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Disclaimer
Presentation Disclaimer: All opinions, judgments, recommendations, etc. 
that are presented herein are the opinions of the presenter of the material 
and do not necessarily reflect the opinions of the PCI-SIG®.
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IBM PowerEN Processor 
Overview

Á 64-bit PowerPC Architecture

Á Virtualization Support

Á Dual DDR3 DRAM Controllers

Á Optimized Ethernet Offload Engine

Á Integrated PCI Express® bus

Á Cryptography Unit

Á Regular Expression Unit

Á XML Processing Unit

Á Compression Unit

Á Upward Scalability – 4 Chip

Á Downward scalability – Subset

Á Power savings

V Extensive clock gating

V Disable units

PowerEN™ SoC Block Diagram
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IBM PowerEN Processor:
Targeted at the Edge-of-Network

Á Power efficient throughput computing

VDatabase Acceleration

VService Oriented Architecture Acceleration

VSecure Multi-tenant Cloud Computing

Á Enhanced processing of data payloads

VLow latency message for Financial Information Exchange

Á Deeper networking functions

VCyber Security and Network Intrusion Prevention

Á Application targeted at “Smarter Planet™" solutions

VData Reduction in storage subsystems
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PowerEN Processor Chip
Á Chip statistics

V 45nm - ultra-low k BEOL

V Area: 410 mm2

V 100 array types, ~300 instances

V 124 RLMs, 1044 instances

V 1.43B Transistors

V 3.2 million latches

V 5 PLLs, 10 concurrent frequencies

Á Package Technology

V 50mm FCPBGA (6) build-up layers 

V C4 Pitch: 148 x 185 mm pitch

Á Power Delivery

V Deep Trench Chip Capacitors

V Adaptive Power Supply Strategy

V 8 voltages domains
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PowerEN PCIe-based 
Systems

ÁLarge system with multiple PowerEN chips
VAll or subset of chips with PCIe attached
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PowerEN PCIe-based 
Systems –cont.

ÁHost Processor with PowerEN chip as PCIe adapter
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PowerEN PCIe Interface 
Overview

ÁTwo PCIe ports

VPort 0 - Dual Root/Endpoint

VPort 1 - Root Complex

ÁFirmware boot 
configuration 

VPort 0 defaults to Endpoint 
for fast config recognition

VSwitch to Root mode in 
firmware boot code

VEnable/Disable per port
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PowerEN PCIe Interface 
Overview –cont.

ÁReuse of ASIC 
synthesizable IP for lower 
protocol layers

VUpper Transaction Layer

VTransaction and Data Link 
Layer

VConfig Space

VPCS Layer
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PowerEN PCIe Interface 
Overview –cont.

ÁShared PHYs

VPHY macros shared with 
Ethernet port

VMultiple link width 
configurations for optimal 
resource utilization

ïX16 and X1

ïX8 and X8

ïX4 and X4

ïAuto negotiation to smaller link 
widths (x1, x2, x4, x8, x16)
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PowerEN PCIe 
Root Complex Mode

ÁMMIO/DMA 32-bit/64-bit 
Addressing

ÁLogical Partitions support -
Partitionable Elements (PEs)

ÁLegacy Interrupts and Message 
Signaled Interrupts (MSI)/MSI -
Extended (MSI-X)

ÁPartition-based Enhanced Error 
Handling (EEH)
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PowerEN PCIe 
RC Mode - Addressing

ÁSingle Partitionable Element 
(PE)

ÁMMIO for 32-bit only PEs

VSystem address resides above or 
below 4GB

VTranslated to an address below 
4GB as it is passed through the 
PCIe Host Bridge (PHB)

ÁMMIO for 64-bit capable PEs

VSystem address resides above 
4GB

VRemains untranslated as it is 
passed through the PHB
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PowerEN PCIe RC Mode
IOMMU Implementation

page 

offset

DMA Request Address

DMA Validation Table

• fetch translation from 

main memory

• local cache lookup

page 

offset
Real Page Number

PCI Address

ÁValidation Table

V Identifies partition #

VDefines translation type and page 
size

VProvides pointer to address 
translation entries in main memory

ÁAddress Translations Cache

VKeeps recent translations to speed 
up translation process

VFirmware-managed coherency

ÁPage Migration Support
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PowerEN PCIe 
RC Mode - Interrupts

ÁLevel Sensitive Interrupts 
(LSI)
V4 LSI interrupts supported per 

PCIe Root Port

V Internal PCIe Bridge (PEB) errors 
act as an additional LSI

VLSI interrupts blocked during the 
EEH Stopped State

ÁMessage Signaled Interrupts 
(MSI)
V40 MSI Validation Entries (MVEs)

V1152 MSI External Interrupt Vector 
Entries (XIVEs)

VMSIs must be blocked while in the 
EEH Stopped State
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PowerEN PCIe 
RC Mode - EEH

ÁErrors with one PCIe port 
VDo not affect other ports or system 

operations

ÁMultiple EEH domains in PCIe 
port
V Identified by PE Number of TCE 

Validation Entry (TVE) or MVE

ÁPCIe Port Stopped State
VDMA writes are ignored and 

discarded

VDMA reads returned with 
completion abort status

VMMIO Stores are ignored and 
discarded

VMMIO Loads return all 1’s data
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PowerEN PCIe RC Mode 
Error Handling Flow

1. Identify Partition
VFor DMAs/MSIs partition # is specified 

in Validation Table
ï For table-related error, use Bus Device 

Function (BDF)-based lookup to 
retrieve partition #

VFor MMIOs partition is determined 
from MMIO address mapping

VFor PCIe Error Messages use BDF-
based lookup to retrieve partition #

2. Log Error

3. Move Partition to Frozen state
VAll MMIO/DMA/Interrupt related to 

frozen partition requests are discarded.

4. If partition # cannot be identified 
(e.g. BDF# lookup error), freeze all 
partitions

DMA Validation Table

Partition Lookup Table

Validation 

table error
Partition

Number
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PowerEN PCIe RC Mode 
Error Handling

MMIO EEH Errors

Decode error

Size/Align Error

MMIO/IO Rd CA Response

MMIO/IO Rd UR Response

IO Wr CA Response

IO Wr UR Response

Non-EEH Errors (discarded)

CFG Rd/Wr UR Response

Frozen Partition

DMA/MSI EEH Errors

DMA Validation Table Error

Interrupt Validation Table Error

Page Fault

Translation Entry Access Fault

Non-EEH Errors (discarded)

Frozen Partition

PCIe EEH Errors

Correctable PCIe Error

Non-fatal PCIe Error

Fatal PCIe Error

Errors Triggering Global Freeze

BDF Lookup Error

Internal Logic Error

Error Log Array (entry per partition)
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PowerEN PCIe
EP Mode

Á DMA Engine with accelerator 
interface

V Programmable PCIe request sizes

V Scatter Gather (SG) descriptors with 
descriptor prefetch

Á Dedicated doorbells

V For each PCIe function

Á Dedicated mailbox buffer pairs

V For host<->device communication

Á PowerEN SOC Quality of Service 
(QoS) Support

V Mapping between PCIe functions and 
QoS groups

PCIe EP Port
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24Copyright © 2011, PCI-SIG, All Rights Reserved



PCI-SIG Developers Conference

PowerEN PCIe
EP DMA Descriptor Fetch

1. The host updates HĄA2 queue in the 
host memory

2. The host sends 4/8-byte MMIO write 
to PCIe DMA register (HĄA2 
doorbell reg, mapped to a PCIe BAR)

3. PCIe DMA notifies A2 on HĄA2 
queue status register update

4. A2 clears DMA register status to 
allow additional notifications

5. A2 DMAs HĄA2 queue entries to 
PowerEN processor memory
VA2 issues Coprocessor Request Block 

(CRB) to fetch descriptors from the host

VUpon completion, A2 translates host 
descriptors into Data Descriptor Entry 
(DDE) format

PCIe DMA

Host Host Memory
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Tx 
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Tx 
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Rx 
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PowerEN PCIe
EP DMA Data Transfer

ÁBoth host memory and adaptor 
memory SG lists located in PowerEN 
processor local memory

ÁA2 issues CRB to PCIe DMA to initiate 
data transfer

ÁPCIe DMA fetches from PowerEN 
Processor memory DDEs for source 
and destination (Host / adaptor)
VCRB may specify immediate pointer 

instead of pointer to SG list for both source 
and destination

ÁPCIe DMA performs data transfer

ÁPCIe DMA reports completion
VTo A2 (based on Coprocessor Control 

Block (CCB))

VOptionally to the host (encoded in CRB)

Host host 

memory

DMA ïPCIe EP

A2

Interconnect

PowerEN 

Processor

local memory

DMAĄA2 DMA cmd

local SG

host SG

local SG host SG
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PowerEN PCIe EP Mode
SR-IOV Implementation - MMIO

Á Flexible assignment of Physical 
Functions (PFs) and Virtual Functions 
(VFs)
V No fixed physical resources behind PFs

Á Dedicated mailbox/doorbell/control 
resources for each PF/VF

Á Each PF/VF uses two address ranges on 
PCIe
V One range for control space

V One range for MMIO access to Prism 
memory mapped resources

V All PowerEN memory access goes through 
ERAT (Effective-to-Real Address Translation)

Á Each PF/VF assigned with Logical 
Partition Identification (LPID) and 
Process ID (PID) 
V For address translation and interrupt routing 

purposes
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PF0 control 
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ÁEach DMA command includes 
PF/VF# attribute used in 
RequestorID field of PCIe requests

VSoftware associates DMA transfer with 
one of PCIe PFs/VFs

VPCIe unit implements validation table that 
verifies LPID/PID groups (QoS groups) 
permission for use of specified PF/VF#

VValidation table resides in dedicated 
Hypervisor space

PowerEN PCIe EP Mode
SR-IOV Implementation - DMA

A2
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ÁPowerEN Processor supports MSI-X and legacy 
INTx interrupts

ÁEach function supports 16 unique MSI-X interrupts

ÁPossible triggers:

VPowerEN software can trigger each of 16 interrupts to each 
PCIe function, subject to QoS group PCIe PF/VF access 
validation

VPowerEN software posted a message in Outbound Mailbox 
Buffer of certain PCIe function

VDMA transfer completed (specified by DMA command 
parameter)

PowerEN PCIe EP Mode
PCIe Interrupts

29Copyright © 2011, PCI-SIG, All Rights Reserved



PCI-SIG Developers Conference

PowerEN PCIe EP Mode
Error Handling

ÁAll errors related to specific DMA transfer are 
reported through Command Status Block

VCommand Errors (function map violation, command 
formation)

VPowerEN Processor data fetch/store errors (translation 
errors, permissions)

VPCIe response errors (UR/CA)

ÁPCIe-related errors are also logged in function’s 
Configuration space

VAER provides extended error isolation and logging 
capabilities

VCorr/Non-Fatal/Fatal Error Message dispatched to root port 
upon error occurrence
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IBM PowerEN Processor    
PCIe Summary

Á Two Independent PCIe Controllers

Á Root Complex Mode (both)

V Attach various PCIe adapters (16 lane and 1 lane or two 8 lane or two 4 lane)

V Uses Translation Cache Element based IO address translation

V Enhanced Error Handling

Á Endpoint Mode (configurable on one)

V Use PowerEN SOC as control and computation SOC (PCIe adapter card)

V DMA engine with accelerator interface

V Fully integrated in PowerEN processor virtualization architecture 

V Supports SRIOV standard

Á Power savings

V Extensive clock gating

V Disable for systems not using both ports
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