4PD7002
N EC 10-BIT CMOS
INTEGRATING

NEC Electronics Inc. A/D CONVERTER

Description Pin Configuration

The uPD7002 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 multipiexed analog inputs, and low
power CMOS construction.

Features

D 8- or 10-bit resolution (selectable)

T 4 channel multiplexed analog input

T Auto zero and full scale correction without externat
components

High input impedance — 1000 MQ

Internal status register can be accessed by host
controller

Operates from single +5 V supply :
Interfaces to most 8-bit microprocessors i
Low power operation (CMOS) :
5 ms conversion speed (10 bits with fcxk = 2 MHz) i
Available in two performance ranges: |
Conversion accuracy (maximum with '
Ta=0to —-50°C}:
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pPDT002C-1 .. ... i 01% Fsr  Pin ldentitication
pPD7002C .. ... 0.2% FSR Pin  Neme Function
) . 1.2 Xp. X Extarnat clock input
Ordering Information 3 BND T grount
part 1 :':;'.":';' 're L5 O Inegrating capatiter
Number Packege Range 5.7 60 Guard
u4PD7002C Plaguic 0P —20°Cte —-70°C 8 Vagr Reference vettogs input
GND Ansiog ground
Absolute Maximum Ratings 10 CH3 Ansieg chanma! 3
To=—25°C N CHp Ansiog channel 2
Cparsting Tomperaturs —20°C 10 +70°C 12 thy Anslog channel
Storage Tomparature —565°C 19 +1580°C 13 CHg Asslsg chanmel 0
Powar Supply Vallage =03Vt +7.0V M v- Witags (+5 V)
All Input Voltagss =03V V~-03V 15-22 07-Dg Dals dus
Powar Dissipation 300 mw 23 Cs Chip sleg!
Asaisg GND Voltage 203V 2425 WAR.AD Contiral bus
Comment: Stress above those listed under "Absolute Maximum Rat- 26.27 Ag M Adoress bus
ings” may cause permanent damage to the device. This is 8 stress 28 Toc En of comvaraion intarrap

rating only and functional operation of the device atthese or any other
conditions above those indicated in the operational sections of ths
specification I1s not implied Exposure 10 absolute max:mum rating
conditions for extended perods may affect device 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- Xy Xtal - Xtal 0SC. X1 can be wsed as ths input of axtermal clock.
15-22 07-0g Data Bus Thrae-state A/D convarsion dats (Nigh ang Low Byte) and intarast status eutpul to 8-3Il Data Bus. MPY

{VTTL}4/70]  Asdrass. 8/10 select and fisg data input irom bus. Nigh impesance when 4P07002 is ot
smadled (TS = Nigh}.

23 ts Chp Seiact inpu! Law level of T5 makes othor input pins (WR, AD. Ag. A}) enabis and dats trassmission and
racoiving ore possible through dats bus pins.
u WHR Writs Inpul Waen WA = Low, POT002 receivas mow gats from dats dus.
4] (1) And input Whes D = Low, yPDT002 tranamits conversion dats and Intersal status ts €ats bus.
26 27 Ap. My Adeniss input Ag. Ay designats 1he dats in dots bus (Migh. Lew. Status Byts}.
7] Eac End of Convaraion Dutpwt EOC indicates the and of convarsion to axiarasi chips. Rend mede oparstion [bigh dyte

f1 1L} sutput) resetsbla EOC.
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DC Characteristics
To=0°Cto+50°C; V+ =+5V =025V

VRer = <250 V. {y = 1 MH2, CinT = 0.033 uF. 10-Bit Mode

Limits

farameter Symbo! Min. Trp. Max. Unit u::l::ou

Resolution. 7002C-1 10 1 12 Bits

Reselutien. 7002C 9 13 12 Bits

Noniinsarity. 7002C-1 0.05 0.1 %FSR

Nonlinsarity. 7002C 0.1 0.2 %FSR

Full Scale Error, 7002C- 0.05 o %FSR

Full Scals Errer, 7002C 01 02  %FSR

Zero Scaie Error. 7002C-1 0.05 0.1 %FSR

Zero Scaie Error. 7002C 0.! 0.2 %FSR

Ful! Scate Temperature Cosfficient 10 ppm/ ¢

2ero Scale Temparature Costlicisnt 10 ppm/°C

Anaiog input Resistance Rin 1000 MO Vin=0t V-

Total Unadjusted Errer 1. 7002C-1 TUE 0.05 0! toFSR

Total Unadjusted Error 1, 7002C TUE! 01 0.2 °FSR

Total Unadjusted Error 2. 7002C-1 Tut? 0.05 0.1 °*FSR

Total Unadjusted Error 2. 7002C TuE? 0. 0.2 °oFSR

Ciock input Current leik 5 50 wh X, prn can be used as an external CMOS level clock input.
When externai clock is apphed. Xg pin should de istt spen.

High Leve! Dutput Voltage Vox V- -15 v p=-16mATy=-20t0-70°C

Low Levsl Output Voltage VgL 0.45 v lg=16mA Ty =-2010 -70°C

Digita! Input Leakage Current hix 1 10 uh bsvysV-

Output Leakage Current IgLk 1 10 A DsVysv-

Power Dissipation Py 15 25 mw
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AC Characteristics

Ta==25°C;:V=-=~-5V =025V Vgesr = +25V. fee = 1 MHZ, Cint = 0.033 uF

Limits Tost
Parsmeter Symbo! Min. . Mox. Uait Conditions
Cenvarsion $peet (10 bit) tCoNY 85 10 18 a1
Convarsion Spaet (8 bit) LeoNy 24 4 5 ns
Agtrass Satgp Tims €S,
Ag. Ay to WA hw S0 u
Agtrons Satep Tims 5.
Ag A1l o n 50 u
Afdrass Nold Tum WA to CS.
A Ay twa 50 [
Aderess Wol¢ Tima RD to CS.
Ap Ay /A S0 "
Low Lavsl WR Pyise Wilth ww 400 "
Low Lavai KD Puiss Wilin 18R 400 &
Oata Setup Time ingut Data 1o WR ow a00 n
Dsta Hold Time WR to ingut Dsta (" 50 ns
Qutpu! Daisy Time KD 10 Dutpy!
Data 1RD 300 n ¥ols |
Delay Time to Migh Z Qutput RD to
Flosting Dutpu! 'of 150 8

Note: 1 TTL toac = 100 pF

Recommended Operating Conditions

Tp=-25°C

Limits Test
Parameter  Symbol Min. Typ. Max. Unit Conditions
3:,’;"', V- 475580 525 ¥
3:::.';:" VRer 225 250 215 ¥
Ansteg Input
Voitsge Vin 0 VREF v Note |
E:':::u:' lein 05 1 3 MKz  Noe 2
::::::;:' CxT  0.028 0.033 uf
:‘l'::l Lo ik 22 Vo Nl
Low Loval
II:II iL 08 V. Nowd
Nigk Level V-
Clack nput VIlL 4 Vo Menld
Low Love!
Cl::k mput Vit 14 vV Nould

Notes: 1 Negative voltage input (< —02 V) decreases the input
impegance Furthermore conversion error 10r the 1nput
through another MPX channe! also increases

Notes [Cont.]:
2 integrating capacitor CynT depends on clock trequency
and car be obtainea as follows CiytwF) = 0.033/1c,
(MHZ) Note that convers:on time is inversely proportiona!
10 the clock trequency
3 Ta=-20°Cto~70°C. V- ==-5V=025V
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Timing Waveforms (Cont.)

A/D Conversion Stant ™ End

Write Moge ™ EOC Output
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ARet A/D Conversion END A’D Conversion END snd High Byte Read Mode
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There is some uncertainty whether EOC is set or not,
when gata 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 v8 Vpes
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Addressing the Inputs

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

The analog input select data is presented to DO (pin 22)
ang D1 (pin 21) and the desired channel (1 to 4) is
selected. The conversion resolution mode is also
selected 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 channe! seiect to DO, D1.

DO D1

CHO = L L

CH1=H L

CH2= L H

CH3=H H

— Present conversion resolution data to D3.

10BIT=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 pulse. All con-
version tunctions take place with the uPD7002 in the "not
selected” mode with _the control signals set at
CS = “low" RD and WR “high...A0" and Al “don't
care. In the A/D section the anaiog signal is input via
the multiplexer and compared t0 Vger at pin 8 (Vper sets
the maximum full-scale input signa! which can be con-
verted). At this point the internal sample and hold for auto
zero function and fuil scale correction are accomplished.

The processed analog signa! is then passed to the
analog section where the integrating capacitor is
charged for a given time period controlied by the clock.
Inthis 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 stope) 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 AO and
A1 whileinthe read mode. A1 = “low" AO = “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 Controlier controls the internal sequence
of A/D conversion and the operation of the three-state
i70 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 EOG signal when the
conversion is completed. There 15 no power-on-reset
circuitry

A/D Conversion Block

In the A/D section, an analog signal is inputthrough the
MPX and is compared to Vrer. after whichitis corverted
to a digital output signal. Full scale analog inputis equal
to Vaer. 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 1/0 Port Section

The three-state |I/0 port section is controlled by the
Sequence Controller. It accepts the MPX address input
and conversion mode nput (10-/B8-bit choice). The
three-state |/0O port section outputs the internai 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 |/O 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, unless
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 foliowing:

BUSY. EOC. Interna! sequence state of uPD7002. Write
mode operation sets BUSY, and this is reset at the end
of conversion. EOC is 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 read:ng operation ts made can be output. There-
fore. the data s refreshed at the end of conversion.

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

Aterthe A/D conversion, the data in the conversion Data
Latch does not change, and can be read repeatediy.
Therefore, fundamental instructions like Load, Store,
Move, etc. can be used to access data (by placing the
address of the 4PD7002 in memory area). Note that the
access time (lgp) and the data setup time (lpw) of the
uPD7002 are longer than that of the 8080 and 8085. The
following program example shows the accessing of the
pPD7002 by poiling method in an 8080-based system.

MPX Channe! Address Functions

MPX Address Ansiog iaput Chanael

Bt CHo tn cH2 K]
Dy L L [} [
Dp L N L L]
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Control Terminal Functions

Control Terminals

—— Interast Data 1/0

€S RD WR A} A7 Mode Function Terminsls

L] X X X x  Not sslscteé

U700 T ) ot aetected - High impduace

L L] L L L Write mos Osta latch A/D stant Input statss. Dq. Dg = MPX addrsss D3 = 8-Bit/10-Bil canvarsion
desigastion. Nete 1. By = Flag input.

L K L Lt N Netsslesied -

CO0TUTTH U et e - Righ impedance

L N L L] H Test meds Toat status faput status, Mot 2

L 1 K L L Rsad mote Intersal statsy = £0C. Dg = BUSY. D5 = MSB. D¢ = 206 MSB. 03 = 8/10.
D2 = Fiag Output. Dy = MPX, Dp = MPX

L L H L N Read mode High data byte D7—Dg = MSB — Bin bit

Lob ok W L Bugmde O lewgdge 07-Dg = 9th — 10t bit

L L N N K Resd mots Low fata byte D3-0g=1

Notes: 1. Designation of number of conversion bits 8bit = L: 10 bit = H
2 Test Mode used for inspecting the device The gaia input-output terminals assume an input state and are connected to the A/D
counter. Therefore. the A/ D conversion data read out after th:s 1s meaningiess

B8it Function

Write Mode Read Mode
Function Status Output Nigh Byte Output Low Byts Output
Bt 1/0 10-8it Note 2 8-8it 10-Bit Note 2 3-8it
D7 Outpul EOC Ms8 L H ] 9th Nota 3
06  Output Busy 20¢ 2nd Lss Nota 3
05  Output MSE Note ! 3nd n in Note 3
D4  Qutput - 2nd 8it Kot ! At 4th 02 Nots 3
B3 1/0 10/8-Bit 10/8-Bil Note 1 5th Sth Low Low
g2 1/0 Flag input Flag Quiput Note | 6th 6th Low Low
oy 1/0 MPX Adoress MPX Nots | Tth 7 Low Low
pe 170 MPX Agdress MPX Nots | gth 8tn Low Low

Notes: ' Previous conversion data
2. In 10-bit mode. the uPD7002 operates as & 12-bit converter. Therefore. 11th and 12th bit data appear at Q19 and Q2. and the output
of Qq1 anc Q42 varies with analog input, however, the gata contamn internal noise and are mean:ngiess
3 Notto be getermined



NEC

uPD7002

Typical Applications

1.

The high ievel input voltage of the uPD7002C is 2.2 V.
In a minimum component system configuration, tying
50 k{} resistors to DBy-DB7, Ag, Ay, CS, RD, and WR
is recommended. The fan-out of DBy-DBy is 1 TTL
level. In larger systems, use bus drivers as
shown here.

. Use EOC as an interrupt signa! if you have an

interrupt-driven system.

. Use a 100 Hz low pass filter to decrease the conver-

sion error. Using the diode protection circuit shown
here is effective protection against high voitage
surges.

. The 4PD7002 uses the integration technique for

A/D conversion, and it operates at a very low current
level. The external integrating capacitor (Cint) is
directly connected to the internal integrator. Using the
guard pattern as shown below makes the operation
less sensitive to leakage current.

. Capacitors are tied to the X and Xp pins 1o stabilize

the osciilation, use a ceramic capacitor about 50 pF.
About 50 ms 1s required for stable oscillation after
initial power-on. Therefore, the first Write Mode Oper-
ation should occur after this interva!.

Use of Bus Drivers

Typical Microprocessor Interface

9080
System
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Typical Applications (Cont.) Noise Reduction

The uPD7002 is an integrating A/D converter, however,
it operates at a relatively high speed and the normal
mode noise rejection cannot be expected. Observance
-8V of the following points will minimize noise induction to
7 the input of the analog circuit

Diode Protection Circult

DO Use tower impedance in GND connection

D Place the bypass capacitors for supply voltage and
Vger and analog input close to the 4PD7002 (one
point GND is also effective)

+PD7002C O Isolate analog circuitry from digital circuitry:

— Component layout

— GND wire layout

— Shielding of analog circuitry (pin configuration of

l the #PD7002 is suitabie for the iayout shown inthe
next figure)
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