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1 Introduction

The SIS3305 is our first digitizer card with GS/s sampling speed. It’s resolution of 10-bit in
combination with the high channel count in 1.25 GS/s mode of operation makes it perfectly suited for
many mid channel count applications in Particle Physics, Synchrotron Radiation, accelerator controls
and related applications.

Two digitizer chips from e2v Technologies with 4 ADC cores each are used on the SIS3305. The
flexible architecture of the digitizers with an analog cross bar, on chip clock logic and adjustable gain
and offset allow for interleaved operation at 2.5 GS/s and 5 GS/s.

Applications comprise but are not limited to:
e MCP readout

e [Fast detector readout

e Accelerator/machine controls

SI1S3305 with veto
input option

As we are aware, that no manual is perfect, we appreciate your feedback and will try to incorporate
proposed changes and corrections as quickly as possible. The most recent version of this manual can
be obtained by email from info@struck.de, the revision dates are online under
http://www.struck.de/manuals.html.

1.1 Purpose

This document explains the internal firmware components which need to be interfaced when designing
a custom firmware based on a supplied skeleton macro design.

1.2 Related documents

For reference, the S1IS3305 manual (for firmware 0x100A , 0x100B/0x200B or newer) is essential.
A list of available firmware designs can be retrieved from http://www.struck.de/sis3305firm.html .
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2 Firmware component interfaces

2.1 ADC data Input logic

Each ADC chip itself has four ADC cores. The block diagram below shows the FPGA interface of one
ADC core (channel) running with 1.25 GHz.

(625 MHz)
chN clk_p adcN_clk_divide (625/3 MHz)
adc_clock_buffer >
- IBUFDS
adcN_clk_fast (625 MHz
chNdk n - BUFR_DIVIDE=3 _clk_fast( )
6 samples with 208,33 MHz (625/3 MHz)

\ 10+1

adc_iserdes_pipe0

-

10+1 (OR) . .
chN D_p [ » adc_lvds_iserdes_ddr_inputs adc_pipe_logic
-BUFDS - Gray Code Encoder

chND_n 1041 - IODELAY X
- ISERDES (DATA_WIDTH = 6) 6x (10+1) = 72 - Input Invert Logic 10+1

\

adc_iserdes_pipe5

-
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2.2 DDR2 Memory controller

Each ADC FPGA contains one DDR2 memory controller interface to eight 16-bit wide 1Gbit or 2Gbit
chips on the board resulting in 1GByte or 2GByte addressable memory on a 128-bit wide data bus.

Read Interface

sis_read_data_fifo_rd_en

sis_read_data_fifo_dout
Data Fifo
512 x 256

sis_read_addr_fifo_rd_count

sis_read_addr_fifo_wr_en

sis_read_addr_fifo_din
Address Fifo
512 x 32
sis_write_addr_fifo_wr_count

Write Interface

sis_write_addr_fifo_wr_en

sis_write_addr_fifo_din
Address Fifo

. . : 512 x 32
sis_write_addr_fifo_wr_count

sis_write_data_fifo_wr_en

sis_write_data_fifo_din
Data Fifo
1023 x 256

sis_write_data_fifo_wr_count

The component resides on the design top level and is named 'Inst_sis_ddr2_interface'.

Due to the operating mode of the used Xilinx Memory Interface Generator the user interface width is
double the width of the connected memory chips.

The read and write interfaces are separated from the user logic via address and data buffer fifos. The
proper signaling is described below.
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2.2.1 Common signals

- sys_clk: System clock used to clock the internal logic of the memory interface and
the interface to the memory chips. (known stable value and default
clockspeed in the reference design is 227MHz)

- idly_clk_200: fixed 200MHz clock used for 10B tap delay components.

- sis_ddr2_clk: feedback from internal clock management, same frequency as 'sys_clk'. Can
be used for user logic.

- sis_ddr2_init_done: = DDR2 controller has successfully finished memory initialisation.

2.2.2 Read data from memory

The read data interface consists of two asynchronous fifos. The user writes the address from which is
to be read into the address fifo and waits for the memory controller logic to fill the output data fifo
with the retrieved data. Note: Each written address word will result in two data words which have to
be read from the data fifo.

Address fifo signals:
- sis_read_addr_fifo_clr: clears any content which may reside in the fifo and resets the write
counter.

- sis_read_addr_fifo_wr_clk: user supplied free running clock to which the signals have to be
synchronized.

- sis_read_addr_fifo_wr_en: write enable signal which latches the data present on the data bus into
the fifo, increases the write counter.

- sis_read_addr_fifo_din: 32-bit wide data bus which holds the address the memory controller
should read from.

- sis_read_addr_fifo_wr_count: feedback counter representing the amount of unhandled address
words in the fifo. Counter range is: 0 - 511. Do not overflow this fifo.

Data fifo signals:
- sis_read_data_fifo_clr: clears any content which may reside in the fifo and resets the read
counter.

- sis_read_data_fifo_rd_clk: user supplied free running clock to which the signals are
synchronized.

- sis_read_data_fifo_rd_en: read enable signal to retrieve memory data from the fifo. Data is valid
1 clock cycle after 'rd_en' has been set.

- sis_read_data_fifo_dout: 256-bit wide data bus which holds the data retrieved from memory.

- sis_read_data fifo_rd_count:
feedback counter representing the amount of memory data in the fifo.
Note: each address request results in 2 memory words retrieved from
the memory chips. Counter range: 0 - 511. Do no let this fifo
overflow.

- sis_read_data_fifo_empty: Empty signal for the data fifo. This is functionally identical to
'rd_count == 0' but has 1 clock cycle less delay.
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Address request waveforms:

Single address request:

wr_clk
wr_en
din

wr_count

Burst address request:

wr_clk

Wr_en

din

wr_count

JUUUL

< a0 Xa1 Xa2 Xa3

8 S LEX
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Data readout:

From single address request:

aok  JUTUUUULT

rd_en

dout < d0><d1

rd_count n=2 | f n=0

From address request burst:

rd_en
dout GEEEEEE
rd_count n>=3§ X X X X X X X Xn<8
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2.2.3 Write data to memory

The write data interface consists of two asynchronous fifos. The user writes the address which is to be
written into the address fifo and simultaneously writes two data words into the data fifo. Note: Each
written address word will need in two data words which have to be written to the data fifo.

Address fifo signals:
- sis_write_fifo_wr_clk: user supplied free running clock to which the signals have to be
synchronized. Valid for address and data fifo.

- sis_write_addr_fifo_wr_en: write enable signal which latches the data present on the data bus into
the fifo, increases the write counter.

- sis_write_addr_fifo_din: 32-bit wide data bus which holds the address the memory controller
should write to.

- sis_write_addr_fifo_wr_count: feedback counter representing the amount of unhandled address
words in the fifo. Counter range is: 0 - 511. Do not overflow this fifo.

Data fifo signals:
- sis_write_data_fifo_wr_en: write enable signal which latches the data present on the data bus into
the fifo, increases the write counter.

- sis_write_data_fifo_din: 256-bit wide data bus which holds the data to be written to memory.

- sis_write_data_fifo_wr_count:
feedback counter representing the amount of memory data in the fifo.
Note: each address request results in 2 memory words written to
memory chips. Counter range: 0 - 1023. Do no overflow this fifo.
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Memory write request waveforms:

el [ UUUL

Single address request:

adr_wr_en
adr_din Hao
adr_wr_count n X n+1
data_wr_en
data_din ——< w0 |«
adr_wr_count m X me2
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Burst address request:

clk

adr_wr_en

adr_din

adr_wr_count

data_wr_en

data_din

adr_wr_count

JuttuuUUUy Ul

N EEH= e
OO0
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2.3 VME FPGA Aurora Control Registers

In order to pass control register bits from the VME interface FPGA to the ADC FPGAs a serial high
speed link using the Xilinx Aurora protocol has been implemented.
16 32-bit wide registers are exchanged between each of the ADC FPGAs and the VME FPGA.

VME write accesses to 0x2000 - 0x203C and 0x3000 - 0x300C are present on the
'Inst_aurora_prot_register' component's ports ‘prot_* reg_q'. Bit 33 of those ports signals is valid for
one clock cycle each time the register has been updated from the VME FPGA.

The ADC FPGA feeds back user defined values for those registers applied to the modules
'prot_status_* feedback’ ports. Those values are sent at a fixed interval back to the VME FPGA.

The VME FPGA holds a set of shadow registers for all 32 registers. These shadow registers are
updated with the fed back values from each ADC FPGA. VME read accesses only read from these
shadow registers.

Page 13 of 17



SIS Documentation SIS3305 Qi innovative
5 GS/s 10-bit Digitizer

2.4 VME FPGA GPIO bus

For signals which need to get fast from the VME FPGA to each ADC FPGA a parallel bus consisting
of 11 differential, bidirectional lines is implemented. These lines can be found under the name
'U100_PROT_IO_P/N' on the top level of the ADC FPGA design.

The current VME FPGA design does not use the differential properties on all lines but uses some pairs
as a doubled single ended signal, thus doubling the 1/0 capacity on those lines.

Current signal functional description (direction from the ADC FPGA point-of-view):

Signal Top Level Name | Direction (as ADC FPGA) | Function
U100_PROT_IO_P(1) Output (Diff) Unused
U100_PROT_IO_N(1) Output (Diff)
U100_PROT_IO_P(2) Output ADC memory write pointer veto flag
U100_PROT_IO_N(2) Output ADC samples written to memory flag
U100_PROT_IO_P(3) Output Direct memory mode stopped flag
U100_PROT_IO_N(3) Output Direct memory mode busy flag
U100_PROT_IO_P(4) Output ADC end event address threshold flag
U100_PROT_IO_N(4) Output ADC event to memory copy busy flag
U100_PROT_IO_P(5) Output ADC channel 3 trigger
U100_PROT_IO_N(5) Output ADC channel 4 trigger
U100_PROT_IO_P(6) Output ADC channel 1 trigger
U100_PROT_IO_N(6) Output ADC channel 2 trigger
U100_PROT_IO_P(7) Input 40MHz ADC counter clock
U100_PROT_IO_N(7) Input 40MHz ADC counter clear
U100_PROT_IO_P(8) Input ADC sample external trigger gate
U100_PROT_IO_N(8) Input unsused
U100_PROT_IO_P(9) Input ADC sampling enable
U100_PROT_IO_N(9) Input ADC sampling veto
U100_PROT_IO_P(10) Input (Diff)

- ADC clock synch start
U100_PROT_IO_N(10) | Input (Diff)
U100_PROT_IO_P(11) Input (fof) VME Sysreset
U100_PROT_IO_N(11) | Input (Diff)

To make use of the currently unused lines, the VME FPGA firmware has to be customized.
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3 Firmware upgrade

At first, you have to generate two Xilinx Prom Files with IMPACT (Xilinx software) for the
both proms. The generated Xilinx Prom Files can be written via VME or with IMPACT to the

both XILINX proms (xcf32p) on the SIS3305.

3.1 Create PROM Files
Generate the prom files as illustrated below.

E. ISE iMPACT (0.87xd) - C:\projekte\sis3305 \xilinx_work_1C0B_2C0B_customer\xilinx_13_customer)prom_version_1c0b.ipf - [PROM F o ] 5
‘;_% File Edit View Operatons Output Debug Window Help :lﬂlﬂ
ID2ElbugelaT]len
MPACT Flows +08 % =
[ gl Boundary Scan - 0x0000_0000
[=] SystemacE H sis3305vme_top_1c0b. bit
Create PROM File (PROM File Formatter) af:
[ 2] WebTalk Data b & M; ﬁ:
= | |
[=] top_level bit %c732p
xc4vix20 XCSVIREOL xSV
2is3305vme_top_. top_level bit top_level bit
xcfiZp
top_lewvel bit
2|
g E 0x0040_0000
=
=5
IMPACT Processes «+0Of X =
|Availab|e Operations are: g
« 4
Generate Succeeded
0x007F_FFFF i
H
& Boundary Scan | % PROM File Formatter |
Console 03X

| —

// *** BATCH CMD :
Total configuration bit size = 35347384 bits.
Total configuration byte size = 4418423 bytes.
// *** BATCH CMD :
0x436cl8 (4418584) bytes loaded up from 0x0
Using user-specified prom size of 8192K

Writing file "C:\projekte\sis3305\xilinx work 1COB_2CO0B_customer\xilinx 13 customer\sis3305_vlc(E_O.mcs".
Writing file "C:\projekte\sis3305\xilinx work 1COB 2COB_customer\xilinx 13 customer\sis3305 vlcOB 0.prm".
Writing file "C:\projekte\sis3305\xilinx work 1CO0B 2COB customer\xilinx 13 customer\3is3305 vilcOB 0.sig".
Writing file "C:\projekte\sis3305\xilinx work 1COB 2COB_customer\xilinx 13 customer\sis3305_wlc(B_l.mcs".
Writing file "C:\projekte\sis3305\xilinx work 1COB 2C0B_customer\xilinx 13 customerisis3305_vlcOB_1.prm".
Writing file "C:\projekte\sis3305\xilinx work 1CO0B 2COB customer\xzilinx 13 customer\sis3305 vilcOB l.sig".
Writing file "C:\projekte\sis3305\xilinx work 1COB 2CO0B customer\xilinx 13 customer\sis3305 vlc(B O.cfi".
Writing file "C:\projekte\sis3305\xilinx work 1CO0B 2COB customer\xilinx 13 customer\sis3305 vlcOB l.cfi".
// *** BATCH CMD :

setSubmode -pffserial

generate

getCurrentDesign -version 0

M

Iil Console m Errors I\_ﬁ Warnmgsl

” PROM File Generation ||Target)ﬁ|imt PROM u 35,347, 384 Bits used || File: sis3305_v1c0B in Location: C:\projektelsis3305dlinx_work_1C0B_2C0B_customer'pilinx_13_customer), H. 4
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3.2 Program with IMPACT

Depends on Jumper J601 you will get after “Initialize Chain” a short or a long chain of
XILINX devices.

To use Chipscope (Xilinx software) you have to use/choose the long chain.

Short chain as illustrated below:

E ISE iMPACT (0.87xd) - C:\projekte\sis3305 \xilinx_work_1C0B_2C08_customer\xilime 13 customer\prom_version_1c0b v --|E||5|
G Fle Edit View Operations Output Debug Window Help &) x|
W =
ID2Ef o xsnxes==0llsw
MPACT Flows +08 X
[ =2 Boundary Scan
SystemACE
i [E] Create PROM File (PROM File Formatter)
[ 2] WebTalk Data
xcf3Zp xcf3zZp
5i83305_v1c0b_1... sis3305_v1c0b_0...
0O
E Device Programming Properties - Device 1 Programming Properties 5[
Category
=I- Boundary-Scan
i Device 1 ( PROM2 xcf32p ) Property Name I Fees

i Device 2 ( PROM2 xcf32p )

Available Operations are: . |Design-Spedfic Erase Before Programming =2
= Erase Read Protect r
i Blank Check =

& et PROM/CoolRunner-II Usercode (8 Hex Digits)

=) Get Device ID

= Get Device Checksum - |Load FRGA 1

=P Get Device Signature/Usercod Parallel Mode

During Configuration: PROM is Configuration Master {check to select dock source) [T
[select dock source] [External Clock. =1
During Configuration: PROM is Slave {dlocked externally) ~

Console
I cel
// *** BATCH CMD : = = | i Hep v

Long chain as illustrated below:

f ISE iMPACT (0.87xd) - C:\projekte\sis3305\xilinx_work_1C0B_2C0B_customer\xilinx_13_customer\prom_version_1cOb.ipf - [Boundary Scan]

 File Edt View Operations Output Debug Window Help
ICPEl¥obxssnxesamallee
MPACT Flows +0F x
‘=al Boundary Scan EPTIEEL SRR
[=] SystemacE ) ) BT s

E Create PROM File (PROM File Formatter) s:mlnri e il
- [2] WebTak Data ) Lo £

xcfizp xcfizp xodv 20 xcIvbeS0t xcIvbeS0t
=iz3305_wicOb_1... sis3305_vicOb_0.. bypass bypaszs bypaszs
DO

MPACT Processes +O08 x

Available Operations are:
Program

i verify

=) Erase

=) Blank Check

=) Readback

=) Get Device ID

= Get Device Checksum

=P GetDevice Signature/Usercode

=p Get Device Customer Code

=) |oad Configuration Revision

=) One Step SVF

=) One Step X5VF B Boundary Scan @ PROM File Formatter
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