
D to  A  CONVERTER

zN428E-8
zN428J-8

8 Bi t  Latched Input  Monol i th ic  D to  A Conver ter

F E A T U R E S

O Contains DAC with data latch and on-chip reference.

O Guaranteed monotonic over the ful l  operating temperature range

O S ing le  *5V supp ly

O TTL and 5V CMOS compat ib le

O 800 ns sett l ing t ime

a ZN428E-B Commercial t€mp€rature range 0'C to +70'C

a ZN428J-8  Mi l i ta ry  tempera ture  range -55 'C to  +125"C

GENERAL DESCRIPTION

The 2N428 is a Monoli thic 8 bit  D to A converter with input latches to faci l i tato up-
dating from a data bus. The latch is transparent when f iable is LOW and the data is
held when Enable is taken HIGH. The 2N428 also contains a 2.5 volt  reference the use
of which is pin optional to retain f  lexibi l i ty. An external f ixed or varying reference may
theref ore be su bsti tuted
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zN428E-8/J-8
ABSOLUTE MAXIMUM RATINGS
Supply voltage V66 .. *7.0 volts
Max. voltage, logic and V6gp input . .  *Vcc
Operating temperature range 0'C to +70'C (ZN428E-8)

-55'C to +125'C (ZN428J-8)
Storag€ temperaturb range: -55"C to +125"C
Analogue Ground to Digital Ground .. j200 mV

ELECTRICAL CHARACTERISTICS (Vcc : *5 volts. Tamb - 25'C unless otherwise specif ied). (

Parameter Min. Tvp. Max. Units Conditions

Internal Voltage
Reference
Output voltage

Slope resistance

vFEF OUT T.c.

Reference current

D to A Converter
Linearity error

Differential non-linearity

Linearity error T.C.

Differential non-linearity T.C.

Offset voltage

Offset voltage T.C.

Full scale output

Ful l  scale output T.C.

Analogue output resistance

External reference voltage

Settling rime to 0.5 LSB

Operating temperature range :
zN428E-8
zN428J-8

Supply voltage (Vq6)

2.475

4

2.545

0

0
-55

4.5

2.550

0.5

50

+0.5

+3

+6
2

*6

2.550

2

4

800

1.25

5.0

2.625

2

1 6

t0.5

2.555

5

3.0

70
125

5.5

volts

o

ppm/"c

mA

LSB

LSB

ppm/'c

ppm/'c

mV

FV/'C

ppm/'c

ko

volts

ns

ps

c
c
volts

Note 1

2.0v <VREF rr,r (3.0V

All bits OFF

1 LSB MajorTransition
(Note 2)
All bits ON to OFF or
OFF to ON (Note 2)

)l*:= ??'r ,

I External reference
fVnEr rru :  2.560 volts,
J al l  bi ts ON

Note 1 See REFERENCE, page 4.
Note  2  Rr  :  10  Mo,  Cr_  :  10  pF.
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ELECTRICAL CHARACTERISTTCS (cont inued)

M in . Tvp. Max . Units Condi t ions

Supp l y  cunen t

Power consurnBtion :'

Log i c
(over speci f ied operat ing
temperature range)
High level  input  vol tage

Low level  input  vol tage

High level  input  current

Low level  input  current

Enab le  pu l se  w id th

Data set-up t ime

Data hold t ime

2.0

1 0 0

1 5 0

1 0

20

1 0 0

30

0.8

60

20

-c

mA

mW

irA

pA

ilA

ns

ns

ns

Note 3

Vrr.r :  5.5V
V^^  :  Max.
v;^; : 2.4v
vsi : Max'

Vrr, :  :  0.4V
Vcc  :  Max '

Note 4

Note 5

zN428E-8/J-8

Note  3  A l l  i npu t s  H IGH (VsH  :  3 . 5  vo l r s ) .

Note 4 Set up t ime before Enanle goes high.

No te  5  Ho ld  t ime  a f t e r  Enab le  goes  h i gh .

D  t o  A  CONVEFTER

The converter  is  of  the vol tage swi tching type and uses an R-2R ladder network as shown in Fig.  2.
Each 2R element is  connected to 0V or Vn",  , "  by t ransistor  vol tage swi tches specia l ly  designed
for low of fset  vol tage (<1 mi l l ivol t ) .  A binäry r iveighted vol tage is  produced at  the output  of  the
R-2R  l adde r .

D TO A OUTPIJT

vper tH
(pn e)

e-rF
ANALOGUE
GROUNO
(PrN s)

R ( A k n )  R

Fig. 2. The R-2R Ladder Network
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zN428E-8/J-8

A n i '  
-  n

r l ogue  Ou tpu t  
216  

(Vne  r  rN  -Vos )  +Vos

where n is  the dig i ta l  input  to the D to A f rom the data latch.

V95 is a smal l  of fset  vol tage produced by the D to A swi tch currents f lowing through the package
lead resistance.  The value of  Vos is  ty ical ly  1 mV. This of fset  wi l l  normal ly  be removed by the set t ing
up procedure (see. ,APPLlCAT|ONS sect ion) and because the of fset  temperature coef f ic ient  is  low
(+6 rrv l 'C) the ef fect  on accuracy is  negl ig ib le.

-  -  -  -  - l

I

J  5 t  2 ' t

Fig.  3.  Analogue Output  Equivalent  Gircui t

Fig.  3 shows an equivalent  c i rcui t  of  the output  ( ignor ing Vor) .  The output  resistance R has a
temperature coef f ic ient  oI  *0.2% per 'C.

The gain drift due to this is ff i "2" nu, "c

RL should be chosen to be as t " rg,  . ,  possib le to make the gain dr i f t  smal l .  As an example i f  R1- :
400 kO then the gain dr i f t  due to the T.C. of  R for  a 100'C change in ambient  temperature wi l l  be
less than 0.2%. Al ternat ively the 2N428 can be buf fered by an ampl i f ier  (see APPLICATIONS
sect ion).

R  E F E R E N C E

Internal  Reference

The internal  reference is  an act ive band gap c i rcui t  which is  equivalent  to a 2.5 vol t  Zener
d iode  w i t h  a  ve r y  l ow  s l ope  impedance  (F i g .  4 ) .  A  r es i s t o r  (RnEr ) ,  shou ld  be  connec ted
be tween  *V6s  (p i n  10 )  and  p i n  7 .  The  recommended  va lue  o f  3900  w i l l  supp l y  a  nom ina l
reference current  of  (5.0-2.5) /0.39 :  6.4 mA. A stabi l is ing/decoupl ing capaci tor .  CRrr :
1 pF is  required between pins 7 and 8 for  internal  reference operat ion,  Vr. r  o91 (p in 7)
be ing  connec ted  t o  VFEF  ,  x  ( p i n  6 ) .

Up to f ive ZN428s may be dr iven f rom one internal  reference ( there is  no need to reduce R6sp)
This useful  feature saves power and gives excel lent  gain t racking between the converters.

External  Reference

l f  r equ i r edanex te rna l  r e fe rencevo l t agemay^beconnec ted toV* . r  l x .Thes lope res i s t anceo f

such a reference source should be less than 
- i  

f ) ,  where n is  the number of  converters suppl ied,

VRer nr  can be var ied f rom 0 to *3 vol ts for  rat iometr ic  operat ion.  The 2N428 is guaranteed
mono ton i c  f o rVp r r ,  *  above  2  vo l t s .

R L

L___z lJ2B_

( a )

(b )

2N428 Page 4



zN428E-8/J-8
Vcc  +  5v

(ern ro)

V  R E F  o U T
(en z)

ANALOGUE
GROUNO
(PrN 8)

"  K t r T

(ur)

{ t  L 5

Fig.4.  Internal  Vol tage Reference

L O G I C

Input coding is  b inary for  unipolar  operat ion and of fset  b inary for  b ipolar  operat ion.  When the
Enable-  input  is  low the data inputs dr ive the D to A di rect ly .  When Enable goes high the input  data
word is  held in the data latch.

The equivalent  c i rcui t  for  the data and c lock inputs is  shown in Fig.  5.

The 2N428 is provided wi th separate analogue arrd d ig i ta l  ground connect ions.  The c i rcui t  wi l l
operate correct ly  wi th as much as :200 mV between the two grounds.

INTERNAL
L O G I C

DIGITAL
GROUND

Fig. 5. Equivalent Circuit  of Al l  Inputs
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zN428E-8/J-8
APPL ICAT IONS

(1 )  Un ipo la r  D  t o  A  Conve r t e r

T h e n o m i n a l o u t p u t r a n g e o f  t h e Z N 4 2 S i s O t o V s s p ; x t h r o u g h a 4 k O r e s i s t a n c e . O t h e r o u t p u t
ranges  can  read i l y  be  ob ta i ned  by  us i ng  an  ex tö rna l  ämp l i f i e r .

The  gene ra l scheme  [F i g .  6 )  i s  su i t ab le  f o r  amp l i f i e r s  w i t h  i npu t  b i as  cu r ren t s  l ess  t han  1 .5  , rA .

The  resu l t i ng  f  u l l  s ca le  r ange  i s  g i ven  by

v o u r  F S  ( , t  3 ] )  V a r r  r r u  G . V n e r  r N\  H Z /

The  impedance  a t  t he  i nve r t i . ng  i npu t  i s  R1 / /R2  and  f o r  l ow  d r i f t  w i t h  t empe ra tu re  t h i s  pa ra l l e l
comb tna t i on  shou ld  be  equa l t o  t he  l adde r  r es i s t ance  (4  kC t ) .  The  requ i r ed  nom ina l  va l ues  o f  R1
a n d  R 2 a r e g i v e n  b y  R 1  :  4 G  k O  a n d  R 2 :  4 c l ( c - 1 )  k O .

9sing these re lat i_onships a table of  nominal  tesistance values for  R,  and R, can be constructed
fo r  Vaa .  , , u  2 .5  vo l t s .

Ou tpu t  Range u R 1  R 2

+5V

+ 1 0 v

z

4

8kf) |  gko

1 6kO I  5 .33ko

For gain set t ing R1 is adjusted about i ts  nominal  value.  Pract ical  c i rcui t  real isat ions ( inc luding
ampl. i f ier .stabi l is ing components)  Jor - i  5V and +10V output  ranges are given in Fig.  i
Set t l ing t ime for  a major  t ransi t ion is  1.5 $s typicat .

INPUT  DATA

OU TPUT
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F R O M  Z N  4 2 8
ourPUT(PrN 5)  4

J 2 % RESTSToRS
J 20O/O POTENIIOMEIERS

F R O M  Z N  4 2 8
ou lPUr  (PrN s )

ANALOGUE

zN428E-8/J-8

ANALOCTJE

OUTPUT
l l k n

OAIN^ nDJust

l L S B : ä

O U  T P U  T

5 6 k n

- 1 0  v

+5 VOLTS FULL SCALE + 10 VOLTS FULL SCALE 
"2E

Fig. 7. Unipolar Operation - Component Values

U N I P O L A R  A D J U S T M E N T  P R O C E D U R E
(i) Set al l  bi ts to OFF (low) with Enä66 low and adjust zero unti l  Vour :  O.OOOOV.
( i i )  Se t  a l l  b i t s  ON (h igh)  and ad jus t  ga in  unr i l  Vour :  FS -1  LSB.

,  GAIN
* ̂  ADJUST

UNIPOLAf f  SETTING UP POINTS

Output  Range,  +FS L S B F S - 1 L S B

+ 5 V 1 9 . 5  m V 4.9805V

+  10v 39.1  mV 9.9609V

U N I P O L A R  L O G I C  C O D I N G

I  npu t  Code
(B ina ry )

Ana logue  Ou tpu t
(Nom ina l  va l ue )

1 1 1 1 1 1 1  1
1 1 1 1 1 1 1 0
1 1 000000
1 0000001
1 0000000
0 1 1 1 1 1 1 1
01 000000
00000001
00000000

F S - 1 L S B
FS -  2LSB
i F S
+ F S + 1 L S B
+ F S
+ F S _ 1 L S B
* F S
1 LSB
0

z N  4 2  4 P zN 424P
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zN428E-8/J-8
(2)  Bipolar  D to A Converter

For b ipolar .operat ion the output  f rom the 2N428 is of fset  by hal f  fu l l  scale by connectrng a
resistor  Ra between VRer rn and the invert ing input  of  the buf fer  ampl i f ier  (Fig.8) .

OUTPUT

Fig.  8.  Bipolar  Operat ion -  Basic Circui t

When the dig i ta l  input  to the 2N428 is zero the analogue output  is  zero and the ampl i f ier
output  should be -Ful l  scale.  An input  of  a l l  ones to the D to A wi l l  g ive a 2N428 output  of
Vnep rru and the ampl i f ier  output  required is  +Ful l  scale.  Also,  to matchthe ladderresistance
the  pa ra l l e l  comb ina t i on  o f  R . , ,  R2  and  R ,  shou ld  be  4  kO .

The nominal  values of  R. , ,  R2 and R3 which meet these condi t ions are given by
R1  -  8G  ko ,  R2  :  8c / ( c -1  )  ka  and  R3  :  8  ko

whe re  t he  resu l t an t  ou tpu t  r ange  i s  I  G  VREF  tN .

A  b i po la r  ou tpu t  r ange  o f  +VREF  1x  (wh i ch  co r responds  t o  t he  bas i c  un ipo la r  r ange  0  t o
V n e r  r r u ) i s o b t a i n e d i f  R 1  -  R 3  -  S k O a n d R z : . .

Assuming that  VREF rr . r  :  2.5 vol ts the nominal  values of  resistors for  r5V and +10V output  \
ranges are given in the fo l lowing table :

Ou tpu t  Range G R 1 R 2 R3

: tr\/ 2 1 6  k O 1 6  k O 8 k o

+ 1 0 v 4 32 kfl 10.66  kO 8 k o

Minus fu l l  scale (of fset)  is  set  by adjust ing R1 about i ts  nominal  value re lat ive to R3. Plus fu l l'  
scale (gain)  is  set  by adjust ing R2 relat ive to R1.

Pract ical  c i rcui t  real isat ions are given in Fig.  9.  Note that  in the i5V case R3 has been chosen
as 7.5 kO ( instead of  8.2 kO) to get  a more symmetr ical  range of  adjustment using standard
potent iometers.  Set t l ing t ime for  a major  t ransi t ion is  1.5 ps typical .

2N428 Page 8

V RET Iru

F R O M  2 N 4 2 8
OUTPUT(P IN  5 )



zN428E-8/J-8
+ l 5 v

I
t  z"L REs,sroRs

1 zo' / .  eorel loverens

OFF 5EI
k^  loJus t

(-rull scne)

2 7  k n

OFFSET^ ADJUST
(-rut scre)
8  2 k nt 3 k ^

'- 
CIA|N

i K N -  A D J U S ](*rür- i  scrLe)

1  5  V O L T S  F U L L  S C A L E

V R E F  I N  - 1 5  V

: IO VOLIS FULL

F ig .  9 .  B i po la r  Ope ra t i on  -  Componen t  Va lues

B ipo la r  Ad jus tmen t  P rocedu re

(1) Set  a l l  b i ts  to OFF ( low) wi th EnäbE low and adjust  of fset  unt i l the ampl i f ier  output  reads
-Ful l  Scale.

( 2 )  Se t  a l l  b i t s  ON (h i gh )  and  ad jus t  ga in  un t i l  t he  amp l i f i e r  ou tpu t  r eads  * (Fu l l .  Sca le  -
1  L S B ) ,

Vne r rr.t - to v

BIPOLAR SETTING UP POINTS

l npu t  Range ,  *FS LSB .FS + (FS-1  LSB)

+5V 39.1  mV -5.0000v + 4.9609V

+ 1 0 v 78.1 mV -1 0.0000v +9.921 9V
lLsB:1+

B I P O L A R  L O G I C  C O D I N G

lnput  Code
(Offset Binary)

1 1 1 1  1 1 1 1
1 1 1 1 1 1 1 0
1 1 000000
1 0000001
1 0000000
0 1  1 1 1 1 1 1
01 000000
00000001
00000000

Analogue Output
(Nomina l  Va lue)

+ ( F S - 1 L S B )
+ (FS -  2LSB)
+ *FS
+ 1 L S B
0
-1 LSB
-*FS
- (FS -  1  LSB)
-FS
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zN428E-8

ZN428E-8/J-8
PACKAGE DETAILS

zN428J-8

"*rm
ffi-

PIN CONNECTIONS

B i r T l

B i r 8 2

N . C , 3

gTIETE r

Analogue outPut 5

vnEr lH 6

VnEr  our  7

Analogue ground I

16 Bir  6

15 8it 5

l / .  Bi t  4

13  B i r  3

Bir 2

l l B i r  t (MsB)

10+Vcc(t5 vol ts)

9 Digilal ground
gtSl

16-Lead Moulded D.l .L.
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