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UM3128
8-Digit Single-Chip CMOS
2 Calculator
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Features

® Number of digits — Power chlculations
— 8 digits {rough estimate calculation possible} — Rough estimate calculations
m  Calculations — Memory calculations
— Standard four functions {(+, —, x,+} ® Decimal point system
— Chain multiplication and division -— Complete floating decimal point system.
— Auto-constant calculation (constant multiplicand, | Display format
divisor, addend and subtrahend) — 8 digits + sign {—, E, and M) leading zero suppression
— Square and reciprocal calculations zero shift
-~ Mark-up and mark-down calculations = Negative number indication
— Extraction of square root — Number + minus {—) sign.
— Pergentage calculations

General Description -
The UM3128 is a single-chip CMOS calculator LS| with keyboard inputs. it is designed for LCD operation with

8-digit four function arithmetic operations, single memory, 1.5V power supply, auto-power-off, low power dissipation
extraction-of-square-root and percentage calculation and single power supply making the UM3128 ideal for
functions, leading zero and trailing zero suppression, chain battery or solar cell operated, hand .held calculators with
calculations and internal debouncing and encoding of low system cost.
Pad Configuration . Block Diagram
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Absolute Maximum Ratings* *Comments

Terminal Voltage, Vpp +vvcvveeennnn. —03~+23v* Stress above those listed under “Absolute Maximum

Terminal Voltage ..............,.—03~Vpp+0.3V* Ratings’’ may cause permanent damage to the device.

Operating Temperature . ., .....ovuunn o e .0~+50°C These are stress ratings only. Functional operation of

Storage Temperature ..........on.00. .. .—20~+70°C this device at these or any other conditions above those

Supply Voltage . . ..o cvvevvnvnnen v . Vpp 1.3~V indicated in the operational sections of this specification

Resistance for Cs:. . i R¢=470KQE5%* is not implied and exposure to absolute maximum rating

Operating Temperature .................. 0°~+50°C conditions for extended periods may affect device relia-

* Maximum volitage on any pin with respect to GND.

* The floating capacitances of CGyy and CGg;y terminals
shall be minimized. (i.e. the stray capacitance of PCB
layout Cstray should be less than 5PF).

Electrical Characteristics
(Vpp = 1.8V, Tp= 25°C, unless otherwise specified.)

bility.

Rating
Parameter Symbo! Test Conditions Unit
Min. Typ. Max.
Vit 04 \%
Input Voltage
Viy1 Vpp —04 v
gt Vi =V, 03 1.0 3 uA
Input Current L IN oo - 5
it Vin=0V 1 uA
Vor 2 louT = 154A 0.15 Vv
Output -
Vottage Voa3 13 15 \
Voge3 -0.2 0.0 0.2 \%
Voc3 -15 -13 v
Display Vpp = 1.5V .
Frequency fa 3 While display is on 70 100 120 Hz
L. lpp4 Display is off 08 HA
. Dissipation
Current Vpp = 1.5V
lo;15 While display is on 6 8 HA
Notes: -
1 Applies to terminals K2 ~ K6
2 Applies to terminals P1, P2 and A2 — AS o 32
. . - A - ! 33 um3izs
3 Appliesto terminals Hi {i = 1 — 3}, ai, bi and ci {i=1-8) —J34
4 Measured by the followi ircui “ ¥ l
easur y the following test circuit after power Vop 36 37
supply automatically turns off, Ré -
B Measured by the above test circuit while “0" is being =470K *
displayed after auto-clear operation and while no key is Voo
being depressed.
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Pad Description

Pad No. Designation Description
1 Voo Power Supply Terminal
2 NC Non — Contact
3 GND Ground
4 H1 H1 O/P Signal to LCD {Common)
5 al a1 O/P Signal to LCD (Segment)
6 b1 b1 O/P Signal to LCD (Segment)
7 NC Non — contact
8 cl c1 O/P Signal to LCD (Segment)
9 a2 a2 O/P Signal to LCD (Segment)
10 b2 b2 O/P Signal to LCD {Segment)
1 c2 c2 O/P Signal to LCD {Segment}
12 a3 a3 O/P Signal to LCD {Segment)}
13 b3 b3 O/P Signal to LCD (Segment}
14 c3 ¢3 O/P Signal to LCD {Segment)
15 a4 a4 O/P Signal to LCD (Segemnt)
16 b4 b4 O/P Signal to LCD {Segment)
17 c4 ¢4 O/P Signal to LCD (Segment)
18 ab ab O/P Signal to LCD (Segment)
19 b5 b5 O/P Signal to LCD (Segment)
20 ch ¢b6 O/P Signal to LCD {Segment)
21 a6 a6 O/P Signal to LCD (Segment)
22 b6 b6 O/P Signal to LCD (Segment)
23 c6 ¢6 O/P Signal to LCD (Segment)
24 a7’ a7 O/P Signa! to LCD (Segment)
25 b7 b7 O/P Signal to LCD (Segment)
26 c7 ¢7 O/P Signal to LCD {Segment)
27 a8 a8 O/P Signal to LCD (Segment)
28 b8 b8 O/P Signal to LCD (Segment)
29 c8 ¢8 O/P Signal to LCD {Segment)
30 H2 H2 O/P Signal to LCD (Segment)
31 H3 H3 O/P Signal to LCD (Segment)
32 Vop Power Supply Terminal
33 Ve
34 Va Connected As Voltage Doubler
35 Vg
36 CGouyt
37 o Connected As An RC Oscillator
38 K3 Key |/P Signal
39 K2 Key |/P Signal
40 A2 A2 O/P Strobe Signal To Key
4 A3 A3 O/P Strobe Signal To Key
42 A4 A4 O/P Strobe Signal To Key
43 Ab AB O/P Strobe Signal To Key
44 P2 P2 O/P Strobe Signa!l To Key
45 P1 P1 O/P Strobe Signal To Key
46 Kb Key /P Signal
47 K6 Key |/P Signa!
48 K4 Key I/P Signal

L owREa Lw L0 ez L gt DT

P 3 '-;-a;' .
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Display Format
Numericals Font

A e A el iy Ny
[ I 1 10

~ o

MEMORY LOADING ERROR MINUS

Sign Font-

LCD Connection

] 11— L 77 | DT
7 [T 79/— | =
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Hy cg ag bgq cg ag bs ¢4 a4 by c¢2 &z by Hy

Hy bg ¢y ag bg cs ag bg c3 aj by ¢ aj
LCD Driving System
1/2 bias, 1/3duty

Display Configuration

Segment’ Electrode Side

~Gasgede

Common Electrode Side

w
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Display Example

NO "“5” ON OR OFF WAVEFORM

™

ON OR OFF WAVEFORM

NO “8"
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Keyboard Description

Equals Key (=)

Performs keyed-in operation and maintains that operation
for possible use. Establishes power/reciprocation calcula-.
tion.

Muttiplication Key (x)

Enters multiplicand
Performs previous operation and displays result.

Division Key (<)

Enters dividend
Performs previous operation and displays resuit.

Addition Key (+)

Performs previous operation and displays result.
Corditions machine for an addition.

Subtraction Key (-)

Performs previous operation and displays result.
Conditions machine for a subtraction.

Percent Key (%)

The purpose of the percent key is to allow for calculation
of add-on and discount. Determination of add-on requires
the principal amount to be the first entry followed by the
“+" or “x" key, with the percentage being the second
entry. Depression of the percent key yields the amount
10 add on, such as tax or interest. Depression of the ="
key adds this amount to be principal,

Change Sign Key (+/-)

Pushing the “+" or “-"" key twice in succession causes
the corresponding sign to appear and disappear. During
digit entry, this function changes the sign of the entered
factor.

Powsr On/All Clear Key (ON/AC)

First push power-on displays 0"
{n the middle of a digit entry, a second push will clear all
registers and memory.

Clear Entry/Clear Key (CE/C)
During digit entry, the first depression will clear the entry

register, and the second push wilt clear all registers except
memory,

Square Root Key (/™ )

The square root key extracts the square root of a posi:
tive number displayed in the entry register.

Memory Plus Key ’;M +

Adds the current display to the contents of memory.
M+ will terminate a number entry.

Memory Minus Key “M "’

Subtracts current display from the contents of memory.
M— will terminate a number entry.

Memory Recall and Clear Key (§ M)

First push, as RM key, transfers the contents of the me-
mory register into the display register. Second push, as
CM key, clears the memory.

Number, Decimal Key (0 —9, *)

The first number key in a sequence will clear the display
and enter the digit in the display. Successive entries will
shift the display left and enter data in the display register.
The first decimal point entered is effective. An attempted
entry of more than 8 digits or 7 decimal places will be
ignored.

Error Conditions

Error Detection

System errors occur when:

a. The integral part of any calculation result exceeds
16-digit.

b. The integral part of any memory calculation result
exceeds 8-digit or when the integral part of any addend
or subtrahend to memory exceeds 8-digit.

¢. The integral part of a mark-up and mark-down calcula-
tion result exceeds 8-digit.

d. A division by zero is attempted.

e. An extraction of the square root of a negative number
is attempted.

Rough estimate calculation results occur when:

The integral part of the result of any one of the standard

four functions, percentage, square, reciprocal, and power

calculations exceeds 8-digit and is equal to 16-digit or
less.

5—-16
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Error indication

System error:

0" is indicated in the first-digit position and "'E" in the
sign-digit position.

Rough estimate calculation result:

The high-order 8-digit of a calculation result is indicated
together with “E”.*The location of the decimal point
corresponds to the result of calculation times 1078, and
no zero shift is performed.

Error Release

System error:

A system error can be released by depressing ON/AC
key.

Rough estimate calculation result:

A rough estimate calculation error can be released by
depressing the ON/AC or CE/C key. A calculation result
isnotclearedby CE/C  key but is retained.

Operation Characteristics

Constant Operation

The UMB3128 has an implied constant mode on +, - x, /.
and % operations. The constant calculation is performed
automatically by the = key, % key, or % = keys without
a constant switch. The second operand is treated as the
constant for addition, subtraction and division, while
the first operand is the constant for multiplication.

Number Entry

Numericals can be entered up to 8-digit. Numerical entries
- equal to 9-digit or more are ignored.

Memory Protection

" In any error detection, the memory contents present
before the error detection are protected.

Memory Indication

If the memory contents are a number other than zero.
“M" is indicated in the sign-digit position.

Auto Power Off

If no key is depressed for a specific period of time, the
power supply will automatically turn off. This time
interval up to power-off is 131, 072 words (Approx. 7
minutes and 12 seconds at fq = 100-Hz, the display time
of a word being equal to 3.3 mS when f4 = 100 Hz)

Output waveform example

- 11— - - VOA

I gt :

Double Key Depression

The order of priority, when two keys are depressed
simultaneously is as follows:

When the OFF and ON/C keys are depressed simultane-
ously, the OFF key is given priority.

Key Bounce Protection

* Front edge: Down to 1 word and up*to about 3 words.
* Back edge: 12 words
The display time of a word is equal to 3.3mS when
display frequency fq = 100Hz
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Arithmetic Operations
Key Operation Display
Entry [11[2] [3] [4] [5] [6] . 12345678.
[¢][9]
Four Fundamental a b EI a+b
Arithmetic Calculations a El b E’ a—b
a[x]b[=] a*b
a El_b El a+b
Square Root Calculations a Va
a [+- OE
ON/AC 0 .
a IZIb N
=] a Vb
Percent Calculations a Izl b a * b/100
[*1I=] a+ (a*b/100)
a IZI b a*b/100
E"EI a—{a *b/100)
a[+]b 100 * ap
a b a+(a *b/100)
e Elb a—(a *b/100}
Constant Calculations k [x]b[=] k*b
c ]f—_l k*c
a EI K B alk
c EI c/k
k [x]b k *b/100
c k *¢/100
a EI k 100 * a/k ‘
c 100 * c/k ‘
a k [El a+t+k |
> [
a E] k E a—k
b- E] b—k
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Key Operation Display Memory -
Repeated Calculations a [+]b [<] |_:_| a+2b

s [C]o [=][F] "a—-2b

a [#]p [=][=] (a/b)/o

a IZ] b B El - {a*b)*a
Power Calculations a lz] E a?

[x] [-] a*

a [x] [F][7] a?

a JEl E _ 1/a

a EI E EI 1/a?
Mixed Calculations a b EI c IE] d EI {atb) *c/d

at ] [{a+b) *c/d] ~e|>108%

Memory Calculations

at Jatb+c-d+e|> 10

HEala

7] &
0

ERERERE
3

o
3 [3]

o
[N

L]

2 8 1z
0-‘0-

{{a+b) *c/d) *e/10% E

((a+b) * c/d),* e/108

aM

bM

a-bM

a—-b

~at+bM

c*dM-

at+b+c*dM

M
Og

oM

atb+c*dM

a+b

at+b+c-d
a+b+ced
a+b+ced

atbtcd

_atb+ced
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Bonding Diagram
a7 ¢6 b6 ab ¢ b5 ab ¢4 b4 ad ¢3 b3
23 22 [21] 0] [19] [ie] [i7] i) [1] [i4] i3] [i2)
b7 @ E a3
c?7 c2
8 b2
° UM3128
b8 @ a2
8 Y et
H2 E] b1
H3 1
{0, 0) [5]f
Voo |[B1 [a]] w -
‘ve |32 [3]] enD
VA {33 @ NC
vs |34 : ] voo
CG
i | B8l
B Bg B[40} [47] [42 i3] [aq] [ag] g} [
K3 K2 A2 A3 A4 A5 P2 P1 K5 K6 K4
. unit: fim
PadNo.  Designation X Y PadNo. = Designation X Y
1 Vob 1085.11 - 888.49 25 a7 —1055.11 945.38
N 2 NC 1065.11 - 707.39 . 26 a8 -~ 1056.11 760.47
3 GND 1065.11 — 349.50 27 b8 -~ 1055.11 675.66
4 H1 1055.11 -~ 164.59 28 -~ cB —1055.11 390.39
5] al 1055.11 20.57 29 . H2 —1055.11 205.48
c 8 b1 1055.11 205.48 30 - *H3 —1055.11 20.57
7 cl 1065.11 390.39 31 Vob — 1065.11 — 164,659
8 a2 -1085.11 675.56 32 Ve — 1055.11 — 349.50
9 b2 1056.11 760.47 33 Va ~1055.11 — 53441
10 c2 1055.11 945,38 34 Vg — 1055.11 - 719,68
1 a3 1055.11 1130.65 35 CG OoUT ~ 1065.11 — 004.49
12 b3 1055.11 1318.00 36 CGIN  —1085.11 — 1089.40
13 c3 869.95 1318.00 37 K3 — B869.95 ~1318.51
14 a4 685.03 1318.00 38 K2 — 685.03 —1318.61
15 b4 500.12 1318.00 39 A2 — 500,126 —1318.51
16 c4 314.96 1318.00 40 A3 — 31496 — 131851
17 ab 130.04 1318.00 41 Ad — 130.04 —1318.61
18 b5 - 55.11 1318.00 42 AB 65.11 — 131861
19 , c5 ~ 240.03 1318.00 43 P2 240.03 — 131851
20 a6 — 42392 1318.00 44 P 42494 — 131851
21 bb — 610.10 1318.00 45 K5 605.02 —1318.61
22 6 — 795.02 1318.00 46 K6 789.94 — 131851
23 a7 — 979.93 1318.00 47 K4 975.10 - 1318.51
24 b7 —1056.11 1135.63

Note: All positions corresponding to pad central position
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Typical Applications

SOLAR POWERED CALCULATOR

| 1 I \ (| 1
1) { | (8 { L | B=
a7 | o6 | b6 | a6 | c6 | b5| a5 [ca [ba| a4 [ ca]ba
b7 - 83
7 _c;
a8 b2
b8 - a2
c8 cl
H2 NG
—1 UM3128 1
H3 b1
Cy VD_D. i
pb———F —] ve H1
P Al S
T ——Jvs NC A1 Voo
Voo

" .
58 [xa] ke]az ]| asfas]as[p2 [t [ ks]ka [ka

C),C2:00uF  £20%

C3:33pF - t20%
Ry:1KQ + 5%
Dj:LIGHT

EMITTING

DIODE
Re=470K L 6%
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BATTERY POWERED CALCULATOR

|

a7 Ioe|be|as|c5'b5|a5|c4]b4|a4]c3|ba

b7 a3
B 2]
a8 | 02 |
ba | o2 |
] ]
2 umM3128 e |
H3 b1
C1 E E
L K73 11 ]
B !
| vB

15v

%l xs]xz]Az|A3|A4|A5|Pz|P1]r<5|Ke|K4

3 —

. C1Ca=01uFi20%
R¢ = 330K 5%

Ordering Information

Part No. Package Mask Type
UM3128F 48 Pin Flat Package Normal
UM3128H Chip . Normal
UM3128MH - Chip . Mirror
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