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Gated SPI clock
inactive low
shif t on rising edge

Select high

SPI data

Gated SPI clock
inactive low
shif t on rising edge

MSB

LSB

LSB

MSB

SPI clock

SPI clock

SPI data

Shif t on rise

Shif t/~Load

Count on fall of  Bclk
Count on rise of  Bclk

Latch on fall of  Bclk

Bclk/6

Bclk/48

Mclk/4

50MHz

1/2 Bclk pulse
on each H-L LRclk transition

Shif t on rise

Bclk: shif t on fall

Latch on rise

Latch on rise

sync'd w ith fall on Bclk

End-of-w ord pulse

Delay data 1 BCLK w rt LRCLK

Bclk

End-of-w ord

Bclk

End-of-w ord

There is a possibility that the End-of-w ord
goes high af ter Select has been latched low
but the Select line itself  has gone high, heralding

master should w ait at least 1/2 BCLK after asserting Select
an immenent SPI clock. For this reason, the SPI

before activating the SPI clock. This is 320ns.

Fmaster/4

MCLK = 192 x Fs = 12.5MHz

BCLK = 48 x Fs = 3.125MHz

LRCLK = Fs = 65.1kHz

Select highSelect DAC 2

Select DAC 1

Option for I2S format:

Select highSelect DAC 1

Select highSelect DAC 2

Select GPIO, active low

Count on falling edge

50MHz

SPI Clock, 1MHz

Inputs latched on rising edge

Input bank select

Encoders

Buttons

Inputs (multiplexed)

Sample sync 12.5MHz

Select active low

6kHz
Direction

Direction

Direction

Count

Count

Count

Direction

Count

Direction

Count

Direction

Count

Low : Select encoders
High: Select buttons

Reset pulse at the start of  each read cycle
(immediately af ter data is latched to shif t registers)

Input latches change on rising edge
OP data is latched to shif t registers on falling edge

Sample sync. clock 12.5MHz

Debounce

Encoder 1: Mechanical, x4 resolution

Encoder 2: Mechanical, x4 resolution

Encoder 3: Mechanical, x4 resolution

Debounce

Input mux clock 96kHz 

Sample rate is 48kHz per bank

Mechanical encoder debounce clock  1.5kHz

Latch on rising edge

Data asserted on fall, latched on rise

MSB f irst, inactive high

inactive low

SPI Data

SPI data

GPOut register

Latch on rise

Line A

Line B

Direction

Count

Direction

Count

Button debounce clock 50Hz

Encoder sample clock 48kHz

Encoder 3: Optical, x4 resolution

Fmaster/5

DAC clock select

VCC
GPI1 INPUT

VCC
GPI2 INPUT

VCC
GPI3 INPUT

VCC
GPI4 INPUT

VCC
GPI5 INPUT

VCC
GPI6 INPUT

VCC
GPI7 INPUT

VCC
GPI8 INPUT

I2SbclkOUTPUT

I2SLRclkOUTPUT

I2SmclkOUTPUT

LED3OUTPUT

GPI_SELOUTPUT

GPO2OUTPUT

GPO4OUTPUT

GPO5OUTPUT

GPO6OUTPUT

GPO7OUTPUT

GPO8OUTPUT

GPO9OUTPUT

SHIFT REG.

SRCLRN
SRCLK

RCLK
RCLRN

SER

QC

QG

QHN
QH

QA
QB

QD
QE
QF

74594

inst20

SHIFT REG.

SRCLRN
SRCLK

RCLK
RCLRN

SER

QC

QG

QHN
QH

QA
QB

QD
QE
QF

74594

inst21

SHIFT REG.

SRCLRN
SRCLK

RCLK
RCLRN

SER

QC

QG

QHN
QH

QA
QB

QD
QE
QF

74594

inst31

SHIFT REG.

SRCLRN
SRCLK

RCLK
RCLRN

SER

QC

QG

QHN
QH

QA
QB

QD
QE
QF

74594

inst36

SHIFT REG.

SRCLRN
SRCLK

RCLK
RCLRN

SER

QC

QG

QHN
QH

QA
QB

QD
QE
QF

74594

inst37

SHIFT REG.

SRCLRN
SRCLK

RCLK
RCLRN

SER

QC

QG

QHN
QH

QA
QB

QD
QE
QF

74594

inst38

7404

inst42

7404

inst45

VCC

VCC

VCC

7408

inst61

7408

inst64

VCC

VCC

VCC

7404

inst70

7404

inst71

SHIFT REG.

D
C
B

G
H

A

CLKIH

E
F

CLK

STLD

SER

QH
QHN

74165

inst79

SHIFT REG.

D
C
B

G
H

A

CLKIH

E
F

CLK

STLD

SER

QH
QHN

74165

inst81

SHIFT REG.

D
C
B

G
H

A

CLKIH

E
F

CLK

STLD

SER

QH
QHN

74165

inst82

D
C
B

G
H

A

CLKIH

E
F

CLK

STLD

SER

QH
QHN

74165

SHIFT REG.

D
C
B

G
H

A

CLKIH

E
F

CLK

STLD

SER

QH
QHN

74165

inst84

SHIFT REG.

D
C
B

G
H

A

CLKIH

E
F

CLK

STLD

SER

QH
QHN

74165

inst85
GND

GND

GND

GND

GND

GND

CLR

CKA

QC

QD

QB

QA

74393M

inst96

CLR

CKA

QC

QD

QB

QA

74393M

inst97

7408

inst99

7408

inst102

7404

inst105

GND

VCC

CLR

CKA

QC

QD

QB

QA

74393M

inst113

CLR

CKA

QC

QD

QB

QA

74393M

inst114

GND

GND

CLK

D

PRN

CLRN

Q

QN

DFF2

inst118

1J

1CLK

1CLRN

1K 1QN

1Q

7473o

inst119

GND

VCC

7404

inst124

CLK

D

PRN

CLRN

Q

QN

DFF2

inst125

CLK

D

PRN

CLRN

Q

QN

DFF2

inst126

VCC

VCC

7408

inst129

7408

inst130

2D
2PRN
1CLK

1D
1PRN

2CLK
2CLRN

1CLRN
1QN
2Q
2QN

1Q

7474

VCC

CLRN

D
PRN

Q

DFF

inst188

VCC

7404

inst190

CLRN

D
PRN

Q

DFF

inst191

VCC

7404

inst193

CLR

CKA

QC

QD

QB

QA

74393M

inst26

CLR

CKA

QC

QD

QB

QA

74393M

inst74

CLR

CKA

QC

QD

QB

QA

74393M

inst101

CLRN

D
PRN

Q

DFF

inst203

VCC

OCTAL D-FF

D1
D2
D3
D4

D6
D5

OEN
D8
D7

CLK

Q2
Q3

Q5
Q4

Q6
Q7
Q8

Q1
74374

inst173

OCTAL D-FF

D1
D2
D3
D4

D6
D5

OEN
D8
D7

CLK

Q2
Q3

Q5
Q4

Q6
Q7
Q8

Q1
74374

inst204

GND

D FLIP-FLOPS

2D
2PRN
1CLK

1D
1PRN

2CLK
2CLRN

1CLRN
1QN
2Q
2QN

1Q

7474

inst211

D FLIP-FLOPS

2D
2PRN
1CLK

1D
1PRN

2CLK
2CLRN

1CLRN
1QN
2Q
2QN

1Q

7474

inst212

D FLIP-FLOPS

2D
2PRN
1CLK

1D
1PRN

2CLK
2CLRN

1CLRN
1QN
2Q
2QN

1Q

7474

inst213

D FLIP-FLOPS

2D
2PRN
1CLK

1D
1PRN

2CLK
2CLRN

1CLRN
1QN
2Q
2QN

1Q

7474

inst214

VCC

CLRN

D
PRN

Q

DFF

inst166

VCC

7486

inst208

CLR

CKA

QC

QD

QB

QA

74393M

inst210

CLRN

D
PRN

Q

DFF

inst209

7404

inst165

7404

inst206

7404

inst218

OCTAL D-FF

D1
D2
D3
D4

D6
D5

OEN
D8
D7

CLK

Q2
Q3

Q5
Q4

Q6
Q7
Q8

Q1
74374

inst219
GND

GND

D FLIP-FLOPS

2D
2PRN
1CLK

1D
1PRN

2CLK
2CLRN

1CLRN
1QN
2Q
2QN

1Q

7474

inst228
D FLIP-FLOPS

2D
2PRN
1CLK

1D
1PRN

2CLK
2CLRN

1CLRN
1QN
2Q
2QN

1Q

7474

inst229

VCC

VCC

XOR

inst235

XOR

inst236
XOR

inst237

XOR

inst238

D FLIP-FLOPS

2D
2PRN
1CLK

1D
1PRN

2CLK
2CLRN

1CLRN
1QN
2Q
2QN

1Q

7474

inst239

D FLIP-FLOPS

2D
2PRN
1CLK

1D
1PRN

2CLK
2CLRN

1CLRN
1QN
2Q
2QN

1Q

7474

inst240

VCC

VCC

XOR

inst243

XOR

inst244
XOR

inst245

XOR

inst246

D FLIP-FLOPS

2D
2PRN
1CLK

1D
1PRN

2CLK
2CLRN

1CLRN
1QN
2Q
2QN

1Q

7474

inst247

D FLIP-FLOPS

2D
2PRN
1CLK

1D
1PRN

2CLK
2CLRN

1CLRN
1QN
2Q
2QN

1Q

7474

inst248

VCC

VCC

XOR

inst251

XOR

inst252
XOR

inst253

XOR

inst254

7404

inst260

CLR

CKA

QC

QD

QB

QA

74393M

inst106

OCTAL D-FF

D1
D2
D3
D4

D6
D5

OEN
D8
D7

CLK

Q2
Q3

Q5
Q4

Q6
Q7
Q8

Q1
74374

inst227

GND

OCTAL D-FF

D1
D2
D3
D4

D6
D5

OEN
D8
D7

CLK

Q2
Q3

Q5
Q4

Q6
Q7
Q8

Q1
74374

inst223

GND

74
04

in
st

26
2

74
04

in
st

26
1

SHIFT REG.

CLRN
CLK

B
A

QD
QC

QA

QF

QH
QG

QE

QB

74164

inst23

VCC

7408

inst140

CLRN

D
PRN

Q

DFF

inst216

VCC

7404

inst232

7404

inst234

GND
7404

inst257

OCTAL D-FF

D1
D2
D3
D4

D6
D5

OEN
D8
D7

CLK

Q2
Q3

Q5
Q4

Q6
Q7
Q8

Q1
74374

inst255 7400

inst
7404

inst272

GND GND

D FLIP-FLOPS

2D
2PRN
1CLK

1D
1PRN

2CLK
2CLRN

1CLRN
1QN
2Q
2QN

1Q

7474

inst230
D FLIP-FLOPS

2D
2PRN
1CLK

1D
1PRN

2CLK
2CLRN

1CLRN
1QN
2Q
2QN

1Q

7474

inst276

VCC

VCC

XOR

inst280
XOR

inst281

XOR

inst282

XOR

inst283

COUNTER

SET9A

CLRA
SET9B

CLKB
CLKA
CLRB

QD

QA
QB
QC

7490

inst19

7404

inst284

AND2

inst286

AND2

inst287

OR2

inst288

PIN_143

PIN_142

PIN_141

PIN_139

PIN_137

PIN_136

PIN_135

PIN_134

PIN_119

PIN_113

PIN_121

PIN_9

PIN_132
PIN_126
PIN_28
PIN_24
PIN_25
PIN_26
PIN_27
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SPI data out

MSB

Enable high

f irst rise on second fall of  SPI clock

Shif t clock, inactive high

Shif t/~Load

shif t on rising edge

LSB

Parallel inputs latched
on low -high transition

SPI clock, idle high

Sample sync on rising edge

Sample sync inhibits the shif t register select
w hile the input latches may be changing
by syncronising the select signal w ith a rising edge 
of  the 50MHz master clock

MCU reads SPI at about 20kHz

Reset pulse at the start of  each read cycle
(immediately af ter data is latched to shif t registers)

Direction

Count

Line A

Line B

Reset pulse

Spare x1 decoder circuit

SHIFT REG.

D
C
B

G
H

A

CLKIH

E
F

CLK

STLD

SER

QH
QHN

74165

inst30

SHIFT REG.

D
C
B

G
H

A

CLKIH

E
F

CLK

STLD

SER

QH
QHN

74165

inst41

GND

GND

7404

inst55

7408

inst59

CLRN

D
PRN

Q

DFF

inst198

VCC

7404

inst164

7408

inst200

7404

inst201

CLRN

D
PRN

Q

DFF

inst202

VCC

CLRN

D
PRN

Q

DFF

inst63

7404

inst231

CLRN

D
PRN

Q

DFF

inst278

VCC

D FLIP-FLOPS

2D
2PRN
1CLK

1D
1PRN

2CLK
2CLRN

1CLRN
1QN
2Q
2QN

1Q

7474

inst273

VCC

D FLIP-FLOPS

2D
2PRN
1CLK

1D
1PRN

2CLK
2CLRN

1CLRN
1QN
2Q
2QN

1Q

7474

inst274

VCC

GND

PIN_119

PIN_113

PIN_121
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Latch on rising edge

LSB

MSB

Counts on falling edge

Clear on high

Data asserted on fall, latched on rise

(inactive low )
Clock

Clock/2

Low  on timeout Pulse out

50MHz
25MHz

MSB f irst, inactive high

inactive low

Internal gate signal
N-1 pulses long

High betw een reset and timeout

Oscilator gate

Oscillator clock

SPI Data

SPI Clock

Reference clock

Latch on rising edge

LSB

MSB

Counts on falling edge

Clear on high

Data asserted on fall, latched on rise

(inactive low )
Clock

Clock/2

Low  on timeout Pulse out

50MHz
25MHz

MSB f irst, inactive high

inactive low

Select, active high

SPI clock

Internal gate signal
N-1 pulses long

High betw een reset and timeout

Oscilator gate

Oscillator clock

SPI Data

SPI Clock

SPI clock

Select read 1

Select w rite 1

Select read 2

Select w rite 2

Select read 2

Select w rite 2

Select, active high

SPI clock
Display interface

Select active low ; latched on rising edge

Data clocks on rising edge

Select1: Low  = osc 1, high = osc 2

Select2 = high, Select 3 = low : Read gate
Select2 = low , Select 3 = high: Write gate
Select2 = high, Select 3 = high: Write DAC

Select2 = low , Select 3 = low : Write display

PCM1753 default data format:
Left justif ied (data commences immediately af ter LRclk)

Reset/~Count

Reset/~Count

Clock to select FF is delayed

VCC
Din INPUT

VCC
ClkIn INPUT

VCC
TimeClkIn INPUT

VCC
OscIn INPUT

VCC
Select1 INPUT

VCC
Select2 INPUT

VCC
Select3 INPUT

VCC
OscIn2 INPUT

BusyOUTPUT

I2SdatOUTPUT

Busy 2OUTPUT

disp_clkOUTPUT

disp_loadOUTPUT

disp_dataOUTPUT

SHIFT REG.

CLRN
CLK

B
A

QD
QC

QA

QF

QH
QG

QE

QB

74164

inst1

SHIFT REG.

CLRN
CLK

B
A

QD
QC

QA

QF

QH
QG

QE

QB

74164

inst3

SHIFT REG.

CLRN
CLK

B
A

QD
QC

QA

QF

QH
QG

QE

QB

74164

inst4

VCC

VCC

VCC

P6

Q3
P3
Q4
P4

Q2
P1
Q1
P0
Q0

P2

GN

Q7

Q5
P5
Q6

P7

EQUALN

74688

inst8

P6

Q3
P3
Q4
P4

Q2
P1
Q1
P0
Q0

P2

GN

Q7

Q5
P5
Q6

P7

EQUALN

74688

inst9

P6

Q3
P3
Q4
P4

Q2
P1
Q1
P0
Q0

P2

GN

Q7

Q5
P5
Q6

P7

EQUALN

74688

inst10

COUNTER

A1

CLR1
A2

CLR2

Q2D
Q2C
Q2B

Q1C
Q1D
Q2A

Q1A
Q1B

74393

inst11

COUNTER

A1

CLR1
A2

CLR2

Q2D
Q2C
Q2B

Q1C
Q1D
Q2A

Q1A
Q1B

74393

inst12

COUNTER

A1

CLR1
A2

CLR2

Q2D
Q2C
Q2B

Q1C
Q1D
Q2A

Q1A
Q1B

74393

inst13
GND

7408

inst15

D FLIP-FLOPS

2D
2PRN
1CLK

1D
1PRN

2CLK
2CLRN

1CLRN
1QN
2Q
2QN

1Q

7474

inst2

7408

inst18

VCC

7404

inst24

7404

inst25

7404

inst51

7408

inst53

3:8 DECODER

A
B

G1
C

G2AN
G2BN

Y0N
Y1N
Y2N
Y3N
Y4N
Y5N
Y6N
Y7N

74138

inst76

7404

inst78

7404

inst80

7404

inst86

7404

inst93

7404

inst95

7404

inst98

GND

VCC

SHIFT REG.

CLRN
CLK

B
A

QD
QC

QA

QF

QH
QG

QE

QB

74164

inst43

SHIFT REG.

CLRN
CLK

B
A

QD
QC

QA

QF

QH
QG

QE

QB

74164

inst77

SHIFT REG.

CLRN
CLK

B
A

QD
QC

QA

QF

QH
QG

QE

QB

74164

inst104

VCC

VCC

VCC

P6

Q3
P3
Q4
P4

Q2
P1
Q1
P0
Q0

P2

GN

Q7

Q5
P5
Q6

P7

EQUALN

74688

inst111

P6

Q3
P3
Q4
P4

Q2
P1
Q1
P0
Q0

P2

GN

Q7

Q5
P5
Q6

P7

EQUALN

74688

inst115

P6

Q3
P3
Q4
P4

Q2
P1
Q1
P0
Q0

P2

GN

Q7

Q5
P5
Q6

P7

EQUALN

74688

inst121

COUNTER

A1

CLR1
A2

CLR2

Q2D
Q2C
Q2B

Q1C
Q1D
Q2A

Q1A
Q1B

74393

inst122

COUNTER

A1

CLR1
A2

CLR2

Q2D
Q2C
Q2B

Q1C
Q1D
Q2A

Q1A
Q1B

74393

inst131

COUNTER

A1

CLR1
A2

CLR2

Q2D
Q2C
Q2B

Q1C
Q1D
Q2A

Q1A
Q1B

74393

inst132
GND

7408

inst134

D FLIP-FLOPS

2D
2PRN
1CLK

1D
1PRN

2CLK
2CLRN

1CLRN
1QN
2Q
2QN

1Q

7474

inst136

7408

inst138

VCC

7404

inst141

7404

inst142

7404

inst157

7408

inst158

CLRN

D
PRN

Q

DFF

inst177

VCC

7404

inst179

CLRN

D
PRN

Q

DFF

inst180

VCC

7404

inst182

CLRN

D
PRN

Q

DFF

inst183

VCC

7404

inst185

7408

inst16

7404

inst186

74
04

in
st

18
7

CLRN

D
PRN

Q

DFF

inst194

VCC

CLRN

D
PRN

Q

DFF

inst196

VCC

PIN_80

PIN_75

PIN_17

PIN_71

PIN_81

PIN_79

PIN_86

PIN_64

PIN_87

PIN_92

PIN_103

PIN_104

PIN_101
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f irst rise on second fall of  SPI clock

Shif t clock, inactive high

LSB

Shif t/~Load

SPI data out

MSB

For diagnostics

Count LSB

Not used

shif t on rising edge

Select, active high

f irst rise on second fall of  SPI clock

Shif t clock, inactive high

LSB

Shif t/~Load

SPI data out

MSB

For diagnostics

Count LSB

Not used

shif t on rising edge

Enable high

Enable high

Select, active high

PCM1753 default data format:
Left justif ied (data commences immediately af ter LRclk)

All SPI data lines
low  w hen not selected

Clock to select FF is delayed

Clock to select FF is delayed

12.5MHz

12.5MHz

DoutOUTPUT

LED1OUTPUT

LED2OUTPUT

GPO1OUTPUT

GPO3OUTPUT

SHIFT REG.

D
C
B

G
H

A

CLKIH

E
F

CLK

STLD

SER

QH
QHN

74165

inst27

GND

SHIFT REG.

D
C
B

G
H

A

CLKIH

E
F

CLK

STLD

SER

QH
QHN

74165

inst28

SHIFT REG.

D
C
B

G
H

A

CLKIH

E
F

CLK

STLD

SER

QH
QHN

74165

inst29

GND

GND

GND

7404

inst39

7408

inst40

inst51
D FLIP-FLOPS

2D
2PRN
1CLK

1D
1PRN

2CLK
2CLRN

1CLRN
1QN
2Q
2QN

1Q

7474

inst54

COUNTER

A1

CLR1
A2

CLR2

Q2D
Q2C
Q2B

Q1C
Q1D
Q2A

Q1A
Q1B

74393

inst56

COUNTER

A1

CLR1
A2

CLR2

Q2D
Q2C
Q2B

Q1C
Q1D
Q2A

Q1A
Q1B

74393

inst57

COUNTER

A1

CLR1
A2

CLR2

Q2D
Q2C
Q2B

Q1C
Q1D
Q2A

Q1A
Q1B

74393

inst58

VCC

CLRN

D
PRN

Q

DFF

inst46

VCC

7404

inst72

SHIFT REG.

D
C
B

G
H

A

CLKIH

E
F

CLK

STLD

SER

QH
QHN

74165

inst144

GND

SHIFT REG.

D
C
B

G
H

A

CLKIH

E
F

CLK

STLD

SER

QH
QHN

74165

inst147

SHIFT REG.

D
C
B

G
H

A

CLKIH

E
F

CLK

STLD
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