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9. DECOUPLING

REVISIONS
1.0 - Initial draft

1.1 - Replaced MAX5101 DAC with PCM5101A. Replaced wire-wound chokes with fixed inductors.

1.2 - Added decoupling and supply isolation for TFP410.

10. FPGA EXTERNAL MEMORY

1.3 - Removed decoupling and supply isolation for TFP410. Added external memory.

1.4 - 10u caps and 100k pull-downs added to audio DAC output. Fixed micro-SD pullups. Corrected
DDR-RAM clock pins. Variable-voltage added to U19.

1.5 - Trimpot orientation fixed. VCCA fixed to 3.3VA. Protection diodes added to PS2 port. Links
added for AS x1/x4 config. VCCPGM replaced with VCCIO. TFP410 powered from VCCIO.



A A

B B

C C

D D

1

1

2

2

3

3

4

4

5

5

TITLE:
Cyclone V GPU REV: 1.3

Date: 2020-09-22

Sheet: 1/1
Drawn By: nockieboy

Company: 10103

TFP410PAP
U1.3

TFADJ 19

TXC- 21TXC+ 22

TX0- 24TX0+ 25

TX1- 27TX1+ 28

TX2- 30TX2+ 31

DATA2336 DATA2237 DATA2138 DATA2039 DATA1940 DATA1841 DATA1742 DATA1643 DATA1544 DATA1445 DATA1346 DATA1247 DATA1150 DATA1051 DATA952 DATA853 DATA754 DATA655 DATA558 DATA459 DATA360 DATA261 DATA162 DATA063

TFP410PAP
U1.2

DE2

VREF 3

HSYNC4
VSYNC5

CTL3A3DK36 CTL2A2DK27 CTL1A1DK18

EDGEHTPLG 9

PD 10

MSENPO1 11

ISELRST 13

DSELSDA14 BSELSCL15

DKEN 35

IDCK-56 IDCK+57TFP410PAP
U1.1

DVDD1
DVDD12 DGND 16PGND 17PVDD18

TGND 20
TVDD23 TGND 26
TVDD29 TGND 32

DVDD33

RESERVED 34

DGND 48

NC49

DGND 64

EP 65

R0
R1
R2
R3
R4
R5
R6
R7

B0
B1
B2
B3
B4
B5
B6
B7
G0
G1
G2
G3
G4
G5
G6
G7

HDMI

EH
20

Hot Plug Detect19 +5V Power 18DDC/CEC Ground17 SDA 16SCL15 Reserved (N.C.) 14CEC13 TMDS Clock- 12TMDS Clock Shield11 TMDS Clock+ 10TMDS Data 0-9 TMDS Data 0 Shield 8TMDS Data 0+7 TMDS Data 1- 6TMDS Data 1 Shield5 TMDS Data 1+ 4TMDS Data 2-3 TMDS Data 2 Shield 2TMDS Data 2+1

EH
21

GND

+5V

TX0+
TX0-

TX1+
TX1-

TX2+
TX2-

TXC+
TXC-

TX2+

TX2-

TX1-
TX0+

TX0-

TX1+

GNDGND

TXC+

TXC-

GND

VCCIO 3.3VTVDD

GND

HS
VS
DE

DAC_CLK

GND

3.3VTVDD

3.3VTVDD
10nF
C1

3.3VTVDD

3.3VTVDD

RCLAMP0514M.TBT
D2

LINE11
NC2
VCC3
LINE34
NC5 LINE4 6NC 7GND 8LINE2 9NC 10

GND

RCLAMP0514M.TBT
D3

LINE11
NC2
VCC3
LINE34
NC5 LINE4 6NC 7GND 8LINE2 9NC 10

GND

SCL
SDA

10K

R2

1K

R1

10K

R3

4K7

R4

TX0+
TX0-

TX1+
TX1-

TX2+
TX2-

TXC+
TXC-

TXC+
TXC-

TX0+
TX0-

TX1+
TX1-

TX2+
TX2-

100n
C3

100n
C4

100n
C5

100n
C6

500R 1%

R5

24-bit Single-edge Rising Single-ended
Width Latch Mode Edge Clock Mode

24-bit DVI VIDEO OUTPUT

10uF
C2

BLM18RK601SN1D
L1

GND



A A

B B

C C

D D

1

1

2

2

3

3

4

4

5

5

TITLE:
Cyclone V GPU REV: 1.0

Date: 2020-08-23

Sheet: 1/1
Drawn By: nockieboy

Company: 10103

EDID at 0xA0

SCL

SDA

+5V

GND

GND

GND

GND

75R
R6

75R
R9

75R
R11

DE

ADV7125KSTZ140

U2.1

BLANK#11 SYNC#12 CLOCK24

RSET37

PSAVE#38

COMP35 VREF 36

GND 1
GND 2

VAA13

GND 14
GND 15
GND 25
GND 26

VAA29
VAA30 GND 39

GND 40

ADV7125KSTZ140

U2.2

B016
B117
B218
B319
B420
B521
B622
B723

IOB# 27

IOB 28

ADV7125KSTZ140

U2.3

G03
G14
G25
G36
G47
G58
G69
G710

IOG# 31

IOG 32

ADV7125KSTZ140

U2.4

IOR# 33

IOR 34R041
R142
R243
R344
R445
R546
R647
R748

GND

GND

GND

VSYNC
HSYNC

VGA

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

74HCT541PW,118

U4

OE1#1
A02
A13
A24
A35
A46
A57
A68
A79
GND10 Y7 11Y6 12Y5 13Y4 14Y3 15Y2 16Y1 17Y0 18OE2# 19VCC 20

VS

VSYNC

HSYNC

HS

GND

+5V

GND

1uF
C18

530R
R7

GND

AD1580BRTZ-R2

U3

V+1 V- 2

NC 3

3.3VA3.3VA

3.3VA

DAC_CLK

R2
R3
R4
R5
R6
R7

G2
G3
G4
G5
G6
G7

B2
B3
B4
B5
B6
B7

HSYNC/VSYNC BOOST

R0
R1

G0
G1

B0
B1

100n
C29+5V

GND

10n
C19

10n
C20

10n
C24

100n
C21

100n
C22

100n
C23

100n
C17

100K
R10

1K

R8

24-bit VGA VIDEO OUTPUT



A A

B B

C C

D D

1

1

2

2

3

3

4

4

5

5

TITLE:
Cyclone V GPU REV: 1.0

Date: 2020-06-25

Sheet: 1/1
Drawn By: nockieboy

Company: 10103

74LVC245APW

U6

DIR1
A02
A13
A24
A35
A46
A57
A68
A79
GND10 B7 11B6 12B5 13B4 14B3 15B2 16B1 17B0 18OE# 19VCC 20

VCCIO

GND

VCCIO

GND

VCCIO

GND

VCCIO

GND

VCCIO

GND

DQ0
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7

245_DIR
245_OED0

D1
D2
D3
D4
D5
D6
D7

EA14
EA15
EA16
EA17
EA18
EA19
EA20
EA21

A12
A13
A14
A15

AQ14
AQ13

AQ10
AQ9

A1
A2

A5
A6

AQ6
AQ5

AQ2
AQ1

MREQ_Q

M1_Q

WR_Q
RD_Q

H_CLK

IORQ_Q

A0

A3
A4

A7
AQ7

AQ4
AQ3

AQ0

A8
A9

A10
A11

AQ15

AQ12
AQ11

AQ8

E14
E15
E16
E17
E18
E19
E20
E21

Z80_nWR

Z80_nM1

Z80_nMREQ
Z80_nIORQ

Z80_nRD

74LVC245APW

U9

DIR1
A02
A13
A24
A35
A46
A57
A68
A79
GND10 B7 11B6 12B5 13B4 14B3 15B2 16B1 17B0 18OE# 19VCC 20EA_DIR

EA_OE

74LVC245APW

U8

DIR1
A02
A13
A24
A35
A46
A57
A68
A79
GND10 B7 11B6 12B5 13B4 14B3 15B2 16B1 17B0 18OE# 19VCC 20

FPGA<Z80

FPGA<>Z80

Z80<>FPGA

74LVC245APW

U5

DIR1
A02
A13
A24
A35
A46
A57
A68
A79
GND10 B7 11B6 12B5 13B4 14B3 15B2 16B1 17B0 18OE# 19VCC 20

74LVC245APW

U7

DIR1
A02
A13
A24
A35
A46
A57
A68
A79
GND10 B7 11B6 12B5 13B4 14B3 15B2 16B1 17B0 18OE# 19VCC 20

Z80>FPGA

Z80>FPGA

Z80_nCLK

Z80_nRES
H_RESET

INTACK

Header 2x20
H1

1 2
3 4
5 6
7 8
9 10
11 12
13 14
15 16
17 18
19 20
21 22
23 24
25 26
27 28
29 30
31 32
33 34
35 36
37 38
39 40

Header 2x20
H2

1 2
3 4
5 6
7 8
9 10
11 12
13 14
15 16
17 18
19 20
21 22
23 24
25 26
27 28
29 30
31 32
33 34
35 36
37 38
39 40

AQ0
AQ1 AQ2
AQ3 AQ4
AQ5 AQ6
AQ7 AQ8
AQ9 AQ10
AQ11 AQ12
AQ13 AQ14
AQ15

H_CLK

WR_Q RD_Q
IORQ_Q MREQ_Q
M1_Q

H_RESET

GNDGND

DQ0
DQ1DQ2
DQ3DQ4
DQ5DQ6
DQ7

+5V +5V

EA14 EA15
EA16 EA17
EA18 EA19
EA20 EA21

SYSTEM BUS HEADERS

4.7uF
C26

4.7uF
C25+5V +5V

GNDGND

SCL
SDA

GND

VCCIO

100n
C30

100n
C31

100n
C32

100n
C33

100n
C34

INTACK
Z80_INTAK

GND

GND

GND

VCCIO

VCCIO

GND

5V<->3.3V SYSTEM BUS CONVERTERS



A A

B B

C C

D D

1

1

2

2

3

3

4

4

5

5

TITLE:
Cyclone V GPU REV: 1.5

Date: 2020-06-25

Sheet: 1/1
Drawn By: nockieboy

Company: 10103

VCCIO

GND

DCLK

nCSO

Header 2x5

JTAG1

109
87
65
43
21

Header 2x5

AS1

109
87
65
43
21CONF_DONE

GND

nCSO
nCE

VCCIO
DCLK

nCONFIG
DATA1
DATA0

VCC_AUX

GND

VCC_AUX

TMS

TDI

TCK
TDO

GND

RST

1
3

2
4

50 MHz CLOCK

nCONFIG

GND

100nF
C28

VCCIO

CLKUSR
33
R15

GNDGND

100nF
C27

VCCIO

JTAG HEADER AS HEADER CONFIG EEPROM

AS FAST (x4) 10010 configuration @ 3.3V with J2 pins 1-2 connected.

VCCIO

TMS
TCK
TDO
TDI

nSTATUS
nCONFIG

CONF_DONE
DCLK

nCE

FPGA RESET
GND

5CEBA2F17C6N
U12.9

TDOM6

nCSO,DATA4L3

TMSL6

AS_DATA3,DATA3M2

TCKM3

AS_DATA2,DATA2L2

TDIL4

AS_DATA1,DATA1K1

DCLKM5

AS_DATA0,ASDO,DATA0M1

MSEL0E5

CONF_DONEC1

MSEL1E4

nSTATUSD1

nCEE1

MSEL2D2
MSEL3E6

nCONFIGD3

MSEL4F6

nCSO

DATA0

50MHz
X1

OE#

OUTVDD

GND

'MSEL Pin Settings' 7-2 in Cyclone V Device
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IO,(DIFFIO_TX_T26n,DIFFOUT_T26n,DQ2T) A9
IO,(DIFFIO_RX_T27p,DIFFOUT_T27p,DQ2T) B8

IO,FPLL_TL_CLKOUT0,FPLL_TL_CLKOUTp,FPLL_TL_FB,(DIFFIO_TX_T28p,DIFFOUT_T28p,DQ2T) A5IO,(DIFFIO_RX_T27n,DIFFOUT_T27n,DQ2T) A7

IO,FPLL_TL_CLKOUT1,FPLL_TL_CLKOUTn,(DIFFIO_TX_T28n,DIFFOUT_T28n,DQ2T) A4
IO,(DIFFIO_RX_T29p,DIFFOUT_T29p,DQS2T) D8

IO,(DIFFIO_TX_T30p,DIFFOUT_T30p) B3IO,(DIFFIO_RX_T29n,DIFFOUT_T29n,DQSn2T) D7

IO,(DIFFIO_TX_T30n,DIFFOUT_T30n,DQ2T) A3
IO,(DIFFIO_RX_T31p,DIFFOUT_T31p,DQ2T) B7

IO,(DIFFIO_TX_T32p,DIFFOUT_T32p,DQ2T) C3IO,(DIFFIO_RX_T31n,DIFFOUT_T31n,DQ2T) B6

IO,(DIFFIO_TX_T32n,DIFFOUT_T32n) C4
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U12.12

DNUB2 DNUA2 DNU C13
DNU C8
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A12

A14
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E14

E15
E16

E17

E18

E19

E20

E21

EA_DIR
EA_OE

245_DIR
245_OE

D0

D1

D2
D3

D4

D5

D6

D7

CLKUSR

A13

B0
B1

B2

B3

B4

B5

B6

B7

G0

G1
G2
G3

UART_TX

UART_RX

DAC_CLK

G4

G5

G6
G7

R0

R1
R2

R3
R4

R5

R6

R7

PS2_KDAT

PS2_KCLK

PS2_MCLK

PS2_MDAT

HS

VS

DE

Z80_nRES

Z80_nM1

Z80_nIORQ

Z80_nMREQ
Z80_nWR

Z80_nRD

Z80_nCLK

Z80_INTAK

SD_D0
SD_D1

SD_D2

SD_D3
SD_CMD

SD_CLK
IOR

IOB
IOG

2K
R53

GND

NOTE: Cyclone V A2 and A4 versions are pin-compatible and interchangeable on this PCB design.

Cyclone V FPGA

DDR1_CSn

DDR_RST
DDR_CKn
DDR_CKp

DDR_RWDS

DDR_D2

DDR_D1

DDR_D0

DDR_D3
DDR_D4
DDR_D7

DDR_D6
DDR_D5

DDR2_CSn

A_BCK

A_DIN
A_LRCK

PC_RXD
PC_RTS

PC_TXD

PC_CTS
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GPIO LEDS
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VCCIO
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PERIPHERALS
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A_BCK
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24-bit AUDIO DAC

NOTE: LINE OUT LEVELS
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100nF
C62

3.3VA+5V
AMS1117-3.3

U13

In3 Out 2

G
N

D
1

TAB 4

DAC SUPPLIES

100nF
C61

10uF/16V
C63

10R
R43

(or 1206
ferrite bead)

10uF/16V C60

GND

U15 - 1.1V supply ( VCCINT )
U16 - 3.3V supply ( VCCIO )

U14 - 2.5V supply ( VCCA_FPLL, VCC_AUX )
Supplies:

VCCINT

VCCIO

GND GND

5CEBA2F17C6N
U12.11

GNDC14
GNDD4

GND H12

GND T16GND T6GND T1GND R13GND P10GND P5GND N2GND M14GND M9GND M4GND L11GND L1GND K13GND K10GND K8GND K6GND J11GND J9GND J7GND J5

GNDH10 GNDH8 GNDH6 GNDG11 GNDG9 GNDG7 GNDG4 GNDF16 GNDF1 GNDE13 GNDE8 GNDE3 GNDD10 GNDD5

GNDC2 GNDB9 GNDB1 GNDA16 GNDA11 GNDA6

5CEBA2F17C6N
U12.10

VCCF9

VCCL8 VCCK11 VCCK9 VCCK7 VCCJ10 VCCJ8 VCCJ6 VCCH11 VCCH9 VCCH7 VCCG10 VCCG8 VCCG6

VCCPGMP6 VCCPGMM15 VCCPGMC6

VCCBAT C5

VCCIO2AH2
VCCIO2AK3

VCCIO3AN7
VCCIO3AR3

VCCIO3BR8
VCCIO3BT11

VCCIO4AN12
VCCIO4AP15

VCCIO5AJ15
VCCIO5AL16

VCCIO5BD15
VCCIO5BG14

VCCIO7AB14
VCCIO7AC12

VCCIO8AC7 VCCIO8AB4

VCCPD1A2A J4

VCCPD3A N6

VCCPD3B4A N10VCCPD3B4A N8

VCCPD5A J13

VCCPD5B H14

VCCPD7A8A E7
VCCPD7A8A E11

VREFB2AN0 K2

VREFB3AN0 R5

VREFB3BN0 T9

VREFB4AN0 P12

VREFB5AN0 M16

VREFB5BN0 E14

VREFB7AN0 B13

VREFB8AN0 B5

VCCA_FPLL G5
VCCA_FPLL L5

VCCA_FPLL F5

VCCA_FPLL L12

VCCA_FPLL F13

VCC_AUX D6
VCC_AUX D9
VCC_AUX D12

VCC_AUX N13VCC_AUX N9VCC_AUX N5
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GND

VCCA_FPLL

VCCIO

TLV62130ARGTR
U15

SW1
SW2
SW3
PG4
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D
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EXP 17

VCCINT - 2.5MHz

GND

10uF/16V C64

ferrite bead)
(or 1206

10R
R44

10uF/16V
C67

100nF
C65

VCCA_FPLL & VCC_AUX

AMS1117-2.5
U14

In3 Out 2
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N

D
1

TAB 4

+5V

100nF
C66

VCCA_FPLL

100nF
C69

10uF
C68

VCC_AUX

U13 - 3.3V supply ( 3.3VA, VCCA )

+5V

GND

GND

GND

GND

22uF

C73

VCCINT

10uF/16V

C78

GND

GND

GND
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VCCIO & VCCPGM - 2.5MHz
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100n
C70

130p
C74 10u

C71

100K

R45

56.2K
R46

150K
R47

100n

C72

240K
R50

750K
R49

100K

R48

100n

C77

3.3p
C79

100n
C75

10u
C76

GND

GND

VCCIO

POWER SUPPLIES

DFE201610E-2R2M=P2
L3

DFE201610E-2R2M=P2
L5

DFE201610E-2R2M=P2
L4

DFE201610E-2R2M=P2
L6

VCCA

DESIGN NOTE: All 10uF/22uF components are SMD 3216 tantalum caps.

GND

10uF/16V C116

ferrite bead)
(or 1206

10R
R23

10uF/16V

C117

100nF
C131

SDRAM SUPPLY (1.7-2.5V)

AMS1117-ADJ
U19

In3 Out 2

G
N

D
1

TAB 4

+5V VCC_DDR

100nF

C132

U19 - 1.8-2.5V supply ( VCC_DDR )

VCC_DDR

560R
R29

560R
R32

1K
R51

1
2

3

VCC_AUX

VCC_AUX
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VCCINT
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C13

100n
C14

100n
C15

100n
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100n
C37

100n
C38

100n
C39

100n
C42

100n
C43

100n
C45

100n
C46

GND

VCC_FPLL

GND

4.7n
C81

4.7n
C82

4.7n
C83

4.7n
C84

4.7n
C87

4.7n
C88

4.7n
C89

4.7n
C90

4.7n
C91

4.7n
C92

4.7n
C93

4.7n
C94

4.7n
C95

100n
C85

100n
C86

100n
C96

100n
C97

100n
C98

100n
C99

100n
C100

100n
C101

100n
C103

100n
C105

100n
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GND

Note: Place capacitors near FPGA pins

GND

100n
C104

100n
C107

100n
C108

100n
C109

100n
C110

100n
C111

100n
C112

100n
C113

VCCIO

FPGA DECOUPLING

Are these needed?

GND

VCC_DDR

100n
C53

100n
C54

100n
C55

100n
C56

100n
C57

100n
C58

100n
C59
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FPGA EXTERNAL MEMORY

S27KS0642GABHI020
U10

RFUA2

CS#A3

RESET#A4

RFUA5

CK#B1

CKB2

VSSB3

VCCB4

RFUB5

VSSQC1

RFUC2

RWDSC3 DQ2 C4
RFU C5

VCCQ D1
DQ1 D2
DQ0 D3
DQ3 D4
DQ4 D5
DQ7 E1
DQ6 E2
DQ5 E3

VCCQ E4
VSSQ E5

S27KS0642GABHI020
U18

RFUA2

CS#A3

RESET#A4

RFUA5

CK#B1

CKB2

VSSB3

VCCB4

RFUB5

VSSQC1

RFUC2

RWDSC3 DQ2 C4
RFU C5

VCCQ D1
DQ1 D2
DQ0 D3
DQ3 D4
DQ4 D5
DQ7 E1
DQ6 E2
DQ5 E3

VCCQ E4
VSSQ E5

DDR_D0

DDR_D1

DDR_D2

DDR_D3

DDR_D4

DDR_D5

DDR_D6

DDR_D7DDR_CKn DDR_CKn

DDR_CKp DDR_CKp

DDR_RST DDR_RST

DDR1_CSn DDR2_CSn

DDR_D5

DDR_D6

DDR_D7

DDR_D4

DDR_D3

DDR_D0

DDR_D1

DDR_D2DDR_RWDS DDR_RWDS

VCC_DDR

VCC_DDR

VCC_DDR

VCC_DDR

VCC_DDR

VCC_DDR

GNDGNDGND GND8MB 8MB

100n
C40

100n
C47

100n
C48

100n
C49

100n
C51

100n
C52

VCC_DDR

GND


