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Motivation

[0 new injector planned with 110ns bunch spacing ( 9 MHz)

[0 Replacement of the COMET board (4 channels, 12bit, 2MSample/s, ADC in Hybrid tech-
nique --> expensive) by a board with better parameters for single bunch measurements

[J only one system for diagnostics and Low Level RF control in future

[0 easy connection with DSP board for Low Level RF control
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Project team

O Jerzy Andruszkow @ - ADC Controller

[ Piotr Jurkiewicz ® - Analog Design
[0 Andrej Kholodnyj - Test programms

[0 Frank Tonisch - VME Design (co-ordination)

a. Henryk Nievodniczanski Institute of Nuclear $ics, Cracw
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Design parameters

[0 Resolution:
[0 Sample rate:

[0 wvariable input range:

[0 wvariable input impedance:

14 bit
up to 10 MHz
+/- 1V, +/- 5V

50Q , High impedance (1kQ)
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Design Parameters

(cont’d)

[0 Possibility of external and internal triggering

0 # of triggers programmable from 1 to 65535

[ Possibility of external and internal clocking

[0 # of samples / trigger programmable from 1 to 65535
[0 VME Interrupt after conversion complete

[0 128k memory / ADC channel
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Analog design
schematic diagram
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[0 AD9240 operates from single power supply

[0 buffer amplifier adapts selected input range to ADC input range ( level shift + gain )

V,yaDC-
Option Open Closed INA gain
offset
Input Range: +/-1V JP3, JP4 JP2 2.42V 2.18
+/-5V JP2 JP3, JP4 2.82V 0.43

[0 input impedance and coupling mode selectable via jumpers

Option Open Closed
Input impedance:  50Q JP1
1kQ JP1
Coupling: DC JP5
AC Jpga)

a. V,ya DC-Offset = 2.5V
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Pulse response

[0 designed for optimum pulse response (minimum distortion)

HSPICE Simulation

p
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[0 estimated bandwidth 50 MHz (HSPICE simulation)
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ADC Controller

[0 realized with ALTERA FPGA
* design completely written in AHDL ( ALTERA Hardware Description Language )
[0 contains all registers controlling the modes of operation

e ADC Control Register to select operating mode
* Trigger Register for # of triggers

Sample Register for # of samples / trigger

Delay register for adjusting ADC clock

Clock Divider Register ( for internal clocking )
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ADC Control Register
D15 D14 D13 D12 Di1 D09 D08 DO7 D05 D04 D03 DO2 D00
write | ch3 | ch2 | ch1 | cho | «x x |IntTrg|intClk| x x  |HI/LO|Diswr CMD
Read | Ch3 | Ch2 | Chl | ChO | O© IntTrg|IntClk| O 0 |HI/LO|Diswr CMD

[0 CMD selects mode of operation

¢ CMD = 0; Clear (initialize ADC and stop sampling)
e CMD = 1; Sample Mode

e CMD = 2; Normal Mode

e CMD = 4; Stop Mode

[0 HI/LO defines sampling mode

e HI/LO = 0; low frequency mode ( < 2 MHz )
e HI/LO = 1; high frequency mode ( above 2 MHz )
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ADC Control Register
(cont’d)

[0 DisWr allows to disabe writing to memory during sampling if set ( for hardware test purpo-
ses only)

[0 IntCKl selects internal clock if set. The clock frequency is defined by Clock Divider Register
( fADC_CLK = 66 MHz / N )

[0 IntTrg selects internal trigger if set

[0 Ch3..ChO0 defines data from which ADC channel are send to the DSP port during conver-
sion in high frequency mode ( ignored in low frequency mode)
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[0 Sample mode

Start sampling
(# of triggers = 3)

Trigger _ﬂ

Modes of operation

]

End sampling

ADC-Clock | N Samples

N Samples

N Samples |

End of Sample

]

(Interrupt 1)

End of Conersion

(Interrupt 2)

Memor (
Addresys 0

N-1)—(N

2N-D}—(2*N

3N-1}—
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Modes of operation
(cont’d)

[J Normal mode (continuous sampling)

Trigger _ﬂ

| |

ADC-Clock |

N Samples

| | N Samples | | N Samples |

End of Sample

| |

|

(Interrupt 1)

End of Conersion

(Interrupt 2)

Memory <(T'1)*N

T*N-1)—T*N (T+1)*N-D—(T+1)*N

(T+2)*N-1)}—

Address

T = # of triggers taé&n so &re
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Modes of operation

[0 Stop mode (free running)

Trigger

(cont’d)

ADC-Clock |

N Samples

End of Sample

L

(Interrupt 1)

i

End of Conersion
(Interrupt 2)

Memory ( data before trigger

N data after trigger

)

Address
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ADC Clock adjustment

[0 Delay=40ns ; for Delay Register = 0

[0 Delay=5ns[D +45ns ;for Delay Register = N (1 .. 20)

; Sample point

Analo
Signa

ext. Clock “ | | |—| |—|
ADC_CIk | | | | | | | |
|
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Local bus timing and DSP Output

[0 in low frequency mode:

sysck [ LI LI LML LT L L L LT

INTERNAL | |
]Ij‘;‘%leus { cno X cnt X ch2 X Ch3 »—m—
BusBufEN[3..0] \ 1110 X 1101 X 1011 X o111 /

[0 in high frequency mode (CHO selected in ADC Control Register):

syscek | LI LI LT LT L L L LT

INTERNAL | | | |
LocalBus a0\ S\
Data { Cho ) { ChOo

BusBufEN[3..0] \ 1110 / \ 1110 /

Development of a Fast ADC for TTF

17



DESY - Zeuthen
F.Tonisch

GROUP

ZEUTHEN

VME Controller

[0 Standard VME Slave module realized with XILINX FPGA

[1 Arbitration of Local Bus

¢ ADC Controller has highest priority
* Local Bus Access notified by signal INTERNAL

[0 VME cycles is executed only if INTERNAL = Low; if an ongoing VME cycle is interrupted
by a local bus access from ADC controller it is continued after the bus has been released by

the ADC controller
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Control Register Address mapping

[0 occupies 256 words within Short Address Range (A16)

[1 word access (D16) only

Address offset | Register Descrcription
$0 Base Address Ryister
$2 Interrupt Status Rgster
$4 CLR Interrupt
$6 Control and Status Rester 0
$8 Control and Status Rester 1
$A Read from last memeory locatidn
$C resered
$E resered
$10 Trigger Ragister
$12 Sample Rgister
$14 ADC Control Register
$16 Delay Register
$18 Trigger Counter Rgister
$1A Sample Counter Ryster
$1C Clock Divider Register
$1E unused

[0 base address selected by jumpers

Development of a Fast ADC for TTF
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VME Memory address space

[0 2MByte within Standard (A24) or
Extended (A32) Address space selec-
table via jumper

[0 Word (D16) or Long Word (D32)
access

[J Base Address programmed in Base
Address Register ( BAR )

[J not accessable before initializing
BAR

Address D31

$0 0000

$7 FFFC

D16 D15 D00
ADC Channel 2 ADC Channel 1
MEM1
512kbyte

$8 0000

ADC Channel 4 ADC Channel 3

$F FFFC

MEM2
512kbyte

$10 0000

ADC Channel 6 ADC Channel 5

$17 FFFC

MEM3
512kbyte

$18 0000

ADC Channel 8 ADC Channel 7

$1F FFFC

MEM4
512kbyte

ADC-Data
0
1

N=2171
(max)

Development of a Fast ADC for TTF
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[

N

two interrupt sources:

Interrupt Controller

* End of Sample ( always if Sample Counter =0 )

¢ End of Conversion ( if Trigger and Sample Counter = 0 )

Programmable Interrupt Level (IRQ7 .. IRQ1)

Separate Enable for the different Interrupts

Separate 8 bit ID/Status word

Programmable as ROAK ( Release On Acknowledge) or RORA ( Release On Register

Access)

for RORA mechanism write to CLR Interrupt Register
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Board layout

[0 High speed digital design ( 66 MHz local bus ) with high resolution high speed analog
design

[0 10 layer board
[0 analog and digital ground on separated layers

[0 local data bus lines diplaced on 4 layers to guaranty sufficient distance between them to
minimize cross-talk, all layers separated either by GDN or VCC planes

[0 all clock lines, local data and address terminated at the end

[0 ADC and memory clock in separated layers shielded by ground
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top and bottom view of the FastADC
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Test program

[0 Labview used
[0 read/write register
[1 memory test

¢ filling with predefined pattern

* incremental filling

[1 noise measurements

O FFT
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[0 ADC Test output ( +/- 1V range)

ADC Registers |
{ FREADREGISTERS ) a | REHETTEENED
INIT ADC
par A
FILL TEST 0
ISR
{ FILL&INC TEST 0 x43C —
CIR
WRITE MEM ) 438
— cero  FBO4 432
READ DATA
cert 2 *439
CLEAR ERROR
(—} RLL 2408 * 439
{ WRITE REGISTER ) o x 432
FalH 2
435 N
: 208 e
TR 10 =430
436
sr 8000 =
= SR =439
ADMODE || 2
CMD
P |
START ADDRESS 30
g FELMEN_S32 | DELAY 1] 3 ‘
|
1z EFEEE # OF SAMPLES 5»2000 |
o |
PEESE sc 2242 ADC MEMORY TEST
ERGERIENN o 7 START ADDRESS §%x0 |
status code # OF SAMPLES g%
40 | $=0
S VALUE A0 | PATTERN 3=
source
f | BUILD PATTERN D
— = |
| | A= | Lacation Walue
| | |
- =1 |  VALUE=0 | |
= A | |
I 4 OFFSET 30 - |
g ourr y —————— | 1FEQ 1FE4 1FES 1FEC 1FFO 1FF4 1F 0 2004 0 8 |
#of regsgd 15 | o IEL*I ﬂ w’;@vj + o -
o 1 v 3] -uy]] o Stop after w450 | Ermors

SPECTRUM PARAMETERS

Amplitudeffims)

Hone (Uniform)

Linear

LV NI T e 1.1

Vims

Sample Frequency§ 10E+G |

&/ BF
17T el )
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[0 ADC test output for noise measurement (+/- 5V)
. T

ADC MEMORY READ

INIT ADEC
( par  AD
FILL TEST
J ISR o
FILL&ING TEST 0 2408
: : CIR —
i WRITE MEM BC70 S
. : CSRO 2408
READ DATA 2
CSR1 2408
CLEAR ERROR ) ——
WWRITE REGISTER <2408
2408
2408
%2408
2400
AL MODE | a %2408
— CMD
& > | ss¥.n |
5 FELMEM 532 e 1] START ADDRESS ¥
—_— .. FFFD # OF SAMPLES ¥ * 20000 |
=
LR 5o o000 ADC MEMORY TEST
ERROR OUT o 22 START ADDRESS 3 %0
status code # OF SAMPLES gx 100000

&
PATTERN 50
VALUE 5 %4 =

BUILD PATTERN D

Wirite Register | Location Walue
]

& |
VALUE 520

OFFSET 520 |

#of regs 3 d 15 EREEC =S

ol . ‘
v+ y.yyl | Stop after ¥d9 50 Errars
4 ] U P g8 |

SFECTRUM PARAMETERS

%

Amplitudelyims) |

Mone (Uniform) |

dBm

1![; Lae L4

Vms

Sample Ftequencyg 10000000 Il

pEeeemse———

gglﬂlﬁ@

ul
4y
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[1 Noise measurements

Noise (1V-AC) Noise (5V-AC)
3.00 | 2.00
250 “ [ ADCOL 1.80 * ADCOL
' L | m ADCOS 1.60 X v |mADCOB
200 - ) - . ¥ |, Apco7 1.40 . ! | |aADCO7
' ¢ e # |~ nocos 1.20 o i} - . $ | aocos
© - A * X © & ?
£ ] X A X A s X ADC09 € ~ 8 M t X ADC09
€ 150 4 ~ E 100 a a I S—
7] - L o B [ ] ® ADC10 7] x ¥ ® ADC10
n 3 0.80 - * 3 -
1.00 * . L +ADC11 +ADC11
-ADC12 0.60 1 - ADC12
0.50 ~ ADC13 0.40 - - ADC13
ADC14 0.20 - ADC14
0.00 ADC15 0.00 ADC15
1 2 3 4 5 6 7 g | ADCI16 1 2 3 4 5 6 7 g | ADCI6
Channel # Channel #
Noise (1V-DC) Noise (5V-DC)
3.00 1.80
250 ‘ & ADCO1 1.60 + ° & |®ADCOL
i N I = ADCO6 1.40 . - | mADCO6
L .v
200 . A ADCO7 120 % . ~ ﬁ A ADCO7
& - X - ' | < ADCO8 o) - * i A ADCO08
© [y e ° X * < 1.00 i o] Py * 9
E1501% Py 2 X ADC09 E ™ a ‘ 2 W & X ADCO9
E 1 X X - =
& . s . * N 3 = © ADC10 & 0.80 - E g s ® ADC10
¢ " .
100 ’ 8 i g . +ADC11 0.60 J +ADC11
. - ADC12 - ADC12
0.50 ~ ADC13 0.40 1 ~ ADC13
ADC14 0.20 ADC14
0.00 : : : : : ‘ ADC15 0.00 ‘ ‘ ‘ ‘ ‘ ‘ ADCI5
1 2 3 4 5 6 7 g | ADC16 1 2 3 4 5 6 7 g L ADC16
Channel # Channel #
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Outlook

[0 re-design of analog part

* realization as piggy-back card to give the customers the possibility to implement the ana-
log input stage according to their own needs

[0 put ADC and VME control in one FPGA only if possible

[0 planned to have in next revision an ID-PROM (16 or 32 words)
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