8-Bit Bus Front-Loading-Latch

Transceivers

SN54/74LS651
SN54/74LS653

SN54/74L5652
SN54/74LS654

Features/Benefits

¢ Bidirectional bus transceivers and registers

* Independent registers for A and B buses

¢ Real-time data transter or stored data transter

¢ Simultaneous outputs on both buses

* 24-pin SKINNYDIP® saves space

* 8-bit data path matches byte boundaries

¢ Three-state or open-collector outputs drive bus lines

* ’LS653/4 are open-collector in A direction,
three-state in B direction

Description

These 8-bit bus transceivers with 3-state (L5651, 'L.5652) or
open-coilector (LS653, 'LS654) outputs have 16 D-type flip-flops
and multiplexers. The bus-oriented pinout of the parts is shown
in the Pin Configuration. The internal gate-level hardware
configurations for the 'L.8651/653 and 'L.3652/654 are given in
their respective Logic Diagrams. The basic repeated element,
consisting of an edge-triggered flip-flop paralieled with a by-
passing path or “feed-through” into a two-way mux, is some-
fimes called a “front-loading latch.”

A pair of multiplexers are used to distribute two bytes of data
through the part. The data-routing combinations offered by the
multiplexers provide flexibility in directing data to or from either
bus, and/or either register. Data is loaded into registers Aor B
upon the rising edge of the appropriate clock signals. CKA clocks
register A, which receives data from the B bus directly atits inputs.
Similarly, CKB clocks register B, which has the A bus available
directly at its inputs. Control of the multipiexers is provided by
two select lines (one per register), SRA and SRB. Command of
the outputs is performed by two enable lines, GAB and GBA.

When GABis Low and GBA is High, data from the buses can be
loaded into registers A and B. When GBA is Low, the A bus is
configured for output. When GAB is High, the B bus is configured
for output. The A and B buses can be enabled atthe sametime, to
operate as outputs simuitaneously.

SRA is used to select between register A and the B bus, and then
to route the data to a controlled buffer connected to the A bus.
Likewise, SRB selects between register B and the A bus, and
then routes the data to the B bus through a controlied buffer.

SKINNYDIP® is a registered trademark of Monolithic Memaries.
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Ordering information

PART | pkG [TEMPIPOLARITY| OUTPUTS [POWER
NUMBER
SNS4LSES1[JSFL [ Mt [ |
SN74LS651] NS,JS | Com state
SN54L5652] JS,F.L | Mit | Non-
SN74.8652| NS,JS [Com | invert LS
SN54L5653| JSFL | Mit [ A bus open-
SN74LS653| NSJS [Com collector;
SN54L56854| JS,F,L [ Mil Non- B bus
SN74L5654| N§JS [Com | invert |three-state

NOTE: L package here is L28. The other packages are 24-pin.

Pin Configuration
'L8651/652/653/654
8-Bit Bus Front-Loading-Latch Transceivers
cxe [1] 7] Ve
sre [Z] 73] cxa
aas [3] 23] sRA
ae [3] 21] GBA

a1 [5] 75] B0
az[3] [13] &1
a7} m G
A4 E %ss
as 1] E B4
a6 [ia] %] os

a7 1] E B6
ano [7] i3] &7

TWX: 910-338-2376




SN54/74LS651 SN54/74L8652 SN54/74L8653 SN54/74LS654
Logic Diagrams
'L.$652/654 (Non-Inverting)
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* For the 'LS652 devices, the A bus outputs are 3-state.
For the 'LS654 devices, the A bus outputs are open-collector.
The B bus outputs are 3-state for both devices.
'L8651/653 (Inverting)
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* For the 'LS651 devices, the A bus aulputs are 3-state.
For the 'LS653 devices, the A bus outputs are open-collector.
The B bus outputs are 3-siate for both devices.
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SN54/74L8651 SN54/74L8652 SN54/74LS653 SN54/74L8654

IEEE Symbols
‘LS651 'LS653
— 2 — 2
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SN54/74LS651 SN354/74L.8S652 SN54/74L8653 SN54/74LS654
Block Diagrams
’L§652/654 (Non-inverting) ’LS651/653 (Inverting)
A BUS ABUS
CKB CKB
REGISTER REGISTER

MUX DATA SELECT, shB
DATA SELECT MUX

REG!

ISTER
A

B BUS

i MUX E DATA SELECT, shB
DATA SELECT Mux

!

REGIASTER GAB
}

CKa

8 BUS

* For the 'L5651/652 devices, the A bus outputs are 3-state.
For the 'LSB853/654 devices, the A bus outputs are open-collector.
The B bus outputs are 3-state for both devices.

Function Table
Nomenclature Description

GAB: To enable the A-to-B operation.
GBA: To enable the B-to-A operation.

SRA/SRB: To select the output data coming from the A/B

register if SRA/SRB is High level; otherwise, directly
from the input data bus.

AQ-AT: Eight input/output pins on the A side.
GAB | GBA OPERATION DIRECTION B0O-B7: Eight input/output pins on the B side.
L L B 1o A CKA/CKB: Ciock for Register A/B.
X: H or L state irrelevant (“Don’t Care” conditions).
L H A and B buses both are inputs (storage) 1 Positive edge of CK causes clocking, if clocking
iU | AR eree s seered
uc: Hor L or | case (nonclocked operation).
H H _|AtoB RGTR:  Register.
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SN54/74LS651 SN54/741.5633

Bus Operation for 'L.S651 /653

OPERATION

CONTROL

‘DATA /O

GAB

GBA|SRA

SRB

AQ-A7 | BO-B7

BLOCK DIAGRAM

CLOCK
ENABLE

CKA (CKB

’LS651/653

Storage

Input | Input

A
°
A |
‘1
8 | 8
I" [ BUS

cxA

uc 1 uc

No operation

uc | 1

Real time A bus data — RGTR B

t |UC

Real time B bus data -~ RGTR A

! !

Real time A bus data - RGTR B
Real time B bus data -~ RGTR A

Real time
B-to-A

Operation

Output | input

o
>
12
3
Ed
E

uc | uc

Real time B bus data —~ A bus

uc | !

Real time B bus data — A bus
Real time B bus data — RGTR B

Real time B bus data — A bus
Real time B bus data —~ RGTR A

Real time B bus data — A bus
Real time B bus data — RGTR A
Real time B bus data ~ RGTR B

Stored data
B-to-A
Operation

Output | input

RGTR A data - A bus

RGTRA data — A bus
RGTRA data ~ RGTR B

Real time B bus data ~ RGTR A
RGTR A data — A bus

Real time B bus data — RGTR A
RGTR A data — A bus
RGTR A data — RGTR B

Real time
A-to-B

Qperation

Input | Output

B
BUS
CKB KA

uc juC

Real time A bus data — B bus

uc |t

Real time A bus data — B bus
Real time A bus data - RGTRB

uc

Real time—_A: bus data — B bus
Real time A bus data — RGTR A

Real time_ﬂ- bus data — B bus
Real time A bus data — RGTR A
Real time A bus data - RGTR B

Stored data
A-to-B
Operation

input |Output

CKB

RGTR B data - B bus

Real time A bus data — RGTR B
RGTR B data — B bus

RGTR B data —~ B bus
RGTR B data ~ RGTR A

Real time A bus data -~ RGTR B
RGTR B data — B bus
RGTR B data — RGTR A

Transfer
Stored
Data

Qutput | Qutput

RGTRA/B data — A/B bus

RGTR A/B data -~ A/B bus
RGTRA data — RGTR B

RGTRA/B data — A/B bus
RGTRB data ~ RGTR A

RGTRA/B data — A/B bus
RGTRA data ~ RGTRB
RGTRB data —~ RGTA A
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SN54/741.8652 SN54/74L8654

Bus Operation for 'L$652/654

OPERATION

CONTROL

DATA 1/O

GAB

GBA|SRA

SRB

A0-A7

BLOCK DIAGRAM
BO-B7

CLOCK
ENABLE

CKA

CKB

'LS652/654

Storage

Input

fnput

uc

uc

No operation

uc

!

Real time A bus data -~ RGTR B

!

uc

Real time B bus data - RGTR A

1

1

Real time A bus data — RGTR B
Real time B bus data - RGTR A

Real time
B-to-A
Operation

Qutput

Input

uc

uc

Real time B bus data — A bus

1

Real time B bus data — A bus
Real time B bus data - RGTR B

uc

Real time 8 bus data — A bus
Real time B bus data —~ RGTR A

Real time B bus data - A bus
Real time B bus data — RGTR A
Real time B bus data —~ RGTR B

Stored data
B-to-A
Operation

Qutput

Input

uc

RGTR A data — A bus

RGTR A data — A bus
RGTR A data - RGTR B

Real time B bus data -~ RGTR A
RGTR A data — A bus

Real time B bus data — RGTR A
RGTR A data —~ A bus
RGTR A data -~ RGTR B

Real time
A-to-B

Operation

Input

Output

uc

Real time A bus data — B bus

Real time A bus data — B bus
Real time A bus data - RGTR B

Real time A bus data -- B bus
Real time A bus data —~ RGTR A

Real time A bus data — B bus
Real time A bus data -~ RGTR A
Real time A bus data ~ RGTR B

Stored data
A-to-B
Operation

input

Output

> 4]

uc

RGTR B data - B bus

uc

Reai time A bus data - RGTR B
RGTR B8 data — B bus

RGTR B data — B bus
RGTR B data - RGTR A

Real time A bus data —~ RGTR B
RGTR B data —~ B bus
RGTR B data - RGTR A

Transfer
Stored
Data

Qutput

Output

CKA

uc

RGTR A/B data — A/B bus

uc

RGTR A/B data -~ A/B bus
RGTR A data — RGTRB

RGTR A/B data — A/B bus
RGTR B data ~ RGTR A

sus

RGTR A/B data — A/B bus
RGTR A data — RGTRB
RGTR B data -~ RGTR A
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SN54/741L.8651 SN54/74L5652

Absolute Maximum Ratings

SUPPY VORBGO, V0 - e e vttt ettt ettt e e e e 7.0V
LT TV e - G 7.0V
Off-State OUIPUL VOIAGE . .. .. .o i it e it sttt et et e r i et e e 55V
B (ot oL T o T (- S P -65° to +150°C
Operating Conditions )

- MILITARY COMMERCIAL
SYMBOL PARAMETER MIN TYP MAX | MIN TYP MAX UNIT
Vee Supply voltage 4.5 5 551475 5 525| V
TA Operating iree air temperature -55 1251 0 75| °C

High 20 20
tw Width of clock ‘ns
Low 20 20
. 'LS851 201 201
tsu Setup time ns
'LS652 201 20t
'L.S651 0! 0!
th Hold time ns
'LS652 0! ot
loH High-tevel output current -12 ~19 | mA
loL Low-level output current 12 24 | mA
1 | The arrow indicates the transition of the clock input used for reference. | for the tow-to-high transitions. | for the high-to-low transitions.
Electrical Characteristics over Operating Conditions
MILITARY COMMERCIAL
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | MIN TYP MAX UNIT
ViL Low-level input voltage 07 0.8 v
ViH High-level! input voltage 2 2 \
Vic Input clamp voltage Voo =MIN = ~18mA -15 -5 Vv
mn Low-ievel input current Voo =MAX | V)= 04V -0.4 -0.4 [ mA
1%} High-level input current Voo = MAX V=27V 20 20| uA
i i AorB Vi= 8.5V
i Maximum input Voo = MAX i 01 01| ma
current All others V= 7V
Vec=MIN | lg =12mA 025 04 025 04
VoL Low-level output voltage Vi =MAX \
Vi =2V loL =24 mA 0.35 05
Voc=MIN [lgy=-3mA 24 34 24 34
VoH High-level output voitage Vi =MAX Vv
o Vi =2V | loH=MAX 2 2
lozL Veo=MAX | yo=g4v -400 -400 | WA
Off-state output current ViL = MAX o —
lozH Vig =2v | Vo=a7V 20 20 | wA
‘os Output short-circuit current* | Vo = MAX -40 -225 ) -40 -225 | mA
Outputs High 145 145
&51 Outputs Low 165 165
Voo Outputs disabled 165 165 mA
lcc Supply current MAX Outputs High 145 145
652 Outputs Low 165 165
Qutputs disabled 165 165
* Not more than one output shouid be shorted at a time and duration of the short circuit should not exceed one second.
mmm 12-53



SN54/74L.8651 SN54/74L8652
e e

Switching Characteristics voc-5v, 1, - 25°C

TEST CONDITIONS 'LS651 'LS652
SYMBOL PARAMETER (See Test Load/Waveforms) MIN MAX | MIN MAX UNIT
t 15 15| ns
PLH Data to output dstay
tpHL 15 20 ns
t 20 20| ns
PLH Clock to output delay
tpHL 30 30 | ns
tpLH Select to output delay t 35 35| ns
tp | (datainput High) CL=4%F R = 6670 20 25 | ns
tPLH Select to output delay 1 35 35| ns
tPHL (data input Low) 30 20 | ns
tpzL GBA to 25 25| ns
tpzH A bus output enable delay 20 20 | ns
tpLz GBAto ~ B 25 25 | ns
tPHz A bus output disable delay CL=5F R_=6670 35 35 | ns
tpzL GAB to B B 30 30 | ns
tpzH B bus output enable delay CL=4%F Ry =6670 25 25 | ns
tpLz GAB to B B 25 25| ns
tonz B bus output disable delay CL=5F Ry =6670 35 ‘ 35| ns
T See Figure 4.
Switching Characteristics over Operating Range
TEST CONDITIONS MiL com
{See Test Load/Waveforms) 'LS851 ‘L8652 ’LS651 ’L5652
SYMBOL PARAMETER MIN MAX |MIN MAX [MIN MAX [MIN Max [UNIT
t 20 20 15 20| ns
PLH Data to output delay
tpHL 20 25 17 22| ns
t 25 25 22 22| ns
PLH Clock to output delay
tPHL 35 35 30 30| ns
t 40 40 35 35| ns
PLH Select. to outp.ul delay CL = 45pF R = 6670
tpy, | (datainputHign) 25 30 25 28| ns
tpLH Select to output delay t 40 40 35 35| ns
tpy | (datainputLow) 35 25 30 22| ns
tpzL GBA to 30 30 25 25| ns
tpzH A bus output enable delay 25 25 20 20| ns
t GE 35 30 30 28| ns
PLZ | GBAto _ CL=5F R =6670
tpHZ A bus output disable delay 40 45 40 40| ns
t 35 35 30 32} ns
PZL | GABlo Cp=45pF R = 66702
tpzH bus output enable delay 30 30 25 25| ns
t 35 35 30 30| ns
PLZ | GABto ‘ CL=50F Ry =6670
tPHZ B bus output disable delay 40 45 35 40| ns
T See Figure 4.
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SN34/74L8653 SN54/74LS634

Absolute Maximum Ratings
SUPPlY VORBOE, Vo . oo e 70V
L4 oY1 1 - o T PR 7.0v
Off-6tate OULPUL VOIBGE ... ...ttt ettt ettt ittt a et nae et s taasaneesnaaaeseinnaens 55V
SlOrage tBMPEIALUIE .. .. .. ... it in ittt ettt sttt e it -65° to +150°C
Operating Conditions
MILITARY COMMERCIAL
SYMBOL PARAMETER MIN TYP MAX | MIN TYP MAX UNIT
Vee Supply voitage 4.5 5 551475 5 525 Vv
Ta Operating free air temperature ~-58 125 (0 75| °C
) High 20 20
tw Width of clock ns
Low 20 20
'LS653 20! 20t
tsu Setup time ns
‘L5654 201 20!
'L.S653 ot ot
th Hold time ns
‘L5654 0t [}
VoH High-level output voitage (A bus oniy) 5.5 5.5 \
loH High-level output current (B bus only) ~12 -15 | mA
loL Low-level output current 12 24 | mA

t | The arrow indicates the transition of the clock input used for reference. 1 for the low-to-high transitions, | for the high-to-iow transitions.
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SNS4/74L9653 SN34/74L8654

Electrical Characteristics over Operating Conditions

MILITARY COMMERCIAL |, ..
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | MIN TYP MAx |UNIT
Vi Low-level input voltage 0.7 0.8
VIH High-level input voitage 2 2
Vi input clamp voitage Voo = MIN Iy = ~-18 mA -1.5 -1.51 VvV
] Low-level input current Voc=MAX | V= 0.4V -0.4 ~0.4 | mA
1L ) cc 1
M High-level input current Veg=MAX | V=27V 20 20 | pA
Maximum input | Aor B Vi= 55V
I Vee = MAX 0.1 . mA
! current Allothers | CC V=7V o1
Voo MIN [1g =12mA 0.25 04 025 04
VoL Low-level output voitage ViL =MAX v
Vi =2V [loL =24mA 0.35 05
Vom High-level output voltage \\;CC i m:s( loH =-3mA 24 34 24 34 v
(B bus only) Vi =2V |loH = MAX 2 2
. Vee = MIN
High-level output current CcC
| Vi =MAX |Vop =55V A
OH (A bus only) V:::l =2V OH 100 100 ) &
} Ve = MAX = - -
ozL Off-state output current V:ic - MAX Vo=04V 400 400 | uA
| (B bus only) _ V=27V
OzH ViH =2V (8 bus only) 20 20 | wA
Output short-circuit current* _ - N _ N
ios (B bus only) Vi = MAX 40 225 | -40 225 | mA
Outputs High 145 145
'LS-
654 Outputs Low 165 165
' Supply current Vees Outputs disabled 165 165 mA
cc v MAX Outputs High 145 145
‘LS-
654 Qutputs Low 165 165
Qutputs disabled 165 165

* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.
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SN54/74L.S653 SN34/74L8634

Switching Characteristics v -5v, T, - 25°C

: TEST CONDITIONS™* 'LS653 'LS654
SYMBOL PARAMETER (See Test Losd/Weveforms) MIN MAX | MIN MAX UNIT
4 25 25| ns
PLH Data to A bus output delay
tPHL 20 25 | ns
t 15 15| ns
PLH Data to B bus output delay
tpHL 15 20 ns
t 30 30 | ns
PLH Clock to A bus output delay
tPHL 30 30 | ns
1 20 20 | ns
PLH Clock to B bus output delay
tPHL 30 30 | ns
tpLH Select to A bus t 45 45 | ns
tpHL output delay (data input High) CL=45pF Ry = 6670 25 30 | ns
tpLH Select to A bus T 40 45 | ns
tPHL output delay (data input Low) 30 25 | ns
tpLH Select to B bus t 35 35 | ns
tAHL output delay (data input High) 25 25| ns
tpLH Select to B bus 1 35 35| ns
tPHL output delay (data input Low) 30 20 [ ns
tPLH GBA to 35 35| ns
tpHL A bus output enable delay 25 30} ns
tpzL GAB to 30 30 | ns
tpzH B bus output enable delay 25 25| ns
tpLz GAB to _ B 25 25 | ns
topz B bus output disable delay Cp=5pF R_=6670 35 35 | ns

* For A bus, the test ioad wili refer 1o the open-coliector test ioad. See Figure 6.
For 8 bus, the test load will reter to the three-state test load. See Figure 7.
T See Figure 4.
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SN54/74L.S653 SN54/74L8654

Switching Characteristics over Operating Range

TEST CONDITIONS* MIL com
{Se€ Test Load/Wavetorms) 'LS653 'LS654 L8653 'LS654
SYMBOL PARAMETER MIN MAX|MIN MAX|MIN MAX [MIN max |UN'T
tpLH 30 30 28 30| ns
Data to A bus output delay
tPHL 25 30 23 28| ns
tpLH 20 20 18 18 ns
Data to B bus output delay
tpHL 20 25 18 20| ns
tpLH 40 40 35 35| ns
Clock to A bus output delay
tPHL 40 40 35 35| ns
tpLH 25 25 23 23| ns
Clock to B bus output delay
tpHL 35 35 30 30| ns
tPLH | Setect to A bus output ¥ 50 50 45 48| ns
tPHL delay (data input High) 30 40 25 35| ns
C_ =45pF R = 6670
tPLH | Select to A bus output } 45 55 43 50| ns
tPHL delay (data input Low) 35 30 30 28| ns
tPLH | Select to B bus output § 40 35 35 35| ns
tpHL delay (data input High) 25 a5 5 30| ns
tPLH | Select to B bus output T 40 45 35 40| ns
tPHL delay (data input Low) 35 25 30 23| ns
tPLH | GBAto 40 35 35 35] ns
tPHL A bus output enable delay 30 40 28 35| ns
IPZL | GABto 35 35 30 33§ ns
tpzy | B busoutputenable delay 30 30 25 28! ns
t 35 35 30 30 ns
PLz 1GABto abl CL=5pF Ry = 6670
tPHZ B bus output disable delay 40 45 38 40! ns

* For A bus, the test Joad will refer 1o the open-coliector test load. See Figure 6.
For B bus, the test load will refer to the three-siate test load. See Figure 7.
T See Figure 4.
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SN54/74L.S651 SN54/74L.95652 SN54/741L.S653 SN54/74LS654
Test Waveforms
Setup Time/Hold Time Bus Data To Bus Output Delay
3V
BUS DATA 7KVT 5( vy
l__— 3v ov
CK 7 vy
ov Vou
BUS OUTPUT " ) v
(L8652/854) T ( T
DATA v V- VoL
T T N 'pLH ‘pHL
{—— Vou
tey—taty BUS QUTPUT vr v.
(L8651/653) AT v
V=13V toHL toLH oL
Vr=13V
Figure 1. Figure 2.
CK To Bus Output Propagation Delay Time
v
DATA f v * vr
ov
Z_j__7 m\_av
cK vr vr
__7 ov
v,
8US GUTAUT v OH
(LS652/854) vr T
— VoL
toLH tpHL
Vou
BUS OUTPUT vy 4 vy
¥
(L5651/653) 7 Vor
[ toHL toLH
Figure 3 Vy =13V
Select To Output Delay
3V
DATA \ 1
OF BUS
\ ov
DATA OF v
REGISTER
ov
@ @ @
N N e
SRA/SRB vy Jk vt K vr 7 vy
@ oV
® ®
©) VoH
ourpur @ vr vy vy 71
VoL
(NON-INVERTING
pevicesonyy [y, 1 ToHL | . toHL [ T toLH
INPUT DATA HIGH TR INPUT DATA LOW
Figure 4
NOTES: 1. When SRA/SRB is low, the input data will transfer to output bus.
2. When SRA/SRB is high, the data of register will transfer to output bus.
3. For the inverting devices, the timing is similar, but the output is opposite to that for the non-inverting devices.
Monolithio m Memoriles 12-59



SN54/74LS651 SN54/74L8652 SNS4/74L8653 SN54/74L8654

Enable/Disable Delay
GEA 5@,

3v
/v

oV

—_—\_ av
‘OUTPOT ENABLE : vy /. vr
/] ov
- tp2L fe——tpLz—» 51AND
$2 CLOSED
DATA OUTPUT $1CLOSED sy
WAVEFORM 1 S2 OPEN — sV
VoL
[e—— tpzy ‘____tmz._, ? 1
{ VoH
DATA QUTPUT S10PEN /v 3 05V
WAVEFORM 2 $2 CLOSED T =15V
e GV
_ S1AND
Vyp=t1a v $2 CLOSED
Figure 5
e
Test Loads vee
Vo AL
TEST POINT*
Ay T / s
TEST POINT*
OIN {—1 (SEE NOTE 2)
[~} h 4
SEE NOTE 1 | T
< ) Ct sk ¥
(SEE NOTE 1) <
h 4
_T_ $2
Load Circuit For Load Circuit For
Open-Collector Outputs Three-State Outputs

* The “TEST POINT" is driven by the output under test,
and observed by instrumentation.

NOTES: 1. G includes probe and jig capacitance.
2. Al dicdes are 1NS16 or 1N3064.

3. waveform 1 is tor an output with internal conditions such that
output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that
output is high except when disabled by the output control,

. in the examples above the phase relationships between input
and outputs have been chosen arbitrarily.

. All input pulses are supplied by generators having the follow
characteristics: PRR < 1 MHZ tg < 15ns tg = 6 ns Zgy = 5011

6. When measuring propagation delay times of 3-state outputs,

switches S1 and S2 are closed.

-~

w
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Die Configurations

'LS651 'LS852

GAB SRB CKB ‘GAB SRB CKB CKA SRA GBA

AD 80 AD BO
At 81 At B
Az B2 A2 “B2
A3 B3 A3 83
Ad -
: B4 A4 84
AS
BS
AS” ~Bs
A8
. 2
18653 Die Size: 93x127 mil LS654
GAB SRB SRA GBA GAB CKA SRA GBA
BO B0
AD A0
.81
A1 B1 A1
A2 B2 A2 B2
A3 B3 A3 B3
84
A4 B4 e
Bs BS
AS AS
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