XR-9201

8-Bit Microprocessor Compatible
Digital-To-Analog Converter

GENERAL DESCRIPTION

The XR-9201 is a monalithic 8-Bit uP compatible digital-
to-analog converter with differential current outputs. It
contains an internal data latch, making it suitable for in-
terfacing with microprocessors. The chip contains a
stable voltage reference (2.0 V Nominal) which is exter-
nally adjustable and can be used as a reference for oth-
er D/A and A/D converters.

The XR-9201 features non-linearity of + 2 LSB maxi-
mum (+.19% of full scale current). The internal volt-
age reference maintains a temperature coefficient of
50 ppm/°C.

FEATURES

8-Bit Resolution

Input Data Latches

Internal Voltage Reference
Microprocessor Compatible
Non Linearity

Full Scale Current Stability
Reference Voltage Stability
Ditferential Current Qutputs
TTL Compatible

+ V2 LSB Maximum
+50 ppm/°C
+50 ppm/°C

APPLICATIONS

Bipolar and Unipolar D/A Conversion
A/D Conversion

Test Equipment

Measuring Instruments
Programmable Current Source
Programmable Voltage Source

ABSOLUTE MAXIMUM RATINGS

+ Ve Positive Supply Voltage
- Ve Negative Supply Voltage
Logic Input Voltages
Power Dissipation

Derate Above 25°C
Storage Temperature

+6V

-8.5V

Oto +6V

500 mwW

5 mW/°C

—55°C to +150°C
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FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION

Part Number
XR-9201 CP

SYSTEM DESCRIPTION
To convert the output currents of the digital-to-analog

converter to a voltage, an operational amplifier can be
used as shown in Figure 12.

Package
Plastic

Operating Temperature
0° to +70°C

Care must be taken in selecting an operational amplifi-
er to be used in D/A conversion. For accurate conver-
sion, the operational amplifier should have low input
offset voltage, low input bias and offset currents, and
fast settling times. Input offset voltage contributes a
DC error on the output and should be properly nulled.
Input bias current contributes to the D/A converter cur-
rent flowing through the feedback resistor, Rgpg, and al-
so causes a DC error on the output voltage. This error
can be reduced by the addition of a resistor equal in
value to Rgg from the noninverting input to ground.
Settling time is important because it rules how fast the
output reaches its prescribed voltage level. The OP-01
is suitable for D/A converter applications producing
negligible errors.




ELECTRICAL CHARACTERISTICS
Test Conditions: Voo = +5V, —Voo = -7V, Ta = 25°C, IRgp = 1.0 mA, unless otherwise specified.

XR-9201

SYMBOL PARAMETERS MIN TYP MAX UNIT CONDITIONS
Resolution 8 8 8 Bits
Monotonicity .8 8 8 Bits
Non-linearity +0.5 LSB
+0.19 %IFs
+Vee Positive Supply 4.5 5.0 55 v
Voltage
-Vce Negative Supply -7.7 -7.0 -6.3 Vv
Voltage
VIH Data Input and Chip Enable 2.0 A
“High” Voltage
VIL Data Input and Chip Enable 0.8 \
“Low"” Voltage
iH Data Input and Chip Enable 500 kA
“High"” Current
I Data Input and Chip Enable +20 pA
“Low"” Current
IFs Full Scale Output Current 1.914 1.992 2.070 mA IREF = 1.000 mA
170 Zero Scale Output Current +10 kA
TCirs Full Scale Current +50 ppm/°C 0°C = Tp = 75°C
Temperature Sensitivity
IFss Full Scale Symmetry +10 rA
VREF Internal Reference Voltage 2.005 \% RADJ = 50 KQ
1.990 Rapy =09
2.000 RaDJ = 6Q
TCREF VREF Temperature Stability +50 ppm/°C VREF = 2.00V
+lcc Positive Supply Current 15 25 mA
-lce Negative Supply Current -25 -15 mA
Positive Output +5.0 \
Voltage Compliance
Negative Output -1.0 \
Voltage Compliance
Maximum Full Scale 3 mA
Current
tg Settling Time 600 nsec
tsu Data Set-up Time 170 nsec
tH Data Hold Time 40 nsec
tw Minimum Chip Enable (CE) 170 nsec
Pulse Width
tp Propagation Delay Time 500 nsec
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Figure 3A. Equivalent Circuit of Data Latches and Current Switches
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Figure 3B. Equivalent Circuit of Voltage Reference and Input Amplifier
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XR-9201

DEFINITIONS OF SWITCHING PARAMETERS

Settling Time (tg): Time required for output to reach
its final value (to within +.19% of
full scale output) after data is ap-
plied to the inputs. Chip enable,

CE, is held “high.”

Data Set-Up Time (tgy): Minimum time required for
data to be present at the inputs
while CE is “high”, in order to ob-
tain valid output data. It is mea-
sured from when proper data is
applied to the inputs to when CE
goes “low”.

Data Hole Time (th): Maximum time required for data to
be present at the inputs before CE
goes “low”, in order to obtain valid
output data. It is measured from
when the input data changes state

Chip Enable Pulse Width (ty):

Propagation Delay Time (tg):

to when CE goes “low”, and still
obtain valid output data of the pre-
vious input state. Data hold time
indicates that the input data does
not have to be present during the
latter part of the CE high state, and
still have valid output data.

Minimum pulse width
required for chip enable signal in
order to obtain valid output data.

Time required for output
to reach its final value (50%) after
CE is applied. It is measured from
the falling edge of the CE pulse to
50% of the output pulse under
minimum data set-up time condi-
tions.

DESCRIPTION OF PIN CONTROLS
VRer (PIN 2): Internal voltage reference output pro-
vides +2.00 V Nominal voltage. Can
be used as reference voltage for oth-
er circuitry. Maximum output current
cafability is approximately 9 mA with
VT =50V.

TRIM (PIN 3):  VREF can be adjusted by connecting
a 10 KQ potentiometer between the
trim pin and ground. Temperature sta-
bility is optimized for VRgr = 2.00 V
to 10-50 ppm/°C.

—VREF IN (PIN 4):  This pin is tied to ground through
a resistor, R, equal in value to that of
Pin 5 and VRgr

+VREeF IN (PIN 5). Reference voltage is connected
to this pin using a resistor, R, to pro-
vide the reference current, IRgf for

@ 2010 +Vge =50V
é -Vgg = -70V
E RTRIM = 6 K(2
& 2000 | O/)——O—M
>

1.990

A

50°C

n
75°C
AMBIENT TEMPERATURE (°C)

" L "
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Figure 7. VREF vs. Temperature
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the D/A converter. Either the internal
VREF (Pin 2) or an external VRgF can
be connected to this pin. IRgF is ap-
proximately equal to VRgf/R. Maxi-
mum value for IRgF is about 1.5 mA
before internal saturation occurs.

To (PIN 6): Complement output current.

lo (PIN 7): Output current. The sum of Ty and lg
is always equal to the full scale output
current (Ifs).

CE (PIN 8): Chip enable pin controls the input da-

ta into the internal data latch. The
latch is transparent in the “high”
state.

DB0-DB7 (PIN 10-17): Data input pins. DBO corre-
sponds to the LSB. DB7 corresponds

to the MSB.
2.000(
+Vec =50V

F -Vec = -70V
E IREF = 1.000 mA
4
=

1.998

1.996 " " " N s

-25 0 25 50 75 100

AMBIENT TEMPERATURE ('C)

Figure 8. Ifg vs. Temperature




PRINCIPLES OF OPERATION

Figure 10 shows the basic configuration of the XR-9201
D/A converter. The input data bits to the chip can be
latched (stored) in the D/A by controlling the chip en-
able (CE) pin. When CE is “high” (>2.0 volts), the latch
is transparent and data bits present are passed
through the latch and directly control the D/A converter
switches. When CE is “low” (< 0.8 volts), the data bits
within the latch are retained and remain there until CE
goes “high” again. When CE is “low”, the data bits at
the inputs are ignored until CE goes “high”. This inter-
val latch provides a useful interface with microproces-
sors.

The output currents, Iy and Tg, are related to IRgF as
follows:

b6 P§+E+E+b_2+b_1+bo
256

lo = 21per | 2
= L2y
O R S T T8 T 16 32 64 128

Where: by, = 1if Bit N is “High”
= 0if Bit N is “Low”

b7 = MSB (Pin 17)

bg = LSB (Pin 10)

To is the complement current output of |lg. For all possi-
ble input data combinations,

lo + To = IFs = full scale output current.
= 255
where Ipg = 2 IRgF (256)

The XR-9201 D/A converter contains an internal refer-
ence voltage (VREF) with nominal value of 2.00V using
a 6 KQ resistor to ground. VRgF can be adjusted using
a 10 K2 potentiometer tied between Pin 3 and ground.
For maximum temperature stability, VRgf should be
set to 2.00V. The maximum output current capability of
VREF is about 9 mA (see Figure 5) and can be used to
provide a reference voltage for other DACs, as well as
other circuitry.

The reference current (IRgf) for the D/A converter is
established by a resistor, R, connected between VRer
and Pin 5 (+VREF IN), or between an external refer-
ence source and Pin 5, and is approximately given as:
VREF
| =t
REF R
For IREF = 1 mA. The maximum IRgF allowed is about

1.5 mA beyond which saturation occurs in the internal
circuitry. To balance the internal operational amplifier, a

resistor equal to R must be placed between Pin 4
(—VREef IN) and ground.
NOTE:

When operating the XR-9201 D/A converter with an op-
erational amplifier, care must be taken with the PC
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Figure 10. Basic Configuration

board layout. Specifically, connection between the cur-
rent output terminals, 1o and lg, and the operational
amplifier inputs needs to be as short as possible so as
to minimize capacitance at the node. Oscillations on
the operational amplifier output may result with long
wires. A capacitor in the feedback loop of the opera-
tional amplifier can reduce these oscillations.

ZERQ AND FULL SCALE ADJUSTMENTS

Figure 13 shows a circuit for zero and full scale adjust-
ments. It allows the output voltage to be nulled with
zero scale input conditions (0000,0000). This is done by
shorting out RFp and adjusting the VOS adjust potenti-
ometer of the operational amplifier until the output
reads zero volts. This is performed with all digital bits
set to zeros. If lg is the output being used, then all digi-
tal bits are set to ones and the zero scale is adjusted.

For full scale adjustment, all digital inputs are set to
ones and the IRgF potentiometer, from Pin 2 to Pin 5, is
adjusted until the output is at the desired voltage level
(e.g., output is adjusted to 10.000 volts for nominal
9.960 volts output).
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8-BIT DATA
RrB
(5 K1)
—AAA
W
0P-01
IREF = XR-9201 b—0Eo 2|

1 mA

177 lout 1
12-BIT DAC-1218
4 5
16 (Ms8) (LSB) 2
1" SN 4 S 6 7 8 9 10 11 12 13 14 15
74193
" R Lidl
1 2 —
10 4mr &
9 COUNTER ,
1
LS8
- CE
MSB +Vee
64 5
1 17 16 15 14 13 12 11 10 8
15 SN 3I—
, e, XR-9201
10 6 VREF
2 s 4 3 9
9 7
4.8IT
COUNTER
"
{ - 5K = = -
e l l SK& 10K -vee

XR-9201
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IERROR
-—

AAA RF

VV—

Vo = RF (IERROR)

RF = 10 K12}
Cf =.01 uF

b—o Eo

3K
FULL S
SCALE
ADJUST 10 K}
ZEHOE
SCALI
OV- Eo- 10VFORRFg = 5KIl, Iger = 1 mA -vee ADJUST
IFS = 20REF) (255/256)
70320%‘352;‘ CORRESPONDING T0 ;‘3&%211?83!533!%‘5.5&25"&S“.:t;i’.‘:é Figure 13. Full Scale and Zero Scale Adjustment
INPUT OF OP AMP TO Ig (PIN 6) AND CONNECT Ig (PIN 7} YO GROUND.
Figure 12. Digital-to-Analog Conversion: Unipolar Operation
Table 1. Unipolar Operation — Input/Output Relationship
B7 | Bs | Bs | B4 | B3 | B2 | By | Bp | lop(mA) | Eg(V)
Positive Full Scale 1 1 1 1 1 1 1 1 1.992 9.960
Pos. Full Scale — LSB 1 1 1 1 1 1 1 0 1.984 9.922
Pos. Full Scale — MSB 0 1 1 1 1 1 1 1 0.992 4.961
Zero Full Scale + LSB 0 0 0 0 0 0 0 1 0.008 0.039
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Table 2. Bipolar Operation: Input/Output Relationship

XR-9201

Bz | Bs | Bs | Ba | B3 | Ba | By | Bp | E1(V) Eg (V)
Full Scale Output 1 1 1 1 1 1 1 1 0.000 10.00
Full Scale — LSB 1 1 1 1 1 1 1 0 0.016 9.921
Zero Scale + MSB 1 0 0 0 0 0 0 0 1.984 0.078
Full Scale — MSB 0 1 1 1 1 1 1 1 2.000 0.000
Zero Scale + LSB 0 0 0 0 0 0 0 1 3.968 -9.844
Zero Scale 0 0 0 0 0 0 0 0 3.984 -9.922
BIPOLAR OUTPUT OPERATION J'_fl‘ o
— lOJ uF]
Figure 14 shows a basic bipolar output operation. For - '—% s';‘
full scale input (1111,1111) the output voltage is equal . EE -
to 1.0V. For zero scale input (0000,0000), output voltage i " ‘
is equal to —1.0V. Due to the internal circuitry of the Ral e
XR-9201, the current output terminals should not be XRatss 4 XR-9201
pulled below approximately — 1.0 volt. Therefore the cir-
cuit shown in Figure 14 would not function for Eq less !
than —1.0V. For bipolar operation with larger output —ViN O 7 , 1V
voltages, the circuit shown in Figure 15 is recom- B
mended. Note that the current outputs, | and o, are ' 4TuF
held at zero volts for all digital inputs for greater accu- Ao I
racy. —] =
001 uF =
Ro = 17.5K(!
ADJUST RQ FOR -Vout = -7V
Aa =50 K1)
VN - +10V ADJUST Rp FOR +VouT = +5V

8-BIT DATA

XR-9201

-OEQ

-10V- Eg- 10V
IE: 2(REF) (RE) + 1.0 VOLT

Figure 14. Digital-to-Analog Conversion — Bipolar Operation
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Figure 15. Digital-te-Analog Conversion — Bipolar Operation

8-BIT DATA

2 [
6 2 -
R XR-9201 o oP-01 Ey
+
1mA

pb—--0 EOQ

R1. Ry - 5%

Eo =%(VREF -E1)

VREF =2V.R =2 K, AFB = 2K, R2 = 50K, Ry = 10K

NOTE: {| + IRgF) MUST BE LESS THAN 6 mA FOR PROPER OPERATION.

Figure 16. Regulated Supplies for XR-9201



