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1. The Cortex®-A520AE core

The Cortex®-A520AE core is a high-efficiency and low-power core that implements the Arm®v9.2-
A architecture. The Arm®v9.2-A architecture extends the architecture defined in the Arm®v8-A
architectures up to Arm®v8.7-A.

The Cortex®-A520AE cores are contained inside blocks called complexes, each containing single-
core or dual-cores. The Cortex®-A520AE complexes are implemented as pairs, where one complex
is the primary complex and the other is the redundant complex.

Within a dual-core complex, the Vector Processing Unit (VPU), the L2 Translation Lookaside Buffer
(TLB), and the L2 cache logic are shared between cores.

The Cortex®-A520AE core is implemented inside a DSU-120AE DynamlQ™ cluster. It is connected
to the DynamlQ™ Shared Unit-120AE that behaves as a full interconnect with L3 cache and snoop
control. This connection configuration is also used in systems with different types of cores where
the Cortex®-A520AE core is the high-efficiency core.

The Cortex®-A520AE complex pair supports two execution modes:

e Split-mode, where each complex in the complex pair operates independently of the other.

e Lock-mode, where one of the complexes of the complex pair functions as a redundant copy of
the primary complex.

The DSU-120AE supports a Mixed configuration mode. For more information on the DSU-120AE
and running in Split-mode, or Lock-mode, see Functional description in the Arm® Dynaml|Q" Shared
Unit-120AE Technical Reference Manual.

The following figure shows an example of a complex pair configuration with dual-core complexes.
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Figure 1-1: Example configuration of a complex pair with two Cortex®-A520AE dual-core
complexes

DynamlQ™ Cluster
Cortex-A520AE complex pair
Cortex-A520AE complex O

Cortex-A520AE

core 0
««——External memory interface—
Shared logic
VPU L2TLB
L2 cache «——Interrupt interface———»

Cortex-A520AE

Power management
core 1

and clock control

DynamlQ™ Cluster
shared logic

Cortex-A520AE complex 1 .«———Design for Test(DFT)——»

Cortex-A520AE
core O .«——=CoreSight infrastructure ———»

Shared logic

L2 TLB «——Utility bus——»

Cortex-A520AE
corel

VPU

You can also configure a complex pair that contains a single Cortex®-A520AE core within the
complexes with dedicated logic. You can configure your systems so that some or all cores are

configured in single-core complexes. This type of configuration improves performance but at the
cost of area efficiency.

The following figure shows an example of a complex pair configuration with single-core complexes.
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Figure 1-2: Example configuration of a complex pair with two Cortex®-A520AE single-core
complexes
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Read this manual together with the Arm® Dynaml|Q™ Shared Unit-120AE Technical
0 Reference Manual for detailed information about the DSU-120AE

\J

This manual does not provide a complete list of registers. Read this manual together
with the Arm® Architecture Reference Manual for A-profile architecture.

Note

1.1 Cortex®-A520AE core features

You can use the Cortex®-A520AE core in a standalone DynamlQ™ configuration where your
homogeneous DSU-120AE DynamlQ™ cluster includes one or more Cortex®-A520AE complex
pairs. You can also use the Cortex®-A520AE core as the high-efficiency core in a heterogeneous
cluster.
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Core features

Implementation of the Arm®v9.2-A Aé4 instruction set

AArché64 Execution state at all Exception levels, ELO to EL3

Separate L1 data and instruction side memory systems with a Memory Management Unit (MMU)
48-bit Physical Address (PA) and 48-bit Virtual Address (VA)

In-order pipeline with direct and indirect branch prediction

Generic Interrupt Controller (GIC) CPU interface to connect to an external interrupt Distributor
Generic Timers interface that supports 64-bit count input from an external system counter
Implementation of the Reliability, Availability, and Serviceability (RAS) Extension

Scalable Vector Extension (SVE) and SVE2 Single Instruction Multiple Data (SIMD) instruction set,
offering Advanced SIMD and floating-point architecture support

Activity Monitoring Unit (AMU)
Transient Fault Protection (TFP)
Dual-Core Lock-Step (DCLS) for Split-Lock support
Support for the optional Cryptographic Extension

/7 | The Cryptographic Extension is licensed separately.
Note

Cache features

Separate L1 data and instruction caches

Optional unified L2 cache

L1 and L2 cache protection with Error Correcting Code (ECC) or parity
Error protection with parity or Error Correcting Code (ECC) allowing:

o Single Error Correction and Double Error Detection (SECDED) on L1 data cache and L2 cache,
and L2 Translation Lookaside Buffer (TLB)

o Single Error Detection (SED) on L1 instruction cache
Support for Memory System Resource Partitioning and Monitoring (MPAM)
Cache-line Lockout (CLL)

Debug features

Arm®v9 2-A debug logic
Performance Monitoring Unit (PMU)
Embedded Trace Extension (ETE)
TRace Buffer Extension (TRBE)
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o Optional Embedded Logic Analyzer (ELA), ELA-600

/7 | The ELA-600 is licensed separately.

Note

Related information
2. Technical overview on page 39

1.2 Cortex®-A520AE core configuration options
You can choose the options that fit your implementation needs at build-time configuration.

Some of these options:

e Apply to an individual Cortex®-A520AE complex

e Must be the same across all Cortex®-A520AE cores in the DSU-120AE DynamIQ™ cluster
e Must be the same across all cores of all types in the DSU-120AE DynamIQ™ cluster

Cortex®-A520AE core configuration options include:

Dual or single core

You can group cores into dual-core complexes, or instantiate them as single-core complexes.
Dual-core complexes share the L2 cache, the L2 Translation Lookaside Buffer (TLB), and the
Vector Processing Unit (VPU), while single-core complexes have a dedicated L2 cache, L2 TLB,
and VPU.

Cryptographic Extension
You can configure your implementation with or without the Cryptographic Extension. There
must be consistency in setting this parameter to the same value for all cores.

Vector datapath size
The size of the vector datapaths can be 2x64-bit or 2x128-bit. This is a per-complex option
that must be the same for both complexes in the complex pair.

Number of PMU event counters

The number of event counters in the Performance Monitoring Unit (PMU) can be six or 20.
The selected option applies to all Cortex®-A520AE cores in the DSU-120AE DynamIQ™
cluster.

CoreSight™ Embedded Logic Analyzer

Optionally, you can include support for integrating CoreSight™ ELA-600 as a separately
licensable product. This is a per-complex option that must be the same for both complexes in
the complex pair.
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ELA ATB FIFO depth

If the Embedded Logic Analyzer (ELA) is included, the depth of the ATB FIFO in the ELA can
be 4, 8, 16, 32, or 64 entries. This is a per-complex option that must be the same for both
complexes in the complex pair.

L1 instruction cache size
The L1 instruction cache can be 32KB or 64KB. The selected option applies to all
Cortex®-A520AE cores in the DynamlQ™ cluster.

L1 data cache size
The L1 data cache can be 32KB or 64KB. The selected option applies to all Cortex®-A520AE
cores in the DynamIQ™ cluster.

L2 cache

Configure whether the L2 cache is present. This is a per-complex option that must be the
same for both complexes in the complex pair.

L2 cache size

The L2 cache size for each complex can be 128KB, 192KB, 256KB, 384KB, or 512KB.
L2 slices

The number of L2 cache slices can be one or two for each complex.

L2 cache data RAM partitions
The number of partitions in the L2 cache data RAMs can be one or two for each complex.
L2 doubled clock pulse
L2 clock pulse width can be optionally doubled. This supports meeting minimum clock pulse
width requirements on some RAMs.
Evict/Allocate feature
Configure whether the Evict/Allocate (EVA) feature is used on the L2 cache data RAMs for all
Cortex®-A520AE complexes.
Transient Fault Protection

You can configure the complex to use a variant of the product with or without Transient Fault
Protection (TFP).

/7 | Core configuration options apply to both complexes in a complex pair.
Note

See RTL configuration process in the Arm® Cortex®-A520AE Core Configuration and Integration
Manual for detailed configuration options and guidelines.
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1.3 DSU-120AE dependent features

Some DynamlQ"™ Shared Unit-120AE features and behaviors depend on whether your licensed core
supports a particular feature.

The following table describes which DSU-120AE dependent features are supported in your
Cortex®-A520AE core.

Table 1-1: Cortex®-A520AE core features that have a dependency on the DSU-120AE

Feature

Direct connect

Supported in the
Cortex®-A520AE core

No

Dependency on the DSU-120AE

Core included in a complex

Yes

pair

Complex included in a complex | Yes

Affects the DSU-120AE DynamlQ™ cluster configuration and external
signals.

For more information on configurations, see 1.2 Cortex-A520AE core
configuration options on page 21

Cryptographic Extension

Yes, as an option

Affects the external signals of the DSU-120AE.

Maximum Power Mitigation Yes ) )

Mechanism (MPMM) For more information on MPMM, see 4.6 Performance and power
management on page 61

Performance Defined Power No

(PDP) feature

DISPBLKy No

Dispatch block signal

Statistical Profiling Extension No

(SPE) architecture

Physical Address (PA) width 48-bit Affects the CHI requester and AXI manager port bus widths.

For more details, see the following chapters of the Arm® DynamIQ™ Shared
Unit-120AE Technical Reference Manual:

o CHI requester interface

o AXImanager interface

/0

Note

The Cryptographic Extension is supplied under a separate license.

1.4 DCLS configurations

At build time configuration, you can configure the cluster to operate in one of the Dual-Core Lock-
Step (DCLS) configurations where logic is duplicated and compared.
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1.4.1 Lock-configuration

The arrangement where the DSU-120AE logic and cores are duplicated and comparators

are instantiated is one possible build-time configuration of the DSU-120AE, known as Lock-
configuration. In this configuration, both the DSU cluster logic and complex logic are instantiated
as primary and redundant pairs of logic. The primary logic provides the functional behavior and the
redundant logic is used for comparison purposes. The redundant copy of the logic employs a multi-
cycle Temporal Delay (N) along with clock-tree diversity.

The following figure shows an example arrangement of the DSU and the complexes in Lock-
configuration.

Figure 1-3: Lock-configuration: complex example

Physical dual-core complex pair

Primary complex O Redundant complex O Primary complex 1 Redundant complex 1

Primary Redundant

core 0 core 0 core 1 core 2 core 1 core 2

CPU Bridge CPU Bridge

I
I
I
Primary Primary Redundant = Redundant :
I

CPU Bridge CPU Bridge :

Primary Redundant
DSU shared cluster logic DSU shared cluster logic

1.4.2 Split-configuration

Another possible build-time configuration is called Split-configuration. In this configuration there is
no duplicate logic for the cluster or the complexes. This means that there is no duplicate logic error
detection capability included. Interface protection is not supported in Split-configuration.
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The following figure shows an example arrangement of the DSU and the complexes configured for
Split-configuration.

Figure 1-4: Split-configuration: complex example

Complex O Complex 1 Complex 2 Complex 3

Physical Physical Physical Physical Physical Physical
Core 0 Core 1 Core 2 Core 3 Core 4 Core 5

CPU Bridge CPU Bridge CPU Bridge CPU Bridge

DSU shared cluster logic

Cluster RAM instances

In a Split-configuration, the cluster can be configured to use between two and 14 complexes.
However, if using a Lock-configuration, the total number of complexes configured is the number of
primary complexes, and ranges between one and seven complexes. Complexes can be configured
for various performance points during macrocell implementation and run at different frequencies
and voltages.

1.4.3 Mixed-configuration

A third build-time Dual-Core Lock-Step (DCLS) configuration is called Mixed-configuration.

In Mixed-configuration, both the DSU cluster logic and the complex logic are instantiated as pairs
of logic, so the complexes have to be instantiated as complex pairs. These complex pairs can either
be used as primary and redundant pairs of logic, or each of the complexes in the complex pair can
be used independently. The complex and cluster logic can be programmed at boot time to use
three different modes.

e In Mixed-configuration Split-mode, each of the complexes in the complex pair is used
independently and only the primary cluster logic is used.

e In Mixed-configuration Lock-mode, the primary logic for both the complex and cluster provides
the functional behavior and the redundant logic is used for comparison purposes.
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e In Mixed-configuration Hybrid-mode, each of the complexes in the complex pair is used
independently but the cluster logic is used as primary and redundant pairs of logic.

Both the Mixed-configuration Split-mode and Mixed-configuration Lock-mode
function similarly to the Split-configuration and Lock-configuration.

/ The programmable flexibility of Mixed-configuration Split-mode has a tradeoff
Note with circuit area because the redundant logic is still present but not used in this

configuration.

The following figure shows the logic duplication and complex instances, when configured for
Mixed-configuration.

Figure 1-5: Mixed-configuration: complex example

Physical complex 0 Physical complex 1 Physical complex 2 Physical complex 3

Physical Physical Physical Physical Physical Physical
core O core 1 core 2 core 3 core 4 core 5

CPU Bridge CPU Bridge CPU Bridge CPU Bridge

Primary Redundant
DSU shared cluster logic DSU shared cluster logic

Cluster RAM instances for both
primary and redundant

. Primary or redundant

|:| Shared
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1.4.3.1 Split-mode (Mixed-configuration with cores split and DSU logic split)

Split-mode has the same functionality as Split-configuration. In Split-configuration, the compute
performance is doubled compared to that in Lock-configuration and Lock-mode. Split-mode does
not support Dual-Core Lock-Step (DCLS).

In Split-mode, each complex is logically independent such that the cluster provides maximum
compute throughout. The Split-mode sacrifices the increased fault tolerance of the primary and
redundant logic for the compute performance, achieved by doubling the number of independent
processor cores that are active. The redundant cluster logic is still present, but is not utilized

and it is clock gated where feasible. The Split-mode can be set from Mixed-configuration, with

a maximum of 14 cores in the cluster. All complexes are provided as complex pairs combining
two complexes together with two interfaces to the DSU. When operating in Split-mode, the two
complexes in the complex pairs act independently.

The following figure shows an example of the DSU-120AE cluster and the complex instances in
Split-mode.

Figure 1-6: Mixed-configuration Split-mode: complex example

|Physical dual-core complex pair

Physical complex 2 Physical complex 3

Physical complex O Physical complex 1

Physical Physical Physical Physical

Physical Physical

Core O Core 1 Core 2 Core 3 Core 4 Core 5

CPU Bridge CPU Bridge

CPU Bridge CPU Bridge

Redundant

Primary

DSU shared cluster logic DSU shared cluster logic

Cluster RAM instances for both
primary and redundant

Primary Redundant | Redundant R Redundant | Redundant | Redundant | Redundant
PPU PPU PPU PPU PPU PPU PPU

PPU g N a a
Cluster Physical Physical Physical Physical

Primary Primary N Primary Primary Primary
PPU PPU P'ggfj“/ PPU PPU PPU
Physical Physical Physical Physical Physical

Core 0 Core 1 Sty Core 2 Core 3 Core 4

Physical Physical Physical
Core 5 Core 0 Core 1 Core 2 Core 3 Core 4 Core 5

- Primary
|:| Shared
- Unused

If the DSU-120AE is executing in Split-mode, there are two CPU bridges per
physical complex pair. In Split-mode, they are both operating independently and
their both cores are also operating independently.

Note

Copyright © 2023-2024 Arm Limited (or its affiliates). All rights reserved.
Non-Confidential
Page 27 of 840



Arm"” Cortex”-A520AE Core Technical Reference Manual Document ID: 107726_0001_03_en
Issue 03
The Cortex®-A520AE core

1.4.3.2 Lock-mode (Mixed-configuration with cores locked and DSU logic locked)

In Lock-mode, similar to Lock-configuration, the cluster and the complex work in Dual-Core Lock-
Step (DCLS). This mode introduces primary and redundant logic. The comparators and timeout
mechanisms catch the divergences between the primary and redundant logic.

In Lock-mode, the DSU-120AE and the complex are configured to operate in Lock-Step. In
addition, each pair of complexes is logically viewed as a single complex by the DSU. While the
total number of cores available for compute performance is halved, the resulting configuration
provides a complete DCLS solution for the whole cluster, significantly improving the fault detection
capabilities. The Lock-mode can be set from Mixed-configuration with a maximum of 14 cores. All
complexes are configured as complex pair combining two cores together with two interfaces to the
DSU logic. When operating in Lock-mode, the second core becomes the redundant copy of the
first (primary) complex, and comparators check if the outputs of the two complexes match. The
second complex's interface to the DSU is unused and looks to the software as if the second core is
powered off. The redundant copy of the logic employs a multi-cycle Temporal Delay (N) along with
clock-tree diversity.

The following figure shows an example of the cluster and complex instances in Lock-mode.

Figure 1-7: Mixed-configuration Lock-mode: complex example

Physical complex 2 Physical complex 3
Primary complex 2 Redundant complex 2

Physical complex O Physical complex 1
Primary complex O Redundant complex O

Physical core O Physical core 1
Primary core O Redundant core 0

Physical core 2 Physical core 3 Physical core 4 Physical core 5
Primary core 2 Primary core 3 Redundant core 2 Redundant core 3

CPU Bridge CPU Bridge CPU Bridge CPU Bridge

Redundant
DSU shared cluster logic

Primary
DSU shared cluster logic

Cluster RAM instances for both
primary and redundant

Primary Primary Primary Primary Primary Primary Primary Primary

PPU PPU o PPU PPU PPU PPU PPU PPU Prl',’;ﬁ,’y
Physical Physical Cluster Physical Physical Physical Physical Physical Physical Cluster Physical Physical Physical Physical

Core 0 Core 1 Core 2 Core 3 Core 4 Core 5 Core 0 Core 1 Core 2 Core 3 Core 4 Core 5

Primary Primary Primary Primary
PPU PPU PPU PPU

Primary

I:‘ Shared
. Unused
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e Logical complex numbering is always based on the number of physical cores.
For more information about logical complex numbering, see The DynamlQ"™
Shared Unit-120AE in the Arm® DynamlQ" Shared Unit-120AE Technical Reference

Manual.
/7 e Any attempts to access complex 1 and complex 3 will respond as if the complex
Note is powered down and the wakeup requests to these complexes will not have any
effect.

e The unused Power Policy Units (PPUs) are still present and can still be accessed
by software.

1.4.3.3 Hybrid-mode (Mixed-configuration with cores split and DSU logic locked)

Hybrid-mode is a Mixed execution mode where the cores are configured to execute independently
(similar to Split-mode) while the DSU-120AE is configured to execute in Lock-Step (similar to Lock-

mode).

The following figure shows an example arrangement of the Hybrid-mode cluster overview and
complex instances.

Figure 1-8: Mixed-configuration Hybrid-mode: complex example

Physical complex O Physical complex 1 Physical complex 2 Physical complex 3

Physical Physical Physical Physical

Physical Physical
Core 2 Core 3 Core 4 Core 5

Core 0 Core 1

CPU Bridge CPU Bridge CPU Bridge CPU Bridge
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Note

For more details on the Hybrid-mode, see The DynamlQ™ Shared Unit-120AE in the
Arm® DynamlQ™ Shared Unit-120AE Technical Reference Manual.

1.5 Supported standards and specifications

The Cortex®-A520AE core complies with the Arm®v9.2-A architecture. The Arm®v9.2-A
architecture extends the architecture defined in the Arm®v8-A architectures up to Arm®v8.7-A.
The Cortex®-A520AE core also complies with specific Arm®v8-A architecture extensions and
supports interconnect, interrupt, timer, debug, and trace architectures.

The Cortex®-A520AE core supports AArché4 at Exception levels ELO to EL3.

Not all architectural features are implemented in the Cortex®-A520AE core. The following

tables show the implementation status of Arm®v8-A and Arm®v9-A features supported by the
Cortex®-A520AE core. There is a separate table for each version of the Arm®v8-A and Arm®v9-A
architectures.

Not all Arm®v8-A and Arm®v9-A architectural features are listed in the
following tables. For more information on all the architectural features, see the
Arm® Architecture Reference Manual for A-profile architecture.

The Cortex®-A520AE core is compatible with the architecture for the
DynamlQ™ Shared Unit-120AE. See the Supported standards and specifications
section in the Arm® DynamIQ™ Shared Unit-120AE Technical Reference Manual
for a list of specific architectural versions and features supported by the
DSU-120AE.

Table 1-2: Implementation status of the Arm®v8.0-A features in the Cortex®-A520AE core

Feature
FEAT PCSRv8

Implemented Description

No

PC Sample-based Profiling Extension

of the Arm®v8-A
Cryptographic
Extension

Cryptographic Yes For more information and additional cryptographic register descriptions, see the Arm®
Extension Configurable Cortex®-A520AE Core Cryptographic Extension Technical Reference Manual.
This extension is licensed separately and access to the documentation is restricted by
contract with Arm.
FEAT SHA1 Yes Advanced SIMD SHA1 instructions
FEAT SHA256 Advanced SIMD SHA256 instructions
Configurable
FEAT_AES Advanced SIMD AES instructions
FEAT PMULL Supported as part | Advanced SIMD PMULL instructions
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Feature Implemented Description
FEAT DoublelLock No Double Lock
FEAT_CP15SDISABLE2 |No CP15DISABLE2
FEAT_FP Yes Floating point extension
FEAT AdvSIMD Yes Advanced SIMD Extension
For more information and register descriptions, see 13. Advanced SIMD and floating-point
support on page 104.
FEAT _CRC32 Yes CRC32 instructions
FEAT _PMUvV3 Yes PMU extension version 3
FEAT_nTLBPA Yes No intermediate caching by output address in TLB
FEAT_SB Yes Speculation barrier
FEAT_SSBS Yes Speculative Store Bypass Safe Instruction
FEAT _SSBS2 Yes MRS and MSR instructions for SSBS version 2
FEAT CSV2 Yes Cache Speculation Variant 2
FEAT_CSV2_1p1 No Cache Speculation Variant 2 version 1.1
FEAT_CSV2_1p2 No Cache Speculation Variant 2 version 1.2
FEAT CSV2 2 Yes Cache Speculation Variant 2 version 2
FEAT CSV3 Yes Cache Speculation Variant 3
FEAT_SPECRES Yes Speculation restriction instructions
FEAT _DGH Yes Data Gathering Hint
FEAT ETS Yes Enhanced Translation Synchronization
FEAT_ECBHB Yes Exploitative Control using Branch History Buffer information between exception levels

The branch history information created in a context before an exception to a higher
exception level, using AArché4, cannot be used by code before that exception. This prevents
exploitative control of the execution of any indirect branches in code in a different context
after the exception.

Table 1-3: Implementation status of the Arm®v8.1-A features in the Cortex®-A520AE core

Feature Implemented Description

FEAT_LSE Yes Large System Extensions

FEAT_RDM Yes Rounding double multiply accumulate

FEAT HPDS Yes Hierarchical permission disables in translation tables
FEAT _VHE Yes Virtualization Host Extensions

FEAT_PAN Yes Privileged access-never

FEAT_LOR Yes Limited ordering regions

FEAT_HAFDBS Yes Hardware updates to access flag and dirty state in translation tables
FEAT_VMID16 Yes 16-bit VMID

FEAT_PMUv3p1 Yes PMU extensions version 3.1

FEAT_Debugv8p1l Yes Debug with VHE

FEAT_PAN3 Yes Support for SCTLR_ELx.EPAN
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Table 1-4: Implementation status of the Arm®v8.2-A features in the Cortex®-A520AE core

Feature Implemented Description

FEAT TTCNP Yes Common not private translations

FEAT_XNX Yes Execute-never control distinction by Exception level at stage
2

FEAT_UAO Yes Unprivileged Access Override control

FEAT_PAN2 Yes AT S1E1R and AT S1E1W instruction variants for PAN

FEAT DPB Yes DC CVAP instruction

FEAT_Debugv8p2 |Yes Arm®v8.2-A Debug

FEAT_IESB Yes Implicit Error synchronization event

FEAT _AA32HPD |[No AArch32 Hierarchical permission disables

FEAT HPDS2 Yes Hierarchical permission disables in translation tables 2

FEAT_LSMAOC |No Load/Store instruction multiple atomicity and ordering
controls

FEAT_FP16 Yes Half-precision floating-point data processing

FEAT_LVA No Large VA support

FEAT_LPA No Large PA and IPA support

FEAT _VPIPT No VMID-aware PIPT instruction cache

FEAT_PCSRv8p2 |Yes PC Sample-based profiling version 8.2

FEAT _RAS Yes Reliability, Availability, and Serviceability (RAS) Extension
version 1.1

FEAT SPE No Statistical Profiling Extension (SPE)

FEAT SVE Yes Scalable Vector Extension (SVE)

FEAT_SHAS512 Yes Advanced SIMD SHA512 instructions

FEAT _SHA3 Advanced SIMD EOR3, RAX1, XAR, and BCAX instructions

FEAT SM3 Configurable Advanced SIMD SM3 instructions

FEAT_SM4 Supported as part of the Arm®v8-A Cryptographic Advanced SIMD SM4 instructions

Extension

FEAT DotProd Yes Advanced SIMD Int8 dot product instructions

FEAT_FHM Yes Half-precision floating-point FMLAL instructions

FEAT EVT Yes Enhanced Virtualization Traps

FEAT _DPB2 Yes DC CVADRP instruction

FEAT BF16 Yes AArché4 BFloat1é instructions

FEAT_AA32BF16 |No AArch32 BFloat16 instructions

FEAT _IBMM Yes Int8 Matrix Multiplication

FEAT AA32I18MM [No AArch32 Int8 Matrix Multiplication

FEAT_F32MM No SVE single-precision floating-point matrix multiply
instruction

FEAT_F64MM No SVE double-precision floating-point matrix multiply

instruction
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Table 1-5: Implementation status of the Arm®v8.3-A features in the Cortex®-A520AE core

Feature Implemented Description
FEAT PAuth Yes Pointer authentication
FEAT_EPAC No Enhanced Pointer authentication
FEAT PACIMP No Pointer authentication - IMPLEMENTATION DEFINED algorithm
FEAT_PACQARMAS No Pointer authentication - QARMADS algorithm
FEAT PACQARMA3 Yes Pointer authentication - QARMAGQ algorithm
FEAT_CONSTPACFIELD Yes PAC Algorithm enhancement
FEAT JSCVT Yes JavaScript FJCVTS conversion instruction
FEAT NV No Nested virtualization
FEAT_LRCPC Yes Load-acquire RCpc instructions
FEAT_FCMA Yes Floating-point FCMLA and FCADD instructions
FEAT _CCIDX Yes Extended cache index
FEAT_SPEvip1l No Statistical Profiling Extensions version 1.1
FEAT DoPD Yes Debug over Powerdown
FEAT _PAuth2 Yes Enhancements to pointer authentication
FEAT_FPAC Yes Faulting on pointer authentication instructions
Faulting Pointer Authentication Code (FPAC)
FEAT FPACCOMBINE Yes Faulting on combined pointer authentication instructions

Table 1-6: Implementation status of the Arm®v8.4-A features in the Cortex®-A520AE core

Feature Implemented Description

FEAT SEL2 Yes Secure EL2

FEAT_NV2 No Enhanced support for nested virtualization

FEAT S2FWB Yes Stage 2 forced write-back

FEAT DIT Yes Data Independent Timing instructions

FEAT_IDST Yes ID space trap handling

FEAT_FlagM Yes Condition flag manipulation

FEAT_LSE2 Yes Large System Extensions version 2

FEAT_LRCPC2 Yes Load-acquire RCpc instructions version 2

FEAT TLBIOS Yes TLB invalidate outer-shared instructions

FEAT TLBIRANGE |Yes TLB range invalidate range instructions

FEAT TTL Yes Translation Table Level

FEAT BBM Yes Translation table break before make levels

FEAT_RASv1p1l Yes Reliability, Availability, and Serviceability (RAS) Extension version 1.1
All extensions up to Arm®v9.0-A at full containment capability with Error Correcting Code (ECC)
configured.
See 10. RAS Extension support on page 20 for more information on the implementation of this
extension in the core.

FEAT DoubleFault |Yes Double Fault Extension

FEAT_Debugv8p4 |Yes Debug relaxations and extensions version 8.4
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Implemented Description

FEAT_PMUv3p4 |Yes PMU extension version 3.4

FEAT TRF Yes Self hosted Trace Extensions

FEAT TTST Yes Small translation tables

FEAT AMUV1 Yes Activity Monitors Extension

FEAT _MPAM Yes Memory Partitioning and Monitoring (MPAM)
For more information on the Memory System Resource Partitioning and Monitoring (MPAM) Extension,
see the Arm® Architecture Reference Manual for A-profile architecture.

Table 1-7: Implementation status of the Arm®v8.5-A features in the Cortex®-A520AE core

Feature Implemented Description
FEAT_FlagM2 Yes Condition flag manipulation version 2
FEAT_FRINTTS  |Yes FRINT32Z, FRINT32X, FRINT64Z, and FRINT64X instructions
FEAT_EXS No Disabling context synchronizing exception entry and exit
FEAT GTG Yes Guest translation granule size
FEAT _BTI Yes Branch Target Identification (BTI)
FEAT_EOPD Yes Preventing ELO access to halves of address maps
FEAT RNG No Random number generator
FEAT_RNG_TRAP |No Trapping support for RNDR and RNDRRS
FEAT_MTE Yes Instruction-only Memory Tagging Extension
The Cortex®-A520AE core always implements the Memory Tagging Extension
(MTE) and therefore is compliant with the CHI.E protocol.
For information on CHI.E commands inferred by MTE, see the CHI requester
interface chapter in the Arm® DynamlQ" Shared Unit-120AE Technical Reference
Manual.
FEAT_MTE2 Yes Full Memory Tagging Extension
FEAT MTES3 MTE Asymmetric Fault Handling
Configurable
These features are enabled by
setting the BROADCASTMTE pin
to 1.
FEAT_PMUv3p5 |Yes PMU Extension version 3.5

Table 1-8: Implementation status of the Arm®v8.6-A features in the Cortex®-A520AE core

Feature Implemented Description

FEAT_ECV Yes Enhanced counter virtualization

FEAT FGT Yes Fine Grain Traps

FEAT_TWED No Delayed trapping of WFE

FEAT_AMUvi1p1l No Activity Monitors Extension version 1.1
FEAT_MPAMvVOp1 No Memory Partitioning and Monitoring version0.1
FEAT_MPAMv1p1 Yes Memory Partitioning and Monitoring version1.1
FEAT MTPMU No Multi-threaded PMU Extensions
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Feature Implemented  Description
FEAT_AFP Yes Alternate floating-point behavior
FEAT_HCX Yes Support for the HCRX_EL2 register
FEAT_LPA2 No Larger physical address for 4KB and 16KB translation granules
FEAT_LS64 No Support for 64 byte loads/stores without return
FEAT_LS64_V No Support for 64-byte stores with return
FEAT_LS64_ACCDATA No Support for 64-byte ELO stores with return
FEAT_PMUv3p7 Yes Arm®v8.7-A PMU Extensions

See 17.1 Performance monitors events on page 120.
FEAT_RPRES No Increased precision of Reciprocal Estimate and Reciprocal Square Root Estimate
FEAT_SPEv1p2 No Arm®v8.7-A SPE
FEAT WHFxT Yes WFE and WFI instructions with timeout

See 4.2.1 Wait for Interrupt and Wait for Event on page 51.
FEAT XS Yes XS attribute

Table 1-10: Implementation status of the Arm®v8.8-A features in the Cortex®-A520AE core

Feature Implemented Description

FEAT CMOW No Control for cache maintenance permission
FEAT_Debugv8p8 No Debug v8.8

FEAT HBC No Hinted conditional branch

FEAT _HPMNO Yes Setting of MDCR_EL2.HPMN to zero
FEAT_MOPS No Standardization of memory operations
FEAT_NMI No Non-maskable Interrupts

FEAT_PMUv3p8 No Arm®y8.8-A PMU Extensions
FEAT_PMUvV3_TH No Event counting threshold

FEAT_SPEv1p3 No Arm®v8.8-A Statistical Profiling Extensions
FEAT_TIDCP1 No ELO use of IMPLEMENTATION DEFINED functionality

Table 1-11: Implementation status of the Arm®v9.0-A features in the Cortex®-A520AE core

Feature Implemented Description

FEAT ETE Yes Embedded Trace Extension (ETE)
See 18. Embedded Trace Extension support on page
150.

FEAT SVE2 Yes Scalable Vector Extension (SVE) version 2

105.

See 14. Scalable Vector Extensions support on page
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Description
SVE AES instructions

SVE PMULL instructions

SVE SHA-3 instructions

SVE SM4 instructions

FEAT _SVE_BitPerm Yes SVE Bit Permute
FEAT TME No Transactional Memory Extension (TME)
FEAT TRBE Yes TRace Buffer Extension (TRBE)

See 19. Trace Buffer Extension support on page 163.

Table 1-12: Implementation status of the Arm®v9.1-A features in the Cortex®-A520AE core

Feature
FEAT_ETEv1pl

Implemented Description

Yes Embedded Trace Extension, version 1.1

Table 1-13: Implementation status of the Arm®v9.2-A features in the Cortex®-A520AE core

Feature Implemented Description

FEAT_BRBE No Branch Record Buffer Extensions

FEAT RME No Realm Management Extension

FEAT_ETEv1p2 No Embedded Trace Extension, version 1.2

FEAT SME No Scalable Matrix Extension

FEAT_SME_FA64 No Full A64 support in Streaming mode

FEAT_SME_F64F64 No Double-precision floating-point outer product instructions
FEAT SME 116164 No 16-bit to 64-bit integer widening outer product instructions
FEAT EBF16 No Enhanced BFloat16é

The following table shows the other standards and specifications that the Cortex®-A520AE core
supports.

Table 1-14: Other standards and specifications supported in the Cortex®-A520AE core

Standard or
specification

FEAT_GICv4pl

Version Description

GICv4.1 | Generic Interrupt Controller (GIC)

for more information.

See the Arm® Generic Interrupt Controller Architecture Specification, GIC architecture version 3 and version 4

architecture

Debug - Arm®v9 2-A architecture implemented with Arm®v8.4-A Debug architecture support and Arm®v8.3-A
Debug over powerdown support.
See the Arm® Architecture Reference Manual for A-profile architecture for information on this architecture.
CoreSight™ v3.0 For more information on CoreSight™ architecture, see the Arm® CoreSight™ Architecture Specification v3.0.

Related information
2.1 Complex components on page 39
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1.6 Test features

The Cortex®-A520AE core provides test signals that enable the use of both Automatic Test Pattern
Generation (ATPG) and Memory Built-In Self Test (MBIST) to test the core logic and memory arrays.

The Cortex®-A520AE core includes an ATPG test interface that provides signals to control the
Design for Test (DFT) features of the core. To prevent problems with DFT implementation, you must
carefully consider how you use these signals.

Arm also provides MBIST interfaces that enable you to test the RAMs at operational frequency.
You can add your own MBIST controllers to automatically generate test patterns and perform result
comparisons. Optionally, you can use your EDA tool to test the physical RAMs directly instead of
using the supplied Arm interfaces.

For the list of test signals and information on their usage, see the Design for Test integration
guidelines chapter in the Arm® Cortex®-A520AE Core Configuration and Integration Manual.

For the list of external scan control signals, see the Design for Test integration guidelines chapter in
the Arm® DynamIQ™ Shared Unit-120AE Configuration and Integration Manual.

- The Arm® Cortex®-A520AE Core Configuration and Integration Manual and Arm®
/7 DynamlQ™ Shared Unit-120AE Configuration and Integration Manual are confidential
Note documents that are available with the appropriate product licenses.

1.7 Design tasks

The Cortex®-A520AE core is delivered as a synthesizable RTL description in SystemVerilog. Before
you can use the Cortex®-A520AE core, you must implement, integrate, and program it.

A different party can perform each of the following tasks:

Implementation

The implementer configures the RTL, adds vendor cells/RAMs, and takes the design through
the synthesis and place and route (P&R) steps to produce a hard macrocell.

The implementer chooses the options that affect how the RTL source files are rendered.
These options can affect the area, maximum frequency, power, and features of the resulting
macrocell.

Other components such as Design for Test (DFT) structures and, if necessary, power switches
can be added to the implementation flow.
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Integration

The integrator connects the macrocell into a SoC. This task includes connecting it to a
memory system and peripherals.

The integrator configures some features of the core by tying inputs to specific values. These
configuration settings affect the start-up behavior before any software configuration is made
and can also limit the options available to the software.

Software programming

The system programmer develops the software to configure and initialize the core and tests
the application software.

The programmer configures the core by programming values into registers. The programmed
values affect the behavior of the core.

The operation of the final device depends on the build configuration, the configuration
inputs, and the software configuration.

See Functional integration in the Arm® DynamIQ™ Shared Unit-120AE Configuration and Integration
Manual for signal descriptions.

See RTL configuration process in the Arm® Cortex®-A520AE Core Configuration and Integration
Manual and in the Arm® Dynaml|Q"™ Shared Unit-120AE Configuration and Integration Manual for
implementation options.

1.8 Product revisions

The following table indicates the main differences in functionality between product revisions.

Table 1-15: Product revisions

rOpO First release

rOpl Bug fixes. For more information about bug fixes, see the ERRATA documents.

Changes in functionality that have an impact on the documentation also appear in Revision history
on page 836.
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2. Technical overview

The components in the Cortex®-A520AE core are designed to make it a high-efficiency core.

The main blocks include:

e L1 instruction and L1 data memory systems
e L2 memory system with optional L2 cache
e |2 Translation Lookaside Buffer (TLB)

e Memory Management Unit (MMU)

e Trace unit and TRace Buffer Extension (TRBE)
e Generic Interrupt Controller (GIC) CPU interface
e Instruction Fetch Unit (IFU)

e Data Processing Unit (DPU)

e \Vector Processing Unit (VPU)

e Optional Cryptographic Extension

e Optional Embedded Logic Analyzer (ELA)

The Cortex®-A520AE core interfaces with the DynamlQ"™ Shared Unit-120AE through the CPU
bridge.

The Cortex®-A520AE core implements the Arm®v9.2-A architecture. The Arm®v9.2-A architecture
extends the architecture defined in the Arm®v8-A architectures up to Arm®v8.7-A.

The programmer's model and the architecture features implemented, such as the Generic Timer,
are compliant with the standards in 1.5 Supported standards and specifications on page 30.

2.1 Complex components

The Cortex®-A520AE complex includes components that are designed to make it a high-efficiency,
low-power, and area-efficient product.

Cortex®-A520AE cores are always implemented inside a complex and complexes are always
implemented in pairs.

A Cortex®-A520AE complex includes a CPU bridge that connects the complex to the DynamIQ™
Shared Unit-120AE. The DSU-120AE connects the complex pair to an external memory system and
to the rest of the System on Chip (SoC).

The following figure shows the components within a Cortex®-A520AE complex pair.
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Figure 2-1: Cortex®-A520AE complex pair components
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Instruction Fetch Unit

The Instruction Fetch Unit (IFU) fetches instructions from the instruction cache or from external
memory and uses a dynamic branch predictor to predict the outcome of branches in the instruction
stream. It passes the instructions to the Data Processing Unit (DPU) for processing.

The L1 instruction memory system includes:
o Afully associative L1 instruction Translation Lookaside Buffer (TLB)

e A 32KB or 64KB 4-way set associative L1 instruction cache with 64-byte cache lines

Data Processing Unit

The DPU decodes and executes instructions. It executes instructions that require data transfer to
or from the memory system by interfacing with the Data Cache Unit (DCU). The DPU includes the
Performance Monitoring Unit (PMU) and the Activity Monitoring Unit (AMU).
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Performance Monitoring Unit

The PMU provides either six or 20 performance monitors that can be configured to gather
statistics on the operation of each core and the memory system. The information can be used for
debug and code profiling.

Activity Monitoring Unit

The Cortex®-A520AE core includes an AMU, which, like the PMU, counts certain events that
are related to the behavior of the core. The AMU implements seven event counters. Activity
monitoring is intended for system management use whereas performance monitoring is aimed at
user and debug applications.

The AMU registers are accessible using the System registers or the DSU-120AE DynamIQ™ cluster
utility bus.

L1 data memory system

The L1 data memory system executes load and store instructions. It services memory coherency
requests.

The L1 data memory system includes:

e A Memory Management Unit (MMU)

o A fully associative L1 data TLB

e A 32KB or 64KB, 4-way set associative cache with 64-byte cache lines
e A DCU that handles load/store and System register access operations
e A Bus Interface Unit (BIU) that handles the linefills to the L1 data cache

e A STore Buffer (STB) that handles store instructions, cache and TLB maintenance operations,
and barriers

The MMU provides fine-grained memory system control through a set of virtual-to-physical
address mappings and memory attributes that are held in translation tables. The TLB stores these
mappings when translating an address.

Trace Unit and Trace Buffer Extension

The Cortex®-A520AE core supports a range of debug, test, and trace options including instruction-
trace-only trace unit and TRace Buffer Extension (TRBE).

The Cortex®-A520AE core also includes a ROM table that enumerates the debug components
within the complex. Debuggers can use the ROM table to determine which CoreSight components
are implemented.

All the debug and trace components of the Cortex®-A520AE core are described in this manual.
For more information about the Embedded Logic Analyzer (ELA), see the Arm® CoreSight™ ELA-600
Embedded Logic Analyzer Technical Reference Manual.
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GIC CPU interface

The Generic Interrupt Controller (GIC) CPU interface, when integrated with an external Distributor
component, is a resource for supporting and managing interrupts in a cluster system.

Vector Processing Unit

The Cortex®-A520AE complex includes a Vector Processing Unit (VPU) that is shared between the
cores of a dual-core complex. Single-core complexes have a dedicated VPU.

The VPU supports Advanced SIMD and floating-point operation. Advanced SIMD is a media

and signal processing architecture that adds instructions primarily for audio, video, 3D graphics,
and image and speech processing. The floating-point architecture supports half-precision, single-
precision and double-precision floating-point operations. The VPU also supports the Scalable Vector
Extension (SVE) and SVE2 SIMD instruction sets. SVE and SVE2 complement the Advanced SIMD
and floating-point functionality.

/' | The Advanced SIMD architecture, along with its associated implementations and

supporting software, are also referred to as Arm® Neon™ technology.
Note

Cryptographic Extension

The Cryptographic Extension is optional in the Cortex®-A520AE cores. The Cryptographic
Extension adds new instructions to the Advanced SIMD and the SVE instruction sets that
accelerate:

e Advanced Encryption Standard (AES) encryption and decryption

e The Secure Hash Algorithm (SHA) functions SHA-1, SHA-224, SHA-256, SHA-384, SHA-512,
and SHA-3

e SMS3 hash function and SM4 encryption and decryption

o Finite field arithmetic that is used in algorithms such as Galois/Counter Mode and Elliptic Curve
Cryptography

- The optional Cryptographic Extension is not included in the base product.
7/ Arm supplies the Cryptographic Extension under a separate license to the
Note Cortex®-A520AE core license.

L2 TLB

The L2 TLB is shared between the cores of a dual-core complex, while single-core complexes have
a dedicated L2 TLB. The L2 TLB accepts requests from the L1 TLBs and provides Virtual Address
(VA) to Physical Address (PA) translations for instruction side, data side, trace and profiling accesses,
and software-accessible address translation operations.

The TLB entries are global or can include Address Space Identifiers (ASIDs) to prevent context switch
TLB cleans. They also include Virtual Machine Identifiers (VMIDs) to prevent TLB cleans on virtual
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machine switches by the hypervisor. The Cortex®-A520AE core can also use the Common not
Private (CnP) architectural feature that permits cores in a complex to share L2 TLB entries.

L2 memory system

The L2 memory system includes the optional L2 cache. The L2 cache is private to the complex and
is 8-way set associative. You can configure the L2 cache size to be 128KB, 192KB, 256KB, 384KB
or 512KB. The L2 memory system is connected to the DSU-120AE through the CPU bridge.

The L2 cache can be configured to have one or two cache slices. Each slice consists of L2 tag and
data RAMs, L2 replacement RAM, L1 duplicate tag RAMs, and associated logic. If two slices are
present, most traffic from the cores, the L2 TLB, and from downstream snoops is striped across the
slices, based on the value of address bit[6]. This striping increases overall throughput. Accesses to
Device non-reorderable memory and to Distributed Virtual Memory (DVM) operations are always
handled by slice O.

The data RAMs in each L2 cache slice can be configured to have a single partition or two partitions.
Having two partitions increases peak throughput for L2 cache reads and writes by allowing
concurrent accesses to different L2 ways.

CPU bridge

In a DynamlIQ™ cluster, there is one CPU bridge between each Cortex®-A520AE complex and the
DSU-120AE.

The CPU bridge controls buffering and synchronization between the complex and the DSU-120AE.

The CPU bridge is asynchronous to permit different Power Performance and Area (PPA)
implementation points for each complex and the DSU-120AE. As the CPU bridge runs
asynchronously, the core and the DynamIQ™ cluster can run at different frequencies.

See RTL configuration process in the Arm® DynamlQ™ Shared Unit-120AE Configuration and Integration
Manual for more information.

Related information

5. Memory management on page 66

6. L1 instruction memory system on page 74

/. L1 data memory system on page 77

8. L2 memory system on page 84

9. Direct access to internal memory on page 87

12. GIC CPU interface on page 101

13. Advanced SIMD and floating-point support on page 104
17. Performance Monitors Extension support on page 120
18. Embedded Trace Extension support on page 150
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2.2 Interfaces

The DynamlQ™ Shared Unit-120AE manages all Cortex®-A520AE core external interfaces to the
System on Chip (SoC).

See the Technical overview chapter in the Arm® DynamlQ" Shared Unit-120AE Technical Reference
Manual for detailed information on these interfaces.

2.3 Programmer's model

The Cortex®-A520AE core implements the Arm®v9.2-A architecture. The Arm®v9.2-A architecture
extends the architecture defined in the Arm®v8-A architectures up to Arm®v8.7-A. The
Cortex®-A520AE core supports the AArché64 Execution state at all Exception levels, ELO to ELS.

For more information about the programmer's model, see Arm® Architecture Reference Manual for A-
profile architecture.

Related information

1.5 Supported standards and specifications on page 30
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3. Clocks and resets

To provide dynamic power savings, the Cortex®-A520AE core supports hierarchical clock gating. It
also supports Warm and Cold resets.

Each Cortex®-A520AE complex has a single clock domain and receives a single clock input. This
clock input is gated by an architectural clock gate in the CPU bridge. There is one architectural
clock gate per core in the complex, and one for the shared logic. As the complex is configured with
an asynchronous bridge, the clock input is COMPLEXCLK<n>, where n indicates the number of the
complex within the DSU-120AE DynamIQ™ cluster.

In addition, the Cortex®-A520AE core implements extensive clock gating that includes:
o Regional clock gates to various blocks that can gate off portions of the clock tree
e Local clock gates that can gate off individual registers or banks of registers
The Cortex®-A520AE core receives the following reset signals from the DynamlQ™ Shared
Unit-120AE side of the CPU bridge:
e« A Warm reset for all registers in the core except for:
o Some parts of the Debug logic
o Some parts of the trace unit logic
o Reliability, Availability, and Serviceability (RAS) logic
« A Cold reset for the logic in the complex, including the debug logic, trace logic, and RAS logic.
For a complete description of the clock gating and reset scheme of the complex, see the following
sections in the Arm® DynamIQ"™ Shared Unit-120AE Technical Reference Manual:
e Clocks and resets

e Power and reset control with Power Policy Units
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4. Power management

The Cortex®-A520AE core provides mechanisms to control both dynamic and static power
dissipation.

The dynamic power management includes the following features:

e Hierarchical clock gating

e Per-complex Dynamic Voltage and Frequency Scaling (DVFS)

e A Maximum Power Mitigation Mechanism (MPMM) to control the maximum power

The static power management includes the following features:
e Powerdown

e Dynamic retention, a low-power mode that retains the register and RAM state

4.1 Voltage and power domains

The DynamlQ™ Shared Unit-120AE Power Policy Units (PPUs) control power management for the
Cortex®-A520AE core.

A Cortex®-A520AE complex pair supports separate gated power domains for each complex inside
the complex pair, for each core inside the complex, and for the Vector Processing Unit (VPU). It also
supports one voltage domain across the complex pair and a voltage domain for the DSU-120AE
DynamlQ™ cluster.

The following figure shows the voltage domains for a Cortex®-A520AE configuration with
dual-core complexes inside a complex pair.
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Figure 4-1: Cortex®-A520AE voltage domains, dual-core complexes in a complex pair
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The following figure shows the power domains for an example Cortex®-A520AE configuration with
dual-core complexes inside a complex pair.
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Figure 4-2: Cortex®-A520AE power domains, dual-core
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A Cortex®-A520AE complex is instantiated within a DynamIQ™ cluster. Within the complex,
the system side of the CPU bridge is within the cluster voltage domain, VCLUSTER. From the
perspective of the complex, the system side of the CPU bridge is always on.

The remainder of the complex logic is in a separate VCOMPLEX voltage domain and PDCOMPLEX
power domain. Within the PDCOMPLEX power domain, each core is in the PDCORE<n> power
domain, where n is the core instance number.

The VPU is in the PDVPU power domain. The rest of the shared logic, consisting of the L2
Translation Lookaside Buffer (TLB), the L2 cache, and the complex side of the CPU bridge is in the
PDCOMPLEX power domain.

PDCORE<n> is a gated power domain that can support retention. See The Dynam!Q Shared Unit
in the Arm® DynamlQ" Shared Unit-120AE Technical Reference Manual for more information about
instance numbering.
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The VCOMPLEX voltage domain operates within a single clock domain, COMPLEXCLK. The CPU
bridge contains high-level clock gates and generates gated clocks corresponding to each gated
power domain. Also, the clock to the VPU is gated when the VPU is idle.

The CPU bridge logic within the VCLUSTER voltage domain operates within multiple clock
domains. See Arm® Dynam|Q™ Shared Unit-120AE Technical Reference Manual for more information.

/ | You can tie VCPU and VSYS to the same supply if the core is not required to

support Dynamic Voltage and Frequency Scaling (DVFS).
Note

In Lock-mode, the complex pair supports DVFS, and each complex in a complex pair has the same
voltage domain and clock domain.

In Split-mode, each complex in a complex pair supports independent Dynamic Frequency Scaling
(DFS), and each complex in a complex pair has a separate power domain. This separate power
domain allows each complex in a complex pair to be powered down independently.

The following figure shows the voltage domains for a Cortex®-A520AE configuration with
single-core complexes in a complex pair.
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Figure 4-3: Cortex®-A520AE voltage domains, single-core complexes in a complex pair
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The following figure shows the power domains for a Cortex®-A520AE configuration with

single-core complexes in a complex pair.
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Figure 4-4: Cortex®-A520AE power domains, single-core complexes in a complex pair
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For a complex pair with single-core complexes, the voltage and power domains are similar to those
for a complex pair with dual-core complexes.

Within the PDCOMPLEX power domain, the single core is in PDCOREOQ, a gated power domain
that can support retention. The core has its own dedicated logic, including a VPU within its own
PDVPU power domain. The L2 TLB, the L2 cache, and the CPU bridge, complex side, is in the
PDCOMPLEX power domain.

4.2 Architectural clock gating modes

The wr1, wre, wrIT, and wrET instructions put the core into a low-power mode. These instructions
architecturally disable the clock at the top of the clock tree. The core remains fully powered and
retains the state.
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4.2.1 Wait for Interrupt and Wait for Event

Wait for Interrupt (WFI) and Wait for Event (WFE) are features that put a core within a
Cortex®-A520AE complex in a low-power state by disabling most of the core clocks, while keeping
the core powered up. When the core is in WFI or WFE state, the input clock is gated externally to
the core at the CPU bridge.

The logic uses a small amount of dynamic power to wake up the core from WFI or WFE low-power
state. Other than this power use, the drawn power is reduced to static leakage current only.

When the core executes the wr1, wrE, WwrIT, Or wrET instruction, it waits for all instructions in the
core, including explicit memory accesses, to retire before it enters a low-power state. The wr1, wrE,
wrIT, and wrET instructions also ensure that store instructions have updated the cache or have
been issued to the L3 memory system.

7 | Executing the wre and wreT instructions when the event register is set does not

cause entry into low-power state, but clears the event register.
Note

The core exits the WFI or WFE state when one of the following events occurs:
e The core detects a reset.

e The core detects one of the architecturally defined WFI or WFE wakeup events.
WEFI and WFE wakeup events can include physical and virtual interrupts.

See the Arm® Architecture Reference Manual for A-profile architecture for more information about
entering low-power state and wakeup events.

4.2.2 Low-power state behavior considerations

You must consider how certain events affect the Wait for Interrupt (WFI) and Wait for Event (WFE)
low-power state behavior of the Cortex®-A520AE complex.

While the core is in WFI or WFE state, the clocks in the core are temporarily enabled when any of
the following events are detected:

e An access on the utility bus interface

e A Generic Interrupt Controller (GIC) CPU access

e A debug access through the APB interface

e A system snoop request that must be serviced by the core L1 data cache

e A cache or Translation Lookaside Buffer (TLB) maintenance operation that must be serviced by
the core L1 instruction cache, L1 data cache, L2 cache, or TLB

e Any access from the other core in the complex that must be serviced by the L1 data cache
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/ The core does not exit WFI or WFE state when the clocks are temporarily enabled.
Note

Each core in a complex can enter WFI or WFE state separately, leading to the gating of its
corresponding core clock. If both cores in the complex are in WFI or WFE state, the shared logic
clock is also gated automatically.

See the Arm® Architecture Reference Manual for A-profile architecture for more information about
WEFI and WFE.

4.3 Power control

The DynamlQ™ Shared Unit-120AE Power Policy Units (PPUs) control all core and cluster power
mode transitions.

Each core within a Cortex®-A520AE complex has an individual PPU for controlling its own core
power domain. For example, there is a PPU for PDCOREO and a PPU for PDCORE1.

In addition, there is a PPU for the cluster.

The PPUs decide and request any change in power mode. The targeted core within the
Cortex®-A520AE complex then performs any actions necessary to reach the requested power
mode. For example, the core might gate clocks, clean caches, or disable coherency before it accepts
the request.

For more information about the PPUs for the cluster and the cores, see the following sections in
the Arm® Dynam|Q™ Shared Unit-120AE Technical Reference Manual:

e Power management
o Power and reset control with Power Policy Units

Related information

A.2.1 IMP_CPUPPMCR_EL3, Global PPM Configuration Register on page 257
A.5.25 IMP_CPUMPMMCR_EL3, Global MPMM Configuration Register on page 346
B.1.1 CPUPPMCR, Global PPM Configuration Register on page 482

B.1.2 CPUMPMMCR, Global MPMM Configuration Register on page 484

4.4 Core power modes

Each core in a Cortex®-A520AE complex, as well as the shared logic, has a defined set of power
modes and corresponding legal transitions between these power modes.
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The Power Policy Unit (PPU) of a core manages at the cluster level the transitions between the
power modes for that core. See Power management in the Arm® Dynam|Q™ Shared Unit-120AE
Technical Reference Manual for more information.

The following table shows the supported Cortex®-A520AE core power modes.

Caution

Power modes that are not shown in the following table are not supported and
must not occur. Deviating from the legal power modes can lead to UNPREDICTABLE
results. You must comply with the dynamic power management, and powerup
and powerdown sequences described in 4.7 Cortex-A520AE core powerup and
powerdown sequence on page 62.

Table 4-1: Cortex®-A520AE core power modes

Power Short name  Power state
mode
On ON The core is powered up and active.
Functional [FUNC_RET | The core is fully powered and operational, but the Vector Processing Unit (VPU) is idle.
retention
Full FULL RET The core is in retention mode.
retention In this mode, only power that is required to retain register and RAM state is available. The core is not
operational.
A core must be in Wait for Interrupt (WFI) or Wait for Event (WFE) low-power state before it enters this mode.
Off OFF The core is powered down.
Emulated |OFF_EMU Emulated off mode permits you to debug the powerup and powerdown cycle without changing the software.
Off
In this mode, the core proceeds through all the powerdown steps, except:
o The clock is not gated and power is not removed when the core is powered down.
e Only a Warm reset is asserted. The debug logic is preserved in the core and remains accessible by the
debugger.
Debug DBG_RECOV | The RAM and logic are powered up.
recovery
This mode is for applying a Warm reset to the DSU-120AE DynamIQ™ cluster, while preserving memory
and Reliability, Availability, and Serviceability (RAS) registers for debug purposes. Both cache and RAS state are
preserved when transitioning from DBG_RECOV to ON.
Caution:
This mode must not be used during normal system operation.
Warm WARM_RST |A Warm reset resets all state except for the debug logic, the trace unit logic, the Activity Monitor Unit (AMU)
reset logic, and the debug and the RAS registers.

The following figure shows the supported modes for the Cortex®-A520AE core power domain and
the legal transitions between them.
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Figure 4-5: Permitted Cortex®-A520AE core power mode transitions

FULL_RET FUNC_RET

> ON WARM_RST
%x
A 4
OFF_EMU DBG_RECOV From any
mode
Y
OFF

0 ou should disable and clear the interrupts of a core that is executing in lock-step in

. You should disabl d clear the int ts of that i ting in lock-step i
/7 the DynamlQ™ Shared Unit-120AE as part of the powerdown sequence; otherwise
Note you can get false positive error reporting from the lock-step comparators.

Related information

4.2 Architectural clock gating modes on page 51

4.2.1 Wait for Interrupt and Wait for Event on page 51
4.4.5 Full retention mode on page 56

4.4.1 On mode
In the On power mode, the Cortex®-A520AE core is on and fully operational.

The core can be initialized into the On mode. When a transition to the On mode is completed, all
caches are accessible and coherent. Other than the normal architectural steps to enable caches, no
additional software configuration is required.
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4.4.2 Off mode
In the Off power mode, power is removed completely from the core and no state is retained.

In Off mode, all core logic and RAMs are off. The domain is inoperable and all core state is lost. On
transition to Off mode, the L1 and L2 caches are disabled, cleaned, and the core is removed from
coherency automatically.

/7 | If only one core in a complex transitions to Off mode, the L2 cache is not cleaned.
Note

An attempted debug access or utility bus access to the core when the core domain is off returns an
error response on the utility bus, indicating that the core is unavailable. See Utility bus in the Arm®
DynamlQ™ Shared Unit-120AE Technical Reference Manual for more information.

4.4.3 Emulated off mode

In Emulated off mode, all core domain logic and RAMs are kept on. All Debug registers must retain
their state and be accessible from the external debug interface. All other functional interfaces
behave as if the core were in Off mode.

4.4.4 Functional retention mode

Functional retention mode is a dynamic retention mode that is controlled using
IMP_CPUPWRCTLR_EL1. On wakeup, full power to the core can be restored and execution can
continue.

In Functional retention mode, the core is fully powered and operational, but the Vector Processing
Unit (VPU) is off. The VPU can enter this mode when it is idle and the retention timer has expired.
Software can enable or disable this mode and set the length of the retention timer.

If there is a VPU instruction waiting in the execution pipeline, the VPU must exit Functional
retention. In a complex where two cores share a VPU, Functional retention only occurs when all
cores request it.

Related information
A.1.13 IMP_CPUPWRCTLR_EL1, CPU Power Control Register on page 208
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4.4.5 Full retention mode

Full retention mode is a dynamic retention mode that is controlled using the Power Policy Unit
(PPU). On wakeup, full power to the core can be restored and execution can continue.

In Full retention mode, only power that is required to retain register and RAM state is available. The
core is in retention state and is non-operational.

The core enters Full retention mode when all of the following conditions are met:

e The retention timer has expired. For more information on setting the retention timer, see
A.1.13 IMP_CPUPWRCTLR_EL1, CPU Power Control Register on page 208.

e The coreis in Wait for Interrupt (WFI) or Wait for Event (WFE) low-power state.
e The core clock is temporarily disabled for any of the following reasons:

o L1 snoops or L2 snoops

o Cache or Translation Lookaside Buffer (TLB) maintenance operations

o Debug or Generic Interrupt Controller (GIC) access

The core exits Full retention mode when it detects any of the following events:

e A WFI or WFE wakeup event, as defined in the Arm® Architecture Reference Manual for A-profile
architecture.

e An event that requires the core clock to be temporarily enabled without exiting the WFI or
WEFE low-power state. For example:

o L1 snoops or L2 snoops

o Cache or TLB maintenance operations

o Debug access on the debug Advanced Peripheral Bus (APB)
o GIC access

Related information
4.2.1 Wait for Interrupt and Wait for Event on page 51

4.4.6 Debug recovery mode

Debug recovery mode supports debug of external watchdog-triggered reset events, such as
watchdog timeout.

By default, the core invalidates its caches when it transitions from Off to On mode. Using Debug
recovery mode allows the L1 cache and L2 cache contents that were present before the reset to be
observable after the reset. In this mode, the contents of the caches are retained and are not altered
on the transition back to the On mode.

In addition to preserving the cache contents, Debug recovery mode supports preserving the
Reliability, Availability, and Serviceability (RAS) state. A transition to Debug recovery mode is made
from any state, which puts the core into a Warm reset state. There is no external mechanism to
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apply a Warm reset mode other than programming the DynamlQ™ Shared Unit-120AE Power Policy
Units (PPUs).

For more information on the DSU-120AE Power Policy Units (PPUs), see The Power Policy Unit in the
Arm® DynamlQ™ Shared Unit-120AE Technical Reference Manual.

Debug recovery is strictly for debug purposes. It must not be used for functional
purposes because correct operation of the caches is not guaranteed when entering

Caution this mode.

Debug recovery mode can occur at any time with no guarantee of the state of the core. A request
of this type is accepted immediately, therefore its effects on the core, the DSU-120AE DynamIQ™
cluster, or the wider system are UNPREDICTABLE, and a wider system reset might be required. In
particular, any outstanding memory system transactions at the time of the reset might complete
after the reset. The core is not expecting these transactions to complete after a reset, and might
cause a system deadlock.

If the system sends a snoop to the DSU-120AE DynamlQ™ cluster during Debug recovery mode,
depending on the cluster state:
e The snoop might get a response and disturb the contents of the caches.

e The snoop might not get a response and cause a system deadlock.

4.4.7 Warm reset mode

A Warm reset resets all state except for the trace logic, debug registers, and Reliability, Availability,
and Serviceability (RAS) registers.

WARM_RST mode is strictly for debug purposes. It must not be used for functional
purposes, because correct operation of the L1 data cache is not guaranteed when

Caution  €ntering this mode.

A Warm reset is applied to the Cortex®-A520AE core when the core Power Policy Unit (PPU) in the
DynamlQ™ Shared Unit-120AE is programmed for WARM_RST mode.

WARM_RST mode is only expected to be used for resets triggered by a system level issue, such as
a watchdog timeout.

WARM_RST mode can occur at any time with no guarantee of the state of the core. A request

to transition to WARM_RST mode is accepted immediately. Therefore, its effects on the core, the
DynamlQ™ cluster, or the wider system are UNPREDICTABLE, and a wider system reset might be
required. For example, if there were any outstanding memory transactions at the time of the reset,
these transactions might complete after the reset. Unless the system interconnect is also reset, the
cluster will not expect these transactions to complete after the reset, and a system deadlock might
occur.
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An alternative method for placing the core into Warm reset is to use the Arm®v8-A
Reset Management Register, RMR_EL3. When the core runs in EL3, it requests a
3 Warm reset of the core if you set the RMR_EL3.RR bit to 1. If RMR_EL3.RR is set
to 1 before a WFI instruction is executed, then the core will request a Warm reset.
Note The RMR_EL3.RR controlled Warm reset of the core is independent of the PPU
WARM_RST power mode.

See the Arm® Architecture Reference Manual for A-profile architecture for more information about
RMR_EL3.

4.5 Complex power modes

For a complex containing two cores, a power mode transition in either core requires arbitration
between the two cores and their shared logic. The CPU bridge handles this arbitration
automatically, without involving the core Power Policy Unit (PPU).

The CPU bridge handles system requests for power mode transitions by translating requests into
the correct power mode transitions for a particular complex configuration.

The Power Control State Machine (PCSM) interface is an external interface for controlling low-level
technology-specific power switch and retention controls.

The following table shows all possible combinations of core power modes and corresponding
power states for a dual-core complex with a shared L2 cache and a Vector Processing Unit (VPU).

Table 4-2: PPU mode and power domain states for a dual-core complex

PPU mode PCSM channel

Core0 Corel Core0 Corel Shared logic
On On ON ON ON

On Functional retention ON ON ON

On Full retention ON FULL RET ON

On Debug recovery ON ON ON

On Emulated off ON ON ON

On Off ON OFF ON
Functional retention On ON ON ON
Functional retention Functional retention ON ON FUNC_RET
Functional retention Full retention ON FULL RET FUNC_RET
Functional retention Debug recovery ON ON ON
Functional retention Emulated off ON ON ON
Functional retention Off ON OFF FUNC RET
Full retention On FULL RET ON ON

Full retention Functional retention FULL_RET ON FUNC_RET
Full retention Full retention FULL_RET FULL RET FULL RET
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PPU mode PCSM channel

Core0 Corel Core0 Corel Shared logic
Full retention Debug recovery FULL_RET ON ON

Full retention Emulated off FULL RET ON ON

Full retention Off FULL_RET OFF FULL_RET
Debug recovery On ON ON ON
Debug recovery Functional retention ON ON ON
Debug recovery Full retention ON FULL_RET ON
Debug recovery Debug recovery ON ON ON
Debug recovery Emulated off ON ON ON
Debug recovery Off ON OFF ON
Emulated off On ON ON ON
Emulated off Functional retention ON ON ON
Emulated off Full retention ON FULL RET ON
Emulated off Debug recovery ON ON ON
Emulated off Emulated off ON ON ON
Emulated off Off ON OFF ON

Off On OFF ON ON

Off Functional retention OFF ON FUNC_RET
Off Full retention OFF FULL_RET FULL_RET
Off Debug recovery OFF ON ON

Off Emulated off OFF ON ON

Off Off OFF OFF OFF

Note

/7 | Emulated off mode operation for a complex is the same as the operation for a core.

In general, any PPU mode combination where only one of the cores is in DBG_RECOV

is considered to be a transitional state. In such cases, both cores must eventually go into
DBG_RECOV. One exception to this rule is when one core is OFF, in which case it remains OFF
while the other core remains in DBG_RECOV.

Deviating from the legal power modes can lead to UNPREDICTABLE results. You must comply with

the dynamic power management and the powerup and powerdown sequences.

In a dual-core complex, where a single core is being powered down, the shared logic might
need to be kept powered on. The powerdown sequence must account for this possibility. Both
the L2 cache and the VPU are shared in a dual-core complex. Therefore, when a core in a
Cortex®-A520AE complex is being powered down:

o |f the other core is not Off, the shared logic is kept on and kept in coherency state. Only
interfaces that are private to the core are powered down and the core is clock gated.
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e |[f the other core is Off, the powerdown sequence for the complex is the same as the sequence
for a single core. This sequence includes taking the complex out of coherency, powering off the
shared logic, gating the clocks, and disabling the interfaces.

The following table shows the PCSM power mode and corresponding power modes for the
PDCOREO and PDCORE1 power domains.

Table 4-3: PCSM power states and power modes for core power domains

PCSM power state PDCORE power mode

ON On
FULL_ RET Retention
OFF Off

The following table shows the PCSM power mode and corresponding power modes for the
PDCOMPLEX and PDVPU power domains.

Table 4-4: PCSM power states and power modes for complex power domains

PCSM power state PDCOMPLEX power mode PDVPU power mode
ON On On
FUNC_RET On Off
FULL RET Retention Off
OFF Off Off

Related information
4.3 Power control on page 53

4.6 Performance and power management

The Cortex®-A520AE core implements Performance and Power Management (PPM) features
that can be used to limit high activity events within the core or trade off efficiency versus peak
performance.

The only PPM feature that Cortex®-A520AE core implements is Maximum Power Mitigation
Mechanism (MPMM).

4.6.1 Maximum Power Mitigation Mechanism

Maximum Power Mitigation Mechanism (MPMM) is a power management feature that detects and
limits high activity events, specifically high-power load-store events, and vector unit instructions.

If the count of high-activity events exceeds a pre-defined threshold during an evaluation period,
MPMM temporarily limits the rate of instruction execution and memory system transactions.

MPMM provides three gears that enable it to limit certain classes of workloads. Each MPMM gear
limits workloads at a different level of aggressiveness, where gear O produces the most aggressive
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throttling and gear 2 the least aggressive. The Activity Monitoring Unit (AMU) provides metrics
for each gear. An external power controller can use these metrics to budget SoC power in the
following ways:

e By limiting the number of cores that can execute higher activity workloads
e By switching to a different Dynamic Voltage and Frequency Scaling (DVFS) operating point
MPMM is not intended to limit workloads that operate close to typical power levels. The MPMM

event detection and limiting are targeted to limit workloads that operate at significantly higher
power levels than typical integer workloads.

MPMM must not be relied on as the only electrical safety mechanism. It is
essentially a localized assistance mechanism that operates at core level. MPMM
is not a substitute for a coarse-grained emergency power reduction scheme, but
it does minimize the likelihood of such a scheme being engaged. It is a first line of
defense rather than a complete solution.

Caution

Related information

A.2.1 IMP_CPUPPMCR_ELS3, Global PPM Configuration Register on page 257
A.5.25 IMP_CPUMPMMCR_EL3, Global MPMM Configuration Register on page 346
B.1.1 CPUPPMCR, Global PPM Configuration Register on page 482

B.1.2 CPUMPMMCR, Global MPMM Configuration Register on page 484

4.7 Cortex®-A520AE core powerup and powerdown
sequence

There is no specific sequence to power up the Cortex®-A520AE core. There are no software steps
required to bring a core into coherence after reset. For powerdown, the Cortex®-A520AE core
uses a specific sequence.

To power down the Cortex®-A520AE core:

1. If necessary, save the state of the core to system memory so that it can be restored during the
core powerup.

2. Disable interrupts to the core:

a. Disable the interrupt enable bits in the ICC_IGRPENO EL1 and ICC IGRPEN1 EL1
registers.

b. Set the GIC Distributor wake up request for the core using the GICR_WAKER register.

c. Read the GICR_WAKER register to confirm that the ChildrenAsleep bit indicates that the
interface is idle.

3. Disable the interrupt outputs from the Reliability, Availability, and Serviceability (RAS) registers
or redirect the core RAS fault and error interrupt outputs to the system error mana