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

DESCRIPTION

The Fujitsu MB88351 is an R-2R type 12-bit resolution digital-{o-analog converter
(DAC), designed for interface with a wide range of general 4-bit and 8-bit microcontrok
tars including Fujitsu's MB8B200 family, MB8850 family, and MBE8500 family 4-bit
single—chip microcantroliers.

The MB88351 has an 12-bit x 4~channel D/A converler with operational amplifier output
buffers. Digital data are inputserially by individual channel units. The loaded digitaldata
ate converted into analog DC valtages by the D/A converter in maximum 30 s sattling
time. Also, the MB88351 has operational amplifier output bulfers. These operational
amplifieroutput buffers are connected to each channel of the D/A convertsr, and provide
high current drive capability. The MB88351 is suitable for electronic volumes and

rep!z?cement for potenti for adjustment, in addition to normal D/A converter ! PLASTIC DIP
applications. {DIP-16P-M04)
FEATURES

« Conversion method : R-2R resistor ladder MB88351-PF

» 12-bit x 4—channel D/A converter with operational amplifier output buffers

@ Mayx, 2.5MHz Serial data input

¢ Serial data output for cascade connection

* Max, 30 is DAC output settling time PLASTIC SOP
{FPT-16P-M06)

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

o Two separata power supply/groundlines for MCU interface block/operational amplifier
output bulfer block and D/A converter block

B MB88351-PFV
¢ Pin compatible with MB88353

« Low power disspation : Typ. 1.6mMWichannel _ <2

* Single +5V power suppht

« Wide operating temperature ranga: -20°C 0 +85°C ) (i'l-’??;(;g-sﬁo.g;

e Silicon~gate CMOS process.

This cevice conians Groulry 1o protect Lhe Inputs aganst
. Qe high static vollages o #'eciric fiaics, Howaver, s acvicedthal
® Three package options : o1l precations be takento aveid anglication of any vorage highet
than maximum rated votages 19 this high krpedance ciroul.
16-pin plastic DIP (Suffix : ~P), 16—pin plastic SOP (Suftix :=PF),
20-pin plastic SSOP  (Suffix : ~PFV) .

Copyight® 1991 FUNTSU LMITED
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Figure 1 Pin Assighment

Ak

MB8g3s1-p MB8B3s1-PF MB88351-PFV
N/
vss [] ¢ 1] GND Vs [] O 16 GND vss (110 20 [7] aND
Ne [ 2 15[ ] NC Ne [] 2 15 [ ne Ne [ 2 19 [ NC
Aot [} 3 wld o Aot [ 3 4|1 ol Ne [] 3 18 [] NC
Ao2 [ « 1B} ek Ac2 [] 4 13[] ok Aot [] 4 17[] o
{Top View) ({Top View)
A03 [] s 12[] A03 [T] s 12[] w A2 s (Top View) 18 ] cK
Ac4 [ 16 1] oo A4 [} s 1] oo A03 [} s 1511
Nne [ 7 10 ] N Ne [] 7 10 7] NC a4 [] 7 14 ] oo
voo []8 9 [] vee Voo 8 9 ] vee Ne s 13177 Ne
NC [ 12]7] N
voo [ 10 1 ] vee
Note:
NC : No connection
Figure 2 Logic Symbol
+5V 45V
) Ve Voo 4

Shift Clock Input CLK ————» £ o  AO1-AC4 DAC Output

Data Input DI ————— MBs83s1

Load Strobe Input D ———p ————> DO Data Output

GND Vss

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6174370/MB88351-P.html

MB88351

Figure 3 Block Diagram
Vee GND
| ]
Digital Block (MCU Interface)
CLK 15-bit Shift Register > DO
Dl Do D1 D2 D3 D4 D5 DS D7 D8 D9 Di0 Dit D12 DI3 D14
3
3-bit Address Latch |
and LD
12 1 JEEEEEE 4
od oy --- oo |11 pa DY --- oo |p11
12-bit Data Latch A _. | 12-bit Data Lach
#1 #4
R-2R Type 12-bit R-2R Type 12-bit
D/A Coaverter | ==<~=-=======<-~ D/A Converter
#1 [}
Analog Block (D/A Converter with
+ aperational amplifier output buffers) +
I ¥ Y
Voo* ADQl m=we-cmrremaccn e - == A04 Vss®
* : Only for D/A converter hiock except operational amplifier block
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PIN DESCRIPTION

Figure 1 and Table 1 show the pin

it and pin description of the MB88351.

Table 1 Pin Description

Symbol

Type

Name & Function

Vee 9 11 - +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 amplifier 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 | Shift dlock input to the internal 15-bit shift register: Al the rising edge of CLK data on the
Dl pin is shifted into the LSB of the shift regl of the shift reg are
shifted right (to the MSB).

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

dress {upper 3 bits: D14 to 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
interal data latch selected by the latched address.

AO1
AQ2
AO3

NC

L R

2,7,10,
15

N 0N~

2,3,8,9,

12,13,
18, 19

D} 14 17 | Serial address/data input to the intemal 15-bit shift register: The address/data formatis
that upper 3 bits (D14 to 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 11 14 (o] Serial address/data output from the intemal 15-bit shift register: This is an output pin of

the MSB bit data of the 15-bit shift register. This pin allows a cascade connection of the
device,

12-bitresolution D/A converter outputs : 4 channels (AO1 to AO4) of DAC outputs are pro-
v:ded Each output channel has an operational amplifier output buffer for analog output

No connecttion. They must be left open.
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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 D/A
converters with operational amplifier output buffers. 12~bit digital data are toaded inta intarnal data latches by individual DAC channel units. The
loaded digital data are convarted into analog DC voltages through the internal D/A canverter in max. 30 us settiing time, Andthe ansalog DC voltages
sourca/sink the output current thraugh the operational amplifier cutput buffers. For cascade connection, a serial data output is provided.

DEVICE CONFIGURATION

As ilustrated in Figure 3 block diagram, the MB88351 device is composed by the digital block (MCU interface) and analag block (D/A converter with
operational amplifier cutputbutfers). The digital block consists of a 15-bit shift register, a 3-bit address latch/decoder, and 4 channels of 1 2-bitdata
laiches. The analog blockincludas 4 channels of 12-bit DA converters with operational amplifier output buffers connecting to the data latches. For
electrically stable aparation tha power supply and ground lines are separata between the digital block (MCY interface) and operational amplifier
output butfars, and analog block except operational ampiifier output butfers.

DEVICE OPERATION

Figure 4 shows the inputioutput timing. A 15-bit address/data is serially input into the shift regi hrough the D1 pin synct ly with the rising
edge of CLK. The format of the shift register is shown in Figure 5. The lower 12bits (D11to D0) are data bits to be converted, and the upper 3 bits are
address bits (D14 to D12) to select a data latch to be written. A high lavel on the LD pin loads the address laich/decoder with the 3-bit address to
select a data lalch, and writes the 12-bit data into a selected data latch. Figure 6 shows the data latch address map, and Table 2 lists the addross
decoding. 12-bitdata written into individual data laiches are convertedinto analog DC voltages, dividing the supply voltage |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 to 1 mA of the output
current. Figure 7 shows a configuration of tha R-2R resistor laddar D/A converter with operational ampiifier, and Table 3 lists the analog DC voitages
corresponding ta each digital data.

Figure 4 Input/Output Timing

P ininliniaEss il

MS8 Ls8

o N

AOx Pravious Data ~ New Data
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Figure 5 Shift Register Format

{Last-In) - (Firstin)
Lss MsB
DI [ve)
D——D DO | D1 D2 | D3 D4 D5 Ds | D7 D8 | D9 j Dio] D11 ] D12| D13 ] D14 —>D
[I= 12-bit Data = 3-bit —.l
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 Dala Latch #4 D/A Converter #4 Op-Amp. #4 AO4
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Figure 7 Configuration of R-2R Resistor Ladder D/A Converter with Operational Amplifier Output Butfer

-----

v Yoo N

.
<
8

.

\~ Vss ":
AT 2R
I' * 2R
00 3 ’
A Y [
V.. A
2R
b1 ’
2R R
02 }-
. 2R R
D3 }.
2R R
D4 }
b \
a 2R R
t bs 0O
a
L ; 2R R
a D& }.
t
[ .
h . E 2R R
D7 O
2R R
D8 ’-
R
. 2R Internal Bias Generator *
09— : ‘ (Common to ch. #1 —ch. #4)
2R R
Do} >
. S R
o1l ] r———-I l AOx

Operational Amplifier Oulput Butfer*

* : Powered/grounded by the Vcc and GND pins.
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Table 2 Address Decoding
< Daia‘Latch Satecied:

D1 MBPAagasY.:
0 [} Deselectad
] 1 Data Latch #1
0 1 [} Data Latch #2
0 1 1 Data Latch #3
1 ] 0 Data Latch #4
1 [+ Deselected
1 1 0 Deselected
1 1 1 Desslected

Table 3 Data Conversion

P e o ) e % A
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 1/4095 + Vss
1} 0 0 0 0 o 0 0 0 0 1 0 = (VDD ~ V$8S) x 2/4095 + Vss
0 0 0 0 0 ) ) 0 0 0 1 1 = (VDD ~ Vss) x 3/4095 + Vss
: i H H H ; : : H ; ; 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 = (VOD-VsS) x 4093/4095+Vss
1 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 Conhnection Example
+5V Voo Vob Voo
o 9 o T
Vee MB88351 MB8s346B* MBB88I51
DATA
(0] DI bo ]} DO DI DO
Microcontrolier %&},’% CLK CLK CLK
Strobe Lo N S S
GND
GND  Vss GND  Vss GND  Vss
- l T rJr
Ve/d 777 77
* : MB88351 can be used mixed with MB8B346B.
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APPLICATION DESCRIPTION

The MB88351 is suitable for ek vic vol and repl: for adj

Figure 9 illustrates application example for a gain control.

ent p

s, in addition to normal D/A converter applications.

Figure 9 Application Example — Gain Control

o TR

Vss p¢—————— Low reference voltage

+5Y
o
Vee Vee \
Voo
/O port DI
VO port CLK
Microcontroller
VO port LD mpes3st
VO port Do AOXx
GND
GND
77

ST

10
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Vee 03 7.0 v Ta = +26°C
Supply Voltage Voo -03 7.0 v GND=0V VoosVee,
Input Voitage v 03 Vcc+0.3 v Ta = 25°C
' GND=OV
Shoulkd not exceed Vot +
Output Voitage Vout -03 Vce+0.3 v o3V
Powet Dissipation Po 250 mwW
Operating Ambient _
Temperature Ta 20 +85 °c
Storage Temperature Tsta -§5 +150 °C

NOTE : Permanant davice 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 davice refiability.

RECOMMENDED OPERATING CONDITIONS

Nee 45 50 55 veez
Supply Voltage v Voo
(for MCV Interface/ -
Op.—Amp. Block) GND o v
Voo 2.0 Vee v
Supply Voltage VeezVoo,
{for Analog Block®) Voo-Vss22.0V
Vas GND Vee-2.0 v
Analog Output Source
Current taut -1.0 mA
Analog Output Siak
Curment L2 +1.0 mA
Analog Output Load
Capacitance for oscilla- CcAL 1.6 WF
tion mit
Operating Ambient
Temperature Ta -20 +85 °C

* « Except operational amplifier output buffer block

1
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DC CHARACTERISTICS |

(Recommended operaling conditions unless otherwise noted.)

Digital Block (MCU Interface)

zﬂvc&V)e'Supply Current ke 10 25 mA CLK = 1MHz, Unloaded
?&u’aLglall;angdaL%t;nent K ~10 +10 HA Vi =0to Vee
:ré?-uéLBrJa\rl]%Hf%; v 0.2eVee v

Gk, O and LBy | osves v

(%u(l);;ul Low Voltage Vo 04 v loL=25mA

%ct);;ul High Voltage Vou Vee-0.4 v loH = —400 pA

* ¢ Including the supply current to the operational amplifier block

Analog Block (D/A Converters with Operatlonal Amplifier Output Buffers)

Value

(s\}’n".%'y.f’“"e‘“ 100 0.4 03 mA Unloaded
Analog Supply Voliage Voo 20 vee v Vop-Vss22.0V
(Voo, Vss)

Vss GND Vee-2.0 v
Resolution (AOX) Res 12 bit
Monotonicity (AOx) Rem 10 bit Unloaded
Offset Emor (AOx)*** €o 0.1 0 +0.1 Vv Unloaded
Nonlinearity Error (AOx) |  Ewv 80 0 +8.0 Lse Sag Frma. oBSVo-0.1V, Vs520.1V

**{ Excluding the supply current to the operational amptifier block

12
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Analog Block (D/A Converters with Operatio

nat Amplitier Output Buffers) -

Continued

v:‘hg"e"’:‘ﬂg;pm VaoL1 GND GND+0.1 v Unloaded, Vss = OV, Digital data=#000
iy Yo VaoL2 GND-04| GND | GNDs0t | vV e o anas 7000
ey Yo Vaows anD-03| onp | eNpsoal v L“?:l’(’.%'mi%?i‘ﬁi‘iﬁ‘o'a
o duogouon | viou | oo oor| v | Ul eoo,
mﬁm&’;"“‘ VaoLs GND GND+0.3 v ?ﬁi‘l’%ﬁ?‘&;’iﬁ‘d‘iﬁ'&
m::m&‘;w VAoH1 Voe-0.1 Ves v Unloaded, Voo = Vce, Digital data=#FFF
g | vor | veor| | v | v |itmeimang
S | ven |weor| | e | v |MEOREEAN
herbey A vaow | vec-o1 | Ve | vecsod v x&&c&‘&?‘g&fjﬁﬁzﬁ#
Bt | voe | veos| ve | wens| v |UEUEEOLEEN

* - Excluding the supply current 1o the operational amplifier block

VAOH®

VaoL™

f

Figure 10 Definition of Nonlinearity Error

Analog output voltage

End point kine
/
7/

I

R P X o

- — Digita data
#000 e oo

Nonlinaearity error

* : VaoH is not atways equal to V0O.
** . VapL is not always equal to Vss.

13
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AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Clock Low Time oKL ns

Clock High Time CKH 200 ns

Clock Rise Time cr 200 ns

Clock Fall Time for 200 ns

Data Setup Time toCH 30 ns

Data Hotd Time CHO 60 ns

Load Strobe High Time woH 100 ns

Load Strobe Setup Time CHL 200 ns

Load Strobe Hold Time toc 100 ns

DAC Qutput Settling Time oo 30 Hs *RaL = 10 kQ2, CAL = §0 pF
Data Output Delay Time o 70 350 ns 4Cu = 20 pF (Min.), 100 pF (Max.)

DAC Output Settling Time

Figure 11 AC Test Conditions

Device
Under ® —0 Test Point
Test

RaL* Cca*

¢ Data Output Delay Time

Device
Under
Test

Test Point
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Figure 12 Input/Qutput Timing

1 Wt
0.8¢Vce /————
CLK 0.2¢Vce y 0.2eVcc
! woc
D 0.8eVecf 0.8eVce
0.2eVs 0.2¢\ce
oo | oM
tCHL
0.8eVocl "X |0.8eVcc
LD 0.2eVce, S 0.2¢Vce
100
7 0.9eVce .
AOx Previous Data 0. 1eVeq New Data Valid
* I
‘F—__—__’m 4
X gr\lcc—o.a New Data Valid
bo Pravious Datx o

15

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6174370/MB88351-P.html

LTy S mm 3reersy gonas
3E D mm 3749755 gppag

83 379 mFCAS

T~51-09 75

MB88351
Figure 13 Analog Output Voltage Range
R-2R Ladder Output Operational Amplifier Output
(D/A Converter Output) (Buffer Output)
VoD —jp——-=-=~-=--"-c=-ccscccmcanoo Vce VAoH = Voc
AOx Output Range
{Linear Range)
Vss ———— e scsccccac e GND L vaoL = GND
Notes: Vob=Vce
Vss=GND
16
= -
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CHARACTERISTICS CURVE (Example)
VaoL-IAL1/1aL2 Characteristics
Vss+0.4 Oighal Data - #000
Vss+0.3
Vss+0.2
Vss+0.1
Analog Output Vahage [V] Vss .
Vss-0.1 \‘ —
Vss-0.2
Vss-0.3
Vss-0.4
-1.0 [ +1.0
Analog Output Sink/Source Current [mA]
Vaou-laL1/laLz Characteristics
Digital Data = #FFF
Voo+0.4
Von+0.3
Voo+0.2
V0o+0.1 S
Analog Output Vohage [V} Voo
Voo-0.1 \"\
Voo-0.2
Voo-0.3
Voo-0.4
-1.0 [} +1.0
Analog Qutput Sink/Source Current [mA]
17
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MB88351
PACKAGE DIMENSIONS
MB88351-P
16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-16P-M04)
e 770308 (19.86 3320 15°MAX
Mot
INDEX-1 T | T
N 244+010  -300(7.62)
(6.2011'0.25)
R 1= N o o e S 08 J—
039+ 012 J 060+012
(0.9929:30) (1522339 (0.2540.05)
[ A\ .172(4.36)MAX
J118(3.00)MIN
.020(0.51)MIN
0184003
MAX (0.46+0.08)
Dimensions in
©1991 FUIITSU LIMITED D16033S-2C inches (millimeters)
18
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MB88351-PF

16-LEAD PLASTIC FLAT PACKAGE
{(CASE No.: FPT-16P-M06)

089(2.25)MAX

£010 110 1£40.25 7 1 MGUNTING REJGHT)
e 4% _00g (1015020 ) — ' .002(0.05)MIN
- (STAND OFF HEIGHT)

HAHRAHAHARSR :

s 019 a0t
o . | »
R EE S -

. = I~ (0.50:£0.20)
.050(1.27, 018£.004 006 +002 ( 15+0.05)
—-——Li—L— - @.005(0.13 "u‘- <001 0152502
TP (0.4510.10) 2.0050.19© !
o o e s [ e et e
A Details of A" part Details of *B® part
i .016(0.40) 1006(0.15)
]
Ty -+ |2
. L, ; e
e - s
=
= EZT0) T 2 ez costoz0)
.007(0.18) 4 .007{0.18)
e .350(8.89) REF ——— MAX MAX
.027(0.68) 027(0.68)
Lo MAX | J b MAX
Dimensions in

@1991 FUJITSU LIMITED F16015S-2C

inches (millimeters)

19
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MB88351-PFV 7
20-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-20P-M03)
049308
'o 5 (MOUNTING HEIGHT)
+.256+.004 (1:2524550)
(6505010 P22 D)
.252+.008
INDEX (6.4020.20)
*.173+.004 .213(5.40) NOM
(4.4020.10)
TEETELEL Ji i
[ & \ ,; -
025640047 009 +:9%3 —JL— 006 +302 (0.15393)
L " 0.10
(0.65+0.12) ©22%508)
' Details of "A" part '
. .004+.004
. e (STAND OFF
: _J[ (0.10£0.10) ¢ HEIGHT) :
230(5.85) ' | '
REF . < 020+.008 .
T 0°010° L/ {0.60£0.20) .
*:This dimension does not include resin protruction. .. .\,’_ ..................... .
Dimensions in
©1991 FUJITSU LIMITED F200128-2C inches (millimeters)
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