_ 4PD7002
NEC 10-BIT CMOS
INTEGRATING

NEC Electronics Inc. A/D CONVERTER

Description Pin Configuration

The pPD7002 is a high performance, low power, 10-bit
CMOS analog-to-digital converter. Using the integrating
technique the 7002 offers the designer full microproc-
essor interface, four muitiplexed analog inputs, and low
power CMOS construction.

Features

D 8- or 10-bit resolution (selectable)
T 4 channel multiplexed analog input

seeeYAL Y

T3 Auto zero and full scale correction without externat

components |

T High input impedance — 1000 MQ !

O Internal status register can be accessed by host | e n “'g"'

controller . po= =y

T Operates from single +5 V supply { ,,fE 14 .,ED:

T Interfaces to most 8-bit microprocessors ‘ -

T Low power operation (CMQOS) :

T & ms conversion speed (10 bits with fck = 2 MH2) i

Z Available in two performance ranges: | o yaeses

Conversion accuracy (maximum with i
Ta=0to —50°C): . i
pPDT002C-1 ... . 0.19% Fsr  Pin Identification
pPD7002C ... 0.2% FSR Pin  Name Function
Orderi Inf . 1.2 Xp. Xy Externat clock input
rdering Information v 3 BAD TIL groune
Part T:':;:":;' 're £6 O Integrating capaciter
Number Package Range 5.7 60 Guard
uPB7002¢C Plastic OIP —20°Cte ~70°C 8 VRer Referance veitags input
9 GND Anaiog ground
Absolute Maximum Ratings 10 CH3 Anaisg channs! 3
P [

Ta=-25°C i1 CHz Ansiog chamne! 2
Operating Tomperaturs —20°C 10 +70°C 12ty Anslog chonnei 1
Storage Tomparature —65°C 10 +~150°C 13 CHg Anplag chammel 0
Pawar Supply Veoitags —03Vie+7.0V 1 v- Voltags (+5 V)

All Input Voltages —Q03Viev-03V 1522 037-Dg Dals bas
Pewar Dissipation 300 mw 23 S Chip salec!
Anaisg GND Voltage 03V 24,25 WR.RD Conirs! dus
Comment: Stress above nose histed under “Absolute Maximum Rai- 26.27 Ag Ay Addroas bus
ings” may cause permanent damage to the device This is 8 stress 28 m E ol conversion imterrapt

rating only and functional operation of the device atthese or any other
conditions above those indicated in the operational sections of thrs
specification 1S not implied Exposure to absoiute maximum ratng
conaitions for extended periods may affect cevice rehiability
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Block Diagram
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Digital 1/0 Pin Function
Pin Symbol Name 1/0 Function
1.2 Xg- X Xtal - Xta! OSC. X1 can be wsed s the inpu! of extermnl ciock.
15-22 07-0g Oata Bus Throe-state A/D conversion dats (High ang Low Byta) snd istaras! status sutpul te 8-dit Data Bus. MPY
{VTTL}470]  Adgress. 8/10 saisct and tisg data input trom bus. Nigh impesance when #P07002 is set
sradied [CS = Nigh}.
23 [ Chip Selact input Low level of G makes other input pins (WA, MD. Ag. A}) enabis 9ad dats transmission and
raceiving are possibie thrsugh dats dus pins.
u [ write tnput Waen WA = Lew, POT002 receivas new sata from dats dus.
4] (1) L[ 1) input Whes D = Low, /PDT002 tranamits conversion 6ais and intersal sistas ts dats bus.
26 27 Ag. My Adenss Input Ag. Ay designats the dats in data bus [High. Lew. Ststes Byts].
] £ac Entd of Convarzion Outpwt E0C indicates the ond of convarsion ts sxierasi chips. Read mede sporation [bigh dyts
f1 71 sutput) resetabls EOC.
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uPD7002
DC Characteristics
Ta=0°Cto+50°C; V+=+5V =025V
VRrer = <2.50 V. fo)x = 1 MHz, Cynr = 0.033 uF. 10-Bit Mode
mits Tost
farameter Symbo! Min. Typ. Max. Unit Conditions
Resolution. 7002C-1 10 1 12 Bits
Resslutien. 7062C 9 N 12 Bits
Noniinsarity. 7002C-1 0.0s 0.1 FSR
Nonlinsarity. 7002C 0.1 0.2 %FSR
Full Scale Error. 7002C-1 808 [ A} %FSR
Full Scais Errer. 7002C 0.1 02 *%FSR
Zero Scale Error. 7002C-1 0.05 0.1 %FSR
Zero Scale Error. 7002C 0.1 0.2 %FSR
Full Scate Temperature Costficient 10 pom/*
2aro Scale Temparature Costlicisnt 10 ppm/°C
Analog Input Resistance Rin 1000 o] Vik =0t V-
Total Unadjusted Error 1. 7002C-1 TuE} 0.05 0.1 °of SR
Total Unadjusted Error 1, 7002C TUE! 01 0.2 °sFSR
Total Unadjusted Error 2. 7002C-1 Tuk2 0.0s 0.1 *sFSR
h Total Unadjusted Error 2. 7002C TUE2 X 02  “FSR
Clock inpul Current leik 5 S0 uh X, p:n can be used as an axternai CMOS level clock input
When externai clock is apphad. Xg pin should de istt spen.
High Leve! Output Voitage Vo V- ~-15 v Ip=-1.6mA Ty = -2010-70°C
Low Level Outpul Voltage VgL 0.45 v lg=16mA Ty =-2010 -70°C
Dipita! Input Leakage Current Wk 1 10 uh 0=sVyysvV-
Qutput Leakage Current IgLx 1 10 pA DsVysv-
Power Dissipation Pg 15 25 mw
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uPD7002 NEC

AC Characteristics
Ta==25°C:V==—-5V =025V Vgger = +2.5 V. feie = 1 MHz, Ciny = 0.033 uF

Limits Test
Parsmeter Symbo! Min. Typ. Mex. Yalt Conditiens
Cenvergion Speet (10 bi) 1CoNY 85 10 15 [ H]
Convarsion Spast (8 bit) LCONY 24 4 5 n
Agdrass Satup Tims €S,
Ag. Ayq 1o WA w 5o "
Adéress Satvp Tims CS.
Ag. ATl 1o an 50 u
Atarass Notd Tims WA to CS.
'Y wa 50 ]
Ag¢ress Kel¢ Time RO to CS.
Ag. Ay 1RA S0 [1}
Low Leval WR Pyise Wilth Ww 400 n
Low Lovai RO Puise Walin I 400 N
Dsts Setup Time Input Data 1o WR tow 300 ns
Data Woid Tima WR to dnput Osts wo 50 ns

Output Daisy Tims RD 10 Dutpu!
Osta tAp 3c0 n ¥ote |

Delay Time to Migh Z Output AD 1o
Flesting Dytpu!

of 150 ns

Note: 1 TTL toac = 100 pF
Notes [Cont.]:

Recommended Operating Conditions 2 integrating capacitor Cynt 0epends on clock trequency
T, = -25°C and car be optained as follows Cint(wF) = 0.033/1c.,
z (MHZ) NOte that convers:on time is inversely proportiona!
Limits Test 10 the ciock trequency
Parameter  Symbol Min. Typ. Max.  Unit Conditions 3 Ta=-20°Cto~70°C. V- =-5V=025V
Timing Waveforms
S:rl:"'. V- 475500 525 ¥ 9
Write Mode
Asterance —
Voltage VRer 2.25 250 278 v l
Anstog input ] & ! ‘
Voltsgs Vw0 VREF ¥ Noted AN G A
_— law ow ws
Ciock — f___-
g5 1 3 Mitz  Note
Frequancy fen ? - -
Integrating orpe —— — o p— —_— *'—_ —_—
Capacitar CixT  0.029 0.033 7 2 T A
A-00N00A
LA TR & Vo M3 '
Read Mode
Low Level
]
japel i Y Vo N3 & , v l
e Lews! -y V- Vo N3 ho — - w
Clack laput KHL 4 w5 —1( f_—_
Low Leve! " S — s —
Clock iaput Yxu 14 V. Nou3d ————— e ——
oo ______X -

Notes: 1 Negatve voitage input (< —02 V) decreases the input gt Cond LnEsons
impegance Furthermore. conversion error for the 1nput > =

through another MPX channe! also increases ﬂ

83078278
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Timing Waveforms (Cont.)

A/D Conversion Sart ™ End Wrte Moge — EOC Dutput

8. a0 0 \ /

TS
3

Do~ Dy X ) 4

stotus EDT Vi \
Suatue BUSY —\ /_'_

Status MPX x
A

Conversion
Data

Conversior
| Daws Latch

!' ot ~ stoe \

I imernat

Pignous Conversion Dana

: Seauence y £:0 Conversion ¢ sToP
| Eorvemen
: 23-00200°8
Read Mode (Status. Low Byte)
1
! & ao a. X X X X
| e A ) D S
i Status Latch N - f
{ Conversion
O L)
l ata Latc X N f
| £ot
| Aner A/D Conversion END AD Conversion END and Low Byte Resd Mode
l 83-007e028
Read Mode (High Byte)
€. a0 4, X X X X
" A ) Y N
\
> X
-~ ¥ X
Y e -
ARer A/D Conversion END A/D Conversion END and High Byte Read Mode
Reat operation of Migh Byte resets the EOC (STATUS and EOC pm)
23-0028°C
| 5
1
|
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There is some uncertainty whether EOC is set or not.
when data read operation is made simultaneously with
the end of A/D conversion. Furthermore, the reading
error occurs at this time, so in this case a dual read
operation is recommended.

Operating Characteristics

Full Scale v Vper
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Addressing the Inputs

One of the four analog inputs is selected by initiating 8
write mode from the external controlier with the control
signals as follows: CS (pin 23) ="low,” RD (pin
25) = “high,” WR (pin 24) = “low," A1 (pin 27)and AO (pin
26) = “low."

The analog input select data is presented to DO (pin 22)
and D1 (pin 21) and the desired channel (1 to 4) is
selected. The conversion resolution mode is also
selectec during "write” mode by presenting a “high” for
10-bit mode or "low" for 8-bit mode, to D3 at pin 18.

Sequence

C Initiate “write” mode (CS=0, RD=1 WR=0,
A1/A2 = 0).
D Present data for analog channel select to DO, D1.

DO D1

CHO = L L

CH1=H L

CH2= L H

CH3=H H

~ Present conversion resolution data to D3

108IT=H
8BIT=L

During the write mode the only available function of the
uPD7002 is data input from the controlling system. When
the write function is terminated the A/D conversion proc-
ess starts.

The Conversion Process

During the "write" mode the internal sequence controlier
is initialized and ready to take controi of the conversion
process on the rising edge of the write puise. All con-
version functions take place with the uPD7002 inthe “not
selected” mode with the control signais set at
CS = “low”" RD and WR “high...A0" and A1 “don't
care” In the A/D section the analog signal is input via
the multiplexer and compared 10 Vger at pin 8 (Vrer sets
the maximum full-scale input signal which can be con-
verted). At this point the internal sampie and hold for auto
zero function and full scale correction are accomplished.

The processed analog signal is then passed to the
analog section where the integrating capacitor is
charged for a given time period controlied by the clock.
In this case the period is 8192 clock periods. The capaci-
tor is then terminated to ground and the falling slope is
measured by the number of clock cycles to the zero
crossing point. The number of clock cycles from peak
to zero (falling siope) is proportional to the value of
Vin. The integrator is then set up for the next conver-
sion cycle.
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The digital section converts the pulses from the analog
section to 12-bit code and sends the converted code to
the conversion data register where the data is latched
and ready for “reading” by the controlling device. The
data is then "read" in two bytes by addressing A0 and
A1 whileinthe read mode. A1 = “low" A0 = “high” reads
the high data byte (DO to D7), and A1 ="“high”
AD = “either" reads the low data byte (D7 to D4). During
the low data byte read DO to D3 are low and the data
on D4 and D5 (bits 11 and 12) may not be accurate data.

The internal status can also be checked while in the read
mode by setting A0 and A1 both “low.”

Operation of Individual Sections
Sequence Controlier (See Sequence Chart)

The Sequence Controller controts the internal sequence
ot A/D conversion and the operation of the three-state
1/0 buffer. It is initialized by the write mode operation
(analog MPX address and 10-/8-bit choice). After the
write mode operation, the Sequence Controlier starts the
A/D conversion, and outputs an EOC signal when the
conversion is completed. There 15 N0 power-on-reset
circuitry

A/D Conversion Block

In the A/D section, an analog signa! is input through the
MPX and is compared to Vrer. after whichitis converted
to a digital output signal. Full scale analog input is equal
to Vrer. GND as an analog input is equal to zero scale.
A/D conversion time depends on both analog input volt-
age and conversion mode (10/8 bit).

Three-State 170 Port Section

The three-state |/0 port section is controlied by the
Sequence Controller. It accepts the MPX address input
and conversion mode input (10-/B-bit choice). The
three-state 1/0 port section outputs the internal status
and conversion data high/low bytes.

Conversion Data Latch

After the end of conversion, the A/D section outputs new
data to the Data Latch. The output of the Data Latch is
connected to the three-state |/0 ports, and the data can
be read at any time. When Data Read occurs simultane-
ously with an internal data transfer, a read error occurs.
Therefore, two read operations should be made, uniess
Data Read occurs after the end of conversion.

Status Latch

The status latch stores the status data internal to the chip,
and the internai operation state can be referenced by the
status data. Status includes the following:

BUSY, EOC. Interna! sequence state of uPD7002. Write
mode operation sets BUSY, and this is reset at the end
of conversion. EOC s set at the end of conversion, and
High Byte Read Operation resets EOC.

MSB, 2nd; 10-/8-Bit Flag MPX

The data stored in the conversion Data Latch when the
status reading operation ts made can be output. There-
fore. the data 1s refreshed at the end of conversion.

Access to the yPD7002 from the CPU can be made by
both interrupt and poiling methods. In the interrupt
method use EOC as an interrupt signal. in the polling
method, use EOC and BUSY in Status Byte.

Atter the A/D conversion, the data in the conversion Data
Latch does not change. and can be read repeatedty.
Therefore, fundamental instructions like Load. Store,
Move, etc. can be used to access data (by placing the
address of the yPD7002 in memory area). Note that the
access time (ipp) and the data setup time (tpw) of the
uPD7002 are longer than that of the 8080 and 8085. The
following program example shows the accessing of the
pPD7002 by polling method in an 8080-based system.

MPX Channe! Address Functions
Ansiog inpyt Channel

MPX Address

Bt CHo th CH2 3
Dy L L ] [
Dp L ] L ]
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Contro! Terminal Functions

Control Terminals

—_—— Interast Data 1/0

€S RO WR A; A7 Mods Function Torminsls

L} X X X x  Not sslscteé

U0 T ) et aatectes - Kigh impaduace

L ] L L L Write mols Onta Isteh A/D stan Input states. Dy. Dg = MPX sddrass D3 = 8-8it/10-Bil canversien
desigastion. Nete 1. B7 = Flag input.

L H L L N Net sslocted -_

00T U et weeted = Righ impedance

L [ L L] K Test meds Tast status npa! status. Nete 2

L L K L L Aadmods Intsreal status D7 = EOC. D = BUSY. 05 = MSD, D¢ = 2n6 MSB. D3 = 8/10.
02 = Fiag Outpul. Dy = MPX, D = MPX

L L H L H  Read mode High data byte 07—Dg = MSB — Bin bit

Lotk W L Rugmede 0 lewdsioge 07—Dg = 9t — 10th bil

L t N ] K Resd mods Low data byte 03—0pg=1

Notes: 1. Designaton of number of conversion bits 8bit =L 10bit=H
2 Test Mode used for inspecting the device The 0ata input-output terminals assume an input stale and are connected to the A/D
counter. Theretore. the A/ D conversion gata read out after this 1S meaningiess

8it Function

Write Mode Read Mode
Function Status Output Nigh Byte Output Low Syts Output
st i/0 10-8it Note 2 8-8it 10-8it Note 2 3-8it
D7 Outpul EOC Mse MS8 oth Nots 3
66  Output Busy 2n¢ 2nd Lss Note 3
05  Output MSB Note ! rd n in Note 3
04  OQutput 2nd 8it Nots ! 410 4t 012 Nots 3
B3 /0 10/8-Bit 10/8-Bil Note | Sth Sth Low Low
g2 /0 Fiag input Flag Output Nota 1 6th 6th Low Low
0 10 MPX Agoress MPX Nots | Tth Tth Low Low
Bo 170 MPX Agddress MPX Nots | sth 8tn Low Low

Notes: 1 Previous conversion data
2. In 10-bit mode. the uPD7002 operates as a 12-bit converter. Therefore. 11th and 12th bit data appear at Q19 and Qq2. and the output
of Q11 and Q12 varies with analog 1nput. however, the data contan internal noise and are mean:ngiess
3 Notto be getermined
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Typical Applications Typical Microprocessor Interface
1. The high ievel input voltage of the uPD7002C is 2.2 V.
In a minimum component system configuration, tying L)
50 k{2 resistors to DBy-DB7, Ap, Ay, CS, RD, and WR oWk J
is recommended. The fan-out of DBg-DB; is 1 TTL Syotem - —/
level. In larger systems, use bus drivers as Sus [oaus Bus <> ||
shown here. ¢ )
- Address Bus 2
2. Use EOC as an interrupt signal if you have an ®
interrupt-driven system. :
3. Use a 100 Hz low pass filter to decrease the conver- Anaiog ® m
sion error. Using the diode protection circuit shown -y
here is effective protection against high voltage
surges. "j
4. The yPD7002 uses the integration technique for c:.,_c 68 4 4 ts WD WR
A/D conversion, and it operates at a very low current 3 ®
level. The external integrating capacitor (Cint) i e "_I"T
directly connected to the internal integrator. Using the I — J 5
guard pattern as shown below makes the operation —{cH;
less sensitive to leakage current. Vagr "lﬂ_‘
5. Capacitors are tied to the X and Xp pins to stabilize _L GND
the oscillation, use a ceramic capacitor about 50 pF. GNO_ V- INTO Guard W1
_ About 50 ms 1s required for stable oscillation after I J. L__]_J G 1

usrd
initial power-on. Therefore, the first Write Mode Oper- | ' Com o
ation should occur ater this interval. | = sv

| 83-324544

Use of Bus Drivers

System Bud
A
4 Y
[ % os. oe; os, os, oe, D8y o8, 3 13
Q c ? Q Q T Q Q Q o]
H ¥
|
[T [T} o8, [TH [TH o8, [T o8,
DTEN wPBIZISC (<4 i GTEN »PBE216C = { =2
DLy DOc DL. DO. Di; DO; DLy 00, Dle 00y OLy 0O- DLy DOy DLy DO
o8, os, o8, o¢; o8, oS, o8, o8, 3 1]
1+POT002C
B3-0024508
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Typical Applications (Cont.) Noise Reduction

The 4PD7002 is an integrating A/D converter, however,
it operates at a relatively high speed and the normal
mode noise rejection cannot be expected. Observance
i of the following points will minimize noise induction to
? the input of the analog circuit

Diode Protection Circuit

O Use lower impedance in GND connection

D Place the bypass capacitors for supply voltage and
Vaer and analog input close to the pPD7002 (one
point GND is also effective)

»#D7002C O isolate analog circuitry trom digital circuitry:

— Component layout

— GND wire layout

—l———— — Shielding of analog circuitry (pin configuration of

Yoo

Anslog
Spnsi
npul

the yPD7002 is suitable for the layout shown in the
next figure)

Shield for Anslog Circuitry

Gusrd Pattern ﬁ
|
i
1

Guard Panern ‘ rwi

Pin § — Guare -

Pina = INTO S TS B BVa |

: .PDY002 l

|

#-0C24% "2

10

DZ262E71 ’Z _
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