IR E LTI R

> BUHIFER

1.

FMPulse(5S EFREIRES, RO_key&E1l, ik
MI01.... IOLRFSFIRENR, HERIIIESE R
Fia.

FEMPulse(5 5 TFEREIRAS, &£ RKTOT latchfs
S (FE300pskypulseZfES) |, ETOTHITFE
(BEER) BERFEEBUAHRIAZS, 300ps/E#ifE,
LI TOTENPITF.

SENMHE—N EFERIRE, 4 CLK _latchl
ESHIE—pulse (3E300ps) , FELIAEF I
FRITIRMEEEIARIRZS, 300ps/a8i7, 2t
PIFFTOA, IAREBEAE B A = pulse (FFE>300ps)
TR ZE &= T~ — RSB EFE.

CLK _latch1F &pulse/g 95 — NS H R ¢ N RER
FSkEF, 4 pLCLK latch2fypulsef5S (ZEEL
300ps) , IEERLIAEAR BiFL T B G BifF,
LR TOAYE & HIZI L EBFH T,

¥ ol

Pulse

CLK

TOA. TOT. CALTEHAE

tie High

RO key

“s2d” “s2d”
] [

“s2d” *s2d”
[T [ ]

15-stage NAND delay chain + s2d block, 30 bit fine phase output

| R s S | e e e ‘ s ‘ s
. Q Q Q Q Q Q Q Q
CLIN
atch2
L L ] L
Q Q Q Q Q Q Q Q
— | I 1

TOT
latch

S R

—o «

B R s R
Q Q Q Q Q Q Q
I I I I T I I

TOT fine count latch

TOA and CAL fine count latch

BB I8 MR 5k K B UARAE R
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B IR E LTI R

> BUHFZE

5.

SERHE A EFAEIRE, £ACLK
_latch1{Z 5895 —pulse (FE300ps) , {14
A 5177 52 T BR B R BN HRAR S,
R P17 A TOA+— £t B A5 B IRHRAR T,
BEFIFERITOA, iCAHCAL, CALELSER
[EREBS A Eh K A
TOT latch®# 30—k A &pulse (35 E>300ps) |
BCLK latchl HERF >Rk E sgpulse  (FaE
>300ps) , MIAAZ=ALTOT. TOA. CALNE
RO _keyE0, IFREALEIIOL..... . 10K,
LR IEHER PIFETOT. LIERNBIFFTOA, L4E
M §{7FCAL,

[FHI

300ps/E itz

Pulse

CLK

\\‘\-\QQL

TOA. TOT. CALTEHAE

tie High

RO key

s2d “s2d” *s2d”

[ [ [ ]
15-stage NAND delay chain + s2d block, 30 bit fine phase output

TOT
latch

S R

s R
Q ll3 ? Q Q

s
Q
I

R
Q
I

—o «

I

I T

TOT fine count latch

TOA and CAL fine count latch

BB

18 IR g K B AR IR AE A
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Tie High RO_ke: RO_key, Tie High

C — | LT NENMENES

CLK _latch1

|
|
|
1 | ANy A T
Signal pulse _clk_pulse = ==
! Stnaluke b o | e b & MRELES
: R l R TOA key
I | E—— RO_res
| RO_res [E S F $\$ el | i TOT_key }
I :)1 ) FEIR LEI\HE =] | _RO_key —
sSel
| |
I | Tie High TOA ke
__________________________I g D 0 D 0 _Key
Tie High _CLK key 1 LK
— 1D _count CLK_count
¢ I ——P — K
. |
Signal pulse R R
L> CK 1
R : _RO_key RO key
|
|

delay CLK_count
CLK_latchl

e ————.

@
1 CLK40M

CLK _ref clk_pulse
A | _CLK key Pulse generator
_CLK_ref > CLK_latch2

CLK_latchl

|

|

|

|

|

|

: iz sz HES
1 TOA key
|

|

|

|

|

Pulse generator

Signal pulse TOT _latch

Pulse generator




TOT

Pulse —

B G RRATFE (FREN) B

TOA. TOT. CALREHE

FEBFIRET, pulseflz= EFHAE
kB, IMREdk, ITE A

Pulse _.
EO “oa

CLK 1

[ JIRE S E— N E AR A i £

latch1pyF ®pulse, 2/ EFE
FHEE - ANHFRpulse, Latchlf
MOREWIAER LAE, Regx  CHCAenD

[JIZETER <

B TOA. CALMIB{FE, #ER$P Latchl B MFR& -

R CLK latch2 -

latch2f9 58 — P pulse5E i TOAR) — 2

Bt TOT _latch

Pulsef5 S T RE/AZIKR A =4 RO_key

TOT latch5e A TOTAE - i 101010101010101
TOT. TOA. CALINUESA,

WS A
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B EHZFRRAFE

(TOAILF 1mi1)

> PulsefF 5 EFASE$H_EFHAXS

Pulse
7B, BEEEpulsef5 5 LA AERIE i

TOT
Pulse >
AL
TOA\
«
CLK

TOA. TOT. CALTREE

OB T34 7 A latch 1H9

A5 e
F¥pulse, TOANELHFILE

Z RIS EFE, CALEIE, o
A EMER, TOA, CALE  CLKlatchl =
[ —/NEe E}E S N p:
m}ﬁjlljﬁ\ﬁ I E—.I-%I:IJJ—J/\H, H;%/X Latchlﬁ}i*_ﬁlb\em

WEZY N

BX 5.

CLK latch2 .

TOT latch “.

) A
1 \ \\\ 1
; \ ! ;
1 \ £
I 1
1 1
1 1
1 |
1 1
1 |
\ 1
\ 1
\
\
\
\ 1

RO key ‘.

T80

”ﬂhﬁ”‘ﬂUHHI{\M{W'Wﬁ‘ T (U H| (Y N“
101010101010101 {MEngmxtﬁlnwd{ | fu*;M|W||U&L|\||I &"L'ﬂﬁlmmmmmmm
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TQT

7o \ =%\ Pulse | i
m ERIZF RS FE (TOALF1ER2) N\~
CLK ] 1 L |
TOA. TOT. CALTREHE
> PulsefsS b FHAERE $H TR s
NFHERAIA, EEEpulse(FZS g ; \
I RRIEMKN R EFEE R A iR \ } L
lachigoFsgpulse, IAETRES o
TR / U
> A EMER, TOA, CALJEE CLKlatchl - ﬂ ﬂ
FIGE— AR, BRTER s - : ; I I
31, ; —— —
CLK latch2 = . » /198 =
TOT latch =" ﬂ
RO_key \[ l
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B RIS R IRAY R

g (TOALA1ER3)

Pulse

CLK

> PulsefE 5 _EFAAENT AT s _E R
SR EIRAT, {B<450pshT,
R Epulse{5 5 AT A BT §H

EFHRF4£ T latchlfgpulse, B2

pulsem Z/\F300, latchlf &R
SR BN EE LR, R
FATEAN, IREET— AL
k.

> MEXEMIERL, TOA, CALNE

EEIRE— AR, HEi%
HX 7,

> Pulse{ = _EFAMEXSBSEh EFA
X FFE TR BB IS 450pRT, A E
155,

Pulse ..

- |

TOT

h 4

AL
TOA\

TOA. TOT. CALTREE

WESEZ

CLK latchl &

Latch1 B 3#RE " : :
CLK latch2 - ﬂ ﬂ | \
TOT latch |

RO key ‘-

T80

Wlf'f,‘l{]lr,;wq‘u‘
I 101010101010101

\\\\\\\\\\\\\\\\\

I ‘w“ﬁ‘\““l lJ.
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B EHIRFRRAFE (TOTAR TR

> Pulse{= 2 % &/\F400psh, 45X

BYTOT latch{=5 35 /& )\ F300p,
BUHEERTTE.

SR

b

&7~ A Pulse{5 = 51 &/ )\ F200p
HIESR, Pulsef5 SIS EL A4

il

TOT latch, TOTWEHLLFR  ClKarchl =

SERURTS, IMRTEIFLE.

S CLK latch2 :.

|
|
f
|
|

WMRTOT < —/NESEHEHR, T TOT latch
CALNSE /5 B #1121 I= B $h AN
78

1B TOT R/ N F— A4 R

B8, TRt SEE N ETA
ML EAXRERR.

Pulse ]
EELNE

Latchlf AR &

RO _key :.

oaogozozosozen I
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p—
. -
-
mRRAEL/

/) / .
/ A
. \
\ o —————— — — — — — 1 °
‘\ : Tie High RO ke RO key : Tie High TOT _key

) Lo oty | [0 g WEliper L vt
~ . [ Jiz YAEES
.\ Signal puls | clk_pulse H*}EE{A_I? =
|y Semaleke oy P & A NIES
| N |
\ R R TOA key .
| .
\ro 7 o ' Ttk | /
|  res A $\ 1= = 1 _key .
I set ):\I EEN = 1 \ _RO _key ‘ /
1 :E |
I I TieHigh TOAKEY o e e e — - —
I__________________________I g 5 0 b o key _
1 Tie High _CLK key 1 LK
—  Ip _count CLK_count
1 | >k — K
| |
Signal pulse R R
| Lp_>(:|< |
| R |
1 I RO _key _RO_key
1 1 delay CLK_count
" set CLK_latchl
1 Fem e e e e — = . .
I 1 CLK40M "
1 CLK ref _clk_pulse CLK_latchl
- =1 _CLK key Pulse generator - 1
! TOT.
1 _CLK ref CLK latch2 I
| —— Pulse generator - I
|
| #Es
|
1 Signal pulse TOT _latch
1 Pulse generator 1
|
L e e e e e - —_—— e = - - —— e — = = ——— —— e - —_—— - -
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mRREE2 )

> EmrAEmAEe o - . od
BHEEE, [ L 4|>° D — " Y NER#EMES

2= T L e & HRERIES
> MEBESARE

R TOA key

|
|
|
. |
;ﬁfﬁ:‘ ﬂ'xj. e 1.\_ \_[_ |r N, o RO _res [E ~ A ol | : TOT_key D@
S, QI LV | \ﬂ)i FEIRFEENTE S | _RO_key
sel
L O LA, 1 |
%&%E@iﬁﬂ HjEl'—ﬁﬁg I i Tie High TOA key
""""""""""""" D Q D Q - D Q
\ =~ I ) . I
j\] reset'fm T ! ﬂ D Q ke ! CLK_count CLK_count CLK_count
1 | ——PcK > cK D
: Signal pulse > K : R R
: . : _RO_key _RO_key
1 1 — delay DMUN
| set CLK_latchl —
| == e m === -
1 | CLK40M
| .

CLK _ref _clk_pulse CLK_latchl
__________ | _CLK key Pulse generator
_CLK ref > CLK latch2

Pulse generator

Signal pulse
Pulse generator
L

TOT _latch




?(Wfi%mwzmm
titute of High Ene gyl’/'y
(f se Academy of Sciences

RhE

» TT27 LSB—— 35.59ps; (vt##FLSB=28.99ps) ]

> FF85 LSB—— 29.41ps; V AV %

» SS-40 LSB—— 42.02ps; TT27 DNL. INL

TT27 #F5ih 2% | > iﬁ%ﬁjﬂéﬂ%{jﬁﬁstepﬂﬁps, 58
" RET-81 =, FERMANTHE,
. ———————— > DNLEFF+ 0.15 LSB, INLEFF+0.18

LSB ”



MESCHE

INL/DNL
TIFE

Bth (127

SMIC55
40ps <36ps
15ps 10.4ps
A5 e 5 0.45ns~69ns(Z%& [EFRE,
SeEl & >50n)
+0.5LSB 9fF + 0.18LSB

BRI & S H 7 <850uA
(TOT 1ns, TOA 1ns)

29



B E{Flayoutit B(H1TH)

> BRIt ITH
> BIRERTT=RER

it

7

5
{
i
| .
i
B
|
!
i.
i
]’.
i
| -
i
iv
|

_j.




BACKUP

31



H Layout

SRR 713514251 0 AN 8

6 SRS

it

EREEEN
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B RiRFE

%4 HRO keyfES,
EfcEE —PNEIRETT
delay530ps, FEIREIT
M35 delay A ~35ps
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B RIS R RS

101010101010101 s2d+SR——> (10)(01) (10)(01)(10)(01)(10)(01)(10)(01)(10)(01)(10)
HEF——> (111111111111111000000000000000)
001010101010101 s2d+SR——> (01)(01) (10)(01)(10)(01)(10)(01)(10)(01)(10)(01)(10)
HEF——> (011111111111111100000000000000)
011010101010101 s2d+SR——> (01)(10) (10)(01)(10)(01)(10)(01)(10)(01)(10)(01)(10)
HEF——> (001111111111111110000000000000)

......

010101010101010 s2d+SR—> (01)(10) (01)(10)(01)(10)(01)(10)(01)(10)(01)(10) (01)
HEF——> (000000000000000111111111111111)
110101010101010 s2d+SR—> (10)(10) (01)(10)(01)(10)(01)(10)(01)(10)(01)(10) (01)
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L R;g;ﬁﬂ'n - Internal 3 serial
Memory 19 bits | Seviatizer 19 bits ;¢
Input Ctest (FIFO) —>
i on TDC (7 bits)
picos generator sl 7 bits)
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T“' AMHz Clock Write @
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Vth_10b DAC |
Clock
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19 bits
Time DATA)
channels

5 bits 19 bies :
9
19406 [ st | e pary |
. OMEG A DESIGN

D SLAC DESIGN
D SMU DESIGN

—>

Serializer

320 MHz 40 MHz Clock

Both preamplifiers are built around a cascoded common source NMOS amplifier to ensure
high bandwidth (see figure 2). The drain current (/4) of the input transistor is adjustable between
200 pA and | mA. The transistor size is optimized to operate close to weak inversion while keeping
its capacitance small compared to that of the sensor. The operating current is chosen to minimize
the series noise while not dissipating too much power (< 2.25mW/ch for the analog part). A
PMOS follower is added to isolate the load from the discriminator. The total preamplifier power
consumption is 0.85 mW using a nominal current 74 = 600 pA in the input transistor. A bank of
seven capacitors (from O to 3.5 pF) can be connected by slow control to the preamplifier input to

Serial
25 x 24 bits
DATA

—

transimpedance preamplifiers. Beam test measurements with a pion beam at CERN were also
undertaken to evaluate the performance of the module. The best time resolution obtained using
only ALTIROC TDC data was 46.3 £0.7 ps for a restricted time of arrival range where the coupling
issue is minimized. The residual time-walk contribution is equal to 23 ps and is the dominant
electronic noise contribution to the time resolution at 15 fC.

Kevyworps: Front-end electronics for detector readout; Timing detectors

The TDC power consumption is dependent on the time-interval being measured. For the TOA

TDC using 2.5 ns (full dynamic range), the average power consumption over the 25 ns measurement
period is about 5.2mW. It is only 3.5mW for a time-interval equal to half the dynamic range.
Thanks to the reverse START-STOP operation, the power consumption of the TDC is much lower
in the absence of a hit over threshold. This results in an average power consumption per channel
of 1.1 mW for both TDCs, assuming a time interval uniformly distributed (1.25ns average) and a

maximal channel occupancy of 10%.

( Imega

TDC for TOT measurement

( )mega

TOA TDC Architecture (Simplified): Vernier Delay Line

emulate the sensor capacitance when measuring the ASIC alone. They are not used when the ASIC
is connected to the LGAD sensor array.

TOA measurement. Each discriminator output is sent to a sampling cell to generate a “Hit Flag™
bil, thatis equal to 1 in case of a hit or to 0 in case of no hit. The discriminator’s power consumplion
is slightly less than 0.4 mW.

f?qu

—— g
Qin
en = V2kT [ gm1.

gm1 = q X 14/2kT

Tjitter =

ALTIROC Cd: 4pF
OTK Cd: 10pF

FEETNFEZE /) 15mW/ch

TDC Power consumption 0,4 mA *1.2V = 0.5 mW @ 10% ocupancy

TOTTDC

* Resolution: 40ps

* Range:20ns
* 9 bits

@ Bojan Markovic, SLAC

TDC Power consumption 0.4 mA *1.2V = 0,5 mW @ 10% occupancy

ATLAS HGTD - ALTIROC ASIC TWEPP 2013

TOATDC
+ Resolution: 20 ps Simplified Block Diagram:
* Range:2.5ns @ Bojan Markovic, SLAC Time-to-Digital Converter (TDC)
* 7bits 2.508 Measurement Window 2508 | R EE IR STOP signsl propagates
b s H D_Mh in the fast Oelay Lne
ZEER.. i3 (Detay of one cell= 120 ps)
N .
Clock
s10P | START sign! propagstes
+ 2 in the Slow Delay tine
START || L (Delsy of one cell = 160 ps)
ey oGl @z @ay o Qg
T

Bt Bz Bm)  Bind Binizs
« The START pulse comes first and initializes the TDC operation. Differential shunt capacitor voftage-controlled delay cells

* The STOP pulse follows the START with a delay that represents the time interval to be digitalized.
* Ateach tap of the Delay Line the STOP signal catches up to the START signal by the deference of the propagation delays of cells in Slow and Fast branches of
the delay line: i.e. 140ps ~ 120ps = 20ps that represents the LSB of time measurement
« The number of cells necessary for STOP signal to surpass the START signal represents the result of TDC conversion
Cycling configuration used in order to reduce the total number of Delay Cells.
" + TDC range is equal to 128°20ps = 2.56ns ATLAS HGTD - ALTIROC ASIC TWEPP 2019

SBits 2MSBs

5 R G RO B 8 B B PR T 250mW/ 1283
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