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What is PlayStat ion
®

Portable (PSP TM)
New Handheld Video Game System

n 3D-CG Games with High Quality Video/ Sound
n 4.3 inch, Wide Screen(16:9)  TFT LCD
n UMDTM, High -Capacity (1.8GB)  Optical Disc
n ATRAC3 plus, AAC, MP3 for Music
n AVC/ @MP for Picture/ Movie
n Li - ion Battery

PSPTM

System Chip
UMDTM

controller
TFT LCD

480x272 dots

UMDTM
Memory StickTM / USB
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PSPTM System Chip Block Diagram
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Game/ Media processing unit

n Game processing unit
n CPU Core

n MI PS R4000 32bit Core:1 -333MHz 
n FPU, VFPU (Vector Unit)  

n 3D graphics
n ‘Rendering Engine ’ +  ‘Surface Engine ’
n 2MByte eDRAM(VRAM) :512bit / 166MHz bus I / F 

n Media processing unit
n Media Engine

n MI PS R4000 32bit Core with FPU 
n 1-333MHz 

n H.264 codec engine
n H.264 hardware accelerator 

n VME(Virtual Mobile Engine)
n A reconfigurable processor to decode audio/ video 

codec
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eDRAM & I / O
n eDRAM

n Total capacity of 4Mbytes
n One half for the game processing unit
n The other half for the media processing unit

n I / O
n Mobile DDR I / F
n USB 2.0(Device)
n Memory Stick TM
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3D-Graphics Module
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Rendering Engine

Surface Engine
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Surface Technology
sHigh -speed tessellat ion logic of Bezier and Spline 
Surfaces.
sHardware Transformation and Lighting.

Geometry Blending 
s(up to 8 matrices)  for skinning.

Vertex Blending 
s(up to 8 vertices)  for morphing.

Surface Engine Specification
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These two models have the same data size

Polygon modelSurface model

Surface Technology
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Geometry Blending (Skinning)

Skinning OFF Skinning ON

Relaxed Pose
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Vertex Blending (Morphing)

Key Frame 1

Key Frame 2
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Drawable Primit ives
ssupports Point, Line, Triangle, Rectangle, Bezier 
and  Spline.

Graphics Functions
sDirectional/ Point/ Spot Lighting
sClipping
sEnvironment Mapping
sProjection Mapping
sTexture Mapping
sFogging
sAlpha Blending
sDepth Test
sStencil Test
sDithering
s16/ 32 bit pixel color

Rendering Engine Specificat ion
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Frequency 166 MHz
Graphics Memory 2 Mbytes

Frequency&Peformance

Surface Tessellat ion (  divide by 16x16 )  
58 K Patches/ sec

Geometry 35 M Polygons/ sec
Rendering Setup 35 M Polygons/ sec
Pixel Fill Rate 664 M Pixels/ sec

Performance(@166MHz)

Frequency
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H.264(AVC) Decoder
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Features

• H.264 |  I SO/ I EC 14496 -10(MPEG-
4 Part10)  Decoder

• Supports Main Profile

• Supports Up to Level3 
(720x480@30fps)
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H.264 DecoderH.264 Decoder

H.264 Decoder Block Diagram
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Reconfigurable Processor
(Virtual Mobile Engine TMTM)
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Virtual Mobile EngineVirtual Mobile Engine TMTM (VME)  Concept(VME)  Concept

CPU

VME

time

t ime

VME is VME is ““ virtual dedicated acceleratorvirtual dedicated accelerator ””
using Dynamic  Reconfigurable  Architec tureusing Dynamic  Reconfigurable  Architec ture

for Lowfor Low --pow er and Programmabilitypow er and Programmability

VME

CPU

Reconfigure into dedicated c ircuits
on the fly!

Pow er consuming
heavier tasks

Control -tasks Loop -level granularity 
mapping in source code

for ()  {
. . . . 
}
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VME StructureVME Structure

Virtua l Mobile  EngineVirtua l Mobile  Engine TMTM (VME)(VME)

128bit  bus

Local Memory

Reconfigurable
Datapath

- Works as Dynamic  Recon -
figurable  vec tor engine

- Reconfigured on t he  fly
- One  cyc le  contex t  sw it ch
- Coarse  gra in he te rogeneous

type
- Na t ive  24bit  da ta -w idth
- Max  Clock  Freq. 166MHz
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Typical VME OperationTypical VME Operation
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CPU memory

(1 ) se t

(5 ) store  back  or 
reuse  LM da ta  in nex t  exe .

(3 ) execute

(4 ) int . or pol.

Local Memory

(2 ) load
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VME ApplicationsVME Applications

Feb. '03 '04

Netw ork
Walkman

CD
Walkman

MD
Walkman

PSPPSPTM

World's First Consumer Product World's First Consumer Product 

using Reconfigurable architecture!using Reconfigurable architecture!

Audio ATRAC3 Dec
4mW @1.2V,0.18um

- audio codec
- sound effect

- game sound
- audio codec
- sound effect
- video codec

(Flash mem.)

(HDD)

Only ex ist ing lowOnly ex ist ing low--pow er Dynamic  Reconfigurable  Engine  pow er Dynamic  Reconfigurable  Engine  
used for Consumer Productused for Consumer Product

Netw ork
Walkman
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Embedded DRAM
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Specification

• Configuration
– [1024row x 32col x 128bits x 2Bank]  x 4Macro

• AC Spec
– tCK(min.) : 6ns < 166MHz>
– tRC(min) : 30ns
– CAS latency: 2clk

• Special Function
– 1Cycle Read - Modify -Write operat ion for 3D graphics 

PSPTM 1MB eDRAM (128bit 2Bank)
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eDRAM Macro Configuration

cont

AY[4:0] r-dec R-Add

W-Add
w-decFIFO

Read modify write 
– 128bit Read +  128bit  Write
– Data can be read and writ ten at the same t ime in 

generating 3D graphics
– Normal read/ write mode is also available

mem

B0
Q[ 63:0]

mem

B1

D[ 63:0]

mem

B0

mem

B1

Q[ 127:64]

D[ 127:64]

eDRAM Macro
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RMW TimingChart

Cmd ACT

D[63:0]

Q[63:0] Q Q Q Q Q Q Q QQ Q Q Q Q Q Q Q Q Q Q Q Q Q Q QQ Q Q Q Q Q Q Q

<  Read modify write Like GRAPHI CS SYNTHESI ZER of PS 2> 6ns

– 8 state write address FI FO
– 2 Bank interleave operation

R R R R R R R RR R R R R R R R R R R R R R R RR R R R R R R R

D D D D D D D DD D D D D D D D D D D D D D D DD D D D D D D D
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PRE
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ACT
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CAS latency= 2

16page Access case
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Chip implementation
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Low power control

• Core voltage control
– VDD= 0.8- 1.2V

• Clock frequency control
– 1-333MHz :CPU clock
– 0.5-166MHz :Bus clock

• Clock ON/ OFF control
– Clock supply is gated at clock control unit .
– CPU can control clock supply to each block

• I ndependent power ON/ OFF control  
– 3 D- Graphics unit
– H.264 unit
– reconfigurable engine (VME)
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Physical chip implementation

Process 90 nm CMOS technology
7 layer Cu metals

Gate 6M gates
CPU frequency 1-333MHz
Bus frequency 0.5-166MHz
eDRAM Size 4 Mbytes
Package 540pin LFBGA
Power Consumption < 500mW @H.264(AVC)Decode
VDD(Core) 0.8V-1.2V
VDD( I / O) 2.5/3.3V

Specifications
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Conclusion

• A 90nm embedded DRAM single chip LSI  for 
PSPTM has been developed.

• I t  has
– 3D-graphics module  

with Rendering Engine +  Surface Engine
– H.264(AVC)  H.W. Decoder
– Reconfigurable processor (VME)
– 4Mbyte eDRAM

• This chip will be manufactured by Sony 
Semiconductor Kyushu Corporation at 
NAGASAKI , Japan.


