NEC

NEC Electronics Inc.

uPD7003

8-BIT CMOS
HIGH-SPEED
A/D CONVERTER

Description

The uPD7003 is a high speed, high performance, low
power, B-bit analog-to-digital Converter designed to be
easily interfaced to the 8080 and 8086, B- and 16-bit
microprocessors. Using the paraliel conversion tech-
nique, the uPD7003 teatures a conversion speed of 4 us
and eliminates the need of sample and hold circuits in
most applications. The uPD7003 is also capable of run-
ning under DMA control using a DMA controlier such as
the uPDB257. Available in a 24-pin ceramic/plastic DiP,
the uPD7003 s the ideal converter for high speed
8-bit designs.

Features

T High speed conversion (250 k samples/sec. max.)
— Input consists of 255/1 matched autozeroed
comparators

No missing codes over temperature range
Linearity =1.25 LSB max.

Three-state outputs

Overrange output

Operates from single —5 V supply

Low power consumption (50 mWw,

trerrren

Ordering Information

Operating
Part Temperature
Number Pachage Range
»POT0D03C Plastic DIP —20°C 1o ~70°C
»PD70030 Ceramic DIP -20°Cto ~80°C

Absolute Maximum Ratings
Ta=25°C

Oparating Temperature. C Package ~20t0 -70°C
Opersting Temparsture. D Package ~201t0 ~70°C
Storage Temperature —65t0 ~125°C
All input Voltages -03t0V- 03V
Powsr Supply —031w-7V
Powsr Dissipation 300 mw
Ansleg 6KD Valtage =03v

Comment: Stress above those listed under “Absolute Maximum
Ratings” may cause permanentdamage to the device Thisis astress
rating only angd funct:ona: operatiorn of the device at these or any
other conditions above those ingicated inthe operational sections of
this specitication 1s not imphed Exposure to absolute maximum
rating conditions for extenved periods may aftect cevice rehability
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Pin Identification
Pin Name function
1 08, Tth dit gutput
2 08, 8th bit output
3 NC Non connection
4 08, Sth bit output
] D8, &1h bit output
6 0Bs 3tn it output
7 DB 21h dit output
8 08; MSB outpu!
] OVER Overrangs output
10 V- Power supply (~S V)
11 VRer Refsrence voltsge input {positive)
12 V- Powser supply (-5 V}
13 MODE MOOE controi {note 1)
14 TEST Low: Device tes! |ussd fer Inspecting the devics)
Kigh: Convergien
15 CLK Low: Previous dats sutput
High: Quantizing
16 s Chip seiect
" DACK DMA Acknewiedge
18 0t Low: Data sutput
High: High impedance
19 AGND Anaisg ground
20 Vin VeHage input
21 VRer(En0) GND for Vpgs
2 AGND Analog greund
23 GND Digital greund
24 DBy [LSB) LS8
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Pin ldentification (Cont.) Notes: 1.
Pin  Nams Function Inputs
19 GND, Ansleg ground Mods ot 8-8it Reglater
20 Vsim Analog inps! , T Daia refresbed with overy CONY
2 VRERN Roterance valtags inpul {negstive] (Nots 2} [ i
26, e~~~ S ST ‘.
23 ENDp Digital Ground 0 Ns chasge
LI ] 11 L88 ostpu!

Block Diagram

2. Tie to the analog ground uniess external 2ero adjustment
required
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DC Characteristics
Ta=+25°C.V~=Vggr =50=025V

Limits

Parametsr Symbol Mis. Typ. Max. Usit co::l:itnl

Power Supply Current lec 6.0 18.0 mA tey = 4.0 3ty e = 2.0 w3 Nete |

Righ Love! Dutpat Veltage Vou 2.8 v ig=-20mA

Low Lovs! Output Valtage VoL 04 v lg=-1.0mA

Digital isput Loakage Carrent Ik i 10 ph 0VsVy<vy-

Digital Output Lsskage Current loux 1 10 ph OVsvgsv-

Retorsace lnput Corrant InEF 1.19 1.79 .57 A EX=Horl o

Analog input Resistance LITY 1 35 kO VEn=25V.igy=4us twic = 2us Nete 2
Rsterence input Capscitance CRer 100 (13 feix = | MHZ: unmeasured pins returnad to Sround
Analog Input Capacitance Cix 100 13 feix = 1 MHZ: unmeasured ping returned to Greund
Power Dissipation Pp S0 mW ey =40 s twic =204

Notes: 1 Thismeans DC current. Tie the bypass capacitors (electrolytic capacitor 2 10 uF. ceramic capacitor = 0.01 uF) 10V~ and VREF Pins N
order to abpsorb rush current (= 10 mA)

2. DC nput equivalent circurt i1s Shown below

LITY]
VIN Ot AA et ¥ =

byp

R

Tie the bypass capacrtor (> 001 yF) 10 the analog input pin 3 MA peak cufrrent Hiows mto this p.r

AC Characteristics Conversion Characteristics
Ta=25=2°C.V=- =50V Ta=25=2°C.V=-=Vggr =5.0V,
Limits fost tey =40 us; twic=20us
Parameter Symbo!l Min. Typ. Max. Unit Conditions Limits —_ Test
10ED 160 350 8 0F . — 00 Parameter Symbol Min. Typ. Max. Unit Conditiens
Outps! o 150 450 as  CONV:—D0  mesolston  AES 8 8 8 g _20.Cw
Dolay Time FSERSLEE l.llln' .. s - .. cs ST +80°C
cesoo o RR M RIS Nonlinearity KL =125 38
10COVR 100 350 s CONV: — OVER
— Full Scals ~100 L88
Oslay Time .. WO ... 020 M O-ET-BB - Errer _
te Fioating £SO 150 450 (1] €S —00 Fult Scale
Error Tom- .
peraturs 2 e/t
Costficient
Lere Scals -
Errer 0.75 +0.75 L3}
lere Scale
Errer Tom- °
perturs 20 LA
Cosfficien

Note: 4PD7003C Ta = 0°Cto ~70°C
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Recommended Operating Conditions
TA = 0°C to 70°C: yPD7003C,
= —20°C to +80°C: yPD7003D

Parameter

Limits
Symbo! Miz. Typ. Max

Teost
Usit Ceonditions

Supply
Veltage

V-

475 5.0

5.2%

Asterence
nput Yeltspr

ViEr

40 v~

V-

Analog
oput
Vollags

Vin

V- +01

High Love!
Legic input

Viy

4

V-

Low Lavel
Logic Input

Vi

=01

Sampling
Rate

10

250k

fimss /s

Conversion
Cych Tims

gy

40

100

u

CoNV wige
Leve! Width

IWHC

20

71

W_NV Low
Love! Width

wLe

2.0

I’

CONV Ssiup
Time

43

Note !

ne  CONV.—DE.

€5 setup
Time

1sSE

nm CS.-0E.

TS Hole
Time

IHES

m  OF —TS"

[ Setup
Time

1SEC

600

&l
{
o
o
x
-

1]

OF Hole
Time

tHCE

400

[ =]
(=1
x
-
|
=l

OF Low
Love! Wittt

IwLE

400

Note 2

Digitat
iaput Riss
i kil
Time

Ly

Notes: 1 1gcg (nS) S toy (MS) — tw g (NS) — 100 (ns).
2 tw_g (nS) S tcy (NS) — tgce (nS) — 100 (ns)

Converter Operation

Referring to the block diagram, the reference voltage is
set externally 1o some desired level which references the
individua! internal components such that Vegr is divided
equally by 256 resistors in a ladder/divider configura-
tion. The appiied voltage to V) is then compared to the
reference leve! and the individual samples are sentto the
selector section where the individua! signals are multi-
plexed to form an address data word. The data word is
then further encoded to form the fina! 8-bit data byte by
the encoder ROM, and stored in the 8-bit register until
the Output Enable Command. Then the data is sent to
the data bus via a three-state butfer.

Mode Select

There are two modes of operation for the uPD7003. Fig-
ure 1 shows the timing diagram for mode “0" where the
converter i1s operating in continuous output mode. The
anaiog input 1s sampled when the clock is in the “low”
state When the clock is in the “high” state the conver-
sion from analog-to-digital takes place and the resultant
data 1s output on the next falling edge of the ciock pulse
and the cyclie is repeated.

The second mode (Mode 1) is shown in figure 2. In this
mode of operation, one conversion takes piace whiie the
clock 1s in the “low" state and the resultant data is held
as long as output enable and Chip Select (CS) or DMA
Acknowledge (DACK) are “low.” Data refresh is inhibited
until CS and DACK are recycled.

MODE = “HIGH" _

Data is retreshed on the falling edge of CLK, ioaded
during the “low” clock state, and converted and output
during the “high” clock state

MODE = “LOW"

Data is loaded and converted when Output Enable is
“low" and refreshed only when OE makes the transition
from high to iow again.

Note that in either case data will will only be accepted and
output when OE and CS or DACK are active ("low"). Out-
put enable should not be changed during the intervals
shown in figure 3. The timing tor output enable change
versus clock transition is 600 ns before and 500 ns atter
the rising or faliing edge of CLK any attempt to change
OE during these periods will be inhibited.
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Timing Waveforms

Figure 1. (MODE;0)

Figure 2. (MODE:1)
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Figure 3. Timing Chart
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