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16-BIT A/D AND D/A CONVERTER
MB87020

16-BIT A/D AND D/A CONVERTER

The Fujitsu MB87020 is a 50kSPS (Kilo Sample Per Second) 16-bit
Analog-to-Digital and Digital-to-Analog converter fabricated by Fujitsu Advanced
CMOS technology. A/D or D/A function is selected by MODE input.

The MB87020 is synchronous/asynchronous 8-/16-bit oriented data interface in
order to transfer data between any processor directly and easily, and serial data
can also be managed.

FEATURES
• Conversion Mode Selectable: A to D or D to A

• High Resolution: 16-bit

• High Conversion Speed: 50kSPS max.

• High Linearity: 12-bit

• Low Power Dissipation and Stand-by Mode Available

• Microprocessor oriented 8-/16-bit bus compatibility including interrupt request
as conversion completion

• Serial Data Port Available

• On-chip Sample and Hold circuit for Analog Input/Output

• On-chip Reference Voltage Generator: 2.5V typ.

• External Reference Voltage can be used

• Power Supply Voltage: +5V

• Package: 40-pin Plastic Dual In-Line Package

ABSOLUTE MAXIMUM RATINGS  (see NOTE)

Rating Symbol Value Unit

Power Supply Voltage
VDD –0.3 to +7.0

VPower Supply Voltage
VSS –7.0 to +3.0

V

Analog Input/Output Voltage VTA VSS –0.3 to VDD +0.3 V

Digital Input/Output  Voltage VTD –0.3 to VDD +0.3 V

Input/Output Current IT –10 to +10 mA

Power Dissipation PD 500 mW

Storage Temperature TSTG –40 to +125 °C

Ambient Operating Temperature TA 0 to +70 °C

Note: Permanent device damage may occur if the above Absolute Maximum Ratings  are
exceeded. Functional operation should be restricted to the conditions as detailed in the
operational sections of this data sheet. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

This device contains circuitry to protect the inputs against
damage due to high static voltages or electric fields.
However, it is advised that normal precautions be taken to
avoid application of any voltage higher than maximum rated
voltages to this high impedance circuit.

PLASTIC PACKAGE
DIP-40P-M01
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PIN DESCRIPTION
Pin

Name
Pin No. Description

VDD 32 +5V Power Supply Input for Digital/Analog Circuit

VSS 27 –5V Power Supply Input for Digital/Analog Circuit

DG 17 Digital Ground

AG 29 Analog Ground

VRI 30 External Reference Voltage Input. +2.5V typ. When the internal reference voltage is used VRI and VRO should be
connected together.

VRO 31 Internal Reference Voltage Output. +2.5V typ.

MODE 24 Conversion Mode Select Input: When MODE is high, A/D mode is selected. When MODE is low, D/A mode is
selected.

PD 25 Stand-by Mode Select Input for Analog Circuit: When PD is high, Stand-by mode is selected. When PD is low, the
normal operation is selected.

RES 33 Reset Input: When RES is low, all internal registers are reset and cleared. After power on, the reset operation is
needed first.

MCLK 22 Conversion Clock Input: Conversion operation is synchronized with this clock.

AIN 26 Analog Input for A/D Conversion: During STRT = H, this input is sampled. During D/A conversion, tit is
recommended that this input pin be tied with AG.

AO 28 Analog Output for D/A Conversion: This output is updated after conversion, and keep the level until next
completion of conversion.

DB0 to
DB15

1 to 16
Parallel Data Input/Output: Can transmit A/D conversion data output or D/A conversion data input in 8- or 16-bit
parallel. Due to three-state input, the pins are connected with microprocessor’s bus directly. DB15 is MSB, DB0 is
LSB. When connected with 8-bit bus, DBn and DBn+8 are connected together, where n = 0 to 7.

DI 20 Serial Data Input: At the rising edge of STB, the 1-bit data is transferred to the LSB of the input/output register.
(See Serial Data Transfer.)

DO 19 Serial Data Output: The MSB of the input/output register is output. At the falling edge of STB, the output is
changed. (See Serial Data Transfer.)

STB 21 Strobe Signal Input for Serial Data Transfer: Using RD, CS, UDS, and LDS, this input is internally gated. The rising
edge of STB signal makes the output/input register shift by 1 bit. (See Serial Data Transfer.)

CS 36 Chip Select Input: When CS is low, RD and WR signals are effective.

WR 37
Data Write Input: When WR is low, stored data in DB0 to DB15 are shifted into the input/output register, and the
rising edge of the input makes the data latched and ready for AD or DA conversion operation. After WR goes high,
conversion starts at the rising edge of MCLK, or at the completion of previous conversion.

RD 38 Data Read Input: When RD is low, the stored data in output/input register are output at DB0 to DB15.

UDS 39 High-order byte Select: When UDS is low, upper 8-bit data is transferred.

LDS 40 Low-order byte Select: When LDS is low, the lower 8-bit data is transferred.

STRT 23 Conversion Start Output: This output indicates conversion start. During the first clock cycle of conversion, it
becomes high. When it is high for AD conversion, AIN input is sampled.

IRQ 18 Interrupt Request Output as Conversion Completion: When  conversion is completed, IRQ becomes low. When
data transfer is instructed, (RD or WR) and CS, it becomes high. This output is an open-drain output.

NOTE: All digital input/output is TTL compatible.
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OPERATIONAL DESCRIPTION
Input analog signal is converted to 16-bit digital signal or 16-bit digital signal is converted to analog signal. Either function is selected
by mode select pin. MB87020 can be used for either parallel I/O connection or serial I/O connection with microprocessor.

Parallel I/O: Connected with µP 80 series 8-bit, 68 series 8-bit, 8086 series 16-bit and 68000 series 16-bit.
Serial I/O: Does not need as many signal lines as parallel I/O.

The following is a description of how to control MB87020 through these signal lines and receiving/delivering digital data.

1) MODE CONTROL
MB87020 has three operational modes: D/A conversion mode, A/D conversion mode and analog circuit stand-by mode. These
modes are selected by MODE and PD pin as listed below.

When the mode change is indicated during conversion, the actual change of operational mode is done after the completion of
conversion.

Mode PD Function

L
L D/A conversion mode

L
H Analog circuit stand-by mode

H
L A/D conversion mode

H
H Analog circuit stand-by mode

2) CONVERSION SEQUENCE

MB 87020’s conversion sequence is comprised of the following four processes.

Conversion start request process (Instruction to start conversion)
Conversion start process
Conversion process Conversion process
Conversion completion process

The above processes are synchronized with MCLK signal, but data management can be independent from MCLK signal. And during
conversion, next conversion startrequest can be provided.

Conversion start request process
Conversion start request is generated by the write cycle (CS=WR=L). After write cycle is completed (Rising edge of CS or WR),
conversion start request is generated. During D/A mode, write is possible in using write cycle. 16-bit data is written from lower 8-bit
then the upper 8-bit. After that conversion start request is generated.

LDS AND UDS IN WRITE CYCLE AND CONVERSION START REQUEST

Mode LDS UDS Conversion
Start Request

Data Xmit
(Write) Operation

L or L or Generated DB0 to DB15 16-bit Parallel Write

D/A
L or H Not Generated DB0 to DB7 Low-order Byte Write

D/A
H L or Generated DB0 to DB15 High-order Byte Write

H H Generated Serial Data Conversion

A/D Don’t Care Don’t Care Generated A/D Conversion Start
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CONVERSION START PROCESS
When conversion is requested to start, operational conversion starts at the next rising edge of MCLK clock. When previous
conversion is not completed, following conversion is postponed until previous conversion is completed. At this moment, START
becomes High level in one clock cycle in order to indicate conversion start. At this time, it is prohibited that WR=CS=“L”. When A/D
is converted, AIN input is sampled at the same time.

CONVERSION PROCESS
16th MCLK clock cycles are needed for one conversion process. From the second MCLK clock cycle, Write Mode is available and
Conversion Start Request can be generated for the following conversion. Write Mode can be repeated in this period, but only the last
Conversion Start Request and the last written data are effective.

CONVERSION COMPLETION PROCESS
The Conversion Process is completed after 16th MCLK clock cycles are passed from the conversion start. At the end of the
conversion, IRQ goes low to tell the completion of the conversion outside of the chip. This output is an open-drain output and
connected to microprocessor and provides interrupt request signal to it. When Write or Read Mode is executed, IRQ goes high. If
Conversion Start Request is generated during conversion, the next conversion will start continuously after the current conversion
is completed. The result of D/A conversion is output at A0 at this time and output will remain at its last level. More than 1 MCLK cycle
passed after conversion is completed, the result of A/D conversion can be read out at DB0 to DB15 when RD=CS=UDS=LDS=“L”.

3) DATA TRANSMISSION
Data transmission between MB87020 and external is made through I/O register. I/O register does not control conversion directly, but
they store A/D conversion results or D/A conversion data. Therefore, write/read are done freely except for the time of data
transmission with register which directly control at the beginning and ending of conversion. Using this function, 8-bit parallel
transmission, 8-bit serial transmission and data exchange during conversion are possible.

LSBLSB

MSB MSB

UDS
DB15

DB8
DB7

DB0
LDS

DATA BUS

DO

I/O REGISTER CONVERSION REGISTER
(SUCCESSIVE APPROXIMATION REGISTER)

16-bit 16-bit
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PARALLEL TRANSMISSION
Data is transmitted through DB0 to DB15 and controlled by CS, WR, RD, UDS and LDS. In the transmission mode, it requires CS =
Low. And in the write mode to MB87020, it requires WR = Low and read mode, RD = L. Upper byte (DB8 to DB15) transmission mode,
it requires UDS = L, lower byte (DB7 to DB0), LDS = L. All required conditions are satisfied, data is transmitted. If no, data transmission
mode is stopped and data is latched for write mode. During A/D mode, data is not written regardless UDS and LDS.

I/O register stores latest A/D mode result or latest written data of D/A mode. During read cycle, it is possible to read out A/D conversion
result and confirm D/A conversion result. Read/write of parallel data is controlled by control signal.

DATA CONTROL SIGNAL AND PARALLEL DATA TRANSMISSION

Reso-
l i Read/W

Data control signal Condition Conversion
S IRQ=L OMode

Reso
lution
(Bit)

Read/W
rite CS WR RD LDS UDS DB0 to

DB7

DB8 to
DB15

Conversion
Start

request

IRQ=L
Clear Operation

L L X X X HZ HZ Generated Clear A/D conversion start
request

X H H HZ HZ Not
Generated

Clear Serial output

A/D

8 L L

L H Output HZ Not
Generated

Clear Lower byte

8
Read
mode

L

H

L

H L HZ Output Not
Generated

Clear
Read out
conversion
result

Upper byte

16 L L Output Output Not
Generated

Clear

result

All byte

H H HZ HZ Generated Clear Conversion start request
of serial input data

8 Write
L L X

L H Input HZ Not
Generated

Clear
Read out

Lower byte
8 Write

mode H L HZ Input Generated Clear

Read out
conversion
result

Upper byte

16 L L Input Input Generated Clear

result

All byte

D/A
X H H HZ Hz Not

Generated
Clear Serial input

8 L L

L H Output Hz Not
Generated

Clear

C

Lower byte

8
Read
mode

L

H

L

H L HZ Output Not
Generated

Clear
Confirm
conversion
result

Upper byte

16 L L Output Output Not
Generated

Clear

result

All byte

X

L H H X X HZ HZ Not
Generated

Not
Clear

X

H X X X X HZ HZ Not
Generated

Not
Clear

Note: X = Don’t care
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SERIAL TRANSMISSION
DI, DO, STB, RD and CS are used for serial transmission. UDS, LDS are settled as High, RD, CS indicate transmission timing.

A/D MODE (DO OUTPUT)
After conversion is completed, MSB is output at the first falling edge of MCLK clock. When STB = H and CS = RD = L, from 2nd rising
edge of MCLK clock, A/D conversion result is output serially from upper side synchronized with falling edge of STB clock. The output
after 16-bit output is not related to any of converter result. Serial transmissions stop when STB = L and CS or RD = H.

D/A MODE (DI INPUT)
After conversion is completed, when CS = RD = L at STB = H after one clock cycle, DI is sampled as MSB and after that DI is sampled
from the MSB every rising edge of STB clock. Transmission is completed when 16th DI is sampled as CS or RD = H at STB = L.

When 2 pcs. of MB87020 are used A/D, D/A mode separately with connecting DO of A/D and DI of D/A, STB, RD, CS direct
transmission becomes possible. If STB clock frequency is higher than MCLK clock, other signal or other conversion data can be
transmitted by time sharing serially. If not, STB requires H, DI requires H or L.

CONVERSION RANGE AND CODE

A/D MODE

Input Voltage Output code (DB15 to DB0)

> +VREF 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

+VREF –1LSB 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

+VREF/2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

–1LSB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

–VREF/2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

–VREF +1LSB 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

< –VREF 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Note: VREF = VRI input voltage
1LSB = VREF/215

Output code will not become 1000 0000 0000 0000 under –VREF input voltage.

D/A MODE

Input code (DB15 to DB0) Output Voltage

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 > +VREF

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 +VREF –1LSB

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +VREF/2

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 –1LSB

1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 –VREF/2

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 –VREF +1LSB

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 < –VREF

Note: VREF = VRI input voltage
1LSB = VREF/215

Code input of 1000 0000 0000 0000 will not make the output of –VREF.
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RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Pin Name
Rating

UnitParameter Symbol Pin Name
Min Typ Max

Unit

Power Supply Voltage
VDD VDD 4.75 5.00 5.25

VPower Supply Voltage
VSS VSS –5.25 –5.00 –4.75

V

Reference Voltage VRI VRI 2.5 V

Load Impedance
RL

AO
20 kΩ

Load Impedance
CL

AO
20 pF

Ambient Operating Temperature TA 0 70 °C

DC CHARACTERISTICS
(DG = AG = 0V, VDD = 5V + 5%, VSS = –5V + 5%, fMCLK = 800kHz, VRI = 2.5V, TA = 0 to 70°C)

Parameter Symbol Pin Name Condition
Rating

UnitParameter Symbol Pin Name Condition
Min Typ Max

Unit

Power Supply Current
IDD VDD 15 mA

Power Supply Current
ISS VSS –15 mA

Power Supply Current at Power Down
IDDST VDD 1 mA

Power Supply Current at Power Down
ISSST VSS –0.5 mA

Reference Voltage VRO VRI 2.5 V

Digital High-level Input Voltage VIH
*1

2 VDD V

Digital Low-level Input Voltage VIL

*1
0 0.8 V

Digital High level Output Voltage VOH *2
IOH = 0.1mA 4.0 VDD V

Digital High-level Output Voltage VOH *2
IOH = 1mA 2.4 VDD V

Digital Low-level Output Voltage VOL *3 IOL = 2.4mA 0 0.4 µA

Digital Input Leak Current
“L” Level IIL

*3
–10 10 µA

Digital Input Leak Current
L  Level

“H” Level IIH
*3

–10 10 µA

IRQ Leakage Current at OFF ILIRQ IRQ
VOH = VDD

–10 10 µA

DB High-level Leakage Current at OFF ILDBH DB0 to

VOH = VDD
–10 10 µA

DB Low-level Leakage Current at OFF ILDBL

DB0 to
DB15 VOL= 0V –10 10 µA

Off-set Voltage VOFF AIN, AO –50 +50 mV

Linearity Error LE +0.02 %FSR

Differential Linearity Error DLE +0.02 %FSR

Note: *1. DB0 to DB15, DI, STB, MCLK, UDS, LDS, CS, RD, WR, PD, MODE, RES
*2. DB0 to DB15, DO
*3. DB0 to DB15, DO, IRQ
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AC CHARACTERISTICS
(DG = AG = 0V, VDD = 5V + 5%, VSS = –5V + 5%, fMCLK = 800kHz, VRI = 2.5V, TA = 0 to 70°C)

Parameter Symbol Pin Name Condition
Rating

UnitParameter Symbol Pin Name Condition
Min Typ Max

Unit

Clock Frequency
fMCLK MCLK 10 800 kHz

Clock Frequency
fSTB STB 2.5 MHz

Clock Duty Ratio DMCLK MCLK 45 50 55 %

Sampling Rate fSAMPLE 50 kSPS

1kHz,
FS –20dB
sine wave

VRI = 2.5V –0.1 0 +0.1

Absolute Gain GA
sine wave
50kSPS

TA = 25°C
BW = 20kHz

Connect to VRI
and VRO

–0.5 0 +0.5

dB

Total Harmonic Distortion T H D

1kHz,
sine wave
50kSPS

FS –20dB –60

dBTotal Harmonic Distortion T.H.D. 50kSPS
TA = 25°C

PW = 20kHz
FS –76

dB

Input Impedance (R1/C1)
R1

AIN A/D mode during STRT = H
100 kΩ

Input Impedance (R1/C1)
C1

AIN A/D mode during STRT = H
50 100 pF

SWITCHING CHARACTERISTICS
(DG = AG = 0V, VDD = 5V, VSS = –5V, fMCLK = 720kHz, VRI = 2.5V, TA = 25°C)

Parameter Figure Symbol
Rating

UnitParameter Figure Symbol
Min Max

Unit

Data Write Pulse Width 1 tWT 200 ns

Data Setup Time for Data Write 1 tSBW 200 ns

Data Hold Time for Data Write 1 tHBW 50 ns

Data Write Interval 1 tIW 200 ns

Data Non-Write LDS/UDS Setup Time 1 tSDW 50 ns

Data Non-Write LDS/UDS Hold Time 1 tHDW 50 ns

Write Command Pulse Width 1 tWW 200 ns

Write Command Hold Time for First Conversion Cycle 2 tHWN 0 ns

Write Command Setup Time Preventing from Conversion Start 2 tSWI 100 ns

Write Command Hold Time Not to Start Conversion 2 tHWP 100 ns

Write Command Hold Time for Conversion Start 2 tSWP 100 ns

WR Setup Time for Data Read (D/A mode only) 3 tSWC 50 ns

WR Hold Time for Data Read (D/A mode only) 3 tHWC 50 ns

Data Read Pulse Width 3 tWR 200 ns
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SWITCHING CHARACTERISTICS (Continued)
(DG = AG = 0V, VDD = 5V, VSS = –5V, fMCLK = 720kHz, VRI = 2.5V, TA = 25°C)

Parameter Figure Symbol
Rating

UnitParameter Figure Symbol
Min Max

Unit

Delay Time to Valid Data Output 3 tEB 0 200 ns

Disappearance Time for Valid Data 3 tDB 0 ns

RD Hold Time for Last Conversion Cycle 4/5 tHRK 0 ns

RD Setup Time for Last Conversion Cycle 4/5 tSRK 0 ns

LDS/UDS Setup Time for Serial Data Transfer Start 5 tSDR 50 ns

LDS/UDS Hold Time for Serial Data Transfer Completion 5 tHDR 50 ns

STB Setup Time for Read Command 5 tSTR 100 ns

STB Hold Time for Read Command 5 tHTR 100 ns

High-level STB Pulse Width 5 tWSH 200 ns

Low-Level STB Pulse Width 5 tWSL 200 ns

MSB Output Delay Time 5 tDOK 0 500 ns

Serial Output Delay Time 5 tDOT 0 150 ns

MSB Input Setup Time 5 tSIR 50 ns

MSB Input Hold Time 5 tHIR 50 ns

Serial Input Setup Time 5 tSIT 50 ns

Serial Input Hold Time 5 tHIT 50 ns

STRT Output Delay Time 6 tDSK 0 300 ns

Analog Input Setup Time 6 tSA 1.2 µs

Analog Input Hold Time 6 tHA 0 ns

Command Setup Time for IRW = Low 6 tSCK 200 ns

IRQ Falling Delay Time 6 tDIK 0 200 ns

IRQ Rising Delay Time (Pull-up Resistance = 5kΩ, CL = 10pF) 6 tDIC 0 200 ns

Analog Output Settling Time 6 tDA 0 8 µs

Valid Output Hold Time 6 tAE 500 µs

CS Setup Time for Reset Completion 7 tSRES 500 ns

CS Hold Time for Reset Completion 7 tHRES 20 clock
cycle

Reset Pulse Width 7 tWRES 500 ns

PD Setup Time 8 tSPK 100 ns

PD Hold Time 8 tHPK 500 ns

MODE Setup Time 8 tSMK 100 ns

MODE Hold Time 8 tHMK 500 ns

Power Down Time from Conversion Completion 9 tPDK 1 ms

Power Down Time from PD 9 tPDP 1 ms

Power Up Time 9 tPUP 10 ms
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TIMING DIAGRAMS

PARALLEL TRANSMISSION

tWW

tIW tHDW

tSDW

tWT

tSBW

tHBW

CS + WR

LDS, UDS

LDS + CS + WR
UDS + CS + WR

DB0–7, DB8–15

Note : A + B + C : OR output of A, B and C.

A + B + C : Three of them becomes L level.

A + B + C : One of them becomes H level.

Figure 1. Write Cycle Timing 1 (Data Transmission)

CS + WR

MCLK

STRT

1st one cycle 1st one cycle

tHWP

tHWN

tSWI

tSWP

Figure 2. Write Cycle Timing 2 (Conversion Start)
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TIMING DIAGRAMS (Continued)

PARALLEL TRANSMISSION

tSWC

tHWC

tWR

tEB tDB

CS

CS + RD + LDS
CS + RD + UDS

DB0–7, DB8–15

Figure 3. Read Cycle Timing 1 (Data Transmission)

CS + RD

tHRK tSRK

CLK

IRQ

Conversion completed. Conversion completed.

Note : Except for serial transmission mode, tHRK, tSRK specification is necessary to read out normally. Unless these
spec are specified, the data will not destroy.

Figure 4. Read Cycle Timing 2 (Conversion Start)
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TIMING DIAGRAMS (Continued)

SERIAL TRANSMISSION

tHRK

tSDR
tHTR

tWS

tSRK

tDOK tSTR tDOT tWSL

tSIR tHIR tSIR tHTT tSTT tHIT

tHDR

tHTRtSTR

MSB

MSB

LSB

LSB

MCLK

STRT

IRQ

CS + RD

UDS

LDS

STB

DO (A/D)

DI (A/D)

Figure 5. Serial Input/Output
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TIMING DIAGRAMS (Continued)

OTHER TIMING

Conversion start
1st Cycle Conversion completion cycle

tDSK

tDSK
tHA

tSA

tSCK

tDIK

tDIC

tDA

tAE

MCLK

STRT

AIN

CS + RD

CS + WR

IRQ

AO

Note: tSCX is a necessary condition  that IRQ becomes L. However, if this condition is not satisfied, the operation has no effect.

Figure 6. STRT, IRQ, AIN, PO Timing

VDD

CLK

CS

RES

tWRES

tSRES
tHRES

Figure 7. Power On/Rest Timing



MB87020

15

TIMING DIAGRAMS (Continued)

MCLK

PD

MODE

STRT

Conversion start cycle

tSPK
tHPK

tSMK

tHMK

Figure 8. Mode Changing Timing

Conversion completion

Conversion is not started

tPDK tPDP tPUP

MCLK

PD

Power Up
Inner Condition
Power Down

Figure 9. Power Down Timing
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OPERATING TIMING
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Figure 10. D/A, 8–bit Microprocessor



MB87020

17

OPERATING TIMING (Continued)
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Figure 11. A/D, 16–bit Microprocessor
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OPERATING TIMING (Continued)
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Figure 12. A/D, Serial Output or D/A, Serial Input
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INTERFACE CIRCUIT EXAMPLE

ADDRESS
DECODER

8088 Maximum Mode

A7

A1

AO

D0

D7

RESET

IOWC

IORC

~
~

IR7

+5V

10kΩ

CS

UDS

LDS

WR

RD

RES

DB0

DB7

~

DB8

DB15

~

IRQ

DI

STB

DO

VDD VSS DG AG

AN

AO

VRI

VRO

STRT

CLK

MODE

PD

+5V –5V

Analog input

Analog output

50pF

800kHz
CLK IN

VDD: A/D
DG: D/A

MB87020

Note: When LDS is low, even bytes are stored in the lower I/O register.
When UDS is low, odd bytes are stored in the high I/O register.
Interruption is used as the highest priority.
Conversion range is between –2.5V and +2.5V.
The data stored in AX register are D/A converted by OUT command.

Figure 13. Interface with 8 088 Maximum Mode
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INTERFACE EXAMPLE WITH VARIOUS INTERFACE

Object Control Signal
Example of main input control pin of MB87020

Object Control Signal
DB0 to DB 7 DB8 to DB 15 CS WR RD UDS LDS

Z80 
(80 series
8-bit CPU)

WR, RD, 
D0 to D7, 
A0 to A15

D0 to D7 D0 to D7

Address
decoder
output

WR RD Inverted
output of A

AO

MP

6800 
(68 series
16-bit CPU)

R/W, VMA, �2,
D0 to D7, 
A0 to A15

D0 to D7 D0 to D7 *** R/W
Inverted
output of

R/W

Inverted
output of A

AO

MP
8068 
(86 series
16-bit CPU)

MWTC,MRDC,
D0 to D15, 
A0 to A19

D0 to D7 D8 to D15

Address
decoder
output

MWTC MRDC BHE AO

6800 
(6800 series
16-bit CPU)

R/W, AS, LDS,
UDS, A0 to A23

D0 to D7 D8 to D15 **** R/W
Inverted
output of

R/W
UDS LDS

D/A conversion only, D0 to D15
(Parallel data), Conversion start
request signal ST (Low active)

D0 to D7 D8 to D15 L ST H L L

A/D conversion only, 
Conversion start request signal ST
(Low active) D0 to D15 
(Parallel data request)

D0 to D7 D8 to D15 L ST L L L

A/D or D/A serial conversion
transmission BUSY (Low active)
Conversion start request signal ST
(Low active)

L or H L or H L ST BUSY H H

MB87064
(Fujitsu
16-bit DSP)

BCT, ACT, 
D0 to D15

D0 to D7 D8 to D15 L BCT ACT L L

*** Address decoder output after VMA, �2 gate
**** Address decoder output after AS gate

TEST CIRCUITS

MB87020
A/D MODE

REFERENCE
D/A LPF

20kHz
96 dB/OCT

DISTORTION
LEVEL METER

ETC.

16 BIT

INPUT

CLOCK

CLOCK FREQUENCY: 800kHz
SAMPLING RATE: 50kSPS

Figure 14. Test Circuit for Distortion Ratio (1)
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TEST CIRCUITS (Continued)

MB87020
A/D MODE

MB87020
D/A MODE LPF

20kHz
96 dB/OCT

DISTORTION
LEVEL METER

ETC.

16 BIT

INPUT

CLOCK

CLOCK FREQUENCY: 800kHz
SAMPLING RATE: 50kSPS

Figure 15. Test Circuit for Distortion Ratio (2)

MB87020
A/D MODE

REFERENCE
D/A LPF

13.8kHz
96 dB/OCT

DISTORTION
LEVEL METER

ETC.

INPUT
1kHz
FS –20dB

CLOCK

Figure 16. Test Circuit for Distortion Ratio (3)

MB87020
A/D MODE

MB87020
D/A MODE LPF

13.8kHz
96 dB/OCT

DISTORTION
LEVEL METER

ETC.

16 BIT

CLOCK
INPUT
1kHz
FS –20dB

Figure 17. Test Circuit for Distortion Ratio (4)
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TEST CIRCUITS (Continued)

MB87020
A/D MODE

MB87020
D/A MODE NETWORK

ANALYZER

16 BIT

CLOCKINPUT
1kHz

CLOCK FREQUENCY: 800kHz
SAMPLING RATE: 50kSPS

Figure 18. Test Circuit for Absolute Gain

MB87020
A/D MODE

REFERENCE
D/A SPECTRUM

ANALYZER

16 BIT

TRACKING
GENERATOR

CLOCK

CLOCK FREQUENCY: 800kHz
SAMPLING RATE: 50kSPS

Figure 19. Test Circuit for Frequency Characteristics (1)

MB87020
A/D MODE

MB87020
D/A MODE SPECTRUM

ANALYZER

16 BIT

CLOCK
TRACKING
GENERATOR

CLOCK FREQUENCY: 800kHz
SAMPLING RATE: 50kSPS

Figure 20. Test Circuit for Frequency Characteristics (2)
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TYPICAL PERFORMANCE CHARACTERISTICS
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TEST CIRCUIT FOR DISTORTION (1) Fig. 14
SIGNAL FREQUENCY: 1kHz
BAND WIDTH: 20kHz
SAMPLING FREQUENCY: 50kHz

TEST CIRCUIT FOR DISTORTION (2) Fig. 15
SIGNAL FREQUENCY: 1kHz
BAND WIDTH: 20kHz
SAMPLING FREQUENCY: 50kHz
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Figure 21. Signal Level of ADC Mode vs. Distortion Ratio Figure 22. Signal Level of DAC Mode vs. Distortion Ratio
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Figure 23. Signal Frequency vs. Distortion Ratio Figure 24. Signal Frequency vs. Distortion
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TYPICAL PERFORMANCE CHARACTERISTICS  (Continued)
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Figure 25. Temperature vs. Distortion Ratio (A/D Mode) Figure 26. Temperature vs. Distortion Ratio (D/A Mode)
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Figure 27. Sampling Frequency vs. Distortion Ratio Figure 28. Sampling Frequency vs. Distortion Ratio
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TYPICAL PERFORMANCE CHARACTERISTICS  (Continued)
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Figure 29. Input Level vs. Gain
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Figure 30. Signal Frequency vs. Gain Figure 31. Signal Frequency vs. Gain
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PACKAGE DIMENSIONS

40-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-40P-M01)

Dimensions in
inches (millimeters).  1988 FUJITSU LIMITED D40005S–2C

15° MAX

.010+.002
(0.25+0.05)

.600(15.24)
TYP.

.543+.010
(13.80+0.25)

(52.40
� 0.20
– 0.30 )2.063

� .008
– .012

INDEX

.050
� .020
– 0

(1.27
� 0.50
– 0 )

.090(2.29) .100(2.54) .018+.003

MAX. TYP. (0.46+0.08)

.020(0.51) MIN.

.195(4.96) MAX.

.118(3.00) MIN.

(EJECTOR MARK)
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All Rights Reserved.

Circuit diagrams utilizing Fujitsu products are included as a means of illustrating typical
semiconductor applications.  Complete information sufficient for construction purposes is
not necessarily given.

The information contained in this document has been carefully checked and is believed to
be reliable.  However, Fujitsu assumes no responsibility for inaccuracies.

The information contained in this document does not convey any license under the copy-
rights, patent rights or trademarks claimed and owned by Fujitsu.

Fujitsu reserves the right to change products or specifications without notice.

No part of this publication may be copied or reproduced in any form or by any means, or
transferred to any third party without prior written consent of Fujitsu.
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FUJITSU LIMITED

For further information please contact:

Japan

FUJITSU LIMITED
Electronic Devices International
Sales and Engineering Support Division
1015, Kamikodanaka Nakahara-ku,
Kawasaki 211, Japan
Tel: (044) 754-3753
FAX: (044) 754-3332

North and South America

FUJITSU MICROELECTRONICS, INC.
Integrated Circuits Division
3545 North First Street
San Jose, CA 95134-1804, USA
Tel: 408-922-9000
FAX: 408-432-9044

Europe

FUJITSU MIKROELEKTRONIK GmbH
Am Siebenstein 6-10,
6072 Dreieich-Buchschlag,
Germany
Tel: (06103) 690-0
Telex: 411963 
FAX: (06103) 690-122

Asia

FUJITSU MICROELECTRONICS ASIA PTE LIMITED
51 Bras Basah Road,
Plaza By The Park,
#06-04 to #06-07
Singapore 0719
Tel: 336-1600
Telex: 55573
FAX: 336-1609

 FUJITSU LIMITED 1988 Printed in Japan PV0021–889A1


