
1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

A

B

C

D

E

F

A

B

C

D

E

F

Date: 2020-05-05
KiCad E.D.A.  eeschema (5.99.0-1649-g7cc1e4639-dirty)

Rev: Size: User
Id: 1/1

Title: Page 1
File: gfx.kicad_sch
Sheet: /
Alexis Lockwood
CC BY-NC-SA 3.0

+ 5

- 6

7

U22B
NE5532

C6
100p

R?
5k1

R?
1k6

4

5

6

U20B
'HC02

1

2

3

U20A
'HC02

1

2

3

Q?
2N3904

R?
100

R?
1k

R?
1k6

-15V

1

2

3

Q?

R?
50

VGAIN

R?
1k

R?
150

-15V

1

2
3

Q?
2N7000

R?
10k

VOFFSET

+15V

R2
22k

3 4

U1B
'HC14

1

2

3

U?A
'HC02

EN1

G
N

D
4

OUT 5

V
cc

8X?

1MHz

R5
6k8

+5V

D?
1N4148

R? 249k
R? 249k

R?
249k

A151

A122

A73
A64
A55
A46
A37
A28
A19
A010

CE20

D0 11

A1021

D1 12

OE22

D2 13

A1123

G
N

D
14

A924

D3 15

A825

D4 16

A1326

D5 17

A1427

D6 18

V
C

C
28

D7 19

U19
W27C512

R?
499k

R? 249k
R? 499k

10

8

9

U20C
'HC02

1

2
3

Q?
2N7000

+5V
+5V

RV?
5k

4-6 SEP

D?
1N4148

R?
2k

R? 4k99

+5V

1

2

3

Q?
2N3904

RV?
10k

VSEP

R?
820

C1
100p

1 2

U1A
'HC14

+5V

+
5V

C5
100p

1

-2

+3

U22A
NE5532

+5V

C?
1µ
×2

C?
47µ

-15V

C?
47µ

+15V

C?
1µ
×2

C?
1µ
×20

C?
470µ

+5V

Q 10S
11

C12

K13

J14

R
15

Q 9

U2B
'HC109

R
1

J2

K3
C4

S
5

Q 6

Q 7

U2A
'HC109

D?
1N4148

R3
10k

1
2
4
8

MR1

ENT10

Q3 11
Q2 12
Q1 13
Q0 14

Tc 15

CK2

P03

P14

P25

P36

ENP7

Pe9

U9
'HC161

4

5

6

U8B
'HC02

1

2

3

U8A
'HC021

12

13

2

U?A
'HC10

+5V
+5V

89

U1D
'HC14

5 6

U1C
'HC14

R1
82k

C2
100p

R?
82k5

R?
82k5

R?
82k5

+5V

+5V

+5V

1

2

3

U14A
'HC02

+5V

A01

Y5 10
Y4 11
Y3 12
Y2 13
Y1 14
Y0 15

V
C

C
16

A12

A23

LE4

E15

E26 Y7 7

G
N

D
8

Y6 9

U18

74HC237

R?
10

A->B1

G
N

D
10

B7 11
B6 12
B5 13
B4 14
B3 15
B2 16
B1 17
B0 18

CE19

A02

V
C

C
20

A13

A24

A35

A46

A57

A68

A79

U?
'AHC245

1
2
4
8

MR1

ENT10

Q3 11
Q2 12
Q1 13
Q0 14

Tc 15

CK2

P03

P14

P25

P36

ENP7

Pe9

U12
'HC161

1
2
4
8

MR1

ENT10

Q3 11
Q2 12
Q1 13
Q0 14

Tc 15

CK2

P03

P14

P25

P36

ENP7

Pe9

U13
'HC161

89

U?D
'HC14

89

U?D
'HC14

+
5V

+5V
+5V

-15V

R? 8k2
RV?
5k

4-5 SEP

1

-2

+3

U21A
NE5532

R?
2k

R?
249k

R?
499k

R?
499k

R?
499k

+5V

R? 82k5

R? 82k5

R? 18k

R? 4k99
R? 7k5
R? 15k

R?
1k

-15V

R?
50

HGAIN

R?
100

R?
1k

+ 5

- 6

7

U21B
NE5532

R6
3k3

11

12

13

U14D
'HC02

R?
10k

HOFFSET

+15V

C4
100p

R?
1k6

R?
150

4

5

6

U14B
'HC02

R?
5k1

1

2

3Q?

1

2

3 Q?
2N3904

+5V

10

8

9

U14C
'HC02

C3
100p

R?
1k6

Q 10S
11

C12

K13

J14

R
15

Q 9

U4B
'HC109

R
1

J2

K3
C4

S
5

Q 6

Q 7

U4A
'HC109

3

4

5

6

U10B
'HC10

10

11

8

9

U10C
'HC10

+5V

1
2
4
8

MR1

ENT10

Q3 11
Q2 12
Q1 13
Q0 14

Tc 15

CK2

P03

P14

P25

P36

ENP7

Pe9

U11
'HC161

Mr1

G
N

D
10

Cp11

Q4 12D413

D514 Q5 15

Q6 16D617

D718 Q7 19

Q0 2

V
C

C
20

D03

D14 Q1 5

Q2 6D27

D38 Q3 9

U16
'HC273

10

8

9

U7C
'HC02

11

12

13

U7D
'HC02

Q 10S
11

C12

K13

J14

R
15

Q 9
U5B

'HC109

Mr1

G
N

D
10

Cp11

Q4 12D413

D514 Q5 15

Q6 16D617

D718 Q7 19

Q0 2

V
C

C
20

D03

D14 Q1 5

Q2 6D27

D38 Q3 9

U17
'HC273

2 3 4 5 6 7 8 9

1

RN?
1k

+5V

1

2

3

U7A
'HC02

4

5

6 U7B
'HC02

R
1

J2

K3
C4

S
5

Q 6

Q 7

U5A
'HC109

START

CHARRSP1

H+
H-

DONE

BLANK

V-
V+

CHARRSP0

CHARRSP6
INTENRSP

INTEN

POSREQ'0
POSREQ'1
POSREQ'2

FLDREQ'0
FLDREQ'1
FLDREQ'2

CHARRSP5
CHARRSP4
CHARRSP3
CHARRSP2

POSCLK

RST

CLK

RUN

CLK

CLK

RST

RUN

POSCLK

POR

POR

CLK

POSCLK

POSCLK

RST

RUN

POR

POSCLK

POSCLK

POSCLK

RST

POSREQ2
PREBLANK

DONE

POSREQ1

POSREQ1

FLDREQ0

PREDONE

LASTPOS

LASTFLD

RUN

PREBLANK

LINE2

POS0
POS1

HDOT0

HDOT2

PREDONE

POS2

HDOT1

LINE0
LINE1
LINE2

CHAR6
CHAR5
CHAR4
CHAR3

FLD0
FLD1
FLD2

FLDREQ2
FLDREQ1
FLDREQ0

HDOT2

FLD0

RUN

FLD1
FLD2

POSREQ0

PREDONE

HDOT1

POS0

FLDREQ2

POS1

LASTPOS

LINE1

POS2

LASTFLD

INTERFIELD_BLANK

DONEREQ

RUN

INTEN LINE0

CHAR0
CHAR1
CHAR2

H
D

O
T

2
H

D
O

T
1

RUN

RST

H
D

O
T

0

LASTDOT

HDOT0

DONEREQ

PIX_BLANK
DESCENDER0

POR

FLDREQ1

DESCENDER1

INTERFIELD_BLANK

RUN

RUN

LINE0

POSREQ1

LINE1

POSREQ0

POSREQ2

LINE2

LINE2

POSREQ2
PREBLANK

FLDREQ0
FLDREQ1
FLDREQ2

POSREQ0

LASTPOS

HORIZONTAL DAC

30µA

RST lags CLK
approximately 90°

START
sync1

START
sync2

RUN

DONE
DONE
REQ

Continuous display with no
deassertion of START

START

7 
cy

cl
es

START
sync1

START
sync2

RUN

0

TODO: add one more dot between chars

80µA
10µA

5µA

B = virtual (B)lanking char, inserted for beam transit

VERTICAL DAC

ENT = LASTPOS

Pe = !RUN # PREDONE
ENT = LASTPOS & LASTFIELD

240µA
B
5

RESET AND CLOCK GENERATORS

B

660µA

Pe = PREDONE # BLANKPOS

90µA

1

4

SEQUENCE COUNTERS

240µA
330µA

8 cycles

Paper size is US Letter * 1.5, print scaled

7 
cy

cl
es

DONE
REQ

DONE

D
 I 

S
 P

 L
 A

 Y
   

I N
   

P
 R

 O
 G

 R
 E

 S
 S

D
 I 

S
 P

 L
 A

 Y
   

I N
   

P
 R

 O
 G

 R
 E

 S
 S

D
 I 

S
 P

 L
 A

 Y
   

I N
   

P
 R

 O
 G

 R
 E

 S
 S

B
6 B 7

480µA

990µA

B B

B

2 B

0.5
5mA

FONT ROM

3

POSCLK

HDOT

RST

POSCLK lags CLK slightly

START/DONE CONTROL

R = DONEREQ & RUN, or
R = rising_edge(DONEREQ)

J = START & DONE
K = DONEREQ

OSD BUS

DOT COUNTER and
POSCLK GENERATOR

Pe = (HDOT == 5)

Single cycle frame, START
deasserted after fall of DONE

Direction of clock distribution

START


