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I nt I'Od u CﬁOn (Ask a Question)

Dynamic Reconfiguration Interface (DRI) SgCore IP is an embedded bus within the PolarFire® family of FPGAs.
This user guide describes how DRI is used in PolarFire family. The FPGA fabric is common to the PolarFire
family, which consists of the following FPGA devices.

PolarFire FPGAs Microchip's PolarFire® FPGAs are the fifth-generation family of non-volatile FPGA devices, built on
state-of-the-art 28 nm non-volatile process technology. PolarFire FPGAs deliver the lowest power
at mid-range densities. PolarFire FPGAs lower the cost of mid-range FPGAs by integrating the
industry's lowest power FPGA fabric, lowest power 12.7 Gbps transceiver lane, built-in low power
dual PCl Express® Gen2 (EP/RP), and, on select data security (S) devices, an integrated low-power
crypto co-processor.

PolarFire SoC FPGAs  Microchip's PolarFire SoC FPGAs are the fifth-generation family of non-volatile SoC FPGA devices,
built on state-of-the-art 28 nm non-volatile process technology. The PolarFire SoC family offers
industry's first RISC-V based SoC FPGAs capable of running Linux®. It combines a powerful 64-bit 5x
core RISC-V Microprocessor Subsystem (MSS), based on SiFive's U54-MC family, with the PolarFire
FPGA fabric in a single device.

RT PolarFire FPGAs Microchip's RT PolarFire® FPGAs combine our 60 years of space flight heritage with the industry's
lowest-power PolarFire FPGA family to enable new capabilities for space and mission-critical
applications. RT PolarFire FPGA family includes RTPF500T, RTPF500TL, RTPF500TS, RTPF500TLS,
RTPF500ZT, RTPF500ZTL, RTPF500ZTS, and RTPF500ZTLS devices.

DRI is an APB target interconnect providing global access to the following embedded blocks:
+ Transceiver lanes

* Transmit PLLs
* PLLs/DLLs (Clock Conditioning Circuitry or CCCs)

DRI allows modification of these embedded blocks at power-up and during operation. The embedded DRI

bus provides dedicated connectivity and register mapped addressing to all the features as APB target
peripherals. The DRI connectivity is a fixed dedicated resource that does not require any fabric logic or
routing resources. Each transceiver and CCC supports a DRI, which can be enabled to configure its parameters
without reprogramming the device. The transceiver, PCIESS, and CCC reconfiguration is controlled by volatile
configuration registers that are loaded with values from the Flash configuration bits at power-up. It is
recommended to carefully use DRI because changing the factory or initialization settings can cause undesired
results.

Important:

+ AXl and APB protocol standards use the terminology "Manager" and "Subordinate".
The equivalent Microchip terminology used in this document is "Initiator" and "Target"
respectively.

« DRIl is not available to the user logic, when SmartDebug is being used for debugging.

The following table summarizes DRI access in the PolarFire family.


https://www.microchip.com/askaquestion?pub_guid=GUID-F45AAAD1-A6DD-4407-9853-927C406950E4&pub_lang=en-US&pub_ver=8&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-472D4FA7-D355-42B0-A9AE-817698885E48&cover_title=PolarFire%20Family%20DRI%20SgCore%20User%20Guide&tech_support_link=NA&revision_letter=H&source=PDF&title=Introduction
https://www.microchip.com/en-us/products/fpgas-and-plds/fpgas/polarfire-fpgas/polarfire-mid-range-fpgas
https://www.microchip.com/en-us/products/fpgas-and-plds/system-on-chip-fpgas/polarfire-soc-fpgas
https://www.microchip.com/en-us/products/fpgas-and-plds/radiation-tolerant-fpgas/rt-polarfire-fpgas
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Table 1. PolarFire® Family DRI

PF_DRI SgCore IP The PF_DRI IP enables user access to the
embedded APB target bus which provides a
mirrored initiator APB target interface to the
FPGA fabric. This IP can be seamlessly used
in the PolarFire Family.

In PolarFire and RT PolarFire designs, the
APB initiator can be implemented with the
Mi-V soft processor IP or the CoreABC IP
for controlling and accessing the DRI target
peripherals.

In PolarFire SoC designs, the APB initiator
can be implemented with the PolarFire SoC
MSS, the Mi-V soft processor IP, or the
CoreABC IP for controlling and accessing the
DRI target peripherals.
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1. DRI Use MOdE' (Ask a Question)

The following sections describe the DRI use models in the PolarFire family.
+ PolarFire and RT PolarFire FPGA

* PolarFire SoC FPGA
1.1. PolarFire and RT PolarFire FPGA (aska question)

The following figure shows the high-level block diagram of the DRI use model in PolarFire and RT
PolarFire devices.

Figure 1-1. High-Level Block Diagram of DRI Implementation

| Soft Processor Subsystem |
T

[ APB Mirrored Initiator | PE DRI
ComTJonent
| DRI | | DRI | | DRI | | DRI |
| | | |
| DRI | | DRI | | DRI | | DRI |
TX PLL XCVR TX PLL ccc

For more information about the PolarFire register map, see PolarFire Device Register Map.

For information about the dynamic reconfiguration of transceiver and CCC using the PF_DRI IP, see
AN4592: PolarFire FPGA Dynamic Reconfiguration Interface Application Note (Earlier AC475).
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Important: Consider the following key points while accessing DRI:

The DRI registers of peripheral blocks can be accessed through the APB
interface using Mi-V soft processor, CoreABC, External processor, or Fabric
state machine.

The minimum address space required for accessing all the DRI registers
through APB is 256 MB.

The base address for accessing the DRI register is (ADDRgjave targets *
ADDReripheral)- Where,

- ADDRqgjave targets denotes the address of the slave target connected to the
soft processor. The APB slave is connected to the soft processor (Mi-V or
CoreABC) through the CoreAHBLite IP.

- ADDRperipheral denotes the address of the peripheral connected to the
CoreAPB3 IP.

As an example, suppose that Mi-V soft processor is used to access the DRI
registers of the south-west CCC. Since these CCC registers are accessed
through the APB interface, the base address for the CCC registers becomes
0x6840 0000 (0x6000 0000 + 0x0840 0000). Where,

- 0x6000 0000 is the APB address connected to the Mi-V soft processor

- 0x0840 0000 is the address offset of the south-west CCC per PolarFire
Device Register Map.

The DRI PCLK must be gated off until a valid source clock is present

and device initialization is completed. It is recommended to use an

RGCLKINT macro to gate this clock. The gate enable signal must be

qualified by the DEVICE INIT DONE and AUTO CALIB DONE outputs of the
PF_INIT MONITOR IP. Additionally, the gate must be qualified with any signals
available that indicate the DRI PCLK sourcing clock is stable (for example,

PLL LOCK and BANK x VDDI STATUS).
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1.2. POIarFire SOC FPGA (Ask a Question)

The following figure shows the high-level block diagram of the DRI use model in PolarFire SoC
devices. In PolarFire SoC FPGAs, MSS accesses the PF_DRI IP via FIC_3 which is an APB interface.

Figure 1-2. DRI Accessed Using PF_DRI IP from Fabric
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Important: Consider the following key points while accessing DRI:

+ One of the processor cores is used to update the DRI registers of
peripheral blocks through the FIC3 (0x4000_0000). Therefore, the base address
for accessing the DRI register is (0x4000_0000 + ADDRperipheran)- Where,
ADDReripheral denotes the address of the peripheral whose DRI register must
be accessed.

« For example, the address offset for the south-west CCC registers starts at
0x08400000 as per PolarFire SoC Device Register Map. Since these CCC
registers are accessed through FIC3, the base address for the CCC registers
becomes 0x4840 0000 (0x4000 0000 + 0x0840 0000).

+ For more information about PolarFire SoC MSS, see PolarFire SoC FPGA MSS Technical Reference
Manual. For more information about configuring PolarFire SoC MSS, see Standalone MSS
Configurator User Guide for PolarFire SoC.

« For more information about the PolarFire SoC register map, see PolarFire SoC Device Register
Map.

« For more information about updating the CCC PLL outputs dynamically using the PF_DRI
IP, see PolarFire SoC Bare Metal DRI Application. The DRI application is available at
baremetal applications/DRI directory of the apps repository.
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2. Design Initialization Data Report (s«aauestion)

The Design Initialization Data Report.xml report file includes the register configuration
values of CCC, XCVR, and TXPLL used in a design. This report is generated after the completion

of the Generate Design Initialization Data step of the Libero® SoC design flow. For more
information, see Libero SoC Design Flow User Guide.

Toview the Design Initialization Data Report.xml report file, right click Generate Design
Initialization Data from Libero Design Flow and select View Report.

After knowing these values, you can build another design for comparing the changes in the register
values required to dynamically change the data or clock rate using DRI. The following figure shows
the Design Initialization Data Report.xml report file from the Reports tab of Libero SoC.

Using this report, you can view the following:

+ Addresses and values of RXPLL FBDIV and RXPLL REFDIV registers set by the XCVR
configurator.

+ Addresses and values of PLL_ DIV 0 1,PLL DIV 2 3,and PLL REF FB registers set by the CCC
configurator.

Figure 2-1. Design Initialization Data Report

Reports 8% | startpage 5 % |

Lock_step_processor_fam_rpt.txt 4|
Lock_step_processor_cdc.csv
Lock step_processor_compile_netlist_resourcesm
Lock step_processor_compile_netlist_hier resources.csv
Lock step_processor_compile_ioffxml

Ll |«

Power Up to Functional Timing (PUFT)

@ Lock step_procassor_compile,netiistlog INFO: The PUFT timing numbers reflect the time elapsed between the assertion of FABRIC_POR_N signal and the assettion of each signal in the below table_
= Place and Route

Lock step_processor_glb_net_reportxml Signal Name PUFT (micro secs)

Lock_step_processor_mindelay. repair_report.ipt

Lock_step_processor_layout_combinational_loops.xml SRAM_INIT_FROM_SNVM_DONE  3321.289

Lock _step_processor_place_and_route_censtraint_cove.
Lock_step_processor_pinrpt_name.rpt

Lock _step_processor_pinrpt_number.rpt
Lock_step_pracessor_pinrpt_boardlayout.csv
Lock_step_pracessor_pinrpt_boardlayoutxml

Lock step proceszo_bankipl gt PLL_SW_0 (PF_CCC_CO0_O0/PF_CCC_CO_0/pll_inst_0)
Lock_step_pracessor_delayinstance.rpt — — —= — —— — —
Lock_step_pracessor_layout_ioffxml

DEVICE_INIT_DONE 3336.289

) Lock step_processor_layout_log.log Register Name | Register Address  Register Reset Register Configured Value | Register Modified Lock Value(*)
= Ve T

E"?,‘T;:E step.processormax timing_mult_comeraml SOFT_RESET  0x8400000 0x00000000  0x00000000 Ne WA
W Lock step_proceszar_min_timing_mult_comersxmi PLLCTRL | 0xB400004 0:0000107C | 0x00001087 Yes NiA
¥ Lock step_processor_max_timing_violations_multi...
W Lockstep_processor_min timing violations muti PLL_REF_FB | 0xB400008 000000000 | 0x00000500 Yes NiA
5 t“:-S:EF-W“e“W mx—:‘mmg-sl'°w-“"-l':xm“ PLL_FRACN  0xB40000C 0x00000000 | 0x00000000 No /A

ock step_processor min timing slow_lv_ftxm

¥ Lock step_processor_max_timing violations. slow._ PLLDV 01 0x3400010 0x00000000 | 0x01001300 Yes WA
5 tg::—z:ﬁ—gz::zz:—2‘a"x—‘t"'"“m‘l’:‘gg—“f‘;‘:‘h‘s";—::;‘“— PLLDV 23  0x8400014 000000000 0x01000100 Yes NiA
¥ Lock_step_processor_min_timing_fast_hv_ltxml PLL_CTRLZ  0xB400018 0x00001006 | 0x0000101C Yes NiA
& Lock_step_processor_max_timing_violations_fast_...
V Lot e i volations T, | | PLL_CAL 0xB40001C 0x00000000 | 0x0000000E Yes WA
W Lockstep_processor_max_timing_slow_v_htxml PLL_PHADJ | 0x8400020 0x00004001 | 0x00004000 Yes WA
& Lock_step_processor_min_timing_slow_lv_htxml
V Lock st processor o timine violations low.. | SSCG_REG_D | 0xB400024 0x00000000 | 0x00000001 Yes NiA
¥ Lock step_processor_min_timing violations slow.... SSCG_REG_1 | 0xB400028 000000000 | 0x0000000A Yes NiA
Lock_step_pracessor_timing_constraints_caveragexml - =
Lock_step. processor_timing_combinational_loaps.xmi SSCG_REG. 2  0xB40002C 0x00000000 | 0x000001EE Yes WA

= Generate Design Initialization Data

Design, Inalisstion. Data.Resariom] SSCG_REG_3  0xB400030 0x00000000 | 0x00000001 Yes NiA
W Design_Inftialization_Data_Report ot

= Generate Bitstream Nate: (%) Lock Value = 0, disables modification of the Register Lock Value = NfA_ locking does not apply to the Register.
@ Lock_step_processor_generateBitstream.log
Export Bitstream
Lock_step_processor_exportBitstream.log

= Export FlashPro Express Job _| Q4 TXPLL (Unused) -
o | ;IJ

@ Lock step_processor_expartiob.log

Important: The .xml and . txt files of this report can also be accessed from
<$Libero Project location>\designer\top.
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3- PF_DRI Sgcore IP (Ask a Question)

The PF_DRI SgCore IP is available in the Catalog under Peripherals. If you do not see this core,
download and install the MegaVault. For more information about downloading and installing the
MegaVault, see Libero Software Download and License Installation Quick Start Guide.

Figure 3-1. DRI IP with APB Interface

Catalog 8 X Bt F % l Reports & X ] StartPage @ X l
e @ v 9 im »  Filter Nets: |* [ Show Only BIF Nets
DRI :-’; v [ Simulation Mode
Name Version ‘
I Peripherals PF_DRI_C]._O
&= Cored29 3.13.100
& Core429 APB 3.13.100 HELE SR
Corel2C 7.2.101 PSTREL3:(0] PTIMEOUT
PolarFire Dynamic Reconfiguration Interface 1.1.104 PRESETM _—
= ire _ — : APBS
-1 Solutions-Video
& MIPI DSI TX PF 1.1.0 PF_DRI_C1

] New cores are available Download them now! | (

The following table lists the general ports of the PF_DRI SgCore.

Table 3-1. PF_DRI Ports

PCLK Input Input clock source to DRI. This clock can be sourced from a CCC or an
external oscillator.
All transfers on the APB bus are clocked with respect to the rising edge of
PCLK.

PSTRB[3:0] Input 4 (Active-High) There is one write strobe for each byte of the write data
(PWDATA 32-bit or 4 bytes). PSTRB signal indicates the byte lanes to be
updated during a write transfer.

PRESETN Input 1 (Active-Low) The APB Reset signal from the initiator.

PINTERRUPT Output 1 (Active-High) Interrupt can be handled by a soft processor or can be
handled by other user logic in the fabric. DRI_INTERRUPT is the source
of the INTERRUPT.

PTIMEOUT Output 1 (Active-High) Indicates to the fabric that the bus timed out (no response
received). Time-out can occur when accessing a target that is not ready.
BUSERROR Output 1 (Active-High) Indicates to the fabric that a bus error was detected. Once

asserted, this error signal stays active until PRESETN is asserted. Bus error
can occur if accessing locked or non-existent targets.
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Table 3-1. PF_DRI Ports (continued)

APBS (APB Bus The APBS port is connected to APB initiator. For example, CoreABC/Mi-V
Interface bus signals) Soft Processor.
PADDR 29 This is the APB address bus driven by the initiator.
(input)
PENABLE 1 (Active-High) Enable signal from the initiator to trigger APB transfer.
(input)
PRDATA 32 The selected target drives this data to the initiator during read cycles when
(output) PWRITE is Low.
PREADY 1 (Active-High) This signal indicates that APB bus is ready for transfer to
(output) target. When PREADY is Low, the target initiates a transfer to DRI.
PSEL (input) 1 (Active-High) The APB initiator generates this signal to each DRI target.

Indicates that the target device is selected and that a data transfer is
required. There is a PSELx signal for each target.

PSLVERR 1 (Active-High) This signal indicates a transfer failure.

(output)

PWDATA 32 (Active-High) This bus is driven by the APB initiator during write cycles
(input) when PWRITE is High.

PWRITE 1 This signal indicates an APB write access when High and an APB read
(input) access when Low.

The following sections describe DRI configuration for XCVR, TX PLL, PCIE, and CCC blocks using the
PolarFire Dynamic Reconfiguration Interface Configurator window.

3.1. DRI Configuration for XCVR (aska question)

In the XCVR tab, individual lanes (LANE_O - 3) can be selected for each quad lane (Qn Lanes, n =
0 - 5). For example, when QO_LANEO and QO_LANE1 lane check boxes are selected in QO Lanes,
QO_LANEO and QO_LANET1 ports are added to the DRI IP block. The DRI ports highlighted in the
following figure are routed through hardwired connections to the transceiver.

Figure 3-2. The XCVR Tab

XCVR ™Rl | occc | misc |
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= e PRESETN
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APBS

BIF: QO_LANEO_DRI
Members:
- DRILARST_N output
- DRI_CLK output
P F D RI - DRI_ZWDATA[32:0] output
- - QO_LANEO_DRI_CTRL[10:0] output
- Q0_LANEO_DRI_INTERRUPT input
- QO_LANEOQ_DRI_RDATA[32:0] input

E Q5 Lanes

Q5_LANEO [ QS_LANE1 | Q5_LANE2 [ Q5_LANE3 [
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Important: The number of QUADs (Q#) varies based on the device variant.

The following table lists the XCVR DRI ports.

Table 3-2. XCVR DRI Ports

DRI_ARST_N Output
DRI_CLK — Output
DRI_WDATA — Output
Q#_LANE#_DRI_CTRL Q#_LANE#_DRI Output
Q#_LANE#_DRI_INTERRUPT Q#_LANE#_DRI Input
Q#_LANE#_DRI_RDATA Q#_LANE#_DRI Input

1

1
32

[10:0]

[32:0]

Active-Low asynchronous Reset signal from
DRI to target.

Clock source to the target.

DRI write data bus driven by DRI during write
cycles.

Embedded connection to specified target
peripheral. Q# can be 0, 1, 2, 3, 4, 5, LANE#
canbeO, 1,2, 3.

Embedded connection to specified target
peripheral. Q# canbe 0, 1, 2, 3, 4, 5, LANE#
canbeO, 1,2, 3.

Embedded connection to specified target
peripheral. Q# can be 0, 1, 2, 3, 4, 5, LANE#
canbe0, 1,2, 3.

For more information about user connections required while using DRI interface, see AN4592:
PolarFire FPGA Dynamic Reconfiguration Interface Application Note (Earlier AC475).

3.2. DRI Configuration for TX PLL (aska question)

In the TX PLL tab, the required options per quad to enable DRI for both spread spectrum generation
capable transmit PLLs (Q#_TXPLL_SSC) and (Q#_TXPLLn) without spread spectrum capabilities can

be selected, see the following figure.

The DRI option is provided for two Q#_TXPLLn (Q#_TXPLLO, Q#_TXPLL1) within transceiver quad
locations. The DRI target ports highlighted in the following figure are routed through hardwired
connections to the transceiver PLL. For more information, see the “Transmit PLL" section in PolarFire

Family Transceiver User Guide.
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Figure 3-3. The TX PLL Tab

XOWR ccc | omise |
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Q4_TXPLL_SSC [
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QL_TXPLL_SSC [ P F—D RI—O
@_peussc [ PINTERRUPT
-
Q5_TXPLL_SSC . PTIMEOUT
B TXPLL PSTRB[3:0] BUSERROR
Q4 TP [ PRESETN. QO_LANEO_DRI
Qz_TXPLLO [ i QO_LANE1_DRI
I
e QO_TXPLL_SSC_DRI
QO_TXPLLO_DRI [RgBIF: Q0_TXPLL SSC DRI
QO_TXPLLYL [ L - - —H||Members:
- DRI_ARST_N output
QI_TXPLLO [ PF DRI - DRICLK output
S [ - - DRI_WDATA[32:0] output
- QO_TXPLL SSC_DRI_CTRL[10:0] output
Q3 TXPLL [ - QO_TXPLL_SSC_DRI_INTERRUPT input
QS TXPLL [ - QO_TXPLL SSC_DRI_RDATA[32:0] input
I >

The following table lists the TX PLL DRI ports.

Table 3-3. TX PLL DRI Ports

Q#_TXPLL_SSC_DRI_CTRL Q#_TXPLL_SSC_DRI Output [10:0] Embedded connection to specified target peripheral.
Q#canbe0,1,23,4,5.

Q#_TXPLL_SSC_DRI_RDATA Q#_TXPLL_SSC_DRI Input [32:0] Embedded connection to specified target peripheral.
Q#canbe0,1,23,4,5.

Q#_TXPLL_SSC_DRI_INTERRUPT Q#_TXPLL_SSC_DRI Input — Embedded connection to specified target peripheral.
Q#canbe0,1,23,4,5.

Q#_TXPLL_DRI_CTRL Q#_TXPLL_DRI Output [10:0] Embedded connection to specified target peripheral.
Q# can be 3, 4, 5.

Q#_TXPLL_DRI_RDATA Q#_TXPLL_DRI Input [32:0] Embedded connection to specified target peripheral.
Q# can be 3,4, 5.

Q#_TXPLL_DRI_INTERRUPT Q#_TXPLL_DRI Input — Embedded connection to specified target peripheral.
Q# can be 3, 4, 5.

Q#_TXPLLO_DRI_CTRL Q#_TXPLLO_DRI Output  [10:0] Embedded connection to specified target peripheral.
Q#canbe0,1, 2.

Q#_TXPLLO_DRI_RDATA Q#_TXPLLO_DRI Input [32:0] Embedded connection to specified target peripheral.
Q#canbe0,1, 2.

Q#_TXPLLO_DRI_INTERRUPT Q#_TXPLLO_DRI Input — Embedded connection to specified target peripheral.
Q#canbe0,1, 2.

Q#_TXPLL1_DRI_CTRL Q#_TXPLL1_DRI Output [10:0] Embedded connection to specified target peripheral.
Q#canbe0,1, 2.

Q#_TXPLL1_DRI_RDATA Q#_TXPLL1_DRI Input [32:0] Embedded connection to specified target peripheral.
Q#canbe0,1, 2.

Q#_TXPLL1_DRI_INTERRUPT Q#_TXPLL1_DRI Input — Embedded connection to specified target peripheral.

Q#canbe0,1, 2.

3.3. DRI Configuration for PCIE (asa question)

PCIE controllers do not connect directly to a DRI port, the associated XCVR lanes must be connected
to the DRI for dynamic control of the XCVR features. The PCIE controllers have a dedicated APB port
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3.4.

for access to the register control within the PCIE subsystem. For more information, see PolarFire
Family PCI Express User Guide.

DRI Configuration for CCC (aska auestion)

In the CCC tab, the required PLLs and DLLs (in all four corners NW, NE, SE, and SW) can be selected
to enable DRI on the selected options and the corresponding DRI target interface is exposed, see the
following figure.

Figure 3-4. The CCC Tab

xar | omen [Coec | misc

2 CCC_NW
DLLONW [ DLLI_NW [

2 CCC_NE
PLLONE | PLLI_NE [ PF DRI O
DLLONE | DLLINE [ - _

C e PCLK PINTERRUPT
PLLO_SE [ PLLISE [

PSTRB[3:0] PTIMEOUT

DLLO_SE [ DLLI_SE [

a ccosw PRESETN BUSERROR
PLLO.SW [ PLLI_SW [ APBS PLLO_NW_DRI

BIF: PLLO_NW_DRI

P F D RI Members:
_ - DRI_ARST_N output

- DRI_CLK output

- DRI_WDATA[32:0] output

- PLLO_NW DRI_CTRL[10:0] output
- PLLO_NW_DRI_INTERRUPT input

- PLLO_ NW DRI_RDATA[32:0] input

———

DLLO SW [ D1 sw /[

The DRI target ports highlighted in the preceding figure are routed through hardwired connections
to the CCC.

The following table lists the CCC DRI ports.

Table 3-4. CCC DRI Ports

PLLO_**_DRI_CTRL PLLO_**_DRI Output [10:0] Embedded connection to specified target
peripheral. ** can be NW, NE, SW, or SE.
PLLO_**_DRI_RDATA PLLO_**_DRI Input [32:0] Embedded connection to specified target
peripheral. ** can be NW, NE, SW, or SE.
PLLO_**_DRI_INTERRUPT PLLO_**_DRI Input — Embedded connection to specified target
peripheral. ** can be NW, NE, SW, or SE.
PLL1_**_DRI_CTRL PLL1_** DRI Output [10:0] Embedded connection to specified target
peripheral. ** can be NW, NE, SW, or SE.
PLL1_**_DRI_RDATA PLL1_**_DRI Input [32:0] Embedded connection to specified Target
peripheral. ** can be NW, NE, SW, or SE.
PLL1_**_DRI_INTERRUPT PLL1_** DRI Input — Embedded connection to specified target
peripheral. ** can be NW, NE, SW, or SE.
DLLO_**_DRI_CTRL DLLO_**_DRI Output [10:0] Embedded connection to specified target
peripheral. ** can be NW, NE, SW, or SE.
DLLO_**_DRI_RDATA DLLO_**_DRI Input [32:0] Embedded connection to specified target
peripheral. ** can be NW, NE, SW, or SE.
DLLO_**_DRI_INTERRUPT DLLO_**_DRI Input — Embedded connection to specified target

peripheral. ** can be NW, NE, SW, or SE.
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3.4.1.

Table 3-4. CCC DRI Ports (continued)

DLL1_**_DRI_CTRL DLL1_**_DRI Output [10:0] Embedded connection to specified target
peripheral. ** can be NW, NE, SW, or SE.

DLL1_**_DRI_RDATA DLL1_**_DRI Input [32:0] Embedded connection to specified target
peripheral. ** can be NW, NE, SW, or SE.

DLL1_**_DRI_INTERRUPT DLL1_**_DRI Input — Embedded connection to specified target

peripheral. ** can be NW, NE, SW, or SE.

Dynamic Configuration of CCC (ask a question)

Each CCC has a DRI which can be enabled to configure CCC parameters without reprogramming the
device. The CCC configuration is controlled by the volatile configuration registers that are loaded
with values from the Flash configuration bits at power-up. An APB bus initiator must be interfaced to
the CCC using a DRI macro for dynamic configuration. The APB bus initiator is used to dynamically
modify the CCC configuration register values as per design needs. For more information on CCC
configuration registers and their bit definitions, see PolarFire Device Register Map.

To meet all the datasheet specifications, certain requirements must be met when configuring

the PLL/DLL parameters. The Libero CCC configurator implements all these requirements and
creates a valid solution for the requested output clock frequencies and phases. Hence, Microchip
recommends that users generate the required configuration using Libero CCC configurator and use
the generated parameters in their dynamic configuration solution.

The PLL_POWERDOWN_N input must be asserted before making changes to the PLL configuration
parameters.

Important: Asserting the PLL_POWERDOWN_N signal resets the PLL operation.

When the CCC is configured in internal Post-VCO feedback mode, if the requirement is to change
the phase or output divider configuration then the clock start/stop (OUT#_EN) signals can be used to
stop the clock output before making the changes for a glitch-free configuration.

The following steps describe how to perform dynamic configuration of CCC:

1. Select Enable Dynamic Reconfiguration Interface (DRI) under the Features section of CCC
configurator, see Figure 3-5. This enables and exposes the DRI on the instantiated CCC
component.
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Figure 3-5. DRI Option in CCC
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2. Instantiate and configure a PF_DRI SgCore with the required PLL enabled into the SmartDesign.
The dynamic reconfiguration interface macro converts the APB interface signals to CCC dynamic
reconfiguration interface signals. The DRI interface for the selected PLL is exposed on the PF_DRI
macro. The APB port of DRI are shown in Figure 3-4. The DRI ports cannot be monitored
or altered in the Libero design. These ports are used to facilitate HDL simulation of changes
made to the CCC over the DRI. The PF_DRI SgCore converts standard APB3 read/writes to DRI
transactions.

3. Double click the DRI macro to configure.

Select the PLLs and DLLs that need dynamic configuration from PF_DRI configurator > CCC tab.
Figure 3-4 shows the DRI macro interface.

5. Connect the APB initiator port from an APB initiator (for example, CoreABC) to the mirrored
initiator port of PF_DRI, see the following figure.

Figure 3-6. CCC Dynamic Configuration System

COREABC_C0_0 PF_DRI_CO_0 PF_CCC_C0_0
i;C-:HTEZ o ouTio]¥ it P REF_CLK 0 OUTD_FABCLK_D OUTO_FABCLK_O
T{iﬁiﬁi ;:’KSRESET A.D:;‘fi_:; i _R:_:’_ o PLLO_DRI PLL_LOCK_0) PLL_LOCK_0
COREABC O APBS PLLO_NW_DRI, PF_CCC_CO0

BF_DRI_CO

Important: Using DRI, you can modify both PLLO and PLL1 registers, even when
only the PLLO_NW_DRI interface is connected. This is also not limited to just one
corner. PLL registers and any SerDes lane register in other corners can also be
modified using the same interface.

3.5. MiSC Tab (Ask a Question)

In the Misc tab, select the CRYPTO option to enable DRI on CRYPTO. For more information, see
Figure 3-7.

Note: The Enable latency simulation option is currently not supported.
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Figure 3-7. Enabling DRI on CRYPTO
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The following table lists the CRYPTO DRI ports.

Table 3-5. CRYPTO DRI Ports

PF DRI Members:
—_ - CRYPTO_DRI_CTRL[10:0] output

- CRYPTO_DRI_INTERRUPT input
- CRYPTO_DRI_RDATA[32:0] input
- DRILARST_N output
- DRICLK output
- DRI_WDATA[32:0] output

—

CRYPTO_DRI_CTRL CRYPTO_DRI Output [10:0]
CRYPTO_DRI_RDATA CRYPTO_DRI Input [32:0]
CRYPTO_DRI_INTERRUPT CRYPTO_DRI Input —

Embedded connection to specified target
peripheral.

Embedded connection to specified target
peripheral.

Embedded connection to specified target
peripheral.

Important: The ports listed in the preceding table are routed through hardwired

connections to the User Crypto Processor.
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4. Functional Timing Diagram (s aueston)
The following figure shows the DRI timing diagram.

Figure 4-1. APB Initiator Timing Diagram
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For more information about FPD_PCLK, see PolarFire FPGA Datasheet.

The SDC constraint is derived and generated automatically based on the connection of the PF_DRI IP
to its APB initiator and to the DRI peripherals. Static Timing Analysis (STA) of PCLK (FPD_PCLK) with
SmartPower gives the minimum and maximum analysis of the APB interface tSU/tHD parameters.
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5. Revision History (saauestion)

The revision history describes the changes that were implemented in the document. The changes
are listed by revision, starting with the most current publication.

Table 5-1. Revision History
H 10/2024 The following change is made in Revision H of the document:
+ Added a note about the requirement to gate DRI PCLK to PolarFire and RT
PolarFire FPGA.
G 01/2024 The following changes are made in Revision G of the document:
+ Updated a note to generalize accessing DRI in the following sections:
- PolarFire and RT PolarFire FPGA
- PolarFire SoC FPGA
* Added a note about PLL_DRI configuration. See Dynamic Configuration of CCC.

F 06/2023 Added a note in PolarFire and RT PolarFire FPGA mentioning the minimum address
space to be allocated for DRI.
E 04/2023 Added RT PolarFire® support.
D 11/2022 Updated the web link to PolarFire SoC bare-metal DRI application in PolarFire SoC
FPGA.
06/2022 Added a note regarding the number QUADs in DRI Configuration for XCVR.
03/2022 + Updated the PF_DRI Configurator figures throughout the document.

+ Updated links in the document.

+ Added Design Initialization Data Report.

A 06/2021 The first publication of this document.
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Microchip FPGA Support

Microchip FPGA products group backs its products with various support services, including
Customer Service, Customer Technical Support Center, a website, and worldwide sales offices.
Customers are suggested to visit Microchip online resources prior to contacting support as it is
very likely that their queries have been already answered.

Contact Technical Support Center through the website at www.microchip.com/support. Mention the
FPGA Device Part number, select appropriate case category, and upload design files while creating a
technical support case.

Contact Customer Service for non-technical product support, such as product pricing, product
upgrades, update information, order status, and authorization.

*  From North America, call 800.262.1060
*  From the rest of the world, call 650.318.4460
« Fax, from anywhere in the world, 650.318.8044

Microchip Information
The Microchip Website

Microchip provides online support via our website at www.microchip.com/. This website is used to
make files and information easily available to customers. Some of the content available includes:

+ Product Support - Data sheets and errata, application notes and sample programs, design
resources, user's guides and hardware support documents, latest software releases and archived
software

+ General Technical Support - Frequently Asked Questions (FAQs), technical support requests,
online discussion groups, Microchip design partner program member listing

+ Business of Microchip - Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip
products. Subscribers will receive email notification whenever there are changes, updates, revisions
or errata related to a specified product family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.
Customer Support
Users of Microchip products can receive assistance through several channels:

+ Distributor or Representative

* Local Sales Office

+ Embedded Solutions Engineer (ESE)
+ Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are
also available to help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip products:
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+ Microchip products meet the specifications contained in their particular Microchip Data Sheet.

+ Microchip believes that its family of products is secure when used in the intended manner, within
operating specifications, and under normal conditions.

+ Microchip values and aggressively protects its intellectual property rights. Attempts to breach the
code protection features of Microchip product is strictly prohibited and may violate the Digital
Millennium Copyright Act.

* Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its
code. Code protection does not mean that we are guaranteeing the product is “unbreakable”.
Code protection is constantly evolving. Microchip is committed to continuously improving the
code protection features of our products.

Legal Notice

This publication and the information herein may be used only with Microchip products, including

to design, test, and integrate Microchip products with your application. Use of this information

in any other manner violates these terms. Information regarding device applications is provided
only for your convenience and may be superseded by updates. It is your responsibility to ensure
that your application meets with your specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at www.microchip.com/en-us/support/design-help/
client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR

ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO
MICROCHIP FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk,

and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages,
claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise,
under any Microchip intellectual property rights unless otherwise stated.
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