TLC5618, TLC5618A

PROGRAMMABLE DUAL 12-BIT DIGITAL-TO-ANALOG CONVERTERS

SLAS156G — JULY 1997 — REVISED APRIL 2001

® Programmable Settling Time to 0.5 LSB
25pus or 12.5 us Typ

® Two 12-Bit CMOS Voltage Output DACs in
an 8-Pin Package

Simultaneous Updates for DAC A and
DACB

Single Supply Operation
3-Wire Serial Interface
High-Impedance Reference Inputs

Voltage Output Range ... 2 Times the
Reference Input Voltage

Software Powerdown Mode
Internal Power-On Reset
TMS320 and SPI Compatible

Low Power Consumption:
— 3mW Typ in Slow Mode,
— 8 mW Typ in Fast Mode

description

The TLC5618 is a dual 12-bit voltage output
digital-to-analog converter (DAC) with buffered
reference inputs (high impedance). The DACs
have an output voltage range that is two times the
reference voltage, and the DACs are monotonic.
The device is simple to use, running from a single
supply of 5 V. A power-on reset function is
incorporated in the device to ensure repeatable
start-up conditions.

Digital control of the TLC5618 is over a 3-wire
CMOS-compatible serial bus. The device re-
ceives a 16-bit word for programming and
producing the analog output. The digital inputs
feature Schmitt triggers for high noise immunity.
Digital communication protocols include the
SPIO, QSPIO, and Microwired standards.

Two versions of the device are available. The
TLC5618 does not have an internal state machine

® |nput Data Update Rate of 1.21 MHz
Monotonic Over Temperature

® Available in Q-Temp Automotive
HighRel Automotive Applications
Configuration Control/Print Support
Qualification to Automotive Standards

applications

® Battery Powered Test Instruments
® Digital Offset and Gain Adjustment

® Battery Operated/Remote Industrial
Controls

® Machine and Motion Control Devices
® Cellular Telephones
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and is dependent on all external timing signals. The TLC5618A has an internal state machine that counts the
number of clocks from the falling edge of CS and then updates and disables the device from accepting further
data inputs. The TLC5618A is recommended for TMS320 and SPI processors, and the TLC5618 is
recommended only for SPI or 3-wire serial port processors. The TLC5618A is backward-compatible and
designed to work in TLC5618 designed systems.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

SPI and QSPI are trademarks of Motorola, Inc.
Microwire is a trademark of National Semiconductor Corporation.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

Jard warranty. Production pr ing does not r ily include
testing of all parameters.
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unless otherwise noted. On all other products, production
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TLC5618, TLC5618A
PROGRAMMABLE DUAL 12-BIT DIGITAL-TO-ANALOG CONVERTERS

SLAS156G — JULY 1997 — REVISED APRIL 2001

description (continued)

The 8-terminal small-outline D package allows digital control of analog functions in space-critical applications.
The TLC5618C is characterized for operation from 0°C to 70°C. The TLC5618lI is characterized for operation
from —40°C to 85°C. The TLC5618Q is characterized for operation from —40°C to 125°C. The TLC5618M is
characterized for operation from —55°C to 125°C.

AVAILABLE OPTIONS

PACKAGE
. SMALL OUTLINET PLASTIC DIP CERAMIC DIP 20 PAD LCC
A D) (P) (G) (FK)
- - TLC5618CD TLC5618CP — —
0°Cto70°C TLC5618ACD TLC5618ACP _ _

) ) TLC5618ID TLC5618IP — —
—40°C1085°C TLC5618AID TLC5618AIP — —
—40°C to 125°C TLC5618AQD — — —
_55°C t0 125°C — — TLC5618AMIG TLC5618AMFK

tThe D package is available in tape and reel by adding R to the part number (e.g., TLC5618CDR)

DEVICE COMPATIBILITY
TLC5618 SPI, QSPI and Microwire
TLC5618A TMS320Cxx, SPI, QSPI, and Microwire
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TLC5618, TLC5618A
PROGRAMMABLE DUAL 12-BIT DIGITAL-TO-ANALOG CONVERTERS

SLAS156G — JULY 1997 — REVISED APRIL 2001

functional block diagram
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Terminal Functions
TERMINAL
lfe} DESCRIPTION
NAME NO.
AGND 5 Analog ground
cs 3 | Chip select, active low
DIN 1 | Serial data input
OUT A 4 O | DAC A analog output
OouT B 7 O | DAC B analog output
REFIN 6 | Reference voltage input
SCLK 2 | Serial clock input
VDD 8 Positive power supply
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TLC5618, TLC5618A

PROGRAMMABLE DUAL 12-BIT DIGITAL-TO-ANALOG CONVERTERS

SLAS156G — JULY 1997 — REVISED APRIL 2001

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

Supply voltage (Vpp to AGND)

Digital input voltage range to AGND
Reference input voltage range to AGND

7V

-03VtoVpp+03V
-03VtoVpp+03V

Output voltage at OUT from external SOUICe . ..............euiiiiiiiieieieereeneneeenn.. Vpp + 0.3V
Continuous current at any terminal . ... ... . e +20 mA
Operating free-air temperature range, Ta: TLC5618C, TLC5618AC .................cconnn. 0°Cto 70°C

TLC56181, TLC5618Al
TLC5618AQ
TLC5618AM

....................... —40°C to 85°C
—40°C to 125°C
—55°C to 125°C
—65°C to 150°C
260°C

Storage temperature range, Tgg
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

DISSIPATION RATING TABLE

PACKAGE Tp <25°C DERATING FACTOR Tp =70°C Ta =85°C Tp =125°C
POWER RATING ABOVE Tp = 25°ct POWER RATING POWER RATING POWER RATING
D 635 mwW 5.08 mw/°C 407 mW 330 mwW —
FK 1375 mw 11.00 mW/°C 880 mw 715 mW 275 mw
JG 1050 mw 8.40 mw/°C 672 mwW 546 mW 210 mw
P 1202 mwW 9.61 mW/°C 769 mW 625 mwW —

¥ This is the inverse of the traditional junction-to-ambient thermal resistance (ROja). Thermal resistances are not production tested and

are for informational purposes only.

recommended operating conditions

MIN NOM  MAX UNIT

Supply voltage, Vpp 4.5 5 5.5 \%
High-level digital input voltage, V|4 Vpp=5V 0.7 Vpp \Y
Low-level digital input voltage, V|_ Vpp=5V 0.3Vpp \%
Reference voltage, Vef to REFIN terminal 2 2.048 Vpp-1.1 \Y
Load resistance, R kQ

TLC5618C, TLC5618AC 70
Operating free-air temperature, Ta TLCS018), TLCS618A 40 85 °C

TLC5618AQ —-40 125

TLC5618AM -55 125

Q’ TeEXAS
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TLC5618, TLC5618A
PROGRAMMABLE DUAL 12-BIT DIGITAL-TO-ANALOG CONVERTERS

SLAS156G — JULY 1997 — REVISED APRIL 2001

electrical characteristics over recommended operating free-air temperature range, Vpp =5V + 5%,
Vief(REFIN) = 2.048 V (unless otherwise noted)

static DAC specifications

PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT
Resolution 12 bits
Integral nonlinearity (INL), end point adjusted Vref(REFIN) = 2.048 V,  See Note 1 +4 LSB
Differential nonlinearity (DNL) Vref(REFIN) = 2.048 V,  See Note 2 +0.5 +1 LSB
Ezs Zero-scale error (offset error at zero scale) Vref(REFIN) = 2.048V,  See Note 3 12 mV
Zero-scale-error temperature coefficient Vref(REFIN) = 2.048 V,  See Note 4 3 ppm/°C
= C and | suffixes +0.29 | o
Eg Gain error Vref(REFIN) = 2.048 V, ; % of FS
See Note 5 Q and M suffixes +0.60 | voltage
Gain error temperature coefficient Vref(REFIN) = 2.048V,  See Note 6 1 ppm/°C
Zero scale 65
- Slow
o _ Gain 65
PSRR  Power-supply rejection ratio See Notes 7 and 8 dB
Zero scale 65
Fast
Gain 65
NOTES: 1. The relative accuracy or integral nonlinearity (INL) sometimes referred to as linearity error, is the maximum deviation of the output
from the line between zero and full scale excluding the effects of zero code and full-scale errors.
2. The differential nonlinearity (DNL) sometimes referred to as differential error, is the difference between the measured and ideal
1 LSB amplitude change of any two adjacent codes. Monotonic means the output voltage changes in the same direction (or remains
constant) as a change in the digital input code.
3. Zero-scale error is the deviation from zero voltage output when the digital input code is zero.
4. Zero-scale-error temperature coefficient is given by: Ezs TC = [Ezs (Tmax) — Ezs (Tmin)/Vref * 108/(Tmax — Trmin)-
5. Gain error is the deviation from the ideal output (Vyef — 1 LSB) with an output load of 10 kQ excluding the effects of the zero-error.
6. Gain temperature coefficient is given by: Eg TC = [Eg(Tmax) — EG (Tmin)}Vref * 108/(Tmax — Tmin)-
7. Zero-scale-error rejection ratio (EZS-RR) is measured by varying the Vpp from 4.5 V to 5.5 V dc and measuring the proportion of
this signal imposed on the zero-code output voltage.
8. Gain-errorrejection ratio (EG-RR) is measured by varying the Vpp from 4.5V to 5.5 V dc and measuring the proportion of this signal

imposed on the full-scale output voltage after subtracting the zero scale change.

OUT A and OUT B output specifications

PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT
Vo Voltage output range R =10kQ 0 Vpp-0.4 \
Output load regulation accurac V =4.096V, RL=2kQ +0.29 %of S
P 9 Y o(uT) == © LT = voltage
VO(A OuUT) = VDD, | Fast 38
|OSC(sink) Output short circuit sink current VO(B ouT) = VDD, mA
Input code zero Slow 23
VoA ouT)=0V, Fast 54
|OSC(source) Output short circuit source current VO(B ouT) = oV, mA
Full-scale code Slow -29
10(sink) Output sink current Vo(ouT) = 0.25 V 5 mA
'O(source) Output source current VO(OUT) =42V 5 mA

{'} TEXAS
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TLC5618, TLC5618A
PROGRAMMABLE DUAL 12-BIT DIGITAL-TO-ANALOG CONVERTERS

SLAS156G — JULY 1997 — REVISED APRIL 2001

electrical characteristics over recommended operating free-air temperature range, Vpp =5V £ 5%,
Vref(REFIN) = 2.048 V (unless otherwise noted) (continued)

reference input (REFIN)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V|  Inputvoltage range 0 Vpp-2 \Y
Rj  Input resistance 10 MQ
Cj Input capacitance 5 pF
Reference feedthrough REFIN =1 Vpp at 1 kHz + 1.024 V dc (see Note 9) -60 dB
Reference input bandwidth (f—3 dB) | REFIN =0.2 Vpp +1.024V dc Slow 03 MHz
Fast 1
NOTE 9: Reference feedthrough is measured at the DAC output with an input code = 000 hex and a Vyef(REFIN) input=1.024 Vdc +1Vppat 1
kHz.
digital inputs (DIN, SCLK, CS)
PARAMETER TEST CONDITIONS MIN TYP  MAX]| UNIT
IIH High-level digital input current VI=VpD +1 HA
L Low-level digital input current V=0V 1 HA
Cj Input capacitance 8 pF
power supply
PARAMETER TEST CONDITIONS MIN TYP MAX ]| UNIT
VDD =55V, Slow 0.6 1
IDD Power supply current No load, mA
Allinputs =0V or Vpp | Fast 1.6 25
Power down supply current D13 =0 (see Table 2) 1 HA

operating characteristics over recommended operating free-air temperature range, Vpp =5V + 5%,

Vief(REFIN) = 2.048 V (unless otherwise noted)

analog output dynamic performance

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
C| =100 pF, Vief(REFIN) = 2.048V, [ slow 0.3 0.5
SR+ Output slew rate, positive R =10 kQ, Ta =25°C, Vlius
Code 32 to Code 4096, Vo from 10% to 90% Fast 2.4 3
C| =100 pF, Vief(REFIN) =2.048V, |slow | 0.15 0.25
SR- Output slew rate, negative R =10 kQ, Ta = 25°C, Vlius
Code 4096 to Code 32, Vo from 10% to 90% Fast 1.2 1.5
o fing i To +0.5 LSB, C| =100 pF, Slow 12.5
ts utput settling time R = 10k, See Note 10 oot ot us
¢ Output settling time, To +0.5 LSB, C =100 pF, Slow 2 s
s(c) code-to-code RL = 10 kQ, See Note 11 Fast 5 H
_ DIN=AllOstoall1s, CS=Vpp,
Glitch energy {(SCLK) = 100 kHz 5 nV-s
. . . . Vref(REFIN) = 1 Vpp at 1 kHz and 10 kHz + 1.024 V dc,
S/(N+D) Signal to noise + distortion Input code = 10 0000 0000 78 dB
NOTES: 10. Settling time is the time for the output signal to remain within £0.5 LSB of the final measured value for a digital input code change
of 020 hex to 3FF hex or 3FF hex to 020 hex.
11. Settling time is the time for the output signal to remain within £0.5 LSB of the final measured value for a digital input code change
of one count.
‘Ui TEXAS
INSTRUMENTS
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TLC5618, TLC5618A
PROGRAMMABLE DUAL 12-BIT DIGITAL-TO-ANALOG CONVERTERS

SLAS156G — JULY 1997 — REVISED APRIL 2001

operating characteristics over recommended operating free-air temperaturerange, Vpp =5V £ 5%,
Vief(REFIN) = 2.048 V (unless otherwise noted) (continued)

digital input timing requirements

MIN  NOM MAX | UNIT
tsu(DS) Setup time, DIN before SCLK low cand| sufflx‘es > ns
Q and M suffixes
th(DH) Hold time, DIN valid after SCLK low 5 ns
tsu(CSS) Setup time, CS low to SCLK low 5 ns
tsu(CS1) Setup time, SCLK 1 to CS 1, external end-of-write 10 ns
tsu(CS2) Setup time, SCLK t to CS 1, start of next write cycle 5t ns
tw(CL) Pulse duration, SCLK low 25 ns
tw(CH) Pulse duration, SCLK high 25 ns

T Not production tested for Q and M suffixes.

{C ‘

\ \
¢ tsy(css) teu(Cs1) _}4_.} |

} tw(CL) —?d—b?d—bt— tw(CH) [— tsu(cs2) —D}

R AW’

(see Note A) |

\
tsu(DS) —*‘ﬂ—m—ﬂ— th(DH)

DAC Data

\

\ . \ \

< Program Bits (4) ——————————d&= 100" W) }4— ts —
\

|
DAC A/B —
ouT |

< Final Value +0.5 LSB
NOTE A: SCLK must go high after the 16th falling clock edge.

Figure 1. Timing Diagram for the TLC5618A
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TLC5618, TLC5618A
PROGRAMMABLE DUAL 12-BIT DIGITAL-TO-ANALOG CONVERTERS

SLAS156G — JULY 1997 — REVISED APRIL 2001

TYPICAL CHARACTERISTICS
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TLC5618, TLC5618A

PROGRAMMABLE DUAL 12-BIT DIGITAL-TO-ANALOG CONVERTERS
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TYPICAL CHARACTERISTICS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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TLC5618, TLC5618A
PROGRAMMABLE DUAL 12-BIT DIGITAL-TO-ANALOG CONVERTERS

SLAS156G — JULY 1997 — REVISED APRIL 2001

TYPICAL CHARACTERISTICS
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TLC5618, TLC5618A
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DNL - Differential Nonlinearity — LSB
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TYPICAL CHARACTERISTICS
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Figure 15. Differential Nonlinearity With Input Code
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TLC5618, TLC5618A
PROGRAMMABLE DUAL 12-BIT DIGITAL-TO-ANALOG CONVERTERS
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TYPICAL CHARACTERISTICS

[a)]
(7]
- 05
Z o }
3
e 05
g -1 N a [ |
2
T 15
54
= -2
|
25
=z
—3.0, 500 1000 1500 2000 2500 3000 3500 4095

Samples

Figure 16. Integral Nonlinearity With Input Code

APPLICATION INFORMATION

general function

The TLC5618 uses a resistor string network buffered with an op amp to convert 12-bit digital data to analog
voltage levels (see functional block diagram and Figure 17). The output is the same polarity as the reference
input (see Table 1).

The output code is given by: Z(VREFIN)%
An internal circuit resets the DAC register to all Os on power up.
F—————————————————- 1
I I
I I
I I
REFIN I
o — @ |
— ouT
&S — DAC }
SCLK “

L_______ﬁGND VDD

S
— 0.1 uF

Figure 17. TLC5618 Typical Circuit
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TLC5618, TLC5618A

PROGRAMMABLE DUAL 12-BIT DIGITAL-TO-ANALOG CONVERTERS

SLAS156G — JULY 1997 — REVISED APRIL 2001

APPLICATION INFORMATION

Table 1. Binary Code Table (0 V to 2 VrRgpn Output) Gain =2

INPUT OUTPUT
1111 1111 1111 2(VREF|N> 3332

1000 0000 0001 2(VREF|N)%

2048 _

1000 0000 0000 Z(VREF|N)4096 = VREFIN
0111 1111 111 2<VREFIN) iggg

0000 0000 0001 Z(VREFIN) 40196

0000 0000 0000 ov

buffer amplifier

The output buffer has a rail-to-rail output with short circuit protection and can drive a 2-kQ load with a 100-pF
load capacitance. Settling time is a software selectable 12.5 us or 2.5 us, typical to within £ 0.5 LSB of final value.

external reference

The reference voltage input is buffered, which makes the DAC input resistance not code dependent. Therefore,
the REFIN input resistance is 10 MQ and the REFIN input capacitance is typically 5 pF, independent of input
code. The reference voltage determines the DAC full-scale output.

logic interface

The logic inputs function with CMOS logic levels. Most of the standard high-speed CMOS logic families may
be used.

serial clock and update rate

Figure 1 shows the TLC5618 timing. The maximum serial clock rate is:

1 — 20 MHz

f =
(SCLKIMaX =ty cHjmin * twicLjmin

The digital update rate is limited by the chip-select period, which is:

fp(cs) =16 % (tW(CH) * tw(cL)) * lsyicsy)

This equals an 810-ns or 1.23-MHz update rate. However, the DAC settling time to 12 bits limits the update rate
for full-scale input step transitions.

{'} TEXAS
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TLC5618, TLC5618A
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APPLICATION INFORMATION

serial interface

When chip select (CS) is low, the input data is read into a 16-bit shift register with the input data clocked in, most
significant bit first. The falling edge of the SCLK input shifts the data into the input register.

The rising edge of CS then transfers the data to the DAC register. When CSis high, input data cannot be clocked
into the input register.

The 16 bits of data can be transferred with the sequence shown in Figure 18.

< 16 Bits »

4—— Program Bits Data Bits »
D15 D14 D13 D12 D11 12 Data Bits DO

MSB (Input Word) MSB (Data) LSB (Data, Input Word)

Figure 18. Input Data Word Format

Table 2 shows the function of program bits D15 — D12.

Table 2. Program Bits D15 — D12 Function

PROGRAM BITS
DEVICE FUNCTION
D15 D14 D13 D12
1 X X X Write to latch A with serial interface register data
and latch B updated with buffer latch data
0 X X 0 Write to latch B and double buffer latch
0 X X 1 Write to double buffer latch only
X 0 X X 12.5 ps settling time
X 1 X X 2.5 ps settling time
X X 0 X Powered-up operation
X X 1 X Power down mode

function of the latch control bits (D15 and D12)

Three data transfers are possible. All transfers occur immediately after CS goes high and are described in the
following sections.

latch A write, latch B update (D15 = high, D12 = X)

The serial interface register (SIR) data are written to latch A and the double buffer latch contents are written to
latch B. The double buffer contents are unaffected. This program bit condition allows simultaneous output
updates of both DACs.

Serial LatchA |—» ToDACA
Interface
Register *
D12=X Double
D15 = High Buffer Latch [ ] LatchB [—» ToDACB

Figure 19. Latch A Write, Latch B Update

‘5’ TeEXAS
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TLC5618, TLC5618A
PROGRAMMABLE DUAL 12-BIT DIGITAL-TO-ANALOG CONVERTERS

SLAS156G — JULY 1997 — REVISED APRIL 2001

APPLICATION INFORMATION

latch B and double-buffer 1 write (D15 = low, D12 = low)
The SIR data are written to both latch B and the double buffer. Latch A is unaffected.

Serial LatchA |—» ToDACA
Interface
Register ; *
D12 =Low Double
D15 = Low Buffer Latch Latch B » ToDACB

Figure 20. Latch B and Double-Buffer Write

double-buffer-only write (D15 = low, D12 = high)

The SIR data are written to the double buffer only. Latch A and B contents are unaffected.

Serial LatchA |—» To DACA
Interface
Register +
D12 = High Double
D15 = Low Buffer LatchB |—®» ToDACB

Figure 21. Double-Buffer-Only Write

purpose and use of the double buffer

Normally only one DAC output can change after a write. The double buffer allows both DAC outputs to change
after a single write. This is achieved by the two following steps.

1. Adouble-buffer-only write is executed to store the new DAC B data without changing the DAC A and B
outputs.

2. Following the previous step, a write to latch A is executed. This writes the SIR data to latch A and also
writes the double-buffer contents to latch B. Thus both DACs receive their new data at the same time,
and so both DAC outputs begin to change at the same time.

Unless a double-buffer-only write is issued, the latch B and double-buffer contents are identical. Thus, following
a write to latch A or B with another write to latch A does not change the latch B contents.

operational examples

changing the latch A data from zero to full code

Assuming that latch A starts at zero code (e.qg., after power up), the latch can be filled with 1s by writing (bit D15
on the left, DO on the right)

1X0X 1111 1111 1111

to the serial interface. Bit D14 can be zero to select slow mode or one to select fast mode. The other X can be
zero or one (don'’t care).

The latch B contents and the DAC B output are not changed by this write unless the double-buffer contents are
different from the latch B contents. This can only be true if the last write was a double-buffer-only write.
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changing the latch B data from zero to full code

Assuming that latch B starts at zero code (e.g., after power-up), the latch can be filled with 1s by writing (bit D15
on the left, DO on the right).

0X00 1111 1111 1111

to the serial interface. Bit D14 can be zero to select slow mode or one to select fast mode. The data (bits DO
to D11) are written to both the double buffer and latch B.

The latch A contents and the DAC A output are not changed by this write.

double-buffered change of both DAC outputs

Assuming that DACs A and B start at zero code (e.g., after power-up), if DAC A is to be driven to mid-scale and
DAC B to full-scale, and if the outputs are to begin rising at the same time, this can be achieved as follows:

First,
0do1 1111 1111 1111

is written (bit D15 on the left, DO on the right) to the serial interface. This loads the full-scale code into the double
buffer but does not change the latch B contents and the DAC B output voltage. The latch A contents and the
DAC A output are also unaffected by this write operation.

Changing from fast to slow or slow to fast mode changes the supply current which can glitch the outputs, and
so D14 (designated by d in the above data word) should be set to maintain the speed mode set by the previous
write.

Next,
1X0X 1000 0000 0000

is written (bit D15 on the left, DO on the right) to the serial interface. Bit D14 can be zero to select slow mode
or one to select fast mode. The other X can be zero or one (don't care). This writes the mid-scale code
(100000000000) to latch A and also copies the full-scale code from the double buffer to latch B. Both DAC
outputs thus begin to rise after the second write.

DSP serial interface

Utilizing a simple 3-wire serial interface shown in Figure 22, the TLC5618A can be interfaced to TMS320
compatible serial ports. The 5618A has an internal state machine that will count 16 clocks after receiving a falling
edge of CS and then disable further clocking in of data until the next falling edge is received on CS. Therefore
CS can be connected directly to the FS pins of the serial port and only the leading falling edge of the DSP will
be used to start the write process. The TLC5618A is designed to be used with the TMS320Cxx DSP in burst
mode serial port transmit operation.
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Vece

OUT A

GND

TLC5618A

OUTB SCLK

DIN

REFIN

L[]
N

—— 2.5V dc

—1

FSR
FSX

TMS320C203
CLKX DSP
CLKR
DX

Figure 22. Interfacing The TLC5618A to the TMS320C203 DSP

general serial interface

Both the TLC5618 and TLC5618A are compatible with SPI, QSPI, or Microwire serial standards. The hardware
connections are shown in Figures 23 and 24. The TLC5618A has an internal state machine that will count 16
clocks after the falling edge of CS and then internally disable the device. The internal edge is ORed together
with CS so that the rising edge can be provided to CS prior to the occurrence of the internal edge to also disable

the device.

The SPI and Microwire interfaces transfer data in 8-bit bytes, therefore, two write cycles are required to input
data to the DAC. The QSPI interface, which has a variable input data length from 8 to 16 bits, can load the DAC
input register in one write cycle.

SCLK

DIN
TLC5618,

TLC5618A —
Cs

A

SK

A

7

110

SO Microwire

Port

Figure 23. Microwire Connection
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SCLK |« SCK
DIN |« MOSI
TLco610A SPUQSP!
CsS |« /O Port

CPOL =1,CPHA =0
Figure 24. SPI/QSPI Connection

linearity, offset, and gain error using single end supplies

When an amplifier is operated from a single supply, the voltage offset can still be either positive or negative. With
a positive offset, the output voltage changes on the first code change. With a negative offset the output voltage
may not change with the first code depending on the magnitude of the offset voltage.

The output amplifier attempts to drive the output to a negative voltage. However, because the most negative
supply rail is ground, the output cannot drive below ground and clamps the output at O V.

The output voltage then remains at zero until the input code value produces a sufficient positive output voltage
to overcome the negative offset voltage, resulting in the transfer function shown in Figure 25.

A

Output
Voltage

v

oV -

. 7
Negative 7 DAC Code
Offset i
L

Figure 25. Effect of Negative Offset (Single Supply)

This offset error, not the linearity error, produces this breakpoint. The transfer function would have followed the
dotted line if the output buffer could drive below the ground rail.

For a DAC, linearity is measured between zero-input code (all inputs 0) and full-scale code (all inputs 1) after
offset and full scale are adjusted out or accounted for in some way. However, single supply operation does not
allow for adjustment when the offset is negative due to the breakpoint in the transfer function. So the linearity
is measured between full-scale code and the lowest code that produces a positive output voltage. The code is
calculated from the maximum specification for the negative offset.
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power-supply bypassing and ground management

Printed-circuit boards that use separate analog and digital ground planes offer the best system performance.
Wire-wrap boards do not perform well and should not be used. The two ground planes should be connected
together at the low-impedance power-supply source. The best ground connection may be achieved by
connecting the DAC AGND terminal to the system analog ground plane making sure that analog ground
currents are well-managed.

A0.1-pF ceramic bypass capacitor should be connected between Vpp and AGND and mounted with short leads
as close as possible to the device. Use of ferrite beads may further isolate the system analog and digital power
supplies.

Figure 26 shows the ground plane layout and bypassing technique.

Analog Ground Plane

)

T 0.1 yF

A W DN P
gajlo N ©

Figure 26. Power-Supply Bypassing

saving power

Setting the DAC register to all 0s minimizes power consumption by the reference resistor array and the output
load when the system is not using the DAC.

ac considerations/analog feedthrough

Higher frequency analog input signals may couple to the output through internal stray capacitance. Analog
feedthrough is tested by holding CS high, setting the DAC code to all Os, sweeping the frequency applied to
REFIN, and monitoring the DAC output.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)
5962-9955702Q2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type -55to 125 5962-
9955702Q2A =
TLC5618
AMFKB
5962-9955702QPA ACTIVE CDIP JG 8 1 TBD A42 N/ A for Pkg Type -55to0 125 9955702QPA Samples
TLC5618AM =
TLC5618AMFKB ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type -55to 125 5962- Samples
9955702Q2A =
TLC5618
AMFKB
TLC5618AMJIGB ACTIVE CDIP JG 8 1 TBD A42 N/ A for Pkg Type -55t0 125 9955702QPA
TLC5618AM =
TLC5618AQD ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 125 C5618A Samples
& no Sh/Br) =
TLC5618AQDG4 ACTIVE SOIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM C5618A Samples
& no Sb/Br) =
TLC5618AQDRG4 ACTIVE SOIC D 8 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM C5618A Samples
& no Sh/Br) =

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight

in homogeneous material)

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
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® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF TLC5618A, TLC5618AM :
o Catalog: TLC5618A

o Military: TLC5618AM

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product

o Military - QML certified for Military and Defense Applications
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TLC5618AQDRG4 SoIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 | 12.0 Q1
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLC5618AQDRG4 SoIC D 8 2500 367.0 367.0 38.0
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.
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