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Project Objectives

« Improve temperature and humidity slow controls
measurement systems for future detectors such as
the next RICH sector

— Increase accuracy
— Reduce size of sensor assembly
— Reduce cables/connectors

— Increase system reliability
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Project Objectives

— Improve readout electronics channel density
— Compatible with existing slow controls electronics
— Compatible software support including EPICS

— Reduce costs
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Conducted Sensor Research

¢ SenSil‘iOn SHT85 SenSOI’ (New product released 11/2018)

— Integrated temperature and humidity sensors
* Both sensors in a single package /4\;,

— Increased accuracy / ‘8
 Humidity: +1.5% RH, temperature: +0.1°C
« 2X RH accuracy improvement

[e-ssme]
— Reduced size T i
* 66% reduction in dual sensor board . |

Sensirion
SHT85

|<—17.7 mm—>|
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Conducted Sensor Research

— Reduced required interconnects
e 2Xx reduction in cables
* 8 vs 14 conductors for dual sensor board

— Digital serial communication interface
« 2-wire serial interface (12C industry standard)

* Improved reliability
— Error checking on each measurement

— Calibration
« Each sensor is individually calibrated at factory
* Internally programmed with calibration constants

» Linearization and temperature compensation
calculations are done internally to the sensor
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Conducted Sensor Research
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' The stated repeatability is 3 times the standard deviation (36) of
multiple consecutive measurement values at constant operating
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Evaluated Sensor Advantages

ADVANTAGES OF IMPLEMENTING A SENSIRION SHT85 DUAL BOARD SENSOR

Parameter

Accuracy

Sensor configuration

Interface signal

Data error-detecting

Calibration of output
Size of PCB

# of Conductors
Connector

Sensor protection
Readout electronics

Supply voltage

Cost per PCB (sensors)

Humidity: +3.5% RH, temperature: +0.15°C

Separate temperature & humidity sensors
Humidity: analog voltage
Temperature: RTD resistance

None

User must externally linearize and calculate

temperature compensation on the analog
output

17.7 mm x 30 mm

14 conductors, 4 wires

None. Wires soldered directly to sensor and
PCB

None

Requires two ADC channels for humidity and

two RTD readout channels for temperature
Honeywell humidity sensor: +5V, humidity
measurement is dependent on the supply
voltage

$140 total for 4 sensors (2 temp, 2
humidity)
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Omega / Honeywell Dual Sensor PCB Sensirion SHT85 Dual Sensor PCB

Humidity: +1.5% RH, temperature: +0.1°C

Integrated temperature & humidity sensor
Digital serial interface using two-wire 12C
communication protocol

Cyclic Redundancy Check (CRC) on each
measurement (temperature & humidity)
Linearization and temperature
compensation calculations are done
internally by the sensor

9.5 mm x 19 mm (66% reduction in size)
8 conductors, 2 wires (2x wire reduction)
Integrated 4-pin x2 connector (easy
replacement)

Sensor opening is covered by a PTFE
membrane to protect the sensor from
dust and contaminants

2 low-cost digital serial data channels

2.15V to 5.5V, humidity measurement is
not dependent on the supply voltage

$50 total for 2 integrated sensors

4efferson Lab



Readout Research

 National Instruments sbRI0-9627

— Purchase authorized by Dr. Rossi for detector
instrumentation development

Designed for Original Equipment Manufacturers (OEM’s)

« Single-board computer (SBC)

« Linux Real-Time operating system

 Industrial-grade Xilinx Zyng-7020
System on Chip (SoC)

« Designed for long-term deployment in harsh, high
temperature, high EMC environments ok
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Readout Research

______________________________________________________________________

Xilinx Zyng-7020 SoC

- -

. Analog to digital converter
* 16 input channels, 16-bit Supports 48 Sensors
resolution

+ Direct access to digital FGPA Ports
» Provides support for 48 SHT85
temperature/humidity sensors

Digital /0

FPGA |[=
(Master) ==

FLLLRELLRREL

» Digital to analog converter
* 4 output channels, 16-bit
resolution

VDD (3.3V)
VsS (GND)

Xilinx Zyng-7020 _ |
All Programmable SoC

Analog Input
Analog Output
FPGA DIO

« Communication interfaces
« Ethernet, R5232, RS485, CAN,

RS:233§
» SD card support

RMC Connector
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Development of FPGA Programming

— 12C command library

- o x
perate Tools Window el EHT'
pplication font + | §ov Gar v b+ E 7 HIH*

— SHT85 sensor instruction set e e

ST s
Addr W &R Byt post ik 1602 [ERBRH] Prt
Mo TR acxwanioop
W byte SCL Lo SCL High (uSec) 2
Post ACK
Wi 50/ SCL Low (uSec) 2 —
r Post Clk 1sabl Post Clk OF 4| Set Low
Whyte SDA - SCL Delay |, © SDA (uSec) 2 _‘

Command Byte Control

— Readout mode and status readback = RN -viciolfmpi

Oné s Master Out Data Ena |_off | [ Low {Master Data Level s o
Read Byte Control  NACK [_rign | Ack [_tow | A
SCL High (used) || —
SDA (uSec) 0 T MSB Byte £100 H MSEB Byte | 46
SCL Low (uSec) 4 TLSBByte 1147 HisBByte | 134

e Bt HCRCByte (1236

owacre [ ]

— Serial communication signal timing B3 B o

K .| HCRC Error

— Development of test programs Serial Communication Timing Test
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Development of FPGA Programming

— SHT85 single shot and periodic measurement support

— Data error detection Cyclic Redundancy Check (CRC)

— Error handling routines

— Support for readout of 48 sensors with sbRIO-9627

— Support for cRIO systems with NI9402 LVTTL DIO module

— FPGA to host communication
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Development of FPGA Programming

— Issue with single-shot device readout sequence

* No data returned after command sequence issued

* |Isolated error using logic analyzer
— Sensor read sensor command acknowledge

* Incorrect documentation

Elle Edt View Setup Tools Markers un/Stop Listing \indow Help

Cick here to incert new mescrements

L]
Scale Wfane)ne) o O r3EdE e
Condition Hex. code [ T = 2
Repeatability MSB LSB Dscur
) [soat
High 00 LA | o e
Medium 0x24 0B Nsoxz vigger menu
Low 16
ffjsoaa
e.g. 0x2400: high repeatability measurement.
1.2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 2 23 25 2% 2 ¢
.................... &

12C write header 16-bit command

Sample Number SCL1 SDA1 SCL2 SDA2  SCL3 SDA3 Time.

20 % 31 2 3 M

] sotiee [§] ohides [REFED Incorrect Sensor Acknowledge
|

llllll

L measarement ] L 12¢ read header

no read hgade: for 1ms .2
%98 NwH0oe =
I:‘{>{ SCL free ]S| 12C Address |R'|§E:/

[ measurement t 1 measurement ) | ocead nesder —8) &
il il Corrected acknowledg
""" R L o
b 'CBC‘ Lo IQ':D | s [ wue @m)ae) o or [(a)m)as)T=a)e)
SIED —
L t6bithumidity valve ——— L checksum —— B0z | Sensor Data
e | =
Grey Block = Data passed from sensor to FPGA e __‘-LI_HLL_T_I_I_LJ’__‘UUUULLULW__JJ.LI.UU'H'LLH_JJHUU.UHUJHUUUL%T:EJ
Clear Block = Data passed from FPGA to sensor
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Next Development Steps

« Data integrity testing at extended cable lengths
— LVTTL line driver may be required at sbRIO

Sensor accuracy studies

FPGA code optimization

Host communication

System auto-recovery after reboot
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RICH System Cost Comparison

|_Model | _Item | Qty] Cost | Total |

8-Slot cRio Controller 1 $3838 $3838
8-Channel PT100 RTD Module 3 $1017 $3051
16-Channel 16-bit ADC Module 2 $899 $1798
NI-9485 8-Channel SSR Relay Module 2 $394 $788 Hardware Interlock System
NI-9329 4-Channel isolated 24-Bit ADC 1 $1199 $1199
NI-9203 8-Channel Current Input Module 1 $601 $601 for next RICH Sector
4-Channel Universal Input Module 1 $1199 $1199 (Readout Electronics)

e pe:N Dual Sensor Omega/Honeywell PCB 16 $145 $2320
$16036

| _Model | dtem | Oty ] Cost | Total |

NI-9627 sbRIO Embedded Controller 1 $1800 $1800

NI-9694 Digital 1/0 Breakout Card 1 $177 $177 .

NI-9485 8-Channel SSR Relay Module 1 $394 $394 $6 , 250 Cost of Sensirion SHT85

NI-9329 4-Channel isolated 24-Bit ADC 1 $1199 $1199

NI-9203 8-Channel Current Input Module 1 $601 $601 Hardware Interlock SyStem

N[EEFXEM  4-Channel Universal Input Module 1 $1199 $1199 for next RICH Sector
SppKkNde:s  Sensirion SHT85 Dual Sensor PCB 16 $55 $880

$6250 (Readout Electronics)

Additional savings for SHT85 System: Uses %2 the cable & connectors

Total savings for SHT85 System: S10K+

Detector Support Group Jefferson Lab



Conclusion

« Based on research and analysis, a DSG-designed
measurement system with the Sensirion SHT85
temperature and humidity sensors:

— Increases accuracy

— Reduces size of sensor assembly

— Reduces cables/connectors

— Increases system reliability

— Improves readout electronics channel density

— |Is compatible with existing slow controls electronics & software

— Reduces costs
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