(radioactive decay)
(nuclear interaction)

(nuclear reaction)
21

1
(address)
SCA input
> SCA *» Counter
Detector ¥ Preamp > Amplifier [ Timer
High Voltage '\M
ADC input> MCA
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Vd '8'9 L (2)

Q
Cl (CJICc)
Ri (RMRY)
{
(noise) 4
(narrow band amplifier)
“ spectroscopy amplifier 2.3 2
DC (unipolar) AC (bipolar)
0-10
(AV)
Av \\//I) CGxFG
Vo Av x Vi= (CG xFG) x Vi oo (3)
CG (coarse gain)
FG (fine gain)
01 10/
(preamplifier) 50 IE
24
(differentiation) (integration)
(near gaussian)

24, 24



D
ok § bipolar
cG l_> network 1\ .
: unipolar
Preamplifier Amplifi He CR RC
p 5 __/? mpliner | _*‘ 4\ BUffCI‘ | o
differential integral § T
A B C Vo
Filter l
2.3 Spectroscopy amplifier
Volt Volt
A

!
T E2

h e N

Time e
f. 5111“@1'&1 Preamplifier (A)

. differentiation pulse ( B)

Volt =
'T\ CR-RC circuit @
(T1-T2)
[\ TI=CR,12=RC  T=TI=12
>Timc
fl. Yy unipolar (C)
\{’?It
CRZ-RC circuit @
—> Vo =Vi(l.te" )
T 1!

Time

3. Ay bipolar (D)

24



2.2

(Multichannel Analyzer)
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ADC IN PULSE HEIGHT : CHANNEL ADDRESS
ADC Y REGISTER
,, l
SYSTEM ¥ MEMORY DATA
CONTROLLER i > DISPLAY
*1 DATA REGISTER
2.6 MCA
(ADC) (memory)
(register) (system control)
(data display) 26
(peak height) ADC (sampling)
(ADC)  ADC input
(address) “channel number  channel address”
(clead time)

(data storage time; 18)

(conversion time; t ¢
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ADCdead lime = 10+ts e (7
2
ramptype  Wilkinson
fixed conversion lime ’
.1 Successive approximation ADC
2 Flash type ADC
231 ADC (Wilkinson ADC)
ADC
(clock)
2.1 2.8
Zero crossing
detector
stop
Compare and | ramp discharge start| Gate
peak stretcher with current constant
generator
S oy
JUMFL
peak detector Clock Binary | Address r:>
(100 MHz) counter register

2.1




.............. Ui, Clock
Rundown time for 5v
Conversion time
aliaials Code 0101
{1 —»
Rundown time for
Conversion time
Code 1010
clear
sl Storage time
ts
, ADC dead time
fct t,
28 Vil 10V
(peak detector)
(hinary counter)
(constant current
source)
(threshold level) (zero crossing detector)

(gate generator)



232 ADC

Voltage

of input

pulse

ADC dead time = + +1t

f =

ts=

2321 ADC

29

d
2" state

(fixed-conversion time)

(Successive approximation ADC)

d th th
3" state 4" state 5 state
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Successive Approximation Register

Clock
/\ [ ! Start—: Shift Register
= Compare and N b1|b2 b3 |b4 [ b5| b6 |b7 | b8
peak stretcher Ein | + output EOC
>—— latches i
comparator
To
Memory
Eo /
\Digital to Analog Converter
2.10
(SAR) (control logic)
(shift register) (output latches)
(Digital to Analog Converter, DAC)
2.10 start 1
high DAC 100000002 (Eo)
(Efs) (Ein) (Ein>Eq)
1 high 2 !
high DAC %  Efs Ein<Eo 2
low

EOC (End-Of-Conversion)

ADC dead time = tc+ts 9)



tc = successive approximation time
{s =
2332 ADC ( Flash ADC)

(parallel ADC)
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o b Peak detector Strobe data
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(decode)

24

241

ns

15

(Ein) !
(linearity)
(resolution degradation)
(dlead time)
(dead time)
5-6 /fi

219



Operating principle of an analog buffer register (derandomizer)

2.12

ADC

16

21
Conversion Formula Conversion Times  (/rs) for
Clock Rate  (Timein/fs) Ch 1024 Ch 2048 Ch 4095
S0MHz  T=.02*Ch# 2048 40.% 81.92
100MHz T=0l*Ch# 1024 20.48 40.9
50MHz  T=.0022*Ch# 2.25 450 9.0
21
(channel  number)
450 MHz
100 MHz
TTL
ECL
analog buffer register
212
Sil I Sol
e et apc
ii3/ D /_|7;c Soi/
CONTROL LOGIC <



ADC
analog memory

1
Analo
h Osc.
Switch +
> —
ADG.1 Tri-state
Analog
Input Analog ™ Apc 1 Binary Output
Buff t Selecti
utier counter election
] apc3 By
| ADC4
A 3
Control Logic
213 ADC
24.2 (linearity)

(Integral Non-linearity) ,
(Differential Non-linearity)
(Integral Non-linearity; INL)
(channel number)
(pulse amplitude® b '
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2.14
least square fitting @

N = AC XI% (10)

Pulse A

height

.
Channel number
2.14
(Differential Non-linearity; DNL)
0-10

0-10

least square fitting 2.15

DNL maX|mum W|dth mlﬂlﬂmm width (12)



Digital Output Code

19

Counts
per . Measured ADC
|
channel
Maximum Deviation Straight e
)
Channel number
2.15
(DNL)
DNL  INL 216 21709
111 7
o & o 2o &
A a J .
101 4+ Transition pd = 54
100 1 Actual .E el Ko
Transition | / = 011 (1/4 LSB)
011 + - & 3 /
4/ " " ArTxnaiion :‘D . nd-Pgint Lin. Error
010 + 7 "~ 011/100 (-1/2LSB) S 27 Ey G
001 4 P i At Transition é I At Step
rag My .
> 011/100 (-1/2 LSB) 001 (1/4 LSB)
000 f } f f f { 0 t — i f ]
0 1 2 3 4% 5 & 7 000 001 010 011 100 101 110 111
Analog Input Value (LSB) Digital Output Code
(2) ADC (b) DAC

End-Point Linearity Error ofa linear 3-Bit Natural Binary-coded ADC or DAC
2.16 Integral Nonlinearity (INL) Error
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0...01L T
% 0...101F
S
:‘:-5'- 0...100 T
8
= 0..011 T Differential
5o 1 LSB
& 0..010+ ‘ Linearity Error (1.2 LSB)
0...001 + 1 LSB Differential
Linearity Error (-1/2 LSB)
0...000 t t t { —>>
0 1 2 3 4 S
Analog Input Value (LSB)
(a) ADC
A
6 +
2 s | ——
a Y L 1LSB
o v Y
2 47 (
Z Differential
& - o
8 Vv Linearity Error (-14 LSB)
o0
% 2 + 4. 1 LSB
= A
< <€——— Differential
L' T [ ATIR Linearity Error (+1/4 LSB)

0 —_—
0...000 0...010

I 1 ~
1 I -

0..100
0...001 0...011 0. 111
Digital Output Code
(b) DAC
Differential Linearity Error ofa Lingar ADC or DAC

2.17 Differential Nonlinearity (DNL)

sliding scale wobble
scale '
2.18
2.19
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2.18 The successive - Approximation ADC with Sliding Scale Linearization.4
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pulse stretcher

2.20

2

(slope)
2.20

DNL = (dvin-dvm)
dvu/

dvin = pulse height

dvn/ = channel width

ov

(digitizing)

ov

DNL
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