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FEATURES

* Microprocessor-compatible

o Double-buffered inputs

® 8-, 10- and 12-Bit resolution

¢ 500 Nanoseconds settling time—
DAC-610

* 4-Quadrant multiplication

GENERAL DESCRIPTION

DATEL's DAC-608, DAC-610 and
DAC-612 are low cost monolithic 8-,
10-and 12-bit multiplying D/A converters
designed to operate directly with most
popular microprocessors. Double-buffered
inputs allow the converters to output an
analog voltage corresponding to one
digital word while holding the next, permit-
ting simultaneous updating of multiple
D/A’s via a common strobe signal. The
converters appear as a memory location
or l/O port to the microprocessor and thus
do not require interfacing logic. All models
will operate as normal D/A’s for non-
microprocessor based applications.

Excellent temperature tracking character-
istics are provided by precision silicon-
chromium R-2R resistor ladder networks.
Output settling time for a full-scale change
to 14 LSB, is as low as 500 nanoseconds
and the maximum linearity error on all
models is +'% LSB. Monotonicity is
guaranteed over the full operating temp-
erature range.

Other features include a low, 3 mV peak-
to-peak, digital feedthrough error, 30 mwW
power dissipation and single supply opera-
tion. The reference input is selectable over
arange of + 10V and may also be used as
the analog input for four quadrant multipli-
cation applications.

The DAC-612C is packaged in a 24-pin ce-
ramic DIP. Models DAC-608 and DAC-610
are packaged in a 20-pin plastic DIP. Ali
units are specified to operate over the com-
merical 0° C to +70° C temperature range.
These devices are an ideal choice for in-
numerable applications involving industrial
process control, programmable attenuators,
audio signal processing and low frequency
sine wave generation.

CAUTION: These devices contain CMOS
circuits and should be handled with stan-
dard anti-static procedures.

DAC-608, DAC-610, DAC-612

Microprocessor-Compatible,
Double-Buffered D/A

- Converters
msa VREF
INPUT D/A DIA 1 outp
REGISTER REGISTER L T outy
Ls8 O Reb
CONTROL
LOGIC
D Vs
D GND
(@) O
(=3 WR1 WR2 XFER Byte 1/Byte 2
INPUT/OUTPUT CONNECTIONS
DAC-608 DAC-610 DAC-612
PIN FUNCTION PIN FUNCTION PIN FUNCTION
1 | T8 (CHIP SELECT) 1 | CS (CHIP SELECT) 1 | TS (CHIP SELECT)
2 | WR1 (WRITE 1) 2 | WR (WRITE) 2 | WH
3 | ANALOG GROUND 3 | BYTE\/BYTEZ2 3 | ANALOG GROUND
4 | DI3 4 | XFER 4 | DIS
5 | D12 s | DIs 5 | DI4
6 | on 6 | DI6 6 | D13
7 | Do (LsB) 7 o7 7 | o
8 | REFERENCE IN 8 | D8 8 | on
9 | FEEDBACK 9 | Dig (MsB) 9 | DIO(LSB)
10 | DIGITAL GROUND 10 | GROUND .10 | REFERENCE IN
11 | outPuT 1 1 | output 2 11 | FEEDBACK _
12 | OUTPUT 2 12 | QUTPUT1 12 | DIGITAL GROUND
13 | DI7 (MsB) 13 | REFERENCE IN 13 | OUTPUT 1
14 | DI6 14 | FEEDBACK 14 | OUTPUT 2
15 | DIs 15 | Dlo(LsB) 15 | DI11(MSB)
16 | DI4 16 | DIt 16 | D10 )
17 | XFER (Trans. Contl) 17 | Di2 17 | DI9
18 | WR2 (Write 2) 18 | DI3 18 | oi8 )
19 | ILE {In. Latch ENB) 19 | D4 19 | oI7
20 | Vs 20 { Vs 20 | oe
21 | XFER (Trans. Contl)
22 | WR2Z (write 2)
23 | BYTE v/BYTE 2
24 | Vs
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DAC-608/610/612 D D/ATELL
T # -
ABSOLUTE ml“l.ﬂ RATMGS _#DAC-608. DAC-610 DAC-812C PHYSICAL/ENVIRONMENTAL
Power \Iollagi‘7 ........ o ) +17V dc
Flironty bt Vonage. ... s rc0mre
to 100
P e dnation 1111l Vsgaomw | | Rangen . omperetur —65°C 1o +150°C

FUNCTIONAL SPECIFICATIONS
Typlcal at 25°C, 15V Supply, Reference In = + 10V unless otherwise noted.

mc«mr""ﬂ:) ..... 20-pin plastic DIP

DAC612 ........ 24-pin ceramic DIP

INPUTS DAC-608 ‘DAC-610 DAC-612
Sbits ralO0l 12 bits

t hal

o ) Of}ns'gel Binar;y

+2.2V minimum at + 10 pA maximum
+0.8V maximum at - 200 A maximum

for Write 1 operation. Minimum puise duration is 320
nsec.. CS must remain low an addmonal 10 nsec. after
Write Pulse returns hi

for Write 1 operation. Minimum Pulse duration is 320
nsec. ILE must remain high an additional 10 nsec. after
Write Pulse returns high.

WRI(Write1) ................ Active low state is used 1o % the digital data bits into
the input latch. A high ON WRT, and a high on ILE will
update the input latch. Minimum Pulse duration is 320
nsec

WR2(Write2) ................ Active low in combination with XFER transfers available

8 BYRE( Duration is 320 nsec.

1 Byte Sequence
Y" .................. All locations of the input latch are enabled when this
control is high. When low, only least significant bits are
enabled. Pulse Duration is 320 nsec.

| 6. Using intemal feedback resistor.

1. DAC-608 only. -

2. DAC-810/612 only.

3. All data inputs latched low. To achieve this low

on the DAC-612, the metal lid must

be grounded. If the lid is left floating the
feedthrough is typically 8 mV.: :

4. Al data inputs latched high.

5. “D” stands for digital input.

CS(ChipSelect) .............. Active low state in combination with ILE enables the D/A

igh.
ILE (input Latch Enable)! ....... Active high state in combination with 23 enables the D/A

data in the input latch to the D/A register. The data in the
D/A register is latched when WR2 is high. Minimum Pulse

15k 256 15kQ 1024

Output 2, Current Range?. .......

XFER (Transfer Control . . .
Signal) ..... RN Active low in.combination with WR2, will transfer the data
available in the input latch to the D/A register.
OUTPUTS
Output Capachtance, o.utpm ", 70 pF 60 pF 70 pF
Output23 .. 200 pF 250 pF 200 pF

Output 14, . 200 pF 250 pF 200 pF
Output 2+ . . 70 pF 60 pF 70 pF

Output 1, Current Range® . ... ... Veer O Veer _ D D

VRer
15 kQ
Vrer  256-D VRer  1024-D°  Veer  4006-D
15 k2
3m

15k 256 15kQ 1024 4096
FeedthroughEmror®............ 3mv PP 90 mV P-P Vv P-P
PERFORMANCE
....... +1 LSB
Differential Llnoo'ity Error .
Maximum...........coeeuee +0.018% FSR
Monotonicity . ................ Over operating temperature range
GainError® .................. Adjustable to Zero
ZeroErrort .................. Adjustable to Zero
Gain Tem Maximum ........ +6 ppm/°C + 10 ppm/°C +6 ppm/°C
Settling e, Full Scale
cf to +%ILSB.......... 1 gsec. 500 nsec. 1 usec.
upply Rciocﬂon‘ ....... +2 ppm/V + 30 ppm/V +3 ppm/V
POWER REQUIREMENTS '
Rated Power Supply Voltage . . . . +15V de
Power Supply V. Range ... +4.7V dc to +15.75V dc
Supply Current Maximum ...... 2mA

TECHNICAL NO'IES

1. The output operational amplifier to be

used should have as low a value of in-
put bias current as possible. DATEL'’s
AM-410 operational amplifiers are
highly recommended for use with these
devices.
In order to maintain the specified tem-
perature tracking specifications, the
D/A’s internal feedback resistor should
be used in the operational amphﬁer
feedback loop.

2. The voltage at the current outputs must
be as close. to. ground potential as
possible so that the changes in the ap-
plied digital codas do not affect the out-
put current linearity.

3. In fast data acquisition applications, the
addition of a 10 to 22 pF capacitor (Cc)
in parallel with the feedback resistor of
the operational amplifier may be re-
quired to minimize overshoot and ring-
ing at the output.

4. Due to the rapid switching of internal
logic gates that respond to the input
changes, a narrow spike could flow out
from the current output terminals. In
order to minimize this effect, the input
register must always be used as the
data latch. Reducing Vg from + 15V to
+5V offers a factor of 5 improvement
in the magnitude of the feedthrough,
however, this causes a loss of internal
switching speed. Also, - increasing
capacitor Cc (if being used) to a.value
consistent with the actual circuit band-
width requirements, can provide a
substantial damplng effect on any out-
put spikes.

5. For flow through operation, (operation
with the buffers continuously enabled)
CS, WR1, WR2 and XFER must be tied
to ground and Byte 1/Byte 2 (ILE for

DAC-608) must be high. This will allow

2220 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356




D OATEL

DAC-608/610/612

both internal registers to follow the ap-
plied digital inputs, directly affecting the
device output.

. For stand alone operation where con-
trol signals are generated by discrete
logic, double buffering can be con-
trolled by applying a logic “‘0” to CS
and XFER and a logic “1” to ILE
and pulling WRT1 low to load data in the
input latch. Pulling WR2 low will then
update the analog output. A logic ““1"
on either of these lines will prevent the
changing of the analog output.

. All unused digital inputs should be tied

to Vg or ground in order to prevent
damage to the chip from static
discharge. If any of the digital inputs are
inadvertently left floating, the D/A will
interpret the pin as a logic ‘1.

8. The input registers of the DAC-610 and

DAC-612 are arranged to accept a left
justified data word from the micro-
processor with 8 bits coming first and
the lower bits second. Left-justified
means that the binary point is assumed
to be located to the left of the most sig-
nificant bit.

9. The use of good circuit board layout

CODING AND CALIBRATION

techniques are required for rated per-
formance. Minimization of lead lengths
around analog circuitry is recom-
mended. It is important that a good
ground be used. A single point ground
distribution technique for analog sig-
nals and supply returns will prevent
other devices in the system from affect-
ing the output of the D/A’s. Vg should
be bypassed as close to the Vg pin as
possible with a low inductance 1 xF tan-
talum capagcitor.

CALIBRATION PROCEDURE

s OFFSET ADJUST

FULL-SCALE ADJUST
FEEDBACK u# +Vs
vs Q OUTPUT 1,
jame-a
REFERENCE () OUTPUT 2
N GND GND° = £
UNlPéLAR CONFIGURATION

VREF

10k

FULL-SCALE ADJUST

UNIPOLAR

Zero Adjust—Set all data bits to logic ‘0" (logic “1"" if using out-
put 2) and adjust the OFFSET ADJUST pot on the external

b0 OUTPUT

4+ VS

operational amplifier for 0.000V.

Full Scale—Set all data bits to logic ‘1’ (logic ‘0" if using out-
put 2) and set the FULL Scale ADJUST for an output equal to:
Vout = - Vref (N - 1)/N, where “N” is equal to: 256 (DAC-608),

1024 (DAC-610) or 4096 (DAC-612).

GND GND*

BIPOLAR CONFIGURATION

UNIPOLAR OPERATION

“ONE GROUND ON DAC$10

INPUT CODE IDEAL OUTPUT
MSB LSB
M., 111 —(VRer. + 1LSB)
110....... 000 ~0.75 (VRer)
100....... 000 —0.5 (VRer)
010....... 000 -0.25 (Vrer)
000....... 000 0
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BIPOLAR

Zero Adjust—Set Fall data bits to logic ‘0"’ and adjust the OFF-
SET ADJUST for an output voltage equal to Vref.

Full Scale—Set all data bits to logic 1"’ and adjust the FULL
SCALE ADJUST for an output voltage equal to: Vout = Vref
(N-X)/X where ‘N’ is equal to: 255 (DAC-608), 1023 (DAC-610)
or 4095 (DAC-612); and “X” is equal to: 128 (DAC-608), 512
(DAC-610) or 2048 (DAC-612).

OUTPUT CODING TABLES
BIPOLAR OPERATION
INPUT CODE IDEAL OUTPUT
MSB LSB + VREF. - VRer
1M11....... 111 +VRer - 11.SB ~Vper + 1LSB
110....... 000 0.5 (+ VRefF) 0.5 (- VRer)
100....... 000 0 0
010....... 000 0.5 (- VRer) 0.5 (+ VReF)
000....... 000 — VRer +VReF
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TIMING AND PERFORMANCE

ILE, CS. (608)

‘TIMING DIAGRAM

CS, BYTEV/BYTEZ. (610/612) N

3R0ns — »e¢—10ns

LN

/

/

DATA BITS

DATA VALID

MODEL A

DAC-608 90ns
DAC-610 200ns
DAC-612 90ns

NOTE:
1. time is measured from the leading edge of the
M oohae! o

2. All digital controls are level actuated.

"MECHANICAL DIMENSIONS
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3.2

APPLICATIONS

Typical Connection to Popular Microprocessor Data Bus

. DATA BUS

The logic functions of the DAC—6081610/612 have been oriented

~

towards an ease of interface with &l popular. micwprocossors

i G

e

_ ot 1|0
WR  DACeXX .

Byte 1/
————C}Byte 1/Byte 2 our2o

—————Cy XFER
O
REFERENCE g
IN =

The devices are treated as a_fypical meMbry device ‘of /O
peripheral requiring 1# external logi¢ in most systems due to the
timing and logic level convention of the input control signals.

% L ouTPUT
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DAC-608/610/612

0 2 4 6 8 10 12 14 16

SUPPLY YOLTAGE, Vs (VpC)

DAC412 Gain and Linumy Enor
Variation vs. Supply Voltage.

?A :‘35°C

;c‘ 0.01 — —
S auul antl pnd S Al B

2 8005 ALINEARITY ERROR

-3 _

w

z 0

‘6" AGAIN ERROR

4 -0.005

:

o -0

0 5 "0 15

VS — SUPPLY VOLTAGE (VpC)
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DAC-808 Gain and Linearity Error
Varietion vs. Supply Velege
0.4 N T B
ALNEARITY ERROR
LS
Vaer = 25V 1 ‘VGEF=W
T 02
§
& N
z O
b VREF = 2.5V /‘
z aner=w
5 -e2 AGAIN ERROR
Ta = 25°C
e L
e 2 4 § 8 W 12
VOLTAGE MOBE OPERAHON Vg SUPRLY YOLTAGE (Voc)
DAC-610 Gain and Linearity Emor
Veristion ve. Supply Volage
L3 ———— —y
REE
{vam
T +96 -
- . 1\
2 =
s
3 ®
w /T asam ennon
z ..
5 -.06.
. —+v = 3v
-1

VOLTAGE MODE
OPERATION

CHANGE IN ERROR (%)

CHARGE I ERROR (%)
[

DAC-808 Gain and Linearity Error
Variation vs. Reference Voltage

[ 1]

0.2 |-ALINEARITY

/ 1]

= 15V

= 15V

-2

-04

YRer, REFERENCE VOLTAQE (Vpg)

DAC-610 Gain and Lineerity Error
Variation vs. Referonce Voltage

+.1

AUNEARNITY ERROR

i
+
2

AGAIN ERROR

1
&

-vs = 15V

0.0
0.005

-0.0

CHANGE IN ERROR (%)

- 0.005

\J 2 3 4 5 € 78
REFERENCE VOLTAGE +V (VpC)

DAC-612 Gain and Linearity Error
Variation vs. Temperature

T A i
Vg = 15VpC

AG

:c

-25-15 5§ 25 45 85 85
Ta — AMBIENT TEMPERATURE (°C)-
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APPLICATIONS B

MULTIPLE D/A SYSTEM
FEEDBAc‘K‘Q

DAC 608

‘a . TSI
g' CS(n)
L jmi FEEDBACK(Y
1 DAC 608 . ANALOG
! —o OUTPUT 2
CS _ILE XFER WR1 WR2
FEEDBACK()
DAC 608 o' ANALOG
" OUTPUT(n)
§§§%O |__CS ILE XFER WR1 WR2 ‘
svsu-:m —ﬁ RO

*TIE TO:LOGIC 1 IF NOT NEEDEDi

TIMING DIAGRAM

23

DATA BUS X DATA VALID X

2%
(¢

' cs —\—/ o
WR1 & WR2 ——— 2 Vs ,
-_——\__J< INPUT ANALOG Y\ f\' :
: LATCH OUTPUT ¥ DIA REGISTER LATCHED
: UPDATED  UPDATED »

XFER 2 —
lLE:LOGlc,“V’ : \ / o

For slmultaneous updating of multiple D/A’s, the CS line oy

of each device is decaded individually. However, the converter ORDERING INFORMATION

can share a common XFER. : . :

The ILE functian is very useful in applications where more than - OPERATING
one processor is being used. If another processor took control of MODEL NO. RESOLUTION TEMP. RANGE
the data bus and control lines using the same addresses as the DAC-608C 8 Bits 0°C to +70°C
first, a low on the ILE pin would latch the data in the input DAC-610C 10'Bits © 0°C to +70°C
register holding the outputs at their present state. DAC-612C 12 Bits
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