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Arm and
Synopsys
Collaboration

arm &

» Arm IS using Synopsys Memory
controller(MC) portfolio in both Infra & Client
solutions

» For Infra Solution — Arm is extensively using
Synopsys Chi-based MC (Chi-E) along with
with Arm’s internally developed Phy & DDR5

» Further exploration ongoing for the Synopsys
Chi-F MC integration & further validation

» For Client Solution — The Synopsys Zebu
compatible Phy (zDFI) & LPDDR5
(zLPDDRS) is getting used with Arm’s AXI
based MC
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Arm Sub-System Overview
Integration, Interoperability, Functional Verification anad
Validation




Arm Sub-system : Infra Solution
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DMC : Memory Controller Overview

 The DMC provides
a system interface
for the system to
gain read/write
access to DRAM
memory
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Configurable Arm Sub-System arm °

» Configurable SoC like system- #include "mem_defs.h”
- Builtusing SIF (SyStem 44 paeero TR Parameters il Tiitierm rcatscer b externsn
Contains both HW & SQN layersmn4_define(def_NUM_DMC, "4")
- Interface level connections via nd 7T e vaesmaacs oo
o Stan [Ps oo CONONS ma_define (def NUMDSUCHT, "4' [/l eroorem one neaiscere (er -

) ! MEM_RW(DMC_BASE, ©x15c) Bx000843210 ; //'decode_column_bit_

- SIF Integrates IPs as early as M08 ane (der NN DN, ) e e o roneoea, ) aecoae ot bt
Alpha MlleStOﬂe m4_define(def_NUM_ITS, '/’ } MEM_RW (DMC_BASE, ©x164) ox1fee1fes8; //' address_base_mask’

) _ . .. MEM_RW(DMC_BASE, ©x168) 0x00000000: //'decode_bg®_hash_me

° S”: prov|des ever pla‘tform for - m4_def1ne(def_NUM_TRFGEN, 4 ) MEM_RW(DMC_BASE, ©x16c) OxB000BBO0;: //'decode_bgl_hash_ms

BxB0B0BBB0B0 ; //"'decode_baB_hash_me

"def_NUM_THREADS ", m« ¢y,

MEM_RW(DMC_BASE, ©Bx178)

— Running industry standard m4_define

gﬁgﬁgrigarks for performance o ¢ine(def NUM_MCN, *8")

— Comparison with previous m4_define(def_LCC_ENABLED, "1')
generation IPs to emphasize m4_def] —— : '

improvement m4_define( def_DMC725_ENABLED', "1’

\____ e e———

def_NUM_CLUSTERS_PER_CHI

— |nte|’0pe|’abi|ity testing I'I'I4_C|Efil'|€( RW(DMC_BASE, ©x174) ©x000BBBL6; //' decode_bal_hash_me
R . . s . I MEM_RW(DMC_BASE, ©x178) Ox0000BE0O ; //'decode_cs_hash_mag
— Functional validation to expose Mm4-define( def NUM_INT_Q", M4_ ¢\, cuconc_ease. ox768) - oxoo000205. // memory_type:
: syt MEM_RW(DMC_BASE, ©x76c) BxBBoon300 ; // ' format_control’
early buQS m4_dEf1ne(dEf_NUM_CHIPSJ B ) MFM RW/ DM RASF Ax77A) AxvapnAaAn:x - //"Fp:lflltp Pn:frn'l rel
(
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DDRS5 - Chi-E based Memory Subsyem
System level Verification/Validation of Synopsys Chi-E based Memory
controller and Arm’s internal PHY and SDRAM memory model|




Synopsys Chi-E Memory Controller

Dual Channel MC along with Dual Rank SDRAM

CHI Interface Architecture

* Speed -

— Data Rate 4.8 to 6.4 Gbps(giga bit per secon | MMTTTTTERSC

— 2.4 to 3.2 GHz clock rate
 Channel Architecture :

B — CHI SN-F Part

— 40-bit data channel (32 Data + 8 ECC) cHi
— 2 channels per DIMM(Dual Inline memory 3
module) E
— Higher Memory efficiency, Lower latency é
* DIMM topology : o
. . . = CHB
— Dual Channel, with each channel being 32bit CHI

wide for data
— ECC DIMM are generally 80-bits wide, with 4

N
Pipeline

bits per channel = r puts \ Fery e

SNUG INDIA 2024 8




System level configurations : arm 0
Interconnect & DMC

s Scaling Number of Memory controller/Memory Channel in System

i ) 1 I
Y ) i |
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i R ] :l -9
f 14, ] o LT
(e, 1) ) '
L ’ ’
o0 ll ) :n )
 SNFE | 1 ) 5 ' | .
ESAM te
] e @ e

/ / / Small
(e, 8) (1, 9) (2, 8) (3, 9)
o 2 Full e &) 8 8/4

32,33 64,65

CMN(Coherent mesh node) based small mesh

* RNF — Request Node — CPUs/Cluster Interface
« HNF — Home Node — Internal to Interconnect with SLC(System level Cache)
 SNF — Subordinate Node — DMCs Interface
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Memory Subsystem — DDR5

arm &

*¢* CHI-E based DMC with DFI 5.0 and JEDEC DDR5 speed grade compatible solution

A / N Vi

CHI-E .-;-'-""tjl CHI-E
[ Memory Controller }
I [
DFI5.0 DFI5.0

CHI-E '_‘;.""? CHI-E
[ Memory Controller }
A A
LA I\
DFI5.0 DFI5.0

DDRS DDRS

DDRS DDRS

« Memory Organization : Dual-Channel
memory Controller, Dual Rank
SDRAM.

« DFI5.0 compliant interface
DesignWare DDR5/4 PHY or other
DDR5/4 Phy.

« System Interface : Chi-E
« Programming Interface : APB

« PHY & DDR5 : Arm’s Internal RTL
based solution.

 Clock Mechanism :

— 1:4 CKR(Clock Ratios) — DDR5 mode
only supports DFI 1:4 frequency ratio mode

— DFICLK : 800 MHz
— MEMCLK : 3200 MHz
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Synopsys zDFl & zLPDDR5 with AXI Based MC
System level Verification/Validation with Synopsys zDFIl & zLPDDR5




Combination of Small +
Big Cores CPUs with Chi
based interface

AMBA AXI-based
Dynamic Memory
Controller(DMC)
connected with
MCN(Memory Controller
Node) based interconnect

Memory subsystem with
Phy (DFI 5.1) & JDEC
LPDDR5

Used Synopsys Solution
— Zebu emulation friendly
Phy (zDFl) & Memory
(zLPDDR5)

SYNoPsys

System Level Design - AI'M °
Client Solution

CHILE CHILE HILLE CHILE
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AXI-based Memory Subsystem arm @
s* AXI-based DMC with DFI 5.1 and JEDEC LPDDR5.x speed grade compatible solution

“*Non-existing Arm Phy/Memory Solution : Requirement of using 3" Party EDA Vendor’s
Emulation(Zebu) friendly industry standard (JEDEC) Memory Model & Phy

s»Configurable LPDDRS5 dual Rank model & support of different speed grades (8533,9600 Mbps)

+ The DMC init programming — proving IP level init sequence working on System level ( with required
changes ) & back-door access validation.

o

¢ zDFI memO
L S oS nemD _cs Original DFI-compliant PHY
add ad
. : i
wrdata d mem0_dq
rddata A ‘
<« DFl-compliant
Samoty SDRAM
e Controller
mem1_cs (DUT)
o " DFI PHY
Clock Clock

mem1_dq
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How Synopsys Helped Arm arm &

* The Synopsys solutions helped Arm to verify all next generation IPs
(e.g. CPUs, Interconnect etc.) at the Sub-system level context I
* The Synopsys solution helped Arm —

» Validation of Memory Front-door access

» DDR Preload Or Back door access validation

» Speed grade changes , WR-RD delay control ,DDR Memory Size Control, Encodings-RBC/BRC etc.

» The Chi Based DMC helped on validating the Chi based next generation Arm CPUs &
Interconnect

* The Synopsys zDFI & zLPDDRS5 portfolio helped arm to validate Arm memory controller with
iIndustry standard Phy & Memory Models

 The zLPDDR5/zDFI analyzer feature helped for faster debug (by reporting DRAM txns with data

payloads ) p
.

0| Bo00o|
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Feedbacks & Future Work arm e

The ZS5 Zebu emulator’s high design frequency helped early enablement of complete SoC on emulation
Platform- the achieved design frequency is around half of driver frequency

Timing | driverClk: 2631 kHz (380 ns) |
| Pre-Post delta before rounding: {driverClk: 3415 -> 2653 (-22%)} |
| bottleneck: routing data paths : 377ns, Longest Delays: {data: 377 ns, memory: 164 ns}, #MGT in top path: {data: 1, filter: 0

+ee

FPGA | Total Num. of completed FPGAS: 84 |

More collaborations with cross functional teams. The delivered Sub-system RTL (integrated with Synopsys
IPs) enabled other teams (e.g. performance Analysis, FPGA etc.) for their further validation

Faster verification closure on Performance & Benchmarking - CPU To memory path Read latency
exploration (with industry standard workloads e.g. SPEC, Geekbench, Speedometer etc.)

Future Work :

» Enablement of Synopsys Real world Phy & Synopsys DDR5 memory model at System Level

» Further validation of Arm’s Chi-F IPs with Synopsys Chi-F MC & future collaboration on Chi-G MC
Some improvement areas:

» Observed long Zebu compile time

» More fine tune control on Memory Content , could be useful for Back-door /preload access debug
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