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the Vio regulators due to
pulldowns. The RST button
is designed to be usable
as emergency off button.

Rear testpoints

Imax @ 3V3 = 5 mA
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Addr: 0001000

Cycle +3.3V
on reset to
get I2C peri-
pherals into
clean state.

5V bulk decoupling
þÿ�1�0�0�µ�Frequired to
withstand Vio short

FPGA reset asserted
on tristate

Addr A DAC: 0001110
Addr B DAC: 0001101
Addr A Pull: 0100000
Addr B Pull: 0100001
Addr A ADC: 1000000
Addr B ADC: 1000001
SMBus ARA: 0001100

Manually calibrated
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Addr DAC: 0001101
Addr ADC: 1000001
Addr Pull: 0100001
SMBus ARA: 0001100

The LVDS connector J5 is considered a
secondary connector and will only be
available on revC devices. revD and
further are planned to use different
connectors.

Ports A and B are the preferred
connectors for addons instead.Auxiliary connector that

may be used for exper-
imenting with addons.
There is no guarantee
that this connector will
be kept in future revisions.

Synchronization input/output accommodates multiple I/O standards: Vil=0.8V, Vih=2.0V.
* Nominally, ~{SYNC}is open-drain and 3.3V, with weak internal pull-up.
* Nevertheless, ~{SYNC}can be connected to 5V circuits directly.
* ~{SYNC}may also be driven as push-pull to increase bandwidth.

Care must be taken to avoid contention. Nevertheless, two Glasgows
contending on ~{SYNC}will not exceed absolute maximum ratings.
A 47 ohm series resistor is recommended for other drivers.

Manually calibrated

The LVDS connector J5 just
has minimal ESD protection.
Use appropriate ESD handling
procedures. Plug and unplug
only in completely unpowered
state.

The iCE40 LVDS buffers require external
termination, which is expected to be provided
on a specially designed daughterboard.

Suggested mating connector:
Samtec FLE-122-01-G-DV-A

Addr DAC: 0001110
Addr ADC: 1000000
Addr Pull: 0100000
SMBus ARA: 0001100

Balls B6 and B7 correspond to GBIN0/1, whose I/O buffers are shared
with one of the PLLs. When the PLL is used, it replaces the input buffer,
and so the pin input is no longer directly available. Because of this quirk
of the iCE40 architecture, two common goals are in direct conflict:

* If an applet is clocked externally, this clock should ideally be provided
on a GBINx pin. (This is recommended but not strictly necessary as it is
generally OK for a clock to traverse a small amount of iCE40 fabric.)

* If an applet is using the PLL co-located with the GBIN0 pin and clocking
it internally, the GBIN0 pin input buffer is lost, and GBIN1 pin input buffer
may be lost as well depending on the chosen PLL configuration.

To resolve this conflict, the I/O pins mapped to GBIN0/1 are mapped to
a different pin (balls B5 and A6) as well, giving gateware maximum flexibility.

+3.3VGND

D11
ESD5Z5.0T1G

R
44

10
k

+3.3V

+3.3V
GND

U30B
ICE40HX8K-BG121

IOR_161
B11

IOR_160
C11

IOR_154
D10

IOR_152
D11

IOR_147
D9

IOR_141_GBIN2
E10

IOR_148
E11

IOR_146
E8

IOR_144
E9

IOR_136
F10

IOR_140_GBIN3
F11

V
C

C
IO

_1
F

8
IOR_137

F9

IOR_120
G10

IOR_129
G11

IOR_118
G8

IOR_128
G9

IOR_116
H10

IOR_119
H11

IOR_117
J10

IOR_114
J11

IOR_115
K11

C33
u1

GND

D10 BLU

GND

+3.3V

GND

C92
4u7

C85
u1

GND

GND
D13E

S
D

5Z
5.

0T
1G

D
N

P

D12E
S

D
5Z

5.
0T

1G
D

N
P

U32
SN74LVC1T45DCKR

V
C

C
A

1

G
N

D
2

A
3

B
4

DIR
5

V
C

C
B

6

R38
47R

GND

GND
GND

R39
47R

J5
PinHeader_2x22_P1.27mm

1

10
11 12
13 14
15 16
17 18
19

2

20
21 22
23 24
25 26
27 28
29

3

30
31 32
33 34
35 36
37 38
39

4

40
41 42
43 44

5 6
7 8
9

U30D
ICE40HX8K-BG121

IOL_2A
B1

IOL_2B
B2

IOL_5B
C1

IOL_5A
C2

IOL_4B
C3

IOL_4A
C4

IOL_8B
D1

IOL_9A
D2

IOL_9B
D3

IOL_8A
E1

IOL_10A
E2

IOL_10B
E3

V
C

C
IO

_3
E

4

IOL_12A
F1

IOL_12B
F2

IOL_13B_GBIN7
F3

IOL_13A
F4

IOL_14A_GBIN6
G1

IOL_14B
G2

IOL_17A
G3

IOL_18A
H1

IOL_18B
H2

IOL_17B
H3

IOL_23A
J1

IOL_25B
J2

IOL_23B
K1

IOL_25A
K2



1 2 3 4 5 6

1 2 3 4 5 6

A

B

C

D

A

B

C

D

Date:
KiCad E.D.A. kicad 7.0.8-7.0.8~ubuntu22.04.1

Rev: C2Size: A4
Id: 3/4

Title: I/O Buffer

File: io_buffer.kicad_sch
Sheet: /IO_Banks/IO_Buffer_A/
whitequark research

Glasgow Debug Tool
Calculations by @awygle

IN
1

G
N

D
2

EN
3

FB
4

OUT
5

U31 TPS73101DBV

1234
5 6 7 8

RN12
10k

GND

GND

1
2
3
4 5

6
7
8

RN7
33R

V
D

D
_I

2C
1

P5
10

P6
11

P7
12

~{INT}
13

SCL
14

SDA
15 V

D
D

_P
16

ADDR
2

~{RESET}
3

P0
4

P1
5

P2
6

P3
7

G
N

D
8

P4
9

U19 PCA6408APW

R8
DNP

GND

VOUT
1

V
A

2
G

N
D

3

SDA
4

SCL
5

ADR0
6

U20 DAC081C081CIMK

GND

R56
0R33

V
C

C
A

1

G
N

D
2

A
3

B
4

DIR
5

V
C

C
B

6

U18
SN74LVC1T45DCKR

1234
5 6 7 8

RN11
10k

GND

C48
u1

C52
u1

GND

GND

V
C

C
A

1

G
N

D
2

A
3

B
4

DIR
5

V
C

C
B

6

U17
SN74LVC1T45DCKR

GND

C83
4u7

GND

R49
0R15

C40
u1

GND

C50
u1

V
C

C
A

1

G
N

D
2

A
3

B
4

DIR
5

V
C

C
B

6

U16
SN74LVC1T45DCKR

GNDGND

C47
u1

C51
u1

+3.3V

GND

C43
u1

+3.3V

R51
DNP

GND
GNDGND

+3.3V

C54
u1

+3.3V

+3.3V

V
C

C
A

1

G
N

D
2

A
3

B
4

DIR
5

V
C

C
B

6

U4
SN74LVC1T45DCKR

C34
u1

GND

1

10
11 12
13 14
15 16
17 18
19

2

20

3 4
5 6
7 8
9

J2

GNDGND

C82
4u7

GND

1
2

3

D19
BAT54CW

C91

1n
50

V
C

0G

GND
+3.3V

A1
1

Vin+
10

A0
2

~{Alert}
3

SDA
4

SCL
5

V
S

6
G

N
D

7

Vbus
8

Vin-
9

U21 INA233

GND

+3.3V

C58 u1

D17

CDSOD323-T36S

N
/C

10

111 12 13 14234

5

67 8 9

D23
SP3012-06UTG

1
2
3
4
5
6
7
8

J8
C

on
n_

01
x0

8
D

N
P

R60

47
0

GND

R422k
2C57

u1

GND GND GND

R55
10k

TP19

+3.3V

R3459
k

PWR_FLAG

R33
49k9

C55
u1

R35

24
k3

C56
u1

GND

+5V

GND

GND

R582k
2

1
2
3
4
5
6
7
8

J9
C

on
n_

01
x0

8
D

N
P

+3.3V

C59
u1

R30

4R
7

GND

R
47

20
k

D15
GRN

GND

R54

4R
7

C35
u1

GND

C41
u1

+3.3V

1
2
3
4 5

6
7
8

RN8
33R

GND

C49
u1

V
C

C
A

1

G
N

D
2

A
3

B
4

DIR
5

V
C

C
B

6

U11
SN74LVC1T45DCKR

C37
u1

R3710
k

+3.3V

GND

GND

V
C

C
A

1

G
N

D
2

A
3

B
4

DIR
5

V
C

C
B

6

U10
SN74LVC1T45DCKR

1
2
3
4 5

6
7
8

RN9
33R

C42
u1

C39
u1

GND

GND

V
C

C
A

1

G
N

D
2

A
3

B
4

DIR
5

V
C

C
B

6

U9
SN74LVC1T45DCKR

C38
u1

V
C

C
A

1

G
N

D
2

A
3

B
4

DIR
5

V
C

C
B

6

U6
SN74LVC1T45DCKR

GND

GND

C36
u1

GND

+3.3V

GND

+3.3V

GND

1
2
3
4 5

6
7
8

RN10
33R

GND

GND

N
/C

10

111 12 13 14234

5

67 8 9

D22
SP3012-06UTG

C84
u1

SDA

DIR7

Q3

SCL

DIR0

ADRADC

SCL

Q0
Q1
Q2

ADRDAC

SCL

DIR2

SDA

DIR4

DIR6

Q5

Q7

Q4

Q6

DIR1

VIO

DIR5

ADRPULL
EN

~
{A

LE
R

T
}

SDA

DIR3

Z6

Z4

VIO

Z0

VIO

VSENSE

VIO

VIO

Y1

V
IO

_E
N

VFB

Z7

VIO

Z3

Y0

VIO

Z1
Z2

P0

V
IO

_E
N

X7

VIO

X0
VIO

Y7

P2
P1

P7

ISNS_H

X5
X6

Y5

Y3

VIO

VIO

Y6

VDAC

X3
X2

Z5

VIO

X4

Y2

Y4

X1

P5

P3

VIO

P6

P4

See github issue
#135 for details

Imax @ 3V3 = 0.16 mA

Imax @ 3V3 = 32 mA each
Imax @ Vtg = 32 mA each

-3dB @
169 kHz
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Shunt diff input range
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See github issue
#135 for details

Imax @ 3V3 = 0.16 mA

Imax @ 3V3 = 32 mA each
Imax @ Vtg = 32 mA each

-3dB @
169 kHz
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Addr (SMBus ARA): 0001100

ADC/DAC decoupling

Functional equivalents:
- DAC101C081CIMK
- DAC121C081CIMK
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Shunt diff input range
-81.9 to 81.9 mV
= 546 mA max
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(360 mA typ)
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