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集成电路设计基本要素

Flow

PDK

IP
EDA

EDA：Electronic design 
automation software (tool)

Flow：Chip design flow 
config and script

PDK：Process design 
kits from foundary

IP： Intellectual Property 
Functional module



数字芯片设计流程
l EDA工具全程自动化支持芯片设计、验证和测试

系统规格定制 功能开发 逻辑综合 工艺映射

物理设计签核验证版图综合制造

架构设计

封装测试




时序, 功耗, DRC, 
ERC, LVS

module conv;
reg [31:0] m[0:8192];
reg [12:0] pc;
reg [31:0] acc;
reg[15:0] ir;

always
   begin
     ir = m[pc];
     if(ir[15:13] == 3b’000)
        pc = m[ir[12:0]];
     else if (ir[15:13] == 3’b010)
        acc = -m[ir[12:0]];
     ...



物理设计流程
System Specifications

Functional  Design

Logic Synthesis

Tech Mapping

物理设计

Physical Verification

Sign Off

Layout Processing

Fabrication

Architectural Design

Package and Test

l 物理设计
l converts a circuit（电路） description into a geometric（几何版图） 

description, optimize Performance、Power、Area (性能，功耗，面积)
l 主要步骤

l floorplan（布图规划）, placement（布局）, clock tree synthesis (CTS，
时钟树综合), routing（布线）

l 其他步骤
l 划分, 时序优化，
l 静态时序分析（STA），功耗分析，寄生参数提取，电压降，电迁移
l 设计规则检查（DRC），版图原理图对比（LVS），...



物理设计流程

Floorplan：ensure die 
and core sizes, place 
IOs, plan macros, plan 
PDN, place physical cell.

Placement：place std 
cell into legal position, 
insert filler, opt timing, 
power and routability.

CTS：design clock 
network, connect FFs, 
opt skew, latency and 
power.

Routing：route net into 
routing track, opt 
timing, power and DRC.

Floorplan
布图规划

Placement
布局

CTS
时钟树综合

Routing
布线

Netlist GDS II

l 物理设计: converts a circuit（电路） description into a geometric（几何版图） 
description, optimize Performance、Power、Area (性能，功耗，面积)



Standard Cell Library（标准单元库）
l A Standard Cell is a predesigned layout of one 

specific basic logic gate
l Each cell usually has the same standard height.
l A Standard Cell Library contains a varied collection of 

standard cells
l Libraries are usually supplied by an ASICvendor or 

library group



Standard Cell Library（标准单元库）
l Often,very big

l For all logic functions, input/output variants,timing variants,electrical drive 
strengths

l How to think about a standard cell
l Simple abstraction of a geometric “container" for the circuits you need to 

make logic.
l Inside the cellComplex device & mask & electrical issues
l Outside the cell: A box with pins



标准单元几何形状
l Example of complimentary devices in 110nm CMOS technology or 

process.



工艺节点（**nm工艺）
l Gate or Channel Dimensions (L and W)

p In CMOS Technology the um or nm dimension refers to the channel length, a 

minimum dimension which is fixed for most devices in the same library.

p Current flow or drive strength of the device is proportional to W/L; Device size or area 

is proportional to W x L.

**nm Technology



工艺对比
l The drive strength of both devices is the same: W/L = 6.
l The diffusion area (5xLxW) of A is 4x that of B.
l Which is preferred?



驱动强度

To double the drive strength of a device, double the channel width (W), or connect two 

1X devices in parallel. The latter approachkeeps the height at a fixed or “standard” 

height.

Drive Strengths



驱动规则: Max Transition/Cap



Gate（门）
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输出数据文件
l Input Files

l Physical Libraries (.lef )
l Liberty (.lib)
l Timing Constraints (.sdc)
l Technology Files (.tf, .itf )



Physical Libraries (.LEF)
l Contain physical information of 

standard, macro and pad cells, 
necessary for placement and 
routing

l Define placement unit tile
l Height of placement rows
l Minimum width resolution
l Preferred routing directions
l Pitch of routing tracks



Liberty (.lib)
l Provide timing and functionality information for all standard 
cells 

l (inv, and, or, flipflop, ...)

l Provide timing information for hard macros(IP, ROM, RAM, ...)
l Define drive/load design rules:

l Max fanout

l Max transition

l Max/Min capacitance

l Are usually the same ones used by Syntheis during synthesis



Timing Constraints（.sdc）
l “Timing Constraints” are required to communicate the design’s 

timing intentions to PnR Tool
l They should be the same ones used for synthesis with Synthesis Tool 

(preferably SDC)



Technology File (.tf lef file)
l Tech File is unique to each technology
l Contains metal layer technology parameters:

l Number and name designations for each layer/via
l Dielectric constant for technology
l Physical and electrical characteristics of each 

layer/via
l Design rules for each layer/Via (Minimum wire 

widths and
l wire-to-wire spacing, etc.)
l Units and precision for electrical units
l Colors and patterns of layers for display
l ....



Design File (.def)
l Design File是用来描述芯片版图信息

l Die area
l Row，行
l Tracks，轨道
l GCell Grid，网格
l Components，标准单元
l Nets，线网
l Special Nets，特殊线网



Graphic Design System II (.gdsii)
l GDS是最后的几何形状文件，

l 交给芯片生产厂的文件
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Floorplanning（布图规划）

IO Cell & 
Pad

Tap 
Cell 

Endcap 
Cell 

Macro 
Cell 

l 布图规划（Floorplanning）是逻辑描述（网表）和物理描述（楼层平面图）之间的映射。  
l 任务：

l 1. 定义芯片尺寸和核心区域尺寸。  
l 2. 确定 I/O 引脚的位置。  
l 3. 确定宏单元（模块）的放置位置。  
l 4. 决定电源网络及过孔/引脚设计。  
l 5. 定义电源域。  
l 6. 放置物理单元（如 tap cell、endcap 等）。  

l  目标：
l - 最小化芯片面积
l - 最小化延迟
l - 最小化布线拥堵

l 概念：
l - 芯片尺寸，- 门数量 ，- 金属层数量 ，- 与外部接口的连接方式 ，- 硬核 IP/宏单元  ，- 电源分配 ，- 多电压设

计  ，- 时钟方案  ，- 扁平设计或分层设计？  



Placement（布局）

Floorplan Placement Routing Timing 
Power GDSIICTSRTL

• Placement in physical design

Wires
金属线

Gates，门

(Netlist，网表)

(Cells，单元； Nets，线网)

(Placement 
Region，布局区域)

(Placement Result)

• What placement means?



Placement（布局）
l 布局问题介绍
给定有连接线关系（线网）的单元集合以及布局区域，布局对单元进行放置。一般布局目标是最小
化线网总线长/时序/功耗，要求单元满足合法性（在布局区域内、对齐Row/Site、单元相互不重叠
等）的规定。

l 线网：单条线网可连接多个Pin点（Pin点位置在单元上或者是在IO处）；线网走线方向只有横纵方向。
l 单元：形状通常是矩形。单元类型有宏单元、标准单元（时序单元、逻辑单元）等；单元状态有已固定

、待放置等。
③

④
①

②

⑤

① 单元及其线网

② IO pin

③ Site（布局最小网格）

④ Row（行）

⑤ 布局区域



Clk Source

Flip-Flops

Clk Buffer

IO Pin

Logic Cell

Macro Cell

• CTS in Physical Design

• Achieving skew balance and minimize design resource (latency，buffers, wirelength)

Clock Tree Synthesis (CTS，时钟树综合)

Floorplan Placement Routing
Timing 
Power
DRC

GDSIICTSNetlist



Routing（布线）
l Routing in physical design

l 全局布线：给出每条线网net宽的、大致的布线通道，指导详细布线的进行
l 详细布线：给出每条线网net的具体布线，到轨道上

Synthesis Placement Routing ECO GDSIICTSRTL



Vias（通孔）
l Connecting between metal layers requires one or more vias.

Connecting a signal from Metal 1 to Metal 3 requires two vias and an intermediate 
Metal 2 connection

Example



Routing Tracks（布线轨道）
l Metal routes must meet minimum width and spacing “design rules” 

to prevent open and short circuits during fabrication
l In gridded routers these design rules determine the minimum center-

to-center distance for each metal layer, a.k.a. grid or track spacing
l Congestion occurs if there are more wires to be routed than available 

tracks



Preferred Routing Directions（优先布线方向）
l Metal layers have preferred routing directions
l Default preferred direction:

l Metal 1 – Horizontal
l Metal 2 – Vertical
l Metal 3 – Horizontal, etc

l Why is this beneficial?

Having preferred routing directions greatly reduces the amount ofmetal layer “jumping” 

the router may need to do to connect anytwo pins, which reduces resistance and 

therefore propagation delay,as well as run time.

preferred routing directions



Conclusions

l Chip Design Flow
l IP, Tool, PDK, Flow

l File Format
l Verilog (Netlist), LEF/DEF, Liberty, SDC, SPEF, SDF, GDS

l Physical Design Steps
l Floorplanning, Placement, CTS, Routing
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