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* Top Level View
* 10M50DAF484C7G

50 Single supply, compact features V - Waier-Level Chp Scale (WLCSP)
SF Snqle supply, flash featares E: Plastic Enhanced Quad Flat Pack (EOFP)
A Sngle supply, analeg features M : Micro FineLine BA (MBGA)
E‘E EH!--I'IJIT.%‘}‘D?YIEM'H U - Ultra Fneline BGA (UBGA)
a zupply, 22Ul F o Hneling BGA (FBGA] < qrumm—
- [&  [ual supply, analog features
( : (ommerdal (j=0"Cto85°() <
10M 50 DA F 484 C 7 G | - Industrial Tj= 407 C to 100° ()
10M - MAX 10 A - Automotive (T=-40° Cto 125" ()
02 2K logic elements fi {Fastest] imccrtes specific device
04 4K logic glements i —— options or shipment method
0 2K logic elements 8 G : Rolse G
:1!?2 EE :[HJE E:E'"E'"E ES : Engineering samgple
5- 25K logic elemen
40 40K logic elements ~ WLCSP Package Type UBGA Package Type
w50 50K [0gC oleoments 36 - 3605, 3 MM X 3 mm 6% - 163 pans, 17 mmix 11 mm
&1 - Blpns 4mmx4mm 324 : 1M pins, 15mmx 15 mm
EQFP Padkage Type FEGA Package Type
144 - 144 pins, 22 mm x 22 mm ﬁ;ﬂ : Egrﬁ_gwmxl};wm
MBGA Package Type 672 : 672 pins, 27 mm % 27 mm
133 - 153 pins, & mmi % E mm
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ELE 3510

* Top Level View
* 10M50DAF484C7G

Resource
| 10Mo2 | 10Mo4 | 10MOS | 10M16 | 10M25 | 10Mdo |  1oMs0 |
Logic Elements (LE) (K) 2 4 8 16 25 40 50
M9K Memor}f (Kb) 108 189 378 549 675 1,260 1,638
User Flash Memor}f 96 1,248 1,376 2,368 3,200 5,688 5,888
(Kb) (1)
18 x 18 Multiplier 16 20 24 45 55 125 144
PLL 2 2 2 4 4 4 4
GPIO 160 246 250 320 380 500 500
Dedicated 10 15 15 22 26 30 30
Transmitter
LVDS Emulate.d 73 114 116 151 181 241 241
Transmitter
Dedicated 73 114 116 151 181 241 241
Receiver
Internal Configuration 1 2 i 2 2 2 2
Image
ADC — 1 1 1 2 2 2
4 Src: MAX 10 Device Overview
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ELE 3510

* Logic
* Array of Logic Elements (LEs) — 50K LEs

datal
datal
datal

data4
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Register Bypass
Fouting from LAB-Wide
previous LE Synchronous LAB-Wide Programmable
Load Synchronous :
LE Carry-In _ aear Regster
L ¥ Y
o +— Fow, Column,
— — Synchranaus And Direct Link
— Look-UpTable | Carry _[ w0 0 > -
Lyl I Chain L_j_ Load andl Routing
J (Clear Logic ol
- —™ ENA
QRN > Riow, Cobumn,
—= And Diract Link
; ™ _—  Routi
; labelr - "
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! - [
| Chip-Wide ”“é‘lggrf’"‘f > Lol
| faset o > Routing
Register Feedback {DEV_CLRn) ol
Clock & Reqister Chain
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Src: MAX 10 Device Handbook
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* Logic Element
* 1 LE can have both an asynchronous and synchronous

path

Register Chain Register Bypass
Routing from LAB-Wide
previous LE Synchronious SLAIi—WldE
Load ynchronous 4
LEGarryIn ear fegcer
_-\'j_. _
= —
¥ ¥ ¥
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ata = Cophere And Direct Link
—— Look-Up Table Garry T w0 0 - .
data3 - | >
] T Tam b’-]_ Load af‘r.'l_ Routing
h Clear Logic {3
datad - —™ ENA
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L [ Fouti
labcirl i "
labcir2
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; feset | ear Logic o Routing
Register Feedback {DEV_CLRn) l
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Src: MAX 10 Device Handbook
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* Logic Element
e Look-Up Table (LUT)

e Multiplexor

LUT Mask

ELE 3510

b15\—
b14

b13

b12 +—
b1l
b10 |
BT
b8 -
b7 -
b6 -
b5 -
bd 4
b3 4—
b2 —
bl

b0 f—

'\

— Output

datal

datal

1

Input 1
Input 2
Input 3—
Input4 —

datal ™ g Look-Up Table Carry
= (LUT) (hain
datad -
Inputs
4 3 2 1 ouT
0 0 0 0 b0
0 0 0 1 b1l
0 0 1 0 b2
0 0 1 1 b3
0 1 0 0 b4
0 1 0 1 b5
0 1 1 0 b6
0 1 1 1 b7
1 0 0 0 b8
1 0 0 1 b9
. 0 b10
Can create any 4 input . o1l
truth table by choosing 0 b12
the desired LUT Mask . e
0 b14
1 1 1 1 b15




There are not groups of logic
gates on the FPGA —logic is
implemented by the LUTs

* Logic Element

e Look-Up Table (LUT) - example

(In1 | In2) & (In2 | In3) & !(In4)

—A—-=HOO

J300X0 = XSeiN 1N’

out

O O 1 /0O 1 1 1 O O O O O

Inputs
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ELE 3510

* Logic Element
* Normal Mode

Figure 6: LE Operating In Normal Mode for MAX 10 devices
Register Chain
Connection sload schear
(LAB Wide) [LAB Wide)
Packed Reqister Input i
L
0l-e— Row, Column, and
datal - D e Diract Link Routing
d — > —
atal ENA 1 . Row, Column, and
data3 Four-Jmput (LN — Direct Link Routing
i (foom cout ] LT
of previous LE) I dhock (LAB Wide) - — 1 LocalRouting
datad ena (LAB Wide) —
aclr (LAB Wide)
: ’
Regiﬂe!rﬂ}'paﬁ Reqister Feedhack ﬁg:;ﬁ;mm
g Src: MAX 10 Device Handbook
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ELE 3510

* Logic Element

* Arithmetic Mode
* 1LUT can implement an adder

Figure 7: LE Operating in Arithmetic Mode for MAX 10 devices

Register (hain

Pa‘ckea'ﬁeggj'srerfﬂpu? Connection sload sclear
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l_'__'__ﬂ
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* Chain Qutput

10

Src: MAX 10 Device Handbook
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——1n3
In 4

* Logic Element <
|

e Partial LUT Mode
e 1LUT = 2, 3input LUTs

b15

b14 D

b13

b12 L

b1l [

b1o | D
_—

[\

/ \
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ELE 3510

* Logic Array Block (LAB)
16 LEs

LAB control signals
LE carry chains
Register chains
Local interconnect

12
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ELE 3510

* LAB

Figure 2: LAB Structure of MAX 10 Devices
41 Row Interconnect
A PN Yy Column
- . f \d Interconnect
-4 Direct link
Direct link > - <> interconnect
interconnect from adjacent
from adjacent — -t - - block
block
-
Directlink - \ = [lirect link
interconnect interconnect
to adjacent to adjacent
block block
NS
LAB Local Interconnect
13 Src: MAX 10 Device Handbook
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* Multiple Levels of Interconnect
* Local Interconnect

Figure 2: LAB Structure of MAX 10 Devices
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Direct link
interconnect
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Src: MAX 10 Device Handbook




ELE 3510

* Multiple Levels of Interconnect
* Direct Link Interconnect

Figure 2: LAB Structure of MAX 10 Devices
W Row Interannect
Y T T Yy | Column
- - — > Interconnect
- Direct link
Direct link = B [ I— > interconnect
%ﬂ'ﬁ i from adjacent
from adjacent > < — . block
block
-
Diract linkC ——) - _|]|rect link
interconnect interconnect
to adjacent to adjacent
block block
TN AN N
D!H:’ Local Interconnect
] Src: MAX 10 Device Handbook
5
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ELE 3510

* Multiple Levels of Interconnect
e Global Interconnect - direct

Figure 2: LAB Structure of MAX 10 Devices
W Row Interannect
é 1\ N\ §
A
Y Yy | Column
p y 4 Interconnect
- Direct link
Direct link > B > interconnect
interconnect > from adjacent
from adjacent > < — - - block
block
-
Directlink - = [irect link
interconnect interconnect
to adjacent to adjacent
block block
TN AN N
D!H:’ Local Interconnect

16

Src: MAX 10 Device Handbook
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ELE 3510

* Multiple Levels of Interconnect
* Global Interconnect - indirect

Figure 2: LAB Structure of MAX 10 Devices
W Row Interannect
S T T Yy | Column
- . — > Interconmect
- Direct link
Direct link > B interconnect
- e 5
interconnect <f\}’ from adjacent
from adj - - — - -t block
om adjacent
block —
-
Directlink - = [irect link
interconnect interconnect
to adjacent to adjacent
block block
TN AN N
{;13 Local Interconnect

17

Src: MAX 10 Device Handbook
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ELE 3510

* Multiple Levels of Interconnect
* Row/Column Interconnect

A

Figure 2: LAB Structure of MAX 10 Devices

\H Row Interannect

V

______ Column
Interconnect
- Direct link

Direct link > B > interconnect

interconnect > from adjacent

from adjacent > < — - - block

block

-

Directlink - = [irect link

interconnect interconnect

to adjacent to adjacent

block block

{;13 Local Interconnect

Src: MAX 10 Device Handbook
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ELE 3510

e Additional Fixed Blocks - Clocks

CLK[0, 1][p.n]

Figure 17: GCLK Network Sources for 1T0M16, 10M25, 10M40, and 1T0M50 Devices

CLK[4,5](p.n]

GCLKJ0..4]

+

GCLK[10..14]

GCLK[5.9]

DPCLK2

DPCLE3

DPCLKOD

DPCLKT

>

<

GCLK[15..19]
F 3

(LK[2,3](p.n]

CLK[6,7](p.n]

19

Src: MAX 10 Device Handbook
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e Additional Fixed Blocks — Clocks
* PLL

PLL ok
MK P—
. dircuit o
CLEIN  Multiplexer l I
[, . . =
= ™ incli =1 Mo [ o | H v -?T—r—lrf*| | 8
. |~ —I/ Oock | dkswitch T || A PLL > GULES
L™ T Switchower —— clkdbadd autput
L] Jlnclk1 Block dkbad] veo =3 mu [T ADC dlock (2)
= - ——— activerhock Range )
41 e — ——— External clock output
Multiplexer ector
pidena — -
e No Compensation; 206 Mode
— LK
Source-Synchronous; Normal Mode networks
Src: MAX 10 Device Handbook
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ELE 3510

e Additional Fixed Blocks - Clocks

e PLL locations

PLL3 (1) Bank 8 Bank 7 PLL2(7)
—
0CT
PLL1 Bank 3 Bank 4 PLL4(T7)

21

Src: MAX 10 Device Handbook
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» Additional Fixed Blocks - Memory

 M9K Block
e 8192 RAM bits (9216 including parity)
e 284-MHz performance
* True dual-port memory
e Simple dual-port memory
* Single-port memory
* Byte enable
* Parity bits
* Shift register
* FIFO buffer
e ROM
* Various clock modes
e Address clock enable

ELE 3510 22 © tj



e Additional Fixed Blocks -
* 144 - 18 x 18 multipliers
e Can be configured as 2 — 9 x 9 multipliers

Multiplier

YYYYY

Lﬂ

Data A [17..0]

L
(\

Data B [17..0] me

EHA

18 x 18 Multiplier

Embedded Multiplier

Src: MAX 10 Device Handbook

g Data Out [35..0]




ELE 3510

» Additional Fixed Blocks - Multiplier
* Configured as 2 —9 x 9 multipliers

Data A0 [5.0]

Data B0 [8.0]

Data A1 [8.0]

Data B1[8.0]

signa
signb
adr
dodk ——
ena
—
[ETT

i rl1 » Data Out 0[17.0]
b [ -
—EHA

9% 9 Multiplier

]
>§, —ENA
—
CLRN
- T

; ] » Data Out 117.0]

9% 9 Multiplier

Embedded Multiplier

Src: MAX 10 Device Handbook
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e Additional Fixed Blocks - ADC
e 12 bit
e 1Mbps

FLL Clock In
Dedicated ADC Hard IP Block
Analog Input Sequencer [4:0]
i - ||
: DOUT [11:0]
ADC Analog Input | | Mux 12 bit 1 Mbps ADC
(Dwal Function) [16:1] .
Control/Status
L /
B Temperature Sensor ")L
Altera Modular ADC IP Core
A AN —
Internal Vggr
Src: MAX 10 Device Handbook
ELE 3510 25
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ELE 3510

e Additional Fixed Blocks - User Flash

* 2 user partitions
e 5888Kb total memory

SE:tﬂ' Total User Flash
e

10002 3 3 16 96 544

10004 0 8 41 29 70 16 1248 2240

10M08 & & 41 29 70 16 1376 2240

10M16 4 4 38 28 66 3z 2368 4224

10025 4 4 52 40 92 3z 3200 SHES

10040 4 4 48 36 B4 64 5 10752

10M50 4 4 48 36 B4 64 ‘ SEEH ) 10752

Src: MAX 10 Device Handbook
26
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e Additional Fixed Blocks - 10

i0_clk[5..0]
r 3

Cobumm
or Riow
Interconned
9

27

R
L J L
[ Raagister e Viro
— —r o ]
"1 ot 2 (Optiona
_.--]_u _]| > POl (Ramp
=1
[ ALLRPRN -
]—q“j oe_out r Yo
- = —_[ Progrommatie
M | ::-- — Pulllp
- aclr/pm . = Restitor
- hi l.'-% el 1
ip-Wide Reset _ T
== (utput Registes . Fli:lnui-:w e \I =]
_-J_uj o0 | Carremt Strength Control —I 40
- -~ > Open-Dezin (ut —
- — - Slew Rate Control
”J_q ACLR/PER -
data_inl — [
l'--.
data_in0 I']: mput Fi i Bt
Input Register
{ L'-- y 1]
— P— = | or Ingast Pin 1o
— — 0 Logic Array
[IE
-*'"—E_d_d_. dkin ?n !
[ N _ ALLRPER
L_,]ﬁ '—":'E l npat Reqister
L J -
Src: MAX 10 Device Handbook
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15V HSTL Class IT i ¥ DDR O+, QDR 11+, IESDE-5
referenced QDRI and
RLDHAM 2
12V HETL Class | Voltage- Tes Tes General purpose TESDE- 16/
12V HETL Class II Voltage- Tes Tes General purpose TESDE- 16/
33VIVITL33V Single- Yes Yes General purpose JESD8-B referancad
LVCMOS ended — - -
HSUL-17" Voltage- Yo Yes LPDDRz —
30VILVITL30V Single- Yes Yes General purpose JESDB-B referenced
LVCMOS ended —
Differ=ntal S5TL-2 Miferendtal Yes= Yes DR TESIE-58
25 VLVCMOS Single- Yes Yes General purpose JESD8-5 Class 1 and 1T
ded : -
b Dfferenual 551118 | Diferemtd || ¥er® T DOz TESDe 15
1.8 VLVCMOS Single- Yes Yes General purpose JESD8-7 Class 1 and Class 11
ot Differential 557115 | [nfferemtil | Yes'® el DDRs
1.5 VLVCMOS Single- Yes Yes General purpose JESD8-11 Class [ and Class 11
ded -
b Dferental S8TL 15 | Diffecemtd | Fes® T D083 TESD7s-300
12V LVCMOS Single- T Tes Gemeral purpos= IESDe-12 Dfferential 5571135 | Mferemtial | Yes® Tes DOkl
- — —~ - Differential 12 V DMiferemttal || Tes® T |DDR M=, QDRI+, IESDe-&
3oV PO Siegle. Yes Yes Gemeral purposs POl Bev_ 22 HSTL Clasz I and Clasx: amd RLDEAM 2
exded
o
33V Schmift Trigger | Stngle T - General purpos= - Dhfferential 15 V Diferential | Ter™ Te" | DDR [T+, QDR 1T+, T
exdel FISTL (s | and Class QDR IL and
5\ Schmitt Trigger Siegle. Y= Gemeral purposs nl RLDRAM 2
ended Diferential 12 V Differentid | Yes® Yes' | Gemeral purpose TESDE 164
1.& 'V Schmitt Trigger Siegle Y= — Gemeral purposs — HETL (hass T and Class:
ecsdad 0
1.5V Schmitt Trigger Single. Tes Gemeral puspose Differential HSUL-12 | Diferential Yes'® Yes™ LPDDR2
endad LVDE [dedicatad)™ [hifereniial Tes Tes™ — ANSITIAELA 54
ST-2 Class 1 ﬁﬁd T Tes DOR1 JESDa-=8 LVD (extemal Dfferenidl Tes ANSUTIAEIA 641
= resistar)
STL-200ax Voltage- Yes Tes DR IESDe-58 Mini- LVDE THferemiial _ ¥t _ _
refieranicad [dedicated ¥
EETL-18 Class | Voltage- Yes Tes DDRz TESDE-15 - =
referancad Ming-L¥VDE (external | Dhiferential (-]
- — = - resistor)
SETL-18 Class 11 Voltage- Yes Yes DOEz2 IESDe-15 -
refierencad REDS (dedicated ™ Dhiferential - Fes™ = =
EETL-15 Class | Voltage- Yes Yes DRz — RSDS fextermal DHferential Yes
referenced resistor, 1R}
SSTL-15 Class 11 Voltage- Yes Yes DDRz REDS [exterzal Differenttal — Yes — —
refieranced resistor, 3R]
EETL-150 Voltage- Yes Yes DDR3 TESDT.30 PPDE [ dedbcabed 1 THierenital Fes™
referanced PPDIS [extermal IHifecential — Yes ~ —
SSTL-1357 Voltage- Yes Yes DOEaL resistor)
referanced LVPECL Hffesenttal Yes
1.2V HETL Clasc 1 Voltage- Y= Yes DR =, QDR 1+, IESDe-5 B LYDS THifecential Tz ¥l _ _
refierancad amd RLDEAM 2
TMDE [iferential Tes
1.2V HETL Claz 01 Voltage- Tez -] VDR =, QDR 1+, IESDe-5 - —
referenced and HLILAM 1 Sub-LVDS Mfferentid | Tes Yes™ - -
15V HSTL Class Voltage- Yes Yes | DDR O+ QDRI IESDe-& SLVE Mdferential Tes Yes™
refierancad QDR IL and Hispi THferenttal Tes — — =
RLORAM 2

ELE 3510 28 Src: Max 10 Device Handbook © 1



ELE 3510

e Additional Fixed Blocks - 10

VREFS  VCCIO8  VREF7  VCCIOT
7
1A VREF6
VCCIOTA
6
VREFT
B VCCI06
VCCI01B
VREF2 VREFS
2 5
VCeio2 VCCIS
Low Speed 1/0
= [ ] towspe
[ ] Highspeedio
: [ ] HighSpeed DDR3 1/0
VCCI03  VREFZ  VCCIO4  VREF4
29 Src: Max 10 Device Handbook
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* Dual Power Supply

VCCA, VCCA_ADC
(25V) >
MAX 10
VCC, VCCD_PLL, VCCINT Dual-Supply Device
(12V) —»

Src: MAX 10 Device Handbook
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. FPea — programmable

* JTAG Programming Configurations

* On power-up, the contents of the Configuration Flash Memory
(default program) are loaded into the Configuration RAM
* Flashing lights and numbers we see on power up

* Load programming information (xx.sof file) directly into the
Configuration RAM via the JTAG interface (Programmer)

e Our configuration is loaded

xx.sof file

_ _ Configuration
SRAM Object File wnﬁguratian MW/ RAM
Configuration Data > x » (RAM

T L sof
| Internal
yakbh (onfiguration
[pof > Configuration
0 Flash Memory

ITAG In—Systen;u Programming
ELE 3510 31 © tj
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