Introduction to FPGA boards s
handling clocks,

programming FPGAS,
Pynqg-Z2 board



What dOeS a FPGA have? Each FPGA has a link for information

Table 1: Summary of Spartan-3 FPGA Attributes

CLB Array L ]
: One CLB = Four Slices) | Distributed | Block . Maximum
Device  Eauivalent ' ( s |) RAM Bits | RAMBits | pedicated | peyg Differential
9 Rows | Columns ct‘;‘s (K=1024) | (K=1024) P /O Pairs
XC3S400@) 8,064 32 28 896 56K 288K 16 4 116

* CLB (Configurable Logic Block): SliceLUTs, Flip-flops

 BRAM (Block RAM): Memory for logic

* Multipliers: Multiplication components

* Digital Clock Manager (DCM): Modifies clk. Doesn’t generate clk.

* Input/Output (1/O) interface pins: Pins logic is connected to
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What do we need to provide to FPGAs?
* Power: FPGA needs power to work.

* Clock: Clock is needed for flip-flops.

* FPGA configuration method:

»FPGA configuration is erased when power turns off.
»Need to provide configuration to FPGA after turning on.

»Two general methods: Using external memory chip; Another

device (ex: computer) sends configuration (via JTAG protocol)
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Boards that have FPGAs
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*How do | know this? Simple FPGA board. [Board ref]
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Clocks are generated with electric oscillators

* A crystal of piezoelectric material vibrating at resonance

can be used to create a clock with precise frequency.
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Memory using EEPROM
 EEPROM!: Electrically erasable

programmable read-only memory.

»Normally read-only.

»But can erase and program, if needed.
* Retains data, even after power off.

* Provides configuration data to FPGA after power on board.

* FPGA can be used to program the EEPROM!
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JTAG protocol used for prog

* A communication protocol.

* Requires 4 wires (pins)

> TCK: clock

>»TMS: mode select

»TDI: data input

»TDO: data output

J91ndwo)

ramming FPGA

TMS
» [

TCK L
L

L {T™S L1 TMS T™MS
T DEVICE 1 T DEVICE 2 "“" DEVICE 3

L l%iTDI TDO TDI TDO TDI TDO

_ FPGA- EEPROM
» 1

¥ O

* Can program FPGA and also EEPROM

Jaebak Kim (Korea University)

August 26, 2025 (1st Korea HEP FPGA Forum)

Z
*
v0

L

Run-Test/Idle B

.

0
‘-

1 1

Select-DR-Scan
0

Select-IR-Scan
L AU

1 1

Capture-DR Capture-IR

v
>R
v 0

y0

0
=
v
& oioaRr

v
Updat e-IR

J‘] JO

<’

1
51
Updat e-DR
J 1 0
=

9




To be able to use a FPGA

1. Need to know how to connect logic to FPGA pins.

»Each FPGA have different pins.

AMD/Xilinx .
»FPGA manufacture provides datasheets about FPGA pins.

2. Need to know how FPGA pins are connected on board.

»Board developer/manufacture provides information on how

FPGA pins are connected.



How are the board connectors linked to FPGA pins?
*Look at board schematic

: 2
*Connector 12 is Connector !
=
oA FPGA
connected to IOAS. ] e
; e ——
4 01P_7/
. — o ww
*|OAS is connected to : 040 o m— S
g I0A2 I0A9 P7 l\é)CE%_FZ 7
10 oAl N —
IO_LO1P_7/VRN_7 i oS Cors — e
— — — 1 TOAG TI0A12 Pl 10 o0

(Pin: P2)



How to connect logic to FPGA pins?

Table 89: CP132 Package Pinout

* AMD provides “pin number” that s | xcossopname | OP12| myoe
0 IO_LOIN_O/VRP_O DCI
can be used to connect to logic. oo i
0 I0_L27P_0 /O
| 0 IO_L30N_O /O
0 I0_L30P_0 /O
Port F — A3 0 | :L31N:0 |
HDL Constraint - o et VAR e
fi I e I fi I e F P G A 0 I0_L32N_0/GCLK7 GCLK
‘ Port G ‘ 0 10_L32P_0/GCLK6 GCLK
|

*Write constraint file to connect HDL ports to FPGA pins.

‘set_property -dict { PACKAGE_PIN A3 IOSTANDARD LVCMOS18 } [get_ports F] ‘




Digital logic voltage levels and FPGA I/O pins
* What is the voltage of digital logic 17?

TTL standard
> Depends on the “standard” of digital logic. ™™"
Standard | Logic O Logic 1 —
TTL 0 to 0.8 Volts [2.0 to 5.0 Volts S pe
CMOS |0 to 1.5 Volts |3.0 to 1.8 Volts "20v T
Vor (max Region
* FPGA pins are flexible. =°'°VUV Logic ‘0’

» Can set them to use/be different standards.



Digital logic voltage levels and FPGA I/O pins
* FPGA pins can connect to Input / Output buffers.

* Buffers can be set to use different voltages/standards.

N22

* Use the constraint file to set standard of pin.

»Vivado will set buffer voltage accordingly.

Output buffer Input buffer

‘set_property -dict { PACKAGE_PIN A3 |OSTANDARD LVCMOS18 } [get_ports F] ‘

Jaebak Kim (Korea University) August 26, 2025 (1st Korea HEP FPGA Forum) 14



FPGA clock pins ) —

*The FPGA clock pin is special. .

»Synchronous logic uses many flip-flops. SN

» Clock has to connect to many flop-flops. |
>There | al switch matrix thatis o

ere is a special switch matrix that is N .

connected to many components.

Global Clock Lines
In each 7 series FPGA (except XC7S6 and XC7S15), 32 global clock lines have the highest fanout and can reach every flip-

flop clock, clock enable, and set/reset, as well as many logic inputs. There are 12 global clock lines within any clock region

Qo

Q1

Q2

Q3

From AMD datasheet
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FPGA clock pins

*Only certain FPGA pins are

connected to Global Clock Line.

* Check schematic to find what

frequency clock connected.

Ul

GND——2 GND
i

Vdd FA——V33 A

3

CXo0

TP1

' INH OLITPLIT
| |
osc I TCO-48MHz |

OPTION

U10

mm\ Vdd F———{V33 A
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Table 89: CP132 Package Pinout

Bank XC3s50 PinName | CF192 | Type
0  |I0_LOIN_O/VRP_O A3 DCI
0 |I0_LO1P_O/VRN_O c4 DCI
0 |I0_L27N_0 C5 0
0 |10_L27P.o B5 V0o
0 |I0_L30N_O B6 /0
0 |10_L30P_0 A6 /0
0 |I0_L3IN_O C7 V0o
0 |IO_L31P_O/VREF_O B7 | VREF
| o | 10_L32N_0/GCLK? A7 GCLK
o [/10_L32P_o/GCLKs c8 | GCLK

FPGA

10_L32P_5/GCLK2
10_L32N_5/GCLK3

| LO 2 IS V4 oK
[0 L32N 4/GCLK1
10 L3TP_ usy

I0_L31N_4/INIT_B

RAM D4 14| 1~ | A4t
oRD 75 Ié)NI[_)31N_5/D4
RAM OE 76 |
RAM Al4 77
RAM Al3 % 10/VREF 5
I CLKA 80
| 21
GND 82
X INIT g3 GND
V33 A 84
RAM Al2 g5] CCO.4

1N /\/IDCC A
16



How to handle clock pins in code? | AfF =1
B_FF __ [ __

3ns

* We'll use Vivado to synthesize HDL. AND2 —T L—

AND2_FF

*Vivado needs to tell us if synchronized logic can work

with clock frequency.

»1s 4ns long enough for AND2?

* Constraint file is used to tell Vivado clock frequency

‘cr'eate_clock -name clkin_group -period 26.1833 [get_ports clkin] ‘
Nanoseconds = 48 Mhz




How to handle clock pins in code?
* We also need to tell Vivado to use

the global clock line.

»Because pins (Ex: A7) can be used as

Table 89: CP132 Package Pinout

CP132

Bank XC3S50 Pin Name Ball Type
0 IO_LO1N_O/VRP_0O A3 DCI
0 IO_LO1P_O/VRN_O C4 DCI
0 I0_L27N_0O C5 I/O
0 I0_L27P_0 B5 I/O
0 IO_L30N_O B6 I/O
0 IO_L30P_0 A6 I/O
0 IO_L31N_0 Cc7 I/O
0 I0_L31P_0O/VREF_0O B7 VREF
0 10 _L32N LK7 A7 GCLK
—a=> | 10_L32P_0/GCLK6 | C8 | GCLK

clock pin and also as normal 1/0.

* This can be done with below module structure in HDL.

Top module

Logic

CLK

bort —1 IBUFG '| BUFG 4" CLK ‘




How are FPGA are programmed?
* FPGAs can be programmed via JTAG or EEPROM.
* For quick testing, normally use JTAG. Takes few seconds.

» Computer write configuration data (firmware) to FPGA.

* For more permanent option, EEPROM are used. Done in steps.
1. Erase EEPROM and write firmware to EEPROM. Takes many minutes.

2. Turn off board power. This erases configuration on FPGA.

3. Turn on board power. FPGA automatically reads from EEPROM.



FPGA manufacturers

* Xilinx = AMD: Well-known and well supported
* Altera — Intel: Well-known and well supported

* Microchip: Less support. But will be used in some CMS

boards, due to radiation tolerant FPGA (Polarfire FPGA)

* Lattice : Less support



AMD FPGAs
°Spartan FPGA Generally cheaper e Fach FPGAs also

Less resources

Limited to slower clock have “speed grade”.
* Artix FPGA .

Determines how fast

*Kintex FPGA a clock one can use.

Generally expensive 4.
*Vertex FPGA ¥ More resources >-1: Slow

Can use faster clock -2 Middle

> -3: Fastest



AMD Zynq FPGA

* FPGA combined with CPU

*FPGA and CPU can
communicate through

Advanced eXtensible

Interface (AXI).

Chip

ARM FPGA
CPU

Processing Programmable

System (PS) Logic (PL)

Connection with
AXI protocol




Pyng-Z2 board FPGA
*Board has Zyng

XC7Z020-1CLG400C
»020: Zyng series type
»-1: Speed grade

3

2

»CLG: FPGA pin layout

> 400 pins el & 1 ik % 8 & 00

| LU LU LU U AU LU L Il[l LU AL L R LT LU L AU !l T |IIII|I 1} llllllll UL Him IICM
0 1 2 3 B 5 6 7 8 9 10 " 12 13

0

»C: Temperature limit
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Resources of XC7Z020-1CLG400C

*Programmable logic cells, LUTSs,

Flip-flops are closely related.

» Logic cell is just a marketing term

» CLBs has LUT and FF included.

*BRAM: 140 X 36Kb

Device Name Z-7020
Part Number XC72020
Xilinx 7 Series .
Programmable Logic ég'éz
Equivalent
Programmable Logic
Cells 85K
Look-Up Tables (LUTs) 53,200
Flip-Flops 106,400
Block RAM 4.9 Mb
(# 36 Kb Blocks) (140)
DSP Slices
(18x25 MACCs) 220

e DSP: 220

Jaebak Kim (Korea University) August 26, 2025 (1st Korea HEP FPGA Foru
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Pynqg-Z2 board FPGA
*Board

»HDMI port
» LAN port

»Programming /

power port.

™

’ » SAE. A r. . e d
PRy - - B AP A -y

T T

> LEDs

-

s i L (TR LR RN G L U SR U R T TR A T L T e

> BUttonS . . - - v : 9 10 " 12 13 14
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Pynqg-Z2
*Some ports

connhected to CPU.

*Some ports

connected to FPGA.

* We will only use

FPGA (PL).

ARM FPGA
CPU

Processing Programmable

System (PS) Logic (PL)

LAN

HDMI




Pyng-Z2 schematic: How is FPGA programed?

FT2232HL, QFN-64

* Link to schematic

This provides 5V power e b

VCC1V8_FT2232
VCC3V3

12

37

64

20

31

42
EIR|

x4 il 5883
T 0000
VBUS 232 ge 5L 0000
000 888% 16 TCK
55> 222> ApBUSO
4 Aoy Eid TDO USB/TDI FPGA
VBUS —_ 50 % RGN ADBUS2 |- D 3 TDI_USB/TDO FPGA
ADBUS3 Wy
2
l c66 . ADBUS4 |57
10uF VREGOUT ADBUSS 55—
6.3V 7 | SHLD1 3 USB_DPR189 ADBUSS |55 —
g | SHLD2 D_P 0SB DNR190 '\ — i
9 SHLD3 D_N W
— SHLD4 6
— 0 ACBUS0
) L R1g1 11| SHLDS ACBUS1 |25 ——] oo CONFIG g ms
s X
s 0 X~ SHLDS6 4  USB_ID - ﬁggﬂgg 9 TDO_USBITDL FPGA
5 ID oP AcBUst |22 6 TDI USBITDO FPGA
GND ACBUSS5 |22 XADCVREF |————
eri | 19| veerro
ACBUS6 = 0.1uF K10 | vrern_0
P J—_ CON_USB_MICRO_AB TK 1% 34 ] REF ACBUST | XADCGND. | -‘_1'5VU_|— € DONE_0 R11 DONE 0
= = S 2 IRESET# }—‘
80 | L6 PROGRAM B
BDBUSO g E%gggﬁ b’ﬁ} 4 XADCV Py _R214 140 1% VP O Ko | weo
BDBUSY oo 4 XADG-V N SRe1s wia0 1% VWO 0] wo mwrso | RO INTBOR
BDBUS?2 |
BDBUS3
EECS 63 2
&5 EECs BDBUS4 |53 e
EES%A —gf EECLK BDBUSS [z VCCav3) CFGBVS_0
L] ——————— EEDATA BDBUS6 175 Rsvovces | N6
o BDBUS7 FSre B
XADC1V8} J9 | wveecapc o Rsvoveer | T6
48 XADCGND-J" J10 | 6npapc_o RSVDGND | F10
BCBUSO f25—
2
BCBUST 23 =l
BCBUS2 =
R194,,, 0 2 oscl BCBUS3 »g Egggg: I[Eg | XC7Z020-1CLG400C
Sggﬂié 7 COMMON
—R1BWO 3 losco BCBUSG 25— %
59 R196 .\ 4.7K5%
BCBUS7 R197 10K 1%
COl lver e O ° 13 ¥ esT 0 raoTwor® PWREN#% =%
[a} P4 alafalalalaja)a] SUSPEND# |———
R199 < O Z2ZZZZ2Z22Z22
b & I bOOLOO6O
© - <0

.||

|”

* JTAG to FPGA.

Jaebak Kim (Korea University) August 26, 2025 (1st Korea HEP FPGA Forum) 27


https://dpoauwgwqsy2x.cloudfront.net/Download/TUL_PYNQ_Schematic_R12.pdf

Pynqg-Z2 schematic: What pin to use for LED?

U15C
[ e
Link to schematic R
10_L1P_TO_34 T11 JB2 P B2 P 3
I I0_LIN_TO_34 T10 JB2 N B2 N 3
10_L2P_TO_34 T12 AR MOS!I 4
10_L2N_T0_34 U12 AR_101 4
LD3 10_L3P_T0_DQS_PUDC_B_34 | U13 -
R39 AR_I02 4
10_L3N_T0_DQS_34 V13 ART103 4
AX | 10_L4P_TO0_34 V12 JB4 P JB4 P 3
11 LED3 o I o_Lan. 1034 | N2 L4 8 JB4N 3
| 10_L5P_T0_34 T14 AR 100 4
I10_L5N_TO_ o
330 SML-010-L 10_L6P_TO_. P14 LED1 LED1 3
10_L6N_TO_VREF R14 LEDO LEDO 3
1% 10_L7P_T1_ : 0 .
10_L7N_T1_34 JA2N 34
10_L8P_T1_34 g
R42 LD2 A I0_L8N_T1_34 jgl‘ﬁ %
10_L9P_T1_DQS_34 AR 1010 4
11 LED2 Whe ’I c |||- 10_L9N_T1_DQS_34 AR_IO7 4
| 10_L10P_T1_34 AR 104 4
10_L10N_T1_34 | W15 AR_MISO AR MISO 4
330 SML-010-L 10_L11P_T1_SRCC_34 | U14 HDMI_RX_SCL HDMI RX SCL 6
1% 10_L11N_T1_SRcC_34 | U15 HDMI_RX SDA HDMI RX SDA 6
10_L12P_T1_MRCC_34 | U18 JA3 P JA3 P 34
10_L12N_T1_MRCC_34 | U19 JA3 N JA3N 34
R45 LD1 10_L13P_T2_MRCC_34 | N18 HDMI_RX_CLK_P HDMI RX CLK P 6
10_L13N_T2_MRCC_34 | P19 HDMI_RX_CLK_N HDMI RX CLK N 6
AR C | 10_L14P_T2_SRCC_34 | N20 HDMI RX_D2 P —e T S
1 LED1 Wi ||' I0_L14N_T2_SRCC_34 | P20 HDMI_RX D2 N HOMI W et 8
)_L14N_T2_SRCC_ HDMI_RX_ D2 N 6
I 10_L15P_T2_DQS_34 T20 HDMI_RX D1 _P HDMI RX D1 P 6
10_L15N_T2_DQS_34 | U20 HDMI_RX D1 _N RY D1
330 SML-010-L 10_L16P_T2_34 | V20 HDMI_RX_DO_P :Bm:—gi—gg—;‘ g
1% 10_L16N_T2_34 | W20 HDMI_RX_DO_N HDMIRX DO N 6
10_L17p_12_34 | Y18 JAT P UM P 34
10_L17N_T2_34 | Y19 JAT N JATN 34
10_t18p_12_34 | V16 JB3 P JB3 P 3
R48 LDO 10_L18N_T2_34 | W16 JB3 N JB3 N 3
)) | 10_L19P_T3_34 R16 AR 106 4
C 10_L19N_T3_VREF_34 | R17 -
1 LEDO M- N |||- 10_120p_ T3 34 [ T17 i
10_L20N_T3_34 R18 AUBCLK R 7
10_L21P_T3_DQS_34 | V17 & 2
330 SML-010-L o2 T oas s [VIE ARTI00 4
10_L22N_T3 34 | W19 JA4 N JAAN 34
10_123p_T3 34 | N17 AR_IO13 4
° ° 10_L23N_T3_34 P18 AR_|O12 4
® 10_124P_13_34 | P15 AR SDA 4
I S I n 10_L24N_T3_34 P16 AR SCL 4
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https://discuss.pynq.io/t/pynq-z2-pinout/4256

Pyng-Z2 schematic: What clock can we use?

6.2. Clock Realtek link

Table 2. Clock

Pin No. | Pin No. | Pin Name | Type | Description
(48-pin) | (64-pin)

°
o 42 61 CKXTALI1 I | 25/50MHz Crystal Input.
If a 25/50MHz oscillator is used, connect CKXTALLI to the oscillator’s output

(see section 10.3, page 57 for clock source specifications).

43 62 CKXTAL2 | O [25/50MHz Crystal Output.
Connect to GND if an external 25/50MHz oscillator drives CKXTALI.
46 1 CLK125 |[O/PD | 125MHz Reference Clock Generated from Internal PLL.
This pin should be kept floating if the 125MHz clock is not used by MAC.
° KAU 4
® MDI[1]+ f=—
Z OSC' a Or OES O ea e B ETH TXDO 23 i
10 ETH_TXDO ETH TXD1 24 TXDO 7
10 ETH_TXD1 ETH TXD2 25 TXD1 MDI[2]+ F—g—
R122 10 ETH_TXD2 ETH TXD3 26 | TXD2 MDI[2]+ fF—
18k 10 ETH TXD3<SETTrem 27| TXD3 10
5% 10 ETH_TXCK TXC MDI[3]+ }—
31 LEDO/PHY_ADO %
30 MDIO LED1/PHY_AD1 32~
MDC LED2/RXDLY f—
VCC3V3
10 ETHNT B ETLINTE 2
551 PMEB
o 10 ETH_RST B <<ETH LB 29 1 pHYRSTB
R222 . 49.9 5% \ 38 [ 39
R 459 5% RSkt ENSWREG RSET
W22 ETH CLK 5
. CE5-50.0000 10 ETH clk (JEIHCLK 42 ] ckxTaLt S
16V . CKXIALZ @
50 MHz oscillator 11 SYSCLK(’SYSCLK B YCikizs | & &
2 e m O,FTMVL
_ . N| 5%
ln-:v)n--rq-luorr ae | KAR HNDAMMI_TY N0_N 27 nYm_tA_vv_r o
Fe—=== RO AUV TX"PO N 6
10_L13P_T2_MRCC_35 | H16 __ SYSCLK §§ syscik &
IU_LISIN_1Z_MIRCC 55 | ;_;“l‘? 'I'L:J'V" 5’\ _\?;\2 S>> HDMI RX CEC 6
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*How much did you understand? www.kahoot.it



