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MB88352

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

DESCRIPTION I \N&N’N
The Fujitsu MB88352 is an R-2R type 12-bit resolution digital-to-analog converter @@E&“m

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

lers including Fujitsu's MB88200 family, MB8850 family, and MB88500 family 4-bit MB88352-P
single—chip microcontrollers.

The MB88352 has 12-bit resolution 2 channels D/A converters; an 12-bit x 1 channel
D/A converter and an 12-bit x 1 channe! D/A converter with an operationa! ampiifier
outputbuffer. Digital data are inputserially by individual channel units. Theloadeddigital
data are converted into analog DC voltages by the D/A converier in maximum 30 is
settiing time. Also, the MB88352 has an operational amplifier output buffer. This
operational amplifier output buffer is connected to a channel of the D/A converter, and
provides high cumrent drive capability. The MB88352 is suitable for electronic volumes

) | o N y PLASTIC DIP
and rey forp for adj in addition to normat D/A converter
applications. (DIP-16P-M04)
FEATURES
eC | thod : R-2R resistor ladder MB88352~PF

o 12-bit x 2 channels D/A converters:

12-bit x 1 channel DAC : with an operational amplifier output buffer
12-bit x 1 channel DAC : without an operational amplifier output buffer

© Max. 2.5MHz Serial data input

 Sarial data output for cascade connection PLASTIC SOP

{FPT-16P-M06)
o Max. 30 pis DAC output settling ime

¢ Max. +1.0/~1.0 mA analog output sink/source current

* Two separate power supply/groundlines for MCU interface block/operational amplifier MB88352-PEV
output bulfer block and D/A converter block

® Low power consumption : Typ. 13.8 mW @
® Single +5V power supply

Wide ting t ture :-20°C to +85°C PLASTIC SSOP
* Wide operating temperature range o (FPT-20P-M03)

o Silicon-gate CMOS process

This device containg arcuitry 10 prolect the inputs againet damage
« Three package options : g s ric fieids. However, s advised that
16-pin plastic DIP (Suffix : —P), 16—pin plastic SOP (Suflix : —PF), han maxmum tated volages to this Tigh krpedance chat.
20-pin plastic SSOP (Suffix : -PFV)

Copyright® 1982 FUSITSU LIMITED
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Figure 1 Pin Assignment
MB88352-P MB88352-PF MB88as2-PFV
ves [ 1 ~ 16 ] GND Vn|_—_1o 16 [7] GND vis []110 20 7] eND
Ne [ 2 15 ] NC Ne [ 2 15 [] N Ne [ 2 19 [ Ne
Ao1 [ 3 14 ] Ot a01 [] 8 rymi Ne []8 18 [] NC
Ne [T 4 13 ] CLK NC [] 4 13 [7] CWK Aot [] 4 7[Jo
A2 [C]5 (Top View) 127] o A2 [] 5 (TopView) ] w Ne [O]5 (Top View) '® ] oK
NC [[]e 1] oo Ne [[] 6 1] oo A2 16 5[] o
Ne [ 7 10 | 7] NC Ne [ 7 10 7] Ne Ne 7 147} oo
Voo 8 9 1] vec veo ] 8 9 [] Veo Ne [ 137 Ne
Ne e 12 7] NC
voo [} 10 1 ] Vee
Note:

NG : No connection

Figure 2 Logic Symbol

+5V +5V
. Vee Voo 2
Shift Clock Input oK 2 —»  AO1-AO2 DAC Outputs
Data input Dl ——— w2
Load Strobe input |1+ J——— ——% DO Data Output
GND Vss
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* : Only for D/A converter block except operational amplifier block

MB88352
Figure 3 Block Dlagram
Vee GND
| !
Digital Block (MCU Interiace)
CLK > 15-bit Shift Register .
ol Do DI D2 D3 D4 D5 D6 D7 D8 D9 D10 Dit D12 Di3 Di4
v A
3~-bit Address - LD
12 1] 2
oq01 -<- oiwjonJ oo --- ojo o1t
12-bit Data Latch 12-bit Data Latch
# 2
cevenancse ”Hﬂﬂi ecemacessssssms “ﬂﬂ“’l"""""
R-2R Type 12-~bit R-2R Type 12-bit
D/A Converter D/A Converier
2] #2
Operational amplifier
N output buffer
Analog Block (D/A Converter)
| v v \,
Voo* AO1 AO2 (1
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PIN DESCRIPTION

Figure 1 and Tablo 1 show the pin assig t and pin description of the MB88352.

Table1 Pin Description

Pin No.
Symbol nte Type . Name & Function

DiP/SOP I §SOP

_Power Suppt S L
Veo 9 Y] - +5V DC power supply pin for the digital block (MCU interface) and operational amplhifier
output buffer.
GND 16 20 - Ground pin for the digital block {(MCU interface) and operational amplifier output buffer,
Voo B 10 - DC power supply pin for the analog block (D/A converter) except oparational amplifier
output buffer.

Ground pin for the analog block (D/A convarter) except oparational amplifier output buffer.

CLK 13 16 ! Shiftclock Input to the intemal 16-bit shift register: Atthe rising edge of CLK dataonthe Di

pin is shifted into the LSB of the shift register and contents of the shift register are shified
right (to the MSB).
LD 12 15 | Load strobe input for a 15--bit address/data : A high tevel on the LD pin latches a 3-bitad-

dress (upper 3 bits: D14 to D12) of the intemal 15-bit shift register into the intemal address
decoder, and writes 12-bit data (lower 12 bits: D11 to DO) of the shift registerinto an internal

data latch selacted by the latched addrass.

DI 14 17 t | Serial address/data input to the internal 15-bit shift register: The address/data format is
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 tast-in bit.

DO 11 14 (o] Serialaddress/data cutput from theintemal 15-bit shiftregister: This is anoutput pinofthe
. MSB bit dataof the 15-bit shift register. This pin allows acascade connection of the device.

AO1 3 4 12—l?it resolution D/A converier outputs : 2 channels (AO1 and AO2) of DAC outputs are
A2 5 6 O | provided.

AO2has an operationatamplifier output buffer for analog cutputdata. AO1doasnothavean
operational amplifier output buffer.

&, 2,8,5,7, No connetttion. They must be left open.
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FUNCTIONAL DESCRIPTION

OVERVIEW

The MB88352 is an R-2R resistor ladder type, 12-bit resolution digital-to-analog converter (DAC) dovice. The MB88352 has 2 channels of /A
converters. As shownIn Figure 3 Block Diagram, 1 channel of total 2 channels has an operational amplifier cutput buffer for analog outputdata. 12-bit
digitaldataare loadedintoi I data latches by individual DAC channelunits. The loaded digital data are convertedinto analog DCvollages through
the internal D/A converter in max. 30 |15 settiing time. Furthermore, the analog DC voltages saurce/sink the output current through the operational
amplifier output buffer. For cascade connection, a serial data output is provided.

DEVICE CONFIGURATION

Asillustratedin Figure 3 block diagram, the MB88352 device is composed by the digital block (MCU interface) and analog block (D/A converterwithan
operational ampiifier outputbuffer). The digital block consists ofa 15--bit shift register, a 3-bitaddress decoder, and 2 channels of 12-bitdata latches.
The analog blockincludes 2 channels of {2-bit D/A converters. Of 2channels DACs, 1 channel (AO2 pinyhas an operational amplifier outputbuffer to
provide an analog output high current drive capability. For electrically stable oporation the power supply and g¢ d lines are separate b \
digital block (MCU interface) and an oparational amplifier output buffer, and analog block except an operational amplifier output buffer.

DEVICE OPERATION

Figure 4 shows the inputioutputtiming. A 15-bitaddress/datais seriallyinputintothe shiftregister throughthe D! pin synchronously with the rising edge
of LK. The formatofthe shiftregister is shownin Figure . The lower 12bits (D11 1o DO) are databits tobe converted, and the upper 3 bits araaddress
bits (D14 10 D12) to selecta data latch to be written. A highlevel on the LD pin loads the address decoder with the 3-bitaddress lo selectadatalatch,
andwiites the 12-bit data into a selected data laich. Figure & shows the data latch address map, and Table 2lists the address decoding. 12-bitdata
written into individual data latches are convertedinio analog DC voltages, dividing the supply voltage |Voo-Vss| through R-2R resistor ladders of D/A
convertars. The operational amplifier outputbutfer at D/A converter #2 autput (AO2pin) cansourceupto 1 mA of the output current. Figure 7 showsa
configuration of the R-2R resistor ladder D/A converter with an operational amplifier, and Table 3 lists the analog DC voltages corresponding to each
digital data.

Figure 4 Input/Output Timing

to N

AOx Previous Data x New Data
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Figure 5 Shift Register Format
(Last-n) (First-In)
LsB MsB
DI Do
D——o DO§ DI | D2]D3 | D4 psjos | o7 | ps} Do | D10 D11 ] D12 | DI3 | D14 ——D
| 12-bit Data le 3-bit
i ‘ 1 Address _.|
Yo Data Laich To Address Decoder
Figure 6 Data Latch Address Map
Address
1H Data Latch #1 > D/A Converter #1 AO1
2H Data Latch #2 D/A Converter #2 Op-Amp. »{ AQO2
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Figure 7 Contiguration of R-2R Reslstor Ladder D/A Converter with Operational Amplifier Output Butfer

Tomer DoDO

‘ (See Notes.)

Internal Bias Generator

2R
[} -

1]
.
L}
[}
L]
1]
)
L]
1
1 ]
’
L}
L}
L}
]
L
L]
]
.
L
]
: Operational Amplifier Output Buffer

P L R R R |

Notes : This operational amplifier output buffer is only available for 1 channel DAC (AO2 pin). Another DAC (AO1 pin} unit does not have

an operational amplifier output buffer. Also, the operational amplifier output butfer is powered/grounded by the Vco and GND
pins.

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6174371/MB88352-P.html

FUJITSU LTD

MB88352

S3E D MR 3749756 000299k T27 EEFCAJ

1-51-09-12

Table 2 Address Decoding

Latch Selected:
01
(1] 0 0 Deselected
0 0 1 Data Latch #1
0o 1 0 Dala Latch #2
[} 1 1 Daeselected
1 0 0 Deselected
1 [ 1 Deselocted
1 1 0 Deselected
1 1 1 Deselected

‘Table 3 Data Conversion

D9
o Jo | o o | o o | o o] o| o] o 0 | ~vss
0 0 0 ] 0 o 0 0 0 0 0 1| = (Voo-Vss) x 1/4095 + Vss
[} 0 o ] 0 0 0 0 0 0 1 0 = (VOD ~Vs8) X 2/4095 + V88
0 ] ] ] ] ] 0 Y 0 0 1 1| =~ (VoD -Vss) x 3/4095 + Ves
v | s t s | & ||| efos ] 8|84 d i
1 1 1 1 1 1 1 1 1 1 0 0 | =~ (VoO-Vs8) 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 1 0 | = (VDD-VsS) X 4094/4095+Vss
1 1 1 1 1 1 1 1 1 1 1 1 | wVoo
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Figure 8 Cascade Connection Example
+5V Voo Voo Voo
i I i i
Vee MB88352 MB88351 MB88352
DATA
(S0) DI po Di Do D! DO ——o
Microcontroller g&% CLK CLK CLK
Stabe 0 b . seesenne
GND
GND  Vss GND  Vss GND  Vss
) J| 1 ”L
777 777 77

* : MB88352 can be used mixed with MB88351.
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APPLICATION DESCRIPTION
The MB88352 is suitable for electronic volumes and repi t for adj it p i in addition to normal D/A converter applications.
Figure 9 ffu pplication ple for @ gain control,
Figure 9 Application Example ~ Gain Control
+5V
Input
— [ Y
Voo
1O port DI
1O port CLK Vss jt———r——o— Low reference voltage
Microcontroiter
1O port 0 wmmesssz | 0
il e ] e v VAR VALY
GND
GND
77
10
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Ta = +25°C
Supply Volta;
pply Voltage Voo 03 7.0 v GND=0V ypo < Vee,
Input Voltage VN -03 Vce+0.3 ' Ta=25°C
GND=OV
Should not exceed Vee +
Output Voltage Vout -0.3 Vee+0.3 v 0.3V
Power Dissipation Po 250 mW
Operaling Ambient _
Temperature T 20 +85 °c
Storage Temperature Ts1a -55 +150 og

NOTE : Permanent device damage may occur if the above ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be
restricied 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.

RECOMMENDED OPERATING CONDITIONS

Supply Voliage Vee 4.5 5.0 55 v Vec2Voo
(tor MCU Interface/
Op.-Amp. Block) GND 0 v
Supply Volta Voo 20 Vee v
pp ge
{for Analog Block®) Vec2Voo,
Vss GND Vcc-2.0 v Voo-Vss22.0V
Analog Output Source
Current I -10 mA
Analog Output Sink 1w +1.0 mA
Analog Output Load Ca-
pacitanca for oscillation CAL 1.0 e
limit
Operating Ambient
Temperature Ta -20 +85 °c

* + Except operational amplifier cutput buffer block

"
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DC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)

Digital Block (MCU Interface)

(A\;:g'cv)e.Supply Current tco 08 20 mA CLK = 1MHz, Unioaded
:%m L&fm L%U)rml i -10 +10 HA ViN = 0 to Vee
RSy | ow oasvee |V

?cﬁ”ﬁ?hm AL 0.80Vee v

%clgul Low Volage Vou 0.4 v loL = 2.5 mA

gt High Voltage Vou Vee-0.4 v loH = ~400 LA

*: Including the supply current to the operational amplifier block

Analog Block (D/A Converters with Operational Amplifier OQutput Butfer)

Value
Supply Current
Voo Ioo 0.15 05 mA Unloaded
Voo 20 Veo v
Analog ‘S‘UPW Voltage Vpo-Vas22.0V
(Voo, Vas) Vas GND vee2o| v
Resoluion (AO1,A02) | Res 12 bit
Monotonicity (AO1,A02)|] Rem 9 bit
Offset Error 1 (AO1) REO1 -5.0 450 mv | Unloaded
Offset Emor 2 (AD2) RE02 ~100 +100 mv | Unloaded
) -80 480 Digital Data =
Nonliaeariy Error 1 Enr s | TORPO#AFE | ynioaded, See Figure 10.
(a1 40 40 Digial Data =
g : #5800 to #FFF
Digital Data =
o -8.0 +8.0
(N:g;;«my Eror2 Ence LsB #0000 AAFF | ncaded, Voosveo-0.1V,
Digital Data = Vs820.1V See Figure 10.
~4.0 +4.0 #B00 to #FFF

** . Excluding the supply curent to the operational amplifier block

12
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Analog Block (D/A Converter:

's with Operational Amplifier Output B

uffers) - Continued

#FFF

» Digita data

; ot I M, - 2

Min. AnalogOutput |, | A1 | GND GNDw0.00s| Unloaded, Voo=Vce, VssxGND,
Voltage 1 (AOx) AO2 GND GND+0.1 Digital data=#000
Max. Analog Output |\, . | AO1 | Vco-0.008 Veo v Unloaded, Voo=Vec, Vss=GND,
Voltage 1 (AOx) 202 | Voo ot Voo Digital data=#FFF
Min. Analog Output | 1, VD0=VCC=5.0V, Vss=GND=0V,

GND GND+0.1 Y ' '
Voltage 2 (AOx) Aoz IALx—400}LA, Digital data=#000
Min. Anatog Output VDO=VCea5.0V, Vss=GND=0V,
Voltage 3 (A0x) | VAos | AC2 | GND GND:0.3 v IAL=—1.0mA, Digita! data=#000
Min. Analog Output VooaVee=5.0V, VssaGND=0OV,
Voltage 4 (AOK) vaos | Aoz | GND-0.1] GaND | GNDs0.1 v o Digitaldata
Min. Analog Output VoD=VCc=5.0V, Vss=GND=OV,
V“,lm " 5"}%0}09“ vaos | A02 | aND-0.3| eND | GNDs03 v Ias 1.0mA, Digital data=#000
Max, Analog Output AO2 1 Vi v VpDaVce=5.0V, Vss=GND=0V,
Voliage 2 (AOx) Vo2 Vee-0. Vee cc+0.1 IAL=—400(1A, Digital data=#FFF
Max, Analog Output Voo=Vce=5.0V, Vss=GND=0V,
Voltage 3 (oAqox)mu VAoH3 AO2 | Vce-0.3 Veo Vec+0.3 v IaL=-1.0mA, Digital data=#FFF
Max, Analog Output VDD=VCC=5.0V, Vss=GND=OV,
Voltage 4 (AOx) Vst | A2 | Veo-0.1 Vee v IAH=+40001A, Digital data=#FFF
Max. Analog Output Voo=Vce=5.0V, Vss=GND=0OV,
Voltage & ?ﬂonw Vaows | AO2 | Vec-03 Vee v IAH=+1.0mA, Digital datam#FFE

Figure 10 Definitlon of NonlInearity Error
Analog output voitage
fy End point fine
/
VoK'
Nonlinearity error
VaoL**
* : VAOH is not always equal to Voo.

** :Vaou is not always equal to Vss.
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AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Clock Low Time [ 2004—-— m.

Clock High Time L] 200 ns

Clock Rise Time ©r 200 ns

Clock Fall Time ] 200 ns

Data Setup Time tocH 30 ns

Data Hoki Time cHO 60 ns

Load Strobe High Time OH 100 ns

Load Strobe Setup Time fcHL 200 ns

Load Strobe Hoid Time we 100 ns

(DAA.% ;Jutpui Settling Time 1 €001 ps Unioaded

(Azy P Setting Time 2 %o ps *RaL = 10 k€2, CAL = 50 pF
Data Output Deiay Time ©0 70 350 ns **CL = 20 pF (Min.), 100 pF (Max.)

© DAC OQutput Settling Time

Device
Under

Figure 11 AC Test Conditions

-0 Test Point

1]

o

Device
Under
Test

¢ Data Output Delay Time

Test Point

14
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Fligure 12 Input/Output Timing
for CKH
—
0.8eVce
OLK o.20Vee Y oo seves 20Veo
tCKL
] woc
] 0.8eVeo i 0.8eVce
0.2eVee/x 0.2eVcc
tocH |{ tewo oM
ACHL
LD 0.8eVce z‘ X p.geVeo
0.2eVce 5 0.2eVce
oo
AOx Previous Data XO-S'VOG New Data Valid
! 0 jeVce
100
Do Previous Data g‘i“’;‘“ New Data Valid
I

15
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Figure 13 Analog Output Voltage Range
R Ladder Output Operational Amplifier Output
(E;RI-AzConvmar Output) (Butfer Output)
VDO mpym @ ® @ = = @ = B L L EEE R Vee — VaoH (Vcc)
AOx Output Range
(Linear Range)
Vas bl ccecmanccrmommasenoce GND L— VaoL (GND)
Notes: Voo=Vce
Vs$=GND
16
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PACKAGE DIMENSIONS
MB88352-P
16-LEAD PLASTIC DUAL-IN-LINE PACKAGE
(CASE No.: DIP-16P-M04)
e .770::822(19_5£:323) ——— ] 15°MAX
e S o O e B ke B e
INDEX-1 1 T
N 244010 -30.?.9;2)
{6.2010.25)
woex2” [ L3 L G Ll G G O L—
039 P12 060+012
(099%3%%) (1522330 (0.2520.05)
X .172(4.36)MAX
! — Y
! ! i .118(3.00)MIN
'107‘:/(:'54) 020(0.51)MIN
050(1.27) 018+003
MAX (0.460.08)
Dimensions in
©1991 FUJITSU LIMITED D16033S-2C inches (milimaters)

17

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6174371/MB88352-P.html

UJITSU LTD 53E D BN 3?4975k 0003006 574 EEFCAJ

T-51-09-12
MB88352
MB88352-PF
16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-MO06)
.089(2.25)MAX
(MOUNTING HEIGHT)
e 400+ 10 (10.15:0.2%) .002(0.05)MIN
H H H H H (STAND OFF HEIGHT)
INDEX l .307+.016
(7.80+:0.40) +016 +0.40
268 :
S/ 209012 ~008 480-020)
O B (5.3040.30)
. 170
H H H H H :rH: — T~ .020+.008
-.L |. ’, - —_—_—7_ (050i°.2°)
050(1.2 016004 JL_
e R 1= 3 [Te)

006 +302 (0.15+0.95)

(0.45%0.10)
n " Doteils of ‘A"part | | Details of ‘B" pant
— 016(0.40) .006(0.15)
1]
N —
;S L

J =) .008(0.20
T 008(0.20 o2
1007(0.18) 4 007(0.18)

et ,350(8.89) REF ———m 1 MAX MAX
.027(0.68) 027(0.68)

_____ MAX ' MAX

©1991 FUJITSU LIMITED F160165-2C e Cohreters

18
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MB88352-PFV
20-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-20P-M03)
049308

MOUNTING HEIGHT)

1
(
* 2564004 (1252030
(6.50+0.10) [ 7] .004(0.10)

AAARRAAAN —

.252+,008
INDEX (6.4010.20)
'/ *,1731.004 .213(5.40) NOM
(4.40£0.10)
A" . N
s \. \‘
bagnobad i

X

.
.0256:,0047 " 009005 -;"'—-
1)

*:This dimension does not include resin protruction.

| o201 0152388
(0.65£0.12) 0228 .
! Details of "A" part '
' 004,004 '
! le———"2__ (STAND OFF .
: _.} (0.1010.10) HEIGHT) .

,230{5.85) .

REF . < .020+.008 .
' 0%010° (0.5040.20) .

Dimensions in
©1991 FUWJITSU LIMITED F200128-2C inches (miltimeters)
AR Rights Clrcult diag! uilizing Fuj ducts ae included as a means of The K ined In this doss not convey any license under the
g typical sami X sufticient for con- ights, patent rights or claimed and owned by Fujtsu. Fuftsu reserves the
struction purposes Is not naces sarlly ghven, Tiy has rightto chang ifications without natice, Ne { this ion may be
been carelully checked and is befieved 10 be reiiable. However, Fultsu assumes no copied of reproducad in any form o by any means, of transferied to any thisd party without

respons billty for inaccutacies, prioc wrikten consent of Futsy,
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