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R-2B TYPE 12-BIT D/A CONVERTER WITH OPERATIONAL
AMPLIFIER OUTPUT BUFFERS

DESCRIPTION l

The Fujitsu MB88351 is an R-2R type 12-bit resolution digital-{o-analog converter @%@m\m\

(DAC), designed for interface with a wide range of general 4-bit and 8-bit microcontrot-

lers including Fujiteu’s MB8B200 family, MBB8SO family, and MBSB500 family 4-bi mMBg8351-P
single—chip microcantroliers.

The MB88351 has an 12-bit x 4~channel D/A converter with operational amplifier output
buffers. Digital data are input serially by individual channel units. The loaded digital data

ate converted into analog DC voltages by the D/A converter in maximum 30 pis setling
time. Also, the MB88351 has operational amplifier output buffers. These operational
amplifier output butfers are connected to each channel of the D/A converter, and provide
high current drive capability. The MB8B351 is suitable for electronic volumes and

replacement for potentiometers for adjustment, in addition lo normal D/A converter ' PLASTIC DIP
applications. (DIP-16P-M04)
FEATURES

o Convetsion method : R-2R resister ladder MB88351-PF

® 12-bit x 4—channel D/A converter with operational amplifier output bulfers

® Max, 2.5MHz Serial data input

¢ Serial data oulput for cascade connection

* Max. 30 s DAC output setlling time PLASTIC SOP
{FPT-16P-M06)

© Max. +1.0/-1.0 mA analog output sink/source current

o Two separate power supply/groundlines for MGUinterface block/operational amplifier
output bulfer block and D/A converter block

A MB88351-PFV
¢ Pin compatible with MB88353
o Low power dissipation : Typ. 1.5mW/channel ‘ . g‘,‘é’/
« Single +5V power supply
 Wids operating temperature range: -20°C to +85°C 4 PLASTIC SSOP

(FPT-20P-M03)
@ Silicon-gate CMOS procass.

This davice conians Groukry Fo pratect the Inputs agans! Camice
. dueta high stalic vohages of #'eciric fialcs. Howaver, i advicsdthal
o Three package options : normal pretautions be ikeato aveld apgTication of any vokags highet
than maximum rated votages 10 thit high wrpedance circull
16-pin plastc DIP (Suffix : ~P), 16—pin plastic SOP (Sulfix . ~PF),
20-pin plastic SSOP (Suftix :~PFV) .

Copyright® 1991 FUIITSU LMITED
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Figure 1 Pin Assignment
MBBe8351-p MB88351-PF MB883S1-PFY
N/
vss [] 1 e[ e v ] O 16 GND vss (] 10 20 [] GND
Ne [ 2 15 |1 NC Ne [] 2 15 [ ] NC ne [T 2 19 [ N
Aot [] 3 wld o N ] ] ol NG []3 18 |[_] NC
Ac2 ] 4 B3] ek a0z [] 4 13 [] ck Ao1 [T] 4 17[ ] ot
{Top View) ({Top View)
A3 [ s 2] w Ac3 [] s 12[] D A2 []s (Top View) 16 ] OLK
Ac4 16 1n{] oo A4 [ s 1] oo A03 [fse s w
N [T 7 10 ] NC Ne [ 7 10[7] Ne acs[]7 14 ] oo
voo [} 8 9 ] vee Voo 8 9 7] vee Ne []s 1377 N
NC [ o 1217] N
voo [ ] 10 11 7 Vee
Note:
NC : No connection
Figure 2 Logic Symbol
45V 45V
) Vec Voo 4

Shift Clock Input CLK —————» /o  AO1-AG4 DAC Output

Data Input DI ————— MB38351

Load Strobe Input LD ————p ————> DO Data Qutput

GND Vss

!

*J




www.DataSheet4U.com

T-51-09-12

MB88351

Figure 3 Block Diagram

Vee GND

Digital Block (MCU Interface)

CLK 15-bit Shift Register _
ol Do DI D2 D3 D4 DS D6 D7 D8 D9 D10 Dit D12 D13 D14

h 4

3-bit Address Latch |
and Lo

DOTDJ J‘OAD“ DJDJ--- leon

12-bit Data Latch 12-bit Data Latch
#4

1111111 315

R-2R Type 12-bit R-2R Type 12-bit
D/AConvertet | ==~-"=======~ - D/A Converter
# 44

Analog Block (D/A Converter with
+ aperational amplifier output buffers) +

| ¥ Y
Voo* AOl m=am-crrrcmcccnnameracana === AC4 Vss®

* : Only for D/A converter hlock except operational amplifier block
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PIN DESCRIPTION

Figure t and Table 1 show the pin assignment and pin description of the MB88351.

Table 1 Pin Desctription

Symbol Type Name & Function

- +5V DC power supply pin for the digital block (MCU interface) and operational amplifier

output buffers.
GND 16 20 - Ground pin for the digital block (MCU interface) and operational amgplifier output buffers.
Voo 8 10 - DC power supply pin for the analog block (D/A converter) except operational amplifier
output buffers.
Vss 1 1 - Ground pin for the analog block (D/A converter) except operational amplifier output buffers.

CLK 13 16 I Shift clock input to the internal 15-bit shift register: At the rising edge of CLK data on the
DI pin is shifted into the LSB of the shift register and contents of the shift register are
shifted right (to the MSB).

LD 12 15 | Load strobe input for a 15-bit address/data : A high level on the LD pin latches a 3-bitad-

dress {(upper 3 bits: D14 1o D12) of the internal 15-bit shitt register into the intemal address
latch/decoder, and writes 12-bit data (lower 12 bits: D11 to DO) of the shift register into an
intemal data latch selected by the latched address.

D} 14 17 | Serial address/data input o the internal 15-bit shift register: The address/data formatis
that upper 3 bits (D14 1o D12) indicate an address and lower 12 bits (D11 to DO} indicate
data. The D14 (MSB) is the first—in bit and DO (LSB) is the last—in bit.

DO 1 14 0 Serial address/data output from the internal 15-bit shift register: This is an output pin of
the M5B bit data of the 15-bit shift register. This pin allows a cascade connection of the
device,

AO1 3 4 12-bit resolution D/A converter outputs : 4 channels (AO1 to AO4) of DAC outputs are pro-
AO2 4 5 o ided. Each output channel has an operational amplifier output buffer for analog output
A3 5 6 data.

AC4 6 7

NC ‘12:,,7' 10, 2:‘,3' 8,9, No connecttion. They must be left open.
16, 19




www.DataSheet4U.com

T-51-09-17

MB88351

FUNCTIONAL DESCRIPTION

OVERVIEW

The MB88351 is an R-2R resistor ladder type, 12-bit resolution digital-to—analog converter (DAC) device, The MB88351 has 4 channels of /A
convarlers with operational amplifier output buffers. 12~bit digital data are toaded inta intarnal data fatches by individual DAC channel units. The
loaded digital data are converted into analog DC voltages through the internal D/A converter in max. 30 s settling time, And the analog DC voltages
source/sink the output current through the operational amplifier output buffers. For cascade cohnection, & serial data output is provided.

DEVICE CONFIGURATION

As itustrated in Figure 3 block diagram, the MB88351 device is composed by the digita! block (MCU interface) and analag block (D/A converter with
operational amplifier cutput butfers). The digital block consists of a 15-bit shift register, a 3-bit address latch/decoder, and 4 channels of 12-bitdata
lalches. The analog block includas 4 channels of 12-bit D/A converters with operational amplifier output buffers connecting to the data laiches. For
electrically stable oparation tha power supply and ground lines are sepatate between the digital block (MCU interface) and operational amplifier
output buffers, and analog block except operational amplifier output butfers.

DEVICE OPERATION

Figure 4 shows the inputioutput timing. A 15-bit address/data is serially input into the shift register through the D! pin synchronously with the rising
adge of CLK. The format of the shift register is shawn in Figure 5. The lower 12 bits (D11 to DO) are data bits to be converted, and the upper 3 bits are
address bits (D14 to D12) to seloct a data latch to be written. A high lavel on the LD pin loads the address latch/dacoder with the 3-bit address to
select a data latch, and writes the 12-bit data into a selected data laich. Figure 6 shows the data latch address map, and Table 2 lists the address
decoding. 12-bitdatawritten intoindividual data laiches are converiedinto analog DC voltages, dividing the supply voitage |VoD-Vss| through R-2R
resistor ladders of D/A converters. The operatianal amplifier output buffers at individual D/A convertar outputs can source up o 1 mA of the output
current. Figure 7 shows a configuration of the R-2R resistor ladder D/A converter with operational amplifier, and Table 3 fists the analog DC voitages
corrasponding la each digital data.

Figure 4 Input/Output Timing

PeaininininESgininl

LS|

MSB 8
o XX EXEX X+ X EXEXEX
LD I I

AOx Pravious Data X New Data
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Figure 5 Shift Reglster Format
(Last-In) - (First-n)
ol Ls8 Ms8

DO

D——. DO D1 ] D2 | D3 D4 DS| D6 | D7) D8 | D9 | Dio] D11] D12]| D13 D14—>D

[I< 12-bit Data } 3-bit —bl
l Address
To Data Latch To Address Latch/Decoder
Figure 6 Data Latch Address Map
Address
1H Data Latch #1 —~ D/A Converter #1 Op-Amp. #1 AO1
2H Data Latch #2 D/A Converter #2 Op-Amp. #2 AO2
3H Data Latch #3 D/A Converter #3 Op—-Amp. #3 AO3
4H Data Latch #4 D/A Converter #4 Op-Amp. #4 A4
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Figure 7 Configuration of R-2R Resistor Ladder D/A Converter with Operational Amplifier Output Buffer

-----
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Operational Amplifier Output Buffer*
* . Powered/grounded by the Vec and GND pins.
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Table 2 Address Decoding
i+ Dafa‘Latch Selecied
- MBABAST:
Deselectad
Data Latch #1
Data Latch #2
Data Latch #3
Data Latch #4
Deselected
1 1 0 Deselected
1 1 1 Deselocted

Table 3 Data Conversion

i1.| Dt 3 03 f ;i foou

0 0 0 0 0 0 0 0 0 0 0 0 ~ Vss

0 0 0 0 0 0 0 0 0 0 0 1 = (VDO — VsS) x 174095 + Vss
(1] 0 0 0 0 0 0 0 0 0 1 0 =~ (VDD ~ VsS) x 2/4095 + Vss
0 0 0 0 0 0 0 0 0 0 1 1 = (VDD ~ Vss) x 3/4095 + Vss
: : : : : : : i i : ; ; :

1 1 1 1 1 1 1 1 1 1 0 0 « (VOD-Vss) x 4092/4095+Vss
1 1 1 1 1 1 1 1 1 1 0 1 = {VDD-VsS) x 4093/4095+Vss
1 1 1 1 1 1 1 1 ] 1 1 [ = (VDO-VsS) x 4094/4095+Vss
1 1 1 1 1 1 1 1 1 1 1 1 = Voo
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Figure 8 Cascade Connection Example
+5V Voo Vob Voo
o 9 °] T
Vee MB88351 MB88346B* MBBB351
DATA
0] o]} bo D! 0o DI bo f—
Microcontrolisr fs—lé%% CLK CLK CLK
Strobe LD . S
GND
GND Vss GND Vss GND Vss
. l T ”L
77 77 7

* : MB88351 can be used mixed with MBSB346B.
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APPLICATION DESCRIPTION

The MB88351 is suitable for electronic volumes and replacement for adjustment potentiometers, in addition to normal D/A converter applications.
Figure 9 illustrates application example for a gain control.

Figure 9 Application Example — Gain Control

+5V

| o TR
[ Y

Voo

/O pott DI

Vss p#————— Low reference voltage

VO port CLK
Microcontroller

VO port LD MB883s51

VO port
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Vee 03 f v Ta= 59
Supply Votage a=+25°C

Voo -03 7.0 v GND =0V VopsVee,
Input Voitage Vi 0.3 Vec+0.3 v Ta=25°C

[ GND=OV
Shouktnat exceed Vee +

Output Voitage Vout -03 Vce+0.3 v 03v
Power Dissipation PD 250 mw
Operating Ambient _
Temperature Ta 20 +85 °C
Starage Temperature Tsta -55 +150 °C

NOTE : Permanant davice damage may occur it the above: ABSOLUTE MAXIMUM RATINGS are excoeded. 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
axtended periods may affect davice refiability.

RECOMMENDED OPERATING CONDITIONS

Vee 48 50 55

Supply Voltage v VeaVoo

(for MCY Interface/ -

Op.—Amp. Block) GND o v
Voo 20 Vee v

Supply Voliage ) VeczVoo,

{for Analog Block®) Voo-Vss22.0V
Vs GND Vee-2.0 v

Analog Output Source

Current s -10 mA

Analog Output Sink

Cument iz +1.0 mA

Analog Output Load

Capaditance for ascilla- CAL 18 uF

tion Nmit

Operating Ambient

Temperature Ta 20 +85 oG

* : Except operational amplifier output buffer block
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DC CHARACTERISTICS |
(Recommended operating conditions unless otherwise noted.)

Diglital Block (MCU Interface)

f

z\vcg'cv)e'swply Current lec 1.0 25 mA CLK = 1MHz, Unloaded
e T -1 +0 KA Y= 0to Veo

EX Bl | v il B

By | ow | oswe v

(%ucl)p)\ul Low Voltage VoL 0.4 v loL=25mA

g)uct)p;ul High Voltage Vou Vee-0.4 v lon = —400 pA

* : Induding the supply current to the operational amplifier block

Analog Block (D/A Converters with Operational Amplifier Output Butfers)

Supply Current
(Vo) ** Ioo 0.1 0.3 mA Unloaded
Voo 0 Vi v
Analog Supply Voltage 2 cc VoO-Vss522.0V
(Voo, Vss)
Vss GND Vee-2.0 v
Resolution (AOx) Res 12 bit
Monotonicity (AOx) Ram 10 bit Unloaded
Offset Eror (AOx)** o -0.1 0 +0.1 v Unloaded
Nonlinearity Emor (AOx) |  Ent -0 0 +8.0 LS8 Sop oo, VemsoC-0.1V, Ves20.1V

** | Excluding the supply current to the operational amplifier block
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Anatog Bilock (D/A Converters w

ith Operational Amplifier Output Buffers)— Continued

ey o VaoLs GND GND+0.1 v Unloaded. Vss = OV, Digital data=#000
Q,ﬁ';ﬁ:g‘;"(ﬂkg;’f“‘ Vaou2 GND0.1] GND | GND+0.1 v n?'r&m°wﬁ'd§a?:&’°
v&m&)‘m VaoL3 GND-03] eND | GNps0a| v m@:ﬂﬁﬁ?‘é&zﬁﬁﬁﬁ&
il el B aoa| v | EERSLASS
Q,‘g‘n-amg;’)"’“' VaoLs GND GND40.3 v }ﬁ'g_'fﬁf,‘"&?‘gi;’i;ﬂ‘d‘i{"ﬁ'&
m::f‘(’g&‘;w VaoHs Vee-0.1 Vo v Unloaded, Voo = Vcc, Digital data=#FFF
g | wor |veor| | v | v |imemans
g | ver | vees| | we | v | MRS
mwm%‘; vagu | vec-01 | vee | veesoa v x&&%‘&ouﬁ,‘gﬁzﬁép
o tgmn | ver | veos| v | o] v | VOB,

* - Excluding the supply current to the operational amplifier block

Figure 10 Definition of Nonlinearity Error

Analog output voltage

f

VaoH*

End point line
7/

.

Nonlinearity error

VaoL™

eheanmemesale =aonte

* . VAOH is not always equal to VoO.

— Digita data
Dig * . VapL is not always equal to Vss.

SFFF

13
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(Recommended operating conditions unless otherwise noted.) .
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Clock Low Time oKL 200 ns

Clack High Time CKH 200 ns

Clock Rise Time ©cr 200 ns

Clock Fall Time fo 200 ns

Data Setup Time tOCH 30 ns

Data Hold Time CHO €0 ns

Load Strobe High Time WOH 100 ns

Load Strobe Setup Time tCHL 200 ns

Load Strobe Hold Time Loc 100 ns

DAC Qutput Settling Time oo 30 Hs *RAL = 10 k2, CAL = §0 pF
Data Output Delay Time too 70 350 ns YCL=20 pfF (Min.), 100 pF (Max.)

o DAC Oulput Settiing Time

Device

Figure 11 AC Test Conditions

Under
Test

m-i

—0 Test Point

o Data Output Delay Time

Device
Under
Test

—0 Test Point

cL*
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Figure 12 Input/Quiput Timing
1CKH ol
0.8eVce
cLK fo2evoc 0.20Vcc Hoawvee
! tLoc
0.8eVeCN 0.8eVcC
ot o.z-w:;) 0.2eVcC
fcHO 1OH
tCHL
0.8eVoc "X |0.8eVCC
Lo 0.2evee. /) N o.2.vce
" 100
AOx Previous Data { g?:\\;z New-Data Valid
. =
Do
0o Previous Data Jgi‘vo-‘ New Data Valid

15
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Figure 13 Analog Output Voltage Range

R-2R Ladder Qutput Operational Amplifier Output
(D/A Converter Output) (Buffer Output)

VOO —p—-----=--"---s-sscceaoo Vee — VAoH = Vce

AOx Qutput Range
{Linear Range)
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CHARACTERISTICS CURVE (Example)

Vss+0.4
Vss+0.3
Vss+0.2
Vss+0.1
Ansiog Ouput Vahage [V] g
Vss-0.1
Vss-0.2
Vss-0.3

Vss-0.4

Voo+0.4
Voo+0.3
Voo+0.2
Voo+0.1
Ansiog Output Voltage: [V] voa
Voo-0.1
Voo-0.2
Voo-0.3

Voo-0.4

Vaoi-~{AL1/1aL2 Characteristics

Digital Data = #000

\

‘\

0 +1.0
Analog Output Sink/Source Cumrent [mA]

VAoH-1AL1/1AL2 Characteristics

Digital Data = #FFF

\

‘\

-1.0

[} +1.0
Analog Qutput Sink/Source Cumment [mA]

17
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PACKAGE DIMENSIONS
MB88351-P
16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-16P-M04)
77009 (19.8502) — 16°MAX
O e O e T s O s e Y e N 1 l\—
INDEX-1 1 | T
N 244t010  300(7.62)
(6.20+0.25)
s { .....
woexe " TLT LT LT L3 LT L LA
039*y _J 060+ 012 010£.002 /
(0.999%0) (15223 {0.2540.05)
L A 172(4.36)MAX
.118(3.00)MIN
.020(0.61)MIN
016+.003
MAX (0.4610.08)
Dimensions in _
©1991 FUNTSU LIMITED D160338-2C inches {millimeters)
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MB88351-PF 7
16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M06)
, 0BI(2.25)MAX
T (MOUNTING HEIGHT)

e 400 +330 (10.1520:35 ) ——)

ARRARAABART )

.002(0.05)MIN
(STAND OFF HEIGHT)

'
‘ 307+.016
INDEX (7.8010.40) +.016 +0.40
.268 *19 (6.80+0-
e .200£.012 ~o0g 400200
O B (8.30£0.30) '
g

— _ 177 1
E LR R —
°—5$%,ﬂi—l~— »UM A 1006:+992 0,15:10.95)

(0.4520.10)=
. " Domils of ‘A part 3 1 Details of B pant |
- Y 2wy ) .016(0.40) .006(0.15)
[ .
T S
1K : e
THTNREENE§ SRR NS MR 3 N0 | =
- J =) .008(0.20)
[Z7] %o4c10)] 008(0.20)
007(0.18) 4 007(0.18)
e .350(8:89) REF ———= ~MAX MAX
027(0.68) 027(0.68)
AR MAX Lo MaX_

Dimensions in
©1991 FUJITSU LIMITED F160158-2C inches (millimeters)
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MB88351-PFV 7
20-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-20P-M03)
0497308
.o 55— (MOUNTING HEIGHT)
+.256+.004 (1.252577g)
(65020.10) =0
RRIEIEIIL P
.252+.008
INDEX (6.4020.20)
£.173+.004 213(5.40) NOM
(4.40%0.10)
T *
- v L X ;
wrsotoons o0+ Al sz
T T (Ll 0.10
(0.65+0.12) O222508) . .
' Details of "A" part '
. .004+.004 .
: = STAND OFF .
: {0.1040.10) ( HEIGHT) :
.230(5.85) . |
REF . 020+,008 .
' 6%10° {0.500.20) '
*:This dimension does not include resin protruction. e U, :
©1991 FUJITSU LIMITED F200128-2C &T\ng(i::i‘l;r:‘eters)




