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TLCO820A, TLC0820B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH" TECHNIQUES

02873, SEPTEMBER 1986 —REVISED FEBRUARY 1989

® Advanced LinCMOS™ Silicon-Gate ALL TYPES . . . DW OR N PACKAGE
Technology TLCO820_M . .. J PACKAGE
. (TOP VIEW)
® 8-Bit Resolution \ T81-19- 08
. . ancg N[ U0 vee
. Differential Reference Inputs sey ooz - 19fINC
® Parallel Microprocessor interface pig3s 18] OFLW
17
® Conversion and Access Time Over gg E; 1 6% g; (MSB)
Temperature Range s 1
Write-Read Mode . . . 1.18 s and 1.92 us e Ej :% o
Read Mode . . . 2.5 us Max RO e 130]TS
® No External Clock or Oscillator Components INT (9 123REF+
Required v GND [Jio 11 JREF-
® On-Chip Track-and-Hold TLCOB20_M . . . FK PACKAGE
® Low Power Consumption . . . 50 mW Typ TLC0820__), TLCO820_C . . . FN PACKAGE
) ADC0820__Cl, ADC0820_C . . . FN PACKAGE
® Single 5-V Supply © {TOP-VIEW)
® TLCO820B is Direct Replacement for ‘
National Semiconductor ADCO820B/BC and
Analog Devices AD7820L/C/U;
TLCO820A is Direct Replacement for
National Semiconductor ADC0820C/CC and
Analog Devices AD7820K/B/T D2 OFLW
) D3 D7 {MSB)
description WR/RDY Dé
MODE D5
The TLCO820A, TLC0820B, ADC08208B, and fD D4
ADCO0820C are Advanced LinCMOS™ 8-bit 9 10
" analog-to-digital converters each consisting of ":“;"_”"' =
two 4-bit ““flash”’ converters, a 4-bit digital-to- z =40 13
analog converter, a summing (error) amplifier, OEE

control logic, and a result latch circuit. The .
modified ‘‘flash’’ technique allows low-power
integrated circuitry to complete an 8-bit
conversion in 1.18 us over temperature. The on-
chip track-and-hold circuit has a T00 ns sample
window and allows these devices to convert
continuous analog signals having slew rates of
up to 100 mV/us without external sampling
components. TTL-compatible three-state output
drivers and two modes of operation allow
interfacing to a variety of microprocessors.
Detailed information on interfacing to most
popular microprocessors is readily available from
the factory.

NC —No internal connection

The M-suffix devices are characterized for operation over the full military temperature range of —~55°C
to 125 °C. The |-suffix devices are characterized for operation from —40°C to 85 °C. The C-suffix devices
are characterized for operation from 0°C to 70°C. See Available Options.

Advanced LinCMOS is a trademark of Texas Instruments Incorporated.

current as of publication date. Products conferm te
spacifications per the terms of Texas Instruments
standard warranty. Production processing does not
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TLCO820A, TLCOB20B, ADCO820B, ADC0820C ~ 1 I
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 7-87-/0 -O5
" CONVERTERS USING MODIFIED “FLASH" TECHNIQUES

AVAILABLE OPTIONS

SYMBOLIZATIONT OPERATING TOTAL
BEVICE PACKAGE TEMPERATURE UNADJUSTED

SUFFIX RANGE ERROR
TLCO820AC DW, FN, N 0°C to 70°C +1LSB
TLCO820AI DW, FN, N -40°C to 85°C +1LSB
TLCOB20AM | DW, FK, J,.N -565°C to 125°C +1 LSB
TLCOB208BC DW, FN, N 0°C to 70°C +0.5 LSB
TLCOB20BI DW, FN, N —40°C to 85°C +0.5 LSB
TLCOB208M DW, FK, J. N -b65°C to 1256°C +0.5 LSB
ADC0820BC DW, FN, N 0°C to 70°C +0.5 LSB
ADCO820BCI | DW, FN, N -40°C to 85°C +0.5 LSB
ADC0820CC | DW, FN, N 0°C to 70°C +1 LSB
ADCO820CCI | DW, FN, N —-40°C to B5°C +1LSB

TIn many instances, these ICs may have both TLC0820 and ADC0820 labeling
aon the package.

functional block diagram

(12} 4-BIT FLASH
REF + an ANALOGTO- |, 8]
REF - DIGITAL s |18 srw
CONVERTER 2 -
(4 MSBs) DO (LSB)
a) B o,
(4 '
| aBrT Y ouTPUT  L___ D2
LATCH
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A f TO-ANALOG 3 g:}':TE 1a) S DIGITAL
< - OUTPUTS
CONVERTER BUFFERS Da
18 e
| [ aBiTFLasH | (16 e
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5 DIGITAL e L7 57 (ms.) )
-1 . | converTer
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wrroy & > TIMING, )
(13} AND INT
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— (8) :
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TLCO820A, TLC0820B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

PIN . DESCRIPTION /;.\57-/ 0 'Og

NAME NUMBER

ANLG IN 1 Analog input

T3 13 This input must be low in order for RD or WR to be recognized by the ADC.

DO 2 Three-state data output, bit 1 (LSB)

D1 3 Three-state data output, bit 2 )

D2 4 Three-state data output, bit 3

D3 5 Three-state data output, bit 4

D4 14 Three-state data output, bit 6

D5 15 Three-state data output, bit 6 N
D6 16 Three-state data output, bit 7

D7 17 Three-state data output, bit 8 (MSB)

GND 10 Ground

INT 9 In the WRITE-READ mode, the interrupt autput, INT, going low indicates that the internal count-down delay time,

td(int). is complete and the data resultis in the output latch. tg(int) is typically 800 ns starting after the rising
edge of the WR input (see operating characteristics and Figure 3). i RD goes low prior to the end of td(int)
TRFT goes low at the end of tgRr)L and the conversion results are available sooner (see Figure 2). INT is reset by the
rising edge of either RD or T5. ) ~

MODE 7 Mode-selection input. It is internally tied to GND through a 50-uA current source, which acts like a pull-down
resistor. ’

READ mode: Occurs when this input is low.

WRITE-READ mode: Occurs when this input is high.

NC 19 No internal connection

OFTW 18 Normally the OFLW output is a logical high. However, if the analog input is higher than the-VREF +, OFLW
will be low at the end of conversion. It can be used to cascade 2 or more devices to improve resolution (9
or 10-bits).

RD 8 In the WRITE-READ mode with TS low, the 3-state data outputs DO through D7 are activated when D goes

low. RD can also be used to increase the conversion speed by reading data prior to the end of the internal |
count-down delay time. As a resuit, the data transferred to the output latch is latched after the falling edge of RD.
In the READ mode with CS low, the conversion starts with RD going low. RD also enables the three-state
data outputs upon completion of the conversion. The RDY output going into the high-impedance state and
INT going low indicates completion of the conversion.

REF — 11 This input voltage is placed on the bottom of the resistor ladder.

REF + 12 This input voltage is placed on the top of the resistor laddes.

Vee 20 Power supply voltage )

WR/RDY 6 In the WRITE-READ mode with TS low, the conversion is started on the falling edge of the WR input signal.

The result of the conversion is strobed into the output latch after the internal count-down delay time, tdiint).
provided that the RD input does not go low prior to this time. tg(int) is approximately 800 ns.

In the READ mode, RDY (an open-drain output) will go low after the falling edge of TS, and will go into the
high-impedance state when the conversion is strobed into the output tatch. It is used to simplify the interface

to a microprocessor system.

s

*3
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TLC0820A, TLC0820B, ADCO820B, ADC0820C TN
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 1-57/0-6&
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

absolute maximum ratings over operating free-air te'mperature range (unless otherwise noted)
)

TLC0820_1 | TLC0820_C
TLC0820_M ADC0820__C! | ADC0820_C UNIT
Supply voltage, Ve {see Note 1} 10 10 10 \
Input voltage range, all inputs (see Note 1) - ~0.2t0 ~0.2to ~0.2t0 v
Veg +0.2 Ve +0.2 Vee+0.2
-0.2 to -0.2to -0.2 to
Output voltage ra.r\ge, §II outputs {see Note 1) Vg +0.2 Vg +0.2 Ve +0.2 \'
Operating free-air temperature range ' ~55 10 125 -40 10 85 01to 70 °C
Storage temperature range —661t0 160 { —65to 160 | —65 to 150 °C
Case temperature for 60 seconds: FK package : 260 °C
Case temperature for 10 seconds: FN package 260 260 °C
Lead temperature 1,6 mm (1/16 inch) from case ’ ’ 300 . oc
for 60 seconds: J package
Lead temperature 1,6 mm (1/16 inch) from case 260 260 260 oc
for 10 seconds: DW or N package . :
NOTE 1: All voltages are with respect to network gréund terminal, pin 10.
recommended operating conditions
TLCO0820__1I TLCO0820_.C
TLCO820_M ADC0820__CI ADC0820_C UNIT

MIN NOM MAX | MIN NOM MAX | MIN. NOM MAX
Supply voltage, Ve 4.5 5 - 8 4.5 5 8 4.5 5 8 v
Analog input voltage -0.1 Veg+0.0 | -0.1 Vee+01 | 041 Vee+0.? \2
Positive reference voltage, VREF + - | VREF- Vee | VReF- Vee | VREF- vee \
Negative reference voltage, VRgF — GND VReg+| GND . VREr+| GND VREF + \'
High-level inpuy Vo = 4.75 V| TS, WR/RDY, RD 2 2 2 v
voitage, V|4 to 5.25 V MODE 3.5 3.5 3.5
Low-level input| Voc = 4.75 V| TS, WR/RDY, RD 0.8 0.8 0.8 v
voitage, Vi t0 5.25 V MODE . 1.5 1.6 1.5
Delay to next conversion, ty(NC) |
(see Figures 1, 2, 3, and 4) 500 500, 500 ne
Delay time from WHR to RD in write-read mode, 0.4 0.4 0.4 i .
tdwR (see Figure 2)
Write-pulse duration in write-read mode, tyw 0.5 50 0.5 50 0.5 50 us
(see Figures 2, 3, and 4) .
Operating froe-air temperature, Tp -556 126 | —-40 85 [o] 70 °C
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TLCO820A, TLC08208B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-T0-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

electrical characteristics at specified operating free-air temperature, VgC = 5 V lunless otherwise noted)

PARAMETER TEST CONDITONS MIN TYPT MAX [ unit |
Vee = 4.75 V, - ?
ICC_ 360 wA Full range 24 "—g’ '/0 0
VoH High-level output voltage Any D, INT, or OFtW OH = # =V
Vce = 475V, Fuli range 4.5
IoH = —10 pA 25°C 4.6
Any D, OFLW, INT, Vee = 5.25V, Full range 0.4
Vi -level output volt -
oL lowdevel output voltage | gmpoy loL = 1.6 mA 25°C osa| ¥
CS or RD Full range 0.005 1
— . Full
_ , WRIRDY L renge 3
hH High-level input current ViH =5V 25°C 0.1 0.3 ®A
MODE . Full range 200
25°C 50 170
TS, WR/RDY, RD, '

! Low-level input t Vi =0 Full -0.005 -1 A
L ow-level input curren’ or MODE L ull range . "
Off-state (high-imped Vo =5V sz'sr:gge 0.1 oz
-state (high-impedan — . X
10z INIMPETANEe | Any b or WR/RDY A
state} output current Ve = 0 Full range -3

0= 25°C ~0.1 -03
CSat5V, Full range 3
| Analog input " V=56V 25°C 0.3 A
! nalog input curren CSat5V, Full range -3 #
V| = 25°C -0.3
Any D, OFLW, INT, Full range 7
- Vp=5V
or WR/RDY 25°C 8.4 14
Full range -6
-circui Any D or OFLW , A
los  Short-circuit output current ny D or OFLW v o 3550 52 -12 m
T o= Full range -4.5
25°C -5.3 -9
R Ret st Full range 1.25 6 @
ref Reference resis ance 255C T 23 )
| Sunpl . CS, WR/RDY. Full range 151 A
CC  Supply curren and AD at O V 25°C 75 13
R Any digital 5
. Full F
Ci Input capacitance anG N ull range a5 p
Co Output capacitance Any digital : Full range 5 pF

TAll typical values are at Tp = 25°C.
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TLCO820A, TLCA820B, ADCO820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

L B‘il:]a?E'-&‘ 0085569 714 METIIY

1-S7-/0-08

operating characteristics, VGCC = 5V, VREF+ = 5 V, VREF -=0,ty=¢tf= 20 ns, Tao = 25°C
(unless otherwise noted)
TLCO8208B TLCO820A
PARAMETER TEST CONDITIONS ADCO0820B ADC0820C UNIT
MIN TYP MAX MIN TYP MAX
Supply voltage
k: \ =5V £ 5%, Ta = MIN to MAX] +1/16 x1/4 +1/16 =+=1/4| LS8
Svs sensitivity cc A °
Total unadjusted errorT{ MODE pin at O V, Ta = MIN to MAX 1/2 1 LSB
Read mode . .
teonvR conversion time MODE pin at O V, See Figure 1 1.6 25 1.6 2.5 pns
Internal count- MODE pin at 5 V, Cp = 50 pF,
i 800 1300 800 1300
tdtiny down delay time See Figures 3 and 4 ° ns
] } . teonvR  tconvR feonvR  fconvR|
MODE V.,
taR Access time from RDI OQDE pin at O V, See Figure 1 +20 +50 +20 +50 ns
MODE pin at 5 V, CL = 16 pF 180 280 190 280
A time from RD. int)-
taR1 ccess time from ) ‘dWR.< td(int) CL = 100 pF 210 320 210 320 ns
See Figure 2
MODE pin at 5 V, Cg = 16 pF 70 120 70 120
t A ime f > t4(i
aR2 ccess time from RDL taWR > td(int) CL = 100 oF 90 150 %0 10| ™
See Figure 3
taiNT Access time from INT{ | MODE pin at 5 V, See Figure 4 20 50 20 50| ns
?— Disable time from RAD?’ RL =1k, CL = 10pF, " 70 95 70 95! ns
i i i { .
dis See Figures 1, 2, 3, and 5
Delay time from MODE pin at O V, CL = 80 pF,
t, 50 100 50 1
dRDY 77| 10 RDVI See Figure 1 00| ns
Delay time from Cp = 50 pF,
1, 12 125 225
dRiH RD1 to INTt See Figures 1, 2, and 3 55 ne
Delay time from MODE pin at 5 V, tdWR < td(int).
t, —_ — 200 290 2 290
dRIL BB, 1o INTY See Figure 2 00 e
Delay time from MODE pin at 5 V, CL = 50 pF, .
1 —_— 175 270 175 27
dWIH @Rt 10 WNTH See Figure 4 0 o ns
Slew rate tracking 0.1 0.1 Vips

T Total unadjusted error includes offset, full-scale, and linearity errors.
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TLC0820A, TLC0820B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

PARAMETER MEASUREMENT INFORMATION 7'_\9/_[0 "O}

\ s | / \‘\--_-..
! .
"D : * ;Il L S
| | je—taine—|
|

|
— ]
R/RDY [ WITH EXTERNAL PULL-UP
— tdRDY — r—‘dRIH
|

T ' \__l;!‘_—

|
I‘—‘convﬂ—’l l

twwW twW H
T XA

ltdmL—N' e | e tawn > —» In—tde
! | _ '
iNT | | INT qk
td(lnt)*——;".' _,' l‘_‘de “—'d(intl—"
DO0-D7 w o= am == o o e = r-‘k- F--— D0-D7 —-—---—---———--4 P—-
: ‘aR‘l—-ﬂ i taR2 —b k—
) —»l 14— tdis —P{tdis L—
FIGURE 2. WRITE-READ MODE WAVEFORMS FIGURE 3. WRITE-READ WAVEFORMS
[MODE PIN HIGH AND tgwR < td(int)] {MODE PIN HIGH AND tdwR > td(int))
TS Low
RD LOW

WR/RDY \T.Tl‘_tdwm H\;m()

F—taint ] [¢_tamr
DATA
0007 — oA —

FIGURE 4. WRITE-READ MODE WAVEFORMS
(STAND-ALONE OPERATION, MODE PIN HIGH, AND RD LOW}
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TLCO820A, TLC0820B, ADC0820B, ADC0820C :
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 7:_57 -/0 - OS’
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES o

PARAMETER MEASUREMENT INFORMATION

‘Ticos20 V€C CL = 10pF
OR ¢
. T N
ADCO0820 . vVee — jT _| o
INPUT ~—q RD onl o DATA RD | j 50%
= OUTPUT GND |10%
GND L —»l tdis :4—
CLS1k0 VoH
S 1  DATA 0%
' OUTPUTS
L 2 © GND
L
= . ty = 20 ns
Vce ’ CL = 10 pF
. TLCO0820 T —jtr—
OR 1 Vee —— 1 oow
ADC0820 31k RD 1-£50% i
INPUT —]RD . DATA GND 110%
n .
— T
s ouTRUT i tdis —
GND Vee :
cL DATA |
‘ . OUTPUTS
p » VoL 10%
. 4 ty = 20ns -
Dn=DO...D7 o
TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 5. TEST CIRCUIT AND VOLTAGE WAVEFORMS
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TLCO820A, TLC0820B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

PRINCIPLES OF OPERATION 7: S)-/0 -C)E‘

The TLCO820A, TLC0820B, ADC0820B and ADC0820C each employ a combination of ”samb|ed-data"
comparator techniques and ‘‘flash’’ techniques common to many high-speed converters. Two 4-bit ‘‘flash”
analog-to-digital conversions are used to give a full 8-bit output.

The recommended analog input voltage range for conversion is —0.1 V to Vcc + 0.1 V. Analog input signals
that are less than VREF— + Y% LSB or greater than VREF + — % LSB convert to 00000000 or 11111111
respectively. The reference inputs are fully differential with common-mode limits defined by the supply rails.
The reference input values define the full-scale range of the analog input. This allows the gain of the ADC to
be varied for ratiometric conversion by changing the VREF + and VREF — voltages.

The device operates in two modes, read {only} and write-read, which are selected by the MODE pin (pin 7).
The converter is set to the read {only} mode when pin 7 is low. In the read mode, the WR/RDY pin is used.
as an output and is referred to as the ‘‘ready’’ pin. In this mode, a low on the ’ ‘ready’’ pin while CS is low
indicates that the device is busy. Conversion starts on the falling edge of RD and is completed no more than
2.5 pus later when INT falls and the ‘“‘ready’’ pin returns to a high-impedance state. Data outputs
also change from high-impedance to active states at this time. After the data is read, RD is taken high, INT
returns high, and the data outputs return to their high-impedance states.

The converter is set to the write-read mode when pin 7 is high and WR/RDY is referred to as the ‘‘write’" pin.
Taking CS and the ““write’’ pin low selects the converter and initiates measurement of the input signal.
Approximately 600 ns after the *‘write’’ pin returns high, the conversion is completed. Conversion starts on
the rising edge of WR/RDY in the write-read mode.

The high-order 4-bit ‘“flash”’ ADC measures the input by means of 16 comparators operating simultaneously.
A high precision 4-bit DAC then generates a discrete analog voltage from the result of that conversion. After
a time delay, a second bank of comparators does a low-order conversion on the analog difference between
the input level and the high-order DAC output. The results from each of these conversions enter an 8-bit latch
and are output to the three-state buffers on the falling edge of RD.

xas *P
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TLC0820A, TLC0820B, ADC08208B, ADCUBZDCOG S‘
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL -
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES f'j// / 0 T@

TYPICAL APPLICATION DATA

r\gs_ (13) = vee (20} 5 v
WR © WR/RDY ANLG i ANLG IN
. IN
@ | &5
7
po 21 5o mooe 175 v
Ll B3 b1 rers 12 —5V
w | D2 wl,, _'L
BUS| p3 2 Tm uf
D4 2l P =
D5 SLT] —_ L1 ;
D6 . (18) D6 _l_
D7 : ’ any 3 Tm uF
D8 *L =
OFL ' 18] (10}
OFt 18 N orw GO "3
N\ !
3
(20)
LTl PO vee B v
6) ]~ (1)
WR/RDY ANLG
. IN
(1] -
RD
0]
210 MODE |—5v
2l Y Rrer+ 120
2]
1] 0.1 uF
naf . .
K71 . ree— 1o
121 . _%_ L
(17) |
D7 ' 0.1 uF
(10)
el w  onp '}_\

FIGURE 6. CONFIGURATION FOR 9-BIT RESOLUTION
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