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uPD7002
10-Bit A/D Converter

Description Pin Configuration

The 4PD7002 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 multiplexed analog inputs, and low

power CMOS construction W~ apec

X2 2774,
GNp [ 3 287 A

Features e s 25D

O 8- or 10-bit resolution (selectable) ‘i"g s 2 D:_';

O 4 channel multiplexed analog input c:;l: : 8 :330,

O Auto zero and fuil scale correction without external vaer (] 8 § 2100,

components sos X 200,

O High input impedance — 1000 MQ cHa ] 1o 12003
O Internal status register can be accessed by host U g m 18104
controller cHi [ 12 17{]0s
CHo (] 13 1817 Dg

O Operates from single +5 V supply ve O 1 w530,

(1 interfaces to most 8-bit microprocessors

0O Low power operation (CMQOS)

O 5 ms conversion speed (10 bits with fcx = 2 MHz)

0 Available in two performance ranges: .

Conversion accuracy (maximum with

Ta = 0to +50°C): . gt as
HPDT002C-1 ..ot 0.1%Fsr  Pin identification
[.lPD7002C ............................. 0.2% FSR Pin Name Functicn

Orderi Inf . 1.2 Xg. X External clock input
rdering Information 3 GND TTL growed
Part T:::::i::l ’" 46 Cl Integrating capacitor
Number Package Range 5.7 60 Guard
4POT002C Plastic DIP —28°Cto +70°C 8 VRer Rafersace vaitags input

3 GND Analog ground

Absolute Maximum Ratings 10 CHj3 Analog channel 3

— -]

Ta = +25°C 11 CHp Analog channe! 2
Operating Tempsralurs —20°C te +70°C 12 oy Auzlog chaansl |
Storage Tempsraturs —§5°C te +150°C 13 Chg Analog channs! 0
Powar Supply Vaitage —03Vt +7.0V 14 v+ Witage [+5 V)

All Input Voitages —03VieV+ 03V 1522 07-0g Data bus
Powsr Dissipation 300 mwW 27 ©S Chip salact
Analog GND Voltage 03V 24,25 WR. AD Coatre! bus
Comment: Stress above those listed under “Absolute Maximum Rat- 26. 27 Ag Ay Addrass bus
INgs" may cause permanent damage to the device. This is a stress 28 m End of ceaversion |ltlﬂ’l'1

rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification 13 not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device rehability,
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Block Diagram

Outa Bus

B

0, D,

LTI

Analog Input

CH, CH, CH; CH,

TT1T

::‘:;:' MPX 10/8 ) Wnc::“L’:'lch P——Adm!__§ Muitipiexer
-
Status '
[—-% VRerF
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B ]
E Low Byte
g I ]
A/D —
L4 T
Ny en 2us Anal 9
;' - g:u'l;:n ilat!ch ~—0’ano
_ | t .
cs O—
—
WR O— iz 8
RO O—e Sequence A0
Cantroller ‘> D‘lgfl.zl
Ay O—= Black
AO— Q
IS
X, X, EOC
33 A02146C
Digital 1/0 Pin Function
Pin Symbol Name 170 Function
1,2 X0- X1 Xtal - Xtal OSC. Xq can be used as the input of external clock.
16-22 07-0g Data Bus Thras-state A/0 conversion data {High and Low Byte] and internal status output to 8-bit Data Bus. MPY
{1 TTL) 170}  Address, 8/10 select and flag data input from bus. High impedance when uP07002 is not
anabied [CS = High).
a ts Chip Select Ingut Low leval of TS makas other input pins {WR, RD. Ag. Aq) enabie and data transmissian and
recaiving are possibls through data bus pins.
24 wR Write Input When WR = Low, pPD7002 racaives new data trom data bus.
25 D Read input When AB = Law, uPD7002 transmits conversion data and internal status to data bus.
28, 27 Ag. A Address Input Ag. Ay designate the data in data bus {High, Low, Status Byts).
28 E0C End of Canversion Qutput E0C indicatas the end of conversion 'o external chips. Read mode operation (high byle
(1 TTL) autput} resetable EOC.
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DC Characteristics
Ta=0°Cto +50°C,V+ =+5V +0.25V
Vaer = +2 50V, foe = 1 MHz, Cynt = 0 033 uF, 10-Bit Mode

Limits
Parameter Symbhol Min. Typ. Max. Unit (;n:;;:m,
Resolution, 7002C-1 10 i 12 Bits
Resalution, 7002C 9 11 12 Bits
Nenlinearity, 7002C-1 005 0.1 %FSR
Nonlineanty, 7002C 0.1 0.2 %FSR
Full Scale Error, 7002C-1 0.05 0.1 %FSR
Fuil Scale Error, 7002C 0.1 02 %F 3R
Zero Scale Error, 7002C-1 0.05 0.1 %F3R
Zero Scale Error, 7002C 0.1 0.2 %F3R
Full Scale Temperature Coelfficient 10 ppm/°
Zero Scale Temperature Coefficient 10 ppm/°C
Anaiog (nput Resistance Rin 1000 Mo Viy=0to V-
Total Unadjusted Error 1, 7002C-1 TUE! 0.05 0.1 %FSR
Total Unadjusted Error 1, 7002C TUE! 01 0.2 %FSR
Total Unadjusted Error 2, 7002C-1 TUE2 0.05 0.1 %FSA
Total Unadjusted Error 2, 7002C TUE2 0.1 0.2 %FSA
Clock fnput Current leik 5 50 uA X; pin can be used as an external CMOS level clock input.
When external cloek is applied. Xg pin should be left open.
High Level Quiput Vaitage Vou V+— 1.5 ) lp=-1.8mA Ty =—2010 +70°C
Low Level Output Voltage VoL 0.45 v lg=16mA Ty = ~20to +70°C
Digital Input Leakage Current Lk 1 10 7, O<sVysV+
Output Leakage Current loLx 1 i0 1A O0<VysV-
Power Dissipation Pp 15 25 mw
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AC Characteristics

Tp=+25°C, V+ = v5V 2025V, Vage = 725V, foy = 1 MHz, Cinr = 0033 4F

Limits
Test

Parametsr Symbol Min Typ. Max. Umit Conditions

Canvarsion Speed {10 bt} tCONY 85 10 15 ms

Coavarsion Speed {8 bit) ICONY 24 4 5 ms

Addrass Satup Tima CS.

Ag. Aj1 to WA AW 50 s

Address Satup Time £s.

Ag. A1 to AD 'aR 50 ns

Address Hold Time WR 1o CS.

Ag. Ay lwa 50 ns

Address Hold Time RO to CS.

Ag. A RA 50 ns

Low Level WR Pulse Width tww 400 ns

Low Lavel AD Pulss Widih AR 400 ns

Data Setup Time Input Data to WR 10w 300 ns

Data Hold Time WR to Input Data \Wo 50 ns

Qufpul Dalay Time RD to Output

Data RD 300 ns Note i

Delay Time to High Z Output RD to

Floating Output toF 150 s
Note: 1 TTL load + 100 pF

Notes [Cont.|:

Recommended Operating Conditions 2 Iniegrating capacitor Cyy1 depends on clock frequency
T, = +25°C anc can be obtained as follows CinT(uF) = 0033/t

A (MHz) Note that conversion ime 15 inversely proportional

Limits Test to the clock frequency
Parameter Symbol Min. Typ. Max. Unit Conditions 3 Ta=-20°Ct0~70°C V+=-5V=025V

— v+ 475 500 525 ¥

3:1?.’;:‘“ VRer 225 250 278V

Anaiog Input

Voltage Ym0 VReg YV Notel
E::::lncy fetk 05 1 3 MHz  Note 2
:;",';f:,',";'," it 0.029 0.033 uF

l"nl::t L Vip 22 V  Note3
k\opwulLMI iL 08 V  Noted
gs'ﬂft.'..','.:. VxuL _V,* a vV Noted
t‘.’.‘lt::;}.t xiL 14 Vv Noted

Timing Waveforms

Write Mode

cs |
. taw b tww

_ f— [LY] deo- | tna
‘ar - RO = o —=

Notes: 1. Negative voltage input (< —02V) decreases the mput

impedance. Furthermore, conversion error for the input
through another MPX channel also increases
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Timing Waveforms (Cont.)

A/D Conversion Start — End

Write Mode — EQC Qutput

S, Ag, Ay

E

WR

i

\

Status EQC 7 ;’

|

Status BUSY
s /S
|
l
Status MPX —X
L g:::nulon
g:’::’;:: V\ Previous Conversion Data X
\
goc > sTop \
internal - -
Sequence r A/D Conversion T STOP
START Comversion
63-0020018
Read Mode (Status, Low Byte)
CS, Ag, A X X X X
" H__
Status Laich ([ \q / [\l\l / X
oot .7 \\[,/ \C
Eoc \
After A/D Conversion END A/D Conversion END and Low Byte Read Mode
53-0020028
Read Mode (High Byte)
CS. Ao Ay X X X X
Ab
Do -- 07
[1\ (
L\ \ X
N, W,
N Y X
£6¢ \ \\_
ARer A/0 Conversion ENO A/D Conversion END and High Byte Read Mode
Read operation of High Byle resets the EGC (STATUS and EOC pin)
83-0024%1C
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There 1s some uncertainty whether EOC 15 set or not,
when data read operation 1s made simultaneously with
the end of A/D conversion Furthermore, the reading
error occurs at this time, so 1n this case a dual read
operation is recommended

Operating Characteristics

Full Scale v8 Vuer
)}
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'
1 L 1 L L ! i I | 2
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Yrer
Analog Input (LSB  Vagr /1024)
Total Unadjusted Error
"
3
Q
3
o
3
e
8
3
3
g
00 3
1/
Anasiog Input
Transter Characteristics with
Respect to Vper
1" 1
Vagr 225V
3 Vags 2.7V
2
a
<
2
3
3
¢ . o L 1 il 2
-] 1 2 3
Ansiog input

Addressing the Inputs

One of the four analog inputs Is selected by imhating a
write mode from the external controller 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 1s presented to DO (pin 22)
and D1 (pin 27) and the desired channel (1 to 4) s
selected. The conversion resolution mode 1s also
selected during “wnte” mode by presenting a “high” for
10-bit mode or “low” for 8-bit mode, to D3 at pin 19.

Sequence
0 initiate “wnte” mode (@ =0, RD=1, WR=0,
A1/A2 = Q).
O Present data for analog channei select to DO, D1.
DO D1
CHO= L L
CH1=H L
CH2=L H
CH3 = H H
O Present conversion resolution data to D3.
10BIT=H
8BIT=L

During the write mode the only available function of the
pPD7002 is data input from the controlling system. When
the write function 1s terminated the A/D conversion proc-
ess starts.

The Conversion Process

During the “write” mode the internal sequence controller
Is initialized and ready to take control of the conversion
process on the rising edge of the write pulse. All con-
version functions take place with the uPD7002 in the “not
selected” mode with the control signals 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 to Vrer at pin 8 (Vrer sets
the maximum full-scale input signal which can be con-
verted). At this point the internal sample and hold {or 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 controlled by the ciock.
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 slope) 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 puises 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 1s then “read” In two bytes by addressing A0 and
A1 whilein theread mode. A1 = "low” A0 = “high” reads
the high data byte (DO to D7), and A1 ="high"
AQ = “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 AQ and A1 both “low.”

Operation of Individual Sections
Sequence Controller (See Sequence Chart)

The Sequence Controller controls the internal sequence
of 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 Controller starts the
A/D conversion, and outputs an EOC signal when the
conversion 1s completed. There is no power-on-reset
circuitry.

A/D Conversion Block

In the A/D section, an analog signal is input through the
MPX and is compared to VRgr, after which it is converted
to a digital output signal. Full scale anaiog input is equal
to Vrer. GND as an analog input I1s equal to zero scale.
A/D conversion time depends on both analog input voit-
age and conversion mode (10/8 bit).

Three-State 1/0 Port Section

The three-state 1/0 port section is controlled by the
Sequence Controller. it accepts the MPX address input
and conversion mode input (10-/8-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 i1s
connected to the three-state |/ 0O 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 shouid be made, unless
Data Read occurs after the end of conversion.

Status Latch

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

BUSY, EOC: Internal sequence state of uPD7002. Write
mode operation sets BUSY, and this i1s reset at the end
of conversion. EOC is set at the end of conversion, and
High Byte Read Operation resets ECC.

MSB8, 2nd; 10-/8-Bit Flag MPX

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

Access to the uPD7002 from the CPU can be made by
both interrupt and polling methods !n the interrupt
method use EOC as an interrupt signal. In the polling
method, use EOC and BUSY in Status Byte.

Afterthe A/D conversion, the data in the conversion Data
Latch does not change, and can be read repeatedly.
Therefore, fundamental instructions like Load, Store,
Move, etc. can be used to access data (by placing the
address of the uPD7002 1n memory area). Note that the
access time (tgp) 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 1n an 8080-based system.

MPX Channel Address Functions
Anatog input Channel

MPX Address
Bit CHO CH! CH2 CH3
0y L L H H
0g L H L H
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Control Terminal Functions
_ c:.ntril'amluls Internal Data 1/0
CS RD WR A; Ay Mode Function Terminals
H X X X x  Not salected
L N H X x  Not sslectsd — High impadanca
L H L L L Wrils mode Data latch A/D stant Input status. Dq. Og = MPX address 03 = 8-bit/10-Bit conversion
designation. Nots 1. 07 = Flag inpul.
L H L L H  Not ssiected —
C70 U R L Notsalected — High impedance
L ] L H K Test mode Test status Input status, Note 2
L L H L L Read mode Internai status 07 = Eqc. Dg = BUSY. O = MS8. B4 = 2nd MS8. 03 = 8/10,
D2 = Flag Output. By = MPX, Dg = MPX
L L H H  Asad mode High data byte 07—Dg = MSB — 8th bnt
SRV SRS, SUUE T Raadmode ~ lowdaabyle D7—Dg = 9th — 10th bit
L L R ] N Read mode Low data byte 03—Dg=1L

Notes: 1 Designation of number of conversionbits 8bit =L, 10 bit = H
2 Test Mode used for inspecting the device. The data input-output terminals assume an input state and are connected to the A/D

counter Therefore, the A/D conversion data read out after this 1s meaningiess.

Bit Function
Write Mode Read Mode
Function Status Qutput High Byte Output Low Byte Output
Bit 170 10-Bit Note 2 8-Bit 10-8it Note 2 8-Bit
B7  Output EQC MSB mMsS8 9th Note 3
D6  Qutput Busy 2nd 2nd LS8 Note 3
05  Output MSB Note 1 3rd 3rd 011 Note 3
D4  Output 2nd Bit Note 1 4th 41k 012 Note 3
03 I/8 10/8-Bit 10/8-Bit Note | 5th 5th Law Low
02 110 Flag ingut Flag Output Note 1 6th Gth Low Low
n 11 MPX Address MPX Note | Tth Tth Low Low
00 /8 MPX Addrass MPX Nots | Bth ath Low Low

Notes: 1 Previous conversion data
2 In 10-bit mode, the uPD7002 aperates as a 12-bit converter Therefore, 11th and 12th bit data appear at Q11 and Q12, and the output

of Q11 and Q43 varies with analog input; however, the data contain internal noise and are meaningless
3. Not to be determined
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Typical Applications Typical Microprocessor Interface
1. The high level input voltage of the uPD7002C 15 2.2 V
In a minimum component system configuration, tying iGRD
50 kQ resistors to DBg-DBy, Ag, Ay, CS, RD, and WR iBWR [
1s recommended. The fan-out of DBy-DB; is 1 TTL Sysem | —
level. In larger systems, use bus dnvers as I el [ ]
shown here. PUNLE 1
Address Bus 2
2. Use EOC as an interrupt signal if you have an ®
interrupt-driven system. :
Address
3. Use a 100 Hz low pass filter to decrease the conver- Analog ® Oecoder
sion error Using the diode protection circuit shown input
here I1s effectve protection against high voltage
surges. \} '_l r
4. The uPD7002 uses the integration technique for | foc 0% A & cs Ro WR
A/D conversion, and it operates at a very low current @ ’ ®
level. The external integrating capacitor (Cin7) is B R “——_I-H—-
directly connected to the internal integrator. Using the I ~—jcn,
. wPDTO02C D
guard pattern as shown below makes the operation o= CH;
. less sensitive to leakage current. Vaer % __—L"____
5. Capacitors are tied to the X and Xq pins to stabilize L GND
the oscillation, use a ceramic capacitor about 50 pF. GND_ v-  INTO G""" N
About 50 ms is required for stable oscillation after ,L _] Gu,,, _L
initial power-on. Therefore, the first Write Mode Oper- Cm
ation should occur after this interval. ol‘ L5y
83-0024544
Use of Bus Drivers
‘y System Bus
\ A
Ve ™
) DBy DB, +1: 73 D8,y 0By DBg +1- 1 08, s RO
o) o o) o) ? o) o) ? 0 0
DBy D8y o7 08,y DB, OB DB 08;
SIEN 4PBA216C 3 —] DiEN 1PB8216C 3 |—
' OLg DOg OL; DOy DL; DOz OLy; DO3 DLy 00 DL: DOy DLy 0Oz OLy 003
, OBg 08, 08, [T D8, [TH DB, 08; [ [T
uPDTO02C
830024538
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Typical Applications (Cont.)

Diode Protection Circuit

+SV

Voo

Analog
Signal
input

4PD7002C

015 15953

uf

83-002455A

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
of the foilowing points will minimize noise induction to
the input of the analog circuit.

O Use lower impedance in GND connection
O Place the bypass capacitors for supply voltage and
VRer and analog input close to the uPD7002 {one
point GND is also effective)
O Isolate analog circuitry from digital circuitry.
— Component layout
— GND wire layout
— Sheelding of analog circuitry (pin configuration of
the uPD7002 1s suitabie for the layout shown in the
next figure)

Guard Pattern

Shield tor Analog Circuitry

Guard Pattern
Pin § -~ Guard

Pin 7-NC Pin 8-Vpgex

(¢)

Pin 4 — INTO

Cint

83-002450A

C Digital Circuit pwe ]

uPD7002

0

APPLICATION HINTS 1. EXTERNAL CLOCK

83-002457A

IF EXTERNAL CLOCK IS USED X! {PIN2) SHOULD BE USED FOR CLOCK
INPUT. XO (PIN 1) SHOULD BE LEFT OPEN.

2. D2 FLAG INPUT/OQUTPUT

D2 FLAG INPUT DURING WRITE MODE CAN FREELY BE SET OR RESET
WITHOUT ANY INFLUENCE TO THE A/D CONVERTER ITSELF. D2 FLAG
OUTPUT DURING STATUS READ WILL HAVE THE CONTENTS AS PRO-

GRAMMED DURING D2
3. RESOLUTION

INPUT.

INTERNAL RESOLUTION IS 12 BIT BUT 11TH AND 12TH BiT DATA
CONTAINS THE INTERNAL NOISE ONLY, ALLTHOUGH THEY VARY WITH
ANALOG INPUT. TO INTRODUCE THE 7002 AS A 10 BIT A/D CONVERTER
SHOULD BE BETTER AND WILL STOP CONFUSION ON THIS MATTER.

4. GUARD PINS

TO MAKE THE 7002 LESS SENSITIVE AGAINST LEAKAGE CURRENT THE
GUARD PIN (PIN 5 AND 7) SHOULD BE USED IN THE WAY SHOWN ON THE

PAGE 20.
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