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__10-Bit Resolution A/D Converter

__ 11 Analog Input Channels

__Three Built-In Self-Test Modes
__Inherent Sample-and-Hold Function

__ Total Unadjusted Error ... %=1 LSB Max
__On-Chip System Clock

__ End-of-Conversion (EOC) Output
__Terminal Compatible With TLC542

_ CMOS Technology

description

+ MC1543

The TLC1542C, TLC1542I, TLC1542M, TLC1542Q, MC1543C, MC1543I, and MC1543Q are CMOS
10-bit switched-capacitor successive-approximation analog-to-digital converters. These devices have
three inputs and a 3-state output [chip select (CS), input-output clock (I/O CLOCK), address input
(ADDRESS), and data output (DATA OUT)] that provide a direct 4-wire interface to the serial port of a
host processor. These devices allow high-speed data transfers from the host.

In addition to a high-speed A/D converter and versatile control capability, these devices have an on-chip

14-channel multiplexer that can select any one of 11 analog inputs or any one of three internal self-test

voltages. The sample-and-hold function is automatic. At the end of A/D conversion, the end-of-conversion

(EOC) output goes high to indicate that conversion is complete. The converter incorporated in the devices

features differential high-impedance reference inputs that facilitate ratiometric conversion, scaling, and

isolation of analog circuitry from logic and supply noise. A switched-capacitor design allows low-error

conversion over the full operating free-air temperature range.
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AVAILABLE OPTIONS

PACKAGE
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Terminal Functions

TERMINAL

1o DESCRIPTION
NAME NO.

ADDRESS 17 | Serial address input. A 4-bit serial address selects the desired analog input or test voltage that is to
he converted next. The address data is presented with the MSB first and shifts in on the first four rising
edges of /O CLOCK. After the four address bits have been read into the address register, this input
is ignored for the remainder of the current conversion period.

AD-A10 1-9, 11,12 | Analog signal inputs. The 11 analog inputs are applied to these terminals and are internally multiplexed.
The driving source impedance should be less than or equal to 1 kL

CS 15 | Chip select. A high-to-low transition on this input resets the intermal counters and contrels and enables

DATA QUT, ADDRESS, and /O CLOCK within a maximum of a setup time plus two falling edges of
the intemal system clock. A low-to-high transition disables ADDRESS and WO CLOCK within a setup
time plus two falling edges of the intemal system clock.

DATA OUT 16 O | The 3-state serial output for the A/D conversion result. This output is in the high-impedance state when
CS is high and active when CS is low. With a valid chip select, DATA OUT is removed from the
high-impedance state and is driven to the logic level comesponding to the MSB value of the previous
conversion result. The next falling edge of /O CLOCK drives this output to the logic level corresponding
to the next most significant bit, and the remaining bits shift out in order with the LSB appearing on the
ninth falling edge of VO CLOCK. On the tenth falling edge of /O CLOCK, DATA OUT is driven to a low
logic level so that serial interface data transfers of more than ten clocks produce zeroes as the unused

LSBs.

ECQC 19 0 | End of conversion. This output goes from a high to a low logic level on the trailing edge of the tenth 11O
CLOCK and remains low until the conversion is complete and data are ready for transfer.

GMND 10 | The ground returmn terminal for the intermal circuitry. Unless otherwise noted, all voltage measurements
are with respect to this terminal.

WO CLOCK 18 | Inputfoutput clock. This terminal receives the serial /O CLOCK input and performs the following four
functions:

1) It clocks the four input address bits into the address register on the first four rising edges of the /O
CLOCK with the multiplex address available after the fourth rising edge.

2) On the fourth falling edge of /O CLOCK, the analog input voltage on the selected multiplex input
begins charging the capacitor aray and continues to do so until the tenth falling edge of
/O CLOCK.

3) It shifis the nine remaining bits of the previous conversion data out on DATA OUT.

4) It transfers control of the conversion to the interal state controller on the falling edge of the tenth
clock.

REF + 14 | The upper reference voltage value (nominally V) is applied to this terminal. The maximum input
voltage range is determined by the difference hetween the voltage applied to this terminal and the
voltage applied to the REF— terminal.

REF- 13 | The lower reference voltage value (nominally ground) is applied to this terminal.

vee 20 | Positive supply voltage

detailed description

With chip select (CS) inactive (high), the ADDRESS and I/O CLOCK inputs are initially disabled and
DATA OUT is in the high-impedance state. When the serial interface takes CS active (low), the
conversion sequence begins with the enabling of I/O CLOCK and ADDRESS and the removal of DATA
OUT from the high-impedance state. The serial interface then provides the 4-bit channel address to
ADDRESS and the 1/0 CLOCK sequence to I/O CLOCK. During this transfer, the serial interface also
receives the previous conversion result from DATA OUT. I/O CLOCK receives an input sequence that is
between 10 and 16 clocks long from the host serial interface. The first four 1/O clocks load the address
register with the 4-bit address on ADDRESS, selecting the desired analog channel, and the next six
clocks providing the control timing for sampling the analog input.
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detailed description (continued)

There are six basic serial-interface timing modes that can be used with the device. These modes are
determined by the speed of /O CLOCK and the operation of CS as shown in Table 1. These modes are (1)
a fast mode with a 10-clock transfer and CS inactive (high) between conversion cycles, (2) a fast mode
with a 10-clock transfer and CS active (low) continuously, (3) a fast mode with an 11- to 16-clock transfer
and CS inactive (high) between conversion cycles, (4) a fast mode with a 16-clock transfer and CS active
(low) continuously, (5) a slow mode with an 11- to 16-clock transfer and CS inactive (high) between
conversion cycles, and (6) a slow mode with a 16-clock transfer and CS active (low) continuously.

The MSB of the previous conversion appears at DATA OUT on the falling edge of CS in mode 1, mode 3,
and mode 5, on the rising edge of EOC in mode 2 and mode 4, and following the sixteenth clock falling
edge in mode 6. The remaining nine bits are shifted out on the next nine falling edges of I/O CLOCK. Ten
bits of data are transmitted to the host-serial interface through DATA OUT. The number of serial clock
pulses used also depends on the mode of operation, but a minimum of ten clock pulses is required for
conversion to begin. On the tenth clock falling edge, the EOC output goes low and returns to the high logic
level when conversion is complete and the result can be read by the host. Also, on the tenth clock falling
edge, the internal logic takes DATA OUT low to ensure that the remaining bit values are zero when the 1/0
CLOCK transfer is more than ten clocks long.

Table 1 lists the operational modes with respect to the state of CS, the number of I/O serial transfer clocks
that can be used, and the timing edge on which the MSB of the previous conversion appears at the
output.

Table 1. Mode Operation

ez NO. OF TIMING
MODES Cs 'O CLOCKS MSB AT DATA OUTT DIAGRAM
Mode 1 | High between conversion cycles 10 cs falling edge Figure 9
Mode 2 | Low continuously 10 EOQC rising edge Figure 10
Fast Modes : - —— :
Mode 3 | High between conversion cycles 11 1o 16F CS falling edge Figure 11
Mode 4 | Low continuously 163 EOQC rising edge Figure 12
Mode 5 | High between conversion cycles 11to 16% C5 falling edge Figure 13
Slow Modes - - -
Mode 6 | Low continuously 163 16th clock falling edge Figure 14

T These edges also initiate serial-interface communication.
¥ No more than 16 clocks should be used.

fast modes

The device is in a fast mode when the serial I/O CLOCK data transfer is completed before the conversion
is completed. With a 10-clock serial transfer, the device can only run in a fast mode since a conversion
does not begin until the falling edge of the tenth I/O CLOCK.

mode 1: fast mode, CS inactive (high) between conversion cycles, 10-clock transfer

In this mode, CS is inactive (high) between serial /0O CLOCK transfers and each transfer is ten clocks
long. The falling edge of CS begins the sequence by removing DATA OUT from the high-impedance state.
The rising. edge of CS ends the sequence by returning DATA OUT to the high-impedance state within the
specified delay time. Also, the rising edge of CS disables the I/O CLOCK and ADDRESS terminals within
a setup time plus two falling edges of the internal system clock.

mode 2: fast mode, CS active (low) continuously, 10-clock transfer

In this mode, CS is active (low) between serial I/O CLOCK transfers and each transfer is ten clocks long.
After the initial conversion cycle, CS is held active (low) for subsequent conversions; the rising edge of
EOC then begins each sequence by removing DATA OUT from the low logic level, allowing the MSB of
the previous conversion to appear immediately on this output.
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mode 3: fast mode, CS inactive (high) between conversion cycles, 11- to 16-clock transfer

In this mode, CS is inactive (high) between serial I/O CLOCK transfers, and each transfer can be 11 to 16
clocks long. The falling edge of CS begins the sequence by removing DATA OUT from the
high-impedance state. The rising edge of CS ends the sequence by returning DATA OUT to the
high-impedance state within the specified delay time. Also, the rising edge of CS disables the I/O CLOCK
and ADDRESS terminals within a setup time plus two falling edges of the internal system clock.

mode 4: fast mode, CS active (low) continuously, 16-clock transfer

In this mode, CS is active (low) between serial /O CLOCK transfers and each transfer must be exactly 16
clocks long. After the initial conversion cycle, CS is held active (low) for subsequent conversions; the
rising edge of EOC then begins each sequence by removing DATA OUT from the low logic level, allowing
the MSB of the previous conversion to appear immediately on this output.

slow modes

In a slow mode, the conversion is completed before the serial I/O CLOCK data transfer is completed. A
slow mode requires a minimum 11-clock transfer into I/O CLOCK, and the rising edge of the eleventh
clock must occur before the conversion period is complete; otherwise, the device loses synchronization
with the host-serial interface and CS has to be toggled to initialize the system. The eleventh rising edge of
the I/O CLOCK must occur within 9.5 us after the tenth I/O clock falling edge.

mode 5: slow mode, CS inactive (high) between conversion cycles, 11- to 16-clock transfer

In this mode, CS is inactive (high) between serial /O CLOCK transfers and each transfer can be 11 to 16
clocks long. The falling edge of CS begins the sequence by removing DATA OUT from the
high-impedance state. The rising edge of CS ends the sequence by returning DATA OUT to the
high-impedance state within the specified delay time. Also, the rising edge of CS disables the I/O CLOCK
and ADDRESS terminals within a setup time plus two falling edges of the internal system clock.

mode 6: slow mode, CS active (low) continuously, 16-clock transfer

In this mode, CS is active (low) between serial /O CLOCK transfers and each transfer must be exactly 16
clocks long. After the initial conversion cycle, CS is held active (low) for subsequent conversions. The
falling edge of the sixteenth I/0 CLOCK then begins each sequence by removing DATA OUT from the low
state, allowing the MSB of the previous conversion to appear immediately at DATA OUT. The device is
then ready for the next 16-clock transfer initiated by the serial interface.

address bits

The 4-bit analog channel-select address for the next conversion cycle is presented to the ADDRESS
terminal (MSB first) and is clocked into the address register on the first four leading edges of /O CLOCK.
This address selects one of 14 inputs (11 analog inputs or three internal test inputs).

analog inputs and test modes

The 11 analog inputs and the three internal test inputs are selected by the 14-channel multiplexer
according to the input address as shown in Tables 2 and 3. The input multiplexer is a break-before-make
type to reduce input-to-input noise injection resulting from channel switching.

Sampling of the analog input starts on the falling edge of the fourth /O CLOCK, and sampling continues
for six I/O CLOCK periods. The sample is held on the falling edge of the tenth I/O CLOCK. The three test
inputs are applied to the multiplexer, sampled, and converted in the same manner as the external analog
inputs.
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analog inputs and test modes (continued)

Table 2. Analog-Channel-Select Address

VALUE SHIFTED INTC
ANALOG INPUT ADDRESS INPUT
SELECTED
BINARY HEX
AD 0000 0
Al 0001 1
A2 0010 2
Al 0o 3
Ad 0100 -
AL 0101 5
AB 0110 6
AT 0111 [
A8 1000 8
A9 1001 9
Al10 1010 A

Table 3. Test-Mode-Select Address

INTERNAL VALUE SHIFTED INTO
SU%GL%%T ADDRESS INPUT OUTPUT RESULT (HEX)1
SELECTEDT BINARY HEX
N
M 1011 B 200
Vref- 1100 C oo
Vref+ 1101 D 3FF
T Vref+ is the voltage applied to the REF+ input, and Vigf—is the voltage applied to the REF-
input.

FThe output results shown are the ideal values and vary with the reference stability and
with intermal offsets.

converter and analog input

The CMOS threshold detector in the successive-approximation conversion system determines each bit by
examining the charge on-a series of binary-weighted capacitors (see Figure 1). In the first phase of the
conversion process, the analog input is sampled by closing the SC switch and all ST switches
simultaneously. This action charges all the capacitors to the input voltage.

In the next phase of the conversion process, all ST and SC switches are opened and the threshold
detector

begins identifying bits by identifying the charge (voltage) on each capacitor relative to the reference
(REF-) voltage. In the switching sequence, ten capacitors are examined separately until all ten bits are
identified and then the charge-convert sequence is repeated. In the first step of the conversion phase, the
threshold detector looks at the first capacitor (weight = 512). Node 512 of this capacitor is switched to the
REF+ voltage, and the equivalent nodes of all the other capacitors on the ladder are switched to REF—. If
the voltage at the summing node is greater than the trip point of the threshold detector (approximately
one-half VCC), a 0 bit is placed in the output register and the 512-weight capacitor is switched to REF-. If
the voltage at the summing node is less than the trip point of the threshold detector, a 1 bit is placed in the
register and the 512-weight capacitor remains connected to REF+ through the remainder of the
successive-approximation process. The process is repeated for the 256-weight capacitor, the 128-weight
capacitor, and so forth down the line until all bits are counted.
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converter and analog input (continued)
With each step of the successive-approximation process, the initial charge is redistributed among the
capacitors. The conversion process relies on charge redistribution to count and weigh the bits from MSB

to LSB.
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Figure 1. Simplified Model of the Successive-Approximation System

chip-select operation

The trailing edge of CS starts all modes of operation, and CS can abort a conversion sequence in any
mode. A high-to-low transition on CS within the specified time during an ongoing cycle aborts the cycle,
and the device returns to the initial state (the contents of the output data register remain at the previous
conversion result). Exercise care to prevent CS from being taken low close to completion of conversion
because the output data can be corrupted.

reference voltage inputs

There are two reference inputs used with the device: REF+ and REF—-. These voltage values establish the
upper and lower limits of the analog input to produce a full-scale and zero reading respectively. The
values of REF+, REF-, and the-analog input should not exceed the positive supply or be lower than GND
consistent with the specified absolute maximum ratings. The digital output is at full scale when the input
signal is equal to or higher than REF+ and at zero when the input signal is equal to or lower than REF-.
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absolute maximum ratings over operating free-air temperature range (unless otherwise
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noted)t

Supply voltage range, VCC (See NOte 1) . . . ... oottt e -0.5Vt06.5V
Input voltage range, Vi . . ... -0.3VtoVvVCC+0.3V
Output voltage range, VO . . . ..ottt e e -0.3VtoVvCcC+0.3V
Positive reference voltage, Vref+ . . . .. e VCC+0.1V
Negative reference voltage, Vref—. . . ... -0.1V
Peak input current (any iNPUL) . . . . ... e +20 mA
Peak total input current (all INpULS) . . . .. oo o +30 mA
Operating free-air temperature range, TA: TLC1542C, MC1543C . . . .. ............. 0=Cto70=C
TLC1542], MC15431 .. ... .o —-40=Cto 85<C

TLC1542Q,MC1543Q . . . ... ..o -40=Cto 125<=C

TLCIS42M ..o -55=Cto 125<=C

Storage temperature range, Totg . . . ...ttt e e —65<Cto150=C
Lead temperature 1,6 mm (1/16 inch) from the case for 10seconds .. ... ................... 260<
C

T 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.

NOTE 1: All voltage values are with respect to digital ground with REF —and GND wired together (unless otherwise noted).

recommended operating conditions

MIN  HOM  MAX UNIT
Supply valtaga, Ve 4.5 ] 55 W
Posilive reference voltage, Vg, (5ee Nota 2) Ve W
Megative reference voitage, Veef— (See Note 2} 0 L)
Differential reference volage, Veaf+ = Vraf— (S22 Note 2) 25 Voo Veo+02 v
Analog input voitage (see Note 2) 0 Yoo W
High-lewel control input voltage, V4 Voo =45Vin 55V 2 ¥
Low-tevel control input voltage, Wy Voo =48Yt055Y 08 v
Sefup iime, address bits at data input before WO CLOCKT, tyra (see Figure 4) 100 ns
Hold time, address bits after VO CLOCKT, tpia) (see Figure 4) 0 Lo
Hold time., .8 low after last /0 CLOCKL, thicg) (see Figure 5) 0 ns
Sefup time, CS low before clocking in first address bit, tgc5) (9ee Mote 3 and Figure 5) 1.425 )
Clock frequency at ' CLOCK (see Node 4) 0 21 MHz
Pulse duration, KO CLOCK high, fyHilion 180 ns
Pulse duration, KO CLOCK low, Ly (i 190 ns
Transilion lime, U0 CLOCK, lyyo) (see Note 5 and Figure &) 1 us
Transilion time, ADDRESS and CS, g 10 us
TLCAS42C, MC1543C 0 70
TLC15421, MC15430 =40 85
Operating free-air temperature, Ta, - *C
TLCA5420, MC15430 =40 125
TLCA542M =55 125

NOTES: 2. Analog input voltages greater than that applied to REF+ convert as all ones (1111111111), while input voltages less than
that applied to REF- convert as all zeros (0000000000). The device is functional with reference voltages down to 1 V (Vref+ — Vref-);
however, the electrical specifications are no longer applicable.
3. To minimize errors caused by noise at CS, the internal circuitry waits for a setup time plus two falling edges of the internal system
clock after CSO before responding to control input signals. Therefore, no attempt should be made to clock in an address until the
minimum CS setup time has elapsed.
4. For 11- to 16-bit transfers, after the tenth /0O CLOCK falling edge (3 2 V) at least 1 I/O CLOCK rising edge (. 2 V) must occur within
9.5 ps.
5. This is the time required for the clock input signal to fall from VIHmin to VILmax or to rise from VILmax to VIHmin. In the vicinity of
normal room temperature, the devices function with input clock transition time as slow as 1 us for remote data-acquisition
applications where the sensor and the A/D converter are placed several feet away from the controlling microprocessor.
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electrical characteristics over recommended operating free-air temperature range,
VCC = Vref+ =45V to 5.5V, /O CLOCK frequency = 2.1 MHz (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN Tvrt  max| uwniT
Ve =4568YW | = -1.8 mA 24
Vou  High-level output voltage £ oh v
Voo =45Viobby, g = =20 pA Veo-01
Voo =45V, Iy = 1.8 mA 0.4
VoL Low-level cutput voltage v
Voo =45V 55y, Iy = 20 pa 0.1
Oft-state Vo = Ve, CSat Ve 10
Inz  (mgh-mpadance-state) —_ A
outpust current Vo=0. CsatVee -10
4 Higgh-bewel mpaul current Vi=Veoo 0.005 25 A
'R Low-bevel mpul currenl V=0 =000 =23 A
Ioe  Operatng supply curment CSatov 08 25 mé,
Selected channel leakage Selected channel at Ve, Unselected channel at 0V 1
current TLC15420 MC1543 i
C, I, or Selected channel at 0V, Unselected channel at Vi =1
Selected channel at Ve,  Unselected channel at 0V,
- 1
Tp = 25°C
Selected channel leakage Selected channel at 0V, Unselected channel ol Ve, I -
current TLC1S42M Ta, = 25°C .
Selected channel at Ve,  Unselected channel at 0V 25
Selected channel at 0V, Unselected channel al Vo =232
Maximum siatic anakog
f _ -3
reference current mlo REF + Vref+ =Vec. Vref— = GND 107 »A
Impat Analog inputs 7
Ci apacianc - pF
Capacrance Contral inputs 5
tan typecal values ame al Vo = 5 Y, Ta = 25°C
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operating characteristics over recommended operating free-air temperature range,

+ MC1543

VCC = Vref+ =45V to 5.5V, /O CLOCK frequency = 2.1 MHz (unless otherwise noted)

TEST CONDITIONS MIN  TYPT Max UNIT
TLC1E42C 1, or Q +0.5 LEB
EL Linearity errar (see Mote 6) MEASA3C, 1 or O +1 LSR
TLC1S42M +1 LSB
TLC1542C, 1, or Q See Mole 2 +1 LSB
Ezg Fero-scale emor (see Note T) MCIG43AC, 1L orQ See Note 2 1 LSRR
TLCAS42M See Note 2 +1 LSB
TLC1542C, 1, or Q See Mole 2 +1 LSB
Ers Full-scale emor (see Note T) MOCAS43C 1, orQ See Mote 2 1 LSB
TLC1S42M See Note 2 +1 LSB
TLC1542C, 1, or Q +1 LSB
Total unadjusted error (see Note 8) MC1543C |, orQ 1 LSB
TLC1542M +1 LSB
ADDHERS = 1011 512
Seli-test output code (see Table 3 and Note 9) ADDRESS = 1100 0
ADDHERS = 1101 1023
ooy Conversion time See timing diagrams 21 ps
i Total cycle lime (access, sample, and conversion) fﬁg mﬁ glagrams H Iuiﬁ us
penods
= —— - See liming diagrams " I'{',
l;:lc.q Chanmnel acgquesiion bme (sample) and Note 10 8 (F.;I-_EL{:E
by Vald lime, DATA OUT remsams vahd aller 10 CLOCKL See Figure B 10 ns
t{140)-DIATA) Delay time, WO CLOCKL to DATA OUT valid See Figure 6 240 ne
L IIC-EOC) Delay time, tenth 1O CLOCKL ta EOCL See Figure 7 T 240 ne
WEOC-DATA)  Delay ime, EQCT o DATA OUT (M3B) See Figure 8 100 ns

T All typical values are at TA = 25<C.

NOTES: 2. Analog input voltages greater than that applied to REF + convert as all ones (1111111111), while input voltages less

than that applied

to REF- convert as-all zeros (0000000000). The device is functional with reference voltages down to 1 V (Vref+ — Vref-); however,

the electrical specifications are no longer applicable.

6. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics.

7. Zero-scale error is the difference between 0000000000 and the converted output for zero input voltage; full-scale error is the

difference between 1111111111 and the converted output for full-scale input voltage.

8. Total unadjusted error comprises linearity, zero-scale, and full-scale errors.

9. Both the input address and the output codes are expressed in positive logic.
10. 1/0 CLOCK period = 1/(I/O CLOCK frequency) (see Figure 6)
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operating characteristics over recommended operating free-air temperature range,
VCC = Vref+ =45V to 5.5V, /O CLOCK frequency = 2.1 MHz (unless otherwise noted)
(continued)

TEST CONDITIONS min TYPT  max| unim
terH. tezL Enable time, ﬁl to DATA OUT (MSB driven) See Figure 3 13 us
=TT 2 (=Tl Disable time, C5 T to DATA OUT (high impedance) See Figure 3 150 ns
I ECH) Hrse lime, EOC Bee Fygure 8 300 ns
WEDC) Fall ime, ECEC Bee Fygure § 300 ns
I DATA) Rise time, data bus See Figure & 300 ns
HDATA) Fall me, data bus See Figure B 300 ns
I0-CS) Delay time, tenth VO CLOCKL to TR ta abort conversian g s

(see Note 11)

T All typical values are at TA = 25<C.
NOTE 11. Any transitions of CS are recognized as valid only if the level is maintained for a setup time plus two falling edges of the

internal clock
(1.425 ps) after the transition.

]|
FARAMETER MEASUREMENT INFORMATION

Test Point Voo Test Faoint Voo

> R =218 kil 2 R =218 kil
&

EOQC DATA OUT

£ £
CL =60 pF == = CL =100 pF == < 12 kil

Figure 2. Load Circuits

I‘_ Yalid .|
_ 2v 2V
cs oAV I ADDRESS X Ppey X
| 1 | |
tPZH. tPZL j-d—il !
| rd—':— TPHZ PLZ tu(A) _{,,_.1 [4—#— th{a)
DATA b —— VO CLOCK |
ouT 04y 10% 0.8V
Figure 3. DATA QUT Enable and Disable Figure 4, ADDRESS Setup and Hold Time
Voltage Waveforms Voltage Waveforms
Version 1.0 WWW_MICROCELL IC COM
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PARAMETER MEASUREMENT INFORMATION

_ 2v
s N 0.8V ‘o / I

|
t —4»! I
su(CS) | ¢ " th(Cs)

110 CLOCK |

First Last
08V# Clock { Clock kBl

Figure 5. I/O CLOCK Setup and Hold Time Voltage Waveforms

t(1/0) —l-Il f— ] — o)

| |
vocrock 2V N Jraitt) .
0.8V 0.8V :

le—— 110 CLOCK Period —p!

|
td(/0-DATA) —|4—I-I

DATA OUT 2.4 ‘I.I’X 2.4V
0.4V 0.4V
I
—» |[4— U (DATA) H(DATA)

Figure 6. /O CLOCK and DATA OUT Voltage Waveforms

IO CLOCK _m
Clock 08V

I
ta(0-E0C) —H—Hl
24V I
EQC : 0.4V
|
tEQC) —» |4—

Figure 7. /O CLOCK and EOC Voltage Waveforms

—I-I |+— trEOC)

EOC } 24V
04v |

l4— t4{EOC-DATA) —M

|

DATA OUT s

N 04V

I
|4— Valid MSE —p

Figure 8. EOC and DATA OUT Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION

timing diagrams

T —L_

(see Note A)

| |
|

1o B E 2 3 4 5 6 7 8 g 10 I272227222|| |1|
CLOCK Z rl
|
|

LR
l«— Access Cycle B —phi sample Cycle B |

' |
Hi-Z State
Dga{‘l'_( A9 XASXA?’XAﬁXASXA4XA3XA2XA1XAD X_/—ﬁ‘

le Previous Conversion Data
| MSB LSB

| B3 B2 B1 BO
| MSB LSE

EOC J l —r

Shift in New Multiplexer Address; |
Simultaneously Shift Out Previous F i |
Conversion Value A/D Conversion
Interval

_!g

Initialize Initialize

NOTEA: To mmwize errors caused by noise at ﬁ‘ the internal circuitry waits for a setup time plus two falling edges of the intemal system clock

a_ﬂer CS ! before responding to control input signals. Therefore, no attempt should be made to clock in an address until the minimum
CS sefup time has elapsed.

Figure 9. Timing for 10-Clock Transfer Using TS

Version 1.0 WwWwW MICROCELL IC COM
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PARAMETER MEASUREMENT INFORMATION
timing diagrams (continued)

— Must be High on Power Up
CS
(see Note A) . 3

o 1 2 3 4 5 8 7 8 9 10 1
)

CLOCK _H
| Iq— Access Cycle B —rlLli Sample Cycle B 451

|
Dglﬁ_c:»hg XM‘XMXABXASXM'XASXMXMXAO)'\ Low Level AE)(

Previous Conversion Data > I
MSEBE LSB

|
.
; | .
|
|

— =

""" B3 B2 B1 BO I c3

| MsB LsSB |

L | ¢

EOC " P
Shift in New Multiplexer Address; |
Simultaneously Shift Out Previous B »
Conversion Value AD Conversion
Initialize Interval iialize

NOTE A To miﬂ\ize emors caused by noise atﬁ, the intemal circuitry waits for a setup time plus two falling edges of the internal system clock
after CS. before responding to control input signals. Therefore, no attempt should be made to clock in an address until the minimum
CS setup time has elapsed.

Figure 10. Timing for 10-Clock Transfer Not Using cs

Version 1.0 WWW_ MICROCELL IC COM
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PARAMETER MEASUREMENT INFORMATION
timing diagrams (continued)

See Note B
cs
(see Note A) | |
|
o | 1 2 3 4 5 5 7 8 o] [w] [#] sy P2, [°
CLOCK

l._ Access Cycle B —l'-li Sample Cycle B 44 |

|
D‘;\E—K A9 XABXATXAEXAﬁXA4XA3XA2XA1XAo}\Level '}'ir‘

f' Previous Conversion Data "'I |
MSB LsSB | |
- ),
sooress 7 ; | 2T
| B3 B2 B1 BO I R | cC3
MSB LSB |

EOC J —I_5

Shift in New Multiplexer Address; |

I
4 Simultaneously $hift Out Previous »l¢ :i

Conversion Value A/D Conversion
S Interval S
Initialize Initialize

NOTES: A To minimizErrors caused by noise atE, the internal circuitry waits for a setup time plus two falling edges of the intemal system
clock after CS.1 before responding to control input signals. Therefore, no attempt should be made to clock in an address until the
minimum TS setup time has elapsed.

B. A low-to-high transition of CS disables ADDRESS and the /O CLOCK within 2 maximum of a sefup time plus two falling edges of

the intemal system clock.
Figure 11. Timing for 11- to 16-Clock Transfer Using CS (Serial Transfer Interval Shorter Than Conversion)

Version 1.0 WwWwW MICROCELL IC COM
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PARAMETER MEASUREMENT INFORMATION
timing diagrams (continued)

—_— Must Be High on Power Up
Ccs ”
(see Note A) T

1o 1 2 3 4 5 6 7 8 9 10 14| [15| |16 1
CLOCK _rr.
l-l— Access Cycle B —bjii Sample Cycle B 4bl See Note B
DATA
OUT—(:AQ XASXA?XA&XASXA4XA3XA2XA1XAUX Lowtevel A X
I" Previous Conversion Data =| |
| MsB LSB | I
: |
ADDRESS 7/ 77 | Y /
| B3 B2 Bl B0 | c3
MSB LSB | |
L —
EOC ,
Shift in New Multiplexer Address; , . 8
}1 Simultaneously Shift Out Previous =S AD E]t:gr\:rearlsmn >
Conversion Value
Initialize Initialize

NOTES: A. To minimizgrrors caused by noise atE: the intemal circuitry waits for a setup time plus two falling edges of the intemal system
clock after CS. before responding to control input signals. Therefore, no attempt should be made to clock in an address until the
minimum CS setup time has elapsed.

B. The first 'O CLOCK must occur after the rising edge of EOQC.

Figure 12. Timing for 16-Clock Transfer Not Using CS (Serial Transfer Interval Shorter Than Conversion)
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PARAMETER MEASUREMENT INFORMATION

timing diagrams (continued)

= HWF”_\

(see Note A)

Vo | 1 2 3 4 5 6 7 8 ol [0 IS-L
CLOCK

| lLl— Access Cycle B —l»lli Sample Cycle B 4.,] l See Note B
| |

Hi-Z §
DSE_( as X as X a7 X as X as X ae X a3 X a2 X a1 X a0 ) LLeovtn /-H7—‘I mﬂ

|
, Previous Conversion Data |
| MsB LSB |

[
|
| ¢
s | ]
ADDRESS ~
— | |
|

| B3 B2 Bi B0 | c3
| MSB LSB |
| |
[T 2
EOC J il
Shift in New Multiplexer Address; | |
Simultaneously Shift Out Previous 4 ]
Conversion Value A/D Conversion
Initialize Interval Initialize

NOTES: A. To minimiz&n’or’s caused by noise atﬁ, the interal circuitry waits for a setup time plus two falling edges of the intemal system
clock aﬂeﬁsl before responding to control input signals. Therefore, no attempt should be made to clock in an address until the
minimum CS setup time has elapsed.

B. The 11th rising edge of the /O CLOCK sequence must occur before the conversion is complete to prevent losing serial interface
synchronization.

Figure 13. Timing for 11- to 16-Clock Transfer Using C$ (Serial Transfer Interval Longer Than Conversion)
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PARAMETER MEASUREMENT INFORMATION

timing diagrams (continued)

= Must be High on Power Up
{see Note A) [ 3

Vo 1 2 3 4 5 6 7 8 g 10 1| 15| |18 1
CLOCK 4

| Id— Access Cycle B —'17 Sample Cycle B 4#' See Note B See Néte C
|

ng—c X a8 X A7 X A6 X A5 X A4 ASX A2 X A1 X AD X Low Level /:: BQI

,.. Previous Conversion Data '.=| | |
MSB LSB | | |
! |
Iy :
,000@0&0 | | Z2X%
| | | c3
| MsB 5B | |
i ' |
EOC I | '
Shift in New Multiplexer Address; |
b Simultaneously Shift Out Previous e
Conversion Value A/D Conversion
Initialize Interval

NOTES: A. To minimize errors caused by noise at CS the intemal circuitry waits for a setup time plus two falling edges of the intemal system
clock aﬂer T51 before responding to comrol input signals. Therefore, no attempt should be made to clock in an address until the
minimum S setup time has elapsed.

B. The 11th rising edge of the /O CLOCK sequence must occur before the conversion is complete to prevent losing serial interface
synchronization.
C. The O CLOCK sequence is exactly 16 clock pulses long.

Figure 14. Timing for 16-Clock Transfer Not Using 3 (Serial Transfer Interval Longer Than Conversion)
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APPLICATION INFORMATION

GRERERRER I :/ il
See Motes Aand B [
1111111110 T 1022
fi
111111101 I : 4 1021
@ o~ / | VFs @
L ] L
= - ! .
@ r A VET=VEs - 1/2 LSB
§ 1000000001 - | 513
H | 5
5 1000000000 ' | -2 2
[s) Vzr=Vzs + 1/2LSB |
g
= S LERERE LT T 1 /]/ : 51
(=]
[ ] / | L
. J
| a
[ ] Vzs e | L]
/ /r 1 |
0000000010 —7 | 2
/ / |
0000000001 [ i 1
v |
0000000000 | 0
0 Zo00048 0.0096 eee 24528 24576 2.4624 see 49056 8 4.9104 4.9152
= -
= =

V| - Analog Input Voltage - V

NOTES: A. This curve is based on the assumption that Vrgf+ and Viegf— have been adjusted so that the voltage at the transition from digital 0
to 1 (Vz7) is 0.0024 V and the transition to full scale (VFT) is 4908 V. 1 LSB =4.8 mV.
B. Thefull-scale value (VFg) is the step whose nominal midstep value has the highest absolute value. The zero-scale value (Vzg)is
the step whose nominal midstep value equals zero.

Figure 15. Ideal Conversion Characteristics

TLC1542/43
1 -l
" AD CSs 18 :
= Al 'O CLOCK 17 "'
p A2 ADDRESS -] Control
A3 Processor Circuit
5 16
= Ad DATA QUT 4
Analog 19
Inputs 7 = EOC v
AbB
]
AT
1 I 14
1 REF+ Tﬂ— 5-V DC Regulator
2| ° REF- s
—| A10
~ GND
10
To Source 4
Ground 1
Figure 16. Serial Interface
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APPLICATION INFORMATION

Using the equivalent circuit in Figure 17, the time required to charge the analog input capacitance from 0
to Vs

within 1/2 LSB can be derived as follows:

The capacitance charging voltage is given by

ve=vs (1-e-tc/RCi) (1)

where

Rt=Rs +ri

The final voltage to 1/2 LSB is given by

VC (1/2 LSB) = VS — (VS/2048) (2)

Equating equation 1 to equation 2 and solving for time tc gives

Vs —(vs/2048) = vs ( 1-e-tc/RiCi) (3)

and
tc (1/2 LSB) = Rt > Ci > In(2048) (4)
Therefore, with the values given the time for the analog input signal to. settle is

tc (/2 LSB) = (Rs + 1 kQ)) > 60 pF >< In(2048) (5)
This time must be less than the converter sample time shown in the timing diagrams.

Driving Sourcet # TLC1542/3

Rs
Vg Ay A Ve
| 1kQ MAX
| |
| = Cj
| 50 pF MAX

11

VI = Input Voltage at AO-A10

VS= External Driving Source Voltage

Rs = Source Resistance

ri = Input Resistance

Ci = Equivalent Input Capacitance

T Driving source requirements:

[ Noise and distortion for the source must be equivalent to the
resolution of the converter.

[1Rs must be real at the input frequency.
Figure 17. Equivalent Input Circuit Including the Driving Source
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MECHANICAL DATA
DB (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE

28 PIN SHOWN

1T 1
1T 1
1T 1
1T 1
1T 1
11
11
11
11
11
11
11
11
Ll

T 0,15 NOM
560 820
500 T7.40 l
') l ‘

ILELLLLULEELL)

" A B

[ \ [\ \
e &_GVT J L
L 2,00 MAX u,nsﬁ [~J]0,10 ]J Y

T~ PINS **

oM ~_ 14 16 20 24 28 w | =
A MAX 650 | 650 | 750 | 850 | 10550 | 10,50 | 12,90
A MIN 500 | 590 | 690 | 790 | 990 | 990 | 1230

4040065 /D 02/98

Version 1.0 WWW_ MICROCELL IC COM
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MECHANICAL DATA

DW (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE

16 PIN SHOWN

+ MC1543

0.050 {1,27)

0.020 (0,51)

*‘ r 0.014 (0,35)

[ €] 0.010(0,25) @]

IAAAAAAT

0.419 (10,65)
0.400 {10,15)
0.299 (7,59)
0.293 (7,45)

RLEEEER

A

I |
UL

Seating Plane

0.010 (0,25) NOM

]

Gage Plane

SR

o 0010{0 25)

0.050 (1,27)
0.016 (0,40)

0.104 (2,65) MAX

weon T Sooam})

0.004 (0,10)
~PINST L 20 24
DIM .
o {[1}5111?) (?25:;2} (?ﬂg}
AMN | (G016 | (210) | (15.24)

4040000/ D 02/98

Version 1.0
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MECHANICAL DATA
FK (S-CQCC-N**) LEADLESS CERAMIC CHIP CARRIER

+ MC1543

NO. OF B
18 17 16 15 14 13 12 TERMINALS
o MIN MAX MIN MAX
20 0.342 0.358 0.307 0.358
(8,69) (9,09) (7.,80) (9,09)
-8 0.442 0.458 0.406 0.458
(11,23) (11,63) | (10,31) (11,63)
4 0.640 0.660 0.495 0.560
(16,26) | (16,76) | (12,58) | (14,22)
52 0.739 0.761 0.495 0.560
(18,78) | (19,32) | (1258) | (14,22)
6o 0.938 0.962 0.850 0.858
(23.83) | (2443) | (21,6) (21,8)
a4 1.141 1.165 1.047 1.063
(28,99) | (29,59) (26,6) (27.0)
0.020 {0,51) — 0.080 (2,03)
0.010 (0,25) I . 0.064 (1,63)
f 0,020 (0,51) H
J 0.010 (0,25)
0.055 (1,40)
0.045 (1,14)
0.045 (1,14)
- 0.035 (0,89) |
>y A
0.028 (0,71) _’| L_ L_’_ 0.045 (1,14)
0.022 (0,54) 0.035 (0,89)
0.050 {1,27)
NOTES: A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a metal lid.
D. The terminals are gold plated.
E. Falls within JEDEC MS-004
Version 1.0 WWW_MICROCELL IC COM
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MECHANICAL DATA
FN (S-PQCC-J**) PLASTIC J-LEADED CHIP CARRIER

Seating Plane

—plld—{ ] 0.004 (0,10)
5 - e »— 0.180 (4,57) MAX
N " J 0.120 (3,05)
< D1 > 0.090 (2,29)
+— 0.020 (0,51} MIN
3 1 19
k N I Y I v
b —
(,-—‘_
/ .&#D 0.032 (0,81) /-
0.026 (0,66)
ol ] 18 l D2/E2
EE1 [ 1 T
i ] 3 D2/E2
8 [] ] 14 3
r —
r N I N I N B 0.050 (1,27) 0.021 (0,53)
9 13 0.013 {0,33)
0.008 (0,20) NOM — [ €[ 0.007 (0.18) (W]
NO. OF D/E D1/E1 D2/E2
PINS
- MIN MAX MIN MAX MIN MAX
20 0.385(9,78) | 0.395(10,03) | 0.350(8,39) | 0.356(9.04) | 0.141(3,58) | 0.169(4,29)
28 0.485(12,32) | 0.495 (12,57) | 0.450(11,43) | 0.456 (11,58) | 0.191(4,85) | 0.219(556)
44 0.6685(17.40) | 0.695 (17,65) | 0.650(16,51) | 0.656 (16,66) | 0.291(7.28) | 0.319(8,10)
52 0.785(19,94) | 0.795 (20,19) | 0.750(19,05) | 0.756 (19.20) | 0.341(8,66) | 0.369(9,37)
68 0.985(25,02) | 0.995(25,27) | 0.950(24,13) | 0.958 (24,33) | 0.441 (11,20) | 0.468 (11,91)
84 1.185(30,10) | 1.195(30,35) | 1.150(29.21)| 1.158(29,41) | D.541 (13.74) | 0.569 (14,45)

NOTES:A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. Falls within JEDEC MS-018

Version 1.0

-24 -

WWW_MICROCELL




Beijing Microcell Microelectronics Co.,Ltd.

‘\_"".'."--'"""

MICROCELL-IC

MECHANICAL DATA
J (R-GDIP-T**) CERAMIC DUAL-IN-LINE PACKAGE

+ MC1543

PINS **
DIM 14 16 18 20
0.310 0.310 0.310 0.310
5 R AMAX | @8n | 78 | 7en | (.87
A MIN 0.290 0.290 0.290 0.290
f\| r,_\_ |f\| ﬁ |_,_\- f\} ﬁ (7,37) (7,37) (7,37) (7,37)
0.785 0.785 0.910 0.975
T B MAX (19,94) | (19.94) | (23,10) | (24.77)
) C
0.755 0.755 0.930
i L (19.18) | (1918)| — | (23.62)
PAVAVEAVEAVLVAY C MAX 0300 | 0300 | D300 | 0300
1 7 (7,62) (7,62) (7,62) (7,62)
ggigq fi] C MIN 0.245 0.245 0.245 0.245
(1.14) 6.22) | (622) | (622) | (6.22)
0.100{2,54)
—» 0.070 (1,78) 0.020 (0,51) MIN A
0.200 (5,08) MAX |r[' '1|‘|
|
|| _v ¢ Seating Plane ||_|| I'jl
|
T e (3,30) MIN I I\
U U u
_,‘ |._ I 'I
[0.100 (2,54) | I | e
||I —p 4 015
u 0.023 (0,58) fl '
0.014 (0,36) |
0.015(0,38) ol o i) R
0.008 (0,20) —
NOTES: A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a ceramic lid using glass frit.
D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
E. Falls within‘MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18, GDIP1-T20, and GDIP1-T22.
Version 1.0 WWW _MICROCELL IC COM
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PINS
o 14 16 18
Y R 0775 | 0775 | 0920 | D975
< A s (19.69) | (1969) | (2337 | (2477
16 9 I 0745 | 0745 | 0850 | D.940
A (18.92) | (18.92) | @159) | (23.88)
— 0.260 (5,60)
0.240 (5,10)
J L b L e JoL \_.,_l L \_.rJ LU] LUJ L ‘_J l

8

0.070(1,78) MAX

0.310 (7.,87)
0.290 (7,37)

0.020 (0,51} MIN

A luzuo{suamnx : )
T

—» ’f 0.035 (0,89) MAX

AMMM%H

\ |
|I| —
|
0.021 (0,53
L0 rHToot0 025 @] | 0.010 (0,25) NOM ——p‘llll.‘__

0.015 (0,38)

Seating Plane |

'_._-—-—-—-.._

0.125 (3,18) MIN I

14/18 PIN ONLY

NOTES: A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001 (20 pin package is shorter then MS-001.)
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