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ZZHH S HDL Debugging Training(Verdi)
Z Ab MHE XFH(Synopsys Korea)
ZEH2
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odology0ll 488 7|&S M5l MZ2 temporal visualization, symbolic design
exploration, auto bug tracing S CIA$H 7|52 ME S22 M, EC 2 HDL
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- HDL(Verilog) coding Skills: Verilog, VHDL, SystemVerilog

- Standard Logic Simulators: VCS(Synopsys), IUS(Cadence), MTI(Mentor)
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ZZHS  Design Compiler AF2H X &0
Z A AUTIE BH(Synopsys Korea)
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- Synthesize RTL to gates using top-down DC-Ultra techniques
- Constrain a complex design for area and timing
- Generate output required by physical design tools
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2% SOC digital designers
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- 4%=3t=  Basic digital logic concepts and Unix based text editor
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ZE= Low Power Flow
Z A AUXS BX(Synopsys Korea)
pAE Y/ k]

- Create UPF to capture the expected power intent

- Run power aware static checks on the design

- Synthesize RTL and insert scan chains for the required power intent

- Perform equivalence checking for functionality with the power intent

SZ0iE SOC digital designers
doxE =5 ZolgE 0|E+HE

MFX|A - M4=015 Basic digital logic concepts and Unix based text editor

7/25-26

ZZH=  DFT Compiler
Z A ZEiY BE(Synopsys Korea)
.

In this workshop you will learn to use DFT Compiler to perform RTL and
gate-level DFT rule checks, fix DFT DRC rule violations, and to insert scan
using top-down and bottom-up flows. The workshop explores essential
techniques to support large, multi-million gate SOC designs including the
bottom-up scan insertion flow in the logical(Design Compiler) domain.
Techniques learned include: performing scan insertion in a top-down
flow; meeting scan requirements for number of scan chains, maximum
chain length and reusing functional pins for scan testing.

FUHY

Design and Test engineers who need to identify and fix DFT violations in
their RTL or gate-level designs, insert scan into multi-million gate SoCs,
and export design files to ATPG and P&R tools
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Prior experience with Design Compiler, Design Vision and writing Synopsys

Tcl scripts is useful, but not required.
71/27-29

N

IZHH= PrimeTime ARSH X E& 0f

o
Z Ab ZEfY IE(Synopsys Korea)
A

- In this workshop you will learn to perform Static Timing Analysis (STA)
using PrimeTime by executing the appropriate high-level summary re-
ports to initiate your analysis, customizing and interpreting detailed tim-
ing reports for debugging, and exploring and analyzing the clocks that
dictate STA results.

- Within PrimeTime you will debug STA constraints that may be either
incomplete or incorrect which cause invalid timing violations or result in
hiding real timing violations.
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- You will also learn to maximize your productivity by validating inherited 7/1 1
scripts for your design, by creating scripts using a Synopsys recommend-
pis Tor your esign, bY CIEating scrip's using & synopsys reco LHTZ  ORET 3|2 0| KT A
ed methodology, by identifying opportunities to improve run time, and
by customizing your environment for ease of running and debugging. 4 A AME W (ZEZ st
- The workshop includes comprehensive hands-on labs, which provide an AZNL

opportunity to apply key concepts covered during the lectures.
>

ASIC digital designers, or verification engineers, who will be using Prime-

. o . TUME H7| WX FEHEM HE HS S 3 AR
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- Have a basic understanding of digital IC design

- Understand elements of gate level design: chip vs. block level, sequential ZZHHE  OfEE1 Op-Amp AH
vs. combinational logic, clock tree vs. data path, pre- vs. post- layout 2z A RIS mA(MZTHED)
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4, Scan chain scrambling

Combinational Logic under Test

-ll-)IScanQ 7 ( -ll-)'ScanQ_ -ll-)IScanQ ] -?IScanQ H
Flip Flip Flip Flip |}
Flop Flop Flop Flop

A
) oreeeeeeersnnnnnsd
Segment interconnect network J

Figure 5. Scan chain scrambling

|
u
[@x]
1o
o
>
rlo
>
oy
S
o
|0
HU
HI
m
M
N
fall
rr
m
=)
m
10
H>
P
4n
o

4>

(:)Ig
i
rr
_|
w)j
@)

HWonu

m

%

-]

o

i

M
1
n
rr
>
x
el
o
4n
=
H
rr
0z
=
[0
il
Mk
e
gy 0
o
HI
fon
9,&

<
19
ol
o
1

gl__l
il
n

Segment interconnect network 2=0|
7| 20| QIVI=[RIZ BR0l|T AZH S0 Mo

A o
Eh=d, 236t 6 TAEZ JEX|7| 20

o

iy

Jal

ro

H> o

x

U

re o
oW £
2

1o
[>
=

o Mo >

10

¥ oE
k=l

lo
~
[
=]
)

oY
I 4o
ofm
=
ilal
0
IE
|0
HU
=]
o
AT
1%
(@)
d
or
Q'E
HT
e
0x
2
0
<
10
oA e
=

E|AE QIEjmf|o]A H xjale] 'gof

Unbounding

7|EO| HAEE 2[5t JTAG ZEJ} 2|7} SICt 64H, AP 74R
ZHASHA EIAE H2 2 92 4 U= WAR HIZ JTAG QIEIHO[AS
I oz MHehs Z0Iok. & M= Al ISt JTAG QIHT0|AS
M= SHAOME BIAETE B § ¢l Y= FXE Mo
JTAGS| Tg |Txo= of= 2A0|C} ofX|T 2 HAlel 32
C|HIOAL| AlE & C|HZO|L H|AE T ZXIE S0t 2 A A S|
AFZ0] Mo et ot el Ho| 17 [&& 217! = microprobing=
5t L2 AMS S HESHE 42 JTAG QIEm0[AT} QT 2Hs LR
e a4 QU0 Zotdoll 20| EXifeict

[HE! 7| S5 Al

OiE 7| Ys st BiAlE T2 61t 20| JTAG 2 085 HIAES 5
aigh i JTAG LiSol thHE7| 25 252 FII610 ZE HIAE 2&
A2 S5} 5t YAo|Tt, ol 2 LiR712 /5t e ALSAt
DHO| HIAE HIO|HE 52 4= Utz 20[0|22 HIAE H0EIE
0|&st0d ALBX} 712 Sdcts 89 342 a8 4 glt. otX[2t

15

L=}
/ o '\
-« é_?—H BAEZ 2
QIE{T| 0| &
523
25

Figure 6. i 7| &5t WAl

2 A0 ZP DE FIAE YUES YSIFIDE HAES 8T
Al EAE 2UZ2{0] B2 L2017} A5 Sl0] ERXOI HAET}

Key based decoder blocking

Boundary Reg.

Design Specific Reg.

Device ID Reg.

Device Inputs
B EER]
Device Outputs

Locking Mechanism

Bypass Reg. I—
T T =T

Instruction Decoder [+~

TDO
TDI Instruction Register

Figure 7. 1149.1 with locking mechanism

Locked

a7 e=st HA2 HIAE H0|H XHIE L=3t ot HA012t
=250 Bo{TIT, M2 MM HMAEE SE/I0E2 JTAG
7|22 0| HIAE ofA| =l=Hl, JTAGS| HIAE EE =2 25
20| &K AT S0 = SAX LYY M= HIAE TS St
HI0|Ef 20| O{ALICH OIZ | AUSEIX| B2 AFEXI0f thaliM=
JTAG EZE0IE A8 4~ QU 251, 712 L1 s AREAIEH0|
JTAG BE0IE AEE 4= U= HAI0| MIQt=|RACH . 22 72 1149.1
HAE QIEHO|A F20M HIAE HES MEalor 2 Z2? SHIE
717t U E FR02JTAGS| 50| 2 HIAESE +AE > UEE
Stz 2 UEHHCE 0] 32, 712 Mot IXIAER! H[w 7|
Y=E FVM6HH 77t IS ERUE BRI HIAES slied 4+ U=
ok

StA|2E ol2fet 7] 7[8F EA|o] A SSH! HH0| EXfjettt. 2o
5 7| Y27t 22 REE0H, 0fF 2| 215 HEE =&6itt sl
FTED 2 HAES fallE 4 QUCH Wt 0f2 715 S|
efske Bl 0lx7t ==t otte] 7171 REE0= 2E 81O
AO|HAES £-liS 4 Q== CIHIO|A0 27| THE 7|12 EYol=
22101 SHE0] & 4~ UXIE, 0] B2 71Z H2lste #el H|E0] S7t
St Elth= 2H0| EXHeC



2 Mt 7|dt HOF AJAH

Secure JTAG Host Server

Request for Device ID

_ Demien |

Secure connection
User Authentication

Request for Credential

Request for
Credential Verification

Credential

Figure 8. 215 Mt 7|8t HOt A|AH

7|29 JTAG Q1B 7|8t 25 7|40 B 7| H2|E LA
2zo|ct, kA o]2fet 2XIE s Zst7 | ok L= 240
M 7[8F 20F A|ABIO|CHE, 0= AFZX7t OFL
ZHA|0f| 2Jsh HIAE HEE #a|eh 4 U7 sh=d|
QIE MHIE Ol AISSiCh 215 M 7]8ke] BiAle a2
71211491 it S2l0] &f= HEE 222 st
Solf QIEEI0L S| 2E HIAE of= FARIH| QIS A
CIRO| &N, YT HIAEES 2I610] 2150] Hest|,
OHEA Aol Etaiof st | W0

X7 4E F2 otof *IS0| 27tsal HIAEE 2 7t 8101

HT

ofm

e

i
(@] O [

> 2z o o
EFlﬂWHUH’
m jo oo
Dol oy Y

T ®
N o
I
o ro
1
> om
=
o fijo

ro
oM o

T
A

s

m
_—Ill_OﬂJIOJ
[ do
2 o

r
0

=

H

=
N
>
=
s

™
ol
2
R
oot
40 o5
o
©
H1 F:Li I_j
Hu A
To 0
o Hr
u
P
£0
Y
m
:Q

>

o

ol
e ir

o T
EI
ro

ox

H

on

1o

o

o

o
o
I° T1f
~
>
=)
>
(TR

Hoorr
k=3
M
inl

T
izl
]

A
2
B
m
>
tu
0%
o
HT
o
ol
N
m
o
il

rr

i=1]

0x

E

=

]

glzl

N
1[0

= T
mr

S

>

o)

Mo M
il

o

>

|
AAEO] Hot2 5

|

-
i}
<
10

[mn
e
N
=]
T
1o
40
ol
]
I
=
e
ol
ol
<

b
-
HD
LN
rir i
2 2
M o

~
=
2
Rl
rr
o
i
gu':'
i)
ol
~
40
ro
SN
N
]
o
2
o
It
o
b
=
st
il

7| oro|ct
llofoil ciet

=0 =O

ol

ol

e

>

r

_|O

1

bl

|0

ro 4o
@ 12
N

i

R

kI

A} 5= S2A= EX
Salf 020X,
3|29 HAEE

T} 2| 20ll= A

2 RHE

o

= L
9'|_I
N

0K
i
rlo
40
=)
x
re
iy
o
o
o
m\J
=)

Ho
ol
Il
I
\I r|

e
qr =2
=
I
Ok 0

u,_
a
N
=
™
=
[T

953 551 0/20/x/2 22
M HAE RERIS AMESH= test-mode-only S24° 2 4
0|85t 27410 #ot ot|2t HJAE 2%|QI decompressor 2 com-
pactor 127+ MEE 5|20 M= 012 34

T E HAE RES E5HDA

N
—_
5

N

ol
&

20
il
0%
%
n
°
i
H

rlo
O gH
o
zQ
=
T
>
Q'I_I
=
L
THo
ru
=
=

=R
=
tu

CHH CHBI 8t SAJof 17D 3
Soi 22 HAE 2|2 05| BARIS

[m)
ZICh 2= SIEY M HIAE 2RSS

El

o ox
4 Mo
H—

o

~

do

on

rot
Of =
Yo
mjo
e
=)

[t oot

Vol. 229 July 2016 | 16

i
Ir
i
N
ol
In
o
=)
Rl
i
T
re
=]
BN
2
02
ool
njo
M
o
HO
‘ﬁ
g
‘>

m
i

Reference

1 B. Yang, K. Wu and R. Karri, “Scan Based Side Channel Attack
on Dedicated Hardware Implementations of Data Encryption
Standard”, ITC, pp. 339-344, Charlotte, NC, USA, Oct. 26-28,
2004.

B. Yang, K. Wu, R. Karri, “Secure Scan: A Design-for-Test Archi-
tecture for Crypto Chips,” IEEE Transactions on Computer-Aid-
ed Design of Integrated Circuits and Systems , Vol. 25, No. 10, pp.
2287-2293, Oct. 2006.

3 G. Sengar, D. Mukhopadhyay and D. R.Chowdhury, “Secured
Flipped Scan-Chain Model for Crypto-Architecture,” IEEE
Transaction Computer-Aided Design of Integrated Circuits and
Systems, Vol. 26, No.11, pp. 2080-2084, Nov.2007.

4 D. Hely, M. L. Flottes, F. Bancel, B. Rouzeyre, N. Berard, M.
Renovell, “Scan design and secure chip,” On-Line Testing Sympo-
sium, 2004. IOLTS 2004. Proceedings. 10th IEEE International.

5 “Guide to Understanding JTAG Fuses And Security-An interme-
diate Look at The AVR JTAG interface,” Avrfreaks.net, Sep. 2002.

6 Penugonda et al. “Secure Scan,” United State patent Application
Publication, Pub. No:US20030206627A1, June. 2003.

7 F. Novak, A. Biasizzo, “Security Extension for IEEE std 1149.1,”
Proc. Journal of Electronic Testing , Vol. 22, No. 3, pp. 301-303,
Jun. 2006.

8 RFE Buskey, B.B Frosik, “Protected JTAG” Proc. 2006 Interna-
tional Conference Workshops on parallel Processing, p.405-414,
Sep. 2007.

9 S.S. Alj, O. Sinanoglu, S. M. Saeed, R. Kary, “New Scan-Based
Attack Using Only the Test Mode” Proc. 21st Int. Conf. Very
Large Scale Integr. (VLSI-SoC), pp. 234-239. 2013.

10 S.S. Alj, O. Sinanoglu, R. Karry. “Test-Mode-Only Attack Using
the Boundary Scan Chain,” 19th IEEE European Test Symposi-
um, 2014.

N

11 S.S. Ali, S. M. Saeed, O. Sinanoglu, R. Kary, “Novel Test-Mode-
Only Attack and Countermeasure for Compression-Based Scan
Architectures,” IEEE Transaction Computer-Aided Design of In-
tegrated Circuits and Systems, Vol. 34, No.5, pp. 808-821, May.
2015.




17

evrlelen

= LH2| SoC, HHICI=E EE 2|7 (1)

212 2HICIS, SoC 20k BAKISS AA0| I 3
N2 G124 HIZH0l ThE Time to MarketS MZIZHS 1, 221 SARISOI 7= £ 0122 )5il0|4 730] Hitet Bag

U=A| ot = 20| 2 =AY Z0[Ck of ol YHICI=, SoC BEE XA, HolfslH PAS2 20| Sixle 2|

M7l5te APEHPL 0D CUSHAIT, HE} 2 2o TIgeln 9SS Azshn rt

SoC, YHtIE EE Jie fXSH 2t 7|¥S2 ALK EESS 270610 e 20F SRS =0 =22A} SiTt,
SIS & B S SAISS floll FPGA Mz =2|AF SH|O[X], MZ0f CHall A7H2!Ct 0= il MZS EAliet EEo1e fHIE =,
sliel 7|¥eoz AT 7|FER ALK 2 R 7R 2E A0k | tiz0l & O Mgt Atz 7F EaHtHH sHo|HE 22 Sl s Al
SHOIX[0IM XS] 2ot = HEE 1Y 0|t 5 s= LH2H 243 7[of tiel W82z, s 3= AEEA 2 7Y

o2 WA o ™o|ch HXH7t ZLIH S§HES IDEC SH0|X|(www.idec.or.kr) X2 A0 S70E ol Fo]ct,

r

Altera

www.altera.com

QIElof S e |et= SIX 2115 2™ "now part of Intel"0|2k= 20| 20{RUCt SHO|X|= 7 |H= B2 MEA H2lott X7t Hot= XIRE
HEA 2 4= A== HENS =0 HYES EH Quartus Prime0|2t= S4E £8 A6t Machine Learning 20f= ZH|ot1! =],
0|5 Sall Yel27t ERMEE M L7E7| ik ==otn USS Y 4 UL

Yellete| E0(ot T2 ZE VL BEE ME IASE S0l X[l 2|AE st Aoz M ZE 3IAMSE Partnershipll 54 22 27510 AJ1510
QICH= Ho|Chhttps://www.altera.com/solutions/partners/overview. html). SHO|X|2] MEAINZ 71H, XiA| M2 2 =20t ot 2t B E pro-
viderS2| ME=0| A= QUCH 2t MEE 35 S2okH MM H0|X|2 0ls8tTHnttps://www.altera.com/products/boards_and_kits/
all-development-kits.html#squares-box-1). FPGAZ 52 BEES 258! F Mx3|Atet XtAEE LHES HiEotl, SX Y&l Me st
=S oo Zo1d 4 UCh= FO| AMGITE LH2 ME R & ZM M= ofeliet 2o,

« FPGAR CPLD & Uil b= MIgS

- ol MZ0| Bl EEE HF



Vol. 229 July 2016 | 18

de2t 2H0[XlE & 271K &ME 25 TIgst 4 Q=2 =oi&ct BN Ch2 232 E6f FPGARI CPLD & Lio|A| 3 MES
(https://www.altera.com/support/literature/lit-index. html). 01220l A Product Catalog and BrouchuresZ 20t 22/5tH 2H|2te] 2E HE
et AHE = 4 UL} M2 YH|2tE Hohe AlSolZl= £3] Altera Product CatalogZt 22 X2 0|Chhttps://www.altera.com/content/

dam/altera-www/global/en_US/pdfs/literature/sg/product-catalog.pdf). QHIZt ME=E EXS otz 2o A &l &~ ot s 232
Q| 7127 PDF Xt=0f| M &AL

FPGAs and CPLDs

Altera FPGAs and CPLDs give you the flexibility to innovate, differentiate, and stay ahead in the market. We have four classes of FPGAs to meet your
market needs, from the industry’s highest density and performance to the most cost effective.

High-End FPGAs Midrange FPGAs

M Highest bandwidth, highest density M Balanced cost, power, and performance M Lowest system cost and power M Instant-on, non-volatile solution
B |ntegrated transceiver variants B |ntegrated transceiver and processor W Integrated transceiver and processor M Singlechip, dual-configuration
variants variants non-volatile FPGA

B [Design entire systems on a chip
M Comprehensive design protection M Fastest time to market W Low-cost, low-power CPLDs

1% & : Altera Product Catalog v16.0

ﬁiéfé MES 2el3ictH, o2l =T |0]X|2] Getting Starteddi| Al 2 £ U= Product Selector GuideZ 0|&3a10{ 221 DocumentE CHRZE
& 2 QICh Product Se- lector Guide= FPGA, CPLD MIZE&2| AH HIDE AHMo2 & 4= QL= H|0|ES XAlot7 | H20f 0180] Halsttt

(https://www.altera.com/products/product-sele ctor-guide.html).

;O

Altera Product Selector Version 1.0 | English v

Devices Selector IP Selector Development Kit Selector

I Filter & Select Columns ] I Start Over | l Help ] ‘Entar a complete or partial part number| { Search ] Select All Copy Result Count: 8647
Family Part b quivalent LEs | Embedded y | Maxi Maxi Maxi Transceiver User I/Os LVDS Transmit
(KLE) [Kbits) 18x18-bit 27x27-bit 26x36-bit Channels Channels
T T T & Multipliers ¥ & Multipliers ¥ & Multipliers 73 T T T ]
Arria 10 10AS016C3U1SERLG 160.0 8.800.0 156 78 33 0 224 sz
Arria 10 10AS016C3U15E25G 160.0 2,800.0 1358 78 33 0 224 =
Arria 10 L0ASO16C3U1SIZLE 160.0 2,800.0 158 78 EE 0 224 s A

a3 &X : Altera EH(0|X|

HMeot MIEZS MARICHH ofid M0 | EXiE E=8 2ojof sttt E= SHH AEHOI|A Stratix, Arria, Cyclone, MAX, SoC2l & 571X| Hi&t
A B2 2TEX|7t U=, KX 7F Q|2 Bt TEKIS MElsHA Tl O HelE MR 7 |ESE & = UCh Z A2|=2E 226t et
Sl FCh A il ez [s 235 Sl E=5 = Aol MO 2 510[210|E £H, MR METEE FelE HolES = 4+ UCh
(https://www.altera.com/products/boards_and_kits/all-develop HIO|E2 Product Name, Device Family, Featured Device, Price,
ment-kits.ntml#squares-box-1). Provider 82| &=22 He| =0 17| th20] mtelstr | £t HIo|E=

BHY 4 URO0| LH 2= BEE MESIAS MEES SR0IM 25

Altera and Partner Development Kits

H0ojF7| 20l RM7FIE YUs5| dMsHH CHd Bt glch 2
MMM TLOHE HO[XIollAM Hiz TIeleh 4~ Q=0 YH|2f7 ol THE 71
50| Providingst= ME2] < XIE 0150 Z37F =0 UL
Stratix Series Kits _ B _
sliet 71219] BHO|X|Z 01S 5104 X1 ToHE 4 Uk,
Stratix IV Kits
Stratix Il Kits

Stratix Il Kits 13 & : Altera SH0|X|



= B B2 S 0K o] HE| Q= Search 7 IsE &%=
Zi0ICt 20164 5 SIxH EHHZO| 4HmY “The Search for Your Per-

i RISHALE Chg 23 E Salf S0
Z 2= UCHhttps://www.altera.com/solutions/partners/design-sol
utions-network/find-member.htmi). 012 222} 20| & 71X AfstS
B = SearchE F2H 10| 3= EESS A 4~ QUCH A
| BHE4 01| K10 = End Marketzt Expertise HEES FI1Mo2

=

— O
o HES 23 O PAHEOE S 4 YUrks Holh

ﬁ
D

o]

=

)

Q

0

w

—

Q

=3

n

T

@

CD<

i

om
ol

nx
|0 0%

in

0 Select service or product

IP/Software ® Boards and Kits Design Services

9 Select Device Family

I Stratix V ¥ Stratix IV Arria 10 | Arria V
IMAX 10 SIMAX V [ Cyclone v I cyclone IV
2l Arria 10 50C J Arria V 50C [ Cyclone V SaC JEnpirion Power

9 Select End Market (Limit 3 items only)

3.

Computer and Storage Consumer

Automative Broad cast

Medical Military

Test & Measurement
<

13 & : Altera SH0|X|

« FUAAE (http://www.uniquest.co.kr, http//www.axios.co.kr)
« O|LIZ 2 (http://www.inipro.net)

F7IHoZ UH|2t AO|ENM BQ1 TH5E Y EE Providers2
OfHOIM = =~ UCH FL2 Of2f S[A} &S Terasic2 Offof] A7H=2
O|L|Z20I M= 27051 QL= 7(Holct,

Altera http://www.buyaltera.com
BittWare http://www.alteraboards.com
GiDEL http://www.gidel.com/index.asp
HiTech Global http://www.hitechglobal.com

Terasic http://www.terasic.com.tw/en
Colorado Engineering https://coloradoengineering.com
Dini Group http://www.dinigroup.com/web/index.php
S2C http://www.s2cinc.com

Polaris Design Systems http://www.polaris-ds.com
Accelize http://www.accelize.com

Comsis http://www.comsis.fr

19

ZUY B wx Az A

QUAAE
www.uniquest.co.kr, www.axios.co.kr

[URAAEE §t=2 241 2E|2t Partnero|Ch ZE|2H S5 24 34
e|aaes ghe He2 2ot Al 282 st QICh Axios S|
O|X[0ff S0{7HH Altera, CYPRESS, QUALCOMM, BITTWARE,
SHINETSU, UNIPIXEL & & SINEY ME2 Rt s Y
£ Ut oF2e] Al sy 26t e, Heot 4 ¢no

oM =g5E Ig7IK &E2 QUE WsS fustH Fot
(http://www.axios.co.kr/support/training.htm). Ol2i2= XA XM=t

Stof TSt U= MESS 2 4 ATt

1. Nallatech 385A-SoC - with Arria 10 / System on
Chip SoC FPGA Accelerator Card

Altera Arria 10

FPGA/SOC

e

a3 &5 : |UAHAE

1) EE AQF
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« FPGA Device
- Cyclone V SoC 5CSEMA5F31C6 Device
- Dual-core ARM Cortex-A9 (HPS)

- 85K Programmable Logic Elements
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- 4,450 Kbits embedded memory
- 6 Fractional PLLs

- 2 Hard Memory Controllers

« Configuration and Debug
- Serial Configuration device — EPCS128 on FPGA
- On-Board USB Blaster Il (Normal type B USB connector)

» Memory Device
- 64MB (32Mx16) SDRAM on FPGA
- 1GB (2x256Mx16) DDR3 SDRAM on HPS
- Micro SD Card Socket on HPS

» Communication
- Two Port USB 2.0 Host (ULPI interface with USB type A connector)
- USB to UART (micro USB type B connector)
- 10/100/1000 Ethernet
- PS/2 mouse/keyboard

- IR Emitter/Receiver

- Connectors
- Two 40-pin Expansion Headers (voltage levels: 3.3V)
- One 10-pin ADC Input Header
- One LTC connector (One Serial Peripheral Interface (SPI) Master,
one 12C and one GPIO interface)

« Display (24-bit VGA DAC)
« Audio (24-bit CODEC, Line-in, line-out, and microphone-in jacks)
« Video Input (TV Decoder (NTSC/PAL/SECAM) and TV-in connector)

« ADC
- Sample rate : 500 KSPS
- Channel numbe r: 8
- Resolution : 12 bits
- Analog input range : 0 ~ 4.096 V
« Switches, Buttons and Indicators
- 4 User Keys (FPGA x4)
- 10 User switches (FPGA x10)
- 11 User LEDs (FPGA x10 ; HPS x 1)
- 2 HPS Reset Buttons (HPS_RST_n and HPS_WARM_RST_n)
- Six 7-segment displays
« G-Sensor on HPS
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