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CMOS Quad Low-to-High

Voltage Level Shifter

High-Voltage Types {20-Volt Rating)

@ CD401098 contains four low-to-
high-voitage level-shifting circuits. Each cir-
cuit will shift a low-voitsge digital-logic
input signal (A, B, C, D) with logical 1 = V¢
and logical 0 = Vgg to a higher-voltage out-
put signal (E, F, G, H) with logical 1 = Vpp
and logical 0 = Vgs.

The CD40109, unlike other low-to-high
level-shifting circuits, does not require the
presence of the high-voltage supply (Vpp)
before the application of either the
low-voltage supply (Vcc) or the input
signals. There are no restrictions on the
sequence of application of Vpp, V¢, or the
input signals. In addition, with one
exception there are no restrictions on the
relative magnitudes of the supply voltages
orinput signals within the device maximum
ratings, provided that the input signal
swings between Vgg and at least 0.7 V¢c;

oooogoopcBOODOOO02000000

CD40109B Types

Features:

& Independence of power supply ssquence
considesations—V e can exceed Vpp, input
signals can exceed both Vec and Vpp

8 Up and down level-shifting capability

8 Three-stats outputs with seperate enable controls

u Standardized, symmetrical output cheracteristics

= 100% testad for quiescent current at 20 V

® Maximum input currentof 1 zA at 18 V

over full package-temperature range;
100 nA at 18 V and 25°C

& Noise margin {full package-temperature
range}
=1VatVec=5V,Vpp =10V
=2VatVec=10V,Vpp =15V
B 5.V, 10-V, and 15-V parametric ratings
® Meets all requirements of JEDEC Tentative
Standard No. 138, “Standard Specifications
for Description of ‘8’ Serles CMOS Devices”
RECOMMENDED OPERATING CONDITIONS
For maximum reliability, nominal opersting conditions should be selected
s0 that aperation is 8lways within the following ranges:
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FUNCTIONAL DIAGRAM
(1 of & units)

Vccmay exceed Vpp, and input signals may CHARACTERISTIC LTS UNITS
exceed Ve and Vpp. When operated in the MIN. MAX.
mode V¢c > Vpp, the CD40109 will operate Supply-Voltage Range (For Tp =
as a high-to-low level-shifter. Full kam.'r_cmmr.tufe Raw’ 3 18 v
The CD40109 also features individual three-
state output capability. A low level on any
of the separately enabled three-state output MAXIMUM RATINGS, Absolute-Maximum Values:
controls produces a high-impedance:state in DC SUPPLY-VOLTAGE RANGE, (Vpp)
the corresponding output. Voltages referencedto Vgg Terminal) o ..ovvvvenrornivans Ceerearrasiraeeeeas -0.5Vio +20V
) i OUTPUT VOLTAGE RANGE, ALLOUTPUTS .......... ..., -0.5Vto Vpp +0.5V
The CD401098-Series types are Suppligdyin DC INPUT GURRENT, ANY ONEINPUT .. .....ouuenens e, £10mA
16-lead ceramic  dual-in-line  packages POWER DISSIPATION PER PACKAGE ®px
(F3A suffix), 1gIGErREuEEINSs DL FOrTA = -B50CH0+1000C 1uuuuurnniatiietiiee e S00mW
Packagh N STl SR A= -00ine ForTA=+1000C10+1250C ......cevvninneinnann, Derate Linearityat 12mW/°C to 200mW
packages l(NSR suffix), and 16-lead thin slhrmk DEVICE DISSIPATION PER OUTPUT TFIANSISTOR
small-outlinepackages (PW and PWR suffixes). FOR T = FULL PACKAGE-TEMPERATURE RANGE (All Package Types)............. 100mW
OPERATING-TEMPERATURE RANGE (TA) -.v.iovnriiicanicavrarnnnranenns -565°C to +125°C
Applications: STORAGE TEMPERATURE RANGE (Tatg) ««vvvvenieeeriaiiinnneniinnnnanss -65°C to +150°C
g " LEAD TEMPERATURE (DURING SOLDERING)
8 High-orlow level-shifting with threestate
outputs for unidirectional or bidirectional Atdistance 1/16 £ 1/32inch (1.59 £0.79mm)from casefor 10smax ................ +2850C
bussing
@ Jsolation of logic subsystems using separ- Vee Voo
ate power supplies from supply sequenc-
ing, supply loss and supply regulation 7 Yoo
e =
a st |
3(6,10,14) £
TRUTH TABLE :}—0
4(5,11,13)
INPUTS OUTPUTS * LEVEL :t
ENABLE EMABLE A O— SHIFTER
217,9,5) Vgs
A,B,CD A, B,C,D E F, G H VoD
0 1 i *ALL 1weUTS PROTE Vopu!s
7 3 1 57 cous PROTECTION V33" 3
| x - o z 920829448
/ LOGIC 0= LOW(Vgg) X = DON'F CARE Z = HIGH IMPEDANCE Vas

)

LOGIC t = Voe st INPUTS and Vpp st OUTPUTS

Fig.1 — CD40109B Iogic disgram (1 of 4 units).
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http://www.dzsc.com/stock_cd40109b.html
http://www.jdbpcb.com/J/
http://pdf.dzsc.com/

STATIC ELECTRICAL CHARACTERISTICS

€D401098B Types

s2cI-paIZING

Fig.5 — Minimum output high {source)-
current charac_m_'inics.

LOAD CAPRCITANCE (Cy )—oF

Fig.6 — Typical transition time ss 8 function
of load capacitance.

N TEMPERRTONE T35 1
;
i CONDITIONS LIMITS AT INDICATED TEMPERATURES (°C) ' PR
CHARACTER- UNITS e TE-TO-B0URCE VOLTAGE (Vog)t 15
ISTIC Sl g S
vo |vin |Voo 125 £
w} vy |tv)| 55 | 40 | +85 | +125 | Min. | Typ.. | Max. Za
Quiescent Device -~ 05| 5 1 1 30 10 - 0.02 1 2 x4
Current, - Joo[ w0 2 2 | 60 |60 ) - joo2] 2| 3
>
'DD Max. — |05 15 e | 120 | 120] - | 002| a £
- 020 20| 20| 20 | 600 600 — .| 004 | 20 i
Output Low 04 [05| 5 | 064|061 | 042 | 036 {051 ] 1 - © oman-to-sowce vt osi—v
(Sink) Current 05 lot10|l 0] 16 |15 | 11 |-094%13 | 26 | - Fio.2 — Typicel tow fsink)
i = ig.2 — icel output low (sin.
o Min. 1.5 0,15] 15 4.2 4 28 24 __34 68 — * c::'intcharacm(istiq, .
Output High 46 | 05 5 |-064|-061]-042]-036]-051| -1 -} mA N
{Source) 25 [os5] s | -2 [-18]-13]-115]-16[-32 ] - TR T —
Current, 95 |010] 10 |-16 |15 |—1.1 | 08 [-13 | -26 | - P
1QH Min. 1
13.5 015{ 15 |-42 | -4 -28 ] -24|-34 | -68. | - ld
Output Voltage: - 05| 5 0.05 - 0 0.05 Eu L i et T
Low-Level, — To10] 10 0.05 - 0 ]005 g i
VoL Max. ' » ‘ 3 H
- 0,15 15 0.05 - 4] 0.05 v F bes
£ H 10
Qutput Voltage: - 05| 5. 495 495 | 5 - f"_ pre
High-Level, -~ |010] 10 9.95 995 | 10..] - 3 A
VOH Min. = [018] 15 12.95 1495 15 | - £ Ly
Input Current” . — liaaos b R HE
YN Max. 0181 18 | £0.1 | +0.1 . * A ~t10 -t0'1 - HA_ ° ORAW-TO- SCURCE. YOLTAGE ivgs)—v
- - © eRCE-zemBM
3-State Qutput ‘ x . Fig.3 — Minimum output low (sink}
Leakage Current 018]| 18 |04 |+04 | 212 | #12| — |x107%| 04| pA current characteristics.
louT Max. ’
Vo Vee [Vop ORAN~TO-SOUROE VOLTASE (Vog)—V
(v) (v) | (v} LD i tae
retvrriveviy X stis T
input Low 19 5 10 15 _ _ 15 SATE-T0- v ‘Il
Voltage, . . Hit HH %
V'L Max. 1.5, 135 10 15 3 - - 3 1 :I.F ‘.l g_- ------ H ]
, v B HE R
input High 1,9 5 | 10 25 35 - — e :3"51:::' HHE ‘-E
‘Voltage, 15135 16 | 15 7 7 = = : e 0§
ViH Min. : : : s g
. - it d
:
H g
T
. ER 2CE-HIOAY
Fig.4 — Typical output high (source).
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-5 e ] ] [] = e -
T Tar v Ut DAl 237 ] i ""‘g"'ﬂﬁ’“" :
m_l#_l 110110 Iﬁ]ﬂ‘%‘t{‘# ? l i T ‘I{ }{ ;
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i I i
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BZCE-ZR4dB
Fig.7 — Typical high-to-low propagation delay time
s afi jon of Joad capacitance.




CD40109B Types

DYNAMIC ELECTRICAL CHARACTERISTICS at T4 = 25°C, Input t,, t¢ = 20 ns,
CL =50 pF, R = 200 k{2 unless otherwise specified

LIMETS

= |AMBIENT TEMPERATURE (T, 1= 28
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0 70O 80 90 Ioo

0 30 40 50 80
LOAD CAPACITANCE {0y} — pF
PREL-29449
Fig.8 — Typical low-to-high propagation delsy time
as a function of load capacitance.

SHIFTING| Vec | VDD
CHARACTERISTIC MODE ) v Typ. Max. UNITS
Propagation Delay — Data Input 5 10 300 | 800
to Output: : L—H 5 15 220 440
1 15 { ’
High-to-Low Level, tpyy 0 180 350 ns
10 5 250 500
H—-L 15 5 250 500
15 10 120 240
5 10 130 260
L-H 5 | 15 | 120 | 240
_ 10 15 70 | 140
Low-to-High Level, tp| iy 10 5 230 460 ns
H-L 15 5 230 - 460 -
15 10 80 160
3-State Disable Delay: 5 10 60 120
R =1kQ L—H 5 15 75 150
Qutput High to High 10 15 35 70
Impedance, tpyyz 10 5 [ 200 a0 ns
H-L 15 5 200 400
15 10 40 80
5 10 370 740
L—H 5 15 300
Output Low to High 10 15 250 ggg
Impedance, tp| 7 — ns
. 10.. 5.1 250 500
H-L 15 - 5+ 250 | 500
15 10 130 260
5 10 320 640
L—H 5 15 | 230 | 460
High Impedance to 10 15 180 360
Output High, tPZH 10 5 300 600 ns
H—L 15 5 | 300 | e00
15 10 130 260
5 10 100 200
High Impedance to L-H Ig 12 ig 1§8
Output Low, tpz ns
10 5 200 400
200 400
40 80
50 100
7 40 80
Transition i'ime I‘E rn — et G 40 80
e L LR -~ .. | 10| 5 |00 | 200 | ™
e obeRoL e oss | 100 | 200
T . 1571 10 50 | 100
Input Capacitance, Gp - - _Any:Input 5 756 pF

AMBIENT TEMPERATURE (TA )u25%C

INPUT SWITCHING VOLTAGE {VgwiTen)—V

1TCH
WAL BUTPUT LEVEL IS
30% OF Vpp- Vgs

175 20

25 5 75 10 125 15
SUPPLY VOLTAGE (VDD)-V
$208-294%0
Fig.9 — Typical input switching as a function of
high-ievel supply voitsge.

RECOMM ENDED!
OPERATING

SUPPLY VOLTAGE ﬁan—V

° o 13 2 25
SUPPLY VOLTABE (¥pet—¥
N S2CI- 2691

Fig. 10 — Highdevél supply voltage vs.

" fow-lovel supply voltage.
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CD401098B Types

TEST CIRCUITS
AR :ﬂr VOLTASE
12
hd o g Vee Voo
| R, t t
v,
Iz 1': et on £ weurs
— o
43 “— \ { vee Ve
ik B 0% so%
A | — 4 3 A0 EnABLE N\ /
meuTOT—1 - 8 2l— Ry (SEE INPUT —vgg
secvanceil 1 | T . o e — M T
r 1ober 50 oF
Py 0 QUTPUT ~—— 1% Vou
I— - - ouTRUT : Voo tVec
OUTPUT w—tnl_gom Vou
Ves -& 0% v,
.;t — gy e
! mz ™ ™ "z" 22C3-29082
268 - 2TRAMN Fig. 13 — Quiesczent davice current.
Fig. 12 — Output enable delay times test circuit snd waveforms. .
Wi
e Voo
0.1 ,.r_[ ._-|
Yo Voo l 01uF
¢ Yee Voo - Ty I-
OUTPUTS
INPUTS Ly PuLSE - g ::
Vin -] o INPUTS GENERATOR™ : 3
T € = Y e s X INEI
o - wl [ 3 "
Yiu - - :‘*@‘ - SEQUENTIALLY, - L7 10
- = vas -l TO BOTH Vgp AND Vag: s ?
- CONNECT ALL UNUSED
Vopi Veo ' . WPUTS TO EITHER
ves . } Voo Vs s00.F| (To)
NOTE:
TEST ANY COMBINATION _  $2¢3-29433 Voo 2V vss
OF INPUTS ECE-T004 2c8- 29498

Fig. 14 — Input voitage. Fig. 15 — input currant. Fig. 16 — Dynamic power dissipation test circuit.
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CD401098
TERMINAL ASSIGNMENT

Dimensions in parentheses are in millimeters and
are derived from the basic inch dimensions as. in-
di d. Grid graduati are in mils (10~3 inch).

0
} 97-105
{2.464-2.667) |
92CS~38897

Dimensions and pad layout for CO401098H.



X2 Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS
www.ti.com 10-Mar-2005

PACKAGING INFORMATION

Orderable Device Status @ Package Package Pins Package Eco Plan @ |ead/Ball Finish MSL Peak Temp ®
Type Drawing Qty
CD40109BE ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU  Level-NC-NC-NC
(RoHS)

CD40109BF ACTIVE CDIP J 16 1 None Call Tl Level-NC-NC-NC
CD40109BF3A ACTIVE CDIP J 16 1 None Call Tl Level-NC-NC-NC
CD40109BNSR ACTIVE SO NS 16 2000 Pb-Free CU NIPDAU  Level-2-260C-1 YEAR

(RoHS) Level-1-235C-UNLIM
CD40109BPW ACTIVE TSSOP PW 16 90 Pb-Free CU NIPDAU  Level-1-250C-UNLIM
(RoHS)
CD40109BPWR ACTIVE TSSOP PW 16 2000 Pb-Free CU NIPDAU  Level-1-250C-UNLIM
(RoHS)

O The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - May not be currently available - please check http://www.ti.com/productcontent for the latest availability information and additional
product content details.

None: Not yet available Lead (Pb-Free).

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean "Pb-Free" and in addition, uses package materials that do not contain halogens,
including bromine (Br) or antimony (Sb) above 0.1% of total product weight.

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDECindustry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.

Addendum-Page 1



J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN

PINS xx
ol 14 16 18 20
. 0.300 | 0300 | 0.300 | 0.300
762 | (762 | (1.62) | (7.62)
" . BSC BSC BSC BSC
aiaialiaiaialin B WAX 0785 | .840 | 0.960 | 1.060
T (19,94) | (21,34) | (24,38) | (26,92)
D c B MIN — | — | — | —
l CMAX 0.300 | 0.300 | 0.310 | 0.300
U U U UL (7.62) | (7.62) | (7.87) | (7.62)
1 7
0.245 | 0245 | 0220 | 0.245
0.065 (1,65) C MIN
SOETD (6,22) | (6,22) | (559) | (6,22)

0.060 (1,52
—» & 0.005 (0,13) MIN ﬁﬁ% |<— —»‘

] 0.200 (5,08) MAX
— —Y ¢ Seating Plane

* 0.130 (3,30) MIN

J 0.026 (0,66)
0.014 (o 36) 015"
0.100 (2,54) 0.014 (0,36)

0.008 (0,20)

4040083 /F 03/03

NOTES:  A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package is hermetically sealed with a ceramic lid using glass frit.
D

E

Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.



MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL-IN—LINE PACKAGE
16 PINS SHOWN
PINS **
al A
o 14 16 18 20
10 ’ 0.775 | 0.775 | 0.920 | 1.060
A e W i e W e W e W W el A WA | Gosey | (1969) | (2557) | (2692)
0.260 (6,60) 0.745 0.745 0.850 0.940
) 0240 (6.10) ACMING 1 1892y | (18,92) | (21,59) | (23,88)
MS—001
[P SN s e ey ey s A VARIATION AA BB AC AD
w 8
0.070 (1,78)
0005 (118 D
0.045 (1,14) 0.325 (8,26)
—» 2 L) 0.325 (8,26)
r 0030 (078) 2 0.020 (0,51) MIN e (7’62) —

¥ 0.015 (0,38)
\ 0.200 (5,08) MAX

\
i
-

r_——-\

? Gauge Plane
v L Seating Plane

T 0.125 (3,18) MIN (0,25) NOM

J 0.430 (10,92) MAX L

0.021 (0,53)
1 5.015 (0,38) . .

[€]0.010 (0,25) W] / \

\ I

\\ /’ 14/18 Pin Only

- 20 Pin vendor option @
4040049/E 12/2002
NOTES:  A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
@ Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.

{5‘ TExAS
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www.ti.com



MECHANICAL DATA

PLASTIC SMALL-OUTLINE PACKAGE

NS (R-PDSO-G**)
14-PINS SHOWN
0,51
’« »‘ 535 [#10.250)
14 8
560 8,20
500 7,40

O
THEEEEE

A

|
J;\—U—U—U—U—U—U—U—/

0,15

\ 0,05
Ly

Seating Plane $

0,15 NOM

|
O

Gage Plane

L 2,00 MAX (&]0.10
PINS
DIM 14 16 20 24
A MAX 10,50 10,50 12,90 15,30
A MIN 9,90 9,90 12,30 14,70

4040062,/C 03/03

NOTES:  A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.




MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1999

PW (R-PDSO-G**)
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

“«—— A —»

UL

@HHHHH@_J

Seating Plane *

0,15 NOM

Gage Plane i

v
L 1,20 MAX %5__|: ' ~Jo,10 |

(3
N

0,05
PINS 8 14 16 20 24 28
DIM
A MAX 3,10 5,10 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/F 01/97

NOTES: A.

Cow

All linear dimensions are in millimeters.
This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0,15.

Falls within JEDEC MO-153




IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from TI to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of TI products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments

Post Office Box 655303 Dallas, Texas 75265

Copyright © 2005, Texas Instruments Incorporated



