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Detector R&D Roadmap Panel

assist ECFA to develop & organise the process and to deliver the document

Coordinators: Phil Allport (chair), Silvia Dalla Torre, Manfred Krammer, Felix Sefkow, lan Shipsey
assist ECFA to identify technologies & conveners
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on the
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4D-
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and longevity
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High data rate ASICs and systems

New link technologies (fibre, wireless, wireline)
Power and readout efficiency

Front-end programmability, modularity and configurability
Intelligent power management

Advanced data reduction techniques (ML/AI)
High-performance sampling (TDCs, ADCs)

High precision timing distribution

Novel on-chip architectures

Radiation hardness

Cryogenic temperatures

Reliability, fault tolerance, detector control

Cooling

Novel microelectronic technologies, devices, materials
Silicon photonics

3D-integration and high-density interconnects
Keeping pace with, adapting and interfacing to COTS
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- MEL&XA:
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— Electronics for Fast Timing
— Optical Links
— Smart Sensors Using Artificial
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— RF Electronics
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Going 4D: High Precision Timing: Detector Simulation Challenges - an ATLAS HGTD perspective Louis DEramo &
222/R-001, CERN 15:40 - 15:50
4D for Trackers Challenges: an overview Adriano Lai &
222/R-001, CERN 15:50 - 16:00
4D for Trackers Challenges: focus on the LHChb Velo Upgrade Martin Van Beuzekom &
222/R-001, CERN 16:00 - 16:15
4D for Calo Challenges: an overview Marek Idzik & @
222/R-001, CERN 16:15- 16:25
4D for Calo Challenges: focus on LHCb ECAL Upgrade Dominique Robert Breton 4
222/R-001, CERN 16:25 - 16:40
Discussion @
222/R-001, CERN 16:40 - 17:00

Implementing DRD7: an R&D Collaboration on Electronics
and On-detector Processing. 1st workshop: 4D Session

8

HENZLIHKF

FECFAFRIFEEADL B Birs

FEERRIRKRIERIAD Tracker. 4D
Calojo]gi

Ultra-fast BiigASICE B KEF T A
T#ENA

»NINO —Timepix4. Timespot
@100ps/pixel

SfEETDC
»HPTDC — picoTDC ~3ps rms 64Chn

NIAR28nmE S IiEN A SE 2z —

*
=

=]

FER#SECEEK T HEL
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4D & TimingHJX &=l @ECFA Workshop S

ECFA DRD7.3 - 4D Techniques - Pre-identified Challenges for future detectors

Timing ASICs for low-jitter &

. highly deterministic o - high performance TDC and ADC
" Front-End and Back-End TSV for accurate distribution " blocks
“ of global lines and data

HHEL SEE R E 5

Methodology to Simulate 232, e

Timing Determinism  System-level ssues ¥y¥ E,\J = 1% - *Im y

" B LAB RG4S

24N -
RARFIRMBFRY K

Distributed clock o Large 91-' *,ﬂl 3

- filtering and re- dynamic giﬂ?&l. e ﬁ

 phasing circuits range for > = Iﬁ]

energy

.. Universal Time distribution in
i detectors

- White Rabbit 2 Front-End

<+ Precise time
Fast front-end amplifiers ~ calibration

i In-chip high quality clock and limited power

distribution techniques budget
Contact us !
Adriano Lai adriano.lai@ca.infn.it
Patrick Robbe patrick.robbe@ijclab.in2p3.fr
o Marek Idzik idzik@ftj.agh.edu.pl
=" High Precision Timing D:RMJD ~+. Trackers / Novel on-chip architectures N Calo / High Performance Sampling Sophie Baron sophie.baron@cern.ch

Implementing DRD7: an R&D Collaboration on Electronics and On-detector Processing. 1st workshop: 4D Session 18



FAN R % AT & R Timing#H K ?

- HHEIEESIHIHh
— ASIC:
> —EXRHINARL RN LD, FHIEEASEH

> FEIIATOCHFERGMELZ, SHEFEERMEERE

- RGHTE:

> IKBIIpGBTELHCES®HORBAR, E8I1EELE, BZUODRMAZR
> kf bR R, {(XRBBESII TOF-URTHAM & &R
~ FTEBECEPCEERMETHWRAE (FPGATZERIIRER)

» MAYR: RBESLE, EBERSIE

- ASIC: RIRFTESKERESHASICIEITHER

;%X y 151*}15

> Ultra Fast Bl : #KBYHBEEARTRR&D, STl IiERE

> High Precision TDC: H&SERBEBFIPK, #H—SHil, SMEBEMTY RY
~ ATEE~128Chn £REAR & 256*256{K 55 F N B R F B4R

~ RG%:

it

> BEGGBTX AN SRML, SKAETERSHYHENESHEERMIERS

> RESHEEREZIELSR, IREEEPRTRMR
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it SR AR 0] B A E RS IR o EE——A =

Hit Arb

Ref. Y SR FIFREIEREHLCMOS Ref —fUMNRHEZIFM 1T H

wit5uu#, €5, 2022

From N, W, NW pixels
g
id
ixels T
8 To NW pixel
_______________ '
|
1 1
al| ! !
1| Cen Arb 1
1 1
] H
|
1
|

Bit_| Count/Read :
lllllll

- REFRVENHRRKR L

- BRBEESARLEN, BEIREIN
- RERERARBREREA

- ERNZRIR

cm — ONASIC
el > BLEMRIR, PR
~ On FPGA
> AABREZMRAR, EF—LERRX
MR
> SEBARBIEE R

> ELITETLamE R NERE D
~- BFE: SMHsEFPGAMIEF
— TDAQR Hfth: GPU/CPUZE
- BIFEESMBTFERENAE T
> B XM ARBIREMLE L

[
=

> TRAFRERFH
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ESpEIIR. AXI—AI

ePortRx Algorithms

LOON-T Biock Dingram (smplfied)
* 4 selectable tr
compression
algorithms: variable and

fixed-latency options.

* Includes formatter and
smart buffer.

* PLL and 1.28GHz phase-
aligners from IpGBT.

gger data

COON-T Layout

ePortTx

128 pin peckaged ECON-T

el oy = =

HGTAL Resdout Architeciire

Al on Chip: Reconfigurable Encoder

Input (48x7be) Encoded 16 x 3be
336 bits outputs, 48 bits 10 336 bits

* Quantization Aware Training of Encoder
algorithm based on LHC simulation.

* Optimization of CNN architecture for
physics performance and area and power

requirements.
* Reconfigurable welghts and blases via 12C.

* Full triplication of clocks, logic, and resets
for 12C configuration.

ERMILAB-POSTER-22-214-PPD

Design and first test results of the CMS HGCAL on-
detector ECON-T ASIC with a reconfigurable encoder
algorithm for data compression

SoC: Shift from design for an
application to design for resources

Decode off-detector

- SeHBIEELE (ML/AD
— ESMuE L TR BREIAI ASICR A
- ERGER, TEXTEEMAR, 52HEE&
HEAREER EHIKKER
* ﬁﬁﬁ#‘ﬁﬁ.rgﬁﬁi\ *Ei*'f't
HxiHeHETFRISC-VEH, AKRLE
eigit, HAERTHRASICRY AT RIE(L
— EAHkE: RIS HRVRRIAER A
> 2L FPGATERTin 3R RIS M A RV EIIR
> SHTTE vs BEE KT

The most robust approach to harden a processor is Triple Modular Redundancy (TMR):
combinational logic, registers and clocks are triplicated and majority voted at the output.

1ls  Simple to understand

& Maximum SEU
! protection

I‘ Can be automatized

Examples of works using TMR:

L)
L)

Very large area and power
overhead (> 3x)

N
logic H VvV T

| b

N8 . AYE A
logic — vV 1

AYAY
G —s 1S g SO
™ logic HD;.‘ }

Can be difficult to implement
correctly (depending on RTL
and physical constraints)

« A.Walsemann et al., STRV — a radiation hard RISC-V microprocessor for high-energy

physics applications, 2023, JINST 18

Lca —

cxe —

+ M. Andorno et al.. Rad-hard RISC-V SoC and ASIP ecosystems studies for high-energy “*°

physics applications, 2023, JINST 18

« A.E. Wilson and M. Wirthlin, Neutron Radiation Testing of Fault Tolerant RISC-V Soft

Processor on Xilinx SRAM-based FPGAs, 2019, IEEE SCC

Ref. DRDT 7.2: Front-end programmability, M. Andorno, 2023 21
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DROT <2030 2030-2035 oy 2002045 >2085
Data High data rate ASICs and systems 11 @ @ . . .* .
density New link technologies (fibre, wireless, wireline) 11 9o @ @ e -]
¥
Power and readout efficiency L1 [ N 26
Intelligence Front-end programmability, modularity and configurability 72 . .
on the Intelligent power management 7.2 @ ® .* NN N N N )
detector Advanced data reduction techniques (ML/AI) 72 . .
High-performance sampling (TDCs, ADCs) 1.5 '_' “
:eDc-hniques High precision timing distribution 3 @ @ o0 L ] (NN NN | O
Novel on-chip architectures 3 @ @ [ X | KX XXX 9
Extreme Radiation hardness 71 @ @ @ 00 0 O o )
environments Cryogenic temperatures 74 o @ @
and longevity Reliability, fault tolerance, detector control 41 & @ @ . ®
Cooling 74 (X A ® © () ()
Novel microelectronic technologies, devices, materials 75 @ @ . [ W N ) " N ) . o0 . .
Emerging Silicon photonics 75 @ C . 9] . .
technologies  3D-integration and high-density interconnects 75 . . .* ® C W ] . o O . .
Keeping pace with, adapting and interfacing to COTS 5 9 @ 900 C M) . C M) . .
L L A A e & ek gy A s A A sAAin A Ay A aay Ahagyan s e semaea e e e s

More intelligence can be included in the front end ASICs to allow for data reduction
and possibly an overall system power reduction, though there is a trade-off with the
As with today’s trigger systems, complex pro-
cessing having an irrevocable effect on the recorded data must be adaptable to changing
experimental conditions. Ideally the ASICswonld be programmable, and either “FPGA-
like” or “CPU-like”. Such programmability and configurability will ultimately enable
the community to develop fewer ASICs of higher complexity and flexibility.

needs of software event reconstruction.

Development of specialised AI and ML hardware in academia and industry is ex-
tremely rapid, and jt is not clear how this can be reconciled with the extended develop-
ment cycles for large svstoms. Standardisation and modularisation of front-end
electronics and interfaces may offer a solution. It is unlikely that COTS components
will be suitable for use in the detector without adaptation, due to power, rohustness
and radiation hardness constraints. The long-term radiation tolerance of any candidate
novel processing technologies must be established.

» ECFARIRIERE1Z5 mIAHA

HImmEMITRI?

BE. SteYEvsEEHEAIRNF

B=

- By
w=ig)
ETHEAHMEERITRENE
RNER R R E LS R AR

B ENGFESSYEBHEE, &
FHFFRMNSEITEEITHE
>R AFRPH T ER&DE RN M
2040 FCC-ee#1IaHRMBE T m BU &
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« FPNFTIEREBELARML/AI (KEBBRE) , MMATTLAI on Where

- ZRML/IAI, ERMFESEIMNAERARRXR
~ BB REASICERRBXEN, BIEFRSYBYEE, FhEREHNAMTRERK
— {BML/AIR EIRE T SR
- ZATREFIHR
— BREITEAR. R, SR EER, ERIHNANRAIFE
« PAMES
— ASICERRARK, BES, RESEZEK, FE|/EZEWIE
— FPGARETEZLEF, XKk, BEHZEMAR
— N HI -
> MUAIE AN ES S ESFNSEREENSRIE, FIREAI-on-FPGA—MAT A

> BRI ARIRE), RETAIBEZEIEREEH, Al-on-ASICIRAAIEE
— Al-on-ASICHIEAREE, BINTEEifnRENEEMAE SR

— B|EFie: (Smart) Trigger-on-FEE vs Trigger-on-BEE (=FEE Triggerless)
> fEFEE ASIC L3 EAI, HmEiiEEREE
> FEE-TriggerlessEiEk2E A MM ELRNEE—ASICRF R EE, FrduEEeEd
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+ High Data rate F A E4 BEEEE

- ERALZRIIR
, s ) 5 | : — ENRBITHER
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kil B _— > EEROERIT DAY
S pE— = : ‘ _ Optical Link

M AY10.24 GbhpsiR[E = - e > 1EIf & SMU

Lotal Jiter = 4279 s > BRERAKEIT, RYAREARR
RMS Jitter =1.13 ps ] S

— Wireless Communication

> B ILMEERARFARRED
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DRDT <2030 2030-2035 2040-2045 > 2045 LN [ o~ ]
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Data New link technologies (fibre, wireless, wireline) 71:00 QO‘.“. : 2 .|.|_'!|
density ew link technologies (fibre, wireless, wireline . @ D —
Power and readout efficiency 1 @ ® . . .* 00 ® e @ . A Y ; L i‘]‘ ' \\
Intelligence Front-end programmability, modularity and configurability 72 . . . n L,
on the Intelligent power management 72 . . .* ® 0 . 0 . .
detector Advanced data reduction techniques (ML/AI) 72 . . @ 1E ﬁ{l‘] %%*m*ﬁﬁm
a0- High-performance sampling (TDCs, ADCs) 73 ® © . . [ N ] . ® 0 . . — /
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Novel on-chip architectures 3 @ @ ® @ 00000 @ PY - s oy
Extreme Radiation hardness 4 & @ @ (X K] ® ®© ®© © O . ® 3: : I
environments  Cryegenic temperatures 74 (] @ ®
and longevity Reliability, fault tolerance, detector control 4 @& @& ©® ® 0 . ® Al ( 2 b )
Cooling 74 0O o000 000000 Up to 1 8G pS
Novel microelectronic technologies, devices, materials 75 @ @ . [ N N ) ® 0 . ® 0 . .
s $:8%5:8 ¢ Ly VCSEL/PD-based ( 2.56 — 10.24
technologies  3D-integration and high-density interconnects 75 . . .* @ ® 0 . ® 0 . . — - ase . _ .
Keeping pace with, adapting and interfacing to COTS S @ ® @ 000000000020

Gbps)
« 28nMEILFVMEBFSE
MRIZ2H T New Link Tech
< W‘”ﬁ ~ BWirclessEIRMRESN, FEBRNZEE

—> [l '\ iR

Te— IEERE: — Silicon Photonics A EER&DF5 4]

CWDM l

CHANNELS

Wavelength Division Multiplexing (WDM)
Spatial Division Multiplexing (SDM)
Polarisation Division Multiplexing (PDM)

Optical transceiver scaling
Increasing data rates

PAM-16 (LightWire/Luxtera)

NRZ
PAM-4
QPSK
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- HHEIEESIHIHh
— SEWIpGBTHIZ IO ERIEH A EE R EER
« PMAME
~ BFIpGBTHR ARG, SEIMERNBFHFatEES TR ARESEERC# S
- NEEYIENIRE), RRFEMGBTXGH () ki@ AL, #HESSEEK
> RIpGBTHIERMY BT R EHMET—HHXES
— KEFEARELZRE
> 5ESNEIRR—BRY
> BARHEMRE&D (MMPAMAE) |, IREEIMATHRE
> Si Photonics A TN FErE, AT F kTl R &5 B
— &AM
> BATENRHESD
> BB ERERR
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LACEPCAHI-BFF i A& R4t 4244-A Proposal “

: FEE-ASIC : FEE(Customize)
| . Rad-hard
| FEE-ASIC \E\ Data aggregation Data interface Optical
| FEEASIC H— (ASIC) (GBTx-like) Module
" | FEE-ASIC P
| | Fiber
. | DC-DC - LV i DC-DC - MV (Only)
| 1205v | 12/48 V
' FEE-0 ! |
BIdm Triggerless7s 3 = e im/ i il & Power Cable
G RASRIBTHE-SCA-SeE SRR Comm-8rd N[ Bee
ERAYBRERBERN I, RERGAEY DAQ |+ | Comm-Brd
*ﬂﬂ}l‘é&’ﬁ Slow Ctrl
SAWEARIT, FRETUScalingARigt Non Rad-hard

Common platform

On-Detg£ASICZ54%y., B AK{tinialB M AE



F—TR, RENTCHXER,
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o RImIAET

BB vs it

On-DetlBiR R 7 EC R %
MHEEBESINEZ R R, MER. RAYMERAVE

- ETFTGaNHSHMFEDC-DCHIEF R

- BERMIRTEEXRE, BIIFEMR—F—EENTEAMTRH/RAS

— CryofZE HRIRIE{SOZL IR Barsk A~ <8,

- HAEAMARARER, BOEMEITTIR (SEV) , BNEEHE
- %#TZE (Integration on DRDTS)

— TSV (3D) . fiEAAEN. Stitching......

~ EBFEFEXRER, SHMmEEHT

- BEIEAILFEILRFEEXR, 2T BRFFN
- HHSR{HCOTS&IP

- AEFIEFRIUFHEE

— JUNOHJ B%FHIF

R EERREERA R
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Wireless Comm. backup scheme for CEPC Ref-TDR s

=) [V ‘)) ‘)) ") RY—
e IR +)) *)) EE—
Multi-endpoints with mm-wave ey X | *)) R

|

(RX_muc TX D) I RX mux X D)ME RX muc TX D)

Mixed endpoints

Proposed several schemes for different readout
architecture:

— Radial direction for multi-layer detector (Inner Trk)
» Via repeaters

— Axial direction for long stave (OTK, CAL)
» Via cascaded endpoints

— Radial direction for endcaps
» Via cascaded endpoints
Fiber links & cost can be greatly reduced, but
major challenges have to be solved

— Detector interference, alignment, mechanical...

Suggested to make clear the application target:
— On detector readout: mm-Wave based
— On accelerator timing: Free Space Optical based

33



Plan

®2023.1.1 - 2023.4.30 ®2024.1.1-2024.8.31 ® 2025.9.1-2025.12.31

Built the Test setup with Intergration test with
Technique investigate commerical components dectetors and determine
for different scheme the scheme

Built the prototype

Final test
toward to the realuse

®2023.5.1 - 2023.12.31 ® 2024.9.1-2025.8.31

* Proof concept demonstrator ¢ Develop the core
with commercial components transceiver / driver

* Muli-channel cross talk test custom chips for
*  Wireless noise to the detector radiation hard
module

34



Common framework on Power

o A

[ty oAl
BRI
R
.\M‘

\ l\

l_\:\-‘\

N

CUST Pol module +
CUST Power Ctrller

\I|HHH ‘

L |

48V/12V DC

20m

IMrad |1 o\/1.8v DC

v

FEE Powering
(TBD)

Detector Hall | Elec room
]
i
CUST DC-DC 280VDC | commercial | 480V AC
Power Crate 100m Power Supply

10~100k rad

Serial Powering / LDO...?

O rad

» Propose to develop a rad-hard power module series as the common platform for all

sub-det

» Module height & size are constrained from some key detectors (Vertex & CAL)
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Preliminary consideration on common BEE

Logic Cells(k)
DSP Slices

Memory(Kbits)

Transceivers

I/0 Pins

Cost

KC705
(XC7K325T-
2FFG900C)

326
840

16,020
16(12.5Gbls)

500
2748 (650)

KCU105
(XCKUO040-
2FFVA1156E)

530
1920

21,100
20(16.3Gb/s)

520
3882(1500)

l  BREE BhiE
BB BEEE b6t E

 BRER B E
‘E%% BEEE it E

JEEER R
FEE FEEE BiEE &

VC709 VCU108 XCKU115
(XCTVX690T-  (XCVUO95-
JFFG1761C)  2FFVA2104E)
693 1,176 1451
3,600 768 5520
52,920|:| 60,800 75,900
80(13.1Gb/s)  32(16.3Gbis)

and 32(30.5Gb/s) 4(16-3Gb/s)
1,000 832 832
8094 7770

A common station for fibers from
FEE

Providing data buffers till trigger
comes

Possible calculation resource needed
for trigger algorithm

Number of 10s, port rate & the cost
are the major concerns
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MR AR PR T R B 5

Channel etching

Cap wafer bonding ;

Thinning (both sides}

Silicon pre-tinning f Alignment
/ f"

8" wafer

EEHE|

Inlet/Outlet etching

TFM = (AT fluid - sensor)
power density

approach

S
\,@l == _ 3

i N
el \\ Thermal conductive ledge 20
I
el

> Critical thermal contact! qu u | d C02 f|OWS in IJ'Ch an
(CFRP) Mechanical support (ACTE, surface of contact...)

integrated * 5@5&% — Eﬁlﬂﬁ
w 12 — VeloPix @ LHCb: 1W/cm?
- SiHXFRELFRSEAREK
we | RS
3 ~- BGEBRAFRAEHLERERK—H

N SuBSTRATE \ bi-phase ﬂ%ﬁa *,]
EMBECOLD MICROCKANNILS “
Paula Collins, The LHCb VELO Upgrade Programme, IHEP

. Seminar, 2-0212 ' ﬁ/ﬂ ﬁﬁﬁ#‘ﬁzt(;%ﬁii& ?

» Kazu Akiba, Upgrades of the LHCb Vertex Locator, HSTD 2019

conventional

microchannels
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Renew of the detector key requirements

Detector
for readout

Main Func
for FEE

Channels
per chip

Ref. Signal
processing

Main
challenge for
FEE

Data rate for
FEE

CMOS Sensor

X+Y

500k
Pixelized

XY addr + BX
ID

« Small pixel
size

* Fast
readout

* Low power

1Gbps/chip@
Triggerless
Innermost

the endcaps

HVCMOS

XY + nsT

50k
Pixelized

XY addr +
timing

« Large area

* Cost
effective

* Low power

~30Mbps/chip
Innermost

Strip-LGAD

X + 50psT

128

ADC + TDC
/[ TOT+TOA

* ~50ps

timing
+ Power

<kHz/chip

Si Strip

X

128

Discri.

<kHz/c
hip

Pixel PAD

E + nsT

128

ADC + BX ID

* Low
power

* High
density
integration

~70Mbps/mo
dule
Innermost

Drift
Chamber

Analog
Samp.

Ultra fast
PA +
ADC

» Ultra
fast PA
Ultra
fast
ADC

~500Mbp
s/module
/a sector

SiPM

E + 400psT

16

TOT + TOA/
ADC + TDC

» ~10°dynamic
range

» ~400ps timing

* Huge channel
Low power

<100MHz/modul
e

We are still working on the data rate between the FEE and the BEE, esp. for

We aim for a data-stream mode (FEE triggerless) for all subsystems.

We are preparing a review by experts in our field about the electronics and
TDAQ.

Thanks for the inputs from colleagues working on the detector 38



Elec scheme — Vertex for the CEPC Ref-TDR

Very Long |
I = T N =
Taichu | | Taichu | | Taichu Flex 1| LDO Q 2
l . ) o FPGA
I O f———— O
. 7 7
. |
Taichu Vertex Prototype @MOST2 | \B/ertekxt vertex  Not rad-hard
ﬂ racke Bracket
I
=TT~ ~ I
7 \\ I
new-Px new-Px Flex /| DC-DC |+ : Pwr Cable
I . I 1
| Data Aggr. ' Data Link [«}— Fiber to BEE
P \ ,
Y 7 I
CEPC Vertex Electronics on Ref-TDR Ssel_--7 |

« Trying to be also triggerless readout
15t step: Triggerless, low power for Low LumiZ for 15t 10y
— 2nd step: major upgrade for the ultimate high LumiZ
 Stitching technology is proposed to be the baseline scheme
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Specification calculation- from hit density

CDR

TDR

Hit
density
(Hits/c
m2/BX)

Higgs 2.4

w 2.3

V4 0.25

Higgs 0.81

w 0.81

Z 0.45

Bunch
spacin
g

(ns)
680
210

25

501
257

23

Hit rate
(M
Hits/cm?)

3.53
10.95

10

1.37

3.16

19.6

Trigger rate: 20kHz@CDR,

— Trigger latency: 3us(very likely not enough), Error window: 7 bins

Hit Pix rate
(M Px/cm?)

10.59

32.86

30

4.11

9.45

58.7

Hit

rate/chip

(MH2)

34.62
107.44

98.1

13.44

30.90

191.9

Data

rate@trig

gerless
(Gbps)

11
3.4

3.1

0.43
0.98

5.9

Pixel/b
unch

23.5

22.6

24

7.96

7.96

44

FIFO
Depth

@3us rg
latency

103.9
322.3

294.3

40.4
92.8

575

TDR raw hit density: Higgs 0.54, Z 0.3; Safety factor: TDR 1.5, CDR 10;
Cluster size: 3pixels/hit (@Twjz 180nm, EPI 18~25um)
Area: 1.28cm*2.56cm=3.27cm? (@pixel size 25um*25um)

Word length: 32bit/event (@Taichu’s scale, 512*1024 array)

120kHz@Z, 10Hz@Higgs, 2kHz@W TDR

— FIFO depth: @3us * hit rate/chip

— Data rate=pixel/bunch*trigger rate*32bit*error window
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