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

AMPLIFIER OUTPUT BUFFER

DESCRIPTION

The Fujitsu MB88352 is an R-2R type 12-bit resolution digital-to-analog converter
(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
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 channel D/A converter with an operational ampiifier
output buffer. Digital data are input serially by individual channel units. Theloaded digital

data are converted into analog DC voltages by the D/A converer in maximum 30 its
settling time. Also, the MB88352 has an operational amplifier cutput buffer, This
operationa! amplifier output buffer is connected to a channel of the D/A converter, and
provides high cument drive capability. The MB88352 is suitable for electronic volumes
and replacement for polentiometers for adjustment, in addition to normal D/A converter
apphications.

FEATURES

e Conversion method : R—2R resistor ladder

¢ 12-bitx 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 ampiifier output buffer

* Max, 2.5MHz Serial data input

© Serial data output for cascade connection

¢ Max. 30 s DAC output settiing time

o Max, +1.0/~1.0 mA analog cutput sink/source cumrent

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

o Low power consumption : Typ. 13.8 mW

® Single +5V power supply

© Wide operating temperature range: —20°C to +85°C
® Silicon-gate CMOS process

¢ Three package options :

16-pin plastic DIP (Suffix : -P), 16—pin plastic SOP (Suffix : -PF),
20-pin plastic SSOP (Suffix : -PFV)

Copyright® 1982 FusTsU LMITED

PLASTIC DIP
(DIP-16P-M04)

MB88352-PF

PLASTIC SOP
(FPT-16P-M06)

MB88352-PFV

@

PLASTIC SSOP
(FPT-20P-M03)

This device contains crcuiry 10 protect the inputs againet damage
mwhighﬂa;:.:guu ' H cl Ris

nomal precau! 1aken 10 avoid application of any vollage higher
than maximum rated vohages 1o this high impedance circult.
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Figure 1 Pin Assignment
MB88352-P MB88352-PF MB88352~-PFV
vis 1 e[ aND vas [ O 16 [7] @ND vis []10 20 7] aND
NC ]2 15 ] NC Ne [ e 15 [ ] NC NC [ 2 19 [] NC
A01 [} 3 uw[] o Ao1[] 8 1] Dl NC []8 18 ] NC
NC [T] 4 131] CLK NC ] 4 13 7] CK Aot [ 4 17 ] ol
vi Top Vi
A2 [ s ™ ew)wju) Ac2 [ 5(°p'°w)1zju) Ncl:s(.ropm) 16 [ ] CLK
NC [] s 111 oo Ne [ s 1 |[J oo A2 []s 16 ] LD
Ne [ 7 10 [°] NC Ne [ 7 10 73 NC Ne [ 7 14 7] po
Voo 8 9 7] vec veo [T] 8 9 ] veco NC []s 13 7] NC
Ne ]9 12 7] NC
voo [ 10 11 ] Vee
Note:
NC : No connection
Figure 2 Logic Symbol
+5V Ty
. Ve Voo 2
Shift Glock Input cLK ’ |4 AO1-AO2  DAGOutputs
Data input Dl —— 252
Load Strobe input LD —p! > Do Data Output
GND Vss
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Figuroe 3 Block Dlagram
Vtic GND
i
Digital Block (MCU Interiace)
CLK > 15-bit Shift Register .
Dl * oo Dt D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 Di4 o
L | |
3-bit Address - LD
12 1] 2
odo --- :iw]on_) odo1 --- opo Jor
12-bit Data Latch 12-bit Data Latch
# #2
R-2R Type 12-bit R-2R Type 12-bit
D/A Converter D/A Converter
# #2
Operational amplifier

» output buffer

Analog Block (D/A Converter)

<@
-

| v \,
Voo* AO1 AO2 ss®

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

Figure 1 and Table 1 show the pin assignment and pin dascription of the MB88352.

Table1 Pin Description

Pin No.
Symbel nTe Type . Name & Function

DIPISOPJ §SOP

_Power Supp! i e
Vee 9 11 - +5V DC powaer supply pin for the digital block (MCU interface) and operational amphifier
output buffer.
GND 16 20 - Ground pin for the digital block (MCU interface) and operational amplifier output bufter.
Voo B 10 - DC powar supply pin for the analog block (D/A converter) except operational amplifier
output buffer.
Vs 1 1 - Ground pin for the analog block (D/A convarter) except operational amplifier output buffer,

CLK 13 16 1 Shift clockinput to tha intemal 16-bit shiftregistar: Atthe rising edge of CLK dataonthe Di

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

dress (upper 3 bits: D14 to D12) of the interal 15-bit shift register into the intemal addrass
dacoder, andwriles 12-bitdata (lower 12 bits: D11 to DO) of the shift register into an internal

data latch selected by the lalched addrass.

Di 14 17 1 | serial address/data input to 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 0 DO) indicate
data, The D14 (MSB) s the first—in bit and DO (LSB}is the last—in bit.

DO 1 14 [} Serial address/data output fromthe intemal 15-bit shiftregister: This is anoutput pinofthe
- MSB bit dataof the 15-bitshiftregister. This pinaliows acascade connection of the davice.

AO1 3 4 12-bit resolution D/A converer outputs : 2 channels (AO1 and AO2) of DAC otitputs are
AC2 5 s o provided.
AO2has an operationalamplifier cutput butfer for analog outputdata. AO1doasnothavean
operational amplifier output buffer.

3‘ :bs- 28,57, - No connecttion, They must be left open.
5 |1318
19
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FUNCTIONAL DESCRIPTION

OVERVIEW

The MB88352 is an R-2R resistor ladder type, 12-bit resclution digital-to—analog converter (DAC) device. The MB88352 has 2 channaels of DVA
converters. As shown in Figure 3 Block Diagram, 1 channel oftotal2ch Is has an op | amplifier output buffer for analog outputdata. 12-bit
digitaldataareloadedintointemal data laiches by individual DAC channelunits. The loaded digital data are convertedinto analog DC vollages through
the internal D/A converter in max. 30 J1s settiing time. Furthermore, the analog DC voltages source/sink the output current through the operational
amplifier output buffer. For cascade connection, a serial data output is provided.

DEVICE CONFIGURATION

Asillustrated in Figure 3 block diagram, the MBE8352 device s composad by the digital block (MCU interface) and analog block (D/A converterwithan
operational amplifier outputbutfer). The digital block consists ol a 15-bit shift register, a 3-bitaddress decoder, and 2 channels of 12-bitdata latches.
The analog block includes 2 channels of 12-bit D/A converters. Of 2channels DACs, 1 channel (AQ2 pin) has an operational amplifier output bufferto
provide an analog output high current drive capability. For electrically stable operation the power supply and ground lines are separate between the
digital block (MCU interface) and an oparational amplifier output buffer, and analog block except an operational amplifier output buffer.

DEVICE OPERATION

Figure 4 shows tha inputoutputiming. A 15-bitaddress/datais seriallyinputintothe shiftregister throughthe Di pin synchronously withthe rising edge
of CLK. The formatofthe shiftregister is showninFigure 5. The lower 12bits (D11 %o DO) are data bits tobe converted, and the upper 3 bits areaddress
bits (D14 10 D12) to selecta datalatch to be written. A highlevel onthe LD pin loads the address decoder with the 3-bit address lo selecta data latch,
and writes the 12-bit datainto a selected data latch. Figure 6 shows the data lalch address map, and Table 2 lists the address decoding. 12-bitdata
written intoindividual data latches are convertedinio analog DC vollages, dividing the supply voltage |Voo-Vss] through R-2R resistor ladders of D/A
converiars. The operational amplifier output butfer at D/A converter #2 culput (AO2pin)cansourceupto 1 mA of the cutput current. Figure 7 showsa
configuration of the R-2R resistor ladder D/A converler with an operational amplifier, and Table 3 ists the analog DC voltages corresponding to each
digital data.

Figure 4 Input/Output Timing

IpipipinEgininiy

CLK
MSB LsB
DI D14 D13 D12 D11 csemeew D2 D1 DO
LD I |
AOx Previous Data x New Data
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Figure 5 Shift Register Format
(Last-In) (First-In)
LSB MsB
]| Do
D—. pod o1 |o2]os oafos]os|or] os|os|owo]ot]orz]ois]ors —>D
| 12-bit Data le 3-bit
N l | Address
Jo Data Latch 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. »{ AO2




FUJITSU LTD 53E D WE 3749756 0002995 090 EEFCAJ

1o51-09-12

MB88352

Figure 7 Contiguration of R-2R Reslstor Ladder D/A Converter with Operational Amplitier Output Buffer

P L.

FOoOSer- DD

(See Notes.)

Internal Bias Generator

2R
D11 o

(B
>
e

preemendecsacccnncancaaccn

Operational Amplifier Output Buffer
:

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 buffer is powered/grounded by the Vo and GND
pins.
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Table 2 Address Decoding

1] 0 0

] 0 1 Data Latch #1
[ 1 0 Data Laich #2
0 1 Deselected

1 0 0 Deselected

1 (1] 1 Deselocted

1 1 0 Deselected

1 1 1 Deselected

Table 3 Data Conversion

o fo o[ oo oo o] o 0] 0 [ 0 |~vs

0 [} 0 0 0 [} 0 0 0 1] 0 1 = (VOO —Vs3) X 1/4095 + Vs8
[ 0 [ [ 0 [ 0 0 0 0 1 0 | m (Voo ~Vas) x 214096 + Vss
[ [ 0 [ 0 0 [ [ [ [ 1 1 |~ (VOO VaS) x 274095 + Vss
¥ H H H H H H H H H : H H

1 1 1 1 1 1 1 i 1 1 0 0 | ~ (VoO-V5s) X 4092/4095+Vss
1 1 1 1 1 1 1 1 1 1 0 1 | = (VDD—Va8) x 4093/4005+Vss
1 1 1 1 1 1 1 1 1 1 1 0 | m (VDO-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

o ) T ) ? ']

| | ]

Voo MBagas2 MB88351 MB88352
DATA
oy DI Do Dl Do ol 00 —u
Microcontreler (e et CLK OLK oLK
Srabe b 1. P
GND
GND  Vss GND  Vss GND  Vss
1 i 1 l
77 77 77

* : MB88352 can be used mixed with MB88351.
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APPLICATION DESCRIPTION

The MB88352 is suitable for electronic volumes and replacement for adjustment potentiometers, in addition 1o normal D/A converter applications.
Figure 9 Riustrates application exampe for a gain control,

Figure 9 Application Example ~ Gain Control

i o TR
— EYAVATRY

Voo
1O port Di
1O port LK Vss ft—me——n— Low reference voliage
Microcontroiter

1O pont LD  mpss3s2

it e ] e VAV ALVALY.
GND ) ) —

GND

777

10
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Ratl
Veo -03 ( v
Supply Voltage Ta = +25°C
Voo -03 70 v GND =0V ypo < Ve,
Input Voltage v -0.3 Vce+0.3 v Ta=25°C
GND=OV
Should not exceed Vee +
Output Voltage Vout -0.3 Vee+0.3 \Y 0.3V
Power Dissipation Po 250 mwW
Operating Ambient _
Temparaiure Ta 20 +85 °c
Storage Temperature Tsta -55 +150 °c

NOTE: Permanentdevice damage may occur if the above ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be
restriciad to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute maximum rating conditions for
extended petiods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

Supply Voliage Vee 45 5.0 58 v Voc2Voo
(tor MCU Interface/
Op.~-Amp. Block GND 0 v
Supgly Vol Voo 20 Vee v
pp ge
{for Analog Block) Vcc2Voo,
Vss GND Vec-2.0 ' VoD-Vss22.0V
Analog Output Scurce
Current I -10 mA
'33",,;,,'9,0“‘9“' Sink e +.0 mA
Analog Output Load Ca-
pacitance for oscillation CaL 10 uF
limit
Operating Ambient
Temperatixe Ta -20 +85 °c

* 1 Except operational amplifier output butfer block

"
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DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Dlgltal »BIock (Mcp }meﬂaca)
(A\fg'cvia.&dpp*y Cusrent lec 0.8 20 mA CLK = 1MHz, Unloaded
z%ml-g:m&m' X ~10 +10 pA ViN = 0 to Voo
ok | ow o2eVec |V
:?)Tﬁ%?hm AL 0.80Vee v
Omtg;ut Low Voltage VoL 0.4 v loL=2.5mA
Chegun tigh Vokiage Vo Vec-0.4 v o = ~400 A

*: Including the supply current to the operational amplifier block

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

alue”
Supply Current
| (Voo) loo 0.15 05 mA Unloaded
| Voo 20 Voo v
| Analog Suppy Voage Voo-Ves22.0V
 Vas) Vas GND Vee-20 v
Resolution (AO1,A02) | Res 12 bit
Monotonicity (AO1,A02)] Rem 9 bit
Otfset Error 1 (AO1) REO1 -5.0 +5.0 mv Unloaded
Offsat Ermor 2 (AO2) REc2 -100 +100 mV | Unloaded
, -80 480 Digial Data =
Nonlinearity Error 1 Ext Lo | TORRHAFE T ynioaded, See Figure 10.
(Ao1) 40 140 Dighal Data =
g . #B00 to #FFF
Digital Data =
. -80 +8.0
Noslinaariy Emor 2 Enz tsp |00 M | unioaded, Voosvee-0.1V,
Digital Data = Vs820.1V See Figure 10,
~4.0 +4.0 #B0O to #FFF o

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

12
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Analog Block (D/A Converters with Operational Amplifier Output Buffers) — Continued

Min. Analog Output |, | AOT | GND GNDw0.00S} Unloaded, VD=V, VsssGND,
Voltage 1 (AOx}) AO2 GND GND+0.1 Digital data=#000

Max, AnalogOutput |, | AO1 | Vec-0.005) Voo v Unloaded, VooaVee, Vss=GND,
Voltage 1 (AOx) 202 | Voood Voo Digital data=#FFF

Min. Analog Output Vo0=VCC=5.0V, Vss=GND=0V,
Voltage 2 (AOx) Vioz | Aoz | GND GND«01 |V IAL=—400}1A, Digital data=#000
Min. Analog Output Vbo=Vcee5.0V, Vss=GND=OV,
Voltage 3 (A0x) Vaos | A2 | GND GND+0.3 \

IAL=—1.0mA, Digital data=#000

Min. Analog Output VpDaVee=5.0V, Vss=GNDxOV,
Vohage 4 (AOX) VaoL¢ AO2 | GND-0.1 GND GND+0.1 v

IaH=+40041A, Digital data=#000

Min. Analog Output VoD=Vcc=5.0V, Vss=GND=OV,
Voltage 5'?%0)()'” Vaos | AC2 { GND-03| GND | GND+0.3 v IAr=+1.0mA, Digital data=#000

Max, Analog Output

VpD=Vce=5.0V, Vss=GND=QV,
Voltage 2 (AOx) Vaosz | AC2 | Vec-0.1 Veo Vce+0.1 v

IAL=—4001IA, Digita! data=#FFF

Max, Anal

g log Output
Voltage 3 (AOx)

Vaoka | A02 | Vee-03 | Veo | veosos | v oyl bl

Max. Analog Output

VoD=Vce=5.0V, Vss=GND=0V,
Voltage 4 (AOX) VAOHA AO2 | Vcc-0.1 Vee v

IMH=+40001A, Digital data=#FFF

Max. Analog Qutput VoDaVcee5.0V, Vss=GNDaOV,
VollageS?ROX)tpu VaoHs | AO2 | Vco-0.3 vee v [A=+1.0mA, Digital datam¥FFF

Figure 10 Definition of Nonllnearity Error

Analog output voitage
I End point line
Vaon*
Nonlinearity efror
VaoL*
# Digita data * : VAOH is not always egual to Voo.
#000 #FFF ** :VaoL is not always equal to Vss.

13
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AC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)

HCIod( Low Time V {8 200 ns

Clock High Time [ &) 200 ns

Clock Rise Time L] 200 ns

Clock Fall Time ct 200 ns

Data Setup Time OCH 30 ns

Data Hoki Time icHO 60

Load Strobe High Time tLoH 100 ns

Load Strobe Setup Time cHL 200 ns

Load Strobe Hoid Time e 100 ns

?Al\é:‘f)utpm Sattling Time 1 001 ps Unicaded

(hcpy Pt Settd Time 2 ooz Hs *AaL = 10 k€2, CAL = 50 pF
Data Output Delay Time o0 70 350 ns **CL = 20 pF (Min.), 100 pF (Max.)

® DAC OQutput Settling Time

Device
Under

Figure 11 AC Test Conditions

~o Test Point

Test

¢ Data Output Delay Time

Device
Under
Tost

o Test Point
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Figure 12 Input/Output Timing
ter CKH
—
0.8eVce
CLK 0.2¢Vce 0.2eVce .2eVee
{CKL
| ] oo
o] 0.8eVce 0.8eVce
0.2eVc 0.2eVce
tncH |1 toHo o4
CHL
LD 0.8eVce Z‘ X p.geVee
0.2eVce 5 0.2eVce
oo
AOx Previous Data XO.Q-Voc New Data Valid
! [sRIAV/ o]
{00

po Previous Data v g%-m New Data Valid

15
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Figure 13 Analog Output Voltage Range

Oparational Amplifier Output

R-2R Ladder Qutput
(B/A Converter Output) (Butfer Output)
VOO mgpmem s e v e amemesumonmasemas Vee 2 — VaoH (Vo)
AOx Output Range
(Linear Range)

...................... GND ——i L vaoL (GND)
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PACKAGE DIMENSIONS
MB88352-P
16-LEAD PLASTIC DUAL-IN-LINE PACKAGE
(CASE No.: DIP-16P-M04)
L 7703 (108530 %0) ——— 15°MAX
R W e W
INDEX-1
N

g 1= v R P o
03+ 012 060*012
(o.ngjg-3°) (1522330 {0.2540.05)

\ A72(4.36)MAX
S 2
! I. ! 118{3.00)MIN
'1%:'54) 020(0.51)MIN
050(1.27) O18+003
MAX {0.46:£0.08)
Dimensions in
inchos (millimeters)

©1991 FUJITSU LIMITED D16033S-2C

17
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MB88352-PF
16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M06)
.089(2.25)MAX
(MOUNTING HEIGHT)
o 4002033 (10155028 ) .002{0.05)MIN
~(STAND OFF HEIGHT)
AHBHAABEER =
gh
l .307+.016
INDEX (7.80+0.40) +016 (5 ny+0.40
268+916 (5 89
S/ 2092012 ~003 6:80-9:20)
O Ly (6.3040.30)
o 7"
. - ~
FEEREHEE S —
e - T (05020.20)
.050(1.23' l ,I, 018004 T 1006+92 0,1590.08)
WP  oast0.10) 21205013 ‘001 (*-1520 02
. " Dotails of ‘A"part | | Detalls of ‘B" pant |
— 016(0.40) .006(0.15)
I mIm i 4 12
U [ —t
Y= H .008(0.20)
.008(0.20)
_.004(0.10)
= 007(0.18) 4 007(0.18)
fetemenne: ,350(8.89) REF MAX MAX
027(0.68) .027(0.68)
_____ MAX " MAX
©1991 FUJITSU LIMITED F160158-20 Dimensions in

inches (millimeters)
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MB88352~-PFV

20-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-20P-M03)

+.008
049 _ 004

! {MOUNTING HEIGHT)

*2561.004 (1252030
(6.5030.10) [ 7] 004(0.10)

RARAAAAAAE 2—
.2521+.008
INDEX (6.4010.20)
()/ *.173£.004 213(5.40) NOM
(4.400.10)
. } LA W B
ETLLET] i
J—— ons34 e gz
(0.6520.12) ' (022*330)
T Ty Details of "A"part
.0041.004 '
(0.1020.10) ‘STAH'E?G%'; 5
,230(5.85)
REF '

*:This dimension does not include resin protruction.

Dimensions in
©1991 FUJITSU LIMITED F200125-2C inches (millimeters)
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