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ADCO0803, ADC0805
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH DIFFERENTIAL INPUTS

functional biock diagram {positive logic)
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ADCO831A, ADCOB32A, ADCO831B, ADCO832B
A/D PERIPHERALS WITH SERIAL CONTROL

D2795, AUGUST 1985— REVISED JUNE 1986

® 8-Bit Resolution ADCO831 . . . P DUAL-IN-LINE PACKAGE
. (TOP VIEW)
Easy Microprocessor Interface or Stand- .
Alone Operation cs [ UsOvee
N B N IN + 2 CLK
® Operates Ratiometrically or with 5-V u Q]
Referen IN- []s3 &[] DO
eterence GND [Ja &[] REF
® Single Channel or Multiplexed Twin
Channels with Single-Ended or Differential ADCO832 . . . P DUAL-IN-LINE PACKAGE
Input Options (TOP VIEW)
. I;putIRange 0 to 5 V with Single 5-V cs [ Us] veerrer
upply cHo |2 7[JcLk
® Inputs and Outputs are Compatible with cHi 3 6{] DO
TTL and MOS aNo s s[] o &
® Conversion Time of 32 yus at 8
CLK = 250 kHz ﬁ
® Designed to be Interchangeable with ©
National Semiconductor ADC0831 and -
ADCO0832 ©
— ()
1+ i5 JNAC ED
DEVICE |— — —
Aeour fIX B-¢ .
ADCO0831 £11SB S LSB
ADC0832 +1LSB + % LSB
description
These devices are 8-bit successive-approximation analog-to-digital converters. The ADC0831A and
ADCO831B have single input channels; the ADCO832A and ADCO0832B have multiplexed twin input
channels. The serial output is configured to interface with standard shift registers or microprocessors.
Detailed information on interfacing to most popular microprocessors is readily available from the factory.
The ADC0832 multiplexer is software configured for single-ended or differential inputs. The differential
analog voltage input allows for common-mode rejection or offset of the analog zero input voltage value.
In addition, the voltage reference input can be adjusted to allow encoding any smalier analog voltage span
to the full 8 bits of resolution.
The operation of the ADC0831 and ADCO832 devices is very similar to the more complex ADC0834 and
ADCO0838 devices. Ratiometric conversion can be attained by setting the REF input equal to the maximum
analog input signal value, which gives the highest possible conversion resolution. Typically, REF is set
equal to V¢ (done internally on the ADC0O832). For more detail on the operation of the ADC0831 and
ADC0832 devices, refer to the ADCOB34/ADC0838 data sheet.
The ADCO831AIl, ADC0831BI, ADCO832Al, and ADC0O8328BlI are characterized for operation from —40°C
to 86°C. The ADCO831AC, ADC0O831BC, ADCO832AC, and ADCO832BC are characterized for operation
from 0°C to 70°C.
“JON OATA documents contain informalion Copynight © 1985, Texas Instruments Incorporated
s of publication date. Products conform b
o wpesn...S2H1ONS per the terms of Texas Ins\éumenls‘ TEXAS 2.49
d; ogs No' -
necassarll“‘a:;irllude testing of Tall parameter: INSTRUMENTS
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ADCO831A, ADC0832A, ADC0831B, ADC0832B
A|D PERIPHERALS WITH SERIAL CONTROL

PARAMETER MEASUREMENT INFORMATION
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ADCO834A, ADC0838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

functional description (continued)

The DI and DO pins can be tied together and controlled by a bidirectional processor /O bit received on
a single wire. This is possible because the DI input is only examined during the multiplexer addressing
interval and the DO output is still in a high-impedance state.

Detailed information on interfacing to most popular microprocessors is readily available from the factory.

sequence of operation
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ADCO0834 MUX ADDRESS CONTROL LOGIC TABLE
MUX AT : 1 . [ Chantin i
SGL/DIF oDL " .-% SELECT BIT 1 U i 2 s
L L L 4+ -
L L H + -
L H L - 4+
L H H -+
H L L +
H L H +
H H L +
H H H +
H = high level, L = low level, — or + = polarity of selected input pin
T {l’
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TL601, TL604, TL607, TLG10
P-MOS ANALOG SWITCHES

D2161, JUNE 1976 - REVISED OCTOBER 1986

® Switch = 10-V Analog Signals JG OR P PACKAGE
® TTL Logic Capability {TOP VIEW)
® 5- to 30-V Supply Ranges e
s , ano (v UsPDvees
® Low (100 Q) On-State Resistance INaE 700 s2
® High (1011 Q) Off-State Resistance 83 s[]si
4 5
® 8-Pin Functions sl :] vee-
description TLE04
The TLBO1, TL604, TL607, and TL610 are a ano [t e vee 2
family of monolithic P-MOS analog switches that Al]2 7H 8
provide fast switching speeds with high roff/ron Sty 6] s2 I
ratio and no offset voltage. The p-channel s204 S4lvee- ‘5’
enhancement-type MOS switches accept analog Qo
signals up to +10 V and are controiled by TTL- TL607 L
F:ompatible Iogic inputs. The monolithic structgre GND E T Us ] Vee 2}
is made possible by BI-MOS technology, which a2 70 s2 S
comb}nes p-channel MOS with standard bipolar ENABLE E 3 6] s1 ©
transistors. sHa sP vee - [
These switches are particularly useful in military,
industrial, and commercial applications such as TL610
data acquisition, multiplexers, A/D and D/A
converters, MODEMS, sample-and-hold ano O Ysl] vee+
systems, signal multiplexing, integrators, pro- A2 pc
grammable operational amplifiers, programmable CRUE 6[]s
voltage regulators, crosspoint switching s (e s]1 vee -
networks, logic interface, and many other analog
systems.
TYPICAL OF TYPICAL OF
The TL601 is an SPDT switch with two logic ALL INPUTS ALL SWITCHES
control inputs. The TL604 is a dual Ve
complementary SPST switch with a single -
control input. The TL607 is an SPDT switch with
one logic control input and one enable input. The
TL610 is an SPST switch with three logic control 7] - Vees
inputs. The TL610 features a higher roff/ron ratio
than the other members of the family.
The TL60TM, TLE04M, TLBO7M, and TL610M Vee-
are characterized for operation over the full
military temperature range of —55°C to 125°C,
the TLEO1l, TLEO4I, TL6O7I, and TLB10Il are
characterized for operation from —25°C to
85°C, and the TL601C, TL604C, TL607C, and
TL610C are characterized for operation from
0°C to 70°C.
PRODUCTIDN DATA documents contain information . Copyiight © 1979, Texas Instruments Incorporated
current as of publication date. Products conform to M
specifications per the terms of Texas instruments TEXAS 2.121

s!andard‘wa'rran!J. Production processing does not
necessarily inclu
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TL601, TL604, TL6O07, TL610
P-M0S ANALOG SWITCHES

logic symbolsT and switch diagrams

TL601 6 3 7
2) & 4) ~'s1 TL602 5157 st
Py 1 s!
7 (4) 6
g3l n Pso a2 a1 q s2 6lga
(4) nl. - 1 +( )S'l S1 {——4-)—3) 1 1 —4—}——(7] S1
S—ap—{1/1 1IN, . w N N e
Tl—e»—5s2 $2 —4p— 7 4»—s2
FUNCTION TABLE FUNCTION TABLE
LOGIC INPUTS ANALOG SWITCH LOGIC INPUT ANALOG SWITCH
A B s1 s2 A $1 s2
L X OFF(OPEN}  ON (CLOSED) H DN (CLOSED) OFF (OPEN)
(w ] X L OFF (OPEN)  ON (CLOSED) L OFF (OPEN)  ON (CLOSED)
@ H H ON (CLOSED) OFF (OPEN)
Q
(7)) TLEO7 (8] g4 TLE10
=2 &
@ ENABLE (TR P s 2 NIl N
2 7 3
- A( ) _13x1 n 61 { )S2 B( ) X1
[7:} (4) _ 1—4»— S1 7)
S —4»—{ 111 -In (7) C
Tf—4%»— S2 . N N, 6]
S—dp—1 1S
FUNCTION TABLE FUNCTION TABLE
INPUTS Vif_\VIALOG SWITCH 4_“_} | WINF’Ur:Si | ANALOG SWITCH
A ENABLE $1 s2 A B G s
X L OFF (OPEN)  OFF (OPEN) L X X OFF (OPEN)
L H OFF (OPEN)  ON (CLOSED) X L X OFF {OPEN)
H H ON (CLOSED) OFF (OPEN) X X L OFF [OPEN)
H H H ON (CLOSED)
TThese symbols are In accordance with ANSI/IEEE Std 91-1984.
TL607 logic diagram (positive logic)
ENABLE (-3)—?—! )
_~ (6)
—1 — e»—s1
— lePs
14)
s
TExAs ‘-’i
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TLC532AM, TLC532Al, TLC533AM, TLCH33Al
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS

D2819, NDVEMBER 1983 —~REVISED SEPTEMBER 1986

® LinCMOS™ Technology N PACKAGE
{TOP VIEW)
® 8-Bit Resolution
. REF- [ Uas[] REF+ (A1)
® Total Unadjusted Error . . . £0.5 LSB Max oo 2 2701 vee
® Ratiometric Conversion 2-Vvse) [z 28] A0
® Access Plus Conversion Time: §7§ ; ;i’% 22 ANALOG
TLCB32A . . . 15 us Max Be) 5 ars 23] As INPUTS
TLC533A . . . 30 us Max DATA 25 22[)as
BUS
® 3-State, Bidirectional 1/0 Data Bus 2-6 BB 21[7 A10/D1
2-7s  20[] a11/D2
® 5 Analog and 6 Dual-Purpose Inputs 2-8sg) o 19f] A12/03 T)'\;‘quTiGL/ 2
® On-Chip 12-Channel Analog Multiplexer READ/WRITE (R/W) []11 18[] A13/D4 NPUTS
. . . CLOCK (CLK) [J12  17[] A14/D5
® Three On-Chip 16-Bit Data Registers REGISTER SELECT (RS) 13 16% A15/D6 a-,'
® Software Compatible with Larger TL530 CHIP SELECT (CS) [h4  15[] RESET (R) }:’
and TL531 (21-Input Versions) 7]
¢ On-Chip Sample-and-Hold Circuit FN PACKAGE 8
® Single 5-V Supply Operation {TOP VIEW) g
® Low Power Consumption . . . 6.5 mW Typ 2 ”
® Improved Direct Replacements for Texas ~~ o) o
Instruments TL532 and TL533, National anGEELS
Semiconductor ADC0829, and Motorola ( SRS AP A e e e
MC14442 4 3 2 1 282726
2 305 25 A2
description 2 40 24[] A3
2-5)7 231 a4
The TLCH32A and TLCH33A are monolithic 2-6 gg ZZE A5
LinCMOS™ peripheral integrated circuits each 2-7019 21[] A10/D1
designed to interface a microprocessor for 2-8 s 1o 20[] a11/02
analog data acquisition. These devices are R/W g 1 190] A12/D3
complete peripheral data acquisition systems on 121314 15 16 17 18
a single chip and can convert analog signals to IS8 st San N Fun V|
digital data from up to 11 external analog X288y
terminals. Each device operates from a B o
single 5-V supply and contains a 12-channel <<
analog multiplexer, an 8-bit ratiometric analog-
to-digital (A/O)} converter, a sample-and-hold, FIINGCTION TABLE
three 1-6-bit regist.ers,‘ and m_ic.;roprocessor— [ At -"-.l-l- C DESCRIPTION
compatible control circuitry. Additional features Ry nojLag i juLK
include a built-in self-test, six multipurpose X | x| x (LT Reset
(analog or digital) inputs, five external analog Clulelal e Write bus data to control
inputs, and an 8-pin input/output (I/0) data port. register
The three on-chip data registers store the control Ll Ly 4 |Read datairom analog
data, the conversion results, and the input digital conversion register
data that can be accesssed via the wlulolw \ Read data from ditigal
microprocessor data bus in two 8-bit bytes data register
(most-significant byte first). In this manner, a X | X| H|[H ] X |Noresponse
mlcrop.rocessor Car:, .acce.ss up to 1" eXte_r!’]al H = High-fevel, L = Low-level, X = Irrelevant
analog Inputs or 6 digital s'Qnals and the positive 4 = High-to-low transition, 1 = Low-to-high transition
reference voltage that may be used for self-test. TFor proper operation, Reset must be low for at least three clock cycles
HnCMOS is a trademark of Texas Instruments Incorporated,
“1l TION PATA dacuments cantain information . Copynight © 1983, Texas Instruments Incorporated
ety i i ot o Trxas WP
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TLC532AM, TLC532AI, TLC533AM, TLC533Al
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS

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

Supply voltage, Vog {see Note 1) . . .. ..o o o -03Vt 6.5V
Input voltage range: Positive reference voltage . . . . ............. .. ... VREF -~ to Vcc + 0.3V
Negative reference voltage. .. .. ....... ... ... ...... -0.3 V to VREF +

All otherinputs . ......... .. .. .. . -~0.3VitoVce + 0.3V

Input current, 1) (any INPUL) . ... e +10 mA
Total input current, (all INPUTS) . . . .. +20 mA
Operating free-air temperature range: TLC532AM, TLC533AM ... ........... ~65°C to 125°C
TLC532Al, TLC533Al . ... ... .y -40°C to 85°C

Storage temperature range . . .« ..o v vt e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package............. 260°C

N
(o))
o
[}
(@]
N

Case temperature for 10 seconds: FN package

NOTE 1 Al voltage values are with respect to network ground terminal.

2]
recommended operating conditions ‘q';
TIr&224 TLC533A 2
— J— UNIT
. o MAX . NOM MAX N
Supply voltage, Vog —ro - o 5.5 L 5 55 A (4]
Positive reference voltage, VReF + (see Note 2} 2.5 Vee Vee+01 25 Vee Vec+01 Vv Té
Negative reference voltage, VRgf - (see Note 2) -0 o 2.5 -0 0 2.5 Y O
Differential reference voltage, VREF+ — VREF - 1 vee Vec+0.2 1 Vee Vec+02 \
High-level input voltage, V| Clack |npu? - Vee 08 vec 08 \
Al other digital inputs 2 2
Low-level input voltage, V) Any digital input 0.8 0.8 A\
Clock frequency, foLiK 01 2 2,048 0.1 1.048 1.06 | MHz
CS setup time, t5,(CS) 75 100 ns
Address (R/W and RS} setup time, tgy(A) 100 145 ns
Data bus input setup time, tgy(bus) 140 185 ns
Contro) (R/W, RS, and CS} hold time, th(Cj 10 20 ns
Data bus input hold time, th(bys) 15 20 ns
Pulse duration of control during read, tw(C) 305 575 ns
Pulse duration, reset low, ty| {reset) 3 3 Clock
| Cycles
Pulse duration of clock high, twH(CLK) ) 230 440 ns
Pulse duration of clock low, twL(CLK} 200 410 ns
Clock rise ime, t(CLK) 15 25 ns
Clock fall time. t{(CLK) 16 30 ns
Operating free-air TLC_ . AM ~55 125 ~ 566 125 oc
temperature, Tp TLC_ _Al - 40 85 ~40 85

NOTE 2: Analog input voltages greater than or equal to that applied to the REF + terminal convert to all ones (11111111), while input
voltages equal to or iess than that applied to the REF -~ terminal convert to all zeros (00000000). For proper operation, the positive
reference voltage, VREF + . must be at least 1 V greater than the negative reference voltage, VREF — . In addition, unadjusted
errors may increase as the differential reference voltage, VRgr+ — VREF -, falls below 4.75 V.

Texas {"
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TLC533AM, TLCH33Al
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS

electrical characteristics over recommended ranges VCC, VREF + . and operating free-air temperature,
VREF - at ground, fcL K = 1.048 MHz {unless otherwise noted)

NOTE 3: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle.

PARAMETER TEST CONDITIONS MIN TYPT mMAX | UNIT
VOH High-level output voltage loy = —1.6 mA 2.4 \Y%
VoL Low-level output voltage loL = 1.6 mA 0.4 \
High-level Any digital or Clock input 10
™ igh-leve ny digital o{r inpu! Vi = 5.5V A
input current Any control input 1
Low-level Any digital or Clock input -10
L . - ViL=20 HA
input current Any control input -1
Vo=Vce 10
! Off-state (high-impedance state) output current A
0z {high-imp p rr Vo = 0 —0| * 2
Iy Analog nput current (see Note 3} V| = 0to Veo + 500 nA
Leakage current between selected channel V| = 0to Vgg, +400 A
E n
and all other analog channels Clock input at O V g"
Digital pins 3 thru 10 4 30
C, Input capacitance ‘gital piny - - - pF O
Any other input pin 2 15 )
Vee = VRep+ = 5.5V, £
icc+IREF+ Supply current plus reference current 1.3 3 mA (V7]
Outputs open
Icc Supply current Vee = 6.5V 1.2 2 mA ,.‘5
©

operating characteristics over recommended ranges VCC. VREF + . and operating free-air temperature,
VREF - at ground, fgjock = 1.048 MHz (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT mMAX [ uNIT
Linearity error {see Note 4) +0.5 LSB
Zero error (see Note 5} +0.5 LSB
Full-scale error {see Note 5) +0.5 LSB
Total unadjusted error {see Note 6) +0.5 LSB
Absolute accuracy error (see Note 7) +1 LSB
. . . L ; Clock
tcony Conversion time (including channel acquisition time) 30
Cycles
tacq  Channel acquisition time prior to starting conversion 10 Clock
Cycles
ten Data output enable time (see Note 8) CL = 50 pF, Ry = 3 kQ, 335 ns
tdis Data output disable time CL = 50 pF, R = 3 k@ 10 ns
Data bus output High impedance to high level 150
fribus) rise time ’ Lo?:v-tmhigh tevel CL = S0pF. R = 3k 300 ns
tibus) Data bus output High impedance to low level CL = 50 pF, Ry = 3 k@ 150 ns
fall time High-to-low level 300

T Typical values are at Vee = 5V, Ta = 25°C.
NOTES: 4. Lineanty error is the deviation from the best straight line through the A/D transfer characteristics.
5. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the dif ference
between 11111111 and the converted output for full-scale input voltage.
6. Total unadjusted error is the sum of linearity, zero, and full-scale errors.
7 . Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step.
This includes all errors including inherent quantuization error, which is the +0.5 LSB uncertainty caused by the A/D converters’
finite resolution,
8. If chip-select setup time, tgy(Cs). 1S less than 0.14 us, the effective data output enable time, tgn, May extend such that
tsy(CS) * ten is equal to a maximum of 0.476 us.

Texas ‘t’f
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TLC540M, TLC5401, TLC541M, TLCH41I
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

principles of operation

The TLC540 and TLC541 are each complete data acquisition systems on a single chip. They include such
functions as analog multiplexer, sample-and-hold, 8-bit A/D converter, data and control registers, and control
logic. For flexibility and access speed, there are four control inputs [two clocks, chip select (CS), and
address]. These control inputs and a TTL-compatible 3-state output are intended for serial communications
with a microprocessor or microcomputer. With judicious interface timing, with TLC540 a conversion can
be completed in 9 us, while complete input-conversion-output cycles can be repeated every 13 pus. With
TLC541 a conversion can be completed in 17 us, while complete input-conversion-output cycles are repeated
every 25 ps. Furthermore, this fast conversion can be executed on any of 11 inputs or its built-in “’self-
test,”” and in any order desired by the controlling processor.

The System and 1/0 Clocks are normally used independently and do not require any special speed or phase
relationships between them. This independence simplifies the hardware and software control tasks for
the device. Once a clock signal within the specification range is applied to the System Clock input, the
control hardware and software need only be concerned with addressing the desired analog channel, reading
the previous conversion result, and starting the conversion by using the I/O Clock. The System Clock will
drive the '"conversion crunching’’ circuitry so that the control hardware and software need not be concerned
with this task.

When CS is high, the Data Qutput pin is in a three-state condition and the Address Input and I/0 Clock
pins are disabled. This feature allows each of these pins, with the exception of the Cs pin, to share a
control logic point with their counterpart pins on additional A/D devices when additional TLC540/541 devices
are used. In this way, the above feature serves to minimize the required control logic pins when using
multiple A/D devices.

Data Sheets )8

The control sequence has been designed to minimize the time and effort required to initiate conversion
and obtain the conversion result. A normal control sequence is:

1. CS is brought low. To minimize errors caused by noise at the CS input, the internal circuitry waits
for two rising edges and then a falling edge of the System Clock after a low CS transition, before
the low transition is recognized. This technique is used to protect the device against noise when
the device is used in a noisy environment. The MSB of the previous conversion result will
automatically appear on the Data Out pin.

2. Anew positive-logic multiplexer address is shifted in on the first four rising edges of the /O Clock.
The MSB of the address is shifted in first. The negative edges of these four 1/0 clock pulses shift
out the second, third, fourth, and fifth maost significant bits of the previous conversion result. The
on-chip sample-and-hold begins sampling the newly addressed analog input after the fourth falling
edge. The sampling operation basically involves the charging of internal capacitors to the level
of the analog input voltage.

3. Three clock cycles are then applied to the I/O pin and the sixth, seventh, and eighth conversion
bits are shifted out on the negative edges of these clock cycles.

4, The final eighth clock cycle is applied to the [/O Clock pin. The falling edge of this clock cycle
completes the analog sampling process and initiates the hold function. Conversion is then performed
during the next 36 System Clock cycles. After this final I/O Clock cycle, CS must go high or the
1/0 Clock must remain low for at least 36 System Clock cycles to allow for the conversion function.

CS can be kept low during periods of multiple conversion. When keeping CS low during periods of multiple
conversion, special care must be exercised to prevent noise glitches on the I/O Ciock line. If glitches occur
on the I/O Clock line, the 1/0 sequence between the microprocessor/controller and the device will lose
synchronization. Also, if CS is taken high, it must remain high until the end of the conversion. Otherwise,
a valid falling edge of CS will cause a reset condition, which will abort the conversion in progress.

A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps
1 through 4 before the 36 System Clock cycles occur. Such action will yield the conversion result of the
previous conversion and not the ongoing conversion.

TeExAs ".’)
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TLC545M, TLC5451, TLCH45C, TLC546M, TLC5461, TLC546C
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 13 INPUTS

conversion in 9 us for the TLC545, and 17 us for the TLC5486, over the full operating temperature range.
Detailed information on interfacing to most popular microprocessors is readily available from the factory.

The TLC545M and the TLC546M are characterized for operation from —55°C to 125°C. The TLC545I

and the TLC546I are characterized for operation from —40°C to 85°C. The TLC545C and the TLC546C
are characterized for operation from 0°C to 70°C.

functional block diagram

REF+ REF
— 881
— R SAMPLE R ANALOG-TO-DIGITAL
> AND > CONVERTER M
O HOLD (SWITCHED-CAPACITORS)
o —
EJ" ANALOG 20 CHANNEL Ls
INPUTS — ANALDG q
wn — MULTIPLEXER
- ] ouUTPUT 8 8-T0-1 DATA DATA
o ] DATA —“»— SELECTDR AND |- "o s
m — a5 INPUT REGISTLR DRIVER
~ — « ADDRE S
«n — RLGISTER
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TLC545M, TLC5451, TLC545C, TLC546M, TLC5461, TLC546C
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 19 INPUTS

operating sequence
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4—— PREVIDUS CONVERSION DATA A —» 4——— CONVERSION DATA B
MSB LSB MsB [LET:] LSB MS8 (7]
{See Note B} 8
NOTES: A. The conversion cycle, which requires 36 system clock periods, is initiated with the 8th 1/0 clock! after CS! for the channel 2
whose address exists in memory at that time. )
B. The most significant bit {MSB) wili automatically be placed on the DATA OUT bus after Tss brought low. The remaining
seven bits {AB-AQ) will be clocked out on_the first seven 1/0 clock falling edges. 3]
C. To minimize errors caused by noise at the CS input, the internal circuitry waits for three system clock cycles (or less) after E
a chip select transition before responding to control input signals. Therefore, no attempt should be made to clock-in address Q
data until the minimum chip-select setup time has efapsed.
absolute maximum ratings over operating free-air temperature range {unless otherwise noted)
Supply voltage, Vo (see Note 1) ..o e 6.5V
Input voltage range {any input) ........... .. i -0.3VtoVcee +0.3V
Output voltage range . . . ... .t -0.3VtoVce +0.3V
Peak input current range {(any iNPut) . ... ... . e +10 mA
Peak total input current {all iNPULS) . .. .. .. o s +30 mA
Operating free-air temperature range: TLC545M, TLC646M ... .............. -55°C to 125°C
TLC5451, TLCS461 ... ... ... ..... —-40°C to 85°C
TLCS545C, TLCB46C .. ..... .......... . 0°Cto 70°C
Storage temperature range . . ... ... v it e e —-65°C to 150°C
Case temperature for 10 seconds: FN package. ... ... ....... ....... .. 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ..... ..... 260°C
NOTE 1: All voltage values are with respect to network ground terminal.
TEXxAs U 2175
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TLC4016M, TLC4D16I
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH

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

Supply voltage range {see Note 1) . e -05Vic 15V
Control-input diode current (V] << Qor V) > VCQ) .. ..o 0 0 o +20 mA
I/0 port diode current (V| < O or Viyo > VCC) -+ oo +20 mA
On-state switch current (V)yO = Q10 VGG - - - - oo +25 mA
Continuous current through Vcc or GND pins ... .. ... ... L +50 mA

Continuous total dissipation . ... ....... ... .....
Operating free-air temperature range: TLC4016M
TLC40181

Storage temperature range

see Dissipation Rating Table
~55°C to 125°C

—40°C to 85°C
~65°C to 150°C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package . ... ... .. 280°C
2 Lead temperature 1,6 mm {1/16 inch) from case for 80 seconds: J package .. ........... 300°C
NOTE 1: All voltages are with respect to ground unless otherwise specified.
’n_’. DISSIPATION RATING TABLE
V]
PACKAGE Ta = 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C
? POWER RATING ABOVE Tp = 25°C POW.:- ATING POWER RATING POWER RATING
o D 9450 mw 7 6 mwieC nwW 494 mW NIA
,(P.. J 1375 10w iU WO 550 vy 715 mw 275 mwW
(773 N 1150 mw 9.2 mW/°C 736 mW 598 mwW 230 mW
recommended operating conditions
o e o o MIN NOM MAX UNIT
Supply voltage, V(¢ 2! 5 12 v
1/0 port voltage, Vy/0 0 Vee Vv
vee =2V 1.5 Vee
) Vee = 45V 3.1% Vee
High-level t voltage, V| v
"ghrievel input valtage, YiH Veg =9V 6.3 Vee
Veg = 12V 8.4 ) vee
Vee =2V o 0.3
Vee = 45V 0 0.9
-level i Itage, V, \
Low-level input voltage, Vi Vee — 9V 0 18
Ve = 12V 0 2.4
vee =2V 1000
Input nse time, t, vVee = 45V RON ns
Vee =9V
Veg = 2V 1
fnput fall time, t¢ Vee =45V 500 ns
Vee =9V 400
o fing f i . T TLC4016M ~-55 125 oc
ng free-air tel re,
perating free-air temperatu A TiCa016l 20 85
Twith supply voltages at or near 2 V, the analog switch on-state resistance becomes very nonlinear. it 1s recommended that only digital
signals be transmitted at these low supply voltages.
Texas W
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TLC4066M, TLC40G6I
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH

PARAMETER MEASUREMENT INFORMATION

Vee

|

TEST 8
A SWITCH

c
Vi = ViR X1

Va =

FIGURE 3. TEST CIRCUIT FOR ON-STATE SWITCH LEAKAGE CURRENT

Vee

]

TEST B OR A
WITCH ! Vo
A ORB| s

C
Vi = ViH X1

Vi

TEST CIRCUIT

Data Sheets H

Vi
AORSB 50%

Vo
B OR A

VOLTAGE WAVEFORMS

FIGURE 4. PROPAGATION DELAY TIME, SIGNAL INPUT TO SIGNAL DUTPUT
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TLC32044i, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

asynchronous operation -— more than one set of primary and secondary DX serial communication
occurring between two receive frame sync (see AIC DX Data Word Format section)

The TA, TA’, TB, and control register information that is transmitted in the secondary communications
is always accepted and is applied during the ongoing transmit conversion period. If there is sufficient time
between t1 and t2, the TA, RA’, and RB register information, which is sent during Transmit Conversion
Period A, will be applied to Receive Conversion Period A. Otherwise, this information will be applied during
Receive Conversion Period B. If RA, RA’, and RB register information has already been received and is
being applied during an ongoing conversion period, any subsequent RA, RA’, or RB information that 1s
received during this receive conversion period will be disregarded (see diagram below).

tq
PRIMARY SECONDARY PRIMARY SECONDARY PRIMARY SECONDARY

FSX

I TRANSMIT | TRANSMIT | TRANSMIT |

J¢————— CONVERSION————pj¢—————— CONVERSION—————pi¢———————— CONVERSION ————»|

PERIOD A PERIOD B PERIOD C

12

Data Sheets Jl)\®)

|
nscslvpsgslcél;v:RSION o RECEIVE CONVERSION PERIOD B—————————}
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TLC320451, TLC32045C
VOICE-BAND ANALOG INTERFACE CIRCUITS

PIN
NAME NO. 1o DESCRIPTION
WORD/BYTE 13 I | This pin, in conjunction with a bit in the CONTROL register, 1s used to establish one of four serial
modes. These four serial modes are described below.
AIC transmit and receive sections are operated asynchronously.
The following description applies when the AIC is configured to have asynchronous transmit and receive sections.
If the appropriate data bit in the Control register is a O {see the AIC DX Data Word Format), the transmit and
receive sections will be asynchronous.
L Serial port directly interfaces with the serial port of the TMS320C17 and communicates in two
8-bit bytes. The operation sequence is as follows {see Serial Port Timing diagrams).
1. The FSX or FSR pin is brought low.
2. One 8-bit byte is transmitted or one B-bit byte is received.
2 3. The EODX or EODR pin is brought iow.
4. The F5X or FSR pin emits a positive frame-sync puise that is
four Shift Clock cycles wide.
g 5. One 8-bit byte is transmitted or cne 8-bit byte is received.
- 6. The EODX or EODR pin is brought high.
o 7. The FSX or FSR pin is brought high.
wn H Serial port directly interfaces with the serial ports of the TMS32020, TMS320C25, and TMS320C30,
o and communicates in one 16-bit word. The operation sequence is as follows {see Serial Port Timing
5] diagrams):
g 1. The FSX or F3R pin is brought low.
w 2. One 18-bit word is transmitted or one 18-bit word is received.
3. The FSX or F3R pin is brought high. .
4. The EODX or EODR pin emits a low-going pulse.
AIC transmit and receive sections are operated synchronously.
It the appropriate data bit in the Control register is a 1, the transmit and receive sections will be configured
to be synchronous. In this case, the bandpass switched-capacitor filter and the A/D conversion timing wilt
be derived from the TX Counter A, TX Counter B, and TA, TA’, and TB registers, rather than the RX Counter
A, RX Counter B, and RA, RA', and RB registers. In this case, the AIC FSX and FSR timing will be identical
during primary data communication; however, FSR will not be asserted during secondary data communication
since there is no new A/D conversion resuit. The synchronous operation sequences are as follows (see Serial
Port Timing diagrams).
L Serial port directly interfaces with the serial port of the TMS320C17 and communicates in two
8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams):

1. The FSX and F3R pins are brought low.

2. One 8-bit byte is transmitted and one B8-bit byte is received.

3. The EODX and EODR pins are brought low.

4. The FSX and F3R pins emit positive frame-sync pulses that are

four Shift Clock cycles wide.

5. One 8-bit byte is transmitted and one 8-bit byte is received.

6. The EODX and EQODR pins are brought high.

7. The FSX and FSR pins are brought high.

H Serial port directly interfaces with the serial ports ot the TMS32020, TMS320C25, and TMS320C30,
and communicates in one 16-bit word. The operation sequence is as follows {see Serial Port Timing
diagrams):

1. The FSX and FSR pins ere brought low.

2. One 16-bit word is transmitted and one 18-bit word is received.

3. The FSX and FSR pins are brought high.

4. The EODX or EODR pins emit low-going pulses.
Since the transmit and receive sections of the AIC are now synchronous, the AIC serial port, with additional
NOR and AND gates, will interface to two SN74299 serial-to-parallel shift registers. Interfacing the AIC to
the SN74299 shift register allows the AIC to interface to an external FIFO RAM and facilitates parallel, data
bus communications between the AIC and the digital signal processor. The operation sequence is the same
as the above sequence (see Serial Port Timing diagrems).
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TLC320451, TLC32045C
VOICE-BAND ANALOG INTERFACE CIRCUITS

power-up sequence

To ensure proper operation of the AIC, and as a safeguard against latch-up, it is recommmended that
Schottky diodes with forward voltages less than or equal to 0.4 V be connected from Ve — to ANLG
GND and from Ve — to DGTL GND (see Figure 21). In the absence of such diodes, power should be applied
in the following sequence: ANLG GND and DGTL GND, V¢ -, then Ve + and Vpp. Also, no input signal
should be applied until after power-up.

AIC responses to improper conditions

The AIC has provisions for responding to improper conditions. These improper conditions and the response
of the AIC to these conditions are presented in Table 1 below.

AIC register constraints
The following constraints are placed on the contents of the AIC registers:

. TA register must be > 1.

. TA’ register can be either positive, negative, or zero.
RA register must be > 1.

RA’ register can be either positive, negative, or zero.
. (TA register + TA’ register) must be > 1.

. {RA register = RA’ register) must be > 1.

. TB register must be > 1.

NO O R W =
Data Sheets S

TABLE 1. AIC RESPONSES TO IMPROPER CONDITIONS

IMPROPER CONDITION AIC RESPONSE

TA register + TA’register = O or 1 Reprogram TX Counter A with TA register value

TA register — TA' register = O or 1

TA register + TA’ register < 0 MODULO 64 arithmetic is used to ensure that a positive value is loaded into the TX Counter A )|
i.e., TA register + TA' register + 40 HEX is loaded into TX Counter A

RA register + RA’ register = O or 1 Reprogram RX Counter A with RA register value

RA register — RA’ register = O or 1

RA register + RA’ register = O or 1 MODULO 64 arithmetic is used to ensure that a positive value is loaded into RX Counter A
1.e., RA register + RA’register + 40 HEX is loaded into RX Counter A

TA register = O or 1 AIC is shut down

RA register = O or 1

TB register = 0 or 1 Reprogram TB register with 24 HEX

RB register = 0 or 1 Reprogram RB register with 24 HEX

AIC and DSP cannot communicate Hold last DAC output

improper operation due to conversion times being too close together

If the difference between two successive D/A conversion frame syncs is less that 1/19.2 kHz, the AIC
operates improperly. In this situation, the second D/A conversion frame sync occurs too quickly and there
is not enough time for the ongoing conversion to be completed. This situation can occur if the A and B
registers are improperly programmed or if the A + A’register or A — A’register result is too small. When
incrementally adjusting the conversion period via the A + A’register options, the designer should be very
careful not to violate this requirement (see diagram below).

t1 2
FRAME *‘ [——_‘/ ’/_] l—
SYNC
Fsx |

i
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TLC32045I, TLC32045C
VOICE-BAND ANALOG INTERFACE CIRCUITS

PIN 27 (POSITIVE},
PIN 28 (NEGATIVE)T

TEST CONTROL

TEST (PIN 1 AT 0 V)

FILTER

—P

A 2
|
!
xcg
A\

A/D —>—

4]

FIGURE 1. BANDPASS OR LOW-PASS FILTER TEST FOR RECEIVER SECTION

FILTER
4
(Sin x)/x - <
M CORRECTION [ *—\_ oA
M e

_ TEST CONTROL
(PIN 13 at -5 V}

PIN 16 (POSITIVE),
PIN 15 (NEGATIVE)!

FIGURE 2. LOW-PASS FILTER TEST FOR TRANSMIT SECTION

YAl analog signal paths have differential architecture and hence have positive and negative components.

Data Sheets
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TLC320451, TLC32045C
VOICE-BAND ANALOG INTERFACE CIRCUITS

operating characteristics over recommended operating free-air temperature range, VCC+ = 5V,
Vee- = -5V, Vpp = 5V
noise (measurement includes low-pass and bandpass switched-capacitor filters)
PARAMETER TEST CONDITIONS TYPt  MAX | UNIT
' with [sin x}/x correction 600 | uV rms
Transmut noise DX input = 00000000000000, constant input code 450 | uV rms
without (sin x)/x correction 24 dBrncO
R ise (see Note 11) Input ded, gain = 1 530 {uV rms
ceive noise (s ote uts gro , gain =
eceive noi ee nputs grounded, ga 52 pr—
timing requirements 2
serial port recommended input signals
PARAMETER MIN MAX | UNIT :l.,.
te(MCLK) Master clock cycle time . 95 ns 8
tr(MCLK) Master clock rise time 10 ns =
tyMcLK) Master clock fall time 10 ns [75]
Master clock duty cycle 25% 75% ©
RESET pulse duration (see Note 12} 800 ns “'“'
tsy(DX) DX setup time before SCLK! 20 ns Q
th{DX} DX hold time after SCLK! te(SCLK)/4 ns
fAl typical values are at T = 25°C.
NOTES: 11. The noise is computed by statistically evaluating the digital output of the A/D converter.
12. RESET pulse duration is the amount of time that the reset pin is held below 0.8 V after the power supplies have reached
their recommended values.
T {I’
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