74HC109; 74HCT109

Dual JK flip-flop with set and reset; positive-edge-trigger
Rev. 3 — 1 August 2016 Product data sheet

1. General description

The 74HC109; 74HCT109 is a dual positive edge triggered JK flip-flop featuring individual
nJ and nK inputs. It has clock (nCP) inputs, set (nSD) and reset (nRD) inputs and
complementary nQ and nQ outputs. The set and reset are asynchronous active LOW
inputs and operate independently of the clock input. The nd and nK inputs control the state
changes of the flip-flops as described in the mode select function table. The nJ and nK
inputs must be stable one set-up time prior to the LOW-to-HIGH clock transition for
predictable operation. The JK design allows operation as a D-type flip-flop by connecting
the nd and nK inputs together. Inputs include clamp diodes. It enables the use of current
limiting resistors to interface inputs to voltages in excess of V¢g.

Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock
rise and fall times.

2. Features and benefits

B [nput levels:

@ For 74HC109: CMOS level

@ For 74HCT109: TTL level

Jand K inputs for easy D-type flip-flop

Toggle flip-flop or “do nothing” mode

Specified in compliance with JEDEC standard no. 7A
ESD protection:

¢ HBM JESD22-A114F exceeds 2000 V

¢ MM JESD22-A115-A exceeds 200 V

Multiple package options

B Specified from —40 °C to +85 °C and from —40 °C to +125 °C
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Nexperia 74HCA1 09, 74HCT109

Dual JK flip-flop with set and reset; positive-edge-trigger

3. Ordering information

Table 1.  Ordering information

Type number Package
Temperature range Name Description Version

74HC109D -40 °C to +125°C SO16 plastic small outline package; 16 leads; body width 3.9 mm SOT109-1

74HCT109D

74HC109DB  —40°Cto+125°C  SSOP16 plastic shrink small outline package; 16 leads: 'SOT338-1

74HCT109DB body width 5.3 mm

74HCT109PW —40°Cto +125°C  TSSOP16 ‘plastic thin shrink small outline package; 16 leads; 'SOT403-1
body width 4.4 mm

4. Functional diagram
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Fig 3. Logic diagram (one flip-flop)
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74HC109; 74HCT109

5. Pinning information

Dual JK flip-flop with set and reset; positive-edge-trigger

5.1 Pinning

74HC109
74HCT109
1RD [1] [16] Vee
B 74HC109
1 [2] 15] 2RD 74HCT109
K E E 2) 1RD [ 1 E Vee
1cP [4 ] [13] 2K 1 [2 O [15] 2RD
_ 1K [3 [14] 24
150 [5] 2] 2cP 1CP [4 [13] 2K
10 [6 ] [11] 23D 15D [5 [12] 2cP
- 1Q [6] [11] 25D
1Q [7 10] 2Q ~
[7] 1] 10 [7 [10] 2q
GND [8] [ 0] 2Q GND [8 [ 9] 2@
aaa-024067 aaa-024068
Fig4. Pin configuration for SO16 Fig 5. Pin configuration for (T)SSOP16

5.2 Pin description

Table 2.  Pin description

Symbol Pin Description

1RD, 2RD 1,15 ’asynchronous reset input (active LOW)
14,24 2,14 vsynchronous input

1R, 2K 3,13 isynchronous input

1CP, 2CP 4,12 clock input (LOW-to-HIGH; edge-triggered)
18D, 2SD 5,11 ’asynchronous set input (active LOW)

1Q, 2Q 6,10 true flip-flop output

1Q, 2Q 7,9 complement flip-flop output

GND 8 ‘ground (0 V)

Vee 16 supply voltage
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Dual JK flip-flop with set and reset; positive-edge-trigger

6. Functional description

Table 3.  Function selectionl!]

Operating modes Input Output
nSD nRD nCP nJ nK nQ nQ

Asynchronous set L H X X X H L
Asynchronous reset H L X X X L H
Undetermined L L X X X H H
Toggle H H 0 h | q q
Load O (reset) H H T I I L H
Load 1 (set) H H 0 h h H L
Hold no change H H 0 I q q

[1] H=HIGH voltage level

h = HIGH voltage level one set-up time before the LOW-to-HIGH CP transition

L = LOW voltage level

| = LOW voltage level one set-up time before the LOW-to-HIGH CP transition
q = lower case letters indicate the state of the referenced output one set-up time before the LOW-to-HIGH CP transition

X =don't care
T = LOW-to-HIGH CP transition

7. Limiting values

Table 4. Limiting values

In accordance with the Absolute Maximum Rating System (IEC 60134). Voltages are referenced to GND (ground = 0 V).

Symbol Parameter Conditions Min Max Unit
Vce supply voltage -0.5 +7 Vv

lik input clamping current Vi<-05VorV,>Vgc+05V - +20 mA
lok ioutput clamping current Vo<-05VorVg>Vec+05V - +20 ‘mA
lo output current -05V<Vg<Vcc+05V - +25 mA
lcc supply current - +50 mA
IoND vground current -50 - ‘mA
Tstg storage temperature -65 +150 °C
Pt total power dissipation SO16 and (T)SSOP16 packages m - 500 mW

[1] For SO16 packages: above 70 °C, the value of Py derates linearly with 8 mW/K.

For (T)SSOP16 packages: above 60 °C, the value of Py derates linearly with 5.5 mW/K.
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8. Recommended operating conditions

Dual JK flip-flop with set and reset; positive-edge-trigger

Table 5.

Recommended operating conditions
Voltages are referenced to GND (ground =0 V)

Symbol Parameter Conditions 74HC109 74HCT109 Unit
Min Typ Max Min Typ Max
Vee supply voltage 2.0 5.0 6.0 4.5 5.0 55 |V
\/ input voltage 0 - Vee 0 - Vee |V
Vo output voltage 0 - Vee 0 - Vee v
Tamb ambient temperature -40 +25 +125 —40 +25 +125 [°C
AYAV input transition rise and fall rate |Vgc=2.0V - - 625 - - - ns/V
Vec=4.5V - 1.67 139 - 1.67 139 ns/V
Vee=6.0V - - 83 - - - nsiV
9. Static characteristics
Table 6.  Static characteristics
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).
Symbol Parameter Conditions 25°C —40 °C to +85°C —40 °C to +125 °C  Unit
Min Typ Max Min ‘ Max Min Max
74HC109
ViH HIGH-level Vee=2.0V 15 1.2 - 1.5 - 1.5 - \Y,
input voltage .. =45V 315 24 - 315 - 3.15 - v
Vec=6.0V 42 32 - 4.2 - 4.2 - Vv
Vi LOW-level Vee=2.0V - 0.8 05 - 0.5 - 05 V
input voltage |y =45V - 21 135 - 1.35 - 135 |V
Vee = 6.0V - 28 18 - 1.8 ) 18 |V
Vou HIGH-level Vi=VigorVy
outputvoltage | | - _50,A;Vec=20V 19 20 - 1.9 - 1.9 Y
lo=-20 uA: Ve =45V | 44 45 - 4.4 - 4.4 -V
lo=-20 pA;Vgc=6.0V | 59 6.0 - 5.9 - 5.9 - \Y
lo=-40mA;Vec =45V 398 432 -  3.84 - 3.7 Y
lo=-52mA;Vcc=6.0V 548 5.81 - 5.34 - 5.2 - \Y
VoL LOW-level V| = Vi or Vi ' '
outputvoltage || /= 50 A Vg = 2.0V - 0 0.1 - 0.1 - 01 V
lo =20 pA; Vgc=4.5V - 0 | 0.1 - 0.1 - 0.1 \Y,
lo =20 puA; Ve =6.0V - 0 0.1 - 0.1 - 0.1 \Y
lo=40mA; Vec=45V | - 015 026 - 0.33 - 04 |V
lo=52mA;Vgc=6.0V - 0.16  0.26 - 0.33 - 04 V
I input leakage  V; = Ve or GND: - - 01 - +1 ) +1 WA
current Vec=6.0V
lcc supply current V|, =Vgc or GND; lp = 0 A; - - 4.0 - 40 - 80 pA
Vec=6.0V
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Nexperia 74HCA1 09, 74HCT109

Dual JK flip-flop with set and reset; positive-edge-trigger

Table 6.  Static characteristics ...continued
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).

Symbol |[Parameter Conditions 25°C —40 °C to +85°C —40 °C to +125 °C |Unit
Min  Typ Max Min Max Min Max
C input - 3.5 - - - - - pF
capacitance
74HCT109
Viy HIGH-level Vec=4.5Vto55V 20 16 - 2.0 - 2.0 - Vv
input voltage
ViL LOW-level Vec=4.5V1t055V - 1.2 0.8 - 0.8 - 08 V
input voltage
Vou HIGH-level Vi=ViorV;Vec=45V
outputvoltage || '~ o0 A 44 45 - 4.4 - 4.4 Y
lo =—4.0 mA 3.98 432 - 3.84 - 3.7 - \Y,
VoL LOW-level Vi=VigorV;Vcc=45V
outputvoltage || /= 50 A Vg =45V - 0 0.1 - 0.1 - 01 |V
lo=5.2mA;Vgc =55V - 0.15 0.26 - 0.33 - 04 |V
I input leakage V| = V¢ or GND; - - +0.1 - +1 - +1 pA
current Vec =55V
lcc supply current 'V, =Vgc or GND; lp = 0 A; - - 4.0 - 40 - 80 A
VCC =55V
Alcc additional per input pin;
supply current |V, =V¢ge —2.1V,
other inputs at V¢ or GND;
Vec=45V1to55V
nJ, nK, nSD, nRD and - 35 | 126 - 157.5 - 1715 pA
nCP inputs
Ci input - 3.5 - - - - - pF
capacitance
74HC_HCT109 All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2017. Al rights reserved
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Nexperia 74HCA1 09, 74HCT109

Dual JK flip-flop with set and reset; positive-edge-trigger

10. Dynamic characteristics

Table 7. Dynamic characteristics
Voltages are referenced to GND (ground = 0 V); C. = 50 pF unless otherwise specified; for test circuit, see Figure 8.

Symbol Parameter Conditions 25°C —40°Cto +85°C —40°C to +125°C Unit
‘Min |Typll Max  Min Max Min Max
74HC109
tpd propagation  nCP to nQ, nQ; 2
delay see Figure 6
Vee=2.0V - 50 175 - 220 - 265 ns
Vee=45V - 18 | 35 - 44 - 53 ns
Vee=5V; CL=15pF - 15 - - - - - ns
Vee=6.0V - 14 30 - 37 - 45 s
toLH LOWtoHIGH nSDtonQ, see Figure7 | |
g;?;’;gaﬁon Vec=2.0V - 30 120 - 150 - 180  ns
Vec =45V - 1 24 - 30 - 36  ns
Vec=5V; CL=15pF - 12 - - - - - ns
Vee=6.0V -9 20 - 26 - 31 s
toHL HIGHto LOW nSD to nQ; see Figure 7
zgl’;’;ga“m Vee=2.0V - 4 155 - 195 - 235 ns
Vec =45V - 15 | 31 - 39 - 47  ns
Vee=5V:CL=15pF - 12 - - - - - ns
Vee =6.0V - 12 26 - 33 - 40 ns
tpHL HIGHto LOW nRD to nQ; see Figure 7 | ‘ | |
g;?g;gatb” Vog =20V - 4 185 - 230 - 280 ns
Vee=45V - 15 37 - 46 - 56  ns
Vec=5V; CL=15pF - 12 - - - - - ns
Vee=6.0V .12 31 - 39 - 48 ns
toLH LOWtoHIGH nRD tonQ; see Figure 7 | |
g;‘l’:?gaﬁon Vec=2.0V - 39 170 - 215 - 255 ns
Vee=45V - 14 34 - 43 - 51 ns
Vec=5V; CL=15pF - 12 - - - - - ns
Vee=6.0V .1 29 - 37 - 43 s
ty transition nQ, nQ; see Figure 6 [3]
time Vee=2.0V - 19 75 - 95 - 110 ns
Vec =45V - 7 15 - 19 - 22 ns
Vee=6.0V - 6 | 13 - 16 - 19  ns
74HC_HCT109 Al information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2017. All rights reserved
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Nexperia 74HCA1 09, 74HCT109

Dual JK flip-flop with set and reset; positive-edge-trigger

Table 7.  Dynamic characteristics ...continued
Voltages are referenced to GND (ground = 0 V); C; = 50 pF unless otherwise specified; for test circuit, see Figure 8.

Symbol |Parameter Conditions 25°C —40 °C to +85°C | —40 °C to +125°C | Unit
‘Min Typll Max Min Max Min  Max
tw pulse width nCP HIGH or LOW;
see Figure 6
Vec=2.0V 80 19 - 100 - 120 - ns
Vee =45V 16 7 - 20 - 24 - ns
Ve = 6.0V 14 6 - 17 - 20 - ns
nSD, nRD HIGH or LOW;
see Figure 7
Vee=20V 80 14 - 100 - 120 - ns
Vec =45V 16 5 - 20 - 24 - ns
Vee=6.0V 14 4 - 17 - 20 -  ns
trec recovery time nSD, nRD to nCP;
see Figure 7
Vee =20V 70 19 - 90 - 105 - ns
Vec =45V 14 7 - 18 - 21 - ns
Vee=6.0V 12 6 - 15 - 18 - ns
tsu set-up time nJ and nK to nCP;
see Figure 6
Vee=20V 70 17 - 90 - 105 -  ns
Voc =45V 14 6 - 18 - 21 - ns
Voc =6.0V 12 5 - 15 - 18 - ns
th hold time nJ and nK to nCP;
see Figure 6
Vec=2.0V 5 0 @ - 5 - 5 - ns
Vec=4.5V 5 0 - 5 - 5 - ns
Vee=6.0V 5 0 - 5 - 5 - ns
frnax maximum nCP; see Figure 6
frequency Veg =20V 6 22 - 5 - 4 - MHz
Vec =45V 30 68 - 24 - 20 - MHz
Vee=5V:CL=15pF - 75 - - - - - MHz
Ve = 6.0V '35 81 | - 28 - 24 - MHz
Cep power C_=50pF; f=1MHz M- 20 - - - - - pF
dissipation V| =GND to V¢c
capacitance
74HC_HCT109 Al information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2017. All rights reserved
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Nexperia 74HCA1 09, 74HCT109
Dual JK flip-flop with set and reset; positive-edge-trigger
Table 7.  Dynamic characteristics ...continued
Voltages are referenced to GND (ground = 0 V); C; = 50 pF unless otherwise specified; for test circuit, see Figure 8.
Symbol |Parameter Conditions 25°C —40 °C to +85°C | —40 °C to +125°C | Unit
‘Min Typll Max Min Max Min Max
74HCT109
tod propagation  nCP to nQ, nQ; 2
delay see Figure 6
Vec =45V - 20 35 - 44 - 53  ns
Vee =5V CL=15pF -7 - - - - ns
tpLH LOWtoHIGH nSD to nQ, see Figure 7
g;‘l’;’;gaﬁm Voc =45V - 13 26 - 33 - 39  ns
Vec=5V; CL=15pF - 14 - - - - - ns
ti ~ HIGHtoLOW nSD to nQ; see Figure 7 ’
zgl’g;gaﬁon Voc =45V - 19 | 35 - 44 - 53 ns
Vec=5V; CL=15pF - 14 - - - - - ns
toHL HIGH to LOW nRD to nQ; see Figure 7
g;?;’;‘ga“m Voc =45V - 19 35 - 44 - 53 ns
Vec=5V; CL=15pF - 15 - - - - - ns
tpLH LOWtoHIGH nRD to nQ; see Figure 7 |
zglag;gation Voc =45V - 16 32 - 40 - 48  ns
Vec=5V; CL=15pF - 15 - - - - - ns
t transition nQ, na; see Figure 6 B ’
time Vec=4.5V -7 15 - 19 - 22 ns
tw pulse width nCP HIGH or LOW; |
see Figure 6
Vec =45V 18 9 - 23 - 27 - ns
nSD, nRD HIGH or LOW; |
see Figure 7
Vec =45V 16 8 - 20 - 24 - ns
trec recovery time nSD, nRD to nCP; | ' |
see Figure 7
Vec =45V 16 8 - 20 - 24 - ns
ty set-up ime  nJ and nK to nCP; | ' |
see Figure 6
Vec =45V 18 8 - 23 - 27 - ns
th hold time nd and nK to nCP; ' ' '
see Figure 6
Vec=45V 3 -3 - 3 - 3 - ns
frnax maximum nCP; see Figure 6
frequency Vog =45V 27 55 - 22 - 18 - MHz
Vec=5V; CL=15pF - 61 - - - - _ MHz
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Nexperia 74HCA1 09, 74HCT109

Dual JK flip-flop with set and reset; positive-edge-trigger

Table 7.  Dynamic characteristics ...continued
Voltages are referenced to GND (ground = 0 V); C; = 50 pF unless otherwise specified; for test circuit, see Figure 8.

Symbol |Parameter Conditions 25°C —40 °C to +85°C | —40 °C to +125°C | Unit
Min Typll Max | Min Max Min Max
Cep power C_ =50pF;f=1MHz @ - 22 - - - - - pF
dissipation Vi=GNDtoVgec-15V
capacitance

(1
[2]
(3]
[4]

All typical values are measured at Tymp = 25 °C.

tpd is the same as tPLH and tPHL-

t; is the same as tty. and tr p.

Cpp is used to determine the dynamic power dissipation (Pp in pW).
Pp = Cpp x V2 x fi x N + X(Cp x V2 x fo) where:
fi = input frequency in MHz;

fo = output frequency in MHz;

C| = output load capacitance in pF;

Ve = supply voltage in V;

N = number of inputs switching;

Y(CL x V2 x f,) = sum of outputs.

11. Waveforms

nJ, nK input * A[

— th ‘« —

- tsy —> l— tgy —
1fmax
\]
nCP input 7[VM
GND
[— tyy —
— - tpHL —
Vo /90 %
nQ output Vm
0,
VoL 10 %
—- ‘* tTHL
tPLH = ‘* tpHL—
Von 56 %
nQ output VM
0
VoL 10 %
*‘ ~tTLH - =—trhL

aaa-024069

Measurement points are given in Table 8.
VoL and Vpy are typical voltage output levels that occur with the output load.

Fig 6. Clock propagation delays, output transition time, pulse width, set-up, hold times, and maximum

frequency
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Nexperia 74HCA1 09, 74HCT109

Dual JK flip-flop with set and reset; positive-edge-trigger

Vi
nCP input Vm
GND
- l=—trec
nSD input Vm
GND ——
-~ tyy — e—— tyy —
V)| /7
nRD input \\VM ]
GND
- < tPLH - < tPHL
VoH
nQ output Vm
VoL —
VoH —
nQ output Vm
VoL
- eteL - l=tpy
aaa-024070
Measurement points are given in Table 8.
VoL and Vpy are typical voltage output levels that occur with the output load.
Fig 7. Set and reset propagation delays, pulse widths and recovery time
Table 8. Measurement points
Type Input Output
Vm Vm
74HC109 0.5V¢ce 0.5V¢ce
74HCT109 1.3V 1.3V
74HC_HCT109 All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2017. Al rights reserved
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74HC109; 74HCT109

Dual JK flip-flop with set and reset; positive-edge-trigger

Nexperia

vi | tyy |
) 90 % /
negative
pulse VM10°/ VM
GND -
—| tf L— — t
— tl‘ ‘<— — tf -
V
y ! 90 %
positive
pulse Vi Y
0,
GND—"‘10 % | tw | —
Vee
|
Vi Vo

E -, DuT 5 J_
RT /L ICL

001aah768

Test data is given in Table 9.

Definitions test circuit:

Rt = Termination resistance should be equal to output impedance Z, of the pulse generator.
C. = Load capacitance including jig and probe capacitance.

R| = Load resistance.

Fig 8. Test circuit for measuring switching times
Table 9. Test data
Type Input Load Test
Vi o by cL '
74HC109 Vee 6 ns 15 pF, 50 pF tpLH, tPHL
74HCT109 3V 6ns 15 pF, 50 pF oL, toL
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74HC109; 74HCT109

Dual JK flip-flop with set and reset; positive-edge-trigger

12. Package outline

S016: plastic small outline package; 16 leads; body width 3.9 mm SOT109-1
- D - [e—E
RN X
‘ Hﬁ/ \
: | I/ |
! J 1\_' ,
\‘/
m He = v@.
7
“FﬁHHHHHHHQ
\ ‘
| T Q
A _—
- - - % - - - 2 A b (A9 A
pin 1 index ! LL ‘ * ;
-r/ A =8
| <|‘ Lp }‘ f
HHEHEHHHHS -
O ")
P
0 2.5 5mm
L P |
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A 1 1 1
UNIT | | A1 | A2 | As | by c pM | EM | e He L Lp Q v w y | zM]| @
0.25 | 145 049 | 025 | 10.0 | 4.0 6.2 10 | 07 0.7
mm 175 040 | 125 | 925 | 036 | 019 | 98 | 38 | 27| 58 | 9% | 04 | 06 | 022|025 01 | o3| 4
) 0.010 | 0.057 0.019 [0.0100| 0.39 | 0.16 0.244 0.039 | 0.028 0.028| 0°
inches | 0.069 | 1’004 | 0.049 | %91 | 01014 |0.0075| 038 | 0.15 | %% | 0.228 | 294! | 0016 | 0.020| 00T | 001 | 00041 545
Note
1. Plastic or metal protrusions of 0.15 mm (0.006 inch) maximum per side are not included.
REFERENCES
OUTLINE EUROPEAN ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION
99-12-27
SOT109-1 076E07 MS-012 = @ 03,0949

Fig9. Package outline SOT109-1 (SO16)
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