MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Digital-to-Analog Converters

with Serial Interface

CMOS LSI

The MC144110 and MC144111 are low—cost 6-bit D/A converters with serial
interface ports to provide communication with CMOS microprocessors and
microcomputers. The MC144110 contains six static D/A converters; the

MC144111 contains four converters.

Due to a unique feature of these DACs, the user is permitted easy scaling of
the analog outputs of a system. Over a 5 to 15 V supply range, these DACs may

be directly interfaced to CMOS MPUs operating at 5 V.

» Direct R—2R Network Outputs
» Buffered Emitter—Follower Outputs
e Serial Data Input

- Digital Data Output Facilitates Cascading

» Direct Interface to CMOS pP

» Wide Operating Voltage Range: 4.5t0 15V
* Wide Operating Temperature Range: 0 to 85°C

e Software Information is Contained in Document M68BHC11RM/AD
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MC144110P
D 1@ 18 [IVpp
Qioutf] 2 17 [ Doyt
R1Outl] 3 16 [1R6 Out
Q20ut [] 4 15 [1Q6 Out
R20ut[] 5 14 [1R5 Out
Q30ut[] 6 13 [1Q5 Out
R3Out[] 7 12 [1R4 Out
ENBL 8 11 [1Q4 Out
Vss [ 9 10 JCLK
MC144111P
D[ 1@ 14 1 Vpp
Q1outf] 2 13 [1 Doyt
RiOut(] 3 12 [IR4 Out
Q20ut [ 4 11 [1Q4 Out
R20ut[] 5 10 [JR3 Out
ENB[| 6 9 [1Q3 Out
Vss [l 7 8 [1CLK

PIN ASSIGNMENTS

NC = NO CONNECTION

MC144110DW

D [ 1 20 [J Vpp

Qtout[] 2 19 ] Doyt
RiOutl] 3 18 [1 R6 Out
Q20ut [] 4 17 [1 Q6 Out
R20ut [ 5 16 [] R5 Out
Q3out [ 6 15 [1 Q5 Out
R3Out [ 7 14 [1 R4 Out
EnB [ 8 13 [1 Q4 out

vgs [ 9 12 [1 CLK

Ne [ 10 11 [I NC

MC144111DW

D, 01 16 [1 Vpp

Qioutl] 2 15 [1 Doyt
Rioutl 3 14 [1 R4 Out
Q20ut [ 4 13 [1 Q4 Out
R2out [} 5 12 [1 R3 Out
ENB I 6 11 [1 Q3 out

vgs [ 7 10 [ ok

nel s 9 [ NC
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MAXIMUM RATINGS* (Voltages referenced to Vss)

Parameter Symbol Value Unit
DC Supply Voltage Vpp —-05t0+18 \%
Input Voltage, All Inputs Vin —-0.5toVpp +0.5 \%
DC Input Current, per Pin | +10 mA
Power Dissipation (Per Output) Pon mwW
Ta=70°C, MC144110 30
MC144111 50
Ta =85°C, MC144110 10
MC144111 20
Power Dissipation (Per Package) Pp mwW
Tap =70°C, MC144110 100
MC144111 150
Ta =85°C, MC144110 25
MC144111 50
Storage Temperature Range Tstg —65to + 150 °C

* Maximum Ratings are those values beyond which damage to the device may occur.

This device contains protection circuitry to
guard against damage due to high static
voltages or electric fields; however, it is ad-
vised that precautions be taken to avoid
application of voltage higher than maximum
rated voltages to this high—-impedance circuit.
For proper operation it is recommended that
Vi and Vgt be constrained to the range Vgg <
(Vin Or Vout) <Vpp.

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either Vgg
or VDD)'

ELECTRICAL CHARACTERISTICS (Voltages referenced to Vs, Ta = 0 to 85°C unless otherwise indicated)

Symbol Parameter Test Conditions Vpp Min Max Unit
VIH High-Level Input Voltage (Dj,, ENB, CLK) 5 3.0 — \%
10 35 —
15 4 —
ViL Low-Level Input Voltage (Dj,, ENB, CLK) 5 — 0.8 \%
10 — 0.8
15 — 0.8
loH High—Level Output Current (Do) Vout=Vpp - 0.5V 5 - 200 — HA
loL Low—Level Output Current (Dgyt) Vout=0.5V 5 200 — HA
Ibb Quiescent Supply Current MC144110 | lgyt = 0 pA 15 — 12 mA
MC144111 15 — 8
lin Input Leakage Current (Dj,, ENB, CLK) Vin =Vppor0V 15 — +1 HA
Vhonl Nonlinearity Voltage (Rn Out) See Figure 1 5 — 100 mV
10 — 200
15 — 300
Vstep Step Size (Rn Out) See Figure 2 5 19 137 mV
10 39 274
15 58 411
Vofiset | Offset Voltage from Vgg Djn = $00, See Figure 1 — — 1 LSB
e Emitter Leakage Current VRnout=0V 15 — 10 HA
hee DC Current Gain Ile=0.1t0 10.0 mA — 40 — —
Tp = 25°C
VBg Base-to—Emitter Voltage Drop le=1.0mA — 0.4 0.7 \%
MC144110 MOTOROLA WIRELESS
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SWITCHING CHARACTERISTICS
(Voltages referenced to Vgg, Ta = 0 to 85°C, C| = 50 pF, Input t, = t = 20 ns unless otherwise indicated)

Symbol Parameter Vpbp Min Max Unit
twH Positive Pule Width, CLK (Figures 3 and 4) 5 2 — us
10 15 —
15 1 —
twi Negative Pulse Width, CLK (Figure 3 and 4) 5 5 — us
10 35 —
15 2 —
tsu Setup Time, ENB to CLK (Figures 3 and 4) 5 5 — us
10 35 —
15 2 —
tsu Setup Time, Dj, to CLK (Figures 3 and 4) 5 1000 — ns
10 750 —
15 500 —
th Hold Time, CLK to ENB (Figures 3 and 4) 5 5 — us
10 35 —
15 2 —
th Hold Time, CLK to Dj, (Figures 3 and 4) 5 5 — us
10 35 —
15 2 —
ty tf Input Rise and Fall Times 5-15 — 2 us
Cin Input Capacitance 5-15 — 7.5 pF
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LINEARITY ERROR (integral linearity). A measure of how
straight a device’s transfer function is, it indicates the worst—case
deviation of linearity of the actual transfer function from the best—
fit straight line. It is normally specified in parts of an LSB.
Figure 1. D/A Transfer Function
MOTOROLA WIRELESS MC144110
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. VoD 4 Vbp
Step Size = —=2 +0.75 222
P SIze = Ty 64
(For any adjacent pair of digital numbers)
DIGITAL NUMBER
Figure 2. Definition of Step Size
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Figure 3. Serial Input, Positive Clock
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Figure 4. Serial Input, Negative Clock
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PIN DESCRIPTIONS
INPUTS

Din
Data Input

Six—bit words are entered serially, MSB first, into digital
data input, Dj,. Six words are loaded into the MC144110
during each D/A cycle; four words are loaded into the
MC144111.

The last 6-bit word shifted in determines the output level of
pins Q1 Out and R1 Out. The next-to—last 6-bit word affects
pins Q2 Out and R2 Out, etc.

ENB
Negative Logic Enable

The ENB pin must be low (active) during the serial load.
On the low—to-high transition of ENB, data contained in the
shift register is loaded into the latch.

CLK
Shift Register Clock

Data is shifted into the register on the high—to—low transi-
tion of CLK. CLK is fed into the D—input of a transparent
latch, which is used for inhibiting the clocking of the shift reg-
ister when ENB is high.

The number of clock cycles required for the MC144110 is
usually 36. The MC144111 usually uses 24 cycles. See
Table 1 for additional information.

OUTPUTS

Dout
Data Output

The digital data output is primarily used for cascading the
DACs and may be fed into Dj, of the next stage.

R1 Out through Rn Out
Resistor Network Outputs

These are the R-2R resistor network outputs. These out-
puts may be fed to high-impedance input FET op amps to
bypass the on—chip bipolar transistors. The R value of the re-
sistor network ranges from 7 to 15 kQ.

Q1 Out through Qn Out
NPN Transistor Outputs

Buffered DAC outputs utilize an emitter—follower configu-
ration for current—gain, thereby allowing interface to low—im-
pedance circuits.

SUPPLY PINS

Vss

Negative Supply Voltage
This pin is usually ground.

Vbp
Positive Supply Voltage

The voltage applied to this pin is used to scale the analog
output swing from 4.5 to 15 V p—p.

Table 1. Number of Channels vs Clocks Required

Number of

Channels Number of

Required Clock Cycles Outputs Used on MC144110 Outputs Used on MC144111
1 6 Q1/R1 Q1/R1
2 12 Q1/R1, Q2/R2 Q1/R1, Q2/R2
3 18 Q1/R1, Q2/R2, Q3/R3 Q1/R1, Q2/R2, Q3/R3
4 24 Q1/R1, Q2/R2, Q3/R3, Q4/R4 Q1/R1, Q2/R2, Q3/R3, Q4/R4
5 30 Q1/R1, Q2/R2, Q3/R3, Q4/R4, Q5/R5 Not Applicable
6 36 Q1/R1, Q2/R2, Q3/R3, Q4/R4, Q5/R5, Q6/R6 Not Applicable
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