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0101 = 5
0110 = 6
0111 = 7
1000 = 8
1001 = 9
1010 =  Start
1011 = Reset
1100 = Cir
1101 =  Next
1110 =
1111 E
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Source Code x-position

org 0000h

ajmp  Inti_program
org 0003h

ajmp  Intr_stop
org 000bh

ajmp  Intr_timer
org 0013h

ajmp  Intr_key

org 0100h
Inti_program:

mov

Cls_mem:
inc
mov @r0,#00h
mov a,r0
cine a#7th,Cls_mem
mov r0,#30h
mov 13h,#0ah
setb  05h
mov  tcon,#00010101b
mov  tmod,#00000110b
mov  thO,#0ffh
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mov t10,#0ffh
mov ie,#10000111b

acall  Inti_display
Main:

clr p3.5

clr p3.6

clr p3.7

mov p2,r5

mov p2,#10001111b

setb p3.5
Comp:

p2.4,Auto

mov a,rb
cjine a,0ch,Main
mov a,r4
cine a,0bh,Main
mov a,r3
cine a,0ah,Main
mov a,r2

cine  a,09h,Main

mov a,r
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cjne
clr
sjmp
Auto:
jnb
mov
cjne
mov
cijne

mov

Auto1:

Delay_auto1:
mov
Delay_auto?2:
mov
clr
clr
cir
mov
mov
setb
mov

mov

a,08h,Main
p3.0

Main

p2.6,Delay_auto
a,rb

a,0ch,Main

a,r4

a,0bh,Main

a,r3

a,0ah,Main

i)
)- D
u-.ni Ny

i
2

12h,#0ffh
p3.5
p3.6

p3.7
p2,r5
p2,#10001111b
p3.5

p2,r4
p2,#10001111b
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setb p3.6

mov p2,r3

mov p2,#10001111b
setb p3.7

mov p2,r2

mov p2,#10001111b
clr p3.é

mov p2,ri

mov p2,#10001111b
dinz  12h,$

djnz 11h,Delay_auto

djnz 10h,Dela
sjmp A
Check_reset:
clr

jnt

mov

mov P2
setb p3.6
mov p2,#00h
mov p2,#11011111b
setb p3.7

mov p2,#00h

mov p2,#11011111b
clr p3.6

mov p2,#00h

mov p2,#11011111b
simp  Check_reset

Clr_output:

g [ { Y o % ¥ § = 1 5 1 Y o ¥ L84 ¥
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mov r1,#00h

mov r2,#00h
mov r3,#00h
mov r4,#00h
mov r5,#00h
cir p3.0
clr 00h

mov 10h,#0ffh

dinz  10h,$

setb 0

ajmp  Main
Inti_start:

jnb
Inti_start1:

clr

Inti_display:
mov r7,#0ch
mov r6,#01h
acall  Display
mov r7,#09h
mov r6,#0ffh
acall Display
mov 17, #0ah
mov r6,#0fh

acall  Display
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mov r7,#0bh
mov 16,#04h
acall  Display
mov r7,#0fh
mov r6,#00h
acall  Display
Clr_display:
mov r7,#00h
mov  08h,#00h
mov 09h,#00h

mov 0ah,#00h

mov

Display:

mov
Address:
ric a
mov p2.5,c
acall Clk
djnz b,Address

mov b,#08h

mov  a,r6
Address1:

rlic a

mov p2.5,c

acall Clk
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djnz b,Address1

setb  p1.6
clr p1.6
ret

Clk:
setb  p1.7
clr p1.7
ret

Intr_stop:
inb 02h,End_stop
clr p3.0
clr 02h
clr
setb

End_stop

4 \
Intr_time -niumnlunlil';'lﬁj;
7

mov
reti

Intr_timer1:
inc
mov
clr ac
clr c
da a
mov r,a
jb acc.4,Add1
reti .

Add1:
clr acc.4
mov r,a
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inc r2

mov  ar2

clr ac

clr c

da a

mov  r2a

jb acc.4,Add2

reti

Add2:
Add3:
mov rd,a
ib acc.4,Add4
reti
Add4:
clr acc.4
mov r4,a
inc 1)

reti
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Load_data:

Load:

Load1:

Load?2:

Load3:

Load4:

Load>5:
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mov
inc
jnb
mov
add
subb
jnz
mov

mov

cjne
mov

sjmp

cijne

mov

acall

r7,#00h
0dh
03h,Load
a,0fh
a,#01h
a,0dh
Load
0dh,#01h
r0,#30h

a,@r0

.......

L ]
"Iillllllllll..llllll!l'll_'

Lt
5
Z/
»
i

r7,#04h,Load4

Obh,a
Load5

r7,#05h,Load6
Och,a

Display



sjmp  Load

Load6:
mov a,ro
subb  a,#06h
mov r0,a
mov r7,#00h
clr 05h
cpl 04h
setb p1.5
ret

Comp_low:

mov

a,#02h,Erro
mov a,09nh
cine a,#00h,Error1
mov  a,08h
cjne a,#00h,Error1
Comp_high1:
sjimp  Get_data
Error:
jnc Comp_high1
mov 6,#01h
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Error2:
mov
acall
inc
mov
acall
inc
mov
acall

inc

Error1:

Get_data:
ib
inc

Get_datat:
mov

mov

inc
mov
mov
inc
mov
mov
inc

mov

r7,#01h
Display
r7
r6,#00h
Display
r7
r6,#0ah
Display
r7

r6,#0bh

=
»
|'..

03
ll'lil'I Jf
s
;

a,09h

@0,a
r0

a,0ah
@r0,a
r0

a,0bh
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mov @r0,a
Inc r0
mov a,0ch

mov @r0,a

inc r0

mov r7,#00h

cpl 04h

clr p1.5

reti
Comp_low_y:

l"'l'n"xf
s
I

mov

cine

mov

cine a,#00h,Error_y1
mov a,08h
cjne a,#00h,Error_y1
Comp_high_y1:
ret
Error_y:
setb  07h

ret

Error_y1:
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jnc Error_y

sjimp  Comp_high_y1

Delay:

mov 10h,#15h
Delay1:

mov 11h,#0ffh
Delay2:

clr p3.5

clr p3.6

clr p3.7

(l

v

:n';llllllll-.“ll!lll'u:'-
iy
%7
>

Stack:
pop b
sjimp  Stack1
Intr_key2:
jb p0.0,Intr_key1
reti
Intr_key:
mov a,pl
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anl a,#00001111b

mov Oeh,a

clr c

subb  a,#00h

iz Intr_key2
Intr_key1:

acall  Delay

Stack1:
mov  a,sp
cjne a,#23h,Stack
End_key
Step:
cine a,#00001110b,Next
ib 02h,End_key
ib 05h,Step2
jnb 04h,Step1
ajmp  Comp_low
Step1:
ib 03h,Step3
Step4:
clr 07h
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clr 08h
mov r7,#00h

acall Comp_low_y

jb 07h,End_key
Step2:
acall  Load_data
reti
Step3:
jb 08h,Step4
clr 08h
Next:
Next1:
Clr:
cine a,#00001100b,Reset
ib 02h,End_key
inb 04h,CIr1
ib 05h,End_key
acall  Clr_display
Cir1:

mov r7,#00h

reti
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Reset:
cjne a,#00001011b,Run
acall  Cir_display
mov r0,#30h
mov  0fh,#00h
mov 0dh,#00h

setb  00h
clr 02h
clr 03h
clr 04h
setb 05h

Run:
acall
reti
Loop_runt:
mov r0,#30h
mov 0dh,#01h
Loop_run2:
mov r7,#00h
Loop_run3:
mov a,@r0
inc 7

cjne r7,#01h,Num1

mov 08h,a
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sjimp Loop_run4

Key1:
ajmp  Key
Num1:
cine r7,#02h,Numz2
mov 09h,a
sjmp Loop_run4
Num2:
cjne r7,#03h,Num3
mov Oah,a
sjimp Loop_run4
Num3:
Num4:
Loop_run4
mov r4,#00h
mov r5,#00h
setb p3.0
clr p3.1
Loop_run5:
clr p3.5
clr p3.6
clr p3.7
mov p2,#00h

mov p2,#10001111b
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setb p3.5

mov p2,#00h

mov p2,#10001111b
setb p3.6

mov p2,#00h

mov  p2,#10001111b
setb p3.7

mov p2,#00h

mov p2,#10001111b
clr p3.6

p2,#00h

Key:
mov r6,0eh
acall Display
mov 08h,0eh
End_key1:
reti
Key_y
setb  08h
amp  Key_y1
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Digit1:
cijne  r7,#00000010b, Digit2
mov r6,08h
acall  Display
dec r7
mov r6,0eh
acall  Display
mov r7,#02h
mov 09h,08h

mov 08h,0eh

Digit2:

Digit3:
cjne  r7,#00000100b,Digit4
mov r6,0ah
acall  Display
dec r7
mov 6,09
acall Display
dec r7
mov r6,08h
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acall
dec
mov
acall
mov
mov
mov
mov
mov
reti
Digit4:
mov

acall

mov
mov
mov
mov
reti
Key_y1:
inc

cjne
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Display
7
r6,0eh
Display
r7,#04h
0bh,0ah
0ah,09h
09h,08h
08h,0eh

g 5>
SO L T TIOTe
1 1)

i
Ve,

Och,0bh
Obh,0ah
0ah,09h
09h,08h
08h,0eh
r7,#04h

r7
r7,#01h,Digi1



mov Och,#00h
mov  Obh,#00h
mov  0ah,#00h
mov 09h,#00h
mov  08h,0eh

reti

Digi1:
cine r7,#02h,Digi2
mov 09h,08h
mov 08h,0eh
Digi2:
Digi3:
Digi4:

Och,0bh

mov Obh,0ah
mov 0ah,09h
mov 09h,08h

mov 08h,0eh
mov r7,#04h

reti

end
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Source Code y-position

org 0000h

ajmp  Inti_program
org 0003h

ajmp  Intr_stop
org 000bh

ajmp  Intr_timer
org 0013h

ajmp  Intr_key

org 0100h
Inti_program:
mov

mov

Cls_mem:
inc
mov @r0,#00h
mov a,r0
cjne a,#7fh,Cls_mem
mov r0,#30h
mov 13h,#0ah
setb  05h
mov  tcon,#00010101b
mov  tmod,#00000110b
mov  thO,#0ffh
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mov tl0,#0ffh
mov ie,#10000111b

acall Inti_display
Main:

clr p3.5

clr p3.6

clr p3.7

mov p2,r5

mov  p2,#10001111b

setb p3.5
Comp:

mov a,rb
cine a,0ch,Main
mov a,r4
cine a,0bh,Main
mov a,r3
cine a,0ah,Main
mov a,r2
cjne a,09h,Main

mov a,r
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cjne a,08h,Main

clr p3.0
sjimp  Main

Auto:
jnb p2.6,Delay_auto
mov a,rb
cine a,0ch,Main
mov a,r4
cine a,0bh,Main
mov a,r3
cijne a,0ah,Main
cjne

Auto1:

Delay_auto:
mov

Delay_auto1:
mov

Delay_auto2:

mov 12h,#0ffh
clr p3.5

clr p3.6

clr p3.7

mov p2,r5

mov p2,#10001111b
setb p3.5
mov p2,r4

mov p2,#10001111b
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setb p3.6

mov p2,r3

mov p2,#10001111b
setb p3.7

mov p2,r2

mov p2,#10001111b
clr p3.6

mov p2,r1

mov p2,#10001111b
dinz  12h,$

djnz 11h,Delay_autoz

djnz
sjimp
Check_reset:

clr

7%
setk
mov
mov
setb
mov
mov p2,#11011111b
setb p3.7
mov p2,#00h
mov p2,#11011111b
clr p3.6
mov p2,#00h .
mov p2,#11011111b
sjimp  Check_reset

Clr_output:
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mov r1,#00h

mov r2,#00h
mov r3,#00h
mov r4,#00h
mov r5,#00h
clr p3.0
clr 00h

mov 10h,#0ffh

dinz 10h,$
setb tr0
ajmp

Inti_start:
setb

setb

Inti_display

mov
mov
acall  Display
mov r7,#0ah
mov r6,#0fh

acall  Display
mov r7,#0bh
mov 16,#05h
acall  Display
mov r7,#0fh

mov 16,#00h

acall  Display
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mov
mov
acall

Clr_display:
mov
mov
mov
mov
mov

mov

Loop_clr_display:

inc

Display:

Address:
ric
mov
acall

djnz

mov
mov

Address1:
ric
mov
acall
djnz
setb

clr

r7,#06h
6,#00h

Display

r7,#00h

08h,#00h
09h,#00h
0Oah,#00h
Obh,#00h

Och,#00h

b,Address

b,#08h
a,ré

a

p2.5,c

Clk
b,Address1
p1.6

p1.6
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ret

Clk:
setb pl.7
clr p1.7
ret

Intr_stop:

jnb 02h,End_stop

clr p3.0
clr 02h
clr 03h
setb

mov

mov

mov

End_stop:

Intr_timer:

ib
reti

Add1:
clr acc.4
mov r,a
inc r2
mov a,r2
clr ac
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clr c

da a
mov r2,a
jb acc.4,Add2
reti
Add2:
clr acc.4
mov r2,a
inc r3
mov a,r3

Add3:

Add4:
clr acc.4
mov r4,a
inc 5
reti

Load_data:
mov  r7,#00h
inc 0dh
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jnb 03h,Load

mov a,0fh
add a,#01h
subb  a,0dh
jinz Load

mov 0dh,#01h
mov r0,#30h
Load:

mov a,@0

Load1:

Load2:

Load3:

Load4:
cine r7,#05h,Load6
mov  Och,a
Load5:
acall  Display
sjimp  Load
Load6:
mov a,r0
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subb  a,#06h

mov r0,a
mov r7,#06h
mov r6,0dh

acall Display

mov r7,#00h
clr 05h
cpl 04h
ret
Comp_low:

mov a,0ch
cjne
mov
cjne

mov,

._.;:D
f;f
S
mov
cine
mov a,09nh
cine  a,#00h,Error1
mov  a,08h
cine a,#00h,Error1
Comp_high1:
sjimp  Get_data
Error:
jnc Comp_high1
mov r6,#01h

Error2:

‘ﬂy < lﬂl Y o % 14 tﬁl = 1 5 1 Y o ¥ c v ¥
wenanstluenasianulidmiunisldnuienisfinewing eygrelihluldussTevimunisin

Lidnsdllag viedu Bnnsnudlidnuadiion uasfesdndadsdvesenalsynaseniinisuiluly



mov r7,#01h
acall Display
inc r7
mov  16,#00h
acall  Display
inc r7
mov r6,#0ah
acall  Display
inc r7

mov r6,#0bh

Display

Error1:

Get_datal:
mov
mov @r0,a
inc r0
mov  a,09h
mov @r0,a
inc r0
mov a,0ah
mov  @r0,a
inc r0

mov a,0bh
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mov @r0,a
inc 0

mov a,0ch

mov @r0,a

inc r0

mov r7,#00h

clr p1.5

clr 06h

ret
Comp_low_x:

mov a,0ch

cine

M
il
7

=
23
/s
(>
&

a,#00h,Error_x1
mov a,08h
cjne a,#00h,Error_x1
Comp_high_x1:
ret
Error_x:
setb  07h
ret

Error_x1:
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jnc Error_x

simp  Comp_high_x1

Delay:

mov 10h,#15h
Delay1:

mov 11h,#0ffh
Delay2:

Stack:
pop b
simp  Stack1
Intr_key2:
jb p0.0,Intr_key1
reti
Intr_key:
mov a,p1
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anl a,#00001111b

mov Oeh,a

clr c

subb  a,#00h

iz Intr_key?2
Intr_key1:

acall  Delay

Stack1:
mov a,sp
cjine a,#23h,Stack
Delay
Step:

cine a,#00001110b,Next
ib 02h,End_key

ib 05h,Step1

jb 04h,Step2

acall  Comp_low

b 06h,End_key

acall  Load_data

reti
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Step1:

acall

reti
Step2:

jb
Step3:

Step4:

Next:

Next1:
mov
mov
clr
subb
inc
jz

ajmp

Load_data

03h,Step5

08h
07h
r7,#00h

Comp_low_x

07h,End_key

r7,#00h
a,0fh

c

a,0dh

0dh
Loop_run1

Loop_run2
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Clr:
cjne a,#00001100b,Reset

ib 02h,End_key
ib 04h,CIr1
jb 05h,End_key

acall  Clr_display

Cir1:
mov r7,#00h
reti
Reset:
a,#00001011b,Run
reti
Run:

cjine a,#00001010b,Key1

jnb 03h,End_key

setb 02h
clr pl.4
clr p1.5
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acall  Loop_run1
reti

Loop_runi:
mov r0,#30h
mov 0dh,#01h

Loop_run2:
mov r7,#00h
Loop_run3:
mov  a@0
inc r7

cjne r7,#01h,Num1
mov 08h,a

sjmp

Key1:
Num1:
Num2:
Num3:
cine
mov Obh,a
sjmp Loop_run4
Num4:
mov Och,a
Loop_run4:
inc r0
mov r6,a

acall  Display
cine r7,#05h,Loop_run3
mov r6,0dh
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mov r7,#06h

acall  Display

mov r1,#00h
mov r2,#00h
mov r3,#00h
mov r4 #00h
mov r5,#00h
setb p3.0
clr p3.1
Loop_runb:

mov p2,#11011111b

ib p2.7,Loop_runb
clr p3.0
setb p3.1
setb  01h
setb p3.0
ret
Key:
b 02h,End_key1
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jb 05h,End_key1
ib 04h,Key_x
inc r7
cine r7,#00000001b, Digit1
acall  Clr_display
inc r7
mov r6,0eh
acall  Display
mov  08h,0eh
End_key1:

reti

Key_x:

Digit1:

Digit2:
cine r7,#00000011b,Digit3
mov r6,09h
acall  Display
dec il
mov r6,08h
acall  Display
dec r7
mov r6,0eh
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acall Display

mov 7 ,#03h
mov 0ah,09h
mov 09h,08h

mov 08h,0eh

reti

Digit3:
cine r7,#00000100b, Digit4
mov r6,0ah
acall  Display
i)
22
L LTI
ll{'ﬁJx
GF
Digit4:

mov r6,0bh

acall  Display
dec r7

mov  r6,0ah
acall  Display
dec r7

mov r6,09h
acall  Display

dec (4
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mov r6,08h
acall Display
dec r7

mov r6,0eh
acall  Display
mov  Och,0bh
mov  Obh,0ah
mov  0ah,09h
mov 09h,08h
mov 08h,0eh

r7,#04h

Key_x1:

gl
L 111U

T
Digit: &
Digi2:

cjne r7,#03h,Digi3

mov  0ah,09h

mov  09h,08h

mov  08h,0eh

reti
Digi3:

cine r7,#04h,Digi4
mov  0Obh,0ah
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mov  0ah,09h
mov  09h,08h
mov  08h,0eh
reti
Digid:

mov  Och,0bh
mov  Obh,0ah
mov  0ah,09h
mov  09h,08h
mov  08h,0eh

r7,#04h
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19-4452; Rev 3; 7197

M AXIMN

Serially Interfaced, 8-Digit LED Display Drivers

General Description

The MAX7219/MAX7221 are compact, serial input/out-
put common-cathode display drivers that interface
microprocessors (UPs) to 7-segment numeric LED dis-
plays of up to 8 digits, bar-graph displays, or 64 indi-
vidual LEDs. Included on-chip are a BCD code-B
decoder, muitiplex scan circuitry, segment and digit
drivers, and an 8x8 static RAM that stores each digit.
Only one external resistor is required to set the seg-
ment current for all LEDs. The MAX7221 is compatible
with SPI™, QSPI™, and Microwire™, and has slew-rate-
limited segment drivers to reduce EML.

A convenient 3-wire serial interface conneets to all
common pPs. Individual digits may bgaddressed and
updated without rewriting the entis€ display. The
MAX7219/MAX7221 also allow the user to select.code-
B decoding or no-decode for eachvdigit.

The devices include a 150pA" low-power; shutdown
mode, analog and digital brightness confrol-a scan:
limit register that allows the yser to_dispfay from-1 to-8
digits, and a test mode that forees all LEDS on:
Applications
Bar-Graph Displays

7-Segment Displays

Industrial Controfiers

Panel Meters

LED Matrix Displays

Pin_Configuration

Features

10MHz Serial Interface
Individual LED Segment Control
Decode/No-Decode Digit Selection

Digital and Analog Brightness Control

Display Blanked on Power-Up
Drive'Common-Cathode LED Display

SIew-Rafe Limited-Segment Drivers
for Lower EMI (MAX7221)

4.\ SPI/ QSPI, Microwire Seriahinterface (MAX7221)
4 24-Pin DIP-and SO Packages

¢
¢
¢
¢ 150pA Low-Power Shutdown (Data Retained)
¢
¢
A4
¢

Ordering Information

PARF TEMP. RANGE PIN-PACKAGE
MAX7219CNG 0fCto +70°C 24 Narrow Plastic DIP
MAX7219CWG 0°Cio470°Cy 24 Wide SO
MAX7219C/D 0°Cio=+70°C  -Dice”

MAX7219ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX7219EWG, -40°Clo +85°G 24:Wide SO
MAXT212ERG -40°2C to485:C 24-Narrow CERDIP

Ordering information continued at end of data sheet.
“Dice are specified-at Ta = +25°C.

Typical Application Circuit

TOP VIEW —
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on [9] 16] sec8
0i65 [10) 5] see
oi61 [11] [14] SEGA
LoaD @) [12] 3] ok
() MAXT221 ONLY DIP/SO
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SNAXIAN 8DIGITS
U om MAX7219
MAX7221
uP o 12} om0 ©5)
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8-DIGIT puP DISPLAY

MOSI

() MAX7221 ONLY

SPJ and QSPI are trademarks of Motorola Inc. Microwire is 2 rademark of National Semiconductor Corp.

MAXIMN

Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.
For small orders, phone 408-737-7600 ext. 3468.
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Serially Interfaced, 8-Digit LED Display Drivers

ABSOLUTE MAXIMUM RATINGS
Voltage (with respect to GND) Operating Temperature Ranges
VA oercverierissessessencsssesnreesaessserssssnsssssasrs s snsssnnssrsser -0.3Vio 6V MAXT7219C_G/MAXT221C_G oo 0°Cto +70°C

DIN, CLK, LOAD, CS.. ; -0.3V 1o 6V MAXT7219E_G/IMAXT221E_G v -40°C 10 +85°C
AN OHREE PINS . sussissmissessssmssssemmmsassanssnsaonens -0.3Vio (V+ + 0.3V) Storage Temperature Range................ ..-65°C to +160°C
Current Lead Temperature (soldering, 10S8C) w.ovveinmrriinans +300°C
DIGO-DIG7 Sink Current...... 500mA
SEGA-G, DP Source CUment.....cceccreinaranisnesassnsnans 100mA
Continuous Power Dissipation (Ta = +85°C)
Namow Plastic BIP ..comsmnnsenmnassrssssssmssssmn 0.87TW
................. 0.76W
......... 11w

Stresses beyond those listed under "Absolute Maximum Ratings™ may-catise penmanent damag&tethe dévice. These are stress ratings only, and functional
operation of the device at these or any other conditions beyand those indicated in the operational sections,of the, specifications is not implied. Exposure: to
absolute maximum rating conditions for extended pejioGsmay affect device reliability.

ELECTRICAL CHARACTERISTICS

(V+ = 5V £10%, RseT = 9.53kQ 1%, Ta = Tivin-1o, Tmax. Unless otherwise noted:)

PARAMETER SYMBOL CONDITIONS MiIN TYP MAX | UNITS
Operating Supply Voltage V+ 4.0 5.5 A
Shutdown Supply Current I* Al digital inputs at'V+ or GND, TA'= +25°C 150 pA

R3ET = apen.circuit 8
Operating Supply Current I+ Al segments and decimal'point on, mA
ise =-40mA 33
Display Scan Rate fos¢..}-8 digitsseanned §00 800 1300 Hz
Digit Drive Sink Current Ioieir | V& 25V, Vous's 0:65V 320 mA
Segment Drive Source Current ISEG Tal= +25°C., V4 =15V VouT = (V&1V} -30 -40 -45 mA

Segment Current Slew Rate

(MAXT221 orly) Alsea/AL | TRED+259C, V=BV, VoUTE (V1Y) 10 20 50 | mAjps
Segment Drive Current Matching | AlSEG 3.0 %
g;%?g‘z"f ';ﬁg‘;age Tierio) Digit OFF ViiGir = Ve 10 | pA
ﬁg’;?g;?gx‘ey;‘ wElEgE tse@, hSegment off, Ve = OV 1 pA
Rﬂx?gg i:l‘;')‘:e e IpiciT | Digitell, Yeigyr = (V3 -0.3V) 2 mA
?Jg&‘?g Sl)) gr::;)Sink cuent Iseg | Segment off, VSEG = 0.3V 5 mA
2 MAXIM
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Serially Interfaced, 8-Digit LED Display Drivers

ELECTRICAL CHARACTERISTICS {continued)
(V+ =5V £10%, RseT =9.53kQ £1%, Ta = Tmin 10 Tmax, unless otherwise noted.)

PARAMETER ‘ SYMBOL ' CONDITIONS MIN TYP MAX | UNITS
LOGIC INPUTS
Input Current DIN, CLK,
LOAD, TS il | Vin=0Vor V+ -1 1 HA
Logic High Input Voltage VIH 3.5 v
Logic Low Input Voltage ViL 08 \
Output High Voltage VOH DOUT, IspurcE==1MA V+-1 v
Output Low Voltage VoL DOUTFssnge="1.6mA 0.4 Vv
Hysteresis Voltage AV; | DINgSCLK, LOAD, CS, 1 v
TIMING CHARACTERISTICS
CLK Clock Period Icp 100 ns
CLK Pulse Width High tCH 50 ns
CLK Pulse Width Low IcL 50 ns
CS Fall to SCLK Rise Setup Time
(MAX7221 only) Icss i ns
CLK Rise to CS or LOAD Rise
Hold Time e i A =
DIN Setup Time tps 25 ns
DIN Hold Time 1DH. O ns
Qutput Data Propagation Delay tpo _ | CLOAD= 50pF 25 ns
Load-Rising Edge to Next Clock
Rising Edge (MAX7219 only) tLDCKe pe s
Minimum CS or LOAD Pulse
High icsw 50 ns
Data-to-Segment Delay msPD 2.25 ms
MAXIMN
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Serially Interfaced, 8-Digit LED Display Drivers

Typical Operating Characteristics

(V+ = +5V, Ta = +25°C, unless otherwise noted.)

SCAN FREQUENCY vs. SEGMENT DRIVER OUTPUT CURRENT

POSITIVE SUPPLY VOLTAGE vs. QUTPUT VOLTAGE
830 = 0 3
a \
810 : - Regr = 10k2 %
g P ik
Tt
;) 790 = \.“
s m
2
Z
3 w
—
=

o
2825251
> Y / \ i ) s
5 =
MAXI ’_ T@': ‘ PR = T . N 2 e it = i @ :
o INN Y% Y EA\Ce Blzacs AW 7 4
ol J i \ 2? N Lo q’;'\\ 9’ o S
%. : o &?a&":nar\ § .................... B
'.,m’dwb ‘ Sps/div
4 MAXIMN
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Serially Interfaced, 8-Digit LED Display Drivers

Pin Description

PIN NAME FUNCTION
1 DIN Serial-Data Input. Data is loaded into the internal 16-bit shift register on CLK's rising edge.
23 5.8 Eight-Digit Drive Lines that sink current from the display common cathode. The MAX7218 pulls
'1 0’ 1 ! DIG 0-DIG 7 the digit outputs to V+ when turned off. The MAX7221's digit drivers are high-impedance when
' turned off.
4,9 GND Ground (both GND pins must be connected)
LOAD Load-Data Input. The last 16 bits of serial data are latched on LOAD's rising edge.
- (MAX7219)
[e3 Chip-Select Input*Sesia¥dala is loaded into te'shift fégister while TS is low. The last 16 bits of
(MAX7221) serial data.are Jatched on CS's rising edge.
SeriakClock Input. 18MHz maximum rate, On CtK's-rising edge, data is shifted into the inter-
13 CLK nalshift register. On-CLK's falling edge) tata isTlacked out of DOUT, On the MAX7221, the
CLK input is aclive only while CS'is low.
14-17 SEG A-SEG G Seven Segment Drives andiDecimalPoint Brive that sourge current to the'display. On the
20_23' oP ! MAXZ219-when a segmentdriver is tumed.off it js_pulled to GND..The MAX7221 segment dri-
vers are high-impedance when turped off,
Connect to Vpp throughraresistor (RS£T) 10 serthe peak seament current (Refer o Selecting
18 ISET 2 .
Rsen Resistor section).
19 V+ Positive Supply Voltage. Connectto +5V.
24 DOUT Sesial-Data Qutputl Thedatd into DIN'is validiat BPOUT 16:5 clock.cycles later. This pin is used
to dasy-chain several MAX7219/MAX7221's and is never high-impedance.
Functional Diagram
SEG A-SEG\G, DP DIGIO-DIG 7
L t Y i
SEGMENT DRIVERS DIGIEDRIVERS
A / -8
1 wr |
A P e et 3 ] |
AT > SHUTDOWNREGISIER = L
o8 |- " ]
v MW MODEREGISTER mprg&sgy
BYPASS —» INTENSITY REGISTER > o
- A | SCAN-LIMITREGISTER" —" _MODULATOR |
[ secment | N o DISPLAY-TEST REGISIER'] ]
— CURRENT | a8 i ‘
| REFERENCE | | DUAL-PORT [ ? | muLmpiex |
| SraM q Lol Tsom
e | ADDRESS CIRCUITRY |
/s 8 | REGISTER
LOAD (C5) & z + DECODER
I I 1
o »—— 00] 01 ] p2[ 0304 |05 [ 06 07| 8 | D9 [D10]011]D12[D13[D14] D15 | DU
R T sB)
() MAX7221 ONLY
MAXIMN 5
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MAX7219/MAX7221

Serially Interfaced, 8-Digit LED Display Drivers
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Figure 1. Timing Diagram

Table 1. Serial-Data Format (16 Bits)

MAX7219/MAX7221 Differences
The MAX7219 and MAX7221 are identical-except for,
two parameters: the MAX7221 segment.drivers:are
slew-rate limited to reduce electromagnetic interfert
ence (EMI), and its serial interface is fully-SP1 compati:
ble.

Serial-Addressing Modes
For the MAX7219, serial data at DiN/ sent in #6=bit
packets, is shifted into the intermal 6-bit’shift register
with each rising edge of CLK regardiess of the state of
LOAD. For the MAX7221, CS must belew te,clock data
in or out. The data is then latched into eitherthe'digit or
control registers on the rising edge of LOABICS,
LOAD/CS must go high concurrently with or after the
16th rising clock edge, but before the next rising clock
edge or data will be lost. Data at DIN is propagated
through the shift register and appears at DOUT 16.5
clock cycles later. Data is clocked out on the falling
edge of CLK. Data bits are labeled D0-D15 (Table 1).
D8-D11 contain the register address. DO-D7 contain
the data, and D12-D15 are “don't care” bits. The first
received is D15, the most significant bit (MSB).

D15 | D14 | D13 /| D12y Dt [D1o| DY | Dg D7 | D5 | D5 ] D4 | D3 | D2 | D1 { DO
X X X X ADDRESS MSB DATA LSB
Detailed Description Digit and Control Registers

Table:2ists the/14 addressable digit and control regis-
ters. The digit registers-are realized with an on-chip,
8x8 dual-port SRAM. They are addressed directly so
that individial digits can be updated and retain data as
long as N+ typically‘exceeds 2V, The control registers
consist/of decode 'mode, display intensity, scan limit
{numberof SCanned digits}), Shutdown, and display test
(alLLEDS 0n).

Shutdown Mode
When the MAX7219is in shititdown mode, the scan oscil-
lator is halted;all segmeniCurrent sources are pulled to
ground. and all digit drivers are pulled to V+, thereby
blanking the-display. The MAX7221 is identical, except
the drivers=are high-impedance. Data in the digit and
control registers remains unaltered. Shutdown can be
used to save power or as an alarm to flash the display by
successively entering and leaving shutdown mode. For
minimum supply current in shutdown mode, logic inputs
should be at ground or V+ (CMOS-logic levels).

Typically, it takes less than 250ps for the MAX7219/
MAX7221 to leave shutdown mode. The display driver
can be programmed while in shutdown mode, and
shutdown mode can be overridden by the display-test
function.

MNAXIMN
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Serially Interfaced, 8-Digit LED Display Drivers

Table 2. Register Address Map

ADDRESS Hex
REGISTER '::152‘ D11 | D10 | D9 | D8 | CODE
No-Op X 0 0 0 0 X0
Digit 0 X olo ol 1| xi
Digit 1 X 0o lol1]o0]| x
Digit 2 X olo 1] 1] x3
Digit 3 X o |1 o] o | xa
Digit 4 X 0| 1| 0 | 7Tt
Digit 5 X o 1| VL0 | x6
Digit 6 X o | 1 ¥V | 1
Digit 7 X 1 | 94 o0 | o | X8
3?)32"9 x | 1 ¥4 | od1T X0
Intensity X 1 1 (¢] KA
Scan Limit X 1 1 1 Xe
Shutdown X 1 a 0 KC,
TD;';'E’V X Bl e ————

Initial Power-Up
On initial power-up, all control registers are reset, the
display is blanked, and the MAX7219/MAX7221 enter
shutdown mode. Program the display driver prior to
display use. Otherwise, it will initially be set to scan one
digit. it will not decode data in the data registers, and
the intensity register will be set to its minimum value.

Decode-Mode Register
The decode-mode register sets BCD code B (0-9. E. H,
L, P, and -} or no-decode operation for each digit. Each
bitinthe-register corresponds to one digit. A logic high
selects code. B decoding while logic low bypasses the
decoder. Examples,ofithe decode mode control-regis-
ter formavare shown insiable 4.

When/the code B.decode 'mode is used, the decoder
looks“orilyatthe lower nibble, of the data in the digit
registers (D3-D0).-disregarding bits D4-D6. D7, which
sets the decimal point (SEG DP), is independent of the
decodenand jspesitive logic(D7 =1 turns the decimal
paint o) Table 5iststhe-code B font.

When no-decode.is selected, data-bits D7-D0 corre-
spond to the segment lines ofithe MAX7219/MAX7221.
Table 6 shows, the one-to-one pairing of each data bit
tathe appropriate segment line.

Table 3. Shutdown Register Format (Address {Hex) = XC)

REGISTER DATA
ADDRESS CODE
MODE

(HEX) D7 D6 D5 D4 D3 D2 D1 DO
e XC X X X X X X X 0
Mode
Noral XC X X X X X X X 1
Operation

Table 4. Decode-Mode Register Examples.(Address (Hex)= X9)

REGISTER DATA HEX
DECODE MODE
: D7 D& D5 D4 D3 D2 D1 Do CODE

No decode for digits 7-0 0 0 0 0 0 0 0 0 00
Code B decode for digit 0

No decode for digits 7-1 0 o 0 g e 0 9 1 o
Code B decode for digits 3-0

No decode for digits 7-4 ¢ g 0 g L ] ! ! oF
Code B decode for digits 7-0 1 1 1 1 1 1 1 1 FF

MAXIMN
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MAX7219/MAX7221

Serially Interfaced, 8-Digit LED Display Drivers

Table 5. Code B Font

REGISTER DATA ON SEGMENTS =1
7-SEGMENT

CHARACTER | p7* | D6-D4 | D3 D2 D1 Do | DP* A B Cc D E F G

0 X 4] Q 0 0 1 1 1 1 1 1 0

1 X 4] 4] 0 1 4] 1 1 4] 0 0 0

2 X 0 0 1 0 1 1 0 1 1 0 1

3 X 4] 0 1 1 1 1 1 1 0 0 i

4 X 4] 1 (¢] 4} (0] d 1 0 0 1 1

5 X 0 1 0 1 1 0 d 1 0 1 1

6 X 4] 3 1 0 1 0 1 1 1 1 1

7 X (0] 1 1 1 1 1 1 (0] 0 0 0

8 X 1 0 0 ] 1 ! 1 1 1 1 1

9 X 1 0 0 1 1 ! 1 1 0 3 1

— X 1 o] 1 o] (&) Q (0} 0 ] 0 1

E X 1 0 1 1 1 0 0 1 1 1 1

H X 1 1 0 0 9 1 1 0 1 1 1

L X 1 1 0 1 0 0 0 1 1 1 0

P X 1 1 1 0 1 1 14 4] 1 1 1

blank X 1 1 1 1 ¢] 0 0 0 0 0 0

*The decimal point is set by bitD7 = 1

Table 6. No-DecadeMode Pata Bitsand Dos ,n:"tm;gg'm!d
Corresponding Segment Lines The MAKI21 9/MAK 722 Datlow dispiay brightness to be

A controlied-with7an external resistor (RSET) connected
] between.V+ and ISET-The peak current sourced from
the=segment drivers is nomifally 100 times the current

F B U B enteringASET/Fhis resistar, can either be fixed or vari-
f__-G—} ableto.allow brightness adjustment from the front

STANDARD 7-SEGMENT LED panel! Its minimum.valge should be 9.53Q. which typi-
. B cally sets the’segment cufrent at 40mA. Display bright-
ness_can also be contsolled digitally by using the
=] O intensity register.
h) op Digital=control-of display brightness is provided by an

intermal pulse-width modulator, which is controlled by
the lower nibble of the intensity register. The modulator

REGISTER DATA .
scales the average segment current in 16 steps from a
D7 D6 DS D4)D3)D2) D1 DO maximum of 31/32 down to 1/32 of the peak current set
Comesponding | o} » | s lclolelrflao by RseT (15/16 to 1/16 on MAX_7_221). Table 7 lists the
Segment Line intensity register format. The minimum interdigit blank-

ing time is setto 1/32 of a cycle.

B MAX1M
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Serially Interfaced, 8-Digit LED Display Drivers

Table 7. Intensity Register Format (Address (Hex) = XA)

it D7 D6 D5 D4 D3 D2 D1 DO e
MAX7219 MAX7221 CODE
(m1i:13 o) (m1i:3 on) A s X . 0 0 g g A
3132 216 X X X X 0 Q 0 1 X1
5132 316 X X X X 0 0 iF 0 X2
7132 4/16 X X X X 0 0 1 1 X3
9/32 5116 X X X X 0 1 0 0 X4
11132 6/16 X X X X 0 1 0 1 X5
13/32 7716 X X X X 0 1 1 0 X6
15/32 8/16 X X X X 0 1 9 1 X7
17132 916 X X X X 1 0 0 0 X8
19/32 10/16 X X X X i 0 0 1 X9
21432 1116 X X X X 1 4] 1 0 XA
23(32 12116 X X X X 1 0] 1 1 XB
25132 1316 X X X X 1 -t 0 0 XC
27132 1416 X P X X 1 1 g 1 XD
29/32 1516 X X X X 1 1 1 0 XE
31132 (r;;’( fn) X X X X 1 I 1 1 XF

Table 8. Scan-Limit Register Format{Address {(Hex) =XB)
REGISTER DATA HEX
e D7<W 08 | 05 D% |98 | b2l J- D1 ;} Py | CODE
Display digit 0 only” X X X X X 0 0 0 X0
Display digits 0 & 1~ X X X X X 0 0 1 X1
Display digits 0 1 2* X X X X bt 0 1 0 X2
Display digits 012 3 X X X X X 0 1 1 X3
Display digits01 23 4 X X X X X 1 0 0 X4
Display digits01 2345 X X X X % il 0 1 X5
Display digits0123456 X % X X X 1 1 0 X6
Display digits 01234567 X X X X X 1 1 1 X7
*See Scan-Limit Register section for application.
Scan-Limit Register  scanned. Since the number of scanned digits affects

The scan-limit register sets how many digits are dis-
played, from 1 to 8. They are displayed in a multiplexed
manner with a typical display scan rate of 800Hz with 8
digits displayed. If fewer digits are displayed, the scan
rate is 8fosc/N, where N is the number of digits

MAXIM

the display brightness, the scan-limit register should
not be used to blank portions of the display (such as
leading zero suppression). Table 8 lists the scan-limit
register format.
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MAX7219/MAX7221

Serially Interfaced, 8-Digit LED Display Drivers

If the scan-limit register is set for three digits or less,
individual digit drivers will dissipate excessive amounts
of power. Consequently, the value of the RSET resistor
must be adjusted according to the number of digits dis-
played, to limit individual digit driver power dissipation.
Table 9 lists the number of digits displayed and the
corresponding maximum recommended segment cur-
rent when the digit drivers are used.

Display-Test Register
The display-test register operates in two modes: normal
and display test. Display-test mode turns all LEDs™on
by overriding, but not altering, all controls and digitTeg-
isters (including the shutdown register). ln-display-test
mode, 8 digits are scanned and the’duty cycle.s 31/32
(15116 for MAX7221). Table 10 liststhe display-testveq-
ister format.

Table 9. Maximum Segment Current for
1-, 2-, or 3-Digit Displays

NUMBER OF DIGITS umgg:ﬂsﬁsﬂqrusm
DISPLAYED
(mA)
1 0
20
30

Table 10. Display-Test Register Format

(Address (Hex) = XF)
REGISTER DATA
NE D7 { D6'{ D5 | D4 | D3 | D2 | D1 | DO
Normal
Operation X | X | X G X K | XX 00
Display Test
Ko X I X | X I XHIX XL X |1

Note: The MAX7219/MAX7221 remain in display-test mode
(all LEDs on) until the display-test register is reconfigured
for normal operation.

No-Op Register
The no-op register is used when cascading MAX7219s
or MAX7221s. Connect all devices' LOAD/CS inputs
together and connect DOUT to DIN on adjacent
devices. DOUT is a CMOS logic-level output that easily
drives DIN of successively cascaded parts. (Refer to
the Serial Addressing Modes section for detailed infor-
mation on serial input/output timing.) For example, if
four MAX7219s are cascaded, then to write to the

10

fourth chip, sent the desired 16-bit word, followed by
three no-op codes (hex XXOX. see Table 2). When
LOAD/CS goes high, data is latched in all devices. The
first three chips receive no-op commands, and the
fourth receives the intended data.

Applications Information

Supply Bypassing and Wiring
To minimize power-supply ripple due to the peak digit
driver currents, connect a 10pF electrolytic and a 0.1pF
ceramiceeapacitor between V+ and GND as close to
the deviceras possible. The MAX7219/MAX7221 should
be placed in close proximity to the LED display, and
conngctions. should 'he kept as short as possible to
minimize.the-effects of wiring inductance and electro-
magretic interference. Alsa, both GND pins must be
connected toiground.

Selecting Rser Resistor and
Using External Drivers
The\ current, per-segment is_approximately 100 times
the, current in ISET. To select RSEv. see Table 11. The
MAXT7 271 9/IMAXT 221 s“maximum_recommended seg-
mient currentdis 40mA. For/segment current levels
ahove these-evels, external \digit drivers will be need-
ed.ln thisapplication. the MAX7219/MAX7221 serve
only as controllers for other high-current drivers or tran-
sistars, Therefore, 1o conserve power, use RSET = 47k
when' using external current sourCes as segment dri-
vers.

The example in Figure 2 tsesthe'MAX7219/MAX7221's
segment. drivers, ‘'a MAX394 single-pole double-throw
analog switch.Tand“external wansistors to drive 2.3"
AND23075SLE common-catiiode displays. The 5.6V
zener diode hasbeen addedin series with the decimal
point-LED:Becatise’ the degimal point LED forward voit-
agesis kypically 4.2V. For all other segments the LED
forward voltage is_typicallys8V( Since external transis-
tors are used’tossink curreniADIG 0 and DIG 1 are used
as.logic,switches), peak.segment currents of 45mA are
allowed even thetgh-«only two digits are displayed. In
applications where the MAX7219/MAX7221's digit dri-
vers-are"tsed to sink current and fewer than four digits
are displayed, Table 9 specifies the maximum allow-
able segment current. RSET must be selected accord-
ingly (Table 11).

Refer to the Power Dissipation section of the Absolute
Maximum Ratings to calculate acceptable limits for
ambient temperature, segment current. and the LED
forward-voltage drop.

MAXIMN
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Serially Interfaced, 8-Digit LED Display Drivers

Table 11. RSET vs. Segment Current and

LED Forward Voltage
Viep (V)

1 mA

SEG(MA) 5T 20 | 25 | 30 | 35
40 122 | 118 | 110 | 106 | 9.69
30 178 | 171 | 158 | 150 | 140
20 298 | 280 | 259 | 245 | 226
10 66.7 | 63.7 | 593 | 554 | 51.2

Computing PowerDissipation

The upper limit for power dissipation (PD) forthe
MAX7219/MAX7221 is determined from the following
equation:

PD = (V + x 8mA) + (V+ - VLED}DUTY X ISEG x N)
where:

V+ = supply voltage

DUTY = duty cycle set by intensityfegistes

N = number of segments driven, (worst caseds 8)

VLED = LED forward voltage

ISEG = segment current set by RSET
Dissipation Example:

ISEG = 40mA. N = 8, DUTYs= 31/329VeeD =1.8V-at
40mA, V+ = 5.25V

PD = 5.25V(8mA) + (5.25V -L8V){(31/32 X

40mA x 8) = 1.11TW

Thus, for a CERDIP package. (834 = +60°CIW\from
Table 12), the maximum allowed ambient temperature
Ta is given by:
Timax) = TA + PD x 8JA + 150°CG=NA + 1AW x
60°C/W
where TA = +83.4°C.

MAXIMN

Table 12. Package Thermal Resistance
Data

PACKAGE THERIIAL(;:ZSIST ANCE
24 Narrow DIP +75°C/IW
24 Wide SO +85°C/IW
24 CERDIP +60°C/IW

Maximum Junction Temperature (T3) = +150°C

Maximum.Ambient Temperature (Ta) = +85°C

Cascading Drivers
The/example in-Figure 3 drivesy] 6 digits using a 3-wire
JIP interfage i the imber of digits is not a multiple of
8, [set bathy’ driversscarrlimits fegisters to the same
number s6.one disptaywillL.not appear brighter than the
Ottier.\For example-if.12 digits areyneed, use 6 digits
per display with beth sGan-limit registers set for 6 digits
s that Ddth displaysshave a91/6 duty cycle per digit. If
11/digits’are needed, set both, scan-limitiregisters for 6
digits -and leave one'digit deiver, unconnected. If one
display for/6 digits; and;the.other for 5 digits. the sec-
ond display/Will appear brighter because its duty cycle
peridigit willtbe 1/6-while the fitst display’s will be 1/6.
Refértg the NofOp Register-sectionfor additional infor-
mation.
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MAX7219/MAX7221

Serially Interfaced, 8-Digit LED Display Drivers
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Serially Interfaced, 8-Digit LED Display Drivers
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MAX7219/MAX7221

Serially Interfaced, 8-Digit LED Display Drivers

_Ordering Information (continued)

PART TEMP. RANGE PIN-PACKAGE
MAX7221CNG 0°Cto +70°C 24 Narmrow Plastic DIP
MAX7221CWG 0°Cto +70°C 24 Wide SO
MAX7221C/ID 0°Cto +70°C  Dice"

MAX7221ENG  -40°Cto +85°C 24 Narrow Plastic DIP
MAX7221EWG  -40°Cto +85°C 24 Wide SO {
MAX7221ERG ~ -40°Cto +85°C 24 Narmow CERDIP {

*Dice are specified at Ta = +25°C.
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Serially Interfaced, 8-Digit LED Display Drivers
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MAX7219/MAX7221

Serially Interfaced, 8-Digit LED Display Drivers

Package Information (continued)
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Order this document by MC34060A/D

@ MOTOROLA
MC34060A

MC33060A
Precision SWITCHMODE™

Pulse Width Modulator

Control Circuit PRECISION SWITCHMODE
PULSE WIDTH MODULATOR

The MC34060A is a low cost fixed frequency, pulse width modulation

control circuit designed primarily for single—ended SWITCHMODE power CONTROL CIRCUIT
supply control.

The MC34060A is specified over the commercial operating temperature
range of 0° to +70°C, and the MC33060A is specified over an automotive iig:?ﬁggg g:\?;{

temperature range of —40° to +85°C.

e Complete Pulse Width Modulation Control Circuitry

On—Chip Oscillator with Master or Slave Operation

On-Chip Error Amplifiers

On-Chip 5.0 V Reference, 1.5% Accuracy

Adjustable Dead-Time Control

Uncommitted Output Transistor Rated to 200 mA Spuree or-Sink
Undervoltage Lockout

14
1
P SUFFIX

PLASTIGPACKAGE
CASE 646

PIN CONNECTIONS
4 a°
1
Noninv
Input 1
| D SUFFIX
In r:; 2 BPIASTIC PACKAGE
. CASE 751A
Compen/PWM (50-14)
Comp Input
Dead-Time
Control
CT| 5
Oscillator ORDERING INFORMATION
Rr| 6 9]C Operating
‘__(\{1’ Device Temperature Range Package
E MC34060AD SO-14
Ground | 7 8 Ta= 0° t0+70°C
MC34060AP Plastic DIP
MC33060, sSO-14
(Top View) s e Ta=—40°1t0+85°C
MC33060AP Plastic DIP
© Motorola, Inc. 1996 Rev 1
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MC34060A MC33060A

MAXIMUM RATINGS (Full operating ambient temperature range applies, unless otherwise

noted.)
Rating Symbol Value Unit
Power Supply Voltage Ve 42 v
Collector Output Voltage Ve 42 Vv
Collector Output Current (Note 1) Ic 500 mA
Amplifier Input Voltage Range Vin —0.3to +42 \4
Power Dissipation @ Ta < 45°C Pp 1000 mwW
Operating Junction Temperature Ty 125 °C
Storage Temperature Range Tstg -55t0+125 °C
Operating Ambient Temperature Range TA °C
For MC34060A 0to +70
For MC33060A —40to +85
NOTES: 1. Maximum thermal limits must be observed.
THERMAL CHARACTERISTICS
P Suffix \|\ D Suffix
Characteristics Symbol “}-Package Package’ |~“Upit
Thermal Resistance, Junction—to-Ambient REIA 80 128 “CIW.
Derating Ambient Temperature TA 45 45 °c
RECOMMENDED OPERATING CONBITIONS
Condition/Value Symbol Min Typ Max Unit
Power Supply Voltage Vee 70 15 40 \)
Collector Output Voltage Ve = 30 40 \"
Collector Output Current Io — - 200 mA
Amplifier Input Voltage Yin =0.3 - Vee —2 v
Current Into Feedback Terminal b - - 0.3 mA
Reference Output Current fref - - 10 mA
Timing Resistor RF¥ 18 47 500 kQ
Timing Capacitor Cy 0.60047 6.001 10 uF
Oscillator Frequency fose 1.0 25 200 kHz
PWM Input Voltage (Pins 3 and 4) = -0.3 — 5.3 A"

ELECTRICAL CHARACTERISTICS (Vgc'=.15 V GT £0.01 pF, RT = 12 %€, unjesspthenwise soted. For typical values Ta = 25°C,

for min/max values T is the operating ambient tempesature range that appliesgunless otherwise noted.)

Characteristics Symbol Min Typ Max l Unit
REFERENCE SECTION
Reference Voltage (Ig = 1.0 mA, Ta 25°C) Vyef 4.925 5.0 5.075 \Y
TA = Tiow t0 Thigh — MC34060A 49 - 5.1
— MC33060A 485 - 524
Line Regulation Regiine - 2.0 25 mV
(Vee=7.0V1to40V, Ig=10mA)
Load Regulation Regigad - 2.0 15 mv
(lo=1.0 mA to 10 mA)
Short Circuit Output Current Isc 15 35 75 mA
(Vref=0V)
2 MOTOROLA ANALOG IC DEVICE DATA
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MC34060A MC33060A

ELECTRICAL CHARACTERISTICS (Ve = 15 V, C7 = 0.01 pF, Ry = 12 k@, unless otherwise noted. For typical values Tp = 25°C,
for min/max values T is the operating ambient temperature range that applies, unless otherwise noted.)

| Characteristics ( Symbol t Min Typ Max | Unit J
OUTPUT SECTION

Collector Off-State Current Ic(off) - 20 100 A
(Ve =40V, Ve =40V)

Emitter Off-State Current IE(off) - - -100 pA
(Vec =40V, V=40V, VE=0V)

Collector—Emitter Saturation Voltage (Note 2) Vsat(C) = 1.1 1.5 \'4
Common-Emitter

(VE=0V, Ic =200mA)
Emitter—Follower Vsat(E) = 1.5 25
(Vg =15V, Ig =-200 mA)

Output Voltage Rise Time (Ta = 25°C) fr ns
Common-Emitter (See Figure 12) - 100 200
Emitter—Follower (See Figure 13) - 100 200

Output Voltage Fall Time (Ta = 25°C) i ns
Common—Emitter (See Figure 12 - 40 100
Emitter—Follower (See Figure 13) - 40 100

ERROR AMPLIFIER SECTION

Input Offset Voltage Vio - 2,0 10 mV
(Vo[Pin 31=2.5V)

Input Offset Current o - 5.0 250 nA
(Vepin31=25V)

Input Bias current B = =0.1 -2.0 pA
(Vorpin 3]=25V)

Input Common Mode Voltage Range Vicr O0to - - v
(Vcc=40V) Vee 20

Inverting Input Voltage Range VIR(INV) 0.3t - - v

Voo=2.0

Open-Loop Voltage Gain AvOL 70 95 - daB
(AVp=3.0V,Vp =0.5Vito 35V, R =20kQ)

Unity—Gain Crossover Frequency fe = 600 - kHz
(Vo=05Vt035V, Ry =20 k)

Phase Margin at Unity—Gain dm — B85 - deg.
(Vo =05Vto35V,R=20kQ)

Common Mode Rejection Ratio CMRR 65 30 - dB
(Vgc =40V, Vi, =0V to 38 V)

Power Supply Rejection Ratio PSRR - 100 - dB
(AVee =33V, Vo =25V, R = 2.0 kQ)

Output Sink Current lo- 03 0.7 - mA
(Vorpin 31= 0.7 V)

Output Source Current Io* -2.0 —4.0 - mA
(Vo[pin31=3:5V)

NOTES: 2. Low duty cycle techniques are used during test o maintain junction temperalure as close to ambient temperatures as possible.
Tiow = —40°C for MC33060A Thigh = +85°C for MC33060A
= 0°C for MC34060A = +70°Cfor MC34060A

MOTOROLA ANALOG IC DEVICE DATA 3

dgj 1d d‘ Y o U ¥ dl = 1 gj 1 Y o ¥ ¢ v ¥
nansiiluenasanulidmiunisidnunenisfinyintu eyl lldusylevsiaunism

I = O & A & v a9 vwe = v Y a = v & A ° v
ldnsdllag vivdu Snnemudlvdaudasilont wagAesosdstadnvesonasnnasininisualuldy



MC34060A MC33060A

ELECTRICAL CHARACTERISTICS (Ve = 15 V, Ct = 0.01 pF, Ry = 12 k€2, unless otherwise noted. For typical values T = 25°C,
for min/max values T is the operating ambient temperature range that applies, unless otherwise noted.)

r Characteristics [ Symbol [ Min Typ Max i UnU
PWM COMPARATOR SECTION (Test circuit Figure 11)

Input Threshold Voltage VTH - 35 45 \Y
{Zero Duty Cycle)

input Sink Current Iy 0.3 0.7 - mA
(VPin 3]=0.7V)

DEAD-TIME CONTROL SECTION (Test circuit Figure 11)

Input Bias Current (Pin 4) iB(DT) - -1.0 =10 HA
(Vin=0V1t05.25V)

Maximum Output Duty Cycle DCmax %
(Vin =0V, CT=0.01 pF, Ry = 12 kD) 90 96 100
(Vin =0V, C1 = 0.001 uF, RT = 47 kQ) - a2 =

Input Threshold Voltage (Pin 4) VTH v
(Zero Duty Cycle) - 2.8 33
(Maximum Duty Cycle) 0 - -

OSCILLATOR SECTION

Frequency Tose kHz

(C1 =0.01 uF, RT = 12 k@, Ta = 25°C) 9.7 10.5 1.3
TA = Tiow to Thigh — MC34060A 95 2 1.5
- MC33060A 9.0 - 11.5

(C1=0.001 pF, R = 47 kQ) - 25 -

Standard Deviation of Frequency” Glpsc - 15 - %
(C1=0.001 pF, Ry = 47 K2)

Frequency Change with Voltage AfgeclAV) - 0.5 2.0 %
(Vee=7.0Vio40V)

Frequency Change with Temperature AfgsclATY %
(ATA =Tiow t0 Thigh) = 4.0 -
(CT=0.01pF, RT =12 kL) - - -

UNDERVOLTAGE LOCKOUT SECTION
Turmn—-On Threshold (Vg increasing, Jref =1:0.mA) Vih 4.0 4.7 5.5 \Y
Hysteresis V4 50 150 300 my
TOTAL DEVICE

Standby Supply Current 18 mA
(Pin 6 at Vyef, all other inputs and outputs open)

(Veo=15V) - 56 10
(Vec=40V) - 7.0 15

Average Supply Current Is - 7.0 - mA

(ViPin4)=20V,C1= 0.001 pF, RT = 47:k0), SeeFigire-11,

*Standard deviation is a measure of the statistical distribution @bout.the mean as derivedfrom the formulai o =

4 MOTOROLA ANALOG IC DEVICE DATA
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MC34060A MC33060A
Figure 1. Block Diagram
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Emor Amp FeedbackPWM Emor Amp =

1 Comparator Input 2

This‘devige'contains 46 active transistors:

Description

The MC34060A is a fixed—frequency piilse widthmodutation confrol ciredit, incorporating theprimary building blocks required
for the control of a switching power supply (see Figure 1). An Internal-linear sawtooth-escillator isifrequency—programmable by
two external components, R and CT. The approximate osgiltator frequency. is determined by:

1,2
RTeCT

Formore information'refer te Figure 3

Output pulse width modulation is accomplished by comparison of the positive sawtooth waveform across capacitor CT to either
of two control signals. The outputis enabled only during that portion of time when the sawtooth voltage ig greater than the controf
signals. Therefore, an increasein control-signal amplitude causes a corresponding linear decrease of-output pulse width. (Refer
to the Timing Diagram shown in Figure'2.}

fOSC -

Figure/2/ Timing Diagram
GepaciopCy | | l f ! ! } | l
Feedback(Rw.M.\ﬂ gl 4 4
X LAY YR/ / /
e TN VR Z , - # -
Dead-Time Control
Outpm Q1l \__l J J j‘r j‘ sy
Emitter l
I l | | | | 1 | |
APPLICATIONS iNFORMATION

The control signals are external inputs that can be fed into varies from 0.5 V to 3.5 V. Both error amplifiers have a
the dead-time control, the error amplifier inputs, or the common made input range from —0.3 V to (Vg —2.0 V), and

feed—back input. The dead-time control comparator has an may be used to sense power supply output voltage and
effective 120 mV input offset which limits the minimum output current. The error—amplifier outputs are active high and are
dead time to approximately the first 4% of the sawtooth—cycle ORed together at the noninverting input of the pulse-width

time. This would result in a maximum duty cycle of 96%. modulator comparator. With this configuration, the amplifier
Additional dead time may be imposed on the output by setting that demands minimum output on time, dominates control of
the dead time—control input to a fixed voltage, ranging the loop.
between 0 Vto 3.3 V. The MC34060A has an internal 5.0 V reference capable of
The pulse width modulator comparator provides a means sourcing up to 10 mA of load currents for external bias
for the error amplifiers to adjust the output pulse width from circuits. The reference has an internal accuracy of £5% with a
the maximum percent on—time, established by the dead time typical thermal drift of less than 50 mV over an operating
control input, down to zero, as the voltage at the feedback pin temperature range of 0° to +70°C.

MOTOROLA ANALOG IC DEVICE DATA 5
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MC34060A MC33060A

Figure 9. Standby Supply Current Figure 10. Undervoltage Lockout Thresholds
versus Supply Voltage versus Reference Load Current
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Figure 11. Error Amplifier Characteristics Figure 12..Deadtime and Feedback Control
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MC34060A MC33060A

Figure 15. Error Amplifier Sensing Techniques

Yo To Output
Voltage of Vief
System
Ry §
1
47———-0—-—-1 + 0 ] Rz
3 3 =
Vi < ‘5 & Error Enor ‘5
Amp Amp
Ro Ry
= Pasitive Output Voltage Negative Output Voitage To Output
“ " Vottage of
Vo=Ver 1+ &, ) Vo= Vref (1, ) vp S
Figure 16. Deadtime Con cuit \\\\\\\ / ////// Figu oft—Start Circuit
{_/ (—-—-—
% \ -~ -y Vggf R1 (:cs
Output 0—— Q \ > N
~
Rt % .
6 3 2
PR
f‘\ FY) 1
s Elﬁ c
47k C:
B 9:< >3\) -]
P
Je @
(]
()
Mo i °§
Y
A,
>y "\\:Q
5
I
T et
- Rt
(Additional
5| 5™ ) Croity
—oC1
8 MOTOROLA ANALOG IC DEVICE DATA

tﬂy 1d tﬂl ¥ o U ¥ tﬂl = 1 5 1 Y o ¥ ¢ v ¥
wnanstiluenasianulidmiunisldnuienisfinewingu eugrelnhluldusslevimunisin

Lidnsalla vy BnnsudlidnuUaailon uazdesdndadsdvesenalsynaseniinisuilly
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Figure 19. Step—Down Converter with Soft-Start

and Output Current Limiting
150uH @ 2.0A "
Vip = 8.0V to 40V = out
n Tip 32 m o
N/ 5.0V/1.0A

O
47

0.01 ’ Vee $7
—— +
47k 2 9
S—A- = c
1.0M 3

O —
+ +
+| C34060A s
7 = 1000
6.3V

080 75 007
ks 13\&\\\\‘/!
A
B R
el AN JE S
— - ? Q\
= AR
v -
F4
#1253 7 ' \
) &
5
o [t e OO0 [
24
’ 2
[
3
. -
lation \Y = 0.5%,
Loa ulati o = =1.0m .QmV
Output Ri e Y oy Vin DA, 75mV VA,
Short Cir ent ) Vin= 12V, RLC=0.1 0 ol @\ %6
Efficiency “@ io=10A ¥ S

9

MOTOROLA ANALOG IC DEVICE DATA
wnansiduenarsianulidmsunslidnuiensnyvinu eygislmiluldusslesiaunisd

Lidnsalla vy Bnnsudlidnuaaileon uasdesdndadsdvesenalsynaseniinisuiluly
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Figure 20. Step—Up Converter
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MC34060A MC33060A

Figure 21. Step-Up/Down Voitage Inverting Converter
with Soft-Start and Current Limiting
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Motorola reserves the right to make changes without further'nefice io‘any-products herain. Wotorola makes no'wansanty, representation or guaranies reganding
the suitability of its products for any particular purpose, nordoes Metorola assume any liability arising outof the’application or use of any product ar circuif, and
specifically disclaims any and all fiability, including without limitationeonsequentialorincidental damages. “Typical” parametess which may be provided in Moiorola
data sheets and/or specifications can and do vary in different applications ‘andactual performancemayvary over time. All operaling parameters, inchudiing “Typicals™
must be validated for each customer application by customer's technical experis. Motorola does not convey any license under its patent rights nor the: rights of
others. Motorola products are not designed, intended, or authorized for use as compenents in systems intended for surgical implant inio the body, or ofher
applications intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal infury
or deathmay occur. Should Buyer purchase or use Motorola produclsforany suchunintended or unauthorized application, Buyer shailindernnify and hoid Molorols
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all daims, costs, damages, and expenses, and reasenable sfiomey fees
arising out of, directly orindirecily, any claim of personal injury or death associated with such unintended or unauthorized use, evenif such claim afleges that Molorola

Opportunity/Affirmative Action Employer. |

was negligent regarding the design or manufacture of the part. Motorola and @ registered trademarks of Motorola, inc. Motorola, Inc. is an Equal |
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May 1999

&National Semiconductor

DAC0808
8-Bit D/A Converter

General Description v Features

The DACO808 is an 8-bit monolithic digital-to-analog con-  ® Relative accuracy: +0.19% error maximum
verter (DAC) featuring a full scale output current settling time & Full scale current match: £1 LSB yp

of 150 ns while dissipating only 33 mW with +5V supplies.  w Fast settling time: 150 ns typ

No reference current (Iger) trimming is required for mostap-  w Noninverting digital inputs are TTL and CMOS
plications since the full scale output current is typically +1 i

LSB c:; 255 |er/256. Relative accuracies of b . ing input slew rate: 8 mAlys
+0.19% assure 8-bit monotonicity and lineari i .

level output current of less than 4 pAp zeroac Pcwer SUPRYY ¥ 24 SW R 260

curacy for lggr22 mA. The powel currents of w rconsumpbo )
DAC0808 is independent of bi , and exh: e
tially constant device chara over lh

voltage range.

JejieAuo) v/d 3g-8 80800vd

The DAC0808 will inte rectly ui = :/_
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DAC0800 data sh ey — &) 7 _ \ K ¢
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Block an oflﬁ&‘ oL > > \‘ \\
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3 5 %

S T TS Vo ey~
G A
&%.mm = Q®

Sed e o A@
Gayugant?

Al i3 AY LS8
A2
a3 7 1 a6
n-t LIS
DS005687-2
Top View

Order Number DAC0808
See NS Package M16A or N16A

© 1999 National Semiconductor Corporation DS005687 www.nafional.com
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Block and Connection Diagrams (continued)

Small-Outline Package

Vet 16f—A8 LSB
Vegr (=42 15§47
Veer ()13 14f—46
COMPENSATION—{4 13f—A5
NC (NOTE 2)—{S 12f-A4
GNO—{6. 11f—43
Ve =7 10§—=a2
o8 sh-at usB
DS00S687-13

Ordering Information

ACCURACY
SO PACKAGE
(M16A)
8-bit DACO0808LCM

Note 1: Devices may be ordered b

www.national.com 2
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Absolute Maximum Ratings (Note 2) Storage Temperature Range -85°C to +150°C
If Military/Aerospace specified devices are required, Lead Temp. (Soldering, 10 seconds)
please contact the National Semiconductor Sales Office/ Duslk-In-Line Package (Plastic) 260°C
Distributors for availability and specifications. Duakin-Line Package (Ceramic) 300°C
Power Supply Vollage Surface Mount Package
Vee +18 Vo Vapor Phase (80 seconds) 215'C
Vee -18 Vpe Infrared (15 seconds) 220°C
Digital Input Voltage, V5-V12 =10 Vpe to +18 Ve : :
Applied Oulput Voltage, Vi, Voo +tay,,  OPperating Ratings
Reference Current, I, 5mA Temperature Range Tun <Ta<T,
Reference Amplifier Inputs, Vi4, V15 Ve Vee DAC0808 ”'3 51:5 ...7';%
Power Dissipation (Nole 4) 1000 mW
ESD Susceptibility {Note 5) TBD
Electrical Characteristics
(Ve = 5V, Ve = =15 Ve, Vree/R14 = 2 mA, an at high logic ise noted.)
Symbol Parameter Conditions | | | Min Max Units.
E, Relative Accuracy (Error Fi 7 (2
io Full Scale ) - \\ / /. /;f/—
DAC0B0BLC (L )~y WA %0, %
Seliling Time o % L8Ba ) ) TE25Coe 7).y B I D 150 f ns
{Includes 1o, _— e Z, N T ——
oo bone Propagation Dejay Ti ot 08
TCl, Output Fu le Current Dri - *20 - C
MSB Digital In |, > T o
Vi High Leval, Logic 1" A/« 7 N = v,
v, Low Level, “0 ‘ v,
MSB Digital t 2 { LN
Low Level e i [ramA
Ls Refel In| N - -3 A
Ouipu ge re e
t=3 20 G
a \) IARSERENN
é (o | Ta = 25C -
[ Output t ‘9 © Vrer t’ P
o’“ 9 E 21 (N
Output Curr Bl ( g 485 A
Output Voltage i ote 3) 525 Com -
Vee=-5Y, lper= N 4 . g Voo
Vee Below -10V & w 0 Voe
SRlger Reference Current Slew '(Figure 6) | 4 g e,,‘ mA/ps
Output Current Power Supp! gw SV | “o.05 =4 ANV
Sensitivity 9 Xiﬁ" h G‘ - _%
Power Supply Current (All Bits =
Low)
e 23 22 mA
lee -43 -13 mA
Power Supply Vollage Range Ta = 25°C, (Figure 3)
Ve 45 5.0 55 Voc
Vee -45 | -15 -165 Voo
Power Dissipation
www.national.com
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Electrical Characteristics (continued)
(Ve = 5V, Vge = 15 Vpe, Vree/R14 = 2 mA, and all digital inputs at high logic level unless otherwise noted.)

Symbol Parameter Conditions Min Typ Max Units
All Bits Low Vee = 5V, Ve = -5V 33 170 mw

Vee = 5V, Ve = -15V 106 305 mwW

All Bits High Vee = 15V, Ve = -5V 90 mw

Vee = 15V, Vg = =15V 160 mw

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.
Note 3: Range control is not required.
Note 4 The maximum power dissipation must be derated at elevated temperatures and is dictated by T. IMAX: ] B, and the ambieat Ta. The

power dissipation at any is Pp = (Tymax — Ta)8,a or the number given in the Ab Ratings, which is lower. For this device,
Timax = 125°C, and the typical junction-to-ambient thermal resistance of the duakin-line J package when the board mounted is 100°CAV. For the duatin-line N pack-
age, this number increases to 175°C/W and for the small outline M package this number is 100°C/W.
Note 5: Human body model, 100 pF discharged through a 1.5
Note 6: All current switches are tested to guarantee
Notfe 7: All bits switched.

Note 8: Pin-out numbers for the DALOB0 the duakin-| the dual-in-line package.
Typical Appli \w W
\ — l

& e
Y]‘TTH‘E

To b
=
4

I
1ans

Typica rﬁrmanc ct 2= ~15 aunless gffierwise foted
Logic input m%)‘ Thres.hf&%b vs

Input Voltage A peratu%
A et S

3 ¢ L : % . =
3 8 = 9 <y E = w !
- \ - =
Vo, B TR :
3 = 08 H s
2 s % 2 @ ™~
5 & % \ i ~<
£ -4 9 5 - i -~ ~
2 A A 2 04 FE el
g 2 Y= -5V 3
N c 66
= g oa

[] o T a2

~32-10-8-8-4-202 & 5 81012141518 -12-10-8-6-4-20 24 6 B 101214 1618 = .

V- LOGIC INPUT VOLTAGE (V) Vi - LOGIC INPUT VOLTAGE (V) T s maso1m o os oW
Deoosnerit DSD0S627-15 T - TEMPERATURE (°L)
DSN0SE87-15
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Typical Performance Characteristics v.. = 5v, Vee = -15V, T, = 25°C, unless otherwise
noted (Continued)

Output Current vs OQutput

Voltage (Output Voltage e g pl aiics Typical Power Supply
vs Temperature
Compliance) pe Current vs Temperature
20
28 - I 80 " ATU BT WGH 07 LOW
ALL 8ITS “ON" { 18 N = 75 Liig=2mA 1
T 24 i T s N : 0 !
£ Veg=-18V |Vgg=-5V = 2 R ] —lge
E 2 I I T4=2mA 2 8 [—JSHADED AREA INDICATES g 5
TS ] = | Y PERMISSIBLE OUTPUT s
g8 [ s 4 VOLTAGE RANGE FOR Y
- N = %
§ 12 lig=1mA § 0 |3 VEE=-15V,11a=2mA £
£V : £ . N 5 , -
o 08 [+ [ & < 20 e fee
o -8 z
= 04 li4=02mA AN &, 1.0
12
g y - RSBy - A8 A x S0%. 0 50 100 150
110 -6 -2 2 6 10 14 18 TEMPEBATURE (tc) =
V- QUTPUT VOLTAGE (V) Nery TEMRERATURE (°C)
DS00S68797 DS008687-19
Typical Power Supply Typical-Power Supply Referance kit
SMproTH; v Yex Cumentvs Vgc Frequency Response
8
SN e st by 1] A BITS HIGH OB LOW §
H .IEEW!TH I #2 mA z 7 [lwe=2mA L) 4
e 5 e s " E 2
£ l g It a4, ~ 6
g 5 Igg WITH1;4# { mA 2¢ 9 -, SR, \
n i " o°"
% 4 i ] A e 5y NN
E gLl lteewihigg=ozma] | | E S/ N
= 2 =
: . - : 7 N
=z fec = 2 Teo 2 -1
g i i £ 1 i
14
? 02 4 5 81012t Lian v <18
h 097 4} 6 (81042 18 1518 20 0.1 63 1 1 10
Ve - NEGATIVE POWEASURPLY (V) Voe - POSITIVE POWER SERPLY (1) . N
® 2L DS005687-21 DEDIBETZ2

Unless otherwise spegified: R14 = R15.5 1 kQ, C = 15 pF, pint 16,10 Vg R, = |50, pir 4 to ground.
Curve A: Large Signal Bandwidth Method of (Figure 7;Virer =.2 Vp-p offsel 1V abave ground:
Curve B: Small Signal Bandwidth"Method of Figure 7, R,_=250Q), Viger, =50 mVp-p.ofiset 200 mV above ground.

Curve C: Large and Small Signal Bandwidth Method of Figere 9{ric lop.ampyR, = 50€), Rs =500, Vaer = 2V, Vs = 100 mVp-p
centered at OV.

5 www.national.com

nanstuenmsianulidwiunsldmauiionsnyiviniu lleygralhluldsglovisunise

Lidnsdllag vy Bnnsnudlvidaudadilen uagdesdndisdvaenarsynasandnsiluly



5::;! §
: g
L
| —|#
7'/‘ 2 =\N
Y
\\: !!/// 2
NS “Jdr 3
e —
3 ~§
\ L2l 3 ;;
AR =
= = e ad
ol D B zfﬂ uP
3 2 (g
: >1\) -]
g w c
pIe @
-< ey “
21y
AR
w ’>
Q E’ ot -
Fof O
23 e
www.national.com 6

lﬂa’ 1d lﬂl Y o U ¥ tﬂl = 1 gj 1 Y o ¥ ¢ v ¥
wnasiluenansnanulidmsumsldnuienisanwvintu eugsliiluldussleviaunism

Lidnsalla vy BnnsnudlidnuUaaileon uasdesdndadsdvesonalsynaseniinisuilly



Test Circuits

DIGITAL
INPUTS

+
E2532828X

Vj and 1y apply to inputs A1-A8,
The resistor tied to pin 15 is to temperature compen:

all applications.

Al A2 A3 A4
—t =+ —+=

lo =
°K(2481s

Veer

K = -BEE

where K = ¢1a
and Ay = *1” if Ay is at high lev
An = “07if Ay is at low level

vvvvv

B
151613 |2

& c

Vee
0S006687-7

FIGURE 4. Relative Accuracy Test Circuit (Note 8)
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Test Circuits (continued)

24V
N ___?__._\ "
2vpg e PHL= LS 108
— Sy ELANFLEVSL, GSE By TO GHO FOR TURN “DFF~
g 01uF SETTLING TIME MASSREMENY REETEAT)
“’-[__‘ o (FIGURE §)
FOR SETTLING TIME '
o MEASURENENT (ALL BITS 1= 15m TYP
SWTCHED LOW TO HIGH) Twanus
T:osmr
= [Ap—
TRANSIERT
58
RESPONSE
NS4 [LOW CAPACITANCE, 100 my k :hnn:n
FAST RECOVERY DIODE)
LY F—tras
0S005687-8
GURES. Transient Rm\oise and Settling Timey(Note:8
— \

e By

sﬂ MIDQ R
> N
AW

%6’“ FIGURES. Refe ,\2;%;‘.‘ -

A a
ol V2] fordi
] A E 1176
450 s
10 = 0
A Q = O 0
A70
ok 16 AL
3 lc =
& =
SEE TEXT FOR VALUES OF C
O
VEE
DS005687-10

FIGURE 7. Positive Vgee (Note 8)
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Test Circuits (continued)
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Application Hints

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides a voltage at pin 14 for con-
verting the reference voltage to a current, and a turn-around
circuit or current mirror for feeding the ladder. The reference
amplifier input currrent, {,,, must always flow into pin 14, re-
gardless of the set-up method or reference voltage polarity.
Connections for a positive voltage are shown in Figure 7.
The reference voltage source supplies the full current |,,.
For bipolar reference signals, as in the multiplying mode,

R14=R15

e voltage corresponding to the
U utle ble to eliminate R15 with only
a small sacrifice in accuracy and temperature drift.

The compensation capacitor value must be increased with
increases in R14 to maintain proper phase margin; for R14
values of 1, 2.5 and 5 kQ, minimum capacitor values are 15,
37 and 75 pF. The capacitor may be tied to either Ve or
ground, but using Ve increases negative supply rejection.
A negative reference voltage may be used if R14 is
grounded and the reference voltage is applied to R15 as
shown in Figure 8. A high input impedance is the main ad-
vantage of this method. Compensation involves a capacitor
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Application Hints (continued)

to Ve on pin 16, using the values of the previous paragraph.
The negative reference voltage must be at least 4V above
the Ve supply. Bipolar input signals may be handled by con-
necting R14 to a positive reference voltage equal to the peak
positive input level at pin 15.

When a DC reference voltage is used, capacitive bypass to
ground is recommended. The 5V logic supply is not recom-
mended as a reference voltage. If a well regulated 5V supply
which drives logic is to be used as the reference, R14 should
be decoupled by connecting it to 5V through another resistor
and bypassing the junction of the 2 resistors with 0.1 pF to
ground. For reference voltages greater than 5V, a clamp di-
ode is recommended between pin 14 and ground.

If pin 14 is driven by a high impedance such as a transistor
current source, none of the above compensationsmethods
apply and the amplifier must be heavily_compensated, de-
creasing the overall bandwidth.

OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to a range.of ~0:55 10 0:4V.
when Vee = -5V due to the current-switching métheds-em=
ployed in the DAC0808¢

The negative outpuit voltage compliance of the DACO808 is
extended to -5V where the negative supply voltage is niore
negative than =10V. Using a full-scale currént of 1/992:mA
and load resistor of 2.5 kQ between pin 4 and grotnd Wil
yield a voltage output of:256 levels betwéen 0.and<4:980V,
Floating pin 1 does not affect the converier'speed or pawer
dissipation. However, the'value of the load resistor deter-
mines the switching time due tol increased voltage swing.
Values of Ry up.to 500Q do_not significantly, affect perfor-
mance, but a 2.5k€ load increases worsi-case setling fime
to 1.2 ps (when allibits are swilched ON). Rafer o the sub‘
sequent text section onSettling Time for more detalls on aut-
put loading.

OUTPUT CURRENT RANGE

The output currentmaximun rating.of 42/mA may be used
only for negative supply voltages.more.niegative \than =8V,
due to the increasedVoltage drop.acrass.the resistars inthe
reference cument amplifier.

ACCURACY

Absolute accuragy s, the ‘measure of.each output current
level with respect fo its intended value, and is-dependent
upon relative accuragy and fulksealercurrent drift. Relative
accuracy is the measure of.each.output current level as ‘a
fraction of the full-scale cutrent:, The relative.accuracy of the
DAC0808 is essentially constant with temperattre-due to the
excellent temperature tracking ofthe menolithic resistor lad-

der. The reference current may drift with temperature, caus-
ing a change in the absolute accuracy of output curmrent.
However, the DAC0808 has a very low full-scale current drift
with temperature.

The DACO0808 series is guaranteed accurate to within 14
LSB at a full-scale output current of 1.992 mA. This corre-
sponds 1o a reference amplifier output current drive fo the
ladder network of 2 mA, with the loss of 1 LSB (8 pA) which
is the ladder remainder shunted to ground. The input current
to pin 14 has a guaranteed value of between 1.9 and 2.1 mA,
allowing some mismatch in the NPN current source pair. The
accuracy test circuit is shown in Figure 4. The 12-bit con-
verler is calibrated for a full-scale output current of 1.992
mA. This is an optional step since the DAC0808 accuracy is
essentially the same between 1.5 and 2.5 mA. Then the
DACO0808 circuits’ full-scale current is timmed to the same
valtewith,R14 so that a zero value appears at the error am-
plifieroutput. The counter is activated and the error band
may be displayed.on an,oscilloscope, detected by compara-
tors, or stored in a peak detector.

Two’8-bit B-to-A convertersymay.not be used to construct a
16-bit accuracy D-to-A converter. 16-bit accuracy implies a
total exrorof £ 4 of one-part in 65;536,.0r £0.00076%, which
is“much more,accurate than the £0.019% specification pro-
vided by the ‘DAC0808.

FULTIPLYING ACCURACY

Thé~DAC0808 'may be used in the multiplying mode with
8-bit aceuracy when the referencecusrent is varied over a
range.of 256:1.\H, the reference current’in the  multiplying
maode ranges.from 16 1A ta4 mA the additional efror contri-
butions are less than' 1.6 pA. This'is well'within 8-bit accu-
racy whenreierred to full-scale.

A monatonic eonverter is-one-which supplies an increase in
current for each increment in the binary word. Typically, the
DAC08U8 is’ manotonic for all valugs’ of referenice current
above 0.5 mA/{The recommended range foroperation with 3
DC reference cumrent is 0.5 to4 mA.

SETTLING TIME

The|\worst-case swilehing.cendition occurs when all bits are
switched ON, which.corresponds to a léw-to-high transition
for all bits” This time is‘typically 150 fis-for setiling to within
+72 ISR, for 8-bit aceuracy, and 108.0s 1o % LSB for 7 and
6-bit/accuracy. The turn OFF is typically under 100 ns. These
times apply when R, < 500Q andC;, <25 pF.

Extra.care myst be'taken in board layoatit since this is usually
the/deminant factor in satisfactory test résults when measur-
ing’settling time. Shart leads, 100 uF supply bypassing for
low frequengies, .and’ minimum scope lead length are all
mandatory,
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Physical Dimensions inches (millimeters) unless otherwise noted
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Notes

DACO0808 8-Bit D/A Converter

DEVICES OR SYSTEMS

RESS WRITTEN
COUNSEL OF NATIONAL mTﬁ‘l
or .

1. Life support devices or systemsyare™devices
systems which, (a) are intended for surgieal imp
into the body, or (b) support or sustain life,"a
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

PPRO

be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.
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