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

DESCRIPTION | “(\NB@N
The Fujitsu MB88351 is an R-2R type 12-bit resolution digital-{o-analog converter @@s@k\m

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

lers including Fujitsu's MB8B200 family, MBB8SO family, and MB28500 family 4-bkt Bo8351-P
single—chip microcantrollers.

The MB88351 has an 12-bit x 4~channel D/A converler 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 convertet in maximum 30 s setling
time. Also, the MB88351 has operalional amplifier output bulfers. These operational
amplifier output butfers are connected to eachchannel ofthe D/A converter, and provide
high current drive capability. The MB88351 is suitable for electronic volumes and

replacement for potentiometers 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-bitx 4—channel D/A converter with operational amplifier output buffers

@ Max, 2.5MHz Serial datainput

e Serial data oulput {or cascade connection

o Max. 30 s DAC output setiling time PLASTIC SOP
{(FPT-16P-M0S6)
o Max. +1.0/-1.0 mA analog output sink/source current

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

L MB88351-PFV
¢ Pin compatible with MB88353
o Low power dissipation : Typ. 1.5mWichannel ‘ . &
o Single +5V pﬁwer supply
PLASTIC SSOP

« Wids operating temperature ranga: -20°C t0 485°C (FPT-20P-M03)

e Siticon-gate CMOS process.

This device coniang GIcukry 1o protect the Inputs agans Camage
dueta high stalic vohages ot d'eciric ks, However, i acvicsdthat
rons be takento aveid aoplication of ay verage highet

© Three package options : i
Three p ge options than maximurm rated votages 10 thit high rrpedance ¢it

16-pin plastic DIP (Suffix : ~P), 16-pin plastic SOP (Suftix : ~PF),
20-pin plastic SSOP  (Suflix : ~PFV) B

Copyight® 1691 FUIITSULIMITED
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Figure 1 Pin Assighment
MB88as1-p MB88351-PF MB8B3§1-PFV
./
vss [ 1 1] GND vss [] © 16 GND vss (] 10 20 [] eND
Ne [] 2 15[ ] NC Ne [] 2 15 |1 NC Ne [ 2 19 [_] NC
Aot [ 3 wl] o Aot [ s 14 ]_] ol Ne [ 3 18 [_] NC
Aoz [1 4 Bljok  ac2] 4 13 [7] oK Aol [] 4 7o
Vi Top Vi
A03 [] 5 (Top 'ew)tz ] LD A3 [] s (Top 'ew)12 ] w a2 []s (Top View) ' ] LK
Aca ] s 11 {] oo A4 [} & 1] oo A03 [Js 1] wp
ne [T 7 10 [] nC Ne [ 7 10 7] nNc acs [ 7 14 [] bo
veo [} 8 9 ] vee voo [ 8 e ] veo Ne []s 13 ] Ne
NC [ 1217 NC
voo [} 10 1 7] veo
Note:

NG : No connection

Figure 2 Loglc Symbol

45V 45V
ift Clock | ClLK ————p] Voo Voo 4
Shift Glock tnput 4> AO1 - AOH DAC Output
—_——
Data Input Di MB38351
Load Sirobe Input LD ————» ——* DO Data Qutput
GND Vsg

A
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Figure 3 Block Diagram
Vee GND
| |
Digital Block (MCU Interface)
CLK 15-bit Shift Register » DO
ol Do DI D2 D3 D4 D5 D6 D7 D8 Ds D10 D1t D12 D13 D14
4
3-bit Address Latch g D
and Decader
12 1] eemnn- 4

DOTDJ J‘OAD“ D({DT--- tio]on

12-bit Data Latch

12-bit Da!a Latch

11117 SRR o113

R-2R Type 12-bit
D/A Converter
#"1

R-2R Type 12-bit
-------------- D/A Gonvenef
"

Analog Block (D/A Converter with
aperationa! amplifier output buffers) *

---------------------------- AQ4 \!ss'

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

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

Table 1 Pin Description

Type

Name & Function

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

Vee ® H B output buffers.

GND 16 20 - Ground pin for the digital block (MCU interface) and operational amglifier 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
shiftad right (to the MSB).

LD 12 15 1 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 to D12) of the internal 15-bit shiftregister 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 I Serial address/data input fo the intama! 15-bit shift register: The address/data formatis
that upper 3 bits (D14 to D12) indicale 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 " 14 o] Serial address/data output from the internal 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
devica,

AO1
AO2
AC3

NC

o ;AW

2,7, 10,
15

~NoOo ;N a

2,3,8,9,
12,13,
18, 19

12-bitresolution D/A converter outputs : 4 channels (AO1 to AQ4) of DAC cutputs are pro-
vided. Each output channel has an operational amplifier output buffer for analog output
data,

No connecttion. They must be left open.
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FUNCTIONAL DESCRIPTION

OVERVIEW

The MB88351 is an A-2R resistor ladder type, 12-bit resolution digital—to—analog converter (DAC) device. The MBE8381 has 4 channels of D/A
converters with operational amplifier output butfers. 12-bit digital data ate loadad inta intarnal data laiches by individual DAG channel units. The
loaded digital data are convanted into analog DC voltages through \he internal D/A canverter in max. 30 us settling time, Andthe anslog DC voltages
source/sink the output curtent through the operational amplifier output buffers, For cascade connection, a serial data output is provided.

DEVICE CONFIGURATION

As ibustrated in Figura 3 block diagram, the MB88351 davice is composed by the digital block (MCU interface) and anatog block (D/A converter with
operational amplifier output butfers). The digital block consists of a 15-bit shift register, a 3-bit addrass latch/decoder, and 4 channels of 12-bitdata
laiches. The analog blockincludas 4 channels of 12-bit D/A convertars with operational amplifier output butfers connecting to the data latches. For
electrically stable operation tha power supply and ground lines are separate between the digital block (MCU interface) and operational amplifier
output butfars, and analog block except aperational amplilier cutput butfers.

DEVICE OPERATION

Figure 4 shows the inputioutput timing. A 15-it address/data is sorially input into the shift register through the D! pin synchronously with the rising
edge of CLK. The format of the shiftregister is shownin Figure 5. The lower 12 bits (D11 to DO) are data bits o be converted, and the upper 3 bits are
address bits (D14 to D12) 1o seloct a data latch to be written. A high lavel on the LD pin loads the address latch/decoder with the 3-bit address to
selact a data latch, and wriles the 12-bit data into a selected data laich. Figure 6 shows the data latch address map, and Table 2 lists tho addross
decoding. 12-bitdatawritlen intaindividual datalatches-are converiedinto analog DC valtages, dividing the supply voltage {Voo-Vss| through R-2R
resistor ladders of D/A converters. The operatianal amplifier output buffers at individual D/A converter outputs can source up 0 1 mA of the output
current. Figure 7 shows a configuration of tha R-2R resistor ladder D/A converter with operational amplifier, and Table 3fists the analog DC voitages
corrasponding ta each digital data.

Figure 4 Input/Qutput Timing

P iainininESSininl;

MS8B
LD I I

AOx Pravious Data X New Data
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Figure 5 Shift Reglster Format
(Last-In) e (First{n)
LsB MSB
DI Do
D——b DO DI ] D2JD3 | D4 D506 D7) O8] D9 |Dio] D11] D12]| D13 ] D14 —>D
[l= 12-bit Data ‘}‘ 3-bit —bl
‘ Address
To Data Latch To Address Lalch/Decoder
Figure 6 Data Latch Address Map
Addrass
1H Data Latch #1 —~ D/A Converter #1 Qp-Amp. #1 AO1
2H Data Latch #2 D/A Converter #2 Op-Amp, #2 AC2
3H Data Latch #3 D/A Converter #3 Op—Amp. #3 AO3
4H Data Latch #4 »>- D/A Converter #4 Op-Amp. #4 = AQ4
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Figure 7 Conliguration of R-2R Resistor Ladder D/A Converter with Operational Amplifier Output Buffer

-----

L ,
l‘ 2R
00 3 ’ ;
A Y ’
. . 4 R
2R
b1 >~
2R R
D2 O
; 2R R
D3 - 0
2R R
D4 O
2 2R R
t  ps. ’.
a
L : 2R R
a m — = >'
t
[ - .
h . E R R
D7 »-
' 2R R
D8 , ’-
. 2R Internal Bias Generator *
09 0- \ {Common 1o ch. #1 — ch. #4)
: 2R R
piok 0
. ., 3P
D11 ] - !T z I AOX

Operational Amplifier Output Buffer*

* . Powered/grounded by the Vcc and GND pins.
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Table 2 Address Decoding

£ Daia Latch Sstected.

[+]

] Data Latch #1
0 1 [/} Data Latch #2
0 1 1 Data Latch #3
1 0 0 Data Latch #4
1 (4] 1 Deselected
1 1 0 Deselected
1 1 1 Desslected

Table 3 Data Conversion

0 0 0 0 0 0 0 0 0 0 0 (¢} w Vss

0 0 0 0 0 [¢] 0 0 0 0 0 1 = (VDD - Vs$) x 1/4095 + Vss
0 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
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 V] = (VDO-VsS) X 4094/4095+Vss
1 1 1 1 1 1 1 1 1 1 1 1 ~ VDO
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Figure 8 Cascade Conhnection Example
+5v Voo Vob Voo
o ? 4 ]
Ve MB8s351 MBss34eB* MB83351
DATA
0) o! Do Dl oo i Do f——>
Wicrocontrolier e CLK cLK CLK
Strobe Lo 1w S
GND
GND  Vss GND  Vss GND  Vss
1 . | T /;L
o4 77 7
* :MB88351 tan bs used mixed with MB3BA4GB.
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APPLICATION DESCRIPTION
The MB88351 is suitable for electronic vol and replac 1t 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 PR
1 BYaTATaN

Vob |+

170 port o]

Vss p————— Low reference vollage

O port CLK
Microcontroller

VO port L0 mBea3st
orn oo sox |0 INTINTNTA
MAVAAVAAVAAY

GND
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Vee -03 7.0 v Ta = +25°C
Supply Voltage Voo 03 70 v GND =0V VoogVee,
Input Voliage vw 03 Vec+0.3 v Ta = 25°C
; GND=OV
Should not exceed Yoc +
Output Voltage Vour -03 Vce+0.3 v 0.3Y
Power Dissipation Po 250 mw
Operating Ambiant _
Temperature AL 20 +85 c
Storage Temperature Ts1G -58 +150 . °C

NOTE : Permanent davice damage may occur if the above ABSOLUTE MAXIMUM RATINGS are exceeded. Functional oparation: should be
| resiricted to tha conditions as detailed in the operational sections of this data sheet. Exposure to absolute maximum rating conditions for
| axtended periods may affect davice reliability.
|

RECOMMENDED OPERATING CONDITIONS

Vee 45 5.0 : v

Supply Voltage

(for MCU Interface/ -

Op.—Amp. Block) GND 0 v
Voo 20 Vee v

Supply Voitage Vee2Voo,

{for Analog Block') ! Voo-Vss22.0V
Vss GND Vee-2.0 v

Analog Output Source tay -1.0 mA

Analog Output Sink

Current Az +1.0 mA

Analog Output Load

Capaditance for escilla- ca 10 WF

tion mit

Operating Ambient

Temperature TaA -20 485 °C

+ 1 Except operational amplifier output buffer block

11
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DC CHARACTERISTICS |
(Recommended operaling conditions unless otherwise noted.)

Digltal Block (MCU Interface)

?\;:g‘cv’e'SUpply Current lee 1.0 25 mA CLK = 1MHz, Unloaded
AR | | o e I Rt
{'é'?_“é"ﬁr'aﬂht%? Vi 0.2eVee v

BRSE | w | oo v

:Doug;m Low Voitage VoL 0.4 v loL=2.5mA

%C')F;m 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 Operational Amplifier Output Butfers)

Vol

(s\}’n"o")'y..c“““' foo 0.1 03 mA Unloaded
Analog Supply Voltage | 20 Vee v VoO-Vs522.0V
(Voo, Vss)

Vss GND Vee-2.0 v
Resolution (AOx) Res 12 bit
Monotonicity (AOx) Ram 10 bit Unloaded
Cfiset Emor (AOx)*** Eo 0.1 0 +0.1 v Unloaded
Nonlinearity Error (AOx) |  Ent 80 0 0 | Lss Sop Eie. VonsVEo-0.1V, Vss20.1¥

** 1 Exeluding the supply current to the operational amptifier biock

12
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Amplifier Output Buffers) - Continued

Anatog Block (D/A Converters with Operational

Q,‘g‘“-ag“e“’{"f&)“’“* Vaout GND GND+0.1 v | Unloaded, Vss = OV, Digital data=#000
iy S Vaouz GND-0.1| GND aNDs01 v &?&ﬁ“ﬁﬁﬁiﬂ*&o
Q,‘Qﬁ;‘fa"’(“&)“’”‘ v ano-03]| oo | anpsea| v }ﬁ?:ﬁ’f’.gﬁ?‘éi;fshﬁﬂﬁﬁ
Al | aou aNp oNpeot | V| e g daseaood
vf&mg;')“’“‘ VaoLs GND GND:0.3 v }ﬁ'gj’ﬁg‘w&%i:i;ﬂ‘g{*ﬁm
M ! VaoH1 Voo-0.1 ves v Unloaded, VDo = Vs, Digital data=#FFF
o | e vt | | e | v | EUGSRTERE
e | wer |wess| | we | v | UMENLESR

| mwm%‘;w vas | vee01 | vee | veesod v Kﬂi%ﬁ?%f;‘gﬁ;%g
Bt | e | veor| v | veos| v | URVEROLERR

*+ - Excluding the supply currant to the opaerational amplifier block

Figure 10 Definition of Nonlinearity Error

Analog output volage
4 End point line
//
VADH'} s ~wmvmeccamaane-
]
\ Nonlinaarity error
;
[}
[]
4
[)
1
VAL o= :
/t f
/ 1
/s N
Ve L] )
4 : —— * : VaQH is not always equal to VOO,
. > Didi a . .
#000 SEFF Digita da ** . Vaot is not always equal to Vss.

13
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AC CHARACTERISTICS
(Recommended operaling conditions unless othenwise noted.)
Clock Low Time oKL 200 ns
Clock High Time CKH 200 ns
Clock Rise Time < 200 ns
Clock Fall Time L] 200 ns
Data Setup Time tocH 30 ns
Data Hold Time KCHD 60 ns
Load Strobe High Time LOH 100 ns
Lead Strobe Setup Time CHL 200 ns
Load Strobe Hold Time Loc 100 ns
DAC OQutput Settling Time oo 30 Hs *RAL = 10 kQ2, CaL = 50 pF
Data Output Delay Time oo 70 350 ns ';'CL = 20 pF (Min.), 100 pF (Max.)

Figure 11 AC Test Conditions

o DAC Qutput Settiing Time ¢ Data Output Delay Time
Device Device
Under —0 Test Point Under —0 Test Point
Test Test
RaL* % —_— ca’ R o
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Figure 12 Input/Qutput Timing
$CKH %]
0.8¢VcC
CLK f0.20vec 0.2eVcco 7_! 0.2¢Vce
) wos
0.2eV, 0.2¢Vce
tcHD twoH
tCHL
0.8eVoo|Jf""Y.|0.8¢VCC
Lo 0.20vce Y 5 0.2¢Vce
LoD
7 0.8eVce .
AOx Previous Data 0. 1eVes New-Data Valid
: I
0o
Do Previous Data gi‘i"o-‘ New Data Vaiid
I
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Figure 13 Analog Output Voltage Range

R-2R Ladder Qutput Operational Amplifier Output
(DrA Gonverter Output) {Buffer Output)
VOD ~—yp—— === -=comrccccvaccuann Vee — VAo =Veco

AOx Qutput Range
{Linear Range)

L VaoL = GND
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CHARACTERISTICS CURVE (Example)
Vaot-[AL1/1ALz Characteristics
Digitad Data = #000
Vss+0.4
Vs240.3
Vss40.2
Vss+0.1
Analog Output Vahage [V} Vss \
Vss-0.1 ] ~—
Vss~0.2
Vss-0.3
Vss-0.4
-1.0 0 +1.0
Analog Cutput Sink/Source Current [mA]
VAOH-1AL1/1AL2 Characteristics
Digital Data = #FFF
Nopo+0.4
Von+0.3
Voo+0.2
VDo+0.1 .,
Anslog Output Voltage [V] Voo
Voo-0.1 \‘ P—
VDo-0.2
Voo-0.3
Voo-0.4
-1.0 0 +1.0
Analog Qutput Sink/Source Cumrent [mA]
17
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PACKAGE DIMENSIONS

MB88351-P
16-LEAD PLASTIC DUAL IN-LINE PACKAGE
{CASE No.: DIP-16P-M04)
———— 770+0%8 (19552020 15°MAX
o T e O e O s T e T e O s I — (T, )\'
INDEX-1 T
\1‘ 244+010 .300(7.62)
(6.20:£0.25)
INDEX-2 Y Ese::
- L (}:.ZH L2 B P B A W
+.!
-039_230 ' 060012 010002/
0.99*%- 0.30 .2540,
(0.9915%9) (152030, (0.25+0.05)
.172(4.36)MAX
.118(3.00)MIN
.020(0.51)MIN
018+.003
MAX (0.4620.08)
Dimensions in
©1991 FUNTSU LIMITED D16033S-2C inches (millimeters)
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MB88351-PF |
16-LEAD PLASTIC FLAT PACKAGE
{(CASE No.: FPT-16P-MO06)
L 089(2.25)MAX
' T {MGUNTING HEIGHT)
o 400+ 01010,15:033) —— ] .002(D.05)MIN
[ (STAND OFF HEIGHT)
HAEBRHAAAR -
- el |
‘ 307+.016 !
INDEX {7.80£0.40) +.016 (g 0n+0.40
e 2002012 1268005 (4%02020)
O B (5.30:0.30) '
e ~c
HH HHHEHHE 3 ‘ - 020+.008
Tt I~ (0.5040.20)
2' ‘ l o18t. 002 ;0 15+0.05
o ;'fi?f 5[ @[ @00s0 9@ e 0082 53t 0152553)
A "™ Details of "B part |
- T .008(0.15)
[ .
A e
5] 554G.0]] ? j ;o -7035:(:).20) 0(;‘7’°:‘1°a')2°’
e 350(8.89) REF — “TMAX *I T MAX
- 027(0.68) 027(0.68)
(I MAX | b MAX
Dimensions
@©1091 FUJITSU LIMITED F160158-2C inicmh::s(:gzr:vnelers)
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MB88351-PFV 7
20-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-20P-M03)
049 -8
! '0 0 (MOUNTING HEIGHT)
*256,004 (.252570)
(6.5020.10)
RAAARaaRAR g
.252+.008
INDEX (6.40£0.20)
*.173:.004 .213(5.40) NOM
{4.40£0.10)
T L TS
- ¥ LN K -
025640047 | | !L 009833 :ul 006 %002 (0.15+302)
0.10
{0.6510.12) 225508
' Details of "A" part '
. 004004 .
' - STAND OFF
: {0.10X0.10) ( HEIGHT) '
230(5.85) ‘ | :
REF . 020%.008 .
' %010° {0.5020.20) '
*:This dimension does not include resin protruction. R rni :
©1991 FUITSU LIMITED F200128-2C i[r):c'?\eezs(mﬁ:exers)
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