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National
Semiconductor

F100136

4-Stage Counter/Shift Register

General Description

The F100136 operates as either a modulo-18 up/fdown
counter or 85 @ 4-bit bidirectional shift register. Three Selact
(Sl inputs detarming the mode of operation, as shown in
the Function Select table. Two Count Enable (CEF, CET)
inputs are provided for ease of cascading in multistage
counters. Ona Count Enable (CET) input also doublas as a
Senal Data (Dg) Input for shift-up oparalion, For shift-down
operation, Dg is the Seral Data mput. In counting cperations
the Terminal Count (TG} output goas LOW whan the coun-
ter reaches 15 in the count/up mode or O (zero) in the
count/down mode. In the shift modes, the TC output re-
peats the Oy output. The dual nature of this TC/Qy output
and the Dy input means that one interconnection from
one stage to the nest higher stage sarves as tha link for

miultistage counting o shift-up operation. Tha individual Pra-
s@l (Pp) inputs are used to enter data in parallel or to preset
the counter in programmeble counter applications. A HIGH
signal on the Master Reset (MF) input overrides all other
inputs and asynchronously clears the flip-flops. In addition,
a synchronous clear is provided, as well as a complerment
funclion which synchronously inverts the conlents of the
flip-flops. All inputs have 50 kil pull-down resistors.
Redar 10 tha F100338 datasheat for:

PCC packaging

Lowar power

Milltary versions

Extended vollage specs [—4.2V io —5.TV)

Ordering Code: see Secticns
Logic Symbol
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| Pin Mames Description
{ CP Clock Pulse Input
CER Count Enable Parallal Input (Active LOW)
¢ Og/CET Serial Data Input/Count Enabile
Trickia Input (Active LOW)
S-Sz Salect Inputs
MR Master Resal knput
Py=Pa Praset Inputs
D Sarial Data Input
TG Tarminal Counl Dutpul
Qg-05 Data Outputs
[ T Complementary Data Outputs
24-Pin Quad Cerpak
5y Sp MR Vg O Py
L 1| L |
4 23 22 M I0 14
e L 18—y
oiF =41 17 =Py
Dy CET 4 3 18]=Py
L2 I 15 =0y
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Logic Diagram
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Function Select Table

Sa S4 So Function

L L L Parallel Load

L L H Complement

L H L Shift Left

L H H Shift Right

H L L Count Down

H L H Clear

H H L Count Up

H H H Hold
Truth Table
Qo = LSB

Inputs Outputs
MR | So | Sy | So | CEP | Do/CET | D3 | CP | Q3 | Q2 | @1 { Qo TC Mode

L L L L X X X | /| Pa| Paq Py Py L Preset (Parallel Load)
L L L | H X X X | 10340 | Q| Q L Invert
L L H L X X X /| D3| Q| Q | Dyg D3 Shift Left
L L H H X X X | Qa | Q7 | Qp | Do | Qz* | Shift Right
L H L L L L X | -~ (Qp_3) minus 1 0] Count Down
L H L L H L X X Qa | Q2 | Oy | Qo (0] Gount Down with CEP not active
L H L L X H X X Q3 | Q2 | Q1 | Qo H Count Down with CET not active
L H L H X X X | L L L L H Clear
L H H L L L X | -~ (Qo-3) plus 1 @ Count Up
L H H L H L X X Q3 | Qo | @y | Qo @ Count Up with CEP not active
L H H L X H X X Q3 | Q2 | Q1 | Qo H Count Up with CET not active
L H H H X X X X Q3 | Q2 | O | Qo H Hold
H L L L X X X X L L L L L
H L L H X X X X L L L L L
H L H L X X X X L L L L L
H L H H X X X X L L L L L Asynchronous
H|lHlIL]|L]| X L N S O T O A Ma"ster b
H H L L X H X X L L L L H
H H L H X X X X L L L L H
H H H L X X X X L L L L H
H H H H X X X X L L L L H
o}

= LifQp-Qg = LLLL
H if Qg—Qg # LLLL
Lif Qg-Qg = HHHH
H it Qg-Q * HHHH
H = HIGH Voltage Level
L= LOW Voltage Level
X = Don't Care

|
I

_/~ = LOW-to-HIGH Transition

*Before the clock, TC is Q3
After the clock, TC is Qg
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Absolute Maximum Ratings
Above which the useful life may be impaired. (Note 1)

If Military/Aerospace specified devices are required, Case Temperature under Bias (T¢) 0°Cto +85°C
please coniact the National Semiconductor Sales Vee Pin Potential to Ground Pin —70Vto +0.5V
gﬂlce/l:strlbutors for avallability and spenclﬂcatlons.a Input Voltage (DC) Vegto +0.5V
Mtorfage emperatu;e —65°Cto + 150°C Output Current (DC Output HIGH) —50 mA
aximum Junction Temperature (T,) +150°C Operating Range (Note 2) —B.7Vio —4.2V
DC Electrical Characteristics
VEg = —4.5V, Voo = Voca = GND, Tg = 0°C to +85°C (Note 3)
Symbol Parameter Min Typ Max Units Conditions (Note 4)
VoH Output HIGH Voltage —1025 —955 —880 mv VIN = VIH (Max) L'oading with
VoL Output LOW Voltage —1810 | —~1705 | —1620 or VIL (Min) S0 1o N
VoHe Output HIGH Voltage ~1035 mv ViIN-= ViHMin) Loading with
VoLc Output LOW Voltage —1610 oF Vi, (Max) potio —2.0v
VIH Input HIGH Voltage ~1165 —880 -y Guaranteed HIGH Signal
for All Inputs
ViL Input LOW Voltage ~1810 — 1475 my Guaranteed LOW Signal
for All Inputs
i Input LOW Current 0.50 MA VIN = VIL (Min)
DC Electrical Characteristics
VEg = —4.2V, Voo = Vooca = GND, Tc = 9°C to +85°C (Note 3)
Symbol Parameter Min Typ Max Units Conditions (Note 4)
VoH Output HIGH Voltage —1020 —870 VIN = VIH (Max) Loading with
mv or ViL M 500 to —2.0V
VoL Qutput LOW Voltage -1810 —1605 i (Min) ’
VoHe Qutput HIGH Voltage -1030 VIN = VIH (Min) Loading with
mv v 500 to —2.0V
VoL Output LOW Voltage -1595 O ViL (Max) !
VIH Input HIGH Voltage _ _ Guaranteed HIGH Signal
1150 870 mv for All inputs
ViL Input LOW Voltage —1810 1475 mv Guaranteed LOW Signal
for All Inputs
liL Input LOW Current 0.50 pA VIN = VIL (Min)
DC Electrical Characteristics
Veg = —4.8V, Vo = Vgoa = GND, Tg = 0°C to +85°C (Note 3)
Symbol Parameter Min Typ Max Units Conditions (Note 4)
VoH Output HIGH Voltage —1035 —880 mv ViN = VIH (Max) Loading with
_ _ or VL (Min) 50Qt0 —2.0V
VoL Output LOW Voltage 1830 1620
VoHC Output HIGH Voltage —1045 mv Vin = VIH (Min) Loading with
VoiLc Output LOW Voltage -1610 o ViL (Max) 500 to —2.0v
ViH Input HIGH Voltage _ _ Guaranteed HIGH Signal
1185 880 my for All Inputs
ViL Input LOW Voitage _ _ Guaranteed LOW Signal
1830 1490 mv for All Inputs
IiL Input LOW Current 0.50 pA VIN = VIL (Min)

Note 1: Absalute maximum ratings are those values beyond which the device may be damaged or have its usefu! life impaired. Functional operation under these
conditions is not implied.

Note 2: Parametric values specified at —4.2V to —4.8V.

Note 3: The spacified limits represent the “worst case” value for the parameter. Since these “‘worst case’™ values normally occur at the temperature extremes,
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges.

Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst casa” conditions.
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100136

DC Electrical Characteristics
VEg = —4.2V to —4.8V unless otherwise specified, Voc = Voca = GND, Tg = 0°C to +85°C

Symbol Parameter Min Typ Max Units Conditions
4 Input HIGH Current
P Sn 180
CEP 200
MR 240 HA VIN = VIH (Max)
D3 280
CP 390
Do/CET 530
e Power Supply Current -283 —195 —136 mA Inputs Open
Ceramic Dual-In-Line Package AC Characteristics
VEg = —4.2Vto —4.8V, Vo = Vpoca = GND
- - o, 2 g5
Symbol Parameter Tc = 0C Tc = +25°C Tc 85°C Units Conditions
Min Max Min Max Min Max
fshift Shift Frequency 250 250 250 MHz Figures 2and 3
:"L“ Z'F‘,’f:%a“%‘ Delay 085 210 | 085 210 | 085 225 | ns
PHL 0 Figures 1 and 3
tPLH Propagation Delay
iy P 10 TC 1.90 4.80 1.90 4,60 1.90 5.20 ns
:pLH :;r;[:zggtlog Delay 1.20 2.95 1.35 295 1.20 3.10 ns
PHL n - Figures 1 and 4
tPLH Propagation Delay
oL MR 16 TC 220 480 2.20 4.80 2.20 5.30 ns
:F’L” ;“}%‘g;tt'g'}_ge'ay 140 320 | 140 320 | 140 350 | ns
FhL 9 Figures 1and 5§
tpLH Propagation Delay 090 380 | 100 38 | 100 430 | ns
tpHL Spto TC
tTLH Transition Time 045 180 | 045 180 | 045 180 | ns | Figurestand3
tTHL 20% to 80%, 80% to 20% . . : : i ) g
ts Setup Time
D3 1.20 1.20 1.20
Pn 1.70 1.70 1.70 .
Do/CET, CEP 1.45 1.45 1.45 ns | Fgure6
Sp 3.30 3.30 3.30
MR (Release Time) 2.60 2.60 2.60
th Hold Time
D3 0.20 0.20 0.20
Pn 0.10 0.10 0.10 ns Figure 6
Dgo/CET, CEP 0.20 0.20 0.20
Sy -0.90 ~0.90 -0.90
Pulse Width HIGH "
tow(H) CP, MR 2.00 2.00 2.00 ns Figures 3and 4
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Cerpak AC Electrical Characteristics vee = —4.2v10 —4.8v, Vo = Voca = GND

Symbol Parameter Tc =0C Tc = +25°C Tc = +85°C Units Conditions
Min Max Min Max Min Max
fshift Shift Frequency 250 250 250 MHz Figures 2 and 3
:P'—H gg’f:%at'%' Delay 085 190 | 085 190 | 08 205 | ns
PHL 0> Figures 1 and 3
tpLH Propagation Delay
o g 190 460 | 190 440 | 190 500 | ns
:PLH '\Pﬂr;ptzggno% Delay 1.20 2.75 1.35 2.75 1.20 2.90 ns
PHL - n Figures 1 and 4
tPLH Propagation Delay
Ny MR TG 220 460 | 220 460 | 220 510 |. ns
:”L“ ;"}Fgﬁg;‘;gr%e'ay 140 300 | 140 300 | 1400 380.| ns
PHL 0 Figures T and 5
tPLH Propagation Delay 090 360 | 100 360 | 100 410 "ns
tpHL Spto TC
tTLH Transition Time 045 170 | <045 . 170 | 045 170 | ns | Figures7and3
traL 20% t0 80%, 80% to 20% : : : . 1 ‘ 9
ts Setup Time
D3 1.10 1.10 110
Py 1,60 1.60 1.60 _
Do/CET, CEP 1.35 135 1.35 ns | Flgure6
Sn 3.20 3.20 3.20
MR (Release Time) 2.50 2.50 2.50
th Hold Time
Da 0.10 0.10 .10
Pn 0 0 0 ns Figure 6
Do/CET, CEP 0.10 0.10 0.10
Sn —1.00 —1.00 ~1.00
tow(H) (P;L;Isa\:ldth HIGH 2.00 2.00 2.00 ns | Figures3and 4
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100136

PULSE 7y
GENERATOR tl:
X] v
SCOPE e
CHAN A O Notes:
Rr 0.1 »FI Voo Voca = +2V, Vgg = —2.5Y
L - = 500N L1, L2 and L3 = equal length 509} impedanca lines
Dsb:;:” = T | M ] Ry = 500 terminator internal to scope
QENERATOR ir +1.08V = Decoupiing 0.1 uF from GND to Vi and Ve
L | { All unused autputs are loaded-with 5011 ta GND
- ‘Zl 232 21 010 ) Ci = Fixture and stray capacitance < 3 pF
2 :; l__ Pin numbers shown are for flatpak;
{or DIP see logic symbol
SCOPE 3 *—
CHAN B 4 15—
500
s 14 AWV
8, s 9 10 1113 YW
SCOPE s0o
CHAN B <4 <
9 (03 300
0.1 4F 26 .F
= SV T =
TLIF/0855-6
FIGURE 1. AC Test Circuit
500
PULSE A CEP Do/CET Po Py P2 P3 D3 50 01
GENERATOR W] P
l So F100136 =
= u | +105v—s,
~
SCOPE A —s, TC fo—
CHAN A W) MR QG @ Q2 &
wl 1 T ITTTI1T
= L2
(A SCOPE
W CHAN B
I 3.
- TL/F/9855-7
FIGURE 2. Shift Frequency Test Circult (Shift Left)
Notes:

For shift right mode, +1.05V is applied at Sg.
The feedback path from output to input should be as short as possible.
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DATA

0.7+0.1ns 0.7x0.1ns

+1.05V

CLOCK 7
ishist

tPHL —f tPLH —»}
OUTPUT 50%

tpLH—P| tpHL, —] |<—
OUTPUT 0%
50%
20%
ten trin

FIGURE 3. Propagation Delay {Clock) and Transition Times

0.7+0.1ns —»t J<—o.7=o‘1 ns
T +105V
80%
MR 50%
20%
+031V

[-e—ts (RELEASE TIME}

TL/F/9855-8

[t tpw{H)

CLOCK / 50%

—»| tpHL —i tPLH

OUTPUT 50%

OUTPUT

TL/F/0855-8

FIGURE 4. Propagation Delay (Reset)
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100136

0.7+0.1 n:—-l r—DJ:OJ ns

80%
INPUT 0%
20%

. - ] ST

80%

T

FIGURE 5. Propagation Delay (Serial Data, Selects)

+106V

OUTPUT

INHIBIT COUNT

+1.05V
CEP
+031V
+105Vv
D3, Pn, Sn 50%
+031V
-t ——]
—| lg | —
+105V

Vi
CLOCK +031V
Notes:

15 is the minimum time before the transition of the clock that information must be present at the data input.
t, is the minimum time after the transition of the clock that information must remain unchanged at the data input.

FIGURE 6. Setup and Hold Time

TL/F/9865-10

TL/F/9855-11
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Applications

3-Stage Divider, Preset Count Down Mode

[—- cp
CLOCK ¢

—q CP

PRESET N
A
(Lse) N\ (MsB)
Ng-N3 Ne-N7 Ng-N1s
[14 4 4
SNZ
Po-Py Po-P3 Sz Po-Py
Led 5, bl S2
CEP
COUNT____Jdcepr  Fl00128 doclcer  Fi00138 F100138
ENABLE
TC CET
™ cP TC! —jCcP TC
O Oy G Oy cP
5ll!.ll
E o D@ LOAD
cegl @
Note: If Sg = §1 = Sz = LOW, then Tc = LOW TL/F/9855-12
Slow Expansion Scheme
COUNT —Q| cEP —of cep —of cep —aol cer
ENABLE ~—————Of CET F100136 ¥C Jo—OJ CET F100136 TC jJo——Of CET F100136 TC Jo——0Of CET F100136 TC p—
[— cP |— cp I— cp |-— cp
CLOCK : : d
TL/F/9855-13
Fast Expansion Scheme
EOUNT —C) CEP TC DL CEP —COf CEP Lq CEP
ENABLE —————Of CET  F100136 -—CRCET F100136  TC Jo——Of CET F100136 TC Jo—O CET F100136 TCjo—
J— cP — cp

TL/F/9855-15
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