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DATA TYPES TL520, TL521, TL622

ACQUISITION CMOS ANALOG-TO-DIGITAL CONVERTERS
CIRCUITS WITH 8-CHANNEL MULTIPLEXERS
02666, SEPTEMBER 1982 —REVISED SEPTEMBER 1983
® Total Unadjusted Error at 85°C: N DUAL-IN-LINE PACKAGE
TL520 ... +3/4 LSB MAX (TOP VIEW}
Moz sl e TP oo
s cLocK [Jz  27{] START CONVERSION
8-Bit Resolution 2-23 26[]2-1MsB
DIGITAL
2-4 2-3 DIGITAL
Built-in 8-Input Analog Multiplexer QUTPUTS 2—6 E; zi% -5 OUTPUTS
Minimum Conversion Time: tsB2-8([Js 23[)2-7
TL520...70 us OUTPUT ENABLE l:7 22 :] END OF CONVERSION
TL521 ... 100 us REF— (|8 21[]J REF+
TL522 ... 200 ps INPUT 1 [Jo  20{] ADDRESS STROBE
. . . INPUT 2 [0 19[] ADDRESS A
® Ratiometric Conversion INPUT 3 (11 18[] ADDRESS 8
® Guaranteed Monotonicity INPUT 4 [Jt12  17[] ADDRESS C
L INPUT 5 |13 16[] INPUT 8
® No Missing Codes INPUT 6 [J1a 15[ INPUT 7
® Easy Interface with Microprocessors
® Latched 3-State Outputs
® Latched Address Inputs
® Single-Supply Operation
TL520, TL521...5V
TL622 ...3V
® Low Power Consumption
TL520, TL521 . .. 2.5 mW Typical
TL522 ... 0.3 mW Typical
description

The TL520, TL521, and TL522 are monolithic CMOS devices each with an 8-channel multiplexer, and 8-bit analog-to-
digital (A/D) converter, and microprocessor-compatible control logic. The 8-channel muitiplexer can be controlled by
a microprocessor through a 3-bit address decoder with address load to select any one of eight single-ended analog
switches connected directly to a comparator. The 8-bit A/D converter uses a binary-weighted capacitor array to
implement the high-speed, successive-approximation conversion technique.

The comparison and conversion methods used eliminate the possibility of missing codes, nonmonotonicity, and the
need for zero or full-scale adjustment. Also featured are latched 3-state outputs and latched inputs to the muitiplexer
address decoder. The single 5-volt supply and low power requirements make the TL520 and TL521 especially useful
for a wide variety of applications. The 3-volt and low power requirements make the TL522 especially useful for battery
and LCD applications. Ratiometric conversion is made possible by access to the reference voltage input terminals.

The TL520, TL521, and TL522 are characterized for operation from —40°C to 85°C.

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

Supply voltage, VoG (see Note 1) ... ...t 6.5V
Positive reference input voltage range, VREF+ . . ... ... ..o iuiureanneennnnn VREF- to Vgg + 0.3V
Negative reference input voitage range, VREF— (see Note 1) ................ ... -0.3 V to VREF +
Input voltage range: all other INpUts . . .. ... ... -0.3VtoVee + 0.3V
Continuous total dissipation at 25 °C free-air temperature (see Note 2) ... ............... .. ... 1250 mwW
Operating free-air 1empPerature FaNGE . . .. . ... ..o vvmrn o e oot —40°C to 85°C
Storage teMPEratUre FAMQE . . . . .« o .o v v v v e n o cn e e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds . ...................ohnvnns 260°C
NOTES: 1. All voltage values are with respect to network ground terminal.

2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2.

Copyright © 1982 by Texas Instruments Incorporated
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TYPES TL520, TL521, TL522
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

uonisinboy eieq

functional block diagram (positive logic) MULTIPLEXER FUNCTION TABLE
INPUTS SELECTED
ADDRESS ADDRESS | ANALOG
C B A | STROBE | CHANNEL
L L L ' 0
L L H t 1
L K L t 2
L H H t 3
BINARY-WEIGHTED HooLotL t 4
CAPACITORS H L H t 5
H H L 1
(21) 6
REF+ o SWITCH H H H t 7
REF—
MATRIX H = high jevel, L = low level
t = low-toni )
THRESHOLD low-to-high transition
_ {9
ol9 | . DETECTOR | 6) , 8 (s
(10} (23) -7
! 8} .6
L) (1201 2
12)] ANALos LC’AL;_‘;:’E‘; [ 124) -5 DIGITAL
ANALOG J3—— MULTI- | @) ,4 OUTPUTS
INPUTS (13) PLEXER (25) -3
47 3) o2
114) TIMING 126) >
5 — L. ' AND EN 2<2) >-1 (msB)
o118 CONTROL (22):END OF
— CONVERSION
S118)
4
crock 2 1
START convension {27
ouTpuT ENABLE 1
(19)
ADDRESS Ao
ADDRESS B——f ADDRESS
ADDRESS c% DECODER
ADDRESS STROBE {2244,
internal timing sequence
1 2 3 4 5 6 7 8 22 24 26
cLock —LULrre
INTERNAL START l —5 —
SAMPLE AND HOLD —
(CAPACITOR CHARGE) _ 5 ¢

~

CONVERSION INTERVAL —1
{26 CLOCK CYCLES}

I

DATA LATCH

DIGITAL QUTPUT :’——HI-Z-STATE — &
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TYPES TL520, TL521, TL522
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

TL520, TL521 recommended operating conditions

TL520 TL521 UNIT
MIN  NOM  MAX MIN  NOM  MAX
Supply voltage, Veo 3 5 5.5 3 5 5.5 v
Positive reference voltage, VREF + 3 Vee 3 Vee Vv
Negative reference voltage, VREE — 0 0.3 0 0.3 \
Supply voltage relative to VRer + (VCC - VREF+!) 0 1 0 1 \'
Analog input voltage (see Note 3} VREF — VREF+| VREF- VREF + Y
High-level control input voltage, V|4 [VeC = 4.75 V Vee-1.8 Vee-1.6
Low-level control input voltage, Vi |Vcc = 475V 1.5 1.5 A
VREF+ = 5V 260 370 200 260
Clock frequency, felock VREF+ = 3V 300 700 kHz
Conversion time, tcony Vee = VREF+ =5V 70 100 us
Duration of start pulse, ty(s) 100 100 ns
Duration of address strobe puise, tw(AS) 200 200 ns
Address setup time, tg, 50 50 ns
Address hald time, ty 50 50 ns
Input voltage hold time 8 8 CI?Ck
periods
Operating free-air temperature, Ta -40 85 -40 85 °C

TL522 recommended operating conditions

MIN NOM MAX UNIT
= o 0
Supply voltage, Vc isee Note 4) I: ; 8:;22:8:) :"C 2'735 3 :: \
Positive reference voltage, VREF + Isee Notes 3 and 4) 2.75 vee v
Nagative reference voltage, VREF - (see Note 3) 0 0.3 \'
Supply voltage relative to VRer +, VCC — VREF + 0 1 v
Analog input voltage (see Note 3) VREF - VREF + v
High-level control input voltage, Vi 0.7Vee v
Low-levet contral input voltage, V(L 0.3Vee v
VREF+ =5V 100 260
Clock frequency, fclock ’\72_2£+ = 2.75 V (see Note 4) 100 130 kHz
Conversion time, tgony (see Note 5) 20C us
Duration of start pulse, ty(S) 800 ns
Duration of address strobe pulse, tyw(AS) 800 ns
Address setup time, tg,, 200 ns
Address hold time, th 150 ns
Input voltage hold time 8 clock
periods
Operating free-air temperature, T [see Note 4} -40 85 °C

NOTES: 3. Anslog input voltage greater than VRgF 4+ converts as all highs and less than VRgr — converts as all lows.
4. For proper operation af TL522 at free-air temperaturés-balow U°C, Ve and differential reference voltage {VRgr + — VRgF—) must never be
T

less than 3 volts.

6. Conversion time is a function of clock frequency, with 200 us corresponding to a maximum clock frequency of 130 kHz.
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TYPES TL520, TL521

CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

TL520, TL521 electrical characteristics over recommended operating free-air temperature range,
Vee = 4.5V to 5.25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN _TYPT MmAX | uNIT
VoH High-leve! output voltage lg = —360 pA 4 v
VoL Low-level output voltage Igp = 1.6 mA 0.4 )
Off-state {(high-impedance Vo =5V 1
loz — wA
state) output current Vo = 0 -1
High-level trol
I righ-ievel contro V) = Veg + 0.3V 1| A
input current
Low-level control
| V=0 -1
i input current ! wA
Peak log i t
: ea at"(a °8 '::,’:g) Vee = VREF4 =BV, Vj= 25V 5 10 ;A
liop} current foperatl folock = 200 kH Ta = 25°C T
{see Note 6] clock R i A
\ =8V, Vi=56V 10 200
Analog input TCC— 2-;°C V' [ 10 -200 nA
i t (standb AZ = -
fstdoy) ::""e:l t‘: ;;‘ v VoG = 6V, vV, =5V . 1 N
see o TA = 85°C V=0 = s
A |
; Supply current REF + and REF — terminals open, 10 50
cc (see Note B} folock = 200 kHz A
V‘ v =V =5V, VRgr_ =90,
Supply current plus § (I:Ck _ SS(F)T(Hz REF a5 1
clock =
I
cC + IREF+ :efere:\‘ncé cat.llrrent Voo = VRers S 3V VR - = o, mA
see Nof
felock = 100 kHz 01
TAll typical characteristics are at Voc = 5 V and Ty = 25°C {unless otherwise specified}
NOTES: 6. I,(op) is measured on a selected channel anq decays exponentially during the first clock pulse.
7. liistdby) is measured on a selected channel with the clock input at 0 V.
8. Cument increases linearly with frequency of the clock at the rate of approximately 10% per 100 kHz.
TL520, TL521 operating (}I’aracteristics, Ta = 2b6°C, Vcc = VREF+ = 5 V. VREF- = 0,
felock = 370 kHz for TL520 and 260 kHz for TL521 (unless otherwise noted)
TL520 TL521
PARAMETER TEST CONDITIONS UNIT
MIN TYP¥ MAX | MIN TYP! MAX
Supply voitage Vge = VREF+ = 475V to
ki 0.05 0.05 %/V
svs sensitivity 5.25 V !
Linearity error (see Note 9} +0.25 +0.5 LSB
Origin error (see Note 9) +0.25 +0.25 LSB
Total unadjusted Ta = 25°C +0.268 0.5 +0.5 LsB
error (see Note 9) Ta = —40°C to 85°C +0.76 +1
ten Output enable time Cp = 50 pF 100 250 100 ns
tdis Output disable time Cy = 10 pF, R = 10 kD2 100 250 100 ns
Delay time, end-of-
t | 100 o 100
d(EOC-L) conversion output ne

tTypicaI values for all except supply voltage sensitivity are at Voo = & V.
NOTE 9: All errors are measured with reference to an ideal straight-line transfer curve fram 8.8 mV to 4.98 V with REF+ = V.
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TYPE TL522
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

TL522 electrical characteristics over recommended operating free-air temperature range,
Vee = 3V to 5.25 V, felock = 125 kHz (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPY MAX | uNIT
lop = -1uA Vge—-0.06
. Vee = 275V, 10 = -0.1 mA,
VOH High-level output voltage Ta = 0°C 10 85°C 2.35 \Y
lop = -0.36 mA, Ve =56V
lo = 1A 0.05
Vee = 278 v, o = 0.4 mA,
VoL Low-level output voitage T§c= 0°C to 85°C ¢ 0.4 A
Vee =5V, Ip = 1.6 mA 0.4
| Off-state (high-impedance Vee = 5.26 V, Vo =55V 1 A
0z state} output current Vo =0 -1 ¥
IiH High-lavel input current Vee = 8.26V, | Vi =586V 1 wA
L Low-level input current V=0 -1 A
Peak analog input current Vee = VREF+ =3V, V=15V,
Ntop) . -5 -10 uA
(operating} (see Note 6} fclock = 125 kHz, Ta = 25°C
) Vee =3V, Vp =3V 10 200
Anal t
nalog fnp! Ta = 25°C Vi =0 10 —200 | ™
litstdby) current Voo =3V V=3V 7
Note 7 !
(sea Note 7) T = 85°C Vi =0 ]
Icc Supply current from Vcc1 REF+ and REF - terminals open 10 50 A
Vee =V =5V, VRer- =0,
Supply current plus § cc REF + REF a.5
Icc + Igeg  reference current clock = 200 kHz mA
: Vee = V =3V, VRer- =0,
(see Note 8} P fck _ 1R§§T<Hz REF 0.1 0.2
clock =
[oF Input capacitance 10 pF
Co Output capacitance 10 pF

NOTES: 6. 'Hop) is measured on a selected channel and decays exponentially during the first clock pulse.

7. 'Nsldby) is measured on a selected channel with the clock input at O V.

8. Current increasas linearly with frequency of the clock at the rate of approximately 10% per 100 kHz.

. gl c
TL522 operating characteristics, Ta = 25°C, VREF+ = 3V 10 5.5 V, VREF- = 0, fclock = 130 kHz =)
{unless otherwise noted) =
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT -‘-31-,
ksvs Supply voltage sensitivity 0.05 %/V o
Linearity error (see Note 9) +0.25 LSB Q
Origin error {see Note 9} +0.25 LSB <
Total unadjusted error Vee = 275V, Ta = 0°Cto 70°C +0.26 0.5 LSB [
(see Note 9) TA = - 40°C to 85°C +0.25 0.5 ‘6
ten Output enable time CL = 50 pF, A = 10k 0.7 1 us (o)
tdis Output disabie time CL = 10pF, R = 10k 0.6 0.8 us
Delay time, and-of-
| 0 100 ns
d(EOC-L) conversion output 7
TAll typical values are at Voc = 3 V, Ta = 25°C {unless otherwise noted)
NOTE 9: Al errors are measured with reference ta an ideal straight-line transfer curve from 9.8 mV to 4.99 V with REF+ = V¢e.
1083
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TYPES TL520, TL521, TL522
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

timing diagram

ADDRESS 505, 0
STROBE 07/ \50% At $¢
L4

le——p-twias)

START i
CONVERSION ¥ Xsm 1
»
f—ptw (S)

' 4% —
| INPUT STABLE

5 X :
I a4 ’

|
END OF *50% *50%
rgl L
LA -y I
|
|

ANALOG INPUT :X DON'T CARE

CONVERSION i
| |
—>l—tq(eoc L) H
OUTPUT
ENABLE $¢ 3 50% 50%
>t ton la—ph-tais
DIGITAL OUTPUTS PP g0 0% F 90%
VALID DAT }——
2—1 THROUGH 28 HIGH IMPEDANCE o T 0% » A £10%
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TYPES TL520, TL521, TL522
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

PRINCIPLES OF OPERATION

timing diagram

The analog multiplexer selects 1 of 8 single-ended input channels as determined by the input address code. The address
strobe transfers and latches the address into the decoder on the positive-going edge of the signal. The output latch
is reset by the postivie-going edge of the start pulse. Sampling aiso starts with the positive-going edge of the start
pulse and lasts for 8 clock periods. The conversion process may be interrupted by a new start pulse before the end
of 24 clock periods. The previous data will be lost if a new start of conversio occurs before the 24th clock pulse.
Continuous conversion may be accomplished by connecting the end-of-pconversion output to the start input. If used
in this mode an external pulse should be applied after power up to assure start up.

converter

wl wl ml el oL

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

In the next phase of the conversion process, all ST and S switches are opened and the threshold detector begins
identifying bits by identifying the charge (voitage) on each capacitor relative to the reference voltage. In the switching
sequence, all eight capacitors are examined separately until all 8 bits are identified, and then the chargs-convert sequence
is repeated. In the first step of the conversion phase, the threshold detector looks at the first capacitor {weight = 128},
Node 128 of this capacitor is switched to the reference 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 the reference voltage), a bit is placed in the output register, and the 128-weight
capacitor is switched to REF —. If the voltage at the summing node is less than the trip paint of the threshold detector,
this 128-weight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit-counting)
process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so forth down the line,
until all bits are counted. :

With each step of the capacitor-sampling process, the initial charge is redistributed among the capacitors. The conversion
process is succcessive approximation, but relies on charge shifting rather than a successive-approximation register
{and reference D/A) to count and weigh the bits from MSB to LSB.

Sc

THRESHOLD
DETECTOR

TO
OUTPUT
LATCHES

AN ENEN)

NODE
128
tﬁEF‘# t:EF'* REF+ tzEF# t:EF+ t:EF* t:EF+ t‘REF-#
oal ol rohl real bl okl okl Rl %
REF-— REF- REF- REF- REF— REF— REF - REF- REF-
ST St St St St St St St St
bl 11T 1T 1T 7 7 717

FIGURE 1-SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM

iIsttion

Data Acqu

~

Texas
INSTRUMENTS

POST OFFICE BOX 226012 @ DALLAS, TEXAS 76266

7-73



TYPES TL520, TL521, TL522

CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

TYPICAL APPLICATION INFORMATION

The TL520, TL5621, and TL522 are CMOS devices using charge redistribution to achieve A/D conversion. In typical
applications as a ratiometric conversion system for a microprocessor, REF — will be connected to ground and REF +
will be connected to Vcc. The output will then be a simple proportional ratio between the analog input voltage and
V¢ (Figure 3). The general relationship is

where

Latchup may overheat and destroy the device and may occur by either of two kinds of circumstances: out of range
reference voltages or by incorrect power-up sequence. VREF + should not be more positive than V¢ by more than
300 millivolts or VReF — should not be more negative than GND by more than 300 millivolts. Apply V¢ before either
of the reference voltages. The advantage of the compressed reference potential is that the full B-bit resolution applies
to be compressed voltage range (Figure 4). However, the cautions mentioned above must be observed. Operation
at voltages down to V¢ = 3 volts is possible but limits the frequency to 100 kilohertz maximum and thus conversion
time to 260 microseconds minimum. Interface for the common microprocessors is shown in Figure 2.

VREF -

Dout -

Vin

28 VREF+ - VREF -
Dout = decimal value of binary output word
Vin = analog input voltage

VREF+ = positive reference voltage = Ve

negative reference voltage = VGND

MICROPROCESSOR INTERFACE TABLE

PROCESSOR | READ WRITE INTERRUPT (COMMENT}
TMS$7000 RD WR EINT

TMS9900 MEMEN WE INTREQ

8080 MEMR MEMW INTR {Thru RST Circuit}

8085 RD WR INTR ({Thru RST Circuit}

2-80 RD WR INT (Thru RST Circuit, Mode 0)
SC/MP NRDS NWDS SA (Thru Sense A}

6800 VMA +2 R/W [VMA +2 R/W [IRQA or IRQ8B (Thru PIA)

-]
~*
o 200 kHz Voo
> L— CLK REF+ |- +V SUPPLY
2 WRITE START
' > AS EOC INTERRUPT
73 ADDRESS ADO
E: DECODE AD1
) AD2
= AEAD OE 28 |
INPUT 1 : DATA
7 ANALOG : 8us
INPUTST . 21 b
INPUT 8 REF—
=
T The full-scale valua of the analog input voltage can be shifted batwsen 3 vaits and 6.5 volts by varying VREF - and Ve, but only 5 volts guarantees TTL
compatibility.
FIGURE 2 — TYPICAL MICROPROCESSOR APPLICATION
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1183

TYPES TL520, TL521, TL522
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

TYPICAL APPLICATION INFORMATION

BINARY CONVERSION CUAVE
5V SUPPLY o—I—a‘vcc A/D OUTPUT
REF+ CODE
L TR T T T T T
| REF— 28— )
L |
200 kHz ———$> CLK 27— !
SEE START H !
OPERATING CONV 26 3
SEQUENCEQ ___| . L
DIAGRAM OE 25— D:::.I:L X
ADDRESS STROBE T 2-4 f—— 0111 I o m e !
OUTPUTS ‘ '
< INPUT 1 2-3— F ! !
TRANSDUCER ADA g—2f— I ! 3
001¢ — ADB 2-1— | | |
I I
—] ADC | |
EOC— 00000000 . )
GND o] 2500 5000
= INPUT VOLTAGE — mV
RESOLUTION = 19.5 mV
FIGURE 3 — RATIOMETRIC SYSTEM
BINARY ; COMPRESSED CONVERSION CURVE*
| QuUTPUT
5V SUPPLY vee AD CODE
40v REF+ 11119111 — - - oo - -
0.16 V ————4 REF— 28— I
200 kHz ;> cLk 2-7}— L
—STaRT I
g J IR 2 »
DIAGRAM °E 2-5 D'__',‘:'::'- 10000000 b ~~— ~ - - .
ADDRESS STROBE D> As gt p—— OUTPUTS | '
< - INPUT 1 23— | !
TRANSDUCER ] aoa g2 ;
| "
0014 ——jADe 21— i_2080mV
— abnc 00000000 -
eoc p— 0 1000 2000 3000 4000 5000
b GND INPUT VOLTAGE — mV

RESOLUTION = 15 mV

NOTE: Input voltage below VRgF — converts as all zeros
Input voltage above VRgfg 4 converts as all bnes

*Equivalant to 3-bit resolution over a 5-V range

FIGURE 4—COMPRESSED RATIOMETRIC SYSTEM
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