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*ARM Cortex M4
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Radiation Detector

❖ Silicon Pin Diode

❖ Silicon Strip Detector

❖ Silicon Drift Detector

❖ Silicon Photo-Multiplier

❖ Photomultiplier Tube

❖ Other…

Pre-Amplifier
(depends on detector)

o ASIC (Cube x SDD)

o OPAMP

o jFET

Filters

o High-Pass (RC)

o Offset

o Gain

Readout System

o FPGA based digitizer:
XGlab Dante
Amptek
Pulsetor
Caen
…

o ASIC

o (Arduino)

Spectrometry chain
in a nutshell
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Custom instrument Commercial solutions
(e.g. amptek.com)

Custom chain

Custom instrument. Read out options?
Option a. Commercial DPP nice, but... expensive. big. hard to customize

too powerful for most scenarios(?). 
Option b. DIY FPGA based system time consuming, complex, expensive

Option c. Custom ASIC nice, but… TIME CONSUMING, COMPLEX, EXPENSIVE

Option d. Microcontroller? too slow for serious applications

Is it, though?
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MCU spectrometry

All it takes to do spectrometry!

2 channel spectrometer
- independent channels
- single power supply (USB)
- reset generation (for preamps)
- Data output: SPI, Serial, USB
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MCU spectrometry

All it takes to do spectrometry!

2 channel spectrometer
- independent channels
- single power supply (USB)
- reset generation (for preamps)
- Data output: SPI, Serial, USB

CH#1

CH#2

Reset 1

Reset 2

2x Buffers 2x HPF MCU

3.3V LDO USB

COMM: SPI

COMM: Serial

LED

Excluding power and leds
3 passives/channel
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Main blocks*

st.com

Building blocks (for customization)
1. 5x ADC 4MHz 12bit ADCs

(up to 5 independent channels)
2. DACs + Comparators + Timers

(automatic reset generation)
3. OPAMPs

(internal gain control, up to x64)
4. DMA (Direct memory access)

(background data transfers)
5. FMAC (fixed point multiplier and accumulator)

(Digital filter of the input signal)
6. Communication 

(USB/UART/SPI/CAN)

INPUT SIGNAL
(after HPF)

OPAMP GAIN
x1..x64

ADC @ 4MHz
1ms buffer

FIR FILTER

for(i=0;i<len;i++)
{…}
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INPUT SIGNAL
(before HPF)

COMPARATOR + 
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~100kcps

COMM

*few patents pending
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Performance limits*

~1% pile-up @100kcps

Peak broadening and artifacts

ICR to OCR single channel

ADC:
Frequency 4MHz
Resolution <12bit

*Still work in progress

1ms@
250kcps>

Detector emulator
Fe spectrum
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MCU spectrometry

1MCU @ 150MHz 
800k events/s

ADC @ 4MHz 
ICR 350kcps -> OCR 70%
Saturation @400kcps
pileup @100kcps ~1%
timestamp ~100ns

PRO:
- Minimum external components (3 per channel)
- Single design for POS and NEG detectors (SW 
configuration of same HW)
- LOW current consumption (20mA)
- wide range of integrated communication 
protocols
- Onboard reset generation
- Easy access to GPIOs and comparator signals
- low speed components (cheap and low power)
- true sleep state (sub microamp consumption )

CON:
- worse energy resolution (no oversampling)
- low ADC sampling rate (higher pile-up)
- limited maximum event rate (HW cap, ADC) 
- limited processing power result in SW cap 
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Scalability

2 Channels

16 Channels, 6+Mcps @ 1W

32 Channels strip detector
Bias @-200V
Tot power 3.5W @ 5V (USB)

DPP only

Complete Instrument
Characteristics (per channel):

• Count rates up to 350kcps

• Resolution better then 150ev@Fe*

*need a better sensor to verify

• <20mA power consumption (@2ch/MCU)*

*1/50 of the Dante DPP

• <10€*

*1/500 of a ‘real’ instrument



page
011


	Slide 1
	Slide 2: Spectrometry chain  in a nutshell
	Slide 3: Custom instrument
	Slide 4: MCU spectrometry
	Slide 5: MCU spectrometry
	Slide 6: Main blocks*
	Slide 7: Performance limits*
	Slide 8: Performance limits*
	Slide 9: MCU spectrometry
	Slide 10: Scalability
	Slide 11

