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AINO - AIN10:

Analog input. These 11 analog-signal inputs are internally multiplexed. The driving source
impedance should

be less than or equal to 50 W for 4.1-MHz 1/0 CLOCK operation and be capable of slewing the

analog input
voltage into a capacitance of 60 pF.

EEVLTN
CS:

Chip select. A high-to-low transition on CS resets the internal counters and controls and enables
DATA OUT,
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DATA INPUT, and I/0 CLOCK. A low-to-high transition disables DATA INPUT and 1/0 CLOCK
within a setup time.

JiE, R BRI M A R I RE R S, BART 1/O IR, ETRISAE A
HEA I 5] 4 G PR A AR 1O I

DATA INPUT:

Serial-data input. A 4-bit serial address selects the desired analog input or test voltage to be
converted next.

The serial data is presented with the MSB first and is shifted in on the first four rising edges of 1/0
CLOCK.

After the four address bits are read into the address register, /O CLOCK clocks the remaining bits
in order.

AT EAR TN o 4 ALK ER AT M1k kPR A A S i PR DR R i R s . AR AT R
i MSB L5E, {ERT 4 A BT e8iAr . 7EDUAN LA 2 5 e B k25 A7 s HL T, 1/O I Al

GRS 8 4 R AL 751
DATA OUT:

The 3-state serial output for the A/D conversion result. DATA OUT is in the high-impedance state
when CS

is high and active when CS is low. With a valid CS, DATA OUT is removed from the
high-impedance state

and is driven to the logic level corresponding to the MSB/LSB? value of the previous conversion
result. The

next falling edge of 1/0 CLOCK drives DATA OUT to the logic level corresponding to the next
MSB / LSB, and

the remaining bits are shifted out in order.

3 A AD s R it . /£ CS il ey i db T BILIRZS, 4E CS RN lifigm it . 24 CS
A3 280 i i 1 AN e BEL AR D i — IR e 4 2R 1K) MSB/LSB A Y. R —A> 1/0 I B R

BEUTIX S o A2 A R —A MSBILSB 4R (RBAL), HAbEE A2 4 fa i
EOC:

End of conversion. EOC goes from a high to a low logic level after the falling edge of the last 1/0
CLOCK and

remains low until the conversion is complete and the data is ready for transfer.

HeAr 0. i —A> 1O I BF N BRUY 5 EOC M e A AR I ORefer 1) e 58 S B H #E 46 A
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GND:

Ground. GND is the ground return terminal for the internal circuitry. Unless otherwise noted, all
voltage

measurements are with respect to GND.

b

I/0 CLOCK:

Input /output clock. I/O CLOCK receives the serial input and performs the following four
functions:

1. It clocks the eight input data bits into the input data register on the first eight rising edges of 1/0
CLOCK with the multiplexer address available after

the fourth rising edge.

2. On the fourth falling edge of 1/0 CLOCK, the analog input voltage on the selected multiplexer
input begins charging the capacitor array and continues to

do so until the last falling edge of the I/0O CLOCK.

3. It shifts the 11 remaining bits of the previous conversion data out on DATA OUT. Data changes
on the falling edge of 1/0 CLOCK.

4. It transfers control of the conversion to the internal state controller on the falling edge of the last
I/0 CLOCK.

S NN Bl B2 AR SEBL LA T g

1. K5h 8 {or i A Kt 21 A Bl 25 245 A2 5T\ A ETHE R 22 B Uk A7 £ DY A BT

2 FEDUAS R RERT, BB A B ST AR 0 A S TE W OF HAE SR m — A R By B 2 i — HL A
I8

3. UKl 10 A A A R AR (DA SR — Ao CS ¥l it ). Hdase bR L.

4y IR A VO IRPBRR TR WA R B & B0 DR AR 2517

REF + :

Positive reference voltage The upper reference voltage value (nominally VCC) is applied to REF+.
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The

maximum input voltage range is determined by the difference between the voltage applied to this
terminal and

the voltage applied to the REF — terminal.

ZE IR GEF N VCCO).o S REH T IEM S R Z M 2% .
REF - :

Negative reference voltage. The lower reference voltage value (nominally ground) is applied to
REF —.

SE G (IER 5 GND)
VCC:
LR L
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Initially, with chip select (CS) high, 1/0 CLOCK and DATA INPUT are disabled and DATA OUT
is in the

high-impedance state. CS going low begins the conversion sequence by enabling 1/0 CLOCK and
DATA INPUT

and removes DATA OUT from the high-impedance state.

U4 CS EE, 11O el F1 DATA INPUT 5[, DATA OUT mBHA. flige 110 I
fh I DATAINPUT , % DATAOUT MBHAAEM , CS ARLIFaGH:#: .

The input data is an 8-bit data stream consisting of a 4-bit analog channel address (D7-D4), a 2-bit
data length

select (D3-D2), an output MSB or LSB first bit (D1), and a unipolar or bipolar output select bit
(DO) that are

applied to DATA INPUT. The I/O CLOCK sequence applied to the I/0O CLOCK terminal transfers
this data to the

input data register.

HONIEE A 8 MBI . 4G 4 AL A RLEIE LS, (D7 - D4) , 2 R RS (D3
-D2) , MSB or LSB fLcikFt (DL),— 17 A AP AR 4 tH IR (DO) o« 1/O B Biukg ix a4

PEAT NN B 27 A7 4% o
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During this transfer, the /0O CLOCK sequence also shifts the previous conversion result from the
output data

register to DATA OUT. 1/0 CLOCK receives the input sequence of 8, 12, or 16 clock cycles long
depending on

the data-length selection in the input data register. Sampling of the analog input begins on the
fourth falling edge

of the input I/O CLOCK sequence and is held after the last falling edge of the 1/O0 CLOCK
sequence. The last

falling edge of the I/0O CLOCK sequence also takes EOC low and begins the conversion.

FEARAOIERER 1O I ) R T LUCKE e e SR e i 5 | A0 it i 25 A7 b it o 170
B 8, 12,16 I Bl IR, MRk T A A\ B 2 A7 s Bl K RE ARk %

. B ALESIIAS VO B FERIEITAS, fEfa— A /O Wi T FRi ORes . feJa—
ARV R EOC RARTTUh et .

LSS (R

1/0 cycle:

The 1/0 cycle is defined by the externally provided I/O CLOCK and lasts 8, 12, or 16 clock
periods, depending on the selected output data length.

/O INAp EIALE AME T % 52 S0, FF4L 8,12, 0r 16 BRI, H ol - s Bt 1) K

During the 1/O cycle, the following two operations take place simultaneously.

FE VO BRI, LR IR ERAE I Rt

An 8-bit data stream consisting of address and control information is provided to DATA INPUT.
This data is shifted into the device on the rising edge of the

first eight 1/0 CLOCKSs. DATA INPUT is ignored after the first eight clocks during 12- or
16-clock 1/O transfers.

8 frAEE VR, Wilthl, ARG RS, LR\ A ETH B A, £E 12 5 16 I
B PR YT 0 P LI A S

The data output, with a length of 8, 12, or 16 bits, is provided serially on DATA OUT. When CS is
held low, the first output data bit occurs on the rising

edge of EOC. When CS is negated between conversions, the first output data bit occurs on the
falling edge of CS. This data is the result of the previous
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conversion period, and after the first output data bit, each succeeding bit is clocked out on the
falling edge of each succeeding 1/0 CLOCK.

At (L4458, 12, or 16 f) HULHATRAm B im0, 24 CS MIPRFHK, 2H—f7AE
EOC My L FHugiit . Lfth 11 A2A95E /O Ihehdrit o IXANE 2 50 AT A e 45 L

conversion cycle:

The conversion cycle is transparent to the user, and it is controlled by an internal clock
synchronized to I/0 CLOCK. During the conversion period, the

device performs a successive-approximation conversion on the analog input voltage. The EOC
output goes low at the start of the conversion cycle and goes high

when conversion is complete and the output data register is latched. A conversion cycle is started
only after the 1/0 cycle is completed, which minimizes the

influence of external digital noise on the accuracy of the conversion.

e I TR P RS —H TR, =5 10 I BrED el 7eie i 8 R
BYGBLT FINERARBI AR . ERAHRTTG EOC il A WA, HeHai R n 420 w

o IF A Bl S A7 s e BUE . BB AE 11O IR Bl R 45 505 A T 46 LY/ B £
TREA T, DRAER S IERTE.

power up and initialization:

After power up, CS must be taken from high to low to begin an I/O cycle. EOC is initially high,
and the input data register is set to all zeroes. The

contents of the output data register are random, and the first conversion result should be ignored.
To initialize during operation, CS is taken high and is

then returned low to begin the next 1/O cycle. The first conversion after the device has returned
from the power-down state may not read accurately due to

internal device settling.

WG, CS GIUHDAERARLAIFGE—A 11O . EOC HI4G ks, B A\ 37 A as 4
B il A AR REL, E RAEIR R S5 R AL RN . FERRAE T RIAG4E, CS

o WERBRARIR B —k 11O 3] WA FEARA IR (91 (0 55— X e fie vl e ANvEER,  J DA

B B
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data input:

The data input is internally connected to an 8-bit serial-input address and control register. The
register defines the operation of the converter and the

output data length. The host provides the data word with the MSB first.

HH NAE A TR IEFE R 8 A R N ML R ) 7 47498 o i 2T AE A DU T A RN A HE 1 B
JE R MSB/LSB Gk $¢

Each data bit is clocked in on the rising edge of the 1/0 CLOCK sequence

T ANEHROLE 1O I BR B THEEHT N

b N2 A s B i X LB T

Select input channel: D7 D6 D5 D4

AINO 0000
AIN1 0001
AIN2 0010
AIN3 0011
AIN4 0100
AIN5 0101
AING 0110
AIN7 0111
AINS8 1000
AIN9 1001
AIN10 1010

Select test voltage: D7 D6 D5 D4

(Vref+ — Vref-)/2 1011
Vref- 1100
Vref+ 1101
Software power down 1110

Output data length: D3 D2

8 bits 01
12 bits x0
16 bits 11
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Output data format: D1

MSB first 0
LSB first (LSBF) 1

Unipolar (binary): DO
Unipolar (binary) 0
Bipolar (BIP) 2s complement 1

data input address bits:

The four MSBs (D7 — D4) of the data register address one of the 11 input channels, a
reference-test voltage, or the power-down mode. The address bits affect

the current conversion, which is the conversion that immediately follows the current 1/0 cycle.
The reference voltage is nominally equal to Vref+ — Vref—,

Bl N AL H AL B A EIE, 22 0 A F RO TR A7 S 2
AR . ZHRIRIERIERN Vef+ - Vref -

data output length:

A A

The next two bits (D3 and D2) of the data register select the output data length. The data-length
selection is valid for the current 1/O cycle (the cycle in

which the data is read). The data-length selection, being valid for the current 1/0 cycle, allows
device startup without losing 1/0 synchronization. A data

length of 8, 12, or 16 bits can be selected. Since the converter has 12-bit resolution, a data length
of 12 bits is suggested.

I T RS L O 12 A i AR B A B 12 A7

With D3 and D2 set to 00 or 10, the device is in the 12-bit data-length mode and the result of the
current conversion is output as a 12-bit serial data

stream during the next 1/0O cycle. The current I/O cycle must be exactly 12 bits long for proper
synchronization, even when this means corrupting the output

data from a previous conversion. The current conversion is started immediately after the twelfth
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falling edge of the current I/O cycle.

With bits D3 and D2 set to 11, the 16-bit data-length mode is selected, which allows convenient
communication with 16-bit serial interfaces. In the 16-bit

mode, the result of the current conversion is output as a 16-bit serial data stream during the next
I/0 cycle with the four LSBs always reset to 0 (pad

bits). The current 1/O cycle must be exactly 16 bits long to maintain synchronization even when
this means corrupting the output data from the previous

conversion. The current conversion is started immediately after the sixteenth falling edge of the
current I/O cycle.

With bits D3 and D2 set to 01, the 8-bit data-length mode is selected, which allows fast
communication with 8-bit serial interfaces. In the 8-bit mode, the

result of the current conversion is output as an 8-bit serial data stream during the next 1/0 cycle.
The current 1/0 cycle must be exactly eight bits long to

maintain synchronization, even when this means corrupting the output data from the previous
conversion. The four LSBs of the conversion result are truncated

and discarded. The current conversion is started immediately after the eighth falling edge of the
current I/O cycle.

Since D3 and D2 take effect on the current 1/0 cycle when the data length is programmed, there
can be a conflict with the previous cycle when the data-word

length is changed from one cycle to the next. This may occur when the data format is selected to
be least significant bit first, since at the time the data

length change becomes effective (six rising edges of /0 CLOCK), the previous conversion result
has already started shifting out.

In actual operation, when different data lengths are required within an application and the data
length is changed between two conversions, no more than one

conversion result can be corrupted and only when it is shifted out in LSB-first format.

£ LSB-first k&3~ AL — Uk 3 e AR o

sampling period:

-10-
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During the sampling period, one of the analog inputs is internally connected to the capacitor array
of the converter to store the analog input signal. The

converter starts sampling the selected input immediately after the four address bits have been
clocked into the input data register. Sampling starts on the

fourth falling edge of 1/0 CLOCK. The converter remains in the sampling mode until the eighth,
twelfth, or sixteenth falling edge of the 1/0 CLOCK depending

on the data-length selection. After the EOC delay time from the last /O CLOCK falling edge, the
EOC output goes low indicating that the sampling period is

over and the conversion period has begun. After EOC goes low, the analog input can be changed
without affecting the conversion result. Since the delay from

the falling edge of the last I/0 CLOCK to EOC low is fixed, time-varying analog input signals can
be digitized at a fixed rate without introducing systematic

harmonic distortion or noise due to timing uncertainty.

E VYA LA 3126 N iy N K 25 A7 4% oh 5 RAESLRIIF 4R « SRAELE 1/0 CLOCK. 28 PYA LTt
TG, RAEB R RF B 34 B KRB E . 1 EOC BN J5 EOC A2 AILHR 7 KA A I 45 i
2

e IR . EOC A2 A IG5 Bt i N B v] LU 3 0 A7 R ) e 4 45 2R

After the 8-bit data stream has been clocked in, DATA INPUT should be held at a fixed digital
level until EOC goes high (indicating that the conversion is

complete) to maximize the sampling accuracy and minimize the influence of external digital noise.

15 8 ML BT A5G, DATA INPUT N4 GREFAE— M E 1 FE~F L2 EOC A2 4 =
(FR7RBAHR A LU RERIY ARAE A HERA L /N S8 10 B 7 W s

data register, LSB first:

D1 in the input data register (LSB first) controls the direction of the output binary data transfer.
When D1 is reset to 0, the conversion result is shifted

out MSB first. When set to 1, the data is shifted out LSB first. Selection of MSB first or LSB first
always affects the next 1/0 cycle and not the current

-11 -
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I/0 cycle. When changing from one data direction to another, the current 1/0O cycle is never
disrupted.

data register, bipolar format:

DO (BIP) in the input data register controls the binary data format used to represent the conversion
result. When DO is cleared to 0, the conversion result

is represented as unipolar (unsigned binary) data. Nominally, the conversion result of an input
voltage equal to Vref-is a code of all zeros (000 . . . 0),

the conversion result of an input voltage equal to Vref+ is a code of all ones (111 . . . 1), and the
conversion result of (Vref + + Vref-) /2 is a code of

a one followed by zeros (100. .. 0).

ek B R A I . Vref - 25F-000...0 , Vref+ Z5F 111...1 . (Vref + + Vref
)12 %F100. .. 0.

When DO is set to 1, the conversion result is represented as bipolar (signed binary) data.
Nominally, conversion of an input voltage equal to Vref-is a

code of a one followed by zeros (100 . . . 0), conversion of an input voltage equal to Vref+ is a
code of a zero followed by all ones (011 ... 1), and the

conversion of (Vref+ + Vref=) /2 is a code of all zeros (000 . . . 0). The MSB is interpreted as the
sign bit. The bipolar data format is related to the

unipolar format in that the MSBs are always each other’s complement.
BRSRVCE AT 55 1% U MSB O 5547

Selection of the unipolar or bipolar format always affects the current conversion cycle, and the
result is output during the next 1/0O cycle. When changing

between unipolar and bipolar formats, the data output during the current 1/0 cycle is not affected.

Heya i SKBLE ir e BRI, RIE S — R . BEER T VO I BRI A Z

AR
EOC output:

The EOC signal indicates the beginning and the end of conversion. In the reset state, EOC is
always high. During the sampling period (beginning after the

-12 -
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fourth falling edge of the I/O CLOCK sequence), EOC remains high until the internal sampling
switch of the converter is safely opened. The opening of the

sampling switch occurs after the eighth, twelfth, or sixteenth 1/0 CLOCK falling edge, depending
on the data-length selection in the input data register.

After the EOC signal goes low, the analog input signal can be changed without affecting the
conversion result.

EOC J8/R 4T IE LS R . EALIRA N EOC M. 76 RFEAW EOC 1445 m B 3 A % ¥
FERATIF. BB TF ICHT FFAE eighth, twelfth, or sixteenth 1/0 CLOCK R[4, Wy T3k

FKEEMBEE . 7£ EOC {5 5 A MR LR B AR 5 AT LA S i AN e jE e 455 (A
B R

The EOC signal goes high again after the conversion is completed and the conversion result is
latched into the output data register. The rising edge of EOC

returns the converter to a reset state and a new 1/O cycle begins.

Feat 55 R VA EOC 15 5 BEHT AR iy o B4 4 R A7 2% Hh s 7 A HH . EOC 1 BT HIT
e s e o SALIRZS, BT 110 TR

On the rising edge of EOC, the first bit of the current conversion result is on DATA OUT when CS
is low. When CS is negated between conversions, the first

bit of the current conversion result occurs at DATA OUT on the falling edge of CS.

EOC ) LTHHY, Bt s B EE— 7 DATA OUT 5l 5545 CS A I 4t . AEf6 4t
FEFF Y CS AL, TS RV — (L 1 BLAE CS _ETHET DATAOUT L.

data format and pad bits:

D3 and D2 of the input data register determine the number of significant bits in the digital output
that represent the conversion result. The LSB-first bit

determines the direction of the data transfer while the BIP bit determines the arithmetic conversion.
The numerical data is always justified toward the MSB

in any output format.

The internal conversion result is always 12 bits long. When an 8-bit data transfer is selected, the
four LSBs of the internal result are discarded to provide

-13-
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a faster one-byte transfer. When a 12-bit transfer is used, all bits are transferred. When a 16-bit
transfer is used, four LSB pad bits are always appended

to the internal conversion result. In the LSB-first mode, four leading zeros are output. In the
MSB-first mode, the last four bits output are zeros.

When CS is held low continuously, the first data bit of the newly completed conversion occurs on
DATA OUT on the rising edge of EOC. When a new conversion is

started after the last falling edge of 1/0 CLOCK, EOC goes low and the serial output is forced to a
setting of 0 until EOC goes high again.

M CS DREF AR, OB e e e (B (K 5 — A2 AE EOC _EJHiT R ILAE DATAOUT L. *43fT
—RFHITIRIS, EOC AN, SRATHudlati th #omAT B E B 0, HE| EOC FH-IAZ B o

When CS is negated between conversions, the first data bit occurs on DATA OUT on the falling
edge of CS.

On each subsequent falling edge of I/0 CLOCK after the first data bit appears, the data is changed
to the next bit in the serial conversion result until the

required number of bits has been output.

BB R, 2R B AL

chip-select input (CS):

CS enables and disables the device. During normal operation, CS should be low. Although the use
of CS is not necessary to synchronize a data transfer, it can

be brought high between conversions to coordinate the data transfer of several devices sharing the
same bus.

IEHF SR CS Ak,

When CS is brought high, the serial-data output is immediately brought to the high-impedance
state, releasing its output data line to other devices that may

share it. After an internally generated debounce time, 1/0 CLOCK is inhibited, thus preventing
any further change in the internal state.

CS BLE y I FR AT HH 5 IR0 B R e BELAS ey i a2 AL A B A T Bt 46

-14 -
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When CS is subsequently brought low again, the device is reset. CS must be held low for an
internal debounce time before the reset operation takes effect.

After CS is debounced low, 1/0 CLOCK must remain inactive (low) for a minimum time before a
new I/O cycle can start.

2 CS B E NI AR, B AT

CS can interrupt any ongoing data transfer or any ongoing conversion. When CS is debounced low
long enough before the end of the current conversion cycle,

the previous conversion result is saved in the internal output buffer and shifted out during the next
1/0 cycle.

CS ] DA WA An] A b OB A sl e e AESEHRRISTI N 2R CS AL 51 1 I 1) 1
JRARIN S 5 AT e R 45 SR AR DR A AR B A7 X N OF FLAE R —A> 110 JA W

power-down features:

When a binary address of 1110 is clocked into the input data register during the first four 1/O
CLOCK cycles, the power-down mode is selected. Power down is

activated on the falling edge of the fourth 1/0 CLOCK pulse.
MHLHE P AP AR AT N 1110 B, P BRI R

During power down, all internal circuitry is put in a low-current standby mode. No conversions
are performed, and the internal output buffer keeps the

previous conversion cycle data results provided that all digital inputs are held above VCC - 0.5 V
or below 0.5 V. The I/O logic remains active so the

current I/O cycle must be completed even when the power-down mode is selected. Upon power-on
reset and before the first 1/0 cycle, the converter normally

begins in the power-down mode. The device remains in the power-down mode until a valid input
address (other than 1110) is clocked in. Upon completion of that

1/0 cycle, a normal conversion is performed with the results being shifted out during the next 1/0
cycle.

PR N AN SR, WAL R AF X N b O TR A5 R AT AN S | IO
1 VCC - 0.5V EFHLT 05V, /0 I3REER, Fr AT il /O AT 25T 56 1k

WA EE R FE A WA He=[(Vref+)-(Vref - )]* &4 [ {£/4096
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