
DAC1006/DAC1007/DAC1008 ju,P Compatible, 
Double-Buffered D to A Converters
G e n e ra l D e s c rip tio n
The DAC10 0 6 /7 /8  are advanced C M O S /S i-C r 10-, 9- and 
8 -b it accurate  m ultip lying DACs w hich are designed to  in ter­
face  d irectly w ith  the  8080, 8048, 8085, Z-80 and o ther pop­
u lar m icroprocessors. T hese  DACs appear as a m em ory lo ­
ca tion  o r an I/O  po rt to  the  jaP and no in terfac ing log ic is 
needed.
These  devices, com bined w ith  an externa l am p lifie r and 
vo ltage  re ference, can be used as s tandard D /A  converters; 
and they are very a ttractive  fo r m ultip lying app lica tions 
(such as d ig ita lly  con tro lled  gain b locks) s ince the ir linearity 
e rro r is essentia lly  independent o f the  vo ltage  reference. 
They becom e equally a ttractive  in aud io  signal processing 
equ ipm ent as audio gain con tro ls  o r as program m able  a t­
tenua to rs w hich m arry high qua lity  audio signal processing 
to  d ig ita lly based system s under m ic roprocessor contro l.
A ll o f these  DACs are double  buffered. They can load all 10 
b its o r tw o  8-b it bytes and th e  da ta  fo rm at is le ft justified. 
The  analog section  o f these  DACs is essentia lly  the  sam e 
as tha t o f the  D AC1020.
The DAC1006 series are the  10-bit m em bers o f a fam ily o f 
m ic roprocessor-com patib le  D AC ’s (M ICRO-DACtm ’s). For 
app lica tions requiring o ther reso lu tions, the  DAC0830 series 
(8 bits) and the  D AC 1208 and D AC 1230 (12 bits) are ava il­
ab le  a lternatives.

Part # A ccuracy
(b its) Pin D escription

DAC1006 10

20
For le ft- 
justified  
data

D AC1007 9

D AC1008 8

F e a tu re s
□ Uses easy to  ad just END POINT specs, N O T BEST 

S TR AIG H T LINE FIT
El Low pow er consum ption
□ D irect in te rface  to  all popular m icroprocessors
□ In tegrated th in  film  on CMOS structure
□ D ouble-buffered, s ing le-buffered o r flo w  through dig ital 

data  inputs
E3 Loads tw o 8 -b it bytes o r a single 10-b it w ord
□ Logic inputs w hich m eet TTL vo ltage  level specs (1 .4V 

log ic th resho ld )
□ W orks w ith  ± 10V  re fe rence— fu ll 4 -quadrant m ultip lica ­

tion
□ O pera tes STAN D  ALO N E (w ithout jaP) if desired
□ A va ilab le  in 0 .3 " standard 20-pin package
□ D ifferentia l non-linearity se lection  ava ilab le  as specia l 

o rder

K e y  S p e c ific a tio n s
□ O utpu t C urrent S ettling  Tim e 500 ns
□ R esolu tion 10 b its
□ Linearity 10, 9, and 8 bits

(guaranteed o ve r tem p.)
□ Gain Tem pco -0 .0 0 0 3 %  o f FS/°G
□ Low Pow er D issipation 20 m W

(including ladder)
□ S ingle Pow er Supply 5 to  15 V DC

T y p ic a l A p p lic a tio n
D A C 1 0 0 6 /1 0 0 7 /1 0 0 8
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A b s o lu te  M ax im u m  R atin g s  (N otes 1 & 2)
If M ilitary /A e ro s p a c e  specified  devices  are  required, 
please con tac t the  N ational S em iconductor Sales  
O ffic e /D is trib u to rs  fo r availab ility  and specifications.
Supply V oltage (VCc ) 17 V DC
Voltage a t A ny D igital Input V qc  to  GND
Voltage a t V r e f  Input ± 25V
S torage T  em perature  R ange -  65°C to  + 1 50°C
Package D issipation a t Ta = 25°C (N ote 3) 500 m W
DC Voltage A pp lied  to  Io u t i o r ,0UT2 

(N ote  4) - 1 0 0  mV to  V c c

ESD S usceptib ility  (N ote  11) 800V
Lead Tem p. (Soldering, 10 seconds)

D ual-In-L ine Package (plastic) 260°C
D ual-ln -L ine Package (ceram ic) 300°C

O p e ra tin g  R atin g s  (Note 1 )
Tem peratu re  Range T ^ in  ^  T a  ^  T m a x

Part num bers w ith
“ LC N ”  and “ LC W N ”  su ffix 0°C to  70°C

V oltage  a t A ny D igital Input Vqc  to  GND

E lectrica l C h a ra c te ris tic s
Tested a t V c c  =  4 .75 V qc  and 15.75 V pc . T a =25°C , V r e f  =  10.000 V DC un less o therw ise  noted

P aram eter C onditions See
N ote

V Cc = 1 2 V d c ± 5 %
to 1 5 V Dc ± 5 % VCc  =  5V DC± 5 % Units

Min. Typ. Max. Min. Typ . Max.
R esolution 10 10 bits
Linearity Error E ndpo in t ad just on ly 4,7

T m in < Ta < T m a x 6
-1 0 V < :V r e f ^  +  10V  
D AC 1006

5
0.05 0.05 % o f FSR

DAC1007 0.1 0.1 % o f FSR
D AC 1008 0.2 0.2 % o f FSR

D ifferentia l Endpo in t ad just on ly 4,7
N onlinearity T m IN < T a < T m a X 6

- 1 0 V ^ V r e f ^  +  10V  
D AC 1006

5
0.1 0.1 % o f FSR

DAC1007 0.2 0.2 % o f FSR
DAC1008 0.4 0.4 % o f FSR

M onoton ic ity T m IN < T a < T m a X 4,6
- 1 0 V ^ V r e f ^  +  10V  
DAC 1006

5
10 10 bits

D AC 1007 9 9 bits
DAC1008 8 8 bits

Gain Error Using internal Rfb 
- 1 0 V ^ V r e f ^  +  10V 5 - 1 . 0 ± 0 .3 1.0 - 1 . 0 ± 0 .3 1.0 %  o f FS

Gain Error Tem pco T m in < T a < T m a x 6
Using in terna l Rfb 9 -0 .0 0 0 3 -0 .0 0 1 -0 .0 0 0 6 -0 .0 0 2 % o f  FS /°C

Power S upply A ll d ig ita l inputs
Rejection la tched  high 

VCc =  14.5 V to  15.5V 0.003 0.008 . %  F S R /V
11.5V to  12.5 V 0.004 0.010 % F S R /V
4.75V  to  5.25V 0.033 0.10 % F S R /V

R eference Input
R esistance 10 15 20 10 15 20 k n

O utput Feedthrough V r e f  =  20V p_p, f =  100 kHz
Error A ll da ta  inputs 90 90 mVp_p

la tched  low

O utput lo u n A ll da ta  inputs 60 60 PF
C apacitance louT2 la tched  low 250 250 PF

*OUT1 All da ta  inputs 250 250 pF
IOUT2 la tched  high 60 60 PF

Supply C urrent Drain T m ,n £ T a <;Tm a x 6 0.5 3.5 0.5 3.5 mA
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E lectrica l C h a ra c te ris tic s
Tested a t V c c  =  4.75 V dc  and 15.75 V d c . T a  =  25°C, V r e f =  10-000 V d c  unless otherw ise noted (Continued)

P aram eter Conditions S ee
N ote

V Cc = 1 2 V Dc ± 5%  
to  15V d c ± 5 % VCC =  5V DC± 5 % Units

Min. Typ. Max. Min. Typ. M ax.
O utput Leakage T m IN ^ T a ^ T m a X 6

C urrent Iq u t i All data  inputs
la tched low 10 200 200 nA

•0UT2 All data  inputs
la tched high 200 200 nA

Digital Input T m in ^ T a ^ T Max 6
V oltages Low level

LCN and LCWM suffix 0.8, 0.8 0.7, 0.8 V DC
High level (all parts) 2.0 2.0 V dc

Digital Input T m in ^ T a ^ T m a x 6
C urrents D igital inputs < 0 .8 V - 4 0 - 1 5 0 - 4 0 - 1 5 0 /^A d c

Digital inputs > 2 .0 V 1.0 +  10 1.0 +  10 ^ A Dc

C urrent Settling ts V |L =  0V, V|H =  5V 500 500 ns
Tim e

W rite and XFER tw V |L = 0 V , V|h =  5V,
Pulse W idth T a =2 5 °C 8 150 60 320 200 ns

T m IN ^ t A ^ T m a X 9 320 100 500 250 ns
Data S et Up T im e tDS V |L =  0V, V|h =  5V,

Ta  —25°C 9 150 80 320 170 ns
T m IN ^ T a ^ T MAx 320 120 500 250 ns

Data H old Tim e tDH V iL =  OV, V |H =  5V
Ta  —25°C 9 200 100 320 220 ns

T m in ^ T a ^ T m ax 250 120 500 320 ns
C ontro l S et Up tc s V |L =  0V, V|l =  5V,

Tim e Ta  =  25°C 9 150 60 320 180 ns
T m IN ^ t A ^ T Ma x 320 100 500 260 ns

C ontro l Hold T im e tCH V|L = 0 V , V|h =  5V,
Ta  =  25°C 9 10 0 10 0 ns

T m IN ^ t A ^ T m ax 10 0 10 0 ns
Note 1: 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 2: All voltages are measured with respect to GND, unless otherwise specified.
Note 3: This 500 mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no way to significantly modify 
the power dissipation) removes concern for heat sinking.
Note 4: For current switching applications, both lou n  and I0UT2 must 9° t0 ground or the “Virtual Ground” of an operational amplifier. The linearity error is 
degraded by approximately Vos ̂  V r e f - For example, if V r e f  =  10V then a 1 mV offset, V q s . on lou n  or I0UT2 will introduce an additional 0.01 % linearity error. 
Note 5: Guaranteed at V r e f =  ±10 V dc  and V r e f  =  ±1 V d c - 
Note 6: T min  =  0°C and T MAx=70°C for “LCN” and “LCWM" suffix parts.
Note 7: The unit “FSR” stands for “Full Scale Range.” “Linearity Error” and “Power Supply Rejection” specs are based on this unit to eliminate dependence on a 
particular Vref value and to indicate the true performance of the part. The “Linearity Error” specification of the DAC1006 is “0.05% of FSR (MAX).” This 
guarantees that after performing a zero and full scale adjustment (See Sections 2.5 and 2.6), the plot of the 1024 analog voltage outputs will each be within
0.05% x V r e f  of a straight line which passes through zero and full scale.
Note 8: This specification implies that all parts are guaranteed to operate with a write pulse or transfer pulse width (tw) of 320 ns. A typical part will operate with tw 
of only 100 ns. The entire write pulse must occur within the valid data interval for the specified tw. tos. Idh - and ts to apply.
Note 9: Guaranteed by design but not tested.
Note 10: A 200 nA leakage current with Rfb=20K and V r e f = 1 0 V  corresponds to a zero error of (200X 10~9X 20 X 10 3)X 1 0 0 -M 0  which is 0.04% of FS.
Note 11: Human body model, 100 pF discharged through a 1.5 kft resistor.
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S w itc h in g  W a v e fo rm s

CS, BYTE1/BYTE2 5 0 % ^

-tc s - tCH b

- - - - - - - - t w - - - - - - - - ►

50% J t -  - J h - 50%

- t D S -

50

“ T . y
*0U Ti. I0UT2

n ^ k r --------- »/  SETTLED TOJ ±Vi LSB

T y p ic a l P e rfo rm a n c e  C h a ra c te ris tic s
E rrors vs. S upply V o ltage

0.100

0.075 

*  0.050

|  0.025

E rrors vs. Tem peratu re

TL/H/5688-2

W rite  W idth, %

E 0.000

5 10 15
SUPPLY VOLTAGE VCC (VOC)

C ontro l S etup T im e, tcs

|  -0 .0 2 5  

£  -0 .0 5 0  

-0 .0 7 5  

- 0 .100,

■A INE IRIT TERR0R

V
ACIAIN ERRorN

=. 400
5
X  300
S

200

- 5 5 - 3 5 —15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C)

Data Setup T im e, tps

N i l
V|NL =  0V
V|NH == 3V TO 5V

:15V

VC ; = 5 \
iV

/cc == 101i

\ \

- 5 5 - 3 5 - 1 5  5 25 45 65 85 105 125 
AMBIENT TEMPERATURE ( #C)

D ata Hold T im e, ton

s

i
500

z
f=

400

i•>
300

1
200

s 100

0

1
_ V |

V|

r m
INL =  0V

r
INH:= 3V TO!»v

VC|c =  1

w
5V

V| C = 5V 'CC == 10\/ - -

\

-5 5  - 3 5 -1 5  5 25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C)

Digital Threshold  
vs. S upply V o ltage

200

100

0

V
“ V

r m
IN L = 0 »

r
INH:= 3V TO!iV

Vcc =
|sJ

15V

VCC = »V
VCC =  10 i  \

\

- 5 5 - 3 5 - 1 5  5 25 45 65 85 105 125 

Ta , AMBIENT TEMPERATURE (°C)

=  500xa
Z  400
z

25 300

M̂
 200

!§  100 

0

1
V |N L  =

1
= o v

1 1
V IN H =  3 V  TO 5V

v c c : = 5
v c c  = 10 V

VC
\ l

c  =  1I5 V

V \

1— |V
- 5 5 - 3 5 - 1 5  5 25 45 65 85 105 125 

Ta , AMBIENT TEMPERATURE (°C)

Digital Input Threshold  
vs. Tem pera tu re

5 10 15

SUPPLY VOLTAGE VCC (V)

- 5 5 - 3 5 - 1 5  5 25 45 65 85 105 125 
TEMPERATURE (°C)
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B lock  and  C o n n e c tio n  D iag ram s
D A C 1 0 0 6 /1 0 0 7 /1 0 0 8  (20-P in Parts)

• •

10 BIT 
INPUT 
LATCH

•
•
•
•
•
•
o

DAC
REGISTER

•
•
•
•
•
«
e

10 BIT
MULTIPLYING 

D /A  CONVERTER

i :

_ L J ____ i_________
1st 2nd 

BYTE BYTE 
STROBE STROBE

XFER STROBE

CONTROL LOGIC

CS WR XFER BYTE 1 /

±VREF

I0UT2

I0UT1

D A C 1 0 0 6 /1 0 0 7 /1 0 0 8  
(20-Pin P arts) 

Dual-ln-L ine Package

r fb

Vcc
GND

See O rdering In form ation
USE DAC1006/1007/1008  
FOR LEFT JUSTIFIED DATA

TL/H/5688-5

D A C  1 0 0 6 /1 0 0 7 /1 0 0 8 — S im ple  H o o ku p  fo r  a  “Q u ick  L o o k ”

TL/H/5688-7
Notes:
1. For VREF=  -1 0 .2 4 0  Vdc the output voltage steps are approximately 10 mV each.
2. SW1 is a normally closed switch. While SW1 is closed, the DAC register is latched and new data 

can be loaded into the input latch via the 10 SW2 switches.
When SW1 is momentarily opened the new data is transferred from the input latch to the DAC register and is latched when SW1 again closes.
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1.0 D EF IN IT IO N  OF PACKAGE PIN O U TS
1.1 C ontro l S ignals (A ll con tro l s ignals are level actuated.) 
CS: Chip S e lect —  active  low, it w ill enable  W R.
W R: W rite  —  The active  low  W R is used to  load the  digital 
data  b its  (D l) in to  the  input latch. The  data  in th e  input la tch 
is la tched w hen W R is high. The 10-bit input la tch is sp lit 
in to tw o  la tches; o ne ho lds 8 b its and th e  o ther ho lds 2 bits. 
The B y te 1 /B y te 2  con tro l pin is used to  se lect both input 
la tches when B y te l /B y te 2 =  1 or to  overw rite  the  2-b it input 
la tch when in the  low  state.
B y te 1 /B y te 2 : Byte Sequence C ontro l —  W hen th is con tro l 
is high, all ten  loca tions o f the  input la tch are enabled. W hen 
low, on ly  tw o  loca tions o f the  input la tch are enabled and 
these tw o  loca tions are overw ritten on the  second byte 
write. On the  DAC1006, 1007, and 1008, the  B y te l /B y te 2  
m ust be low  to  transfe r the  10-b it da ta  in the  input la tch to  
the  DAC register.
XFER: Transfe r C ontro l S ignal, active  low  —  This signal, in 
com bination w ith  o thers, is used to  transfe r th e  10-b it data  
w hich is ava ilab le  in the  input la tch to  the  DAC reg is ter —  
see tim ing diagram s.
1.2 O th e r Pin Functions
Dlj (i =  0 to  9): Digital Inputs —  D l0 is the  least sign ifican t b it 
(LSB) and D lg is the  m ost sign ifican t b it (MSB).
Iq u t i : DAC C urrent O utput 1 —  lo u n i s  a m axim um  fo r a 
dig ital input code  o f ail 1 s and is zero  fo r a d ig ital input code  
o f all 0s.
loUT2* DAC C urrent O utput 2 —  lo U T 2  is a con s ta n t m inus 
Io u t i> or

l0UT1 +  l0UT2 =
1023 V r e f  

1024 R
w here R =  15 k f t .

a. End Point T es t A fte r  Zero  and FS Adj.

Rf b : Feedback R esisto r —  This is provided on the  IC chip 
fo r use as the  shunt feedback resisto r w hen an externa l op  
am p is used to  provide an ou tpu t vo ltage  fo r the  DAC. Th is  
on-ch ip  res is to r shou ld  a lw ays be used (not an external re ­
sistor) because it m atches the  resistors used in the  on-ch ip  
R-2R ladder and tracks  these  resisto rs over tem perature. 
V r e f * R eference V oltage  Input —  This is the  connection  fo r 
the  externa l precision vo ltage  source w hich drives the  R-2R 
ladder. V r e f  can range from  - 1 0  to  + 1 0  vo lts. Th is is a lso 
the  analog vo ltage  input fo r a 4 -quadrant m ultip lying DAC 
application.
V c c : D igital Supply V o ltage  —  Th is is the  pow er supp ly pin 
fo r the  part. V c c  can be from  +  5 to  + 1 5  V d o  O peration is 
optim um  fo r +  15V. The  input th resho ld  vo ltages are nearly 
independent o f V cc- (See Typica l P erform ance C haracte ris­
tics  and D escrip tion in S ection 3.0, T2L com patib le  logic 
inputs.)
GND: Ground —  the  ground p in fo r the  part.
1.3 D efin ition o f Term s
Resolution: R esolu tion is d irec tly  re lated to  the  num ber o f 
sw itches o r b its w ith in  the  DAC. For exam ple, the  DAC1006 
has 2 10 o r 1024 s teps and there fore  has 10-bit resolution. 
Linearity  Error: Linearity e rro r is the  maxim um  deviation 
from  a straight line passing through the endpoints o f the 
DAC transfer characteristic. It is m easured a fte r adjusting 
fo r zero and fu ll-sca le . Linearity e rro r is a param eter in trinsic 
to  the device and canno t be exte rna lly  adjusted.
N ationa l’s linearity te s t (a) and the  “ best stra ight line ”  te s t 
(b) used by o ther supp lie rs are illus tra ted below. The “ best 
s tra ight line”  requ ires a specia l zero  and FS ad justm ent fo r 
each part, w h ich  is a lm ost im possib le  fo r user to  determ ine. 
The  “ end po in t te s t”  uses a s tandard zero and FS ad just­
m ent p rocedure and is a m uch m ore stringent te s t fo r DAC 
linearity.
P ow er S upply S ensitivity: Pow er supply sensitiv ity  is a 
m easure o f the  e ffe c t o f pow er supp ly changes on the  DAC 
fu ll-sca le  ou tpu t (which is the  w ors t case).

b. B est S tra ight Line

TL/H/5688-8
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S ettling Tim e: Settling  tim e is the  tim e required from  a code 
transition  until the  DAC ou tpu t reaches w ith in  ± 1/ 2 LSB o f 
the  final output value. Fu ll-sca le  se ttling  tim e requires a zero 
to  fu ll-sca le  o r fu ll-sca le  to  zero  ou tpu t change.
Full-Scale Error: Full sca le  e rror is a m easure o f the  output 
e rro r between an ideal DAC and the  actual device output. 
Ideally, fo r the  DAC 1006 series, fu ll-sca le  is V r e f - 1 LSB. 
For Vr e f =  — 10V and un ipo lar operation, Vrull-SCA- 
l e =  10.0000V -9 .8 m V = 9 .9 9 0 2 V . Fu ll-sca le  e rror is ad just­
ab le  to  zero.
M onoton icity: If the  ou tpu t o f a DAC increases fo r increas­
ing dig ital input code, then  the  DAC is m onoton ic . A  10-bit 
DAC w ith  10-b it m onoton ic ity w ill produce an increasing an­
alog ou tpu t when all 10 d ig ital inputs are exercised. A 10-bit 
DAC w ith  9-b it m onoton ic ity w ill be m onoton ic w hen only 
the  m ost s ign ificant 9 b its are exercised. S im ilarly, 8-b it 
m onoton ic ity is guaranteed w hen on ly the  m ost s ign ificant 8 
b its are exercised.

2.0 DOUBLE BUFFERING
These DACs are double -bu ffe red , m ic roprocessor com pati­
b le  vers ions o f the  DAC1020 10-bit m ultip lying DAC. The 
add ition  o f the buffers fo r the  d ig ita l input data  not on ly a l­
low s fo r storage o f th is data, but a lso provides a w ay to  
assem ble the  10-bit input data  w ord from  tw o w rite  cycles 
when using an 8 -b it da ta  bus. Thus, the  next data  update fo r 
the  DAC ou tpu t can be m ade w ith  the  com ple te  new set o f 
10-bit data. Further, the  double  buffering a llow s m any DACs 
in a system  to  sto re  cu rren t da ta  and a lso the  next data. The 
updating o f the  new  da ta  fo r each DAC is a lso no t tim e 
critica l. W hen all DACs are updated, a com m on strobe sig­
nal can then be used to  cause all DACs to  sw itch to  the ir 
new  ana log output levels.

3.0 T T L  C O M PA TIB LE LOG IC INPUTS
To guarantee TTL vo ltage  com patib ility  o f the  log ic inputs, a 
novel b ipo lar (NPN) regu la tor circu it is used. Th is m akes the 
input logic th resho lds equal to  the  forw ard d rop  o f tw o  d i­
odes (and also m atches the  tem perature  varia tion) as o c­
curs natura lly in TTL. The basic c ircu it is show n in Figure 1. 
A curve o f d ig ital input th resho ld  as a function  o f pow er 
supp ly vo ltage  is shown in the Typical Perform ance C harac­
te ris tics  section.

4.0 A PP LIC A TIO N  H INTS
The DC stab ility  o f the  V r e f  source is the m ost im portan t 
fa c to r to  m ainta in accuracy o f the  DAC over tim e and te m ­
perature  changes. A  good single po in t ground fo r the  analog 
signals is next in im portance.
These M ICRO -DAC converters are CMOS products  and 
reasonab le  care  should be exerc ised in handling them  prior 
to  fina l m ounting on a PC board. The d igital inpu ts are p ro ­
tected, bu t perm anent dam age may occur if the  pa rt is sub­
jec ted  to  high e lec trosta tic  fie lds. S tore unused parts in co n ­
ductive  foam  or anti-s ta tic  rails.

4.1 P ow er S upply Sequencing & Decoupling
Som e IC am plifie rs draw  excessive current from  the  A nalog 
inputs to  V -  w hen the  supplies are firs t tu rned  on. T o  pre­
ve n t dam age to  the  DAC —  an externa l S cho ttky d iode co n ­
nected  from  Io u t i o r Io u t2 to  ground m ay be requ ired to  
p reven t destruc tive  currents in Iq u h  o r louT2- If an LM741 
or LF356 is used —  these  d iodes are not required.
The standard pow er supp ly decoupling capacito rs  w h ich  are 
used fo r the  op am p are adequate fo r the DAC.

+ vcc
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4.2 Op Am p Bias C urrent & Input Leads
The op  am p bias current 0 b ) CAN CAUSE DC ERRORS. Bl- 
FETtm op am ps have very low  b ias current, and there fore  
the e rro r in troduced is neglig ib le. B I-FET op am ps are 
strong ly recom m ended fo r these  DACs.
The d is tance from  the  Io u t i pin o f the  DAC to  the  inverting 
input o f the  op am p should  be kep t as short as possib le  to  
prevent inadvertent noise pickup.

5.0 A N A LO G  A PPLIC A TIO N S
The analog section o f these  DACs uses an R-2R ladder 
w hich can be operated both  in the  current sw itch ing m ode 
and in the  vo ltage  sw itch ing m ode.
The m ajor p roduct changes (com pared w ith  the DAC1020) 
have been m ade in the  d ig ital function ing  o f the  DAC. The 
analog function ing  is review ed here fo r com ple teness. For 
additional analog app lica tions, such as m ultip liers, a ttenua­
tors, d ig ita lly  con tro lled  am plifie rs and low  frequency sine 
w ave osc illa tors, re fer to  the  DAC 1020 da ta  sheet. Som e 
basic circu it ideas are p resented in th is  section  in add ition  to  
com ple te  app lica tions circuits.

5.1 O peration  in C urren t Sw itching M ode
The ana log circuitry, Figure 2, cons is ts  o f a s ilicon-chrom i­
um (Si-Cr) th in  film  R-2R ladder w h ich  is deposited on the 
surface oxide o f the  m ono lith ic  chip. A s a result, there  is no 
parasitic d iode connected  to  the  Vref pin as w ould  ex is t if 
d iffused resisto rs w ere used. The  re fe rence  vo ltage input 
(Vref) can there fore  range from  - 1 0 V  to  +  10V.
The d ig ital input code  to  the  DAC sim ply con tro ls  the  posi­
tion o f the  SPDT current sw itches, SW 0 to  SW 9. A  logical 1 
d ig ital input causes th e  cu rrent sw itch to  s tee r the  ava il­

ab le  ladder current to  the  Iq u t i ou tpu t pin. These  MOS 
sw itches opera te  in the  current m ode w ith  a  sm all vo ltage  
drop across them  and can there fore  sw itch currents  o f e i­
the r polarity. Th is is the  basis fo r the  4-quadrant m ultip lying 
fea ture  o f th is  DAC.

5.1.1 P roviding a U nipolar O utput V o ltage w ith  th e  
DAC in the  C urrent Sw itching M ode

A  vo ltage  ou tpu t is provided by m aking use o f an externa l 
op am p as a current-to -vo ltage  converter. The  idea is to  use 
the  in terna l feedback resistor, R f b . from  the  ou tpu t o f the  
op am p to  the  inverting ( - )  input. Now, w hen cu rren t is 
entered a t th is  inverting input, the  feedback action  o f the  op 
am p keeps tha t input a t ground potentia l. Th is  causes the  
app lied input cu rrent to  be d iverted to  the  feedback resistor. 
The ou tpu t vo ltage  o f the  op am p is fo rced  to  a vo ltage  
g iven by:

V o u t  =  “ (Io u t i X R f b )
N otice th a t the  sign o f the  output vo ltage  depends on the  
d irection o f cu rrent flo w  through the  feedback resistor.
In current sw itch ing m ode app lica tions, both  cu rren t ou tpu t 
p ins 0o u t i ^ nd |0UT2) should be operated a t 0 V d c - Th is  is 
accom plished  as show n in Figure 3. The  capacito r, C c, is 
used to  com pensate  fo r the  output capacitance  o f the  DAC 
and the  input capacitance  o f the  op amp. The  required fe e d ­
back resistor, R f b , is available on the  ch ip  (one end is in te r­
nally tied  to  Io u t i ) and m ust be used since  an externa l 
resisto r w ill no t provide the  needed m atching and tem pera ­
tu re  track ing. Th is c ircu it can there fore  be s im plified  as

D IG ITA L IN PU T CODE

(MSB) Dig Dig Dl7 « DI1 Dig (LSB)

R = 15kQ
FIGURE 2. C urrent M ode S w itching

+VREF i

vcc
(+15 vDc/(9  "VIRTUAL GROUND”  

(OVqc)
J ---------- s jO U T l^ \

(INTERNAL) Rfb

- w v =
IO U T I

MICRO-DAC
2

T
H0UT2

CC

OA > VOUT =  -< I0U T 1  X RfB)

FIG U R E 3. C onverting Io u t  to  V o u t

OP A M P C c pF "J ts juS

LF356 22 OO 3

LF351 24 oo 4

LF357 10 2.4k 1.5

TL/H/5688-10
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show n in Figure 4, w here the  sign o f the  re fe rence  vo ltage  
has been changed to  provide a positive  ou tpu t vo ltage. Note 
tha t the  output current, lo im >  now  flow s through the  R fb  
pin.

5.1.2 Providing a B ipolar O utput V o ltage w ith  the  
DAC in the  C urren t S w itching M ode

The  add ition  o f a second op am p to  the  circu it o f Figure 4 
can be used to  generate  a b ipo lar ou tpu t vo ltage  from  a 
fixed re ference vo ltage  Figure 5. This, in e ffect, g ives sign 
s ign ificance to  the  MSB o f the  d ig ita l input w ord to  a llow  tw o 
quadrant m ultip lica tion o f the  re fe rence  vo ltage . The po larity 
o f the  re ference can a lso be reversed to  realize the  fu ll four- 
quadrant m ultip lication.
The  applied d igital w ord  is o ffse t b inary w hich includes a 
code to  output zero vo lts  w ithou t the  need o f a large valued 
resisto r com m on to  existing b ipo lar m ultip lying DAC circuits. 
O ffse t b inary code  can be derived from  2 ’s com plem ent 
data  (m ost com m on fo r signed p rocesso r arithm etic) by in ­
verting the sta te  o f the  MSB in e ither so ftw are  o r hardware. 
A fte r doing th is the  ou tpu t then  responds in accordance  to  
the  fo llow ing  expression:

v 0 = v r e f x - 5 -

w here Vref  can be positive  o r negative and D is the  s igned 
decim al equ iva len t o f the  2 ’s com plem ent p ro ce sso r data. 
( - 5 1 2 £ D < :+ 5 1 1  o r 1 0 0 0 0 0 0 0 0 0 ^ D ^ 0 1 1 1111111). If the  
applied d ig ital inpu t is in terpre ted as the  decim al equ iva len t 
o f a true binary w ord, Vq ut  can be found by:

Vo  =  V r e f ( ^ ^ )  0 < =D £1023

W ith th is  configura tion, on ly the o ffse t vo ltage  o f am p lifie r 1 
need be nulled to  preserve linearity o f the  DAC. The  o ffse t 
vo ltage  e rro r o f the  second op  am p has no e ffe c t on lineari­
ty. It p resen ts a cons tan t ou tpu t vo ltage  e rro r and shou ld  be 
nulled on ly if abso lu te  accuracy is needed. A no the r advan­
tage o f th is  con figura tion  is th a t the  va lues o f th e  externa l 
resistors required do not have to  m atch the  va lue  o f the  
in terna l DAC resistors; they need on ly to  m atch and te m p e r­
ature track  each other.
A  th in  film  4 res is to r netw ork ava ilab le  from  B eckm an Instru­
m ents, Inc. (part no. 694-3-R 10K-D ) is idea lly su ited fo r th is  
app lica tion. Tw o o f the  four ava ilab le  10 k f t  res is to r can be 
para lle led to  fo rm  R in Figure 5  and the o th e r tw o  can be 
used separa te ly as the  resistors labe led 2R.
O peration is sum m arized in the  tab le  below:

2 ’s Com p. 
(D ecim al)

2 ’s C om p. 
(B inary)

A pplied  
Digital Input

A pplied  
True B inary  

(D ecim al)
V0 UT

+ V r e f  - V r e f

+  511 0111111111 1111111111 1023 V r e f - 1  LSB - | v r e f | +  i l s b
+  256 0100000000 1100000000 768 Vref /2 - | V r e f |/2
0 0000000000 1000000000 512 0 0
- 1 1111111111 0111111111 511 - 1  LSB +  1 LSB
- 2 5 6 1100000000 0100000000 256 “ V r e f /2 +  |Vr e f |/2
- 5 1 2 1000000000 0000000000 0 - V ref +  |Vr e f I

with: 1 L S B : J V r Ef I
512

FIGURE 4. Providing a Unipolar O utput V o ltage
vcc

TL/H/5688-11
FIGURE 5. P rovid ing a B ipolar O utput V o ltage w ith  the  D AC in the  C urrent S w itching M ode
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Som e useful app lica tion c ircuits resu lt if the  R-2R ladder is 
operated in the  vo ltage  sw itch ing m ode. There are tw o very 
im portant th ings to  rem em ber w hen using the  DAC in the 
vo ltage  m ode. The re fe rence  vo ltage  ( +  V) m ust always be 
positive  s ince there  are parasitic  d iodes to  ground on the 
Iq u t i Pin w hich w ould  turn  on if the  re ference vo ltage  w ent 
negative. To m ainta in a degradation o f linearity less than 
± 0 .00 5 % , keep + V  ^  3 V qc  and V qc  a t least 10V m ore 
positive  than +  V. Figures 6 and 7 show  these  errors fo r the 
vo ltage  sw itch ing m ode. Th is opera tion  appears unusual, 
since a re ference vo ltage  ( + V) is app lied to  the  Io u t i P*n 
and the  vo ltage  ou tpu t is the  Vref  pin. Th is basic idea is 
show n in Figure 8.
This Vqut  range can be sca led by use o f a  non-inverting 
gain stage as show n in Figure 9.

N otice th a t th is  is un ipo lar operation since all vo ltages are 
positive. A  b ipo lar ou tpu t vo ltage  can be obta ined  by using a 
single op am p as show n in Figure 10. For a dig ital input 
code  o f a ll zeros, the  ou tpu t vo ltage  from  the  V r e f  P'n 's 
zero  vo lts. The  externa l op am p now  has a s ingle input o f 
+ V  and is operating w ith a gain o f - 1  to  th is  input. The 
ou tpu t o f the  op am p there fore  w ill be a t —V fo r a  dig ital 
input o f all zeros. A s the  digital code  increases, th e  ou tpu t 
vo ltage  a t the  V ref P'n increases.
N otice  th a t the  gain o f the  op am p to  vo ltages w h ich  are 
app lied to  th e  ( +  ) input is + 2  and the  gain to  vo ltages 
w hich are app lied to  the  input resistor, R, is - 1 .  The  ou tpu t 
vo ltage  o f the  op am p depends on both o f these  inputs and 
is given by:

V0 U T=( +  V) (—1) +  V rEF( +  2)

0 1  2 3 4 5 6 7 8
REFERENCE VOLTAGE. + V  (VQC)

FIGURE 6
SUPPLY VOLTAGE, V(JC (VQC) 

FIGURE 7

D IG ITA L IN PU T CODE
(MSB) 0,9 0,8 DI7 •  •  •  •  •  DM Dio (LSB)
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FIGURE 10. Providing a B ipolar O utput V o ltage w ith a Single Op Am p

; (sn)

TL/H/5688-13

The ou tpu t vo ltage  sw ing can be expanded by adding 2 
resistors to  Figure 10 as show n in Figure 11. These added 
resistors are used to  a ttenua te  the + V  vo ltage. The  overall 
gain, A y ( - ) ,  from  the  +  V term ina l to  the ou tpu t o f the  op 
am p de term ines the  m ost negative output vo ltage, — 4 (+ V )  
(when the  Vref vo ltage  a t the  +  input o f the  op am p is 
zero) w ith  th e  com ponen t va lues shown. The com ple te  dy­
nam ic range o f V q u t is provided by the  gain from  the  ( + )  
input o f the  op am p. As the  vo ltage  a t the  V r e f  pin ranges 
from  0V to  +  V (10 2 3 /1 0 2 4 ) the  ou tpu t o f the  op am p w ill 
range from  - 1 0  V d c  to  +  10V (1023 /1024) when using a 
+  V vo ltage  o f + 2 .5 0 0  V d c - The  2.5 V dc  re fe rence  vo ltage  
can be easily deve loped by using the  LM 336 zener w hich 
can be biased th rough the  Rfb  in ternal resistor, connected  
to  Vcc-
5.3 Op A m p V os  A djust (Zero  Adjust) fo r C urrent 

Sw itching M ode
P roper opera tion  o f the  ladder requires tha t all o f the  2R 
legs a lw ays go to  exac tly  0 V d c  (ground). There fo re  o ffse t 
vo ltage, Vos. of th e  externa l op amp cannot be to le ra ted  as 
every m illivo lt o f Vqs  w ill in troduce 0.01 % of added linearity 
error. A t firs t th is seem s unusually sensitive, until it becom es 
clear the  1 m V is 0 .01%  o f the  10V re ference! H igh reso lu­
tion converters  o f high accuracy require a ttention  to  every 
detail in an app lica tion  to  ach ieve  the  available perfo rm ance 
w hich is inheren t in the  part. To  prevent th is source  o f error, 
the  Vqs  o f the  op am p has to  be in itia lly zeroed. Th is is the 
“ zero ad jus t”  o f the  DAC ca lib ra tion sequence and should 
be done first.

If the  Vqs is to  be ad justed there  are a  few  po in ts to  cons id ­
er. Note tha t no “ dc ba lanc ing”  resistance should  be used 
in the  grounded positive  input lead o f the op amp. Th is re ­
sistance  and the input cu rrent o f the  op amp can a lso c rea te  
errors. The low  input b iasing current o f the B I-FET op  am ps 
m akes them  ideal fo r use in DAC cu rrent to vo ltage  app lica ­
tions. The Vqs o f the  op am p should  be ad justed w ith  a 
d ig ital input o f all zeros to  fo rce  Io u t = 0 rnA. A  1 k f t  resisto r 
can be tem porarily  connected  from  the  inverting input to  
ground to  provide a dc gain o f approxim ate ly 15 to  the  Vqs  
o f the  op am p and m ake th e  zero ing easier to  sense.

5.4 Full-Scale A djust
The fu ll-sca le  adjust procedure depends on th e  app lica tion  
circu it and w hether the  DAC is operated in the  current 
sw itch ing m ode o r in the  vo ltage  sw itch ing m ode. T e ch ­
n iques are given be low  fo r all o f th e  possib le app lica tion 
circuits.

5.4.1 C urrent Sw itching w ith  U nipolar O utput V o ltage
A fte r doing a “ zero ad just,”  se t all o f the  dig ital input leve ls 
HIGH and ad just the  m agnitude o f Vref f ° r 

1023
V o u t =  -  (ideal V REF)

Th is com ple tes the  DAC ca lib ra tion.
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5.4.2 C urrent Sw itching w ith  Bipolar O utput V o ltage
The circu it o f Figure 12 show s the  3 ad justm ents needed. 
The firs t step is to  se t all o f the  dig ital inputs LO W  (to fo rce  
Io u t i to  0) and then trim  “ zero ad j.”  fo r zero vo lts  a t the  
inverting input (pin 2) of 0A 1 . Next, w ith  a code  o f all zeros 
still applied, ad just “  —FS ad j.” , the  re fe rence  vo ltage , fo r 
Vq u t =  ± |(idea l Vref)I- The sign o f the  ou tpu t vo ltage  w ill 
be oppos ite  th a t o f the  applied reference.
Finally, se t all o f the  dig ital inputs HIGH and ad just “  +  FS 
adj.”  fo r Vo u t = V ref  (511/512). The sign o f th e  ou tpu t at 
th is tim e  w ill be the  sam e as tha t o f the  re fe rence  vo ltage. 
The add ition  o f the  200ft resisto r in series w ith  th e  V ref pin 
o f th e  DAC is to  fo rce  the  c ircuit gain e rror from  the  DAC to  
be negative. Th is  insures tha t adding resistance to  Rft>, w ith  
the 500ft pot, w ill a lw ays com pensate  the  gain e rro r o f the  
DAC.

5.4.3 V oltage Sw itching w ith  a  Unipolar O utput V o ltage
R efer to  the  circu it o f Figure 13 and se t all d igital inputs 
LOW. Trim  the  “ zero  ad j.”  fo r Vo u t = 0  V p c  +  1 mV. Then 
set all d ig ital inputs H IGH and trim  the  “ FS A dj.”  for:

V0 U T=( +  V ) ( l + g ) ^ |

5.4.4 V oltage Sw itching w ith  a  B ipolar O utput V o ltage
R efer to  Figure 14 and se t a ll d ig ital inputs LOW. Trim  the  
“  -  FS A d j.”  fo r V o u t =  - 2.5 V d c - Then set all d ig ital inputs 
HIGH and trim  the  “  +  FS A d j.”  fo r V0 u t =  + 2 .5  (5 1 1 /5 12 )  
V d c - Test the  zero by setting the  M S dig ital input HIGH and 
all the  rest LOW . A djust V o s  o f am p # 3 , if necessary, and 
recheck the  fu ll-sca le  values.

(+FS ADJ) 
500

FIGURE 12. Full Scale  A d just —  C urren t Sw itching w ith  B ipolar O utput V o ltage

Vcc

FIGURE 13. Full S cale A d just —  V o ltage S w itching w ith  a U nipolar O utput V o ltage
TL/H/5688-14
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»VQUT

TL/H/5688-15
FIG U R E 14. V o ltage S w itching w ith  a B ipolar O utput V o ltage

6.0 D IG ITA L  C O N TR O L D ESC R IPTIO N
The DAC1006 series o f p roducts can be used in a w ide 
varie ty o f operating m odes. M ost o f the  op tions are shown 
in Tab le  1. A lso show n in th is tab le  are the  section num bers 
o f th is  da ta  sheet w here each o f the  operating m odes is 
d iscussed. For exam ple, if your main in te res t in in terfac ing 
to  a julP w ith  an 8-b it data  bus you w ill be d irected  to  Section 
6 .1.0.
The firs t cons ideration is “ w ill the  DAC be in te rfaced  to  a juP 
w ith  an 8-b it o r a 16-b it data bus o r used in the  s tand-a lone 
m ode?”  For the 8-b it data  bus, a second se lection  is m ade 
on how  the  2nd dig ital data  bu ffer (the DAC Latch) is updat­
ed by a transfe r from  the  1 st d ig ital da ta  bu ffer (the Input 
Latch). Three op tions are provided: 1) an au tom atic  transfe r 
w hen the  2nd data  byte  is w ritten  to  the  DAC, 2) a transfe r 
w h ich  is under the  con tro l o f the  juP and can include m ore 
than one DAC in a s im ultaneous transfer, o r 3) a transfe r 
w h ich  is under the  con tro l o f externa l logic. Further, the  data 
fo rm a t can be e ither le ft jus tified  or right justified .
W hen in terfacing to  a /xP w ith  a 16-bit da ta  bus on ly tw o 
se lec tions  are available: 1) operating the  DAC w ith  a single 
d ig ita l da ta  buffer (the transfe r o f one DAC does no t have to  
be synchron ized w ith  any o th e r DACs in the  system ), or

2) operating w ith  a double  dig ital data  bu ffer fo r  s im ulta ­
neous transfer, o r updating, o f m ore than  one DAC.
For operating w ithou t a juP in th e  stand a lone m ode, th ree  
op tions are provided: 1) using on ly a  single d ig ita l da ta  bu ff­
er, 2) using both  d ig ita l da ta  bu ffers —  “ double  bu ffe red ,”  o r
3) a llow ing the  inpu t dig ital da ta  to  “ flo w  th rough”  to  p rovide 
the  analog ou tpu t w ithou t the  use o f any data  la tches.
To  reduce the  requ ired reading, on ly th e  app licab le  sec tions 
o f 6.1 through 6 .4  need be considered.

6.1 In terfac ing  to  an 8-B it D ata Bus
Transferring 10 b its o f da ta  ove r an 8-b it bus requ ires tw o  
w rite  cyc les and provides fo u r poss ib le  com bina tions w h ich  
depend upon tw o  basic da ta  fo rm at and p ro toco l decis ions:
1. Is the  da ta  to  be le ft jus tified  (considered as frac tiona l 

binary da ta  w ith  the  b inary po in t to  the  left) o r right ju s ti­
fied  (considered as b inary w eighted data w ith  th e  b inary 
po in t to  the  right)?

2. W hich byte w ill be  transfe rred  first, the m ost s ign ifican t 
byte (MS byte) o r the  least s ign ificant byte (LS byte)?

Tab le  1

O perating M ode A utom atic  T ran sfer ju,P C ontro l T ra n s fe r E xternal T ra n s fe r

D ata Bus
S ection Figure No. Section Figure No. Section F igure No.

8-B it Data Bus (6.1.0) 
Le ft Justified  (6.1.1) 6.2.1 16 6.2.2 16 6.2.3 16

16-B it D ata  Bus (6.3.0) S ing le  Buffered Double Buffered Flow Through

6.3.1 17 6.3.2 17 N ot A pp licab le

S tand A lone  (6.4.0) S ingle Buffered Double Buffered Flow  Through

6.4.1 17 6.4.2 17 NA
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These data poss ib ilities are show n in Figure 15. Note tha t 
the jus tifica tion  o f data  depends on how the 10-bit data 
w ord is loca ted  w ith in the  16-bit data  source (CPU) register. 
In e ither case, there  is a surp lus o f 6 bits and these are 
shown as “ d o n ’t ca re ”  te rm s (“ x ” ) in th is figure.
A ll o f these  DACs load 10 b its on the  1st w rite  cycle. A 
particu lar se t o f 2 b its is then overw ritten on the  2nd w rite  
cycle, depending on the  jus tifica tion  o f the  data. For all le ft 
jus tified  data  options, the  1 st w rite  cycle m ust conta in  the  
MS or Hi Byte da ta  group.

6.1.1 For Le ft Justified  D ata
For app lica tions which, require le ft justified  data, D A C 1 0 0 6 - 
1008 can be used. A  s im plified  log ic diagram  w hich show s 
the external connections to  the  data  bus and the internal 
functions o f both  o f the  data  bu ffer registers (Input Latch 
and DAC Register) is show n in Figure 16. These

parts require the  MS or Hi Byte data  group to  be transferred 
on the 1st w rite  cycle.

6.2 C ontro lling Data T ransfer fo r  an 8 -B it D ata Bus
Three operating m odes are poss ib le  fo r con tro lling  the  
trans fe r o f data  from  the  Input Latch to  the  DAC Register, 
w here it w ill update the  analog ou tpu t vo ltage . The  sim plest 
is the  au tom atic transfe r m ode, w hich causes th e  data  
trans fe r to  occu r a t the tim e o f the  2nd w rite  cycle. Th is  is 
recom m ended w hen the  exact tim ing o f th e  changes o f the  
DAC analog output are not critica l. Th is  typ ica lly  happens 
w here each DAC is operating ind ividua lly in a system  and 
the  analog updating o f one DAC is not requ ired to  be syn­
chron ized to  any o ther DAC. For synchron ized DAC updat­
ing, tw o op tions are provided: jxP con tro l via a com m on 
XFER strobe or external update tim ing con tro l via an exte r­
nal strobe. The deta ils  o f these op tions are now  shown.

D A C 1 0 0 6 /1 0 07 /1 0 0 8  (20-Pin Parts  fo r Le ft Justified  D ata)

0-BIT BYTE------------------ ---------------------- 8-BIT BYTE

i i i i i i i i— i
TA SOURCE REGISTER HOLDING 10-BIT DATA WORD -
I I I 1 I - I  I 1 I-

, --------------Ml DVTC

MSB
I I T

LEFT JUSTIFIED DATA
I I T

LSB X X X X X X

LU Of 1C

X X X X X X MSB RIGHT JUSTIFIED DATA
I I I

LSB

- TL/H/5688-16
FIGURE 15. Fitting a 10-Bit D ata W ord  into 16 A vailable  Bit Locations

TL/H/5688-17
FIG U R E 16. Input C onnections and C ontro ls  fo r  D A C 1 0 0 6 /1 0 0 7 /1 0 0 8  Left Justified  Data
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6.2.1 A u tom atic  T ran sfer
This m akes use o f a double  byte (double precision) write. 
The  firs t byte (8 bits) is strobed  in to  the  input la tch and the  
second byte causes a s im ultaneous strobe o f the  tw o  re­
m aining b its in to  th e  inpu t la tch and also the  transfe r o f the  
com ple te  10-bit w ord from  the  inpu t la tch to  the  DAC reg is­
ter. Th is is show n in th e  fo llow ing  tim ing d iagram ; th e  po in t

6.2.3 T ran sfer Using an E xternal S trobe
Th is  is s im ilar to  th e  previous opera tion  excep t the  XFER 
signal is not provided by the  juP. The  tim ing d iagram  fo r th is  
is:

D A C 1 0 0 6 /1 0 0 7 /1 0 0 8  (20-Pin Parts)

in tim e w here the  ana log ou tpu t is updated is a lso ind icated 
on th is diagram . c S ~ \ A r '—

D A C 1 0 0 6 /1 0 0 7 /1 0 0 8  (20-P in  P arts )
LOAD Byte 1 ■>1 LOAD Byte 2

a  n  r

WR Y J - LATCH Byte 1 A  LATCH Byte 2

LOAD Byte 1 ^  LOAD Byte 2 & XFER

*WR & XFER \  I 4 .  LATCH \  /  LATCH DAC 
\  f f  Byte 1 V  /  REGISTER

XFER
ft? \  XFER r~  

ANALOG \  1 Ik  
OUTPUT _\ f . . .  
UPOATED —  LATCH DAC 

REGISTER

ANALOG v» OUTPUT 
r r \  UPDATED

B y te l/
B y te l

tc  >
V----------- i - —

Byto 1/Bylo Z

TL/H/5688-18
♦SIGNIFIES CONTROL INPUTS WHICH ARE DRIVEN IN PARALLEL

6.2.2 T ra n s fe r Using jliP  W rite  S troke
The input la tch is loaded w ith  the  firs t tw o  w rite  strobes. The  
XFER signal is provided by externa l logic, as show n below , 
to  cause the  transfe r to  be accom plished pn a th ird  w rite  
strobe. Th is  is show n in the  fo llow ing  diagram :

D A C 1 0 0 6 /1 0 0 7 /1 0 0 8  (20-Pin Parts)

TL/H/5688-20

6.3 In terfac ing  to  a 16-Bit D ata  Bus
The in te rface  to  a 16-bit data  bus is easily handled by co n ­
necting to  10 o f the  ava ilab le  bus lines. This a llow s a  w iring 
se lected  right justified  o r le ft jus tified  data form at. Th is  is 
show n in the connection  d iagram  o f Figure 17, w here  the  
use o f DB6 to  D B15 gives le ft jus tified  data  ope ration. Note 
th a t any part num ber can be used and the B y te l /B y te 2  co n ­
tro l should be w ired Hi.

»\
LOAD Byte 1_______ . . .______ lu hu  oyio c_______ i

\  //»LATCH^Vf 1 \  jf\ \  /
\ — /  \ _ T  la tch  Byto 2 x— '

__________________________ p i _________________________P L  XFER _____

f \ ____ /*
J  \  /  ANA

LOAD Byte 2

ANALOG
OUTPUT LATCH OAC 
UPDATED REGISTER

Byte 1/Bytel A. - t f * -
WHERE THE XFER CONTROL CAN BE GENERATED BY USING A SECOND CHIP SELECT AS:

C$2 O -
o -OCTEA

AND THE BYTE CONTROL CAN BE DERIVED FROM THE ADDRESS BUS SIGNALS.

TL/H/5688-19
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DA
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00
7/

DA
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00
8

LEFT
JUSTIFIED j

DAC1006/1007/1008 (20-PIN PARTS)

FIGURE 17. Input C onnections and Logic fo r  D A C 1 0 0 6 /1 0 0 7 /1 0 0 8  w ith  16-B it D ata  Bus

Three operating m odes are possib le: f lo w  through, s ing le  
buffered, o r double  buffered. The tim ing d iagram s fo r these  
are show n below :

6.3.1 S ingle B uffered
D A C 1 0 0 6 /1 0 0 7 /1 0 0 8  (20-P in P arts )

\ J N  [

wfi
M f i = o

ANALOG
OUTPUT
UPDATED-

---------  V  INPUT DATA IS
\  '  LATCHED

LOAD INPUT LATCH

6.4 S tand A lone O peration
For app lica tions fo r  a DAC w h ich  are  no t under jaP con tro l 
(stand a lone) th e re  are  tw o  bas ic  operating m odes, s ing le  
buffered and double  buffered. The  tim ing d iagram s fo r  these  
are show n below :

6.4.1 S ingle B u ffe red
D A C 1 0 0 6 /1 0 0 7 /1 0 0 8  (20-P in Parts)

n 3 T
XFER TO DAC REGISTER

ANALOG/
OUTPUT/
UP0ATE0

\
LATCHES 0ATA IN 0AC 
(INPUT OATA MUST 
UNTIL THIS TIME)

6.3.2 D ouble B u ffered
D A C 1 0 0 6 /1 0 0 7 /1 0 0 8  (20-P in P arts)

i
INPUT DATA IS LATCHED

V
\ y

" LOAD INPUT LATCH

XFER

Byte 1/B ytal =  1

ANALOG 
OUTPUT - 
UPDATED

a  f N  DAC I
•  ie ij

T
XFER

... REGISTER 
IS LATCHEO

6.4.2 D ouble B u ffered
D A C 1 0 0 6 /1 0 0 7 /1 0 0 8  (20-P in P arts)*

_ _  LOAD INPUT LATCH

"LATCH INPUT LATCH 

XFER

Byte 1/Byte 2

E5=XFPR=0
OUTPUT
UPOATED-

Aren .  in ■ ii

\ /  A "  LATCH

TL/H/5688-23

TL/H/5688-22
*For a connection diagram of this operating mode use Figure 16 for the Logic and Figure 17 for the Data Input connections.
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7.0 M ICR O PR O C ESSO R  IN TER FA C E
The log ic  functions o f the  D AC 1006 fam ily  have been o ri­
en ted  tow ards an ease o f in terface w ith  all popu la r jllPs . The 
fo llow ing  sec tions d iscuss in detail a  fe w  usefu l in terface 
schem es.

7.1 D A C 1 0 0 1 /1 /2  to  IN S8080A  In te rface
Figure 18 illus tra tes the  s im plic ity o f in te rfac ing  the  
D AC 1006 to  an IN S8080A  based m icroprocessor system .

The circuit w ill pe rfo rm  an au tom atic  transfe r o f the  10 b its 
o f ou tpu t da ta  from  the  CPU to  the  DAC reg is te r as ou tlined  
in Section 6.2.1, “ C ontro lling  D ata  T ransfe r fo r an 8 -B it Data 
Bus.”
S ince a double  byte w rite  is necessary to  con tro l the  DAC 
w ith  the  INS8080A, a poss ib le  instruction to  ach ieve th is  is a 
PUSH o f a reg is ter pa ir on to  a “ s ta ck”  in m em ory. The  16- 
b it reg is ter pair w ord w ill con ta in  the  10 b its o f the  eventua l 
DAC input data  in the  p rope r sequence to  con fo rm  to  both

> vo u t

TL/H/5688-24
NOTE: DOUBLE BYTE STORES CAN BE USED, 
e.g. THE INSTRUCTION SHLD F001 STORES THE L 
REG INTO B1 AND THE H REG INTO B2 AND 
TRANSFERS THE RESULT TO THE DAC REGISTER. 
THE OPERAND OF THE SHLD INSTRUCTION MUST 
BE AN ODD ADDRESS FOR PROPER TRANSFER.

FIGURE 18. In terfac ing  th e  D A C 1000 to  the  IN S8080A  CPU G roup
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the  requ irem ents o f th e  DAC (w ith regard to  le ft jus tified  
data) and th e  im p lem entation  o f the  PUSH instruction w hich 
w ill o u tpu t th e  h igher o rde r byte  o f th e  reg is te r pa ir (i.e., 
reg is te r B o f th e  BC pair) first. The  DAC w ill actua lly  appear 
as a  tw o -byte  “ s ta ck”  in m em ory to  the  CPU. The  auto-dec- 
rem enting o f th e  s ta ck  po in te r during a  PUSH a llow s using 
address b it 0 o f th e  s tack po in te r as th e  B yte 1 /B y te 2  and 
XFER s trobes if b it 0 o f th e  s tack po in te r address - 1 ,  
(S P —1), is  a  “ 1”  as p resen ted  to  th e  DAC. A dd itiona l ad­
dress decod ing  by th e  DM8131 w ill generate  a unique DAC 
chip se le c t (CS) and  synchron ize th is  C S to  the  tw o  m em ory 
w rite  s trobes o f th e  PUSH instruction.
To rese t th e  s ta ck  po in te r so  new  da ta  m ay be ou tpu t to  the  
sam e DAC, a  POP ins truction  fo llow ed  by ins tructions to  
insure th a t p rope r da ta  is in th e  DAC da ta  reg is ter pa ir be­
fo re  it is “ PUSH ED ”  to  th e  DAC should  be executed, as the  
POP ins truction  w ill a rb itrarily  a lte r the  con ten ts  o f a reg is te r 
pair.
A no the r double  byte  w rite  instruction  is S to re  H and L D irect 
(SHLD), w here  th e  H L reg is te r pair w ou ld  tem porarily  co n ­
tain th e  DAC da ta  and th e  tw o  sequentia l addresses fo r the  
DAC are spec ified  by th e  instruction op  code. The  au to  in ­
crem enting  o f th e  D AC  address by th e  SHLD ins truction  
perm its th e  sam e sim ple  schem e o f using address b it 0  to  
generate  th e  byte  num ber and trans fe r strobes.

7.2 D A C 1006 to  M C 6820 /1  P IA  In te rface
In Figure 19 the D AC 1006 is in te rfaced  to  an M 6800 system  
th rough an M C 6820 /1  Periphera l In te rface  A dapte r (PIA). in  
th is  case  th e  CS pin o f th e  DAC is g rounded s ince the  PIA is 
a lready m apped in th e  6800 system  m em ory space  and no 
d ecoding is necessary. Furtherm ore, by using bo th  Ports A  
and B o f th e  PIA th e  10-bit data  transfer, assum ed le ft 
jus tified  aga in  in tw o  8 -b it bytes, is g rea tly sim plified. The  
HIGH byte  is loaded in to  O utpu t R egister A  (ORA) o f the

PIA, and the  LOW  byte is loaded in to  ORB. The  10-bit data  
trans fe r to  the  DAC and th e  corresponding  ana log ou tpu t 
change occu r s im ultaneously upon C B2 going LOW  under 
program  contro l. The  10-bit da ta  w ord  in the  DAC reg is ter 
w ill be la tched (and hence Vo u t  w ill be fixed) w hen CB2 is 
b rought back HIGH.
If bo th  ou tpu t ports o f the  PIA are  no t ava ilab le , it is possib le 
to  in te rface  the  DAC1006 th rough a  sing le  p o rt w ithou t 
m uch e ffort. However, add itiona l log ic  a t the  C B2(or CA2) 
lines o r access to  som e o f th e  6800 system  con tro l lines w ill 
be required.

7.3 N oise C onsiderations
A typ ica l d ig ita l/m ic ro p roce sso r bus env ironm ent is a tre ­
m endous potentia l source o f high frequency no ise w hich 
can be coup led  to  sensitive  ana log  circuitry. The  fa s t edges 
o f th e  data  and address bus s igna ls generate  frequency 
com ponen ts o f 10’s o f m egahertz and can cause noise 
sp ikes to  appear a t the  DAC output. T hese  no ise sp ikes 
occu r w hen th e  data  bus changes s ta te  o r w hen data  is 
transfe rred  between the  la tches o f th e  device.
In low  frequency o r DC app lica tions, low  pass filte ring  can 
reduce these  noise spikes. T h is  is accom plished  by over­
com pensating  the  DAC ou tpu t am p lifie r by increasing the  
va lue  o f the  feedback capacito r (C c in Figure 3 ).
In app lica tions requiring a  fa s t tra n s ie n t response  from  the  
DAC and op amp, filte ring m ay n o t be feasib le . A dding a 
la tch, DM 74LS374, as show n in Figure 20 iso la tes the  de­
v ice  from  the  data  bus, thus e lim inating noise sp ikes tha t 
o ccu r every tim e  the  data  bus changes s ta te . A no the r m eth­
od fo r e lim inating noise sp ikes is to  add a  sam ple  and hold 
a fte r th e  DAC op amp. Th is  a lso  has th e  advantage  o f e lim i­
nating noise sp ikes when changing d ig ita l codes.
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FIGURE 20. Iso lating D ata Bus from  D AC C ircu itry  to  E lim inate Digital N oise Coupling

MSB LSB

FIGURE 21. D igitally C ontro lled  A m p lifie r/A tte n u a to r
T L /H /5 6 8 8 -2 6

7.4 D igitally C ontro lled  A m p lifie r /A tte n u a to r
An unusual app lica tion  o f the  DAC, Figure 21, app lies the 
input vo ltage  via the  on-ch ip  feedback resistor. The  low er 
op  am p au tom atica lly  ad justs th e  Vref in vo ltage  such tha t 
•o u t i is equal to  the  inpu t cu rrent (V |N/RfB)- The  m agnitude 
o f th is  Vref  in  vo ltage  depends on the  d ig ital w ord w hich is 
in the  DAC register. l o u T 2  then  depends upon both  the  
m agnitude o f V in  and th e  d ig ita l word. The  second op  am p 
converts  l o u T 2  t 0  a vo ltage , Vq u t . w hich is given by:

/1 0 2 3  — N \
Vq u t = V IN ( ------r.------)> w here  0 <  N ^  1023.

N ote th a t N =  0 (or a d igital code  o f a ll zeros) is no t a llow ed 
o r th is  w ill cause th e  ou tpu t am p lifie r to  sa tu ra te  a t e ither 
± V m ax . depending on the  sign o f V|n - 
To provide a d ig ita lly  con tro lled  divider, th e  ou tpu t op  am p 
can be e lim inated. G round th e  Iq u t2 Pin o f th e  DAC and 
Vo u t  is  now  taken from  the  low er op am p (w hich a lso  d rives 
the  Vref  input o f the  DAC). The  expression fo r Vo u t  is now  
given by

v OUT=  w here M =  D igital inpu t (expressed as a  
M fractiona l b inary num ber).

0 < M < 1 .
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O rd e rin g  In fo rm a tio n

For Le ft Justified  D ata —  20-p in  package.

A ccuracy Tem pera tu re  Range  
0° to  +  70°C

0.05%  (10-bit) D AC1006LCN D AC 1006LCW M
0.10%  (9-bit) D AC1007LCN
0.20%  (8-bit) D AC1008LCN

Package O utline N20A M20B
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