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Ti60

Logic eXchangeable Logic Global Clock | Embedded Embedded | Embedded
Elements and Routing (XLR) Cells and Control Memory Memory DSP Blocks
(LEs) Signals (Mbits) Blocks
Total srL8@ (10 Kbits)
62,016 60,800 14,720 Up to 32 2.6 256 160
Resource W64 F100S3F2 F225
Single-ended GPIO |HVIO (1.8, 2.5, 3.0, 3.3 V LVCMOS, 3.0, 3.3V - - 23
(Max) LVTTL)
HSIO (1.2, 1.5, 1.8 V LVCMOQOS, HSTL and SSTL) 35 61 140
Differential GPIO HSIO (LVDS, Differential HSTL, SSTL, MIPI TX 17 30 70
(Max) Data and Clock Lanes)
HSIO (MIPI RX Data Lanes) 8 21 58
HSIO (MIPI RX Clock Lanes) 2 3 12
Global clock or control signals from GPIO pins 3 8 15
PLLs 2 3 4
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T3

Logic eXchangeable Logic Global Clock | Embedded Embedded | Embedded
Elements and Routing (XLR) Cells and Control Memory Memory DSP Blocks
(LEs) Signals (Mbits) Blocks
Total SrLg? (10 Kbits)
36,176 35,467 8,586 Up to 32 1.53 149 93
Resource BGA100 BGA225
Single-ended GPIO HVIO (1.8, 2.5, 3.0, 3.3 VLVCMQOS, 3.0, 3.3 V LVTTL) - 23
M
(Max) HSIO (1.2, 1.5, 1.8 V LVCMOS, HSTL and SSTL) 61 140
Differential GPIO HSIO (LVDS, Differential HSTL, SSTL, MIPI D-PHY TX 30 70
(Max) Data and Clock Lanes)
HSIO (MIPI D-PHY RX Data Lanes) 21 58
HSIO (MIPI D-PHY RX Clock Lanes) 3 12
Global clock or control signals from GPIO pins 8 15
PLLs 3 L
=2 d Il
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T1180/Ti20/Ti?0

Logic eXchangeable Logic Global Clock | Embedded Embedded Embedded
Elements and Routing (XLR) Cells and Control Memory Memory DSP Blocks
Ti180 (LEs) Signals (Mbits) Blocks
Total srLs'" (10 Kbits)
176,256 172,800 32,000 Up to 32 13.11 1280 640
Legic eXchangeable Logic Global Clock | Embedded Embedded | Embedded
Elements and Routing (XLR) Cells and Control Memory Memory DSP Blocks
: (LEz) Signals (Mbits) Blocks
11120 Total srLa(! (10 Kbits)
123,379 120,960 22,400 Up to 32 2.18 896 448
Logic eXchangeable Logic Global Clock | Embedded Embedded | Embedded
Elements and Routing (XLR) Cells and Control Memory Memery DSP Blocks
: (LEz) Signals (Mbits) Blocks
1190 Total srLg! (10 Kbits)
92,534 90,719 16,800 Up to 32 6.88 671 336
= d Ik
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 Core Function
 XLR
« Embedded Memory
 DSP Block
 Global Network

e Interface Function
« GPIO
e PLL
Oscillator
SPI FLASH
HyperRAM

SEU detection
 Internal Reconfiguration Block

« Security Feature
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Core Function

* XLR

 Embedded Memory
* DSP Block

 Global Network

9/1/2023

Input[3:0] —»
Clock—»
Clock Enable—p»

Input[1:0]—»
Clock—»

Clock Enable—»
Carry In—p»

4-Input LUT

» LUT Out
4-Input
LUT Flipflop —» Register Out

Full Adder
» Sum Out
Full J—b Flipflop —» Register Out
Adder
—p Carry Out

Fracturable LUT or Full Adder

Input[3:0] =
Clock—»
Clock Enable—»

Carry In—p

Input =
Clock—»

Clock Enable—»
Address[2:0]—»
Carry In—»

Fracturable

» Data Out
LUT (1) l—p Flipflop —» Register Out

or Full —p Flexible Carry Out
Adder —» Carry Out

—p Propagate Out
or Data Out 2

8-Bit Shift Register
» Data Out

Shift _ _
Register Flipflop —» Register Out

—p Cascade Qut ’/
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EFX_LUT4 EFX_FF
o EFX 5 o EFX_ADD _ 5_ 5
11— 11— CE —
12— CLK —
13— | SR
Cco
Cl
EFX_COMB4
o, EFX o 5 , FEFXSRL8
= —> P CE —» — Q
I3 — CLK —»
co
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EFX_COMBA4

Signal LOGIC Mode ARITH Mode
Cl 10 Input. Input.
¢ 11 Input. Input.
EFX_COMB"" 12 Input. Unused.
10 —» —» O
13 Input. Unused.
1 —» —» P
@] Is a function of the 13,12, 11, and 10 inputs. Is a function of the CI, 11, and 10 inputs.
2 —» —» FCO : . : .
P Is a function of the 11 and 10 inputs. Is a function of the I1 and 10 inputs.
—>
13 FCO Unused. Is a function of the CI, I1, and 10 inputs.
¢ Cl Unused. Carry in.
CcO CcO Unused. Is a function of the CI, 11, and 10 inputs.
Notes When just using the O output, all 4 inputs are Unlike EFX_ADD, the function of the outputs is
rotatable during routing. dependent on the LUTMASK parameter.
When using the O and P outputs, only the |1 and | The I1 and 10 inputs may be rotated during
10 inputs may be rotated during routing. routing.
Only a flipflop being driven by the O output may
be packed with this cell.

EFX_COMBAT] [M Ak 5t 5% EL EFX_LUTAFNEFX_ADDEE & ZH91Z 45 THEE .
filan:

BHE BRER#HAIINARS (EFX_ADD R BRfi AR B A Nk =8)
BEEL. —PEERET YW —P3RATR— 2 ATIRAS




EFX_SRL3

Port Direction Description
D Input Input data
EFX_SRLB CE Input Clock Enable
D—» —» Q7
a CLK Input Clock

CE —» —»
A[2:0] Input Address of the shift register bit read.

0] —»

Al2:0] Q Output Qutput data inverted value.
—»
CLK Q7 Output Output of the last bit of the shift register used for
cascading. (non-inverted)

A[2:0] Q

11 1
110
101
100
01
010
001
000

O ~| o~ | B oW N

EFX_SRL8: 8{UiFfIZ {77, NRFE IBITAR:OIFSIEL

| & ¢ |
(] L]
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Core Function

« XLR
 Embedded Memory
* DSP Block

 Global Network

9/1/2023

Embedded

Write Data [19:0] = Memory —* Read Data [19:0]

Write Address [12:0] —»
Write Enable [1:0] —»
Write Clock —»

Write Clock Enable —*
Write Address Enable —»

Write Data A [9:0] —»
Address A[12:0] —»
Address Enable A —»
Write Enable A —»
Clock A —»

Clock Enable A —»
Reset A —»

Read Data A [9:0] <+—

<4— Read Address [12:0]
4— Read Enable

4— Read Address Enable
4— Read Clock

4— Reset RAM output

Embedded

Memory

<+— Write Data B [9:0]
<— Address B [12:0]
<— Address Enable B
<— Write Enable B
<4+— Clock B

<— Clock Enable B
<4— Reset B

—» Read Data B [9:0]



EFX_RAMIO

« Y #FByte EnableIfjge
- FIRFEE=16/20

© XFFIEMNRIEEALE
© XIFRHEN

512x16

1024 x 8

2048 x4

4096 x 2

8192 x1

512 x 20

1024 x10

2048 x5

512x16

1024 x 8

2048 x 4

4096 x 2

8192 x 1

ANANANANEN

ANANANANEN

ANANANANEN

ANANANANEN

ANANANANEN

512x 20

1024 x 10

2048 x 5

NIANEN

NIANEN

NANEN
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EFX_DPRAMI0

F S FRIR E A B 1024 x 8 2048 x 4 4096 x 2 8192 x 1 1024 x 10 2048 x 5
© ERREHE ik L AR 4 7 ’
2048 x 4 v N v v
4096 x 2 v v v v/
8192 x 1 v N4 v v/
1024 x 10 v/ v/
2048 x 5 v v/

9/1/2023 13




Core Function

* XLR

CASCOUT[47:0]

A[18:0]— & 1, =
pext
» Embedded Memory ==y : el .. gp - oer
F Y
» DSP Block ol ] E To s ovee
| 8 _ >4 0
- Global Network o [0
CE-» {}:
RST+/16
OP[1:0] — ,2/ :Shm
48 DSP Block
Bypassable CASCIN[47:0] SHIFT_ENA
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DSP Block - Primitive

A[18:0] —»
B[17:0] —»
C[17:0] —
OP[1:0] —
SHIFT_ENA —»

CASCIN[47:0]

.

EFX_DSP48

v

CASCOUT[47:0]

<+ CLK
<+ CE

<— RST
—» O[47:0]
—» OVFL

9/1/2023

A[7:0] —»
B[7:0] —>
C[7:0] —

OP[1:0] —»

SHIFT_ENA —

CASCIN[23:0]

-

EFX_DSP24

.

CASCOUT[23:0]

<+ CLK
<« CE

+— RST
—» 0[23:0]

A[3:0] —»
B[3:0] —»
C[3:0] —»
OP[1:0] —»
SHIFT_ENA —»

CASCIN[11:0]

B

EFX_DSP12

-

CASCOUT[11:0]

<+ CLK
+— CE
<+ RST
—» O[11:0]




EFX_DSP487c1E-3 351R =

« Normal—E2 & A 1w 48bit iniE/BuE 19X 188 k%, oJECE A
ﬁf‘f%iﬁ%ﬂﬂﬁﬁﬂal_ﬁ

e DUOI—ECE AT TTIXTOEEEREFM 1 PNEX8E 5Tk, 2244000
EIRGR, TTEEBEAENSEENLASEE, S RERN—
block R B ZEH X

s QUAA—ELE H 17 X ORI TREFISNAXAEEGR L, AN 2L0
EIRGE, B AR SZEMEFSEE, fﬁt%ixilaaﬂﬁ—/l\
blockIPF B IzE B R

o Float—E2 B X #BFLOATI 63Z S & X BIFMA ( Fused-multiply-
add/subtract/accumulate ) g5 3k IN=s

%m XN 1L 9/1/2023 16




EFX_DSP487t1E

CASCIN[47:0]

.

EFX_DSP48 Port Name Direction Description
A[18:0] —» <« CLK A[18:0] Input Operand A.
B[17:0] — « CE B[17:0] Input Operand B.
C[17:0] —» <+— RST
C[17:0] Input Operand C.
OP[1:0] —» —» O[47:0] P10 I FVET P |
: t tract t trol.
SHIFT ENA — > OVFL [1:0] npu subtract function contro
00:M +N
v 01:M-N
CASCOUT[47:0] 10: -M + N
17:-M - N
SHIFT_ENA Input Load the shifter register S from the C input.
CASCIN[47:0] Input Dedicated input from the DSP block below.
CLK Input Clock.
CE Input Clock enable.
RST Input Set/reset.
O[47:0] Output DSP output.
CASCOUT[47:0] Qutput Dedicated output to the DSP block above.
OVFL Qutput Overflow/underflow flag.

9/1/2023 1/




EFX_DSP48-RN[E)4&E = By im [ X 4>

MODE Multiplier Size A B C Shift O
NORMAL 19x18 A[18:0] B[17:0] C[17:0] C[3:0] Q[47:0]
DUAL 71 x10 A[18:8] B[17:8] C[17:8] C[7:4] O[47:24]

8x8 Al7:0] B[7:0] C[7:0] C[3:0] 0[23:0]
QUAD 7x6 A[18:12] B[17:12] C[17:12] C[15:12] O[47:36]
4 x4 A[11:8] B[11:8] C[11:8] C[11:8] O[35:24]
4 x4 Al7:4] B[7:4] C[7:4] C[7:4] 0[23:12]
4 x4 A[3:0] B[3:0] C[3:0] C[3:0] O[11:0]
BFLOAT 16 x 16 A[15:0] B[15:0] C[15:0] N/A O[47:0]

9/1/2023



EFX_DSP43-BFLOAT MODE

15 14 7 6 0

Sign Exponent Fraction

31 30 23|22 0
bign Exponent Fraction

» BFLOATI 62/ FFP16FIFP322 8] 977 m B0,  BF16AYIEE
fLEEFP16%5, ERFP32—#%, A/ )mttix/'\ B fEEEE
AT, KRAKEERNEERE.

* BFISIR TN ERBIE LM AAIREF I E L EFRAE,

= =3 I
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Dual-Mode 8 x 8 DSP Block

« JEFAEFX_DSP243TiE,
o] ik, 9 P R 37 FY8X8

A[7:0] —»
B[7:0] —»
C[7:0] —»

OP[1:0] —»

SHIFT_ENA —

CASCIN[23:0]

.

EFX_DSP24

'

CASCOUTI[23:0]

<+— CLK
<+ CE
<+— RST
—» 0[23:0

9/1/2023

Port Name Direction Description
Al[7:0] Input Operand A.
B[7:0] Input Operand B.
C[7:0] Input Operand C.
OP[1:0] Input Add/subtract function control
00: M+ N
01: M -N
10: -M + N
17:-M-N
SHIFT_ENA Input Load the shifter register S from the C input.
CASCIN[23:0] Input Dedicated input from the DSP block below.
CLK Input Clock.
CE Input Clock enable.
RST Input Set/reset.
0O[23:0] Output DSP output.

CASCOUT[23:0]

Output

Dedicated output to the DSP block above.

20



Quad-Mode 4 x 4 DSP Block

« 1A AHEFX_DSP127T1E,

o] BI4E A 4N JR 7 HY4X4

A[3:0] —»
B[3:0] —»
C[3:0] —»

OP[1:0] =

SHIFT_ENA —

CASCIN[11:0]

B

EFX_DSP12

v

CASCOUT[11:0]

= ==
DA A 1

<« CLK
<+— CE
<+— RST
—» O[11:0]

9/1/2023

Port Name Direction Description
A[3:0] Input Operand A.
B[3:0] Input Operand B.
C[3:0] Input Operand C.
OP[1:0] Input Add/subtract function control.
00: M+ N
01: M -N
10:-M + N
11:-M-N
SHIFT_ENA Input Load the shifter register S from the C input.
CASCIN[11:0] Input Dedicated input from the DSP block below.
CLK Input Clock.
CE Input Clock enable.
RST Input Set/reset.
O[11:0] Output DSP output.
CASCOUT[11:0] Qutput Dedicated output to the DSP block above.

21



Core Function

* XLR

* Embedded Memory Bealeas

 DSP Block

CLK2, RX_CLK_P_I1

« Global Network

CLKO, RX_CLK_P_I0

9/1/2023

CLK4, CLK7, RX_CLK_P_13, RX_CLK_P_l4

T

CLK12, CLK15, RX_CLK_P_I9, RX_CLK_P_I10

=
oo

Interface ! | 1 (1)

L

Core

11

’_l

LL
1 ’__"_

=0

— Global Signals — Regional Signals Local Signals GBUF

1. Each blue horizontal line represents a region.
2. The number of local signals shown is for illustration anly.

CLKS, CLKG, PLL_TL, PLL_TR

CLKS, RX_CLK_P_l6

CLK9, RX_CLK_P_I7

CLK10, RX_CLK_P_I7

CLK11, RX_CLK_P_l8&

CLK13, CLK14, PLL_BR, PLL_BL

22



Global Network

2N ERES

* FNEARFED

O REES

E?’:‘W\i Hyinterface blockflcoreF 44 FiE{5

J:Tﬂﬁ Hinterface block& B 1M BEHES




Interface Function

* GPIO ( High- vol’roge /O )

. PLL, == J_I—Eélﬁ‘ﬁ =h=1
e Oscillator ’

+ SPI FLASH Igh- speed /0)

+ HyperRAM FRBEESERIRIMEDS
« SEU detection

 Internal
Reconfiguration Block

« MIPI DPHY
« LPDDR4/4X Controller

9/1/2023 24



Resource Wé4d F100 F225

Single-ended GPIO | HVIO (1.8, 2.5, 3.0, 3.3 V LVCMOS, 3.0, 3.3V - - 23
(Max) LVTTL)

HSIO (1.2, 1.5, 1.8 V LVCMOS, HSTL and 55TL) 35 61 140
Differential GPIO HSIO (LVDS, Differential HSTL, SSTL, MIFI TX 17 30 70
(Max) Data and Clock Lanes)

HSIO (MIPI RX Data Lanes) 8 21 58

HSIO (MIP1 RX Clock Lanes) 2 3 12
Global clock or control signals from GPIO pins 3 8 15

PLLs

= =
M AN

S

| 8 : |
(] 1 ]

9/1/2023
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Feature HVIO HSIO
Configured
as GPIO
Double-data I/O (DDIO) v v
Dynamic pull-up - v
Pull-up/Pull-down v Vv
Slew-Rate Control - v/
Variable Drive Strength v/ v/
Schmitt Trigger Vv v
1:4 Serializer/Deserializer (Full rate mode only) - v
Programmable Bus Hold - v
Static Programmable Delay Chains v v
Dynamic Programmable Delay Chains - v/

= =3 I
7B AN 112 9/1/2023 26




HVIO(High-voltage 1/O)

Standard VCCIO33 (V) When Configured As
LVTTL 3.3V 3.3 GPIO
LVTTL 3.0V 3.0 GPIO
LVCMOS 3.3V 3.3 GPIO
LVCMOS 3.0V 3.0 GPIO
LVCMOS 2.5 V) 2.5 GPIO
LVCMOS 1.8V 1.8 GPIO

9/1/2023
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HVIO(High-voltage [/O)

ALT

INO

IN1

INCLK

OE

I/0 Logic

OUTCLK

OUT1

OouTo

}

——10
— 01

:

9/1/2023

HVIO
110 Block
Buffer
Pull-Up
Resistor
$—+— 0

28



HSIO (High-speed |/O)

Standard VCCIO (V) VCCAUX (V) VREF (V) When
Configured
™ RX As
LVCMOS 1.8V 1.8 1.8 1.8 - GPIO
LVCMOS 1.5V 1.5 1.5 1.8 - GPIO
LVCMOS 1.2V 1.2 1.2 1.8 - GPIO
HSTL/Differential HSTL1.8 V 1.8 1.8 1.8 0.9 GPIO
SSTL/Differential SSTL 1.8V
HSTL/Differential HSTL1.5 V 1.5 1.5, 1.8 1.8 0.75 GPIO
SSTL/Differential SSTL 1.5V
HSTL/Differential HSTL 1.2 V 1.2 1.2,15,18 1.8 0.6 GPIO
SSTL/Differential SSTL 1.2V
LVDS/RSDS/mini-LVDS 1.8 1.8 1.8 - LVDS
Sub-LVDS 1.8 1.5, 1.8 1.8 - LVDS
MIPI D-PHY Lane I/O /SLVS 1.2 1.2 1.8 - MIPI D-PHY
=2 I I
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HSIO (High-speed 1/O)

* Single-ended HSIO—Two single-ended I/O pins (LVCMQOS, SSTL, HSTL)

» Differential HSIO—One differential I/O pins
« Differential SSTL and HSTL

« LVDS—Receiver (RX), transmitter (TX), or pidirectional (RX/TX)
« MIPI D-PHY lane I/O—Receiver (RX) ©r transmitter (TX)
* The HSIO configured as GPIO supports programmable delay chain.
You can use static and dynamic delays at the same time.

« Static—16 steps with approximately 60ps of delay per step, both input and
output paths.

« Dynamic—é4 steps with approximately 25ps of delay per step, input only. Only
available on input (RX) delay; available only on P input of the HSIO pin pair.

= =3 I
%Zj Y 1O 9/1/2023
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HSIO (High-speed I/O)-10 buffer

OE P LVCMOS
} HSIO Buffer
Buffer Out P

Bufferin P T ~—u

—VREF

OED
LVDS TX

BufferinD —— * T

LVDS RX 100 ©

Buffer Out D ——
“ o o

OE N —* LVCMOS
Buffer Out N .
Buffer In N 4[ —I

—VREF

= =3 I
7B AN 112 9/1/2023 31
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HSIO (High-speed 1/O)-10 buffer

OEP | HSIO Buffer OEP | HSIO Buffer OEP HSIO Buffer
Buffer Out P Buffer Out P Buffer Out P
Buffer In P Bufferin P 41 4[ 41
—  —
—VREF VREF —VREF
| “r P [ ¢ e '
— /e Buffer In P *‘
>~ N *—C R
OE N CEN CEP
Buffer Out N i Buffer Out N i Buffer Out P i
Buffer In N Buffer In N 41 —[ A
— VREF [hVREF —VREF
LVCMOS/LVTTL By HSTL/SSTL Z= /HSTL/SSTL
= = Il
% DA A 1 9/1/2023 -




HSIO (High-speed I/O)-1/O Logic

HSIO Block Configured as GPIO

1/0 Logic 110
ALT Buffer

1
INO ° 0 i Buffer

N i N/ . N/ AR .
~ n > FrEFE14/FF B T R4
Nt NN _.J (Full rate mode only)
INCLK |
IN2 Deserializer
IN3 | L
oF E ,
OUTCLK »
Pull-Down
._ Resistor
ouT1 E %
QuTOo
OUT?2 :I: Serializer gﬂ?er
ouT3

9/1/2023 33




HSIO (High-speed |/O)-LVDS

« Programmable VOD, depending on the |/O standard used.

« Programmable output common mode (1.2 V for LVDS and 0.9 V for sub-LVDS) or with an
external VREF. The shared VREF for the I/O bank provides the VREF.

« Programmable pre-emphasis.

« Programmable 100 Q termination to save power (you can enable or disable it af runtime).
« LVDS input enable to dynamically enable/disable the LVDS input.

« Support for full rate or half rate serialization.

« Up to 10-bif serialization |to support protocols such as 8b10b encoding.

« Programmable delay chains.

« Optional 8-word FIFO for crossing from the parallel (slow) clock to the user’'s core clock to
help close timing (RX only).

= =3 I
73 A 1L 9/1/2023 34
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HSIO (High-speed |/O)-LVDS

Mode Description Example

Full rate clock In full rate mode, the fast clock runs at | Data rate: 800 Mbps
the same frequency as the data and
captures data on the positive clock
edge.

Sernalization/Desenalization factor: 8
Slow clock frequency: 100 Mhz (800 Mbps / 8)

Fast clock frequency: 800 Mhz

Half rate clock In half rate mode, the fast clock runs at | Data rate: 800 Mbps
half the speed of the data and captures
data on both clock edges.

Serialization / Deserialization factor: 8
Slow clock frequency: 100 Mhz (800 Mbps / 8)
Fast clock frequency: 400 Mhz (800 / 2 )

9/1/2023 35




HSIO (High-speed I/O)-LVDS RX

RST LVDS RX  HSIO Buffer
——» Deserializer
RXP
Core IN[n:0] | Programmable
< FIFO < lo——
Delay
<4 | RXN
SLOWCLK |
PLL FASTCLK 4
Up/Down J Configuration
Counter | Setting
PLL 1 Alternate

= =3 I
% 73 A 1L 9/1/2023 36



HSIO (High-speed I/O)-LVDS TX

LVDS TX HSIO Buffer

OE
b
RST > Serigli
erializer
Core QUT[n:0] . L Programmable _ TXP
Delay
< TXN
SLOWCLK
PLL FASTCLK

9/1/2023 37



HSIO (High-speed |/O)-LVDS Bidirectional

LVDS RX HSIO Buffer

ﬂ, Deserializer
RXP
Core - Programmable
< -~
Delay
4+ . RXN
!
A
» Up/Down
Counter __
PLL < Alternate
SLOWCLK Configuration—
PLL FASTCLK . Setting
CR}E‘E:.T—' LVDS TX
> Serializer TXP
OUT[n:0] X Programmable
Delay
+— TXN

9/1/2023 38




HSIO (High-speed 1/O)- MIPI D-PHY RX Lane

To Global
Network a0 F
SLOWCLKOUT |
FASTCLKOUT Programmable —— From Buffer
- Delay )
Clock Lane <+ Conﬁguratlon
Setting
Data Lane
To Core 4 Programmable — From Buffer
FIFO Deserializer Delay
From Global > |
Network
FASTCLK j I
EROMEE Up/Down Counter Configuration
Setting

9/1/2023

LP_P_OE

HSIO Buffer

LP_P_OUT

LP_P_IN

CLKOUT
SLOWCLKOUT |

Div4 «

FASTCLKOUT

A A A

HS_IN
FIFO_EMPTY —

_RD
“RST FIFO

" FIFOCLK

SLOWCLK
FASTCLK

A A

[
>

Programmable

. Delay

Deserializer

7

DLY_ENA

ENA

Up/Down T

RST

Counter PCR

LP_N_OE

Bit

'

100 Q
HS buffer ;
LP buffer

LP_N_OUT

_LP_N_IN

MIPI D-PHY Lane I/O

3

—VREF

39



HSIO (High-speed 1/O)- MIPI D-PHY TX Lane

LP_P_OE HSIO Buffer
LP_P_OUT rb
LP_P_IN
LP buffer
—e

HS_OE — VREF
RST

>
HS_OUT[7:0] - 457 —

> Serializer
SLOWCLK /

PLL FASTCLK HS buffer | | 100 Q
LP_N_OE B s
LP_N_OUT |'

LP_N_IN ‘ !
«
MIPI D-PHY Lane I/O — VREF

9/1/2023 40



Inferface Function pLL

CLKIN[3] +—»
CLKIN[2] +—» N Charge Loop

o GP'O CLKIN[1] _ > ~ Counter | Pump ~” Filter
CLKIN[O] |

o/ RUIE CLKSELUJ—T T

: i —®  Phase Voltage F
° OSC”lOTor IOFBK 7 M e Frequency Control ﬂc Dt
FBK : Counter Detector Oscillator ounter

¢ S P | F I_AS H ’_.Lacal feedback |

. HyperRAM Sk ! ! ! !
i SHIFT[2:0] 1» ‘Cfutput ICl‘utput IC}‘futpui ‘Cfutput _Qutput
° S E U d e‘l‘ec'l'lo N SHIFT SEL[4:0] 1> Divider (C) Divider (C) Divider (C) Divider (C) Divider (C)
SHIFT ENA }» ! il | | |
e Infernal Phase Shift  Phase Shift  Phase Shift  Phase Shift  Phase Shift
Reconfiguration Block HOCKED + l l l lF ﬁ
e MIPI DPHY CLKOUT4  CLKOUT3  CLKOUT2 CLKOUT1  CLKOUTO

« LPDDR4/4X Controller
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Sl

» Ti60/Ti358x % X #74- BiHIR
« F225: 4
« F100: 3
« Wé4: 2

L THWIRE, SMBRBHIOR H
c GOGRREIANSEIMIN, I A XDV
- Sk R FPGASA SHERZ FH5HML, X5 M s BRI

‘% = = I
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Symbol Parameter Min Typ Max Units
Fin Input clock frequency. 16 - 800 MHz
Fout Output clock frequency. - - 1,000 MHz
Fyco PLL VCO frequency. 2,200 - 5,500 MHz
Ferp Phase frequency detector input frequency. 16 - 800 MHz

9/1/2023
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Inferface Function
« GPIO

« PLL

» Osclillator

« SPI FLASH
 HyperRAM

» SEU detection

* Intfernal
Reconfiguration Block

 MIPI DPHY
« LPDDR4/4X Controller

9/1/2023

 Ti6O/TIBSE— 1 ARIIFENHB=SE
H B A BRI S%Es .

« HHE[EZE 510, 20, 40, 80 MHz.

TT BIRDIFE R ITH#HfTalways-on
IIBE

o Brgiig 2l coreiZ iy
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Interface Function

°® G P | O SPI Flash _ signal | D irection

SCLK = Memory —* MISO s o SR —

L= MOSI — WhN e ——
CS_N—» <4— HOLD_N [ioon | mw &= ive-low hold s ignal.

° OSC]”CITOI’ MISO Output Data input from SP1 flash memor

* SPI FLASH

« HyperRAM « IBFBGAT00 ¥ FH W SPI FLASH

« SEU detection ° FLASHK— 1 6MDbits

MMM * X HBitstream[x4s, &Z T XIFM I HERKR

Reconfigurafion Block o E—j(__ygb,tﬁ,j_\ga\/\hz
* MIPI DPHY « B3 JTAG BridgetE st £ 5 FLASH

« LPDDR4/4X Controller
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Inferface Function HyperRAM

CLK —» <« RWDS_OUT_HI[1:0]
« GPIO CLK90 —» «— RWDS_OUT _LO [1:0]
CLKCAL —» <« RWDS_OE [1:0]
L RST N —» — RWDS_IN_HI [1:0]
. Oscillator CS_N —» —» RWDS_IN_LO [1:0]
CK_P_HI —» <« DQ_OUT _HI[15:0]
 SPI FLASH CK_P LO —» <« DQ_OUT_LO [15:0]
CK_N_HI —» <« DQ_OE [15:0]
* HyperRAM CK_N_LO —» — DQ_IN_HI [15:0]
« SEU defection —> DQ_IN_LO[15:0]
e INt |
ge?:@rﬂiguroﬂon Block * RRFBGAT00 5 /7 gHyperRAM
e MIPI DPHY ° HyperRAME%QSéMblT
- LPDDR4/4X Controller o« 16RIEHRNLTT

e BT 16X400Mbps=6.4Gbps

9/1/2023 46



Inferface Function
« GPIO

« PLL

» Oscillator

« SPI FLASH
 HyperRAM

» SEU detection

* Intfernal
Reconfiguration Block

 MIPI DPHY
« LPDDR4/4X Controller

9/1/2023

« BAXTFENEE (SEU) #MITheE
« Auto mode—izHI1RIR B =) B ER 4 /Y
1 BESEUEIR, NMREEIE IR, BHH

FEIRFR S o
* Manual mode

- HSEUMIFRE LR H SR AR A A

& B (8] (8] bR o] Bo &

| PIEH 2 A1,

e i A6
I PIRERERRE

/

s FTECEFPGA
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Inferface Function
« GPIO

« PLL

« Oscillator

« SPI FLASH
 HyperRAM

» SEU detection

* Infernal
Reconfiguration Block

 MIPI DPHY
« LPDDR4/4X Controller
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Inferface Function
« GPIO

« PLL  Programmable data lane
. Oscillator configuration supporting up to 4 lanes

« SPI FLASH * High-speed mode supports up to 2.5
. HyperRAM Gbps data rates per lane

« SEU detection » Operates in continuous and Nnon-

* Internal contfinuous clock modes
Reconfiguration Block

« MIPI DPHY
« LPDDR4/4X Controller

« Supports Ultra-Low Power State (ULPS)
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MIP| RX D-PRHY

[ RXDPIN4 R HS_CLK_ACTIVE R
FPGA < *RXDPIN3 > HS_LANn_ACTIVE :]
Core Pads{  RXDP/N2 L HS_LANn_VALID 4
qHEDPM4 > < RXDPIN1 > HS_LANn_SYNC > \ righ-speed
RXDP/MN3 * ~ RXDP/NO ; HS_LANn SKEWCAL > > _
-+ L MIPI & Cﬂnh-ﬂl HS LF: = " HS_LANn_DATA[15:0] > Mode Signals
REDPINZ D-PHY ' 3 =" [ CAL CLK R HS_LANn_SOT_ERR ‘
*HEDPJ'M > Block .and Status Signals ~BYTE_CLKOUT » HS_LANn_SOTSYNC _ERROR
socks{ (LP_CLK
*HEDF*.I'T'-.ID d - < “ESC_LANn_CLKOUT LPDT_RX_ENTER R
“ LPDT_RX DATA[7:0] >
h g ESC_CLK » LPDT_RX_VALID >
w L
RESET » MIPIRX LPDT_RX _SYNC_ERR > | Low-Power
RSTO N . LPDT_TX _ENTER g :
RST1_N o %ﬂﬂ: “IPDT TX DATA[70] >f:ﬂi:£.ci:z
<STOPSTATE CLK < LDPT_TX_VALID g
e { STOPSTATE LANn
+ SK&RFH92.5G RX MIPI-DPHYHIOZMIPI RX & A&, *ESC LANn_ERROR HOLTAREADY )
A HEEEGPIO controis | 4 HQEﬁE‘ETTET?EcERRDRh L ULPS_TX_ENTER \
e AN S AN N . andStatus\ _TURNAROUND REQ « ULPS_TX_EXIT
. NMEE47RX data lane+14RX clock lane, % #F FORCE RX » ULPS_CLK_ENTER - >ULPSJeep
e o e _ » ULPS _CLK_ACTIVEN > _
aneZIEﬂ%’zé%F?xTﬁ% SEND_TRIGGER [3:{]] . ULPS LANS ENTER > [ Mode Signals
N e L N :EE&%TIE'SGER 50] ULPS_LANn_ACTIVEN >
o JhSZEIRX D-PHYIHAEE, FlcoreiZ#5aYCSI/DSI RXF% ] +CONTENTION ERRORU >
=PI MESIL2.5CHEEMIPI RX#EZO “CONTENTION_ERRORI
« [EITRION FPGAR[E], ABEEMNERS (CSliEHRs) 45
E, BMRE TREFEAZERERAMESTHE
TURLRX-DPHY 32415 .
= a3 I
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MIP| TX D-PRY

FPGA
TXDP/N4 )
TXDP/MN3 MIPI
TXDPINZ D-PHY : Control, HS__ LP, Core
TXDPIN1 Block @ and Status Slgnalsh
¢ TXDPMND y L
TReference Clock
MREFCLK GPIO
Block

KERF2.5G TX MIPI-DPHYHIOZMIPI TXE A&,
AT BEEEGPIO

FMBEIE4)TX data lane+ 1M TX clock lane, % FLane
Z 8% TRk

JHLBITX D-PHYThEE, FlcoreiBigryCSI/DSI Xz 4 28IP
AR SIL2.5CGHEEMIPI TXiEDO

EIRVE, WUREFEAZETRRAWESIPETMIP
TX-DPHY Ry = =& .

: FEMIPI DSI TX# O, IKzOLED B 7~
| = J— |
A R A
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High-Speed

RITRION FPGARE], AHREVMLERD (CSHZERIRE) 487E , Mode signais

REF_CLK

ESC CLK

yYw

Clocks | <ESC_CLKOUT
BYTE_CLKOUT

RESET

PLL_UNLOCK

k. J

conirols |  PLL_SSC_EN

and Status qSTDF’STATE CLK

¥

REQUESTESC_LANn

v

_STOPSTATE LANn

- TURNAROUND_REQ

SEND TRIGGER [3:0]

v

RECV TRIGGER[3:0]

L J

Jane o | “FORCE_RX -
DIRECTION g
controls|, 4E5C CMD_ERROR
and Status = T

~ LINE_STATE_ERROR

: CONTENTION_ERROROD

; CONTENTION_ERROR1

L

- HS_CLK_REQUEST

HS_LANn REQUEST

b J

HS_LANn SKEWCAL

HS_LANn HIGHVALID

HS LANn DATA [15:0]

yYvY vy

HS_LANn READY

MIPI TX
D-PHY
Block

, TXDP/N4

=

_ TXDPIN3

_ TXDP/N2

_ TXDPIN1

yYvyYy

S Fads

“TXDP/NO

v

L J

LPDT_TX_ENTER

LPDT_TX VALID

Fa

“LPDT _TX DATA[7-0]

~ LPDT_TX_READY

LDPT_RX_REQ

v

Dafa Recsive

[PDT_RX_DATA [7-0]

[PDT_RX_VALID

> Low-Power

Mode Signals

[DPT_RX_SYNC_ERROR

ULPS_RX_ENTER

ULPS CLK _ENTER

yYyYryTyey

L &

ULPS CLK_EXIT

~ ULPS _CLK_ACTIVEN

ULPS _LANn ENTER

ULP Sleep

v

il
o
=

ULPS LANn EXIT

Mode Signals

" ULPS LANn_ACTIVEN

v
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Interface Function

. GPIO

S o« 2EL

» Oscillator « LPDDR4/LPDDR4x

" SFH e « 2NEECOreIBIEH, Th BIAXIAS W T

 HyperRAM oA

 SEU detection o X] 6/X32 DQ,L—LE_I_._—-

Wbk ~4266Mb %, STRRTBD
Reconfiguration Block | ps (EEmAEXR, XFRIBD)

» MIPI DPHY *+ ~136Gbps (ﬁikﬂi“é‘%‘ﬁ, SLFRTBD)

« LPDDR4/4X Controller
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FPGA

DDR
Block

<

® PHY and AXI

Signals

TReference Clock

PLL
Block

TReference Clock

GPIO
Block(s)

= =
M AN

(L3 ]

9/1/2023

>

LPDDR4/4X Cont

Core

Pads
{DDR
Memory)

Fad -

(Calibration -{'

Resistor) -

GControifer
Signals

GControifer
Registers

Where:
nis 150r31 |
xisOor1

_ AED]

_ C5_N[3:0]

_ CKE[1:0]

=
RST_N

T oK

CK_N

-
-
+
-

DQ21:0]

DQS_N[3:0]

~ DesEn

< OMEE:D]

CAL

CTRL_CLK

CTRL_RSTN

CTRL_INT

*CTRL_MEM_RST_VALID

_ CTRL_REFRESH

“CTRL_CKE

CTRL_BUSY

“CTRL_CMD_Q_ALMOST_FULL

“CTRL_DP_IDLE

~ CTRL_PORT_BUSY

CR_ACLK

CR_ARESETN

L

CR_ARADDR[14:0]

CR_ARID[50]

CR_ARLEN[7:0]

r v %

CR_ARSIZE[Z:0]

CR_ARBURST[1:0]

CR_ARVALID

r

LCR_ARREADY

" CR_AWADDR[14:0]

CR_AWID[5:0] b

CR_AWLEN[7:0]

CR_AWSIZE[2:0]

CR_AWBURST[1:0]

CR_AWWVALID

CR_AWREADY |

~CR_BID[5:0]

CR_BRESP[1:0]

“CR_BVALID

" CR_BREADY

CR_RDATA[31:0]

“CR_RID[E:0]

_CR_RRESF[1:0]

CR_RLAST

~CR_RVALID

" CR_RREADY

¥

CR_WDATAR10]

CR_WSTRB[310]

rF v %

CR_WLAST

CR_WVALID

»

CR_WREADY

DDR PHY Block

LPDDR4
PHY

DDR
Memary
Contraoller

CFG DOME .
CFG_START
CFG SEL Startup

« SFG PHY RSTH

CFG_RESET
CLKIN ;
‘ } PHY

SOCLE x| axr Global
ARST x Signals
BID_x{5:0] X

—_— = =
BREADY x AXT Wiife

4DREADY x
BRESP_x[1:0] Response
Channel

BVALID_x

__RDATA x[511:0]

RID x[5 0]
HI_AST % AX[ Read
RF{EADY x Datz
Channel
“RRESPq10] _RRESP »1:0]
HUALID ®
_DVARLE
< VDATA x{511:0]
W""""T X AXT Wit
WREADY kS Dafs
WSTREI x[ﬁﬂ 0] Channel
W\.’ALID x

ARADDR_x[32:0]
ARAPCMD_x
ARBURST x[1:0]
ARID_x{5:0]
ARLEN_x[7:0]
ARREADY _x
ARSIZE_x[2:0]
ARVALID x
ARLOCH_x
ARQOS_x

AXI Read
Address
Channel

——

AWADDR_x[32:0]
AWAPCMD_x
AWALLSTRBE_x
AWBURST_x[1:0]
AWCOBUF _x
AWID_x[5:0] A1 Write
AWLEN_x[7:0] Address
AWREADY_x Channel
AWSIZE_x[2:0]
AWVALID x
AWLOCK_x
AWCACHE _x[2:0]

AWQOS x /

Sequencer
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Security Feature

s [N

o SFRFNIEXSFRALARIAUE
 AES-GCM

« RSA-4096

* LRI A BEFALR

& 4z B i {52

« JTAG DisableIfjgE
- —HDisableikik &
- JAeRiEEUDCODE, =&
{FFHJTAG BypasstE T
AT

Q | = B=— I : : |
N\ A AN 1L
. 9/1/2023

Read Bitstream

Bitstream
Encrypted?

RSA Signature

v

Read Key from eFuse

v

yes

Y

AES

SHA384

Decryption

» RSA-4096 Verification

Decryption Key

PR

Hash Result
Comparison

Configuration
Success

Configuration Fail

End
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