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The Fujitsu MB87020 is a 50kSPS (Kilo Sample Per Second) 16-bit Analog-
to-Digital and Digital-to-Anatog converter fabricated by Fujitsu Advanced
CMOS technology. AD or DA 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 also
serial data can be managed.
® Conversion Mode Selectable: A ta Serial Data Port Available
DorDto A On-chip Sample and Hold circuit
® High Resolution: 16-bit for Analog Input/Output
@ High Conversion Speed: 50 kSPS On-chip Reference Voltage Gene-
max. _ rator: 2.5V typ. PLASTIC PACKAGE
@ High Linearity: 12-bit External Reference Voltage can DIP-40P-MO1
@ Low Power Dissipation and Stand be used.
by Mode Available Power Supply Voltage: 5V
® Microprocessor oriented 8/16-bit Packag: 40-pin Plastic Dual In-
bus compatibility including inter- Line Package
rupt request as conversion com-
pletion (TOP VIEW)
N e ) =
ABSOLUTE MAXIMUM RATINGS (See NOTE) 0812 [ 058
BB (3 38R
Rating Symbal Value Unit g:iE; :3“7; ::ngsn
DBs(e 3s[INC
Voo ~-0.31t0+7.0 \ DBSE 3 ulIne
Power Supply Voltage 08718 23 JRES
Vss ~7.0t0 +3.0 A g:sE 9 32% Voo
s j10 31 Jvro
0Byo 11 3o Jvri
Analog Input/Output Voltage Vra | Vgs-0.310Vpp +0.3 | V DB11 [ 12 27 a6
DB12[]13 28] A0
Digital Input/Qutput Voltage V1o ~0.310 Vppt+0.3 \ 083314 27 Y vgs
DB14[]15 %A
Input/Output Current It -10to +10 mA DB1s[] 16 25:]p|;‘>N
P oG []17 24— Imooe
iRQ 18 23[JSTRT
Power Dissipation Po 500 mW ma L3 o = A
o o 2 21 ] s78
Storage Temperature Tsta ~40 10 +125 C
Ambient Operating Temperature | Tp 0to +70 °c (DIP-40P-M01)

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

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional operation shouid 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.
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PIN DESCRIPTION

Pin Name Pin No. Description

Voo 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 N tnternal 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 firstly.

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

AN 26 Analag Input for A/D Conversion: During STRT = H, this input data is sampled. During

D/A conversion, this input pin is recommended to be tied with AG.

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

DBg to 11016 Parallel Data Input/Output: Can transmit A/D conversion data output or D/A conversion
DB,s data input in 8- or 16-bit parallel. Due to three-state input, the pins are connected with
microprocessor's bus directly. DBys is MSB, DBg is LSB. When connected with 8-bit bus,
DB, and DB, ,g 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 Qutput: 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 hit.
(See Serial Data Transfer.]

cS 36 Chip Select Input: When CSis low, RD and WR signals are effective.

WR 37 Data Write Input: When WR is low, stored data in DBg te DB,g 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
DBy to DBys.

0uDs 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 tower 8-bit data is transferred.

STRT 23 Conversion Start Output: This output indicates conversion start. During the first clock cycle

of coenversion, it becomes high. When it is high for AD conversion, Ay input is sampled.

IR 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 of function
is selected by made select pin. MB87020 can be used for either parallel 1/O connection or serial 1/O connection with micro-
Processor.,

Parallel 1/0: Connected with uP 80 series 8-bit, 68 series 8-bit, 8086 series 16-bit and 68000 series 16-bit.
Serial 1/O: It needs a less signal lines compared with parallel 1/0.

We are going to describe 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

mode is selected by MODE and PD pin as listed below.
When the mode change is indicated during converting, the actual change of operational mode is done after the completion of

conversion.
Mode PD Function

L D/A conversion mode

L
H Analog circuit stand-by mode
L A/D conversion mode

H
H Analog circuit stand-by mode

2) CONVERSION SEQUENCE

MB87020's conversian sequence comprises the following four process.

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

Conversion completion process

The above process are synchronized with MCLK signal, but data management can be independent from MCLK signal. And
during conversion, next conversion start request can be pravided.

Conversion start request pracess
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.
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DS AND UDS IN WRITE CYCLE AND CONVERSION START REQUEST

— —_— Conversion Data Xmit
M LDS i
ode ubs Start Request (Write) Operation
Lor LI Lor "L Generated DBg to DBys 16-bit Parallel Write
Lor LI H Not Generated DBy to DBy Low-order Byte Write
D/A
H Lor LI Generated DBy to DBy High-order Byte Write
H H Generated Serial Data Conversion
A/D Don't Care Don’t Care Generated A/D Conversion Start

TLI: Transmission of High to Low to High.

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. During this moment, it
is prohibited that WR = C§ = “L".

When A/D conversion, Ay input is sampled at this moment.

CONVERSION PROCESS

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

CONVERSION COMPLETION PROCESS

Conversion Process is completed after 16th MCKL clock cycles are passed from conversion starts.

At the end of conversion, IRQ goes low to tell the completion of the conversion outside of the chip. This output is an open-
drain output and connect to microprocessor and provides interrupt request signal to it.

When Write or Read Mode is excuted, IRQ goes high.

1f 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 Ag at this moment 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 DBy to DBy
when RD = C§=0UDS = LDS="L".
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3) DATA TRANSMISSION

Data transmission between MB87020 and external is made through 1/O register. 1/0 register does not control conversion
directly, but they store A/D conversion results or D/A canversion 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.

Do
Uos o ?
PB15 = wf mss MsB
-—
—
-—
-
—-—
p—
paTaBUs DPe -
b8, -]
——
-—]
—
-—
S—
-—
DBg = LsB LsB
bs o
(g DI
1/0 REGISTER CONVERSION REGISTER
{SUCCESSIVE APPROXIMATION REGISTER]
16-bit 16-bit

PARALLEL TRANSMISSION

Data is transmitted through DB to DB,g and controtled 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 = L and read mode, RD = L,

Upper byte {DBg to DBys) transmission mode, it requires UDS= L, lower byte (DB; to DBy}, 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 regardiess UDS and LDS.

1/0 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.
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DATA CONTROL SIGNAL AND PARALLEL DATA TRANSMISSION
Data control signal Condition )
Reso- Conversion | ==
. Read/ {RQ=L )
Mode | lution Writ DBs to | DB to Start Clear Operation
(8it) || CS | WR | RD |LDS|UDS| ~-9 8 request
DB, DB.g
D R
L Lilx x| x HZ HZ Generated Clear A/D conversion start
request
Not .
X H H HZ HZ Clear Serial output
generated
A/D
Not
L H | Output HZ Clear Lower byte
generated
8 Read L L Not Read out
e H H L HZ Output ° Clear conversion Upper byte
mode generated
result
16 L | v | output | output | MO Clear All byte
P P generated 4
H H HZ HZ Generated Clear Conv?rspn start request
of serial input data
L H Input HZ Not Clear Lower byte
generated
8 Writ L L X Read out
rite H L HZ Input Generated Clear conversion Upper byte
mode
result
16 L L Input Input Generated Clear All byte
D/A
X HlH| Hz Hz | Nt Clear | Serial input
generated
Not
L H Output HZ Clear Lower byte
generated
8 Read L L Not Confirm
ea H H L HZ Output ° Clear conversion Upper byte
mode generated
result
Not
16 L L | Output | Output Clear All byte
generated
L{H|H|[x|x]| nz Hz | Nt Not
generated Clear
X
H{x | x|x |x]| Hz Hz | Vet Not
generated Clear

Note: X: Don't care
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SERIAL TRANSMISION

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 ta any of converter result.

Serial transmission is stop when STB = L and CS or RD = H.

D/A MODE (D! 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 = Hat STB = L.

When 2 pes 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.

I no, STB requires H, DI requires H or L.
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CONVERSION RANGE AND CODE
A/D MODE
Input Voltage QOutput code {DB,5 to DBg)
> +Vger 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
+Vgegp - 1LSB 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
+VReg/2 0 1 0 O ¢ 0 0o O 0 o o0 0 0 o o0 @
0 0 0 0 O 0 0 0 0 0 o 0 O 0o o 0 0
-1L5B 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-Vgeg/2 1 1 0 0 0O 0 o O 0 o 0 O c 0 0 0
~Vgee + 1LSB 1 0 0 O 0o 0 0 © 0 a 0 ¢ o 0 0 1
< -VRer t 0 0 0 0O 0 o0 © 0 g 0 O 0 0 0 1
Note: Vger = VRI input voltage
1LSB = Vgge /215
Output code will not become 1000 0000 DOOO 0000 under ~Vrer input voltage.
D/A MODE
Input code (DB45 ta DBg) Output Voltage
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 > +Vger - 1LSB
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 +Vger - 1LSB
o 1 0 O 0 0 0 © 6 o0 0 o 0o 0 0 O +Vaer/2
0O 0 0 o 0 0 0 O 6 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 0o 0 0 0 0O 0 0 o0 0o 0 0 0 -VReg/2
1 0 0 © 0 o 0 o0 g 0 0 o© c 0 0 1 ~Vger + 1LSB
1 0 0 0 0o o 0 0 g 0 0 O 0O 0 0 O -Vger + 1LSB

Note: Vgee = VRIinput voltage
1LSB = Vgeg /215
Cade input of 1000 0000 0000 D000 wili not make the output of ~VRer.-
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RECOMMENDED OPERATING CONDITIONS

Parmeter Symbol Pin Name Min Typ Max Unit
Voo Voo 4.75 5.00 5.25 \)
Power Supply Voltage
Vgg Vgs -5.25 -5.00 -4.75 \
Reference Voltage Vg Vi 2.5 \Y
R, 20 k&2
Load Impedance AQ
C_ 20 pF
Ambient Operating Temperature Ta o] 70 °c

DC CHARACTERISTICS

(DG = AG = 0V, Vpp =5V * 5%, Vgg = -5V + 5%, fucLk = 800 kHz, VR, = 2.5V, T4 = 0 to 70°C)

Parameter Symbol Pin Name Condition Min Typ Max Unit
top Voo 15 mA
Power Supply Current
lss Vsg -15 mA
Power Supply Current at loosT Voo 1 mA
Power Down lsssT Vsg 0.5 mA
Reference Voltage Vao VR, 2.5
Digital High-level Input Voltage Viy . 2 Vap
Digital Low-level Input Voltage A\ k 0 0.8
low = 0.1mA 4.0 Voo
Digital High-level Output Voltage Vou *2 Y
low = TMA 24 Voo
Digital Low-level Qutput Voltage VoL *3 loL = 2.4mA 0 0.4 \'
Digital Input “L" Level e 3 -10 10 uA
Leak Current “H" Level I -10 10 uA
RQ Leakage Current at OFF ILiRra iRQ -10 10 HA
SIBO};iEh-Ievel Leakage Current - Vou = Voo -10 10 uA
_ DBy to
;ItBOII.:c::w-level Leakage Current I oaL DB, Voo =0V -10 10 A
Off -set Voltage Vorr AIN A0 -50 +50 mV
Linearity Error LE 0.02 %FSR
Differential Linearity Error DLE +0.02 %FSR

Note: *1: DBy o DB,g, DI, STB, MCLK, UDS, LDS, CS, RD, WR, PD, MODE, RES
*2: DB, to DB,5, DO

*3; DBg to DBy5, DO, iRG
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AC CHARACTERISTICS

(DG = AG = OV, Vpp =5V 5%, Vgg = -5V 5%, fucLi = 800 kHz, Vg = 2.5V, T4 = 0 to 70°C)

Parameter Symbol Pin Name Condition Min Typ Max Unit
fmeLk MCLK 10 800 kHz
Clock Frequency
fsTe sT8 2.5 MHz
Clock Duty Ratio Dmerk MCLK 45 50 55 %
Sampling Rate fsameLe 50 kSPS
1kHz,
FS -20d8 Via.=2.5V| -0.1 0 +0.1
i sine wave
Absolute Gain Ga 50KSPS dB

T,=25°c | Connectto [ g5 | ¢ +0.5
BW=20kHz | Vriand Vo

1kHz,
sine wave FS -20dB ~-60
Total Harmonic Distortion T.H.D. 50kSPS dB
T, = 25°C Fs _76
PW=20kHz

Ri A/D mode during 100 k&2
Input Impedance (R,/C;) AIN STRT = H

c 50 100 | pF
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SWITCHING CHARACTERISTICS

(DG = AG = oV, VDD = 5V, Vss = —5V, fMCLK = 720kHz, VR| = 2.5V, TA = ZSQC)

Parameter Fig. Symbol Min Max Unit
Data Write Pulse Width 1 twt 200 ns
Data Setup Time for Data Write 1 tsaw 200 ns
Data Hold Time for Data Write 1 thew 50 ns
Data Write Interval 1 tyw 200 ns
Data Non-Write LDS/UDS Setup Time 1 tsow 50 ns
Data Non-Write LDS/UDS Hold Time 1 tHow 50 ns
Write Command Pulse Width 1 tww 200 ns
Write Command Hold Time for First Conversion Cycle 2 tHwn ] ns
\é\i;i:te Command Setup Time Preventing from Conversion 2 tswt 100 s
Write Command Hold Time Not to Start Conversion 2 tuwe 100 ns
Write Command Hold Time for Conversion Start 2 tswe 100 ns
WR Setup Time for Data Read {D/A mode only} 3 tswe 50 ns
WR Hold Time for Data Read (D/A mode only) 3 thwe 50 ns
Data Read Pulse Width 3 twr 200 ns.
Delay Time to Valid Data Output 3 tes 0 200 ns
Disappearance Time for Valid Data 3 tos 0 ns
RD Hold Time for Last Conversion Cycle 4/5 thRK 0 ns
RD Setup Time for Last Conversion Cycle 4/5 sk 0 ns
LDS/UDS Setup Time for Serial Data Transfer Start 5 tspr 50 ns
LDS/UDS Hold Time for Serial Data Transfer Completion 5 tHpR 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
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{DG = AG = 0V, Vpp =5V, Vgs = -5V, fmcLk = 720kHz, VR| = 2.5V, Ty = 25°C)

Parameter Fig. Symbol Min Max Unit
MSB Output Delay Time 5 took 0 500 ns
Serial Output Delay Time 5 tooT 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 Qutput Delay Time 6 tosk ¢} 300 ns
Analog Input Setup Time 6 tsA 1.2 us
Analog Input Hold Time 6 thA 0 ns
Command Setup Time for IRQ = Low 6 tsck 200 ns
IRQ Falling Delay Time 6 toik 0 200 ns
(Pelup Rasttance = Sk, C, = 105F) 6 | oo 0 200 | s
Analog Qutput Settling Time 6 tpa 0 8
Valid Output Hold Time 6 tAE 500 us
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 tsmx 100 ns
MODE Hald Time 8 thmk 500 ns
Power Down Time from Conversion Completion 9 tppk 1 ms
Power Down Time from PD 9 tepP 1 ms
Power Up Time 9 teup 10 ms
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TIMMING DIAGRAM

PARALLE TRANSMISSION

Fig. 1 —WRITE CYCLE TIMING-1 {DATA TRANSMISSION)

tspw

tww
CS+WR
fw How
LDS, UDS
4
/ 'sow

LDS+CS+WR
UDS + CS + WR

DBg_7, DBg_1s x

OR output of A, B and C.

Note: A+B+C

A+B+C —x_
i

A+B+C

Three of them becomes L. level.

One of them becomes H level.

Fig. 2 - WRITE CYCLE TIMING-2 (CONVERSION START)

p—tHwp

a
3

Y

-

THwN
MCLK

-

tswi

— 7\

I

/\

1st one cycle

1st one cycle
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PARALLE TRANSMISSION

Fig. 3 — READ CYCLE TIMING-1 {DATA TRANSMISSION)

thwe
[——1tswc

CS+RD+ LD
— . ‘wn———j
+ +
|

/

‘DB‘

PRo-1. PPa-ts m

Fig. 4 — READ CYCLE TIMING-2 (CONVERSION START)

HRAK 1SRK
?.__—

Nan e U 2\ an\
"N/ T\

Conversion completed. Conversion completed.

al
7
3l

Note: Except for serial transmission mode, tHRK. tspK specification is necessary to read out normally. Unless these spec are
specified, the data will not destroy.
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TIMMING DIAGRAM (continued)

SERIAL TRANSMISSION

Fig. 5 — SERIAL INPUT/OQUTPUT

17

STRT
" |/
CS +RD
N
Ak | R 7 tSRK
uDs
LDS t HDR lr
— twsH | W
5DR tHTR _Fjg TR | tHTR
STB -
—/ \_] U kA Vi _
took _|sTR tpoT TWsL
-
00 (A/D) [ mse ). - Xtse X:
) / | Y
DI (A/D} LMSB ) y LsSB (
tsIR tHIR tsir|| WTT ||tsTT|] WHIT
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Conversion start

1st cycle

Fig. 6 — STRT, IRQ, AIN, PO TIMING

Conversion completion cycle

\ /S S
psx
STRT
tpsk
L tha
AIN
tsck
JEE tsa
S+ RD
S+ WR /
oIk
toic
IR toa,
e
a0 >«
taE

Note: tgcx is necessary condition that TRQO becomes L. However, if this candition is not satisfy, operation has no effect.
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TIMMING DIAGRAM (continued)

Fig. 7 — POWER ON/REST TIMING

WRES

HRES

Fig. 8 — MODE CHANGING TIMING

Conversian start cycle

e —
/N F
| ‘HPK|
tspK
smK

1
MODE

X
X
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Fig. 9 — POWER DOWN TIMING

Conversion completion

MLCK —_—\_J
Conversian is not started
" ]

Power Up —
Inner condition \
Power Down e

DK tepp tpup
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OPERATING TIMING

Fig. 10 — D/A, 8-BIT MICROPROCESSOR

[112|3fals|ef [12]3[1afs]16]1[2]3]4]5]
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............................................ ooy YAYA NOISHIANOD DNIMOTI04 3LIHMm

—‘ LdNHYILINI NOILITIWOD NOISHIANOD
...LHVYLS NOISHIANOD DNIMOTI104

STRT

{ o
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1HVLS NOISHIANOD
........... '
-3LAG-HIddN 3LIHM
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Fig. 11 — A/D 16BIT MICRO PROSESSOR
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MCLK
sTB

STRT

1]

DO (A/D)

DI {D/A}

Fig. 12 — A/D, SERIAL OUTPUT OR D/A, SERIAL INPUT

[e]1]2|alals|e]7]|s] o {t0 ] [1z[13]1a 15|18 1|2

CONVERSION COMPLETION ---

TRANSFER (D/A CONVERSION DATA, A/D CONVERSION

RESULTS) START
TRANSFER STOP COMMAND IS GENERATED....

DO IS CHANGED AT FALLING EDGE OF STB.-----3
D1 IS SAMPLED AT RISING EDGE OF STB
AFTER LSB tS TRANSMITTED, CONVERSION 1S COMPLETED.---

CONVERSION START REQUEST 1S GENERATED---

CONVERSION START
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INTERFACE CIRCUIT EXAMPLE

Fig. 13— INTERFACE WITH 8088 MAXIMUM MODE

+5V -5V

8088 Maximum Mode ? ? P’ [;7

Az o Vpp Vss DG AG
1 ADDRESS [ AN |——O Analog input
DECODER]
Aq O— FDO— uDs ACQ |——CO Analog output
AO O— LDS
iowe  O— WR VRI
50pF
[ORC O— RD VAQ
RESET O—— —DO— RES
Do O DBg STRT|—O
2 ¢ MB87020
D7 Oo— DB
+BV DBg ¢LK O 800kHz
2 CLK IN
DB1g
10k§2
iRy iRa MODE —o0 VYob: AID
DG: D/A
DI
STB PD
O— po _jl
il

Note: When LDS is low, even byte is stored in lower 1/O register.
When UDS is low, odd byte is stored in high 1/O register.
Interruption is used as the hight priority.
Conversion range is between —2.5V and +2.5V.
The data stored in AX register are D/A converted by OUT command.
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INTERFACE EXAMPLE WITH VARIOUS INTERFACE

Example of main input control pin of M887020
Object Control Signal
DBy to DB, |DB8 to DB,5| €% WR RD uDS LDS
280 WR, RD, Address | . Inverted
(80 series Dy to Dy, Dg to Dy Dg to D5 decoder WR RD output AO
8-bit CPU) Ag toAs output of A
6800 R/W, VMA, ¢2, _ Inverted | Inverted
(68 series Do to Dy, Do to Dy Dy to Dy b R/W | output output AO
16-bit CPU) | Ag to Agg of RW | of A
MP
8086 MWTC, MRDC, Address
(86 series Dg to Dys, Dy to Dy Dg toDy5 | decoder | MWTC MRDC BHE AO
16-bit CPU) | Agto A g output
68000 RAN, AS, LDS, Inverted
(68000 series| UDS, Ag to Ayy Dg to D, Dg to Dy rrex R/W | output ubs LDS
16-bit CPU) of R/W
D/A conversion only,
Dy to D45 (Parallel data), -
D
Conversion start request signat o toD; Dg toDq5 L ST H L L
ST {Low active)
A/D conversion only,
Conversion start request signal —
ST {Low active) Do t0 b7 Ds *0 D15 t ST L L L
Do to Dq5 (Parallel data request)
A/D or D/A serial conversion
transmission
BUSY (Low active) LorH LorH L ST BUSY H H
Conversion start request signal
ST (Low active)
MB87064 BCT, ACT,
{Fujitsu 16-bit Do to Dy DotoD; | DgtoDis L BCT ACT L L
DSP)

*ww

Address decoder output after VMA, ¢, gate
Address decoder output after AS gate

LY
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TEST CIRCUIT

Fig. 14 — TEST CIRCUIT FOR DISTORTION RATIO (1)

16 BIT
MB87020 . REFERENCE
A/D MODE| 3 D/A LPF DISTORTION
20kHz LEVEL METER
96 dB/OCT ETC.
CLOCK
INPUT CLOCK FREQUENCY: 800kHz
SAMPLING RATE: 50kSPS

Fig. 15 — TEST CIRCUIT FOR DISTORTION RATIO (2)

16BIT
o MB87020 5 MB87020
A/D MODE | ¢ |D/A MODE LPF DISTGRTION
20kHz LEVEL METER
96 dB/OCT ETC.
CLOCK
INPUT CLOCK FREQUENCY: 800kHz
SAMPLING RATE:  50kSPS

Fig. 16 — TEST CIRCUIT FOR DISTORTION RATIO (3)

MB87020 REFERENCE
A/D MODE . D/A LPF DISTGRTION
13.8kHz LEVEL METER

96 dB/OCT ETC.

CLOCK
INPUT

TkHz
FS -20dB 7'h'
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TEST CIRCUIT (continued)

Fig. 17 — TEST CIRCUIT FOR DISTORTION RATIO (4)

16 BIT
MB87020 < MB87020
A/D MODE| ¢ | D/A MODE LPF DISTORTION
13.8kHz LEVEL METER
96 dB/OCT ETC.
cLOcK
INPUT
1kHz
FS -20dB

Fig. 18 — TEST CIRCUIT FOR ABSOLUTE GAIN

16 BIT

MB87020 - MB87020
a/p mobe| ¢ | o/a mope NETWORK

ANALYZER
INPUT é
1kHz

CLOCK FREQUENCY: 800kHz
SAMPLING RATE: 50kSPS
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Fig. 19— TEST CIRCUIT FOR FREQUENCY CHARACTERISTICS 4]

16 BIT

MB87020 +——] REFERENCE
A/D MODE H DiA SPECTRUM
ANALYZER
8@ CLOCK

TRACKING CLOCK FREQUENCY: 800kHz
GENERATOR SAMPLING RATE: 50kSPS

Fig. 20 — TEST CIRCUIT FOR FREQUENCY CHARACTERISTICS (2)

16 BIT
MB87020 + MB87020
A/D MODE H D/A MODE SPECTRUM
ANALYZER
CLOCK
TRACKING CLOCK FREQUENCY: 800kHz
GENERATOR SAMPLING RATE: 50kSPS

7-255




T

A

FUJITSU
HHANIWH - MB87020

DISTORTION RATIO {(dB)

DISTORTION (dB)
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Fig. 21 - SIGNAL LEVEL OF ADC MODE
vs. DISTORTION RATIO

Fig. 22 — SIGNAL LEVEL OF DAC MODE
vs. DISTORTION RATIO

TEST CIRCUIT FOR DISTORTION (1) Fig. 14
SIGNAL FREQUENCY:1kHz

TEST CIRCUIT FOR DISTORTION (2) Fig. 15
SIGNAL FREQUENCY: 1kHz

BAND WIDTH: 20kHz

-30 BAND WIDTH: 20kHz

|
SAMPLING FREQUENCY : 50kHz I @ SAMPLING FREQUENCY :50kHz [
-4Q [ g -40 ‘l ,_
[ !
-50 l 2 50 1
> ;
_60 \ 5 _ \ I
\\ 3 ” \\_,.
-70 < 2 70 ™
@
\_J o \,
80— -80
-90 ~
30 -20 -10 0 % -30 -20 -10 0
SIGNAL LEVEL (dB) (FULL SCALE =(QdB, SIGNAL LEVEL {dB} (FULL SCALE = 0dB)
Fig. 23 — SIGNAL FREQENCY
vs. DISTORTION RATIO Fig. 24 — SIGNAL FREQUENCY vs. DISTORTION
-20 -2

TesT cReOT] | [ | ] 1]
FOR DISTORTION RATIO (1) Fig. 14

OTESTCIRCUIT[ FTIT T 1T

FGR DISTORTION RATIO (2) Fig.15

“30FINPUT  F.5. —20d8
A/D

[INPUT  F.S. -20d8
D/A

1
1
DISTORTION (dB)
b A
o o

L
-70 -70 ___{__*
~80 Ta— -80 ——l——T
-90 -80 J
1020 40 6080100 200 406D0BOGIK 2k 4k 6kBKIOK 20k 40KGOKBOK?DOK 10 20 406080100 200 4006008001x 2k  4kGkBk10k 20k 40k BOBOKIGOK

SIGNAL FREQUENCY (Hz}

SIGNAL FREQUENCY (Hz}



THD (dB)

THD (dB)

-80

~60

Fig. 256 — TEMPERATURE
vs. DISTORTION RATIO (A/D MODE)

TEST CIRCUIT FOR
DISTORTION RAT|0 |1) Fig. 14

SIGNAL LEVEL
J FS -20dB
L

i
|

0 10 20 30 40 50 60 70

TEMPERATURE T, [°C)

Fig. 27 — SAMPLING FREQUENCY
vs. DISTORTION RATIO

T T T T T

« TEST CIRCUIT FOR l
DISTORTION RATIO (3) Fig.16

« A/D MODE

\

35 40 45 50 55 60 65 70 75 80 85

SAMPLING FREQUENCY (kHz)

THD (dB)

THD (dB)

-70

MB87020

Fig.26 — TEMPERATU

LT
FUJITSU

RE

AR A

vs. DISTORTION RATIO (D/A MODE}

T T T T T
[ ] TEST CIRCUIT FOR I
‘ DISTORTION RATIO (2) Fig.15

’ SIGNAL LEVEL
Fs -20d8 |

TEMPERATURE T, (°C)

Fig. 28 — SAMPLING FREQUENCY

vs. DISTORTION RAT

10

g1

- TEST

+ BAND

« SIGNAL FREQUENCY = 1kHz|

- SIGNAL LEVEL = F.5. -20dB

- D/A MODE
1 ) X

CIRCUIT FOR

i
| DISTORTION RATIO {4) Fig.17_|

WIDTH = 13.8kHz

N

\

L

35 40 45 50 55 B0 65 7

SAMPLING FREQUENCY

0

(kHz)

75 80 85
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Fig. 29 — INPUT LEVEL vs. GAIN
3.00 T T
TEST CIRCUIT
FOR DISTORTION RATIO {3) Fig. 16
2,00 [ INPUT TkHz
1.00
m
)
> 000 AAAN
<
Q
-1.00
-2.00
-3.00
0 -0 -20 -30 -40 -50 -60 -~70
INPUT LEVEL (dB)
Fig. 30 — SIGNAL FREQUENCY vs. GAIN Fig.31 — SIGNAL FREQUENCY vs. GAIN
o 0
~ -0 = -10 N
g g
; -20 z -20
z <
3 o 30
a -3 a
< 4o TEST CIRCUIT FOR © " TesT CiRcuIT FOR
REQUENCY CHARACTERISTICS (1) _50 | FREQUENCY CHARACTERISTICS (2)
solfere] 1] | Fozo| [J| | ||| | |
0 20 40 6080100 200 4006008001k 2k 4k Bk 8k 10k 20k 40k 4] 20 40 6080100 200 400600B00TK 2k 4k BkBkIOk 20 40k
SIGNAL FREQUENCY {Hz) SIGNAL FREQUENCY (Hz)
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PACKAGE DIMENSIONS

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

AT N T WA Wk I W o W o W W e s W Zn_

(EJECTOR MARK) i

.800£.010

.543:.010 {15,2410.25)

INDEX (13.80:0.25)
™, l\

[FREVE TRV ECRERERTRERERERFESEPR PRI
.010+.002

2.063*998 (52.40*9 30) 10.250.08)

- [-*.OSO(Z.ZQ)MAX

V l A | .195(4.96MAX
118(3.00MIN
I~ 10025417 .0s507P2° :018+.003 020(0.51)MIN
+0.50, {0.46:0.08)
(1.2773:%9)
Dimensio
©1988 FUJITSU LIMITED D40005S-2C inlcmhes I'm?lsligeters)
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