
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

A

B

C

D

E

F

G

H

I

J

K

L

M

N

O

P

A

B

C

D

E

F

G

H

I

J

K

L

M

N

O

P

Date: 2024-09-12
KiCad E.D.A. 9.0.0

Rev:Size: A0
Id: 1/1

Title: Z80 FPGA Board

File: level-shifter.kicad_sch
Sheet: /
University of Texas at Austin / Phoenix Semiconductor

Designed by team IH1 - ECE364
Connor Leu, April Douglas, Nadia Houston, Luke Mason, Gage Miller, Gabriel Moore

R10
100k

+5V

C14
100nF

GND

+3V3UR

R6
100k

+5V

GND

C13
100nF

+3V3UR

GND

C12
100nF

+3V3UR

GNDGND

+3V3UL

C2
100nF

+5V

X1/ICLK
1

VDD
2

GND
3

S1
4

X2
8

OE
7

S0
6

CLK
5

U1
501MLF

GND

C21
100nF

+3V3UL

VCC(A)
1

A1
2

A2
3

A3
4

A4
5

N.C._1
6

GND
7

VCC(B)
14

B1
13

B2
12

B3
11

B4
10

N.C._2
9

OE
8

IC1
NXB0104PW-Q100J

+5V

+3V3BR

GND

C1
100nF

GND

+3V3UL

C15
100nF

C3
100nF

+3V3UL

VCC(A)
1

A1
2

A2
3

A3
4

A4
5

N.C._1
6

GND
7

VCC(B)
14

B1
13

B2
12

B3
11

B4
10

N.C._2
9

OE
8

IC7
NXB0104PW-Q100J

+3V3UR

GND

VCC(A)
1

A1
2

A2
3

A3
4

A4
5

N.C._1
6

GND
7

VCC(B)
14

B1
13

B2
12

B3
11

B4
10

N.C._2
9

OE
8

IC2
NXB0104PW-Q100J

+5V

R7
100k

C17
100nF

GND

GND

R2
100k

C10
100nF

+3V3BL

R5
100k

+3V3BL

+5V

R4
100k

GND

+3V3BR+5V

+3V3UL

GND
VCC(A)

1

A1
2

A2
3

A3
4

A4
5

N.C._1
6

GND
7

VCC(B)
14

B1
13

B2
12

B3
11

B4
10

N.C._2
9

OE
8

IC9
NXB0104PW-Q100J

C5
100nF

GND

GND

+3V3BR

R3
100k

GND

C20
100nF

GND

C19
100nF

GND

GND

+5V

+3V3BR

+3V3BR

R9
100k

1
3
5
7
9

11
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47

2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48

J1
Conn_02x24_Odd_Even

VCC(A)
1

A1
2

A2
3

A3
4

A4
5

N.C._1
6

GND
7

VCC(B)
14

B1
13

B2
12

B3
11

B4
10

N.C._2
9

OE
8

IC10
NXB0104PW-Q100J

GND

C18
100nF

GND

GND

GND

C6
100nF

+3V3UL
+3V3UL

GND

+3V3UL

GND

+3V3UL

GND

+3V3UL

GND

C16
100nF

GND

C8
100nF

C9
100nF

GND

VCC(A)
1

A1
2

A2
3

A3
4

A4
5

N.C._1
6

GND
7

VCC(B)
14

B1
13

B2
12

B3
11

B4
10

N.C._2
9

OE
8

IC5
NXB0104PW-Q100J

GND

+3V3BL

VCC(A)
1

A1
2

A2
3

A3
4

A4
5

N.C._1
6

GND
7

VCC(B)
14

B1
13

B2
12

B3
11

B4
10

N.C._2
9

OE
8

IC4
NXB0104PW-Q100J

*1CLR
1

1J
2

*1K
3

1CLK
4

*1PRE
5

1Q
6

*1Q
7

GND
8

VCC
16

*2CLR
15

2J
14

*2K
13

2CLK
12

*2PRE
11

2Q
10

*2Q
9

U2
CD74AC109M96

R8
100k

GND
VCC(A)

1

A1
2

A2
3

A3
4

A4
5

N.C._1
6

GND
7

VCC(B)
14

B1
13

B2
12

B3
11

B4
10

N.C._2
9

OE
8

IC8
NXB0104PW-Q100J

GND
GND

+3V3BR

GND

R1
100k

C23
100nF

+3V3UL

+5V

GND

GND

GND
+5V

GND
+3V3BR

GND
1
3
5
7
9

11
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47

2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48

J4
Conn_02x24_Odd_Even

GND

C4
100nF

GND

GND GND

+3V3BL

GND

GND

GND

+3V3UR

GND

VCC(A)
1

A1
2

A2
3

A3
4

A4
5

N.C._1
6

GND
7

VCC(B)
14

B1
13

B2
12

B3
11

B4
10

N.C._2
9

OE
8

IC3
NXB0104PW-Q100J

+3V3BR

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

J3

Conn_01x20_Pin

+3V3BL

C7
100nF

GND

C11
100nF

VCC(A)
1

A1
2

A2
3

A3
4

A4
5

N.C._1
6

GND
7

VCC(B)
14

B1
13

B2
12

B3
11

B4
10

N.C._2
9

OE
8

IC6
NXB0104PW-Q100J

GND

+3V3UL

GND

+5V

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

J2

Conn_01x20_Pin

A11_FPGA

D6_FPGA

BUSRQ_5V

A14_FPGA
A12_FPGA

DOUBLE_CLK

HALT_FPGA

M1_5V

WAIT_5V

D5_5V

INT_FPGA
D0_FPGA

RESET_5V

A1_5V
A2_5V

A4_5V
A5_5V

A0_5V

IORQ_FPGA

A3_5V

A5_FPGA

A7_FPGA

A3_FPGA

A10_5V
A9_5V

A9_FPGA

RESET_FPGA

M1_FPGA

A2_FPGA
A0_FPGA

IORQ_5V

HALT_5V
MREQ_5V WR_5V

RD_FPGA
BUSAK_FPGA

BUSAK_5V

RD_5V

MREQ_FPGA

D4_FPGA

D7_FPGA

A15_FPGA

D1_FPGA

D2_FPGA

A0_FPGA

P
L

L
C

L
K

A2_FPGA
A1_FPGA

NMI_FPGA

D5_FPGA

PLLCLK

DOUBLE_CLK

INT_5V

A3_FPGA

D0_5V

NMI_5V

D1_5V

D7_5V

D6_5V
D5_5V

D4_5V
D3_5V

A6_5V

RESET_FPGA
M1_FPGA

A13_5V

RFSH_FPGA

WAIT_5V

WR_5V
RD_5V

BUSRQ_FPGA

A12_5V

BUSAK_5V

BUSRQ_5V

A8_5V
A7_5VA14_5V

A11_5V

RFSH_5V

A15_5V

BUSAK_FPGA
WR_FPGA

WAIT_FPGA

RD_FPGA

CLK_5V

A11_FPGA

D3_FPGA

D5_FPGA

RESET_5V

RFSH_5V
M1_5V

A10_FPGA
A8_FPGA

D6_5V

WAIT_FPGA

A6_FPGA
A4_FPGA

RFSH_FPGA

A1_FPGA

BUSRQ_FPGA

WR_FPGA

CLK_5V
D4_5V

A15_5V

D3_5V

A15_FPGA

A14_FPGA

A12_FPGA

D6_FPGA

A13_FPGA

D4_FPGA

A7_5V
A8_5V
A9_5V

CLK
A5_5V
A6_5V

A3_5V
A4_5V

D2_5V

INT_FPGA

A12_5V

D1_5V

D2_FPGA

CLK

A0_5V

D7_5V

A1_5V
A2_5V

A11_5V

A13_5V
A14_5V

IORQ_5V

A10_5V

MREQ_5V
HALT_5V

IORQ_FPGA
MREQ_FPGA

A8_FPGA
A9_FPGA
A10_FPGA

A7_FPGA

D7_FPGA

D1_FPGA
D0_FPGA D0_5V

NMI_5V

INT_5V

A4_FPGA

A6_FPGA
A5_FPGA

HALT_FPGA
NMI_FPGA

D3_FPGA

A13_FPGA

D2_5V

P5

We want pullup on OE

We want pullup on OE

<--- JK Flip Flop
Does /2 to get clock from 16MHz to 8MHz

P5 D P5 C

image has been mirrored to show orientation when upside down

Z80 System <-> Translation Board <-> FPGA Board
Connectors

Lets use this single pin from
the FPGA and always tie

it high to 3V3 to power the
level shifters.

3.3V is broken up by quadrant
to avoid current loops

P4 B

We want pullup on OE

We want pullup on OE

We want pullup on OE

P4 A

z80 DIP :)

P4

https://www.retrocompute.co.uk/zilog-z80-pinout/

This is the PHYSICAL PINOUT

We want pullup on OE

We want pullup on OE

<--- This
is GND on

original Z80

Pins 1-20
(ascending order)

Narvi S7 will be upside down!!!

(bottom facing up)

micro USB on this end

https://www.mouser.com/datasheet/2/916/NXB0104_Q100-1664477.pdf

Level shifters 5V<->3V3
We are using the TSSOP-14 package

OE pullup is referenced to VCC_A, >= 50k

MacroFab MPNs specified

add 100nF cap to each level shifter

We want pullup on OE

This A3 -->
is VCC (5V) on

original Z80

We want pullup on OE

We want pullup on OE

Pins 21-40
level-shifter sides flipped from

1-20 to make layout not painful

<--- Clock Multiplier
Does x4 to get clock from 4MHz to 16MHz
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