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ACRONYMS

CRO Configuration Register 0
CR1 Configuration Register 1

DDR Double Data Rate
DUT Device Under Test

FPGA Field Programmable Gate Array
FSM Finite State Machine

IP Intellectual Property

MCU MicroController Unit
RAM Random Access Memory
SDR Single Data Rate

VCR Virtual Configuration Register



INTRODUCTION

The recent SARS-CoV2 pandemic put a great strain on university courses. Despite the access to physical infrastruc-
tures was prohibited, videoconferencing and recorded videos allowed to proceed with the lectures without too many
troubles. However, engineering teaching should also involve real laboratory experiences to provide students funda-
mental skills. When it comes to electronic lessons, it was usually not possible to provide the students the majority of
the required instruments (such as digital oscilloscopes, signal generators and spectrum analyzers) given their high cost.

In this scenario, a low-cost experimental printed circuit board, namely the VirtLAB board, was developed at Po-
litecnico di Torino to provide electronic students access to physical devices. Its architecture can be divided in two
main sections [1]:

e User section: it contains an MCU (STM32L496) and an FPGA (Intel Cyclone 10 LP), which can be easily
programmed by the students for educational purposes, together with some LEDs and some switches.

e Master section: it contains an MCU (STM32L496), an FPGA (Intel Cyclone 10 LP) and two external memories
(a HyperRAM and a QSPI flash) to be used as generic data storage. From the point of view of a student, this
side comes already programmed to provide a virtual replacement of the bench equipment.
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Figure 1.1: VirtLAB board block diagram



CHAPTER 1. INTRODUCTION

Currently, it is not possible to exploit the master section to its full potential. In particular, the FPGA could be used
to implement several useful applications. In this regard, the best approach would be to create modular architectures
using generic IP cores that share a common communication protocol, namely the Intel Avalon interface. In this way,
it would be possible to make full use of the features provided by the Intel CAD software:

e Several general-purpose IP cores with an Intel Avalon interface are already provided by Intel, such as on-chip
memories, processors and so on.

e The Intel CAD software is able to automatically create the interconnection logic among IP cores that use an
Intel Avalon interface.

At the moment, it is not possible to create an Avalon-based modular architecture able to communicate with any of the
external memory storage devices. Indeed, both the HyperRAM interface and the QSPI interface are quite different
from the Intel Avalon interface. This paper deals with the design, development and testing of a custom IP core able
to convert the HyperRAM interface into an Intel Avalon interface, so that it can be easily managed by any modular
architecture. The whole document refers to a HyperRAM model S27KL0641DA, i.e. the exact model employed in the
VirtLAB board.



SPECIFICATIONS

2.1 Avalon Memory Mapped Interface

The Avalon interface family defines many interfaces for different applications [3]. What really matters for our purposes
is the Avalon Memory-Mapped interface, an address-based read/write interface typical of Host-Agent connections.

PROCESSOR PERIPHERAL #N

Avalon MM host Avalon MM agent

A 7

A

INTERCONNECT

7 7 7

A. A. A
Avalon MM agent Avalon MM agent Avalon MM agent
PERIPHERAL #1 PERIPHERAL #2 INTERFACE CONVERTER

HyperBus host

A

Y

HyperBus agent

OFF-CHIP HYPERRAM

Figure 2.1: Typical Host-Agent system using components with an Avalon
Memory Mapped interface (highlighted in light blue). The HyperRAM can
be connected to the system only by using a suitable interface converter.

The Avalon Memory Mapped interface includes some always-required signals and several optional signals that might
be useful depending on the peripheral. In our case, some specific considerations have to be taken into account:

e In general, the number of clock cycles required to read/write the HyperRAM is variable.

e The system must support burst operations.

Consequently, the Avalon Memory Mapped interface must include the following signals:

e address: the address to work with.
e read: it is asserted to indicate a read transfer.
e write: it is asserted to indicate a write transfer.

e readdata: the data read from the agent as a result of a a read transfer.
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e writedata: the data to be written during a write transfer.
e readdatavalid: when asserted, it indicates that the readdata signal contains a valid data.
e burstcount: it indicates the number of transfers of a burst operation.

e waitrequest: it is asserted by the agent when it is unable to respond to a read/write request.

ok _ N\
waitrequest A \ 1%
address %( address1 )’f
burstcount %{ 4 )V

write _,l' \ / \
writedata A data1 { data2 )~ X data3 ) datad )7

Figure 2.2: Avalon Memory Mapped interface - write operation timing diagram

ok /S /S S S S S
waitrequest %—\ 1%
address %( address1 )%
burstcount 77777 4 } %

read _f \

readdata 7 datal ) data?2 ) data3 ) datad )~

readdatavalid f \

Figure 2.3: Avalon Memory Mapped interface, read operation timing diagram

2.2 HyperRAM Interface Specifications

The HyperRAM interface [2] is based on an 8-bit DDR data bus used to transfer data, addresses and commands. The
memory contains a couple of configuration registers that can be written in the same way as the memory locations, but
using dedicated addresses. The interface includes the following signals:

o CK, CK+# : differential clock.

e RESET# : active-low hardware reset.

e (CS+# : active-low chip select.

DQ@: 8-bit 10 bus for data, addresses and commands.

RWDS: read/write data strobe with the following functionality:

— During a read data transfer it is edge-aligned with DQ and it can be used to sample it.
— During a write data transfer it works as data masking signal.

— During a command transfer it indicates if additional latency is required.
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Figure 2.4: HyperRAM interface, read operation timing diagram. During the data transfer, the memory drives
both DQ and RWDS. During the command transfer, the host drives DQ and the memory drives RWDS: if
RWDS is driven low, the access time is equal to t,.. as shown, otherwise the access time is doubled.
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Figure 2.5: HyperRAM interface, write operation timing diagram. During the data transfer, the memory
drives both DQ and RWDS. During the command transfer, the host drives DQ and the memory drives RWDS:
if RWDS is driven low, the access time is equal to t,.. as shown, otherwise the access time is doubled.
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Figure 2.6: HyperRAM interface, register write operation timing diagram. DQ is always driven by the host.
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Parameter Symbol 100 MHz Unit
Min Max
Chip Select HIGH Between Transactions tesn 10.0 - ns
HyperRAM Read-Write Recovery Time trwr 40 - ns
Chip Select Setup to next CK Rising Edge tees 3 - ns
Data Strobe Valid tpsy - 12 ns
Input Setup tig 1.0 - ns
Input Hold by 1.0 - ns
Access Time tace 40 - ns
Clock to DQs Low Z tpaLz 0 - ns
HyperRAM CK transition to DQ Valid (64 Mb) 7
HyperRAM CK transition to DQ Valid (128 Mb) ‘om ! 8 ns
HyperRAM CK transition to DQ Invalid (64 Mb) 5.2
— - tewn 0.5 ns
HyperRAM CK transition to DQ Invalid (128 Mb) 6.2
CK transition to RWDS valid (64 Mb) 7
— , tckps 1 ns
CK transition to RWDS valid (128 Mb) 8
RWDS transition to DQ Valid Ipss -0.8 +0.8 ns
RWODS transition to DQ Invalid IpsH -0.8 +0.8 ns
Chip Select Hold After CK Falling Edge tesH 0 - ns
Chip Select Inactive to RWDS HI-Z tpsz - 7 ns
Chip Select Inactive to DQ HI-Z toz - 7 ns
HyperRAM Chip Select Maximum LOW Time - Industrial Temperature ) - 4.0 us
HyperRAM Chip Select Maximum LOW Time - Industrial Plus Temperature CSM - 1.0 us

Figure 2.7: HyperRAM interface timing parameters.

2.2.1 Command-Address

As we saw in section 2.2, the operation command and the address are grouped in a 48-bit block, which is sent to the
memory by the host one byte for clock level. Every bit of this block has its own meaning;:

CA Bit# Bit Name Bit Function

Identifies the transaction as a read or write.

47 R/MW# R/W# = 1 indicates a Read transaction
R/W# = 0 indicates a Write transaction
Indicates whether the read or write transaction accesses the memory or register space.

46 Address Space |AS = 0 indicates memory space

(AS) AS = 1 indicates the register space

The register space is used to access device |D and Configuration registers.
Indicates whether the burst will be linear or wrapped.

45 Burst Type Burst Type = 0 indicates wrapped burst
Burst Type = 1 indicates linear burst
Row & Upper Column component of the target address: System word address bits A31-A3

44-16 Row & Upper | Any upper Row address bits not used by a particular device density should be set to 0 by the
Column Address | host controller master interface. The size of Rows and therefore the address bit boundary

between Row and Column address is slave device dependent.
Reserved for future column address expansion.

15-3 Reserved Reserved bits are don’t care in current HyperBus devices but should be set to 0 by the host
controller master interface for future compatibility.

2.0 Lower Column | Lower Column component of the target address: System word address bits A2-0 selecting the

Address starting word within a half-page.

Figure 2.8: Command-Address (CA) bit assignment
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2.2.2 Configuration Registers

The S27KL0641DA HyperRAM contains two configuration registers that allow the user to set up different parameters.

Register CABits| 47 | 46 | 45 | 4440 [ 3932 | 3124 | 2316 | 158 7-0
Configuration Register 0 Read COh or EOh 00h 01h 00h 00h 00h
Configuration Register 0 Write 60h 00h 01h 00h 00h 00h
Configuration Register 1 Read COh or EOh 00h 01h 00h 00h 01h
Configuration Register 1 Write 60h 00h 01h 00h 00h 01h

Figure 2.9: Command-Address configuration to access the configuration registers

CR1 Bit Function Settings (Binary)
000000h — Reserved (default)
156-2 Reserved Reserved for Future Use. When writing this register, these bits should be
cleared to O for future compatibility.
10b — default
4 ps for Industrial temperature range devices
1 ps for Industrial Plus temperature range devices
1-0 Distributed Refresh Interval | 11 _ 1 5 times default
00b — 2 times default
01b — 4 times default
Figure 2.10: Configuration Register 1 (CR1) bit assignment
CRO Bit Function Settings (Binary)
Deep Power Down Enable |1 - Normal operation (default)
15 (64 Mb) 0 - Writing 0 to CR[15] causes the device to enter Deep Power Down
Reserved .
(128 Mb) Reserved for 128 Mb dual-die stack
000 - 34 ohms (default)
001 - 115 ohms
010 - 67 ohms
. 011 - 46 ohms
14-12 Drive Strength 100 - 34 ohms
101 - 27 ohms
110 - 22 ohms
111 - 19 ohms
1 - Reserved (default)
11-8 Reserved Reserved for Future Use. When writing this register, these bits should be set
to 1 for future compatibility.
0000 - 5 Clock Latency - 133 MHz
0001 - 6 Clock Latency - 166 MHz (default)
0010 - Reserved
0011 - Reserved
7-4 Initial Latency 0100 - Reserved
1101 - Reserved
1110 - 3 Clock Latency - 83 MHz
1111 - 4 Clock Latency - 100 MHz
Fixed Latency Enable %A\ggfgfe Latency - 1 or 2 times Initial Latency depending on RWDS during
3 (64 Mb) 1 - Fixed 2 times Initial Latency (default)
Reserved . . .
(128 Mb) 1 - Fixed 2 times Initial Latency (default)
. 0: Wrapped burst sequences to follow hybrid burst sequencing
2 Hybrid Burst Enable 1: Wrapped burst sequences in legacy wrapped burst manner (default)
00 - 128 bytes
01 - 64 bytes
1-0 Burst Length 10- 16 bytes
11 - 32 bytes (default)

Figure 2.11: Configuration Register 0 (CRO0) bit assignment
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2.2.3 Deep Power Down Mode

The HyperRAM can enter a special mode, called Deep Power Down (DPD) mode, in which the current consumption
is driven to the lowest possible level. This mode is entered setting the Deep Power Down Enable bit in CRO. The next
access to the device, driving CS# low then high (dummy transaction), will cause the device to exit the DPD mode,
as well as a hardware reset. A certain time is required to enter or exit the DPD mode.

e\ / 'y
xow~ T LT T T T T -~ ——~—~—- v
oo X ) . {

1t
‘opoiN "
Phase lWrite Command-Address ICR Value lEnter DPD Mode JDPD mode \E

+
| "DPDCSL |

Csi )\ / )
S S W B D §
OO

—oppout _'|

Phase :X DPD mode \EX Dummy Transaction to Exit DPD :l: Exit DPD Mode \{X Standby K New Transaction

]

Figure 2.12: DPD timing diagram

2.2.4 Power-Up

The device must not be selected during the power-up, CS# has to remain high for a certain time. If RESET# is low
during the power-up, the time counting does not start until RESET# goes high.

Vee_VeeQ Vee Minimum

Device
tyes “ Access Allowed

N

RESETH#

Wl

Figure 2.13: Power-up with RESET# high
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CS#

\

.

_| Device
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+
lves

RESET#

!

Figure 2.14: Power-up with RESET# low
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2.3 Converter Design Specifications

Every HyperRAM interface uses a 32-bit addressing. However, the S27KL0641DA device is a 64 Mb memory parti-
tioned in 16-bit words, therefore its addressing takes only 22 bits. On the other hand, the register space access requires
dedicated addresses that are not in conflict with the ones related to the memory locations.

In this design, it was decided to virtualize the memory access. To be more precise, the Avalon Memory Mapped
interface refers to a 23-bit virtual address, that is translated by the interface converter in the corresponding physical
address of the HyperRAM:

e The virtual addresses from 0 to 222 — 1 correspond to the physical memory location addresses from 0 to 222 — 1.

e The virtual address 222 refers to a virtual configuration register that allows the user to set up different parameters.
From the point of view of the Avalon interface, the host can only access the virtual configuration register, whereas
the physical configuration registers of the HyperRAM cannot be accessed. In this way, it is possible to decide

which parameters can be dynamically configured and which cannot.

e The virtual addresses from 222 + 1 to 223 — 1 are reserved for future expansions.

The 16-bit virtual configuration register (VCR) is organized in the following way:

VCR BIT FUNCTION SETTINGS
0: normal operation, exit DPD mode (default)
0 Deep Power Down Enable
1: enter DPD mode
. 0: variable latency (default)
1 Fixed Latency Enable
1: fixed latency
2-15 Reserved Reserved for future expansions.

By default, the memory works in normal mode. The host can force it to enter the DPD mode setting the Deep Power
Down Enable bit in VCR and then to go back to normal mode resetting that same bit. The interface converter shall
detect any update of the Deep Power Down Enable bit and consequently drive the memory according to figure 2.12.
Moreover, since a DPD exit request corresponds to a VCR update, it is possible for the host to update multiple
parameters at the same time. For this reason, the interface converter must automatically drive a CR1 update after
exiting the DPD mode.

The default configuration of VCR does not match the default configuration of CR1 (figure 2.10). For this reason, the in-
terface converter must automatically update CR1 after the power-up before allowing the host to start a new operation.

As we can see from figures 2.13 and 2.14, the interface converter must wait for the memory to power-up before
allowing the host to start a new operation. Every time the memory is reset, it must be powered-up again.

As far as the frequency is concerned, the S27KL0641DA HyperRAM can work up to 100 MHz. However, the in-

terface converter is designed to work at 50 MHz, sending to the memory a clock at that same frequency (as described
in section 4.1).

12



TEST ENVIRONMENT

Before starting the interface converter design, it is necessary to define a test environment for it. We can exploit some
of the IP cores provided by the CAD software (which are of course well-functioning) to create an Avalon Memory
Mapped system suitable for the test. In particular, the test environment is an processor-based system that read some
inputs and change the status of some LEDs according to their value. The HyperRAM is employed as data memory

for the processor.

PROCESSOR
(Nios 1)

Avalon MM host

INSTRUCTION MEMORY
(OCROM)

Avalon MM agent

INTERCONNECT

Avalon MM agent

INPUT GENERATOR

Avalon MM agent

LEDs

Avalon MM agent

DUT (INTERFACE CONVERTER)

HyperBus host

HyperBus agent

DATA MEMORY (HYPERRAM)

Figure 3.1: Test environment for the interface converter

To ensure that the test environment is well-functioning, the easiest way is to replace the DUT and the HyperRAM
with an on-chip RAM, which can be obtained simply by using an IP core provided by the CAD software.

PROCESSOR
(Nios II)

Avalon MM host

INSTRUCTION MEMORY
(OCROM)

Avalon MM agent

INTERCONNECT

Avalon MM agent

INPUT GENERATOR

Avalon MM agent

LEDs

Avalon MM agent

DATA MEMORY (OCRAM)

Figure 3.2: Test environment verification




DESIGN PARTITIONING

From now on, the interface converter is referred as avs_hram_converter, i.e. the name of the custom IP implementing
it. The top-level view of this IP is shown in figure 4.1. On the Avalon side, the address line is on 23 bits and the data
line is on 16 bits, as described in chapter 2, section 2.3. The burstcount signal is on 11 bits, i.e the maximum possible
parallelism, corresponding to a theoretical maximum burst length equal to 2'0 as stated in the Avalon documentation.

avs_hram_converter

A avs_address hram_DQ <L>
& avs_readdata hram_RWDS [«——
i» avs_writedata hram_CS n |——
—— avs_read hram_RESET_n |——
——> avs_write hram_CK | ——
<«— avs_waitrequest hram_CK_nf——
<«— avs_readdatavalid reset_nje——
i» avs_burstcount

Figure 4.1: Top-level view of the interface converter

Unfortunately, it is usually not possible to push the burst length up to its theoretical maximum, since the duration of
any memory operation is upper bounded. Considering that the latency of the converter depends on its implementation,
it is not possible to estimate the actual upper bound of the burst length in advance. For this reason, the maximum
parallelism is employed and the effective maximum of the burst length will be estimated after completing the design
(section 4.8.1).

The design follows a top-down approach. At first, it is important to point out the main features to be implemented:

e Command-Address building: the Avalon input signals must be re-organized arranging the CA.

e Configuration registers building: every time the virtual configuration register is written, it is necessary to
convert its content so that the physical configuration registers of the memory can be properly updated.

e SDR to DDR conversion: the 16-bit SDR data provided at the Avalon interface must be converted in an
8-bit DDR data to put it on the memory data bus.

e DDR to SDR conversion: the 8-bit DDR data provided by the memory (which is synchronous with RWDS
and not with the internal clock) must be converted in a 16-bit SDR data and synchronized with the clock.

e Clock shifting and clock gating: the internal clock must by shifted by 90 degrees and properly gated before
being sent to the memory.

e Timer: the system must be aware the passage of time to satisfy all the timing requirements.

e Address reconstruction. As we can see in figure 2.2, the host can interrupt a write operation at any time.
However, the HyperRAM does not support this feature. For this reason, the interface converter must end the
operation and start a new one when the burst is resumed. The new operation shall begin at the right address,
i.e. the one immediately after the last written location.

The CAD software provides an IP implementing a clock controller. Indeed, we can just create a custom IP implementing
all the features except the clock gating (avs_hram_mainconv) and combine it with the clock controller IP (clkctrl) to
create the interface converter (avs_hram_converter), as shown in figure 4.2. The avs_hram_mainconv IP is composed
by an FSM-based control unit (section 4.8) and an execution unit (figure 4.3):

14
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avs_hram_mainconv
avs_address ———{avs_address hram_CS_n hram_CS_n
avs_readdata <«—— avs_readdata hram_DQ hram_DQ
avs_writedata ———{avs_writedata hram_RWDS hram_RWDS
avs_read —— avs_read hram_RESET_n hram_RESET_n
avs_write ———{ avs_write
avs_waitrequest <«—— avs_waitrequest clketrl
avs_readdatavalid «—— avs readdatavalid clk90 inclk outclk ——> hram_CK
avs_burstcount ———{avs_burstcount hCK_enabe outclk_enable  outclk_nt+———> hram_CK_n
reset_n ———freset_n
Figure 4.2: Architecture of the avs_hram_converter IP
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Figure 4.3: Execution unit of the avs_hram_mainconv IP. Avalon signals are placed on the left.
HyperRAM signals are placed on the right. The top green signals represent the control signals received

from the control unit. The bottom red signals represent the status signals sent to the control unit.
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The role of each block represented in figure 4.3 is described in the table below:

NAME TYPE NICKNAME DESCRIPTION

addr_reg register address register It stores the virtual address provided on
the Avalon side.

datain_reg register data register It stores the input data provided on the
Avalon side.

conf_reg register configuration register It implements the virtual configuration
register as described in section 2.3.

burstent_reg register burst length register It stores the burst length value provided
on the Avalon side.

CA_builder_inst CA_builder CA builder It builds the 48-bit Command-Address

starting from the address value and the
operation type. Refer to section 4.3 for
a detailed description.

CA_unpacker_inst

CA_unpacker

CA unpacker

It separates the Command-Address in 3
different 16-bit data. Each of them can
be picked out depending on the value
of a selector. Refer to section 4.6 for a
detailed description.

conf_builder_inst

conf_builder

configuration builder

It generates the content of the physi-
cal configuration registers of the Hyper-
RAM starting from the content of the
virtual configuration register. Refer to
section 4.5 for a detailed description.

writedata_converter

SDR_to_DDR_converter

writedata converter

It converts a 16-bit SDR data in a 8-bit
DDR data, so that it can be channeled
into the HyperRAM D@ bus. Refer to
section 4.4 for a detailed description.

RWDS_tracker

dff

RWDS tracker

It samples the value of RWDS using
the internal clock. It is not suitable for
sampling it while receiving a DDR data,
it is intended to be used during the CA
transmission.

dpdreq_tracker

dff

DPD request tracker

It is employed to keep track of a DPD
mode entry request.

op_tracker

dff

operation tracker

It is employed to keep track of the type
of operation currently in execution.

dpd_tracker

sr-flipflop

DPD tracker

It is employed to keep track of the cur-
rent memory mode (NORMAL, DPD).

readdata_converter

DDR_to_SDR_converter

readdata converter

It samples RWDS and D@ using a 400
MHz clock, converting the 8-bit DDR
data in a 16-bit SDR data. It also pro-
vides a version of RWDS with a rising-
edge approximately center-aligned with
the SDR data. Refer to section 4.1 for
a detailed description.

pll_x8_inst

pll_x8

pll x8

It generates a 400 MHz clock starting
from the internal 50 MHz clock.

CONTINUED...
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NAME

TYPE

NICKNAME

DESCRIPTION

synchronizer_inst

synchronizer

synchronizer

It samples the 16-bit SRD at the output

of readdata converter (using the center-
aligned version of RWDS it provides) to
synchronize it with the internal clock.
It contains an 11-bit up-counter that
can be accessed from outside.

It notifies the system when the burst
length is greater than 1.

burst_detector comparator burst detector

It is employed to notice when the burst
transmission has reached its end (i.e.
the burst length).

burst_cmp comparator burst comparator

It is employed when a write burst oper-
ation is resumed (after being stopped)
to generate the new starting address.

addressgen adder_1pipe address generator

clk_shifter ddl_90 clock shifter It introduces a 90 degree delay on the

internal clock.

4.1 Readdata Converter

As we can see in figure 2.4, during the data transfer of a read operation the memory drives both D@ and RWDS, the
former being edge-aligned to the latter. The effect of board traces can be neglected considering that the D@ trace
and the RWDS trace have a similar length on the PCB. The main goal of readdata converter is to introduce a proper
delay on RWDS so that it can be used to sample D@; in particular, referring to figure 4.4, DQ_out and RWDS_out
shall be approximately center-aligned.

readdata_converter:
DDR_to_SDR_converter

—— clear_n
DQ ——{DDR_in SDR_out—— DQ_out

RWDS ——{rwds_in rwds_out——— RWDS_out

Figure 4.4: Top-level view of readdata converter.

Considering that RWDS oscillates at the clock frequency, a first possibility would be to introduce a combinational
delay. In this way, it would be possible to push the memory frequency up to 100 MHz (assuming that all the other
blocks in the system are fast enough). Theoretically, the Intel Cyclone 10 LP FPGA allows to introduce a controlled
combinational delay on its input pins; however, the documentation is really poor, especially when it comes to explaining
how to do it in the CAD software. Due to the many troubles encountered, it was decided to follow a different approach.

Instead of forcing a combinational delay, a very high frequency clock (oversampling clock) can be employed. In
this way, RWDS can be shifted using just a flip-flop chain. To do that, the system need first to oversample both
RWDS and D@ to synchronize them with the high-frequency clock. During the oversampling, some samples are col-
lected violating the setup-hold constraints and they must be considered invalid. Indeed, the oversampling frequency
must be high enough to collect more valid samples than invalid samples within a semi-period of D@ and RWDS, even
in the worst case scenario.

To compute the minimum sampling frequency, a setup-hold time lower than 3/4 of the clock period has been consid-
ered (assumption that shall be verified during the synthesis). Considering a rising-edge sampling, in the worst case
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both the first and the last samples are not valid, therefore the oversampling frequency must be at least 10 times the
memory frequency:

ck_highfreq \ \ \ [\ \ L A U L U A
RWDS / \
pa — X

akll

Figure 4.5: Oversampling frequency 10 times the memory frequency,
single-edge sampling. The green samples are valid, the red samples are invalid.

Switching to a double-edge sampling, in the worst case three samples are not valid, therefore the oversampling frequency
must be at least 8 times the memory frequency:

clk_highfreq \ JF

RWDS

DQ

Figure 4.6: Oversampling frequency 8 times the memory frequency, double-edge
sampling. The green samples are valid, the red samples are invalid.

The oversampling frequency is generated using a PLL available in the FPGA. As written in the Intel Cyclone 10
LP datasheet, the maximum output frequency of the PLL is equal to 472.5 MHz, therefore the memory frequency is
upper bounded at 59 MHz (considering a double-edge sampling). In other words, to make the oversampling technique
work it is not possible to push the memory frequency up to its maximum (100 MHz). Indeed, it was decided to lower
the memory frequency to 50 MHz and to use a 400 MHz sampling frequency (generated by means of a PLL with a
multiplication factor equal to 8).

Another important parameter is the value of the shift to be introduced on RWDS. Theoretically, it should be de-
layed by 1/4 of the clock period (5 ns, i.e. two sampling clock periods) to make it center-aligned with D@. However,
in the real case the setup-hold violations must be taken into account. As we can see in figure 4.7, a delay of 5 ns may
lead to an oscillation of RWDS_out too close to the next variation of DQ_out. Indeed, the goal of readdata converter
is to generate RWDS_out such that it can be used to sample D@Q_out without introducing any setup-hold violation.

ck 50MHz  — \ / |
okaoomHz N\ /N /N /[
RWDS / \
X X
7
X
%)

DQ

RWDS_oversampled

—

[
Z \% 7 1%
7 ¥ ZA &
1% Z \% A

DQ_oversampled (DQ_out)

RWDS_shifted (RWDS_out)

Figure 4.7: Example of possible setup-hold violation during the oversampling. In
this case, RWDS _out is shifted by two sampling clock cycles with respect to DQ_out.

To make sure that no setup-hold violations are present, it is necessary to reduce the shift to a single sampling clock
cycle (2.5 ns) as shown in figure 4.8.
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ck_50MHz / (R
akgoomHz N\ N\ /N / /S
RWDS / \

X X
7
X

DQ

RWDS_oversampled

/_
—
Z \% 7 1%
DQ_oversampled (DQ_out) % W %( X//
RWDS_shifted (RWDS_out) % % W %

Figure 4.8: Timing diagram with a single clock cycle shift between RWDS_out and DQ_out.

As we already said, the goal of readdata converter is to introduce a shift between RWDS_out and D@Q_out so that
the former can be employed to sample the latter. The sampling is implemented outside readdata converter by means
of a register having the clock pin connected to RWDS_out and the input data pin connected to DQ_out (referring
to figure 4.3, this register is located inside the synchronizer). In this regard, it is important to highlight that the
timing behavior described in figure 4.8 works correctly only assuming that there are no other delay contributions
between readdata converter and the sampling register (i.e. that the delay between the clock pin and the input pin of
the sampling register is exactly equal to the delay between DQ_out and RWDS_out). Unfortunately, this assumption
cannot be considered true. In general, we must consider the circuit in figure 4.9.

LAUNCH CLOCK

DELAY
[
>

Y z
o
3
RWDS — ' 5| OVERSAMPLER > DELAYER RWDS_OuT > DDEALTX\Y > Z
o
l:U
m
o)
DQ_OUT LATCH CLOCK
DQ — | OVERSAMPLER DELAY

Figure 4.9: Basic scheme of readdata converter. All the delay terms are considered.

To make readdata converter work, it is necessary to estimate the value of the delay terms and compensate them. A
basic timing analysis in which readdata converter behaves as described in figure 4.8 is reported in figure 4.10.

Launch Clock I

Latch Clock I

Data Arrival }(:

Slack -2.37 n=

-

Data Required }{

Figure 4.10: Timing analysis according to figure 4.8.
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As we can see in figure 4.10, RWDS_out (the latch clock) is delayed by 2.5 ns with respect to DQ-out as expected.
However, the value of the input data pin of the sampling register (data arrival) changes 2.37 ns later than required
(i.e. slightly less than a period of the high-frequency clock). To compensate this timing violation, readdata converter
can be designed to introduce a further shift of 2.5 ns (thus, a total delay of 5 ns), as shown in figure 4.11.

ck_50MHz =\ / \
ckaoomHz N\ N\ /[ /S
RWDS /
X
%
7
7

DQ
DQ_out

—
-
N

\
X
A & A
Z Y %)
v Z \% A

7

RWDS oversampled

RWDS_out

Figure 4.11: readdata converter timing diagram able to prevent setup/hold violations.

The timing diagram represented in figure 4.11 is able to prevent setup/hold violation. However, it is not able to
make the system in figure 4.9 work. Indeed, RWDS_out cannot just shift RWDS_oversampled, since this signal may
have spurious oscillations in correspondence of the invalid samples (which may assume whatever logic value). For this
reason, the system oversamples RWDS_in and then implements a majority decision: when at least 5 samples out of
8 are different from the current decision about the value of RWDS_in, the current decision is toggled. Figure 4.12
represents some different scenarios, showing that the current decision does not display spurious oscillations regardless
of the value assumed by the invalid samples. DDR_in is considered valid the clock period corresponding to the decision
change; in this way, no setup/hold violations occur. RWDS_out is generated toggling a signal with 2 clock periods delay
with respect to the variation of DDR_out, therefore setup/hold violations are prevented and no spurious oscillations
are present. Moreover, its value is inverted with respect to the current decision, so that its rising edges correspond to
the valid valued of SDR_out.

skeoomz\__ T\ [

RWDS.in [ \ / \ [
DDR_in (0Q) 7). diA X diB X d2A X 2B X
RWDS_oversampled _/ \ / L/ \ /
current_decision / \ / .
msb_enable /—\ /—\
Isb_enable /—\ /—\
DQ_oversampled A dA X X _diB_ X A deA Y X_dB ¥
DQ_delayed X _diA X X diB_ X X dA X X _de8 )
MSB X diA X d2A
LSB X diB X
SDR_out X di X X
RWDS_out \ / \

Figure 4.12: Timing diagram of different scenarios during the oversampling. Three samples per
RWDS_in period are not valid (worst-case). The values of RWDS_oversampled highlighted in red are
invalid (they corresponds to a setup/hold violation, therefore they may assume whatever logic value).

The values of RWDS_oversampled highlighted in green are valid. The current decision is obtained
through a combinational circuit and it is sampled by the rising edge of the high-frequency clock.

The architecture of readdata converter implementing the timing diagram in figure 4.12 is divided in an execution
unit (described in subsection 4.1.1) and a control unit (described in subsection 4.1.3) implemented as a finite-state
machine. As we can see in figure 4.13, the execution unit is strongly pipelined to be able to work with a 400 MHz
clock frequency. Indeed, the circuit generating the current decision from the collected samples is not combinational,
differently from what is assumed in figure 4.12, and the control signals generated by the control unit are pipelined too.
Consequently, the actual timing diagram is slightly different from the one shown in figure 4.12, since a certain latency
is introduced. However, the working principle remains the same.
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4.1.1 Execution Unit

Figure 4.13 represents the architecture of the execution unit of readdata converter. The current decision about the
value of RWDS_in is stored in a dedicated type-T flip-flop, namely the tracker. Two different flip-flop chains are
used to oversample RWDS_in on both rising and falling edges of the high-frequency clock. The majority decision is
implemented using a voter and some logic gates. In particular, the voter is able to notice if the sum of all the collected
samples is equal (eq4) or greater (gt4) than four. If the sum is greater than four (which means that there are more
samples equal to logic 1 than to logic 0) and the current decision (stored in the tracker) is logic 0, the decision is
toggled. If the sum is lower than four (neither eq/ nor gt/ are set, thus there are more samples equal to logic 0 than
to logic 1) and the current decision is logic 1, the decision is toggled.
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Figure 4.13: Execution unit of readdata converter. The top green signals are the control signals received
from the control unit, whereas the bottom red signals are the status signals sent to the control unit.

4.1.2 Voter

The voter is able to compute the sum of its inputs and to notice if the result is equal (eq4) or greater (gt4) than four.
As we can see in figure 4.14, it is divided in five different pipeline stages. The sum is computed by means of a set of
half-adders and full-adders. Starting from the sum, eq4 and gt4 are generated using some logic gates.
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Figure 4.14: Architecture of the voter.

4.1.3 Control Unit

clr_n

|

RESET RESET_WAIT

int_system_clear_n

MSB_TX IDLE
int_msb_enable  |«—1 transition >0——>|
int_rwdsgen_toggle

0
IDLE_INTRA LSB_TX
1 int_Isb_enable
SN (—
int_rwdsgen_toggle

Figure 4.15: Control unit of readdata converter. It lets the data pass through the Isb register or
the msb when a variation of decision is detected (refer to figure 4.1.1 for the execution unit). The
register (msb or lsb) are selected alternatively to reconstruct a 16-bit SDR data.

4.2 Synchronizer

As described in section 4.1, readdata converter generates a 16-bit SDR output and a properly shifted strobe to sample
it. The SDR output can be connected to the input data pin of a sampling register having the clock pin connected to
the strobe, as shown in figure 4.9. However, in this way the data is not synchronized to the 50 MHz clock.

The main goal of the synchronizer, apart from providing the sampling register, is to synchronize the data with the 50
MHz clock. The main idea is to alternate multiple sampling registers, so that the sampled data remains available for
a longer time. The architecture is divided in an execution unit (figure 4.17) and a control unit (figure 4.19).
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synchronizer

—> synch_enable synch_din «—
—{synch_clear_n synch_strobe j«—
—>{ burstcount synch_validout —>
—>{ counter_enable synch_dout ——>
—>{ counter_up_downN synch_busy —>

— counter_clear n

<«— counter_out

Figure 4.16: Top-level view of the synchronizer.
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Figure 4.17: Execution unit of the synchronizer.

The actual synchronization is implemented by means of a set-reset flip-flop, namely the synch_flipflop, having the
clock pin connected to the strobe, the set pin always set to logic 1 (assuming that the system is enabled) and the
output pin connected to the FSM as a status signal called start_sampling. The strobe is asynchronous to the clock,
therefore a variation of start_sampling may lead to setup/hold violations; in other words, the control unit may take
more than one clock cycle to detect a variation of start_sampling. However, since the sampled data is available for
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multiple clock cycles, this does not represent a problem. The timing diagram in figure 4.18 refers to a condition in
which the activation of start_sampling is detected with a delay of 1 clock cycle.
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Figure 4.18: Timing diagram of the synchronizer.

synch_clear_n

S

1

IDLE_DISABLED

outpipe_clear_n
system_clear_n

IDLE

system_enable
burstlen_enable
outpipe_enable

IDLE_CLEAR

system_clear_n
outpipe_enable

]

Figure 4.19: Control unit (finite-state machine) of the synchronizer.
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The synchronizer is able to notice when the burst to be transferred is completed. The burst length is stored in a dedi-
cated register called burstlen. The counter employed to keep track of the burst progress, namely the burstlen_counter,
is made available outside, so that it can be employed independently when the synchronizer is not enabled.

Once the burst transfer is completed, the synchronizer remains in a state in which the FSM constantly reset all
the components by means of the system_clear_n control signal, therefore it is not able to receive a new data burst.
The activation of system_clear-n may be detected with a certain delay by the components that are clocked by the
strobe, since it is synchronous to the clock. However, system_clear_n remains active for many clock cycles, therefore
this does not represent a problem. To restart the synchronizer and make it able to receive a new burst, it is necessary
to manually set the synch_clear_n signal after detecting synch_busy low, as shown in figure 4.18.

The synchronizer comes with an enable signal, namely synch_enable. As we can see in figure 4.19, this signal must be
set before beginning a burst transfer (i.e. before the strobe starts oscillating), otherwise the strobe edges are ignored.
Setting synch_enable after beginning a burst transfer causes an unknown behavior. If synch_enable is deactivated
before completing a burst transfer, the transfer is completed anyway.

4.3 CA Builder

The 48-bit Command-Address is generated rearranging the bits of the address and combining them with the informa-
tion about the operation type, as shown in figure 4.20.

read_writeN

config_access

"000000" —

CA

"00000" —>

address ——— "00000000" ——————=—

"00000" —

Figure 4.20: Architecture of the CA builder.
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4.4 Writedata Converter

The Avalon side of the system works with a 16-bit SDR data, which must be converted in a 8-bit DDR data to be
channeled in the HyperRAM DQ bus. This conversion is implemented in the writedata converter. A multiplexer having
the selector connected to the system clock is exploited to alternate the more-significant byte and the less-significant
byte of the SDR data, as represented in figure 4.21.

load
writedata_converter: % W\
SDR_to_DDR_converter 2 1
—{SDR_in DDR_out —> SDR_in > > DDR_out
T
—>{load 5 0
Q
£
LA

Figure 4.21: Top view (on the left) and internal architecture (on the right) of the writedata converter.

4.5 Configuration Builder

From the Avalon side, the host can only refer to the virtual configuration register. However, every time the virtual
configuration register is written, the content of the physical configuration registers of the memory shall be updated.
The configuration builder generates the content of the physical configuration registers starting from the content of the
virtual configuration register, as shown in figure 4.22.

DISTRIBUTED_REFRESH_INTERVAL }7

"00000000000000" ——

conf1_real

conf_virtual (0) {>c

conf_virtual (1)

> confQ_real

‘ BURST_LENGHT }7
‘ HYBRID_BURST_ENABLE }7
‘ DRIVE_STRENGHT }7
‘ INITIAL_LATENCY }—

Figure 4.22: Architecture of the configuration builder.
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4.6 CA Unpacker

The 48-bit Command-Address generated by the CA builder must be separated in three different 16-bit segments
(namely CA0, CA1 and CA2), so that it can be fed to the writedata converter and channeled in the HyperRAM DQ
bus. This separation is implemented by the CA unpacker, represented in figure 4.23. The selection between CA0, CA1
and CA2 is achieved through a dedicated selector.
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Figure 4.23: Top view (on the left) and internal architecture (on the right) of the CA unpacker.

4.7 Address Generator

When it comes to the Avalon communication protocol, the host can interrupt the burst transfer at any time during
a write operation. However, the HyperRAM protocol does not support this feature. For this reason, the interface
converter must terminate the operation toward the HyperRAM when the host interrupts the transfer and begin a new
operation when the transfer is resumed. Consequently, any interruption of the transfer implies to reconstruct the start
address (i.e. the address from which to start the operation) and to send again the command-address to the memory.
For this reason, a burst interruption is really expensive in terms of latency and it would be better to avoid it.

During a write operation, the burst progress is tracked by means of the 11-bit counter provided by the synchro-
nizer (burstlen counter referring to figure 4.17). When the host interrupts and resumes the transfer, the new start
address can be generated from the output of this counter. In this regard, it is important to make some considerations:

e During a burst transfer the counter output is always two steps ahead with respect to the actual burst progress,
so that the control unit can detect in advance when the burst is about to terminate (figure 4.24).

e When a burst transfer is interrupted (i.e. when the control unit switches from the WRITEBURST status to
the STOP_BURST-1 status) the counter out increases by one more step, although a new data has not been
transferred (figure 4.24).

e The initial address provided by the host (namely the base address) remains stored in addr_reg (figure 4.3) until
the transfer is completed.

All this considered, the start address can be reconstructed as new start address = base address + counter out - 3.
Three pipeline registers are placed on the counter output (cntpipel, cntpipe2 and cnipipe3 in figure 4.3) to obtain
counter out - 3, whereas the sum with the base address is implemented using an adder (addressgen in figure 4.3).
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4.8 Control Unit and Timing Diagrams
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Figure 4.24: Control unit of the avs_hram_mainconv IP. Turquoise block: reset and
power-on process. Grey block: DPD mode exit process. Green block: configuration
registers update. Purple block: read operation. Blue block: write operation.
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Figure 4.25: Write burst operation. The Avalon signals vary according
to figure 2.2. The HyperRAM signals match the timing in figure 2.5.
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Figure 4.26: Configuration register update operation. The Avalon signals vary
according to figure 2.2. The HyperRAM signals match the timing in figure 2.6.
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Figure 4.27: Write burst operation with burst interruption.
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4.8.1 Memory Timing Constraints

As we can see in figures 2.4 and 2.5, several timing constraints (whose value is listed in figure 2.7) must be respected
to ensure the correct functioning of the memory:

e Tcsur : always ensured by the FSM

e Tcss @ always ensured by the FSM

e Trwr : always ensured by the FSM

e Tacc : always ensured by the FSM

e Tcsy @ always ensured being null

e Tpgv : always ensured by the FSM

e Tckps, Tckp : irrelevant, the trace delay is not considered

e Tpgz (read operation) : irrelevant, only the edges of RWDS are significant

e Tpgz (write operation) : irrelevant, RWDS is acquired early enough

e Tpss, Tpsy : irrelevant, they do not affect the oversampling

e Tz : irrelevant, the value of DQ is relevant only in correspondence of the edges of RWDS
e Tpquz : irrelevant, the value of DQ is relevant only in correspondence of the edges of RWDS
e Tcgn ¢ it limits the maximum burst lenght

e Tis, Ty : forced during synthesis

The constraints on Tig and Ty must be inserted in the SDC file related to the top level, i.e. the file in which the
modular system containing the interface converter is instantiated.

Tesm limits the maximum burst length. In the worst case (doubled access time, read operation), a latency of 12
clock periods must be considered between the assertion of hram_CS_n and the beginning of the burst transfer (as
we can see in figure 5.3). Moreover, at the end of the burst transfer 7 additional clock cycles are required before
de-asserting hram_CS_n (as shown in figure 5.4). As a result:

12 Tork + 7 Tenk + Npurst Tonk < max{Tcsm} =4 ps =  Npuyrsr < 181

As we can see, even though the burst length is expressed on 11 bits, only 9 bits are actually necessary.
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TEST RESULTS

To test the interface converter against a large number of different stimuli it can be inserted in a processor-based
system, as represented in figure 3.1. However, even if this approach allows to test the DUT under several different
condition, it is possible that some particular operations of our interest are never tested. For instance, the processor
may never try to put the memory in DPD mode. For this reason, it was decided to perform different analysis:

e Preliminary simulation: a custom testbench is created to directly drive the interface converter in order to
verify its behavior under specific conditions.

e Final simulation: the interface converter is inserted in the processor-based system (figure 3.1) to simulate it
against a large number of data.

e Test on VirtLAB: the processor-based system containing the interface converter is synthesized in the FPGA.

5.1 Preliminary Simulation

Figure 5.2: Write operation.
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Figure 5.3: Read operation - part 1.
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Figure 5.4: Read operation - part 2.

As we can see in figure 5.1, the system automatically initialize CRO after the power-up as expected (refer to section
4.8). Moreover, a virtual configuration register read operation is successfully completed.

Other than the write operation (figure 5.2) and the read configuration (figures 5.3 and 5.4), it is important to simulate
the behavior of the system in DPD mode. In particular, it must be able to:

e enter the DPD mode when requested (figure 5.5)
e ignore any operation beside a DPD exit request (figure 5.6)
e exit the DPD mode when requested (figures 5.6 and 5.7)

e automatically update the value of CRO after exiting the DPD mode (figure 5.8)
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Figure 5.5: DPD mode entry request.

Figure 5.7: DPD mode exit.

Figure 5.8: Automatic CRO update after going back to normal mode.
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5.2 Final Simulation

The interface converter is inserted in a processor-based system to simulate it against a large number of data, as we can
see in figure 3.1. The Nios II processor is programmed to read four different signals provided by the input generator
and to drive four different LEDs according to their value: when a status signal is set, the LED associated with it is
turned on and vice-versa. The HyperRAM (together with the interface converter) is employed as data memory for

the Nios II processor.
_

TFFFFE
1

-------
T

TFFFFE

=
il
B

Figure 5.9: One of the many read operations driven by the processor - part 1.

Figure 5.10: One of the many read operations driven by the processor - part 2.
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Figure 5.12: Processor-based system behavior.

At first, the processor-based system must wait for the memory to power-up, therefore it cannot process the input
values, as we can see in figure 5.12. Indeed, during this initial time interval the LEDs are constantly turned off
regardless of the value of the inputs. When the memory is powered-up, the processor drives the LEDs according to
the input values as expected.

5.3 Test on VirtLAB

The processor-based system has been synthesized in the Cyclone 10 LP FPGA, verifying the correctness of its behavior.
The Nios II processor has been programmed to read four different input signals and to drive for different LEDs
according to their value. In particular, the input signals oscillates with a sufficiently low frequency, so that the
consequent blinking of the LEDs is visible to the human eye.

36



FUTURE EXTENSIONS

The designed system is capable of correctly interface the HyperRAM with the Intel Avalon bus. However, it is still
possible to work on some details to improve its performance. In particular:

e As described in section 4.1, the working frequency of the memory has been reduced to 50 MHz due to the
limitations related to the oversampling. However, all the other components of the system are able to work at
100 MHz. Indeed, exploiting a controlled combinational delay (instead of the oversampling) to implement the
readdata converter would allow to push the working frequency up to 100 MHz.

e On the Avalon side, the burst length is characterized by a parallelism of 11 bits. However, the burst length
value cannot be higher than 181, therefore only 9 bits are actually useful, as described in section 4.8.1. For this
reason, the counter and the comparator inside the synchronizer (burstlen_counter and burstlen_cmp referring to
figure 4.17) can be implemented with a reduced parallelism, saving power and resources.

e The virtual configuration register allows to dynamically modify only two parameters of the HyperRAM (working
mode and memory access latency). However, the design can be easily modified to allow the host to access also
other parameters.
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VHDL DESCRIPTION

Some of the components employed to realize the interface converter are implemented using already existing IP cores

provided by the Intel catalog. Referring to figures 4.3, 4.2 and 4.17:

o pli_z8

e dll_90

e counter_11bit_updown
e adder_22bit_1pipe

o adder_22bit_Ipipe

o clkctrl

All the other components require a custom HDL descriptions. The HDL descriptions of all the custom components

are listed below (using VHDL as hardware description language).

-- BRIEF DESCRIPTION: flipflop type D

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity d_flipflop is

port

(
clk : in  std_logic;
enable : in std_logic;
clear_n : in std_logic; -- synchronous clear, active low
reset_n : in std_logic; -- asynchronous reset, active low
din : in std_logic;
dout : out std_logic

) g

end d_flipflop;
architecture behavior of d_flipflop is
begin

—= Main ProCesSsS ~— =~~~ -~~~ - T - oo oo ——————— -
dff_process: process (clk, clear_n, reset_n, enable)

begin
if (reset_n = ’0’) then
dout <= ’0°’;
else
if (rising_edge(clk)) then
if (clear_n = ’0’) then
dout <= ’0’;
elsif (enable = ’1’) then
dout <= din;
end if;
end if;
end if;

end process dff_process; -——-------------------—----———————————————

end behavior;

-- BRIEF DESCRIPTION: flipflop type D

library ieee;
use ieee.std_logic_1164.all;
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use ieee.numeric_std.all;

entity dff_negedge is

port

(
clk : in
enable : in
clear_n : in
reset_n : in
din : in
dout : ou

) g

end dff_negedge;

architecture behavior of dff_negedge is

begin

-- main process

t

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic

-- synchronous clear, active low
-- asynchronous reset, active low

dff_process: process (clk, clear_n,
begin
if (reset_n = ’0’) then
dout <= ’0°’;
else
if (falling_edge(clk)) then
if (clear_n = ’0’) then
dout <= ’0’;
elsif (enable = ’1’) then
dout <= din;
end if;
end if;
end if;

end process dff_process;

end behavior;

-- BRIEF DESCRIPTION:

reset_n,

flip flop type T (toggle)

-- the output toggles at each clock cycle

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity t_flipflop is

port

(
clk
enable
clear_n
reset_n
din
dout

) 8

end t_flipflop;

in
in
in
in
in
ou

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

t std_logic

H

H

H

enable)

-- synchronous clear, active low
-- asynchronous reset, active low

:= 20

architecture behavior of t_flipflop is

signal dummy_out: std_logic

begin

-- main process

H

tff_process: process (clk, clear_n,
begin
if (reset_n = ’0’) then
dummy_out <= ’0’;
else
if (rising_edge(clk)) then
if (clear_n = ’0’) then
dummy_out <= ’0’;
elsif (enable = ’1’) then

if (din = ’0’) then
dummy_out <= dummy_out;

reset_n,

enable)
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elsif (din = ’1°) then
dummy_out <= not dummy_out;
end if;
end if;
end if;
end if;

end process tff_process; ----------------------—----

dout <= dummy_out;

end behavior;

-- BRIEF DESCRIPTION: set-reset flipflop
library ieee;

use ieee.std_logic_1164.all;

use ieee.numeric_std.all;

entity sr_flipflop is

port

(
clk : in std_logic;
set : in std_logic;
clear_n : in std_logic;
rst_n : in std_logic;
dout : out std_logic

)

end sr_flipflop;
architecture behavior of sr_flipflop is

begin

== AL PRECAEEHE SrooCsorroorsooossornoonoooonooo=0
sr_process: process (clk, clear_n, set, rst_n)

begin
if (rst_n = ’0’) then
dout <= ’0°;
else
if (rising_edge(clk)) then
if (clear_n = ’0’) then
dout <= ’0°’;
elsif (set = ’1’) then
dout <= ’1°;
end if;
end if;
end if;

end process Sr_process; ~— - - T T T T T T T oo T T oo oo oo oo ————

end behavior;

-- BRIEF DESCRIPTION: N-bit register

library ieeel;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity reg is

generic

(
N : integer := 8

)

port

(
clk : in std_logic;
enable : in std_logic;
clear_n : in std_logic; -- synchronous clear,
reset_n : in std_logic; -- asynchronous clear,
din : in  std_logic_vector (N-1 downto 0);
dout : out std_logic_vector(N-1 downto 0)

);

active low
active low

=> 0?)
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end reg;
architecture behavior of reg is
begin

-— MAain ProCeSS ~—~—~~ -~ """ T T T T oo ———————
reg_process: process (clk, clear_n, reset_n, enable, din)

begin
if (reset_n = ’0’) then
dout <= (others => ’07);
else
if (rising_edge(clk)) then
if (clear_n = ’0’) then
dout <= (others => ’0’);
elsif (enable = ’1’) then
dout <= din;
end if;
end if;
end if;

end process reg_proCesSS; —— -~ -~~~ T - - - oo oo oo

end behavior;

-- BRIEF DESCRIPTION: N-bit register, negative-edge triggered

library dleeel;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity reg_negedge is

generic
(
N : integer := 8
) g
port
(
clk : in std_logic;
enable : in std_logic;
clear_n : in std_logic; -- synchronous clear, active low
reset_n : in std_logic; -- asynchronous clear, active low
din : in  std_logic_vector (N-1 downto 0);
dout : out std_logic_vector(N-1 downto 0) := (others => ’0’)
) g

end reg_negedge;
architecture behavior of reg_negedge is
begin

—= MAin ProOCEeSS ~—~~ -~ - T T T T -
reg_process: process (clk, clear_n, reset_n, enable, din)

begin
if (reset_n = ’0’) then
dout <= (others => ’0’);
else
if (falling_edge (clk)) then
if (clear_n = ’0’) then
dout <= (others => ’0’);
elsif (enable = ’1’) then
dout <= din;
end if;
end if;
end if;

end pProcCess reg PrOCeSS; ~—~~~ -~ -~~~ - oo oo ————— o

end behavior;

-- BRIEF DESCRIPTION: multiplexer 2-inputs 1-output N-bit
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library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity mux_2tol is

generic
(
N : integer := 1
)
port
(
din_0 in std_logic_vector ((N-1) downto 0);
din_1 in std_logic_vector ((N-1) downto 0);
sel in std_logic;
dout out std_logic_vector ((N-1) downto 0)
)

end mux_2tol;
architecture behavior of mux_2tol is
begin

-- main process
mux_output_evaluation:
begin
case sel is
when ’0° =>
dout <= din_O0;
when others =>
dout <= din_1;
end case;
end process mux_output_evaluation;

process (sel, din_O,

end behavior;

BRIEF DESCRIPTION:

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity mux_4tol is

din_1)

multiplexer 4-inputs 1l-output N-bit

generic
(
N : integer := 1
) g
port
(
din_00 in std_logic_vector ((N-1) downto 0);
din_01 in std_logic_vector ((N-1) downto 0);
din_10 in std_logic_vector ((N-1) downto 0);
din_11 in std_logic_vector ((N-1) downto 0);
sel in std_logic_vector (1 downto 0);
dout out std_logic_vector ((N-1) downto 0)
) g
end mux_4tol;
architecture behavior of mux_4tol is
begin
—— MAain ProCesSS ~—~—~~ -~ """ T T T T -
output_evaluation: process (sel, din_00, din_01, din_10, din_11)
begin
case sel is
when "00" =>
dout <= din_00;
when "O01" =>
dout <= din_O01;
when "10" =>
dout <= din_10;
when others =>
dout <= din_11;

end case;
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end process output_evaluation;

end behavior;

BRIEF DESCRIPTION: non-inverting tristate buffer

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity tristate_buffer is

generic
(
N : integer := 8
)
port
(
enable in std_logic;
din in std_logic_vector(N-1 downto 0);
dout out std_logic_vector(N-1 downto 0)
)

end tristate_buffer;
architecture behavior of tristate_buffer is
begin

dout <= din when enable = ’1’ else (others => ’Z’);

end behavior;

BRIEF DESCRIPTION: comparation between two inputs (N bit)

-- "equal" is set if the two inputs are the same
library ieee;

use ieee.std_logic_1164.all;

use ieee.numeric_std.all;

entity comparator_Nbit is

generic

(
N : integer := 1

E

port

(
din_O in std_logic_vector ((N-1) downto 0);
din_1 in std_logic_vector ((N-1) downto 0);
equal out std_logic

)

end comparator_Nbit;
architecture behavior of comparator_Nbit is

std_logic_vector(N-1 downto 0);
std_logic_vector (N downto 0);

signal bitwise_xnor
signal intra_and

begin

for i in O to N-1 generate
<= din_0(i) xnor din_1(i);

gl:
bitwise_xnor (i)
end generate;

intra_and (0) <= bitwise_xnor (0);
g2: for j in 1 to N generate
intra_and(j) <= intra_and(j-1) and bitwise_xnor(j-1);
end generate;
intra_and (N);

equal <=

end behavior;
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-- BRIEF DESCRIPTION: synchronous counter N bit
-- it can count up to (2°N)-1
-- it is implemented as a chain of T flipflops

library ieeel;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity counter_Nbit is

generic

(
N : integer := 4

);

port

(
clk : in std_logic;
enable : in std_logic;
clear_n : in std_logic;
reset_n : in std_logic;
dout : out std_logic_vector (N-1 downto 0)

E

end counter_Nbit;

architecture rtl of counter_Nbit is

-- COMPONENT: flip flop type T ——-=---—--—---—--—— - m oo o m—————————— - -

end compoment; ————— - - - ——

mm SIGNALS ——mmmmm oo oo oo

component t_flipflop is
port
(
clk : in  std_logic;
enable : in  std_logic;
clear_n : in std_logic; -- synchronous clear,
reset_n : in  std_logic; -- asynchronous reset,
din : in std_logic;
dout : out std_logic := 0’
)
signal tff_in std_logic_vector(N-1 downto 0);
signal tff_out : std_logic_vector (N-1 downto 0);
begin

tff_in (0) <= enable;

-- first flip flop of the chain --------------------------------—-"—-"—"—"—"—-"—-"—-~—-~—-~—-~—-~—-~—~—~—~—————————————

entry_tff: t_flipflop

port map

(
clk => clk,
enable => 17,
clear_n => clear_n,
reset_n = reset_n,
din => tff_in (0),
dout => tff_out (0)

-- chain generation ----------------------—-—-—————- - - - ————————

gl: for i in 1 to N-1 generate
tff_in(i) <= tff_in(i-1) and tff_out(i-1);
chain_tff: t_flipflop

end generate;

port map
(
clk => clk,
enable => 1’
clear_n => clear_n,
reset_n = reset_n,
din => tff_in (i),
dout => tff_out (i)
DE;

dout <= tff_out;

active low
active low
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end rtl;

BRIEF DESCRIPTION:

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity timer_14bit is

port

(
clk in std_logic;
enable in std_logic;
clear_n in std_logic;
tim_3 out std_logic;
tim_7 out std_logic;
tim_21 out std_logic;
tim_1000 out std_logic;
tim_15000 out std_logic

) g

end timer_14bit;

architecture rtl of timer_14bit is

14-bit timer with alert on 3,

7o 204

1000 and 15000

—-- COMPONENT: counter N-bit

component counter_Nbit is

generic

(
N : integer := 4

)

port

(
clk in std_logic;
enable in std_logic;
clear_n in std_logic;
reset_n in std_logic;
dout out

)8

end component ;

signal cnt_out:

std_logic_vector (N-1 downto 0)

std_logic_vector (13 downto 0);

(cnt_out (1))

(not cnt_out (4))
(not cnt_out (7))
(not cnt_out (10))
(not cnt_out (13))

begin
-- counter 14-bit
cnt: counter_Nbit
generic map
(
N => 14
)
port map
(
clk => clk,
enable => enable,
clear_n => clear_n,
reset_n => 1’
dout => cnt_out
);
-- alert on dout = 3
tim_3 <= (cnt_out (0))
(not cnt_out (3))
(not cnt_out (6))
(not cnt_out (9))
(not cnt_out (12))
-- alert on dout = 7
tim_7 <= (cnt_out (0))

(not cnt_out (3))
(not cnt_out(6))
(not cnt_out(9))
(not cnt_out (12))

(cnt_out (1))

(not cnt_out (4))
(not cnt_out (7))
(not cnt_out (10))
(not cnt_out (13));

(not cnt_out(2)) and
(not cnt_out(5)) and
(not cnt_out(8)) and
(not cnt_out (11)) and
(cnt_out (2)) and
(not cnt_out(5)) and
(not cnt_out(8)) and
(not cnt_out(11)) and
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-- alert on dout = 20 ——------- - - - oo oo — -

tim_21 <=

oo RILEEE EE CeEE 8 1000 ccocoocooorooroorooooooocoorooootoooooororooConoCoCoRooO0ooRC00Oo00

tim_1000 <=

-- alert on dout = 15000 --=---—---------- - - -

tim_15000 <=

end rtl;

-- BRIEF DESCRIPTION:

(cnt_out (0)) and
(not cnt_out(3)) and
(not cnt_out(6)) and
(not cnt_out(9)) and
(not cnt_out (12)) and

(not cnt_out(0)) and

(cnt_out (3)) and
(cnt_out (6)) and
(cnt_out (9)) and

(not cnt_out (12)) and

(not cnt_out(0)) and

(cnt_out (3)) and
(not cnt_out(8)) and
(cnt_out (9)) and
(cnt_out (12)) and

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;
entity fulladder is
port
(
a : in  std_logic;
b : in  std_logic;
cin : in std_logic;
sum : out std_logic;
cout : out std_logic
)

end fulladder;

architecture behavior of fulladder is

-- COMPONENT:

half adder

component halfadder is

port
(

o wn o e

)8

end component;

in std_logic;
in std_logic;
out std_logic;
out std_logic

(not cnt_out (1))
(cnt_out (4))

(not cnt_out (7))
(not cnt_out (10))
(not cnt_out (13));

(not cnt_out (1))
(not cnt_out (4))
(cnt_out (7))

(not cnt_out (10))
(not cnt_out (13));

(not cnt_out (1))
(cnt_out (4))
(cnt_out (7))

(not cnt_out (10))
(cnt_out (13));

(cnt_out (2))

(not cnt_out (5))
(not cnt_out (8))
(not cnt_out(11))

(not cnt_out (2))
(cnt_out (5))
(cnt_out (8))
(not cnt_out (11))

(not cnt_out (2))
(not cnt_out (5))
(not cnt_out (8))
(cnt_out (11))

full adder (combination of 2 half adders)

-- signals —----- - - - - T T T T T T oo

signal hal_sum

signal hal_cout
signal ha2_cout

std_logic;
std_logic;
std_logic;

begin

hal_inst:
port map
(

=> a,
b,

halfadder

=> hal_sum,
=> hal_cout

o n T e
|
A\
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ha2_inst: halfadder
port map

a => hal_sum,
b => cin,
s => sum,
c => ha2_cout

cout <= hal_cout or ha2_cout;

end behavior;

-- BRIEF DESCRIPTION: half adder

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity halfadder is

port

(
a in std_logic;
b in std_logic;
s out std_logic;
c out std_logic

) g

end halfadder;
architecture behavior of halfadder
begin

<= a XOR b;
c <= a AND b;

end behavior;

-- BRIEF DESCRIPTION: voter for DDR to SDR converter

-- COMMENTS:

is

-- it implements a majority decision among 8 different 1-bit inputs
-- it evaluates the sum of all the input bits and verifies if it is greater than 4
-- several pipeline layers are employed in order to make it possible to work with a 400 MHz clock

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity voter is

port

(
clk : in std_logic;
clear_n : in std_logic;
enable : in std_logic;
dil : in std_logic;
d2 : in std_logic;
d3 : in std_logic;
d4 : in  std_logic;
d5 : in  std_logic;
dé : in  std_logic;
a7 : in  std_logic;
d8 : in std_logic;
gt : out std_logic;
eq4d : out std_logic

)

end voter;

architecture behavior of voter is
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-- COMPONENT: half adder
component halfadder is

port

(
a in std_logic;
b in std_logic;
s out std_logic;
c out std_logic

) 8

end COMpOment; ———————— - oo -

-- COMPONENT: full adder
component fulladder is

port

(
a : in  std_logic;
b : in  std_logic;
cin : in std_logic;
sum : out std_logic;
cout : out std_logic

) 8

@NE CEIPENEHTE§ —=-—csssssssss s e s e e S e S S e S e S e S S S e S e S eSS e eSS e S S S S S S S ss s s e

-- COMPONENT: register

component reg is

generic
(
N : integer := 8
)
port
(
clk : in std_logic;
enable : in std_logic;
clear_n : in std_logic; -- synchronous clear,
reset_n : in  std_logic; -- asynchronous clear,
din : in  std_logic_vector (N-1 downto 0);
dout : out std_logic_vector(N-1 downto 0) :=
)

end COMPOMENt § —— === === == == — oo — oo ————__—-—-—__=-

mm SIGNALS ——mmm oo o oo o oo -

signal fa0OO_c
signal faOO_s
signal faOl_c
signal faOl_s
signal haO2_c
signal haO2_s
signal fawO_c
signal fawO_s
signal fawl_c
signal fawl_s
signal hawl_c
signal hawl_s
signal haw2_c
signal haw2_s
signal piperegl_in
signal piperegl_out
signal pipereg2_in
signal pipereg2_out
signal pipereg3_in
signal pipereg3_out
signal piperegé4_in
signal pipereg4_out
signal piperegb_in
signal piperegb_out
signal gté4_prepipe
signal eq4_prepipe

-- first pipeline

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic_vector (7
std_logic_vector (7
std_logic_vector (5
std_logic_vector (5
std_logic_vector (3
std_logic_vector (3
std_logic_vector (3
std_logic_vector (3
std_logic_vector (1
std_logic_vector (1
std_logic;
std_logic;

downto
downto
downto
downto
downto
downto
downto
downto
downto
downto

0);
0);
0);
0);
0);
0);
0);
0);
0);
0);

piperegl_in(7) <=

piperegl_in(6) <=
piperegl_in(5) <=
piperegl_in(4) <=

active low
active low

(others =>
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piperegl_in(3)
piperegl_in (2)
piperegl_in (1)
piperegl_in (0)
piperegl: reg
generic map
(
N => 8
)
port map
(
clk =>
enable =
clear_n =>
reset_n =
din =

fa00: fulladder
port map

a => pipe
b => pipe
cin => pipe
sum => fal00
cout => fa00

fa0l: fulladder
port map

a => pipe

b => pipe

cin => pipe

sum => faO1l

cout => falO1l
);

ha02: halfadder
port map
(

=> piperegl
piperegil
=> ha0O2_s,
=> ha02_c

O n o e
I
v

);

-- second pipel

<= d4;
<= d3;
<= d2;
<= di;

clk,

enable,
clear_n,
71),
piperegl_in,
piperegl_out

regl_out (0),
regl_out (1),
regl_out (2),

-5,

-C

regl_out (3),
regl_out (4),
regl_out (5),

-5,

-C

_out (6),
_out (7),

ine layer -----------------

pipereg2_in(5) <= haO2_s;
pipereg2_in(4) <= haO2_c;
pipereg2_in(3) <= faOl_s;
pipereg2_in(2) <= faOl_c;
pipereg2_in (1) <= faOO_s;
pipereg2_in(0) <= fa0O_c;
pipereg2: reg
generic map
(
N => 6
)
port map
(
clk => clk,
enable => enable,
clear_n => clear_n,
reset_n => 21,
din => pipereg2_in,
dout => pipereg2_out
fawO: fulladder
port map
(
a => pipereg2_out (1),
b => pipereg2_out (3),
cin => pipereg2_out (5),
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sum => fawO
cout => fawO
);
fawl: fulladder
port map
(
a => pipe
b => pipe
cin => pipe
sum => fawl
cout => fawl
);

-- third pipeli
pipereg3_in(3)
pipereg3_in(2)
pipereg3_in (1)
pipereg3_in (0)
pipereg3: reg
generic map
(
N =>4
)
port map
(
clk =>
enable =>
clear_n =
reset_n =>
din =>
dout =>

hawl: halfadder
port map
(

a => pipereg3
pipereg3
hawl_s,
hawl_c

o un o
I |
vV V Vv

) g

haw2: halfadder
port map
(
a => hawl_c,
=> pipereg3
haw2_s,
haw2_c

o un o
oo
vV V Vv

)8

-- fourth pipel
pipereg4_in (3)
pipereg4_in(2)
pipereg4_in (1)
pipereg4_in (0)
piperegé4: reg
generic map

(
N => 4

)

port map

(
clk =>
enable =>
clear_n =>
reset_n =>
din =>
dout =>

gt4_prepipe <=
eq4_prepipe <=
pipereg4_in(3))

-5,
_c

reg2_out (0),
reg2_out (2),
reg2_out (4),
-8,
c

ne layer ------------------

<= fawl_c;
<= fawl_s;
<= fawO_c;
<= fawO_s;

clk,
enable,
clear_n,
)11’

pipereg3_in,
pipereg3_out

_out (1),
_out (2),

_out (3),

ine layer -----------------

<= haw2_c;
<= haw2_s;
<= hawl_s;

<= pipereg3_in (0);

clk,
enable,
clear_mn,
71)’

pipereg4_in,
piperegé4_out

((pipereg4_out (0)

or pipereg4_in(1)) and piperegé4_in(2)) or pipereg4_in(3);
pip g pip g pip g

(not pipereg4_out (0)) and (not pipereg4_in (1)) and pipereg4_in(2) and (not

3
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-- fifth pipeline layer

piperegb_in (1)
piperegh_in (0)
piperegb: reg
generic map

(
N => 2

)

port map

(
clk =>
enable =>
clear_n =>
reset_n =
din =
dout =>

<= gt4_prepipe;
<= eq4_prepipe;

clk,
enable,
clear_n,
)11’

piperegb5_in,
piperegb_out

gt4 <= pipereg5_out (1);
eqd4 <= piperegb_out (0);

end behavior;

-- BRIEF DESCRIPTION:

-- COMMENTS:

8-bit DDR (msb-first) to 16-bit SDR converter

-- rwds_in and DDR_in are DDR with respect to a 50 MHz clock
-- the converter works with a 400 MHz clock

-- rwds_in and DDR_in are sampled on both positive and negative edges of the 400 MHz clock
-- 8 samples per clock level are collected with respect to the 50 MHz clock

-- 5 samples out of 8 are always correct

-- the detection of a variation of rwds_in is based on a majority voting

-- the converter detects the variation of rwds_in

-- the converter provides at its output an SDR version of the input data
-- the converter provides also a version of rwds shifted of 2.5 ns with respect to the SDR data
-- deactivate the enable signal causes the loss of all the previously acquired samples

library dleeel;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity DDR_to_SDR_converter_EU is

port
(

-- clock and clear

clk_x8
clear_n

-- I0 signals
rwds_in
rwds_out
DDR_in
SDR_out

in std_logic;
in std_logic;

in std_logic;
out std_logic;
in std_logic_vector (7 downto 0);
out std_logic_vector (15 downto 0);

-- control signals

system_clear_n
rwdsgen_toggle
msb_enable
lsb_enable

-- status signals
clr_n

transition

)

in std_logic;
in std_logic;
in std_logic;
in std_logic;

out std_logic;

out std_logic

end DDR_to_SDR_converter_EU;

architecture rtl of DDR_to_SDR_converter_EU is

-- COMPONENT: positive-edge triggered type-D flip flop

component d_flipflop is

port

(
clk : in
enable : in
clear_n : in
reset_n ¢ in
din : in
dout ¢ out

std_logic;
std_logic;

std_logic; =
std_logic; ==

std_logic;
std_logic

synchronous clear,
asynchronous reset,

active low
active low

o1



CHAPTER 7.

VHDL DESCRIPTION

DE;

end COMPOMENt ; ————————— = ———— o -

-- COMPONENT: negative-edge triggered type-D flip flop

component dff_negedge is

H

port

(
clk : in  std_logic;
enable : in  std_logic;
clear_n : in  std_logic;
reset_n : in std_logic;
din : in  std_logic;
dout : out std_logic

)

-- synchronous clear,
-- asynchronous reset,

active low
active low

@E CENPENEHTE§ —--—essssssses s e s e e T e S e S e S e S e S e S e e T S e S e S S S S S S S S s S s S e s S es S ssesoes

-- COMPONENT: positive-edge
component reg is

clear,
0);
0) :=

generic
(
N : integer := 8
)
port
(
clk : in std_logic;
enable : in std_logic;
clear_n : in std_logic; -- synchronous clear,
reset_n : in  std_logic; -- asynchronous
din : in  std_logic_vector (N-1 downto
dout : out std_logic_vector (N-1 downto
)5

active low
active low

(others => ’0’)

end COMPOMENt § —— === === === —m o — oo — o — e — e — o - —-—_-—__

-- COMPONENT: flipflop type-T (toggle)

component t_flipflop is

H

H

port

(
clk : in  std_logic;
enable : in  std_logic;
clear_n : in  std_logic;
reset_n : in std_logic;
din : in  std_logic;
dout : out std_logic

)

-- synchronous clear,
-- asynchronous reset,

active low
active low

@6l CEHPENEHTE§ —o-—esessssses s e s e e S e S e T S e S S S e S e S e S e S e S e S S S S S S S S s S e S eSS eSS oe

== COMPONENT : VOter —————— - - - - - m e m o -

component voter is

H

H

H

H

port

(
clk : in  std_logic;
clear_n : in  std_logic;
enable : in  std_logic;
d1 : in  std_logic;
d2 : in  std_logic;
d3 : in  std_logic;
d4 : in std_logic;
ds : in  std_logic;
dé : in  std_logic;
a7 : in  std_logic;
ds : in  std_logic;
gt : out std_logic;
eq4 : out std_logic

)

end COMPOMeNt ; ———————— - mm o

m = SIGNALS === === = m o= m e e

signal pdffl_out
signal pdff2_out
signal pdff3_out
signal pdff4_out
signal ndffl_out
signal ndff2_out
signal ndff3_out
signal ndff4_out
signal pdffl_out_pipe

std_logic

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

H

s

H

H

H

)
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downto
downto

downto
downto

downto
downto
downto
downto
downto
downto
downto

0);
0);

0);
0);

0);
0);
0);
0);
0);
0);
0);

signal pdff2_out_pipe std_logic;
signal pdff3_out_pipe std_logic;
signal pdff4_out_pipe std_logic;
signal ndffl_out_pipe std_logic;
signal ndff2_out_pipe std_logic;
signal ndff3_out_pipe std_logic;
signal ndff4_out_pipe std_logic;
signal regpl_out std_logic_vector (7
signal regp2_out std_logic_vector (7
signal tracker_tgl std_logic;
signal tracker_out std_logic;
signal gt4 std_logic;
signal eq4 std_logic;
signal msb_out std_logic_vector (7
signal 1lsb_out std_logic_vector (7
signal rwdsgen_out std_logic;
signal piperegl_out std_logic_vector (7
signal pipereg2_out std_logic_vector (7
signal pipereg3_out std_logic_vector (7
signal piperegé4_out std_logic_vector (7
signal piperegb_out std_logic_vector (7
signal pipereg6_out std_logic_vector (7
signal pipereg7_out std_logic_vector (7
signal rwdsgen_toggle_pipe std_logic;
begin
clr_n <= clear_n;
-- posedge dff chain, 4th position
pdff4 d_flipflop
port map
(
clk => clk_x8,
enable => 21,
clear_n => system_clear_n,
reset_n => 21’
din => rwds_in,
dout => pdff4_out
)
pdff4_pipe d_flipflop
port map
(
clk => clk_x8,
enable => 21,
clear_n => system_clear_mn,
reset_n => 21’
din => pdff4_out,
dout => pdff4_out_pipe
-- posedge dff chain, 3th position
pdff3 d_flipflop
port map
(
clk => clk_x8,
enable => 1’
clear_n => system_clear_mn,
reset_n => ’1’,
din => pdff4_out,
dout => pdff3_out
)
pdff3_pipe d_flipflop
port map
(
clk => clk_x8,
enable => 21,
clear_n => system_clear_mn,
reset_n => 21,
din => pdff3_out,
dout => pdff3_out_pipe
-- posedge dff chain, 2th position
pdff2 d_flipflop
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port map

(
clk
enable
clear_n
reset_n
din
dout

);

pdff2_pipe

port map

(
clk
enable
clear_n
reset_n
din
dout

-- posedge dff chain,

=> clk_x8,
=> 71)’

=> system_clear_n,

=> 71)’
=> pdff3_out,
=> pdff2_out

d_flipflop

=> clk_x8,
=> )11’

=> system_clear_mn,

=> )1J’
=> pdff2_out,

=> pdff2_out_pipe

pdffl : d_flipflop

port map

(
clk
enable
clear_n
reset_n
din
dout

);

pdffl_pipe

port map

(
clk
enable
clear_n
reset_n
din
dout

-- negedge dff chain,

=> clk_x8,
=> )17,

=> system_clear_mn,

=> )11,
=> pdff2_out,
=> pdffl_out

d_flipflop

=> clk_x8,
=> 71)’

=> system_clear_n,

=> 71)’
=> pdffl_out,

=> pdffl_out_pipe

ndff4 : dff_negedge

port map

(
clk
enable
clear_n
reset_n
din
dout

) 8

ndff4_pipe

port map

(
clk
enable
clear_n
reset_n
din
dout

-- negedge dff chain,

=> clk_x8,
=> )1)’

= system_clear_mn,

= ;1)’
=> rwds_in,
=> ndff4_out

dff_negedge

=> clk_x8,

= 10,

=> system_clear_mn,

=> )1},
=> ndff4_out,

=> ndff4_out_pipe

ndff3 : dff_negedge

port map

(
clk
enable
clear_n
reset_n
din
dout

);

ndff3_pipe

=> clk_x8,

= L

= system_clear_mn,

= )1},
=> ndff4_out,
=> ndff3_out

dff_negedge

4th position

3th position

o4
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port map
(
clk => clk_x8,
enable => 21,
clear_n => system_clear_n,
reset_n = 712,
din => ndff3_out,
dout => ndff3_out_pipe

-- negedge dff chain, 2th position -------------------"-"-"-"-"-"-—-—-—————— -

ndff2 : dff_negedge

-- negedge dff chain, 1th position ----------------"-"-"-"-"-"-"-"-—-"—"——-"—"—"—-~—-"——-~—-"—"—~—~—~"—~—~—~"—~—~———————————————

port map
(
clk => clk_x8,
enable = Do
clear_n => system_clear_n,
reset_n => 21,
din => ndff3_out,
dout => ndff2_out
) 8
ndff2_pipe dff_negedge
port map
(
clk => clk_x8,
enable => 1’
clear_n => system_clear_mn,
reset_n => 1,
din => ndff2_out,
dout => ndff2_out_pipe
ndffl : dff_negedge
port map
(
clk => clk_x8,
enable => 21’
clear_n => system_clear_mn,
reset_n => 1,
din => ndff2_out,
dout => ndffl_out
)
ndffl_pipe dff_negedge
port map
(
clk => clk_x8,
enable => 21’
clear_n = system_clear_mn,
reset_n = oo
din => ndffil_out,
dout => ndffl_out_pipe

—= Voter ———- - - - oo oo oo oo e — — — —  —  — — — — — — ——— - ————

voter_inst: voter

port map

(
clk => clk_x8,
clear_n => system_clear_mn,
enable => 21,
d1l => ndff4_out_pipe,
d2 => pdff4_out_pipe,
d3 => ndff3_out_pipe,
d4 => pdff3_out_pipe,
d5 => ndff2_out_pipe,
dé => pdff2_out_pipe,
a7 => ndffl_out_pipe,
ds => pdffl_out_pipe,
gtéd => gt4,
eq4 => eq4

tracker_tgl <= (gt4 xor tracker_out) and (not

o= PEBTLE BRACKAR So oo oo oo oo oo oo oo oo C OO s O DO O oo oD oo oo DO COC Do oD CoooDoCOCoo oo oo oD Do

%)
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tracker: t_flipflop

port map
(
clk => clk_x8,
enable => 1’
clear_n => system_clear_n,
reset_n = Do g
din => tracker_tgl,
dout => tracker_out
-- data register chain - register 1 --------------
regpl: reg
generic map
(
N => 8
)
port map
(
clk => clk_x8,
enable = Do g
clear_n => system_clear_n,
reset_n = Do
din => DDR_in,
dout => regpl_out
-- data register chain - register 2 --------------
regp2: reg
generic map
(
N => 8
)
port map
(
clk => clk_x8,
enable = Do g
clear_n => system_clear_n,
reset_n => 17,
din => regpl_out,
dout => regp2_out

-- data register chain

piperegl: reg
generic map

(

N => 8

)

port map

(
clk =>
enable =>
clear_n =>
reset_n =
din =
dout =>

-- data register chain

pipereg2: reg
generic map

(

N => 8

)

port map

(
clk =>
enable =
clear_n =>
reset_n =
din =
dout =>

-- data register chain

clk_x8,

)11’
system_clear_mn,
)11’

regp2_out,
piperegl_out

clk_x8,

)11’
system_clear_mn,
)11’
piperegl_out,
pipereg2_out

- pipeline register 1

- pipeline register 2

- pipeline register 3
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pipereg3: reg
generic map

(

N => 8

)

port map

(
clk =>
enable =
clear_n =
reset_n =>
din =>
dout =>

-- data register chain

pipereg4: reg
generic map

(

N => 8

)

port map

(
clk =>
enable =>
clear_n =>
reset_n =
din =>
dout =>

-- data register chain

piperegb: reg
generic map

(

N => 8

)

port map

(
clk =>
enable =
clear_n =>
reset_n =
din =
dout =>

-- data register chain

pipereg6: reg
generic map

(

N => 8
)
port map
(
clk => clk_x8,
enable = oo
clear_n = system_clear_mn,
reset_n => 21,
din => piperegb_out,
dout => pipereg6_out
-- data register chain - pipeline register 7
pipereg7: reg
generic map
(
N => 8
)
port map
(
clk => clk_x8,
enable => 21,
clear_n => system_clear_n,
reset_n = 71,
din => pipereg6_out,

clk_x8,

)11’
system_clear_n,
71)’
pipereg2_out,
pipereg3_out

clk_x8,
)1)’
system_clear_mn,
71)

3
pipereg3_out,
piperegé4_out

clk_x8,
)1),
system_clear_mn,
71)

s
piperegé4_out,
piperegb_out

- pipeline register 4

- pipeline register 5

- pipeline register 6

o7
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-- msb register ------------- oo oo -
msb: reg
generic map

(
N => 8
)
port map
(
clk => clk_x8,
enable => msb_enable,
clear_n = system_clear_mn,
reset_n = 949
din => pipereg7_out,
dout => msb_out
I e et e e e e R e e
S L o) Y 3 LB G R e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o o o D o DS S O
1sb: reg
generic map
(
N => 8
)
port map
(
clk => clk_x8,
enable => 1sb_enable,
clear_n = system_clear_mn,
reset_n => 21,
din => pipereg7_out,
dout => 1lsb_out
I e R e e e e e e e R e e Rt

SDR_out (15 downto 8) <= msb_out;
SDR_out (7 downto 0) <= 1lsb_out;
transition <= tracker_tgl;

-- rwds generation pipelining -------------- - - - oo
rwdsgen_pipe: d_flipflop
port map
(
clk => clk_x8,
enable => 21’2,
clear_n => system_clear_mn,
reset_n = Do
din => rwdsgen_toggle,
dout => rwdsgen_toggle_pipe
) S S S e e e e e e e e e e e S I
== EhIRBE="FTEE ERIORAGBER o e e e e e e e o o o e . o o e o . O e e o o O e . o OO C oo ECCCoEooCoooooo
rwdsgen: t_flipflop
port map
(
clk => clk_x8,
enable = oo
clear_n = system_clear_mn,
reset_n => 21,
din => rwdsgen_toggle_pipe,
dout => rwdsgen_out
I e e e i R et e e e e

rwds_out <= not rwdsgen_out;

end rtl;

-- BRIEF DESCRIPTION: DDR_to_SDR_converter control unit

-- COMMENTS:

-- use it together with DDR_to_SDR_converter_EU.vhd to create DDR_to_SDR_converter.vhd
-- the output (control signals) generation is registered to improve the performace

library ieee;
use ieee.std_logic_1164.all;
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use ieee.numeric_std.all;

entity DDR_to_SDR_converter_CU is

port
(
-- clock, reset and clear
clk_x8 g alm std_logic;
clr_n : in std_logic;
-- status signals
transition : in std_logic;
-- control signals
system_clear_n : out std_logic;
rwdsgen_toggle : out std_logic;
msb_enable : out std_logic;
lsb_enable : out std_logic
) 8

end entity DDR_to_SDR_converter_CU;

architecture fsm of DDR_to_SDR_converter_CU

is

-- states definition ------------ - - - - - - - - - - -----—-—---—-—-"—-"—~"—~"—~—~—~—~—~—~—~—" (- ———————

type state is

(
reset ,
reset_wait,
idle,
idle_intra,
msb_tx,
1sb_tx

o= GREGEE GCRRLARABILEN S ooooooooCootoooooo oo COCDOOOoCoOCOoOCCoOoOCo0

signal present_state : state;
signal next_state : state;

-- unregistered control signals --------------------—-—-—-———————————————————————————————

signal int_system_clear_n
signal int_rwdsgen_toggle
signal int_msb_enable
signal int_lsb_enable

std_logic;
std_logic;
std_logic;
std_logic;

o= QUALNAGILeN ©fF T BNERE STEBE coo oo oo oo oo oo ooooooCoooooooCCoooooooDooSo oo

next_state_evaluation: process
(
-- sensitivity list
present_state,
transition
)
begin
case present_state is

when reset =>
next_state <= reset_wait;

when reset_wait | idle | 1sb_tx =>
if (transition = ’1’) then
next_state <= msb_tx;
else
next_state <= idle;
end if;

when msb_tx =>
next_state <= idle_intra;

when idle_intra =>
if (transition = ’1’) then
next_state <= 1lsb_tx;
else
next_state <= idle_intra;
end if;

when others =>
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next_state <= reset;

end case;

end process next_state_evaluation; ----------------------——-—-"—-"-—-———~—-—-—-—————-—-—-——————

-- state tramnsition -----
state_transition: process

(clk_x8, clr_mn)

begin
if (rising_edge(clk_x8)) then
if (clr_n = ’0’) then
present_state <= reset;
else
present_state <= next_state;
end if;
end if;

end process state_tramsition; ------------------- -

-- control signals definition ----------------------------—-————————————————————————
control_signals_definition: process (present_state)

begin
o= CEHaRlE VaLEEE ccoooooosoooooooooooooooooooo
int_system_clear_n <= 1’
int_rwdsgen_toggle <= ’0’;
int_msb_enable <= ’07;
int_lsb_enable <= ’0’;
case present_state is
when reset =>
int_system_clear_n <= ’07;
when reset_wait =>
when idle | idle_intra =>
when msb_tx =>
int_msb_enable <= ’1°
int_rwdsgen_toggle <= ’1°
when 1lsb_tx =>
int_lsb_enable <= 17
int_rwdsgen_toggle <= ’1°

end case;

end process control_signals_definition; -----------------"--"—"—--"—"—-—-~—"——-~—~——-~—~—~—-~—~——-~—~——~———

-- control signals pipelining --------------"—"—"-"-"—"“—"-"-"——"—"—-"——"—"—~——"—"—~—~——————————————————
control_pipe: process (clk_x8)

begin
if (rising_edge (clk_x8)
system_clear_n <=
rwdsgen_toggle <=
msb_enable <=
lsb_enable <=
end if;

end process control_pipe;

end architecture fsm;

) then
int_system_clear_n;
int_rwdsgen_toggle;
int_msb_enable;
int_lsb_enable;

BRIEF DESCRIPTION: 8-bit DDR (msb-first) to 16-bit SDR converter

COMMENTS :

rwds_in and DDR_in are DDR with respect to a 50 MHz clock
the converter works with a 400 MHz clock
rwds_in and DDR_in are sampled on both positive and negative edges of the 400 MHz clock

8 samples per clock level

are collected with respect to the 50 MHz clock

5 samples out of 8 are always correct
the detection of a variation of rwds_in is based on a majority voting
the converter detects the variation of rwds_in

the converter provides at

its output an SDR version of the input data

the converter provides also a version of rwds shifted of 2.5 ns with respect to the SDR data
deactivate the enable signal causes the loss of all the previously acquired samples

library ieee;
ieee.std_logic_1164.all;

use
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use

ieee.numeric_std.all;

entity DDR_to_SDR_converter is

port
(
-- clock, reset and clear
clk_x8 g alm std_logic;
clear_n : in std_logic;
-- I0 signals
rwds_in in std_logic;
rwds_out out std_logic;
DDR_in in std_logic_vector (7 downto 0);
SDR_out out std_logic_vector (15 downto 0)

) g

end DDR_to_SDR_converter;

architecture rtl of DDR_to_SDR_converter is

COMPONENT: execution unit

component DDR_to_SDR_converter_EU is

po
(

) 8

end component;

rt

-- clock, reset and
clk_x8

clear_n

-- I0 signals
rwds_in

rwds_out

DDR_in

SDR_out

-- control signals
system_clear_n
rwdsgen_toggle
msb_enable
lsb_enable

-- status signals
clr_n

transition

COMPONENT: control unit

clear

in std_logic;

in std_logic;

in std_logic;

out std_logic;

in std_logic_vector (7 downto 0);
out std_logic_vector (15 downto 0);
in std_logic;

in std_logic;

in std_logic;

in std_logic;

out std_logic;

out std_logic

component DDR_to_SDR_converter_CU is

po
(

)

end component ;

si
si
si
si
si
si

rt

-- clock, reset and clear

clk_x8

clr_n

-- status signals
transition

-- control signals
system_clear_n
rwdsgen_toggle
msb_enable
1sb_enable

in
in
in
out
out

out
out

std_logic;
std_logic;

std_logic;

std_logic;
std_logic;
std_logic;
std_logic

S TGN ALS === = = = = o -

gnal system_clear_n
gnal rwdsgen_toggle
gnal msb_enable
gnal 1lsb_enable
gnal clr_n

gnal transition

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

-- EU instance -----------------“—---------- - —————— -
EU: DDR_to_SDR_converter_EU

port map
(
clk_x8
clear_n
rwds_in

=> clk_x8,
=> clear_n,
=> rwds_in,

61



CHAPTER 7. VHDL DESCRIPTION

CU:

rwds_out
DDR_in

SDR_out
system_clear_n
rwdsgen_toggle
msb_enable
lsb_enable
clr_n
transition

CU instanCe ————=—-—— - - - - - - m - - -
DDR_to_SDR_converter_CU

port map

(

clk_x8

clr_n
transition
system_clear_n
rwdsgen_toggle
msb_enable
lsb_enable

-- BRIEF DESCRIPTION:

=> rwds_out,
=> DDR_in,
=> SDR_out,

=> system_clear_n,
=> rwdsgen_toggle,

=> msb_enable,
=> 1lsb_enable,
=> clr_n,

=> transition

=> clk_x8,
=> clr_mn,
=> transition,

=> system_clear_n,
=> rwdsgen_toggle,

=> msb_enable,
=> 1lsb_enable

decoder with a 2-bit input

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity decoder_2bit is

port
(
code : in std_logic_vector (1 downto 0);
dec00 : out std_logic;
decO1 : out std_logic;
decl10 : out std_logic;
deci1 : out std_logic
) §

end decoder_2bit;

architecture behavior of decoder_2bit is

begin

-- main process

output_evaluation:

begin
case code is

when "00" =>
dec00 <= ’1’;
decO01 <= ’07;
decl10 <= ’07;
decll <= ’0°’;

when "O01" =>
dec00 <= ’0’;
decO01 <= ’17;
decl1l0 <= ’0’;
decll <= ’07;

when "10" =>
dec00 <= ’07;
dec01 <= ’0’;
decl0 <= ’1°;
decll <= ’0°;

when others =>
dec00 <= ’07;
decO01 <= ’0’;
decl10 <= ’07;
decll <= ’1’;

end case;
end process

output_evaluation;

process (code)

(i.e. 4 decoded outputs)



CHAPTER 7. VHDL DESCRIPTION

end behavior;

-- BRIEF DESCRIPTION: synchronizer execution unit
-- COMMENTS:
-- use it together with synchronizer_CU.vhd to create synchronizer.vhd

library ieeel;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity synchronizer_ EU is

port
(
-- clock and reset
clk ¢ in std_logic;
rst_n : in std_logic;
-- data signals
synch_enable : in std_logic;
synch_clear_n : in std_logic;
synch_strobe : in std_logic;
synch_validout : out std_logic;
synch_busy : out std_logic;
synch_din ¢ in std_logic_vector (15 downto 0);
synch_dout : out std_logic_vector (15 downto O0);
burstcount ¢ in std_logic_vector (10 downto 0);
counter_enable : in std_logic;
counter_clear_n : in std_logic;
counter_up_downN : in std_logic;
counter_out : out std_logic_vector (10 downto 0);
-- control signals
system_clear_n ¢ in std_logic;
system_enable : in std_logic;
burstlen_enable : in std_logic;
burstlen_counter_enable : in std_logic;
outreg_enable : in std_logic;
data_counter_enable : in std_logic;
busy : in std_logic;
validout : in std_logic;
outpipe_enable : in std_logic;
outpipe_clear_n : in std_logic;
-- status signals
burst_end : out std_logic;
start_sampling : out std_logic;
enable : out std_logic;
clear_n : out std_logic

) g

end synchronizer_EU;
architecture rtl of synchronizer_EU is

-- COMPONENT: N-bit register -----------—---—--——-—————————"———~—~——~—"——~—"—~—~———— -~ —————————————————
component reg is

generic
(
N : integer := 8
D
port
(
clk : in std_logic;
enable : in std_logic;
clear_n : in std_logic; -- synchronous clear, active low
reset_n : in std_logic; -- asynchronous clear, active low
din : in  std_logic_vector (N-1 downto 0);
dout : out std_logic_vector (N-1 downto 0) := (others => ’07)
Dg

end COMPOMENt ; —————————— - — -

o= CONPONENIT 8 geE-oreset RLLAPEILER cocooooos oo oo os oo oo os oo oOoos oo Ooos o000 s o000 sCoo0oosos
component sr_flipflop is

port

(
clk : in std_logic;
set : in std_logic;
clear_n : in std_logic;
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rst_n
dout
DE;

end component ;

-- COMPONENT:

in std_logic;
out std_logic

flipflop type D

component d_flipflop is

port

(
clk
enable
clear_n
reset_n
din
dout

)8

end component;

-- COMPONENT:

component mux_

generic
(
N : integer
)
port
(
din_00
din_01
din_10
din_11
sel
dout
)

end component ;

-- COMPONENT:

in std_logic;
in std_logic;
in std_logic; oo
in std_logic; --
in std_logic;
out std_logic

synchronous clear,
asynchronous reset,

active low

active low

multiplexer 4-inputs 1-output N-bit
4tol is

=1

in std_logic_vector ((N-1) downto 0);
in std_logic_vector ((N-1) downto 0);
in std_logic_vector ((N-1) downto 0);
in std_logic_vector ((N-1) downto 0);
in std_logic_vector (1 downto 0);

out std_logic_vector ((N-1) downto 0)

comparation between two inputs (N bit)

component comparator_Nbit is

generic
(
N : integer
)
port
(
din_0O : in
din_1 ¢ in
equal out
)

end component;

-- COMPONENT :

=1

downto 0);
downto O0);

std_logic_vector ((N-1)
std_logic_vector ((N-1)
std_logic

decoder with a 2-bit input (i.e.

component decoder_2bit is

port

(
code
dec00
decO1
dec10
decll

)

end component;

-- COMPONENT:

in std_logic_vector (1 downto 0);
out std_logic;
out std_logic;
out std_logic;
out std_logic
synchronous up-counter N bit

component counter_Nbit is

generic

(
N : integer

)5

port

(
clk
enable
clear_n
reset_n
dout

)5

end component;

1= 4

in std_logic;
in std_logic;
in std_logic;
in std_logic;
out std_logic_vector (N-1 downto 0)
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-- COMPONENT: synchronous up-down counter 11 bit ---------------------------—-—-——"—"—"—"—~—~—~—~—-~—-—-—-——
component counter_11bit_updown is

port
(

clock : in  std_logic ;

cnt_en : in std_logic ;

sclr : in std_logic ;

updown : in std_logic ;

q : out std_logic_vector (10 downto 0)
)
end component; ——-- T T T T T T T oo oo oo oo -
== FGIENALY soccccsoosooccosooscoosossooooosoosoos oo oo oo oos oS oo oo oo o oSO o oSS oo
signal code_counter_out : std_logic_vector (1 downto 0);
signal decO00 : std_logic;
signal decO1 : std_logic;
signal dec10 : std_logic;
signal decll : std_logic;
signal dinOO_out : std_logic_vector (15 downto 0);
signal dinO1_out : std_logic_vector (156 downto 0);
signal dinl0_out : std_logic_vector (15 downto 0);
signal dinli_out : std_logic_vector (15 downto 0);
signal dinOO_enable : std_logic;
signal datamux_out : std_logic_vector (15 downto 0);
signal burstlen_reg_out : std_logic_vector (10 downto 0);
signal burstlen_counter_out : std_logic_vector (10 downto 0);
signal effective_burstlen_cnt_en : std_logic;
signal effective_burstlen_cnt_clear : std_logic;
signal effective_burstlen_cnt_up_downN : std_logic;
signal data_counter_out : std_logic_vector (1 downto 0);
signal outreg_out 3 std_logic_vector(lS downto 0);
begin

clear_n <= synch_clear_n;
enable <= synch_enable;
counter_out <= burstlen_counter_out;

dinOO_enable <= dec00 and system_enable;

effective_burstlen_cnt_en <= burstlen_counter_enable or counter_enable;
effective_burstlen_cnt_clear <= not( system_clear_n and counter_clear_n );
effective_burstlen_cnt_up_downN <= burstlen_counter_enable or counter_up_downN;

o= BEEE GREMBAR S oo e oo o o oo o o e oo E O o O O O D e OO O oo oo oo oo oo oo oo ooOD oo oo oo OC oo oo oo So oo

code_counter : counter_Nbit
generic map
(
N => 2
)
port map
(
clk => synch_strobe,
enable = system_enable,
clear_n => system_clear_n,
reset_n => rst_n,
dout => code_counter_out
) e e S e S S e S e e e e e e e e e e e e e e e e e e e e e e e e e e e e S e
== gynehreonizer (Bynehrenizing RLipilep) —s-csoosssssossossoscossossoosoosoosoossosoossosss
synchronizer : sr_flipflop
port map
(
clk => synch_strobe,
set => system_enable,
clear_n => system_clear_n,
rst_n => rst_n,
dout => start_sampling
) § Semmsmmes e me e s e e e e s e e e s s e e s o e e e S e e e e s s e e s s e s s s oo S s oo s s oo s s s o oo s s ooo oS ssoossooos

aclicnabilclenabitinclidelclode ) MELEEEEEE S EE e E S e e e e e e e e e L
dec : decoder_2bit

port map

(

code => code_counter_out,
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-- dinll register

dinll : reg
generic map

(

N => 16
)
port map
(
clk
enable
clear_n
reset_n
din
dout

-- dinl0 register

dinl0 : reg
generic map

(

N => 16
)
port map
(
clk
enable
clear_n
reset_n
din
dout

-- din0O1 register

din01 : reg
generic map

(

N => 16
)
port map
(
clk
enable
clear_n
reset_n
din
dout

-- din00 register

din00 : reg
generic map

(

synch_strobe,
decl1,

)1),

71),
synch_din,
dinl1l_out

synch_strobe,
dec10,

)1)’

71)’
synch_din,
dinl10_out

synch_strobe,
decO1,

)1),

71)’
synch_din,
dinO1_out

N => 16

)

port map

(
clk => synch_strobe,
enable => din0OO_enable,
clear_n = Do
reset_n => 21,
din => synch_din,
dout => din0OO_out

-- data mux

datamux : mux_4tol

generic map

(
N => 16
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port map

(
din_00 => din0O_out,
din_01 => dinO1_out,
din_10 => dinl10_out,
din_11 => dinll_out,

sel => data_counter_out,
dout => datamux_out
) § SocCCCooroooooooooConoooCoCnoooCooooooo00S
-- outreg (output register) -----------------
outreg : reg
generic map
(
N => 16
)
port map
(
clk => clk,
enable => outreg_enable,
clear_n => 1’
reset_n = 71,
din => datamux_out,
dout => outreg_out
) § e CeeEoooCCOOoOCCEOOCCoCEOCOCOCOoo0So00
-- burstlen register ------------------------
burstlen : reg
generic map
(
N => 11
)
port map
(
clk => synch_strobe,
enable => burstlen_enable,
clear_n = v o o
reset_n => 21’
din => burstcount,
dout => burstlen_reg_out
I e e e R e el e
== PRFAELEN_ERUMBRE —cooocsooooonooonoooooooo
burstlen_counter : counter_11bit_updown
port map
(

clock => clk,

cnt_en =>

effective_burstlen_cnt_en,

sclr => effective_burstlen_cnt_clear,
updown => effective_burstlen_cnt_up_downN,
q => burstlen_counter_out

-- burstlen comparator

burstlen_cmp
generic map

(

N => 11
)
port map
(

comparator_Nbit

din_0 => burstlen_reg_out,
din_1 => burstlen_counter_out,
equal => burst_end

-- data counter

data_counter
generic map

(

counter_Nbit

N => 2
)
port map
(
clk => clk,
enable => data_counter_enable,
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-- validout pipeline ——------------- - - oo oo

-- busy pipeline ------------------- - - — - -

clear_n => system_clear_n,
reset_n => 21’
dout => data_counter_out
valid_pipe d_flipflop
port map
(
clk => clk,
enable => outpipe_enable,
clear_n => outpipe_clear_mn,
reset_n = 1,
din => validout,
dout => synch_validout
busy_pipe d_flipflop
port map
(
clk => clk,
enable => outpipe_enable,
clear_n => outpipe_clear_mn,
reset_n => 21’
din => busy,
dout => synch_busy

-- outreg pipeline -------------------—--"—-"—-"—-—-———"———— - - ———————

outpipe : reg
generic map

(
N => 16

)

port map

(
clk => clk,
enable => outpipe_enable,
clear_n => outpipe_clear_mn,
reset_n => 21,
din => outreg_out,
dout => synch_dout

end rtl;

-- BRIEF DESCRIPTION: synchronizer control unit

-- COMMENTS:

-- use it together with synchronizer_EU.vhd to create synchronizer.vhd

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity synchronizer_CU is

port

(
-- clock and reset
clk : in
rst_n : in
-- status signals
burst_end : in
start_sampling : in
enable ¢ in
clear_n : in
-- control signals
system_clear_n : out
system_enable : out
burstlen_enable : out
burstlen_counter_enable : out
outreg_enable . out
data_counter_enable : out
busy : out

std_logic;
std_logic;

std_logic;
std_logic;
std_logic;
std_logic;

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

s

s

s

H

H

s

’

s

s
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validout : out std_logic;
outpipe_enable : out std_logic;
outpipe_clear_n . out std_logic

) g

end entity synchronizer_CU;

architecture fsm of synchronizer_CU is

== GBABES CEELNIBLEN cocccococoonocoooooooooooanooo

type state is

(

reset,

idle,

idle_disabled,

reception_init,

reception,

idle_clear
)5 S s m s ————————
== GEAEEE CEGLAFAGIEN —cooesosoroossoooeooooooo=omo
signal present_state : state;
signal next_state : state;
begin

== @ValiAclen @k e NERE SLEABE cocooocoonooooooo

next_state_evaluation: process
(
-- sensitivity list
present_state,
burst_end,
start_sampling,
enable
)
begin
case present_state is

when reset =>
if (enable = ’1’) then
next_state <= idle;
else
next_state <= idle_disabled;
end if;

when idle =>
if (start_sampling = ’1’) then
next_state <= reception_init;
else
next_state <= idle;
end if;

when idle_disabled =>
if (enable = ’1’) then
next_state <= idle;
else
next_state <= idle_disabled;
end if;

when reception_init =>
next_state <= reception;

when reception =>
if (burst_end = ’1’) then
next_state <= idle_clear;
else
next_state <= reception;
end if;

when idle_clear =
next_state <= idle_clear;

when others =>
next_state <= reset;

end case;
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end process next_state_evaluation;

-- state transition

state_transition: process (clk, rst_n, clear_n)
begin
if (rst_n = ’0’) then

present_state <= reset;

elsif (rising_edge (clk)) then

if (clear_n = ’0’) then
present_state <= reset;
else
present_state <= next_state;
end if;
end if;

end process state_transition;

-- control signals definition

contro
begin

-- default values

l_signals_definition: process

system_clear_n <= 1’
system_enable = 0’
burstlen_enable = ’0’
burstlen_counter_enable = 0’
outreg_enable <= 0’
data_counter_enable = 0’
busy <= 7’0’
validout <= 7’0’
outpipe_enable = 0’
outpipe_clear_n <= 1’
case present_state is
when reset =>
system_clear_n <= ’07;
outpipe_clear_n <= ’0’;
when idle =>
system_enable <= 17,
burstlen_enable <= 17,
outpipe_enable <= 717,
when idle_disabled =>
when reception_init =>
busy <= 1’
system_enable <= ’1°
outpipe_enable <= 1’
outreg_enable <= 1’
data_counter_enable <= 1
burstlen_counter_enable <= ’1°
when reception =>
busy <= ’1°
system_enable <= ’1°
outpipe_enable <= ’1°
outreg_enable <= 17
data_counter_enable <= ’1°
burstlen_counter_enable <= ’1°
validout <= ’1°

when idle_clear =>

system_clear_n <= ’07;
outpipe_enable <= ’1’;

end

case;

N}

end process control_signals_definition; ----------------"-----"-"-—-"—-"——-~—-"—~—-~—-"—~—-~—-"—~—~—-"—~—~—-—~——-—————

end architecture fsm;

-- BRIEF DESCRIPTION: synchronization of synch_din (synchronous with synch_strobe) with clk
-- COMMENTS:

-- the rising edge of synch_strobe is center aligned with synch_din

-- the delay between synch_strobe and clk is unknown
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synch_din is synchronous with synch_strobe

synch_dout is exactly equal to synch_din but synchrononus with clk

burstcount represents the number of consecutive data to be synchronized

burstcount is sampled by synch_strobe

burstcount must be valid before synch_strobe starts oscillating

an operation is terminated when synch_busy goes low after going high

synch_busy goes low when burstcount is reached, every data provided after this event is ignored
at the end of an operation, the synchronizer must be cleared in order to start a new operation
synch_enable must be set to ’1’ before synch_strobe starts oscillating

it is recommended to keep synch_enable set to ’1’ up to the end of the sycnhronization

the intermal 11-bit updown counter can be accessed from outside

it is recommended to access to the 11-bit updown counter only when synch_enable is low

library ieeel;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity synchronizer is

port
(
clk : in std_logic;
rst_n ¢ in std_logic;
synch_enable : in std_logic;
synch_clear_n : in std_logic;
synch_strobe : in std_logic;
synch_validout : out std_logic;
synch_busy : out std_logic;
synch_din : in std_logic_vector (15 downto 0);
synch_dout : out std_logic_vector (15 downto 0);
burstcount : in std_logic_vector (10 downto 0);
counter_enable : in std_logic;
counter_clear_n : in std_logic;
counter_up_downN ¢ in std_logic;
counter_out : out std_logic_vector (10 downto O0)
);

end synchronizer;

architecture rtl of synchronizer is

-- COMPONENT: execution unit -----------=-------—--————————~—"———~—"——~—"——~—"——~—"———————— - - - - ————————
component synchronizer_EU is

port
(
-- clock and reset
clk ¢ in std_logic;
rst_n : in std_logic;
-- data signals
synch_enable ¢ in std_logic;
synch_clear_n ¢ in std_logic;
synch_strobe : in std_logic;
synch_validout : out std_logic;
synch_busy ¢ out std_logic;
synch_din : in std_logic_vector (15 downto 0);
synch_dout : out std_logic_vector (156 downto 0);
burstcount : in std_logic_vector (10 downto 0);
counter_enable : in std_logic;
counter_clear_n : in std_logic;
counter_up_downN : in std_logic;
counter_out : out std_logic_vector (10 downto 0);
-- control signals
system_clear_n ¢ in std_logic;
system_enable : in std_logic;
burstlen_enable : in std_logic;
burstlen_counter_enable : in std_logic;
outreg_enable : in std_logic;
data_counter_enable : in std_logic;
busy : in std_logic;
validout ¢ in std_logic;
outpipe_enable : in std_logic;
outpipe_clear_n ¢ in std_logic;
-- status signals
burst_end : out std_logic;
start_sampling : out std_logic;
enable : out std_logic;
clear_n : out std_logic
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end component ;

-- COMPONENT: control unit
component synchronizer_CU
port
(

-- clock and reset

clk

rst_n

-- status signals
burst_end
start_sampling
enable
clear_n
-- control signals
system_clear_n
system_enable
burstlen_enable
burstlen_counter_enable
outreg_enable
data_counter_enable
busy
validout
outpipe_enable
outpipe_clear_n

D

end component ;

-- SIGNALS
signal burst_end
signal start_sampling
signal enable

signal clear_n

signal system_clear_n
signal system_enable
signal burstlen_enable
signal
signal
signal
signal
signal
signal
signal

outreg_enable
data_counter_enable
busy

validout
outpipe_enable
outpipe_clear_n

is

burstlen_counter_enable

in
in

in
in
in
in

out
out
out
out
out
out
out
out
out
out

std_logic;
std_logic;

std_logic;
std_logic;
std_logic;
std_logic;

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

-- execution unit

EU: synchronizer_EU

port map

(
clk
rst_n
synch_enable
synch_clear_n
synch_strobe
synch_validout
synch_busy
synch_din
synch_dout
burstcount
counter_enable
counter_clear_n
counter_up_downN
counter_out
system_clear_n
system_enable
burstlen_enable

burstlen_counter_enable

outreg_enable
data_counter_enable
busy

validout
outpipe_enable
outpipe_clear_n
burst_end

clk,

rst_mn,
synch_enable,
synch_clear_n,
synch_strobe,
synch_validout,
synch_busy,
synch_din,
synch_dout,
burstcount ,
counter_enable,
counter_clear_n,
counter_up_downN,
counter_out,
system_clear_n,
system_enable,
burstlen_enable,
burstlen_counter_enable,
outreg_enable,
data_counter_enable,
busy,

validout ,
outpipe_enable,
outpipe_clear_mn,
burst_end,
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start_sampling => start_sampling,
enable => enable,
clear_n => clear_n

-— control unit -—----------------- oo — -

CU: synchronizer_CU

port map

(
clk => clk,
rst_n => rst_mn,
burst_end => burst_end,
start_sampling => start_sampling,
enable => enable,
clear_n => clear_n,
system_clear_n = system_clear_n,
system_enable => system_enable,
burstlen_enable => burstlen_enable,
burstlen_counter_enable => burstlen_counter_enable,
outreg_enable => outreg_enable,
data_counter_enable => data_counter_enable,
busy => busy,
validout => validout,
outpipe_enable => outpipe_enable,
outpipe_clear_n => outpipe_clear_n

I e e e e e e e e e e e e aELe E L e

end rtl;

-- BRIEF DESCRIPTION: 16-bit SDR to 8-bit DDR (msb-first) converter

library ieeel;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity SDR_to_DDR_converter is

port
(
clk : in std_logic;
load : in  std_logic;
SDR_in : in  std_logic_vector (15 downto 0);
DDR_out : out std_logic_vector (7 downto 0)
)

end SDR_to_DDR_converter;

architecture rtl of SDR_to_DDR_converter is

-- COMPONENT: register —-——--------—-—-—-—-—-—-—-—-—-- - - - -

component reg is

generic
(
N : integer := 8
) 8
port
(
clk : in std_logic;
enable : in std_logic;
clear_n : in std_logic; -- synchronous clear, active 1low
reset_n : in  std_logic; -- asynchronous clear, active low
din : in std_logic_vector (N-1 downto 0);
dout : out std_logic_vector (N-1 downto 0) := (others => ’07)
) 8

@NE CEHPENEHTE § —--ocsssssessssss s S SeT S e S e S ST S S e S S S S S s S eSS S s S e s S ses

-- COMPONENT: multiplexer 2 to 1 -—--—-----——--————————————————————————————————————

component mux_2tol is

generic

(
N : integer := 1

)

port

(
din_O : in  std_logic_vector ((N-1) downto 0);
din_1 : in  std_logic_vector ((N-1) downto 0);

3



CHAPTER 7. VHDL DESCRIPTION

sel in
dout
)
end component ;
-- SIGNALS
signal reg_out
signal outmux_inO
signal outmux_inl

std_logic;
out std_logic_vector ((N-1) downto O0)

std_logic_vector (15 downto 0);

std_logic_vector (7 downto 0);
std_logic_vector (7 downto 0);

-- input register
input_reg: reg

generic map

(
N => 16

)

port map

(
clk => clk,
enable => load,
clear_n => 1’
reset_n => 21
din => SDR_in,
dout => reg_out

) 8

outmux_in0 <= reg_out (7 downto 0);
outmux_inl <= reg_out (15 downto 8);

clocked multiplexer

outmux: mux_2tol

generic map

(
N => 8

)

port map

(
din_O => outmux_inO,
din_1 => outmux_inl,
sel => clk,
dout => DDR_out

)

end rtl;

BRIEF DESCRIPTION:

library ieee;
use
use

entity conf_builder is

generic

(
hybrid_burst_enable
burst_lenght
initial_latency
drive_strength

distributed_refresh_

) g

port

(
conf_virtual in
confO_real out
confl_real out

) g

end conf_builder;

it generates the content of the hram

ieee.std_logic_1164.all;
ieee.numeric_std.all;

std_logic := ’17;

std_logic_vector (1
std_logic_vector (3
std_logic_vector (2

interval std_logic_vector (1

std_logic_vector (1 downto 0);
std_logic_vector (15 downto 0);
std_logic_vector (156 downto O0)

architecture rtl of conf_builder is

begin

downto
downto
downto
downto

configuration registers

0) := "11";
0) := "0001";
0) := "000";
0) := "10"
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-- configuration register
confO_real (15)
confO_real (14 downto 12)
confO_real (11 downto 8)
confO_real (7 downto 4)
confO_real (3)
confO_real (2)
confO_real (1 downto O0)

not (conf_virtual (0));
drive_strength;
1111y
initial_latency;

not (conf_virtual (1));
hybrid_burst_enable;
burst_lenght;

-- configuration register
confl_real (1l downto 0)
confl_real (15 downto 2)

distributed_refresh_interval;
(others => ’0’);

-- BRIEF DESCRIPTION:

it generates CA starting from

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity CA_builder is

port

(
read_writelN : in
config_access : in
address : in
CA : out

) g

end CA_builder;

std_logic;
std_logic;
std_logic_vector (31 downto 0);
std_logic_vector (47 downto O0)

architecture rtl of CA_builder is

signal up_address std_logic_vector (18 downto 0);
signal low_address std_logic_vector (2 downto 0);
signal CAOA std_logic_vector (7 downto 0);

signal CAOB std_logic_vector (7 downto 0);

signal CA1A std_logic_vector (7 downto 0);

signal CA1B std_logic_vector (7 downto 0);

signal CA2A std_logic_vector (7 downto 0);

signal CA2B std_logic_vector (7 downto 0);

begin

up_address <=
low_address <=

CAOA (7) <= read_writeN;

CAOA (6) <= config_access;

CAOA (5 downto 0) <= "000000";

CAOB (7 downto 3) <= "00000";

CAOB (2 downto 0) <= up_address (18 downto 16) ;

<= up_address (15 downto 8);
<= up_address (7 downto 0);

address (21 downto 3);
address (2 downto 0);

CA1A
CA1B
CA2A <= "00000000";
CA2B (7 downto 3) <= "00000";
CA2B (2 downto 0) <= low_address;
CA (47 downto 40) <= CAOA;
CA (39 downto 32) <= CAOB;
CA(31 downto 24) <= CA1lA;
CA (23 downto 16) <= CA1B;
CA (15 downto 8) <= CA2A;
CA(7 downto 0) <= CA2B;
end rtl;

all the required parameters
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library ieee;
use
use

BRIEF DESCRIPTION:

ieee.std_logic_1164.all;
ieee.numeric_std.all;

entity CA_unpacker is

port
(
clk
load
sel
CA_packed
CA_unpacked
)

end CA_unpacker;

in std_logic;
in std_logic;
in std_logic_vector (1 downto 0);
in std_logic_vector (47 downto 0);
out std_logic_vector (15 downto 0)

architecture rtl of CA_unpacker is

COMPONENT :
component reg
generic
(
N : integer
) 8
port
(
clk
enable
clear_n
reset_n
din
dout
)
end component;

COMPONENT :

register

is

in
in
in
in
in
out

8

std_logic;

std_logic;

std_logic; -- synchronous clear,
std_logic; -- asynchronous clear,
std_logic_vector (N-1 downto 0);
std_logic_vector (N-1 downto O0)

it separates CA in CA1l,

CA2 and

:= (others

CA3

active low
active low

=> ’07)

multiplexer 4 to 1

component mux_4tol is

generic
(
N : integer
)
port
(
din_00
din_01
din_10
din_11
sel
dout
)
end component ;
-- SIGNALS
signal CAO_out
signal CAl_out
signal CA2_out

begin

-- CAO register

CAO reg
generic map
(
N => 16
)
port map
(
clk
enable
clear_n
reset_n
din
dout

in
in
in
in
in
out

1
std_logic_vector ((N-1) downto
std_logic_vector ((N-1) downto
std_logic_vector ((N-1) downto
std_logic_vector ((N-1) downto
std_logic_vector (1 downto O0);
std_logic_vector ((N-1) downto

0);
0);
0);
0);

0)

std_logic_vector (15 downto 0);
std_logic_vector (15 downto 0);
std_logic_vector (15 downto 0);

clk,

load,

’13’

71)’

CA_packed (47 downto 32),
CAO_out
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-- CAl1l register

CA1 : reg

generic map

(
N => 16

)

port map

(
clk =>
enable =>
clear_n =>
reset_n =>
din =>
dout =>

-- CAl1l register

CA2 : reg

generic map

(
N => 16

)

port map

(
clk =>
enable =>
clear_n =>
reset_n =
din =
dout =>

-- output multiplexer

clk,

load,

)1)’

71)’

CA_packed (31 downto 16),
CAl_out

clk,

load,

)1)’

71)’

CA_packed (15 downto 0),
CA2_out

CA_mux mux_4tol

generic map

(
N => 16

)

port map

(
din_00 => CAO_out,
din_01 => CA1l_out,
din_10 => CA2_out,
din_11 => (others => ’07),
sel => sel,
dout => CA_unpacked

end rtl;

-- BRIEF DESCRIPTION: execution unit of the AvalonMM - hyperram converter

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity avs_hram_mainconv_EU is

generic
(
drive_strength std_logic_vector (2 downto 0) := "000"
) g
port
(
clk : in std_logic;
reset_n : in std_logic;
-- avs signals
avs_address : in std_logic_vector (22 downto 0);
avs_read : in std_logic;
avs_readdata : out std_logic_vector (15 downto 0);
avs_write g alm std_logic;
avs_writedata : in std_logic_vector (15 downto 0);
avs_waitrequest : out std_logic;
avs_readdatavalid : out std_logic;
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) g

end avs_hram_mainconv_EU;

avs_burstcount

-- hram signals
hram_RESET_n
hram_DQ

hram_RWDS
hram_CS_n

clk90

hCK_enable

-- control signals
waitrequest
force_valid
cmd_load
dpd_req_clear_n
synch_cnt_enable
synch_cnt_down
synch_cnt_clear_n
datain_load
avs_out_sel

reset_config_register_n
update_config_register

address_space_sel
config_access
read_writeN

CA_load

CA_sel

dq_sel

dq_OE
writedata_load
addressgen_enable
synch_enable
synch_clear_n
RWDS_sampling_enable
check_latency
force_RWDS_low
hCK_gating_enable_n
set_dpd_status
clear_dpd_status_n
deadline_tim_enable
deadline_tim_clear_n
hCKen_pipe_clear_n
hbus_RESET_n
hbus_CS_n

-- status signals
write

read

config

dpd_req
active_dpd_req
current_operation
bursttransfer
burst_end
synch_busy
doubled_latency
dpd_mode_on

t_accl

t_acc2

t_dpdcsl

t_dpdin

t_dpdout

in

out
inout
inout
out
out
out

in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in

out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out

std_logic_vector (10 downto 0);

std_logic;
std_logic_vector (7 downto 0);
std_logic;
std_logic;
std_logic;
std_logic;

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic_vector (1 downto 0);
std_logic;
std_logic;
std_logic;
std_logic_vector (1 downto 0);
std_logic_vector (1 downto 0);
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic

architecture rtl of avs_hram_mainconv_EU is

= CONSTANTS === === == o m o o

constant hybrid_burst_enable

constant burst_lenght

constant initial_latency

constant distributed_refresh_interval

std_logic := ’17;

std_logic_vector (1 downto 0) := "11";
std_logic_vector (3 downto 0) := "1111";
std_logic_vector (1 downto 0) := "10";

-- COMPONENT: flipflop set-reset
component sr_flipflop is

port
(

clk : in std_logic;
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set : in std_logic;

clear_n : in std_logic;

rst_n : in std_logic;

dout : out std_logic
) 8

ONE CEIPRNGEHTE§ —o-scssssssse s s e S e s e S e S e S e S e S e S e S e S e S S S S S S S S s S e s Ses S eSS eSS soes

-- COMPONENT: flipflop type D -—---------=—---—-—-————————"—"——~—~——~ -~~~ —~—— ¥~~~ ——————————————————

component d_flipflop is

port

(
clk : in std_logic;
enable : in  std_logic;
clear_n : in  std_logic; -- synchronous clear, active low
reset_n : in std_logic; -- asynchronous reset, active low
din : in std_logic;
dout : out std_logic

DR

end COMpPONent; ———————— - m o

-- COMPONENT: register ————------—-—-—-—-—-—- - - - - -

component reg is

generic
(
N : integer := 8
D
port
(
clk : in  std_logic;
enable g alm std_logic;
clear_n : in std_logic; -- synchronous clear, active low
reset_n : in std_logic; -- asynchronous clear, active low
din : in  std_logic_vector(N-1 downto 0);
dout : out std_logic_vector (N-1 downto 0) := (others => ’07)
) 8

CINGL (O S s § o e e e e e e e e e e e e e e e e e e e e ) ) e e s e e I

-- COMPONENT: multiplexer 2-inputs 1-output --------------------"-"-—"-—"—"—-—"—"—-——"—"——~—"——~—"——-~—"——~————

component mux_2tol is

generic
(
N : integer := 1
)
port
(
din_0 : in  std_logic_vector ((N-1) downto 0);
din_1 : in  std_logic_vector ((N-1) downto 0);
sel : in  std_logic;
dout : out std_logic_vector ((N-1) downto 0)
)

el o e I e e

-- COMPONENT: multiplexer 4-inputs 1-output ----------------------"-----—-——————"—~—~—~—~—~—~—~—~—~—~———

component mux_4tol is

generic

(
N : integer := 1

) 8

port

(
din_00 : in std_logic_vector ((N-1) downto 0);
din_01 : in std_logic_vector ((N-1) downto 0);
din_10 : in std_logic_vector ((N-1) downto 0);
din_11 : in std_logic_vector ((N-1) downto 0);
sel : in std_logic_vector (1 downto 0);
dout : out std_logic_vector ((N-1) downto 0)

) 8

@NE CEIPRNGEHTE§ —o-sssessssses s s S e s e S e S e S e S e S e S e S e S e S S S S e S S SSe S e s Ses S eSS eSS soe

-— COMPONENT: comparator ———————— - - - - - - - - - o o - -

component comparator_Nbit is

generic
(

N : integer := 1
)

port
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(
din_O : in std_logic_vector ((N-1) downto 0);
din_1 : in std_logic_vector ((N-1) downto 0);
equal : out std_logic

) 8

OnEl COMPENENE§ =c-o-cosssocososssososssosossooonssosoos

-- COMPONENT: timer -----------—--———--——————————————————

component timer_14bit is

port

(
clk : in  std_logic;
enable : in  std_logic;
clear_n : in  std_logic;
tim_3 : out std_logic;
tim_7 : out std_logic;
tim_21 : out std_logic;
tim_1000 : out std_logic;
tim_15000 : out std_logic

)

end component; ———-—-———————————————————————

-- COMPONENT: DDR to SDR converter -------------—-—-——--—

component DDR_to_SDR_converter is

port
(
-- clock, reset and clear
clk_x8 : in  std_logic;
clear_n : in  std_logic;
-- I0 signals
rwds_in : in  std_logic;
rwds_out : out std_logic;
DDR_in : in  std_logic_vector (7 downto 0);
SDR_out : out std_logic_vector (15 downto 0)
) 8

OnEl COMPENENE§ —coorossrorosorsrereseorEeosoRooose=ooS

-- COMPONENT: SDR to DDR converter -------------------

component SDR_to_DDR_converter is

port
(
clk : in std_logic;
load : in  std_logic;
SDR_in : in std_logic_vector (15 downto 0);
DDR_out : out std_logic_vector (7 downto 0)
) 8

onEl COMPENENE§ ==o-sosssosossssssssssseEsssee e e e ee s

-~ COMPONENT: CA builder ------======----—————————————-

component CA_builder is

port
(
read_writelN : in std_logic;
config_access : in std_logic;
address : in  std_logic_vector (31 downto 0);
CA : out std_logic_vector (47 downto 0)
)

end component; ———-—-————————————————————— -

-- COMPONENT: CA unpacker ------------—-—-—-——-——-—-—-—-—-——-————

component CA_unpacker is

port
(
clk : in std_logic;
load : in std_logic;
sel : in  std_logic_vector (1 downto 0);
CA_packed : in  std_logic_vector (47 downto 0);
CA_unpacked : out std_logic_vector (15 downto 0)
)

onEl CONMPENENE§ =co-sosssosossssrsssssssEsEs e e e e ee s

-- COMPONENT: configuration registers builder --------

component conf_builder is
generic
(

hybrid_burst_enable

std_logic := ’17;
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burst_lenght : std_logic_vector (1 downto 0) := "11";
initial_latency : std_logic_vector (3 downto 0) := "0001";
drive_strength : std_logic_vector (2 downto 0) := "000";
distributed_refresh_interval : std_logic_vector (1 downto 0) := "10"

) 8

port

(
conf_virtual : in  std_logic_vector (1 downto 0);
confO_real : out std_logic_vector (15 downto O0);
confl_real : out std_logic_vector (15 downto O0)

)

@EC CENPENEETE§ —---csssssssssssssossosoossesoesosssesoesssssessssessessosS

-- COMPONENT: synchronizer ----------—-—-———————————————————————————————————

component synchronizer is

port
(
clk : in std_logic;
rst_n : in std_logic;
synch_enable : in std_logic;
synch_clear_n : in std_logic;
synch_strobe ¢ in std_logic;
synch_validout : out std_logic;
synch_busy : out std_logic;
synch_din : in std_logic_vector (15 downto 0);
synch_dout : out std_logic_vector (15 downto 0);
burstcount : in std_logic_vector (10 downto 0);
counter_enable : in std_logic;
counter_clear_n ¢ in std_logic;
counter_up_downN : in std_logic;
counter_out : out std_logic_vector (10 downto O0)
)

end component; ———-————-— - mm

-- COMPONENT: tristate buffer --------------------------—"-"—"—"—~—~—~—~—"—~—~—~—-~—-~—-~—~——

component tristate_buffer is

generic
(
N : integer := 8
)
port
(
enable : in  std_logic;
din : in std_logic_vector (N-1 downto 0);
dout : out std_logic_vector (N-1 downto 0)
)

@NE CEEPENEETE [ —--osssssssssssss TS e s ST eSS S eSS S sS s eSS s esS e sos S

-- COMPONENT: DLL with 90 degree delay -----------—-—-——-———————————————————

component dl11_90 is

port

(
areset : in std_logic;
inclkO : in std_logic;
cO0 : out std_logic

DE;

end COMPONENt; ————————————— - _______

== CONPOWBENIT g Pl frem B0 Wiz te 400 ik —ssoocsooossocoooossosoooosoosooo

component pll_x8 is

port

(
areset : in std_logic = ’07;
inclkO : in std_logic = 207
cO : out std_logic

)

@NC CONPENEETE§ ——--cssssssssssosssssosoosTosoosoessosoesssssessssessessosS

-- COMPONENT: adder 22-bit 1-pipe ----------------------—-—-————"—~—~—~—~—~—~—-~—-~—-~—~——

component adder_22bit_1pipe is

port
(
clken : in std_logic ;
clock : in std_logic ;
dataa : in  std_logic_vector (21 downto 0);
datab : in  std_logic_vector (21 downto 0);
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result

) g

end component;
-- CONSTANTS

constant configO_addr:
constant configl_addr:

-- SIGNALS

signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal

begin

hram_
hram_

pll_reset
synch_cnt_up_downN
burst_detector_out
synch_validout
conf_reg_out
burstcnt_reg_out
addr_reg_out
extended_address
datain_reg_out
confO_real
confl_real
dgq_mux_out
CA_unpacked
addressgen_out
generated_address
effective_address
CA

readdata_SDR
synch_dout
synch_cnt_out
readdatamux_dinO
cntpipel_out
cntpipe2_out
cntpipe3_out

dataa
writedata_conv_out
RWDS_buffer_out
shifted_RWDS
clk_x8

CS_n <= hbus_CS_n;
RESET_n <=

out std_logic_vector (21 downto 0)

std_logic;
std_logic;
std_logic;
std_logic;

std_logic_vector (31 downto 0)
std_logic_vector (31 downto 0)

std_logic_vector (1 downto 0);

std_logic_vector (10
std_logic_vector (22
std_logic_vector (31
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (21
std_logic_vector (31
std_logic_vector (31
std_logic_vector (47
std_logic_vector (15
std_logic_vector (15
std_logic_vector (10
std_logic_vector (15
std_logic_vector (10
std_logic_vector (10
std_logic_vector (10
std_logic_vector (21

downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto

0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);

std_logic_vector (7 downto 0);
std_logic_vector (0 downto 0);

std_logic;
std_logic;

hbus_RESET_n;

avs_waitrequest <= waitrequest;

read <= avs_read;

write <= avs_write;

dpd_req <= avs_writedata(0);

-- virtual configuration register access

config <=
( avs_address (22)) and (not avs_address(21))
(not avs_address (19)) and (not avs_address (18))
(not avs_address (16)) and (not avs_address (15))
(not avs_address (13)) and (not avs_address (12))
(not avs_address (10)) and (not avs_address (9 ))
(not avs_address (7 )) and (not avs_address (6 ))
(not avs_address (4 )) and (not avs_address(3 ))
(not avs_address (1 )) and (not avs_address (0 ))

-- address register

addr_reg reg
generic map
(
N => 23
)
port map
(
clk => clk,
enable => cmd_load,
clear_n => 21,
reset_n => 1’
din => avs_address,
dout => addr_reg_out

(not
(not
(not
(not
(not
(not
(not

avs_address (20))
avs_address (17))
avs_address (14))
avs_address (11))
avs_address (8 ))
avs_address (5 ))
avs_address (2 ))

"00000000000000000000100000000000";
"00000000000000000000100000000001 "

and
and
and
and
and
and
and
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)5 —mmmmm e
-- burstcount register -----------
burstcnt_reg : reg
generic map
(
N => 11
)
port map
(
clk => clk,
enable => cmd_load,
clear_n => 21,
reset_n => 1’
din => avs_burstcount,
dout => burstcnt_reg_out
)5 —mmmm e
-- datain register ---------------
datain_reg : reg
generic map
(
N => 16
)
port map
(
clk => clk,
enable => datain_load,
clear_n = 71,
reset_n = Do g
din => avs_writedata,
dout => datain_reg_out
)§ ============soooosooosoosss=====
-- virtual configuration register
conf_reg : reg
generic map
(
N => 2
)
port map
(
clk => clk,
enable => update_config_register,
clear_n => reset_config_register_n,
reset_n => 1’
din => datain_reg_out (1 downto 0),
dout => conf_reg_out
)§ =======s===ssoooosooosoosss====

-- configuration registers builder

conf_builder_inst conf_builder

generic map

(
hybrid_burst_enable =>
burst_lenght =
initial_latency =
drive_strength =
distributed_refresh_interval =

)

port map

(
conf_virtual => conf_reg_out,
confO_real => confO_real,
confl_real => confl_real

) S e e S S S S S S S S SIS SO

-- DQ selection ------------------

dq_mux mux_4tol

generic map

(
N => 16

)

port map

(
din_0O0 => datain_reg_out,

hybrid_burst_enable,
burst_lenght,
initial_latency,
drive_strength,
distributed_refresh_interval
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din_01 =>
din_10 =
din_11 =
sel =>
dout =>

extended_address (22 downto 0) <=
extended_address (31 downto 23) <=

confO_real,
confl_real,
CA_unpacked,
dq_sel,
dgq_mux_out

addr_reg_out;

S A b e e e e e e e e L e e e e L L L L L L B L L LR

-- address space selection ------------------
address_mux : mux_4tol
generic map
(
N => 32
)
port map
(
din_00 => extended_address,
din_01 => configO_addr,
din_10 => configl_addr,
din_11 => generated_address,
sel => address_space_sel,
dout => effective_address
CA_builder_inst CA_builder
port map
(
read_writeN => read_writeN,
config_access => config_access,
address => effective_address,
CA => CA
-- CA unpacker --------------—-—-----—-—-—-—-——-——-—————
CA_unpacker_inst : CA_unpacker
port map
(
clk => clk,
load => CA_load,
sel => CA_sel,
CA_packed => CA,
CA_unpacked => CA_unpacked

-- DQ tristate

buffer ---——-—————————— - -

dq_buffer : tristate_buffer

generic map

(
N => 8
)
port map
(
enable => dq_0E,
din => writedata_conv_out,
dout => hram_DQ

-- writedata converter (SDR to DDR)
writedata_converter

port map

(
clk =>
load =>
SDR_in =

DDR_out =

clk,
writedata_load,
dq_mux_out,

writedata_conv_out

pll_reset <= not reset_n;

-- clock shifter

clk_shifter: d11_90

port map

SDR_to_DDR_converter
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-- gating enable pipeline register

areset
inclkO
cO
hCKen_pipe
port map
(
clk
enable
clear_n
reset_n
din
dout

-—- RWDS tristate buffer
RWDS_buffer
generic map

(
N =>1
)
port map
(
enable
din
dout

hram_RWDS <=

-- RWDS tracker

=> pll_reset,
=> clk,
=> clk90

d_flipflop

=> clk,
=> ;1)’
=> hCKen_pipe
= 71)’
=> hCK_gating
=> hCK_enable

_clear_mn,

_enable_n,

tristate_buffer

=> force_RWDS
=> (others =>

_low,

’O’),

=> RWDS_buffer_out

RWDS_buffer_out (0) ;

rwds_tracker d_flipflop
port map
(
clk => clk,
enable => check_latency,
clear_n = Do
reset_n = Do
din => hram_RWDS,
dout => doubled_latency
-- pll from 50 MHz to 400 MHz
pll_x8_inst: pll_x8
port map
(
areset => pll_reset,
inclkO0 => clk,
cO => clk_x8

-- readdata converter (DDR to SDR)
readdata_converter

port map
(
clk_x8
clear_n
rwds_in

rwds_out

DDR_in
SDR_out

synch_cnt_up_downN <= not synch_cnt_down;

-- synchronizer

=> clk_x8,
=> RWDS_sampl
=> hram_RWDS,

DDR_to_SDR_converter

ing_enable,

=> shifted_RWDS,

=> hram_DQ,

=> readdata_SDR

synchronizer_inst synchronizer

port map

(
clk => clk,
rst_n => reset_n,
synch_enable => synch_enable,
synch_clear_n => synch_clear_n,
synch_strobe => shifted_RWDS,
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synch_validout =>
synch_busy =
synch_din =
synch_dout =>
burstcount =>
counter_enable =>
counter_clear_n =>
counter_up_downN =
counter_out =>

avs_readdatavalid <= synch_validout or force_valid;

synch_validout,
synch_busy,
readdata_SDR,
synch_dout,
burstcnt_reg_out,
synch_cnt_enable,
synch_cnt_clear_n,
synch_cnt_up_downN,
synch_cnt_out

readdatamux_din0 (1 downto 0) <= conf_reg_out;
readdatamux_dinO (15 downto 2) <= (others => ’0’);

-- readdata selection ———--------- - - - - - — -

readdatamux
generic map

mux_2tol

(
N => 16
)
port map
(
din_O => synch_dout,
din_1 => readdatamux_dinO,
sel => avs_out_sel,
dout => avs_readdata

-- counter pipeline register 1

cntpipel : reg
generic map

(
N => 11
)
port map
(
clk => clk,
enable => 1’
clear_n => 21,
reset_n => 1,
din => synch_cnt_out,
dout => cntpipel_out

-- counter pipeline register 2

cntpipe2 : reg
generic map

(
N => 11
)
port map
(
clk => clk,
enable => 1,
clear_n => 17,
reset_n = Do g
din => cntpipel_out,
dout => cntpipe2_out

-- counter pipeline register 3

cntpipe3 : reg
generic map

(
N => 11
)
port map
(
clk => clk,
enable = Do
clear_n => 21,
reset_n => 1’
din => cntpipe2_out,
dout => cntpipe3_out
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dataa (10 downto 0) <=
dataa (21 downto 11) <=

-- address generator for burst recovery
adder_22bit_1pipe

addressgen

port map

(
clken =>
clock =>
dataa =>

datab =>
result =

generated_address (21 downto 0) <=
generated_address (31 downto 22) <= (others =>

addressgen_enable,

clk,
dataa,

addr_reg_out (21 downto 0),
addressgen_out

-- burst lenght comparator

burst_cmp
generic map

(

N => 11
)
port map
(
din_O =>
din_1 =>
equal =>
)i mmmmmmmees

-- burst detector
burst_detector

generic map

(

N => 11
)
port map
(
din_O =>
din_1 =>
equal =>
); oo

bursttransfer <=

-- DPD request tracker

comparator_Nbit

burstcnt_reg_out,
synch_cnt_out,

burst_end

burstcnt_reg_out,
"00000000001",
burst_detector_out

CHAPTER 7. VHDL DESCRIPTION

cntpipe3_out;
(others

addressgen_out;

comparator_Nbit

not burst_detector_out;

dpd_req_tracker d_flipflop
port map
(
clk => clk,
enable => cmd_load,
clear_n => dpd_req_clear_mn,
reset_n Do
din avs_writedata (0),
dout => active_dpd_req
); oo
-- operation type tracker
op_tracker d_flipflop
port map
(
clk => clk,
enable = cmd_load,
clear_n => 21,
reset_n => 1’
din => avs_write,
dout => current_operation
); ——mmmmm -
-- DPD mode tracker
dpd_tracker sr_flipflop
port map
(
clk => clk,
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set =>
clear_n =>
rst_n =
dout =>

-- deadline tim

deadline_timer

port map

(
clk =
enable =
clear_n =
tim_3 =
tim_7 =
tim_21 =
tim_1000 =
tim_15000 =

set_dpd_status,
clear_dpd_status_n,
)1:’

dpd_mode_on

er ==

timer_14bit

> clk,
> deadline_tim_enable,
> deadline_tim_clear_n,
> t_accl,

t_acc2,

t_dpdcsl,

t_dpdin,
> t_dpdout

BRIEF DESCRIPTION: control unit of the AvalonMM - hyperram converter

library ieeel;
use ieee.std_
use

logic_1164.all;

ieee.numeric_std.all;

entity avs_hram_mainconv_CU is
port

(

clk
reset_n

in std_logic;
in std_logic;

-- control signals

waitrequest
force_valid
cmd_load
dpd_req_clear_n
synch_cnt_enable
synch_cnt_down
synch_cnt_clear_n
datain_load
avs_out_sel
reset_config_regi
update_config_reg
address_space_sel
config_access
read_writeN
CA_load

CA_sel

dq_sel

dq_OE
writedata_load
addressgen_enable
synch_enable
synch_clear_n

out std_logic;
out std_logic;
out std_logic;
out std_logic;
out std_logic;
out std_logic;
out std_logic;
out std_logic;
out std_logic;
ster_n : out std_logic;
ister : out std_logic;
out std_logic_
out std_logic;
out std_logic;
out std_logic;
out std_logic
out std_logic_
out std_logic;
out std_logic;
out std_logic;
out std_logic;
out std_logic;

vector (1 downto 0);

vector (1 downto O0);
vector (1 downto 0);

RWDS_sampling_enable : out std_logic;

check_latency
force_RWDS_low
hCK_gating_enable
set_dpd_status

out std_logic;
out std_logic;

_n : out std_logic;

out std_logic;

clear_dpd_status_n : out std_logic;
deadline_tim_enable : out std_logic;
deadline_tim_clear_n : out std_logic;
hCKen_pipe_clear_n : out std_logic;

hbus_RESET_n
hbus_CS_n

-- status signals
write

read

config

dpd_req
active_dpd_req
current_operation

out std_logic;
out std_logic;

in std_logic;
in std_logic;
in std_logic;
in std_logic;
in std_logic;
in std_logic;
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bursttransfer ¢ in
burst_end : in
synch_busy : in
doubled_latency : in
dpd_mode_on : in
t_accl : in
t_acc2 : in
t_dpdcsl ¢ in
t_dpdin : in
t_dpdout : in

)

end entity avs_hram_mainconv_CU;

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

std_logic

architecture fsm of avs_hram_mainconv_CU is

t
(

s

H

H

H

H

B

H

> GBE6EE CERINIBILER ScococococoooooooooooooooroooooooooooooooonoooDooooSoo0

ype state is

reset,
reset_wait,
reset_exit_begin,
reset_exit,
idle,

dummycmd ,
dummycmd_last,
dummycmd_end ,
wait_dpd_out,
write_virtconf,
writeconfO_prep,
writeconf _CAO,
writeconf_CA1,
writeconf_CA2,
writeconfO,
writeconfO_end,
wait_dpd_in,
read_virtconf,
readmem_prep,
writemem_prep,
CA_O,

CA_1,

CA_2,

CA_end,
read_wait_O,
read_wait_1,
read_wait_2,
read_end_1,
read_end_2,
synch_restoring_1,
synch_restoring_2,
writemem_wait ,
writemem,
write_end,
writeburst_prep,
writeburst,
writeburst_last,
stop_burst_1,
stop_burst_2,
idle_burst,
restore_burst

> SHEEEE CERLAREBILER coo-oooocooooooooooooooooooooCoDoooooDDooCCoooooooSoo0

)

signal present_state : state;
signal next_state : state;
begin

== QVALEAGILen ©fF The NERE SBABE Co-orocoocoooooooonooocooooooooooonoooooooo

next_state_evaluation: process
(
-- sensitivity list
present_state,
write,
read,
config,
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dpd_req,
active_dpd_req,
current_operation,
bursttransfer,
burst_end,
synch_busy,
doubled_latency,
dpd_mode_on,
t_accl,
t_acc2,
t_dpdcsl,
t_dpdin,
t_dpdout

)

begin
case present_state is

when reset =>

next_state <= reset_

when reset_wait =
if (t_dpdcsl = ’1°)

then

next_state <= reset_exit_begin;

else

next_state <= reset_wait;

end if;

when reset_exit_begin

next_state <= reset_

when reset_exit =>
if (t_dpdout = ’1°)

=>
exit;

then

next_state <= writeconfO_prep;

else
next_state <= reset_exit;
end if;
when idle | read_virtconf =>
if (read = ’1’) then

if (config = ’1°)

then

next_state <= read_virtconf;

else
if (dpd_mode_on
next_state <=

else
next_state <=
end if;
end if;
elsif (write = ’1°)

if (config = ’1°)
if (dpd_mode_on
if (dpd_req =

= ’1’) then
idle;

readmem_prep;

then

then

= 21’) then
’1°) then

next_state <= idle;

else

next_state <= dummycmd;

end if;
else
next_state <=
end if;
else
if (dpd_mode_on
next_state <=
else
next_state <=
end if;
end if;
else

write_virtconf;

= ’1’) then
idle;

writemem_prep;

next_state <= idle;

end if;

when dummycmd =>
if (t_dpdecsl = ’1°)

then

next_state <= dummycmd_last;

else

next_state <= dummycmd;

end if;
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when dummycmd_last =>
next_state <= dummycmd_end;
when dummycmd_end =>
next_state <= wait_dpd_out;
when wait_dpd_out =
if (t_dpdout = ’1’) then
next_state <= write_virtconf;
else
next_state <= wait_dpd_out;
end if;
when write_virtconf =>
next_state <= writeconfO_prep;
when writeconfO_prep =>
next_state <= writeconf_CAO;
when writeconf_CAO =>
next_state <= writeconf_CA1l;
when writeconf_CA1l =>
next_state <= writeconf_CA2;
when writeconf_CA2 =>
next_state <= writeconfO;
when writeconfO =
next_state <= writeconfO_end;

when writeconfO_end =>
if (active_dpd_req = ’1’) then
next_state <= wait_dpd_in;
else
next_state <= idle;
end if;
when wait_dpd_in =>
if (t_dpdin = ’1°) then
next_state <= idle;

else
next_state <= wait_dpd_in;
end if;
when readmem_prep | writemem_prep | restore_burst

next_state <= CA_O;
when CA_O0 =>
next_state <= CA_1;
when CA_1 =>
next_state <= CA_2;
when CA_2 =>
next_state <= CA_end;
when CA_end =>
if (current_operation = ’1’) then
next_state <= writemem_wait;
else
next_state <= read_wait_O0;
end if;
when read_wait_0 =>
next_state <= read_wait_1;

when read_wait_1 =>
if (synch_busy = ’1’) then
next_state <= read_wait_2;
else

next_state <= read_wait_1;
end if;

when read_wait_2 =>

>
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if (synch_busy = ’1’) then
next_state <= read_wait_2;
else
next_state <= read_end_1;
end if;

when read_end_1 =
next_state <= read_end_2;

when read_end_2 =>

next_state <= synch_restoring_1;

when synch_restoring_1 =>

next_state <= synch_restoring_2;

when synch_restoring_2 =>
next_state <= idle;

when writemem_wait =>

if (doubled_latency = ’1’) then

if (t_acc2 = ’1’) then
if (bursttransfer = ’17)

then

next_state <= writeburst_prep;

else
next_state <= writemem;
end if;
else
next_state <= writemem_wait;
end if;
else

if (t_accl = ’1’) then
if (bursttransfer = ’17)

then

next_state <= writeburst_prep;

else
next_state <= writemem;
end if;
else

next_state <= writemem_wait;

end if;
end if;

when writemem | writeburst_last
next_state <= write_end;

when write_end =>
next_state <= idle;

when writeburst_prep | writeburst =>

if (write = ’1°) then
if (burst_end = ’1’) then

next_state <= writeburst_last;

else
next_state <= writeburst;
end if;
else
next_state <= stop_burst_1;
end if;

when stop_burst_1 =>
next_state <= stop_burst_2;

when stop_burst_2 =>
next_state <= idle_burst;
when idle_burst =>
if (write = ’1’) then
next_state <= restore_burst
else
next_state <= idle_burst;
end if;

when others =>
next_state <= reset;

end case;
end process next_state_evaluation;

s
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oo GHEEBE GRENBILBILEE oo oooooooorooCoCoCEooCOCOORoCOCooOOCOOROCaoOoD

state_transition: process (clk, reset
begin
if (reset_n = °0’) then

present_state <= reset;
elsif (rising_edge(clk)) then

present_state <= next_state;
end if;

_n)

end process state_transition; ----------------"-"-"—"—"—-~-"-"—-—"———-~—-—~———————-—————

== gEmBrEl #ignalg CdEeFilnliElen —occcoooocccoooooosoooooosooomoooooosonoDoos

control_signals_definition: process (present_state)

begin

-- default values -----------—---—-"-——-"-——"-——"—-—"—-————-—-
waitrequest <= ’0’;
force_valid <= ’07;
cmd_load <= ’0’;
dpd_req_clear_n <= 17,
synch_cnt_enable <= ’0’;
synch_cnt_down <= ’07;
synch_cnt_clear_n <= 17
datain_load <= ’07;
avs_out_sel <= ’07;
reset_config_register_n <= ’0’;
update_config_register <= ’07’;
address_space_sel <= "00";
config_access <= ’07;
read_writelN <= ’0’;
CA_load <= ’07;
CA_sel <= "00";
dq_sel <= "00";
dq_OE <= ’07;
writedata_load <= ’0’;
addressgen_enable <= ’07;
synch_enable <= ’0’;
synch_clear_n <= 17,
RWDS_sampling_enable <= ’07’;
check_latency <= ’07;
force_RWDS_low <= ’07;
hCK_gating_enable_n <= 17,
set_dpd_status <= ’07;
clear_dpd_status_n <= 17
deadline_tim_enable <= ’07;
deadline_tim_clear_n <= 17,
hCKen_pipe_clear_n <= 17,
hbus_RESET_n <= 17,
hbus_CS_n <= 17

when reset =>

waitrequest <=
hCK_gating_enable_n <=
hbus_RESET_n <=
deadline_tim_clear_n <=
clear_dpd_status_n <=
synch_clear_n <=
writedata_load <=
dpd_req_clear_n <=
reset_config_register_n <=
hCKen_pipe_clear_n <=

when reset_wait =>

waitrequest <=
hCK_gating_enable_n <=
deadline_tim_enable <=
hbus_RESET_n <=

when reset_exit_begin =>

waitrequest <=
hCK_gating_enable_n <=
deadline_tim_clear_n <=

when reset_exit =>
waitrequest <=
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hCK_gating_enable_n ’0°
deadline_tim_enable vl ¥
when idle =>
hCK_gating_enable_n ’07;
deadline_tim_clear_n ’0°
cmd_load 71
datain_load 71
when dummycmd =>
waitrequest 71
hbus_CS_n ’0°
deadline_tim_enable 71
when dummycmd_last | dummycmd_end =>
waitrequest 717
hbus_CS_n 07,
hCK_gating_enable_n 707
deadline_tim_clear_n 07
when wait_dpd_out =>
waitrequest 71
hCK_gating_enable_n ’07;
deadline_tim_enable 71
when write_virtconf =>
waitrequest 1
hCK_gating_enable_n ’07;
clear_dpd_status_n ’0°
update_config_register 71
when writeconfO_prep =>
waitrequest 71
hbus_CS_n ’0°
CA_load 71’
config_access 71
address_space_sel "o1"
when writeconf_CAO0 =>
waitrequest 71
hbus_CS_n ’0°
dq_sel "L
writedata_load 0 9g
CA_sel "oo"
when writeconf_CAl1l =>
waitrequest 71
hbus_CS_n ’0°
dq_OE 71’
dq_sel "L
writedata_load 71
CA_sel "o1"
when writeconf_CA2 =>
waitrequest 1
hbus_CS_n ’0°
dq_OE il 9 g
dq_sel LR R
writedata_load 0l 9g
CA_sel "10";
when writeconfO =>
waitrequest 1
hCK_gating_enable_n ’0°
hbus_CS_n ’0°
writedata_load 1
dq_OE P12 g
dq_sel "o1"
when writeconfO_end =>
waitrequest 1
hbus_CS_n ’0°
dq_OE 71
hCK_gating_enable_n ’07;

when wait_dpd_in =>
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waitrequest = 1’
hCK_gating_enable_n = 0’
deadline_tim_enable = ’1?
set_dpd_status = 1’
when read_virtconf =>
hCK_gating_enable_n = ’07;
avs_out_sel = 1’
force_valid = 21’
cmd_load = 1’
datain_load = ’1?
when readmem_prep =>
waitrequest = 1’
hbus_CS_n = 0’
CA_load = 217,
address_space_sel = "00"
read_writelN = 2493
when writemem_prep =>
waitrequest = 1’
hbus_CS_n = 0’
CA_load 5 949g
address_space_sel = "00"
synch_cnt_enable B8 Pid¢g
when CA_O0 =>
waitrequest = 1’
hbus_CS_n = 0’
dq_sel = "11"
writedata_load = 1’
CA_sel = "oo"
synch_cnt_enable = 17,
when CA_1 =>
waitrequest = 1’
hbus_CS_n = ’07%;
dq_OE = 1’
dq_sel = "11"
writedata_load = 1’
CA_sel = "o1"
when CA_2 =>
waitrequest = 1’
hbus_CS_n = 0’
dq_OE 5 249
dq_sel = "11"
writedata_load = 17,
CA_sel = "10"
deadline_tim_enable 5 949g
check_latency = 1’
when CA_end =>
waitrequest = 1’
hbus_CS_n = 0’
dq_OE = 1’
deadline_tim_enable = ’1?
when read_wait_0 =>
waitrequest 5 2i9g
hbus_CS_n = 0’
RWDS_sampling_enable = 1’
synch_enable = 1’
synch_cnt_clear_n = 0’
when read_wait_1 read_wait_2 =>
waitrequest 5 2i9g
hbus_CS_n = 0’
RWDS_sampling_enable = 1’
synch_enable = 1’
when read_end_1 | read_end_2 =
waitrequest = 1’
hbus_CS_n = 0’
hCK_gating_enable_n = 20’
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when synch_restoring_1 =>
waitrequest
hCK_gating_enable_n
synch_clear_n

when synch_restoring_2 =>
waitrequest
hCK_gating_enable_n

when writemem_wait =>
waitrequest
hbus_CS_n
deadline_tim_enable

when writemem =>
waitrequest
hCK_gating_enable_n
hbus_CS_n
writedata_load
dq_sel

when write_end =>
waitrequest
hbus_CS_n
hCK_gating_enable_n
force_RWDS_low
synch_cnt_clear_n
deadline_tim_clear_n
dq_OE

when writeburst_prep =>
hbus_CS_n
writedata_load
dq_sel
datain_load
synch_cnt_enable

when writeburst =>
hbus_CS_n
writedata_load
dq_sel
dq_OE
datain_load
synch_cnt_enable
force_RWDS_low

when writeburst_last =>
waitrequest
hbus_CS_n
hCK_gating_enable_n
writedata_load
dq_sel
dq_OE
force_RWDS_low

when stop_burst_1 =>
waitrequest
hbus_CS_n
hCK_gating_enable_n
synch_cnt_enable
synch_cnt_down
addressgen_enable
force_RWDS_low

when stop_burst_2 =>
waitrequest
hbus_CS_n
hCK_gating_enable_n

when idle_burst =>
hCK_gating_enable_n
deadline_tim_clear_n
datain_load

when restore_burst =>
waitrequest
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hbus_CS_n
CA_load
address_space_sel

end case;

<= ’07;
<= 17,
<= "11v;

end process control_signals_definition; -----------------"---"--"-"-"—--~-~—~———-

end architecture fsm;

-- BRIEF DESCRIPTION: Avalon memory-mapped slave to hyperRAM converter

library IEEE;

use IEEE.std_logic_1164.all;

use IEEE .numeric_std.all;

entity avs_hram_mainconv is

generic
(
drive_strength : std_logic_vector (2 downto 0) := "000"
)
port
(
clk g il std_logic;
reset_n : in std_logic;
-- avs signals
avs_address : in std_logic_vector (22 downto 0);
avs_read : in std_logic;
avs_readdata : out std_logic_vector (15 downto 0);
avs_write : in std_logic;
avs_writedata g il std_logic_vector (15 downto 0);
avs_waitrequest : out std_logic;
avs_readdatavalid : out std_logic;
avs_burstcount : in std_logic_vector (10 downto 0);
-- hram signals
hram_RESET_n : out std_logic;
hram_DQ : inout std_logic_vector (7 downto 0);
hram_RWDS : inout std_logic;
hram_CS_n : out std_logic;
clk90 : out std_logic;
hCK_enable : out std_logic
E

end entity avs_hram_mainconv;

architecture rtl of avs_hram_mainconv is

-- COMPONENT: execution unit ---------------------"-"-"-"-—-——————"—~—~—~—~—~—~—~—~—~—~—~—~—~—~—~—~—————

component avs_hram_mainconv_EU is

generic
(
drive_strength : std_logic_vector (2 downto 0) := "000"
)
port
(
clk in std_logic;
reset_n in std_logic;
-- avs signals
avs_address in std_logic_vector (22 downto 0);
avs_read in std_logic;
avs_readdata out std_logic_vector (15 downto 0);
avs_write in std_logic;
avs_writedata in std_logic_vector (15 downto O0);
avs_waitrequest out std_logic;
avs_readdatavalid out std_logic;
avs_burstcount in std_logic_vector (10 downto 0);
-- hram signals
hram_RESET_n out std_logic;

hram_DQ

hram_RWDS
hram_CS_n

clk90

hCK_enable

-- control signals
waitrequest
force_valid

inout std_logic_vector (7 downto 0);
inout std_logic;
out std_logic;
out std_logic;
out std_logic;

in std_logic;
in std_logic;
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)

en

po
(

cmd_load
dpd_req_clear_n
synch_cnt_enable
synch_cnt_down
synch_cnt_clear_n
datain_load
avs_out_sel

reset_config_register_n
update_config_register

address_space_sel
config_access
read_writelN

CA_load

CA_sel

dq_sel

dq_OE
writedata_load
addressgen_enable
synch_enable
synch_clear_n
RWDS_sampling_enable
check_latency
force_RWDS_low
hCK_gating_enable_n
set_dpd_status
clear_dpd_status_n
deadline_tim_enable
deadline_tim_clear_n
hCKen_pipe_clear_n
hbus_RESET_n
hbus_CS_n

-- status signals
write

read

config

dpd_req
active_dpd_req
current_operation
bursttransfer
burst_end
synch_busy
doubled_latency
dpd_mode_on

t_accl

t_acc2

t_dpdcsl

t_dpdin

t_dpdout

d COmpOnent; =————-———— - - m—m e m oo oo — e — -

COMPONENT: control unit
component avs_hram_mainconv_CU is

rt

clk

reset_n

-- control signals
waitrequest
force_valid
cmd_load
dpd_req_clear_n
synch_cnt_enable
synch_cnt_down
synch_cnt_clear_n
datain_load
avs_out_sel

reset_config_register_n
update_config_register

address_space_sel
config_access
read_writelN
CA_load

CA_sel

dq_sel

dq_OE

in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in

out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out

in
in

out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

std_logic

std_logic;
std_logic;
std_logic;

std_logic
std_logic

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

std_logic

std_logic;
std_logic;

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic_v
std_logic;
std_logic;
std_logic;
std_logic_v
std_logic_v
std_logic;

5
3
5
;
5
)
3
5
3
_vector (1 downto 0);
;

5

)
vector (1 downto 0);
vector (1 downto O0);

s

s

s

s

s

s

s

s

s

s

s

s

H

s

s

s

H

s

H

s

’

H

ector (1 downto O0);

ector (1 downto 0);
ector (1 downto O0);
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writedata_load
addressgen_enable
synch_enable
synch_clear_n

RWDS _

sampling_enable

check_latency
force_RWDS_low
hCK_gating_enable_n
set_dpd_status
clear_dpd_status_n
deadline_tim_enable
deadline_tim_clear_n
hCKen_pipe_clear_n

hbus_
hbus_
== G5
write
read

RESET_n
CS_n
atus signals

config

dpd_r

e

active_dpd_req
current_operation

burst
burst

transfer
_end

synch_busy
doubled_latency
dpd_mode_on

t_acc
t_acc

1
2

t_dpdcsl
t_dpdin
t_dpdout

)

out
out
out
out
out
out
out
out
out
out
out
out
out
out
out

in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic

end COMPONEeNt j——————————— - — o

-- SIGNALS

signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal

waitrequest
force_valid
cmd_load
dpd_req_clear_n
synch_cnt_enable
synch_cnt_down
synch_cnt_clear_n
datain_load
avs_out_sel

reset_config_register_n
update_config_register

address_space_sel
config_access
read_writeN

CA_load

CA_sel

dq_sel

dq_OE
writedata_load
addressgen_enable
synch_enable
synch_clear_n
RWDS_sampling_enable
check_latency
force_RWDS_low
hCK_gating_enable_n
set_dpd_status
clear_dpd_status_n
deadline_tim_enable
deadline_tim_clear_n
hCKen_pipe_clear_n
hbus_RESET_n
hbus_CS_n

write

read

config

dpd_req
active_dpd_req
current_operation
bursttransfer

std_logic
std_logic
std_logic
std_logic
std_logic
std_logic
std_logic
std_logic
std_logic
std_logic
std_logic

s
>
>
>
>
’
>
s
3
>

>

std_logic_vector (1 downto 0);

std_logic
std_logic
std_logic

>
3

’

std_logic_vector (1 downto 0);
std_logic_vector (1 downto 0);

std_logic
std_logic
std_logic
std_logic

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

>
>
>
>
s
>
s
>
>
>
>
)
>
s
3
>
>
>
>
3
s
3

s
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signal
signal
signal
signal
signal
signal
signal
signal
signal

EU

burst_end
synch_busy
doubled_latency
dpd_mode_on
t_accl

t_acc2

t_dpdcsl
t_dpdin
t_dpdout

avs_hram_mainconv_EU

generic map

(

drive_strength => drive_strength

)
port

clk

map

reset_n

avs_address
avs_read
avs_readdata
avs_write
avs_writedata
avs_waitrequest
avs_readdatavalid
avs_burstcount
hram_RESET_n
hram_DQ

hram_RWDS

hram_CS_n

clk90

hCK_enable
waitrequest
force_valid
cmd_load
dpd_req_clear_n
synch_cnt_enable
synch_cnt_down
synch_cnt_clear_n
datain_load
avs_out_sel
reset_config_register_n
update_config_register
address_space_sel
config_access
read_writeN

CA_load

CA_sel

dq_sel

dq_OE
writedata_load
addressgen_enable
synch_enable
synch_clear_n
RWDS_sampling_enable
check_latency
force_RWDS_low
hCK_gating_enable_n
set_dpd_status
clear_dpd_status_n
deadline_tim_enable
deadline_tim_clear_n
hCKen_pipe_clear_n
hbus_RESET_n
hbus_CS_n

write

read

config

dpd_req
active_dpd_req
current_operation

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

clk,

reset_n,
avs_address,
avs_read,
avs_readdata,
avs_write,
avs_writedata,
avs_waitrequest,
avs_readdatavalid,
avs_burstcount,
hram_RESET_n,
hram_DQ,

hram_RWDS,
hram_CS_n,

clk90,

hCK_enable,
waitrequest,
force_valid,
cmd_load,
dpd_req_clear_n,
synch_cnt_enable,
synch_cnt_down,
synch_cnt_clear_n,
datain_load,
avs_out_sel,
reset_config_register_n,
update_config_register,
address_space_sel,
config_access,
read_writeN,
CA_load,

CA_sel,

dq_sel,

dq_OE,
writedata_load,
addressgen_enable,
synch_enable,
synch_clear_mn,
RWDS_sampling_enable,
check_latency,
force_RWDS_low,
hCK_gating_enable_n,
set_dpd_status,
clear_dpd_status_n,
deadline_tim_enable,
deadline_tim_clear_n,
hCKen_pipe_clear_n,
hbus_RESET_n,
hbus_CS_n,

write,

read,

config,

dpd_req,
active_dpd_req,
current_operation,
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bursttransfer =>
burst_end =
synch_busy =
doubled_latency =>
dpd_mode_on =>
t_accl =>
t_acc2 =>
t_dpdcsl =
t_dpdin =
t_dpdout =>

CU : avs_hram_mainconv_CU

port map

(
clk =>
reset_n =>
waitrequest =>
force_valid =>
cmd_load =>
dpd_req_clear_n =
synch_cnt_enable =
synch_cnt_down =
synch_cnt_clear_n =>
datain_load =
avs_out_sel =>
reset_config_register_n =>
update_config_register =
address_space_sel =
config_access =>
read_writelN =>
CA_load =
CA_sel =>
dq_sel =
dq_OE =
writedata_load =
addressgen_enable =>
synch_enable =>
synch_clear_n =>
RWDS_sampling_enable =>
check_latency =
force_RWDS_low =
hCK_gating_enable_n =
set_dpd_status =>
clear_dpd_status_n =>
deadline_tim_enable =>
deadline_tim_clear_n =>
hCKen_pipe_clear_n =
hbus_RESET_n =
hbus_CS_n =
write =>
read =>
config =>
dpd_req =>
active_dpd_req =
current_operation =
bursttransfer =
burst_end =>
synch_busy =>
doubled_latency =>
dpd_mode_on =>
t_accl =
t_acc?2 =
t_dpdcsl =
t_dpdin =>
t_dpdout =>

bursttransfer,
burst_end,
synch_busy,
doubled_latency,
dpd_mode_on,
t_accl,

t_acc2,
t_dpdcsl,

clk,

reset_n,
waitrequest,
force_valid,
cmd_load,
dpd_req_clear_mn,
synch_cnt_enable,
synch_cnt_down,
synch_cnt_clear_n,
datain_load,
avs_out_sel,
reset_config_register_n,
update_config_register,
address_space_sel,
config_access,
read_writelN,
CA_load,

CA_sel,

dq_sel,

dq_OE,
writedata_load,
addressgen_enable,
synch_enable,
synch_clear_mn,
RWDS_sampling_enable,
check_latency,
force_RWDS_low,
hCK_gating_enable_n,
set_dpd_status,
clear_dpd_status_n,
deadline_tim_enable,
deadline_tim_clear_n,
hCKen_pipe_clear_n,
hbus_RESET_n,
hbus_CS_n,

write,

read,

config,

dpd_req,
active_dpd_req,
current_operation,
bursttransfer,
burst_end,
synch_busy,
doubled_latency,
dpd_mode_on,

t_accl,

t_acc2,

t_dpdcsl,

t_dpdin,

t_dpdout
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