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1 Background

This document describes the design requiremenifg@gion of a 16-bit Kogge-Stone (KS)
Adder. The KS-adder utilizes a parallel-prefix tmgy to reduce the critical path in the
adder. The critical path, which is the carry getienapath, has a logarithmic dependence of
the bit-width. This should be compared to the Iinédapendence in the ripple carry adder.
There are many ways to implement the carry germratee for parallel prefix adders, but KS
implementation is the most straightforward, ana @$as one of the shortest critical paths of
all tree adders. The drawback with the KS implemgon is the large area consumed and the
somewhat complex routing of interconnects.

1.1 Project goal

The project goal is to design an integrated cirql@) in complementary metal-oxide

semiconductor (CMOS) technology. Students, padioig in this project as project members
and project leaders, should learn the differentsstaf the IC design flow. That includes the
given system architecture analysis, simulationplsyimplementation and verification. The
project students have an optional choice to matufatche designed IC circuit on a chip. To
test the manufactured chips, another course (TSEKEvailable after the project.

1.2 Milestones and deadline

1: Project selection Week 3

2: Pre-study, project planning, and discussion sitpervisor Week 4

3: High-level modeling design and simulation regtéport) February 16

4. Gate/transistor level design and simulationsltéseport) March 7

5: Layout, DRC, parasitic extraction, LVS, postday May 11
simulations, modification, chip evaluations, anthaey of the
completed chip

6: DEADLINE , Final report, and oral presentation May 25

1.3 Parties

The following parties are involved in this project:

1- Customer: Martin Hansson
2- Project supervisor: Martin Hansson

Tasks:

» Formulates the project requirements
* Provides technical support
* Reviews the project documents.
3- Project leader: One of the members in the desigm te

Tasks:

* Responsible for organization of the team and tlogept planning.
» Divides the design and documentation work in aitiefiit way
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« Organizes the team meetings as well as the medigtgseen the team and supervisor

« Keeps the supervisor informed about the progres$iseoproject (at least one e-mail or
meeting per week)

4- Project design members (including the project leade
« Are equally responsible for project planning andige.
» Participate actively in all the meetings
» Support the team and the project leader
» Keep the team and project leader informed abouptbgress of their tasks.

2 Project description
2.1 System description

The complete system to be built should includeatthéer, on-chip evaluation circuits, and 1/O
circuitry. Because of the limited amount of padsitaserial-to-parallel input/output interface

(SPI) must be used to feed input vectors to therdthe total system block level is shown in
Figure 1.
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Figure 1. System Block diagram of Adder and evaluabn circuitry.

The inputs are feed to the circuit in a bit-sedata stream and are converted into 16-bit
vectors by the serial to parallel converters. Faitferent test vectors for inp#tpar, Bpar, and

Cin respectively are feed into the 4-bit shift regist@n-chip. The correct sum vectors
(CorrSumey) are feed into the 4-bit shift registers. With fbar test vectors a full speed on-
chip evaluation is possible through the comparaiccuitry, which outputs a signal that
indicate if the counter evaluated the input dataemb or not Bl STout). Power measurements
of the adder are done using PRBS data at the ofgbe adder. Outputs of the sum vector are
possible through a parallel-to-serial interfaBer(,.). The MSB and the carry output are also
feed out of the chip for full-speed performance sueamentsGoutPerf, SumPerf15).
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2.2 Important design metrics

The adder should be designed for ultra-low powdée &im is to reach correct functionality
from nominal power-supply (3.3V) down to sub-thr@shoperation; that is the power supply
voltage should be lower than the threshold voltaigidne transistor. At nominal power supply
the performance of the adder should be maximizadhiag at least a minimum operational
frequency of 200MHz. In the sub-threshold operatioo requirement on minimum
operational frequency is given however, the adtdeukl have full functionality.

3 Area, performance requirements

The table below summarizes the adder performargéreanents. Each requirement has its
number, formulated text, and the given degree ioiripy. Three degrees of priority are used:
high, medium, and low. High is a firm requirementhwno possibility of relaxation, while
medium requirements can be relaxed somewhat ajtat gotivation.

Requirement | Requirement text Priority
1 Design for full functionality in subthreshold opgos Medium
2 Integrate as many system components as possitihipn- High

3 Schematic and layout must be verified by simulation High

4 On-chip evaluation should be implemented, for $piked testing High

5 Minimum clock-frequency at nominal supply (3.3V260MHz Medium
6 Simulated chip power consumption < 100mW (3.3V $ypp Medium
7 Simulated adder power (normal activity) < 50mW {Bstipply) Medium
8 Maximum transistor width in the adder circuitry & .4n Medium
9 Chip design area < 0.748 rifsee Figure 2) High
10 Chip core area < 5@Mn x 55Qm = 0.275mm (see Figure 2) High

11 Total project pin count < 12-13 (max 10-11 activepeRver supply) High

12 Design technology is AMS 4-Metal 0.3 CMOS High

13 The most important system nodes should have off-abcess ping Medium
14 On-chip current densities < 1 m#nh High

15 All requirements fulfilled in‘typical” , “slow” , and“fast” processMedium

corners and for temperatures between 25 and@10
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Figure 2: A 3mn chip will be shared by 4 independent projects (4eams). Each project will utilize a
500x550pn area for core layout and 12-13 pads.

3.1 Available resources

 Scientific publication database (available fromy):i

¢ |IEL — IEEE/IEE Electronic Library, http://www.bililu.se/english/databas/
3.2 Tools

¢ Circuit simulation and layout tools from Cadefckttp://www.cadence.com/
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